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OAK R I D G E  NATIQNAL LABORATORY HEAT PUMP 
PERFORMANCE P R E D I C T I O N  COMPUTER CODE 

A D D I T I O N S  AND V E R I F I C A T I O N  

T.  J. Fagan, R .  A .  Lucheta, and D .  T. Beecher 

Meat Transfer & F l u i d  Dynamics Department 

Af3STRACT 

Under con t rac t  t o  Oak Ridge National Laboratory, t he  ORNL heat 

pump performance p red ic t i on  computer code was modif ied t o  include heat 

t rans fer ,  pressure drop, and in te rna l  leakage i n  r e f r i g e r a n t  revers ing 

valves, heat t rans fer  and pressure drop i n  suc t ion  l i n e  accumulators 

w i t h  i n te rna l  heat exchangers, and t o  account f o r  t he  e f f e c t s  of t he  

common corrugated f i n  pa t te rn  on a i r  s i d e  heat t rans fe r  and pressure 

drop i n  a i r - t o - r e f r i g e r a n t  heat exchangers. Measured and predicted 

performance were compared fo r  t he  Westinghouse/DOE advanced e l e c t r i c  

heat pump f o r  heat ing and coo l ing  operat ion a t  both capacity leve ls  a t  

several d i f f e r e n t  ambient temperatures. Th is  repo r t  describes the  code 

mod i f i ca t ions  and discusses the  r e s u l t s  o f  t he  comparisons between 

pred ic ted  and measured performance. 
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1. INTRODUCTION 

The design of  vapor compression refrigeration systems i s  a 

highly iterative process with a large number of design variables. 

Consequent I y th'e app I i cation of computer a i ded eng i neer i ng (CAE) tech- 

niques i s  highly attractive and considerable effort has been devoted 
toward the development of mathematical models for predicting the cost 

and performance of vapor compression refrigeration systems and 

components in both the private and public sectors. 

One of the most widely used codes in the public sector was 

developed by the Oak Ridge N a t i o n a l  Laboratory.' To complement its in- 

house code development and verification effort, ORNL has contracted with 
the Westinghouse R&O Center to modi fy  the code to include models o f :  

reversing valve refrigerant heat transfer, pressure drop, and internal 

leakage; refrigerant heat transfer and pressure drop in suction line 

accumulators with internal heat exchangers; air side heat transfer and 

pressure drop effects in air-to-refrigerant heat exchangers due to the 

common corrugated d i n  pattern; and to a l s o  provide additional veri- 

fication of the code by comparing program predictions with the extensive 
system performance data base establ ished during testing of the 
Westinghouse/DOE advanced dual--stroke electric heat pump. 

The reversing valve influences the capacity and energy 

efficiency of a heat pump in f o u r  basic ways: 

* High and low pressure side refrigerant pressure drop. 
Internal heat transfer. 

* Internal refrigerant, leakage. 

* External heat transfer. 

Two basic types of  suction line accumulators are applied to 
air-to-air residential heat pumps. The most common type, shown sche- 

matically i n  Figure 1-1, i s  essentially a low side receiver to prevent 
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Figure 1-1 - Conventional heat; pump c i r c u i t .  
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l i q u i d  s lugging of the  compressor dur ing t rans ien ts .  Normallly a ventur i  

sect ion i n  the  discharge l i n e  sf the  accumulator i s  used t o  asp i ra te  o i l  

from the  bottom o f  the  accumulator and re tu rn  it t o  the  compressor. 

type o f  accumulator inf luences system performance due t o  i n te fna l  

r e f r i g e r a n t  pressure drop and heat t rans fer  t o  ambient. 

w i th  an in te rna l  heat exchanger, was appl ied commercially t o  the  

Westinghouse Hi-Re-Li heat pump l i n e  and was used i n  the  Westinghouse/ 

DOE advanced dual-stroke heat pump, as shown schematical ly i n  F igure 1-2. 
This conf igura t ion  a l lows the  evaporator t o  be operated i n  the  "floodedn 

mods, w i t h  a small percentage o f  l i q u i d  i n  the  r e f r i g e r a n t  e x i t i n g  the  

evaporator. 

T h i s  

The second type, 

The warm h igh pressure l i q u i d  r e f r i g e r a n t  e x i t i n g  the  condenser 

i s  passed through a c o i l  of tub ing near the  bottom o f  the  accumulator t o  

provide a heat source f o r  vapor iz ing the  l i q u i d  r e f r i g e r a n t  enter ing the  

accumulator from the  evaporator t o  prevent l i q u i d  s lugging o f  t he  com- 

pressor. Th is  mode o f  operat ion improves system performance s ince 

evaporator capaci ty i s  maximized by e l im ina t i ng  the  superheating sect ion 

where tube s ide  convection c o e f f i c i e n t s  a re  r e l a t i v e l y  low and the  

re f r i ge ran t - to -a i r  temperature di f ference i s  rap id l y  dec l i n ing  and by 

maximizing the  r e f r i g e r a n t  pumping capaci ty o f  t he  compressor by m a x i -  

t he  densi ty  o f  the  suct ion gas. The loss i n  r e f r i g e r a n t  enthalpy 

change associated w i th  vapor izat ion o f  the  remaining l i q u i d  i n  the  evap- 

o ra to r  e x i t  stream i s  compensated by a reduct ion i n  the  q u a l i t y  o f  the  

r e f r i g e r a n t  en ter ing  the  evaporator due t o  add i t iona l  subcooling o f  the  

high pressure l i q u i d  stream i n  %he accumulator heat exchanger. 

internal heat exchanger i s  not  cu r ren t l y  used i n  commercially ava i lab le  

res iden t ia l  equipment, it was necessary t o  incorporate a model i n  the  

While the  

B t o  support the  v e r i f i c a t i o n  phase of t he  p r o j e c t .  

The most common form o f  a i r - to - re f r i ge ran t  heat exchanger i n  

residential ~ ~ ~ ~ m @ ~ ~  i s  the  plate-f inned tube conf igura t ion .  Typ ica l l y  

some type o f  patterned f i n  i s  used which enhances a i r  s ide  heat t rans fer  

v i a  a "spoiler" mechanism i n  which t he  boundary layer i s  p e r i o d i c a l l y  

separated from t h e  f i n  surface,  tak ing  advantage o f  t he  higher convection 

coefd i c i ents assribc i q i 3 3  developing f low. This  increase i n  a i r  
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side heat transfer i s  inevitably obtained at the expense of increased air 

side pressure drop and air moving power. 

i ncorporates a correl at i on deve I oped by McQu i ston* f o r  unpatterned f i ns 
and applies a constant multiplier to the air side canvection coefficient 

for fins with a wavy or louvered surface, based on the data published by 

Yosh i i , However, Westi nghouse exper i ence has 
shown that the level of heat transfer augmentation and the increase in 
air side pressure drop due to given fin pattern type are not constant and 

are a function o f  the pattern geometry, heat exchanger configuration, air 

velocity, and air inlet conditions. Consequently it was desirable to 

develop a correlation for the effects of these parameters on the air side 
heat  transfer and pressure drop performance for the fi n  pattern most 

commonly used by Westinghouse manufacturing divisions, a simple 
corrugated fin pattern. The Westinghouse correlation i s  based on single 
fi n  model tests of a “Vu type corrugated pattern consist ng of  short 

straight sections connected by sharp bends rather than a sinousoidai 
pattern. A typical configuration is shown in Figure 1-3 

The ORNL code currently 

5 Senshu ,4 and K i rschbaum. 
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Figure  1-3. Typical  f i n  sur face p a t t e r n .  
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2 .  REVERSING VALVE MODELS 

The e l e c t r i c a l l y  operated r e f r i g e r a n t  revers ing valve provides a 

convenient and r e l i a b l e  means o f  a l low ing  an a i r - t o - a i r  heat pump t o  

a l t e r n a t e  between coo l ing  and heating serv ice  and i s  a key element i n  the  

reverse cyc le  d e f r o s t  process. However, t he  presence o f  t he  valve 

r e s u l t s  i n  a decrease i n  both t h e  capacity and energy e f f i c i e n c y  o f  t h e  

system due t o  i n te rna l  and external  heat t rans fer ,  r e f r i g e r a n t  pressure 

drop, and in te rna l  r e f r i g e r a n t  leakage. There i s  some controversy 

HVAC indust ry  as t o  t h e  r e l a t i v e  importance o f  these losses. 

The h igh l y  superheated h igh  pressure r e f r i g e r a n t  gas stream 

passing from t h e  compressor t o  the  condenser i s  separated from the  

pressure re f r i ge ran t  f l ow ing  from the  evaporator t o  the  accumulator, 

which may be a two-phase mixture, saturated vapor o r  superheated vapor, 

by a t h i n  metal o r  p l a s t i c  s l i d e .  

d i f fe rence ex is ts ,  heat i s  t ransferred,  coo l ing  the  h igh pressure stream 

and increasing the  temperature o r  q u a l i t y  o f  t he  low pressure stream. 

Normally t h e  valve body i s  ho t te r  than the  ambient a i r  and heat i s  

t rans fer red  t o  t h e  a i r  by na tura l  convection or ,  i f  t h e  valve i s  located 

i n  the  evaporator o r  condenser a i r  stream, by forced convection. 

conventional systems, where the  r e f r i g e r a n t  e x i t i n g  t h e  evaporator i s  

superheated, the add i t i on  o f  heat t o  the  low pressure r e f r i g e r a n t  stream 

reduces capaci ty .  Heating the  r e f r i g e r a n t  vapor reduces i t s  densi ty and, 

s ince the rec ip roca t ing  compressor i s  bas i ca l l y  a constant volume f l ow  

device, reduces t h e  r e f r i g e r a n t  mass f low ra te .  I n  f looded evaporator 

systems such as t h e  Westinghouse Hi-Re-Li, t he re  i s  no loss i n  mass flow, 

bu t  evaporator capaci ty i s  s l i g h t l y  reduced since t h e  amount o f  sub- 

coo l ing  o f  t he  h igh  pressure l i q u i d  stream e x i t i n g  the  accumulator heat 

Since a s i g n i f i c a n t  temperature 

I n  

enter  i ng 

i t y  thange. 

exchanger i s  reduced, r e s u l t i n g  i n  an increase i n  t h e  

the  evaporator and consequently a decrease i n  t h e  max 

This  obviously reduces coo l ing  capacity. 

qua I i t y  

mum qua 

n the  

ow 

2-1 



The loss of  heat from the  h igh pressure gas stream obviously 

reduces capacity i n  heat ing serv ice.  However, t h i s  loss  i s  p a r t i a l l y  

o f f s e t  by t h e  reduction i n  requi red evaporator capaci ty due t o  the  

increased i n l e t  q u a l i t y .  

evaporating temperature w i l l  tend t o  increase, r e s u l t i n g  i n  a decrease i n  

the  pressure r a t i o  across the  compressor and a s l i g h t  increase i n  

r e f r i g e r a n t  mass f low.  

denser capacity requi red i s  reduced, r e s u l t i n g  i n  a small decrease i n  

condenser pressure and a s l i g h t l y  higher r e f r i g e r a n t  mass f l ow  ra te .  

For a given evaporator heat t rans fe r  area the  

S i m i l a r l y  i n  coo l ing  service the amount o f  con- 

Pressure drop occurs i n  both the  h igh and low pressure r e f r i g e r -  

an t  streams as they pass through the  revers ing valve due t o  a ser ies  o f  

contractions, bends and expansions. Refr igerant pressure drop penalizes 

performance i n  several ways. Reducing the  pressure o f  t he  compressor 

suc t ion  gas reduces i t s  densi ty  r e s u l t i n g  i n  a decrease i n  r e f r i g e r a n t  

mass f low ra te .  Since the  pressure i n  the  condenser i s  p r i m a r i l y  a 

f unc t i on  o f  t he  amount o f  heat t o  be rejected, pressure drop between the  

compressor and condenser w i l l  increase the  requi red compressor discharge 

pressure, reducing the  r e f r i g e r a n t  mass f low r a t e  and increasing com- 

pressor power consumption. 

Some form o f  in te rna l  s l i d i n g  seal i s  present i n  a l l  conventional 

revers ing valves. Since no seal o f  t h i s  type i s  p e r f e c t  and a s i g n i f i -  

cant  pressure d i f fe rence ex is ts ,  leakage w i l l  occur. Most valve manu- 

fac tu re rs  c la im t h a t  a leakage r a t e  o f  1% t o  2% o f  the  t o t a l  r e f r i g e r a n t  

mass f l ow  i s  t y p i c a l .  Our own t e s t s  showed tha t ,  a f t e r  repeated 

cyc l ing,  wear o f  t he  sea l ing  surfaces can r e s u l t  i n  leakage ra tes  o f  10% 

o r  more. Valves from four  d i f f e r e n t  vendors were subjected t o  repeated 

cyc l i ng .  Two valves from Manufacturer A showed excessive leakage a f t e r  

13,000 cyc les.  A valve from Manufacturer C showed a sharp increase i n  

leakage between 80,000 and 100,000 cycles. 

t u r e r  B showed a gradual increase i n  leakage rate,  b u t  remained w i t h i n  

t h e  manufacturer’s spec i f i ca t i ons  a f t e r  100,000 cyc les.  The leakage r a t e  

o f  Valve D, which replaced Valve A a f t e r  67,000 cycles, was acceptable 

a f t e r  33,000 cyc les when the  t e s t s  were terminated. 

6 

A valve provided by Manufac- 

The 2-year f i e l d  
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t e s t  o f  the  advanced e l e c t r i c  heat pu 

l oca t ion  the  heat pump w i l l  experienc 

approximately 3 

Since the  revers ing valve was de-energized du r in  

ized dur ing de f ros t  and coo l ing  service, t h  

' showed t h a t  i n  a DOE region I V  
between 200 and 300 defrosts  and 

0 on/of f  cycles dur ing coo l ing  operat ion per year. 

heat ing serv ice and 

sum o f  the  number o f  

de f ros ts  and the  number o f  on/of f  cyc les i n  coo l ing  serv ice  equals the  

number o f  cyc les o f  t he  revers ing valve. 

would be less than fou r  years. Valve B would have a l i f e  o f  rhore than 

38 years, Valve C would Bast more than 24 years, and Valve D wauld have a 

l i f e  of a t  leas t  40 years, assuming t h a t  cyc l i ng  i s  the  c o n t r o l l i n g  

parameter i n  valve l i f e .  Deter io ra t ion  o f  elastomeric sea l ing  mater ia ls  

Therefore the  l i f e  of  Valve A 

ay allso be an important f ac to r  i n  determining valve l i f e .  

I n t e r n a l  leakage reduces system capaci ty s ince the  re f r i ge ran t  

f low through the  evaporator and condenser are reduced. 

pressure gas mixes w i t h  the  low pressure gas en ter ing  the  accumulator, 

and there fore  the  compressor, reducing i t s  densi ty and consequently the  

compressor mass f l o w  r a t e .  

The hot  high 

2.1. ANALYTICAL H ESSURE DROP MODEL 
The primary revers ing valve heat t rans fer  and pressure drop model 

was developed i n  1978 a t  t h e  Westinghouse F l u i d  Systems Laboratory, 

formerly located i n  West Lafayette,  Indiana, as p a r t  o f  our in-house 

program bo develop computer codes for analyzing and p r e d i c t i n g  the  

performance o f  C components and systems. This model, described i n  

de ta i  I i n  Appen A, i s  based p r i m a r i l y  on f i r s t  p r i nc ip les ,  wi th manu- 

fac tu re r ' s  da ta  used to f i x  the  values o f  some parameters. I n  i t 5  

o r i g i n a l  form, the  input parameters were: 

0 Ref r igeran t  mass flow r a t e .  

Csmpressor discharge temperature and pressure. 

Evaporator e x i t  pressure and q u a l i t y  o r  superheat. 

Valve body embienb air temperature. 6 

sdel i d e n t i f i e r .  
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Output parameters included: 
0 

* 
Condenser p o r t  r e f r i g e r a n t  %ernperatare and pressure. 

Accumulator p o r t  r e f r i g e r a n t  pressure and q u a l i t y  o r  super- 

heat. 

I n t e r n a l  heat t rans fe r .  

* Heat loss t o  ambient. 

The heat loss t o  the  ambient a i r  was based on natura l  convection f rom the  

valve body. 

t code i s  basad on f i x e d  compressar suc t ion  super- 

COP code is based on f i x e d  evaporator e x i t  

superheat, it was necessary t o  a l t e r  the  code log ic  t a  ca lcu la te  the  

evaporator port condi t ions w i t h  a f i x e d  s e t  o f  accumulator 

t i ons ,  In addi t ion,  it was necessary t o  subs t i t u te  the  OR 
f o r  r e f r i g e r a n t  thermodynamic and t ranspor t  proper t ies for the  Westing- 

house subroutines. A l i s t i n g  o f  the  f i n a l  version o f  the  subroutine, 

ca l l ed  VALVER, i s  presented i n  Appendix B .  I n  add i t ion  Lo the in te rna l  

VALVER ana ly t i ca l  models f o r  prassurs drop and heat t rans fer ,  the VALVER 
subroutine can c a l !  a d i f f e r e n t  set of pressure drop and heat t rans fer  

subroutines der ived empi r i ca l l y  from t e s t  data from the  breadboard 

version of  the  aduanced e l e c t r i c  heat pump. 

used i n  the  breadboard heat pump was from a d i f f e r e n t  manufacturer than 

the  valves used as the  basis f o r  the  primary model and de ta i l ed  loss data 

was no t  avai lable,  t h i s  valve could not  be d i r e c t l y  incorporabed i n t o  the  

VALVER ana ly t i ca l  model. 

valve from a t h i r d  manufacturer. A descr ip t ion o f  the  empir ical  model i s  

presented i n  Section 2.2. 

Since the  reversing valve 

Note t h a t  the  preprototype used a reversing 

The c a l l i n g  sequence f a r  the  VALVER subroutine i s :  

VALV€EW ( IV ,  PA, TA, XA, PCP, TCP, MDOT, TAMB, 
PDLQ, PDMI, QLEAK, QAMB, PRINT) 
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I n p u t  parameters inc lude:  

ve I d e n t i f i e r  

= 0 no valve 

= 1 empir ica l  brea 

anco #25 - ana ly t i ca l  model 

= 26 Ranco 826 - n a l y t i c a l  model 

= 30 Ranco #30 - ana ly t i ca l  model 

PA = Compressor suc t ion  pressure (psia) 

TA = Compressor suc t ion  temperature ("F) 
XA 
PCP 
TCP = Compressor discharge temperature ("F) 
MDOT 
TAMB = Valve ambient a i r  temperature (OF) 

= Compressor suc t ion  qua! i t y  (1 .O = 100%) 
= Compressor discharge pressure (psia) 

z Ref r igeran t  mass f l o w  r a t e  ( Ibmlhr)  

i c a l  swi tch f o r  diagnost ic  p r i n t o u t  

DIFa = no p r i n t o u t  

= p r i n t o u t  provided 

Output parameters include: 

PDLO = Pressure drop - low pressure s ide  (psi) 

I = Pressure drop - high pressure s ide  (psi) 

QLEAK =: I n t a r n a l  heat t rans fe r  r a t e  (Btu/hr) 

9 = H e a t  t rans fe r  r a t e  to ambient a i r  (Btu/hr) 

RE DROP YODEL FO 

One o f  t he  major ob jec t ives  o f  the design, construction, and 

t e s t i n g  sf t he  breadboard version o f  t he  advanced e l e c t r i c  heat pump was 

t o  v e r i f y  the CR COP computer code. 

predicted per fo r  anea showed %hati t he  pressure drop and heat t rans fer  

associated w i t h  t h e  revers ing  valve had a s i g n i f i c a n t  in f luence on 

system performance. It i s  important t o  note that while the  breadboard 

u n i t  used the  same basic r e f r i g e r a n t  c i r c u i t  as the  dual-stroke prepro- 

to type u n i t ,  t he  compressor, l i n e  sizes and lengths, l i n e  couplings, and 

the reversing valve w e d  i n  the breadboard u n i t  were d i f f e r e n t  from 

A comparison o f  measured and 
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those used i n  the  preprototype. The Aico revers ing valve used i n  the  

breadboard unit was of  a completely d i f f e r e n t  confi ura t i on  than the 
Product Engineering valve used i n  @he preprstotype unit and had much 

higher r e f r i g e r a n t  pressure drop. The Alco revers ing w8we used i n  t he  

breadboard u n i t  was o f  a s i m i l a r  con f igura t ion  b u t  from a d i f f e r e n t  

manufacturer than the  Ranco va I ves i nsorporated i n ta  the  VALVER csde. 

Since manufacturers’ data were no t  ava i l ab le  f o r  t he  Alco valve, an 

empir ical model was developed from bhe t e s t  d a t a .  It was assumed t h a t  
t he  s i g n i f i c a n t  parameters were compressor suct ion s ide pressure drop 

and in te rna l  heat t rans fe r .  Compressor discharge s ide  pressure drop and 

heat t rans fe r  t o  ambient were no t  considered. Compressor discharge: s ide 
pressure drop w a r  neglected since we considered suction s ide  pressure 

drop t o  be the dominant e f feck .  

r a t e  o f  a rec ip roca t ing  compressor i s  a func t ion  o f  t h e  

clearance volume, pressure r a t i o ,  and suct ion gas densi ty .  Pressure 

drop on t he  compressor suc t ion  side a f f e c t s  both t h e  pressure r a t i o  and 

the  density o f  t he  suc t ion  gas. Pressure drop on the discharge s ide  o f  

t he  compressor a f f e c t s  only the pressure r a t i o .  Furthermore, pressure 

drop on t he  suc t ion  s ide  has a greater e f f e c t  on the  pressure r a t i o  

s ince a given pressure d i f f e rence  represents a la rger  percentage of  t he  

absolute pressure on the  low pressure s ide.  

I n  theory t h e  r e f r i g e r a n t  mass f low 

The c o r r e l a t i n g  parameters used were q u i t e  simple. The suct ion 

s ide  pressure drop was assumed t o  be a func t ion  o f  t he  ve loc i ty  head of  

the  gas en ter ing  the  revers ing valve: 

where: 

Pd = Reversing valve low s ide pressure drop [psi) 

Mr 
Rhos = Reversing valve Sow s ide  r e f r i g e r a n t  i n l e t  density 

V 
= Ref r igeran t  mass f l o w  sate (Ibm/hr) 

(Ibm/cu ft) 
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The in te rna l  heat 6ransfer rate? was assumed t o  be a l i nea r  func t ion  of 

t he  temperature d i f f e rence  betwee 

accumulator e x i t  gas: 

t he  compressor discharge gas and the  

QVa 1 A3 + A4(Tco - Tao] 

here: 

= Reversing valve in te rna l  heat leak (Btu/hr) Qva I 
T = Compressor e x i t  r e f  I- i ger-ant temperature ( O F )  
T 

CO 

= Accumulator l o w  s ide r e f r i g e r a n t  e x i t  temperature (OF) ae, 

The constants A 1  through A4 were evaluated by a conventional least  mean 

squares curve f i t t i n g  technique applied t o  t he  d a t a  obtained f o r  t he  

breadboard vers ion of  t he  advanced e l e c t r i c  heat pump. 

The instrumentation on the  breadboard u n i t  was not  complete 

enough t o  permi t  separation o f  t he  pressure drop i n  t h e  connecting l i nes  

and r e f r i g e r a n t  couplings f r o  the  revers ing valve pressure drop. There- 

fore, t he  c o e f f i c i e n t s  obtained include l i n e  and coupl ing pressure drops 

and a l l  l i n e  lengths should be s e t  t o  zero i n  the  QRNL model when t h i s  
model i s  used, except XLRVIC, t he  equivalent l i n e  length o f  the vapor 

l i n e  between t h e  revers ing valve and the  indoor c o i l ,  and XLRVOC, t he  

equivalent length o f  t he  vapor l i n e  between t h e  reversing valve and the  

outdoor c o i l .  The length o f  t h e  shor ter  o f  these two l i nes  should be 

set t o  zero and the  length o f  the longer l i n e  t o  a small value, say 

1.0 inch .  This  is necessary s ince the  r e l a t i v e  lengths o f  these l i nes  

are used by the  AIN program t o  determine i f  the  compressor i s  located 

i n  the indoor u n i t  or t he  outdoor u n i t .  Th is  i s  requi red to compensate 

t h e  heat ing o r  coo l ing  capacity f o r  t he  heat l o s t  from the  compressor 

can.  

Two d i f f e r e n t  values of  A I  and A2 were obtained f o r  heating and 

coo l ing  serv ice .  I n  the  breadboard u n i t  t he  compressor was located i n  

the indoor u n i t .  I n  coa l ing  serv ice  the vapor l i n e  connecting the  

evaporator- exit and t he  revers ing valve was sho r t  and d id  not  contain 

s ,  Therefore the  pressure drop between t h e  evaporator e x i t  and 
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the compressor suction is much lower than in heating service where the 

full length of the line connecting the indoor and outdoor units plus the 

line couplings separate the evaporator outlet from the accumulahw 

inlet. The coefficients obtained were: 

Heating Service: A 1  = 16.977202, A2 =: 0.16876337 

Cooling Service: A 1  = 5,9%60745, A2 = 0.0763784 

For systems where the compressor i s  located in the otitdaor unit 

the coefficients must be reversed, since the greater pressure drop will 
occur during cooling service, when the evaporator exit and accumulator 
inlet are separated by the lines connecting %he indoor and outdoor units 
and by the line couplings. To identify the reversing valve location, 
the equivalent lengths of the line connecting the evaporator and the 

reversing v a l v e  XLEQSL, (XLRVIC cooling, XLRVOC heating) and the line 
connecting the reversing valve to the condenser XLEQDh (XLRVQC cooling, 
XLRVIC heating) are compared. I f  the unit i s  in the cooling mode and 

XLEQDL is greater than XLEQSL, t h e  compressor is assumed .to be located 
indoors. If the unit is in the heating made and XLEQSL is greaf;er than 

XLEQDL, the compressor is assumed to be indoors. If the lengths are, 
equal or zero, an outdoor compressor location is tihe default value. 

The values obtained f o r  the heat transfer equation coeffisients 

were A3 = -105.64513 and A4 = 8.721986. The same coefficients are  used 

for heating and cooling. 

compressor location. 

No distinction i s  made wibh respect to 

The empirical pressure drop model is incorporated in the func- 

tion REVVPD and the empirical heat transfer model is the basis f o r  the 

function REVVHT. 
IV is set equal to 1 and a r e  listed in Appendix C. 

B o t h  functions are  c a l l e d  by the VALVER subroutine if 

?he calling sequence for function REVVPD i s :  

REVVPD (?REF, PREF, REFM) 
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The inputs include: 
TREF = Evaporator exit temperature ("F) 
PREF = Evaporator exit pressure (ps ia )  

REFM = Refrigerant mass flow rate (Ibmj'hr) 

Low pressure side pressure drop (psi) 

The calling sequence for function REVVHT is :  

MI (TCX, wx 

ressor discharge te perature ("F) 
TVX = Evaporator discharge temperature (OF) 

The s u t p ~ t ?  i s :  
REVVHTz Reversing valve internal heat transfer rate (Btu/hr) 

2.3 
e effects o f  internal refrigerant leakage in the reversing 

valve are  ~ ~ d ~ ~ e ~  using b sic first and seeond law thermodynamic 

s. The leakage rate is assumed to be a fixed percentage of 

te. The inputs to the model include: the 

refrigerant mass f l o w  rate  o f  %he compressor; the compressor suction 
erature, pressure and enthalpy; and the compressor discharge temper- 

a t u r e ,  pressure, and enthalpy. The reversing valve inlet temperature 
and enkhalpy are %hen talcer!s%ed assuming a simple isenthalpic mixing 

grcscess a 

function FLY V ~ e t ~ r ~ ~ n e ~  the refrigerant leakage rate. The 

process is an lyzfed i n  the CQMPV subroutine i f  the efficiency and 
el is specified, and is analyzed in the subrou- 

P if the map based compressor ode! is specified. 
function was confi wed to easily accept more complex 

leakage  model^ if desired. For example, one could assume that the 
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leakage path i s  a narrow s l o t  o f  a r b i t r a r y  length, width,  and height, 

and then ca l cu la te  the  mass f l aw  r a t e  through the  slot using the  basic 

p r i n c i p l e s  o f  f l u i d  mechanics. For incompressible laminar f low between 

p a r a l l e l  p l a t e s  the  f l o w  r a t e  i s  given by: 

whef-e : 

= Refr igerant leak r a t e  (Ibm/sec) 

= Pressure d i f f e rence  (Ibf/sq f t )  
= Average r e f r i g e r a n t  densi ty  (Ibrn/eu ft) 
= Grav i ta t iona l  accelerat ion (32.174 f t - lbm/  

Mleak 

'dif 
Rho, 

b = P la te  spacing (ft) 
9, 

= P l a t e  width (ft) 
= Ref r igeran t  absolute v i scos i t y  ( I  bm/ft-see P 

L = P la te  f low length (ft) 

The parameters required by the  p a r t i c u l a r  leakage madel are  

t ransmit ted v i a  the  COMMON block RVLKP. The integer parameter NRVLK 
se lec ts  the  type o f  leakage model; the constant parameters appropriate 

t o  the  model are contained i n  the  array RVLKP, which i s  dimensioned t o  

accept up t o  f i v e  parameters. 

used f o r  RVLKP f o r  each value a f  NWVLK i s  s e t  by the  array 

NLKTB(NRVLKal), which i s  f i l l e d  i n  the  BLOCK DATA RLADP. A t  present t he  

only v a l i d  values o f  NRVLK are  0, no leakage, and 1, a f i xed  percentage 

o f  the  compressor mass f low ra te .  If NRVLK i s  0, NLKTB(1) i s  0 - t h a t  
is, s ince &here i s  no leakage, no values o f  RVLKP a r e  required by t he  

leakage model. Note t h a t  a value o f  0 f o r  NRVLK i s  entered t o  DATATN 
simply by p lac ing  a blank l i n e  at; the appropr iate pos i t i on  i n  the input  

data f i l e .  If NRVLK i s  1, NLKTB(2) i s  1; a single value o f  RVLKP(1) - 
spec i fy ing  the  leakage f r a c t i o n  - i s  entered v i a  the DATAIN subroutine. 

The actual number o f  parameters t o  be 

2 bf-sec 1 
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The c a l l i n g  sequence o f  t he  func t i on  FLKRV i s :  

FLKRV (MRVLK, NLPMD, RVLKP, RFLHP, PRFHD, TRFHD, 
, PRFLD, TRFLD, HRFLD) 

The input  parameters are:  

LK = Switch t o  i d e n t i f y  revers ing valve 

adal type ( integer) 

= 0 no leakage 

= 1 f i x e d  f r a c t i o n  o f  Compressor mass f l ow  

NLPDM = N ~ m ~ ~ r  o f  parameters i n  the  leakage model 

[equa I to M ~ ~ T 5 ( N ~ V ~ ~ + l )  ] 

RVLMP = Ar ray  o f  parameters o f  t h e  leakage model 

u s t  be spec i f ied ,  bu t  no t  used i f  NRVLK = 0) 
RVLKP(1) =: leak r a t e  a s  a f r a c t i o n  o f  the 
compressor mass f l ow  sate i f  NRVLM = 1 

RFLHD = Compressor mass f l ow  r a t e  (Ibrn/hr) 

PRFHD = Compressor discharge pressure (psia) (reversing 

valve high s ide  i n l e t )  (must be speci f ied,  b u t  no t  

ressor d i scharge Lempera,ture (OF) 

(reversing valve h i g  side i n l e t )  (must 

be specified, bu t  no t  use f a r  NRVLK = 0 or 1) 
= Compressor discharge enthalpy (Btu/lbm) 

(reversing valve high s i d e  i n l e t )  

( m i l s t  be specif ied, b u t  no t  used f o r  NRVLK = 0 or 1) 

PRFLD = Compressor suc t ion  pressure (psia) 
(reversing valve low s ide  ou t l e t )  

(must be speci f ied,  b u t  no t  used f o r  NRVLK = 0 o r  1) 

TRFLD = Compressor suc t ion  temperature (OF) 
v a l v e  ISW s ide  o u t l e t )  

(must. be  speci f ied,  bu t  no t  used f o r  NRVLK = 0 o r  1) 
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HAFLD = Compressor suction enthalpy (Stu/lbm) 
(reversing valve law side outlet) 
(must be specified, b u t  not used f o r  NRVLM = 0 or 1) 

The output is: 
FLKRV = Reversing valve internal refrigerant leak rate (Ibm/hr) 

A more complete discussion of the reversing valve internal 
refrigerant leakage model and a listing of the function FLKRV a r e  can- 

tained in Appendix D. 
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3. ULATOR MODEL 

The r e f r i g e r a n t  pressure drops and in te rna l  heat t rans fer  r a t s  

associated w i t h  a suct ion l i n e  accumula%or w i t h  an in te rna l  heat ex- 

changes have been modeled u s i n  

f l u i d  mechanics. 

components o f  t he  accumu!atar, t he  r e f r i g e r a n t  mass f l ow  rate, eom- 

pressor suc t ion  temperature, pressure and qua l i t y ,  and the  temperature 

and pressure o f  t he  h i  h pressure l i q u i d  stream enter ing  the  accumulator 

heat  exchanger. The madel determines the  temperature, pressure, and 

qua! i t y  o f  t he  low pressure r e f r i g e r a n t  stream enter ing  the  accumulator, 

t he  temperature and pressure o f  t he  h igh pressure l i q u i d  r e f r i g e r a n t  

stream leavin t he  accumulator heat exchanger and the  in te rna l  heat 

t r a n s f e r  r a t e .  This model w i l l  be re fe r red  t o  a s  the  "physica model.H 

basic p r i n c i p l e s  o f  heat t rans fe r  and 

Inputs  t o  the  model include the  dimensions of c r i t i c a l  

A s i m p l i f i e d  model was a lso  developed, which ignores a l l  d e t a i l s  

o f  accumulator const ruct ion,  This  model permits d i r e c t  spec i f  cation of  

accumulator e x i t  superheat, h igh and low s ide  pressure drops, and heat 

ga in / loss  between the  accumulator and the  ambient. 

ing  prevented t e s t i n g  this model, other than checking the  syn tac t ica l  

correctness o f  t he  program. Because of the  h igh l y  s t ruc tu red  form o f  

L im i ta t i ons  on fund- 

ram, we a r e  conf ident t h a t  i t  will run proper ly .  Th is  model 

w i l l  be re fe r red  t o  as the  #performance 

The energy balancin po r t i on  o f  the madel was incorporated i n t o  

subroutines f o r  t he  e f f i c i e n c y  and loss based com- 

pressor model, and f o r  t he  map based compressor model, respect ive ly .  

The subrout ine Sue i s  used t o  determine t h e  h igh and low s ide  r e f r i g -  

e ran t  pressure drops i n  t he  accumulator and the  h igh and low side 
r e f r i g e r a n t  enthalpy changes using estimated values o f  low pressure s ide  

accumulabor i n l e t  pressure and q u a l i t y  provided by COMPV or  COMPMP. The 

subroutines i terate:  t o  f i n d  the  l o w  pressure i n l e t  

cond i t ions  t o  t h e  RCCLF. ' a t o r  which w i  I I s a t i s f y  the  requirement f o r  a 
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balance between the  h igh and low pressure s ide  r e f r i g e r a n t  enthalpy 

change. The parameters requi red by the  model a re  contained i n  the  

COMMON blocks ACPAR and ACTBL. 
The model has been constructed t o  s i m p l i f y  the incorporation o f  

more de ta i l ed  representations i f  desired. The model type i s  spec i f ied  

by the  integer parameter NACCU. The f i x e d  parameters are contained i n  

the  array ACPAR which i s  cu r ren t l y  dimensioned t o  accept up t o  20 
accumulator-specifying parameters. 

i s  determined by the  array NACTB( ACCU+l) which i s  dimensioned t o  accepti 

up t o  12 values, corresponding t o  12 d i s t i n c t  accumulator models. 

values o f  NACTB are s e t  i n  BLOCK DATA RLADP. 
NACCU are  v a l i d :  0 f o r  no suc t ion  l i n e  accumulator, 1 f o r  t he  physical 

model, and 2 f o r  t he  performance model. 

i s  no t  used and no inputs  a re  required. I f  NACCU i s  1, ACPAR requi res 

f i v e  geometric parameters, read as data i n  t he  DATAIN subroutine. I f  
NACCU i s  2, ACPAR requi res fou r  performance parameters, read as d a t a  by 
the  DATAIN subprogram. 

p lac ing  a blank l i n e  o f  d a t a  i n  the  appropriate p o s i t i o n  i n  the  input  

d a t a  f i  l e .  

The number o f  parameters to be used 

The 

A t  present th ree  values o f  

I f  NACCU i s  0, t he  array ACPAR 

A 0 value o f  NACCU can be entered simply by 

The c a l l i n g  sequence f o r  subroutine DHSUL is :  

DHSUL (NACCU, ACPAR, NACDM, NCORIJ, PLODM, TLODM, XLODM, 
XLIDM, PHIDM, THIDM, XHIDM, RFLAD, DHLQD, DHHID, 
DPLOD I DPHID) 

The input  parameters are: 

NACCU = Switch t o  i d e n t i f y  accumulator model 

= 0 no accumulator; 

= 1 accumulator w i t h  in te rna l  heat exchanger; 

= 2 accumulator w i t h  spec i f ied  superheat and pressure 

drop; 
ACPAR = Array o f  dimensional parameters 

(required, buti no t  used i f  NACCU = 0); 

I f  NACCU = 1, a s  follows: 

ACPAR(1) = ins ide  diameter o f  in te rna l  heat 

exchanger tub ing  (f t)  
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ACPAR(2) = outside diameter of internal heat 
exchanger tubing (ft) 

ACPAR(3) = length of internal heat exchanger tubin 

ACPAR(4) = i nside diameter of vapor I i ne (ft) 
ACPAR(5) = total length of vapor I ine ( f t )  

(inlet + outlet) 

If NACCU = 2, as f o l l o w s :  

ACPAR(1) = refrigerant superheat leaving the 
accumulator on the suction side (OF) 

ACPAR(2) = pressured drop on the low pressure 

side o f  the accumulator (psia) 

ACPAR(3) = pressure drop on the high pressure 

side o f  the accumulator (psia) 

ACPAR(4) = heat flow from the accumulator shell (Btu/sec) 

= Number of values o f  NACCU required 
= 6 if NACCU = 0 
= 5 if NACCU = 1 
= 4 if NACCU = 2 
(equivalent to NACTR(NACCU+l) in BLOCK DATA RLAPD) 

fiM = Switch to identify operating mode 
= 1 cooling mode 
= 2 heating made 

PLODM = bow pressure side exit pressure (psia) 

TLODM = haw pressure side exit temperature ('F) 
XLQDM = Low pressure side exit quality (1.8 = 100%) 

ated low pressure side inlet quality (1.0 = 100%) 
PHPBM = High pressure side inlet pressure (psia) 

THXDM = High pressure side inlet temperature ('F) 
igh pressure side inlet quality (1.0 = 100%) 

RFLAD = Refri erant mass f l o w  rate (Ibm/hr) 

Output parameters include: 

D = Low pressure side refrigerant enthalpy change (Btu/lbm) 
DHHID = High p r e ~ s u r e  side refrigerant enthalpy change (Btu/lbm) 
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DPLOD = Low pressure side refrigerant pressure drop (psi) 

DPHID = High pressure side refrigerant pressure drop (psi) 

A more complete discussion of the suction line accumulator model 

and a listing o f  the DHSUL subroutine are included in Appendix E.  
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* REFRIGERA P R O P E R T I E S  

The TRIAL subroutine performs an iterative calculation to deter- 
mine the t h e r m ~ ~ y n a ~ ~ c  properties of superheated R22 vapor given the 
pressure and one additional roperty, either specific volume, enthalpy 

o r  entropy. When this subroubine was ca l l ed  by YALVER, it failed to 

converge in many cases with small amounts of superheat. 

to circumvent this problem a modified version of TRIAL called TRIAL2 was 
developed which uses a different iteration scheme. 

the subroutine the refrigerant temperature is the unknown parameter. In 
TRIAL, a first estimate of the temperature T and a temperature step size  

DT are input in addition to the known property value ARG. The 

temperature is then set equal to T c DT and a trial value o f  the known 

i s  determined by callling the VAPOR subroutine. If DT is 

In an attempt 

In both versions of 

negative, the difference between the input and calculated arguments DIFF 
. If DT is positive, then DIFF = ARGN - ARG. The 

absolute value of DIFF i s  compared to the convergence tolerance limit 
POL. If DIFF i s  less than or equal to TOL, the iteration is considered 

complete. If DXFF is greater than TOL, the temperature estimate is set 
to P - DT, DT i s  sek equal to DT/2 and the process i s  repeated. If the 

ccuracy is  not achie in forty iterations, the subroutine i s  

with an error m e s a  

continue to run with the final estimate o f  vapor temperature. 

estimated value of T was initially set higher than the required 
temperature, the subroutine w i l l  not converge since no provision is made 

f o r  changing the sign of DT, Therefore if the amount of superheat i s  

s m a l l ,  the first guess T should be set equal to the saturation 
temperature, or a small increment above the saturation temperature. If 
DT is too large or  boo smal l ,  the subroutine may fail to converge i n  

f o r t y  i %erati ons I 

However, the calling program wi I I 

If the 
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I n  TRIAL2, the  i n i t i a l  est imate o f  T i s  used t o  ca l cu la te  the  

f i r s t  value o f  ARGN and DIFF i s  set equal t o  ARGN - ARC. I f  the  

absolute value o f  DIFF i s  less than or- equal t o  TOb the  i t e r a t i o n  i s  

consider complete. If the  absolute value o f  DIFF i s  greater than TUL 
and DIFF i s  negative, the  f l a g  'XTEST i s  s e t  equal to -1 and the  

temperature est imate i s  modif ied by T + DT. If DIFF i s  pos i t i ve ,  ITEST 
i s  s e t  t o  1.0 and the  temperature estimate i s  changed t o  T - DT. If the  

s ign  o f  ITEST i s  d i f f e r e n t  than the  previous value, then DT is s e t  equal 

t o  DT/4. If t he  revised estimate o f  the  temperature i s  less than the  

sa tura t ion  temperature corresponding %a the  input  pressure, it i s  s e t  

equal t o  the  sa tura t ion  temperature. I f  convergence i s  no t  obtained i n  

280 i t e r a t i o n s  an e r ro r  message i s  output and the  program proceeds using 

the  f i n a l  temperature estimate. 

TRIAL2 gave f a r  fewer convergence e r ro rs  than TRIAL, bu t  was not  

n b u l l e t  pro0f.n 

a l t e red  i t e r a t i o n  scheme and how ch t o  the  increase i n  the  allowed 

number of i t e r a t i o n s  is a moot po in t .  

How much o f  the provemerit can be a t t r i b u t e d  to the  

The c a l l i n g  sequence f o r  TRIAL2 i s  the  same a s  t h a t  o f  TRIAL. A 
listing o f  TRIAL2 i s  included i n  Appendix G .  
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5 .  F I N  EFFECTS 

Corre la t ions f o r  p red ic t i ng  the  increases i n  a i r  s ide  convection 

coef f i c ien ts  and a i r  s ide  pressure drop due t o  the  common V type 

corrugated f i n  pa t te rn  i n  p la te- f inned tube a i r - t o - r e f r i g e r a n t  heat 

exchangers have beerr incorporated i n t o  the  ORNL code. These 
co r re la t i ons  are based on s i n  le f i n  model t e s t s  and p r e d i c t  the  r a t i o  

sf the  a i r  s ide  heat t rans fer  Coe f f i c i en t  and a i r  s ide  pressure drop o f  

f i n  t o  t h a t  o f  a f l a t  f i n  w i t h  the  same tube geometry and 

These co r re la t i ons  are  c a l l e d  only when the  evaporator f i n  

type i d e n t i f i e r  FINTYE and/or the  condenser f i n  type i d e n t i f i e r  FINTYC 
are set equal t o  4.0. 

mode! the  m u l t i p l y i n g  f a c t o r s  predic ted by these co r re la t i ons  a r e  

appl ied t o  the  f i a t  f i n  a i r  s i de  convection c o e f f i c i e n t s  and a i r  s i de  

I n  the  modif ied version o f  the  ORNL heat pump 

2 pressure drops as determined by the  co r re la t i ons  developed by McQuiston 

and incorporated by OR L i n t o  the  HAIR and PDAIR subroutines. 

The c o r r e l a t i o n  f o r  p red ic t i ng  the  increase i n  a i r  s i de  

convection c o e f f i c i e n t  due t o  the  corrugated f i n  pa t te rn  was named 

CORFHA and is c a l l e d  by a modif ied version o f  the  HAIR subroutine, named 

HAIW2. The c o r r e l a t i o n  f o r  p red ic t i ng  the  increase i n  a i r  s ide  pressure 

i s  c a l l e d  from a modif ied version o f  POAIR by the  COND and 

u t i nss ,  The added parameters are contained i n  t h e  COMMON 
T. The co r re la t i ons  contained i n  CORFHA and APDCOR were 

derived from a ser ies  o f  s i n g l e  f i n  s imulat ion t e s t s  performed a t  the  

estinghsuse R D Center by D. T. Beecher. The de r i va t i on  o f  these 

co r re la t i ons  i s  described i n  detail i n  Appendix F. 

5.1 HEAT TRANSFE 
The increase i n  a i r  s ide  heat t rans fe r  c o e f f i c i e n t  due t o  the  

common corrugated or  Waig-maga f i n  pa t te rn  was cor re la ted  as a func t ion  
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o f  geometric parameters and parameters associated w i t h  the  a i r  f l ow ing  

through the  heat exchanger. The added geometric parameters include: 

* The number o f  f i n  pat terns pes- row o f  tubes i n  the  

d i r e c t i o n  o f  a i r  flow, 
* The depth o f  t he  f i n  pa t te rn  from peak to va l l ey .  

The remaining geometric inpu t  parameters were requi red by the  o r i g i n a l  

ORNL heat pump code: 

* The f i n  spacing. 

* The f i n  thickness. 

* The tube diameter. 

rir The tube spacing perpendicular t o  the  

* The tube spacing i n  the  d i r e c t i o n  o f  a i r  flow. 
* The number o f  rows o f  tubes i n  the d i r e c t i o n  o f  a i r  f low.  

i r  f l ow  d i r e c t i o n .  

The a i r  stream input  parameters are the  same as  those requi red by the  

o r i g i n a l  ORNL heat pump code and include: 

* The a i r  veloc 

* The average a 

* The average a 

* The average a 

* The average a 

The c a l l i n g  sequence o f  

t y  based on c o i l  face area. 

r densi ty .  

r thermal conduct iv i t y .  

r dynamic v iscos i ty .  

r Prandtl  number. 

t he  func t ion  CORFHA is: 

CORFHA (FP, DELTA, DEA, ST, W, FPD, NTR, MFP, VCF,  KPA, 
PRA, MUA, RHBA, I D I A G )  

The input  parameters are: 

FP = F i n  spacing ( f i n s j f t )  

DELTA = F i n  thickness (ft) 
DEA = Tube outside diameter (ft) 
ST 
WT = Tube spacing i n  the  a i r  f l ow  d i r e c t i o n  (ft) 
FPD = F i n  pa t te rn  depth (peak t o  va l ley)  (ft) 

= Tube spacing perpendicular t o  the  a i r  f low d i r e c t i o n  (ft) 
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NTR 

NFP 

VCF 
KPA 
PR 
MU 
RHOA 

ber of tube rows in the direct 

va I ue) 
= Number of  fin patterns per row o f  

direction of  air flow (integer va 

= Air velocity based on total c o i l  

on of  air flow (real 

tubes in the 

ue) 
ace area (ft/tnin) 

= Average air thermal conductivity (Btulhr-ft-"F) 
= Average air Prandtl number (dimensionless) 
= Average air dynamic viscosity (Ibm/hr-ft) 

e air density (Ibm/cu ft) 

IDIAG = Switch for diagnostic output (integer value) 
0 = no diagnostic output 
1 = diagnostic output printed 

The output is: 

CBRFHA = Air side convection coefficient multiplier 
(d i mens i on I ess)  

A listing for the function CORFHA is incSuded i n  Appendix IF. 

As noted in Appendix F, our efforts to obtain an accurate corre- 

lation between a i r  pressure drop, heat; exchanger geometry, and the 
properties of the a i r  stream passing through the heat exchanger f o r  the 

ode! data were not fully successful. However, a relatively 

crude correlation o f  t he  singlie fin model data developed previously has 
been included to provide a rough estimate o f  the increase i n  air side 

pressure drop due to fin patternation. This correlation, which relates 

the increase in air side pressure drop to the fin pattern depth, number 

of f i n  patterns per tube row i n  the direction of air flow, and the a i r  

v e l a c i t y  based on coil face area  was incorporated into the function 

APBCOR, which i s  c a l l e d  by PDAIR via CO 
sequence i s: 

o r  EVAPR. The calling 

APDCQR (FPD, NFP, VCF) 
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The input parameters a re :  
FPD = Fin  p a t t e r n  depth (peak t o  v a l  ley) (ft) 
NFP = Number o f  f i n  pat terns per row o f  tubes i n  t h e  d i r e c t i o n  

of a i r  f low ( integer  value) 

VCF = Air v e l o c i t y  based on coil face area ( f t /min)  

The output i s :  

APDCOR = Air pressure drop m u l t i p l i e r  (dimensionless) 

A l i s t i n g  f o r  APDCOR i s  included i n  Appendix F. 
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6. ADDITIONAL PROGRAM CHANGES 

I n  add i t i on  t o  the  new subroutines and funct ions added t o  the  

NL code i t  was necessary t o  modify several o f  the e x i s t i n g  subroutines 

t o  accommodate them. These include the  DATAIN subroutine, which accepts 

and d isp lays  the  input  data, and the  CNDNSR subroutine, which calls t h e  

e f f i c i ency  and loss based compressor model o r  the map based compressor 

model and the  f low balancing subroutine FLOBAL and re tu rns  the  d i f f e r -  

ence between the  ca lcu la ted  and spec i f i ed  candenser e x i t  subcooling or 

between the  compressor and expansion device r e f r i g e r a n t  mass f low ra tes .  

The COND subroutine, which ca lcu la tes  t o t a l  condenser heat t rans fe r  

ra te,  a i s  and r e f r i g e r a n t  proper t ies,  and r e f r i g e r a n t  and a i r - s i d e  

pressure drops f o r  f i x e d  i n l e t  r e f r i g e r a n t  cond i t ions  and the EVAPR 
subroutine, which ca lcu la tes  evaporator heat t rans fe r  rate, a i r  and 

re f r i ge ran t  p roper t ies  and re f r igeran t ,  and a i r - s i d e  pressure drops for  

f i x e d  e x i t  r e f r i g e r a n t  condi t ions,  were modif ied t o  include the  e f f e c t s  

o f  f i n  pa t te rna t ion  on air s ide  heat t rans fe r  and pressure drop. 

HAIR subroutine, which evaluates the  a i r  s i de  heat t rans fe r  c o e f f i c i e n t  

f o r  t h e  a i r - t o - r e f r i g e r a n t  heat exchangers, was replaced by the  HAIR2 
subroutine, which o p t i o n a l l y  includes the  e f f e c t s  o f  t he  f a m i l i a r  corru- 

gated or  "zig-zagn f i n  pa t te rn  by c a l l i n g  the  CORFHA subroutine. 

PDAIR subroutine was modif ied t o  include an opt ional  c a l l  o f  t he  APDCOR 
subroutine which p red ic t s  the  e f f e c t s  o f  the  corrugated f i n  pa t te rn  on 

a i r  s i de  pressure drop, 

The 

The 

The e f f i c i e n c y  and lass based compressor model COMP and the map 

based compressor model CMPMAP were extensively a l t e red  t o  inc lude c a l l s  

f o r  t he  revers ing valve heat t rans fe r  and pressure drop model, t he  

revers ing valve leakage, model and the  suc t ion  l i n e  accumulator model. 

The o r i g i n a l  subroutines were reta ined and the  a l te red  versions t i t l e d  

COMPV and COMP P, respec t ive ly .  
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The OUYPU" subroutine, which displays the final program results, 
was modified to include the added par22eter.s associated w i t h  the revers- 
ing valve, suction line accumulator and fin patternation models. 

Listings for all of the modified subroutines are included in 

Appendix G. 

6.1 DATA INPUT SUBROUTINE 
The DATAXN subroutine was modifid to accept and display the 

additional input parameters required by the reversing valve, accumulator 

and fin pattern augmentation models. Several additional C ~ ~ ~ O ~  blocks 

were added to facilitate transfer 09 these parameters between program 
sect i ons . 

The first parameter in data line 13 is FIN?", the f i n  type 
identifier f o r  the indoor coil. 

values for FIIJW, 1,O for flat f i n s ,  2.0 for wavy fins, and 3.0 for 
louvered fins. With the addition of %he model for the effects of the 

corrugated fin paktern on a i r  side heat transfer a fourth value, 4.0 for 

corrugated fins, became valid. If FINN is input as 4.0, an additional 
data line must be inserted between line #13 and line 14 containing the 
f o l l o w i n g  data: 

Previously there were three valid 

LINE #Ish 

NFP = Number of fin corrugation per row of tubes in the 
direction o f  air flow (integer value) 

= depth of t h e  fin corru ation, peak to valley (in.) 

If FINTY is input as 1.0, 2.0 or  3.0, data line 13A must not  be 

present I 

Similarly, the first parameter an data line #I7 is the fin type 
identifier for  the outdoor coil. If FPMTY f o r  the outdoor c o i l  is input 

as 4.0, line #17A,  containing the above data f o r  the outdoor coil, must 

be added. If FINN for the outdoor coil is input as 1.0, 2.8, or 3.0, 
line # 1 7 A  must not be present. 
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To accommodate the reversing valve refrigerant pressure drop and 
pressure drop models data line 

or data file, This line must contain: 

LINE #22 FORMAT(llO,F10.3) 

22 must be added to the input card deck 

NRVALV = Switch Lo select reversing valve pressure drop and heat  

'cransber model 

= 
= 1 empirical breadboard model 

= 25 Ranco #25 valve - analytical mode 
= 26 Ranco 826 valve - analytical mode 
= 36 Ranco #30 valve - analytical mode 

0 no reversing valve pressure drop and heat transfer 

VAMBRV = Temperature o f  the air surrounding the reversing valve 

("F) 

If NRVALV i s  input with a value other than 0, 1, 25, 26, or 30, the  pro- 

gram will terrninab and an error message w i l l  be printed. 
The reversing valve leakage model requires the data from data 

line #23, which must be prepared in accordance with the fo l lowing 

format: 

LINE #23 FORMAT(I4:F12.5:/3(6Fl2.4:/)) 

N o t i c e  that i f  more than one floating-point parameter is  t o  be 
entered in accordance with NRWLK, additional lines, each containing up 

to three parameters, must be prepared. 

number of  parameters need and should be entered. 
the following significance: 

However, o n l y  t h e  required 

The parameters have 

= switch to select reversing valve internal leakage model 

(i nkeger vip I ue> 

= 0, no reversing valve internal leakage (a blank data 
23 will create this option) 

= 1, fixed reversing valve internal leak r a t e  
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If NRVLK = 1 then the following data m u s t  a l s o  be included: 

RVLKP(1) = fixed reversing valve leak rate as a fraction of  the 

compressor mass flow rate 

The reversing valve leakage madel has been construe$a i n  a manner which 
w i l l  e a s i l y  accomrnodats more complex models i f  desired. RVLKP is an 
array which can include up t0 f ive  parmeters .  

is a function of NRVLK as specified by the array N ~ ~ ~ ~ ~ ~ ~ ~ L ~ ~ l )  con- 

tained in BLOCK DATA WLADP and 

ters. 

is set to 0, no values of RVLMP are  required. If ~~~~K i s  set to 1, one 

value of RVLKP is required. 

Jhe number of parameters 

imensianed to accept up to five parame- 

If NRVLK At present t he  only valid values 04 NWVLK are 0 and 1. 

The input data for the suction line accumulator model is prs- 

vided by data line #24, which must conta in:  

LINE #24 AT(P4: F12.5: /3(6F12 - 4 :  8)) 

NACCU = switch to seDect suction l i n e  accumulator heat transfer 
and pressure drop model (integer vaizse) 

= 0, suction line accumulator heist; transfer and 

pressure d r ~ p  not included (a blank data line #24 
w i l l  achieve t h i s )  

= 1 or 2, suction l i n e  accumulator heat  transfer and 

pressure drop included 

If NACCU = 1 the fo l lowing  data must be included: 
ACPAR(1) = inside diameter o f  accumulator heat exchanger liquid 

line) tubing ( i n . )  
ACPAR(2) = outside diameter of  accumulator heat exchanger (liquid 

line) tubing (in.) 

ACPAR(3) = length of  tubing in %he accumulator heat  exchanger (ft) 

ACPAR(4) = inside diameter of  accumulator vapor vapor line (in.) 

ACPWR(5) = t;atal length o f  accumulator vapor line (inlet + outlet) 

in (ft) 
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If NACCU I 2 the  fo l low ing  d a t a  must be included: 

ACPAW(1) = r e f r i g e r a n t  superheat leaving the  accumulator on the  

suc t ion  s ide  (OF) 

(2) = pressure drop on the  low pressure s ide o f  t h e  

accumulator (ps i . )  

ACPAR(3) =z pressure drop on the  h igh 

accumu I a to r  (psi a) 

A ~ ~ ~ ~ ~ ~ )  = heat f l ow  from the  accumu 

pressure s i d e  o f  the  

a t o r  s h e  I (Btu/sec) 

Note that  l i k e  the revers ing valve leakage model, t he  accumu- 

l a t o r  heat t rans fe r  and pressure drop subroutine has been configured t o  

e a s i l y  accept a more complex mathematical representat ion.  ACPAR i s  an 

t o  accept, up t o  20 parameters. The number of parame- 

t e r s  associated w i t h  each value o f  NACCU i s  def ined by t h e  array 

NACPB(NACCU+I) contained i n  BLOCK DATA RLADP and dimensioned t o  accept 

up t o  12 parameters, corresponding t o  12 d i f f e r e n t  accumulator models. 

A t  present the  v a l i d  values o f  NACCU are 0, 1, and 2.  
NACTB(1) i s  Q and no input  parameters a re  required. I f  MACCU i s  1, 
NACPB(29 i s  5 and the  f i v e  parameters l i s t e d  above a re  required. I f  
NACCU i s  2, NACT (3) i s  4 and t he  four corresponding parameters above 

are requi red.  

If NACCU i s  0, 

H blocks added include RV LVE conta in ing  the  parameters 

associabed wi the  the  revers ing valve r e f r i g e r a n t  pressure drop and heat 

t rans fe r  models, RVEKP containing t h e  parameters o f  t h e  reversing valve 

in-hernal refrigerant leakage model, ACPAR and ACTBL containing the  

suc t ion  l i n e  accumulator r e f r i g e r a n t  heat t rans fe r  and pressure drop 

parameters and F I  

p r e d i c t i n g  the e f f e c t s  of f i n  pa t te rna t ion  on a i r  s i d e  heat t rans fer  and 

pressure drop.  

T, which contains the parameters requi red by models 

The o n l y  changes required i n  the  CNDNSR subroutine were t o  

substitute a cal S f o r  the? modif ied version o f  t h e  loss and e f f i c i ency  
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compressor model COM f e r  'the o r ig ine  lode! CQMP and a c a l l  f o r  the 

modif ied sap based compressor model CO P for the  o r i g i n a l  version 

CMPMAP . 

6.3 CONDENSER HEAT' TRANSFER SU 
The COWD subroutine, which ca lcu lates the  t o t a l  condenser heat 

t ransfer  rate,  a i s  and r e f r i g e r a n t  propert ies,  and r e f r i g e r a n t  and a i r  

s ide  pressure drop i n  the  condenses for f i x e d  i n l e t  r e f r i g e r a n t  eondi- 

t ions,  was a l te red  t o  c a l l  the  HAIR2 subroutine f o r  evaluat ing the  a i r  

s ide heat t rans fer  c o e f f i c i e n t  i n  p lace af the  HAIR subroutine. Th is  
change was required t o  provide PCCBSS t o  the  co r re la t i on  f o r  a i s  s ide 

heat t rans fer  augmentation due t o  f i n  patternaQion CO 
ca l l ed  by HAIW2. The call f o r  the  a i r  s ide  pressure drop subroutine 

PDAIR was modif ied t o  include the  ad i t i s n a l  parameters required by the  

model pred ic t i ng  the  increase i n  a i r  s ide  pressure drop due t o  corru- 

gated f i n  pa t ta rna t ion  APDCOR, which i s  c a l l e d  by PDAIR. The Cr) 

block FXNPA? was added t o  CO 

?he EVAPR subroutine, which ca lcu lates the  h t a l  evaporator heat 

t rans fer  rate,  a i r  and r e f r i g e r a n t  propert ies,  and r e f r i g e r a n t  and a i r  

s ide  pressure drop i n  the  evaporator f o r  f i x e d  e x i t  r e f r i g e r a n t  

condit ions, was a lso  a l te red  t o  c a l l  the  HAIR2 subroutine i n  place of  

the  HAIR subroutine. 

PDAXR was a l te red  t o  include the  addi t ional  parameters required by the  

APDCQR subroutine. The COM PAT' was a lso  added $0 EVAPR. 

The c a l l  f o r  the a i r  pressure drop subroutine 

6.6 EFFICIENCY AND LOSS EL 
The e f f i c i e n c y  and loss based compressor model, C O W ,  computes 

the  r e f r i g e r a n t  mass flow r a t e  and power consumption given the  com- 

pressor suct ion and discharge condi t ions.  I n  addi t ion,  t he  evaporakor 

discharge and condenser inlet condi t ions are computed using the  l i n e  

heat t rans fer  ra tes  input  t o  DATAIN and the  r e f r i g e r a n t  pressure drops 

i n  the  l i nes  using the  DPLINE subroutine. The heat t rans fer  ra tes  and 
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re f r i ge ran t  pressure 

suct ion l i n e  accumulator, computed by the  VALVER and DHSUL subrout nes, 

were inclwdsd i n  a s i m i l a r  manner. I t  was a l s o  convenient t o  c a l l  the  

valve r e f r i g e r a n t  leakage subrout ine FLKRV a t  t h i s  l o c a t  on. 

N blocks RVALYE, ACPAR, and RVLKP were added to t r ans fe r  i n  the  

rops associated w i t h  the  revers ing valve and the 

add i t iona l  parameters requi red.  Due t o  the  extensive nature o f  t he  

modi f icat ions t, e modified version was named COMPV and the  o r i g i n a l  

version was rnaintaine wjth no changes. 

DEL 
p based compressor model C PMAP computes the r e f r i g e r a n t  

mass f l o w  r a t e  and power consumption given the  compressor suc t ion  and 

discharge conditiesns u s i n g  second order polynomial curve f i t s  appl ied t o  

resssr map data. I n  addi t ion,  t he  evaporator discharge and 

condenser i n l e t  r e f r i g e r a n t  condi t ions are  ca lcu lated using r e f r i g e r a n t  

l i n e  h e a t  t ransfer  rates i npu t  v i a  the  OATAIN subrout ine and r e f r i g e r a n t  

pressure drops ca lcu lated by the  DPLINE subrout ine,  

ra tes  and r e f r i g e r a n t  pressure drops associated w i th  the  reversing va lve  

and the suc t ion  l i n e  accumulator, as ca lcu lated by the  VALVER and 

The heat t rans fe r  

subroutines, a re  a lso  included. The revers ing valve r e f r i g e r a n t  

leakage subro t i n e  FLKRV i s  also called from t h i s  subroutine. The 

blocks RVALVE, ACPAR, and RLVKP were included t o  t rans fer  i n  the 

add i t iona l  ~ ~ ~ ~ ~ ~ t ~ r ~  required. Due t o  the  extensive modi f icat ions 

t h i s  subrout ine was renamed COMPMP and the  o r i g i n a l  version 

was  in^^^^^^ uncha 

subroutine provides a conveniently formatted p r i n t o u t  

sf She f i n a l  r e s u l t s  o f  the system performance s imulat ion fo l l ow ing  the  

l e t i o n  o f  a l l  o f  the  i t e r a t i v e  losps. The subrout ine consis ts  p r i -  

ats and w r i t e  statements wi th  the  associated parameters 

estinghouse mod i f i ca t ion  eon- 

AR, RVLKP, and FINPAT and 
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formats and w r i t e  statements t o  p r i n t  seleebed var iab les contained i n  

blocks. Several addi t ional  parameters associated w i t h  the  

reversing valve heat t rans fer  and r e f r i g e r a n t  pressure drop rno 

pr in ted  i ncl  udi ng: 

Reversing valve r e f r i g e r a n t  pressure drop - Isw pressure 

s ide (psi) 

Reversing valve r e f r i g e r a n t  pressure drop - h igh pressure 

s ide  (psi) 

Reversing valve laeta$ t r ans fe r  t o  ambient a i r  (Btu/hr) 
Reversing valve in te rna l  heat  transfer  ( 

The add i t iona l  parameters associated w i th  the  e f f e c t s  of f i n  patterna- 

t i o n  on a i r  s ide  heat t rans fer  and pressure sop added t o  the printau-k 

include: 

XAPE = 

XAPC = 

XFPE = 

XFPC = 

A i r  pressure drop rnu j t ip ly ing  fac to r  due t o  f i n  patterna- 

tion f o r  the  ev 

A i r  pressure drop mu l t i p l y ing  fac to r  due to f i n  patterna- 

t i s n  f o r  the  con 

A i r  s i de  convection c o e f f i c i e n t  rnust iy ly ing f a c t o r  d u e  t o  

f i n  pa t te rna t ion  f o r  the  evaporator 

A i r  s ide  convection c o e f f i c i e n t  mu l t i p l y ing  fac to r  due t o  

f i n  pa t te rna t ion  Cor the  condenser 
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7 .  VERIFIC 

During the verification phase o f  the project, the ORNL heat pump 
code, with the reversing valve heat transfer and pressure drop models, 

the reversing valwe leakage model and the accumulator model incorpor- 

a t e d ,  was run using input data corresponding to the actual test condi- 

tions encountered during testing o f  the first preprototype o f  the 

Westinghouse/DOE advanced electric heat pump. The input data was 

selected to match the test conditions as closely as possible. 

example, if the desired indoor air dry bulb temperat,ure and relative 

humidity were 80°F and 50% and the actual test conditions were 79°F and 

For 

relative humidity, the actual test conditions were input to the 

rather than the desired conditions. The measured indoor and 
autdosr a i r  flows f o r  each individual test were used rather than the 

desired values or awerage values. 

Mote that the electric expansion valve used in the preprototype 
was manually controlle during the verification tests. Our ultimate 

objective was to use refrigerant temperature sensors in combination 

w i t h  a microprocessor based control system to control condenser exit 

during heating mode operation and evaporator exit superheat 

A t  the time these tests cooling operation via a feedback loop. 

were performed, the microprocessor control system was still under devel- 

opment. The bsea icroprocassor proved to have insufficient 

memory to perform t h i s  conkgal function and during the f i e l d  test7 the 
expansion v a l v e  was controlled by an algarithm relating expansion va lve  

operating voltage Sa aperating mode and ambient temperature rather than 

a feedback c o n t r o l  loop. Due bo the use of manual control of the 
expansion valve and a tendency for the refrigerant system operating 

conditions to whunlk,w t he  desired level of subcooling during heating 

supesheag. during coaling operation were not achieved in 
a l l  of the verificatia3 tests. In particular, some o f  the cooling runs 
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have very low evaporator exit superheat and the e x i t  refrigerant may 

have been slightly wet in some eases. 

Verification runs were csnplotsd far a l  I four steady state oper- 
ating modes, high and low capacity heating and h i g h  and low c a p a c i t y  
cooling. The n ina l  outdoor ambient. temperatures considered were: 

* High Capacity H e a t i n  ; 47"FJ 35"FJ 17°F and O'F. 
* bow Capacity Heabing; 4?"F and 35°F. 
* High Capacity Cooling; 82"FJ 95°F and 106°F. 
la Low Capacity Coaling; 76"F, 82°F and 95°F. 

For each o f  these conditions, the program was run w i t h  corrections for 
pressure drop in the connecting lines f o r  a ! !  three of the Ranco 

reversing valve models built into the? VALVEIS subrawtine and for the 

empirical reversing valve heat transfer and pressure drop model with the 

connecting line lengths set to zero  (the empirical el includes line 

pressure drops). 

7.1 INPUT DA?A 
The input  &%a f o r  the L code includes the number o f  parallel 

refrigerant circuits in the indoor and outdoor air-to-refrigerant heat 

exchangers. Since both the indoor and outdoor air-to-refrigerant heat 
exchangers used in the advanced electric heat pum have refrigerant 

circuits that branch or combine, it was necessary to input a tl 

number o f  parallel refrigerant p a t h s .  For example, as shown i n  
Figure 7-1, the indoor coil of the les&inghouse/D E advanced electric 
heat pump consists of three parallel sections. In the heating mode, 
each section has two parallel circuits at the inlet, each containing 
12 tubes. These circuits combine i n t o  a single circuit containing 

18 tubes. 

at inle% and three parallel circuits containing 30 tabes at the coil 
exit. One of the sections contains an unused hairpin, giving a t o t a l  of 
104 tubes in the heat exchanger. To determine the number of parallel 

circuits to be inputts the OR h code, a trial-and-error approach was 

6 

Therefore there are 6 p a r a l l e l  circuits containing 72 tubes 
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a Flow Toward Observer 

@ Flow Away from Observer 

Figure 7-1 - One of khsee indoor c o i l  c i r c u i t s  (heating mode). 
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used with high capaci ty heating performance at 47°F ambient temperature 

as a reference case. It was foun $hati 4 - 5  p a r a l l e l  circuits gave a 

g o d  match between measured and predicted refrigerant pressure drop i n  
the indoor coil. This is not g r e a t l y  different, from the weighted 

er of circuits: 

ai = [(ia x 72)+(3 x 30)]/182 = 5 12 

The outdoor air to refrigerant h e a t  exchaoger cons sts of Four separate 

c o i l s  connected in parallel. 
c o i l s  in the heating mode, shown in Figure 7-2,  consists of a single  

circuit; containing 14 tubes at inlet branching i n t o  two circuits of 14 

tubes each at %he out!&. For the four coils combined there are four 

parallel circuits containing a %otal of 72 tubes at inlet and eight 

parallel circuits containing a total of 112 tubes at %he out !&  giving a 

weighted aver 

The refrigerant circuit f o r  each o f  the 

= [(4 X 72)+(8 X 112)]/184 = 4 .  a0 

The tsial-and-error metho 

circuits giving the best match between measured and predicted 

refrigerant pressure drop was 8.0. 

indicated t h a t  the number o f  parallel 

A similar tsial-and-error approach was applied in the cooling 
mode at the high capacity rating condition sf  95°F ~u%;dondr ambient 

temperature an 80°F dry bulb, 67°F wet bulb indoors. 
parallel circuits in the indoor coil giving tihe best 
predicted and measured refrigerant pressure drop was found to be 4.8 

parallel paths. The slumber o f  parallel paths in &ha oubdaoi- c o i l  giving 
the best match between measure 

was 5.8. In the !ow capacity coal ing mode, one-third o f  the indoor coil 
i s  cut out of the circuit by a solenoid valve to maintain a low enough 

evaporat i ng % peratuse t o  provide a comfortable sensiblejtotal capacity 

ratio. For the 95°F Bow capacity cooling mode %he number o f  i n  
parallel refrigerant sircui-ts givin the best match between predicted 
and measured refrigerant pressure drop was found to be 2.9. 

The number of 

and predicted refrigerant pressure drop 



e+--- ~ ~ f r j ~ e r a n ~  Outlet i two) 
? - - - I  

c3) 

Refrigerant in Tubes 
8 Flow Toward Observer 

Flow Away from Obsesver 

Refrigerant In le t  one) 

Figure 7-2 - One o f  four outdoor heat  exchanger c i r c u i t s  (heating 
ode). 
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An analysis of the? sensitivity of the  predicted capacity and 
energy efficiency to the number o f  refrigerant circuits in the indoor and 
outdoor heat exchangers was psrfor ed f o r  bo-th heatin 

i s  described later i n  this report. 

Another parameter evaluated empirically was the product of the 

overall heat transfer coefficient and the heat transfer area for the 

accumulator heat exchanger. As nobed previously, the advanced electric 
heat pump uses a unique refrigerant circuit which provides f o r  floo 

evaporator operation in the heaking mode and superheated evaporator e x i t  

conditions in cooling service. In the heating mode, the liquid remaining 
in the evaporator exit stream is vaporized i n  the accumulator by heat 
absorbed from the high pressure liquid stream passing from the condenser 

outlet to the expansion valve inlet vi a heat exchan er consisting of a 

flat spiral of bare tubing near the bottom of the accumulator. 

this process the high pressure liquid stream is dee 
resulting i n  a significant decrease in the quality of the liquid entering 
the evaporator. 

During 

In cooling service the streas passing through t ihe  accumulator 

heat exchanger flows between the expansion valve outlet and the evapora- 

tor inlet and little te perature difference exists. Consequently, the 

heat transfer rate i s  small and has been neglected i n  m~deling the 
sys tern " 

Two different approaches to odeling the effects of the accumula- 

t o r  heat, exchanger were considered. The first approach i s  to assume that 
the heat exchanger capacity is allways sufficient to evaporate all 

remaining liquid in the evaporator exif; stream. If the evaporator exit 
conditions are not specified, as in the case of the ORML code, thermody- 
namic considerations alone are not sufficient to define the operating 
conditions. 

values of expansion va lve  inlet subcooling exist which w i l l  satisfy the 
requirements of the first law of thermodynamics. The operating condi- 
tions are determined by the refrigerant charge level and the characteris- 
tics of the expansion device. 

the expansion device w i l l  result i n  a decrease in the inlet and exit 

A wide range o f  evaporator exit qualities and concomitant 

Increasing amounts of subcooling entering 
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q u a l i t y  o f  t he  evaporator and, assuming no grea t  change i n  t he  s l i p  

fac to r  between the  l i q u i d  and vapor phases, an increase i n  the  

ref r igerant ,  charge contained i n  the  evaporator and accumulator. 

l h e  second approach, whi le  less r igorous phys ica l l y ,  proved t o  be 

f a r  more compatible w i th  the  in te rna l  logic of the  ORNL code. 

enthalpy change o f  t he  r e f r i g e r a n t  l i q u i d  i s  given by: 

The 

The heat t rans fe r  r a t e  i s  given by: 

Combining these re la t i onsh ips  gives 

(-U A L /M Cp ) Q,, = MrCpr (Tcx -Tex) [1.0 - e o t t r r 3 ( 5 )  

I f  t he  oterall heat t rans fe r  c o e f f i c i e n t  Uo i s  assumed t o  be a f i x e d  

and Tex are deter- value, then the  primary unknown (assuming M 
mined p r i m a r i l y  by other system considerations) i s  t h e  length o f  tub ing  

i n  the  heat exchanger L 

i n l e t  temperature equal t o  the measured value was determined i t e r a t i v e l y  

f o r  each o f  t he  heat ing runs analyzed. The value o f  L was not  a con- t 
s tan t ,  ranging f rom 38.0 f t  t o  45.0 f & ,  i nd i ca t i ng  t h a t  t he  assumption 

o f  a constant ove ra l l  heat  t rans fer  c o e f f i c i e n t  U i s  an 

o v e r s i m p l i f i c a t i o n  o f  the  problem. This i s  no t  su rp r i s ing  since we 

would expect both the  ins ide  and outside convection c o e f f i c i e n t s  t o  be a 

func t i on  o f  r e f r i g e r a n t  ma5s f low ra te ,  density, qua l i t y ,  and other 

f l u i d  p roper t ies .  The values of L, used f o r  each o f  the  heating runs i s  

shown i n  Table 7-1.  The value o f  Lt obtained f o r  t he  17°F h igh capacity 

heating mode i s  incons is ten t  w i th  the  values obtained f a r  t he  other h igh 

capacity heat ing operat ing condi t ions.  

inconsistency i s  unc lear .  I t  may have been the  r e s u l t  o f  a va r ia t i on  i n  

the r e f r i g e r a n t  

r '  T c x l  

g i v i n g  a n  expansion valve The value o f  L t' t 

0 

The reason f o r  t h i s  
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Table  7-1. Equivalent Lengths of Tubing i n  
the Accumulator Heat Exchanger 

Outdoor Ambient 
Temperature 

Heati ng Mode 
High Capacity Low Capacity 

47°F 
35" F 
17" F 
0" F 

37.5 ft 

32.5 f t  
4 5 . 0  ft 
30.0 ft 

30.0 ft 

32.5 ft 

charge level or due to a buildup af frost on the evaporator c o i l .  As 

shown in Table 7-20, the overall system heating capacity and coefficient 
of performance are relatively insensitive to the the value used for Lt. 
The parameter most influenced by Lt is the evaporator e x i t  quality, 
which is difficult to measure accurately. 

Appendix H contains sample input data files for all of the 

combinations of  operating mode and ambient temperature considered in the 
verification study. 

valve with 2% refrigerant leakage. The suction line accumulator model 

i s  used f o r  the heating cases. For the cooling cases the suction line 

accumulator model is not called since the evaporator exit refrigerant is 

assumed to be superheated and heat transfer i n  the accumulator is 
assumed to be negligible. 

The samples shown a r e  far a Ranco #26 reversing 

7.2  REVERSING VALVE HEA? TRANSFER AND PRESSURE DROP 
7.2-1 Heating Mode 

Table 7-2 summarizes the results o f  the verification runs for 

the high capacity heating mode a t  an outdoor ambient temperature of 

47°F.  The first column shows the test data. The second column shows 

the results for no reversing valve, but with connecting line losses 

included. The connecting line diameters and lengths used are  shown i n  
Table 7-3 and represent the actual line diameters and lengths present 

during the tests with equivalent lengths for  bends added. 

three columns show the results for t h e  three Ranco reversing valve 

The next 
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Tab la  7-2. l e s t  183 High Capaci ty  H e a t i n g  0 47 Dsg F 

T e s t  L i n e s  Ranco Ranco Ranco E m p r i -  
Only #25 #26 #30 c a l  

Compressor 
Mass F l o w ,  Ibm/hs 
Power I n p u t ,  W a t t s  
Heat  Loss, R tu /h r  
I n l e t  Pressure, psia 
I n l e t  Temperature, deg F 
I n l e t  Superheat., deg F 
I n l e t  En tha lpy ,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, dag F 
E x i t  Superheat,, dag F 
E x i t  En tha lpy ,  Btu/ lbrn 

L i n e s  k Revers ing  Va lve  
P ressu re  d rop ,  p s i  
Heat  T r a n s f e r ,  5 t u / h r  

Condenser 
I n l o t  Pressure,  p s i a  
I n l e t  Temperature, dag F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  Stu/lbm 
E x i t  Pressure,  p s i a  
E x i t ,  Temperature, deg F 
E x i t  Subcool ing,  deg F 
E x i t  En tha lpy ,  B t u / l b m  

L i n e s  & Accumulator 
P ressu re  Drop, p s i  
Heat  T r a n s f e r ,  B t u / h r  

Expansion Va lve  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Subcool ing,  dsg f 
I n l e t  Enthalpy,  S t u / l b m  

Evapora to r  
I n l e t  Pressure,  paia  
I n l e t  Temperature, dsg F 
I n l e t  Q u a l i t y  
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, dag F 

E x i t  En tha lpy ,  B t u j l b m  
E x i t  Qual 1t.y 

L ines ,  Revers ing  Va lve  

Proosure Drop, ps i  
Heat  T r a n s f e r ,  B t u l h r  

Hea t ing  Capaci ty ,  B t u / h r *  
C o e f f i c i e n t ,  of  Performance+* 

& Accumulator 

532.2 
3565 
283 2 
66.8 
28.4 
0.6 

107.1 
239.8 
170.9 
61.3 
125.8 

556.0 
3575 
2074 
69.6 
30.6 
0.6 

107 ~ 4 
242.9 
170.3 
59.8 
125.6 

554.3 
3559 
2065 
69.3 
30.4 
0.6 

107.4 
241.5 
169.8 
59.8 
125.6 

530.1 
3515 
2040 
67.1 
28.6 
0.6 

107.2 
241.6 
172.0 
61.9 
126.0 

549, E; 
3547 
2458 
68.9 
30.0 
5.6 

107.3 
241.2 
170.1 
60.1 
125.6 

539.6 
3465 
201 1 
67.5 
28.9 
0.6 

147.2 
234.4 
168.0 
65.1 
125.4 

6.49 2.96 3.10 5.96 3.39 0.0 
651.2 0.0 565.4 48.8 463.2 1107-3 

233.3 
163.8 
56.3 
124.6 
231.6 
93.9 
13.1 
37.4 

239.9 
169.8 
60.2 
125.8 
238.1 
95.9 
13.1 
38.0 

239.4 
164.5 
55.3 
124.5 
236.6 
95.4 
13.1 
37.8 

236 I 6 
170.5 
62.3 
125.9 
233.9 
94.7 
13.1 
37.6 

237.8 
165.3 
56.4 
124.8 
235.9 
95.3 
13.1 
37.8 

234.4 
158.1 
50.2 
123.4 
232.6 
94.2 
13.1 
37.5 

? 2.11 2.18 1.93 2.07 1.20 
6912 7158 7353 6923 7048 6928 

? 234,s 231.9 231.9 233.9 231.4 
50.3 52.6 50.6 50.6 52.1 60.9 

? 55.8 57.3 56.6 55.7 56.0 
24.4 25.1 24.6 24.5 25.8 24.6 

77.6 
35.0 
0,050 
24.4 
74.0 
33.4 
0.852 
94.6 

74.2 
33.6 
0.063 
25.1 
71.7 
31.6 

94.5 
0.854 

74.2 
33.6 

a. 056 
24.6 
71.8 
31.7 
0.838 
93.2 

74.4 
33.7 
0.066 
24.5 
72.1 
32.0 

0.849 
94.1 

74.3 
33.6 

0.061 
26.0 
71.9 
31.8 
0.846 
93.7 

74.8 
34.0 
8.056 
24.6 
72.6 
32.3 
0.829 
92.4 

7.23 41.86 2.44 5.05 2.97 5.01 
6652 7158 7856 8940 7476 8027 

46408 48706 4 ~ x 8  46815 47815 46352 
3.81 3.99 3.96 3.90 3.95 3.92 

Q N o t  c o r r e c t e d  f o r  b lower  work and compressor losses 
** Does n o t  i n c l u d e  fan, blower  and c o n t r o l  power 
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Table  7-3. Equ iva len t  Lengths  and I n t e r n a l  Diameters 
of Connect ing Tubing - Advanced E l e c t r i c  Heat Pump 

i n  T e s t  Conf igu ra t ion  

Locat ion  

L i q u i d  l i n e  from indoor  
to outdoor  hea t  exchanger 

From indoor  c o i l  t o  r e v e r s i n g  
v a l v e  

From outdoor  c o i l  t o  r e v e r s i n g  
v a l v e  

From r e v e r s i n g  v a l v e  t o  
compressor i n l e t ;  

From r e v e r s i n g  v a l v e  t o  
compressor o u t l e t  

I n t e r n a l  
Diameter 

i nches  

0.430 

0,680 

0 805 

0.680 

0.430 

Equ i v a 1 e n t  
Length 

f e e t  

40.0 

3.0 

25.0 

7.0 

10.0 
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models includ subroutine p lus  the  connecting l i n e  losses. 

t s  the r e s u l t s  f o r  the  empir ical  model w i th  the  

connecting Oina zero since the  empir ical  model includes 

l i n e  losses. 

refr igesant i  side c a l o r i  

Note t h a t  the! capaci ty and COP shown are based an 

and do no t  include the  e f f e c t $  o f  fan power, 

I-), contro ls ,  e tc .  Mote allso t h a t  t he  heat 

pressor and the  condenser and i n  

C %he reversing valve (row 13 i n  Table 7-2) 
includes heab t ransfer  to the ambient a i r  and i s  there fore  greater than 

the heat  t r ans fe r  etween the  evaporator discharge 

i n l e t  (POW 23) and the  heat t rans fe r  i n  the  h igh 

l a t s s  ( r o w  37). 
reversing valve heat t rans fe r  and pressure 

s i g n i f i c a n t l y  improves a reement between predic ted and measured 

~ ~ r f o ~ ~ a ~ ~ ~ ~  The 38 valves are  o f  s i m i l a r  const ruct ion bu t  

d i f f e r e n t  ra t ings,  9.8 tans and 5.5 tons, respec t ive ly .  Consequently the  

issure drop i s  lower with the  #25 valve, bu t  the  heat 

t rans fe r  r a t e  i s  higher du to the  larger s l i d e  surface area. The #26 
r a t i n g  a$ 2-0 tons and s i g n i f i c a n t l y  higher r e f r i g -  

thaw the #25 and 30 valves, b u t  a heat t rans fe r  r a t e  

more thaw an order of m ni tude lower due t o  a smal ler  s l i d e  surface area 

arid the  use o f  a p l a s t i c  (Befrin) s l i d e  in pOace o f  the  metal s l i d e s  used 

i n  t h e  other two va lves .  
o&e t h a t  the capacity and COP are  lower with the  #26 valve than 

0 va8vesa This  supportis our hypothesis t h a t  revers ing 

valve pressure drop has  a greater impact on capacity and energy 

cy khan i n te rna l  heat t rans fe r .  Note a l so  t h a t  t he  empir ical  

odel,  which does D O ~ G  inc lude a allowance f o r  pressure drop between the  

compressor sxik an the c ~ ~ ~ ~ ~ ~ e r  i n l e t ,  i s  s i m i l a r  i n  capaci ty and COP 
26 valve, w h i c h  has the largest co pressor discharge s ide  

the  asser t ion t h a t  pressure drop on the  

enal izes p s r f s r  ance  f a r  more than pressure drop 

Valve #26 gives the  best  match between 
prediched cap8:;k.y - y J  07” t-he ana ly t i ca l  models. The empir ical  model 

ress%rr discharge side. 
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more c losely  matches capacity than the #26 valve, bu t  does not match the 

CQP as accurately.  

Table 7-4 summarizes the r e s u l t s  f o r  the  high capaci ty heat ing 

mode a t  an ambient temperature o f  35°F. 
matches t h e  measured capacity, bu t  the  f26 valve case more c lose ly  

p red ic ts  t h e  measured COP. In most respects the #30 valve case most 

c losely  matches t h e  measured parameters. 

The #38 valve case most c lose ly  

The r e s u l t s  f o r  t h e  17°F high capacity heat ing runs are shown i n  

Table: 7-5. 
sured values f o r  a l l  o f  the  cases considered. This i s  p r i m a r i l y  t h e  

r e s u l t  sf t h e  inaccuracy o f  the  compressor map curve f i t  near o r  below 

the  lowest compressor sucition sa tura t ion  temperature used i n  the curve 

f i t .  
measured compressor suct ion and discharge pressures, the  predicted 

r e f r i g e r a n t  mass flow r a t e  exceeds t h e  measured value by 12.52. 
code uses a compressor map curve f i t  o f  the, form: 

The predicted capaci t ies and COPS are higher than the  mea- 

Note t h a t  whi le  the  #SO valve case q u i t e  accurately mi r ro rs  the  

The ORNIL 

Our own 

where: 

gives a 

experience has 

Hr = CO + ClT, 

shown t h a t  a fit. o f  the  farm: 

+ C2?Je 

CO = coo 4 COITc 4 C02TcTc 
c1 = c10 4 CllPc + Cl2?& 
c2 = c20 + ~ 2 1 ~  + c ~ ~ T ~ T ~  

C 

super ior  match t o  the map data f o r  the  wide range o f  operat ing 

condi t ions encountered i n  heat pumps. 

For 0°F h igh capacity heating, the  compressor map curve f i t  gave 

a poor match t o  the  measured r e f r i g e r a n t  mass f low r a t e  and power can- 
sumption. Therefore the  program was run wi th  a f i x e d  r e f r i g e r a n t  mass 

f low r a t e  and compressor power input to evaluate t h e  performance o f  the  
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Tab le  7-4. T e s t  1098 High  Capac i t y  H e a t i n g  0 35 Deg F 

Tes t  L i  nes 
Only 

Ranco 
#25 

Ranco 
#26 

Ranco 
#30 

Empr i - 
ca I 

Compressor 
Mass Flow, Ib /h r  
Power I n p u t ,  Wat ts  
Heat  L.osr, Rtu /h r  
I n l e t ,  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, dag F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  En tha lpy ,  Btu/ lbrn 

447 .7 
3197 
2225 
57.5 
19.8 
5.0 

106.3 
218.0 
166.9 
64.3 
125.8 

453.5 
3166 
2161 
58.3 
20.5 
0.0 

106,4 
218.1 
165 2 
62.7 
125.5 

453.0 
3141 
2144 
58.2 
20.4 
0.0 

106.4 
217.0 
164.3 
62.1 
125.4 

433.6 
3113 
2125 
56.4 
20.7 
0.0 

106.3 
217.3 
166.9 
64.6 
125.9 

448.3 
3137 
2141 
57.7 
20.0 
0.0 

106.4 
216.7 
164.9 
62.8 
125.5 

442.8 
3077 
2150 
56.4 
19.2 
0.0 

106.3 
211.6 
182.9 
62.6 
125.3 

L i n e s  & Revers ing  Va lve  
P ressu re  Drop,  psi  6.49 2.26 2.37 
Heat  T rans fe r ,  B t u / h r  654.6 0.0 514.6 

4.56 
43.8 

2.58 
448.7 

0.0 
1142.9 

Condenser 
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, dsg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, dsg F 
E x i t  Subcool ing,  dsg F 
E x i t  Enthalpy,  Btu/ lbm 

212.8 
158.6 
57.9 
124.4 
210.4 
95.1 
4.8 
37.7 

215.9 
164.8 
63.0 
125.6 
214.4 
96.5 
4.8 
38.2 

214.6 
158.3 
56.9 
124.2 
213.2 
96.0 
4.8 
38.0 

212.8 
166.5 
64.8 
125.8 
211.4 
95.5 
4.8 
37.9 

214.1 
159.5 
58.3 
124.5 
212.7 
95.9 
4.8 
38.0 

211.6 
150.2 
49.9 
122.7 
210.1 
95.0 
4.8 
37.7 

L i n e s  & Accumulator 
P ressu re  Drop, ps i  ? 1.26 1.26 
Heat  T r a n s f e r ,  B t u / h r  6926 6810 6754 

Expansion Va lve  
I n l e t  Pressure,  p i a  ? 213.2 211.9 
I n l e t  Temperature, deg F 43.0 45.7 45.6 
I n l e t ;  Subcool ing,  deg F ? 55.2 54.9 
I n l e t  En tha lpy ,  f ) tu / lbm 22.3 23.2 23.1 

1.16 
6677 

1.28 
7301 

0.69 
7166 

210 s 2 
43.2 
56.6 
22.5 

211.4 
40.5 
69.8 
21.7 

209.4 
40.0 
69.8 
21.6 

Evapora to r  
I n l e t  Pressure, p s i a  
I n l e t  Temperature, deg F 
I n l e t  Q u a l i t y  
I n l e t  En tha lpy ,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, dng F 
E x i t  Q u a l i t y  
E x i t  En tha lpy ,  Btu/ lbrn 

66.9 
25.5 
0.055 
22.3 
63.8 
25.3 

0.827 
91.3 

63.1 
24.7 
0.867 
23.2 
61.2 
23.0 
0.831 
91.4 

63.3 
24.8 
0.066 
23.1 
61.3 
23.2 

0.820 
90.5 

63.3 
24.9 

0.059 
22.5 
61.6 
23.4 

0.824 
98.8 

63.1 
24.7 

0.051 
21.7 
61.3 
23.1 

0.806 
89.2 

63.5 
25.0 
8.048 
21.6 
61.7 
23.5 
0.787 
87.5 

L ines ,  Revers ing  Va lve  
k Accumulator 

P ressu re  Drop, psi  5.31 2.84 3.11 
Heat  T r a n s f e r ,  B t u / h r  6738 6810 72156 

Capaci ty ,  B t u / h r *  38816 39591 39049 
C o e f f i c i e n t  o f  P a r f o r m s n c a w  3.56 3.68 3.64 

5.21 
6695 

38113 
3.69 

3.53 
7701 

4.88 
8309 

38778 
3.62 

37638 
3.58 

* N o t  c o r r e c t e d  f o r  blower  work and compressor I 
** Does n o t  i n c l u d e  f a n ,  b lower  and c o n t r o l  power 

osses 
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Tab le  7-5. T e s t  106 High  Capac i t y  H e a t i n g  Q 17 Deg F 

Compressor 
Mass Flow, I b / h r  
Power I n p u t ,  Wat t s  
Heat  Loss, B t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, de9 F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  B tu / l bm 

Tes t  

281.7 
2695 
2680 
43.2 
8.5 
3.1 

105.5 
194.2 
176.6 
82.4 
128.6 

L i n e s  
Only 

319.0 
2695 
2658 
44.3 
8.8 
3.1 

105.5 
195.3 
163.6 
68.9 
126.6 

Ranco 
#25 

318.9 
2701 
2673 
43.5 
8.8 
3.1 

106.5 
194.4 
163.5 
69.3 
126.0 

Ranco 
#26 

306.9 
2669 
2641 
42.2 
7.3 
3.1 

155.4 
194.8 
155.6 
71.3 
126.4 

Ranco 
#30 

316.8 
2683 
2656 
43.2 

3.1 
105.5 
194.3 
163.4 
69.2 
126 .0 

8.5 

Empri- 
ca I 

301.0 
2609 
2583 
41.1 
6.0 
3.1 

105.3 
188.5 
163.5 
71.4 
126.3 

L i n e s  & Revers ing Va lva  
P ressu re  Drop, p s i  3.60 1.32 1.45 2.71 1.52 0.0 
Heat  T r a n s f e r ,  B t u / h r  591.6 0.0 463.2 52.6 421.9 1289.1 

Condenser 
I n l e t  Pressure, p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Subcool ing,  deg F 
E x i t  Enthalpy,  Btu/ lbm 

190.6 
166.3 
72.6 
126.5 
188.6 
85.2 
6.9 
34.7 

194 ..pJ 
163.2 
69.2 
126.0 
193.2 
86.8 
7.0 
35.2 

193.0 
155-9 
62.2 
124.6 
192 I 2 
86.6 
6.8 
35.1 

192.1 
164.3 
70.9 
126.3 
191.3 
86.3 
6.8 
35.0 

192.8 
156.4 
63.0 
124.7 
191.9 
86.4 
6.9 
35.1 

188.5 
141.8 
49.8 
122.0 
187.8 
84.9 
6.8 
34.6 

L i  nos & Accumu I a t o r  
P ressu re  Drop, p s i  ? 0.82 0.82 0.76 0.80 0.45 
Heat  T rans fe r ,  B t u / h r  4671 6102 5074 5162 6085 5121 

Expansion V a l v e  
I n l e t  Pressure,  p s i a  ? 192.3 191.4 190.6 191.1 187.3 
I n l e t  Temperature, deg F 27.4 31.7 31.8 28.2 31.1 26.8 
I n l e t  Subcool ing,  deg F ? 61.8 61.3 64.6 61.9 65.6 
I n l e t  Enthalpy,  Btu/ lbm 17.8 19.2 19.2 18.2 19.0 17.6 

Evaporator  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  q u a l i t y  
I n l e t  Enthalpy,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, dog F 
E x i t  q u a l i t y  
E x i t  Enthalpy,  Btu/ lbm 

5.14 
14.0 

0.553 
17.8 
49*4 
12.0 

0.817 
88.8 

46.3 
8.7 

0.069 
19.2 
44.9 
7.2 

0.832 
89.5 

48,4 
8.9 

0. a69 
19.2 
46.0 
7.4 

0.819 
88.4 

46.5 
9.0 

0.068 
18.2 
45.3 
7.8 

0.825 
88.6 

46.4 
8.9 

0.867 
19.0 
46.1 
7.4 

88.3 
0.818 

46.9 
9.4 

0.050 
17.6 
45.8 
8.2 

0.770 
84.0 

L ines ,  Revers ing V a l v e  
& Accumulator 

P ressu re  Drop, p s i  6.20 1.37 1.56 3,09 1.87 4.68 
Heat  T rans fe r ,  B t u / h r  4704 6102 5463 S183 5458 6411 

Capaci ty ,  B tu /h r *  25860 28969 28542 28006 28393 26303 
C o e f f i c i e n t  o f  Performance** 2.78 3.15 3.18 3.07 3.10 2.96 

Not  c o r r e c t e d  f o r  blower work and compressor losses 
** Does n o t  i n c l u d e  fan ,  b lower  and c o n t r o l  power 
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ode!. The resul ts  are shown in Table 7-6. The #25 and 

valves give the best match with the measured performance. Since the 

ass f low rates are low, the refrigerant pressure drops are 

relatively law for a l l  of the valve models. As a result heat transfer 
or tan t  t h a n  a% higher mass f low rates and the low heat 

26 valve results i n  superior system performance. trarasfer rats of the 

A l l  of the Ranso valve models give pressure drops lower than the measured 

values. M ~ t , $ r  aSss that % pirisal model, which greatly overestimates 

the internal valve h e a t  transfer, underestimates capacity and COP by a 
rgin ,  supportin the conclusion that heat transfer is more 

The results for the low capacity heating runs at 47°F are presented 
in Table 7-7’. A 1 1  three Ranco valve models match the measured capacity 

fairly accurately, w i t  Ive giving the best match on capacity 

the #26 valve more closely matching 
the measured COP. Due to the Bow refrigerant mass f l o w  rates compared to 

wadion ,  tho refrigerant pressure drops are moderate with 

a l l  three valves.. The #%S v a l v e  ives lower capacity and COP than the 
valves, indicatin that refrigerant pressure drop is more 

significant than internal heat transfer in t h i s  operating regime. The 

e!, which gives the highest heat. transfer and pressure drop, 

underestimates th capacity and COP by the widest margin. This i s  

~pe t o  the fact; t h a t  the reversing valve used in the breadboard 

unit was undersized relative ks the compressor capacity and had excessive 
t pressure drop. 

Low capacity heatin results at 35°F outdoor ambient temperature 
a r e  shown in Table 7-8 .  Ca acity and COP are underestimated for all o f  

the cases considered. otee that while the #25, #26 and #30 valves a l l  

pressor suction and discharge pressures with reasonable 

86cu$Bcy, the ~~a~~~~~ ref  
pP-edi,%ed f l o w  r a t e  and me 

esant flow sate is 9 to 12% higher than the 
red compressor power input is about 4% 

higher than predicted vasues, 
the s i x  c o e f f i c i e n t  w ~ p  curve f i t  near t e lower limit of the suction 
pi ess.~i+G i npirI; i-!s+ca plex nine coefficient model described 

This is t e result of the inaccuracy sf 
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Tab le  7-6, Tes t  110 H igh  Capac i t y  H e a t i n g  Q 0 Feg F 
F i x e d  R e f r i g e r a n t  Flow 

Compressor 
Mass Flow, Ibm/hr 
Power I n p u t ,  Wat ts  
Heat  Loss, B t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure, p s i a  
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  Btu/ lbm 

L i n e s  & Revers ing  Va lve  
P ressu re  drop, p s i  
Heat  T rans fe r ,  B t u / h r  

Condenser 
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, de9 F 
E x i t  Subcool ing,  dog f 
E x i t  Enthalpy,  Btu/ lbm 

L i n e s  & Accumulator 
Pressure Drop, ps i  
Heat  T rans fe r ,  B t u / h r  

Expansion Va lve  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Subcool ing,  deg F 
I n l e t  Enthalpy,  Btu/ lbm 

Evaporator  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  q u a l i t y  
I n l e t  Enthalpy,  B t u j l b m  
E x i t  Pressure,  p s i a  
E x i t  Temperature, dag F 
E x i t  q u a l i t y  
E x i t  En tha lpy ,  Btu/ lbm 

L ines ,  Revers ing  Valve 

P ressu re  Drop, psi  
Heat  T rans fe r ,  B tu /h r  

Hea t ing  Capaci ty ,  B tu /h r *  
C o e f f i c i e n t  o f  Performance** 

& Accumu I a t o r  

Test  L i  nes Ranco 
Only #25 

157.8 
2284 
3701 
33.5 
-3.6 

3 .1  
104.1 
174.9 
180,5 

93.7 
130.0 

157.8 
2284 
3820 
33.7 
-3.3 

3 .1  
104.3 
167.8 
176 fi 5 

92.6 
129.5 

157.8 
2284 

33.7 
-3.3 

3.1 
104.3 
167.4 
176.4 

92.6 
129.5 

3820 

2.73 0.44 0.47 
522.8 B.4 349.1 

172.1 
162.8 
77.1 

126.7 
170.2 

81.B 
3.9 

33.4 

167.2 166.9 
176.4 164.8 
92.7 81.2 

129.6 127.3 
166.9 166.7 
79.6 79.6 

4.8 3.9 
33.0 33.0 

? 0.20 0.20 
3035 2941 2935 

? 168.7 166.5 
14.2 14.4 14.5 

? 69.1 68.9 
14.2 14.4 14.4 

35.9 
-3.6 

0,050 
14.2 
34.6 
-5.7 

0.784 
83.4 

34.8 
-4.9 

0.056 
14.2 
34.3 
-5.6 

0 808 
86.7 

34.9 

0.065 
14.4 
34.4 
-5.5 

0.791 
84.1 

-4 .8  

6.05 0.60 0.68 
3299 2941 3191 

14720 15229 14882 
1.89 1.95 1.91 

Ranca 
#26 

157.8 
2284 
3820 
33.3 
-3.9 

3.1 
104.2 
168.1 
176.2 

92.1 
129.4 

4.96 
62.3 

187.1 
174.0 
9er.3 

129.8 
1 8 6 - 9  

79.6 
4.0 

33.0 

0.20 
2932 

166.7 
14.5 
89.0 
14.4 

35.8 
-4.6 

8.055 
14.4 
34.6 
-5.2 

0.856 
85.5 

1.30 
296% 

16167 
1.94 

Ranco Empri- 
$30 c a l  

157.8 157.8 
2284 2284 
3820 3820 
33.7 30.8 
-3.4 -7.5 

3 .1  3.1 
104.3 103.9 
167.4 164.6 
176.4 173.7 

92.6 91.8 
129.5 129.1  

0.51 0.0 
338.6 1496.3 

166.9 164.7 
165.1 124.5 

81.5 41.9 
127.3 119.6 
366.7 164.4 

79.6 79.6 
3.9 4.0 

33.0 32.7 

0.20 0.11 
2940 3090 

166.6 164.3 
14.4 9.9 
69.0 72.6 
14.4 13.1 

34,9 35.4 
-4.8 -4.2 

8.055 0.040 
14.4 13.1 
34.4 35.0 
-6.4 -4.7 

0.790 0.692 
84.0 74.8 

0.79 4.20 
3206 4586 

14890 13713 
1.91 1.76 

* N o t  c o r r e c t e d  f o r  b lower  work and compressor losses 
** Does n o t  i n c l u d e  fan ,  b lower  and control power 
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Tab le  7-7. T e s t  107 Low Capac i t y  H e a t i n g  Q 47 Deg F 

Compressor 
Mass Flow, I b / h r  
Power I n p u t ,  Watts 
Heat  Loss, B t u / h r  
I n l e t  Pressure,  ps ia  
I n l e t  Temperature, deg F 
In le t .  Superheat, deg F 
I n l e t  Enthalpy,  B t u / l t m  
E x i t  Pressure,  p s i a  
E x i t  Temparatura, deg F 
E x i t  Superheat, deg F 
E x i t  En tha lpy ,  Btu/ lbrn 

L i n e s  & Revers ing Va lve  

Heat  T rans fe r ,  B t u / h r  
Pressure Drop, p s i  

Condsnser 
I n l e t  Pressure,  p s i a  
I n l e t ;  Temperature, dsg F 
I n l e t  Superheat, deg F 
I n l e t  En tha lpy ,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Tsmperature, deg F 
E x i t  Subcool ing,  deg F 
E x i t  Enthalpy,  Btu/ lbrn  

L ines  & Accumulator 
P ressu re  Drop, p s i  
Heat. Trans fe r ,  B t u / h r  

Expansion Va lve  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Subcool ing,  dag F 
I n l e t  En tha lpy ,  Btu/ lbrn 

Evapora to r  
I n l e t  Prassurs,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Q u a l i t y  
I n l e t  En tha lpy ,  B t u / l b m  
E x i t  Pressure,  psis 
E x i t  Temperature, deg F 
E x i t  Q u a l i t y  
E x i t  Enthalpy,  Btu/lbrn 

L inea ,  Revers ing  Va lve  

P ressu re  Drop, p s i  
Haat  T r a n s f s r ,  Bbu/hr 

&, Accumulator 

Capac i t y .  B%u/hr+ 

Tes t  L i n e s  Ranco Ranco Ranco Ernpri- 
Only #25 #26 #30 c a l  

355.1 
1934 

837 
78.6 
38.2 
1.5 

1 B 8 . 1  
215.1 
151 - 6  

51.8 
123.0 

344.1 
1917 

851 
78.5 
38.2 

1 . 5  
108.1 
215.9 
160.7 

58.9 
124.7 

345.2 
1910 

847 
78.5 
38.2 

1 . 5  
108 .1  
215.1 
160.81 

58.5 
124.8 

335.5 
1892 

840 
77.6 
37.5 

1 . 5  
108.1 
215.5 
161.4 

59.7 
124.8 

343.8 
1907 

846 
78.4 
38.1 

1 . 5  
188.1 
215.1 
160.2 

58.7 
124.6 

332.0 
1873 

831 
76.0 
36.4 

1 . 5  
108 .0  
209.2 
159.7 
65.2 

124.7 

4.14 1.34 1.42 2.81 1 .55  8.0 
428.8 O.B 386.3 37.6 332.5 981.9 

285 9 
144.7 
46.4 

121.8 
284 I2 

95.8 
2.0 

37.9 

214.6 
160.6 

59.1 
1 2 4 , 7  
213.7 

99.1 
2 .0  

39.0 

213.7 
164.6 

63.5 
123.5 
212-8 

98.7 
2 .o 

38.9 

212.7 
160.3 
59.5 

124.8 
211.9 

98.4 
2 . 1  

38.8 

213.5 
156 e 1 
54.1 

123 I 6 
212.6 

98.7 
2 .0  

38.9 

209.2 
145.1 
45.6 

121.8 
208.4 

97.3 
2 .0  

38.4 

? 0.76 0.76 0 . 7 2 '  0 .75 0.37 
3763 4423 4373 4175 4387 4390 

? 212.9 212.1 211.2 211.9 208.0 
60 .0  56 .1  56.8 66.7 68.0 52.8 

? 44.7 44 .2  43.6 44.5 46.3 
27.1. 28.1 26.2 26.3 26.1 26.2 

83.8 
39.8 

0.074 
27.2 
81.4 
38.7 

0.877 
97 .5  

80.2 
37.9 

B.061 
26.1 
a9.3 
37.3 

0.856 
95.3 

88.3  
38.0 

0.081 
26.2 
79.4 
37.3 

0,847 
94.6 

88.3 
38,0 

81.063 
28.3 
79.4 
37.4 

0.868 
95.6 

80.4 
38.0 

0.060 
2 8 , l  
79.4 
37.4 

94.5 
81. a46 

81 -0 
38.6 

81, B48 
25.2 
8Lp.2 
37.9 

0.814 
91.8 

2.79 0.74 Pi-88 1.95 1.09 4.21 
3726 4423 4686 4192 4679 6372 

29468 29849 29213 28835 29143 27670 
- I  

C o e f f i c i e n t  o i  Performance** 4.45 4.61 4.48 4.47 4.48 4.33 

* No t  corrected f o r  b lower  work and compressor losses 
*+ Dass n o t  i n c l u d e  fan,  b lower  and c o n t r o l  power 
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' f ab le  7-8. T e s t  109A Low Capaci ty  H e a t i n g  0 35 Deg F 

Compressor 
Mass Flow, I b / h r  
Power I n p u t ,  Watts 
Heat LOSS, B t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  Btu/ lbrn 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  Etu/ lbrn 

L i n e s  & Revers ing Va lve  
Pressure Drop, p s i  
Heat  T rans fe r ,  B tu /h r  

Condenser 
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Subcool ing,  deg F 
E x i t  Enthalpy,  Etu/ lbrn 

L i n e s  & Accumulator 
Pressure Drop, p s i  
Heat  T rans fe r ,  B t u / h r  

Expansion Ve I ve 
I n l e t  Pressure, p s i a  
I n l e t  Temperature, deg F 
I n l e t  Subcool ing,  deg F 
I n l e t  Enthalpy,  Btu/ lbm 

Evapora to r  
I n l e t  Pressure, p s i a  
I n l e t  Temperature, deg F 
I n l e t  q u a l i t y  
I n l e t  Enthalpy,  Btu/ lbrn 
E x i t  Pressure,  psia 
E x i t  Temperature, deg F 
E x i t  q u a l i t y  
E x i t  En tha lpy ,  i3tu/lbm 

L ines ,  Revers ing Valve 

P ressu re  Drop, p s i  
Heat  T rans fe r ,  B tu /h r  

&, Accumulator 

Capacity, B tu /h r *  

Tes t  L i n e s  Ranco Ranco Ranco Ernpri- 
Only #25 #26 #30 c a l  

285.2 
1766 
2156 
66.3 
29.2 

2.7 
107.4 
195.9 
153.4 

68.8 
124.0 

258.8 
1891 
2164 
66.2 
29.2 

2.7 
107.4 
195.6 
140.3 

45.7 
121.4 

269.6 
1702 
2178 
65.2 
29.4 
2.7 

167.4 
194.9 
140.4 
46.0 

121.4 

263 a 9 
1690 
2163 
64.6 
28.7 

2.7 
157.4 
195.4 
141.3 
46.7 

121.6 

268.8 
1690 
2163 
66 .1  
29.1 

2.7 
187.4 
194.9 
140.1 
45.7 

121.4 

245.8 
1661 
2126 
62.7 
27.1 

2.7 
107.2 
189.7 
140.5 

48.5 
121.7 

2.96 0.83 0.m 1.77 0.913 0.0 
499.8 8.0 302.9 36.0 283.4 9676.2 

192.9 
144.0 

60.3 
122.2 
191.1 
88.2 

4.9 
35.6 

194.7 
140.1 
45.8 

121.4 
194.1 

89.3 
4.9 

35.9 

194.1 193.7 
134.4 140.3 

40.3 4 6 * 3  
120.2 121,4 
193.5 192.7 

89.8 8 8 , 9  
4.9 4.8 

35.9 35.8 

193.9 
134.6 

48.4 
121.4 
193.3 

88.9 
4.9 

36.8 

189.7 
122.2 

29.7 
118.1  
189.1  

87.4 
4.9 

35.3 

? 8.46 6.46 0.45 0.46 0 .22  
3697 3230 3176 3257 3170 3302 

? 193.6 193.5 192.7 192.9 188.9 
44.3 46.8 47.5 45.2 47.3 41.4 

? 47.1 48.3 48.4 46.4 50.8 
22.8 23.5 23.6 23.B 23.6 21.9 

69.4 
29.8 

0.049 
22.8 

2 9 - 6  
0.854 

94.2 

68.3 

66.4 
27.6 

0.562 
23.6 
65.8 
26.9 

0.866 
94.9 

88.6 
27.6 

PI. 064 
23.6 
65.9 
27.0 

0 .859  
94.2 

66.7 
27.7 

0,058 
23.6 
66.1 
27.2 

0.865 
94.5 

68.6 
27.6 

0 063 
23.6 
66.9 
27.0 

0.858 
94.2 

67.3 
28.2 

0.Q43 
21.9 
66.7 
27.7 

B.809 
95 .1  

24899 22108 21904 21737 21836 20288 
C o e f f i c i e n t  o f  Performance** 4.10 3.83 3.77 3.77 3.79 3.68 

* N o t  c o r r e c t e d  f o r  b lower  work and compressor loaser 
** Does n o t  i n c l u d e  f a n ,  b lower  and c o n t r o l  power 
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prev iaus ly  a lso  does no t  f i t  the  low capaci ty compressor map data as 

accurately as it f i t s  the  h igh capaci ty data,  p a r t i c u l a r l y  a t  t he  lower 

e n d  o f  the  suct ion pressure range. 

r e l a t i v e l y  large clearance volume of  t he  dual s t roke  compressor i n  the  

shor t  s t roke  mode on volumetr ic e f f i c i ency ,  p a r t i c u l a r l y  a t  moderate t o  

h igh pressure r a t i o s .  

are  c lose  together and the  power consumption curves cross over, making 

accurake curve! f i t t i n g  q u i t e  d i f f i c u l t .  One approach t o  improving the  

match between measured and predic ted compressor performance would be t o  

s p l i t  t he  cornpressor map i n t o  two o r  more reg ions and apply separate 

curve f i & s  t o  each region. 

T h i s  may be due t o  the  e f f e c t s  o f  the  

A t  low suct ion pressures the  mass f low r a t e  curves 

7.2.2 Cos!ing Mode 
The measured and predic ted r e s u l t s  for high capaci ty coo l ing  a t  

an outdoor ambient temperature of  95°F a r e  shown i n  Table 7-9. C lear ly  

t h e  #2S valve model g ives the  most accurate estimate o f  capacity, re-  

w a n t  mas5 flow r a t e  and energy e f f i c i e n c y  r a t i o  (EER). As i n  the  

m i l d  temperature heat ing cases, revers ing valve pressure drop has a 

greater impact on capaci ty and efficienc than in te rna l  heat t rans fe r .  

The empir ical  model, which has the  highest cornpressor suc t ion  side pres- 

sure drop and t h e  highest in te rna l  heat t rans fer  ra te,  underestimates 

capaci ty by 4.5%) but overestimates EER by about 1%. 

Note $ha$ the vol tage sup l i e d  t o  the  e l e c t r i c  expansion valve 

se tes ts .  was cont ro l  led manually dur in  

t a i n  a !ow level o f  superheat order t o  maximize performance, the  

While we attempted t o  main- 

erst-ures and pressures i n  the  r e f r i g e r a t i o n  loop tended t o  flhuntn 

ng t he  t e s t s  and the  value of  superheat shown i n  the  tab les  i s  the  

average o f  several scans o f  the  data over a per iod o f  30 minutes or  more. 

As a result;, the Bevels o f  superheat obtained dur ing several o f  t he  

tests were very low and it i s  poss ib le  t h a t  superheat was no t  

y obtained and the  r e f r i g e r a n t  e x i t i n g  the  evaporator may have 

been s l i g h t l y  f"wet" i n  some o f  t he  coo l ing  runs. 

High capacity coo l ing  resul  s f o r  82°F outdoor ambient tempera- 

t u r e  are T%V; i n  T 3 5 ' ~ -  ?-lo. The 25 and #30 valves most c lose ly  match 
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Tablo 7-9. Tesk, 111 High Capacity Cool ing D 96 Dsg F 

COiap P i 3 5 8 0  f 

h s s  F E s w ,  Ib /hr  
Power I n p u t ,  W 2 t t 3  
I-laat Loss, Btu/hr  
I n l e t  P r e s s u r e ,  p s i 0  
Inlet Temperature, dog F 
I n l e t  S u p e r h a a t ,  dag F 
I n l o t  Enthalpy,  Btu / l bm 
E x i t  Pressure; p s i a  
E x i t  Tamporature, dsg F 
E x i t  Superheat,  deg F 
E x i t  Enthalpy,  Btu/lbm 

L i n e  & Reversing V a l v e  
Press1:i-e d r o p ,  p s i  
Heit Transfar ,  Btu/hr  

Condenser 
Inlet P r a s s ~ r e ~  p s i a  
Inlet Tempsrstur r ,  h g  
I n l e t  Superheat , ,  dag F 
I n l e t  Enthalpy,  Btullbn 
E x i t  Pressurs,  p s i a  
E x i t  Temperature, deg F 
Exit Subcooling, dsg F 
E x i t  Enthalpy, Bt i ; j ISrn 

E v a p e r a h r  
I n l e t  P r a e w r s ,  psia 
In!& Temperature, dag F 
I n l s f  Qu2!l i ty 
I n l e t  Enthclpy, ij'cu/lbm 
E x i t  Pressure, paia 
E x i t  Ternparahre; dag 
E x i t  -CUpebh@.Dt*, da3 F 
E x i t  Entha lpy ,  Rtu,blbm 

L ines  a R o v ~ m i n g  V a l v a  
Presstzsc Fro;, ps; 
Ilaat T r p n s f e - ,  BCup'hr 

Capacity,  Btu/hr*  
EER, Btu/iV--hr** 

Test Lines Rsnco Rsnco Ranco Empri- 
Only 4425 $26 #3@ c a l  

738.8 
4389 
37617 
8 8 . i  
44.5 
1.1 

108.6 
278.9 
163.6 
42.4 
122. T 

7iB.B 
43x7 
3996 
91.3 
46.5 
1.1 

1D8.8 
200,3 
154.4 

4 2 . 8  
127. ~ 9 

759.9 
4328 
3988 
91.6 
48,6 
1.1 

1B8.8 
289.1 
164.1 

4 2 * 7  
122. 8 

741.6 
4326 
3981 
89.1 
46.0 
1.1 

1 m .  7 
282.3 
156.5 
44.3 
123.2 

981.2 
4319 
3884 
92.1 
4 6 . 2  
1.1 

l a $ .  8 
288.2 
164 * 5 
42.9 
122.8 

723.5 
4155 
3829 
8 6 . 8  
4 3 . 5  
1.1 

lS8 " 5  
2'18.3 
162.5 

4 3 . 7  
122.8 

9.83 4.86 5 . 8 3  9.41 5.52 Bj.0 
1296.5 a Z % 7 @ = 6  33.4 -?Sa.@ 933.1 

2 6 9 . 1  
153.7 

35 .3  
1201.9 
258.3 
113.2 
4.4 
43.6 

1m. 3 
66.4 

B. 784 
43.2 
92.6 
47.a 

a,!? 
1 m .  7 

275 ~ 4 
163 " 4 
43.2 
122.8 
272. s 
ll5*@ 
4.4 

4 4 . 1  

111.9 
57.6 
8.212 
44.1 
9 2 - 9  
41.1 

B.8 
1 m .  8 

275.n 
153.3 
39.8 
12%,1 
272 _I 1 
114 19 
4.4 
44.6 

112.1 
67 .7  

@.?I1 
44.1 
93.1 
48.1 
e.@ 

133 a 3. 

272.9 
164 4 

44.9 
123" I 
278 1 
114.3 

4 , 4  
41 8 

111.7 
6 9 . 5  
I" 2139 
43.8 
94.3 
47.2 
0.B 

188 -18 

274.6 
15?5,. 7 
40.7 
122.2 
271.7 
114.8 
4.4 

4 4 . B  

112.8 
57.7 

a .  210 
44.4 
93.4 
46.7 
0.0 

In&. 2 

2718 3 
158 s 6 
37.8 
121.5 
267.6 
113 .. 6 
4.4 

43 .8  

3.82 1.16 I.6B 6.14 2.37 9.16 
67.9 b3.B E24.3 14.1 42er.3 933.1 

48247 49838 49831 4 8 G 2  49875 45069 
1l.B 21.6 11.4 11.1 11.4 11.1 

* No*. corrected f o r  b l w e r  work and ccwpressor lassas 
*+ Does n o t  i i i c !uda f a n ,  b!cwer and c o n t r o l  power 
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Tab le  7-10. T e s t  114 H igh  Capac i t y  C o o l i n g  a 82 Qeg F 

Compressor 
Mass Flow, I b / h r  
Power I n p u t ,  Watts 
Heat  Loss, B t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  Btu/ lbm 

L i n e s  & Revers ing  Va lve  
P ressu re  Drop, p s i  
Heat  T rans fe r ,  B t u / h r  

Condenser 
I n l e t  Pressure, p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  psia 
E x i t  Temperature, deg F 
E x i t  Subcool ing,  deg F 
E x i t  Enthalpy,  Btu/lbm 

Evapora to r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  q u a l i t y  
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p i a  
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  Btu/ lbm 

L ines ,  Revers ing  Va lve  

P ressu re  Drop, p s i  
Heat  T r a n s f e r ,  B tu /h r  

dl. Accumulator 

Capaci ty ,  B t u / h r n  

Tes t  L i n e s  Ranco Ranco Ranco Empri- 
Only #25 #26 #30 c a l  

758.0 
3750 
3340 
89.0 
44.4 
a.5 

233.6 
142.1 

34.5 
120.1 

108 5 

779.1 
3847 
3939 
89.4 
44.7 

0.5 
108.5 
239.6 
144.8 

35.4 
125.4 

776.6 
3838 
3929 
89.2 
44.5 

0.5 
108.6 

144.7 
35.6 

120.3 

238.4 

749.1 
3850 
3942 
87.0 
43.0 

0.5 
108,4 
241.9 
147.0 

36.7 
120.7 

772.6 
3837 
3939 
88.8 
44.3 

0.5 
108.5 
238.8 
144.9 

35.6 
120.4 

733.3 
3667 
3754 
84.6 
41.5 

0.5 
108.3 
228.5 
142.0 

36.0 
120.2 

9.45 5.68 5.93 10.89 6.46 0.0 
277.4 0,0 496.6 26.2 392.5 770.7 

224 a 2 
133.3 

28.8 
118,O 
221 .!a 
9 8 - 3  

5.3 
38.7 

106.9 
54.8 

0.155 
38 .7  
92.3 
4 7 - 0  

1.0 
108.7 

233.3 
143.6 
36.1 

120.4 
229.7 
101.0 

5.3 
39.6 

109.9 
66.6 

0.161 
39.6 
90.6 
46.0 
0.0 

108.6 

232.5 
140.4 

33.1 
119.7 
228.9 
100.9 

5.3 
39.5 

109.8 
56.4 

0. 161 
39.5 
90.8 
45.1 
8,1 

108.0 

231.0 
144.6 

37.8 
120.7 
227.6 
100.4 

5.3 
39.4 

109.8 
56.4 

0.159 
39.4 
92.3 
46.0 
0.0 

108.4 

232 I 3 
141.2 
34.0 

119.9 
228,8 
100.8 

5.3 
39.5 

110.0 
56.5 

8.16B 
39.5 
91.3 
45.4 
0.0 

108.0 

228.5 
137.1 

31.1 
119.2 
226.2 

99.6 
6.3 

39.1 

110.5 
66.6 

0. I56 
39.1 
93.9 
47.0 
0.0 

107.3 

3.27 1.21 1.66 6.3s 2.42 9.23 
277.4 0.0 459.a 12.0 363.9 771.5 

53102 53752 53133 51716 51971 49963 
C o e f f i c i e n t  o f  Performance*+ 14.16 13.97 13.85 13.43 13.81 13.62 

* N o t  c o r r e c t e d  f o r  b lower  work and compressor losses 
** Does n o t  i n c l u d e  fan ,  b lower  and c o n t r o l  power 
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Tab le  7-11. T e s t  117 H igh  Capac i t y  Coo l i ng  D 106 Deg F 

Compressor 
Mass Flow,  I b / h r  
Power I n p u t ,  Watts 
Heat  Loss, B t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Superheat, dag F 
E x i t  Enthalpy,  B tu / l bm 

T e s t  

638.5 
4532 
4716 
89.2 
50.6 
6.6 

169.6 
326 1 
189.4 

55.6 
126.5 

L i n e s  
Only 

737.5 
4961 
5079 
93.4 
63.3 

6.6 
109.9 
338.9 
189.2 

S2.3 
126.0 

Ranco 
#25 

738.9 
4963 
5081 
93.6 
53.4 

6.6 
109.9 
338.8 
189.1 

52.3 
125.9 

Ranco 
#26 

710.3 
4904 
5021 
90.9 
51.8 

6.6 
109.8 
339 * 4 
190,6 

53.6 
126.2 

Ranco 
#30 

733 " 4  
4948 
5065 
93.0 
53.1 

6.6 
109.9 
330 - 5  
189.3 

52.5 
126.0 

Empr i - 
ca I 

693.8 
4755 
4869 
88.7 
50.3 

6.6 
109.6 
329.6 
187.6 

53.3 
126.0 

L i n e s  & Revers ing  Va lve  
P ressu re  Drop, p s i  9.93 3.90 4.00 7.50 4.40 0.0 
Heat  T r a n s f e r ,  B t u / h r  532.5 0.0 529.8 40.4 512.7 109.2 

Condenser 
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Subcool ing,  deg F 
E x i t  Enthalpy,  Btu/ lbm 

Evapora to r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Q u a l i t y  
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg f 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  @tu / l bm 

316.1 
177.5 
46.3 

124.2 
314.3 
113.7 

17 .1  
4 3 - 6  

1p18.2 
56.1. 

0.197 
42.5 
91.9 
47.0 

1.3 
108.8 

336.0 
188.5 

52.6 
126. 5 
333.9 
118.6 

17.1 
45.3 

103.6 
52.9 

0.245 
45.3 
94.5 
53.6 
5 . 1  

109,9 

334.8 
184.7 
48.8 

126.1 
333.7 
118.4 

17.1 
45.2 

104.1 
63.2 

0.238 
45.2 
95.5 
49.6 
1.9 

109. 1 

331.9 
189.0 
63.9 

126.2 
330.9 
117.8 

17.1 
4 5 - 0  

104 I 5 
53.2 

0. 236 
46.0 
95.7 
53.2 

6 .1  
109.7 

334.2 
185.6 
49.7 

125.3 
333.1 
118.3 

1 7 . 1  
45.1 

104.1 
53.2 

0.238 
46.1 
95.2 
60.3 

2.4 
109.2 

329.6 
180.7 

46.4 
124.4 
327.5 
117.0 

17.1 
44.7 

106.4 
54.0 

0.230 
44.7 
97.7 
49.4 
0.B 

108.1 

L ines ,  Revers ing  Va lve  
& Accumu I a t o r  

Pressure, Drop, p s i  2.70 1.10 1.50 4.80 2.20 9.02 
Heat  T r a n s f e r ,  B t u / h r  510.8 0.0 689.2 24.1 466.2 1092.0 

Capaci ty ,  B t u / h r *  42333 47543 47216 45955 47011 43987 
C o e f f i c i e n t  o f  Performance+* 9.34 9.68 9.51 9.37 9.50 9.26 

* N o t  c o r r e c t e d  f o r  b lower  work and compressor losses 
** Does n o t  i n c l u d e  f a n ,  blo.wer and c o n t r o l  power 
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Tabla 7-12. Test 1x6 L o r  Capaci ty  Coo l i ng  Q 75 Deg F 

Cornprp-sor 
Mass Flow, Ib/hr 
Power I n p u t ,  Wat ts  
Haat LOSS, B t u / h r  
I n l e t  P r e s s u r e ,  p s i a  
I n l o t  Temperature, deg F 
I n l e t  Superheat, dsg F 
I n l e t ,  En tha lpy ,  FJtu/lhm 
E x i t  Pressure,  p s i a  
E x i t  Ts inpra turo ,  dag F 
E x i t  S u p r h o a t ,  dog F 
E x i t  Enthalpy,  atu/lbrn 

Tes t  

585.3 
1995 
2450 
91.1 
45.5 
1.2 

158 (I 8 
185 I 4 
114.1 
23.2 
116.6 

bi nss 
Only 

503 I 3 
m i 8  
3839 
95.6 
45.8 
1.2 

1QE,8 
192.3 
114,9 
21.4 
115.2 

RsnCQ 
%= 

6 M  * 9 
2183 
3188 
91 .a 
46,3 
1.2 

192,2 
114.8 
21.6 
116.3 

im. 8 

Uancc 
#= 
491.5 
282B 
3183 
90"7 
46.2 
1.2 

158 a 8 
194.3 
118 s 1 
21.9 
116.5 

R.RDC0 

830 

SBP .5 
2017 
3898 
91.4 
45.7 
1.2 

192.4 
116.B 
21.5 
116.4 

183. a 

Empri - 
c a  I 

471.8 
1965 
3018 
87.2 
43,9 
1.2 

lLa8.6 
156.5 
113.7 
22.4 
116.4 

L i n o s  B. Rsvs rs ing  Valva 
Pressu re  Drop, ps i  5.88 2.93 3.97 5.81 3,319 0.a 
H e a t  Transfar ,  B t u / h r  728.6 9,8  268,l 15.7 266.7 582.9 

Condcnsar 
I n l e t  Pressure,  p s j z  
I n l e t  Temperatur0, de9 F 
I n l e t  Superheat.; d q  F 
I n l e t  Ent.h?Ipy, Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, dag F 
E x i L  Subcooling, d s j  F 
E x i t  Enthalpy,  B';?r/lbm 

Evaporator  
I n l o t  P ~ . B R s u ~ ~ ~  p i a  
I n l o t  Tonparaturs ,  dog F 
I n l a t  Q u a l i t y  
I n l e t  Enthalpy,  Btu/Ibin 
E x i t  P i a s u r s ,  p s i a  
E x i t  Tamperature, deg F 
E x i t  Superhast,, lc_c F 
E x i t  E n t h a l p y ,  B'ru/lbw 

179.8 
146'8 
17.8 
115,p. 
177.2 
83,6 

4 * 7  
31,2 

1QZ. 3 
51.8 

a.111 
34.1 
91.6 
4S,B 
1.1 

lr38,Fr 

l89,4 
114.2 
21 .e 
116.3 
187.4 
87.8 
4.1 
35.4 

19s. 5 
54 . B  

B,11P 
35.4 
92.1 
47.0 
1.1 

188.8 

189.2 
111.6 
19.3 
116 I 8  
187,2 

87.5 
4.1 

3 6 - 4  

184.5 
114.5 
22.5 
115-5 
186 7 
87.3 
4.1. 
35.3 

1@5 D 9 
64.2 

Ei,11Y 
3 6 . 3  
93.2 
47.0 

a.4 
1@8 * 8 

189. 8 
112.8 
19.8 
115.9 
187.1 
87.3 
4.1 
36.3 

186.7 
54.1 

!%?.I18 
36.3 
92.6 
48.1 

@.@ 
108.4 

185 I 5  
188.5 
17.2 
115 e 3 
184. 8 
8B.5 
4.1 
35.1 

166.4 
64.5 

@*I14 
35.1 
96.2 
47.8 
0.8 

187 I 6  

Lines,  Rauors;ng V a l v e  
it Accunis F atcrr 

Pressure Drop, p s i  8 .48  8 - 5 2  0.73 2 . 4 8  1.m 7 . w  
Msst 1-ranofsr ,  Btl.!/hi 2.4 8.8 2 4 B a 5  %.% 213.2 5532.6 

Capaci ty ,  Q t u / h r *  37783 36948 38788 38198 35831 34172 
Coef f ic ient .  o f  Performance*+ 18.93 18.31 18.21 17.87 18 18 17.43 

* Not, c o r r o d x d  for blower work a d  conpressct losses 
*+ Does not, incluecrs fan, blower and c o n t r o l  power 
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Tab le  7-13. T e s t  115 Low Capac i t y  C o o l i n g  0 82 Deg F 

Compressor 
Mass Flow, I b / h r  
Power I n p u t ,  Watts 
Heat  Loss, B t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  En tha lpy ,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, de$ F 
E x i t  Superheat, deg F 
E x i t  En tha lpy ,  Btu/ lbm 

T e s t  

511.0 
2098 
2635 
93.9 
47.8 
0.8 

108.8 
200.9 
118.9 
22.4 
116.7 

L i n e s  
Only 

491.2 
2108 
3234 
93.3 
47.4 
0.8 

108.8 
208.8 
121.5 
22.1 
118.9 

Ranco 
#26 

491.9 
2107 
3235 
93.3 
47.4 
0.8 

108.8 
208.7 
121.5 
22.1 
116.9 

Ranco 
#26 

480.7 
2104 
3232 
92.6 
47.0 
0.8 

108.8 
210.6 
122.8 
22.6 
117.0 

Ranco 
#30 

489.8 
2104 
3231 
93.1 
47.3 
0.8 

108.8 
208.8 
121.6 
22.2 
118.9 

Empr i - 
ca I 

481.6 
2041 
3135 
89.1 
44.8 
0.8 

108.8 
203.4 
120.4 
22.9 
116.9 

L i n e s  &, Revers ing  Va lve  
P ressu re  Drop, p s i  5.83 2.58 2.71 6.15 2.96 0.0 
Heat  T r a n s f e r ,  B t u / h r  769.2 0.0 288.8 17.3 245.8 553.9 

Condenser 
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Subcooling, dag F 
E x i t  Enthalpy,  Btu/ lbm 

Evapora to r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Q u a l i t y  
I n l e t  Enthalpy,  5 tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  Btu/ lbm 

196. 0 
110.4 
16.9 

115.2 
193.1 
91.8 
1.9 

36.7 

106.5 
54.3 
0.121 
35.7 
94.7 
48.3 
5.8 

108.8 

206.3 
120.9 
22.4 
116.9 
204 * 9 
96.0 
1.9 
38.0 

106.7 
54.7 
0.148 
38.0 
93.8 
47.5 
0.5 

108.8 

206. B 
118.0 
19.8 
118.3 
204.3 
95.9 
1.9 
38.0 

106.9 
54.8 

8.147 
38.0 
94.0 
47.1 
0.0 

108.3 

286.6 
121.2 
23.0 
117.0 
203.8 
96.7 
1.9 
37.9 

157.0 
54.9 
0.146 
37.9 
94.8 
47.6 
0.0 

108.8 

206.9 
118.5 
20.1 
116.4 
204.2 
95.9 
1.9 
38.0 

1m.8 
54.8 
0.147 
38.0 
94.1 
47.2 
0.0 

108.3 

203.4 
114.7 
17.2 
115.7 
201.9 
85.0 
1.9 
37.7 

107.8 
56.3 
0.142 
37.7 
97.0 
48.9 
0.0 

107.4 

L ines ,  Revers ing  Va lve  
& Accumu I s t o r  
P ressu re  Drop, p s i  0.78 0.49 0.69 2.34 1.02 7.83 
Heat  T r a n s f e r ,  B t u / h r  21.0 0.0 268.1 9.8 230.1 553.9 

Capaci ty ,  B t u / h r *  37363 34786 34689 34051 34458 32178 
C o e f f i c i e n t  o f  Performance** 17.81 16.62 18.42 18.18 16.38 15.77 

* N o t  c o r r e c t e d  f o r  b lower  work and compressor losses 
** Doas n o t  i n c l u d e  f a n ,  b lower  and c o n t r o l  power 
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Tab le  7-14. Tes t  113 Low Capac i t y  C o o l i n g  0 95 Deg F 

Compressor 
Mass Flow, I b / h r  
Power I n p u t ,  Wat ts  
Heat  Loss, % t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
Inlet Superheat, deg F 
I n l e t  En tha lpy ,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  En tha lpy ,  B t u / l b m  

L i n e s  h Revers ing  Va lve  
P ressu re  Drop, ps i  
Heat  T rans fe r ,  B t u / h r  

Condenser 
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Subcooi ing,  deg F 
E x i t  Enthalpy,  B tu / l bm 

Evapora to r  
I n l e t  Pressure,  p i a  
I n l e t  Temperature, deg F 
I n l e t  q u a l i t y  
I n l e t  Enthalpy,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  B tu / l bm 

L ines ,  R e v e r s i n g  Valve 

Pressu re  Drop, p s i  
Heat Trans fe r ,  B t u / h r  

h Accumulator  

Capaci ty ,  B t u / h r *  

T e s t  L i n e s  Ranco Ranco Renco Empri- 
Only #25 #26 #30 cal 

432.0 
2229 
3221 
92.6 
47.7 
1.5 

1P18.9 
241.1 
138 7 
28.7 
119.0 

452.6 
2265 
3093 
96.1 
49.9 
1.5 

109 1 
245.8 
141.5 
30.0 
119.4 

454.1 
2259 
3084 
96.3 
50.0 
1.5 

109.1 
245.6 
141.2 
29.8 
119.3 

443.4 
2253 
3076 
95.3 
49.4 
1.5 

109.0 
247.0 
142.3 
30.5 
119.5 

452.3 
2264 
3091 
96.1 
49.9 
1.5 

109.1 
245.7 
141.5 
30.0 
119.4 

424.0 
2172 
2966 
92.0 
47.3 
1.5 

108.9 
245.5 
140.5 
30.7 
119.4 

6.24 1.93 2.04 3.89 2.22 0.0 
824.5 0.0 328.8 23.5 288.5 707.2 

234.9 
128.5 
20.6 
117.1 
233.3 
183.9 
3.7 
40.5 

105.4 
54.2 
0.178 
40.4 
93.4 
47.7 
1.0 

108.8 

243.9 
141.1 
30.2 
119.4 
242.7 
108.8 
3.7 
41.4 

107.6 
66.2 
0.188 
41.4 
96.6 
50.1 
1.4 

109.1 

243 6 
137.6 
26.7 
118.6 
242.4 
106.7 
3.7 
41.4 

107.8 
65.3 
0.187 
41.4 
96.8 
48.8 
0.0 

108.6 

243.1 243.5 
141.2 138.1 
316.8 27.3 
119.4 118.7 
242.0 242.3 
106.8 108.7 
3.7 3.7 
41.4 41.4 

107.8 
55.3 
0.186 
41.4 
97.3 
60.1 
1.0 

109.0 

107.8 
66.3 
0.186 
41.4 
96.9 
48.9 
0.0 

108.5 

240.6 
132.8 
23.0 
117.7 
239.4 
105.8 
3.7 
41.1 

108.7 
55.8 
0.182 
41.1 
99.5 
60.5 
0.0 

107.2 

0.78 0.41 0.68 1.98 0.86 7.50 
67.7 8.0 289.3 11.5 266.0 707.2 

29623 30630 30462 30012 30358 28033 
C o e f f i c i e n t  o f  Performance** 13.25 13.62 13.48 13.32 13.41 12.91 

* N o t  c o r r e c t e d  for blower  work and compressor l osses  
** Does n o t  i n c l u d e  f a n ,  b lower  and c o n t r o l  power 
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r a b l e  7-15. T s s t  153 t l igh Capaci ty  Hea t ing  4 47 Dog F 
Ranco #26 i iavass ing Va lve  

Conpressor 
Floa, Ibrn/hr 

r I n p u t ,  Y3’;ts 
;+oat l o s s ,  B t u / h r  

I n l e t  Ent t ta lpy,  B t u / l b n  
Exit, Prcssurc,  psi3 
E x i c  Tompareturo, dGg fz  
E x i t  Superheat, d.ig F 
E x i t  Enthalpy,  B t u / l b T  

L i n o a  W Rsvc rs ing  Va lvc  
pres si.^ drop, psi 
He& I r a n s f o r ,  R t u / h r  

Coiidsnsnr 
I n l e t  Pres?iJro, p 5 ; a  
I n l s t  Tsapesaturs, ;dag F 
I n l e t  S i ~ p ~ r h e a t ,  deg F 
I n l e t  En tha lpy ,  R t u l l b m  
E x i t  Prsss i i ro ,  p s i a  
Exit ,  T r m p r a t u r o ,  dog F 
Exit, Subcool ing,  deg F 
E x i t  Fn tha lpy ,  Btu/ lbm 

b i n s s  b Accumulator 
Prsssu ra  E;op, p s i  
Host T r a  ?%fer, Bt,ii/hr 

Expans!or Va lva  

I n l a t  Subcool ing,  deg F 
I n  I a t  EnCUha I py ~ B t  I bm 

Evaporator  
I n l e t  Prsssure,  p s i a  
I n l e t  Tempsraturo, des F 
I n l e t  Q u a l i t y  
I n l e t  Fnthalpy,  BtuJlbrn 
E x i t  Pressurs,  p s i a  
E x i t  Tornpcrature, dpg F 
E x i t  qua I i t,y 
F x i  t Entha I py, 9 tu /  I bm 

L ines ,  Revers ing Valva 

Pressure Drop, p s i  
Hezt  T rans fo r ,  B t u j h r  

& Accumu I a t o r  

Hea t ing  Capaci ty ,  Bt.ii/hr* 
C o o d f i c i a n t  o f  Performance&% 3.81 

Test  

532.2 
3565 
203? 
66.8 
28.4 
0.6 

107.1 
239.8 
170.9 
61.3 
125.8 

5 . 4 9  
661.2 

233.3 
163.8 
66.3 
124.6 
231.6 
93.9 
13.1 
37.4 

? 
6912 

? 
58.3 

? 
24.4 

77.6 
35.8 
0.650 
24.4 
74.0 
33.4 

0.852 
94.8 

7.23 
6652 

45438 

3mt. i  ng 
C i r c u i t r y  

530 1 
3515 
2049 
6l.l 
28.3 

8 6  
107.2 
241 -6 
172.63 
61.9 
126. fi 

6,BE 
4s. 3 

235.8 
178.5 
62.3 
125.9 
233.9 
94.7 
13.1 
37.8 

1.93 
6923 

231.9 
60.6 
56.6 
24.5 

74.4 
33.7 
0,658 
24.6 
72.1 
32.B 

63.849 
94 * 1 

5.05 
6940 

46816 
3.90 

C o o l i n g  
C i r c u i t r y  

523.8 
3484 
2021 
68.4 
2 8 . @  
0.6 

107.2 
239.4 
171.6 
62.1 
126.01 

5.88 
41.4 

233.8 
176.2 
82 .5  
12s. 9 
231.1 
33.7 
13.1 
37.3 

1.88 
8855 

229.3 
68.8 
65.4 
24.6 

77.B 
3S.B 

@.@;st3 
24.8 
71.4 
31.4 

8 . 8 5 3  
94.4 

5 . m  
88SPI 

45415 
3.95 

* N o t  c o r r e c t e d  f o r  blovmr work evd compressor losses 
*d; 000s n o t  includ.: f a n ,  blows: and c o n t r o l  power 
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Table 7-18. T e s t  106 High  Capac i t y  H e a t i n g  0 17 Deg F 
Ranco #26 Revers ing  Va lve  

Compressor 
Mass F low,  Ibm/hr 
Power Input, Watts 
Heat  Loss, B t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, dag F 
I n l e t  Enthalpy,  t3tu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, dag F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  Btu/ Ibm 

L i n e s  & Revers ing Va lve  
P ressu re  drop, ps i  
Heat  T r a n s f e r ,  B t u / h r  

Condenser 
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  En tha lpy ,  Etu/ lbm 
E x i t  Pressure,  psia 
Exi t ,  Temperature, deg F 
Ex i t .  Subcool ing,  deg F 
E x i t  En tha lpy ,  Btu/ lbm 

L i n e s  & Accumulator 
P ressu re  Drop, p s i  
Heat  T rans fe r ,  B t u / h r  

Expansion Va lve  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Subcool ing,  deg F 
I n l e t  En tha lpy ,  B tu / l bm 

Evapora to r  
I n l e t  Pressure,  psie 
I n l e t  Tampersture, deg F 
I n l e t  q u a l i t y  
Zn l&  Enthalpy,  Btu/lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Q u a l i t y  
Exit Enthalpy, Btu/lbm 

L ines ,  Revers ing  Valve 

Pressu re  Drop, p s i  
Heat  T r a n s f e r ,  5 t u / h r  

H e a t i n g  Capaci ty ,  B t u / h r *  
C o e f f i c i e n t  o f  Performance** 

& Accumuletor 

T e s t  

281.7 
2695 
2680 
43.2 
8.5 
3.1 

105.6 
194.2 
176.6 
82.4 
128.6 

3.60 
591 - 6 
190.6 
165.3 
72.5 
126.5 
188.6 
85.2 
6.9 
34.7 

? 
4761 

? 
27.4 

? 
17.8 

61.4 
14.0 

0.053 
17.8 
49.4 
12.0 
0.817 
88.8 

6.20 
4704 

26860 
2.78 

H e a t i n g  
C i  r c u i  t r y  

306.9 
2669 
2641 
42.2 
7.3 
3.1 

106.4 
194.8 
165.6 
71.3 
126.4 

2.71 
62.6 

192.1 
164.3 
70.9 
126.3 
191.3 
86.3 
6.8 
36.0 

8.76 
5162 

190.5 
28.2 
64.6 
18.2 

46.6 
9.0 

0.068 
18.2 
46.3 
7.6 

0.820 
88.6 

3.09 
6183 

28006 
3.07 

C o o l i n g  
C i r c u i t r y  

383.5 
2639 
2612 
41.7 
6.7 
3.1 

105.3 
192.9 
165.0 
71.3 
126.4 

2.68 
61.0 

190.2 
163.6 
78.9 
126.2 
189.2 
85.5 
6.8 
34.8 

0.74 
5094 

188.4 
27.5 
64.5 
18.0 

47.8 
10.4 

0.062 
18.0 
44.7 
7.1 

0 820 
88.5 

3.88 
6115 

27756 
3.08 

* Not c o r r e c t e d  f o r  b lower  work and compressor losses 
** Does not i n c l u d e  fan ,  b lower  and c o n t r o l  power 
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T a b l e  7 17. Test 107 Lorn Capaci ty  H e a t i n g  Q 47 Dog F 
Ranco #26 i t ave rs ing  Va lva  

Cornp;as.;or 
Vsss Flovr, I bm jh r  
Powes I n p u t ,  Wat ts  
H e a t  Loss, B t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  r snpora tu ro ,  de3 F 
I n l z t  Superhest, dcg F 
I n l s t  En tha lpy ,  5 t u / l b n  
Ex i t Prsss in  r o  , ps i  z 

E x i t  S L I ~ Z ~ ~ P B % ~  de9 F 
E x i t  En tha lpy ,  BtuJlbrn 

E x i t  Tafi ,po*sturo, dog F 

L i n o s  L 9eversing Va lve  
P rsssu re  d-op, p s i  
H m t  T rans fe r ,  B t u / h r  

Condense: 
I n l a + ,  Prssaure,  p s i a  
I n l e t .  Psrnperaturs, de3 F 
I n l e t  Superhmt,, dag 5 
I n l e t  Enthalpy,  Btu/ lbm 
Exit, F'rcssurc", p i a  
E x i t  Tempsraturo, dag F 
E x i t  Subcool ing,  dsg F 
E x i t  Fn tha lpy ,  Btb/lbm 

L i n s s  B A c r m u l a t o r  
P r e s s i s ?  nsop, p s i  
i-lzst T r a n s f a r ,  B t d i h r  

E x p a n s i ~ q  Va lva  
I n l e t  Brassure,  p s j a  
I n l &  l ~ - y w r a t ~ r ~ ,  deg F 
I n l e t  Subcool  n g ,  d c g  F 
Inlc: Ef i thrr lpy,  CCu/ lbrn 

EvaporPtor 
I n l e 5  P r a s u r c ,  p s i 3  
I n l e t  T e s p r a t u r s ,  deg t- 
I n l e t  Q u s l i t y  
I n l e t  En tha lpy ,  Btu/ lbrn 
E x i t  Prossure,  psla 
E x i t  lo~ripsraturo,  do;; F 
E x i t  q u a l i t y  
E x i t  En tha lpy ,  Btu/ lbm 

L i n s s ,  R v o r s i n g  Valva 

Pressu rs  D r o p ,  p s i  
! h a t  Trana fs r ,  B t u / h r  

pt 4ccurnulator 

H m t i n g  C a p a c i t y ,  Btu lh rm 
C o 0 f f i c i m t  o f  Performance** 6-.45 

Tes t  

350.1 
1934. 
837 
78.6 
38.2 
1.6 

21m.i 
151 6 
51 8 
123.0 

108 I 1 

A.14 
428.8 

255.9 
144.7 
46.4 
121.8 
2 8 4 . 2  
95.8 
2.0 
37.9 

? 
3763 

? 
68.0 

27 .2  

,. 
I 

33.8 
39 ,8  

@.Bad 
27.2 
81.4 
38.7 
0.877 
97.5 

2.79 
3726 

29383 

H e o t i  ng 
C i rclJ i t r y  

335.5 
1892 
840 
77.6 
37.5 
1.5 

1as. 1 
215.5 
161.4 
69.7 
l"4.8 

2.81 
37.6 

212.7 
168.3 
69.6 
124.6 
211.9 
98.4 
2.1 
38.8 

a .  12 
4175 

211.2 
55.7 
43.6 
25.8 

86.3 

CI 063 
26.3 
79.4 
37.4 
0.858 
95.8 

3a.n 

1 .S5 
4192 

28836 
4.47 

Coo I i ng 
C i r c u i t r y  

335.6 

836 
77.4 
37.4 
1.5 

108.1 
214.8 
168.8 
59.4 
124 .? 

1884 

2.82 
37.3 

211.9 
159. T 
59.2 
124.6 
218. T 
33.7 
2.1 
38.6 

1.72 
4388 

21fa.G 
54.1 
45.7 
25.8 

81.5 
38.8 
0.851 
25.8 
79.3 
37.3 
0.851 
94.9 

1.95 
44@4 

28557 
4.49 

* N o t  c o r r s c t c d  f o r  b lowar  ivorl, a i d  comprassor l O S S a 3  

** Does n o t  i n c l u d e  f a n ,  b lowar  end c o n t r o l  poxsa 
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tihe use o f  coo l ing  c i r c u i t r y  i n  the  heat ing mode a c t u a l l y  improves the  

match between measured and predic ted performance i n  many respects. 

High capaci ty coo l ing  performance w i th  the  #26 revers ing valve 

model f o r  both coo l ing  and heat ing r e f r i g e r a n t  c i r c u i t r y  a t  outdoor 

ambient  rat^^^^ of 82°F and 95°F are shown i n  Tables P-18 and 7-19. 
Clear ly  the  use i n  the  coo l ing  mode o f  r e f r i g e r a n t  c i r c u i t r y  matching the  

r e f r i g e r a n t  pressure 

between predic ted an sured performance i n  most respects. However, as  

i n  the heat in  eases, the  changes i n  capacity, r e f r i g e r a n t  mass f low r a t e  

i n  the  heat ing mode r e s u l t s  i n  a poorer match 

energy e f f i c i e n c y  r a t i o  a re  r e l a t i v e l y  small ( i n  the  1 t o  2% range). 

It should be noted t h a t  the  output o f  the  transducers used t o  

measure the r e f r i g e r a n t  pressure drop i n  t he  heat exchangers had a poor 

s ignal- ts-noise rat io ,  r e s u l t i n g  i n  a r e l a t i v e l y  large standard devia- 

t i o n .  This was no t  the resullt, of inaccuracy o f  the  instruments per se, 

but  was p r i m a r i l y  ue t o  the  pressure pulses associated w i t h  the  rec ip-  

roca t ing  compressor. Since the  d i f f e r e n t i a l  pressure transducer used had 

a very h i g h  frequency response rate,  these pulses were re f l ec ted  i n  the  

transducer o u t  ut. Therefore, accurately matching the  measured and 

gerant pressure drops i s  probably no t  j u s t i f i e d  i n  view of 

curacy of the data, 

rcuit;s or  the  number o f  p a r a l l e l  c i r c u i t s  en ter ing  the  

t h e  evaporator should g ive  acceptable resu l t s .  

Using the  weighted average number o f  

7.3.2 A ~ c ~ ~ ~ ~ ~ ~ ~ ~  

As noted ~ ~ ~ ~ ~ ~ ~ s ~ y ~  t he  length of tub ing  i n  the  accumulator heat 

exchanger was deter  ined emp i r i ca l l y  and var ied over a f a i r l y  wide range. 

Table  7-20 shows the  s e n s i t i v i t y  o f  the model t o  accumulator heat 

exchanger length f o r  h igh capaci ty heat ing a t  17°F ambient temperature. 

h i  l e  inc lud ing the mode?! obviously improves agreement between predic ted 

~ ~ ~ ~ ~ r ~ ~ ~ ~ e ~  %he capacity, r e f r i g e r a n t  mass f low r a t e  and 

coefficient of ~~~~~~~~~~e are a l l  ra ther  i nsens i t i ve  to the  length o f  

tubing i n  the  heat exchanger. Increasing t he  heat exchanger tub ing  

length from 38 St $0 45 d e  increases the  amount o f  subcooling enter ing 

the exp9~s;an Y - I T ~  $-- .  I @ \  "5 7°F t o  64.6"F and lowers the  evaporator i n l e t  
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i a b l e  7-18, Test. Ill High Capaci ty  Coo l i ng  Q 95 Deg F 
Ranco #26 Revers ing Valve 

Coo l i ng  C i r c u i t r y  Y S  Heat ing  C i r c u i t r y  

Cornprsssor 
M i s s  i - lox ,  I b / h r  
Power I n p u t ,  V f a t t s  
k ? t  Loss, 9 t o / h r  
I n l e t  Pre-s t i re ,  ps;a 
I n l e t  I m p c , a t u r o ,  deg F 
I n l o t  S ~ p e r h e e t ,  deg f- 
I n  I c t  E n t h a  I q ,  BcuJ I brn 
E x i t  Pres:brs, ps;a 
E x i t  1 s ~ p e r a t b 1 - 3 ,  dog F 
t x i t ,  Superhaat, deg F 
F x  it. Fntha I py, B t u /  I0.n 

L i n s  S: Ravsrs jng  V a l v a  
Prossure drop, p s i  
b k s 5  Transfar ,  B t u / h r  

Test 

738.8 
4389 
3767 
88.7 
44.8 
1.1 

lB8.6 
278.9 
163.6 
42.4 
122. / 

9.83 
1298.6 

269.1 
153.7 
35,3 
12pI 9 
266.3 
113.2 
4.4 
43,s 

189.8 
66.4 

a .  284 
43.2 
92.6 
47 .a 

6 - 8  
108. I 

a 8 3  
67.9 

48247 
11.0 

Coo l ing  
C i r c u i t r y  

741.6 
4328 
3981 
39.1 
45,0 
1.1 

108.7 
282.3 
166.6 
44.3 
123.2 

9.41 
3 3 , 4  

272.9 
164 I 4 
44.9 
123.1 
278.1 
114.3 
4.4 
43.8 

111.7 
57.6 

B. m 9  
43.8 
9 A , 3  
41.2 
@ * a  

158. S 

6.14 
14.1 

48B52 
11.1 

H a a t i  ng 
C i r c u i t r y  

756.6 
4379 
4036 
93.8 
46.1 
1.1 

188.7 
266.4 
157.2 
43.9 
123.2 

9.92 
33 13 

776 .8  
185,1 
44.5 
123.1 
276.7 
115.8 

4 . 5  
44.3 

108.7 
5 6 , 8  

B 1228 
41.3 
95,8 
48.4 
&.9 

168 0 a 

5.23 
14.4 

48310 
11.1 

* K o t  c o r r e c t e d  f o r  blower work and compressor losses 
** Docs n u t  i n c l u d e  f a n ,  blower and c o n t r o l  power 
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Table 7-1gS Tea t  115 High Capac i t y  C o a l i n g  0 82 Oeg F 
Wanco #28 Revers ing  Valve 

tooling C i r c u i t r y  Y S  H e a t i n g  C i r c u i t r y  

Cornpressos 
F!QW8 jb/hP 

Power Input . ,  Watts 
Heat  Loss, Btu/hr 
I n l e t  Pressure,  p s i a  
I n l e t  fsmperatura,  deg F 
Inlet Superheat, cieg F 
Inlet Enthalpy,  $ tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperators, deg F 
E x i t  Superheat8, dsg F 
E x i t  Enthalpy,  Btujlbm 

Testa 

511 .0 
2098 
2636 
93.9 
47.8 
0.8 

108.8 
200-9 
118.9 

22 .4  
116.1 

Coo I i rig 
C i  r c u i  bry 

480.7 
2104 
3232 
92.5 
47.0 
0.8 

108.8 
210” 6 
122.6 

2 2 . 8  
117.0 

H a a t i  ng  
C i r c u i t r y  

480.9 
2113 
3245 
92.8 
47.1 
8.8 

108.8 
212.2 
123 12 
22.6 
117.1. 

Line t~ Reversing V a l v e ,  
Pressu re  d rop ,  psi 5.83 6.15 6-12 
H e a t  Trans fe r ,  BtoJhr  759.2 17.3 17.8 

Condenser 
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
Inlet Superheat, dag F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  S u b c o ~ l i n g ,  de$ F 
E x i t  En tha lpy ,  B tu / l bm 

Evaporator 
Inlet Pressure, p s i a  
I n l e t ,  Tempemture, deg F 
I n l e t  Quality 
Inlet. Enthalpy,  B t u / l b n  
E x i t  Pressure,  p i a  
E x i t  Temperature, deg F 
E x i t ;  Superheat,, deg F 
Exik Enthalpy, Btu / l bm 

196.0 
110.4 
15.9 
115.2 
193.1 
91.8 
1.9 

36.7 

106.6 
54.3 

B.121 
36.7 
94-7  
48.3 
8.8 

108.8 

205.5 
121 2 
23.8 
117.8 
203.8 
96.7 
1.9 

37.9 

167 - Bi 
64.9 

0.148 
37.9 
94.8 
47.6 
0.0 

M8.8 

287.0 
121.8 
23.0 
117.0 
208.4 
98.7 
1.9 
38.2 

108.2 
54.4 

0.161 
38.2 
95.1 
47.8 
0.0 

108.8 

Lines & Reversing V a l v e  
Pressu re  Drop, psi 0.78 2.34 2.34 
Heat Transfer ,  Btm/hr 21.0 9.6 9.1 

Capacity, B&iip*hr* 
EER, Btw/W-hr+* 

37363 34051 33935 
17.81 16.18 16.06 

I* N o t  c o r r e c t e d  f ~ r  blower work O R  compressor Basses 
** Does n o t  include f a ? ,  blower and c o n t r o l  power 
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Tab le  7-2@. Test  16% High  C a p a c i t j  h a t i n g  0 17 Dag F 
Ranco #25 Rsvarsiog Valve 

Compressor 
Mass Flew, Ih /h r  
Power Input,, Watts  
H e a t  Loss, B t u / h r  
I n l e t  P r o s s u r e ,  p s i a  
I n l e t  Temperature, dog r-^ 
I n l e t  Superheat, dag F 
I n l e t  En tha lpy ,  Btu/ lbm 
E A i t  Pressure,  p s i a  
E x i t  Temperature, dag F 
hit, S u p s r h e a t ,  dog F 
E x i t  Enthalpy,  Btu/ lbrn 

L i n e s  & Rsvers ing  Va lva  
Pressure Drop, p s i  
Meat Trans fe r ,  B t u / h r  

Condenser 
I n l e t  Pressure,  psla 
I n l e t  Temperature, deg F 
I n l e t  Superheat, dsg F 
I n l e t  Enthalpy,  Btu/ lbrn 
E x i t  Pressure,  p s i a  
E x i t  Temparature, dsg f 
E x i t  Subcool ing,  dOg F 
E x i t  Enthalpy,  Btu/ lbm 

L i  nss db, Accurn.~ I a t o r  
P rsssu ro  Drop, p s i  
Heat  T rans fe r ,  B t u / h r  

Expansion Va lve  
I n l e t  Pressdre,  p s i a  
I n l s t  Temperature, deg F 
I n l e t  Subcooling, deg F 
Inlet Entha lpy ,  Btu/lbm 

Evapora to r  
I n l e t  Fressura,  psis 
I n l o t  Tarnperature, deg F 
I n l e t  4 u z l i t y  
I n l e t  Enthalpy,  Btu/lbrn 
E x i t  Pra35ur9, p o i a  
E x i t  Tompsrsture, dag F 
E x i t  Q u a l i t y  
E x i t  Enthalpy,  Btu/ lbm 

Lines, Revers ing Valva 

P ressu re  Drop, p s i  
Heat  T rans fe r ,  B t u / h r  

&, Accumulator 

Capaci ty ,  B t u / h r *  

Accumulr tnr  Heat  
Exchanger Length - f t  

T e s t  None 30.B 3 7 . ~ 3  45.0 

281.7 
2696 
2S8@ 
43.2  

8 . 5  
3 .1  

185.5 
194.2 
176.6 
82.4 

128.6 

31c . z  
2577 
2649 
42.6 

7 . 8  
3.1 

105 " 4  
195.3 
165.1 
70.6 

128 .3  

307.1 
26753 
2843 
42.2 

7 .3  
3,P 

1pi5 * 4 
194.9 
165 I 6 

71.2 
126.1 

307.1 
2670 
2643 
42 .2  

7 . 3  
3 .1  

105.4 
194.9 

71.2 
126.4 

165. a 

306.9 
2663 
2641 
42 .2  

7 . 3  
3.1 

165.4 
194.8 
165.6 

71.3 
126.4 

3,6@ 2.64 2 .71  2 . 7 1  2.71 
699.6 68.3 51.0 51.8 62 .6  

l W . 5  
186.3 

72 .6  
1'28.5 
188.8 
85.2 
8.9  

3 4 . 7  

192.0 
183 .8  
7k3.2 

126.2 
191.8 

8 6 - 3  
7 .a 

35.8 

192.1  
164.3 

76 .9  
128 .3  
191.4 

88.2 
a , 3  

36 ,8  

1 9 2 - 1  
164.3 

79.9 
126.3 
191.4 

86.2 
6.9 

36.B 

192.1 
164.3 

70.9 
126.3 
191.3 

86 .3  
5 . 8  

35.8 

? il.30 8.61 0.68 0 .76  
4761 0.8 2728 3966 6152 

? 191.6 1 w . a  190.9 1w.s 
27.4 85.3 66.2 42.1 28.2 

? 6.8 36,7 49.8 64.6 
17.8 35.U 26 .1  22.1 18 .2  

51.4 
14 .0  

0.063 
17.8 
49.4 
12 .0  

0.817 
88.8 

46.3 
9 .4  

0.239 
35.0 
45.1 

8 . 4  
1. @@a 
la5 4 

46.7 
9 .2  

0.100 
22.1 
45 .3  

7.7 
0.862 

92.4 

45.5 
9.0 

0.5358 
18 .2  
45 .3  

7 .6  
B. 325 

88.5 

8 .26  2.56 3.14 3.12 3.89 
4704 21.1 2749 3988 5183 

25866 28272 28832 28032 28088 
C o e f f i c i e n t  o f  Per fornance**  2.78 3.i?% 3.88 3.538 3.87 

* N o t  c o r r o c t 3 d  f o r  blower work end camprrssor lossios 
** Does n o t  i n c l u d e  fan,  blowcsr am! c o n t r o l  power 



q u a l i t y  from 14.2% t o  5.8#, but  the  changes i n  capacity, r e f r i g e r a n t  mass 

flow rate,  compressor suct ion and discharge condi t ions,  condenser i n l e t  

and e x i t  condi t ians,  and evaporator i n l e t  and e x i t  temperature are q u i t e  

small .  
p r e d i c t  t h e  amount o f  subcooling enter ing t h e  expansion v a l v e  f o r  the  

purposes o f  these v a l i d a t i o n  comparisons i n  order t o  ob ta in  an accurate 

p r e d i c t i o n  o f  overa l l  system performance, provided t h a t  the  condenser 

e x i t  subcoosing and compressor i n l e t  superheat are spec i f ied  d i r e c t l y .  

I f  one of  the  expansion device models were being used t h i s  would no t  be 

the  case. 

Therefore, i t  does not appear t o  be necessary t o  accurately 

7.4 REVERSIMG VALVE LEAKAGE 
The e f f e c t s  o f  in ternat  r e f r i g e r a n t  leakage from the  high pres- 

sure side of the  reversing valve t o  the low pressure side were inves t i -  

gated for  heat ing and cool ing modes a t  both capacity leve ls .  

reversing valve mode! was used i n  a l l  cases, For t h e  heat ing cases the  

program was run w i th  f i x e d  cornpressor suct ion superheat. 

t h a t  the  r e f r i g e r a n t  f low contro l  mechanisms (expansion valve p lus 

accumulator heat exchanger) would maintain a f looded evaporator i n  t h e  

heat ing mode regardless o f  the  amount o f  reversing vatve leakage. For 

the  cool ing mode both f i x e d  compressor suct ion superheat and f i x e d  

evaporator e x i t  superheat, cases were considered s ince the u n i t  was 

designed t o  operate with evaporator superheat i n  the  cool ing mode. 

The #26 

It was assumed 

.4.% Heating 

Table 7-21 summarizes t h e  r e s u l t s  f o r  t h e  high capaci ty heating 

mode a t  47°F outdoor ambient temperature f o r  reversing valve leakage 

rates equal to O%, I%, 2%, 5#,  and 10% o f  t h e  compressor r e f r i g e r a n t  mass 

f l o w  ra te .  Valve manufacturers c la im leakage rates i n  the  1% t o  2% 
6 

The e f f e c t s  o f  leakage on system capaci ty and COP a r e  

O U T  tests  conf i rm t h a t  f o r  new valves, leakage ra tes  i n  t h i s  

i c a l .  

surpr is ing ly  small .  A 2 leak r a t e  reduces capaci ty by 1.09% and 
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Tabla 7-21 Tes t  183 High  Capac i t y  Hea t ing  Qi 4% 009 F 
Ranco a26 Rsvs rs ing  Valve  

Compressor 
Mass Flow, Ibrnjhr 
Power I n p u t ,  W a t t s  
Hea t  Loss, B t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, dog F 
I n l e t  Superheat, deg F 
I n l a t  Enthalpy,  Stu/lbm 
E x i t  Pressure,  p s i ,  
E x i t  Temperature, deg F 

E x i t  Enthalpy,  Btu/ lb in  
E x i t  Superheat,  de$ F 

L i n e s  & Revers ing  Valve 
Pressu re  drap,  p s i  
Heat  Transfsr ,  B t u / h r  

Condenser 
I n l a b  P r e s s u r e ,  p i a  
I n l e t .  TenFasaturs ,  rleg F 
I n l &  S u p e r h e ~ t ,  deg F 
I n h i t  Enthalpy,  Btu/ lbm 
E x i t  Pi-essi~re,  p s i a  
E x i t  Tsmpstaturo, dsg F 
E x i t  Subcool ing,  deg F 
E x i t  Entha I py, Btau/ I bm 

L i  nes 9h Bccunu I a t o r  
P ressu re  P r o p ,  p+: 
Hant  T r i n s f e r ,  Btw/hr  

Expans i on Va I m 
I n l e t  Pressure,  ps ia  
I n l e t  Ksmperaturea, dog F 
I n l e t  Subcool ing,  deg F 
I n l a f  Enthalpy,  Btu/lbm 

Evaporator  
Inlet Pressure,  p s i a  
I n l e t  Tempzrature, dag F 
I n l e t  q u a l i t y  
I n l e t  Enthalpy,  Stu/lbn 
E x i t  Prossure,  p s i s  
E x i t  Temperaturel deg F 
E x i t  Qual i t ,y  
E x i t  Enthalpy,  Btu/lbm 

L ines ,  Revers ing Valva 
& Accumulator 

Bf'?3SSMi.e Drop, PSi 
H e a t  Trans fer ,  B t u / h r  

Heat.ing Capaci ty ,  Btu/hr*r 

T e s t  No 
Leak 

532.2 638.1 
3566 3515 
2032 2840 
66.8 87.1 
28.4 28.6 
0.6 8 . 8  

1Q7.1 l(41.2 
239.8 241.6 
170.9 172.8 
61.3 51.9 
125.9 126.8 

6.49 6 . 9 6  
651.2 48,8 

233.3 235.6 
163.8 178.6 
58.3 62,3 
124.6 126.9 
231.6 233.9 
93.9 94.7 
13.1 13.1 
37.4 37.8 

? 1.93 
6912 6923 

? 231.9 
Eg.3 6a.6 

? 66.6 
24.4 24.5 

77.0 74.4 
35.0 33.7 
0.068 0,056 
24.4 24.5 
74.0 72.1 
33.4 32.0 
0.852 8.849 
94.6 94,l 

7.23 6.05 
6662 6940 

45488 46816 
C o e f f i c i e n t  o f  Performance** 3.81 3.98 

1% 
Lmak 

6 3 2 . 8  
3515 
204.8 
8 3 . 3  
28.8 
8.6 

187" 2 
241.1 
171.6 
61.6 
125.9 

5.98 
7G34.7 

235" I 
17e.1 
62.0 
126.8 
233.4 
94.4 
13,l 
3 ? . 5  

1.93 
6537 

231.4 
5pi.6 
58.3 
24.6 

74.6 
33.8 

0 e 065 
24.6 
72.3 
32.1 

E? A46 
93.9 

5.83 
7618 

44571 
3.88 

2% 
Leak 

535 I 2 
3414 
2039 
87 .5  
28.9 

187 2 2 
240.5 
171.1 
81 - 2  
12% " 8  

0.8 

5&3-2 
1359. a 

234 I4 
189 1 a 
81.7 
125 I 8 
232" 8 
94.3 
13.1 
37.6 

1.94 
8783 

238 B 
EB.5 
5 Q " 2  
24.5  

74.7 
33.9 
0. 06.5 
24.5 
72.6 
32.3 
$3.843 

93 " 8  

6 ,82  
8128 

463@Q 
3.8% 

5% 
Leak 

543.0 
3513 

68.1 
29.4 

0 . 6  
107 a 3 
238.8 
169.6 
6eS.3 
125.6 

2638 

6.11 
3458 2 

232 I 7 
168.1 
60.8 
125. s 
231.8 

9.3 . 7 
13.1 
37.3 

1.95 
8494 

229.1 
51.2 
65.8 
24.7 

75.3 
34.3 

0 .  a56 
24,T 
73.1 
32.7 
4. 835 
93.21 

4.88 
18263 

45514 
3.86 

10% 
Leak 

556.3 
3519 
2044 
69.1 
30.2 
8.6 

167.4 
235.8 
165.9 
59.1 
125.2 

6.27 
7012.3 

229.5 
165.9 
69.5 
125 I 2 

92.8 
13.0 
37.0 

-228 I PI 

1.98 
6035 

228.4 
52.1 
53.1 
25.0 

78.8 
34.9 

%,eS67 
25.0 
74.1 
33.4 

61.822 
91.9 

4.92 
13700 

44140 
3.68 

4 M o t  c o r r e c t e d  f o r  blower work and conpmssior 108sa8 
w Does n o t  i n c l u d e  fan ,  blower and control power 
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COP by 1.03%. 

5.71% and a 5.64% decrease i n  COP. The cases w i t h  1% t o  2% leakage match 

the measured performance more accurately than t h e  zero leakage example, 

support ing our own t e s t  data and the c la im by the  v a l v e  manufacturers 

t h a t  a leakage r a t e  i n  t h i s  range i s  t y p i c a l .  The r e f r i g e r a n t  mass f l ow  

r a t e  shown i s  the  f low r a t e  through t h e  compressor. The f low r a t e  

through the  heat exchangers and expansion valve is equal to the  

compressor mass f low r a t e  minus the  leakage f low.  

A 10% leak r a t e  r e s u l t s  i n  a reduct ion i n  capaci ty o f  

Tabie 7-22 presents t h e  r e s u l t s  f o r  t h e  high capaci ty heat ing 

mode a t  an outdoor ambient temperature o f  17°F. 

s i m i l a r  t o  t h e  47°F cases. 
COP by 1.24%. 

The r e s u l t s  are q u i t e  

A 2% leak r a t e  reduces capacity by 1.35% and 

The e f f e c t s  seem to be s l i g h t l y  greater than a t  47°F. 
Low capaci ty heat ing r e s u l t s  a t  47°F are shown i n  Table 7-23. 

The reduct ion i n  capacity due t o  reversing valve r e f r i g e r a n t  leakage i s  

q u i t e  s i m i l a r  t o  the  h igh  capaci ty r e s u l t s  a t  t h e  same ambienttempera- 

tu re .  The impact on COP i s  s l i g h t l y  llarger than f o r  the  high capaci ty 

cases. 
6 

indicated t h a t  f o r  t h e  reversing valve used i n  t h e  preprototype heat pump 

t h e  reakage mass flow r a t e  var ies a s  approximately the  0.8 power o f  the  

absolute pressure r a t i o  across the  valve. 

leakage wil l  represent a larger  f r a c t i o n  of t h e  r e f r i g e r a n t  mass f low 

rate a t  h igh pressure r a t i o s  due t o  a higher leak r a t e  combined w i t h  a 

decrease i n  the r e f r i g e r a n t  mass flow del ivered by t h e  compressor. I f  we 
assume t h a t  i n  t h e  h igh capacity heat ing mode a t  47°F t h e  reversing valve 

leakage i s  equal t o  2% Qf the  compressor mass f low rate,  and t h a t  the  

leak r a t e  var ies as the  0.8 power o f  the  absolute pressure r a t i o ,  t h e  

re la t ionsh ip  between t h e  reversing valve leakage and ambient temperature 

shown i n  Table 7-24 i s  obtained. 

The revers ing valve leakage r a t e  t e s t s  performed by Westinghouse 

Therefore reversing valve 

7.4.2 Cooling 

The e f f e c t s  o f  reversing valve leakage on h igh capaci ty cool ing 

performance at, an outdoor ambient temperature of 95°F w i t h  fixed 
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T a b l e  7-23. T e s t  107 Low Capac i t y  H e a t i n g  0 47 Deg F 
Ranco #28 Revers ing  Va lve  

Tes t  No 1% 2% 5% 10% 
Leak Leak Leak Leak Leak 

Compressor 
Mass Flow, I b / h r  
Power I n p u t ,  Wat ts  
Heat  Loss, B t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg  F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, dsg  F 
E x i t  Superheat, deg F 
E x i t  En tha lpy ,  Btu/ lbm 

L i n e s  & Revers ing  Va lve  
P ressu ra  Drop, p s i  
Heat  Trans fe r ,  B t u / h r  

Condenser 
I n l e t  Pressure, p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Subcool ing,  deg F 
E x i t  En tha lpy ,  Btu/ lbm 

Li  nes & Accumulator 
P ressu re  Drop, p s i  
Heat  T r a n s f e r ,  B t u / h r  

Expansion V a l v e  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Subcool ing,  deg F 
I n l e t  En tha lpy ,  Etu/lbm 

Eva po r e  t o r  
I n l e t  Pressure,  psia 
Inlet Temperature, aeg F 
I n l e t  q u a l i t y  
I n l e t  Enthalpy,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Q u a l i t y  
E x i t  En tha lpy ,  Btu/ lbm 

Lines, Revers ing  Va lve  

P ressu re  Drop, psi  
Heat  T rans fe r ,  B t u / h r  

%. Accumu letor 

Capaci ty .  B t u / h r *  

350.1 
1934 
837 
78.8 
38.2 
1.5 

108.1 
210.1 
151.6 
51.8 
123.0 

335.5 

840 
77.6 
37.5 
1.6 

llb8.l 
216.5 
151+4 
59.7 
124.8 

15392 
337.2 
1901 
843 
77.6 
37.6 
1.6 

108.1 
216.1 
151.3 
59.7 
124.8 

338.9 

842 
77.7 
37.6 
1.6 

108.1 
214.7 
160.5 
59.2 
124.7 

1897 
344.4 
1910 
847 
78.2 
37.9 
1.5 

108.1 
213.5 
169.8 
68.8 
124.8 

352.8 
1919 
851 

38.3 
1.6 

108 1 
211" 1 
157.9 
57.7 
124.3 

753.7 

4.14 2.81 2.83 2.84 2.89 2.96 
428.8 37.6 450.2 882.3 2181.7 4419.9 

205.9 
144.7 
48.4 
121.8 
204.2 
95.8 
2.8 
37.9 

212 7 
160.3 
69.5 
124.8 
211.9 
98.4 
2.1 
38.8 

212.3 
160.2 
59.6 
124.7 
211.5 
98.3 
2.0 
38.7 

211.8 
169.6 
69.1 
124.8 
211.0 
98.1 
2.0 
38.7 

210.6 
168.7 
58.7 
124.5 
209.8 
97.7 
2.0 
38.6 

208.2 
158.8 
57.6 
124.2 
207.4 
97.0 
1.9 
38.3 

? 8.72 0.72 0.72 0.72 0.73 
3763 4176 4361 4253 4066 3811 

? 211.2 210.7 210.3 209.1 206.7 
80.0 68.7 54.6 55.2 58.2 68.7 

? 43.5 46.8 44.7 43.3 41.9 
27.2 28.3 25.7 26.9 28.2 26.3 

83.0 
39.8 
0.874 
27.2 
81.4 
38.7 
0.877 
97.5 

80.3 
38.0 
0.#63 
26.3 
79.4 
37.4 
0.858 
95.6 

80.4 
38.1 

0.066 
26.7 
79.6 
37.6 

94.7 
0. 848 

80.5 
38.1 
0.057 
26.9 
79.7 
37.6 
8.847 
94.8 

80.9 
38.4 
0.060 
26.2 
80.1 
37.8 
0.841 
94.1 

81.4 
38.7 
8.081 
26.3 
80.8 
38.2 
0.827 
93.0 

2.79 1.96 1.95 1.94 1.94 1.93 
3726 4192 4839 6291 6438 8834 

29368 28835 28894 28530 28107 27256 
Ca&f i c i&n% o f  Performance** 4.45 4,47 4.42 4.41 4.31 4.16 

* N o t  c o r r e c t e d  f o r  blower  work and compressor losses 
Does n o t  i n c l u d e  fan ,  b lower  and c o n t r o l  power 

7-39 



Table 7-24. Projected Reversing Valve I..sak Rates f a r  t h e  
Preprotatype Healc Pump In Hsabing Service 

High Capacity - 47°F $32 I 2 

High Capacity - 35°F 447.7 
High Capaci ty  -. 17°F 218,7 

High Capacity - 0°F 157 r 8 

18.6 2.0% 

11.1 2.5 
12.7 3.8% 

14 .4  9.1 

Low Capacity - 47°F 358.3. 8.5 2.4 

cow Capacity - 35°F 285 12 9.2 3.2 

* Assumed value. 

compressor suct ion super-hez-ta a r e  shown in Table 1-25. A 2 
results i n  a capaci%y reduction sf 1.34 and a decrease in COP of  1.92%. 

The e f f e c t s  appear to be slightly greater than i n  heat ing o 

Law capacity coaling results f o r  82°F outdoor ambient temperature and 

pressas suction superheat are shown in Table T-26 and are quite 

similar to tihe 95°F high c a p a c i t y  cooling results. Based on the assump- 

tions lased %o genetake Table 7-24, the pro jec ted  reversing valve leakage 

ra tes  a r e  1.3 0% the compressor mass f l o w  r a t e  f o r  @he 95°F high capac-  

ity cool ing ease ;an% 1.4 far the 82°F low capacity cooling case. 

7.4.3 Discussion o f  Reversing V a ? m  Lsakagse E f f ~ ~ k s  
The results f o r  a l l  of the leakage cases run w i t h  fixed cam- 

-. 
pressor suction superheat  a re  sum a r i z e d  in  Tabie 7-27. 

loss i n  capacity an3 COP due  La leakage i s  generally 50% '%o 70 

leak r a t e .  Par& of the reason f o r  bhe relakively s m z r l !  impact o f  leak- 

age i s  t h a t  the refrigerant mass f l o w  r a t e  through the compressar i s  
higher when leakage occur-5. Since l%he heat exchan GI- loading is reduced 

Ihe percentage 

erant  leakage i n  the reversing v a l ~ e ~  the average evaporator 
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Tab le  7-25. T e s t  111 H i g h  Capac i ty  C o o l i n g  0 95 Deg F 
Ranco #20 Revers ing  Va lve  

T e s t  No 1% 2% 5% 1 0% 
Leak Leak Leak Leak Leak 

Compressor 
Mass Flow, I b / h r  
Power I n p u t ,  Watts 
Heat Loss, B t u / h r  
I n l e t  Pressure ,  p s i a  
I n l e t  Temperature, de9 F 
I n l e t  Superheat, deg F 
I n l e t  Entha lpy ,  Btu/ lbm 
E x i t  Pressure ,  p s i a  
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  En tha lpy ,  B tu / lbm 

L i n e s  b Revers ing  Va lve  
Pressure  Drop, ps i  
Heat  T r a n s f e r ,  B t u / h r  

Condenser 
I n l e t  Pressure,  p s i s  
I n l e t  Temperature, deg F 
I n l e t  Superheat, dag F 
I n l e t  Entha lpy ,  B tu / lbm 
E x i t  Pressure, p s i a  
E x i t  Temperature, deg F 
E x i t  Subcool ing,  deg F 
E x i t  Entha lpy ,  Btu/ lbm 

Evapora tor  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, dog F 
I n l e t  Q u a l i t y  
I n l e t  Enthalpy,  B tu / lbm 
E x i t  Pressure,  psi8 
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  En tha lpy ,  B tu / lbm 

L i n e s  t Revers ing  Va lve  
Pressure  Drop, p s i  
Heat  T r a n s f e r ,  B t u / h r  

Capac i ty ,  B t u / h r *  

73%. a 
4389 
3787 
8 8 . 7  
4 4 . 8  

1 . 1  
108.6 
278.9 
163.6 
4 2 . 4  

122.7 

741.6 
4320 
398 1 
8 9 . 1  
4 5 . 0  

1 . 1  
108.7 
282.3 
168.6 
44.3 

123.2 

745.1 
4335 
399s 

4 6 . 3  
1 . 1  

108.7 
282.0 
166 ,4  
4 4 . 3  

123.2 

89.6 

749.0 
4337 
3997 
8 9 . 8  
45 .5  

1 . 1  
108.7 
281.6 
166-1  
4 4 . 1  

123.1 

760.8 
4332 
3992 
90.8 
4 6 . 1  

1 . 1  
10%. 7 
280.6 
166 .0  
4 3 . 3  

122.9 

780.0 
4354 
4012 
9 2 . 4  
4 7 . 1  

1 . 1  
1B8.8 
278.8 
163.8 
42 .6  

122.7 

9 . 8 3  9 .41  9.46 9 . 5 0  9 . 6 0  9 .83  
1 2 w . s  33.4 951.0 1870.6 4 7 m . o  9604.8 

289.1 272.9 
163.7 164.4 

3 5 . 3  4 4 . 9  
120.9 123.1 
266.3 270.1 
113.2 114.3 

4 . 4  4 . 4  
4 3 . 5  43 .8  

109.8 
58 .4  

0 .204  
43 .2  
92.6 
47 .8  

0.9 
108.7 

111.7 
5 7 . 6  

0 .209  
43 .8  
94 .3  
4 7 . 2  
0.0 

158.6 

272.8 
184.4 
4 4 . 9  

123.1 
289.8 
114.2 

4 . 4  
43.8 

111.8 
57 .5  

0.209 
43 .8  
94 .6  
47 .6  
0.0 

108.6 

272.2 
104.0 

44.7 
123.1 
268.0 
114.2 

4 . 4  
43 .8  

111.8 
57.5 

0 .209  

9 4 . 9  
4 7 . 7  
0 .0  

108.4 

48.8 

271.0 
103.0 
4 4 . 0  

122 .9  
288.4 
113.8 

4 . 4  
43 .7  

112 .0  
5 7 . 7  

0. 207 
43 .7  
9 5 . 9  
4 8 . 2  
@.!a 

108. II 

269.0 
161.7 

43 .3  
122.7 
268.4 
113 .2  

4 . 4  
43 .6  

112.2 

0 .204  
4 3 . 5  
97 .4  
4 9 . 2  

0 . 0  
107.3 

57.8 

3.82  6 .14  6 .12  6 .11  6 . 0 8  6.@2 
6 7 . 9  1 4 . 1  931.6 1867.9 4690.2 9588.4 

48247 4a0s2 47735 47410 48640 44763 
C o e f f i c i & t  o f  Performance** 11.0 11 .1  1 1 . 0  1 0 . 9  1 0 . 7  1 0 . 3  

* N o t  c o r r e c t e d  f o r  blower work and compressor losses 
** Does n o t  i n c l u d e  fan,  b lower  and cont ro l  power 
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Tab le  7-26. T e s t  116 Low Capaci ty  Coo l i ng  Q 82 Deg F 
Ranco #26 Revers ing Va lve  

Comprsssor 
Mass Flow, I b / h r  
Powat I n p u t ,  Watts 
Hsat  Loss, 5 t u / h r  
I n l e t  Pressure,  ps;e  
I n l e t  Temperature, dog F 
I n l e t  Superheat, deg P 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Tomperature, deg F 
E x i t  Superheat, deg F 
E x i t  En tha lpy ,  Btu/ lbm 

Test  

511 .0  
2592 
2636 
93.9 
4 1 . 8  

&i-8 
158,8 
250.9 
118.9 

22.4 
118.? 

MQ 
1.w k 

488.7 
2184 
3232 
92.5 
47.0 
91.8 

108 .8  
210.6 
122.6 

22.6 
117.0 

1% 
LePk 

481.0 
2163 
3233 
92.6 
4 9 - 6  
0.8 

lQ8.8 
PI@. 3 
122.4 

22.6 
117.a 

2% 
Lea L: 

484.4 
2106 
3236 
92.8 
47.1 

0 , s  
108.8 
215.2 
122.3 

22.4 
117.8 

5% 
Leak 

494.7 
2128 
3264 
93.9 
47.8 

B.8  
188.9 
209.9 
122.8 

22.3 
118.9 

10% 
Lsia k 

sin.  2 
2125 
3263 
95.a 
48.5 
8 . 8  

1pi8.9 
258.9 
121.1 
21.7 

116.8 

Lines k Revers ing Va lve  
P ressu re  Drop, p s i  5.93 5,15 5.16 5.18 6.36 6.40 
Meat Trans fe r ,  B t u / h r  759.2 17 .3  5881.8 1158,8 2Qt59.S 5939.7 

Condensor 
I n l e t  Presscsre4, p s i a  
I n l e t  Tamperatura, deg F 
I n l e t  Supsrhszt ,  deg F 
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Tonperature,  dog F 
E x i t  Subcoaling, deg F 
E x i ~  Enthalpy,  Btu/ lbm 

Evaporator  
I n l e t  Pressure,  p s i a  
I n l e t  Tsmparature, deg I-- 
I n l o t  Q u a l i t y  
I n l o t  Enthalpy,  Btu/lbrn 
E x i t  Pressure; p s l a  
E x i t  Temperature, dog F 
Exit Superheat, deg F 
E x i t  Enthalpy,  Btu/ lbm 

196 a 
110.4 

16 .9  
116.2 
193.1 
91,s 
1.9 
38.7 

186.5 
54.3  

0.121 
35.7 
94.7 
48.3 
0.8 

188 a 8 

265.5 
121.2 

23.8 
117.8 
283.8 

95.7 
1.9 

37.3 

1&7. B 
64.9 

0.148 
37 .9  
84.8 
47.6 
3.0 

108. 8 

286,2 
121.a; 
22.9 

117.8 
203 " 6 

9 5 - 7  
1.8 

37.9 

10s. 8 
54.8 

8.147 
37.9 
94.9 
47.8 
0.8 

188 I 7 

265 0 
12@"8  

22.8 
117.6 
203.4 

9 6 - 8  
1 . 8  

37.9 

167 .5  
64 .8  

B .146 
37.9 
96.1 
41.8 
la,@ 

fQ9.5  

2Ei4.6 
1128,6 

22.7 
116.9 
213. B 
95.4 

2 .a  
37.8 

187.63 
65.2 

0,144 

96 ,2  
48.5 

B,BI 
la% " 4 

37.8 

203.5 
119.6 
22.1 

116.7 
252. 0 

95 .1  
1.9 

37.7 

lB7 .9 
55.4 

0. 142 
37.7 
97 .3  
49.1 

6.8  

L i n e s  & Revers ing Va lve  
P ressu re  Drop, p s i  0.78 2.34 2.33 2 .33  2.33  23.1 
H e a t  Trans fe r ,  B t u / h r  21.5 9.6 5 9 3 . 8  1142.6 2908.9 5931.1 

Capaci ty ,  B t u / h r s  3736.3 3485: 33748 33574 33177 320189 
C o e f f i c i e n t  o f  Berformanco** 17.81 16.18 18.B.P 15.94 16.81 16,1&1 

* Not c o r r e c t e d  f o r  b lowor  work and coi~pressor losses 
* c  Does n o t  i n c l u d e  fan,  b lowor  and c o n t r o l  power 
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Tab le  7-27 E f f e c t  of Reversing Valve R e f r i g e r a n t  Leakage 
On Capaci ty  and Energy E f f i c i e n c y  

0 

47 F High Capac i ty  Hea t ing  
Reference Capac i ty ,  B t u / h r  46815 
Reference COP 3.90 

28006 
Reference Capac i ty ,  B tu /h r  3.07 
Reference COP 

0 

17 F High Capac i ty  Bea t ing  

0 

47 F Low Capac i ty  Heat ing 
Reference Capac i ty ,  B t u / h r  28835 
Reference COP 4.47 

0 

95 F High Capac i ty  Cooling 
Reference Capac i ty ,  B t u / h r  48052 
Reference EER, Btu/W-hr 11.1 

0 

82 F Low Capac i ty  Cooling 
Reference Capac i ty ,  Btu/hr  34051 
Reference EER, Btu/W-hr 16.2 

1% 
Leak 

0.52 
0.51 

0.67 
0.53 

0.49 
0.96 

0.67 
1.01 

0.91 
0.87 

2% 5% 
Leak Leak 
% Decrease 

1.09 2.78 
1.03 2.56 

1.35 3.40 
1.24 3.26 

1.06 2.52 
1.32 3.44 

1.34 3.15 
1.72 3.41 

1.40 2.57 
1.49 4.57 

10% 
Leak 

5.71 
5.64 

6.85 
7.23 

5.48 
6.81 

6.84 
7.57 

5.76 
6.69 
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pressure rises 

soltiewhat, resu 

pt=ess8P,  which 

i h i s  increase 

Lhrough t h e  he 

I 

slightby and the average c.c)nd~nser tenperatare drops 

t i n g  in a decrease in the pressure ratio across @he com- 

resu l t s  in an  increase in compressor m s s  flaw r a t e .  

s obvious!y always less than the l eak  r a t e ,  SO the f low 
t exchangers and expansion valve i s  always reduced by 

refrigerant leakage in the reversing valve. 

For a systiem w i t h  flooded ewapesrat.sr operat ion the assumptian of  

constant compressor suct ion superheat i s  P E S S Q ~ I J ~ I ~  f o r  moderate leak 
rates.  For air canditisning S ~ F V ~ C ~ ,  where the evapora%or is not f iosd- 

ion of fixed compressor suction superheat i s  ~ ~ ~ e ~ h a ~  

e woul41 expect the expansion device to m a i n t a i n  constant 

evaporabor exit slaperheak and t h a t  as t h e  leak r a t e  increase 

pressor suct ion superheat wczerld increase d u e  bo mixing of  the relatively 

c o l d  stream enter ing tihe accumulator wibh the hot gas leaking f rom the 

compressor discharge st.ream, While the l o g i c  o f  %he ORML code is based 

on fixed compressor suct ion conditians, we can simulate this operating 

mode by varyin 

constant evaporator exit sadpsr$rea%. This method is high ly  iterative and 

only a single  example, high capacity cool ing  at 95°F was considered. 

The results are shown in 'Table 7-28. As expected, the effect af  leakage 

i s  greater khan far the fixed compressor suction superheat case, but 

remains rela%ively s m a l l .  

%he amount o f  campressor sucbion superheat to 

A 5% leak r a t a  reduces capac i ty  and EER by 

7.5 FIN ~ ~ ~ T € ~ ~ A ~ ~ ~ ~  EFFECTS 
r he ORNL code u t i  I izes t he :  Msquistan' correlation f o r  air side 

heat  t r a n s f e r  i n  plabe-finwed-tube ais-ts-refrigerant heat  exchangers 

with smooth fins and adds c o r r e c t i o n  factors f o r  wavy and louvered f i n s .  

'These co r rec t i ons  a r e  in the f o r m  of a constant muDtiplying factor which 

is independent sf heat exchanger gesmetry or a i r  properties. 

side bee$ t rans fe r  coefficienk i s  rnu!%ipl ied by 1.45 f o r  wavy fins3 or  

1.75 f o r  louverad fins.4 

corrugated fins a l s o  generakes a correction f a c t o r  which is applied to 
t h e  srinoath fin correlation, which i n  t u r n  i s  a funct ion  o f  both heat  

exchanger geometry and s i r  v e l o c i t y  gncl t ranspor t  properties. 

The a i r  

The: corre?ation added by Westinghouse f o r  

7-44 



Table 7-28 

Compressor 
Mass Flow, I b / h r  
Power I n p u t ,  Watts 
Heat  Loss, B t u / h r  
I n  I e t  Pressure,  p s i  a 
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  Etu/ lbm 

L i n e  & Revers ing  V a l v e  
P ressu re  drop,  ps i  
Heat  T r a n s f e r ,  B t u / h r  

Condenser 
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
Inlet Superheat, deg F 
I n l e t  Enthalpy,  B t u j l b m  
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Subcool ing,  deg F 
E x i t  En tha lpy ,  B tu / l bm 

Evapora to r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Q u a l i t y  
I n l e t  Enthalpy,  Btu/ lbm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  B tu / l bm 

L i n e s  & Revers ing  Va lve  
P ressu re  Drop, ps i  
Heat  T rans fe r ,  E t u / h r  

Capaci ty ,  B tu /h r *  
EER, Btu/W-hr** 

T e s t  111 High  Capac i t y  Coo l i ng  0 95 Deg F 
Ranco #26 Revers ing  Va lve  

F i x e d  Evaporator  E x i t  Superheat 

No 1% 22 52 10% 
Leak Leak Leak Leak Leak 

722.7 
4332 
3992 
88.5 
63.6 
10.0 

110.2 
281.6 
176.4 
53.4 
125 - 2 

723.3 
4330 
3990 
88.7 
64.4 
16.8 
110.4 
281.0 
176.8 
64.0 
125.3 

725.8 
4341 
4000 
89.0 
55.6 
11.8 
110.6 
286.6 
176.5 
64.8 
125.4 

733.5 
4334 
3993 
89.9 
58.7 
14.2 
111.1 
279.5 
177.9 
56.6 
125.8 

746.6 
4381 
4837 
91.6 
64.5 
19.0 
112.0 
277.5 
181.5 
80.7 
126.6 

9.27 9.27 9.31 9.43 9.64 
36.4 941.3 1856.4 4648.6 9476.8 

272.3 
173.5 
64.1 
126.1 
269.7 
113.6 
6.0 
43.6 

110.1 
58.6 
8 .209 
43.6 
93.6 
65.2 
8.4 

110.2 

271.7 
173.9 
54.7 
126.3 
269.1 
113.4 
5.0 
43.6 

109.9 
66.6 
0.209 
43.6 
93.7 
55.4 
8.5 

110.2 

271.3 
174.8 
55.6 
125.4 
268.7 
113.4 
5.0 
43.6 

109.9 
66.5 
0.290 
43.5 
94.0 
56.6 

8 - 5  
115.2 

278.0 
175.9 
57.2 
125.7 
267.6 
113.0 
5.0 
43.4 

110.1 
66.6 

0.207 
43.4 
96.0 
66.2 
8.6 

110.3 

267.9 
179.6 
61.5 
126.6 
265.5 
112.4 
6.0 
43.2 

110.3 
56.7 
0.204 
43.2 
96.6 
67.0 
8.4 

110.4 

5.10 5.07 5.88 5.03 4.97 
14.5 920.0 1835.0 4626.4 9452.9 

48128 47724 47429 46583 46041 
11.11 11.02 10.93 10.76 10.28 

* Not  c o r r e c t e d  f o r  b iower  work and compressor losses 
** Does n o t  i n c l u d e  fan ,  b lower  and c o n t r o l  power 
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Two independent carrelations a r e  used by %he QRNL code for air--  

side pressure drop i n  p l a t e - f i n n a d - t d ? e  heat  exchangers. The f i r s t i  

(from Reference 2) i s  used exclusivaly f o r  smooth fins. The second i s  

used f a r  wavy and Souvsred f i n s .  The correlation used far louvered fins 

is the wavy din c o r r a i a t i s n 5  wi%h a cawstant multiplying f a c t o r  o f  1,1 

applied. The house correlatFon f o r  corrugated f i n s  generates a 

m u l t i p l y i n g  factor which i s  appl ied to t h e  srnoalh fin correlation. 
m u l t i p l y i n g  fac tor  i s  a functisp of the number o f  f i n  pat te rns  per tube 

row in the a i r  f l o  

velocity at the coil  i n l e t .  

4 

T h i s  

direction, the fin p a t t e r n  depth and the air 

To determine the sensitivity of the modei t s  the type of  fin 
p a t t e r n  selectad, t h e  pro ram was r u n  with a l l  four 0 %ions for two 

cases, high cap city heating at 47°F a erature  and high capac- 

ity cooling at 95°F ambient temperature. For the corr-ugatad f i n  pattern 
cases the actual f i n  geometry of two patt.esns per tube row w i t h  a p a t -  

tern depth o f  Q,Q4 in. was used, The $arms wavy f i n  and corrugated f i n  

have been applied to dis t ingu ish  the ow L modal (wavy f ins ) ,  which 

assumes fixed m u l t i p l y i n g  factbars for f i n  pat te rna t ion ,  f rom the Yest- 

inghsuse model (corrugated f ins) ,  which ca lcu la tes  the multiplying 

fact ior  as a function of f i n  gsaarnstxy, sir proper%ies, and air side 
ve lac i ty .  The fin patbtesn used i n  the single f i n  model tes'ts is similar 

to t h e  "wavyR p a t h e r n  used by tihe two ! e  

refrigerant heat exchangers. However, on t commonly used 

#wavy% patkerns has three patterns per t,ubs row with a pattern depth of 

0.038 in., giv ing  a greater increase in both air side h a a t  transfer and 

air s ide  pressure drop than  the f i n  patbarn used i n  the prepra to type .  

pllers of  a i r  to 

L report' does not  g i ve  data; led informakisn on the f i n  
used as a basis f o r  the multiplying factors  used. 

The sesaall;s f o r  the, high capac i ty  heating ease are presented i n  
ooth f i n  ease gives %he lowsst capacity 

and COP and the louvered fin case tibe highest. 

ed for the corrugat,ed f i n  case was higher than far the smooth f i n  case, 
The performance predict- 
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T a b l e  7-29 T e s t  103 High  Capac i t y  H e a t i n g  0 47 Deg F 
Ranco 826 Revers ing  Va lve  

T e s t  Smooth Wavy Louvered Corrugated 
F i n s  F i n s  F i n s  F i n s  

Compressor 
Mass Flow, Ibm/hr 
Power I n p u t ,  Watts 
Heat  Loss, B t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  Enthalpy,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, dag F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  B tu / l bm 

L i n e s  81 Revers ing  Valve 
Pressu re  d rop ,  p s i  
Heat  T r a n s f e r ,  B t u / h r  

Condenser 
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  En tha lpy ,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Subcool ing,  deg F 
E x i t  Enthalpy,  Btu/ lbm 

L i n e s  & Accumulator 
P ressu re  Drop, p s i  
Hea t  T rans fe r ,  B t u / h r  

Expansion Va lve  
I n l e t  Pressure,  psi. 
X n l e t  Temperature, deg F 
I n l e t  Subcool ing,  deg F 
I n l e t  Enthalpy,  B tu / l bm 

Evapora to r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  q u a l i t y  
I n l e t  Enthalpy,  Btu/ ibm 
E x i t  Pressure,  p a i a  
E x i t  Temperature, deg F 
E x i t  Q u a l i t y  
E x i t  En tha lpy ,  B tu / l bm 

L ines,  Revers ing  Va lve  

P ressu re  Drop, psi  
Heat  T rans fe r ,  B t u / h r  

H e a t i n g  Capaci ty ,  Bbu/hr 
C o e f f i c i e n t  o f  Performance** 

,k Accumulator 

532.2 
3565 
2032 
66.8 
28.4 
0.6 

107.1 
239.8 
170.9 
61.3 
126,8 

514.7 
3562 
2086 
66.2 
27.9 
0.8 

157.1 
249.9 
177.1 
84.4 
126.7 

530.1 
3515 
2040 
67.1 
28.6 
0.6 

107.2 
241.6 
172.0 
61.9 
126.0 

537.1 
3508 
2035 
67.6 
29.0 
0.6 

107.2 
238.5 
170.2 
61.8 
125.7 

619.2 
3551 
2060 
66.5 
28.1 
0.6 

107.2 
247.7 
175.7 
63.7 
128.6 

6.49 5.55 5.96 6.16 6.82 
651.2 43.2 4p1.8 40.3 42.6 

233.3 
163.8 
58.3 
124.6 
231.6 
93.9 
13.1 
37.4 

244.4 
175.8 
64.7 
126.7 
242.9 
97.5 
13.1 
38.6 

235.6 
170.5 
62.3 
126.9 
233.9 
94.7 
13.1 
37.6 

232.3 
160.7 
61.5 
125.7 
230.5 
93.6 
13.0 
37.3 

242.0 
174.3 
64.0 
126.5 
240.4 
96.7 
13.1 
38.2 

? 1.83 1.93 1.98 1.86 
6912 7287 6923 6828 7191 

? 241.0 231.9 228.6 238.8 
60.3 49.8 50.6 60.1 60.8 

? 80.2 66.6 55.3 69.2 
24.4 24.3 24.5 24.6 24.4 

77.6 
36.0 
0.050 
24.4 
74.0 
33.4 

0.852 
94.6 

73.2 
32.8 
0.056 
24.3 
71.1 
31.2 

0,837 
93.0 

74.4 
33.7 
0.056 
24.6 
72.1 
32.0 

94.1 
0. a49 

75.8 
34.1 

0.866 
24.8 
72.7 
32.4 

0.853 
94.5 

73.6 
33.1 

0.056 
24.4 
71.4 
31.4 
0.840 
93.3 

7.23 4.86 5.05 5.13 4.91 
6652 7306 6939 6846 7209 

* No& c o r r e c t e d  f o r  b lower  work and compressor losses 
** Does n o t  i n c l u d e  fan ,  b lower  and c o n t r o l  power 
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but; lower khan the  avy and louvered f i n  cases. The calculated heat  

t r ans fe r  m u l t i p l y i n  

the  condenser and 1.09 f o r  t he  evaporaksr. 

test;%, t h e  f i n s  were heated and no condense 

the  absence of  data f o r  wet f i n s ,  it has be 
m u l t i p l y i n g  f a c t o r s  f o r  a i r  side heat t r ans fe r  and pressure drop are  the  
same f o r  wet and dry fins. 

capaciky and COP i s  best  for t he  corrugaSed and wavy f i n  cases, which 

a t t e s t s  t o  t h e  accuracy o f  %he B 

f ac to rs  f o r  the carrisgated f i n  case were 1.10 f o r  

In t e s i n g l e  f i n  model 

moistasre was present. In 

The match between predic ted and measured 

The r e s u l t s  f o r  the h i g  c i b y  cooling case, summarized i n  

Table 7-30, f o l l o w  the  same pat tern  as t he  heating results w i t h  t he  

smooth f i n  case g i v i n g  %he lowest capacity and EER and the  louvsre?d f i n  

case tho  highest;. The performance o f  t he  corrugate f i n  case i s  higher 

than the smooth f i n  case and lower than %he wavy f i n  case. 

l a t e d  heat transfer m u l t i p l y i n g  fac to rs  f o r  the corrugated f i n  ease were 

1-08 f o r  t h e  con ensei- and 1.10 f o r  the  eva orakor .  As i n  the  case of 

t he  heating tests, the m u l t i p l y i n g  fac to rs  f o r  wet f i n s  have been 

assumed t o  be the  same as f o r  dry  fins since no web f i n  data were avail- 

able. 

measured capacity and EER. 

The calcu- 

The corrugated an wavy f i n  cases g i v e  the best match ts the 

The predicke values o f  a i r  pressure drop f o r  t he  four d i f f e r e n t  

els are  shown in Table 7-32" The indoor u n i t  pressure drops are  

based On a duct d i a  ekes DDUCT o f  8.6 inches and a house heating load 
FIXCAP o f  42000.0 BtauJhr i n  all! cases. I% i s  i n te res t i ng  to note t h a t  
due t o  the  use o f  di f fe rent  correlations for smooth f i n s  and wavy and 

louvered f i ns ,  the predic ted a i r  pressur-a drops f o r  the wavy and 

louvered f i n  cases are  less than f o r  the smooth f i n  cases, an obvious 

inconsistency. The ca l cu la te  a j r  pr-essarra drop m u l t i p l i e r s  f a r  t he  

corrugated f i n  i n  the  high capacity heating mode were 1.40 f o r  t he  con- 

denser and 1.44 f o r  the evaporator. 

wi th a corrugated f i n ,  t he  calculated a i r  pressure drop m u l t i p l y i n g  

fac to rs  were 1.42 f o r  the evaparakor and 1.43. f o r  %he condenser. 

I n  the h i g h  capacity coo l ing  mode 
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Table 7-30 T e s t  111 H i g h  Capac i t y  C o o l i n g  Q 96 Deg F 
Ranco 828 Revers ing  Valve 

Compressor 
Mass Flow, I b / h r  
Power I n p u t ,  Wat ts  
Heat  LOSS, B t u / h r  
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, dsg F 
I n l e t  Superheat, dsg F 
I n l e t  En tha lpy ,  B tu / l bm 
E x i t  Pressure,  psFa 
E x i t  Temperature, deg F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  Btu/ lbm 

L i n e  8: Revers ing  V a l v e  
P ressu re  drop,  psi 
Hea t  T r a n s f e r ,  B t u / h r  

Condenser 
I n l e t  Pressure,  p s i a  
I n l e t  Temperature, deg F 
I n l e t  Superheat, deg F 
I n l e t  En tha lpy ,  B tu / l bm 
E x i t  Pressure,  p s i a  
E x i t  Temperature, deg F 
E x i t  Subcool ing,  deg F 
E x i t  Enthalpy,  B tu / l bm 

Evapora to r  
I n l e t  Pressure ,  p s i a  
I n l e t  Temperature, deg F 
I n l r t  Q u a l i t y  
Inlet Enthalpy,  B tu / l bm 
E x i t  Pressurm, p s i a  
Exit Temperature, dsg F 
E x i t  Superheat, deg F 
E x i t  Enthalpy,  Btu/ lbrn 

Lines &r Revers ing  V a l v e  
P ressu re  Drop, p s i  
Heat  T r a n s f e r ,  B t u / h r  

Capaci ty ,  B t u / h r *  
EER, Btu/W-hr** 

T e s t  Smooth Wavy Louvered Cor ruga ted  
F i n s  Fins F i n s  F i n s  

736 - 8 
4389 
3767 
88.7 
44.8 
1.1 

108.6 
278.9 
183.8 
42.4 
122.7 

721 -8 
4327 
3988 
87.7 
44.1 
1.1 

108.8 
287.1 
188.9 
45.4 
123. 6 

741.8 
4 308 
3968 
89.2 
45.1 
1.1 

108.7 
282.1 
186.2 
44.1 
123.1 

748.1 
4294 
3957 
89 .6 
46.3 
1.1 

108.7 
280.1 
166.2 
43.8 
123.0 

727.5 
4350 
4008 
88.2 
44.4 
1.1 

108.6 
286.0 
168.7 
45.6 
123.5 

9.83 8.83 9.41 9.61 8.98 
1296.6 33.9 32.6 32.9 33.6 

269.1 278.3 
163.7 187.0 
36.3 46.0 
120.9 123.6 
286.3 275.7 
113.2 116.9 
4.4 4.4 
43.6 44.4 

lag. 8 
56.4 

5.204 
43.2 
92.5 
47.0 
a.9 

108.7 

109.6 
58.3 
0.219 
44.4 
92.7 
46.3 
0.0 

108.8 

272.7 
164.2 
44.7 
123 1 
269.9 
114.2 
4.6 
43.8 

211.7 
67.5 

0.209 
43.8 
94.3 
47.3 
0.0 

108.8 

270.6 
163.1 
44.3 
122.9 
267.7 
113.6 
4.4 
43.6 

112.4 
57.9 

0.208 
43.6 
94.8 
47.6 
0.0 

108.7 

277 .0 
166.7 
46.0 
123.6 
274.4 
115.6 
4.4 
44.2 

110.2 
58.7 

B. 217 
44.2 
93.2 
46.6 
0.0 

108.6 

3.82 4.97 5.14 6.19 5.82 
57.9 14.4 14.1 13.5 13.8 

48247 46348 48097 48689 46809 
11.0 10.7 11.2 11.8 10.8 

di N Q t  c o r r e c t e d  f o r  b lower  work and compressor losses 
+* Does not i n c l u d e  fen,  b lower  and c o n t r o l  power 
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Table 7-31. Predicted Air Pressure Drops i n  Inches o f  H20 

Smooth Wavy Lcmwerad Carrcgated 
Fins FE n r  Fins Fins 

High Capacity Heating t2 47°F 
Condenser Side (1) 0 rn 676 0 I6493 0.6584 0 7170 

Evaporator Side 0.0558 0.0610 0 t 0800 

High Capacity Cooling 0 
Condenser Side 0,0537 0.0454 0.04 0.8764 

0 6690 0 7380 0.7580 0.7280 &vaporstar- S i  de (1) 

(1) Includes pressure drop in ductwork, cabinet,  e t c .  D 
i nches, FEXCAP = 42,000 
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8 .  SUMMARY 

The primary ob jec t ive  o f  t h e  ORNL heat pump performance computer 

code i s  t o  provide t h e  user w i t h  a rap id  and economical means o f  pre- 

d i c t i n g  t h e  approximate performance o f  a heat pomp or  a i r  condi t ioner  o f  

a given conf igura t ion  p r i o r  t o  const ruct ing and t e s t i n g  a prototype. 

The p o t e n t i a l  f o r  s i g n i f i c a n t  savings i n  t ime and money is obvious. 

The code i s  a lso h igh ly  useful  f o r  const ruct ing a complete per- 

formance map for a given system from a I i m i  ted number o f  t e s t  po ints .  

This a b i l i t y  i s  p a r t i c u l a r l y  useful i n  prov id ing a da ta  base f o r  methods 

o f  p red ic t ing  seasonal and annual performance o f  heat pump and a i r  con- 

d i t i o n i n g  systems. 

The code has proven h igh ly  s u i t a b l e  f o r  performing both o f  these 

Under most operat ing condit ions, it can p r e d i c t  t h e  capacity and tasks. 

energy e f f i c i e n c y  o f  a proper ly defined system wi th  an accuracy 

approaching t h a t  o f  the  laboratory methods used t o  measure these param- 

e te rs .  

operat ing parameters o f  the  r e f r i g e r a t i o n  cyc le  t h a t  i s  s u f f i c i e n t l y  

accurate to a i d  i n  r e f i n i n g  and opt imiz ing a system wi th  respect t o  a 

given set of  ob ject ives.  

I n  addi t ion,  the  code provides a de ta i led  p r e d i c t i o n  o f  t h e  

The add i t ion  o f  models f o r  p r e d i c t i n g  the  e f f e c t s  o f  reversing 

valve r e f r i g e r a n t  pressure drop, heat t rans fer  and in te rna l  leakage, 

suct ion 1 ine accumulator r e f r i g e r a n t  pressure drop and in te rna l  heat 

l transfer and o f  f i n  pa t te rna t ion  on a i r  s ide  heat t r a n s f e r  and pressure 

drop has enhanced t h e  accuracy and f l e x i b i l i t y  o f  t h e  code without 

s a c r i f i c i n g  Iuser  f r i e n d l i n e s s #  to a s i g n i f i c a n t  degree. 

addi t ional  user supplied input  parameters i s  minimal and t h e  added 

features are a l f  op t iona l .  

The number o f  

The v e r i f i c a t i o n  phase of the p r o j e c t  s i g n i f i c a n t l y  increased 

our canfideoce 'en t h e  a8biP'a-h of  t h e  code to accurately p r e d i c t  system 
rq ambient temperatures where the  bulk  o f  

8-1 



system operation occurs. 

temperatures in the heating mode and very high temperatures in the cool- 

ing mode, the accuracy o f  the model declines for cases using the 

based compressor mode!, primari i y  due to inaccuracies in the mass flow 

and power input curve fits near the limits of the input d a t a .  The 
accuracy of  the program can be improved far these cases by relakively 
minor changes in the code o r  in t he  method o f  application. I n  particu- 

l a r ,  the substibution of map-based compre sot- model wi%h a larger number 

of parameters, such as the model used by ause which uses nine 

coefficients in place of the s i x  used by ti model, would a l l o w  

more accurate matching of bhe compressor characteristics over a wider 

range of operating conditions. Alternately, the existing map-based 

A t  ambient temperature extre 

ode! could be used with multiple sets o f  coefficients for various 

operating regimes. 

The refrigerant pressure drop, heat transfer, and internal leak- 

age associated with the reversing valve have a significant impact on 

system perf or anee and energy efficiency. The addition of  these models 
significantly improves the ability of the code to predict heat pump 

performance. 

The addition of the suction line accumulator heat transfer and 

pressure drop model significantly inn roved the abi Iity of  the code tm 

predict the thermodynamic cycle p 0 i n  s of the Westinghouse/DQE advanced 

electric heat pump in the heating node. However, the mpact on system 
capacity and energy efficiency are relatively small an 

a conventional accumulator, wi thou t  a n  internal heat exchanger, accumu- 

lator effects can be ignored wibhotit significantly compromising t he  

accuracy of the results. 

for systems w i t h  

The addition of the models f o r  predicting the effects of  the 

corrugated fin pattern on air s ide  h e a t  transfer and pressure drop make 

the model more flexible and realistic, s ince  patterned fins are far more 

common than smooth fins i n  the industry and patternation significantly 
influences both a i r  side heat transfer and a i r  side pressure drop. 

Table 8-1 compares $he measured performance of %he prepratatype 
advanced electric heat pump w i t h  the pred ic ted  performance using the 
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Table 8-1. Comparison o f  Measured and Predicted Performance 
w i t h  Ranco #26 Reversing Valve w i th  leakage 

Ambient Valve Measured Predicted 
Temp. Leakage Capacity Capacity Error  Measured Predicted 
"F x B t u j h r  B tu jh r  5s COP COP Error  

High Capacity Heating 

47 2.0 46408 46306 0.2 3.81 3.86 1.3 
17 5 .O 25860 27053 4.6 2.78 2.97 6.8 

Low Capacity Heating 

47 2 .o 29368 28530 2.9 4.45 4.41 0.9 

High Capacity Cooling 

95 1 .o 48247 47730 1.1 3.22 3.19 0.9 

Low Capacity Cooling 

82 1 .o 37363 33574 10.1 5.22 4.67 10.5 

modeling parameters which, i n  our opinion, g i v e  the best  overa l l  match 

t o  the  measured performance of the  cases invest igated i n  d e t a i l ,  t h e  

Ranco 426 reversing valve, w i th  t h e  approximate leakage ra tes  pro jected 

i n  Table 7-24 and a wavy f i n  pat tern.  

f o r  the  heat ing runs and was not included i n  the  cool ing runs. 

comparison was completed p r i o r  t o  the  implementation o f  t h e  corrugated 

f i n  model and p r o j e c t  resources d id  no t  permit  a f u l l  evaluat ion o f  the  

corrugated f i n  model, which may g ive an b e t t e r  match between predicted 

and measured performance than t h e  wavy f i n  model. 

The accumulator model was used 

This  

This combination of modeling parameters r e s u l t s  i n  an exce l len t  

match between predic ted and measured performance i n  the  both heat ing and 

cool ing modes a t  t h e  A R I  r a t i n g  condit ions, 47°F outdoor ambient tem- 

perature heat ing and 5°F outdoor ambient temperature cool ing.  Both 
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capaciky and COP are predic ted wi th  a accuracy well w i t h i n  the  experi- 

mental e r r o r  l i m i t s  permi t ted by the  ART rating metha 

For t he  h igh capacity heating mode a t  17°F outdoor ambient 

temperature, t h  predicted capacity and COP are higher than the measured 

values. As noted i n  Sect ion 7.2-1, %his discrepancy i s  p r i m a r i l y  due to 

t he  d i f f e r e n c e  between the  measured r e f r i g e r a n t  mass f l o w  s a t e  and the  

mass flow r a t e  predicted by the map based compressor model at high 

pressure ratios. 

I n  the  low capacity coaling mode a& 82°F ~ ~ ~ i ~ ~ t  temperature the  

predic ted coo l ing  capacity and COP exceed $he 8(8181¶?5 by 10% t o  

. Most o f  t h i s  discrepancy i s  due t o  %he map based compressor model. 

The map based 
dual-stroke compressor i n  the  low capacity made. The la rge clearance 

volume sf t he  dual-stoke compressor i n  the  low capacity mode results i n  

cha rac te r i s t i cs  which are  no t  typical of  reciprocating campressors and 

are  d i f f i c u l t  t o  represent mathematically. 

the  evaporat.or e x i t  superheat deduced from t he  test data  was less than 

1°F and due t o  the  accuracy l i m i t a t i o n s  o f  tihe instrumentation, t he  

actual evaporator exit con ib ions may have been s l i g h t l y  wet. If t he  

ewaporatcsr e x i t  condi t ions were we%, the actual capacity and COP wsuld 
be less than t h a t  ca lcu lated assuming a low level  o f  superheat;. 

ode! dses not  accurately match t he  performance o f  %he 

It s h o u l d  a l s o  be noted t h a t  
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9 .  CONCLUSIONS 

1. 

2. 

3 .  

4 .  

The pressure drop and heat t rans fer  i n  the  r e f r i g e r a n t  reversing 

valve has a s i g n i f i c a n t  impact on t h e  capacity and energy e f f i -  

ciency o f  heat pumps. The ana ly t i ca l  reversing valve model 

p r e d i c t s  a loss i n  heat ing capaci ty o f  1.5 to 5.0% and a reduc- 

t i o n  i n  COP o f  0.5 t o  2.5% i n  t h e  high capaci ty mode. 

empir ical  model p red ic ts  a capacity reduct ion o f  5.0 t o  9.02 and 

a COP reduct ion o f  1.5 t o  6.0% i n  the h igh capaci ty heat ing 

mod0. For t h e  high capaci ty cool ing mode the  ana ly t i ca l  model 

p r e d i c t s  a loss o f  both capaci ty and COP o f  1.0 t o  4.0%. The 

empir icai  model p red ic ts  a capaci ty loss o f  7 t o  8% and a reduc- 

t i o n  i n  COP o f  2.5 t o  3.5% f o r  the  high capacity coo l ing  mode. 

The 

I n  t h e  range o f  ambient temperatures where t h e  bulk o f  heat pump 

operation occurs, reversing valve r e f r i g e r a n t  pressure drop on 

the  compressor suct ion s ide  has a greater inf luence on system 

performance and e f f i c i e n c y  than h igh s ide  pressure drop, i n t e r -  

nal and external  heat t rans fer  and in te rna l  r e f r i g e r a n t  leakage. 

A t  extreme operation condi t ions (low temperature heat ing and 

high temperature cool ing), where r e f r i g e r a n t  f low rates are low, 

i n te rna l  heat t rans fer  i n  the  reversing valve has a s i g n i f i c a n t  

in f luence on system performance. 

I n t e r n a l  r e f r i g e r a n t  leakage i n  t h e  reversing valve has a minor 

impact on system capacity and energy e f f i c i e n c y  when the  valve 

funct ions proper ly  and t h e  leakage r a t e  i s  1 t o  2% of  t h e  t o t a l  

r e f r i g e r a n t  f low.  
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5. If the reversing v a l v e  operates at large pressure ratios, or  is 

defective o r  worn so than the leakage rate exceeds 5 

total refrigerant f low,  system capac i ty  and efficiency are com- 

ised. For the preprototype unit operating in the high capa- 
city heat ing de a% 6"F, the projecte reversing valve leak 

rate exceeds of the compressor ass f l o w  rate, assuming a 2 
leak rate at 47°F ambient temperature. 

6. If a flssded evaporator systm~ w i t h  an internal heat exchanger 

in the accumulator is used, the heat transfer effects must be 
modeled to obtain an accurate predict 

cycle points. 

7. The impact of the suction Dine accu 

on o f  the refrigerant 

a t o r  on overall system 

capacity and energy efficiency is small. 

8 .  It i s  difficult to representi $he performance of a reciprocating 
ressor over a wide range o f  operating con itions using a 

single curve f i t  and t he  use of multiple curve f i t s  or  a table 

look-up approach should be considered. 

9 .  Them appear to be inconsistencies between the air side pressure 
drop carrelations used for smooth fins and for wavy and louvered 

fins that should be investigated. 

18. L code provides accurate predictions o f  heat pump and a i r  

andre for most operating conditions, 

is highly flexible and re lat i ivs ly  Ruser friendly.n 
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12. NOMENCLATURE 

Symbo I 

At 

A I  

A2 

A3 

A4 
b 
81 

82 
83 
84 
85 
B6 

'Pr 
CO 
COQ 

CO1 
602 
c10 
C1P 
c12 

c20 
c21 
c22 

Mean i ng 

Heat t rans fe r  area per u n i t  length of  tub ing i n  
the  suc t ion  f ine accumulator 

Constant term i n  revers ing valve pressure drop 
curve f i t  
Exponent i n  revers ing valve pressure drop curve 
f i t  
eonstant term i n  revers ing valve heat leak curve 
f i t  
Linear term i n  revers ing valve heat leak curve f i t  
P l a t e  spacing 

Second order term i n  compressor mass f low r a t e  
curve f i t  
Linear term i n  compressor mass f low r a t e  curve f i t  
Second order term i n  compressor mass f low r a t e  curve 

Linear term i n  compressor mass f l ow  r a t e  curve f i t  
Second order term i n  compressor mass f l ow  r a t e  curve 

Constant term i n  compressor mass flow r a t e  curve f i t  
Ref r igeran t  liquid s p e c i f i c  beat 

Constant term i n  compressor mass f l ow  r a t e  curve f i t  
Constant term i n  compressor mass f l o w  r a t e  curve f i t  
l i n e a r  term i n  compressor mass f l ow  r a t e  curve f i t  
Second order term i n  compressor mass f low r a t e  curve 

Canstant term i n  compressor mass f low r a t e  curve f i t  
L inear  term i n  compressor mass f l ow  r a t e  curve f i t  
Second order term i n  compressor mass f low r a t e  curve 
f i t  
Constant term i n  compressor mass f l ow  r a t e  curve f i t  
l i n e a r  tcerrn i compressor mass f l o w  r a t e  curve f i t  
Second or4:c;. % w m  i n  compressor mass f l ow  r a t e  curve 

Un i t s  - 
f t  

ps i 

dimensionless 

Btu/hr 

Btu/hr-"F 

f t  
I bm/hr-"F 2 

I bm/hr-"F 
I bm/hr-"f 2 

I bmlhr-"F 
I bm/hr-"F 
I bm/hr 

Btujlbm-"F 

I bm/hr 

I bmjhr 

Ibm/hr-"F 
I bm/ h r -' F2 

2 

bm/ hr -* F 
bm/ h r - " F2 
h /h r - "F3  

bm/ hr -" F2 
I bm/ hr- " F3 
I bm/ hr - " F4 
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% 
k 

Lt 

Mleak 
FA 

P 
'd i f  

r 

pdV 

Qa, 

Rho, 

Rhos 

V 9  I 

aa T 

c 
T 

CO 
4 

cx -r 
e T 

ex 4 

TV i 
0 

U 

ao w 

Gravitational acceleration 

Plat43 flow length 
Length af tubin 
Refrigerant leakage ra%e 

Refrigerant mass f l a  
Refrigerant akssluta viscosity 

Pressure dif ference 

Reversing va lve  low side refrigerant pressure drop 
Suctian line accumulator heat flux 
Reversing valve intern 

Average refrigerant density 

inlet density 

Accumulator low pressure side refrigerant exit 

i n  accumulator heat exchanger 

Roversing v a l v e  low ressure side refrigerant 

w a n t  saturation temperature 
Compressor exit refrigerant t e ~ ~ e ~ ~ t u ~ ~  

Condenser exit refrigerant temperature 

Compressor suction refrigerant saturation 
&emperature 

Evaporator exit refrigerant temperature 

Expansion valve inlet refrigerank temperature 

ficient of suction line 

Pla te  width 
eighted average number of refrigerant circuits for 
indoor coil 

Weighted average number of refrigerant circuits f o r  
outdoor cail 

2 Ibm-ft/lbf-sec 

ft 

f t  

I bm/sec 

Ihm/ft-sec 

I bf/sq ft 

ps i 
13t;ufhr 

Btu/hr 
Ibm/cu f t  
Ibm/rcu f t  

I bm/hr 

"F 

"F 
"F 
"F 
"F 

Btu/hr-sq f t - " F  

ft 

dimensioniess 

dimensionless 
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APPENDIX A 

REVERSING VALVE HEAT TRANSFER 
AND PRESSURE DROP 
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May 1978 Date 

l o :  (see attached - distribution list) 

-- 

: i n r l ~ ' o t .  the f o l l w  ing tloc~iirnents tlcscr-ibing the above or other  computer  p rograms :  

Fic~seal-ch Propr ie ta ry  
....I-I No * A u th 01- - 'I' i tle Class 

78-1E9-HPUMP-RL Hogan, M. R. "A Mathematical Model of a Heat 2 
pump Reversing Valve" 

If JVU wish t u  send this rnntcrial  outside of Westinghouse, you niust  obtain approval 
f rom the Supervisor, Computer Center .  This approval  wilt be in accordance with 
the policy set f o r t h  in C h a i r m a n ' s  1,ettei' No.  3 dated August 11, 1969. F o r  p u r -  
puscs of t h i s  policy, the Rcscarch Ia.boraturies cons iders  th i s  program to be in 

C' lass A .t 
(A ,  B,C,  or D )  

~ e n c ~ e r  M e  R. Hogan 

flddrcss Fluid Sys. Lab. Phone WIN 556-1634 

* Oiic c-opj. of  this sheet must  accompany cvcry copy of the program o r  document 
trnnsa-nitted outside the  Hesearch Labs. In addition, send one copy to E. J, 
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HEAT PUMP M V E R S I N G  VALVE 

M .  R.  Hogan 
Heat T r a n s f e r  and F l u i d  D y n a m i c s  

ABSTRACT 

The h e a t  t ransfer  between t h e  h igh  and low p r e s s u r e  c i r c u i t s ,  

t h e  s t a t i c  p r e s s u r e  l o s s  of both  p a t h s ,  and t h e  n a t u r a l  convec t ion  

hea t  l o s s  f o r  t h r e e  geomet r i ca l ly  similar r e v e r s i n g  valves i s  modeled. 

Performance p r e d i c t i o n s ,  f o r  pa rame t r i c  v a r i a t i o n s  of i n l e t  mass q u a l i t y ,  

as a f u n c t i o n  of r e f r i g e r a n t  f l o w r a t e  are inc luded .  The e f f e c t  of a 

change i n  r e t u r n  bend thermal  conduct iv icy  on v a l v e  performance i s  a l s o  

examined. 
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A MATHEMATICAL MODEL OF A 
HEAT PUMP REVERSING VALVE 

M .  R .  Hogan 
Heat Trans fe r  and F l u i d  Dynamics 

I INTRODUCTION - 

Current  p r a c t i c e  i n  h e a t  pump c o n t r o l  r e q u i r e s  t h a t  t h e  u n i t  

swi tch  from t h e  c o o l i n g  t o  h e a t i n g  mode o f  o p e r a t i o n  qu ick ly  and auto-  

m a t i c a l l y .  This e n t a i l s  t h e  swi t ch ing  o f  t h e  r e f r i g e r a n t  condenser 

from o u t s i d e  t o  i n s i d e  t h e  a i r  condi t ioned  space, and t h e  evapora to r  

v i c e  ve r sa .  This  is accomplished i n  Westinghouse h e a t  pumps by t h e  

use of t h e  so -ca l l ed  r e v e r s i n g  v a l v e .  A schemat ic  of such a va lve  i s  

shown -In F igure  1. Note t h a t  t h e r e  are fou r  pa ths  from t h e  v a l v e ,  each 

corresponding t o  a major h e a t  pump component. For the coo l ing  mode the  

condenser  would be  o u t s i d e ,  whereas t h e  evapora to r  would be t h e  i n s i d e  

c o i l .  Upon reversal t o  t h e  h e a t i n g  mode, t h e  s l i d i n g  r e t u r n  bend would 

move, by t h e  h y d r a u l i c  a c t i o n  of a p r e s s u r e  difference a c r o s s  t h e  two 

p i s t o n s  as shown i n  F igure  2 ,  from l e f t  t o  r i g h t  as shown i n  F igu re  1. 

T h i s  would change t h e  o u t s i d e  c o i l  from a condenser t o  an  evapora to r ,  

and the  i n s i d e  c o i l  from an evapora to r  t o  a condenser .  

It was t h e  o b j e c t i v e  of t h i s  work t o  obtain a coded model of 

t h r e e  Ranco r e v e r s t n g  v a l v e s ,  des igna ted  V25, V26, and V30, f o r  in -  

c l u s i o n  i n  a l a rge ,  p r o p r i e t a r y  h e a t  pump code. S p e c i f i c a l l y ,  i t  was 

d e s i r e d  t h a t  t h e  code estimate t h e  condenser and accumulator  p o r t  e x i t  

s ta te  given t h e  r e f r i g e r a n t ,  t h e  mass f l o w r a t e ,  t he  l o c a l  ambient 

tempera ture ,  and t h e  compressor and evapora tor  p o r t  s t a t i c  p r e s s u r e .  

As a r e s u l t ,  t h e  h e a t  t r a n s f e r  between t h e  high and low p r e s s u r e  c i r -  

c u i t s ,  t h e  p r e s s u r e  losses o f  bo th  p a t h s ,  and t h e  n a t u r a l  convec t ion  

h e a t  l o s s e s  from t h e  v a l v e  body were modeled. 
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f r o m  inside coil 
or  evaporator 
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accumulator t o  outside coil 
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t o  heating 1 
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Figure 1 .  A Schematic o f  a Typical Ranco Reversing Valve. 
The Valve can be Divided i n t o  the High and Low 
Pressure Sections. The Low Side Consists o f  the 
Flow Pa th  Required t o  Direct the High Q u a l i t y ,  
how Pressure Vapor from the Evaporator t o  the 
Accumu7 a t o r .  blot, High Pressure Gas i s  Routed 

kI j p :> , 6 IT? 

e Compressor to the Condenser via the 
e.. 
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I 

Figure 2 .  A Photograph of  the Ranco V25 Reversing Valve. 
In the Foreground One Can See the P i s ton  Rings 
Across Which a Pressure Difference Forces the 
Return Bend Assembly t o  S l i d e .  Also Shown i s  
The Return Bend Sea l ing  Surface  P res s ing  
Against  the Valve Body. 

RM-75420 



11. RESULTS AND RECOMMENDATIONS 

A mathemat ica l  model h a s  been developed which p r e d i c t s  t h e  

The model r e f r i g e r a n t  e x i t  s tate from t h r e e  Ranco r e v e r s i n g  v a l v e s .  

w a s  coded i n  F o r t r a n  I V  and c a s t  i n t o  s u b r o u t i n e  form f o r  i n c l u s i o n  

i n  a l a r g e r  h e a t  pump program. 

v ided  by t h e  manufac tu re r ,  i t  w a s  p o s s i b l e  t o  e s t a b l i s h  t h e  v a l u e  o f  

an e m p i r i c a l  c o n s t a n t  n e c e s s a r y  t o  reproduce  t h e  low p r e s s u r e  c i r c u i t  

p r e s s u r e  drop f o r  100% i n l e t  mass q u a l i t y .  

are n o t  a v a i l a b l e  f o r  comparison, t h e  remaining segments of t h e  model 

appear  t o  produce r easonab le  r e s u l t s .  

For a more complete model, more a c c u r a t e  r e su l t s ,  and addi -  

A s  a r e s u l t  of expe r imen ta l  d a t a  pro- 

Although a d d i t i o n a l  d a t a  

t i o n a l  conf idence  i n  t h e  model, it is recommended t h a t  a d d i t i o n a l  ana- 

l y t i c a l  and expe r imen ta l  work b e  performed. S p e c i f i c a l l y ,  t h e  bend 

area t r e a t e d  as a d i a b a t i c  shou ld  be inc luded  as a fin conduct ing  h e a t  

from t h e  f l a t  bend s u r f a c e ;  an e x t e r n a l  bend s u r f a c e  h e a t  t r a n s f e r  coef -  

f i c i e n t  m u l t i p l i e r  should  be ob ta ined  and used i n  l i e u  of an e s t i m a t e d  

area r e d u c t i o n  f r a c t i o n ;  and t h e  bend low p r e s s u r e  s i d e  should inco r -  

p o r a t e  a h e a t  t r a n s f e r  c o e f f i c i e n t  c o r r e l a t i o n  a p p l i c a b l e  f o r  s i n g l e -  

o r  two-phase flows i n  a r e t u r n  bend. Use fu l  b u t  of less importance 

would be  p r e s s u r e  drop  measurements as a f u n c t i o n  of f low rate f o r  t h e  

h igh  p r e s s u r e  c i r c u i t .  

A- 9 



111. MODEL DEVELOPMENT 

A .  High Side  P r e s s u r e  Losses 

Examination of  F igure  2 shows t h a t  t h e  h o t  gas must e n t e r  t h e  

va lve  (from below), expand, t u r n ,  pass  through an  o r i f i c e  i n  t h e  s l i d e  

frame, and f i n a l l y  e x i t .  The process  was analyzed as a s h a r p  edge 

expansion followed by a sha rp  edge c o n t r a c t i o n .  The i r r e v e r s i b l e  

p r e s s u r e  l o s s  can,  t h e r e f o r e ,  be expressed  as t h e  sum of  t h e  two 

components, i .e . ,  

P 
APinterna l  = - cp (C1V2 + C2V2) 

2g C P  C 

where t h e  s u b s c r i p t s  cp and c denote  t h e  compressor and condenser 

p o r t s  r e s p e c t i v e l y  as shown i n  F igure  1. C 1  and C2 are t h e  c o e f f i c i e n t s  

of  expansion and c o n t r a c t i o n  and were taken t o  be 1.0 and .85 r e spec t ive -  

l y  from Reference 1. The l o s s e s  due t o  t h e  connect ion tub ing  were 

es t ima ted  from, 

-1/4 
v2 L V D  

APtubehs = c.316 (pep cp cp)  } 
g,cP 

Ft 

-114 
pc  vc DC) ] v2 L 

Ft 
{.316 ( 1 c c  

g , c  
- F C g F  

where t h e  term i n  b r a c e s  r e p r e s e n t s  t h e  smooth tube  t u r - u l e n t  fr,:tion 

f a c t o r .  S ince  Dc and D are n o t  g e n e r a l l y  e q u a l ,  as are D e’ D a s  Dc’  
CP 

t h e  v e l o c i t y  c o n t r i b u t i o n  t o  s t a t i c  p r e s s u r e  g a i n  m u s t  be computed. 

Therefore ,  



Thus,  t he  s t a t i c  p r e s s u r e  change from t h e  compressor t o  t h e  condenser 

connect ion i s ,  

APhigh s i d e  = APinterna l  4- APtube + APrise ( 4 )  

K. Low Side  P r e s s u r e  Losses  

The low slde i s  geomet r i ca l ly  s i m p l e  b u t  complicated by t h e  

presence of a two-phase mixture .  

used t o  estimate t h e  l o s s e s  may be found i n  Reference 2 .  E s s e n t i a l l y  

A complete d e s c r i p t i o n  of t h e  method 

the  l o s s  model is  based on the f a c t  t h a t ,  

where hP i s  t h e  p r e s s u r e  l o s s  computed f o r  t h e  l i q u i d  f lowing a l o n e ,  

The s u b s c r i p t  TP i n d i c a t e s  t h e  a c t u a l  p r e s s u r e  drop fo r  a two-phase 

flow. X is a parameter  which i n d i c a t e s  t h e  degree  t o  which a mixture  

behaves as a gas and is de f ined  by ,  

f 

where a g a i n  t h e  s u b s c r i p t s  i n d i c a t e  t h a t  dP/dZ would be c a l c u l a t e d  f o r  

the gas OK l i q u i d  flowing a lone .  I t  can be shown (Reference 2) t h a t  

f o r  a t u r b u l e n t  l i q u i d  film and gas co re  t h a t ,  
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For C i n  ( 5 ) ,  Collier2 recommends, 

Note t h a t  t h e  bend c h a r a c t e r i s t i c  d i a n e t e r  w a s  t aken  t o  b e  De. 

AP is known, t hen  by v i r t u e  of ( 7 )  and (8) the two-phase p r e s s u r e  

drop can b e  c a l c u l a t e d  v i a  (5). AP can b e  e s t ima ted  from, 

If 

f 

f 

where G is t h e  mass v e l o c i t y  and is t h e  mass f l o w r a t e  d iv ided  by the  

flow c r o s s  s e c t i o n a l  area, i .e . ,  
e 

The e q u i v a l e n t  l e n g t h  of t h e  bend i n  (9)  is an unknown which is pro- 

bably  c o n s t a n t  t o  a f i r s t  approximation.  

model va lves  of va ry ing  b u t  similar geometry, t h e  change i n  e q u i v a l e n t  

l e n g t h  w i t h  r e s p e c t  t o  t h e  radius- to-diameter  r a t i o  is  necessa ry .  

This  can  b e  e s t i m a t e d  from, 

S i n c e  it i s  d e s i r a b l e  t o  

(R/De) - 6349 

[ 3.127 I De 
Leq, r e f  

= r e p r e f  
L =  

where t h e  s u b s c r i p t  ref denotes  a r e f e r e n c e  va lue ,  and Kb a loss coef- 

f i c i e n t .  Equat ion (11) is more fully der ived  i n  Reference 3 b u t  

A-1 2 



e s s e n t i a l l y  estimates t h e  e f f e c t  of R I D  changes f o r  bends of a s imi la r  

geometry. R ,  t h e  bend c e n t e r l i n e  r a d i u s  of c u r v a t u r e ,  was taken to  be 

one-half  t h e  d i s t a n c e  between the  accumulator and evapora to r  connec t ion  

c e n t e r l i n e s .  S ince  L 

combined t o  form a s i n g l e  unknown parameter ,  t h u s ,  

and D are unknown, they can be eq ,ref 9 %ref * re€ 

C3 w a s  determined by matching t h e  low s i d e  c a l c u l a t e d  p r e s s u r e  drop 

w i t h  t h e  l o s s  d a t a  s u p p l i e d  by t h e  rnnnufacturer. It w a s  determined 

t h a t  C 3  = 100.9 allowed t h e  Ranco V30 and Q25 v a l v e s '  p r e s s u r e  loss 

performance t o  b e  f a i t h f u l l y  reproduced whereas t h e  Q26 v a l v e ' s  KID 

r a t i o  had t o  be i n c r e a s e d  20% ( f o r  C3 = 100.9) OVeK t h e  measured 

v a l u e  f o r  adequate  performance p r e d i c t i o n .  

The f r i c t i o n  f a c t o r  i n  (9) must be c a l c u l a t e d  f o r  the l i q u i d  

f lowing  a l o n e ,  t h u s ,  

which is  t h e  s a m e  e x p r e s s i o n  used f o r  s t r a i g h t  t u b e s  i n  (2). S u b s t i t u -  

t i o n  of (ll), (12), and (13) i n t o  (9) y i e l d s ,  

The two-phase. p r e s s u r e  l o s s  a t t r i b u t a b l e  t o  f low through t h e  180' bend 

(APbend ) can now be c a l c u l a t e d  by e v a l u a t i n g  ( 5 )  v i a  t h e  r e s u l t s  of 

(71, (8), (In), and (14) -  

TP 

The p r e s s u r e  l o s s e s  due t o  f low through t h e  accumulator and 

evapora to r  s t u b  connectors ran  be estimated in a manner analogous t o  



t h a t  employed f o r  t h e  bend. Equation (9)  is used as be fo re  bu t  t he  

a c t u a l  tube l e n g t h  is r e q u i r e d ,  i . e . ,  

From Reference 2 i t  is recommended t h a t  C = 20 be  employed f o r  turbu-  

l e n t  flow through tubing .  Once aga in  (5 )  i s  eva lua ted  f o r  APtube TP,Rs 

by (7)  , (15) , and t h e  above recommendation f o r  C .  The t o t a l  low s i d e  

p r e s s u r e  drop (APlow) is then  t h e  sum of  APbend and APtube T P , R s  
TP 

C.  Heat Trans fe r  Between t h e  High and Low Pressure S ides .  The 

h e a t  t r a n s f e r  between t h e  h igh  and low s i d e s  occurs  p r i m a r i l y  a t  the  

r e t u r n  bend s u r f a c e .  F igure  3 i n d i c a t e s  t h a t  t h e  h o t ,  h igh  p r e s s u r e  

compressor gas  w i l l  impinge upon the  bend s u r f a c e .  S ince  only one 

chamber ( i n  t h i s  i n s t a n c e ,  t h e  l e f t  a s  seen  i n  F igure  4) is open, t h e  

ma jo r i ty  of t h e  flow w i l l  be  d i v e r t e d  t o  one s i d e  only .  

shows t h e  c ros s - sec t ion  of a V25 s l i d i n g  r e t u r n  bend. Note t h a t  t h e r e  

i s  good thermal c o n t a c t  between the  s i d e s  o r  f l a t  s e c t i o n s  of t h e  bend 

whereas the  curved s u r f a c e s  are sepa ra t ed  by an  a i r  gap. The curved 

s u r f a c e s  were, t h e r e f o r e ,  t r e a t e d  as a d i a b a t i c  wh i l e  t he  f l a t  s e c t i o n s  

were taken as be ing  i n  p e r f e c t  thermal con tac t .  A c i r c l e  of  r ad ius  

e q u a l  t o  the  bend r a d i u s  of cu rva tu re  w a s  t h e  area ove r  which the  h e a t  

t r a n s f e r  was presumed t o  occur .  One f u r t h e r  n o t e s ,  from Figure  5 ,  t h a t  

t h e  bend s e a l i n g  s u r f a c e  o r  f l a n g e  ( t h e  metal s u r f a c e  which is p a r a l l e l  

t o  t h e  scale i n  the  photograph) is i n s u l a t e d  by t h e  nylon s l i d i n g  s u r -  

f ace .  Consequently,  one s i d e  of t h e  f l a n g e  w a s  cons idered  a d i a b a t i c  

wh i l e  t h e  o t h e r  w a s  presumed t o  be  exposed t o  t h e  compressor gas ,  

Figure 5 

Since  t h e  gas must impinge on and flow over  t h e  bend, t h e  

f i l m  c o e f f i c i e n t  f o r  t h e  f l a t  conduct ing metal pa ra l l e l  t o  t h e  f low 

w a s  modeled as a t u r b u l e n t  flow over  a f l a t  p l a t e .  Due t o  t h e  unknown 

n a t u r e  of  t h e  a c t u a l  flow f i e l d ,  t h e  c h a r a c t e r i s t i c  l eng th  w a s  assumed 

A-1 4 



Dwg. 6260A89 

Figure 3. A Photograph o f  the Ranco V25 Reversing Valve. 
In the Foreground One Can See the High Pressure 
Side o f  the S l i d i n g  Return Bend. 
Port In le t  i s  Directly Below the Bend. 

The Compressor 
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Dwg. 6260A90 

Figure 4. A Photograph o f  the Ranco V25 Reversing Valve. 
In the Foreground i s  a View o f  the Low Pressure 
Side of the Sliding Return Bend. 
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Figure 5. A Cross Sec t iona l  View o f  a V25 S l i d i n g  Return 
Bend. 
Sea l ing  Surfaces  o f  the Bend. 

The White Nylon Pads a r e  the S l i d i n g  and 
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t o  be one-half  t h e  bend r a d i u s  of c u r v a t u r e  and t h e  c h a r a c t e r i s t i c  f r e e  

stream v e l o c i t y  t h a t  of t h e  compressor d i s c h a r g e  p o r t .  

Because t h e  bu lk  of t h e  f low w i l l  be d i r e c t e d  t o  one s i d e ,  

no t  a l l  of t h e  bend f l a t  area w i l l  be  c h a r a c t e r i z e d  by t h e  h i g h  flow 

v e l o c i t y .  

t a c t  w i t h  s t a g n a n t  gas .  

h e a t  t r a n s f e r  area w a s  reduced by one - th i rd .  Th i s  w a s  a somewhat a r b i -  

t r a r y  c h o i c e ,  perhaps one-half is  b e t t e r ,  b u t  i s  an a t t empt  at a n a l y z i n g  

a d i f f i c u l t  f low f i e l d  w i t h  a s imple  model. A more complete method, 

advanced by S tewar t7 ,  t o  ana lyze  t h e  bend h e a t  t r a n s f e r  would i n c l u d e  

t h e  area t r e a t e d  as a d i a b a t i c  (because of t h e  a i r  gap) as a f i n  conduct- 

i n g  hea t  from t h e  f l a t  p o r t i o n  of t h e  bend. 

could  then  be used on t h e  f l a t  s u r f a c e  f i l m  c o e f f i c i e n t  r a t h e r  t h a n  an 

expe r imen ta l  area r e d u c t i o n  f r a c t i o n .  

One would a n t i c i p a t e  p o r t i o n s  o f  t h e  s u r f a c e  t o  be  i n  con- 

Because of t h e  above arguments,  t h e  p o t e n t i a l  

An expe r imen ta l  m u l t i p l i e r  

With r e s p e c t  t o  the  above d i s c u s s i o n s ,  the  h e a t  transfer 

c o e f f i c i e n t  f o r  t h e  f l a t  r e t u r n  bend area w a s  e s t i m a t e d  from, 

where t h e  s u b s c r i p t  ' d r y '  i n d i c a t e s  t h a t  t h e  p o s s i b i l i t y  of condensa t ion  

w a s  n e g l e c t e d  . 
I f  condensa t ion  were t o  o c c u r ,  t h e  f i l m  c o e f f i c i e n t  would be 

g r e a t l y  enhanced. A d i s c u s s i o n  of  v a r i o u s  methods by which a s i n g l e -  

phase h e a t  t r a n s f e r  c o r r e l a t i o n  can be c o r r e c t e d  f o r  condensa t ion  may 

be  found i n  Reference 4 .  Although t h e  d i s c u s s i o n  i s  f o r  i n t e r n a l  flows 

i n  s t r a i g h t  t ubes ,  t h e  methods should  g i v e  a f a i r l y  r e l i a b l e  means by 

which condensa t ion  may be taken i n t o  account  f o r  t h i s  more complex flow 

s i t u a t i o n .  The method chosen w a s  t h a t  o f f e r e d  by Akers,  
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where h 

were f lowing a t  the same mass v e l o c i t y  as the  mixture ,  and hTP is t h e  

a c t u a l  film c o e f f i c i e n t .  

l o c a l l y  two-phase ( t h e  bulk thermodynamic s tate  w i l l  be supe rhea ted ) ,  

t h e  mass quality is  a somewhat ambiguous term. Never the l e s s ,  one would 

expec t  (17)  t o  g i v e  a good estimate of t h e  heat t r a n s p o r t  augmentation 

by  w a l l  condensa t ion  f o r  mass q u a l i t i e s  approaching one. The re fo re ,  

is  t h e  f i l m  c o e f f i c i e n t  c a l c u l a t e d  as i f  t h e  l i q u i d  component f a  

Since the  f l o w  w i l l  more than likely be only  

S ince ,  

then, from (161, and (191, 

and s u b s t i t u t i o n  o f  (20)  into (18) y i e l d s ,  

Equation (21) w a s  used i n  l i eu  of (17) if t h e  o u t e r  bend s u r f a c e  temper- 

ature w a s  less t han  the s a t u r a t i o n  temperature  corresponding t o  P . 
A s  noted earlier, one s i d e  of  t h e  bend s e a l i n g  s u r f a c e  w a s  

CP 

considered a d i a b a t i c  whereas the o t h e r  w a s  presumed t o  t r a n s f e r  h e a t .  



With r e f e r e n c e  t o  F igu res  5 and 6 ,  one can see t h a t  t h e  metal f l a n g e  

w i l l  a c t  much l i k e  a f i n ,  a l though one s i d e  is  i n s u l a t e d .  The hea t  

t r a n s f e r  through t h i s  s u r f a c e  was e s t ima ted  by modeling i t  as a one- 

dimensional  f i n  w i t h  an  i n s u l a t e d  t i p ,  aid a perimeter equa l  t o  t h e  

f l a n g e  pe r ime te r  ( t h i s  i s  h a l f  t h e  p e r i m e t e r  normally employed i n  f i n  

c a l c u l a t i o n s  due t o  t h e  i n s u l a t e d  s u r f a c e )  Thus, 

- 1  

' f lange = hdry Pb kb Acb ('Tcp - Tb) tanh (mL) 

where, 

I-=----------- - 
h P / k' Acb . 

dry  b b 

Since  , 

( 2 3 )  

then (22)  becomes, 

' f lange (Tcp - Tb) tanh {I  (25) 

Note t h a t  h r a t h e r  t han  h has  been used i n  ( 2 2 ) .  If condensate  

d i d  form on t h e  body of t h e  bend, t hen  downstream por t ions  of  t h e  flange 

would r e a l i z e  t h e  d r o p l e t  sc rubbing  a c t i o n  whereas o t h e r  p o r t i o n s ,  n o t  

i n  t h e  condensate  f l o w  stream, would remain dry. I n  l i g h t  of  t h e  

u n c e r t a i n t i e s ,  it w a s  f e l t  b e s t  t o  j u s t  use  h 

i s  t h e  e f f e c t i v e  t h e r n a l  c o n d u c t i v i t y  of t h e  f l ange  material  f o r  con- 

duc t ion  parallel t o  t h e  f l a n g e  s u r f a c e .  T h u s ,  f o r  a p l a t e d  f l a n g e ,  such 

as i n  t h e  V25 v a l v e ,  

d ry  TP 

Note a l s o  t h a t  ki dry-  

A-20 



Dwg. 6260A92 

I 
- 
'b 

I 
I 

W 

s l i d i n g  surface 

tb 

copper 
f lange 

F igure  6 .  A Schematic o f  the S l i d i n g  Return B g d  Used i n  the 
Ranco Reversing Valves. 
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The low s i d e  of t h e  bend i s  exposed t o  t h e  h igh  q u a l i t y ,  low 

pressure mixture from the evapora tor .  Because of t h e  l a g  d e n s i t y ,  t h e  

two-phase mixture  and t h e  r a d i a l  geometry, one would a n t i c i p a t e  an  

e x t r e n e l y  l a r g e  h e a t  t r a n s f e r  c o e f f i c i e n t  a t  t h i s  s u r f a c e .  A s  a r e s u l t ,  

t h e  l o w  s i d e  bend s u r f a c e  w a s  asstuned t o  be a t  the s a t u r a t i o n  temper- 

a t u r e  corresponding t o  P The t o t a l  h e a t  t r a n s f e r  ra te  from t h e  h igh  

t o  t h e  1-ow s i d e  o f  the  bend can t h e r e f o r e  be e s t i m a t e d  from, 
e’ 

where h i s  repl.aced by  h i f  a check o f  the h igh  s i d e  bend temper- 

a t u r e  i n d i c a t e s  condensat ion.  The wall t empera ture  was c a l c u l a t e d  f r o m ,  
d r y  TP 

Note t h a t  t h e  t e r m  2 t b  which appears i n  (26) and (27) is a r e s u l t  of 

t h e  d e f i n i t i o n  of t being  one th ickness  as shown i n  F igure  6 ,  whereas 

the thermal  r e s i s t a n c e  of t h e  w a l l  must be  calf.culated on t h e  b a s i s  of 

t w o  t h i c k n e s s e s  as i n d i c a t e d  by F igure  5. The double  prime s u p e r s c r i p t  

on 5 i n d i c a t e s  t h e  e f f e c t i v e  thermal  c o n d u c t i v i t y  f o r  h e a t  conduct ion  

normal t o  t h e  metal s u r f a c e ,  Thus,  f o r  t h e  V25 bend ( t h e  one i n s t a n c e  

i n  which the d i s t i n c t i o n  is  n e c e s s a r y ) ,  

b 
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Since  t h e  ho t  gas i s  rou ted  through t h e  v a l v e  body, t h e r e  

w i l l  always be n a t u r a l  convec t ion  losses t o  t h e  local environment. 

These losses w e r e  e s t ima ted  from s i m p l i f i e d  r e l a t i o n s  f o r  a i r  over  

hea ted  c y l i n d e r s  from McAdams5, 

h = .18 (T - T ) 1 / 3  
n c  cp amb 

where (28) a p p l i e s  to laminar c o n d i t i o n s  and (29) t o  t u r b u l e n t .  Both 

equa t ions  w e r e  eva lua ted  f o r  a g iven  set of cond i t ions  and t h e  l a r g e s t  

c o e f f i c i e n t  w a s  assumed a p p l i c a b l e ,  t h u s ,  

= h AS (T - (30) Qnc nc vb c p  Tamb) 

D. C a l c u l a t i o n  of  E x i t  Thermodynamic S t a t e s  

1. High Side E x i t  S ta te .  The high s i d e  e x i t  p r e s s u r e  is 

calculated from ( 4 1 ,  

P = P + APhigh s i d e  ( 3 1 )  
C CP 

A s  a r e s u l t  of an energy ba lance  about  t h e  h igh  side r e f r i g e r a n t  

stream, the e x i t  en tha lpy  can be computed via, 
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Since t w o  p r o p e r t i e s  are known, t h e  s t a t e  of t h e  f l u i d  is f i x e d  and 

t h e  o u t l e t  t empera ture  may bc determined from t h e  r e f r i g e r a n t  themo-  

dynamic s ta te  r e l a t i o n s ,  t h u s ,  

'I' = f (P  ,hc)  . 
c c (33) 

and P are known, 
e '  Te' e 2.  LOW Side E x i t  .._. State-. S ince  x 

t h e  i n l e t  enthalpy can be c a l c u l a t e d  from 

then t h e  o u t l e t  enthalpy Erom, 

.- h +--- 1 
e . 3600 ' m 

The  e x i t  pressure can be computed from, 

P = P f APlow 
a e 

and t h u s ,  

and, 

Ta = f (Pa) . 

If, ~ I Q W ~ W T ,  x from ( 3 7 )  was g r e a t e r  t han  one ,  then ,  a 

Ta = f @,,ha) 

(3.5) 

and x = 1 . 0 .  
a 
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IV. RESULTS OF SAMPLE CALCULATIONS 

The p r e v i o u s l y  developed model w a s  coded in F o r t r a n  IV and 

c a s t  i n t o  a s u b r o u t i n e  fo rma t ,  A l i s t i n g  of each s u b r o u t i n e  nay be  

found i n  Appendix B, 

mined from t h e  d a t a  s u p p l i e d  by t h e  manufacturer ,  found i n  Appendix A ,  

and by i n s p e c t i o n  of t h e  valve p rope r .  AI-though the V26 valve 's  

r e t u r n  beiad geometry varied somewhat from the o the r s - - i t  w a s  made of  

molded p l a s t i c  ( Z y t e l  103)-- this  p e r t u r b a t i o n  was assumed t o  be  of 

second order .  T h e  bend material thermal  c o n d u c t i v i t y ,  however, varied 

from 1.0 Btu/(hr-ft- 'F) f o r  t h e  Z y t e l  V26, 12  Btu/(hr-ft-OF) for t h e  

s t a i n l e s s  s t ee l -  V30, t o  30 Btu/(hr--ft-OF) f o r  t he  steel ( t h e  major 

component) i n  t h e  copper-plated V25. 

Dimensions and material p r o p e r t l e s  were d e t e r -  

The s u c t i o n  ( l o w  p r e s s u r e  s ide)  p r e s s u r e  drop performance 

d a t a  s u p p l i e d  by t h e  manufacturer  enabled t h e  e m p i r i c a l  c o e f f l c i e n t  C3 

[Equat ion (12)J t o  be e s t a b l i s h e d .  Figures  7 ,  8,  and 9 show the  model 

p r e d i c t i o n s  r e l a t i - v e  t o  t h e  expe r imen ta l  d a t a  f o r  i n l - e t  mass q u a l i t i e s  

of 100%. Though t h e  roodel tends t o  d e p a r t  from t h e  expe r imen ta l  d a t a  

a t  t h e  h i g h e r  I n a s s  f l o w r a t e s ,  i-t i s  important  t o  n o t e  t h a t  the  val.ves 

are u s u a l l y  s i z e d  f o r  a 2 p s i  s u c t i o n  p r e s s u r e  d rop .  

f o r e  n o t  a n t i c i p a t e  them o p e r a t i n g  f a r  from t h i s  des ign  p o i n t .  I f  

t h i s  i s  t h e  case, then the  model w i l l  produce good r e s u l t s  f o r  a l l  but  

t he  most s e v e r e  o f f -des ign  c o n d i t i o n s .  

One wauld t h e r e -  

F igu re  10 i n d i c a t e s  t h e  calcul.ated e f f e c t  of v a r i o u s  low s i d e  

i n l e t  q u a l i t i e s ,  It i s  apparent  t h a t ,  f o r  t h i s  s a t u r a t i o n  temperature 

and R-22, t h e r e  is l i t t l e  s i g n i f i c a n t  d i f f e r e n c e  between the 100% and 

75% i n l e t  qual. i ty low s i d e  p r e s s u r e  d rops .  "his is  a r e s u l t  o f  t h e  

large void f r a c t i o n ,  the r a t i o  of t h e  area occupied by the  vapor rela- 

t i v e  t o  t h e  t o t a l  c r o s s  s e c t i o n a l  area. F o r  the 75% i n l e t  q u a l i t y  case  

t h e  void f r a c t i o n  is .98 which i n d i c a t e s  o n l y  a 2% cross sectional area 

occupi.ed by l i q u i d .  Based on t h e s e  r ~ s u l - t s ,  one would not a n t i c i p a t e  

t h e  s u c t i o n  p r e s s u r e  drop t o  va ry  much f r o m  t h e  100% i n l e t  q u a l i t y  
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s o l u t i o n  as l.ong as the q u a l i t i e s  a r e  r e l a t i v e l y  h igh .  There mays 

however, be  a p p l i c a t i o n s  andlor  c i rcumstances  where t h e  cwo-phase 

flow refinement: w i l l  make a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  o v e r a l l  

s o l u t i o n .  

Shown i n  F igure  11 is  the  ca lcu l .a ted  performance of t:he V25 

revers i i ig  valve as a f u n c t i o n  o f  inass f lowra te .  By examining t h e  o u t -  

l e t  r e l a t i v e  t o  the i n l e t  state curves (the- dashed h o r i z o n t a l  lbe), 

one can see g r a p h i c a l l y  the d e v i a t i o n  of the real v a l v e  from t h e  i d e a l .  

Note t h a t  t h e  l o w  s i d e  p r e s s u r e ,  and thus  tempera ture ,  and the  h igh  

s i d e  tempera ture  are s i g n i f i c a n t l y  a f f e c t e d  by t h e  r e v e r s i n g  valve. 

Both are of importance s i n c e  they  tend t o  dec rease  t h e  gas d e n s i t y ,  and 

thus  i n c r e a s e  the l i n e  p r e s s u r e  d ~ o p  and dec rease  t h e  compressor 

c a p a c i t y .  

i s  n o t  unexpected s i n c e  t h e  gas d e n s i t y  i s  h i g h  r e h t i v e  t o  t h e  l o w  

p r e s s u r e  s i d e ,  Due t o  h e a t  t r a n s f e r  f rom t h e  high t o  t h e  low p r e s s u r e  

c i r c u i t ,  t h e  m a s s  q u a l i t y  e x i t i n g  the. valve i s  inc reased  by approximately 

The h igh  s i d e  o u t l e t  pressure dec reases  only  s1ight l .y  , whach 

2-21 3%. 

A t  f i r s t  g l ance  it would appear  t h a t  t h e  e x i t  mass q u a l i t y  

curve e x h i b i t s  an anomalous behav io r  wi th  r e s p e c t  t o  mass flowrate. 

S ince  the. h e a t  t r a n s f e r  rate i n c r e a s e s  a t  a rate p r o p o r t i o n a l  t o  15' , 
one would expec t  t h e  e x i t  mass q u a l i t y  t o  a sympto t i ca l ly  approach the  

i n l e t  va lue .  This 2s n o t  t h e  case however due t o  t h e  s imultaneous de- 

crease i n  t h e  low sldr.  p r e s s u r e .  Because the  s a t u r a t e d  l i q u i d  en tha lpy  

dec reases  f a s t e r  than t h e  l a t e n t  h e a t  of vaporizat: ion i n c r e a s e s  wi th  

respect t o  p r e s s u r e ,  a second f o r c e  on t h e  m a s s  qua l . i t y  comes i n t o  

e f f e c t  which tends t o  i n c r e a s e  t h e  mass q u a l i t y  ( r e f e r  t o  Equat ion [ 3 7 ] ) .  

The two f o r c e s  are j u s t  hal-anced a t  about  8QO lbm/hr a f t e r  which t h e  

second becomes dominant. 

a 

AS s t r e s s e d  by S t e w a r t 7 ,  t h e  s j -gn i f i cance  of hea t  t r a n s f e r  

from t h e  h igh  t o  low s i d e  and from t h e  valve t o  t h e  l o c a l  environment 

i s  t h a t  i t  reduces t h e  c a p a c i t y  of t h e  hea t  pump as w e l l  a s  t h e  coef -  

f i c i e n t  o f  performance, Figure 1 2  i l l u s t r a t e s  t h i s  po in t  f o r  t h e  same 

c o n d i t i o n s  as i n  the previous  example. Both t h e  h e a t  t r a n s f e r  from 
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the  hjgh t o  l o w  s i d e  (q  ) atid t o  t h e  l o c a l  environment (q  ) are p r e -  

sentEd as a pe rcen t  of t h e  h e a t  pump ideal c a p a c i t y  ( cons t an t  p r e s s u r e  

condensat ion a t  t h e  compressor d i scha rge  p r e s s u r e  and wi th  no subcool ing) .  

Both qb and q 

as t h e  r e f r i g e r a n t  mass f low rate ( capac i ty )  decreases .  T h i s  can be 

impor tan t  when t h e  o u t s i d e  a i r  temperature  decreases .  A t  t h e s e  temper- 

a t u r e s  t h e  h e a t  pump c a p a c i t y  i s  u s u a l l y  g r e a t l y  reduced,  and,  as can 

be seen  i n  F igure  12 ,  aggrava ted  by q and q 

b nc 

are  s m a l l .  They do, however, become inore s i g n i f i c a n t  
nc 

b IPC' 

One of t h e  s i m p l e s t  means by which a v a l v e ' s  performance can 

be improved would be t h e  r ep laccnen t  of t h e  metal l  ( f o r  t h e  V 2 5 )  r e t u r n  

bend wi th  one e x h i b i t i n g  a lower thermal  conduc t iv i ty .  The computed 

r e s u l t s  of sucli a s u b s t i t u t i o n  a r e  shown i n  F igure  13 .  Note t h a t  t h e  

thermal  c o n d u c t l v i t y  of t h e  p l a t e d  material h a s  been reduced by 30. 

can be seen t h a t  t h e  high-to-low heat t r a n s f e r  l o s s e s  are reduced by 

a fac tor  of t h r e e  whereas the  n a t u r a l  convec t ion  hea t  t r a n s f e r  i s  un- 

changed, as expec ted .  

a t i o n  i s  e n t i r e l y  dependent on the  economics of t h e  heat pump system. 

It 

Whether such a mod i f i ca t ion  i s  worthy of cons ide r -  
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Curve 692749A 

O*F low s i d e  in le t  temperature 
38.58 p s i d  low side Inlet pressure 
100% low side in le t  quality 
190°F h i g h  s ide i n l e t  temperature 
300 p s i a  h igh  side inlet pressure 
Plate Mate r ia l  Thermal Conductivity 
= 30 Btu/(hr-ft-OF) 
V25 Reversing Valve 

0 400 800 1200 1609 

R-22. Mass Flow Rate (lbm/hr) 

Figure 12. Heat Transfer from High  t o  Low Side and Natural 
Convection from the Valve Body t o  a O°F Ambient 
as a Percent o f  Heat Pump Ideal Capacity versus 
R-22 Mass Flow Rate. 
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Curve 69275611 

O O F  l o w  side i n l e t  temperature 
38.52 p s i a  I O N  s i d e  irilrit pressure 
100% low s i d e  i n l e t  quality 
1QQ"F h i g h  side inlet  temperature 
300 p s i a  h i g h  s i d e  i n l e t  pressure 
Plated material thema? conduct iv i ty  = 
1.0 B t u /  (h r - f t -OF)  
V25 Reversing Valve 

0 300 b00 1200 1600 2000 
R-22 Mass Flww R'ite ( Ibm/hr)  

Figure 13. Heat Transfer fronr High t o  Low Side and Natural Convection 
from the Value Body t o  a 0°F htS'1een.C. as a Percent o f  Heat 
Pump Ideal  Capacity versus R-22 Mass Flow Rate. The Plated 
Mater ia l  Thermal Conduct iv i ty has been Reduced by 30. 
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A c  

A s  

C 

c1 
c2 

c3 

D 

D 

f 

G 

g 

11 

h 

k 

Kb 

L 

m 

P 

P 

P r  

4 

R 

T 

- 

- 

- 

L 
L 

V 

V 

Cross s e c t i o n a l  area ( f t 2 > .  

Sur face  area ( f t ’ ) .  

An e m p i r i c a l  cons t an t  employed i n  Equat ion (5) and found 
i n  Reference 2 (d imens ion le s s ) .  

Expansion c o e f f i c i e n t  (d imens ion le s s ) .  

Con t rac t ion  c o e f f i c i e n t  (d imens ionless ) .  

An e m p i r i c a l  c o n s t a n t ,  de f ined  in Equat ion ( 2 )  
(d imens ion le s s ) .  

D i a m e t e r  ( f t )  . 
Diameter ( i n ) .  

F r i c t i o n  c o e f f i c i e n t  (d imens ionless )  . 
Mass v e l o c i t y ,  d e f i n e d  i n  Equat ion (10) ( l b m / ( f t 2 - s e c 2 > ) .  

G r a v i t a t i o n a l  cons t an t  ( l bm- f t / ( l b f - sec2 ) ) .  

Heat t r a n s f e r  c o e f f i c i e n t  ( B t u /  (hr-f t 2 - O F ) ) .  

S p e c i f i c  en tha lpy  (Btu/ lbm).  

Theimal conduc t iv i ty  (Rtu/ (hr-f  t - O  F) ) , 

A l o s s  c o e f f i c i e n t  (d imens ion le s s ) .  

A l e n g t h  ( f t )  . 
RefrigeranC mass ( l b m ) .  

Absolute p r e s s u r e  ( l b f / f t 2 )  . 
Perimeter ( f  t) . 
P r a n d t l  number (d imens ionless )  . 
Heat t r a n s f e r  rate (B tu /h r ) .  

S l i d i n g  r e t u r n  bend r a d i u s  of  c u r v a t u r e  ( E t ) .  

Temperature ( O F ) .  

Thickness  ( f t )  . 
Veloc i ty  ( f t / s e c )  

S p e c i f i c  volume ( f t 3 / l b m ) .  
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X 

X 

z 

A two-phase mixture  parameter d e f i n e d  i n  Equat ion (6) 
(dimens i o n l e s s )  . 
Mass q u a l i t y  (d imens ion le s s ) .  

Dis tance  (ft). 

Greek Symbols 

AP 

APbend I r r e v e r s i b l e  p r e s s u r e  l o s s  through t h e  s l i d i n g  r e t u r n  bend 

c?Plow 

E x i t  minus i n l e t  p r e s s u r e  ( l b f / f t 2 )  

( l b f  /f t’)  

I r r e v e r s i b l e  p r e s s u r e  l o s s  through t h e  low-side f low p a t h  
( l b  f / f t 2 )  

c i r c u i t  ( I b f / f t 2 ) .  
APhigh s i d e  S t a t i c  p r e s s u r e  change through t h e  h igh  p r e s s u r e  flow 

A f i n t e r n a l  I r r e v e r s i b l e  p r e s s u r e  l o s s  through h igh-s ide  flow path 
( l b f / f t 2 ) .  

AP tube  I r r e v e r s i b l e  p r e s s u r e  l o s s  through v a l v e  body s tub  t ube  

APrise r e s s u r e  rise due t o  a dec rease  i n  flow v e l o c i t y  

connec t ions  ( I b f l f t ’ ) .  

S t a t i c  
( l b  f / f t 

i-1 Dynamic v i s c o s i t y  ( lbm/ ( f t - sec ) )  

0 Densi ty  ( l b m / f t 3 ) .  

Subs c r i p t s 

a Accumulator p o r t ,  

amb Ambient e 

b S l i d i n g  re t u r n  bend. 

bend S l i d i n g  r e t u r n  bend.  

c Condenser p o r t  a 

CP Compressor p o r t .  

d r y  No s u r f a c e  condensa t ion .  

e Evaporator  p o r t ,  

eq! Equiva len t ,  

f L iquid  component. 

f l  nnge 

f g 

-- - 

R e  t u rn  bend f l ange .  

Difference beP.mm gas a d  l i q u i d  component v a l u e .  
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f o  A q u a n t i t y  c a l c u l a t e d  as i f  t h e  l i q u i d  were f lowing a lone  
w i t h  t h e  same mass v e l o c i t y  as t h e  mixture .  

F: 

hS 

!Ls 

nc 

r e f  

TP 

vb 

1 

2 

Gas component. 

High s i d e .  

Low s i d e .  

E a t u r a l  c o n v e c t i o n  e 

Reference v a l u e .  

Two-phase . 
Valve body. 

Material 1. 

Material 2.  

Super s c r i p t s  

T i m e  d e r i v a t i v e  ( l / sec>.  
? E f f e c t i v e  value f o r  heat: conduc t ion  p a r a l l e l  t o  t h e  s u r f a c e .  

I I  E f f e c t i v e  v a l u e  for h e a t  conduction normal t o  t h e  s u r f a c e .  



APPENDIX A 

fIANC0 REVERSING VALVE PERFORMANCE AND CONSTRUCTION DATA 

The performance d a t a  employed i n  de te rmining  the e m p i r i c a l  

c o n s t a n t  C 3  can be s e e n  in Figure  A - 1 .  Figures  A-2 and A-3 are t h e  

o u t l i n e  dimension drawings of t h e  three Ranco r e v e r s i n g  valves 

modeled, 
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Dwg. 6266A93 

T 
, ) ao  

Type V25 

Figure A-.2.  An Outline Dimension Drawing o f  the  Ranco V25 
Reversing Valve. 
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Dwg 6260A94 

Type V30 

Figure A-3.  An O u t 1  
a n d  v30 

ne Dimens 
Reversing 

V26 

on Drawing o f  the  Ranco V26 
Valves . 



APPENDIX B 

CODE LISTINGS FOR THE V25, V26, AM> V30 REVERSING VALVES 

Contained within this appendix are the program l i s t i n g s  for 

the three r e v e r s i n g  v a l v e s .  The l i s t i n g  f o r  t h e  V25 valve may be 

found i n  Table B-I, the V26 I n n  Table B-11, and t h e  V30 i n  Table B-111. 

The s u b r o u t i n e s  are identical except  for t h e  p h y s i c a l  input d a t a  and 

the  R/D adjustment  made i n  the V26 routine. 

employed t o  enable one to f o l l o w  the program logic. 

Comment cards are 

Table B-I - The V25 Reversing Valve Subrout ine  L i s t i n g  

C 
c 
C 
c 
C 
C 
C 
c 
c 
C 
C 
c 
(5 
c 
c 
C 
c 
C 
c 
(1 
(5 
c 
I: 
c 
c 
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Table B-I (cont 'd)  

c 
c 
c 
c 

c 
C 
C 
1: 

c 
L" 
c 
e 

e 
c 
c 
r: 
c 
c 
c 
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Table E;-I (eont’d) 

rt 
C 
1. 0. 

c 

c 
C 
c 
e: 

c 
c 
c 

c 
r: 
c 
C 

c: 
c 
c 
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T a b l e  B-3 (cont 'd)  

c 
C 
t: 
(7 
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Table 8-1 (cont'd) 

r 
c 
r: 
c 

c 
r 
C 
r- 
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Table B-l  I c o n t ' d )  
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TabJe B-I1 - The V26 Reversing Valve Subroutine L i s t i n g  

r 
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T a b l e  B-11 (cont'd) 
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r 
c 
c 

r- 

r- 
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Tab le  B-I1 (cont'd) 
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Tab le  B-IT1 - Tiie V30 Reverstng Valve S u b r o u t i n e  L i s t i n g  
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Table B - 1 x 1  (cont 'd) 
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Tab le  B-I11 (cont  'd)  
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Table B - - . I I I  (eont’d) 
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APPENDIX B 
L i s t i n g  o f  VALVER Subrout ine 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 

A l i s t i n g  o f  t h e  VALVER subprogram follows. 

SUBROUTINE VALVER(IV,PA,TA,XA,PCP,TCP,MDOT,TAM6,PDLOjPDHI,~L~K, 
1 QAMB PRINT) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUBROUTINE VALVER WILL CALCULATE THE LOW SIDE 
REVERSING VALVE INLET THERMODYNAMIC STATES AND 
THE HIGH SIDE REVERSING VALVE EXIT THERMODYNAMIC 
STATES GIVEN THE COMPRESSOR SUCTION AND DISCHARGE 
THERMODYNAMIC STATES, THE REFRIGERANT MASS FLOW RATE 
AND THE REVERSING VALVE AMBIENT TEMPERATURE FOR M E  
EMPIRICAL MQDEL BASED ON BREADBOARD TEST RESULTS AND THE 

*RANCO* TYPE V25,V26 AND V30 REVERSING VALVES. 
THE CASE WHERE THE COMPRESSOR SUCTION CONDITIONS 
ARE SLIGHTLY WET IS INCLUDED. 

INPUTS : 
PV = VALVE IDENTIFIER (INTEGER) 

1 FOR EMPIRICAL MODEL 
25 FQR V25 
26 FOR V26 
30 FOR V30 

=, COMPRESSOR SUCTION PRESSURE - PSIA 
TA = COMPRESSOR SUCTION TEMPERATURE - DEF F 
XA = COMPRESSOR SUCTION QUALITY (1.0 = 100%) 
PCP = COMPRESSOR DISCHARGE PRESSURE - PSIA 
TCP zz C~MP~ESSOR DISCHARGE TUc(lPERATlJRE - DEG F 

7’ REFRIGERANT MASS FLOW RATE - LW/HR 
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C 
C 
C 

C 
C 
C 

JV = 1 

I F ( I V  .E$. 26) JV=2 
IF(1V .EQ. 30) JV=3 
P IE  = 3.1415927 

c1  = 1.0 

WHERE C1 IS THE NUMBER OF VELOCITY HEADS LOST AS THE 
GAS FROM THE COMPRESSOR EWERS ME VALVE 

C2 = 0.85 

WHERE C2 I S  THE NUMBER OF V.H.'S LOST AS THE GAS EXITS 
THE VALVE I N  ROUTE TO THE CONDENSER 

C3 = 100.9 

WHERE C3 I S  THE EQUIVALENT RETURN BE3D LENGTH CONSTANT 

DTI  = ADTICJV) 

WHERE DTI IS THE INSIDE DIAMETER (IN) OF THE 3 SUCTION 
PORTS (LOCATED OPPOSITE THE COMPRESSOR PORT) 

C 
XLEVC = ALEV(JW) 

WHERE XLEVC IS T E LERIGTH (IN) OF THE EVAPORATOR AND 
CONDENSER TUBE CONNECTIONS 

XLACC = ALAC(JV) 

E XLACC IS THE LENGTH (IN) OF THE ACCUULATOR 

6 - 3  



c 
c 

WHERE BTC IS THE INSIDE DIAMETER (IN) OF THE CQ 
PORT 

HERE PERM IS ETER (IN) OF THE SLIDING 

THICK = ATHK(JV) 

WHERE THICK ICs THE THICKNESS (IN) OF THE SLIDING 

WHERE LENG IS ‘ME LENGTH (IN) QF THE SLIDING SU 
OF THE BEND 
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c 
e 

c 
c 
c 

C 
C 
C 

e 
c 
c 
C 

c 
C 
C 
C 

c 
c 
c 

c 
c 
c 
c 
C 
c 

F WE R 

DThl = ADTO(JV) 

WERE DTZl I S  THE OWSIDE IAMETER (IN) OF THE VALVE 

HERE XLVAL IS THE VALVE LENGTH (IN) 

FRACT = 0.66 

WHERE FRACT IS THE FRACTION OF THE AREA WHICH IS 
VELOCITY COMPRESSOR PORT GAS 

WERE KCOAT IS THE 
OF THE R BEND 

THERMAL CONDUCTIVITY (BTU/HR-F?-DEG.F) 
 TIN^ MATERIAL 

THICKNESS (IN) OF THE BEND PLATING MATERIAL 

IRm HIGH AND LOW PRESSURE PROPERTIES 

FIRST ESTIMATE OF H I  AND LOW SIDE PRESSURE DROP AND 
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C 
C 
c 

CP(BE,NIUFLO,MUVLO,MCX,KXF,KXC,KGX,CPXF,CPXGJ 
1 X I ~ ~ K C ~ ~  

1 
CALL VAPOR (TCF PCP ,VOLHI , HHIIN, SVX, IERROR) 

HLOIN = XE*HFGLO+HFLO 

RHOVHI = ~ ~ ~ ~ S P ~ O L ~ T C P , P ~ P )  
RHOFLO = 1 ~ Q ~ V ~ L L O  
RHllsVLQ = 1.0 

,197) TE,PE,XE,TSAJE,HLOIN, 
1 FGLO,RHOFLO,RHOVLO,MUFLO,MWLO 

. 1) WRlTE(6,198) TA,PA,XA,TSATA,HLOOtTT, 
1 HLIQA I HFGRA 

ITEQ6,lW) ?CP,PCP,?SA?CP,HHIIN, 
1 HFGHI,RHOF~l,RHOVHI,~UFHI~M~HIJ~REFR,~PFflI, 
2 CPVHI,KF,KV 

G HE3T TRANSFER CALCULATIONS ARE FOR THE HIGH 
E AND ASSWME THE LOW SIDE OF THE BEND TO BE 

AT THE S A ~ R A T ~ ~  TEMPERATURE 

XKPER = T H ~ c K ~  ( ~ T C ~ A T ~ K ~ O A ~ )  + (PTHICKIKTURN) ) 
HDRY = (2. ~*~~~ ~RA~I~S/lZ. 0)) *O a 036* (2. #* (RADItls/12 -0) *MDOT/ 

1 ~~IE*DTC**2*MWHI~f44.0))**0.8*(CPVHI*MUVHP/K~)**O.333 

Y*PIE*FRACT* (RADlUS/lZ .Q) **2) 
KI(12.0*XKPUI*PIE*FRA~T*(RADIUS/12.8)**2) 

WALL = TE+Q*RWALL 
IF(7WALL .G?. TSATCP) 60 TO 100 

SINCE ~~~~~~~~~O~ MUST OCCUR IF LOGIC DOES NOT GO 

EN FILM COEFFICIEM MUS? BE CORRECTED TO REFLECT 
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e: 
c 
c 
c 
c 

11 
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C 
c 

QMB = QNAT 

IF(IPR1NT .EQ. 1) WRITE(6,140) HDRY,Q,QSEAL,qNAT 
HWIOUT = HHIIN-QTBTAL/MDOT 

THE FOLLOWING PRESSURE DROP CALCULATIONS ARE fOR THE 
HIGH PRESSURE SIDE 

VCP = MDOT/ (36QO.O*RHOVHf*PIE*DTC**2/ (4.0d44.0)) 
VC = VCP* (DTC/DTI) **2 
DPRISE = (0.5*RHOWHX/32.2) * (VCP**Z-VC**2) /144 .O 

3 (12.0*VIS/3600.0)) ** (-0.25)) 
PC = PCP+DPRISE-DPLOSS 
DPHI = DPLOSS-DPRISE 
PDHI = DPHI 
TTRY TCP - 10.0 
NLOC = 2 
CALL TRIAt2(~RY,~.O,PC,3,HH~~,O.~l,~,~~,SX,T~,I~OOF) 
IF(IPR1NT .EQ. 1) WRITE(6,150) XA,VCP,VC,DPRISE,DPLOSS,PC,TC 

NEXT SR" OF PRESSURE DROP CAtCULATIONS ARE FOR THE 

TWO PHASE LOW PRESSURE SIDE 

X = (XA+XE) /2 .O 
IF(X . C i a  1.0) X = 1.0 
XF(X .LE. 0.0) X E 1.OE-13 

RX = 0.0 
) RX = 1.QE8 

RRHO = R ~ ~ ~ ~ / ~ H O ~ L O  
RMU = MUFLO/MUVLO 
RD = RADIUS/DTX 
IF(JV .EQ. 2 RD = Rb1.2 
NOTE THAT THE R/D RATIO WAS ADJUSTED TO FORCE THE MODEL 
TO FIT EXPERIMENTAL DATA 
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GO TO 1998 
1992 CONTINUE 

WRITE (6,190) 
1998 CONTINUE 

R m N  
2000 CONTINUE 

PDHI = 0.0 

QAMB = 0.0 
PDLQ = RWVPD(TA,PA,MDQT) 
QLEAK = REVVHT (TCP , TA) 
REWRN 

C 
C 
130 
140 

150 

160 

170 

180 

190 
195 

196 

FORMAT(lX,29HCOMDENSATION WILL OCCWR-HWET=,F10.3) 
FORMAT(1X,5HHDRY=,E10.3,3X,2HQ=,E10.3,3X~6H~S~L=,E10~3,3X, 

1 5HQNAT=,E10.3 
FORMAT(1X,3HXA=,E10.3,3X,4HVCP=,E10.3,3X,3HVC=,ElO.3,3X,7H~~RISE=J 

1 E~0.3,/,1X,?HDPLOSS=,ElO.3,3XJ3HPC=,ElO.3,3X,3~~C=,E1O.3) 
FORMAT(1X,5HDPHI=,E1O.3~3X,6~~PL~~=~ElO.3,3~,4HPCP=,ElO.3J3X, 

1 4~~CP=,ElO.3,/,1X,3HPC=,ElO.3,3X,3HTC=,ElO.3,3X~3~PE=,~lO.3~ 
2 3X,3HTE=,E10.3,3X,3HXE=,ElO.3,/,1X,3~PA=,ElO.3,3X,3HTA=JElO.3, 
3 3X83MXA=,E10.3) 
FORMT(1X,’DPTPl=’,E10.3,’ BETA=’,E10.3,’ X=’,E10.3,’ C=’,E10.3, 

1 ’ RX=’,El0.3,/,1X,’RRHO=’,ElO~3,’ RMk’,E10.3,/) 
PTUBE=’,ElO.3,’ BETA=’,E10.3,’ C=’,E10.3,’ XLEVC=’, 

1 E10.3,’ XLACC=’,El0.3,/,1X,’DTI=’,ElO.3,/) 
FORMAT(IX, ’WEAT LEAK ITERATION DOES NOT CONVERGE IN VALVER’,/) 
F Q R ~ A T ( l X D ’ ~ O ~  SIDE PRESSURE DROP ITURATION DOES NOT’, 
1 ~ ~ ~ V ~ R ~ E  I N  WALVER’,/) 
Fof?MAT(lX,’IV=’,4X,I6,’ PA=’,ElO.S,’ TA=’,E10.4,’ XA=’,E10.3, 

1 /,lX,’PCP=’,E10.3,’ TCP=’,ElO.S,’ MDOT=’,E10.3, 
2 ’ T M k ’  , E10.3,I) 

AT(IX,’SE=’JE10.3,’ PE=’,E10.3,’ XE=’,ElO.3,’ TSATE=’,El0.4, 
1 I ,  PX, ’HLIBIN=’, ElO. 3, ’ HFLO= ’, E10 a 3, ’ HFGLO= ’ , E10.3, 
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APPENDIX C 
Listing o f  REWHT subroutine 

A listing o f  the subprogram REVVHT fo l lows.  

REAL FUNCTION REVVHT(TCX,TVX) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALCUATES THE HEAT TRANSFER I N  A REVERSING VALVE REWHT I N  
BTU/HR AS A FUNCTION OF: 

TCX = COMPRESSOR DISCHARGE TEklPERATURE - DEG F 
NX = EVAPORATOR EXIT TEMPERATURE - DEG F 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TH = TCX 
TL = Tvx 
REVVHT = -105.64513 + 8.7219286 * (TH-TL) 
RRURN 
END 
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Listing o f  WEVVPD subroutine 

A listing of t h e  REVVPD subprcqwm follows. 

c 
c 
c 
c 
C 
c 
c 
C 
c 
c 
c 
c 
c 

50 

60 
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PP = PREF 
RMF = REFM 
rVAP = TT 
TRSAT = TSAT (PPI IFLAG) 
IF(TVAP .LT. TRSAT) TVAP = TRSAT 
RHOV = 1 . O/SPVOL (TVAP, PP) 
RMS = RMF/3600.0 
RMSQ = RMS*WS/RHOV 
P F ~ N  .EQ. 0) Ga TO 100 
RRNPD = 5.9160745 * (RMSq* *O .0763784) 
GO TO 200 

100 CONTINUE 
REWPD = 16.997202 * (RMSQ**0.16876337) 

200 CONTINUE 
RETURN 
END 
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Reversing Valve leakage Model 

The reversing v a l v e  leakage subprogram - FLKRV ..' is written in a 

form to s u p p o r t  a large v a r i e t y  o f  madels withaasti tiha need to change any 

o%her subprogram i n  the beak pump model, other than BLQCK DATA RLADP i n  

which the ~~~~~~~~n o f  WVLKP is declare and the values o f  NLKY 
specified. Thus;, a l l  inputs a r e  received v i a  a formal parameter list., 

and the parameters chosen were f e l t  t e  be a s u f f i c i e n t l y  comprehensive 

list to permi$ any reasonable mode! t o  be acco 

In order t o  avoid  the inflexibility sP passing p 
N and yet; no% have the ovarhed associated w i t h  the formal 

parameters o f  a s~~~~~~~~~ cab!;, the use o f  the fermal para 

minimized by equating the formal parameters $0 loca l  parameters 

i ~ ~ ~ ~ i a ~ ~ ~ ~ ~  on entering the grsgra * 

code i s  such &halt; t h i s  i s  equivalent %s a 8call by valuen, thereby 

achieving considerable eeom y in both code size  and execution t ime.  

The ckiaracter of  ~~~~~~~ o b j e c t  

Lis t ing  o f  FLKRV 

A lisking o f  FLKRV follows. 

CVION FLKWV ( NRVL-D, NLP 
1 0 ,  HRFHD, PRFLD, TWFtD, HRFLD 

HOSE VALUE IS THE i KAGE OF REFRIGEREMT 
THE HIGH SIDE TO THE LO SIDE at= THE REVERSING VALVE 

HRVkK, NRVED - THE NUMEQICAL DESIGNAT 

1 

FRQM 

D- 1 



c 
6: 

c 
c 
c 
e 
c 
c 
c 
c 
c 
c 
c 
c 
c 
e: 
6 

c 
c 
c 
C 
e 
c 
c 
C 
c 
c 
e: 

LEAKAGE MODEL TO BE USED. AT PRESEN?, POSSISLE 
ALUES THEIR CORRESPONDING MODELS ARE 
0 - NO LEAKAGE; 
1 - LEAKAGE A FIXED PERCENTAGE OF THE MASS 

THROUGHPUT; 
LPMD - THE D I M M I O N  OF THE DATA ARRAY RVLKP; 

~ V ~ ~ P ( ~ L ~ M D ~  - THE ARRAY OF PARAMETERS TO IMPLEMENT M E  
c O D E .  PRESENT PARAMETERS CORRESPONDING TO 
NRVLK ARE: 

K K P  HAS NO MEANING; 
RYLK = 1; RVLKP(1) IS THE PERCENTAGE LEAKAGE FLOW; 

EFRIGERWT MASS FLOW RATE W1ZRING THE HIGH 
PRESSWE SIDE OF M E  REVERSING VALVE (LBM/SEC) 

O f  THE REVERSING VALVE (PSIA); 
I, ~ R F ~ ~  - REFRIGEREM PRESSURE ENTERING THE HIGH SIDE 

- REFRIGERMT TMPERATURE ENTERING THE HIGH 
SIDE OF THE REVERSING VALVE (DEG. F); 

E REVERSING VALVE (BTU/LBM); 
HRFHI, HRFHD - REFRIGERENT ENTHALPY ENTERING THE HIGH SIDE 

D - REFRIGERENT PRESSURE EXITING THE LOW SIDE OF 
OF THE RRlUiSING VALVE (PSIA); 
?RFLD - REFRIGERENT TEMPERATURE EXITING THE LOW 
F THE REVERSING VALVE (DEG. F) ; 

FLB - REFRIGERENT ENTHALPY EXITING THE LOW SIDE OF 
OF ME REVERSING VALVE (BTU/lBM). 

DIMENSIO 

c 
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C 
c 
1001 

c 

e 

c 

c AA 

C 
lQ1l 

c 

C 
1821 

c 
e 

c 
C 

D- 3 



c 
8990 CONTINUE 

FLKRV = FLKRD 
RETUf?N 

c 
C %###B#########################B############~###### 
c 

END 
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APPENDIX E 
Suc%ion Line Accumulator Model 

The design o f  DHSUL. followed t h ~  philosophy o f  FLKRV, i n  thaf ,  a 

major ohject iva  was h eliminate the  need to modify any subprograms 

other t h a n  DHSUL itself, and the supporting SLKK DATA program RI-AQP i f  
changes o f  tihe made! were ade. Again, t he  approach was bhe same - tha% 
is, t o  provide f a r  a complete formal parame'i,ar list, minimize the use o f  

DN, b u t  awaid the overhead o f  using formal parameters by  using l oca l  

variables which were e uated $0 the formal para 

entering the program, 

A listing 04 B 

, RCPAR, NACDM, MCQWD, 
1 , TLQDM, XL"BDM, XLID p PHIDM, VHPD p XWIDM, WFLAD, 
2 

6 
C 
c 
C 
C 
c 
c 
c 
c 
c 
C 
c 
C 

A ~~~~~~~~~A~ WHICH CALCULATES ENTHALPY CHANGE AND 
PRESSURE DROP ACROSS A SaJCTIUEd LINE ACCU 

SULDR IS A MA1 HHCW CAN BE USED TO EERCISE THIS 
PROGRAM I 



c 
C 
c 
C 
c 
c 
c 
C 
C 
C 
C 
c 
C 
C 
c 
c 
6 

c 
6 

e: 
c 
c 
C 
6 

c 
c 

c 
c 
f 
c 
c 
c 
4: 

CALLING PROGRAM); 
NCORD, NCORH - THE INDICATOR FOR HUTING MODE ( ~ 2 )  OR 

COOLING MODE (=I); 

PLODM, PLOAC - THE LOW (SUCTION) SIDE OUTLET PRESSURE (PSIA); 
TLODM, TLOAC - I )I TEMPERATURE 

XLODM, XLOAC - IJ II II I QUALITY; 
XLIDM, XLIAC - ' ff INLET QUALITY; 

(DEG F.) 

PHIOM, PHIAC - THE HIGH (DISCHARGE) SIDE INFET PRESSURE 
(PSIA) ; 

(DEG F) ; 
TWIDM, THIAC - ' II n TWERATURE 

XHIDM, XHIAC - I ' I !I IJ QUALITY; 
RFLAD, RFLAC - N E  REFRIGERANT MASS FLOW RATE (LBM/SEC). 

OUTPUT DATA ARE AS FOLLOWS: 
DMLOD, DHLOP - THE ENTHALPY CHANGE PUR UNIT MASS ON THE LOW 

SIDE (BTU/LBM) ; 

SIDE (BTUILSM) ; 
II HIGH DHHID, DHHIP - a ti ff @ I  

DPLOD, DPLOP - THE PRESSURE CHANCE ON THE LOW SIDE (PSIA); 
DPHID, DPHW - n II " HIGH SIDE (PSIA). 

OPTIONS W I T H  RESPECT TO THE CHOSEN INPWT DATA 
ARE GIVEN BY THE PARAMETER NDACL. 
UNITS OF MEASURE ARE FEET, POUNDS-MASS, AND SECONDS, EXCEPT 
FOR PRESSURE WHIC IS LEFT I N  PSI. 
THE GEOMETRIC OR OTHER FIXED INPUT DATA 
DESCRIBING MIE ACCUMULATOR ARE PLACED I N  A 
VECTOR ACPAR, WHOSE CONTENTS ARE VARIOUSLY INTERPRETU) DEPENDING 
ON THE TYPE OF ACCUMULATOR CHOSEN. THE P R E S M  
POSSIBILITIES (5 

- NO ACCWLATQR 
1 - A VERY SIMPLIFIED HI-RE-LI ACCUAAULATOR, 

E-2 



c 
c 
c 
2 
C 
c 
c 
c 
6 

C 

c 
6. 

c 
c 
c 
c 
c 
C 
e 
c 
e 
C 
C 
e 
c 
c 
6 
t: 
c 
c 
c 
c 
c 
C 
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C 
c 
c 

c 
c 
C 
C 

c 
C 
C 
C 
c 

c 
C 

C 
C 
c 
c 
C 
C 
c 
c 
C 

C 
C 

DIMENSION RLIWP (10) , ININP (6) FLINP (10) FUINP (10) 
RLINP - 

FLINP - 
FUINP - 
ININP - 

## NOW 
THE 

AN ARRAY EQUIVALENCE0 TO THE VARIOUS LOCALS OF 
FLOATING INPUT VARIABlES; 
ME CORRESPONDING LOtwER LIMITS; 
THE CORRESPONDING UPPER LIMITS; 
AN ARRAY OF IPJTEGUi INWTS (NOT PRESUJTLY USED). 

CREATE AN EQUIVALENCE BETWEEN THE MNEMONIC NAMES OF 
INPUT VARIABLE5 AND THE ARRAY (NOTE THAT M I S  COSTS 

NO EXTRA MEMORY I N  THE OBJECT PROGRAM). 
EQUIVALENCE ( RLINP (1) , PLOAC ) , ( RLINP (2) , TLOAC ) , 

( RLINP(3) ,XLBAC ) , ( RLINP(4) ,XLIAC ) , 
( RLINP(5) ,PHIAC ) , ( RLINP(6) ,THIAC ) , 

1 

2 
3 ( RLINP(7) ,XHIAC ) I ( RLINP(8) ,RFLAC ) 

BYTE CHFPN (6,lO) 
CHARACTER*l CHFPN (6 10) 

CHFPW - AN ARRAY OF VARIAEE NAMES, TO FLAG DATA WHEN 
AN INPUT VARIABLE I S  D u f  OF RANGE. 
THE SECOND SUBSCRIPT OF CHFPN CORRESPONDS TO THE 
SUBSCRIPT OF THE CORRESPONDING ELEUENT OF RLINP, 
FLINP, AND FUINP. 

#f F~~LOWING ADDED ON 8/5/85 BY R .  LUCHETA AT THE 
~ ~ ~ T ~ ~ G ~ ~ ~ ~ €  RESEARCH LABORATORY. 

## END OF 8/5/85 ADDITION 
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c 
c 
C 

C 

C 
e 
c 
c 
C 
c 
c 
C 
C 
c 
c 
c 
c 
e 
C 
e 

c 
c 

Ex = l o  10, 1) / 
DATA FLIEBP / 
1 10.0, -40.0, Q,0, 0.0, 10.0, -40.0, 0.0, 0.05, 2* 

= 1, 10, 1 / 
DATA FUINP / 
1 400.6, 360.0, 1.0, 1.0, 406.0, 3W,0, 1.0, 1.0E+O6, 24.0 / 

DATA ( CHFPN(1 Df3,l)) ENDEX = 1, ti, 1 ) / 
1 ’P’, ’L’> ’ O ’ ,  ’A’ ,  ’ e ’ ,  ’ ’ /, 
2 “1, 6, 1 )  / 

4 DW,3), INDEX ”” 1, 6 ,  1 ) / 
3 ’T’, ’L’) ’a’, ’A ’ ,  ’C’, ’ ’ /, 

5 ’X’ ,  ’L’> ’ O ’ ,  ’A’ ,  ’C’, ’ ’ /, 
6 

7 

8 

9 ’P’, ’H’, ’I’, ’ A 8  
4 ( ~ ~ ~ ~ ~ ( ~ ~ ~ ~ , ~ ~ ,  1: 
1 ’T’, ’H’, ’ I J ,  ’A’ ,  ’C’, ’ ’ /, 
2 ( (CHFPN (IeSJDFX, J €3 = 1, e ,  l), JMD = 7, 10, 1 ) / 
3 6*’ ’, 6*’  ’, 6*’  ’, 6*’ ’ / 

E-5 



DATA NOTPR J 6 / 
6 
c 

c 
C 
c 

c 
c 
c 

c 

C 
C 
c 
9001 

e: 
c 
c 
1801 
t 

THE VALUE OF P I  
DATA PIVAL, GEEVL / 

& ACCELERATION OF G R A V I N  
3.141592653589793, 32.16 / 

AN ASSUMED OVERALL HEAT TRANSFER COEFFICIENT AND EQUIVALENT 
ROUGHNESS 

DATA HTBEC, EQRQad / 1.0, 0.0002 / 

THE CONVERGANCE CRITERION 
AND THE NUMBER OF LOOPS 

DATA CNCRP, NLOPM / 0.001, 100 / 

FOR PRESSURE DROP CONVERGANCE, 

DATA NFLIN 1 % / 
NFLIN - THE NUMBER OF FLOATING INPUTS TO THE 
SUBPROGRAM. 

FORMAT ( ’ DHSUL:BA:INVALID INPUT: ’, 5A1, ’ = ’, 
1 PX, PPGP2.4 ) 

COMIWE 
CONVERT F ~ ~ ~ A ~  PARA~JIETERS TO LOCAL PARAMETERS 

XLdlAC = XLODM 
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C AA 
c 
C 
c 
c 
c 
c 
c 
c 
c 

IT& (NOTPR,+) DHSUL:AA: 1 

RITE (NOTPR, *) NDACL, NACP 
WRITE (NLBVPR,*) NDACL, NACPR, 

HTE (MBTPR,*) 9 PLOAC, TLQAC, xi-.aAc, XLEAC = 9 

T P R , . ~  PLOAC, TLa 6, XkQAC, XLPAC 

c ,  THIAC, XHXAC, WFLAC 
IPR,s) ’ PHPAC, THI C, XHXAG, RFLAC = ’ 

E-7 



c 
c BRANCH TO APPROPRIATE TYPE OF HEAT EXCHANGER 

60 TO ( 1161, 1201, 13Q1 ) (NDACL+l) 
C AA 

I T E  (NOTPR,*) ’ 5HSUL:AA: INVALID NDACL = ’) NDACL 

c 
c 
C 
1101 CONTINUE 
C NO ACCUMULATOR AT ALL - DO NOTHING 

C@ TO 8990 

C 
G ~ ~ % ~ ~ ~ ~ ~ ~ ~ ~ % Z Z Z ~ ~ % % ~  
c 

C -RE-EI; ASSUMED TO BE ACTIVE ONLY WRING 
c 
c 
c PY CHANGE 

SIMPLE HEAT ABSORPTION AND PRESSURE DROP 

c RE CHANGE ON LOW PRESSURE SIDE (NOMINALLY PSI) 

c QUALITY VALUES 
.O) .AND. (XLIAC .GE. 0.0) ) GO TO 1211 

C AC 

E-8 



c 
1251 

c 

c 
1256 

C 

C 
121 I 
6 

c 
C 

C 

c AD 

1261 

C 

WRITE (NOTPR, $3 ’ DHSUL. :AC.  STRANGE x 
I F  [ X L I A C  .GE. 1.0 1 GO TO 1253. 

IF [ XLIAC .LE. 6,0 1 GO TO 125 

GO TO 8990 

QUALITY GIVEN GREATER THA 
XLIAC = 1-0 
GQ TO 1211 

XLSAC I‘ 6.0 
GO TO 1211 

WRITE QNBTPR,*) ’ CLUSJ”%:AD: STRAN E RFLAC = ’, RFLAC 
66NTIMhBE 

AN ABSOLUTE FL8 

E GO TO AN FTERATIO LOOP, IN WHICH THE ENTHALPY CHANGE 
AND PRESSURE DROP IN THE Paec ULATOR ARE SUCCESSIVELY 

E NOTE THAT THE PRESSURE DROP CHANGES TH€ 
ASSQCIA‘CED ENTHALPIES, AND THE CHANGE OF TEMPERATURE 

E-  9 



RE CHANGES THE DENSITIES, THE DYNAMIC PRESSURE, 

PRESSLfRE DROP. 
c 
C X X  1221 IS THE POINT TO WHICH THE ITERATION LOOP RETURNS. 

NLQOP = 0 
I221 CONTINUE 

DPACO = DPLAC 

PHOAC = ~ ~ r A ~  - DPHAC 
c 
6 
c 
C 

C 

C 

c 

c 

c 

c 

c 
c 

c 

C 

TRANSPORT PROPERTIES - NOT VERY CRITICAL OR 
SENSITIVE. 

PARAMETERS FOLLOW 
CALL MUKC? ( TLOAC, VSLEV, VSVEV,VSGEV, TCLEV, T C V M ,  
I a CPLEV, CPVEV, CPGEV, IWK ) 

ID VrscoSITY 
VSLEV = VSLEV ,/’ 3680.0 

SATURATED VAPOR VISCOSITY 

SPHERE GAS VISCOSITY 
VSGEV = VSGEY 1 36OO.Q 

CONDUCTIVITY 

ED VAPOR THERMAL CONDUCTIVITY 

AS THERMAL CONDUCTIVITY 

SLCN, VSVCN, VSGCN, TCLCN, TCVCN, 
1 PVCN, CPGCN, ICMUK ) 
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c 

c 

c 

c 

c 
c 
c 
e: 
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c 
C ENTHALPY CHANGE TO 

DWLIO = I.B*HSGLO - XLIAC*HSCLI  
C BUT NOT I F  COOLING DOWN 

.LE. 0.0 1 DHLIO = 0.0 
C AM 

EVAPORATE ALL LIQUID 

c WRITE (NQTPR,c) DHSUL:AM: DHLIO, HSGLO, XLIAC, HSGLI, ’, 
c 1  ’PLOAC, P L I A C  = ’ 
C WRITE ( A ’ ’, DHLIO, HSGLO, XLIAC, HSGLI, PLOAC, PLIAC 
c 

.5 * (CPLCN+CWEV) 

(UAOTB) 4 1 .O/ (CPSLA*FLRff)  ) 
D + DHLIO*FLREF 

C 

c 
c IAL 

## WOW ~ ~ ~ ~ O ~ A R I ~ Y )  OUTPUT M E  ENTHALPY CHANGE PARAMETERS ## 

c 
c 
c 
c 
C 
c 
I: 
C 
C 

c 

17 

c 

: DELTH, QACCU, F L R f f ,  QCOND, 

’ p  DELTH, QACCU, FLREF, QCONO, DHLIO, 
1 

,*) 
1 

SUCTION LINE 
ARE LEFT TO THE OUTER PROGRAM. WE NOW 

~ O ~ ~ ~ ~ E  THE PRESSURE DROP ON THE EVAPORATOR SIDE 
LE? LEG DYNAMIC HEAD AND HEAD LOSS. 
E SPECIFIC VOLUME 
*VSCLI + (1.O-XLIAC) * V S L L I  

WRE VOLUME FLOW RATE 

IVAL*ACPR4*ACPR4 ) 
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C 
c 1 (VSLHI+VSLHO) 3600 .O*VSLCN 

WRITE (NOTPR, *) ACPRI, ELLOD, EQROU, FLREF*3600.0, 

CALL DPLINE ( ACPR1, ELLOD, EqROU, FLREF*3600.0, 
1 2.0 1 (VSLHI+VSLHO) , 36OO.O*VSLCN, 
2 DPHAC 1 

C AK 
c 
c 

WRITE (NOTPR,*) ’ DHSUL:AK: LEAVING DPLINE; DPHAC = ’, DPHAC 

MLOOP = NLOOP+1 
I F  ( NLOOP .LE. NLOPM ) GO TO 1285 

C AG 
WRITE (NQTPR,*) ’ DHSUL:AG: NO CONVERGANCE’ 
GO TO 1286 

c 
1285 CONTINUE 

IF [ ABS( (DPLAC-DPACO)/(DPLAC+DPACO) ) .GE. CltlCRI 1 
1 CO TO 1221 

6 ELSE 
C 

1286 CONTINUE 
DPLAC = 0.5 * ( DPLAC + DPACO ) 

C 
c OR CODLING (NCOW-1). 

NOW BRANCH TO APPROPRIATE TREATMENT FOR HEATING (NCDRH=2) 

GO TO [ 1287, 1288 ) NCORH 
C A  

ITE ( NOTPR, * ) ’ 0HSUL:AH: STRANGE NCORH = ’, NCORH 
eo TO 1288 

C 

c NCORH = 1 INDICATES COOLING MODE 
DELTW = 0.0 

C 
1288 ~ O N ~ ~ N U ~  
c = 2 INDICATES HEATING - ALSO THE GENERIC CASE 

E-14  



C 
c 
c 
1301 

c 
c 
c 
C 

C 

c 

e  ̂

2 

c 
c 

c 

el AC 



C 
1351  ONT TIN^^ 
c QUALITY GIVEN GREATER THAN 1 .O 

XLIAC = 1 .O 

GO TO 1311 
C 
1356 CONTINUE 
c qUALITY GIVEN AS NEGATIVE 

XLIAC = 0.0 
60 TO 1311 

C 
1311 CONTINUE 
C SCREEN RFLAC - MASS FLOW RATE 

I F  ( RFLAC .G?. 0.0 1 60 TO 1361 
C AD 

# * )  CLUSA:AD: STRANGE RFLAC = ’, RFLAC 
1361 CONTINWE 
c GET AN ABSOLUTE FLOW RATE 

FLREF = ABS(RFLAC) 
c 
c 
c 
c 
c 
c 

WE NOW GO TO AN ITERATION LOOP, IN WHICH THE ENTHALPY CHANGE 
I N  W E  ACCWULATOR IS REPETITIVELY 
COMPUTED, TO PERMIT CONSISTENT HEAT FLOWS AND SUPERHEATS. 

1321. IS WE POINT TO WHICH THE ITERATION LOOP RETURNS. 
NLOOP = 0 

1321 Cff E 

c 
c FIRST GET TRANSPORT PROPERTIES - NOT VERY CRITICAL OR C 
SENSITIVE. 
C ~ ~ A ~ ~ ~ A ~ ~ ~  PARAMETERS FOLLOW - SPECIFIC HEATS (CPXXX) ARE 
c 

( TLOAC, VSLEV, VSVRI,VSGRI, TCLEV, TCVEV, 

E-1 6 
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DHLIO = CPVEV*?SUPR + ( l.Q*HSGLO - XLIAC*HSGLI ) 
c T I F  COOLING DOWN 

.LE. 0.0 1 DHLIO = 0.0 
DHHIO = - ( DHLIO + QACCU / FLREF ] 

C h M  

c WRITE (NOTPR,*) ’ DHSUL:AM: DHLIQ, HSGLO, XLIAC, HSGLI, ’, 
c 1  ’PLOAC, PL IAC = ’ 
c ~ ~ ~ ~ , * )  ’, DHLIO, HSGLQ, XLIAC, HSCLI, PLOAC, PL IAC 
C 
1370 CQNTENUE 
c 
C A t  
C # + )  ’ DHWL:AL:  DELM,  QACCU, FLREF, QCOND, I ,  

c 1  I R O A C ,  THIAC, CPSLA = ’ 
C WRITE ~~0~~ *) ’ ’, DELTH, QACCU, FLREF, QCOND, DHLIO, 
C P  a THIAC, CPSLA 
C COlrAPLGhED, THE SUCTION L I N E  
c C O ~ D ~ ~ I O N S  ARE LEFT T ME OUTER PROGRAM. 

QRARILV) OUTPUT THE ENTHALPY CHANGE PARAMETERS ## 

c 
1381 C O ~ I ~ ~  
C 

D P U C  = ACPR2 
DPHAC = ACPRS 

.LE. ~~~P~ 1 GO TO 1385 
c A@ 

HSUt:AG: NO CONVERCANCE’ 

6 

-DELM) / (DHLIO*DELTH) ) . GE. CNCRZ 1 

c &SE 
c 
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1386 

e 
c 

c 



c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c 

END 
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c 
c 
2 
c 
c 
c 
c 
c 
c 
c 
c 
c 
2 
6. 



C 
C 
C 
c 
c 
C 
c 
c 
C 
C 
6 

C 
e 

c 
C 
c 
C 
C 
C 
c 
6 

C 
C 
C 
C 
c 
e 
c 
C 
c 

EACH ELEMENT OF NACTB GIVES THE NWBER OF 
ELMMTS OF ACPAR WHICH ARE SIGNIFICANT FOR THE 
CORRESPONDING VALUE-1 OF NACCU. MUS, M E  FIRST 
ELEMENT OF NACTB CONTAINS THE NUMBER OF ELEMENTS 
OF ACPAR WHICH ARE SIGNIFICANT WHEN NACCU = 1-1 = 0. 
M E  SECOND ELEMENT OF NACTB CONTAINS THE NUMBER OF 
ELEMENTS OF ACPAR WHICH ARE SIGNIFICANT WEN NACCU = 2-1 = 1. 
( IN THIS CASE NACTB(2)=5, WHICH MEANS MM, WHEN NACCU = 1, 
THE FIRST 5 ELEMENTS OF ACPAR ARE SIGNIFICANT). 
THE SIGNIFICANCE OF EACH ELEMENT OF ACPAR, GIVEN M E  VALUE 
OF NACCU, IS DESCRIBED I N  SUBPROGRAM DHSUL. 
THE VARIABLES OF ACTBL ARE NEVER CHANGED. 

COWON / RVLKP / NRVLK, NRDFL, NlPMX, NLKT8(5), RVLKP(5) 
NRVLK - 

NRDFL - 

NLPMX - 

A DESIGNATOR WHICH I S  READ I N  TO SPECIFY THE 
LEAKAGE MODEL TO BE USED. 
THE NUMBER OF DISTINCT VALUES OF NRVLK WHICH 
ARE PERMITTED, WHICH WILL ALSO EQUAL THE DIMENSION 

THE MAXIMUM NUMBER OF LEAKAGE PARAMETERS PERMITTED 
OF NLKTE - NEVER CHANGED. 

FOR ANY REVERSING VALVE LEAKAGE MODEL - NEVER 
CHANGU); 

NLKTB(NRDFL) - AN ARRAY CONTAINING THE ACTUAL NUMBER OF 
REVERSING VALVE LEAKAGE PARAMFTERS TO BE USED FOR 
WE CWRENT NRVM. THE SUBSCRIPT TO BE USED 
I S  (NRVLK+1) - NEVER CHANGED; 

RVLKP(NLMTB) - AN ARRAY OF REVERSING VALVE LEAKAGE PARAMETERS 
- READ I N  FROM INPUT FILE. 

THE PROGRAM FLKRV HAS THE MEANINGS OF THE 
VALUES OF RVLKP FOR DIFFERENT LEAKAGE MODELS. 

DATA DHHAC, DHLAC, DPHAC, DPLAC, NACCU, NACPR, ACPAR 1 
1 4*0.0, 0, 20, 20*0.0 / 
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c 
DATA NTBDM / 1% /, N A m  / 0, 5 ,  4, 9*0 / 

DATA NRVLK / 0 /, NRDFL, NLPMX / 5 ,  5 /, 
C 

1 NLKTEI / 0, 1, 3*Q /, RVLKP / 5*8.6 / 
6 

e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c 

EN0 
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Appendix F 
FIN PATTERNATION EFFECTS 

INTRODUCTION 

Computer analysis involving systems with continuous fin-tube heat exchangers as 
one or more of the system components such a5 air conditioners or heat pumps 
require a method of predicting the air side convection coefficient o f  a given 
heat exchanger and its pressure drop. Some data has been published for flat or 
unpatterned fin-tube heat exchangers (2-4). - 
industry but is proprietary to the source company. 
the overall capacity and pressure drop of various continuous fin-tube heat 
exchangers exists but this data, if and as published, is not i n  a form where the air 
side convection coefficient can be adequately calculated from it. 
includes not only the dimensions o f  the tubes and fins but also a knowledge o f  the 
tube side heat transfer coefficient and the contact impedance between the fin 

Much more data exists throughout the 
An even larger body of data on 

Necessary data 

collars and the tubes. 
effect of calculated tube-side convection coefficient error but if the heat 
exchanger manufacture is not done properly, the fin collars may be cracked o r  
loose and make poor thermal contact with the tube outer surface. 
once bought one o f  a kind coils of each of several different geometries f r om an 
outside vendor to evaluate the effect of these geometries on air side convection 
coefficient. After several weeks of testing it was found that the air side 
convection coefficients calculated from the test data were inconsistent from one 
heat exchanger to the next. It became obvious that the contact conductance 
between the fin collars and the tubes were both low and non-uniform for the  
several heat exchangers purchased. 

Using high velocity water in the tubes can minimize the 

Westinghouse 

Fin collar to tube conductances of as little as 500 to 1500 Btu/h-ft2-"F have been 
measured but it is felt that well made production heat exchangers should have 
contact conductances in excess o f  2000 3tu/h-ft2-"F. Because of the difficulty o f  
measuring contact conductance accurately many experimenters lump the contact 
impedance wifh the air side convection impedance and thus calculated air side 
convection coefficients are low, especially at high air face velocities. 

F- 1 



EXPERIMENTAL MODEL 
In order t o  evaluate the relative thermal performance associated with changes in 
transverse tube pitch (Pt) longitudinal tube pitch (Pa), tube diameter (Dt), fin 
spacing ( W )  and pattern type and depth it was decided t o  conduct single fin 
channel experiments. 

The single fin model embodies two 0.25" in. thick brass plates as fins which can 
be spaced apart to form a single channel for air to flow through. 
surface o f  the plates are heated electrically and thermally insulated. 
surfaces 
any desired pattern on the fin surfaces. 
investigated without the necessity of expensive modification of existing fin dies. 
By supplying electrical energy to maintain the plates at a constant temperature 
while heating air passing through the single fin channel, the fiv efficiency will 
be 100 percent. There will be no uncertainty here either as to contact impedance 

o r  inside coefficient. since all heat is transferred directly throuqh the fin normal 
to its surface and From the primary surface. 

The outer 
The inner 

of the plates which form the air channel can be machined to replicate 
In this way new fin patterns can be 

Care was taken to thermally guard the test sections as well as the entry and exit 
plenums supplying air to the test section so that good energy balances could be. 
obtained. 
single fin channel were made from micarta, a paper-phenylic laminate o f  low 
conductivity, but a small amount of energy would have been transferred to the air 
Prom these entry and exit sections so that the calculated air side convection 
coefficients would have been slightly high, especially at low air velocities. 

The entry nozzle t o  the single fin channel and the diffuser leaving the 

Figure F-1 is a picture o f  the two sides of a pattern fin 
air conditioning industry. 
different fin patterns, tube arrangements, etc. 
concentric areas around each fin collar) were represented by cylinders or disks 
the thickness o f  the fin pattern depth and around 0.25 in. larger than the fin 
collar diameter. Collar 
diameters of 0.5, 0.375 and 0.3125 in. were considered. The majority of the work 
was based on a transverse tube pitch of 1.25 in. 

configurations investigated had transverse pitches o f  1.0 in. however. 
matrix is given in Table F-1. 
results are discussed herein. 
CORRELATING PARAMETER 
In an attempt to correlate the data a hydraulic diameter was defined by Eq. F-1 

in common use in the 
Figures F-2 shows mating pairs of plates with 

Fin bosses (unpatterned 

Smaller disks were used to represent the fin collar. 

Seven of the thirty-seven 

The test 
Only the flat-fin and triangular patterned fin 
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Figure F-l - Commercial Residential Air Conditioning Fin (Pt = 1.0 in., 
Pi = 0.866 in., 0.375 in., D C = 0.401 in., P D -  - 0.038 inch) 
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Figure F-28 - Sample Single F i n  Model Heat Exchanger Plates, Top View 
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Figure F-2b - Sample of Single Fin Model Heat Exchanger Plates, Side 
ing 1/8 inch Deep Triangular and Sinuous Patterns 



Table F-1 

S ing le  F in  Channel Geometries Tested 

- 
No. 
of 

W Rows 0 so PD Ik' 
Table 
No. Dh pt pL Dt Pattern* 

- 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
1 L  
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

Sone 1.25 
Sone 1.25 
Scze 1.25 
Sone 1.25 
SZ?e 1.25 
Sone 1.25 
T 3.036 1.00 
T 3.038 1.25 
T 3.038 1.25 
T 3.038 1.00 
Sone 1.25 
T 3.062 1.25 
T 3.062 1.25 
T 3.062 1.25 
T 3.038 1.25 
T 3.038 1.25 
T 3.125 1.25 
T 3.125 1.25 
T 2.038 1.00 
T 2.038 1.00 
i 3.036 1.00 
T 3.018 1.25 
T 3.026 1.25 
T 3.0L85 1.25 
T 3.093 1.25 
T 4.036 1.00 
S 3.0625 1.25 
S 3.175 1.25 
S 3.062 1.25 
S 3.125 1.25 
S 3.125"" 1.25 
T 3.125** 1.25 
3.062** 1.25 

T 2.0625 1.00 
T 3.038 1.00 
T 3.038** 1.25 
T 3.0625"" 1 . 2 5  

1.083 
1.083 
1.083 
1.083 
0.875 
0.750 
0.866 
1.083 
1.083 
0.866 
1.083 
1.083 
1.083 
1.083 
1.083 
1.083 
1.083 
1.083 
0.866 
0.866 
0.866 
1.083 
1.083 
1.083 
1.083 
0.8663 
1.083 
1.083 
1.083 
1.083 
1.083 
1.083 
1.083 
0.8663 
0.8663 
1.083 
1.083 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.375 
0.375 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.375 
0.375 
0.375 
0.500 
0.500 
0.500 
0.500 
0.375 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.375 
0.3125 
0.5 
0.5 

0.077 
0.077 
0.077 
0.077 
0.077 
0.077 
0.077 
0.077 
0.077 
0.077 
0.056 
0.161 
0.110 
0.077 
0.161 
0.110 
0.161 
0.077 
0.094 
0.077 
0.094 
0.077 
0.077 
0.077 
0.077 
0.077 
0.077 
0.077 
0.161 
0.161 
0.161 
0.161 
0.077 
0.077 
0.077 
0.161 
0.161 

6 
4 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

.0121958 

.0121958 

.0121958 

.0121958 

.012023 

.011865 

.011729 

.012125 

.011946 

.0114137 

.00899148 

.0229816 

.0161815 

.0115555 

.0237178 

.016718 

.0202384 

.0101143 

.014392 

.0119345 

.014178 

.0121385 

.0120586 

.0118055 

.0108829 

.0114599 

.0114624 

.00950732 

.0228052 

.0190731 
,0190731 
.0202384 
.0115556 
.0116575 
.0118612 
.023720 
.0229814 

.14510 

.14510 

.14510 

.14510 

.1795 

.2094 

.127533 

.08162 

.1451 

.226725 

.145104 

.145104 

.145104 

.145104 

.145104 

.14510& 

.145104 

.145104 

.127533 

.127533 

.127533 

.145104 
,145104 
.145104 
.145104 
.127533 
.145104 
.145104 
.145104 
.145104 
.145104 
.145104 
.145104 
.127533 
.0885645 
.145104 
.145104 

1. 
1. 
1. 
1. 
1. 
1. 
1.03408 
1.02194 
1.02194 
1.03408 
1. 
1.0583 
1.0583 
1.0583 
1.02194 
1.02194 
1.21635 
1. ,31655 
1.01529 
1 . 3 1 2 y  
1.03408 
1.Wi96 
1.01197 
1.03476 
1.12694 
1.05987 
1.06733 
1.29756 
1.06733 
1.29756 
1.29756 
1.21655 
1.0583 
1.04083 
1.03406 
1.02194 
1.0583 

0 
0 
0 
0 
0 
0 
.491 
.494 
.49* 
.49; 
0 
.389 
.566 
.61? 
.236 
.346 
.779 

1.62:. 
. & ~ J - I  
.491 
.401 
.231 
.364 
.63 

1.709 
.494 
.812 
1.671 

.368  

.776 

.776 

.776 

.812 

.a12 . :5: 

.236 

.388 

T - 3.0625 Triangular pattern, 3 patternsllongitudinal pitch, pattern depth 0.0625 inch 

S - 3.125 Sinuous pattern, 3 patternsllongitudinal pitch, pattern depth 0.125 inch. 

** - Inline Tube Geometry. 
+ - Page in the Appendix showing air side convection coefficient and corrected 

pressure drop per row as a function of standard face velocity. 
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2 

(F-1) 
TI O, ( 2  sec e (P~P, - 7) + n 0,~)12 

'h [Total Surface Area 

2 w (1-6)  
2 w e ]  

Dc 

O =  
h 12 [sec e ( l - ~ )  + ~ 

2 
pe 

2NPPP 
, x = -  % Pattern Area I 

4 PtP, ' @ = Projected Area - X where 6 = - 

The velocity used in the original correlation o f  the data was a mean velocity 
defined by Eq. F-2, 

- Total Channel Volume = -  'fin ' = 'face ( OPen Channel Volume 1 - u  
1 
I 

1 
I 

where Vfin - - k t c e  
f 

and Nf i s  the number o f  f i n s  o f  thickness tf per inch. 
channel between fins. 
adjacent fins assuming no tubes or f i n  collars are present. 

W i s  the width o f  the 
Vfin i s  the calculated air velocity in the channel between 

At 'low air velocities where heat exchanger effectiveness i s  high the leaving air 
temperature difference (T,all-T,ir out 1 i s  small. Smaller errors in exit air 
temperature measurement would lend t o  large errors in the calculated log mean 
temperature difference (L.MTD). 

temperature difference ( A T D ) ,  the temperature difference cd the channel wall (which 

was he ld  constant) and the average air temperature IQ.5 (lair i n  - Tdi, aut)].  

The data was therefore reduced u s i v  the average 

It can be demonstrated t h a t  the blusselt Number based on the LMTD (Nua) i s  related 
t o  the Nusselt Number based can the ATD (Nu,) by Eq. F-3. 

(F- 3 )  



kroni silioothed Mu, v s  G z  p l o t s ,  Nue v s  Re o r  h, v s  V,,-, or- Vmax c~drves can be 
generated.  

small airiount. of haat Suss ww!d t ~ s u l t  ? n  a l a r g c  e w o i  i n  the calebilated va lue  o f  

I nr_r 

I t  i s  a l s o  no ted  t h a t  Par heat  eni-hanyPrs o f  h igh  2Ffec t iveness  t h a t  
w i l l  approach 0.5 Gz as an asymptote. IR7s i s  ve ry  usefill a t  low Gm where a - 

NU,. 

f igure  F-7 shows d a t a  f o r  a 1.00 x 0.365 i i?.  ~ d c ?  w i t h  8.5, 0.375 and 0.312 in .  
diametrr f i n  collars andF1q.F-8 p r e w n i ,  d a t a  f o r  a 1.25 x 1.083 in .  model w i t h  
0.5 and 0.375 in. d i a m t c ,  f i t?  collzrs. f i g ~ r y -  t - 5  ~ ~ P O ~ J C J ; ~  I _- F-9 i n d i c a t e  t h a t  Nu, 
-- vs Gr gi:v?s - a !3-'___ ood c o r r c l a t i o f i  f o r  t t ,cs? e q u i l a t e r a l  s l d y g e ~ ~ d  -I_- tub:, p i t c h  

- 

GRAPHICAL DATA PRESENTHI ION (HEAT TKANSFER SINGLt I IN TESTS) - - _ - - _ _ _ -  - - _ -  
The da ta  t o  e v a l u a t e  thi? c f f c c t  o f  p s t t w n  d e p t h  nil t h p  1 performance Nards t aken  
w j t h  1.25 x 1.08, 0.5 in.  tilodels f o r  t h e  mast pat-t w i t h  a f i n  spacing ( 
i n .  (:If = 1 2 , i f  tf = 0.006 in.). 

SpaCin95 o f  0.110 and 0.161 in .  kigut-? F-9 i s  a p l o t  of  t h e  
d a t a  f o r   patter^ depths (Pa )  o f  0, 0.012, 0.028, 0.038, 0.0485, 0,0625, 0.093 and 

0,125 i i u .  

pitccc?, 

t h e  h i g h  f i n  paLterns c l o s e l y  appt-oarhp..c, tit? a5.qllip;ot.e Nti, - 0.5 G z -  

C ia i i t cd  con~par:sons w e w  a l so  fila& with f i n  
(?if o f  8.62 alrd 6 ) .  

Each o f  these modelr. used t i i r t - z  pat t r7rms  o r  trarisver-sc ridges per 

F i g b r ~  F-9 c l e a r l y  shows t h e  va lue  o f  *'- L t i i s  lyf9e o f  p l o t  as t h e  d a t a  f o r  

Fig1Ai-P F-IO p l o t s  da ta  f o r  tii? 6 f i n s / i n .  ( W  0.161 i n . )  model w i t h  p a t t e r n  
d ~ y t h s  o f  0.038, 0.0525 and 0.125 i n .  Fiy.~r-e F 11 p l o t 5  d a l a  f o r  an 5.62 P i n l i n .  
(b! = 0.110 in.) model w i t h  pat tern d e p t h s  e,: 0.0138 arid 0.0625 i n .  
t h d t  high p a t t e r n s  are  most e f f e c t i v e  witti g r e a t ? i  f i n  zgacinys. For example, t h e  

I t  i s  apparent  
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NU 
‘(P,, = 0.062) 

(Po = 0.038) 

ratio is 1,099, 1.155 and 1.173 for fin spacings of 8.077, 0.110 

and 0.161 in., respectively at a Gz of 30. 

The effect of number of patterns/pitch ( N p p p )  was investigated for a 1.00 x 0.866, 
0.375 in. model only. T4.038 and T2.038 models were constructed and evaluated 
with a fin spacing 0,077 in. figure F-12 shows the Nua vs Gz plot for the data. 
The faint lines below Gz = 30 were attempts to better extrapolate the data to low 
Gz using the 0.5 Gr asymptote. 

Figure F-13 is a similar plot with a fin spacing 
for 12.038 and T3.038 only. 
variations in equilateral tube pitch and collar diameter, Figure F-14 presents 
data from T2.062 and T3.062 models with fin spacings of 0.077 in. but at different 
pitches and collar diameters. 
different for the model data shown in Figure F-14, these effects have been shown 
to be amendable to the correlation used so the comparison is felt to be valid. 

of 0.094 in. (Nf 10 fins/in.) 
Remembering that Nua vs Gz appeared t o  correlate 

Although the pitchs and collar diameters are 

Only limited tests were run with other fin spacings. Figure F-15 is the only fin 
spacing data for flat fins (Po = 0) and offers a comparison for the 1.25 x 1.083, 
0.5 in. model at fin spacings of 0.077 and 0.056 in.(Nf - 12 and 16 finsjin.). 
The data are correlated well at high Gz but at lower Gz (lower velocities) the 
closer spaced fins with their higher heat transfer coefficient more closely 
approach the 0.5 Gt asymptote. 
f o r  T3.038 and T3.062 and T3.125 models respectively. 
for fin spacings ( W )  of 0.077, 0.110 and 0.161 in. (12 to 6 fin/in). 
model was tested only a t  f i n  spacings of 0.077 and 0.161 in. 

in. deep patterns, respectively. 
over om ensates for fin spacing (Gz 
(ex. - = 2) but is a reasonable correlation for smaller changes (ex. 
and thtt the correlation I s  better for high pattern than for low patter& (larger 
sec e associated with higher patterns reduces Gz for a given fin spacing). 

Figures F-16, F-17 and F-18 are Nua vs Gz plots 
The first two show results 

The ratio of 
The T3.125 

0 .077jNUa (0.161) i s  about 1.25, 1.18 and 1.11 for the 0.038, 0.062 and 0.125 
These curves indicates the Nu, vs Gz correlation 

2 W ) fo r  large changes in fin spficing 
1 < 1.5) W 

The j factor versus Reyno’lds number curves showing the effect of fin spacing of 
the data of Rich’ for f l a t  fins were reduced assuming (based on a phone conversa- 
tion w i t h  the author) t h s , t  the fin effectiveness was constant and calculated based 
on an air side convection coefficient of 10 Btu/h-ft -OF. The data was read from 

the curves in the published work and an air side convection coefficient calculated 
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assuming the 0.006 i n .  tin dipped copper f i n s  had a conductivity a f  220 ~tu/h-ft'-~~. 
Same a !  roying o f  t h e  tin with t h e  copper  ill have crccurred substantially reducing 
the conductivity of the f i n  material, This factor being an unknown has been 
disregarded but could substantially increase the calculated value o f  ha i f  
included especially at higher a i r  velocities. FOP example for an air side 
convec t i on  coefficient o f  IC) Btu!h-ft'-"', a conductivity o f  220 B t u / h - f t E - " r  w o u l d  
result in a fin effectiveness o f  90,6 perceat~ ~ h e r m s  i f  the conductivity were 
only 80 Btu/hft"F the fin efficiency would be only 78,2 perrent.  If the data  were 
reduced using too high a f i n  affectivewesa the calculated values af  the convection 
coefficient would be low, 

The calculated results f o r  2.92, 4.42, 6.67, 7.67 ,  3.17, 11.75, 14.5 and 20.6 
fins/in. are plotted as Figures F-19 t h r o u g h  F-26 (log ha Y S ,  log VmaX). 
o f  SulcQ~iston~'~ for t h e  five surfaces he investigated aye included in the 
greceeding figures for comparison. 
collar to tube thermal impedance but considerfng t he  e f f e c t  o f  air side convection 
coefficient on fin efficiency and so will give an a4v s i d e  convect?on coefficient 
which is slightly low. 
higher air side velocities. 
data is shown w i t h  that of Rich and McQuiston. The single Fin data is higher thaq 

that reported by the  others at low velocities but approaches that o f  Rich a t  
higher velocities. This is the only s j n g l ~  fin model directly co parable wi th  t h e  
Rich and McQuiston data. 

The pressure drop data corresponding t o  t h e  s ingle  fin t e s t s  are given i n  Figures 
F-27 through F - 4 1 .  

variations i n  entry and e x i t  block alignment cain greatly affect. t he  pressure drop 
results. These p l o t s  of pressure drop per  row (in. sf u?terJrow) vz. Vmax, the 
maximum velocity seen in the coil should be interpreted with care. The maximum 
velocity was used as t he  independent variable here in an attempt t o  correlate the  

flat fin pressure drop data- The f ace  ~ 1 ~ ~ i t . y  is normally used in reporting the 
pressure drop data  but Pace velocity is independent o f  f i n  spacing9 tube pitch and 
collar diameter and is not a correlating factor. 
includes the sec 8 term which is a function o f  f j n  pattern. 

The data  
R 

M c Q k ~ i s t m ' s  data are reduced assuming no fin 

The error in convection coefficient will be larger at 
In Figure F-24 t he  12 f i n  pes in .  single fin model 

PRESSURE DROP DATA - S I N G L E  FIN [!>-ST? ... 

The variation i n  slope and magnitude i n d i c a t e  t ha t  ma11 

Vmnx as defined by Equation 4 
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F i g u r e  F-27 - Effec t  of Number of Tube ROWS, N R ,  on Pressure 
Drop p e r  Row as a F u n c t i o n  of Maximum F i n  
Channel Velocity f o r  Flat F i n s  
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Figure F-33 - E f f e c t  of P a t t e r n  Depth, P,, on Pressure 
Drop per RQW as  a Funct ion U o f  Maximum Fin 

Channel V e l o c i t v  
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F i g u r e  F-38 - E f f e c t  of  Number of  F i n  Patterns p e r  P i t c h ,  
N 
oPpaaximum F i n  Channel V e l o c i t y  

, on Pressure Drop p e r  Row as  a Func t ion  
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p-:7 2 

X 
where sec e = 

p, x = -  
2N ' 
PPP 

Only the high velocity portion of the data where the slope i s  nearly constant has 
been plotted. 
drop per row which will be t oo  low. The magnitude of the variation will increase 
as the number of fins per inch (Nf) increases ( W  decreases). 

Extension of these lines t o  lower velocities will give a pressure 

Figure F-27 indicates that the pressure drop per row decreases as the number o f  
rows increases for a 1.25 x 1.083, 0.5 in. heat exchanger with flat fins spaced 
0.077 in. apart. The slope of 
the lines increases from 1.71 to 1.87 as the number of rows decreases. The lines 
approach each other a t  low velocities justifying the assumption that ~p is 
independent of number of rows. 
measure the pressure difference between the inlet and outlet plenums with no heat 
exchanger present. Since the pressure difference was assumed to be zero, a l l  

pressure differences measured will be high by this amount. 
at any given flow rate by a larger number of rows therefore gives a lower 6.p/NR. 
The data suggest an error of 0.004 in. of water at VmaX = 500 ftlmin. 
remaining data was for a three row heat exchanger. 

Most manufacturers data give Ap/NR as a constant. 

Unfortunately no calibration run was made to 

Dividing a fixed error 

A l l  of the 

Figure F-28 indicates that decreasing the longitudinal pitch will only moderately 
increase the dp/NR for flat fin heat exchangers and that at very high velocities 
the effect decreases. The pressure drop associated with flow across the tubes is 
mostly form drag and i s  proportional to velocity squared. 
associated with friction will vary as velocity t o  a power between 1 and 1.8. The 
lower slope for lines corresponding to lower values o f  P, in Figure F-28 indicate 
that the higherr local velocities across a portion of the fin surface due t a  lower 
P, is resulting in a higher percentage loss due to friction. 

The pressure drop 

Figures F-29 and F-30 each compare 6.p/NR for two equilateral tube pitches 1.25 and 
1.0 in for 0.375 and 0.5 in. diameter fin collars, respectively. In Figure F-29 
the line representing the Pt - 1.25 in. data has an ordinate -1.185 t o  1.2 (low to 
high velocity) times the line representing the Pt - 1.0 in. data. 
comparison i n  Figure F-30 is 1.19 to 1.13. The spacing o f  lines is nearly 
constant in Figure F-29 (Dc = 0.375 in) and slightly greater than in Figure F-30 

A similar 
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(0, = 0 - 5  in.). 
greater variation might be expected for flat fins. 

These comparisons are for the T3.038 fin pattern tested and a 

Figures F-31 and F-32 demonstrate the value o f  Wmax to correlate the pressure drop 
for a given transverse pitch for various fin collar diameters. 
0.375 in. data falls on top of the other at Wmax less than 800. A t  higher 
velocities the correlation overcorrects and the pressure drops f o r  smaller 
diameter fin collars (less blockage) are higher than those for larger collars at 
the same value of Vmax. 

The 0, = 0.5 and 

Figure F-33, demonstrates the effect of pattern depth on ap/Nu for a 1.25 x 1.083, 
0.5 in. t h r e e  row heat exchanger with a fin spacing o f  0.077 in. 
spacing the slope o f  the lines for PD < 0.048 in. decrease with increasing Po in a 
regular manner indicating a larger percentage friction as pattern depth increases. 
As the pattern depth becomes larger, however, this trend reverses and both the 
I\P/N~ and the slope of the A P / N ~  vs. Wmax lines increase rapidly indicating larger 
regions sf separation behind each pattern ridge. 
minimized by the close fin spacings at the lower pattern depths, 

At this f i n  

This separation is apparently 

Figures F-34 and F-35 show the pressure drop increases more rapidly with pattern 
depth f o r  larger fin spacing. 
model in Figure  F-35 i s  less than expected. 

?he slope of the data presented for the T3.062 

The effect o f  number of patterns per pitch (Nppp) is shown in Figures F-36, F-37 
and 38. 

refers t o  1.0 x 0.866, (4,375 in. models at a fin spacing of 0.077 in. and 2, 3,  

and 4 patterns per longitudinal pitch. 
number o f  patterns per p-itch. 
pitch model has a d /Nu of 0.92 times the A ~ / N ~  for that of the three pattern per 

The four pattern per pitch model has a .hp/NR, 1.375 times the AP/N~ 
f o r  three ~ ~ ~ ~ ~ r f l s ~ ~ i t ~ ~  model. 

pressure drop about 11 percent. 

figure F-36 has the only data taken for four patterns per pitch and 

The slope o f  the lines increases with 
At a Wmdx o f  1000 ft per min. the two pattern per 

e l .  

Figure F-37 shows the data for 2 and 3 pattern 

Figure F-38 shows data for a 1.25 x 1.083, 0.5 
odels a t  a fin spacing of 0.094 in. The wider fin spacings reduces the 

75 ine model both with a 0.077 in. fin spacing and a 
rn, 
e three pa t t e rn  per pitch model at a maximum velocity of 1000 

ft per min. 
(see Figures F-29 and F-30) whjch times 0.79 i s  a ratio 0.92, the number obtained 
for this fin spacing in Figure  F-36 for the 0.038 pattern depth. 

The two pattern per pitch pressure drop i s  0.79 times the 

The co r rec t i on  fo r  tube pitch with the 13.038 pattern data was 1.19 
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Figures F-39, F-40 and F-41 show t h a t  the pressure drop i s  increased a s  the f i n  

spacing i s  decreasing. Figure F-39 i s  the only f i n  spacing comparison f o r  f l a t  

f i n s .  Figures F-40 and F-41 show t h a t  a s  pattern d e p t h  increases froin 0.038 t o  

0.125 inch, the pressure drop becomes less sens i t ive  t o  the number o f  f i n s  per 

inch. The slope o f  the PD = 0.062 inch data i n  Figure F-41 i s  higher than t h a t  o f  
e i t h e r  the 0.038 o r  0.161 inch data indicating a probable entry plenum alignment 

problem d u r i n g  t h a t  t e s t .  
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DATA FITTING 

NUSSELT NUMBERS 

Row E f f e c t  - Flat Fins PD = 0 

Data was read from the Nua vs. Gz curves in Figure F-3 at Gz numbers of 30, 40 and 
60, and the ratio of Nua far a model o f  NR rows to Nu 
plotted against NR/3. 
approximated the 2 row data with a maximum error of 4.5 percent at Gz = 60. 

four row data show maximum error of 5.7 percent. The slopes o f  these lines at Gz 
o f  30, 40 and 60 on a log-log p l o t  against Gz gave the following relationship for 
flat fins 

___-l___---l-- 

for the three row model 
a3 L!#es drawn through the 6 row data and the 3 row data 

The 

A s i m i l a r  treatment of the data in Figure F-4 for flat fins atlongitudinal pitch 
to tangential p i t c h  ratios (Pa/Pt of 0.866, 0.7 and 8.6 result in Equation F6, 

Pattern depth effects f o r  W = 0.077 inch ( N f -  12 fins/in.) can be approximated by 

fitting the data in Figure F-9. A log-log plot o f  Nua versus pattern depth (PD) 
was made a t  Gr = 7 ,  15, 30 and 80. Straight lines approximated the data very 
closely at each Gz number. The f i t s  are given as Equations F-7. 

Gz = 7 0 * 046 NU = 3.85 PD a (F-7a) 
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Gz = 15 0. 107 Nua = 9.30 Pd 

Gz = 30 0.182 Nu, = 20.98 Pd 

(F- 7b 

( 7 ~  F- 

Gz = 89 (F -7d)  0.293 Nua = 64.6 PD 

The log-log curve of Nua vs. Gz for a flat fin has been approximated by three 
straight lines given by Equations F-8. 

0.822 = 4.17 (Gz/lO) 7 <  G z <  15  (F-8a)  

NU, = 4.34 (Gz/lO) 15 - < Gz < 30 ( F - 8 b )  
0.725 

0 

0.664 Nu = 4.64 (Gz/lO) 
aO 

30 < Gz < 100 ( F - 8 ~ )  

To calculate the ratio for Nua 

is suggested. 

to Nu at a given Gz, the following Procedure 
(Pg) aO 

Suppose the ratio f o r  an T3.038 pattern to a flat plate i s  required 

a t  a Gz o f  26, 
and F-7c, respectively. 

For Pg = 0.038 calculate Nu at Gz = 15 and 30 using Eq. F-7b 
'0.038 

NU = 9.3 (0.038) O * l o 7  = 6.55 at GZ = 15 
'0.038 

NU = 20.98 (0.038) o.182 = 11.57 at Gz = 30 
a0.038 

vs. Gz would The slope o f  a line through these data on a log-log plot o f  Nu 

be 

aO. 038 

= 0.821 with an intercept a t  Gz = 10 of 4.695. 

Equation F-9 then represents that section of the curve 15 < Gz i 30, 
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0.821 Gz = 4.695 (m) 0.038 

and at G m  = 26, Nu = 10.29 
aO. 038 

From Equation F-Sb, Nu = 8.68 at Gz = 26. 
a. e 

Using Equation F-3 the ratio o f  air side coefficients based on LMTO i s  calcualted to 
be 1.33. 

The limited data o f  log (Nua) f o r  the T2.038, T3.038 and T4.038 models were plotted 
against log ( N p p p )  at Gz o f  20, 30, 40, 60 and 80. 
at Gz=*40 and were approximated by straight lines at the lower Gz numbers. 
slope o f  these lines were plotted against Gz and Equation F-10 resulted 

The curves were straight 'lines 
The 

(F-10) 

where the subscript ppp means patterns per pitch. 
data (F iqure  F-14) i n  the same manner g ives  Equation F-11 

Treating the T2.062 and T3.062 

(F-11 ) 

Combining Eq. F-10 and F-11 with the function of PO which matches the data f o r  t he  
two pattern depths t e s t e d  gives Equation F-12. -0.516 

F-12)  

0.25 [0.596 [ opi38) 

1 
4 

NU 

f o r  W = 0.077 i n .  F-55 



This equation is specific to these two data sets and its generality i s  
questionable .I 

The data from Figure F-13 for T2.038 and T3.038 at W = 0.0563 in. (Nf - 10 fins/in) 
is represented by Equation F-13. 

PPP 
Nu 
a3 

(0.4354 (g) "."> 
for W = 0.093 in. ( F - ?  3 )  

The large difference between the exponents in Equations F-10 and F-13 clearly 
demonstrates that, the adding of additional patterns per pitch i s  mare effective in 
increasing NU, for larger fin spacings. 
(see Equation F-3) for a given velocity a model with less fin per in. (larger W )  
would have a much larger Gz number. 
G z  asymptote at the same mass f l o w  rate for t h e  0.093 in. fin spacinq ttlarl for 
the 8,077 in. fin spacing and the curves of the P2.038 and T3.038 models are 

further apart. 

Since GZ i s  almost proportional to W *  

The Nua vs. Gz curve i s  further from the 0 - 5  

The limited data in Figures F-15 through f - 1 7  i s  not adequate to correlate the 
effect of fin spacing. What has been 
spacing W with the Nu for a Fin 
and F-16 are suggested. a0.077 

Nu - a 

WU 
ao. 077 

done i s  to compare the Nu, values f o r  a fin 
spacing of 0.077 i n .  €qua ions F-14, F-15 

(-0.0504 PD 0.147 

Nu (-0.006) 
N U -  

0.061 G z  = 1.15 (Po ) (m) 
0.077 a 

(F-14) 

( F - 1 5 )  

(-0.025) 
G2 

Mu = 1.059 (10) (F -16 )  
%,077 

The ratio for the fin spacing o f  0.056 in. is based upon flat fin madel data. 
effect of PD is included. 
be less than 1.0 and that the  rates should approach 1.0 as Pg increases. 
been done is for a given pattern depth and Gz number t o  construct a second 

No 
It is projected, however, that the r a t i o  should never 

What has 
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Nu 
order fit to the ratio and to use the second order fit t o  calculate the 

a0.077 

expected ratio for other fin spacings and pattern depths. 
would have the form given in Equation F-17 for the data Figure F-15 through F-17. 

The second order fit 

Letting 

NU Nu Nu 
aW - ao.l10 - aO. 161 

0.077 a0.077 a0.077 
= R161 - Rw ’ Nu - R1109 NU 

then ( F - i 7 )  

7 Rw = A + BW + CW 

where 

A = (9.0321 x l o d 4  - 0.001041348 R l l O  + 2.7951 x 10-4R161)/D 
B = (-0.013821 + 0.019992 R110 - 0.006171 R161)/D 

C (0.051 - 0.084 R110 + 0.033 R161)lD 

1 0.677 0.077* 

10.110 o.1102 = 1.42372 x 

1 0.161 0*16l2 

with the injunction that i f  W > 0.077, R u  5 1 and if W 
second order fit leads to values slightly greater than 1.0 for 0.077 < W < -11 and 
less than 1.0 f o r  W 4 0.077 at large values o f  Pa 

0.077, RW z I, The 

The pressure drop data presented in the figures is intended as a guide and may 
conservatively be used for design directly at high face velocities. 
if extrapolated to low velocities will give t o o  low a pressure drop. The approach 
taken here, howeves, was t o  assume that better pressure drop correlations for flat 
plate fin-tube heat exchangers exist and to suggest multipliers or ratios by which 
the calculated pressure drop f o r  a f l a t  plate fin-tube can be modified t o  estimate 
the pressure drop of a pattern fin using transverse ribs as a pattern. 

These curves 
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The measured drops would include an en t ry  and  e x i t  l o s s  which i s  a l a rge r  percent 

o f  the  t o t a l  fo r  the  2 row coi l  t h a n  t he  6 row c o i l ,  therefore ,  the value o f  A p / r O W  

would be higher t h a n  i t  should be f o r  each case bu t  %he percent e r ro r  w o u l d  he 

la rger  with fewer rows. I t  i s  f e l t  t h a t  the  r e l a t i v e  pressure drop per row d a t a  

has an  e r ro r  associated with plenum t o  plenum l o s s  which was n o t  accounted f o r ,  

Nonetheless a lower s lope i s  indicated fo r  a high number of rows (Figure F-27)  a n d  

t he  var ia t ion  with number o f  ~ G W S  becomes l a rge r  a t  higher ve loc i t i e s  for  these 

-0.0827 f l  a t  .fin model s 
N 

(-0.276) (1.814 
NR 

( f )  = 0.0818 (F) 
N R  

(F-18)  

The r a t i o  o f  pressure drop 

given by Equation F-19 

f o r  a heat exchanger o f  NR ~ G W S  t o  one with 3 rows i s  

IF-19) 

It is noted that this cor re l a t ion  smooths the  data and decreases the slope of the  

NR = 3 l i ne  so t h a t  i t  does not cross  the  NR = 4 l i ne .  

The slope o f  the l ines i n  Figure F--28 are lower f o r  lower values o f  P, and the 
in te rcept  a t  Vmax = 1000 f t / m i n  i s  higher. 

0.082 

(q) = 0,0767 (--) p, 
pa  Pt 

( F - 2 0 )  

The data relative o f  an equ i l a t e ra l  t r i angu la r  p i t c h  i s  approximated by Equation 

F-21. 

0.937 
-0 I 

(>) t 

0.082 
1.836 (2) 1 p% 

I45 - 
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An approximation of the data shohn i n  Figure F-29 through F-32 i s  g i v e n  by 

Equation F-22. T h i s  re la t ion approximates the e f fec t  of tube transverse pitch and 

collar diameter on pressure drop for a 3 row heat exchanger model w i t h  T3.038 f i n s  

0.077 i n .  apart. 

(0.093 Pt1*5’)\ 
Dc 1 -0.032 (m 

(F-22) 

-0.096 
0.61 (“c ) (p) = 0.0915(Pt) 0.375 

R P y L c  

The pattern depth data i n  Figure F-33 may be represented by Equation F-24 fo r  
pattern depths of 0.018 t o  0.048 in. 

.. (F-23) 

fo r  0.018 < Pg 5 0.048 in .  

A t  larger pattern depths the slope and intercept of the l ines  increases rapidly. 

A fourth order f i t  (Equation F-24) gives the slope as a function of 
P, P, 
(L) assuming an asymptote of 20 a t  a pattern dep th  o f  1.14 i n .  (L = 30). 0.038 0.038 

pD Slope S = 2.75153 - 1.73507 (m) 
pD 

2 3 

+ 0.915199 (m) % - 0.155689 (&) 
4 

+ 0.00423605 (&) 

f o r  0.048 < Pgl < 0.125 in. 

(F-24) 

A similar polynomial f i t  was used for  the intercept a t  Vmax equal 1000 f t / m i n  i n  

this range o f  pattern depth and is given by Equat ion  F-25. 
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Intercept  = I = 0,709804 - 1.18701 
PD 

0.048 < 

The pre 

2 3 
- 0.205322 (m) pD 

4 
pD + 0.0187123 (m) 

P" < 0.125. 

sure drop per row for 0.048 < PD 

(F-25)  

0.125 i then given by Equation F-26. 

(F-26) 

The ratio of the pressure drop for patterened f i n s  t o  flat fins (W ) is given by 
pD uations F-27 and F-28. 

-0.033 
0.244 -1.8141 

for POI < 0.048 in. W = 0.077 in. (F-27) 

( S  - 1,814) 
5 

for 0.048 < Pa = 0.125 in. W = 0.099 in. (F-28) 

Pt =: 1.25 in. , P, .= 1.083 in. , Dc = (4.5 i n .  

The limited data available does not allow the approximation o f  pattern depth 
effects for other fin spacings. 
conservatively for smaller fin spacings a t  high velocities. 
i n  pressure drop with increased fin spacing w i l l  always occur, but the magnitude 

Equations F-23 through F-28 should apply 
The expected decrease 
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of the pressure reduction is much less for hlgher fin patterns than for low fin 

patterns. 

Only one four pattern per longitudinal pitch model test was performed. There i s  a 
rather large increase in pressure drop per row from 3 to 4 patterns per pitch. 
The slope of the lines in F i g u r e  F-36 increases with number of patterns per pitch. 
Since only three different patterns per pitch were used, the Vma, = 1000 ft/min 
pressure drop per row intercept has been represented as a second order polynominal 
(Equation F-29). The slope of the ln-ln p l o t  is seen to be a weak function of the 
number of patterns per pitch. 

0.007) 

(*) = (0.1155 - 0.03725 N + 0.00975 Npppz) "max (F-29) 
PPP R 

The effect of fin spacing cannot adequately be described from the data in Figures 
F-39 through F-41 nor can a closed form relationship be easily represented. 
previous relations were based on the supposition that the log-log plot o f  pressure 
drop per row versus maximum velocity was a straight line. 
assumption at high velocities for large fin spacings. 
decreases a t  low velocities. 
as fin spacing decreases. 
as calculated from the f vs Reynolds curve in Reference 2 have been plotted as 
Figure F-42, 
w i t h  0.006 SKI. thick fins. 
not approach i% constant slope until V, > 1700 ft per min. whereas the line for 
2.92 fins per in. (W.= 0.336 in.) i s  straight down to V, = 500 ft per min. 
data has been approximated by third order polynominal curve fits for fin spacings 
of 0.0425, 0.063, 0.079, 0.103, 0.123, 0.144, 0.220 and 0.336 in. 
form is g iven by Equation F-30, and Table F-2 gives the coefficients for the 
various f i n  spacings 

The 

This was a good 
The slope af the lines 

This change in slope begins at higher values of Vmax 
To demonstrate this the Carrier data of Donald G. Rich' 

These data were for four row 1.25 x 1.083, 0,525 in. heat exchangers 
The line for 20.6 fin per in, ( W  = 0.0425 in.) does 

Rich's 

The polynominal 

.. 
(F- 30) 

Interpolating within Rich's data an intercept at Vma, = 1000 ft/min of 0.0642 in. 
o f  water i s  calculated f o r  12 fins per i n .  Equation 18 shows a value o f  0.0818 
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Table F-2 

wf finsli n. 

COEFFICIENTS FOR PRESSURE DROP REPRESENTATION 
OF THE CARRIER DATA OF DONALD G, R I C H  

w 
f i n  spacing 

2.92 
4.42 
6.67 
7.67 
9.17 

11.75 
14.5 
20.6 

0,336 

0.220 
0.144 
0.123 
0.103 
o m 9  

0.425 
0.063 

a x 104 
~ I -  

0. 232968 
-4.641 79 
-0.660208 
-5.657 I15 

-a .  33139 1 
-1.56136 
4-6.76952 

b x 102 c x lQ1 

0 9 524435 
0.718127 
1.09655 
1.55970 
1 .I 65252 
2 " 24649 
a. 55754 
7.96838 

0.304869 
0 c 330303 
0" 373563 
0 m 3697 18 
0.391920 
0 e 42024 
0.437723 
0.449478 

-0 ~ ~ Q ~ 7 ~  
-1.39782 
-1.087 PO 
-1.24869 
-1 18275 
-1.02635 

in.  o f  water which when a col-reet ian f o r  collar diameter i s  made (Rich used 4 row 
coils) gives 0.0755 in. o f  water ,  a difference a f  17.5 percent. The slope o f  
Rich's data is less than the  4 r o ~  data i n  F igure F-27 (1.78 t o  1.75 (Rich's da ta  

slopel.  

The slope of a straight l i n e  through Rich's h i g h  velocity d a t a  i s  platted versus 
f i n  spacing in Fjgure  F-43. 
bcA.ween 0,062 and 0,336 i n .  (14-5 > N p  > 2.92). 

f a l l  on this line. 

The slope can be represented by Equat ion 3 1  f o r  k4 

Only t h e  20.6 fin/in. d a t a  does not 

0.04799 w 
O,Q77 Slope 1.7448 (--) (F-31) 

Also platted in Figure F-43 are the  intercepts of Rich's pressure drop d a t a  a t  VmaX 
= 1000 ft per min. 
spacing. A portion o f  this curve at. the  l a m p -  f i n  spacings tan  be repmsented by 
a straight line for 0.079 5 W 5 0.22 in. 
f i g u r e  i s :  

These i n t e r c e p t  da ta  increase rapidly at small values o f  f i n  

The equation o f  the  l i n e  drawn i n  t h e  

-8 e 459 tb I n te rcep t  - 0.0633 (m) ( F - 3 2 )  
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Figure  F-43 - E f f e c t  of t i n  Spacing,  W, on t h e  I n t e r c e p t  and 
S l o p e  o f  t h e  &n--&n P r e q s u r c  Drop p e r  Row v s  
M a x i m u m  F i n  Channel V e l o c i t y  C1irvt.s 

C S l o p e  R i c h ' s  Data2 / I n t e r c e p t  S i n g l e  Channel T 3.038 
' In t e rcep t -  S i n g l e  Channel T 3.062 

0 TntercepL S i n g l e  i I n t e r c e p t  S i n c l e  Channel T 3 125 
I n t e r c e p t  R i c h ' s  Data2 

Channel F l a t  P l a t e  
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The pressure drop per row r a t i o ,  (RN), for a fin spacing W relative t o  a spacing 

of  0.077 inch would be given by Equation F-33 over a range o f  W from 0.077 t o  

0.22 inch. 

- - 
0.077 

-0.459 

A l s o  plotted i n  Figure F-43 are the intercepts from Figures F-39, F-40 and F-41. 

I t  i s  seen t h a t  the intercept i s ,  as expected, larger w i t h  higher fin patterns 

and t h a t  the intercept for  higher fin patterns i s  much less sensitive t o  fin 

spac i ng . 
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S 19 MMAR Y 

The data presented and t h e  relations developed in t h i s  paper are  intended to be 

used i n  computational programs where patterned fin-tube heat exchanger performance 
must be calculated i n  the absence of adequate heat exchanger test data. 
actual data i s  available i t  should be used. The re lat ions developed are s p e c i f i c  
t s  the model test data from hich they are drawn, but  the generality o f  the 

~esults can guide the inexperienced system designer in his choice o f  pattern fin 
su r faces  f o r  fu ture  heat tvansfer systems. 

W h e w  
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C 
P 

Dh 

D 
c 

Dt 
G Z  

a 
h 

I 
pD 

k 

L 

N 
PPP 

NK 

Nf 
Nu 

a 
NR 

A i r  s p e c i f i c  h e a t  

Hydrau l i c  d i ame te r  of t h e  f i n  passage 
d e f i n e d  by Equat ion 1 

C o l l a r  o u t s i d e  d i ame te r  

Tube o u t s i d e  d i ame te r  

Grae tz  number d e f i n e d  by Equat ion 3 

A i r  s i d e  convec t ion  c o e f f i c i e n t  based on 
a v e r a g e  a i r  t o  s u r f a c e  t empera tu re  d i f f e r e n c e  

A i r  s i d e  convect  i o n  c o e f f i c i e n t  based on 
l o g a r i t h m i c  m e a n  t empera tu re  d i f f e r e n c e  

I n t e r c e p t  of Ap/N vs  V Rn--Rn c u r v e  a t  
v -- 1000 f t / m i n .  

C o n d u c t i v i t y  of t h e  a i r  

T o t a l  a x i a l  l e n g t h  of t h e  heaL t r a n s f e r  
s u r f a c e  

Number of f i n  pattc?rn c y c l e s  p e r  
l o n g i t u d i n a l  p i t c h  

Number o f  t ube  rows i n  t h e  a i r  f low 
d i r e c t  i o n  

Nirm k r  of f i n s /  i nch  

NusselL number based on h f o r  a h e a t  
a 

exchanger w i t h  N t ube  row 

K max 
max 

R 

Nu I 

a 
pD 

Nu s 

Nu 

Nu - 
PPP 

a 

R 

a 

- 

Nu - 
w a 

N u s s e l t  number based on h f o r  h e a t  
Nua(PE/Pt) exchangers  as w i t h  a l o n g i t u d i n a l  a 

t o  t r a n s v e r s e  p i t c h  r a t i o  of  (PL/P t )  

N u s s e l t  number based on h f o r  a h e a t  
exchanger  w i t h  p a t t e r n e d  f i n  o f  p a t t e r n  
d e p t h  PD 

N u s s e l t  number based on h 

N u s s e l t  number based on h 

Nusse1.t number based on h f o r  a h e a t  
exchanger  w i t h  p a t t e r n e d  f i n s  w i t h  
ppp p a t t e r n s  pe r  l o n g i t u d i n a l  p i t c h  

N u s s e l t  number based on h f o r  a h e a t  
exchanger w i t h  a f i n  spac ing  of  IJ i n  
l o n g  i t  ud i n a  1 t u t  e p i t c h  

(haDh/k) 

(hLDh/k) 
a 

R 

a 

Btu/lbm O R  

f t  

i n .  

i n .  

d i m e n s i o n l e s s  

B tu /h r  f t 2  O R  

B t u / h r  f t 2  O R  

i n .  of  water 

Btu /h r  f t  O R  

f t  

d i m e n s i o n l e s s  

d imens ion le s s  

l l i n .  

d i m e n s i o n l e s s  

d i m e n s i o n l e s s  

d imens io r i l e s  s 

d imen s i o n  1 e s s 

d i m e n s i o n l e s s  

d ime n s i o n  1 e s s 

d i n  e n s  i o n  1 e s s 
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- P a t t e r n  depth  n o t  i n c l u d i n g  f i n  t h i c k n e s s  

- L o n g i t u d i n a l  t u b e  p i t c h  
'd 

p!L 

Pt 

Pr  - P r a n d t l  number c u/k 
P 

- Transverse  t u b e  p i t c h  

R e  - Reynolds number, ( D h P v / U )  

R - R a t i o  of p r e s s u r e  drop  p e r  row f o r  f i n s  w i t h  
PD a p a t t e r n  d e p t h  of  PD t o  p r e s s u r e  drop  p e r  

row f o r  a f l a t  f i n  

- Slope  of t h e  A P / N ~  v s  V Ln-Rn curve  a t  
max S 

pD h i g h  v e l o c i t i e s  

a i r  i n  

a i r  o u t  

f 

A i r  t empera ture  a t  t h e  t es t  s e c t i o n  e n t r a n c e  

A i r  t empera ture  a t  t h e  tes t  s e c t i o n  e x i t  

T 

T 

t - f i n  t h i c k n e s s  

T - Average a i r  tempera ture ,  0.5  (Tair in + 
1 m 

Tair o u t  

- F i n  t e m p e r a t u r e  
T W a l l  - 
V - Average v e l o c i t y  d e f i n e d  by Equat ion 2 

' f in exchanger 
- A i r  v e l o c i t y  between f i n s  of a t u b e l e s s  h e a t  

- A i r  v e l o c i t y  approaching h e a t  exchanger f a c e  

- Maximum f i n  channel  a i r  v e l o c i t y  (Eq. 4 )  
vf ace 

max 
V 

W - Spacing between f i n s  

x - Axial l e n g t h  of 112 c y c l e  p a t t e r n ,  Eq. 1 4  

sec 0 - R a t i o  of p a t t e r n  f i n  area t o  p l a n e  area 
d e f i n e d  by  Equat ion 11 D D  

TI l t S R  

n 2  
- P i t c h  t o  d iameter  r a t i o ,  'i; - B 

u P - Densi ty  of t h e  a i r  C 

u - V i s c o s i t y  o f  t h e  e n t e r i n g  a i r  

i n .  

i n .  

dimens i o n l e s s  

i n .  

d imens ionless  

d i m e n s i o n l e s s  

d imens ionless  

"F 

O F  

i n .  

O F  

"F 

f t /sec 

f t / s e c  

i n .  

f t / s  o r  
f t / m .  

i n .  

i n .  

d imens i o n l e  s s 

d imen s i o n 1  es s 

lbm/f t3 

lbm/f t s e c  
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L i s t i n g  of CORFWA 

A listing of  the subprogram C O W F M  follows. 

c 
c 
c 
e 
c 
C 
6: 

C 
C 
C 
C 
C 
c 
c 
6 

c 
c 
c 
c 
C 
c 
C 
C 
c 
C 
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1 ~ F P R ~ ~ ~ ~ , ~ U P ~ , ~ ~ E F , ~ A F F , K A ~ R ” N U A  
LOGICAL BZERO 
DATA PI,DDQ/3.415926535,1.42372E-04/ 
F = FP/12.0 
TF = 12.0*DEL?A 
DTO = 12.0*DE.A 
DCQ = DTO + 2.O*DELTA 
PI- = 12.0*ST 
PL = 12.Q*WT 
PD = 12.O*FPD 

UF = UFA 
KAIR = KPA 
PRAIR = PRA 

loo0 FORMAT(5X, ’INPUT TO CDRFHA ’ /, 5X, ’F ’,€11.4,’ TF ’,E11.4, 
1 ’ DCD ’,E11.4,* PT ’,E11.4,/,5X,’PL J,E11.4,J PD ’, 
2 E11.4,’ ROWS ’,Ella4#’ NP ’,7X,I5,/,5X,’UF ’JE11.4, 
3 KAIR ’,Ell.4a’ PRAIRa,,E11.4,’ WA ’,E11.4,//) 

FORMAT(SX,’BETA’,El1.4,’ WFIN’,E11.4,’ XPP ’,E11.4,3 SEC 1100 
#5XS ’UFIN’,ElP.4,’ LFLO’,E11.4,’ GRTZ’,E11.4, 

2 ’ GRZFa8EP1.4,//) 
1110 FORMAT(SX,’WFPR’,E11.4,’ XFINA’,E11.4,’ XFINB’,E11.4, 

1 ’ XFPIF’,E11.4,//) 

1 ’ GRZL ’,Ell.4,/,sX,’SLOPE’,Ell.4,’ CONST’,E11.4, 
2 ’ NUREF’#,E11.4,//) 

F ~ ~ ~ A ~ ~ S X ~ ~ ~ ~ ~  ’,EIl.4,’ NUPL ’,E11.4,’ GRZH ’,Ell.4, 

1125 F ~ R ~ ~ T ~ ~ ~ ~  ’BAA ’#E11.3,’ B88 ’#E11.4,’ CCC ’,E11.4, 

1130 F ~ R M A ? ~ ~ X ~  ’ DWP’,E11.4,’ WTLP’,E11.4,’ XFPIP’,E11.4, 

5 X , ~ X R O ~ ~ ~ E l l . 4 ~ ’  XPTLF’,E11.4,’ XFPIF’,E11.4, 

1 ’ X ~ ~ ~ P ~  J31.4,//) 

P ’ XFPPP’,Ell..4,/,5X,’WAV ’,E11.4,//) 

# 
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c 
C 
C 
e 
C 
C 
C 
C 
c 
C 
c 
C 

C 
c 
e 

I F ( I D 1 A G  .Ea. 1) WRITE(6,1000) F,TF,DCO,PT,PL,PD,ROWS,NP,UF, 
1 KAIR,PRWIR,MUA 

BZERO = .TRUE. 
1F(NP .EQ. 0) BEER0 = .FALSE. 
IF(PD .LT. 0.0001) BZERO = .F 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I F  THERE IS NO F I N  PATTERN (NP = 0) OR THE PATTERN 
DEPTH PD I S  LESS Ti4 ES THE EFFECT OF 
F IN  ~ A ~ ~ ~ ~ ~ ~ ~ O  EGLICIBLE AND BZERO IS 
FALSE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALCULATE THE RAT18 OF THE COLLAR CROSS SEC?IIQNAL AREA 
TO THE FIN SURFACE AR 
* * * * * * * * * * * * $ * * 8 ~ * * * * * * * * * ~ * * $ * ~ * * * * * * * * * * * ~ ~ * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  

CALCULATE THE FIN ~~A~~~~ 
* * * * * * * * * e * * * * * * * * * * * * * * *  

WFIN = (l.O-F*TF)/F 

' * * s * * * * * * $ * * + * * * * $ * t $ * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * *  

CALCULATE THE PROJECTED LENGTH OF ONE HALF OF A CORRUGATION 
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C 
C 

c 
C 
C 
C 
C 

c 
C 
C 
C 
C 

C 
C 
c 
C 
C 

C 
C 
C 
C 
C 
C 
c 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

XPP = PL/(2.0*NP) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALCULATE THE SECANT OF THE ANGLE OF THE CORRUGATION 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SEC = SQRT(XPP*XPP+PD*PD) /XPP 
I F  (.NOT. BZERO) SEC 2; 1.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CAFCULATE THE A I R  MINIMUM A I R  VELOCITY BETWEEN THE FINS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

UFIN = UF/ (60* (I-F*TF)) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALCULATE THE FLOW LENGTH I N  THE LONGITUDINAL DIRECTION 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LFLO = ROWS*PL/12 

***********e******************************* 

CALCULATE THE G R A B 2  NUMBER (DIMENSIONLESS) 

FOR THE ~ P A ~ ~ N E D  FIN CRZF 
THE PATTERNED FIN GRTZ AND 

............................................ 

GRTZ = (2* (WFIN112) *UFIN/NUAIR) *PRAIR* (2* (WFIN/12) /LFLO) * (1-BETA) 
1 / ((SEC-BETA* (SEC-2*WFIN/DCO)) **2) 
CRZF = (a* (WFIH/12) *UFIN/NUAIR) *PAAIR* (2* (WFIN/12) /U=LO) * (1-BETA) 

1 /((1 .O-BETA* (1.0-2*WFIN/DCO)) **2) 
I) WRITE(6,1100) BETA,WFIN,XPP,SEC,UFIN,LFLO, 
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1 GRTZ,CRZF 
IF (BZERO) GO TO 1200 

1200 CONTINUE 
C 
c *****+*******e**********************************  

C CALCULATE THE NUS5 XTH NO PATTERN, 
c 
c RATIO OF LONGITUDINAL iWBE PITCH TO TRANSVERSE 
C BE PITCH OF 0.866 - NklFPR 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

3 ROWS, A FIN SPACING OF O.(C%77 INCHES AND 

IF(GRZF .GP. 38.0) GO TO 1210 
IF(@RZF .LP. 15.0) CO TO 1220 

GO TO 123 

= 4.34* (GRZF/lO. 0) 0*0,725 

1210 CONTINUE 
NUFPR = 4.64* (CRZF/10 .S)  **0 .664 
GO TO 123 

1220 CONTINWE 
N = 4.17*(GR%F/18.0)** 

1230 CONTINUE 
XFPIF = l.Q 

e 0.077) GO TO 1240 
e 
C * * * * * S S S * * * * * $ % 8 * * $ * * * * * * * * * * * $ * * * * * * * * * * ~ * * ~ * ~ * * * * * * *  

C E THE COWRECVIO FACTOR FOR FIN SPACING 
C FLAT FIN - FIRST CALCULATE THE CORRECTION 
C 
c BASE VALUE) RELATIVE TU A .Oi’94 INCH FIN SPACING 
C (RICH’S BASE VALU 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c 

FACTOR FOR A FIN SPACING OF 0,079 INCHES (BEECHER’S 
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XFINA = NUAFF( 0.077, GRZF) 
6 

c 
C 
C 
c 
c 

1240 
c 
C 
C 
c 
C 
C 
c 
c 

125 

* * * * * * * * * * * * * b * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

NEXT CALCULATE THE RATIO OF THE NUSWLT NUMBER FOR 
THE ACTUAL FIN SPACING TO THAT WITH A SPACING OF 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
XFINB = NUAFF ( WFIN, GRZF) 
XFPIF = X F I ~ ~ ~ X F I N A  
I F  (IDIAG .E$. 1) WRITE(6,lllO> NUFPR, XFINA, XFINB,XFPIF 
CONTINUE 

N f 3 T  CALCULATE THE NUSSULT NWBER FOR 3 PATTUiNS PER 
PITCH AND A FIN SPACING OF 0.077 INCHES WITH 3 TUBE 

5 A RATIO OF LONGITUDINAL TUBE PITCH TO TRANSVmSE 
F 0.866 NUREF 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IF(GRTZ .GT. 30.0) GO TO 1250 
IF(GRTZ .L%. 15.0) G 
NWL = 9.30*PD**0.107 
NUPH = 20.98*PD**0.182 
GRZL = 15.8 

~ Q ~ T I ~ W ~  
PL = 20.98*PD**0.182 

GRZL = 30.0 

GRZH = 80.0 



CRZL = 7.0 
GRZH = 15.0 

1270 CONTINUE 
SLOPE =: ALQG ( ~ ~ ~ ~ ~ N W P L )  /A 

ST*GRTZ**SLBPE 

C 
C 
C 
C 
c 
C 

1230 

c 
c 
c 
c 
c 
c 
c 

C 
C 
C 

GRZH/G ZL 

IF(IBIAG .EQ. 1) WRIT%(6,1120) NUPH,NUPh,GRZH,GRZL,SLOPE, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALCULATE THE CORRECTION FACTOR FOR OTHER NUMBERS OF 
PASTERNS PER PITCH 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

XFPPP = 1.0 
* 3) GQ TO 1280 
.596* (PD/O 038) ** (-0.516) 

PDWPP = 0 2134* ( (PD/O. 038) **O e 25) * ( (GRTZ/30 I 0) * *PQWGZ) 
XFPPP -" (la* 
CONTINUE 
XFPfP = 1.6 
IF(WFIM .EQ. 0.077) G 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALCULATE THE RATIO OF THE NWSSULT ~ ~ ~ E R  WITH A FIN 
G OF 0.161 INCHES TO THE NUSSULT N 

F IN  SPACING OF 0.079 I 
* * * + * * * * * * * * * S * * * * * * * * * ~ * * * ~ * ~ * * * * * * * * * * * * * * * * * * * * * *  

R161 = 1 e 28 (PD**Q. 113) * ((G TZ/10.0) * * (-O.O504*PD**O. 144) ) 

*$******$*****t******$*$*$s************************* 

E RATIO OF THE MUSSULT NUMBER WITH A FIN 

F-76 



C 
c FIN SPACING OF 0.077 INCHES 

SPACING OF 0.110 INCHES TO THE WSSULT NUMBER WITH A 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *4 * * *4* * * * * * * * * * *  

c 
RlPO = 1.15* (PD**0.061) * ((GRTZ/hO.O)** (-0.006)) 

c 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c CALCULATE THE COEFFICIEMTS OF A SECOND ORDER CURVE FIT 
C I N  TERMS OF FIN SPACING 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c 

A = (9.0321E-04 -0.001041348*R110 +2.7951E-O4*R161)/DDD 
EBB = (-8.013821 +0.019992*R110 -0.006171*R161)/DDD 
CCC (0.851 -0 a O84*Rlb0 +O .033*R161) /DDD 
XFPIP = AAA +BBB*WFIN *CCC*WFIW*WIN 
~ ~ ~ ~ ~ ~ A G  .EQ. I> 

x r\mITE(6,1125) AAA,BBB,CCC,XFPIP 
~ F ~ w ~ ~ ~  LT. 0.077 .AND. XFPIP .LT. 1.0) XFPIP = 1.0 

.CT, 0.077 .AND. XFPIP .GT. 1.0) XFPIP = 1.0 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C CALCULATE THE EFFECT OF NUMBER OF TUBE ROWS I F  OfHER 
c THAW 3 
e: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 
XROWP = 1.0 
XROWF = 1. 

3.0) GO TO 1300 
/3 .O> ** @.22* (GRTZ/30 .O) * *O -626) 

X~~~~ = ( R ~ ~ ~ ~ .  0) ** (0 a 22* (GRZFf30.0) **0 .626) 
1300 c ~ ~ I N U ~  

c 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G E EFFECT OF THE RATIO OF LONGITUDINAL TUBE 
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C 
C 
C 

1310 

C 
c 
C 
C 
c 
C 
C 
C 

PITCH TO TRANSVERSE TUBE PITCH I F  OTHER THAN 0.866 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

XPTLP = 1 .O 

XPTLF = 1.0 
PRAT = PL/PT 
IF(PRAT .EQ. 0.866) GO TO 1310 
XPTLP = 1.0332*P AT** (0 227* (GRTZ/30.6) **0. 163) 
XPTLF = 1.0332*PRAT**(0.227h(GRPF130.0)**0.163) 
C O NTIMUE 
NUAV = NUREF*XRO *XPTLP*XFPIP*XFPPP 

. 1) WRITE (6 1130) XROWP, XPTLP, XFPIP, XFPPP , NUAV 

I F ( I D 1 A G  .Ea. 1) ITE(6,1140) XR~WF,XPTLF,XFPI~,~U~P 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALCULATE THE NUSS19L.T 
TEMPERATWE DIFFERENCE FROM THE NUSSULT NUMBERS 

BASU) ON ARITHMETIC MEAN TEMPERATURE DIFFERENCE FOR 
BOTH THE CORRUGAT 
* * * * * * * a * * * * * * * * * * * * * * * * * * * * * * * * + * * * * 8 * * * * * * * * * * * * *  

= (GRPZ/4) *ALOG ( (1+2*NUAV/GRTZ) / (1-%*NUAV/GRTZ)) 
NULF = (GRZF/4) *ALOG ( (1+2*NUFP/GRZF) / (1-2*NUFP/GRZF)) 
CORFHA = NULN/NUL 
IF(CORFHA .LT. 1 .O) CORFHA = 1 .0 
R m R N  
END 
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L i s t i n g  of  APDCOR 

A listing o f  the subprogram APDCOR follows. 

C 
C 
c 
C 
C 
C 
C 
6 

C 
c 
C 
c 
e 

FUNCTION APDCQR(PDF,NPP,VCF) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALCULATES A MULTIPLYING FACTOR FOR A I R  
PRESSURE DROP OF CORRUGATED PLATE FINNED 
TUBE SURFACES RELATIVE TO AN UNPATTERNED 
FIN. M E  INPUT PARAMETERS INCLUDE: 

PDF = FIN PATTERN DEPTH PEAK TO VALLEY - FT 
NPP = THE NUMBER OF PATTERNS PER 

LONGITUDINAL TUBE PITCH - 
ONLY 2 OR THREE ARE VALID 

CCF = A I R  VELOCITY BASED ON COIL FACE 
AREA - fT/MIN 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 
1000 FORMAT(SX,’INVALID WBER OF FIN PATTERNS PER PITCH I N  APDCOR’, 

1 I 5  I /I 

NP = NPP 
VF = VCF 
IF(NP .LT. 2) GO TO 60 

IF(NP .GT. 3) GO TO 60 

IF(PD .LT. 0.017) GO TO 10 
I[F(PD .LE. 0.038) GO TO 20 
IF(PD .GT. 0.038) GO TO 30 

10 CONTIWE 
C 
C r************************************************ 



C I F  THE PATTER DEPTH IS LESS THAN 0.017 INCHES 
C THE CORRECTION TO A I R  PRESSW E DROP IS NEGLIGIBLE 
C ........................................... 

C 
APDCOR = 1.0 

REVURN 
20 CONTINUE 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C CORRECTION FO EEN 0.017 INCHES 
C AND 0.038 INCHES - X I S  I N  PERCENT 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 
X =: ~ . 1 ~ ~ ~ ~ 6 ~ + ~ 6 * P D * * ~ ~ O  - 8~1994418E*04*PD**P.O 

1 4 3.7196102E+03*PD - 4.4945482E+01 
GO TO 4 

30 CONTINUE 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C CORRECTION FOR PATTERN DEPTHS GREATER THAN 0.038 INCHES 
C X I S  I N  PERCE 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

X = 9.13294E+O5*PD**3.0 - 8.82083€+04*PD**2.0 
1 4 4.32138E*63*PD - 4 .7  

40 CONTINUE 
.EQ. 2) GO TO 50 

C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C REFERENCE VALWE FOR THREE FIN CORRUGATIONS PER TUBE PITCH 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 
APDCOR = 1.0 4 X/l00.0 



C 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c CORRECTION FOR TWO FIN CORRUGATIONS PER TUBE PITCH 
c St***************************************+****** 

c 
50 CONTINUE 

XTWO = 1.01337E-06*VF*+1.7778/(8.66881E-07*VF+*1.82128) 
APDCOR = M w O *  (1 .O 4 X/lOO.O) 
IF(APDC0R -LT. 1 .O) WDCOR = 1 .O 
RrCURN 

60 CONTINUE 
APDCOR = 1.0 
WRITE (6 a lOW> NP 
RETURN 
END 
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APPENDIX G 
Lis t ings f o r  M o d i f i e d  Subrout ines 

L i s t i ng  o f  DATAIN Subrout ine  

A l i s t i n g  o f  the 

SUBROUTINE DATAIN 

DATAIN s u b r o u t i n e  follows: 

C 
C 

C 

6 

C 

C 

C 

R€AL NSECTE,N~E,NSE@TC,NTC 

COMMON J CMPRSR / TRICMP, TSICMP, HINCMP, PINCMP, XINCMP, 
1 TROCMP, TSOCMP, HBUCMP, POUCMP, XOUCMP 

CD SYNC, FLMOT, EFFM , ETAXSN, ETAMEC, 
1 ETAVLA, FTAVLB, PO CANFAC, HILOFC, QCAN, 
2 QHXL.0, DISPL, MTRCLC 

/ CONDEN 1 DWC, DER&, DELTAC, FPC, XKFC, XKTC, AAFC, 
1 NTC, NSECTC, HCONTC, STC, C, SIGAC, 
2 PC, ARFTC, ARHTC, ALFARC,ALFAAC, FARC, 

3 CARC , qAC, RTBCND, BZC,FANEFC, RHIC, 
4 FINTYC, MUNICTC 

1 COMDSR 1 TAITC, TIC, TSATCI, HIC, PIC, X IC,  
1 TAOC, TRQC, TSATCO, HOC, PQC, XBC 

COMMON /EVAPO / DEAE, DERE,DELTAE, FPE, XKFE, XKTE, AAFE, 
1 NTE, NSECTE, HC E, SXGAE, 
2 FTE, A ~ ~ T ~ , A ~ ~ A R ~ , A ~ ~ A A E ,  FARE, 
3 CARE, QAE, RTBE\PP, DZE, FANEFE, RHIE, 
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4 FINrYE , MUNITE 
C 

C 

C 

COMMON / EVAPTR / TAIIE, TIE, TSATEI, HIE, PIE, XIE, 
1 TAOE, TRDE, TSATEO, HOE, POE, XOE 

COMMON / FANMQT / COFAW, ClFAN, C2FAN, EFFMOT, RPMFAN 

COMMON / FLOUBA / DTROC, SWER, CAPFLO, ORIFD, XMR, NCAP, 
1 IREFC, ICOMP, ITRPIE 

C 
COMMON / LINES / DLL, XLEQLL, DSL, XLEQSL, DDL, XLEqDL, DSLRV, 
1 XLEQLP ~ DDLRV , XLEqi-iP , DPDL , DPSL , DPLL , QDISLN , 
2 QSUCLN, qLIqLN, E 

C 
C 
c 

* * *e**  ADDED BY WESTIMCHOUSE R$D JAN 10 1985 *e * * * * *  

COMMON 1 RVALVE / TAMBRV, NRVALV, DPLOV, DPHIV, QINXV, QEXTV 
C 
c 

COMMON MAPFIT 1 CPOW (6) , CXMR (6) , SUCFAC , VOLFAC, SUPERB, 

1 DISPLB, POWCOR, XMRCOR 

COMMON 1 MPASS / CNDCON, AMBCON, EVPCON, COWST, CMPCON, FLOCON, 
1 TOLS, TOLH, LPRIm, NCORH, MCMPOP, MFANIN, 
2 MFANOU, MFANFT 

TXVDAT / WPRAT, TERAT, TLQRAT, DPRAT, BLEEBF, 

1 DPTXV,. DPNOZ, DPTUBE, CAP, CAPNOZ, 
2 CAPTUB, STATIC, TXVRAT, CTXV, TLqCQR, 
3 XLCORR, SWERM, NZTBOP 

ADDED AT WESTINGHOUSE R&.D ON 5/10/85 - R. LUCHETA 
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6 
e 
C 
C 
C 
c 
C 

C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 

COMMON / ACPAR / DHHAC, DHLAC, DPH C, DPLAC, NACCU, 
1 

FOR THE MIEAMXNG OF THE CONTENTS OF C ~ ~ ~ O N $  ACPAR AND 
ACTBL, SEE THE LISTING FOR BLOCK DATA SUBPROGRAM RLADP. 

END OF S/lO/SS WESTINGH WSE R&D ADDITION. 

/ RVLMP / NRVLK, NR FL, NLPMX, NL TB (5) J RVLKP (5) 
SEE BLOCK DATA ~~O~~~~ WLADP FOR THE DEFINITIO 

THESE P A R A M n U I S  

F 8/2 /85  WEST IN^ 

##  ADDED BY ~ ~ ~ T ~ N G ~  USE RBeD ON 9/26/85 - T. J .  FAGAN 

PAT / NFPE, FPDE, XFPE, XAPE, NFPC, FPDC, XFPC, XAPC 

## END OF 9/26/85 ADDITION BY ESTSNGHOUSE R & 

C O M ~ O N  DDUCT, FIXCAP, ITPTLE(20) 
DATA NOPPR, NOrPT / 6 )  6 / 

........................................................................ 

C 
C INPUT FOR M A I N  
c 
.......................................................................... 
C 
c 
................................................................... 
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C 
C P IDENTIFICATION 
C 
C t * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~  

C 
READ (5 a 1001) ITITLE 
WRITE (6,1004) ITITLE 

C 
C*********************************************************************$* 
c 
c 
C 
C******************************************************************$**** 

LPRINT - FLAG FOR PRINT CONTROL 
=o FOR MINIMUM a m  
=I FOR SUAAMARY OUTWT 
=2 FOR OUTPUT AFTER EACH 
=3 FOR CONTINUOUS OUTPUT 

GO TO (f,2,3 
WRITE (6 I 1026) 

1 WRITE (6,1021) 
GO PO 4 

3 WRITE (6,1623) 

INTERMEDIATE ITERATION CONVERGES 
DURING INTERMEDIATE ITERATIONS 

........................................................................ 
c 
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C OPERATING MODE SELECTION 
C 

c 
C FOR COOLING OR HEATING MODE 
C ' = 1 -- COOLING MODE 
C I F  'NCORH3 = 2 -- HEATING MODE 
c 

READ (5,1003) NCORH 
e 

e 2) WRITE (6,1006) 

c 

C 
C CHARGE INVENTORY OPTION SELECTION 
e 
c ***NOTE: THE REFRIGE ANT CHARGE INVENTORY BALANCE OPTION 
C (ICHRGE=I) HAS NOT BEEN COMPLETED NOR HAS THE 
C OF REQUIRED REFRIGERANT CHARGE I N  THE 
C 
C 

'ICHRGE4' OPTION. 

C * * * + * * * * * * * * * * * * + * * + ~ * * * * * f * * * * * * f * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

C 
6 GE- INDICATOR FOR SPECIFYING COMPRESSOR INLET SUPERHEAT 
C OR SYSTEM REFRIGERANT CHARGE 
C =O SPECIFY REFRXGERANT SUPERHEAT (OR QUALITY) AND 
e 
c =I ESTIMATE ~ O M ~ ~ ~ ~ ~ ~ R  INLET SUPERHEAT AND 
C SPECIFY SYSTEM REFRIGERANT CHARGE 
c 
C v1- SPECIFIED REFRIGERANT SUPERHEAT (OR QUALITY) 
C OR 
C 

PUTE REQUIRED SYSTEM REFRIGERANT CHARGE 

ESTIMATE OF REFRIGERANT SUPERHEAT (OR QUALITY) 
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C 
C 
c v2- SPECIFIED SYSJEM REFRIGERANT CHARGE (LBM) 
C 

AT ~~~~~E~~~~ INLET (F OEG OR NEGATIVE FRACTION) 

(5J101) I ~ ~ ~ ~ ~ ~ V ~ , ~ ~  
C 

SUPER = v1 

6,1025) SUPER 

ITE (6,1026) XSUPER 
GO TO 6 

5 CO E 
REFCHC = v2 

RITE (6 a 1028) SUPER 

ITE (6 a 1029) XSUPER 

C 
c 
C * * * * * * * * * f * * * * * * * * $ 2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

e 
6 

C 
CO~***f*********P**~****+****+********~***************************~****P*** 

C 
C 
C 
c R NEGATIVE FRACTION) 
c MAL EXPANSION VALVE (TXV) 
e: 
c 

TYPE OF REFRIGERANT FLOW CONTROL DEVICE 
=49 FOR SPECXFIEQ CONDWSER SUBCOOLING (OR QUALITY) 
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C Ah- SPECIFIED CON ENSER SUBCOOLING (OR QUALITY), 
C OR 
C RATED CAPACITY OF TXV (TOMS), 
C OR 
e CAPILLARY TUBE FLO 
C 0 
C DIAMETER OF SHORT-TUBE ORIFICE ( IN) .  
C 81 - STATIC SUPERHEAT S ING FOR TXV (F) , 
C OR 
C N ~ ~ ~ E ~  OF CAPILLARY WBES 

C C f -  T X W  SUPERHEAT AT R TENG CONDITIONS (F) 
c D1- TXV BYPASS OR BLEED FACTOR 
6 E l  - I T  TXV NOZZLE AND TUBE PRESSURE DROP 
C CALCULATIONS 
c 
6 =1, INCLUDE TUBE A ZZLE PRESSURE DROPS. 
C 

I T  TUBE AND NOZZLE PRESSURE DROPS, 

READ (5,1101) IREFC, A I  B1 ,C1# D1, E l  
DTROC = A 1  
I F  (IREFC .EQ. 0) GO TO 40 
GO TO (10,20,30) ,IREFC 

IREFC = 0 

GO TO 40 

WRITE(G,1102) IREFC 

C 
C Txv I N P  
C 

STATIC = B l  
SUPRAT = c1 
BLEEDF = D 1  
NZTBOP = IFIX(E1) 
I F  (NTTBOP .NE. 0)  NZTBOP = 1 

XTE (6 , 6103) TXV AP,STATIC,SUPWAT,BLEEDF 
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. I) WRITE(6,1105) 

c 
C 
C 

20 CAPFLO = A I  

c 
C 
c 

C 

C 
C SER SUBCOOLING INPUT 
c 

C .GE. 0.0)  WRSTE(6,1108) DTROC 
xomoc = -DTROC 

C .LT. 0.0) WXTE(6,1109) XDTROC 
C 

45 ~~~T~~~~ 
c 
C * * * 4 * * ~ * * + * * 8 * * + * * * * * * * t * * + * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~  

C 
C HIGH SIDE REFRIGERANT SATURATION 
c 
c 
C S * * * * * f * * * t * * * % s * s * * * * * * s * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~  

e: 
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C TSICMP- ESTIMATE OF SATU ATIBN TEMPERATURE AT COMPRESSOR INLET 

C (F) 

C (F) 
C TSOCMP- ESTIMATE OF SATU PERATURE AT COMPRESSOR OUTLET 

c 
C 

READ (5,1002) TSICMP, TSOCMP 
WRITE (6 1204) TSICM 

C 
C * * * * * * * * * f * 4 * * * * * * $ $ * + * * * * * * * * S s * s * * * * * ~ * * * * * * * * $ * * * * * * * * * * * $ * * ~ * * * ~ * * * + $  

C 
C PNPW SECTION 
C 
C * * * * * + * * * * * * * * * * * * * * * * * * * * * * * s s * s * * * s p * * ~ ~ * f ~ * * ~ * ~ * * * * * * * * * $ ~ * * * ~ * * * * * *  

C 
C INPUT DATA FQ 
C 
C ITCH TO SPECIFY SUBMODEL 
C =I FBI? THE EFFICIENCY & LOSS SUBMODEL 
C =2 FOR THE MAP-BASED SUB 
C 
C SYNC - S Y N ~ ~ R O ~ ~  

DISPL - TOTAL COMPRESSOR DISPLACEMENT (CU IN) 

C 
C RATED MQTOR SPEED 
c D FMOT IS TO BE CALCULATED 
C 

WHEN ICOMP=X AND FLMOT I S  SPECIFIED; 

C L HEAT LOSS (BTU/H) 
C CANFAC- SWITCH TQ DETERMINE THE COMPRESSOR SHELL HEAT LOSS, 
C qCAN : 
C =o, TO SPECIFY CAN EXPLICITLY 
C <1, TO CALCULAT = CANFAC * POW 
C >=I, TO CALCULATE QCA AS 0.90 9 (1 - MOTOR * MECHANICAL 
C EFFICIENCY) * PO 
C 



c 
e 
C 
c 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

**IN THE EFFHCPENCY & LOSS SUBMODEL** 

~ ~ ~ ~ A N C €  VOLUME RATIO 
OF THE COMPRESSOR MOTOR 
CY OF C ~ M f R E ~ ~ O ~  
AL EFFICIENCY 

AT FULL LOAD (KW) 

I5 SPECIFIED EXPLICITLY 
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I F  (CANFAC . GE . 1 0) WRITE (8,1306) 
GO TO 94 

92 WRITE(6,13(37) QCA 
94 IF(H1LOFC .LE. 0.0) GO TO 96 

IF (HILOFC .LT. 1.09 I T E  (6,13O8) HILOFC 

IF (HILOFC .@E. 1.09 
GO TO 98 

96 WRITE(6,1310) QHXLO 
98 I F  (MTRCLC .NE. 0)  

IF (MTRCLC .E 
GO TO 110 

c 
6 UT DATA FOR THE MAP-BASE RESSOR MODEL** 
C 
C CPOl - GOEFFICI ~ ~ - ~ U A D ~ ~ T I C  FIT TO C O ~ ~ R E ~ S O ~  FOWEW 

c (wl 
6 CXMR - COEFFICIENTS FOR BI-qUADRATIC FIT T O  MASS FLOW RATE 
C R DISPLACEMENT FOR MAP (CUBIC INCHES) 
C SUPERS- BASE 'SUP T' VALUE FOR COMPRESSOR MAP, 
C I F  POSITIVE, 
C TERPNG COMPRESSOR (F) , 
C 
C NEGATIVE OF R€VJR GAS TEMPERATURE INTO COMPRESSOR 

C (F) - 
C 
100 READ(5J313) CPO (1) , CPOW (2) , CPO (3) , CPOW (4) , CPOW (5) , CPOW (6) , 

1 DISPLS, ~~~~~~ 

READ (5,1313) CXMR (1) I CX (3) 8 CXMR (4) , CXM 
C 

WRITE (6 I 1314) DPSPk, SYNC 
WRIPE(6,1315) CPBW(1) ,CPO (2) , CPOW (3) , CPOW (4) , CPOW (5) , CPOW (6) 
WRITE(6,1316) (2) CWR (3) , CXMR (4) , CXMR (5) CXMR (69 
IF (SUPERB. GE . 
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W~~~~~~~ 131 
GO TO 10s 

105 @O E 
WRITE (6 8 1317) SUPER 

106 ~ ~ ~ T ~ N ~ E  

I T E  (6 13051 CANFAC 
2 
C 
C * * * * * * * * ~ * * * * * * * * * * * * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

c 
C 
C 
C************4*********************************************************** 

c 
CHANGER 

C 
c TAII  - 
e R H I  - 
c 
c - 
c FMEF 
c 
c 
c **NOTE** 
c 
C INDOOR C 
c T -  
e 

(INDOOR AND OUTDOOR) 
CONDENSER AND 'E' FOR 

RE EffTBING HEAT EXCHANGER (F) 
DIly OF A I R  ENTERING THE HEAT EXCHANGER 

FLOW RATE (CU F?/MIN) 
HF (.: 1.0, SPECIFIED VALUE OF COMBINED FAN - FAN MOTOR 

EFFICIENCY 
SPECIFIED VALUE OF FAN POWER (WATTS) 

DOOR COIL, 'FANEF' USED ONLY IF 'MFANFF'=O 

DKTS (IN) -- 
IVALENT LENGTH OF 100 FEET 
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e 
c 
c 
c 
c 
C 
C 
c 
c 
c 
c 
C 
c 
c 
c 
c 
c 
C 
c 
c 
c 
c 
c 
c 
c 
C 
C 
c 
c 
e 
c 
c 
c 
c 
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c 
e 
a: 
c 
g: #### OF 9/33/85 I####  
6 

PATTERNS PUI  FONGITUOINAL TU& PITCH 

RW DEPTH - P W  TO VALLEY (IN) 

110 IF g 
c 
C 
c 
e 

DDWCT,FIXCAP 
ECTE,WE,ST€,RTBEVP 

READ@, 1882) FINTYE, FPE,DELTAE,DEAE,DERE,XKFE,XKTE, HCONTE 
c AD 
c 

E R Bb D ON 9/26/85 - T.  J. FAGAN 

. 4) READ(5,1007) MFPE,FPDE 

e 
c 
c IS THE CONDENSUi 
C 
120 

,QDWT,FIXCAP 
SECTC,UC,STC,RTBCND 
I DEXTAC DEAC , DUiC, MFC, XKTC , HCONTC 

c 
e USE Rd&0 9/26/85 - T. J.  FAGAN 

5,1007) NFPC, FPDC 
4: 

C 
c 

OQ c E 
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c 

c 
C 
c 
c 

e 
c 

c 
C 

c 
c 
c 
c 
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## END BF: 9/26/85 ADDITION # ~ # # # #  

c 
c 
C 

6: 
6 
c 
c 
C 

C 

50 

6 
c 

c 

c 

. 2) GO TO 5 W  

= 1 FOR COOLING MODE 
E INDOOR WIT 

DENSER IS THE OUTDOOR UNIT 

1415) QDUCT, FIXCAP 

. 1.) vvRI?E(6,1408) AAFE 

. 2,) WRITE(G,1409) AAFE 

. 3.1 WRITE(6,1418) AAFE 

e 
e 

V ~ ~ S ~ I ~ ~ ~ Q U S E  R81D 9/27/95 - T. J. FAGAN 

ITE(6,1509) AAFE, NFPE, FPDE 
c 
c 
c 
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C 

6 
c 

c 

51 

61 

c 

c 
e 
c 

c 
c 
c 
c 

RITE (6 1414) NTC FPC f 
1 WSECTC DELTAC I 

2 DEAC XKFC 0 
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3 DERC , XKTC , 
4 W7.c I HCONTC , 
5 STC RTBCND 

c 
FT .EQ. 1) WRITE(6,1416) COFAN, CIFAN, CZFAN, RPMFAM 

c 

c 
c 
6: 

6 
c 

THE ~ ~ A ~ Q ~ ~ ~ ~ R  IS ME OUTDOOR UNIT 

c 
EFC .GI. E .O) GO TO 52 

WRITE($, 1411) QAC,FANEFC 

52 COMIWE 
IBE (6 I 1412) QAC FANEFC 

c 

C 
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C 
ITE(6,1414) NTC, FPC 

1 NSECVC, DELTAC , 
2 D E N ,  XKFC , 
3 DERC , XKTC 

s s-i-c , 
4 WTC , HCQNTC I 

c 
c 

ITE (6 J 1486) 
XIE(G,140%) TAIT&,RHIE 

c 

53 

63 

c 

ADDED WY WESTINGHOUSE D 9/27/85 - T. J. FAGAN 

# D 0% 9/27/85 ADDITION # t 

ITE(6,1414) NTE, FPE, 
1 NSECTE, DEL.TAE, 



2 DEAE, XKFE, 
3 DERE, XKTE, 
4 Wl-E 8 HCONTE, 
5 STE, RTBEVP 

C 
C 

IF(MFANFT .EQ. 1) WRITE(6,1416) COFAN, ClFAN, CPFAN, RPMFAN 
c 
600 ~ 0 ~ ~ 1 ~ ~  

C 
C 
c 

CONVERT DIMENSIONS FROM INCHES TO FEET 

DEAC = D€AC1”12. 
DEAE = DEAE/I2. 

C 
DELT’AC = DELTAC/12. 
DELTA€ = DELTAE112. 

c 
DERC = DERC/12. 
D E E  = DERE/12. 

C 
FPC = ~ ~ . * F P c  
FPE = 12.*FPE 

C 

C 

STE = S T E J I P ,  

C 
C # # # # # # # ~ D ~  
e 
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e 
c 
c 
c 
c 
c 

c 
c 

c 
c 
C 
C 
c 

e 

c 

. 1) WRITE(6,1010) 
.eq. 2) WRITE(G,lO%f) 
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c 
c 
C 

c 
t 
c 

C 
c 
C 
c 
c 
C 
c 
C 
c 
C 
C 
C 
e; 
6 

C 
C 
c 

c 
c 
C 
c 
c 
e: 
C 

SSES I N  C~NN~CTXNG LIMES 

QSUCLN- RATE OF HEAT GAIN I N  COMPRESSOR SUCTION L I N E  (BTU/H) 
QDISLN- RATE OF H W T  LOSS I N  COMPRESSOR DISCHARGE L I N E  (BTU/H) 

K OF HEAT LOSS I N  WE L IQUID L I N E  (BTUJM) 

EEN COILS AND FROM REVERSING VALVE TO COILS 

LL - INSIDE DIAMETER OF LIQUID L I N E  FROM INDOOR COIL 
TO OUTDOOR C O I L  (IN) 

XLEQLL- ~ ~ ~ I V A ~ ~ T  LENGTH OF LIQUID L I N E  FROM INDOOR COIL 
TO OUTDOOR COIL (n) 

DLRVIC- INSIDE DIAMETER OF VAPOR L I N E  FROM REVERSING VALVE 
TO INDOOR C O I L  (IN) 

TO INDOOR C O I L  (FT) 
XLRVIC- E 4 U I V ~ ~ T  LWGTH OF VAPOR L INE FROM REVERSING VALVE 

DLRVOC- INSIDE DIAMETER OF VAPOR L I N E  FROM REVERSING VALVE 
TO OUTDOOR COIL (IN) 

C-  VALE^ LWCM OF VAPOR L I N E  FROM REVERSING VALVE 
TO OUTDOOR COIL (FT) 

2) DLL,XLEQLL,DLRVIC,XLRVPC,DLRVOC,XLRVOC 

EVERSING VALVE TO COMPRESSOR 

- INSIDE DIAMETER OF LINE FROM RWERSING VALVE 
TO COMPRESSOR INLET (IN) 

IVALENT LENGTH OF LINE FROM REVUiSING VALVE 
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e 
c 
c 
c 
6 

c 

C 
c 
c 
c 
c 
C 
c 
c 
e: 
C 
c 
C 
c 
c 
C 
c 
6 

c 
C 
c 
C 

c 
6 
6 
c 
r- 

IDENTIFY SUCTION E LINES BASED ON M RE OF OPERATION 

****e***** AD 

L 0 ,  25, 26 OR 30 
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e 

c 
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c 
461 
c 

c 
462 
C 
c 

C 
469 
c 
c 
C 
C 

T OF VALVE LEAKAGE LAW ASSUMED (SEE PROGRAM 

P ) I INDEX = 1 NLKTB(NRVtK+l) , 1) 

## END OF 8/2 /85  ADDITIONS #f 

c ****** AD E RI&D OW 15 MAY, 1985 8Y R. LUCHETA ***+* 
C 

B INDEX = 1, NACTB(NACCU*1) 1) 
52,452,452 I 452,452,452,452 452,452) (NACCU+l) 

6. 



c 
452 
C 

e: 
459 CONTINWE 
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* * * *e  FORMATS 1016-1018 ADDED AT WESTINGHOUSE R&D 15 MAY 1985 
c + LWCHETA e * * * +  

C 
1016 ~ O ~ A ~  ( 14: 5F12.4 :/ 3(  SF12.4 :/ ) ) 
1017 FORMAT [ / >) NO SUCTION LINE ACCUMULATOR << ’ / 1 
1018 FORMAT ( / ’ SUCTXO LIME ACCWULATOR DESIGNATOR = ’, 14: 

1 ?; PARAMETERS ARE: ’ / 
2 , ~ ~ ~ A ~ ~ A R ~ ’ *  12, ’1 = ’, lPG12.4: ’; ’) / ) ) 

1099 FORMAT ( I X ,  T4) ’)) ~~~~~~ NACCU = 14, ’; ZERO ASSUMED <<’ ) 
c e* * * *  85 A ~ D ~ T I ~ N  * *e * *  

C 
6 
C 

## CHANGES MADE OM ~ ~ 2 ~ 8 5  AT WESTINGHOUSE R%LD - R. LUCHETA ## 

~ E ~ E R ~ I N G  VALVE LEAKAGE << ’ / ) 
1032 FORMAT REVERSING VALVE LEAKAGE DESIGNATOR = ’ I  14: 

12, ’) = ’, 1PG12.4: ’; ’) / ) 1 
RVLKP = ’, 14, ’; ZERO ASSUMED <(’ ) 

c 
c 
C 

## END OF 8/2/85 A ~ ~ ~ ~ ~ O ~  

1020 F O ~ ~ A ~ ~  
1021. FORMAY(’ 

AFTER EACH INTERMEDIATE ITERATION’, 
’ CONYi3GES’) 

~ 1 N ~ ~ S  OWPUT WRING’, 
1 ’ INTERMEDIATE ITERATIONS’) 

IGERMT CHARGE IS NOT SPECIFIED’/) 
C O ~ ~ R E ~ S O ~  INLET SUPERHEAT IS SPECIFIU) AT 

1. 

COMPRESSOR PNLFT QUALITY IS SPECIFIU) AT ’, 

SPECIFIED REFRIGERANT CHARGE IS I 

1 FS.4) 
’ 

1 
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ESTIMATE 6 E  

F6.2,’ F’) 

F6.49 

ESTIMATE OF 

TO A I R  BEFQME CROSSING’, 
a\ 
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1109 FOF1AIIAT ( ’ 0 EXIT QUALITY I S  SPECIFIED AT ’, 
1 F6 0 4) 

c 
1201 FO~MAT (1 

1 

2 9X, ID ’# ,F8 .5 , ’  IN”,/, 
3 sx, ,% ~ q ~ I ~ A L ~ ~  LENGTH ’,F8.2,’ FT’) 

FROM ~ ~ D Q ~ ~  COIL TO REVERSING VALVE’,13X, 
1 ’FROM OUTDOOR COIl T REVERSING VALVE’,/, 
2 ’,F8.5,’ I N  ’),/, 
3 IVALENT LWGTH “F8.2,’ FT ’),/, 
4 ALVE TO COMPRESSOR INLEP’,,SX, 
5 VE TQ COMPRESSOR OUTLET’,/, 

9X, ’ LIQUID LINE FROM INDOOR TQ OUTDOOR HEAT EXCHANGER’, /, 

1282  AT^^^^^ 

2(9X, ’ I D  ’,F8.5,’ I N  ’),I, 
’38.2,’ n ”) 

fION LINE ’,F19.P,’ BTU/H’, 
SCHARGE LINE ’j,F19.1,’ BJU/Hy, 

2 ’$FI9.1, ’ BTLJ/H’) 

ATHQM ~ E b 4 P E R A ~ R ~  INTO COMPRESSClR ’,F6.2,’ F ’ # / )  
P€RAiTURE OUT OF COMPRESSOR ’,F6.2, F’) 

C 
~ € S ~ I ~ G ~ ~ U S E  RW JM 10 1985 **** 

WARACTERISTICS:’,/, 

’ 817, 
’,F7.3,’ F’) 

OWE R&D JAN 23, 1985**** 
NG VALVE I //) 

c 
IN: ****e ICOMP = #,12/ IS NOT ALLOWED, a J  

1 PO USE WFXCIENCY & LOSS MODEL *****’,I) 

DISPLACEb4EM ’,F7.3,’ CU IN’, 
CHARACTERISTICS:’,/, 

’ ,F5 a 3, ./ 
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& 
k 
&: ’EVAPORATING T€MPE%ATURE’, 
& ’ + ’,lPE10.3) 

1 F6.3,’ F’,,/, 
1 
& F6,3,8 CU I N ’ )  

’ i ’ ,1PElQ. 3 I ’*EVAPORATING TEbAPERAlURE’ , 
/, 30X, ’ + ’ , lPE10.3, ’ +CONDENSING TEMPERATURE* ’ , 

I317 FORMAT(lHO,lOX,’BASE SUPERHUT FOR COMPRESSOR MAP # 
I 

h l X ,  ’BASE DISPLACEMENT FOR COMPRESSOR MAP # 
J 

1318 FORMAT(lHQ,lQXJ ’RETURN GAS TEMPERATURE FOR COMPRESSOR MAP ’) 
P F6.3,’ F’,,J, 
& 
8. F6.3,’ CU IN’) 

11X,’BASE DISPLACEMENT FOR COMPRESSOR MAP ’ 
8 

1319 F O ~ A ~ ( 1 ~ ~  HOX, ’SUPERHEAT CORRECTION TERMS (SET IN BLOCK DATA) : ’ , 
/ , l ax , ’  SKTIQN GAS HEATING FACTOR t 

8 

& 1X,F6.3,/, 
B l ax , ’  ~ ~ L ~ ~ I C  EFFICIENCY CORRECTION FACTOR’, 
1 PX, F6 e 3) 

C 
1400 FQRMAT(ZF10.4,110> 
I403 FORMAT ( ’0 
1404 F O ~ A T ~  ’0 
1405 FORMAT ( ’0  

1486 FORMAT( ’0 

r N ~ ~ ~ ~  UNIT : EVAPORATOR ’ ) 
OQR UNIT: CONDENSER’) 

INDOOR W I T  : CONDENSER ’1 
~ ~ D ~ O ~  W I T :  EVAPORATOR’) 

AT(lIX, ’INhfP A I R  TEMPERAWE ’,F8.3,’ F’, 
9~~~~~~~~~ ~I~~~ ’,F8.5) 

c 
1408 F O ~ A T ~ ~ 1 X ~  ’FW NTAL AREA OF HX ‘#F8.3, 

&’ Sg fT’,5X,’%OOTH FINS ’1 

1’ sg ~ ~ ~ ~ X , ~ ~ ~ ~  FINS ’1 

Fh * 5X ’,/, 
P NS PER TUBE PITCH V 8 J  

’,F8.3, 

1589 F O R M A ~ ~ ~ l X ~  SFFRONTAL AREA OF HX ’,F8.3, 
’CORWGATED FINS 

dk DEPTH (PEAK TO VALLEY) ’ , F8.4, 



IfX ’FRONTAL A X ’ , F8.3, 

sq Fr’,EiX#’L ’1 
c 

MOTQR EFFICIENCY ’ , F8.5) 
’,F8.2,’ CFM’, 

’,F8.2, * WATTS’) 

’,FEn.5,’ I N ’ ,  

’,E8.5, J IN’ 

’,F8.3,’ I N ’ ,  

’ J 8 . 3 , ’  I N ’ ,  

’ I -2, /I 

J,F8.1, ’ BTu/H’) 
’,F8.2/ IN’, 
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Listing sf the CND 

C 
c 
c 
c 
c 
C 
c 
C 
6 

C 
c 
c 
e 
C 
C 
C 
c 
C 

c 
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c 

C 

C 

C 

C 

C 

C 
c 
c 
e 

ETAVLA, ETAVLB, POW, CANFAC, WXLOFC QCAN 
ISPL, MTRCLG 

ON CONDSR / TAIIC, TIC, TSATCI, HIC, P I C ,  X I C ,  
a TAOC, TROC, VSATCO, HOC, POC, XOC 

~~~~~ ~ A P O R  BEiAE, DERE, DELTAE, FPE, XKFE, XKTE, AAFE, 
dl NTE, NSECTE, HCONTE, STE, H E ,  SIGAE, 
Bs PE, ARFTE, ARHTE, ALFARE, ALFAAE, FARE, 
b CARE, QAE, RTBEVP, DZE, FANEFE, R H I E ,  

8b FICNTYE, MJNITE 

/ DTROC, SUPER, CAPFLO, QRIFD, XMR, NCAP, 
& JREFC, ICOMP, IfRPfE 

#PASS CNDCO , BMBCON, EVPCON, CONMST, CMPCON, FLOCON, 
& TOLS, TOLH, LPRINT, MCORH I MCMPOP MFANIN , 
8s ~ ~ A ~ O ~ ,  MFANFT 

IM, EVA'flhd, APFVIM, SSTIM, OPTTIM, DATTIM, 
HITIM , CMPTIM , EVPTIM , TIMtO, EXCTIM , AMBTIM 

DETERMINE THE COMPRESSOR 
D ~ ~ F R ~ ~ ~ A N T  FLOW RATE 'XMR' 

CUMPV (TOLS , TOLH CMPCQN) 
~ ~ ~ P ~ P  (TOLS , TOLH, CWCOM) 
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C 

c 

C 

c 

c 

6 

c 

IF(IREFC.NE.0) CB TO 100 

IF (.NOT. PRIMP) GO TO 2 
RITE(6,1002) TsATCx:,TsaTce,TRoC 
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3 

4 
C 

C 
1 

c 

c 

288 

C O N ~ I N ~ ~  
WRITE (6 I 1Ql2) XOG 

DNSR) . GT . CNDCON) WRITE (6 1003) TSATCX 
eo TO 200 

CONTIWE 
SECTE, XMRFLO) 

CNDNSR = ( RFLD - WiAR ) / 20. 

~ T ~ ( ~ , 1 ~ 4 ~  TSATCI,TSATCO,TROC,XMRFLDJ~R 
I F  (ABS (CNDNSR) a GT . ~FLOCON/2~. ) ) WRITE: (6 1005) TSATCX 
C 0 NTI NUE 

* (I1 - I O H I ) / 1 0 0 .  
RETURN 
F ~ R ~ ~ T ~ ~ ~ ~ N D N S R :  DATA SENT TO COND’J/, 
k l ~ ~ , ’ ~ € F R ~ ~ E R A ~  MSS FLOW RATE ’ ,F10.3, 

I ’SA~ATION TEMPERATURE ENTERING CONDENSER 
&F10,IsJ ’ FD,/aIOX,’REFRIGERANT TEMPERATURE ENTUIING CONDENSER ’, 

DNSR: TEST FOR CONVERGENCE ON CONDENSER EXIT 

TWPUZATURE ENTERING CONDENSER ’,F10.3, 
~ S A ~ ~ A ~ I O N  YEWERAWRE LEAVING CONDENSER ’,F10.3, 

TEMPERATURE LEAVING CONDENSER ’,F10.3, 

1009 ~ O R ~ A T ~ l ~ X ~  ’SPECIFIED SUBCOOLING ’,F10.3, 
&’ P I  

QUALITY ’ ,F10.4) 
SUBCOOLIM G , F10.3 
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’ 
T( IOX,  ’CALCISL ’ ,610.4) 

PECIFIED RSUBCQOhINGw ’, 
’FOR TSATC3: OF ’ ,FlQ.3, ’  F’) 

ERINC CONDENSER ’ , F10.3 I 
CONDENSER ’,F10.3, 

E LEAVING CO DENSER ’,F10.3, 
’ , F10,3, 

’ 
# 

ASS FLOW RATE ’, 
’FOR TSATCI OF ’,F10.3,’ F’) 
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Listing o f  the COND Subroutine 

A listing of the COND subroutine follows: 

~ U $ ~ ~ ~ I ~ ~  CQND (XMR , QCAN, IERR) 
C 

ROUTINE **** 
c 
C 
c 
c 
c 
c 
C ADAPTU) FROM ~ ~ ~ O ~ ~ N E  WRITTEN BY 
C C. 6 .  HILLER AND L. R .  GLICKSMAN, 

C HEAT ~ N $ ~ E R  ~ 8 0 R A ~ ~ R ~ ~  

C MASSAC INSTITUTE OF TECHNOLOGY. 
C 
c OWPUT 
c T TRANSFER RATE (BTU/H) 

TO ~ O M P ~ ~  CONDENSER PERFORMANCE FOR A CROSS-FLOW, 
ANT-TO-AIR, TWBE AND PLATE-FIN PlPE HEAT EXCHANGER 

c REPORT NO. 24525-96, 

C QFANC- CONDENSER FAN-MOTOR ENUiGY CONSUMPTION (BN/H) 
C TAPC - A ~ ~ A ~ E  AIR TatPERATWE M E R I N G  CONDENSER COIL (F) 
e VERACE A I R  TElWPERATURE LE3VING COMDMSER COIL (F) 
c C- ~ ~ E R A ~ E  A I R  TEMPERATURE LEAVING CONDENSER UNIT (F) 
C 
c EFRIGERANT LEAVING CONDENSER (BTLJ/LBM) 
c 
c 
c 
e 
C RAT€S, A I R  TEMPERATURES, ETC. 

E OF REFRIGERANT LEAVING CONDENSER (F) 

M E  OVERALL HEAT MCHANGER PERFORMANCE, 

3: THE CONDENSATION TWO-PHASE HEAT TRANSFER 
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C 
CONDEN 1 DEAC, DERC, DELTAC, FPC, XKFC, XKTC, AAFC, 

18 NTC, NSECTC, HCONTC, STC, WTC, SIGAC, 
a PC, ARRC, ARHTC, ALFARC,ALFAAC, FARC, 
a CARC QAC , R T f W D ,  DZC , FANEFC , RHIC , 
dt F I N N C ,  MWITC 

C 
NDS / HAC, SEFFXC, XMAC, QC, PDAIRC, PDC, 

HSPC, QSPC, FSPC, CPSPC, CPSP, 
HTPC, QTPC, FTPC, 
HSCC, QSCC, FSCC, CPSCC, 

TRVDS 

COMMON 1 CONDSR 1 T A I I C ,  T IC ,  TSATCI, HIC, PIC, XIC, 
8& TAQC, TRQC, TSATCO, HOC, POC, XOC 

~ O ~ ~ ~ N  / L I N E S  / DLL, XLEQLL, DSL, XLEQSL, DOL, XLEQDL, 
& DSLRV, XLEQLP, DDLRV, XLEqHP,DPDL, DPSL, 
& DPLL QDISLN QsUCLN , QLIQLN E 

c 
ON 1 MPASS 1 ~ ~ D C ~ ~ ~  AMECON, EVPCON, COMST, CMPCON, 

db FLQCON, TQLS, TOM, LPRINT, NCORH, 
18 MCWOP, MFANIN, MFANQU, MFANFT 

c 

c 
ON / PRMT3 / TAXC, TAOOC, QFANC 

~ O ~ O N  / PRMT8 / EIodDF:, EOUTF, ECDMP, RESIST, COP, DP,SS, 
HP, QAIR, FANOUT 

c 
WAS ,! CWAVR , CWAPJ3, CUASCR, CUAVA, CUATPA, CUASCA, 

It CUAVC, CWATPC, CUASCC, CWAV, CUATP, CUASC, 
& EUATPR, EUAVA ., EWATPA, EUAVC, WATPC, 

WAW, EUATP, WATPAW, UATPCW, UATPW 
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C 
C 
C 

#### AQDED BY WE 9/27/85 - T.  J .  FAGAM 

/ NFPE, FPBE, XFPE, X A P E ,  NFPC, FPB XFPC, XAPC 

CT, FIXCAP, XTICTLE (20) 

C 

C 
e 
c 
c 

c ,  TO 0.0  TO I DHCATE THAT A 
OP HAS MOT BEEN e ~ L ~ ~ A T ~ D ~  

PDC = 0.0  

XOC = 8.0 
ITEREX = 0 

SBCOOL = 0 .0  

QFANC = Q. 
T A I C  = TAXHC 
TAOC = T A I I C  
TSllPO = TSATCX 
TSTTPI = TSATCI 
TSATCII = TSATCI 

P'TPO-PIC 
PTP I=P 1 c 
TRVDS =1 TIC 
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XNW = I. 
e 

c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

c 
6 

c 
c 

c 
e 

RHUA = ~ 4 4 . ~ * ~ A ~ ~ ~ A U ~ ~ T A I I e  + 459.7)) 
VA = ~ ~ C * 6 ~  .O/ (SIGAC*AAFC) 

BY WESTINGHOUSE R&D 9/27/85 

F 9/27/35 ADDITION ######## 

IVIDE FLOW I N T O  PARALLEL CIRCUIfS 

- T.  J. FAGAM 

AND TREAT EACH 
LIKE A SEPARATE HEAT EXCHANGER - CONVERT BACK TO TOTAL 

DER5 = 1.5708 STC * R?8PCR 

If? IS BASED ON AMBIENT T W E R A T U R E  RATHER THAN 
RE QF AIR IS ACTUALLY CROSSING ?HE FAN 

C *ARHTC/ (ALFARC * AAFC*SIGAC/NSECTC) 
I IC,X,Y,Z,XX,YY,ZZ,X,YYY,CPA,IWCKP) 
I IC,1,RHIC,WAIRI,XX,W,ZZ,CONMST) 
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c 

c 
C 
C 

c 
e 
c 
c 

c 
c 
C 

c 
c 
c 

c 
c 
e 
c 

CALCULATE SU 

TRVAL-TRVDS 
IF (XTC NE 1 a 0)  TRV'AL-BSTTPI+B -85 

SPFHT (TSUPAM , PTPP , X , CPSPC V) 

INE SINGLE PHASE VAPB 7" TRANSFER CQEFFICIENT 
'HSPC (E(TU/H-SQ n - F )  

CALL SPHTC (DERC, 6 UVSP, CPSP , PRSP , REW, NSPC) 



C 
c 
C 

c 
c 
C 

C 
e 
c 

E WfJ-PHASE REFRIGERANT PROPERTIES 

CALL SATPRP (TST'WI I Y a XX, VG, XXX, YYY , HVTPI , AAA, BBB, F U G )  
I F  (XIC . LT -1 . 0 )  HVTPI=HIC 
CALL SATPRP (TSrrPO , XI V F  I Y , HLTPO , HFGO , AAA , BBB , CCC , FLAG) 
HFC = WVTPI-HLTPO 

AVG,XMURL,XMURV,X)(X,W(RL,YYY,ZZ, 
CPRL,AAA,BBB,IMMCP) 

PRRL = X ~ ~ L + C P R L / X ~ ~ L  

INE C ~ ~ ~ ~ N S A T ~ O M  TWO-PHASE H U T  TRANSFER COEFFICIENT 'HTP ' 
~ 8 ~ ~ ~ - ~ Q  IT-F) 

CALL CHTC (DERC, GR, XIC,  XOC, PRRL, XKRL, XMURV, XMuRt, RHOL, 
8 HOV, HSCC ~ WTPC) 

-PHASE HEAT TRANSFER COEFFICIENT FOR THE REGION 
TEbrlPERAnlRE EXCEEDS THE SATURATION TEbAPERATURE 

PC = H?PC* (I. +CPSPC* (TRVDS-TSlTPI) /HFG) +*0 .25 

- TAIC)/XNTU 
AV, X, Y, XAAUA , XX, YY, M A ,  XXX, YYY, CPA, IMUKCP) 

* (TAIRAV+459.?) ) 

TO DETERMINE PRESSURE DROP OF 
PDAIR ' (PSI) 
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.EQ. 2) GO TO 175 

IF (MC~PQ~ .EQ. 1 .OR. 019 .EQ. 1) WRITE(6,1002) TAIC, 
8, M A  
IF ~ M C ~ ~ Q P  .E$. 1) WRITE(6,lOOS) QCAM 
I F  ~ M F ~ ~ ~  .EQ. I) WRIE(6,1004) QFANC 
GO TO 200 

175 I F  (MFANIN . EQ. 1) WRITE (6,1005) TAIC , XMA, QFANC 

C 
C E A I R  SIDE HEAT TRANSFER COEFFICIENT 'HAC'(STU/H-Sq 
C FT- F) 
c C A I R ( F I N T Y C , C P M , P R A , X ~ U A , F A R C , D ~ C ~ ~ C , N T c ~ G A , ~ A C )  
C 
C # # # # ~ ~ ~  ADD WESTINGNOSE R&D 9/27/85 - T. J. FAGAN 
c 

ZR2 (FHNTYC, CPM, PRA, W A ,  FARC, DEAC, WTC , NTC I GA , 
FPC DELTAC 1) STC , FPDC NFPC , UAF , XKA, RHOA, HAC, XFPC) k 

C 
C 
C 
C 
e: 
c DUERMINE OVERALL %RFACE EFFICIENCY 'SEFFXC' 
C 

~ # # ~ ~ ~  END Of 9/27/85 ADDITION ##### 

,5eLTAC,STC,WTC,5EC,FARC,HAC,SEFFXC) 
c 
C CONSISTENT ENTERING A I R  TEMPUZATURE 
c 

.GT.TAIC) GO TO 325 

c 
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c 
c 
c 
c 

c 
c 
e 

c 
c 
c 
c 

c 
c 
C 

c 
C 
c 

DRQP TO DETER 
SER 'PDCB (PSI) 
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c 
xocr = XOC 
I F  (XOC.GS.O,O .AND. XOC.kT. .0001) XOCT = 0.0 
IF(XIC.EQ.l.0) GO TO 525 

GO TO 550 

525 ~ ~ N ~ I N U ~  
OR (TIC, P I C ,  VIC, X, Y, IERCND (1) 1 

I AND. (IERCND (1) . NE. 0)) WRITE (6,1007) 

CALL PDROP (1 DERC I STC , E GI? I RTBV , RTBTP , RTBL , XMURV , W R L  , RHOV , 
& RMOL,RERV,RERL,DZTP,XOCT,XXC,VIC,VOC,DZV8DZL, 
de D P P  DPV ~ DPC, PDC) 

c 
c 
c 

TE REFRIGERANT' PRESSURES AND SAJURATION TEMPERATURES 

P ~ P I C = ~ ~ ~ - ~ ~ W  
P T P ~ ~ ~ ~ ~ - D ~ ~ P  
TSJTPI=TSAT (PTPI FLAG) 
TSTYPO=TSAT (PVO I R A G )  

ICTEREX = IITERIEX+1 
IF QPRI IT& (6 a 1009) ITERf3, TSAVC 

c 

c 
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c 
C 
e: 



CUATPA = CUATA*FTPC 
CUASCA = CUATA*FSCC 

CUATC = ARHTC/(RTWES* 
CUAVC = CUATC*FSPC 
CUATPC = CUATC*FfPC 
CUASCC = CUATC*FSCC 

CUAV = 0. 
CUASC = 0 .  

I F  (CUAVA .CT. 0.10) CUAV = l . / ( l . /CUAVA + l./CUAVC + l./CUAVR) 
CWATP = l . / ( l . /CUATPA + l./CUATPC + l./CWATPR) 
I F  (CUASCA . GT. 0.10) CUASC = 1. / (1. /CUASCA+l . /CUASCC+l. /CUASCR) 
IF (.NOT. PRINT) GO TO 900 
P D M 2 0  = PDAIRC/3.613E-02 
WRITE(6,1012) HAC,PDAH2OjPDC,HSPC,HJPC,HSCC 
WRITE(6 , l l l Z )  HCONTC 
WRITE(6,1013) QCl,  QClK 
WR1TE(68 10141) HOC 
WITE(6,1015) CUAWI, CWATPR, CUASCR, 

it CWAVA, WATPA, CUASCA, 
& CUAVC, CUATPC, CUASCC, 
b CUAV , CUATP , CUASC 

900 CONTINUE 
C 
C 
C 

RETURN TO TOTAL FLOW RATE REPRESENTATION 

XMR = NSECTC*XMR 
qc = NS€CTC*qCl 

c 
R m f R N  

C 
1001 FORMA?(’O COND: INLET CONDITIONS’,/, 

8 l X /  A I R  TEMPERATURE ’,F8.3, ’ F’,/, 
A I R  FLOW RATE (TOTAL) 

& 1 X a ’  REFRICERAM TEMPERATURE ’ , F8.3, ’ F >, / , 
’,F8.2,’ CFkl’,/, 
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& 4X,' T SIDE ',F10.3,5X, 

d T SIDE ',F10.3,5X, 

& 'REFRIGERANT SIDE ' , F1Q. 3 / , 
Bt 4 x , 9  A I R  SIDE "FlO.3,5X, 
8 ' A IR  SIDE , f 10,3,5X, 
1B 'A IR SIDE ' ,F10.3,/, 
24 4X,' CONTACT INTERFACE ',F10.3,5XJ 
& 'CONTACT INTERFACE ',F10.3,5X, 
& 'CONTACT INTERFACE ',F10.3,/, 
& 4X,' COMBINED ',F10.3,5X, 
8s 'COMBINED ',F10.3,5X, 
8s 'COMBINED ' F10.3) 

1102 FORMAT('0 COND: ELEVATED M I T  A I R  TEMPERATURE ',F8.3,' Fa,/, 
i% ' A I R  MASS FLOW RATE (TOTAL) ',F8.1, ' LBM/H>) 

& 3 A I R  MASS FLOW RATE (TOTAL) ' I Fa. 1 , ' Lf3M/H' /, 
1 FAN MOTOR HEAT LOSS ',F8.1,' BTU/H') 

1105 FORMAT('0 COND: ElEVATED EXIT A I R  TEMPERATURE ',F8.3,' F',/, 

' 
END 



A I i s t i n g  of the EVA$ s a b r n u t i a e  follows: 



c CIEMT FOR FORCED CONVECTION EVAPORATION INSIDE 
c 
6 
c HEAP TRANSFER COEFFICIENTS 
c 
C 

ERMINE REFRIGERANT LIQUID AND VAPOR 

## HAIR CHANGED TO HAIR2 AT 
c WESTINGWQUSE R&D 9/26/85 - T. J. FAGAN ## 
C 
C HAIR2 TO DETERMINE THE AIR-SIDE HEAT TRANSFER COEFFICIENT 
c DETERMINE REFRIGERANT-SIDE PRESSURE DROPS 
C PDAIR TO OETERMINE AIR-SIDE PRESSWE DROPS 
c FANFIT TO DETERMINE COMBINED OUTDOOR FAN - FAN 
c M ~ ~ O R  EFFICIENCY 
(I 

c 
c MSJKCP TO DEPERMINE THERMOPHYSICAL PROPERTIES OF 
C 
C SPFHT TO DETERMINE SPECIFIC HEAT OF SLIPf3HEATED 
C REFRIGERANT VAPOR 
C 
c DETERMINE SATURATION TEMPERATURES CORRESPONDING 
c GIVEN PRESSURES 
c VAPOR TO DETERMINE THERMODYNAMIC PROPERTIES OF SUPERHEATED 
c REFWIGUaANT VAPOR 
c 
c 
c 

ETERMINE THE PSYCHROMETRIC PROPERTIES OF MOIST A I R  
MUKCPA TD DETERMINE THE THERMOPHYSICAL PROPERTIES OF A I R  

REFRIGERANT LIQUID AND SATURATED VAPOR 

SATPRP TO DETERMINE SATURATION THERMODYNAMIC PROPERTIES 

............................................................ 

c 
1 A I R  1 PA, CPA, CPM, RAU, AFILTR, AHEATR, RACKS 

c 
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C 

c 

C 

c 

& 

e 

c 

C 

c 

c 

C 
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HITIhd, CMPTIM, EVPTLM, TIMLO, EXCTIM, AMBTIM, 
& IOVIHD, POVOHD, ISTART 

c 
UAS 1 CUAVR CUATPR, CUASCR, CUAVA, CUATPA, CUASCA, 

& EUAVR, EUATPR, EUAVA EUATPA, EUAVC, EUATPC, 
B EUAV, EUATP, UATPAW, UATPCW, UATPW 

CUAVC, CUATPC, CUASCC, CUAV, CUATP, CUASC, 

c 
ADDED BY WESTINGHOUSE R&Q 9/26/84 - T. .J- FAGhN #1y 

c 
~~~~~~ / FINPAT NFPE, FPDE, XFPE, XAPE, NFPC, FPDC, XFPC, XAPC 

c 
c # ~ # # ~ # #  F A ~ D I T ~ ~ ~  OF 9/26/85 ###### 
c 
c 

c 
C 
C 

PO 
c 

INITIALIZE VALWES 

10 I=P,3 
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4: 

4: 

c 
IPDCN2 = 0 

100 CONTINUE 
e 
c 
c 

c 
C 
c 
c 

c 
c 
C 
c 

c 
c 
e 

CALCULATE §UPERHEATEO REFRIGERANT VAPOR PROPERTIES 

S ~ P W A ~ = S ~ ~ ~ ?  
.02) SUPVAL=0.05 

T ~ P B V = ( T % T T P O + T S A T E ~ ~ S U P ~ ~ ~ ) ~ 2 .  
CALL SPFHT~~~AW,POE,X,CPSPE,Y)  

P ~ T S ~ A V  X, W S P ,  Y, XX, XKRSP, W, XM, YYY, ZZZ, IMUKCP) 

VAPOR HEAT TRANSFER COEFFICIENT 

CALL SPHTC2(2,DERE,GR,XMUSP,CPSPE,PRRSP,RE%SP,HSPE) 

ATE ENTER~NG REFRIGERANT QUALITY 'XIE' AN0 
-PHASE HEA? TRANSFER RATE 'QTPI' 

CALL SATPRf(TSA?U,XXX,VF,YYY,HLI,HFGI,AAA,BBB,CCC,FLAG) 
LL %A?PRR(TSTTPO,X,Y,VG,HLO~~FGO,HV~,XX,YY,FLAG) 

IF (XIE.LT.B.0) IEREVR(1) = 1000*XIE 
XIE.LT.O.0) X I E  = 0.0 

SE REFRIGERANT PROPERTIES 
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c 
c 
c 

IF (PTEWEX .EQ. a) 66 TO 300 

CALCULATE AIR PROPERTIES 

USE SUBROUTINE PDATR 'I-0 DflEWMT, 

A I R  THROUGH EVAPORATOR 'PDAPR' ( P S I ]  
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c 

c 
c 
C 

C 
C 
C 
1 10 

12 
C 
c 
c 

.1 .AND a NCORH EQ. 2) CALL FANFIT(PDAIRE, QAE, FANff E) 

IF FAN POWER I S  INPUT, BYPASS FAN POWER CALCULATIONS 

IF(FANEFE .LE. 1.0) GO TO 116 

CALCULATE FAN POWER 

 FAN€ = QAE*PDAIRE*lI.l/FANEFE 

AND/OR COMPRESSOR HEAT TO INCOMING A I R  

TAPE = TAIIE 
I F  (NCQRH .E 2) GO TO 125 

. I) TAIE = TAIE + QFANE/(CPM*XMh) 

, 1) TAIE = TAIE + $CAN/(CPM*XMA) 
I F  (NF .E$. 1) TAIE = TAIE + QFANE/(CPM*XMA) 

150 ~ O ~ T I N ~ E  
T. PRINT) 60 TO 200 

1) GO TO 175 
. 1 .OR. MFANOU .Eq. 1) WRITE(6,1002) TAIE, 

B XMA 
. 1) WRITE(6,1003) QCAM 

.E$. 1) WRITE(6,1004) QFANE 

175 I F  ~ ~ F ~ N ~ ~  .EQ. 1) WRITE(6,1005) TAIE,XMA,QFANE 
E 

c 
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c 
CALL 
1 

c 

6 
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c 
6 
c 

NE EVAP TO DETERMINE EVAPORATOR HEAT 
FORMANCE AND RETURN ALL RESULTS THROUGH COMMON 

TSAVG, TSrrPO , QTPI , TAIE, XMR, 
t ES, RCNCON XNau) 

M + (I31 - I O ) / l o o .  

31 

304 

305 

315 
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328 

321, 

322 

325 

338 

CONVERT' XNEW VALUE TO XISE OR FTPE VALUE A 
VALUES 
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RTBTP = RVBPC 
=: FMOFST * FTPE 

c 
c 
C R E F ~ I ~ E ~ A N T  THROWGH NAPORATOR ’PDE’ (PSI) 
C 

I N €  PDROP TO DET€fWIAIE PRESSURE DROP QF 

CALL PDWBP(2,DERE,STE,E,Q:R,RTBW,RJBTP,X,~RV,X~URL,RHOV,~HOL, 
4t RERSP,RERt,DETP,XOE,XIE,WOE,l.O,DZV,DZL,QPTF’,DPV, 
& ZkZ, PDE) 

P I E  = POE 4 PDE 
TSATEI = TSAT (PIE, FL 
TIE = TSATEI 
~ ~ P o = P O ~ ~ D P ~  
TSTTPH=TSAT (PTB 
TSAWQ: = [TSYTPO + TSATEI)/2.0 
ITmw = ITER 

INT) GO TO 550 
ITEREX,TSAWG 

I F  (XOE . EQ . P e 0) WRITE (6,1108) FTPE 
IF ( F W E  0 Ea* 1 0 W ~ I T ~ ~ ~ ,  1109) XOE 

IF (ITEREX LE. 10) G 

E. 0) WRITE (6,1009) 

T = -500.*(1.0 - XOE) 

c 
c 
c 

G FAN AND/OR COMPRESSOR HEAT TO EXITING A I R  
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W A G ~ C ~  = EUATCD*FTPE* (1.0-FMOIST) 
UATPCW = ~ A ~ ~ W * ~ P E * F M O I S T  
EUAV = 0. 
UATPD = 0.0 

I F  (EUAVA .GT. 0.lQ) EUAV = 1.0/ (l.O/€UAVA + l.O/EUAVC + 
b 1. O/ WAVR) 

I F  (FMOIST.LT.I.0) UATPD = l . O /  (1.QIUATPAD + l.O/UATPCD + 
&. 1 .O/EUATPR/ (1 - -MOIST)) 
IF (FMQIST a GV . 0 .O) WATPW = 1.0/ (1 . O/UATPAW + 1. 0jUATPCW + 

B 

EUATPA = UATPAD 

EUATP = UATPD 
I F  ( .NOT. PRINT) GO 

c 
AH20 = PDAIREj3 

TO 900 

613E-02 
WAE, XMR, 

Bk GA, GR, 
Bb PDAH20, PDE, 
Br HAE, HSPE, 
8t HAW, HTPE 

~ ~ T ~ ~ ~ , l l I ~ ~  HCONTE 
ITE(6,1012) SEFFD, SEFFWA, WETMAV 

XGE (6 1014) EUAVR , EUATPR, RJAVA, UATPAD , I 
t UAGPCW, EUAV, UATPD , UATPW 

1900 C ~ ~ ~ ~ W ~  
T1' ~ S ~ ~ T E ~ ~ R  

QE = NSECTE*$El 
~ ~ ( ~ S P ~ . ~ ~ . ~ ~ Q ~  XOE = 1.0 
R 

e 
e 

1.O/EUATPR/FMOIST) 

TPAW, El , UATPCD 
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B ’ C ~ N T ~ C ~  ~ ~ N ~ U ~ T A N C E ~ ~ F $ . 2 ~ ~  8TU/HR-F12-F’l,/) 

8t ’ W E F  FIN ff FICIENCY (AVERAGE) ’ I F6.3, / 
d& 3 TACT FACTOR (AVERAGE) ’ , FS - 3 )  

PO12 FORMAVQX, ’ DRY FIN EFFICIENCY ’ , F6 I 3 I /, 

1013 FORMT(’0 E V A ~ ~ ~ A T ~ R  CAPACITY PER CIRCUIT ’,F8.IJ’ BTW/H’) 
1014 ~ O ~ M ~ ~  ( ‘0 CIA VALUES PUI  ’t7X,’VAPOR’a7X,’TWB PHASE’! 

4% / I  ~ I R ~ ~ ~ T  (BW/H-F) : 3, ~REGION~JX, 
81 ’ R E ~ I O ~ ~ ~ / ~  
t 2x,  ’ ~ E ~ ~ I ~ ~ A ~ T  SIDE’, 2X, F8.3,5X, F10.2, 
4% 2x, ’ AIR 
81 2x, DRY COIL ’ ,2X1 F8,3 SX, F1Q. 2, /, 
$I 2x, ’ W F T  COIL  ’, P5X,FlQ.2 
rfl 2x, ’ CONTACT HNTEBFACE’,,’, 
& 2x, ’ ’,2X,F8.3,5X,FlO.2,/, 
P 2x, ’ W E T  COIL ’, 15X,F10.2 ,If 

2x, ’ C Q ~ ~ ~ N E ~  ’ I / *  

8t 2x, ’ DRY C O I L  ’ ,2X, F8 3,5XI F10.2, / I  

8t 2x, ’ W E T  C O I L  ’, 15X,F10.2) 
1 102 FORMAT ( ’ WAPR: ELEVATED EXIT A I R  TEMPERATURE ’,4X,F8.3,’ F>l/a 

P Sx,’Aru MASS FLOW RATE (TOTAL) ’#F8.1, ’ LW/H’) 
1105 F O ~ ~ A T ( ~ ~  EVAP : ELEVATE3 EXIT A I R  TEJIilPER E ’,4X,F8.3,’ F’l / j  

Bd SX,’AICR MASS FLOW RATE (TOTAL) ”F8.1,’ LBM/H’,/, 
9X, ’FAN HEAT LOSS ’ ,F8.1, ’ BTU/H’) 

END 
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C 
c 
c 
c 
6 
c 
c 
c 
c 
c 
e 
c 
c 

C 

c 

c 

C 

LOGICAL. PRINT 
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c 

C 

C 

c 

C 

c 

C 

C 
C 
C 

C 
C 

C 

C 
c 

CONDSR / TAI'PC, TIC, TSATCI, HIC, PIC, XIC,  
TAOC, TRQC, TSATCO, HOC, POC, XOC 

MAPTR / TAIIE, TIE, TSATEI, HIE, PIE, XIE, 
TAOE, TROE, TSATEO, HOE, POE, XOE 

FLOWBA 1 DTROC, SUPER, CAPFLO, ORIFD, MR, NCAP, 
IREFC, ICOMP, ITRPIE 

LINES / DLL, XLEQLL, DSL, XLEqSL, DDL, XLEqDL, 
DSLRV, XLEQlP, DDLRV, XtEQHP,DPDL, DPSL, 

DPLL, QDISLN,QWCLN, QLIQLN,E 

RVALWE / TAMBRV, NRVALV, DPLOV, DPHIV, QINTV, QOrm 

PRNTl / RPM, PCTFL, EVAMOT, ETAVOL, ETASUP, ETATOT, 
PRATIO 

SUPERE / SUPERE 

C ~ A N ~ ~ $  ADDED 5/4/85 AT WESTINGHOUSE R&D (ROGER LUCHETA) ** 

COMMON 1 ACPAR / DHHAC, DWLAC, DPWC, DPLAC, NACCU, 
1 WACPR I ACPAR (28) 

## SEE BeOCK DATA PROGRAM RLADP FOR DEFINITIONS OF THE 
IABLES ABOVE. 

WASS / CNDCON, AMBCON, MPCON, CONMST, CMPCON, FLQCON, 
TOLS, TOLH, LPRINT, NCQRH, MCMPOP, MFANIN, 
~ ~ A ~ O ~ ~  MFANFT 

2 1 TFLODY, TSATFL, PFLODV, XFLODV 

O f  5/4/85 CHANCES *+ 
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IF (SUPER. GE . 
X I ~ C ~ ~  = -SUPER 
TRICMP = fSICMP 
HINCMP = HFP + XIN&MP*HFGI 
VINCMP = WFI + XINCMP*(VGI-VFI) 

P = SFT + XINCMP*(SGI-SFI) 

10 CONTIWE 
X I ~ C M P  = 1. 
TRICMP = TSICMP+SWER 

1 P,VINCMP,HINCMP,SINC~P,IUIROR) 

WINS%> = ~ I N ~ M P  

TRISP = TRICMP 
CALL SCl~PRP(TSOCMP,POUCMP,VFO,VGO,VGO,HFCO,H~GO,~GO,SFO,SG~,I~ROR) 

c 
C** *  I T E ~ A ~ ~ O M  OM ENTHALPY AT SUCTION PORT 
c 

1200 H = 1,20 
c 
c*** LCtltATE SUCTION PORT CONDITIONS 
C 

XINSP = ~ H ~ N ~ P - ~ ~ I )  / HFGI 
INSP* (VGI-WFI) 

SINSP = SFP + XINSP*(SGI-SFI) 
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CALL TRfAt(TGUESS,50.Q,P UCMg~3,HOUDP,TOLHL,VOW)P,X,Y,TOUDP, 
1 I ~ R O ~ )  

E. O ]  WRITE (6 I 1004) 
85 CONTIWE 

c 
C***  C ~ ~ C ~ T E  V O L ~ ~ I ~  EFFICIENCY ’ETAVOL’ AS A 
C*** F ~ ~ ~ T I O ~  OF SPECIFIC VOLUME RATIO 
C 

INCMP, XX, YY, GAMMA) 
- VR* ( ~~O~CMP/~ INCMP]  ** (1 .Q/GAMMA) - 1. .O) 

EVAVOL = FVATHE-ETAVLB* ( (GAMMA-1.0) / G M A )  * (POUCMP/PINCMP) -ETAVLA 
C 
c*** CHOOSE EITHER MOTOR EFF & SPEED CURVES OR 
C*** TOR EFF B SPEm 
C 

c 
C**+ 
c*** 
c 

c 
C**3 
C*** 
c 

c 

SECTION FOR CAL&ULA~I~G COMPRESSOR RPM A S W I N G  
THAT RPM IS A LINEAR FWNCaTON OF FRACTIONAL LOAD 

XMPRPM 3: ~AYOL*60.0*DISPL/1728.O/VINSP 
P 
PCTPPO = % , o / ~ ~ E C / 3 4 1 3 . o / F L ~ O T  

PU E ~ ~ A ~ X O ~  ASSUMES MAT 
+ RPMSLP * PCTFL) * SYNC’ 

(RPMSLP*XMPRPhll*POPX~*PC~PO * 1 .O/SY#C) 
GET THE REFRICERENT MASS FLOW THROUGH THE COMPRESSOR 
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140 ~ O N T ~ ~ ~ ~  
c 
c*** 
C 

= POWCS 1 ETAMEC FTAMOT 
C 
C * * t  

C*** T TRANSFER RATE 'QHILO' 

C 

E COMPRESSOR S H U  HEAT LOSS '$CAN' AND 

FA%; .LE. 0.0  TO 150 
I F  ~ C A ~ F ~ ~  .LT. 1.01 QCAN = CANFAC*POW 
IF ~ C A ~ F A ~  . GE 1.0) gCAN = POW* (1.O-ETAMOT*ETAMEC) *O. 90 

150 I F  ~ H ~ ~ O ~ ~  .LE. 0 .  

ILOFC .&T. I. 

6 
e*** ECALCULATE 'HHINSPa TAKING ACCOUNT OF MOTOR 8t MECH. 
C*** 
c 

~ ~ C ~ ~ ~ N  GAS AND INTERNAL HEAT TRANSFER 

* (I .O-E?AMOT*ETAMEC) -4CAN) /XMRCM 
TQ P17Q 

-EVAMOT* EThMEC) 
~ I T E ( ~ ~ ~ ~ Q ~ ~  ~HILO,CMHEA6,QCBN,OELHSP,I 
STOP 

IF (ABS ~ ~ ~ ~ S ? - H ~ ~ O ~ ~ 1  . LE. CMPCN) GO TO 1300 

E 

c 
c * s *  TO CONVERGE 
e: 

c 
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c 
c 
c 
c 
c 
@$** 

C*** 
c 
@**.e 

c*** 
c 
c+** 
6 

e*** 

CAI_C1%LATE SHE PRESSSJRE DROP 'DP k' (PSI) OF VAP 
XW THE DISCHARGE L€NE AND 'POUCMP' (PSTA) THE 
PRESSURE AT %HE CBk4PRESSQR EXIT 
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C 
C**+ DHHAC I S  
c 
C 

C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 

C 
c 
C 

C 

c 

€ A C C ~ W L ~ ~ O ~  
E ~ N ~ ~ ~ L ~ ~  CHANGE OF M E  FLUID ON THE HIGH PRESSURE 

S H E  OF THE ACCWLATOR 

R O C M P , X X X , ~ ~ V H , V Y Y , Z Z Z , A A A , $ 3 B ~ ~ C ~ * D D 5 , E E E ~ I ~ K C P )  

R, RHOVH, XMUVH, DPDL1) 
XLEQHP, E, XEARCM, RHOVH, XMUVW, DPDL2) 

~~~~~Q~ LINE REVERSING VALVE AND ACCUMULATOR 
TO GET THE CONSISTENT EVAPORATOR OUTLET 

C O ~ ~ I T I O N ~  
~T~~~ ADDED 5 / 9  85 AT WESTINGHOUSE R&D BY R.  LUCHETA) 

6 VALVE OUTLET PRESSURE, LOW SIDE 
I% W TEMPERATURE, LOW SIDE 

QUALITY, LOW SIDE R R 

I INLET PRESSURE, HIGH SIDE 
TIRVH - W R TEMPERATURE, HIGH SIDE 

- R E ~ R I ~ ~ ~ E N ~  FLOW - EVERSING VALVE 
- AMBIENT TEMPE3ATURE - REVERSING VALVE 

ARE A~P~OXI~ATIONS TO THE CONDITIONS O U T  
I N G  DEWICE ( - QFLD 1 SUFFICIEWFOR A 

S I ~ ~ L ~ ~ ~ ~ ~  HI-RE-LI MODEL, I N  COOLING MODE. 

XOFL~ = XLE 

= 1, 18, 1 
~ P ~ A ~ ~   IONS O U T  OF REVERSING VALVE 

FQRV, VGBRV, HFORV, HLORV, 
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c 

c 

c 
1115 

c 

e. 
If25 

c 
c*** 
6 

e 

V, POWVl, PQRVL, XORVL, PIRVH, TIRVH, 
2 

3 $INN, $EXlV, PRINT ) 

FC,HFGC,HGC,B1BB,CCC,TERROR) 
RCM 4 (qIN?V+~ucnr>/RFRVM ) 

ATCE, 50.6, PIC, 3, HIC,POLHL, VIC, YYY, ZZZ,TIC, IERRQR) 

E. 0) WRPTE(6,1040) 

CALCULATE THE REFRIGERANT CONDITIONS AT EVAPORATOR EXIT 
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c*** 
C*** DPSLl as E PRESSURE DROP FROM THE COIL TO THE REVUiSING VALVE 
C*** 
c*** TO THE COMPRESSOR INLET 
@*** DPSL IS THE TOTAL PRESSURE DROP IN THE LOW SIDE LINES 
C 

CALCUTE PRESSWE DROP I N  SWCTION LINE, DPSL 

DPSLZS IS THE PRESSURE DROP FROM THE REVERSING VALVE 

RHOVL = l . ~ ~ V ~ ~ C M P  
KCP(fiRrCUP,XXX,XhAUVL,YYY,ZZZ,AAA,SBB,CCC~D~D,EEE,IMUKCP) 

C 
C CHANCES 5 ~ ~ ~ 8 ~  A T  WESTINSHOUSE RBD 
C 

( 1231, 1233 MCQRH 
C AB 

PV:AB: INVALID NCORH = ', NCORH 

c 

ACPAR I NACPR a NCORH I 
1 ICMP, XINCMP, XORVL, POC, TOC, XQC, 
2 -0, 
3 AC, DPLAC, DPHAC ) 

GO TO 123 

C 

ACPAR, AlACPR, NCORH, 
31 

2 
3 PLAC, DPHAC 1 

 PI^^^^^ TWICMP, XINCMP, XORVL, PIE+DPHAC, TOFLD, XOFLD, 

c 
C 
e 

AT THIS POINT, PMPR VED CALCULATIONS OF OFLD SHOULD BE - 
GOQD WESTINGHOUSE HI-RE-LI MODEL IS DESIRED. 
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C 

C CA 

c 
c 
c 

c 

c 

c 

c 
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GO TO 50 

c 

CALL ~'RIAe(TSATEO,10.Q,PDE,3,HOE,TOLME,VOE,X,Y~ 
1 TROE, IERROR) 
IF (IERROR .NE. 0) ~ R I T ~ ~ 6 ~ ~ 0 ~ ~ ~  
SUPERE = TROE-?SATE0 

50 ~ O N ~ ~ N U ~  
c 
e 
C 
e 0 SUCTION LINE ACCUMULATOR, NO ITERATION IS 
C 

STATEMENT 1221 IS EN 
(THIS ITERATION ADDED 5/9/85 A? WESTINGHOUSE R&D BY R .  LUCHETA) 

F ITeRATION ON SUCTION LINE DEVICES 

1 0 GO TO 1222 

C 

C 
c 
C*** C ~ L C ~ L ~ T E  ENTHALPY AFTER ISENTROPIC COMPRESSION 
c*** aM SWELL INLET CONDITIONS 
c 

I F  ( $ ~ N ~ M ~ . G ~ . ~ ~ Q )  GO TO 1065 

PDUCMP, 4 a SINCW , TOLSL, XXX, HISEN, 

IF ( ~ ~ R ~ ~  .NE. 0) WRIVE(6,102 

e 
C*** 'ETATOTB AND 'ETAVOL' BASED ON 
c * s *  ET CONDITIONS 
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1003 FORMAT(’0 COMP: ***** ERROR WAS I N  CALL TO “TRIAL” AFTER’, 
1 ’ STATEMENT 60 *****’,/I 

1 ’ STATEMENT 80 *****”,/) 

1 ’ HEAT TRANSFER FROM DISCW. TO SUCT. GAS = ’,G12.3,/, 
a ’ MOTOR 8t MECH MEAT GENERATION = ’,G12.3,/, 
3 ’ QCAN = ’,,612.3,3X,’DELTA H SHELL TO SUCTION’, 
4 NITR = ’$12) 

1004 ~ ~ R ~ A ~ ~ ~ ~  COMP: ***** ERROR WAS I N  CALL TO @?RIALn AFTER’, 

1065 F O R ~ A ~ ( ~ ~  COW: INCONSISTENT DATA SET’,,/, 

6  OR^^^^^^ CQMP: * a t * * *  FAILED TO CONVERGE ON HINSP = ’,F8.2, 
1 5X,”IOLD = ’,F8.!2,5X,’*****’] 

MP: ***** ERROR I N  #TRIALw WHEN COMPUTING THE ’, 

R M A T ( ~ ~  COMP: ***** ERROR I N  WUAL” WHEN COMPUTING THE ’, 
’€NTHALPY AFTER ISENTROPIC COMPRESSION *****’#/) 

1030 ~ Q R M ~ ~ ~ ~ 0  COUP: ***** ERROR I mTRIAL“ WEN COMPUTING THE ’, 
’SHELL OUTLET CONDITIONS at** * *  ’ , /) 

1040 ~ ~ R M ~ ~ ~ ’ ~  CQMFD: ***** ERROR IN “TRIAL” WHEN COMPUTING THE ’, 
’STATE ENTERING THE CONDENSER ***e*’,/) 

1850 ~ O R ~ ~ T ~ ~ ~  C O W :  S A ~ A T I O N  TEMPERATURE LEAVING EVAPORATOR ’, 
1 F8.3,’ FPa4X,’PR€SSURE DROP I N  SUCTION LINE ”F8.3,’ PSI ’  
2 / I ’  S A ~ A T I ~ N  THPmATURE ENTERING COMPRESSOR ’, 
3 F8.3,’ FJ84X,’PRESSURE ENTERING COMPRESSOR ’,F8.3, ’ PSIA’ 
4 / I ’  SATURATION TEh4PERATtlRE LEAVING COMPRESSOR ’, 
5 F8.3,’ F’,4X,’PRESSURE LEAVING COMPRESSOR ”F8.3, ’ PSIA’ 
6 /,’ ~ A ~ R A T I O ~  TEMPERATURE ENTERING CONDENSER ’, 
7 F8.3,a F’,4X,’PRESSURE DROP I N  DISCHARGE LINE ’,F8.3,’ PSI’) 

1 9SWELL INLET CONDITIONS *****’,/) 

1 

1 

1 

SUPERHFAT LEAVING EVAPORATOR ’ F8.3, ’ F’) 

SUPERHEAT ENTERING COMPRESSOR ”F8.3,’  F’,4X, 

~~~?~~~ LINE ’,F8.2,’ 0W/H’) 
ENTERING COMPRESSOR ’,F8.4,’ F’,4X, 

’ ,F8.2,’ BTU/tl’) 
A?URE LEAVING COMPRESSOR ’,F8.3,’ F’,4X, 

LEAVING EVAPORATOR ’,F8.4) 
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Listing of the C Q W ~ P  Subroutine 

A listing o f  the COMP P subroutine folllows: 

SUBROUTINE COMPMP ( TOLSO, TOLHD, CMPND ) 
C 
C*+*  MAP-BASED M O D E  QF COMPRESSOR 
e: 
C 
C 

C 

C 

c 

C 

C 

C 

C 

#############t#########~######################### 

LQGXCAL PRINT 

N 1 A I  PRINT 

ON / CMPRSR / TRICMP, TSICMP, HINCMP, PINCMP, XINSWP, 
1 TROCMP, TSOCMIP, HOUCMP, POUCMP, XOUCW 

SYNC, FLMOT, EFFMMX, ETAISN, ETAMEC, 
1 ETAVLA, ETAVLB, POW, CANFAC, HILBFC, $CAN, 
2 DISPL, MTRCLC 

DSR 1 G A I I C ,  TIC, TSATSI, H I C ,  PIC, X I C ,  
1 TAOC, TROC, TSATCO, HOC, POC, XOC 

~~~~T~ / TAIIE, TIE, TSATEI, HIE, PIE, XIE, 
1 TAOE, TROE, TSATEO, HOE, PQE, XOE 

TROC, SUPER, CAPFLO, QRIFD, XMR, NCAP, 
1. IREFC, ICOMP, ITRPIE 

LL, XLEQLL, DSL, XLEQSL, DDC, XLEQDL, 
1 DSLRV, XLEQLP, DDLRV, XLEqHP,DPDL, DPSL, 
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C 
c 
c 

C 
c 
c 

e 
RATA N B U T  / 6 / 

G- 91 



C 

C 
C 
c 
c 
c 
c 
C 
1001. 

C 
C 
C 
C 

C 
C 

c 

c 
c 
C * * t  
c 

COMMON / RVLKP / WRVLK, 
SEE BLOCK DATA PROGRAM 

THESE PARAMmERS. 

NRDFL, NLPMIX, 
RlADP FOR THE 

NLKTB (5) RVLKP (5) 
DEFINITION OF 

## END OF 8/2/85 ADDITION ## 

SIZFAC = DISPLlDISPLB 

~ O ~ L ~ W ~ ~ ~  ADDED AT WESTINGHOUSE R&D ON 5/9/85 BY R. LUCHETA 
f# PERFORM "CALL-BY-VALUE" BY CONVERTING FORMAL PARAMETERS 

CAL PARAMETERS. 

TOLHL = TOLHD 

## SET ACCUMULATOR LOW AND HIGH SIDE WTHALPY AND PRESSURE 
CHANGES TO 0.0 . 

~~~~~ = O " 0  

DPHAC = 0.0 

DPLAC = 0.0 

OTATIONAL C ~ A N ~ E  
TOC = TROC 

OF: 5/9/85 ADDITIONS. 

~ ~ ~ ~ ~ L ~ T ~  SUCTION L INE CONDITIONS 
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SUCF8C,VOEFAC,TOLHt,TOLSL, 
1 ?SICMP,VSOCMP,HINCMP,~Uf~8~ 
2 

C GET COMPRESSQ 
= f O W 8 ~ P Q W C O R * S ~ Z ~ A C  

e: FLOW RATE ~ ~ R Q ~ ~  

c AND FIRST A ~ P ~ O X ~ ~ A ~ ~ O ~  TO REVERSING VALVE LEAKAGE 
R ~ L K  = ~ L ~ R ~  (NRKK,  NLPMX, RVLKP, XMRCM/36OO.O, 
1 ~ O ~ c ~ f ~  TOMMf, HOUCMP, PINCMP, TRICMP, HINCMP ) 

c 

e AND THE MASS FLOW THROUGH THE REhllAINDER OF THE 
c SYST 

R = ~ R C M  - RWLK 

c 
I F  ~ ~ A N ~ A C  .LE. 0.0) GO TO 80 
IF ~ C A ~ ~ ~ ~  .LE. 1.0) QCAN = CANFAC*POW 

e 
c*** CALCULATE SHELL E X I T  CONDITIONS 
c 

SA~$WP(TSOCMP,POMMP,VFO,VGO,HFO,HFGO,HGO,~FO,~GQ,I~ROR) 
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e 
c+** 
C+** 
c 
c 
C 
c 
e 
C 
c*** 
C**+ 
c*** 
C*+* 
e 

& 
C 
c 
C 
e 
C 
C 
c 
c 
e 
c 
C 
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C 
C THE F ~ L ~ O W ~ N G  ARE A P P R O X ~ ~ A T I O N $  T THE CONDITIONS OUT 
C OF THE THROTTLING DEVICE ( - OFLD 1 SUFFICIENT FOR A 
C S I M P L I F I E D  H I - R E - L I  M O D E ,  I N  COOLING MODE. 

TOFLD = TIE 
XOFLD = X I E  
HOFLD = HIE 

C 
DO 1221 I N D W  = 1, 10, 1 

C UPDATE CONDITIONS OUT OF REVERSING VALVE 
~ ~ R W ~  = ~ ~ N ~ M P  + D P U C  

HORVL = HINCMP - DHLAC 
TSORV = TSAT ( ~ O ~ V ~ ~  IEROR 9 
CALL SATPRP ( TSORV, PDUMY, VFORV, VGORV, HFORV, HLORV, 
1 ~ V ~ ~ ~ ,  SFORG, SGORG, I E R O R  1 

CP Q TSORV, VSORF, VSORV, VSORG, TKORF, TKORV, 
1 VKBRG, CPORF, CPORV, CPORG, I U i O R  ) 

c 
IF ( HORVL .GE. HVORV 1 GO TO 1211 
IF ( ( ~ ~ ~ V ~  .LE. HVORV) .AND. (HORVL .GE. HFQRV) 1 
1 
IF ( HOWL .LE. HFORV ) GO TO 1213 

C 
WRITE ( NOSSr,* 1 ' C0MPMf:AA: I N V A L I D  HORVL = ', HORVL 

TORVL. = TRXCMP 
GO TO 1214 

C 

EATED VAPOR LEAVING REVERSING VALVE 
XORML = 1.0 
TORVL = ~ ~ ~ R V ~ - H V O R V )  / CPORV + TSORV 

c 



1212 

c 

C 
1213 

c 

c 
1214 

C 
c 

c 
. 



C ELSE ~ ~ N ~ E N ~ O R  ENTRANCE CONDITIONS ARE TWO-PHASE 
X I C  = (HIC-HFC 
VIC = VFC+XIC* ( ~ ~ ~ - V ~ ~ ~  
TIC = TSATCI 
GO TO 130 

C 
120 CONTINUE 

C OR INTO CONDWSOR 
CALL TRIAL(TSA~CL,50 . ,PZC,3 ,H IC ,TOLHt ,V IC ,YYY,ZZ~~TIC , I~ROR~ 

OR .NE, 8) WRITE(6,1040) 
e 

c 
c*** 
C 
c 

CALCULATE THE R ~ F R I ~ E R A ~  CONDITIONS AT EVAPORATOR EXIT 

c*4* ~ A ~ C U L A ~ E  PRESSURE DROP IN swrm LINE, OPSL 
C*** 
C*** DPSL2 IS THE PRESSURE ROP FROM THE REVERSING VALVE 
c*** E COMPRESSOR INLET 
c*** DPSL E TOTAL PRESSURE DROP I N  THE LOW SIDE LINES 
C 

DPSLl IS THE PRESSURE DROP FROM THE C O I L  TO M E  REVERSING VALVE 

RHQVL = ~ . ~ ~ V ~ ~ ~ ~ ~  
CALL MUMCP(~ICMP,~X,XU~L,YYY,ZZZ,AAA,BBB,CCC,DD~~EEE, IMUKCP)  

C 
C 
c 

CHANGES ADDED S/lO/SS AT WESTINGHOUSE R$D 

GO TO ( 1231, 1233 1 NCQRH 
C A  

WRITE ~ N ~ ~ ~ * ~  ’ C0MPMP:AB: INVALID NCORH = ’, NCORH 

c 
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CALL SATPRP OSATE0, XXX, VFE, VGE, HFE, HFGE, HGE, SFE, SGE, IERRDR) 
E LEAKAGES AND EVAPORATOR OUTLET CONDITIONS ## C 
( ~ ~ V ~ K ,  NLPMX, RVLKP, 

1 ~ R ~ M ~ ~ ~ ~ ~ . ~ ,  PIRVH, TIRVH, HIRVH, 
2 PORVL, TORVL, HORVL 1 

##  AND CONVERT UNITS BACK c 
RFVLK = RFVLK * 3608.0 
XMR = XMRC 

RFRVM E XMRCM - RFVLK/2.O 
HUE = (HINCMP-DHLAC) * (XMRCM/XMR) - HIRVH* (RFVLK/XMR) 
1 

C AC 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 

c 

c 

C 

,*) ’ C~MPMP:AC: REVERSING VALVE LEAKAGE EFFECTS’ 
WRITE (NOTIT,*) ’ C0MPMP:AC: HINCMP, DHLAC, HIRVH, PIRVH,’, 
1 

ITE (NOTiT,*) ’ ’) HINCMP, DHLAC, HIRVH, PIRVH, TIRVH, XMR 
’ C0MPMP:AC: PORVL, XORVL, TORVL, XMRCM, ’, 

$*) ’ PORVL, XORVL, TORVL, XMRCM, RFRVM, RFVLK 

,*) ’ ’, HOE, H I C  

1 FVLK = ’ 

WRITE (NOIT , * )  ’ CQMPMP:AC: HOE, H I C  = ’ 

XOE = 1.8 

~ ~ ~ ~ ~ ~ . ~ E . ~ ~ ~ ~  GO TO 40 
OF ’WE EVAPORATOR 

QE-HFE) / HFGE 
VOE = VFE 4. x 
TROE = TSATEO 

GO TO 50 
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C 
POW = POW/~41~.  
I F  (.NOT. PRINT] GO TO 150 
WRITE (6 1850) TSATEO , DPSL 

1 TSICMP, PINCMP, 
2 TSOCMP, PQUCMP, 
3 TSATCI, DPOL 

I F  (NRVA~V . NE. 0) WRITE (6,1058) DPHIV, DPLOV, QINTV , QucrV 
IF(SUPE3E.GE.O.O) WRITE(6,1051) SUPERE 
I F  (SUPERE. LT. 0.0) WRIGE(6 1052) XOE 
I F  (SUPER. GE .O . S> 
I F  (SUPER. LT . 0 e 0) 

WRITE (6 1SSS) TROCMP , QCAN, 

wRITE(6,1053) SUPER , QSUCLN 
WRITE (6 I 1054) XINCMP, QSUCLN 

1 TIC, QDIStN 
WITE(6,1056) POWPXM,POWCOR,XMRCOR 
WRITE (6 1057) POW, ETATOT, 
1 XMRCM, ETAVOL, 
2 SYNC, PRATIO 

RWURN 

C 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
1010 FORMAT(’ COMPMP: ***** ERROR I N  “TRIALH WHEN COMWTING THE ’, 

1 ’SHELL INLET CONDITIONS * e * * * ’ , / )  

1020 ~ o ~ M A ~ ( ~  CQMPMP: +***e  ERROR IN ww..” WHEN COMPUTING THE p ,  

1030 FORMAT(, COMPMP: e * * * *  ERROR IN @TRIAL‘ WHEN cawvrme THE ’, 
I ’ENTHALPY AFTER ISENTROPIC COMPRESSION ***e*’,/) 

1 ’SHELL DuTLEr CONDITIO% *****’,/) 
1040 FORMAT(/,’ COMPMP: ***** ERROR I N  @TRIALw WHEN COMPUTING THE ’, 

1050 FORMAT(’ COMP~P: SATURATION TEMPERATURE LEAVING EVAPORATOR ’, 
1F8.3,’ F’,4X,’PRESSURE DROP I N  SUCTION LINE 
2/, a A ~ ~ O ~  TmPERATURE ENTERING COMPRESSOR ’, 

1 ’STATE ENTERING THE CONDENSER *****’,/) 

’,F8.3,’ PSI’, 
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C 
END 
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Lis t ing  o f  the HAIR2 Subroutine 

A listing f o r  the HAIR2 $ubi-sutina follows: 

C 
C 
C 
C 
c 
e 
c 
c 
c 
c 
6 

C 
c 
C 
c 
C 
C 
C 
C 
C 
C 
e 
c 
C 
c 
c 

I 

CPA - 
PRA - 

FAR - 

FP - 
DELTA - 
ST -- 
FPD - 
NFP - 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
c 
C 
C 
c 
C 
c 
C 
c 

c 

UAF - 
KPA - 

OUTPUT 
HA - 

XHA - 

FLOW 
C O I L  AIR FACE VELOCITY (FT/MIN) 
A I R  THEFMAL C O M O U C T I V I N  (BTU/NR/FT/DEG F) 
A I R  DENSI?Y (LBM/FT**3) 

AIR-SIDE DRY HEAT TRANSFER COEFFICIENT 
(BW/HR/FT**2/DEG F) 

G FACTOR FOR PATTERM AUMENTATION 

REFERENCES 
F.C. MCQUISTON, “CORRfUTION OF HEAT, MASS, AND MOMENTUM 
TRANSPORT COEFFICIENTS FOR PLATE-FIN-TUBE TRANSFER 
SURFACES W I T H  STAGGERED TUBE”, ASHRAE TRANSACTIONS, 

SHIH, “TRANSIENT TESTING TECHNIQUE FOR HEAT 
~ C H A ~ ~ ~  FIN”, REITO, 47:531, 1972, PP.23-29. 

T.  SENSW, Ff. Ak.,  “SURFACE HEAT TRANSFER COEFFICIENT OF FINS 

1979, PP.11-1%. 
IR-COOLED HEAT EXCHANGERS”, REITO, 54:615, 

ClQQO FORMAT(5X, ’FINPTP=’,EIl.4,’ CPA=’.,E11.4,’ PfpA=’, 

C I E l l .  MUA=’,EIlq4,/,5X,’ FAR=’,E11.4,’ DU\=’, 
C 2 E l l .  WT=’,,Ell.4, ’ N?=’,El1.4,/,5X, ’ GA=’, 
c 3 E l l .  

ARATIO = l . O / ( l .  

* (-8 a 15) + RED+* (-8.4) 
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C 
c 
C 

IF (REW , LT .2560.0) R 

3 RFAC (1,s - 1280. (-12) )/(l. -5E20.* RE 
4 CONTINUE 

PF(FINnP.EQ.2.o) FTNFAC-5.45 

ICF(FINT9IP .EQ*  4 .  ) FINFAC = CORFH 
IF (FINUP.  EQ. 3-0) FINFAC-1.75 

~ ~ , ~ A ~ , ~ ~ ~ , ~ ~ ~ ,  

5X,’F$NFAC=’,E11,4,’ 
1200) FINFAC I RFAC 

RF e,’ , E l l .  4, //) 
HA = FEMFAC GA * CPA * PR **(-0,667) ~i XJ W A C  
XHA = FGNFAC 
REKJRN 



Listing Cor t h e  PDAIR Subroutine 

A listing for the PDAIR subroutine follows: 

FUNCTION PDBIR(MUNIT,FINP(P,QUCP,AFILTR,AWEATR,RACK~,qA,GA,R~IR, 
it 

8 

C 
C THIS 
C 
C 
C 

~ ~ B ~ ~ ~ I ~ E  CALCULATES THE A I R  PRESSURE DROP THROUGH A 
FIN AND ME. HEAT EXCHANGER WITH ADDITIONAL LOSSES DUE TQ 
CABINET', FILTER, SUPPLENENTAL HEATERS, AND DUCTWORK 

C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 

REFERENCES: 

CQUISIQN, "CORRELATION OF HEAT,MASS, AND MOMENTUM 
TRANSPORT COEFFICIENTS FOR PLATE-FIN-TU8E TRANSFER 
SURFACES WITH ST'AGGERED TUBE", ASHRAE TRANSACTIONS, 
VOL. 84, PART 1, 1978. 

ISTQN, FINNED TUBE HU\T EXCHANGERS: 
@STATE OF M E  ART FOR THE A I R  SIDE", ASHRAE TRANSACTIONS, 

8 .  ~ O S ~ D A ~  H. UZUHASHI, N. KOBAYASHI, 
C 
C VOL. 6,  

c 
c SCIENCE 

HEAT EXCHANGERS", HEAT 
NO. 2, 1977, PP. 67-77. 

APPLICATIONS, INC., ENERGY 
c OOM A I R  CONDITIONERS, CENTRAL 

TRANSFER JAPANESE RESEARCH, 

EFFICIMCY PROGRAM 
A I R  CONDITIONERS, 

C ~~~~~~~~~~~~ AND HEAT PUMPS, SAI-77-858-LJ, P. 8-224, 
C 
c 
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C H. s. ~~~~~~~~~~ AND s .  E. VEYU, EPRI EM-319, 
C "AN INVESTIGATION OF METHODS 78 IMPROVE 
C HEAT PUMP PERFO NCE AND RELIWBILITY IN A NORTHERN 
C CLIMATE", APPEN 8 ,  PP. 81-8, 81-21, JANUARY 1937. 
c 
C GENERAL ELECTRIC PRODUCT DATA, PUB. NO. 22-1QO9-6, 
c @SPLIT SYSTEM W PSR, P.  7, APRIL 1977. 

e 
c INPUT: 
C 
C MUNIT - INTEGER FLAG TO EN SCATE IF UNIT IS IN 
C DPCATE THE OUTDOOR U 
c 
C FINTIP- TYPE $IF FLAPE FIN SURFACE 
C = 1 -- SMOOTH F IN  
e 
C "" 3 -- LOUVERED FIN 
c DUCT =: BEA OF 1 UF 6 DUCTS EA6 
C ENT LEMGTH OF 1 
c AFILTR- FILTER AREA ( l T ~ t 2 )  

C SS-SECTIONAL AR 
c SECTION (LISUALLY 
C BER OF RESISTANCE 
c QA - A I R  FLOW ATE (m-**3/MIM) 
C SA - MASS FLUX QF A I R  B 
C 
C 
c 
C 
e 
6 ST - TUBE VERTICAL SPACING (FT) 
C DEA - REFRIGERANT TUBE OWSIDE DIAMETER (FT) 

e FAR - RATIO OF FIN H T TRANSFER AREA $0 TO 
c FP - FIN PITCH (I/F-q 



c 
c 
e 
c 
c 
c 
e 
c 
C 
c 
c 
e 
C 
c 
C 
c 
c 
e 

c 
c 
c 

c 
c 
c 

c 
e: 

HICKNESS (FT) 

A I R  DENSITY (LBM/FT**S) 
OF TOTAL AIR-SIDE AREA TO MINIMUM FREE-ROW AREA 

ION OF HEAT EXCHANGER OUTSIDE AREA THAT IS WET 
-- THE F O ~ ~ ~ W ~ ~ G  PARAMETERS ARE MEANINGFUL ONLY IF FfNTYP = 4 

NFP - THE BER OF FIN PATTERNS PER TUBE ROW 
FPD - THE FIN  PA^€^^ DEPTH PEAK TO VALLEY (IN) 

PDAIR - TOTAL A I R  PRESSWRE DROP THROUGH HEAT EXCHANGER 
WITH ADDITIONAL LOSSES WE TO CABINET, FILTER, 

L HEATERS, AND DUCTWORK (PSIA) 
E ~ ~ ~ L O W I ~ G  PARAMETER I S  MEANINGFULL ONLY I F  F INNP = 4 -- 

E DROP MWLTIPLIER FOR FIN CORRUCATIOtUS 

RUL NT 

XAPX = 1.0 

RK PRESSURE LOSSES 

7.352E-10 * (48)**1.84 / (DUCY)**5 

PLEMENTAL HEATER PRESSURE LOSSES 

.- 
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C 
OPFLTR = 6.75E-07 li ,03813 * (QA/AFILTR)**2 
RACFAC = 1.0 

.J.O) RACFAC ~2.0 
I F  (RACKS. EQ. 4.0) WACFAC -2 I 4 
OPHTRS = 1.627E-87 * .Os613 * ( Q ~ ~ A ~ ~ T ~ ~ ~ ~ 2  * ~ A C ~ A ~  
DPFLHT = DPFLTR 4 DPHTRS 

1 CONTINUE 
C 
C HEAT EXCHANGE PRESSURE DROP (DRY ~~~/~~ 
C 

IF(FIMWP .6$, 1.0 .AND. FINTYP .LT. 4.0) GO TO 4 
C 
C can- PRESSURE ~~~~ F R ~~~~~~ FINS 
C 
c CORRECTION FACTOR FOR FIN ~ Q ~ ~ W G A T I ~ ~ ~  
C 

1 4.0) XAPX z? A$" COR (FPB, NFP, VCF) 
C 

FS 1. / (1 -FP*DELTA) 
ARWTPO = 1 I / (1 -FAR) 
RSTAR = ARATIbl * R / ((ST-DIEA)*FP c 1.) 

RRSTAR = R / RSTAR 
F1 = (ST-Om) * FP * FS / 4. 
F2 = ST / (2.*RSTARQ - 1. 

**.25 * F1**(-.4) / SQRT(F2) 
m FPF .LE. 2 4 )  GO TO 2 

RITE (6 p 1000) FPF 
1000 FORMAT(' PDAIR: FRICTPO NO, FPF -',G10.4,' IS O U T  OF RANGE.') 

C 
c 
C 



WET = 0.0 
IF(FCOILW.EQ.Q.0) GO TO 3 
FSF = ( 1. + REAIR**(-.4) ) * FS**l.S 
FW€T = 4.984E-03 + 1.382*(FPF*FSF)**2 

3 CONTINUE 
FDRY = 4.9Q4E-03 + 1.382*FPF**2 
F = ( ~ C O I ~ W * ~ W ~  + (1 .-FCOILW) *FDRY ) 

= CMNT * GA**2 * F*ATAMIN/RHOM /(2.*32.174*144.*3600.*+2) 
PDAIR = XAPX * PDAIR 
GO ?O 5 

C 
C COIL PRESSURE DROP FOR WAVY AND LOUVERED FINS 
C 

4 CONTINUE 
FACI = 3.84E-06 * (NT/2.)**0,7 
FAC2 = .235 + .0638*FP/12, 
FAC3 = ~ Q A ~ ~ ~ )  * * l . 7  

L?*FACl*FACZ*FAC3*3.613E-02 

EQ.3.0) PDAIR = PDAIR * 1.1 
PDAIR = ~ W ~ ~ M / ~ . O 7 5 ~  * PDAIR 
IF ~ ~ ~ ~ ~ ~ ~ . E ~ . ~ . ~ )  GO TO 5 

= (1/FP - DELTA) * 12. * 25.4 
WFAC =: 1.2 + 1.359* (FCAPMM) ** (- .5786) 
PDAIR = ( ~ C ~ ~ L ~ * W F A ~  + (l.-FCOIl.W)) * PDAIR 

5 CONTINUE 
PDAIW = ~ Q A ~ ~  4 DPDUCT + DPFLHT 
RETURN 
END 



Listing of  TRIAL2 Subroutine 

A l i s t i n g  o f  the TRIAL2 subroutine fol lows: 

SUBROUTINE - s a r ~ k 2 ( T I , D ? r , P , N , ~ R ~ , ~ ~ L ~ ~ ~ ~ , S , T , I E R R O ~ )  

c 
C PURPOSE 
C 
e GIVEN THE PRESSU E OTHER PROPERM OF 
C A SPECIFIED REFRI 
C 

TO  IN^ ~ ~ A ~ N ~ ~ ~  SWPERHMTED VAPOR PRDQERTZES, 

*** 
C 
c # # # # # ~ # # # #  
C ITERATION 
c ESTINGMOUSE RESEAR 
C ON APRIL 19, 1985 BY T.  J .  FAGA 
C # # # # # ~ # # # ~ # # ~ ~ # # # ~  
C 
6 DESCRIPTION OF PA 
C IN 
C TI - INITIAL TEMPERA RE GUESS (F) 
C BTI - INITIAL STEP SIZE FOR P RE ITERA?PON (F) 
c F' - PRESSURE (PSIA) 
C 
C I F  N = 2, THE SECOND KNOW n IS SPECIFPC VOLUME 
C I F  bt = 3, THE SECO PROPERTY IS UJTHALPY 
C IF N = 4, THE SECOND M PROPERM IS € ~ T R U ~ ~  
C ARC - THE SECOND MNO 
C TOL - cow 
C BUTPUT 
C v - SPECIFIC VO E OF VAPOR (CU n/LB 
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20 CONTINUE 
25 WRITE(6,IOO) N 

IERROR = 1 
30 V = VVAP 

H = HVAP 
s = SVAP 
R m R N  

100 FQRMAT(’ *****%RIAL!?? DOES NOT C a N v m w  M=’,u,’ * * * s * q  

101 FORMAT(’0 TRIAL2: **** ERROR S MADE I N  CALL TO V A P O R m  ***’I) 
102 FQRMAT(’0 TRIAL2: ***** ~~R~~ I N  CALL TQ “SAT” - PRESSURE = ’, 

1PEfQ.3, ’ PSIA, OR FLAG = ’,E?#’ * * * * e ’ , / )  

END 
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APPENDIX H 
Sample D a t a  Files 

Sample Heating 

INPUT DATA FILES FOR HIGH CAPACITY HEATING RUNS - RANCO #26 VALVE 

HIGH CAPACITY HEAT AT 47 DEG F TEST 103 
1 
2 
0 0.5000 0,0000 

o.oo00 0. o.oo00 0.8000 

.8500 3500.0080 0. 
-1.840E-4 -4.63 6,416E+O S.O50E+O 

1.129E-1 7.820E+0 -1.214E-2 3.306E+2 
70. OOOO .5500 

1460. OOOQ e 4601 
5.5000 4 . w o  
2.0000 63.0000 
4 .w0 

47.0000 0.6000 
3O70.8000 0.3250 

14.7800 3.0000 
2.0000 13.QOcM) 
4 .OOOO 

0 2 
0 . m o  0. 
0.4300 40.0000 
0.6800 3.0000 

26 47.0000 
1 0.0200 
1 0.0358 

8 .oooo 
4.5000 
0 0045 

0 
8 .OoOo 
0 * 0045 

2 
0.0000 
0.6800 
0.4300 

0.0417 

42000.0 
0.8660 
0.3960 

0.8660 
0.3960 

3.0000 
10. OOOO 

37.5000 

HIGH CAPACITY HUT' AT 35 DEG F TEST 109A 
1 
2 

0.0Ooo 0.00 

35QO.OQOCl 0.00 
2Q.Q 

-6.090E-5 1.814E-2 -1.84QE-4 -4.632E-2 
2.000€+1 

1. PO4 e 

0. 128. 

1.0000 168.0000 
0.3620 128.3000 125.0000 

0.8050 25.0000 

0.0671 

8 

0.2000 

3 .OOOO 

7.530E-4 1.416E+O 5.050E+O 

-9.546E-3 2.47 E-1 5.P29E-1 7.82OE*0 -1.214E-2 3.306E+2 
69.8OoQ 0.5500 

1465.3 1 8.0880 42 
5.5 0 4.5080 0 

H-? 



2.0000 13.000 
4.0000 
35.8800 8.768 

3042!.6000 0.325 
14.78 3.8000 
2 .oo 13. QOQO 
4.0000 

0 
0.8800 0.00 
0.4300 40.00 
0.6800 7.6808 

26 35.8808 
1 0.0200 
1 0 * 0358 

0.0045 0.3960 

0 
8.0000 0.8660 
0.0645 0.3960 

2 

0.6800 3 0008 
0.4300 10.0800 

0 0417 32 ” 5000 

HIGH CAPACITY H AT 17 DEG F TEST 106 
1 
2 
0 3.1249 0. 
0 6.896 0. 8.0000 

5 .oo 95 0000 
5,0500 3508.8000 0.00 

-6,090E-5 1.814E-2 -1.840E-4 -4.632E-2 
2.Q68Eal 

0.3620 128.3000 225.0000 

1.0000 168. 
8,3626 128,3000 125.0000 

0.8050 25.0000 

Q .06?1 3.0000 

0,0000 o*Qooo 

0,2900 
7.636E-4 1.416E*0 5.O5QE+O 

-9.546E-3 2.479E-1 
69,EiQQQ 0 D 5560 

3032.2088 0.3250 

1 0.0200 
1 0.0358 

1 II 129E-1 

“0008 
.5600 

6.0045 

0 

0 c 0417 

2QE4 -1.214E-2 3.306E*2 

42000.0 
0 - 866 
0.396 225. 0000 

0.8660 1. 168. 
6.3960 0, 128” 125 B 6000 

3.000 0.8050 25. 
10 m OOOO 

45. 0.0671 3 .oooo 

HIGH CAPACITY HEAT AT 0 DEG F TEST 110 FIXED REFRIGERANT FLOW 
1 
2 
0 3,0808 0 . 0 ~ 0  
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3.9406 0.0000 

2 5.0500 3500.0000 
0.000€+0 0.000E+O O.OOOE+O 
3.080€+0 
O . W E + O  0.000E+8 0.000€+0 

1481. 0.4601 3.0000 
5. 4 . m  4 . 5 m  
2. 13 -00 0.0045 
4. 

-? . 38 .OOOO 

69. 0 5400 

-0 I 0.9900 
2862. oopx) 0.3250 0 
14.7800 3.oooo 8.OOOo 
2.0000 13.0000 0.0045 
4. 

0 2 2 
Q.OOO0 0.0000 O.oo00 
0.4300 40.oooO 0.6800 
0.6800 7.oooO 0.4300 

26 -0.6oOo 
1 0.0208 
1 0.0358 0.0417 

0.6a)c) 
0. W E + O  

0.000E+Q 

42000.0 
0.8660 
0.3980 

0.8660 
0.3960 

3.oooo 
1o.oooo 

30.oooO 

o.oo00 0 . ~ 0  

0.4900 
O.OOQE+O 2.284E*0 5.050E+O 

1.oooO 104.oooO 
0.3620 128.3000 225.oooO 

1.oooO 168.0000 
0,3620 128.3000 125.oQOO 

0.8050 25.oooO 

0.8671 3.oooo 
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ACIW HEAT AT 35 DEC F TEST l Q O A  
1 
2 
e, 2 6900 0. 
0 4.8600 0. 

2 3,880t3 3508.6 
26 0800 95.0000 

-2.226E-4 8.501E-3 -2.349E-4 -6.026E-2 
2.QOOE.I. 1 

1.6000 184,0000 
0.3620 128.3icdcF93 225.6600 

6.3620 128.3a.m 125.0g900 

0.8050 25. 

9lE-2 l.4'3gPE+O 1.181E-1 8.22lEi.0 -4.998E-2 1.13QE+2 
.6000 0.5500 

1022.6a83 Q.4601 8,QOOD 42800,0 
5.5000 4.08GQ 4.6360 0.8660 1.8000 104,OQ 
2.0006 13,0003 0,6045 0.3960 0.3620 128.3 
4 .  QOOO 

34 I8880 0 1 7000 
3658.2000 0.3250 0 

H -4 



14.7800 3.00 8.0000 0.8660 1.OOOO 168.oooO 
2.8000 13.oooO 0.0045 0.3960 0.3620 128.3000 125.0000 
4 .OO 

2 2 
0 . m  o.Qo00 o.oo00 
0.4300 40.oooO 0.6800 3.oooO 0.8050 25.0000 
0.6800 7.oooO 0.4300 1O.OOO0 

26 34.9 
2 0.0208 
1 0.0358 0.0417 32.5000 0.0671 3.0000 
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Sample Cooling Input Data 

INPWT DATA FILES FOR HIGH CAP C I T Y  COOLING - RANC 

HIGH CAPACITY COOL AT 95 DE@ F 
1 

Y .8600 0.0666 
4.3900 O,QQOO 

125. Q08Q 
5.0500 3500.8800 

1.824E-2 -1.840E-4 

TEST 114 

6 10008 

0.0000 
-a. 632E-2 

I .  82QE+O 

3 0680 
IO. 0000 

TEST Ill 

1.080&, 
6 _. 3620 

0.8050 

(9. QOOQ 

16 
12 245. zaooo 

25.0  

42800.0 
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95.0060 0.4800 
2954.0000 0.3250 0 
14.7800 3.0000 5.8000 
2.0Qoo 13.0000 8.0045 
4 .O 

0 2 2 
0.0000 .0000 o.oQ00 
0.43 40.6000 0.6800 

1 0.0200 
0 0.OOQO 

0.8660 1.oooO 168.oooO 
0.3960 0.3620 128.3000 225.0000 

3.0000 0.8050 25.0000 
10.0000 

HIGH CAPACITY COOL AT 106 OEG F TEST 117 
1 
1 
0 6.6200 8.OOoo 
Q 17.9000 0.OOOO O.ooO0 O.oo00 

2 5.0500 3500.0000 0.OQQQ 0.0580 
-6.090E-5 1.814E-2 -1.840E-4 -4.632E-2 7.530E-4 

-9.546E-3 2.479E-1 1.129E-1 7.820E+O -1.214E-2 
2.00QEsl 

79.1800 0.5400 
14531.oooO 0.4601 8.OOOO 42000.0 

5. 4, 4.0000 0.8660 1.oooO 
2. 13 * 8.0045 0.3960 0.3620 
4. 

105 8.4800 
2541.6000 0.3250 0 
14.7800 3.0000 5.8OOO 0.8660 1.OOOO 
2.0000 f3.WQO Q.0045 0.3960 0.3620 
4"OQoO 

2 
0. 0. 0.0000 
0. 40. 0.6800 3.oooO 0.8050 

8.4300 lO.oo00 

9. 

0.0000 

104.0000 
128.3000 225.0000 

168.0000 
128.3000 225. QQOO 

25.oooO 

H-7 



1.18fE-1 8 1221E6.0 -a. 998E--2 1.130Ea2 

8 0000 42600 3 
2.96r317 0.8660 1.0000 89.0008 
0.0845 0.3966 0.3620 128.3a7jOO 225.0000 

2 
8.0000 
0.6800 3.0000 0.8050 25.0806 
0.4300 1Q.d70Q8 

8 I QOQO 

8,221EtB - 

0.4500 
1.088E-8 ih.l%GE+O 3.888Es0 

0.3620 128.3000 226.0@00 

1.0600 168.0 

H-8 



2.0008 13.0000 Q.oQ45 0.3960 0.3620 128.3000 225.0000 
4 .0000 

0 2 2 
0.ooQQ 0.0000 o.oooo 

0.6800 3.oooO 0.8050 25.0000 
0.4300 10.0000 

1 Q a 0200 
0 0.0 

LOW CAPACITY COOL AT 35 DEG F TEST 113 
1 
1 
0 1.5280 0.0008 
0 3.6800 Q.OOOO 0.0000 

2 3.8800 3500. 0.0000 
-2.225E-4 8.501E-3 -2.34 -6. Q26E-2 

-1.991E-2 1.490E+O 1.181E-1 8.221E+O 

46.0000 110.0000 

2.000E+1 

79.QQo8 0.54Qo 
919.2000 0.4601 8.0000 42000.0 
3.6670 4.QQoo 2.9000 0.8660 
2.0600 13.ooQQ 0.0045 0.3960 
4 ,CXX)O 

95.7000 0.4800 
2962.0000 0 3250 0 

3.oooO 5.8000 0.8660 
13.0000 0.0045 0.3960 

0 2 2 
0 .  0.0000 

40. 0.6800 3.oooO 
0.6800 9.0000 0.4300 1O.oooO 

1 
0 

O.MXK1 

0.4000 
1. W8E-3 

-4.998E-2 

1 .0000 
0.3620 

1 .Q0oO 
0.3620 

0.8050 

0.0000 

69.0000 
128.3000 225.oooO 

168 .QOOQ 
128 3OOO 225. 0080 

25.Qooo 

N- 9 


