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ABSTRACT

A computer model by which the performance of air-to-air heat pumps
can be simulated is described. The intended use of the model is to
evaluate analytically the improvements in performance that can be effected
by various component improvements. The model is based on a trio of inde-
pendent simulation programs originated at the Massachusetts Institute of
Technology Heat Transfer Laboratory. The three programs have Been combined
so that user intervention and decision making between major steps of the
simulation are unnecessary. The program was further modified by the authors
by substituting a new compressor model and adding a capillary tube model,
both of which are described. Performance predicted by the computer model
is sﬁown to be in reasonable agreement with performance data observed in
our laboratory. Planned modifications by which the utility of the computer
model can be enhanced in the future are described. User instructions

and a FORTIRAN listing of the program are included.
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1. INTRODUCTION

Initial evaluation of possible improvements to a heat pump can be
performed accurately and expeditiously by mathematical analysis. Such
analysis should, for the sake of efficiency, precede the more expensive
and time consuming laboratory testing of changes. Because a change in
performance of any component of the system will affect the performance
of all others, it is necessary to analyze the whole system under a variety
of operating conditions in order to evaluate the worth of a single change
of component or configuration. Obviously, a repetitious task of this
magnitude should be undertaken with the aid of computers. Hiller and
Glicksman! have provided an elegant trio of computer programs that com-—
prise a sophisticated model of a heat pump. They have also provided a
good bibliography of the literature relevant to heat pump modeling.

The study for which Hiller and Glicksman wrote their programs (the
"MIT model") focused principally on variable-capacity heat pump systems
and ultimately upon the compressor. Their compressor model is necessarily
very detailed and calls for design parameters that may not be available
to most investigators; reasonably enough, some other portions of their
model are most suited to the specific heat pump in their laboratory. It
is the intent of the present authors to provide a program that may be
used more easily to analyze a variety of heat pump configurations.

| Our model retains the structure of the MIT model and makes extensive
use of its collection of very useful '"service routines" for calculation
of thermodynamic properties of refrigerants and air, forced convection
heat transfer, and fluid flow pressure drops; The use of these routines
dictates that we work in the units (English) employed therein.

This report of our preliminary version of a heat pump model presents
a new compressor model which is based on loss parameters that can be
evaluated in the laboratory. Also reported are variations of the calcula-
tion of refrigerant pressure and flow balance that allow modeling of
refrigerant flow control devices other than thermal expansion valves.
Refinement and generalization of these and other portions of the program
will be presented in a later report; we believe, however, that this

preliminary version is a useful tool in its present form.



2. DESCRIPTION OF THE MODEL
2.1 Organization and Calculational Procedure

Since the structure of the MIT program has been retained for the

Oak Ridge National Laboratory (ORNL) model of an air-to-air heat pump,
a brief review of the calculatonal procedures common to both models may
be useful. Methods employed in portions of the MIT program that have
been retained with little or no change will be described briefly; deﬁailed
descriptions of new routines are presented in later sections of this
report., The model is organized in three sections, the first of which
establishes compressor power consumption, mass-flow rates, pressure
balances, and thermodynamic states for the refrigerant. The second

and third sections are detailed models of the condenser and of the
evaporator; they are used to predict performance by calculating energy
balances at these heat exchangers.

Rather than start with indoor and outdoor air temperatures against
which the heat pump is working, and then iterate over the erntire thermo-
dynamic cycle, the reverse procedure is used in order to promote
calculational efficiency. The refrigerant mass—flow rate is established
from assumed values for evaporating temperature, superheat of the refrig-
erant reaching the compressor, and the degree of subcooling of refrigerant
leaving the condenser; dimensions of the interconnecting pipes and the
metering device, and (for the MIT program) detailed design parameters of

_the compressor are also used. By iteration over the saturation temperature
in the condenser until a pressure balance is achieved, thermodynamic |
states of the refrigerant at the condenser and evaporator are established.

The refrigerant states calculated for the condenser entry are used
as input to the condenser model which calculates an energy balance between
refrigerant and air to find the heat rejection rate of this heat exchanger
and to predict the temperature of refrigerant leaving the condenser. This
temperature is compared with the previously assumed subcooling of the
refrigerant; iteration over the degree of subcooling is performed until
agreement is reached. Finally, the evaporator model is used to calculate

its heat absorption rate for several air temperatures. The saturation
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temperature and superheat of the refrigerant leaving the evaporator may
then be compared with those used to calculate the refrigerant flow rate
in order to determine which air temperature is appropriate for the
assumed conditions. Both heat exchanger models require detailed dimen-
sions of the tubing and fins as well as airflow rates and temperatures.
Refrigerant states and mass-flow rates calculated in the refrigerant flow
rate routines are the other inputs to these programs. Power consumption
by air fans or blowers has not been.calculated; the MIT program does not

calculate a coefficient of performance.
2.2 Refrigerant Flow Balance Model

As previously mentioned, the refrigerant mass flow is established
from an assumed evaporating temperature, the superheat of refrigerant
leaving the evaporator, and the amount of subcooling of refrigerant in
the condenser. An initial guess of the condensing temperature is pro-
vided along with diameters and equivalent lengths of the interconnecting
pipe (including fittings), and a description of the refrigerant metering
device. The ORNL model will accommodate a thermal expansion valve (as
will the MIT) or capillary tubes. The parameters required for the ORNL
compressor model are displacement, motor speed, and loss parameters, as
described in Sect. 2.3. _

The thermodynamic cycle being modeled is shown in Fig. 1, a somewhat
distorted pressure vs enthalpy (p-h) diagram. Thermodynamic states of
the refrigerant are calculated using subroutines from Kartsounes and Erth?
as modified by Hiller and Glicksman.! Viscosity, thermal conductivity, |
and specific heat are obtained from subroutines that reproduce plots3>%
of these properties (as functions of temperature) from curve fitting
parameters. These routines, as well as the pressure-drop routines, are
due to Hiller and Glicksman.! Single-phase pressure drops in the con-
necting pipes are calculated from the standard incompressible flow rela-
tion and the Moody friction factor; single- and two-phase pressure drops
in the heat exchangers are calculated by the Lockhart-Martinelli® method.

Calculation of the refrigerant mass-flow rate and the pressure drops

begins in both the MIT and ORNL models by calling the compressor subroutine.
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From the evaporating saturation temperature and superheat of the vapor

(if evaporation is incomplete, quality is used), i.e., the state repre-
sented by point la on the diagram, and the estimated condensing temperature,
the‘ORNL compressor routine calculates the refrigerant mass-flow rate,
compressor motor power consumption, and the temperature, enthalpy, and
pressure of the refrigerant at point 1, the compressor suction port, and

at point 2a, the compressor can exit. This subroutine also calculates

the pressure drop in the discharge line, that is, between points 2a and

3, the compressor exit and condenser entrance.

The pressure drop in the condenser must be calculated as though the
entire condenser were experiencing two-phase flow because the length of
condenser tubing occupied by the single-phase desuperheating and subcooling
regions has not yet been found. Thus, the pressure at point 4 in the p-h
diagram is known; calculation of the pressure drop in the liquid line
from condenser to flow meteriné device yields the pressure at entry to
that device, point 5.

If the flow metering device is a capillary tube (ORNL model only),
refrigerant flow through it is calculated using the pressure just found
and a routine based on curve fitting parameters that reproduce the ASHRAE
Guide and Data Book® correlation. This flow through the capillary tube
is compared to the flow rate predicted by the compressor routine; if the
two do not agree, the condensing saturation temperature is adjusted and
the entire calculation is repeated until the refrigerant mass flow predicted
by the compressor model matches that which the capillary tube can
accommodate. '

If the flow metering device is a thermal expansion valve (IXV) as
allowed in both models, it is necessary to calculate the pressure drops

through the evaporator and suction line and thus the pressure at evaporator

“entry. The difference “etween this pressure and that at the entry to the

thermal expansion valve is compared to the pressure drop calculated
separately for the TXV and distributor nozzles and tubes as explained by

1

Hiller and Glicksman. If these two pressure drops differ, the condensing

saturation temperature is adjusted and iteration proceeds until a pressure

balance is achieved.



2.3 ORNL Compressor Model

The objective in formulating the ORNL compressor model was to utilize
performance parameters that are descriptive of the efficiency of the
device and for which quantitative values could possibly be derived from
experimental data. This is in contrast to using design parameters for
input, as is done for the heat exchanger models used in this simulation.
The computation or simulation of compressor performance from design param-—
eters is not a well-established art at presént, and attempting to do so
in this study would have led to considerable additional complication and
risk. Accordingly, we have a model that will predict how changes in
compressor efficiency affect the heat pump system, but the model cannot
be used to determine which specific compressor design changes might lead

to the improved efficiency. This is compatible with the intended use of

the simulation.

2.3.1 Model‘formulation

The parameters used to model the compressor are the following:

Parameter - Definition
Motor efficiency Ratio of shaft work to

electrical energy input

Volumetric efficiency Ratio of refrigerant
volumetric flow rate at
suction port to swept
cylinder volume per
unit of time

Isentropic efficiency Ratio of ideal isentropic
compression work to actual
shaft work input required
to achieve the same Ap (with
this definition, mechanical
losses, flow friction losses,
and thermal effects are
accounted for)
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Parameter Definition
Can heat loss Heat rejection from the

compressor can surface

Internal heat loss ‘ Heat transfer from the
discharge gas back to
the suction gas inside
the can, principally
from the discharge tube

In addition, four operating variables are required as input to the
compressor subroutine: can inlet pressure and temperature, can outlet
pressure, and motor speed. Since the compressor is mounted inside a can,
it is important to distinguish between the state of the refrigerant con-
ditions at the inlet and outlet of the can and at the compressor suction
and discharge ports, as they will generally be different.

Five energy balances are used in the model: omne each for the can,
suction gas, compressor, compressor motor, and discharge gas. Figure 2
illustrates the energy balance components we used.

For the compressor can, the enthalpy gain of the refrigerant is equal

to electrical power input minus the heat rejection from the can, or

Iflref(hcan outlet _.hcan inlet) —.delectrical input + qcan loss 0> 0
where mref = refrigerant mass flow rate,

h = gpecific enthalpy,

q = energy flow rate,

and the subscripts are self-explanatory. This is a combined energy
balance, the sum of the remaining energy balances. For the suction gas,
heating by the motor losses and the unavoidable internal heat transfer
from the discharge are accounted for, as well as heat rejection from the
can. (The inside of the can is at suction pressure; thus, can losses or
gains come directly from the suction gas.) Accordingly,

) —

m —
ref(hsuct port hcan inlet

. . . ) )
qinternal Ynotor cooling qcan loss 0.



ORNL-DWG 77-19443

qcan loss

Mref Ninet

=

MOTOR
delectrical DISCHARGE
C > nput A1 Tuee

| .
Amotor
co_oling

ﬁ"ref Noutlet

Mref Nsuction port Mref Ndischarge port

OfL SUMP

Fig. 2. Compressor can energy balance components.



i

[

Similarly, for the discharge gas,

. . — A = . 3
mref(hdisch port hcan outlet) 9internal (3)
The actual compression work is computed as
hisentropic
hcompressor N hdisch port hsuct port = n i (4)
isentropic
where Ah, is obtained from the thermodynamic properties of the

isentropic

refrigera and n, .
e gerant an n:Lsentroplc

The compressor energy balance is satisfied by

is the input value of isentropic efficiency.

" shaft power = m___Ah
ref” compressor

, (5)

wherein it is assumed that mechanical losses will be dissipated by heating

the discharge gas. The motor power input is

motor power input = shaft power/nmotor s (6)
where Mo tor is the motor efficiency, and the heat rejected by the motor
to the suction gas is given by

Inotor cooling = a- r]motor)(mOtor power input) . 7

Since the suction-gas heating is a function of motor power input, and
motor power input is in turn a function of the state of the suction gas
entering the compréssor suction port, an iterative computational procedure
is required. Given the conditions of the gas entering the can and the
outlet pressﬁre, the iteration is accomplished within the compressor
subroutine.

Figure 1 shows the states of the refrigerant gas on a pressure vs
enthalpy diagram. State 2” represents the ideal isentropic discharge

condition of the refrigerant.
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The mass—flow rate of refrigerant is computed from the input value

of volumetric efficiency as

. - 8
mref nvolumetricpDN > (8)
= ic efficienc
where nvolumetric volumetr Y,
o = refrigerant density at suction port,
D = compressor displacement,
N = compressor speed.

2.3.2 Model calibration

The can heat loss, § can be computed directly from experimen~

can loss’
tal data using Eq. (1), assuming the pressures and temperatures of the
refrigerant at can inlet and outlet are measured. It is also possible
to derive estimates of can heat rejection analytically if the airflow
velocity acrosé the can is known. In the present model, qcan loss is
entered as input; i.e., the magnitude of this loss is not computed
within the subroutine. ’

It is not possible to determine the internal heat transfer from
experimental data; however, analytically based estimates can be made.

Volumetric efficiency cannot be derived directly from experimental
data for the heat pump system unless the temperature of the suction gas
at the compressor suction port is measured. Because measurements inside
the compressor can are difficult to obtain, this has not been done as yet
in experimental work supporting this modeling effort. A first approxima-
tion of volumetric efficiency can be derived on the basis of reexpansion
of the cylinder-clearance-volume gas. This value will be optimistic
because it will not have accounted for throttling loss through the suction
valve. It is also possible to compute directly the volumetric efficiency
of open compressors from catalog data.

Similarly, isentropié compression efficiency cannot be computed
directly from hermetic-compressor experimental data unless temperatures

are measured internally at the suction and discharge ports, but it is

possible to compute this parameter for open compressors from performance
data.
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Compressor motor efficiency can be determined by test outside the
compressor can; also, ideally, manufacturer's data would be available.
However, motor efficiency cannot be determined directly from heat pump
system data. .

Specifically for this study, estimates of can heat loss were
determined both analytically and from experimental data; internal heat
loss was estimated analytically; and typical values of volumetric, isen-
tropic, and motor efficiencies were derived from published data.
Starting with these estimates, parametric studies were made using the
compressor model to determine which set or sets of parameters will
produce the experimentally observed performance parameters.

It would be hoped that a single set of input parameters would
uniquely duplicate the observed.performance, and, for practical purposes,
this proved to be the case. While precise estimates of the various
efficiency parameters could not be determined by this procedure, a
narrow range of the parameters could be selected that produced computed

performance in reasonable agreement with observed performance.
2.4 Condenser and Evaporator Models

The condenser and evaporator models used in the ORNL program are
unchanged from the MIT program. The models are predicated on the conven-
tional crossflow configuration and staggered-tube and sheet-fin construc-
tion; accordingly, other surfaces in use such as spine-fin or bristle-fin
cannot be accommodated at present. Principal input parameters are
geometrical constants such as tube diameter and spacing, fin pitch and
thickness, overall dimensions, number of parallel tube circuits, etc.

All necessary correlations for fluid thermal properties, heat transfer
coefficients, and flow friction factors, both air side and refrigerant

side, are internal to the program.
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2.4.1 Effectiveness—Ntu relationship

Performance calculations are based on the effectiveness—Ntu* method.
Specifically, both models employ the effectiveness—Ntu relationship for a
crossflow heat exchanger with both fluids unmixed. Thus, only certain
refrigerant-side circuiting arrangements can be modeled rigorously, and
nonequal parallel flow paths cannot be accommodated. In practice, this
assumption probably does not impose serious festrictions on the validity
of the model, as the effectiveness of evaporators and condensers in the
two~-phase (refrigerant) regions are relatively insensitive to flow arrange-
ment. Nevertheless, it is not possible with the present program to model
the variation in coil performance that can be obtained by changing
refrigerant—side.circuiting.

The exact equations for computing crossflow (with both fluids unmixed)
effectiveness as a function of Ntu are not in closed form; Hiller and

1

Glicksman employ an approximate relationship that is in closed form.

2.4.2 Surface properties

Heat transfer correlations for single-phase refrigerant flow inside

7 in the

tubes and air-side flow are based on data from Kays and London,
form of "j" factor (NSt.NPrZ/S) as a function of Reynolds number. The
correlations for flow inside circular tubes are represented by three
straight-line segments (in log-log coordinates) corresponding to laminar,
transition, and turbulent flow. Air-side properties are represented by a
single straight line (again, on a log~log plot).

Correlations for condensing coefficient are based on the method by

Traviss, Baron, and Rohsenow,8 and the evaporation coefficient is based

on work by Tong.9

*Effectiveness is defined as the ratio of the actual heat transfer
rate to the maximum possible heat transfer rate as limited by the first

and second laws of thermodynamics. Ntu is the ratio of surface heat

transfer capacity to fluid heat transfer capacity, expressed as the
product of heat transfer coefficient and surface area divided by the
product of fluid flow rate and specific heat. Both are dimensionless
parameters. Reference 7 presents a detailed explanation of the
effectiveness—Ntu method of heat exchanger analysis.
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Two-phase flow pressure drop is computed using the Lockhart-
Martinelli correlation,® while single-phase pressure drop is calculated by

conventional pipe-flow methods.

2.4.3 Condenser

In the condenser program, a computation is made to determine whether
the wall temperature at the condenser entrance is less than the refrigerant
saturation temperature. If it is not, the fraction of the condenser coil
required for desuperheating the refrigerant is computed. Otherwise, it is
assumed that two-phase flow begins at the entrance, even though the bulk
temperature of the refrigerant may be above saturation.

The fraction of the coil needed to complete condensation (two-phase)
is computed next. With the remaining fraction of the coil, the amount of
refrigerant subcooling is calculated. Outlet air temperatures are then

determined.

2.4.4 Evaporator

The model for the evapofator is similar to that for the condenser with
the additional provision for computing the amount of air dehumidification,
if any. In the method used, it is assumed that the heat transfer coeffi-
cient is unaffected by the presence of condensed moisture, and a
heat-transfer/mass-transfer analogy is used to compute tﬁe rate of moisture
removal. Total heat transfer rate is determined on the Basis’of enthalpy
difference.

Initially, a computation is made to determine the dew point of the
entering air and whether the wall temperature at the entranée is less
than the dew point of the air. If it is determined that condensation
from the air will not occur at the entrance, the fraction of the coil .
used only for sensible heat transfer is computed. (Since the air is
being cooled in the evaporator while the temperature of the refrigerant
is essentially constant in the two-phase regiom, thevwall temperature
will decrease in the direction of airflow and may drop below the dew

point.) The performance of that section of the evaporator having
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two-phase evaporation on the refrigerant side and dehumidification on the
air side is then computed. Finally, the amount of refrigerant super-
heating in the remaining fraction of the coil is computed with no allowance
for further dehumidification on the air side.

At present, an error indication is given if heat transfer is

insufficient to completely evaporate the refrigerant.
3. RESULTS

The compressor model was calibrated against observed values of
refrigerant mass flow, compressor motor power consumption, and refrigerant
temperatures and pressures measured at the inlet and outlet of the
coﬂtainef housing the motor and compressor. These measurements were
made under a variety of operating conditions. It was found that a single
calibration of this preliminary version of the compressor model would not
suffice for all system operating conditions because we have not yet incorpor-
ated routines that calculate the variation of efficiencies with changing
load and pressure ratios. Thus for the case of superheated vapor reaching
the compressor, two sets of loss parameters will be needed for this version;
one set for more than 20°F of superheat, and another that reduces heat
rejection from the can and internal heat transfer rates when the degree
of superheat drops below 20°F. The loss parameters and efficiencies must
all be reduced if the refrigerant reaching the compressor can is wet.

It is hoped that further elaboration of the program will simplify the
calibration of the model.

Using the compressor calibration obtained from two of the sets of
laboratory measurements and the accompanying observétions of operating
conditions, we have run the ORNL heat pump model to calculate the
performance of one of the heat pumps in our laboratory. Calculated values
of refrigerant mass flow, compressor power consumption, heat exchange
rates and coefficient of performance are compared in Table 1 to those
observed in two of the laboratory runs. Inspection of the table reveals
that agreement is geﬁerally good. The largest differences between

calculated and observed quantities are those for refrigerant temperatures



Table 1. Comparison of calculated and observed performance
of an air-to-air heat pump

Run 12 Run 13
Observed Calculated Observed Calculated
Compressor and flow balance model
Refrigerant mass flow rate (1bm/hr) 384 383 353 353
Compressor motor power input (kW) 4,66 4,67 4,10 4.14
Refrigerant temperature at compressor 260.5 268 238 243
exit (°F)
Saturation temperature at evaporator 34.7 — 28.1 —
exit (°F)°
Saturation temperature at condenser 138 136 130 128
entry (°F)
Refrigerant pressure at capillary tube 325 314 295 285
entry (psia)
Condenser model
Air temperature, entry (°F) 72.5 — 70.0 —
Air temperature, exit (°F) 107.5 102.3 102.4 97
Refrigerant temperature, entry (°F) 233.8 231.2 205.5 211
Refrigerant temperature, exit (°F) 81.8 87.9 79.0 83
Refrigerant subcooling (°F) 56.2 47.1 51.0 45
Heat rejection rate (Btu/hr) 39,450 38,790 34,950 35,050
Evaporator model
Air temperature, entry (°F) 64.0 66.8 49.9 53
Air temperature, exit (°F) 52.5 55.0 41.5 41,7
Refrigerant temperature, exit (°F) 63.2 66.4 49.5 52.4
Saturation temperature, exit (°F) 34.7 32.6 28.1 25.9
Refrigerant superheat (°F) 28.5 33.8 21.4 26.5
Heat absorption rate (Btu/hr) 30,790 29,751 28,640 27,278
System performance :
2.12 2.13 2.05 2.08

Coefficient of performance

qT
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at the condenser inlet and outlet (and consequently the amount of
subcooling which is determined from outlet and saturation temperatures),
an error that could be introduced by the model's neglect of temperature
drops along'the interconnecting pipes. However, use of the measured
temperature drop along the discharge tube (see card 1 of the input data
tobthe computer program, Appendix A) fails to eliminate the discrepancy.
The rather good agreement of calculated and observed heat exchange rates
and coefficient of performance leads to the conclusion that the model is
working satisfactorily. Neither the ORNL nor the MIT model has been

validated for a heat pump operating in the cooling mode.

4. PLANNED MODIFICATIONS

The computer model described herein represents a first generation
simulation program that can be used to predict the system performance
resulting from many of the possible heat pump system improvements that
are being contemplated in this study. However, it is planned that addi-
tional development work will be conducted on the model to improve its
versatiliﬁy. The changes that are being considered are deséribed in the

following paragraphs.
4.1 Heat Exchanger Configuration

The present model can accommodate only the conventional staggered—
tube, sheet-fin heat exchanger geometry. However, other types are in
use, such as spine-fin and bristle-fin. In additioﬁ, the exploration of
possible advantages of other surface geometries is a valid research
concern. Accordingly, it is planned that the program4will be modified
to accept surface properties of other types of heat exchanger construction.
Most likely, this will be handled by making provision for reading in up
to two additional sets of friction factor and Colburn "j" factor, one
for the condenser and one for the evaporator. Certain geometrical con-
stants would be entered as input also. The program would simply be

modified to use the input surface properties whenever they are entered.
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A secondbcontemplated revision in the heat exchanger routines is
the accommodation of variations in tube circuiting. This may require
that the use of an effectiveness—Ntu relationship be dropped and that
some form of finite difference computational procedure be substituted.

This procedure has not yet been formulated.
4.2 Alternative Refrigerant Metering Device

The model is presently equipped to compute refrigerant mass-flow
rate in systems using either a capillary tube or thermostatic expansion
valve for metering. Because some systems employ a fixed orifice for
this purpose, it will be desirable to add an orifice model to the program.
Such a model should be capable of simulating two-phase flow as well as

the simpler single-phase case.
4.3 Variation in Compressor Loss and Efficiency Parameters

In the present model, all compressor loss and efficiency parameters
must be specified as input to each computer run. It may be desirable
to compute some of these parameters in the program. For example, motor
efficiency and speed as a function of load could be modeled within the
program in nondimensional form with peak efficiency and rated motor power
as input parameters. With such a scheme, it would not be necessary to
enter motor parameters for each computer run. However, this approach does
require that the characteristics of the motor be known either from test
data or manufacturer's data. Since a strong similarity in the character-
istics of different motors of a given type can be expected, it may suffice
to enter "typical" motor curves into the program. The original MIT program
contained a motor speed and efficiency model for a specific motor.

It should also be feasible to derive an empirical mathematical’
expression for volumetric efficiency as a function of pressure ratio.
A change in volumetric efficiency characteristics of a compressor could

then be represented by a revised set of coefficients for the volumetric

efficiency model.
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At present, it does not appear to be either necessary or feasible
to predict isentropic compression efficiency on the basis of operating
conditions. While it might be'possible to devise routines for predicting
can external heat loss and internal heat transfer, it does not appear

advantageous to try to do this at present.
4.4 Refrigerant Mass Inventory

In this program, no concern is given to the mass of refrigerant
in the system; rather, it is implicitly assumed that the system is
charged with exactly the correct amount. This is a satisfactory model
for heat pump systems having a suction line accumulator; i.e., the
accumulator is modeled satisfactorily by ignoring it. However, in
systems that do not employ an accumulator, there can be an excess
charge under certain operating conditions. Such a system, properly
charged for the cooling cycle, may contain an excess charge during
heating operation as a result of the lower system pressures, and the
excess refrigerant will migrate to the condenser where it can partially
block some of the heat transfer surface. To correctly model this type
of system, a refrigerant mass inventory would be necessary as well as
‘routines for deciding where the excess refrigerant will accumulate and
- what the effect on the thermodynamic cycle will be. No approach to
accomplishing this has been formulated, but a study of possible approaches

is planned.
4.5 1Incomplete Condensation and Evaporation

The heat exchanger models developed by MIT are set up to print an
error message if incomplete condensation or evaporation are encountered.
However, with capillary tube control, heat pump systems will operate with
liquid refrigerant entering the compressor (incomplete evaporation) under
low outdodr temperature conditions. It is planned that the program will
be revised to accommodate both incomplete condensation and evaporation.

This should not be difficult — the MIT authors had anticipated the possibie
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need for this change. The ORNL compressor model is already set up to

handle wet suction gas.
5. UTILIZATION

The ORNL version of the heat pump model is organized for computer

use as a batch.job on our IBM Model 360 computer. Accordingly, decision

‘making that might otherwise be left to the user of an interactive program

has been incorporated in the calling program. The flow diagram shown in
Fig. 3 displays the sequence of calculations and the decision points.
Input parameters for all of the submodels are read in the subroutine
DATAIN and are listed in Appendix A, along with the values of the
parameters used to generate the sample output shown in Appendix B.

The program is written in FORTRAN IV and makes use of standard FORTRAN
supplied mathematical functions and service subroutines; special sub-
programs and extended libraries of functions are not required. No tapes
or other peripheral temporary storage devices are used. Thus, the only
control cards needed to run the program are those to compile and link
the program and to execute it. All input is from the card reader. The
control cards used to run the model on our computers are shown in Appendix
B. The program occupies 86K bytes of core and typically executes in less
than 10 sec on our IBM 360/91 computer. A complete listing of the program

is given in Appendix C.

ACKNOWLEDGMENTS

The authors wish to express their appreciation for the comments and
suggestions of fellow staff member A. A. Domingorena who also, with the
cooperation of D. E. Holt, supplied the data against which the model was
calibrated and validated. We are obviously beneficiaries of the work of
Dr. Leon Glicksman of the Massachusetts Institute of Technology and
Dr. Carl Hiller, now of the Sandia Laboratories, whose efforts provided

an excellent starting point for this study.



Compressor
and

Flow
Balance
Model

Condenser
Model

Evaporator
Model

( START )

Read input parameters
& operating conditions

20

Compressor model
determines XMR, P@W,
pressure & temp. at

condenser inlet

Calculate flow
conditions at flow
metering device

Adjust

TSATCI
Condenser model
determines heat
transfer & refrig.
exit temperature

>e
Adjust
| TROCT - TRA| TRYCT
<e

Evaporator model
determines heat
transfer & refrig.
exit temperature

Adjust

TRPEI - TROE TAT

Calculate C@P

END

Fig. 3.

POW

XMRC

TSATCI

TRACI

TRG

TRPEL

TROE

TAI

cop

= refrigerant mass-flow rate

= compressor motor power

= flow capacity of cap. tubes
(see text for alternative
test if TX valve is used)

initial value for saturation
temp. at condenser

= maximum error allowed

= Initial value for refrig.

temp. at condenser exit

= calculated value for

refrigerant temperature
at condenser exit

= initial value for refrig.

temp. at evaporator exit

= calculated value for refrig.

temp. at evaporator exit

= air temp. at evaporator inlet

= coefficient of performance

Computer program flow diagram.



x

21
REFERENCES

C. C. Hiller and L. R. Glicksman, Improving Heat Pump Performance via
Compressor Capacity Control - Analysis and Test, Report No. 24525-96,
Heat Transfer Laboratory, Massachusetts Institute of Technology,
Cambridge, Massachusetts, 1976.

G. T. Kartsounes and R. A. Erth, "Computer Calculation of the
Thermodynamic Properties of Refrigerants 12, 22, and 502," ASHRAE
Transactions, Vol. 77, Part II, 1971.

American Society of Heating, Refrigeration, and Air Conditioning
Engineers, Inc., ASHRAE Handbook of Fundamentals, New York, 1972.

American Society of Heating, Refrigeration, and Air Conditioning
Engineers, Inc., Thermophysical Properties of Refrigerants, New York,
19673,

R. W. Lockhart and R. C. Martinelli, "Proposed Correlation of Data
for Isothermal Two-Phase, Two-Component Flow in Pipes," Chemical
Engineering Progress, 45(1):39 (1949).

American Society of Heating, Refrigeration, and Air Conditioning
Engineers, Inc., ASHRAE Guide and Data Book, Equipment Volume,
pp. 20.23-20.28, New York, 1975.

W. M. Kays and A. L. London, Compact Heat Exchangers, The National
Press, Palo Alto, California, 1955.

D. P. Traviss, A. G. Baron, and W. M. Rohsenow, Forced Convection
Condensation Inside Tubes, Report No. 72591-74, Heat Transfer
Laboratory, Massachusetts Institute of Technology, Cambridge,
Massachusetts.

L. S. Tong, Boiling Heat Transfer and Two-Phase Flow, Wiley,
New York, 1965,






23

APPENDICES






25

Appendix A

INPUT PARAMETERS FOR THE ORNL HFAT PUMP SIMULATOR

%Values used to produce the output of the program shown
in Appendix B.

R Sample
Symbol Definition Value?
Card 1 Format (5F10.0)
TLIMIT Upper limit for difference between calculated
subcooling of refrigerant leaving condenser
and input (assumed) value of subcooling (see
DTROC below). Used to define convergence
(F) 10.0
DELTC Temperature drop in discharge line (F) 32.0
XMRTI Initial guess of refrigerant mass flow rate.
Used only to estimate discharge line pressure
drop for first iteration (1bm/hr) 353.0
FANPC Energy consumed by condenser fan. (Btu/hr) 2014.0
FANPE Energy consumed by evaporator fan (Btu/hr) 1703.0
Card 2 Format (4F15.5)
DLLOC Diameter of liquid line coming from outdoor
v coil (ft) 0.0158
XLEQLO Equivalent length of liquid line coming from
. outdoor coil (L/D - dimensionless) 1923.0
DLLIC Diameter of liquid line coming from indoor
coil (ft) 0.0158
XLEQLI Equivalent length of liquid line coming from
indoor coil (L/D - dimensionless) 1923.0
Card 3 (4F15.5)
DSL Diameter of suction line (vapor) (ft) 0.0567
XLEQSL Equivalent length of suction line (L/D -
dimensionless) 145.3
DDL Diameter of discharge line (vapor) (ft) 0.0463
XLEQDL Equivalent length of discharge line (L/D -
dimensionless) 181.0
Card 4 (4F15.5)
) DOC Inside diameter of tubes in outdoor coil (ft) 0.0280
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Sample

Symbol Definition Valued
DZ0C Refrigerant flow length in each parallel flow

branch in the outdoor coil (ft) 64.0
DIC Inside diameter of tubes in indoor coil (ft) 0.0280
DZIC Refrigerant flow length in each parallel flow

branch in the indoor coil (ft) 61.1
Card 5 (F10.4, 3I10) _
DTROC Guess for amount of subcooling of refrigerant

leaving condenser (F) 51.0
NCORH Indicator for cooling or heating mode

If "NCORH" = 1 - cooling mode

If "NCORH" = 2 - heating mode 2
NSECTO Number of parallel flow sections in outdoor

coil 4
NSECTI Number of parallel flow sections in indoor

coil 3
Card 6 (3r10.2)
TSATE Saturation temp. at exit of evaporator (F) 28.1
TSATCI Saturation temp., entrance to condenser.

Initial guess 130.0
SUPER Superheat of vapor leaving evaporator and

entering the compressor (F) 25.1
Card 7 (7F10.2)
RPM Motor speed (rpm) 3450.0
DISPL Compressor displacement (all cylinders) (in.3) 4,525
ETAVOL Volumetric efficiency of compressor

(fraction.Lt.l) 0.59
ETAMOT Compressor motor efficiency 0.65
ETAISN Isentropic efficiency of compressor 0.70
QCAN Heat rejection rate from compressor can (Btu/hr) 4500.0
QHILO Heat transfer rate from compressor discharge

line to inlet gas (Btu/hr) 500.0

4Values used to produce the output of the program shown
in Appendix B.
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Sample

Symbol Definition Value?
Card 8 (15, 5%, I5, 5X, F10.2)
IREFC Indicator for type of refrigerant flow control

= 1 for thermal expansion valveb '

= 2 for capillary tube(s)
NCAP Number of capillary tubes (omit if IREFC = 1)
CAPFLO Flow factor for cap. tube. See ASHRAE Guide

and Data Book, Equipment Vol. (1975), Fig. 41,

pp. 20.23-20.28 (omit if IREFC = 1) 2.25
Card 9 (6F12.6) Begin Condenser Input
DEAC Outside diameter of tubes (ft) 0.0333
DERC Inside diameter of tubes (ft) 0.0280
DELTAC Fin thickness (ft) 0.00053
FPC Fin pitch (fins/ft) : 168.0
XKFC Thermal conductivity of fins (Btu/hr-ft-F) 128.0
AAFC Heat exchanger frontal area (£t2) 3.1666
Card 10 (2110) ,
NTC Number of tubes in direction of airflow 3
NSECTC Number of parallel circuits in heat exchanger | 3
.Card 11 (3F15.5)
HCONTC Contact conductance between fins and tubes

(Btu/hr-£ft2-F) ‘ 30000.
STC Vertical spacing of tube passes (ft) 0.08333
WIC Spacing of tube rows in direction of airflow (ft) 0.07292
Card 12 (2F10.4)
QAC Airflow rate (cfm) 1200.0
TAIIC Air temperature entering condenser (F) 70.0

@Values used to produce the output of the program shown in Appendix B.

bparameters for modeling the pressure drop across the TXV must be
inserted in DATA statements in subroutine FL@BAL. See Hiller and
Glicksmanl, pp. 59-61.
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. Sample
Symbol Definition ‘ Valued
Card 13 (6F12.6) Begin Input for Evaporator
DEAE Outside diameter of tubes (ft) 0.0333
DERE Inside diameter of tubes (ft) 0.0280
DELTAE Fin thickness (ft) 0.00053
FPE Fin pitch (fins/ft) _ 168.0
XKFE Thefﬁal conductivity of fins (Btu/hr-ft-F) 128.0
AATE Heat exchanger frontal area (ft2) 5.1944
Card 14 (2110)

NTE Number of tubes in direction of airflow
NSECTE Number of parallel circuits in heat exchanger 4
Card 15 (3F15.5)
BCONTE Contact conductance between fins and tubes

(Btu/hr-£ft2-F) 30000.
STE Vertical spacing of tube passes (ft) 0.0833
WTE Spacing of tube rows in direction of airflow (ft) 0.0729
Card 16 (2F10.4, 14, 2F10.4)
QAE Airflow rate (cfm) 2162.0
TAIIE Air dry bulb temperature entering evaporator (F) 49.9
INDICE Input indicator

If "INDICE" = 1, inputs are TDB, and TWB

If "INDICE" = 2, inputs are TDB, and RH 2
TWBIIE Air wet bulb temperature entering evaporator (F) not used
RHIE Relative humidity of air entering evaporator 0.30

9Values used to produce the output of the program shown in Appendix B.
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Appendix B

SAMPLE OUTPUT FROM HEAT PUMP SIMULATOR






Appendix B

SAMPLE OUTPUT FROM HFAT PUMP SIMULATOR®

TLINIT~-FOR CONVERGENCE TEST-- = 5.00000
DELTDL--DELTA T IN DISC LINE-- = 32.00000
XMRTY -~TRYIAL VALUE POR REFRIG. MASS FLOW-- = 353.00000
(USED T9 CALC DELTA F IN DISCH LINE)
FANPC ~~CONDENSER FAN POWER -~ =2014.00000
PANPE --EVAPORATOR FAN POWER -- =1703.00000
FLOBAL INPUT ECHO:
DoC = 0.02800 D20C = 64.00000 DIC = 0.02800 - DZIC = 61.09999
npLoc = 0.01580 XLEQLO =1923.00000 DDLIC = 0.01580 XLEQLI =1923.00000
DSL = 0.05670 XLEQSL = 145.29999 DDL = 0.04630 XLEQDL = 181.00000
IREPC = 2 NCAP = 1 CAPFLO = 2. 25000
RPM =3450.00000 DISPL -~ 4.52500 :
ETAVOL = = 0.59000 RETAMOT = 0.65000 ETAISK = 0.70000
QCAN = 4500.00 CHILO = 500. 00
TSATEI = 28.09999
TSATCI = 130.00000 :
NS ECTO = 4 HSECTI = 3
SUPER = 25.09999 DTEOC = 51.00000

END OF FLOBAL INPUT

%See program listing for glossary of symbols.

T€



CONDENSER INPUT ECHO:

DER = 0,03330 DER = 0.02800
AAY = 3.167 N1 = 3
HCONT =  30000.0 ST = 0.0833
QA = 1200.0 TAII = 70.00
CALCULATED EXCHANGER CHARACTERISTICS
SIGA = 0.547 . . P = 0.08792
ARFT = 0.615E-03 ARHT = 3.341
XLy = 0.0417 FAR = 0.9484
END OF CONDENSER INPUT
EVAPORATOR INPUT ECHO:
DEA = (0.03333 DER = 0.02800
AAF = 5.194 T = 3
BCONT = 30000.00 ST = 0.0833
QA = 2162.0 TAII = 49,90
THBIYI = 54,00 RHI = 0.300
CALCULATED EXCHANGER CHARACTERISTICS:
SIGA = (0.550 1 = 0.08792
ARFT =0.6154E-03 ARHT = 4. 110
XLF = 0.0417 FAR = 0.9480

END OF DATAIN---CALLING FLOBAL

DELTA
NSECT
¥T

0.530E-03
3
0.0729

PTBO = O0.10456
ALPAR = 14,469
CAR =187.8796

DELTA
NSECT
WT

0.500E-03
4

0.0729

INDIC = 2

PTBO = kkksdonskskk
ALFAR = 14.469
CAR =198.9131

FP

= 168.00

ALFAA = 303.542

ALFAA

il

168,00

303.556

XKF

XKF = 128.00

= 128,00

[43



TOP OF ITERATION LOOP
PRESENT SYSTEM VALUES ARE
TSATE = 28.09999 TSATC = 128.00000 XHR = 352.70605 CXHR = 361.43872

BOTTON OF ITERATION LOOB:
DPDL = O, 18 DELPC = ~3.42 DPLL = 15.08 CXHR = 356.76
TROC = 88.08 TIC = 243,31 TSATC = 128.00
TSATE = 28. 10
HIC = 138.80 H10E = 114,04 H3 = 35. 57
POC = Z285.34 PIC = 303.84
XMR = 3£3.2¢%
POV = 4.135
DPSYS =
CAPE = 27720.4% CARC = 36466.04
VELOCITIES IN RISERS:
YSR = $.2967%E 05 FI/HR ¥5RCT= 0.78633F 66 FT/HR
VDR = 0.12816E 05 FT/HR VDACT= 0.35994E 05 PT/HR

CT XY =shokokkok khn

DATA SENT TO COND:

XMRY = 353.24707
TSA = 128.00000
TRI = 211.31250

€e



TAI
QA

TRI
TSA

[ T}

BEGINNING OF

70.00

1200.0
211.31
128.00

CALCULATION IN SUBROUTINE EXCH :

XNTUTP= 0.977
1 Xo). | CPA ALFAR
0.0019 0.2400 14,4690
ETP = 0.6237
RES = 1.5252
HRSPV
94,2661
TRVDS = 211.3125
TH TC
128.0000 70.0000
HFGDP = 83.6929
HFG CERV X3
64.5361 0.2299 0.0
XMATP = = 1135.1084
XMR CPA
117.7490 0.2400
IMA ARHT CR
1797.0574 3.3411 1.0000
¥ XMASP CA RTOT
END OFf ITERATION. RESULT IS
r = 0.0
rIP = 0.632
rsc = 0.368

SEFFX
0.8177

CHIN

HA
10,4630

EXPR

ALPAA
303.5415

EXFS

HRTP
424.6563

PR

PS

TEST

VAL

7¢e



RESULTS FROM EXCH :

¥ = 0.0 PIP = 0.632
Qsp = 0.0 cTP = 9854.7%578
TAQSP = 70.00 TAOTP = 106.17
TAX = 70.00
TRO = 97.09
TRY = 211.31
TSA = 128.00
TRO = 83.38
SBCOOL= 44.62

OVERALL RESULTS FOR THIS TAI ¢
HA = 10.46 ‘ HRV = 94,27
Qc = 35049.53
HRO = H3 = H4 = 304,135
PD =

-1.33

TEST FOR CONVERGENCE ON DTRCC

TSTAC = 0.12800E 03
DTROC = 0.39917E 02
TEST = 0.88083E 02 = TSATC - DTEOC

TRO = (0.83385E 02 FROM SR COND

IF {TRST-TRO), 0.46985E 01 .LE. TLINIT,

PSC = 0.368

QSC = 1828.4192

TAOSC = 81.51

HTP = 420.66 HRL = 86.492

0.50000E 01 GO ON. OTHERWISE, GO BACK TO FLOBAL

Gt



DATA SENT TC EVAPR:

XMRY =  353.24707
Tsa = 28.09999
HY4 = 34. 13484
TAX = 52.99
TWBI = 54.00
RHI = 0.300

QA = 21€2.00
TSA = 28.10

BEGINNING OF CALCULATION IN SUBROUTINE EVAP:

TADHI = 16.21 TAQTP = 37.81
NO MOYISTURE REMOVAL OCCURS

FRACTION OF COIL USED FOR SINGLE-PHASE VAPOR FLOW IS
4 = 0.2949

RESULTS FROM SUBBOUTINE EVAP:

FTP = 0.705 F = 0.295
XMATP = 1768.92 XNASP = 739.84
EXFR = 0.960
CTP = 6445.06 asp = 355. 80
TDB3 = 37.81 TAOSP = 50.99 TWB3 =
TAI = 52.99
TWBI = 40.81
TSA = 28.10
TRO = 52.01
SUPER = 23.91

NOTE THAT THESE HEAT AND MASS FLOWS ARE FOR ONE SECTION ONLY

0.00

o€



EVAPORATOR PERFORMANCE FOR THIS AIR INLET TEMP:

10035.1

XMA = XNR = 353.25
GA = 3515.0 GR = 143493.8
HA = 11.27 HRY = 59.08 HTP
QTOT = 27203.5 QILAT = 7730555.0
PD = =5.35
PRESSURE DROP THRU EVAPORATOR IS LARGE ENOUGH
TO DEPRESS SATURATION TEMP. CALCULATION WILL BE REPEATED

FOR TSA =  25.87

BEGINNING OF CALCULATION IR SUBROUTINE EVAP:

. TADHI = 19.27 TAOTP = 36.40
NO MOISTURE REMOVAL OCCURS ’

FRACTION OF COIL USED FOR SINGLE~PHASE VAPOR FLOW IS

- N _ 2ILCT
19 - VeJdJsurs

DRENIME PRAM SORRONTTN EUYADs

AT A wF & AW R WA AN LA M MY DLk e
MDD - N _ L4172 » = 0_1287
L ¥ 4 Ve w2l 1y Ve JaT
IMATP = 1613.79 XMASP = 894.98

EXFR = 0,978

QTP = 6427.51 gsp = 392.11
mnn - 2L 40 TANCD =— 1 17
A MBI - LAY ] - B\ L e Vs
mAT = £2_.99
Al Sée P
TWBI = 40.81
TSR = 2&_87
4 &£2«07
TRO = 52.41
SHDRP = 2€_5814
SUPED LC. 28

LE



EVAPORATOR PERFORMANCE POR THIS AIR INLET TEMP:

XM = 10035.1 XHR = 353,25
Gh = 3515.0 GR = 143493.8
HA = 11.27 HRY = 58.82
0101T = 27278.5 QLAT = 7730555.0
PD = =5.,45

CQP = 2.08

CONTRUL CARDS AND ARRANGEMENT OF DECK
FOR RUN ON IBM 360/91 COMPUTER

//RDE13 JOB (141551, *R.DJELLISON 9104-3%
J*RDUTE  PRINT QCMOTE4 "
J/%CLASS CPU91=105,RGN=270
/7 EAEL FORTHCLG,FARM.FORT=VXREF*,PARM.GO=SDUNE=1%,
/¢ REGION.CU=100K
//FORT.SYSIN DD *
FORTRAN SOURCE DECKS
7%
//G0.FTOS5F00L CO *
INPUY DATA CARDS
7%
17

HTP

=

522.59

8¢
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Appendix C
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Appendix C

COMPUTER PROGRAM LISTING

PRELIMINARY VERSION OF ORNL HEAT PUMP SIMULATOR
SEE SUBROUTINE DATAIN POR EXPLANATION OF INPUT PARAMETERS.

THE PROGRAM HAS NOT BEEN TESTED FOR COOLING. MODE CALCULATIONS.

COMMON/MPASS/ TLIMIT,DELTDL,XMRTIY, PANPC, PANPE

COMMON/FLOWBA/ DLLOC,XLEQLO,DLLIC,XLEQLI,DSL,XLEQSL,DDL.XLEQDL,

poc,pzoc¢,CIc,nz1c,dTROC, NCORH , NSECTO, NSECTI, TSATEI,DTE,NE,
TSATCI,DTC,NC,SUPER, NCAP,CAPFLO, IREFC,
DISPL, ETAVOL,ETAMOT,ETAISN,QCAN,QHILO

COMMON/CONDEN/ NRUNC,DEAC,DERC,DELTAC, FPC,XKFC,AAPC,NTC,NSECTC,
HCONTC, S1C,WTC, SIGAC,ATBOC, PC,PTBOC, ARFTC, ARHTC, ALFARC,ALFAAC,

XLFC,FARC,CARC,DXMRYIC,NXMRC,QAC,TAIIC, DTAC,NTEMPC,QC

COMHON/EVAPOR/ NRUNE,DEAE,DERE,DELTAE, FPE,XKPE,AAFE,NTE,

NSECTE,HCONTE,STE,WTE,SYGAE, ATBOE, PE, PTBOE, ARFTE, ARHTE,ALFARE,

ALFARE,XLFE,FARE,CARE,DXMRE,NXMRE,QAE, TAIIE,
DTIAE,NTEMPE,INDICE, TWBIIE,DTWBIE, NTWBE, RHIE, TROE

COMHON/COMER/NCYL,VR, VD,SYNC, RPN, EFFIS,DPDI,DPS,DPFRAC,
SDELAY,PMC,PHT,PHTD ,EAD,EAS,XMR,POW,TIC,HIC,H10E,PXC,

P10E,T10E,POWYAX,PIRNL, EQAREA, DDELAY, XOIL,EFFNE, DDISL,ELDISL,

XMRT,DPDL

COMMON/FPASS/XMRIC,TSAC,TRIC, TSATC, TSATE
COMHMON/CPASS/ XMRIE,TSAE, H4E, HRO, TRO

CALL DATAIN

PRINT 20
FORMAT{(//////////'0END OF DATAIN---CALLING PLOBAL®',/*1%)

XMRT = XMETI
NITR = 0

CAlL FLOBAL
NITR = NITR + 1

PRINT 40
FORMAT(///////////'OBND OF PLOBAL---CALLING COND',/,’1')

XMEBIC=XMR
TSAC=TSATC
TRIC=TIC - DELTDL

PRINT 50, XMRIC, TSAC, TRIC

FORMAT (*ODATA SENT TO COND:%,/,'0XMRT = ¢,P10.5,/,* TSA = !
F10.5,/,' TRI = ¢,P10.5)

CALL COND

TEST=TSATC-DTROC
TMT=TEST-TRO
PRINT 60, TSATC,DTROC,TEST,TRO,THT,TLINIT

FOENAT (*1TEST POR CONVERGENCE ON DTROC',/,'0OTSTAC = *,£12.5,/,



70

75
80

90

95

96

97

98

99
110
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1*ODTROC = *,B12.5,/,'0TEST = ¢,E12.5,' = TSATC - DTROC!'/,

2'0TRO = ',E12.5,' FROM SR COND'/,*0IF (TEST-TRO), *,E12.5,!

3 .LE. TLIMIT, *,E12.5,' GO ON. OTHERWISE, GO BACK TO FLOBALY)
IF (ABS (TEST-TRO).LE. TLINIT) GO TO 80

DTROC = (DTROC+TSATC~-TRO) /2.

PRINT 70,TTROC

FORMAT (/7 Ok Ak ook dode gk kbR dok ook kokk ok kkkk hkdkkkk TEST FAILED
1 Aok sk kRN ok ok R ok o skl ok kkok Kok ok Rakok ok k Rk kR kR KK Y/ P0SET DTROC
2= *,E12.5,' AND GO BACK TO FLOBALY,/,'1')

IF (NITR.LT.6) GO TO 30

PRINT 75, NITR

FORMAT(///' FAILED TO CONVERGE ON TRO AFTER',I3,' ATTEMPTS')
5ToP 75 :

CONTINUE

XMEIE=XMR
TSAE=TSATE
H4 E=HRO

PRINT 90, XMRIE, TSAE, H4E

FORMAT(/////'0DAIA SENT TO EBVAPR:',/,'OXNRI = ' ,F10.5,/,
Y% TSA = *',F10.5,/,' H4 = ', F10.5)

NITR = 0 ’

CALL EVAPR

TEST = TSATE + SUPER

IF (ABS(TEST-TROE).LE.1.5) GO TO 97

NITR = NITR + 1

DELTATI = (IEST - TROE) / 2.

TAIIE = TAIIE + LCELTAX

IF (NITR.LT.6) GO TO 95

PRINT 96, NITR

FORMAT(///*'OFAILED TO CONVERGE ON EVAPR TRO AFTER', I3,
2 * ATTEMPTSY)

STOP 96

TF (NCORH.EQ.1) GO TO 98

EINDF = FANPC

EOUTF = FANPE

GO TO 99

EINDF = FANPE

EQUTF = FANPC

COP = (QC + EINDF)/(3412.*%POW + EINDF + EOUTF)

PRINT 110, COP v

FORMAT(///10X,'COP = 7, F10.2)

STOP

END
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SUBROUTINE DATAIN

<

c PURPOSE

c TO READ AND ECHO ALL INPUT FOR THE PROGRAM

c

¢ PRELIMINAFY VERSION

¢
CCMHMON/NPASS/ TLIMIT,DELTDL,XMRTI, FANPC, FANPE

C
COMMON/FLOWBA/ DLLOC,XLEQLO,DLLIC, XLEQLT,DSL,XLEQSL,DDL, XLEQDL,
1 roc,bzoc,DIC, DZIC,DTROC, NCORH , NSECTO, NSECTT, TSATEX , DTE, NE,
1 TSATCI,DTC,NC,SUPER, NCAP, CAPFLO, IREFC, o
1 DISPL,ETAVOL,ETAMOT,ETAISN,QCAN,QHILO

C
COMMON/CONDEN/ NRUNC,DEAC,DERC,DELTAC, FPC, XKFC, AAPC, NTC, NSECTC,
1 HCONTC,STC,WTC,SIGAC, ATBOC, PC, PTBOC, ARFTC, ARHTC, ALFARC, ALFAAC,
1 XLFC,FARC, CARC,DXMRIC, NXMRC,QAC, TALIC, DTAC,NTEXPC, QC

c
COMMON/EVAPOR/ NRUNE,DEAE,DERE, DELTAE,PPE, XKPE, AAFE, NTE, NSECTE,
1 HCONTE,STE,WTE,SIGAE, ATBOE, PE, PTBOE, ARFTE, ARHTE, ALFARE, ALFAAE,

1 XLFE,FARE, CARE,DXNRIE, NXNRE,QAE, TATIE, DTAE,NTENPE, INDICE,

1 TVWBIIE,DTVEIE,NTWEE, RHIE,TROE =~~~

c
COMMON/CONPR/NCYL, VR, VD,SYNC, RPN, EFFIS, DPDI, DPS,DPFRAC, SDELAY,
1 PAC,PHT, PHTD, EAD,EAS, XMR, POW,TIC,HIC,H10E, PIC, P10E,T10E,POWHNAX,
1 PWHRNL,EQAREA,DDELAY, XOIL,EFFME, DDISL, ELDISL, XMRT,DPDL

c

CHRAR R A KAk o AR R b oo R ok oo o o o S

C

C INPUT FOR MAIN

¢

b Gttt bttt et b
READ 100, TLIMIT, DELTDL, XMRTI, ¥ANDC, FAWNDPE

100 FOERMAT(S5F10.0) ,
PRINT 10, TLIMIT, DELTDL, XMRTY, PANPC, FANPE ~

10 FORMAT('1 TLIMIT--FOR CONVERGENCE TEST-- =',F10.5/
2 '0 DELTDL--DELTA T IN DISC LINE-- =*,F%10.5/
2 0 XMRTI ~-TRIAL VALUE FOR REFRIG. MASS PLOW-- =*,P10.5/
3 ' (USED TO CALC DELTA P IN DISCH LINE)Y/
4 *0 PANPC --CONDENSER FAN POWER -- =¥ ¥10.5/
5 '0 FANPE --EV APORATOR FAN POWER ~= =0 ,F10.5)

C
AR koo ook o sk o ok ok 3 oK o o ok o o ok o s ok Ao oo A S KK R R O R

C
C FLOBAL INFUT SECTION
C

Ceok ok i ok sk ok skokok 30 o o KoK o o ok o ook ok ok ok ok ok ok ok o ko el ko ok sk ol ok e sk o ool o ko ook

EXPLICIT INFUT PARAMETERS

DLLOC- DIAMETER OF LIQUID LINE COMING FROM
CUTDOOR COIL (FT)

XLEQLO- EQUIVALENT LENGTH OF LIQUID LINE COMING
FROM OUTDOOR COIL (L/D - DINENSIONLESS)

DLLIC- DIAMETER OF LIQUYD LINE COMTNG FPROM INDOOR
COIL (FT)

XLEQLY- EQUIVALENT LENGTH OF LYQUID LINE CONING
FROM INILOOR COIL (L/D - DIMENSTONLESS)

DSL - DIAMETER OF SUCTION LINE (VAPOR) (FT)

XLEQSL- ECUIVALENT LENGTH OF SUCTION LINE
(L/D - DIMENSIONLESS) '
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READ
READ
READ
READ
READ
READ

C

C--ECHO INP

C

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
C

b4

L ~ CTCIAMETEF OF DISCHARGE LINE (VAPOR) (FPT)

(

XLEQDL- EQUIVALENT LENGTH OF DISCHARGE LINE

L/D - DIMENSIONLESS)

DOC ~ INSIDE LIAMETER OF TUBES IN OUTDOOR COIL (FT)
DZOC -~ REFRIGERANT PLOW LENGTH IN EACH PARALLEL

FLOW ERANCH IN THE OUTDOOR COIL (FT)
DIC - INSIDE DIAMETER OF TUBES IN INDOOR COIL (FT)
DZIC -~ FKEFRIGERANT FLOW LENGTH IN EACH PARALLEL

FLOW BRANCH IN THE INDOOR COIL (FT)
DTROC- GUESS FOR AMOUNT OF SUBCOOLING OF REFPRIGERANT

LEAVING CONDENSER (F)
NCORH~ INDICATICR FOR COOLING OR HEATING MODE

IF *NCOEH* = 1 - COOLING MODE

IF *NCORH' = 2 - HEATING MODE
NSECTO - NOUMBER OF PARALLEL FLOW SECTIONS IN OUTDOOR COIL
NSECTI - NUMBER OF PARALLET FLOW SECTIONS IN INDOOR COIL
TSATE~ SATURATION TEMP.AT EXIT OF EVAPORATOR (F)
TSATCY - SATURATION TEMP. AT ENTRANCE TO COND. INITIAL GUESS.
SUPER~ SUPERHEAT OF VAPOR LEAVING EVAPORATOR AND

ENTERING THE COMPRESSOR (F)
RPN~ MOTOR SFEED, REV. PER MIN.
DISPL- COMPRESSOR DISPLACENENT (SUM FOR ALL CYLINDERS) (CU IN)
ETAVOL- VOLUMETRIC EFFICIENCY OF COMPRESSOR (FRACTION LT.1)

ETAMOT~- COMPRESSOR MOTOR EFFICIENCY

ETATISN~ ISENTROFIC EFFICIENCY OF COMPRESSOR
QCAN~ HEAT REJECTION RATE. FROM COMPRESSOR CAN (BTU/HR)
QHILO- HEAT TRANSFER RATE FRCM COMPRESSOR DISCHARGE LINE
TO INLET GAS (BTU/HR)
IREFC~ INDICATCR FOR TYPE OF REFRIGERANT FLOW CONTROL DEVICE
=1 FOR THERMAL EXPANSION VALVE
=2 FOR CAPILLARY TUBE(S)
RCAP~- NGMBER OF CAP TUBES (OMIT IF IREFC = 1)
CAPFLO~ FLOW FACTOR FOR CAP TUBE. SEE ASHRAE GUIDE AND DATA

BOOK, ECUIPMENT VOL. (1972), FIG 40., PG. 227. (CMIT
IF IREFC = 1)

PUT

10000,
10100,
10200,
10300,
10450,
10500,

uT

10600,
107 ¢0,
10800,
11000,
11050,
11100,
11200,
11300,
11400,

DLLOC, XLEQLO, DLLIC, XLEQLY,DSL, XLEQSL, DDL, XLEQDL
poc,DzCC,DIC, DZIC

DTROC , NCORH ,NSECTO, NSECTY

TSATEI,TSATCI,SUPER
RPM,DISPL,ETAVOL,ETAMOT,ETAISN,QCAN,QHILO

IREPC, NCAP, CAPFLO

poc, pzoc, PIC,DZIC
DLLOC,XLEQLO,DILIC, XLEQLY
DSL,X1FQSL,DDL,XLEQDL

IREFC,NCAP,CAPFLO

RPM, DISPL, ETAVOL, ETAMOT, ETAISN,QCAN, QHILO
TSATEI

TSATCI

NSECTC,NSECTI

SUPER,DTROC

CHRA ARk o 2ok ok ok 3ok KKK K ok ok ok o sk Sk ol A o R R K ek ook ok ok o o sk ok
CHEREARAX KRR ARk R A kkkkkt END OF PLOBAL SECTION sk okokskork sk
CHRA A Ak ok K Ok oK R o SR R ek A K A R kA sk ook o K ok

o
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C
Cc
C

CONDENSER INPUT SECTION
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INPUT DATA FPROM CAED READER (DESCRIBED FULLY BELOW)
DEAC,DERC,DELTAC, FPC, XKFC,AAFPC, NTC,NSECTC,
HCONTIC,STC,¥1IC,

QAC,TAIIC,DTAC,NTEMEC

INPUT BEAT EXCHANGER CHARACTERISTICS

DEAC - OUTSIDE DIAMETER OF TUBES (FT)

DERC - INSIDE DIAMETER OF TUBES (FT)

DELTAC - FIN THICKNESS (FT)

FPC - FIN PITCH (FINS/FT)

XKFC - THERMAL CONDUCTIVITY OF FINS (BTU/HR’PT‘P)

AAFC - HEAT EXCHANGER FRONTAL AREA (SQ FT)

NTC — NOUMBER CF TUBES IN DIRECTION OF AIR PLOW

NSECTC - NUMBER OF PARALLEL CIRCUITS IN HEAT EXCHANGER

HCONTC - CONTACT RESISTANCE BETWEEN PINS AND TUBES
{BTU/HR~-SQ FT~F)

STC - VERTICAL SPACING OF TUEE PASSES (FT)

RIC = SPACING OF TURE ROWS IN DIR.OF AIR FLOW (FT)

CALCULATED HEAT EXCHANGER QUANTITIES

SIGAC - SIGMA AIR (AIR FLOW AREA/FRONTAL AREA)

ATBOC - CEOSS~-SECTIONAL AREA OCCUPIED™ ‘BY TUBE (SQ FT) =~

PC -~ INSIDE PERIMETER OF TUBES (FT) T

PTBOC - OUTTER PERIMETER OF TUBE (FT)

ABFTC - CROSS-SECTIONAL FLOW AREA INSIDE TUBES (SQ FT)

ARHTC - TOTAL REFG.SIDE HEAT TRANS. AREA/NSECT (SQ FT)

ALFARC - ALFHA REFRIGERANT (REPRIGERANT ‘SIDE HERT
TRANS. AREA/TOTAL VOLUME OF HEAT EXCHANGER-1/PT)

ALFARC - ALPHA AIR (AIR SIDE HEAT TRANSFER AREA/TOTAL
VOLUME OF HEAT EXCHANGER -1/FT)

XLFC - LENGTH OF FINS (FT)

PARC = RATIO - FIN HEAT TRANS.AREA/TOTAL H.T. ARERA

CARC - RATIO - FIN HEAT TRANS. AREA/CONTACT'AREA‘

TO ACCOUNRT FOR CONTACT RESISTANCE BETWEEN
FINS AND TUBES =

READ 12100, DEAC, DERC, DELTAC, FPC,XKFC,AAFC, NTC,NSECTC
READ 12200, HCONTC, STC,WTC

SIGAC = (STC-DEAC)*(1.0-DELTAC*FEC) /STC
ATBOC = 3.14%*DEAC*#2/4.0
PC = 3.14*DERC
PTBOC = 3. 14*DEAC
ARFTC = 3.14*DERC*#%2/4.0
ARHTC = FLOAT (NTC) #3. 14*DERC*AAFC/ (STC*FLOAT (NSECTC) )
ALFARC = 3. 14*DERC/ (STCH*RTC)
ALFAAC= (2.0%* (STCXWTC-ATBOC) *FPC +(1.0-DELTACKFPC) *PTBOC) / (STC*WIC)
XLPC = STC/2.0
PARC=2. 0#FPC* (STC*WTC~ATBOC) / (2. 0*PPC* (STCXHTC~ATBOC) 4PTBOC* (1.0~
1 FPC*DELTAC))
CARC -‘.o~(swc*wwc ~3. 14*DEAC**2 /4. 0) /(3. 14* DEAC*DELTAC)

L]

it
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g END OF HEAT EXCHANGER CHARACTERISTICS-

g INITIAL VALUES FOR AIR AND REPRIGERANT FLOW CONDITIONS
g QAC - AIR FLOR RATE (CU FT/MIN)

c TAIIC - AIR TEMEERATURE ENTERING CONDENSER (F)

¢ READ 12400, QAC,TAIIC

E--ECHO INEUT

PRINT 12500, DEAC,LERC,DELTAC,FPC,XKPC,AAFC,NTC,NSRECTC

PRINT 12600, HCONTC,STC,WTC

PRINT 12800, QAC,TAIIC

PRINT 12900, SIGAC,PC,PTBOC,ARFTC,ARHTC,ALFARC,ALFAAC,ILFC,FARC ,

1 CARC
C
AR ook ok ook sk ook otk ok ok ok ok ok sk ok ok s ook ok ok okl sl s o ok kKO Ak
CHRER K AKRRRKKKKKXKKEX X END OF CONDENSER SECTION *xisdokoksokskkkkkhkhkhRsn
ook ook ook o ook ok K R o ook oK o 2K o ook koK ol o o o o koo o Ko ek e ok o ok ok ok ke Kok o
C .
ke ok o A Aok ok Aok ok o e e ok o o o ook ook o e ol o ook o e e o o Aok o ok ok oo sk oo o o oo o
C
C EVAFORATOE INPUT SECTION
(o
et A ok ok oo ok K 2 ko e ook ok ko o o KA o o ok ook SRR ok ke o Rk ok o s oo ok e ko ok
C

C INPUT DATA FROM CARD READER (DESCRIBED FOLLY BELOW)
¢ DEAE,DERE,DELTAE, FPE, XKPE,AAFE, NTE, NSECTE,
C HCONTE,STE,WTE,

C QAE,TAIXIE,INDICE, TWBIIE ,RHIE

o

< INPOUT HEAT EXCHANGER CHARACTERISTICS

©

C DEAE - OUTSIDE DIAMETER OF TUBES (FT)

C DERE ~ INSIDE CIAMETER OF TUBES (FT)

C DELTAE ~ PIN THICKNESS (PT)

z FPE - PIN PITCE (FINS/FT)

XKFE - THERMAL CONDUCTIVITY OF FINS (BTU/HR-FT-F)

AAFE - HEAT EXCEANGER FRONTAL AREA (SQ FT)

NTE - NOUMBER OF TUBES IN DIRECTION OF AIR PLOW

NSECTE - NUMBER OF PARALLEL CIRCUITS IN HEAT EXCHANGER

HCONTE - CONTACT RESISTANCE BETWEEN PINS AND TUBES
(BTU/ER-SQ FT~F)

STE - VERTICAL SPACING OF TURE PASSES (FT)

WTE - SPACING OF TUBE ROWS IN DIR.OF AIR FLOW (PT)

=-~CALCULATED QUANTITIES

SIGAE - SIGMA AIR (AIR FLOW ARCA/FRONTAL AREA)

ATBOE -~ CFOSS-SECTIONAL AREA OCCUPIED BY TUBE (SQ FT)

PE - INSIDE PERIMETER OP TUBES (PT)

PTBOE < OUTTER PERTMETER OF TUBE (FT)

ARFTE = CHKOSS-SECTIONAL FLOW AREA INSIDE TUBES (SQ FT)

ARHTE -~ TOTAL REFG.SIDE HEAT TRANS. AREA/NSECT (SQ FT)

ALFARE = AIPHA REFRIGERANT (REFRIGERANT SIDE HEAT
TRANS.AREA/TOTAL VOLUME OF HEAT EXCHANGER- 1/FT)

ALFAAE - ALPHA AIR (AIR SIDE HEAT TRANSFER AREA/TOTAL

QAN OOOOOO0O00GTHONOGT

VOLUME OF HEAT EXCHANGER -1/FT)
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XLFE - LERGTH OF PINS (FT)
FARE = RATIO ~ FIN HEAT TRANS.AREA/TOTAL H.T. AREA
CARE = RATIO - FIN HEAT TRANS.AREA/CONTACT AREA
TO ACCOUNT POR CONTACT RESISTANCE BETWEEN
FINS AND TUBES

(s N X2 N2 X2 K3l

READ 13100, DEAE,DERE,DELTAE, FPE,XKFE,AAFE, NTE, NSECTE
READ 13200, HCONTE, STE,WTE

Is]

SIGAE
ATBOE
PE = 3
PTBOE

(STE-DEAE) * (1. 0~DELTAR*FPE) /STE

3. 14*DEAEX42/4.0
14*DERE

3. 14*DEAE

ARFTE = 3, 14*DERE**2/4.0

ARHTE = FLOAT (NTE)*3. 14*DEREXAAFE/ (STE*FLOAT (NSECTE) )

ALFAEE = 3. 14*DERE/ (STE*WTE) '

ALFAAE= (2.0% (STE*WTE-ATBOE) *FPE + (1. 0-DELTAE*FPE) *PTBOE) / (STE*WTE)
XLFE = STE/2.0

FARE=2.0%FPE* (STE*NTE-ATBOE)/ (2. 0¥PPEX (STE*WTE- ATBOE) +PTBOE* (1.0-
1 FPE*DELTAE))

CARE=2.0% (STE*WTE-3.14%DEAE**2 /U .0) /(3. 14*DEAE*DELTAE)

N

END OF HEAT EXCHANGER CHARACTERISTICS
INITIAL VALUES FOR AIR AND REPRIGERANT FPLOW CONDITIORS

QAE - AIR FLOW RATE (CU FT/MIN)

TAITE = AIR DRY BULB TEMNP. ENTERING EVAPORATOR (F)

C IRDICE -~ INPUT INLICATOR

C IP 'INDICE' EQUALS 1, INPUTS ARE TDB, AND TWHB

C IF *INDICE®* EQUALS 2, INPUTS ARE TDB, AND RH

C TWBIIE - AIR WET EULB TEMP. ENTERING EVAP. (¥)

C RHIE - RELATIVE HUMIDITY OF AIR ENTERING EVAPORATOR

aocooaan

READ 13400, QAE,TAIIF,INDICE,TWBIIE,RHIE
C .
C-=-EXHO INED

C
PRINT 13500, DEAE,LERE,DELTAE, FPE,XKPE,AAPE,NTE NSECTE
PRINT 13600, HCONTE,STE,WTE
PRINT 13800,QAE,TAYIE,INDICE,TWRBIIE,RHIE
PRINT 13900, SIGAE,PE,PTBPE,ARFTE,ARHTE,ALFARE,ALPAAE,XLFE,FARE ,
1 CARE
C

e L R L s e e Py
CHRARRTAR A RRRKKKKKMKKKRK END OF EVAPORATOR SECTION *kdkdkskkrkkbkkhhnn
XA R A AR A A AR K ok oK 3K o ko 0 oK KR Aok R Ak ok ok
C B

RETUORN

C

C ok ook ok oo o ok ok RSk Ao ok o o ok Ak ok A ok ok e ok ok ok ok ok ok
CRANKARRRRRARRK KRR RRKERKBEGTINNING OF FORMATSHAkAARkihdk ke kkdohk
e T L T e T TP
C

10000 PORMAT (47 15.5)

10100 FORMAT (4F 15.5)

10200 FORMAT(F10.4,3110)

10300 FORMAT(3F10.2)

10400 FORMAT(F10.4,I10,F10.4)

10450 FORMAT(7¥10.2)
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10500 PORMAT(X5,5%,I5,5X,F10,0) -
10600 FORMAT(1H1,*FLOBAL INPUT ECHO:'///5X,*DOC =, P10.5,10%,

1 *DZOC =?,F10.5, 10X, ' DIC =¢,710.5 ,10%,'DZIC =',P10.5)
10700 FORMAT(5X,'DDLOC =',F10.5, 10X, *XLEQLO =*',F10.5,10X ,'DDLIC =t,

1 P10.5,10%, *XLEQLTI =*,F10.5) '
10800 PORMAT(5X,'DSL =¢,F10.5,10X,*XLEQSL =*,F10.5,10X ,'DDL =4,

1 F10.5,10¥%,*ILEQDL =',F10.35)
10900 FORMAT (5X,'TSATBP =',F10.5,10X,'ICONTR =?,TI4,16X, *CUTOFP =¢,F10.4)
11000 FORMAT(5X,*IREFC =',I4,16X,'NCAP =',I4,16%,'CAPFLO =',F10.5)

11050 PORMAT (5X,'RPM =*,F10.5,5%, *DISPL =t ,F10.5/
2 5%, 'ETAVOL =Y,F10.5,5%,'ETAMOT =*,F10.5,5%, *ETAISN =*,F10.5/
3 5X,'CCAN =*,F10.2,5X,'QHILO =',F10.2)

11100 FORMAT(5X,!TSATEI =',P10.5)

11200 FORMAT (5K, 'ISATCI =*,F10.5)

11300 PORMAT(S5X,'NSECTO =9,I10,10X,*NSECTI =1,I10)

11400 FORMAT(5X,'SUPER =!,F10.5, 10X, *DTROC =',F10.5///
> YOEND OF FLOBAL INPUT')

11500 PORMAT {(2F10.5,1I10)

11600 PORNAT{I10)

12000 FORMAT(I10)

12100 FORMAT(6F 12.6/2110)

12200 PORMAT (3F15.5)

12400 FORMAT(2F10.4)

12500 FPORMAT(1H1,4X,'CONDENSER INPOT ECHO:'//10X,*DEA =',F9.5,8X,
>'DER  =!,
1 F9.5,8X, *DEITA =',E10.3,7X,*FP =t 78,2,9%,'XKF =1,FP7.2/ 10X,
1 YAAF  ='_,P8.3,9%,'NT =t,T4,13%, "NSECT =*,I4)
12600 PORMAT (10X, *HCONT =9,F9.,1,8X,'ST =*,F8.4,9%,'4T =',F8.14)
12800 FORMAT (10X, *'CA =1,79.1,8%X,'TAIT =',F8.2)
12900 FORMAT(////.,4%X,'CAICULATED EXCHANGER CHARACTERISTICS :'// 10X,
1 'SIGA =1',¥7.3,10%,'P =*,F9.5,8%,'PTBO =',F9.5/ 10X,

1 *ARFT =',E10.3,7X,"ARHT =¢,F8.3,9X,'ALFAR =',F8.3,9X,
1 *ALFAA =1,F8.3/10%,'XLF =',PB.4,9%,'FAR =',P8.4,9X,'CAR =V,
1 FP8.4,////,'0END CF CONDENSER INPUT')

13000 FORMAT (I10)

13100 PORMAT (6F 12.6/2110)

13200 FORMAT(3F15.5)

13400 FPORMAT(2F10.4,I4,2P10.4)

13500 FORMAT (1H1,4X,'EVAEORATOR INPUT ECHO:'// 10X,*pDEA  =',F9.5,8X,
>IDER =t ,
1 9.5,8X, YDELTA =9,E10.3,7X,'FP =1,F7.2,10X,'XKF =1,F7.2/
1 10X,'AAF  =',F8.3,9X, 'NT =4,14, 13X, *NSECT =*,I4)
43600 FORMAT (10X, *HCONT =*,F9.2,8X,'ST =1,F8.4,9%, '"HT =*,F8.4)
13800 FORMAT (10X, *QA =',F9.1,8%,'TAII =',F8.2,
1 13%,*INDIC =',Y4,13X/10X,*THBII =!,F8.2,
1 13X,'RHI  =',F7.3)
13900 FORMAT (1HO, 4X,*CALCOLATED EXCHANGER CHARACTERISTICS:'// 10X,
1 *SIGA =',F7.3,10X,'P =',F9.5,8Y,'PTBO =',F9.5/ 10X,
1 'ARFT =¢,E10.4,7X,*ARHET =!',F8.3,9X,'ALPAR =',F8.3,9X,
1 YALFAA =Y,F8.3/10X,'XLF =',F8.4,9X,'FAR =¢,F8.4,9Y,'CAR ='
1 ,F8.4)

END
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SUBROUTINE FLOBAL

C

C SYSTEM FLCW BALANCE SUBROUTINE

C

C PURPQSE

C TO DETERMINE THE CONDENSER AND EVAPORATOR CONDITIONS

C WHICH, WITH GIVEN THERMAL EXPANSION VALVE BEHAVIOR

C AND A GIVEN COMPRESSOR (EITHER CONVENTIORAL OR

c CAPACITY CONTROLLED), WILL PRODUCE A MASS FLOW

C BALANCE IN THE SYSTEM

c .

CHhk*x ORNL VERSION, >k ¥
CHkx MODIFIED FROM INDEPENDENT CALLING PROGRAM *Ex
CHkk WRITTEN BY C. C. HILLER AND L. R. GLICKSMAN, ***
CHkx REFQRT NO. 24525-96, bl
CHkk% HEAT TRANSFER LABORATORY, * Ak
CheX % MASSACHUSETTS INSTITUTE OF TECHNOLOGY. *% %

e NeNeNe NN Mo Ke K Es e Ke e Ne N Xe Re K2 Na Ne Ka N e e NeKe Na e Re N2 X Ne Ke)

INPOT DATA CONSTANTS
SLPEMV & XINNV - COEFFICIENTS FOR DETERMINING
VISCOSITY OF REFRIGERANT VAPOR

XN1-XM4 =~ COEFFICIENTS PFOR DETERMINING
VISCOSITY OF REFRIGERANT LIQUID
C1-C3 -~ COEFFICIENTS FOR DETERMINING THE

THERMAL EXPANSION VALVE BEHAVIOR
NOTE: THE INPUT DATA CONSTANTS ARE FOR REFRIGERANT 22 ONLY

OUTFUT PARAMETERS
TSATE ANL TSATC FOR A REFRIGERANT FLOW BALANCE (F)

XMR - REFRIGERANT MASS FLOW RATE AT BALANCE
CONDITIONS (LBM/HR)
POW - TOTAL CCMPRESSOR INPOUT POWER AT FLOW
BALANCE CONDITIONS (KW)
TIC - TEMPERATOURE OF REFRIGERANT ENTERING COND. (F)
BEMARKS

THIS SUBROUTINE CALLS SUBROUTINE 'SATPRP' TO DETERMINE’
SATORATICKE PROPERTIES OF REFRIGERANTS

THIS PROGRAM CALLS SUBROUTINE *COMP* TO DETERMINE
CCMPRESSOE PERFCRMANCE

THIS PROGRAM CALLS SUBROUTINE *DPLINE®' TO DETERMINE
PRESSURE DROPS IN SINGLE PHASE REGIONS OP
CONNECTING PIPING

THIS PROGRAM CALLS SUBROUTINE *PDROP' TO DETERMINE
PRESSURE DROPS IN TWO-PHASE FLOW IN THE HEAT RXCH.
THIS PROGEAM USES FUNCTION SUBPROGRAM *TSAT' TO
DETERMINE SATURATION TEMPERATURES CORRESPONDING TO
GIVEN PRESSURES

COMMON/FLOWBA/ DLLCC,XLEQLO,DLLIC,XLEQLI,DSL,XLEQSL,DDL,XLEQDL,
1 poc,Dz0C,DIC,DZIC,DTROC, NCORH,, NSECTO, NSECTY, TSAT EI , DTE, NE,

1 TSATCI,DTC,NC,SUPER, NCAP, CAPPLO, IREFC,

1 DISPL,ETAVOL,ETAMOT,ETAISN,QCAN,QHILO

COMMON/FPASS/XMRIC,TSAC,TRIC,TSATC,TSATE
COMMCN/COMPR/NCYL, VR, VD ,SYNC,RPM,BEFFIS,DPDY,DPS,DPPRAC, SDELAY,

1 PMC,PHT, PHTC,EAD,EAS,XMR,POW,TIC,HIC, H10E,PIC, P 10E,T10E,POWNAYX,
1 PWRNL,EGAREA,DDELAY, XOYL,EFPME,DDISL,ELDISL, XMRT ,DPDL
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DATA SLPEMV,XINMV/.0000759,.0272/

DATA XM1,XM2,XM3,XF4/-5.625B-08,1.525E-05,-2.982E-03, .646/
DATA C1,C2,C3/2.128E-03,.2491,9.455/

DDISL = DDL

ELDISL = XLEQDL

NR = 22

on

—we==e==TCOP FOR ITERATING ON CONDENSER TEMPERATURE~----~ -

ITERATE TO FIND THE CONDENSER TEMPERATOURE WHICH
GIVES A SYSTEM FLOW BALANCE FOR THE GIVEN TSATE,
THERMAL EXPANSION VALVE BEHAVICR, AND COMPRESSOR BEHAVIOR

O0On00ON

TSATC = TSATCI

TSATE = TSATEI

DT = 2.0 -

TSATC = TSATC - DT

DC 80 I = 1,20

TSATC = TSAIC + DT

PRINT 11300 ,

IF (JREFC.EQ.1) PRINT 11400, TSATE,TSATC,DPSYS,DPACT
IP (IREFC. EQ.2) PEINT 11450, TSATE,TSATC,XMR,CXMR
'IF (IREFC.LT.1 .OR. IREFC.GT.2) CALL ERROR

CALCULATE THF GUESSED TEMP. *TROC' POR EXIT TEMP. OF
REFRIGERANT FROM CONDENSER (THIS MUST BE CHECKED
MANUALLY WITH THE CUTPUT OF THE CONDENSER PERFORMANCE
PROGRAM)

TROC = TSATC - DTROC

DETERMINE PROPERTIES OF LIQUID REFRIGERANT LEAVING COND.

a0 aoannon

CALL SATPRP (NE,TROC,P,VF,VG,H3,HFG,HG,SF, SG)
RHO3 = 1.0/VE
XNMOL XM1*TROC**3 + XM2*TROC**2 + XM3I*TROC + XM4

CALL SUBROUTINE COMP TO DETERMINE THE COMPRESSOR
PERFORMANCE AND REFRIGERANT FLOW RATE 'XMR'

anan

CALL CONP (NE,TSATE, TSATC,SUPER,DISPL, ETAVOL,ETANOT ,ETAISH,
2 QCAN, QHILO)

IP (NCORH.EQ.1) GO TO 10

IF (NCORH.EQ.2) GO TO 20

DEFINE VARYABLES IF OPERATING IN THE COOLING MODE

aon

10 DERC = DOC
GRC = 4.0*XME/(FLOAT (NSECTO) *3. 14*DERC**2)
DZTPC = DZOC
DERE = DIC
GRE = U4.0%XMR/(FLOAT (NSECTI)*3.14*DERE**2)
DZTPE = DZIC
DLL = DLLOC
XLEQLL = XLECLO
NSECT = NSECTI
GO TO 30
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DEFINE VARIABLES IF OPERATING IN THE HEATING MODE

DERC = DIC
GRC = Y4.0*XNR/(FLOAT (NSECTI)*3.14*DERC**2)
DZTPC = DZIC

DERE = DOC

GRE = 4.0*XMR/(FLOAT (NSECTO) *3. 14%DERE**2)
DZTPE = DZOC

DLL = DLLIC

XLEQLL = YLEQLY

NSECT = NSECTO

E

= 5.0E-06

DETERMINE LIQUID LINE PRESSURE DROP !DPLL! (PSI)

CALL DPLINE (DLL,XLEQLL,E,XMR,RHO3,XNMUL,DPLL)

DETERMINE SATURATICN PROPERTIES OF REFRIGERANT IN COND.

CALL SATPKP (NBR,TSATC ,P,VF,VV,HF,RFG,HG,SF, SG)

RHOL = 1.0/V¥

RHOV = 1.0,/9V

XMOL = XM1*TSATC **3 + XN2*TSATC **2 + XM3*TSATC + XK4
XMUV = SLPEMVATSATC + XINNV

DETERMINE PRESSORE DROP IN CONDENSER !DELPC' (PSI)
ASSUMING THAT THE TWO-PHASE PRESSURE DROP IS APPROX.
THE TOTAL CONDENSER PRESSURE DROP

CALL EDROP (4,DERC,E,GRC,XMUV, XMUL,RHOV,RHOL,1.0,1.0, DZTPC,

0

~0,1.0,Vv,0.0,0.0,DELPC)

DETERMINE THE ACTUAL VAPOR VELOCITY IN THE DISCHARGE
BRISER *VDRACT' (FT/HR)

VDRACT = XMR#*4.0/ (RHOV*3. 14%DDL**2)

DETERMINE THE PRESSURE DROP *DPDL' (PSI) OF VAPOR
IN THE DISCHARGE LINE

c

ALL DPLINE(DDL,XLEQDL,E,XMR,RHOV,XNUV,DPDL)

CALCULATE PRESSURE AT THE FLOW CCNTROL DEVICE ENTRY, AND
CHECK FOR FLASHING IN THE LIQUID LINE

CALL SATPRP (NB,TSATC,PSATC,VF,VV,HP, HPG,HG, SF, SG)
POC = PSATC + DELEC =- DPLL

T = TSAT (NR,EOC)

IF (T.LE.TROC) WRITE (6,10900)

ERANCH ON IREFC

IF(IREFC.EQ.1) GO TO 40

CALCULATE MASS FLOW RATE * CXNR ' OF REPRIGERART IN THE CAP TUBES
FOR PRESSURE POC AT START OF TUBES

EXK
WO
CX#R

0.4035 + 0.4175*EXP (~0.04*DTROC)
356.0 + 0.641% ((ABS({DTROC-31.0) /10.) **3_56)
NCAP*CAPELO*WO*(POC/1500. ) **EXK
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PRINT 10400, DPDL,DELEC,DPLL,CXMR

PRINT 10050, TROC,TIC,TSATC,TSATE .
PRINT 10150, HIC,H10E,H3,POC,PIC

PRINT 10600, XMR, POV

SET ARGUMENTS FOR TESTING CONVERGENCE

ARGt = CXMR

ARGZ = XMR

ARG3 = 0.01 * XNR
GO TO 50

CALCULATE QUANTITIES NEEDED IF THERMAL EXPRANSION VALVE IS USED

DETERMINE SATURATICN PROPERTIES OF REFRIGERANT IN THE

EVAPCRATOR

CALL S
RHOL = 1.0/VF
RHOV = 1.0/VV
IMOL =
MoV =

ATPRP (NR,TSATE, P,VF, VY, HLIQ, HFG, HG, SF, 5G)

XMI*TSATE**3 ¢ XM2¥TSATE**2 + XM3I*TSATE + Xa4
SLPEMV*TSATE + XINMV

XI = (B3-HLIQ)/HFG

DETERMINE DRESSURE DROP IN THE EVAPORATOR *DELPE' (PSI)
ASSUMING THAT THE TWO-PHASE PRESSURE DROP IS APPROX.
THE TOTAL EVAPORATCR PRESSURE DROP

CALL EDROP(3,DERE,E,GRE,XMUV, XMOL,RHOV,RHOL,1.0,1.0, DZTPE,
1.0,Xx,vv,0.0,0.0,DELPE)

DETERMINE ACTUAL VAPOR VELOCITY IN SOUCTION BRISER

*VSRACT' (FT/HR)

VSRACT = XMR*4.0/ (RHOV*3, 14%DSL**2)

DETERMINE PRESSURE DROP OF VAPOR IN SUCTION LINE *DPSL' ' »

(PST)

CALL DPLINE (DSL,

XLEQSL,E, XMR,RHOV, XNUV,DPSL)

CAP = XMR*(H10E - H3)
PIE = P10E - DELPE + DPSL
CAPPT = CAP/FLOAT (NSECT)

DETERMINE PRESSURE DROP THROUGH DISTRIBUGTOR NOZZLE

AND TUBES

IF (TROC.LE.100.
IF (TROC.GT.100.

0) CORFAC=10.0%* (-.00644L*XTROC+. 6L4LY)
0) CORFAC = 10.0%*(~,007133*TROC+.7133)

TIE = TSAT(NR,PIE)

IF (NCORH.EQ. 1)
CORFAC

IF (NCORH.EQ.2)
CORFAC

IF (NCORH.EQ.1)
CORFAC :

IF (NCORH.EQ.2)
12000.0*CORFAC

IF (NCORH.EC.1)

CAPNOZ=10.0%*(.004842*TIE+.59162)* 12000.0%
CAPNOZ=10,0%* (., 005 11*TIE+.944803)* 12000.0%*
CAPTUB=10, 0%* (.005629%TIE~-. 183775) % 12000.0*
CAPTUB = 10.0%*%(,005291*TIE~.487330)*

CAP = CAP*U4.0/9.0
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PCAPN = CAP/CAPNOZ

PCAPT = CAPPT/CAPTIUB
IF {(PCAPN.LE.1.2) DPNOZ = 25.0%PCAPN**1.8384

THERNA

DETERHM
CONVEN

DETERM

DETERM
WHICH

IF (PCAPN.GT.1.2) DPNOZ = 29.408*%PCAPN**, 954735
DPTUBE = 10.0%PCAPT**1.81217
DPSYS = POC - PIE

L EXPANSION VALVE

INE THE FLOW AREA COEFFICIENT 'CTXV' POR EITHER
TIONAL OR CABACITY CONTROLLED SYSTENS

CTXV = CI*TSATE**2 + C2*TSATE + Cc3
INE PRESSURE DROP THROUGH TXV °*DPTXV' (PSI)

IF (NCORH.EQ.2) DPTXV = (XMR/CTXV)**2/RHO3
IF (NCORH.EQ.1) DPTXV=(XMR*4.0/(9,0%1178. 1) )**x2x71,236%
100.0/RHO3

INE THE ACTUAL PRESSURE DROP *'DPACT' (PSI)
WOULD EXIST RITH THE GIVEN FLOW RATE

DPACT = DPTXV + DPNOZ ¢ DPTUBE

WRITE (6,10500) CAP,CAPPT, CORFAC,CAPNOZ,CAPTUB,PCAPN,PCAPT
WRITE (6,10300) DELPE,DELEC,DPTXV,DPNOZ,
DPTUBE,DPLL, DPSL,DPDL '

WRITE (6,10000) TROC,TIE,TIC,TSATE,TSATC

WRITE (6,10100) HIC,H10E,H3,POC,PIE,PIC

WRITE (6, 10600) XMR,POW,DPSYS,DPACT

SBT ARGUMENTS FOR TESTING CONYERGENCE
ARG1 = DPSYS
ARG2 = DPACT
ARG3 = 2.0

DETERMINE CAPACITY ' CAPE ' OF THE EVAPORATOR, AND

DETERHM
*YSR?

DETERN
'VDR!

WRITE

CAPACITY * CAPC * OF THE CONDENSER
CAPE = XMR* (H10E - H3)
CAPC = XMR* (HIC - H3)
WRITE (6,10800) CAFPE,CAPC

INE THE MINIMUM SUCTION RISER VAPOR VELOCIT!
(PT/HR) REQUIRED FOR OIL ENTRAINMENT

VSR=60.0%10,0%* (~.005875*% TSATE+.5*ALOG10 (DSL) +3. 4826)

INE THE MINIMUM DYSCHARGE RISER VAPOR VELOCITY
(FT/HR) REQUIRED FOR OIL ENTRAINMENT

VDR=60.0%10,0%* (-,00315%TSATC +.5%ALOG10 (DDL) +3.40)
WRITE (6, 10700) VSR,VSRACT,VDR,VDRACT,CTXV

WARNING MESSAGE IF THERE IS INADEQUATE OIL RETURN
IF (VSRACT.LT.YSR) WRITE (6,11000) VSRACT,VSR

IF (VCRACT.LT.YDR) WRITE(6,11100) VDRACT, VDR
IF (TIC.GE.280.0) WRITE(6,11200)
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C
& CHECK THE ACTUAL PRESSURE DROP ACROSS THE SYSTEN AT
c THE GIVEN FLOW RATE *'DPACT' WITH THE AVAILABLE PRESSURE
c DROP BETWEEN CONSENSER AND EVAPORATOR *DPSYS', T0 SEE
c IP A FLOW BALANCE ACTUALLY EXISTS
c
'IF (ABS(ARG1 - ARG2).LT.ARG3) GO TO 90
IF (ARG1 - AKG2) 70,90,60
60 IF (I.EQ.1) DT = -DT
IF (DT.LT.0.0) GO TO 80
TSATC = TSATC - DT
DT = DT/2.0
GO TO 80
70 IF (DT.LT-0.0) TSATC = TSATC - DT
IF {DT.LT.0.0) DT = DT/2.0
80 CONTINUE
L —— END CONCENSER TEMPERATORE LOOP-=w—ome—w—u~e-
90 CONTINUE
BETURN
10000 PORMAT(5X,'TROC  =',F9.2,6X,'TIE =9,¥9.2,6X,'TIC =1,P9.2/
1 5X,'TSATE =',P9.2,6X,'TSATC =*,F9.2)
10050 FORMAT (5X,'TROC  =',F9.2,6X,'TIC =1,F9.2,6X,'TSATC =*,P9.2/
2 5X,'TSATE =',F9.2)
10100 PORMAT (5K, 'HIC =1,P9.2,6X,'H10E =',F9.2,6X,'H3 =',P9.2/
1 5%, 'POC =',P9.2,6X, 'PIE =1,¥F9.2,6X,'PIC =1 ,P9.2)
10150 FORMAT(5X,'HIC =Y,79.2,6X,'H10E =',F9.2,6X,'H3 =1,F9.2/
2 5X,'POC =1 ,F9.2,6X,'PIC =4,79.2)

10200 FORMAT(' TSATE=!,F7.2,' TSATC=',F7.2,' CUTOFF=! ,F4,2, * DPSYS=',
1 F7.2,' DPACT=',F7.2)

10300 FORMAT(///5X,'BOTICHM OF ITERATION LOOP:'//5X,'DELPE =',F7.2,8%,
1 'DELPC =',F7.2,8%,'DPTXV =',¥8,2,7X,'DPNOZ =',F7.2,8X/5X,
1 *DPTUBE =*,F7.2,8X,*DPLL =',¥7.2,8X,*DPSL =t ,F7.2,8%,

1 'DPOL  =',F7.2)

10400 FORMAT(///5X,*BOTTOM OF ITERATICN LOOP:'//SX,'DPPL =',F7.2,8X,
1 'DELPC =',P7.2,8%,'DPLL =',F8.2,7X,'CXMR =',F7.2)

10500 FORMAT (5X,*CAP =,F10.1,5X,'CAPPT =',F10.1,5%X,'CORFAC =1,

1 F6.2/5X, *CAENOZ =',F10.1,5X,'CAPTUB =',F8.1,7X,'PCAPN =!,F6.3,
1 9X,'PCAPT =',F6.3)

10600 PORMAT (5X, ' XMR =*,F9.2/5X,' POV =¢,F8.3/5X,"'DPSYS =',P8.2/
1 5Y,'DPACT =*,F8.2//)

10700 FORMAT (5X,*VELOCITIES IN RISERS:'/5X,'VSR =¢,E12.5,' FPT/HR',5X,
1 'VSACT=',E12.5,' FT/HR'/5X,'VDR =',E12.5,' FT/HR!,5X, *'VDACT=!,
1 E12.5,' FPT/HR'//5X,%CTXV=*,F9.3/////)

10800 FORMAT(®* CAPE =',P15.2,' CABC =!,F15.2)

10900 FORMAT(' *****%xPLASHING OCCURS IN LIQUID LINE*#*%xxv)

11000 FORMAT ("#***#***x*xINADEQUATE OILL RETURN IN SUCTION®' ,

1 ¢ RISER VSRACT=Y,F15.5,'  VSR=!,F15.5,! ®dkakas*?)

11100 FORMAT (' #**#kkk*kk*#%x*INADEQUATE OIL RETURN IN® ,

1 ' DISCHARGE RISER VDRACT=',FP15.5,' VDR=!,F15.5, "kkkkikkisi)

11200 FORMAT (' **##%%****#%xCOMPRESSOR DISCHARGE TEMPERATURE' ,

1 ' IS EXCESSIVE#kckikikkiokt)

11300  FORNAT (*11)

11400  FORMAT (5X,'TOP OF ITERATION LOOB!'/SX,*'PRESENT SYSTEM VALUES ARE®
>/,5%,'TSATE =%,F10.5, 10X, '"TSATC =',F10.5, 10X, 'DPSYS =!,F10.5,
>10X, 'DPACT =!,F10. 5)

11450 FORMAT (5X,'TOP OF ITERATION LOOP'/5X,°'PRESENT SYSTEM VALUES ARE!
2 /,5%,'TSATE =¢,¥10.5, 10X, *TSATC =',F10.5,10X," XNR =*,F10.5,
2 10X,*'CXMR  =',F10.5)

END
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SUBROUTINE COMNP (NR,TSATEI ,TSATCI,SUPERI,DISPL,ETAVOL,ETANOT,
2 ETAISY,QCAN,QHI1O)

ORNL BAREBONES MODEL OF HEAT PUMP COMPRESSOR
PRELIMINARY VERSION
ALLOWS WET VAPOR AT COMPRESSOR ENTRY

NnoaonaOnn

COMMON/COMPR/NCYL,VR,VD,SYNC, RPN, EPFIS, DPDI,DPS,DPPRAC,
1SDELAY, PMC,PHT, PHTT,EAD ,EAS ,XMR , POW,TIC, HIC,H10E, PIC,
2P10E,T10E, POWMAX, EWBNL, EQAREA, DDELAY,X0IL, EFFNE,DDISL,ELDISL, X¥RT,
3renL

Chkk

COMMON /G/ ERRMSG (5)
DATA TOLS,TCLH,DELTI /0.0005, 0.05, 5.0/
DATA SLPEMV,XINNV,E /.0000759, .0272, 5.0E~06/
C ek k
TSATE = TSATEY
TSATC = TSATCI
SUPER = SUPERI
CALL SATPRP (NR,TSATE, PSATE, VFPE,VGE,HFE,HFGE,HGE,SPE,SGE)
CALL SATPRP (NR,TSATCI, PSATC, VP,VG,HF,HFG,HG,SF,SG)

CHxk CALC THE FEESSURE DROP *DPDL' (PSI) OF VAPOR

c IN THE DISCHARGE LINE AND fPOCOMP* (PSIA) THE

c PRESSURE AT THE COMPRESSOR EXIT

XMOV = SLPENV*TSATC + XINMV

RHOV = 1./VG

CALL DPLINE (DDISL,FLDISL,E,XMRT,RHOV,XNUV,DPDL)
POCONMP = PSATC + DPDL

QUAL = 0.
IP (SUPER.GE.0.) GO TO 4
CHex SET QUALITY AND CALC H1B POR WET VAPOR
QUAL = -SOPER ~ ‘
SUPER = 0.
H1B = HPE ¢ QUAL*HEGE
4 T1 = TSATE + SUPER
%% IF QUALITY = 0, ASSUME SUPERHEATED VAPOR AND
CHx* CALCULATE H1B POR SUPERHEATED VAPOR
IP (QUAL.EQ.0) CALL VAPOR(NR,T?1,PSATE,VVAP, H1B, SVAP)
B1 = HAB
Cxx LOOE ON ENTHALPY AT COMPRESSOR INLET (H1) UNTIL CONVERGED
6 DO SO I = 1, 20
QUALO = QUAL
IF(H1.LT.HGE) GO TO 10
Cokx VAPOR ENTEFING COMPRESSOR IS DRY
TTRY = T1 - 5.
TPSAT = TSAT(NR, PSATE)
IF(TTRY.LT.1FSAT) TTRY = TFSAT
CPLL TRIAL (NR,TTRY,CELTI,PSATE, 3, H1,TOLH,V,H,S, T1)
CALL VAPOR(NR,T9Y,PSATE, V1, H1, S1)
IF(QUALO.EQ.0.) GG TO 20

QUAL = 0.

SUPER = T1 ~ TFSAT

GO TC 20
Chkx RECALC QUAL FOR NEW H1< HGE AND
Chkx CALC S1 AND V1 FOR WET VAPOR

10 QUAL = (H1-HFE) / HFGE
V1 = VFE 4 CUAL* (VGE-VFE)
St = SFE 4 QUAL* (SGE-SPE)
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20 RHO1 = 1.,/¥1

Cxkx CALCULATE MASS YLOW RATE (LBM/HR) OF REFPRIGERANT
X%R = ETAVOL * RHO1 * 60.*RPM * DISPL/1728.
(of L2 CALCULATE ENTHALPY AFTER ISENTROPIC COMPRESSION

CALL TRIYAL (NR,TSATC+5,DFLTX,POCOMP, 4, S1, TOLS, V,H2P, S,T)
H2 = B1 + (H2P-H1)/ETAISN
Ch** CALCULATE EOVER DELIVERED TO COMPRESSOR SHAPT
POWCS = XMR* (H2 ~ H1)
POW = POWCS / ETAMNCT

CHxx RECALCULATE H1 TAKING ACCOUNT OF MOTOR LOSS TO SUCTION GAS
CH*x% AND INTERNAL HEAT TRANSFER
(of CALL TRIAL (NR,TIC-S,DELTI,PSATC,3,H2,.05,V,H,5, TIC)
C QHILO = CHILO*(TIC - T1)
H10LD = H1

H1 = H1B + ((POW-POWCS)-QCAN+QHILO)/ XMR
IP (ABS (H1-H10LD).1E.0.25) GO TO 60
50 CONTINUE
CHxx FPAILED TO CONVERGE
PRINT 55, H1, H10LD
55 FORMAT ('O*****  FAILED TO CONVERGE IN COMP. H1 =!,F8.2,

2 5%,'B10LD =1,FB.2,5X,  kkkkk0)
CHxx RECALC DPDL FROM XMR JUST FOUND. IF IT DIFFERS FROM
c DPDI CALC USING XMRT, REPEAT LOOP ON ENTHALPY H1 OUSING
c NEW DPDL

60 XMRT = XMR
CALL DPLINE(DDISL,ELDISL,E,XMR,RHOV,XNUV,DPDLT)
IF (ABS (DPDL-DPDLT).LE.0.5) GO TO 65
DPDL = DPDLT
POCOME = PSATC + DEDL
GO TO 6
Crxx CALC VARIOUS QUANTITIES TO SEND BACK TO FLOBAL
65 POW = POW/3U12
IP (HY.LT.HGE) GO TC 70
CHx VAPOR ENTERING COMPRESSOR IS DRY
TTRY = T1 - S
TPSAT = TSAT(NR, PSATE)
IF (TTRY.LT. 1PSAT) TTRY = TFSAT
CALL TRIAL(NR,TTRY,DELTI,PSATE, 3, H1,TOLH,V,H,S, T1)

T10E = T1
QOAL = 0.
GO TO 75
Crkx VAPOR ENTERING COMPRESSOR IS WET

70 QUAL = (H1-HFE) / HEFGE
T10E = TSATE

75 H2 = H2 - QHILO/XME o
CALL TRIAL(NR,TSATC+5.,DELTI,POCOMP,3,H2,TOLH,V,H,S, TIC)

HIC = H2

PIC = POCOMP -~ DPDL
P10E = PSATE

H10E = 11

RETURN

END
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RQUTINE COND
CONDENSER SYMULATION SUBROUTIRE
POSE

TO COMPUTE CONDENSER PERFPORMANCE
AIR COOLED, PLATE-FIN, CROSSFLOW TYPE

ADAPTED FPROM YNDEPENDENT CALLING PROGRAM sk
WRITTEN BY C. C. HILLER AND L. R. GLICKSMAN, %**
REPORT NO. 24525-96, ko
HEAT TRANSFER LABORATORY, >k
MASSACHUSETTS INSTITUTE OF TECHNOLOGY. T
PUT
QC - TOTAL HEAT TRANSFER RATE (BTU/HR)
TAO - AVERAGE AIR TEMPERATURE LEAVING COND. (F)
TRO - TEMPERATURE OF REFRIGERANT LEAVING COND. (F)
HRO =~ ENTHALPY OF REFRIGERANT LEAVING COND. (BTU/LBN)
ARKS

THIS SUBROUTINE CALLS SUBROUTINE SPHTC TO DETERMINE
SINGLE PHASE HEAT TRANSFER COEFFICIENTS

THIS PROGRAM CALLS SUBROUTINE SEPF TO DETERMINE
SORFACE EFFICIEXCY OF FINNED SURPACE '

THIS PROGRAM CALLS SUBROUTINE SATPRP TO DETERMINE
SATURATION THERMODYNAMIC PROPERTIES ‘

THIS PROGRAM CALLS SUBROUTINE CHTC TO DETERMINE

THE CONDENSATION TWO-PHASE HEAT TRANSFER COEFFICIENT
FOR FORCED CONVECTION CONDENSATION INSIDE TUBES
THIS PROGRAM CAILS SUBROUTINE VAPOR TO DETERMINE
THERMODYNAMIC PEOPERTIES OF SUPERHEATED REFRIGERANT
VAEOR

THIS PROGRAM CALLS SUBROUTINE EXCH TO DETERMINE

THE OVERALL HEAT EXCHANGER PERFORMANCE, HEAT TRANS.
RATES, AIR TEMPERATUORES ETC.

THIS PROGRAM CAILS SUBROUTINE PDROP TO DETERMINE
PRESSURE DROP OF REFRIGERANT FLOWING IN THE COIL
THIS PROGEFAM CAILS FUNCTION SUBPROGRAM TSAT TO
DETERMINE SATURATION TEMPERATURES CORRESPONDING

TC GIVEN EFRESSURES ‘ ‘

MON/CONDEN/ NRUNC, DEAC, DERC, DELTAC, FPC, XKFC,AAFC,NTC, NSECTC,
ONTC,STC,WTIC,SIGAC,ATBOC,PC, PTBOC, ARFTC, ARHTC, ALFARC, ALFAAC,
FC,FARC,CARC,DXMRIC, NXMRC,QAC,TAIIC, DTAC,NTEMPC,QC

MON/FPPASS/XMRIC,TSAC,TRIC,TSATC,TSATE
MON/CPASS/XMRIE,TSAE,H4E ,HRO, TROC

MON CPA, HA,SEFFX,HRV,HRL,CPRL,CPRV,XMR,XMA, X3, TRI,RTP,F,FTP,

C,QSP,QTE,QSC, TAOSP, TAOTP, TAOSC,TAO, TRO,ARHT
----- ~===wwece INPUT DATA CONSTANTS =v=e=-emececse
PERTIES

- PRANDTL NUMBER OF AIR
A - VISCOSITY OF AIR (LBM/HR-FT)

- UNIVERSRL GAS CONSTANT FOR AIR (PT-LBF/LBM-R)
ATMOSPHERIC PRESSURE (PSIA)
SPECIFIC HEAT AT CONST.PRES.OF AIR (BTU/LBN-R)

[
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DATA PRA, XMUA,RAU,PA/.714,.003,53.34,14.7/

CPA = .24
REFRIGERANT PROPERTY VARTYATION COEFFICIENTS
NR - NUMBER OF REFRIGERANT (12,22, OR 502)
NREF - NUMBER OF REPRIGERANT (USUALLY SAME AS NR)
SLPEMV & XINMV -~ COEFFICIENTS FOR VISCOSITY OF VAPOR

SLPEKV & XINKY - COEFFICIENTS
CONDUCTIVITY
SLPEKL & XINKL - COEFFICIENTS
CONDOUCTIVITY
XNt - IM4 - COEFFICIENTS
CP1 & CP2 - COEFFICIENTS

FOR THERMAL

OF VAPOR

FOR THERMAL

OF LIQUID

FOR VISCOSITY OF LIQ.
FOR SPECIFIC HEAT

AT CONST. PRES. OF LIQUID

NR = 22

DATA NREF,SLPEMV,XINMV,SLPEKV,XINKY,SLPEKL,XINKL /22,.0000759,
1 .0272,.00002,.00482,~.000159,.06299/
DATA IM1,XM2,XM3,X¥4/-5.625E~08,1.525E-05,-2.982E-03, .646/

DATA CP1,CP2/2.98F-04%,.2575/

*%***NOTE - THE ABOVE REFRIGERANT PROPERTY COEFFICIENTS

ARE FOR REFERIGERANT 22 CNLY

AYR SIDE FLOW CHARACTERISTICS (SAME
IF THEY ARE OF THE SAME TYPE)
C1A-Co6A - COEFFICIENTS

FOR BOTH EVAP.SCOND.

FOR EXPRESSING THE

AIR SIDE HEAT TRANSFER COEFFICIENT
XLLA -~ LOWER REYNOLDS NOMBER LINIT FOR LAMINAR

FLOW OX AIR SIDE

ULA ~ UPPER REYNOLDS NUMBER LIMIT FOR TURBULENT

FLOW ON AIR SIDE

DATA C1A,C22,C3A,CUA,C52,C6A,XLLA,OLA /.2243,~.385,,.2243,~-.385,

1 .2243,-.385,1000.¢C,2000.0/

REPRIGERANT SIDE FLOW CHARACTERYISTICS (SAME FOR BOTH
EVAP.S COND. IP THEY ARE OF SAME TYPE)

C1R-Cé6R - COEFFICIENTS

FOR EXPRESSING THE

REFRIGERANT SIDE SINGLE PHASE HEAT
TRANSFER COEFFICIENTS

XLLR - LOWER REYNOLDS NUMBER LIMIT FOR LAMINAR
FLCW ON REFRIGERANT SIDE (SINGLE PHASE)
OLR - UPPER REYNOLDS NUMBER LINIT FOR TURBULENT

FLCW ON REFRYGERANT SIDE (SINGLE PHASE)
DATA C1R,C2R,C3R,CUR,C5R,C6R,XLLR,ULR /1.164,-.7824,.000054,
1 .49985,.00€667,~.0897,2400.,3500./

———————— END OF INPUT DATA CONSTANTS —==c—o-eweeo-

OUTER LOOP FOR MULTIPLE RUNS WHILE VARYING HEAT

EXCHANGER CHARACTEFRISTICS

NREF=NREF+0

CEA=DEAC
DER=DERC
DELTA=DELTAC
FE=FPC
XKF=XKFC
AAF=AAFC
NT=NTC
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NSECT=NSECTC
HCONT=HCONTC
STI=STC
WI=WTC
SIGA=SIGAC
ATBO=ATBOC
P=PC
PTBO=PTBOC
ARFT=ARFTC
ARHT=ARHIC
ALFAR=ALFARC
ALFAA=ALFAAC
XLF=XLFC
FAR=FARC
CAR=CARC
XMRI=XMRIC
DXMRI=DXMRIC
NXMR=NXMRC
TSA=TSAC
TRI=TRIC
QA=QAC
TAII=TAIIC
DIA=DTAC

TAI = TAIX

PRINT 10700, TAI,QA,TRI,TSA

VA = CA*60.0/(SIGA*AAF)

GA = VA*PA*144,0/ (RAU*(TAI + 460.0))
A0M -~ UNIT REPRIGERANT SIDE HEAT TRANSFER AREA/ UNIT
AIR FLOW RATE (SQ FT-HR/LBM DRY AIR) ‘ ‘

AOM = FLOAT (NT) *P/(ST*GA*SIGA)

SUBDIVIDE FLOW INTC PARALLEL CIRCUITS AND TREAT BEACH
LIKE A SEPARATE HEAT EXCHANGER - CONVERT BACK TO TOTAL
FLOW AT THE END
XMA = 60.0%QA%PA*144. 0/ (RAU*(TALI + 460.0) *FLOAT (RSECT))
DETERMINE ATIR SIDE HEAT TRANS.COEF.'HA'(BTU/HR-SQ FT-F)

CALL SPHTC (DEA,GA,C1A,C2A,C3A,CU4A,CS5A,C6A,XLLA,ULA, XNUA,
1 CPA,ERA,REA,HA)

DETERMINE OVBﬁALL SURFACE EFFPICIENTCY ® SEFPFX*

CALL SEFF (XKF,DELTA,HA,XLF,PAR,CAR,HCONT, SEFFX)
ICNT = 1

LOOP FOR VARYING REFRIGERANT FLOW RATE
XMR = XMRI/FLOAT (NSECT)
DETERMINE SATURATION PROPERTIES OF REFRIGERANT

10 CALL SATPRP(NR,TSA ,PSAT,VP,VYG,HSATL,EFG,HSATV,SF,SG)
RHOV = 1.0/VG
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RHOL = 1.0/VF

IF (ICNT.EQ.1) P2 = PSAT

XMOL = XMIATSA *%3 + XM2%TSA **2 + XM3*TSA + XM4
CPRL = CP1*PSAT + CP2

YKRL = SIEEKL*TSA + XINKL

IMURV = SLPEMV*TSA + XINMV

X3 = 0.0 .

PRRL = XMUL*CPRL/XKRL

GR = XMR/AFFT

DETERMINE CCNDENSATION TWO-PHASE HEAT TRANS.COEF.'BTP?*
(BTU/HR-SQ FT-F)

CALYL CHTC (DER,GR,X3,PRRL,XKRL,XMURV,XMUL ,RHOL,RACV, HTP)

DETERMINE SINGLE PHASE LIQUID HEAT TRANSFER COEF.
'HRL® (BTU/HR-SQ FT-F)

CALL SPHTC (DER,GR,C1R,C2R,C3R,C4R,C5R,C6R,XLLR,ULR, XMUL,
1 CPRL,PRRL,RERL,HRL)

DETERMINE SINGLE PHASE VAPOR PROPERTIES

CALL VAPOR (NR,TRI,P2,V2I,H2I,S2I)
XMURV = SLPEMV*(TSA + TRIY)/2.0 + XINMV

XKRV = SLPEKV*(TSA + TRI) /2.0 + XINKYV
CPRV = (HZI-HSATV)/(TRI-TSA )
PRRV = XMOEV*CPRV/XKRY

DETERMINE SINGLE PHASE VAPOR HEAT TRANSFER COEF.
*HRV* (BTU/HR-SQ FTI-F)

CALL SPHTC (DER,GR,C1R,C2R,C3R,C4R,C5R,C6R, XLLR,ULR,
1 XMURV,CERV,PRRV, RERV, HRV)

USE SUBROUTINE EXCH TO DETERMINE CONDENSER HEAT
TRANSFER PERFORMANCE AND RETURN ALL RESULTS THROUGH
COMNON

CALL EXCH(4,AOM, ALFAR, ALFAR,TSA,TAI, HFG)
DZTP=FTP*ARHT/P

DZV = P*ARHT/P
DZL = PSCHARHT/P
XIC = 1.0

E = 5.0B~06

USE SUBROUTINE PDRCP TO DETERMINE PRESSURE DROP OF
REFRIGERANT THROUGE CONTENSER 'PD' (PSI)

CALL PDROP (4, DER, E,GR, XMURV, XMUL, RHOV, RHOL,RERV, RERL,
1 pzTP,X3,%IC, ¥2I,DZV,DZL, PD)

CONVERT BACK TO TOTAL FLOW AND OVERALL PERFORMANCE
AND FERINT RESULTS

SBCOOL = TSA - TRO

PQC = QSP + QTP + QsSC
XMA = XMA#*FLOAT (NSECT)
XMR = XMR*FLOAT(NSECT)
QC = QC*FLOAT {NSECT)

kg
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CALL SATEEP(NR,TRO,PDUMNY,VF,VG,HRO, HPG, HG, SF, SG)
WRITE (6, 10100)

WRITE (6, 10200) HA, HRV, HTP,HRL

WRITE {6, 10300) OC

WRYTE (6, 10400) HRO

WRITE (6, 10500) PD

SUBDIVIDE FLOW AGRIN TO PREPARE FOR KEXT LOOP

Nnaon

XMA = XMA/FLOAT(NSECT)
XMR = XMR/FLOAT(NSECT)
IF (ICNT.NE.1) GO TO 40

CHECK DROP IN SATURATION TEMPERATORE DUR T4 BHB§Supp ™~~~

DROP IN COIL - IF THE DROP IN SATURATION TEMPERATURE

IS GREATER THAN 2 TEGREES F - REPEAT ALL CALCULATIONS,

USING AN AVERAGE VALUE OF SATURATION TEMPERATURE

aAanNOannNon

POUT = PSAT + PD
TSATO = TSAT (NR, POUT)
IF ((TSA-TSATO).LE.2.0) GO TO 50
C ok ok sk ok ok ok ok
IF (ABS(ISA-TSATO).GT. (0.2*TSA)) GO TO 20
TSA = (TSA + TSATO)/2.0
GO TO 30
20 TSA = 0.9*TSA
WRITE (6, 10000)
30 ICHT = 2.0
Cakokkok kkkk &
¥RITE (6, 10600) TSA
G0 TO 10
40 TSA = 2.0*TSA - TSATO
ICNT = 1
50 CONTINUE
TROC=TRO
RETURN
10000 FQRMAT (*Q¥*#***%k%* TSA PORCED TO .9 OF OLD VALUE')
10100 FORMAT (//5X,'OVERALL RESULTS FOR THIS TAI ":¥V//

10200 FORMAT (10X, *HA =',F7.2,10X,HRV  =9,F7.2,10%,'HTP =9,P7.2,
1 10X,'HRL  =',P7.32)

10300 FORMAT (10X, 'QC =1,F9.2)

10400 FORMAT(10X,'HRO = H3 = H4 =',FB.3)

10500 FORMAT (10X, 'PD =1,F7.2)

10600 FORMAT(/5X, 'PRESSURE DROP THRU CONDENSER IS GREAT ENOUGH'/
1'T0 DEPRESS SATURATION TEMP. CALCULATION WILL BE REPEATED'/
1'FOR TSA =',F8.2//)
10700  FORMAT('1',9%,'TAI  =!,F8.2/10X,'0A =¢,F9.1/10X,'TRI  =v,
>F8.2/,10X,*TSA  =1,¥8.2)
END
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SUBROUTINE EXCH (M,AOM,ALFAR,ALFAA,TH,TC,BFG)

PURPOSE
TO DETERMINE THE HEAT TRANSFER AND RESOULTING
TEMPERATURES IN THE CONDENSER, GIVEN ALL OF THE
NECESSARY COEFFICIENTS AND OTHER DETAILS

AUTHORS C. HILLER AND L. R. GLICKSMAN Aokk
THIS SUBPROGRAM APPEARS HERE UNCHANGED *k *
FROM THAT GIVEN IN REPORT NO. 24525-96, Ak k
HEAT TRANSFER LABORATORY, *ok*
MASSACHUSETTS INSTITUTE OF TECHNOLOGY. *k %

DESCRIPTION OF PARRMETERS

INPUTS

HEAT EXCHANGER GEOMETRY

AoM -

ALFAR -

ALFAR =

ARHT -

UNIT REFRIGERANT SIDE HEAT TRANSFER
ARE2/UNIT AIR PLOW RATE

(SQ PT~HR/LBM DRY AIR)

ALPHA REFRIGERANT (REPRIGERANT SIDE

HEAT TRANSFER AREA/TOTAL VOLUME OF HEAT
EXCHANGER~-1/FT)

ALPEE AIR (AIR SIDE HEAT TRAKSFER AREA/
TOTAL VOLUME OF HEAT EXCHANGER-1/FT)
TOTAL REFG. SIDE HEAT TRANS. AREA (SQ FT)

HEAT TRANSFER CCEFFICIENTS

HA - AIR SIDE HEAT TRANS.COEF. (BTU/HR-S5Q FT-F)
HRTP - REF. SIDE TWO-PHASE HEAT TRANS.
COEF. (BTU/HR-SQ FT-F)
HRSPV - REF. SIDE SINGLE PHASE VAPOR HEAT
TKANS. COEP. (BTU/HR-SQ FT-F)
HRSPL - BREF. SIDE SINGLE PHASE LIQUID HEAT

TRANS. COEP. (BTU/HR-SQ FT-F)

REFRIGERANT PROPERTIES

SATURATED CONDENSING TEMP. OF REFG. (F) S

TRI - TEME. OF REFG. ENTERING CONDENSER (F)
TH -
HFG - LATENT ENTHALPY OF VAPORIZATION
THE REFRIGERANT (BTU/LBHM)
CPR¥ - SPECIFIC HEAT AT CONSTANT PRESSURE
OF THE REFRIGERANT VAPOR (BTU/LBM-R)
CPRL =~ SPECYFIC HEAT AT CCNSTANT PRESSURE OF
THE FEFRIGERANT LIQUID (BTU/LBM-R)
X3 - EXIT QUALITY FPROM THE CONDENSER
XMR - MASS FLOW RATE OF REFRIGERANT (LBM/HR)

AIR PROPERTIES

CPA - SPECIFIC HEAT AT CONSTANT PRESSURE OF
THE AIR (BTU/LBM-R)

TC - TEME. OF AIR ENTERING CONDENSER (F)

XMA - MASS FLOW RATE OF AIR (LBM/HR)

OTHER INPUTS

M -~ AN INDICATOR (NOT USED HERE)

SEFFX - SURFACE EFFICIENCY OF FINNED SURFACE
OUTPUTS

F - SINGLE PHASE YAPOR FRACTION OF TOTAL

HEAT EXCHANGER SURFACE



c FTP - TWO-PRASE FRACTION OF TOTAL HEAT
c EXCBANGER SURFACE
c FSC - SUBCOOLING FRACTION OF TOTAL HEAT
c EXCHANGER SURFACE
c QSP -~ HEAT TRANSPER RATE IN SINGLE PHASE
C VAPOR REGION (BTU/HR)
o QTP =~ HEAT TRANSFER RATE IN TWO-PHASE
c REGICN (BTU/HR)
c QSC - HEAT TRANSFER RATE IN SUBCOOLING
C REGICN (BTU/HR)
c TAOSP - AIR TEMPERATURE OUT OF SINGLE PHASE
C VAPOR REQION (F) ,
C TAOTP - AIR TEMPERATURE OUT OF TWO-PHASE
C REGICN (F)
c TAOSC = AIR TEMPERATURE OUT OF SUBCOOLING
c REGICN (F) e
¢ TAO - AVERAGE, MIXED AIR TEMPERATOURE LEAVING
C THE CONDENSER (P) - ,
C TRO - TEMP.OF REFRIGERANT LEAVING HEAT EXCH. (F)
C
c REMARKS
c SUBROUTINE EXF IS CALLED BY THIS PROGRAM TO
c DETERMINE THE EFFECTIVENESS IN CROSSFLOW
C {THIS PROGRAM USES THE EFFECTIVENESS-NTU METHOD
C FOR CALCULATING HEAT TRANSFER PERFORMANCE)
C
COMMON CPA, HA,SEFFX,HRSPY,HRSPL,CPRL,CPRV,XHR,XMA,
1X3,TFI,HRTP F,FTF,¥SC, 08P, Q0TP, 0SC, TAOSP TAOTP TAO'SC,
1TAO, TRO, ARHT
C
C DETERMINE NTU AND EFFECTIVENESS FOR TWO-PHASE REGION
c
INTUTP=AQ M/ (CPA* (ALFAR/ (SEFFX*HA*ALFAA) + 1.0 /HRT D) )
ETP = 1.0 - EXP(-XNTOTP)
RES = 1.0 + HRSPV*ALFAR/(HA*ALFAA*SEFFX)
c
c FIND THE REFG.TEMP.'TRVDS' (F) AT THE END OF THE
c DESUPERHEATIRG OR SINGLE PHASE VAPOR REGION
c
TRVDS = (TH*RES - TC)/(RES-1.0)
IP (TRVDS.GE.TRI) TRVDS = TRI
c _
c CALCULATE HFG DOUBLE PRIME *HFGDP' -~ THE EPFECTIVE
c DRIVING ENTHALPY LIFFERENCE IN THE TWO-PHASE REGIONW
o
HFGDE = (HFG + CPRV*(TRVDS ~ TH))* (1.0-X3)
XMATP = XIMR*BFGDP/ (ETP*CPA* (TH-TC))
RRITE(6,570) XNTUTE
Gk ok ek ok %k %
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PRINT 900, AOM,CPA,ALFAR,SEFFX, HA, ALPAA,HRTP
900 FORMAT(' ',T8,'AOM',T21,'CPA’, T34, 'ALFARY,T47,"SEFFX",
2 T60,"KA',T73, ALFAA',T86, 'HRTR' /% ,TP13.8)
PRINT 902, ETP, RES, HRSDY
902 FORMAT(‘OETP  =!',F13.4/'0RES =°,P13.4/' ',78,"HRSPV?/
2 ¢ 1, P13.4)
PRINT 904, TRVDS, TH, TC
904 FORMAT (*OTRVDS =',F13.4,/¢ ' T8,9TH',T21,'2C*/% ¢, 2P13.4)
PRINT 906, HEGDP, HFG, CPRV, X3
906 FORMAT (*OHEGDP =',F13.4/¢ ¢ T8, 'HFG',T21,'CPRV? ,T34, X3¢/
2 *,3F13.4)
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PRINT 908, XMATP, XMR, CPA
908 FORMAT (*OXMATP =9 ,F13, 4/t * T8, SXMR',T21,'CPAY/" t,2P13.4)
PRINT 910, XMA, ARHT, CR
910 FORMAT('0Y,T8,*XMAY,T21,YARHT',T34,'CR'/* *,3F13.4/
2 10¢,75,'F* ,T14,YXKASP?,T28,°CAY, TU1,YRTOT?, 154, CHIN',T64, *EXFR",
3 T74,'EXFS* ,T84,'PR,TI4,*PS?, T 104, * TEST", T114,'VAL'/)

P = 0.0
CA = 1.0
CR = 1.0

IF (ABS(TRVDS-TRI).LE.2.0) GO TO 60
IF(X3.GT.0.0) GO 10 100

PS = 0.0

PR = PS

N=0

ITERATE TO FIND THE FRACTION OF TOTAL HEAT EXCHANGER
SURFACE USEC FOR THE DESUPERHEATING OR SINGLE PHASE
VAPOR REGION

ek a3 o o ok ok ek ook ok ok ok o ok ok o ok ok ok sk K

Qnaoann

DF = .005
WRITE (6,510)
po S0 I=1,100

5 F¥=F+ DF
IMASP = F*XNA
CA = XMASP*CPA
CR = XMR*CPRYV
RTOT = (ALFAR/(SEFPFX*HA®ALPAA) + 1.0/HRSPV)/ (F*ARHT)
CALL EXF (RTOT,CA,CR,CMIN,EXFR)
EXFS=CR* (TRI~TRVDS)/ (CHIN* (TRI~TC))
TEST = ABS (EXFR-EXES)
VAL = .03*EXFR
WRITE(6,530) F,XMASP,CA,RTOT,CMIN,EXFR,EXFS,PR,PS,TEST,VAL
IF (ABS (EXFR-EXFS).LE. (. 03%*EXFR)) GO TO 60
IP(I.FQ.1) GO TO 20
IF ((ER-PS)/ {(EXFR-EXFS)) 60,15,15

15 IXIF{{ABS (PR-PS).LT.ABS (EXPR-EXFS)) .AND. (I.EQ.2)) GO TO 12
IF (ABS(PR-PS).LT. AES(EXFR-EXFS)) GO T0 55
G0 To 20

12 F = F - 2.04DF

(oL L EEELEE S £

PRINT 920

920 FORMAT(' GOT TO 121)

© DF = DF/2.0

I=1
K=N+1
IF(N.GT.10) GO TO 55
GO TO 5

20 PR = EXFR
PS = EXFS

50 CONTINUE

55 HRITE(6,500) M
GO TO 250

60 QSC = 0.0
WRITE(6,511) F
CASC = 1.0
TAOSC = 5000.0
TRO = 5000.0

C CALCULATE THE TWO-PHASE AND SUBCOOLING FRACTIORNS
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OF TOTAL HEAT EXCHANGER SURPACE

IF THE SUBCOOLING FRACTION IS LESS THAN ZERO - PRINT
AN ERROR MESSAGE BECAUSE CONDENSATION IS INCOMPLETE

naaan

100 FTP = XMATP/XMA
FSC = 1.0-F-FTP
WRITE(6,5S0) FTP,FSC
IF(FSC) 105,120,110
105 WRITE(6,595)
G0 TO 250
110 IF(X3.6T.0.0) GO TG 120
CRSC = XMR*CPRL
CASC = PSC*XMA*CPA v
BTOT = (ALFAR/ (SEFFX*HA*ALFAA) + 1.0/HRSPL)/ (FSC*ARET)
CALL EXF (RTOT,CASC,CRSC,CMIN, EXFR)

CALCULATE HEAT TRANSFER RATES AND TEMPERATURES

[ Xz Xe]

TRO = TH - EXPR*CMIN¥ (TH-TC)/CRSC
SBCOOL = TH - TRO
QSC = CRSC* (TH-TRO)
120 QSP = CR* (TRI~TRVDS)
QTP = XMR*HFGDP
TAOSP = QSP/CA + TC
TAOTP = QTP/ (XMATE#CPA) + TC
TAOSC = QSC/CASC + IC
TAO = (QSC ¢ QSP + QTP)/(XMA*CPA) + TC
WRITE(6,512)
WRITE(6,513) F,PTE,FSC
WRITE{6,514) QSP,CTP,QSC
WRITE(6,515) TAOSP,TAOTP,TAOSC
WRITE(6,516) TC,TAC
WRITE(6,517) TRI,TH,TRO,SBCOOL
FETURN
250 FSC
osc
TRO
RETURN
500 FPORMAT('0', 10X,*ITERATICN ON VAPOR PRACTION OF H.E.®
1, ,' DOES NCT CONVERGE N='T2)
510 FORMAT (1HO,4X,'START OF ITERATION ON DESUPERHEATING REGION?)

oiton

[

0.0
0.0
TH

it

511 PORMAT(5X,'END OF ITERATION. RESULT IS :¢/10X,°F =1,F7.3)

512 PORMAT (1HO,4X,*RESCLTS FRONM EXCH 1) ;

513  FORMAT(//103,¢F =1,¥7.3,10X,'FTP =9,F7.3,10X,'PSC  =!,F7.3)
514 FORMAT (10X, 'QSP  =',P10.4,7X,'QTP =!,F10.4,7X,10SC =!,F10.4)
515 PORMAT(10X,YTAOSP =',F8,2,9X,'TAOTP =',F8.2,9X,‘TAOSC‘=',P8.2)

516 FORMAT(1HO,9X,'TAI  =!,P8.2/10X,'TAO =',F8.2}

517 FORMAT(10X,*TRT  =!,F8.2/10X,'TSA =',F8.2/10X,'TRO =',F8.2/
110X, *SBCOOL="*,F8. 2)

530 FORMAT(* ',F6.3, 4F13.4, 6F10.4)

570 FORMAT(///5X,'BEGINNING OF CALCULATION IN SUBROUTINE EXCH :%//
110, *XNTUTP=",F8. 3)

590 FORMAT(10X,'FTP =',F7.3/10X,'FSC =',F7.3)

595 FORMAT (0!, t**kk*x*INCOMPLETE CONDENSATTION®*kdkke)

END
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SUBROUTINE CHTC(DF,G,XE,PRL,XKL,XMUV,XNUL,RHOL,

1RHOV ,HAVG) :

PURPOSE v
TO DETERMINE THE FORCED CONVECTION CONDENSATION
TRO-PHASE HEAT TIRANS. COEF. FPOR PLOW IN TUBES
(BASED ON CORREIATIONS BY TRAVIS)

AUTHCRS C. C. HILLER AND L. R. GLICKSMAN ¥k %
THIS SUBPROGRAM APPEARS HERE UNCHANGED kK
PRCM THAT GIVEN IN REPORT NO. 24525-96, *% %k
HEAT TRANSFER LABORATORY, *kok
MASSACHUSETTS INSTITUTE OF TECHNOLOGY. *kk
DESCRIPTIONS OF PARAMETERS
INPUT
DE - EQUIVALENT DIAMETER OF FLOW PASSAGE (FT)
G -  MASS FLCW PER UNIT AREA (LBM/HR-SQ FT)
XE - EXIT QUALITY

PRL =~ FERANDTL NOUMBER OF THE LIQUID PHASE

XKL - THERMAL COND. OF LIQ. PHASE(BTU/HR-FT-F)

XMOV - VISCOSITY OF VAPOR PHASE (LBM/HR-FT)

XMOL - VISCOSITY OF LIQ. PHASE (LBN/HR-FT)

RHOL - [LENSITY OF LIQ. PHASE (LBM/CU FT)

RHOV = CTENSITY OF VAPOR PHASE (LBM/CU FT)
OUTPUT

HAVG - AVERAGE CONDENSATION TWO-PHASE

HEAT TRAKSFER COEF. (BTU/HR-SQ FT-~F)
INITIAL CONLITIONS
HP = 5000.0
HIINT = 0.0
INTEGRATE FROM QUALITY EQUALS 1 TO QUALITY EQUALS XE
X = 10

DX = .05
po 10 1=1,20
X = X-DX

IF(X.LE.XE) GO TO 15

XTT = (XMOUL/XNOUV)*%_ 1% (RHOV/RHOL) **.5%( (1.0-X) /X) **,9
PXTT = .15% (1.0/XTT + 2.85%XTT**(~.476))

REL = G*DE* (1.0-X)/XMUL

IF(REL.LT.50.0) P2 = .707*PRL*REL**.5

IP ((REL.GE.50.0) .AND. (REL.LE.1125.0)) P2=5.0%PRL + 5.
10*ALOG (1. 0+PRL* (. 09636 *REL**_585~1.0))
IF(REL.GT.1125.0) F2 = 5.0%PRL + 5.0%ALOG(1.0 + 5.0%
1PRL) +2.5%ALCG (. 003 13%REL**, 812)

IP(FXTT.LE..1) GO T0 9

EVALUATION CF LOCAL HEAT TRANS. COEF.

TF (FXTT.LT. 1.0) HLCC=XKL*PRL*REL%**, 9*FXTT/(DE*F2)
IP{ (FXTT.GE. 1. 0) - AND. (F XTT.LT. 15.0)) HLOC=XKL*PRL* REL
1%%_ 9*FPXTT#* 1,15/ (DE*F2)

IF (FXTT.GE.15.0) GC TO 9

HINVM = (1.0/HLOC + 1.0,HP) /2.0

HP = HLOC

HIINT =-DX*HINVM + HLINT

GO TO 10

IF(I.GT.19) GO TO 10

WRITE (6,500) FXTT

CONTINUE

INTEGRATED AVERAGE BEAT TRANS. COEP.

HAVG = (XE-1.0) /HIINT

RETUEN

FORMAT('0?, 10X, "FXTIT LINIT EXCEEDED PXTT=',P10.2)
END
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SUBROUTINRE EVAPR

O

noQAOOO

%

c EVAEORATOR SIMULATION SUBROUTINE
c
c PURPOSE
c TO COMPUTE EVAPCRATOR PERFORMANCE, INCLUDING
c MOISTURE RENOVAL, FOR AIR IN CROSS PLOW, PLATE-FIN TYPE
< _
CHkx ADAPTED FROM INDEPENDENT CALLING PROGRAM ek
Coken WRITTEN BY C. C. HILLER AND L. R. GLICKSMAN, ***
Crkx REEORT NO. 24525-96, ok
Cre* HEAT TRANSFER LABORATORY, ok
CHtn XASSACHUSETTS INSTITUTE OF TECHNOLOGY. *h
0UTPOT v
QTOT - TOTAL HEAT TRANSFER RATE (BTU/HR)
QLAT - LATENT BEAT REMOVAL RATE (BTU/HR)
TDB3 - AIR DRY BULB TEMP. (F) LEAVING EVAP.
TWB3 - AIR WET BULB TEMP. (F) LEAVING EVAP.
TRO - TEMP.OF REFRIGERANT VAPOR LEAVING EVAP. (F)
REMARKS

THIS PROGRAM CAILS SUBROUTINE SPHTC TO DETERMINE
SINGLE PHASE HEAT TRANSFER COEFFICIENTS
THIS PROGRAM CAILS SUBROUTINE SEFF TO DETERMINE
SURFACE EFFICIENCY OF FINNED SURFACE
THIS PROGRAM CAILS SUBROUTINE SATPRP TO DETERNINE
SATURATICN THER®ODY NAMIC PROPERTIES
THIS PROGRAM CAILS SUBROUTINE EHTC TO DETERMINE
THE EVAPCRATION TWO-FHASE HEAT TRANSFER COEFFICIENT
FOR PORCED CONVECTION EVAPORATION INSIDE TUBES
THIS PROGRAM CAILS SUBROUTINE VAPOR TO DETERMINE
THERMODYNAMIC PROPERTIES OF SUPERHEATED REFRIGERANT
VAFOR
THYS PROGRAM CAILS SUBROUTINE PDROP TO DETERMINE
ERESSURE LROP OF REFRIGERANT FLOWING IN THE COIL
THIS PROGRAM CALILS FUNCTION SUBPROGRAM TSAT TO
DETERMINE SATURATION TEMPERATORES CORRESPONDING
TO GIVEN PRESSURES
THIS PROGRAM CAILS SUBROUTINE EVAP TO DETERMINE
THE OVERALL HEAT EXCHANGER PERFORMANCE, HEAT TRANSFER
RATES, AIR TEMPERATURES, ETC.

ALL TEMPERATOURES ARE IN DEGREES F

ALL HEAT TRANSFER EFATES ARE IN BTU/HR

ALL MASS FLOW RATES ARE IN LBM/HR

COMMON/CPASS/XMRIE,TSAE HU4E ,HRO, TROC

0O 000NN NNNANANNOOONOON

COMMON/EVAPOR/ NRUNE,DEAE,DERE,DELTAE,PPE,XKFE,AAFE,NTE, NSECTE,
1 HCONTE,STE,VTE,SIGAE,ATBOE,PE, PTBOE, ARFTE, ARHTE, ALFARE,ALFAAE,
1 XLFE,FARE,CARE,DXMRIE, NXMRE,QAE,TAIIE, DTAE, NTEMPE,INDICE,

1 TWBIXE,DTWEIE,NTWEE,RHIE, TROE

COMMON CPA,HA,SEFFX,HRY,CPRV,XMR,XMA,X4,HTP,P,FTP,QSP, QTP,TAOSP,
1 TAOTP,TRO, ARHT,XMH20,TWBI,RHI ,INDIC,PA,Jd

----------- ====== INPUT DATA CONSTANTS —=—==e-cewwee—-
AIR PROPERTIES

PRA - TPRANDTL NUMBER OF AIR
XM0A <~ VISCOSITY OF AIR (LBM/HR-FT)
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C RAU -~ UONIVERSAL GAS CONSTANT FOR AIR (FT-LBFP/LBM-R)
C PA - ATMOSPHERIC PRESSURE (PSIR)
C CPA -~ SPECIFIC HEAT AT CONST.PRES.OF AIR (BTU/LBM-R)
DATA PRA,XMUA,RAU/.714,.043,53,34/ '
PA = 14.7
CPAR = .24
C
C REFRIGERANT PROPERTY VARIATION COEFFICIENTS
< NR - NUMBER OF REFRIGERANT (12,22, OR 502)
o NREF ~ NUMBER OF REFRIGERANT (USUALLY SAME AS NR)
C SLPEMV & XINMNV - COEFFICIENTS FOR VISCOSITY OF VAPOR
C SLPEKV & XIKKVY -~ COEFFICIENTS FOR THERMAL ' '
C CONDUCTIVITY OF VAPOR
C SLPERL & XINKL -~ COEFFICIENTS FOR THERMAL
C CONDUCTIVITY OF LIQUID
C SLPCEV & XINCPY - COEFFICIENTS FOR SPECIFIC HEAT
C AT CONST.PRES. OF VAPOR
C XM1 - XM4 -~ COEFFICIENTS FOR VISCOSITY OF LIQ.
C CP1 & CP2 - COEFFICIENTS FOR SPECIFIC HEAT
C AT CCNST. PRES. OF LIQUID
C VISCOSITIES IN LBM/ (HR~-FT)
C THERMAL CONLUCTIVITIES IN BTU/(HR-FT-F)
C SPECIFIC HEATS IN BTU/(1LBM-R)

NR = 22
DATA NREF,SLPEMV,XINMY,SLPEKV,XINKV,SLPEKL,XINKL /22,.0000759,
1.0272,.000C2,.00482,-.000159,.06299/
DATA SLPCPV,XINCPV/.000433,.1394/
DATA XM1,XMZ,XM3,XB4/~-5.625E-08,1.525E~05,-2.982E~03, .6U46/
DATA CP1,CP2/ 2.98§-04,.2575/

C***%x*NOTE - THE ABOVE REFRIGERANT COEFPICIENTS ARE FOR

C REPRIGERANT 22 ONLY
C
C AIR SIDE PLOW CHARACTERISTICS (SAME FOR BOTH EVAP.ECOND.
C IF THEY ARE OF THE SAME TYPE)
C C1A-C6A - COEFFICIENTS FOR EXPRESSING THE
o AIR SIDE HEAT TRANSFER COEFFICIENT
C XLLA ~ 1LOWER REYNOLDS NUMBER LINIT FOR LAMINAR
C FLOW ON AIR SIDE
C ULA - TUPPER REYNOLDS NUMBER LIMIT FOR TURBULENT
C FLOW ON AIR SIDE
DATA C1A,C2A7,C3A,CHA,C5A,C6A,XLLA,ULA /.2243,-.385,.2243,-.385,
1 .2243,-.385,1000.€,2000.0/ -
C
C REFRIGERANT SIDE FLOW CHARACTERISTICS (SAME FOR BOTH
C EVAP.& COND. IF THEY ARE OF SAME TYPE)
C C1R-Cé6R -~ COEFFICIENTS FOR EXPRESSING THE
c REFRIGERANT SIDE SINGLE PHASE HEAT
C TRANSFER COEFFICIENTS
Cc XLLR - LOWER REYNOLDS NUMBER LINIT FOR LAMINAR
c FLOW ON REFRIGERANT SIDE (SINGLE PHASE)
C ULR - UOPPER REYNOLDS NUMBER LINIT FOR TURBULENT
C FLOW OR REFRIGERANT SIDE (SINGLE PHASE)

DATA C1R,C2F,C3FK,C4B,C5R,C6R,XLLR,OLR /1.164,-.7824,.000054,
1 .49985,.00667,-.0897,2400.,3500./

~==wemsee~END OF INPUT DATA CONSTANTS ======w-- - -—

OUTER LOOP FOR MULTIPLE RUNS WHILE VARYING HEAT
EXCHANGER CHARACTEERISTICS

GcoooOan
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J=6

NREP=NREF+0
DEA=DEAE
DER=DERE
DELTA=DELTAR
FP=FPE
XKF=XKFE
AAF=AAFE
NI=NTE
NSECT=NSECTE
HCONT=HCONTE
ST=STE
WI=WTE
SIGA =SIGAE
P =PE
PTBO =PTROE
ARFT =ARFTE
ARHET =ARHTE
ALFAR =ALFARE
ALFAA=ALFAAE
XLF =XLFE
FAR=FARE
CAR=CARE
XMRYI=XMRIE
DXMRI=DXMRIE
NIMR=NXMRE
TSA=TSAE
HU=HUE
QA=QAE
TAII=TAIIE
DTA=DTAE
NTENP=NTEMPE
INDIC=INDICE
TYWBII=TWBIIXE
DIWEI=DTWNEIE
NTHRB=NTWBE
RHI=RHIE

TAI = TAXI
TWBI = TWBII
WRITE (6, 10600)

WRITE (6,10700) TAI,TWBI,RHI,QA,TSA
VA = QA*60.0/ (SIGA*AAF)
GA = VA*ER*144.0/(RAU* (TAT + 460.0))

AOM = FLOAT(NT)*P/ (ST*GA*SIGA)
SUBDIVIDE PLOW INTC PARALLEL CIRCUITS AND TREAT EACH
LIKE A SEPARATE HEAT EXCHANGER - CONVERT BACK TO TOTAL
FLOW AT THE END

XMA=60.0*CA*PA*144.0/ (RAU*FLOAT (NSECT) * (TAI+460.0) )
DETERMINE AIR SIDE HEAT TRANS.COEF.'HA! (BTU/HR-SQ FT-F)

CALL SPHTC(DEA,GA,C1A,C2A,C3A,CU4A,C52,C6A, XLLA,ULA, XMDA,
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1 CPA,PRA,REA, HA)
DETERMINE OVERALL SURPACE EFFICIENTCY *'SEFFX?

CALL SEFF (XKF,DELTA,HA,XLF,FAR,CAR,HCONT ,SEFFX)
ICNT = 1

XMR = XMRI/PLOAT (NSECT)

DETERMINE SATURATICN PBOPERTIES OF REFRIGERANT

10 CALL SATPRP (NR,TSA, PSAT,VF, VG, HSATL,HFG,HSATV,SF, SG)
RHOV = 1.0/VG
RHOL = 1.0/VF
CPRL = CP1*PSAT + CP2

#onnntw

IMUL = YM1*TSA%%3 + XM2*TSA®*%2 + XM3*TSA + XM4
XKRL = SLPERKL*TSA + XINKL

fKRV = SLPEKVATSA ¢ XINKV

XMURV = SLPEMV*TSA + XINNV

PRRL = XNUL*CPRL/XKRL

CPRY = SLPCEV*PSAT + XINCPV

PRRY = XMURV*CPRV/KKRV

GR = XMR/ARFT

DETERMINE SINGLE PHASE VAPOR HEAT TRANSFER COEP.
SHRV* (BTU/HR-SQ F1I-F)

CALL SPHTC (DER,GR,C1R,C2R,C3R,C4R,C5R,C6R,XLLR,ULR,
1 XMURV,CPRV,PRRV, RERV, HRV)

¥4 = (H4 - HSATL) JHFG

IF (X4.LT.0.0) WRITE(J,10800) X4

DETERMINE EVAPORATION TWO-PHASE HEAT TRANS. COEF.YHTP!
(BTU/HR-SQ FTI-F)

CALL EHTC (DER,GR,X4,1.0,PRRL,XKRL,XNURV,XNUL,RHOL,

1 RHOV , BTP)

USE SUBROUTINE EVAP TO DETERMINE EVAPORATOR HEAT

TRANSFER PERFORMANCE AND RETURN ALL RESULTS THROUGH COMMON
CALL EVAP (AOM,ALFAR,ALFAA,TSA,TAT,HFG)

RETURN TO TOTAL PLCW RATE REPRESENTATION

TROE = TRO

SUPER = TRO -~ TSA
QTOT=FLOAT (NSECT) * (QSP+QTP)

QLAT = FLOAT(NSECT) *XMH20%1057.0
IMA=XMA*FLOAT (NSECT)
INR=XMRAFLOAT (NSECT)

DZTP = FTP*ARHT/P

DZV = F*ARHT/P

DZL = 0.0

E = 5.0E-06

USE SUBROUTINE PDRCP TO DETERMINE PRESSURE DROP OF
REFRIGERANT THROUGH EVAPORATOR 'PD' (PSI)

CALL EDROP(3,DER,E, GR, XMURV,XMUL,RHOV ,RHOL,RERV, RERL,
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1 DZTP,1.0,X4,V6,DZ2V,DZL,PD)
PRINT OVERALL RESULIS

(¢ X2 N3]

WRITE (€,10000)

WRITE (6,10 100) XMA,XMR
WRITE (€,10200) GA,GR
WRITE (6,10300) HA,HRV,HTP
WRITE (6,10400) QTOT,QLAT
WRITE (6,10500) PD

SUBDIVIDE PLOW AGAIN TO PREPARE FOR NEXT LOOP

aoon

XMA = XMA/FPLOAT (NSECT)
XMR=XMR/FLOAT (NSECT)
IP (ICHT.NE.1) GO TO 20

CHECK DROP IN SATURATION TEMPERATURE DUE TO PRESSURE
DROP IN COIL - IF THE DROP IN SATURATION TENPERATURE
IS GREATER THAN 2 LEGREES F - REPEAT ALL CALCULATIONS,
NSING AN AVERAGE VALUE OF SATURATION TEMPERATURE

[sEsReRzK2Ke]

POUT=PSAT+PD

TSATO = TSAT(NR,POUT)
IF (ABS(TSA-TSATO).LE.2.0) GO TO 30
TSA = (TSA + TSATO) /2.0
ICNT = 2
WRITE (6,10900) TSA
GO TO 10

20 TSA = 2.0%TSA - TSATO
ICHNT = 1

30 CONTINUE

RETURN

10000 PORMAT (5X,'EVAPOFATOR PERFORMANCE FOR THIS AIR INLET TEMP:'/))

10100 FORMAT (10X, 'XMA  =*,F9.1,8X,'XMR =',F8.2)

10200 FORMAT{10X, *GA =1,F9.1,8%,'GR =1 ,F10.1)

10300 FORMAT (10X, *HA =',¥8.2,9%,"HRY  =',F8.2,9X,'HTP =',F8.2)

10400 FORMAT{10X,'QTOT =',F10.1,7%X,'QLAT =',F10.1)

10500 FORMAT(10X,'PD =1,F7.2)

10600 FORMAT (1H1)

10700 FORMAT{10X,'TAY =¢,F8.2/10%X,*'TWBI =',F8.2/10X,'REI =¢, F7.3/
1 10%,'QA =*,F9.2/10X,'TSA  =',P8.2)

10800 FORMAT (' **##¥%*Yl§ IS NEGATIVE ~ X4=?,P10.5, kekrsike)

10900 FORMAT (1HO, UX, 'PRESSURE DROP THRU EVAPORATOR IS LARGE ENOUGH'/
15X,¢TO DEPRESS SATURATION TEMP. CALCULATION WILL BE REPEATED'/
15X, 'FOR TSA =',FB.2//)

END
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SUBROUTINE EVAP (ACE,ALFAR, ALFAA,TSA,TAI, HFG)

PURPCSE

TO DETERMINE HEAT TRANSFER, MOISTURE RENOVAL,
AND RESULTING TEMPERATURES AND HUMIDITIES

IN THE EVAPORATOR, GIVEN ALL OF THE NECESSARY
COEFPICIENTS ANL OTHER DETAILS '

AUTHORS C. HITLER AND L. R. GLICKSMAN dok ok
THIS SUBPROGRAM APPEARS HERE UNCHANGED b
FRCM THAT GIVEN IN REPORT NO. 24525-96, *okk
HEAT TRANSFER LABORATORY, b
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, ek k
DESCRIPTION OF PARIMETERS
INPUTS
HEAT EXCHANGER GEOMETRY )
ALFAR - ALPHA REFRIGERANT (REFRIGERANT SIDE
HEAT TRANSFER AREA/TOTAL VOLUME OF HEAT
EXCHANGER - 1/FT)
ALPAA - ALPHA AIR (AIR SIDE HEAT TRANSFER ARER/
TOTAL VOLUME OF HEAT EXCHANGER -1/FT)
ARHT = TOTAL REFG. SIDE HEAT TRANS. AREA (SQ FT)
AOH = UNIT REFRIGERANT SIDE HEAT TRANSPER

AREA/UNIT AIR FLOW RATE
(SQ FT-HR/LBM DRY AIR)

HEAT TRANSFPER CCEFFICIENTS

HA -
HTP -

HRY -

AIR SIDE HEAT TRANS.COEFF. (BTU/HR-SQ FT-F)
REF. SIDE TYWO-PHASE HEAT TRANS.

COEF. (BTU/HR-SQ PT-F)

REF. SIDE SINGLE PHASE VAPOR HEAT
TRANS.COEF. (BTU/HR-5Q FT-PF)

REFRIGERANT PROPERTIES

ISA -
HFG -

X4 -
XNR -
CPRY -~

REPRIGERANT SATURATION TEMP. (F)
LATENT ENTHALPY OF VAPORIZATION OF
THE REFRIGERANT (BTU/LBNM)

‘ENTERING QUALITY OF THE REFRIGERANT

MASS FLOW RATE OF REFRIGERANT (LBM/HR)
SPECIFIC HEAT AT CONSTANT PRESSURE
OF THE REFRIGERANT VAPOR (BTU/LBM-R)

AIR PROPERTIES

~CPA -

XMA -
TAI -
THBI -
RHI -
INDIC -~

SPECIFIC HEAT AT CONSTANT PRESSURE OF
THE AIR (ETU/LBM-R)

MASS FLOW RATE OF AIR (LBM/HR)

DRY EULB TEMP.OF AIR ENTERING EVAP. (F)
WET BULB TEMP.OF AIR ENTERING EVAP. (F)
RELATIVE HUMIDITY OF AIR ENTERING EVAP.
INPOUT INDICATOR

IF *INDIC' EQUALS 1, INPUTS ARE TAI, AND TWBX
IF 1INLIC' EQUALS 2, INPUTS ARFE TAI, AND RHI

PA -

ATMOSPHERIC PRESSURE (PSIA)

OTHER INEUTS

SEFFX -
OUTPUTS

F -

FTP -

QSP -

SURPACE EFFICIENCY OF FINNED SURFACE

SINGLE PHASE VAPOR FRACTION OF TOTAL
HEAT EXCHANGER SURFACE

THWO~PHASE FRACTION OF TOTAL HEAT
EXCHANGER SURFACE

HEAT TRANSFER RATE IN SINGLE PHASE
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VAPOR REGION (BTU/HR)
QTP - HEAT TRANSFER RATE IN THO-PHASE
REGION (BTU/HR)

TRO - TEMP.OF REFRIGERANT LEAVING EVAP. (F)
XMA20 - RATE OF MOISTURE RENOVAL FRON AIR (LBM/HR)
TAOSP = EXIT AIR TENP.FRON SINGLE PHASE REGION (F)
TAOTP - EXIT AIR DRY BULB TEMP. KSSUNING
: NO MCISTURE REMOVAL CCCURS (F)

TWB3 - WET EULB TEMP. LEAVING EVAP. IF MOISTORE
REMCVAL OCCURS (F)
TDB3 - EXIT AIR DRY BULB TEMP.LEAVING EVAP.,
ASSUMING MOISTURE REMOVAL OCCURS (F)
REMARKS

THIS PROGRAM CRILS SUBROUTINE YMOIST TO DETERNINE

THBE HUMIDITY , AND DEHUMIDIPICATION BEHNVIOR
OF THE EVAPORATCE

THIS PROGRAM CALLS SUBROUTINE EXF TO DETERMINE
THE EFFECTIVENESS IN CROSS FLOW

{THIS PROGRAM USES THE EFFECTIVENESS-NTU NETHOD
OF CALCULATING BEAT TRANSFER PERFORMANCE IF NO'
MOISTURE REMOVAL OCCORS, AND IN THE SINGLE PHASE
VAPOR REGION. ‘

coMucCN CPR,HA,SEFFX,HRV,CPRV,XMR,XMA, X4, HTP,F,PTP,QSP,
1QTP, TAOSP, TACTP, TRO,ARHT, XMH20, TRBT,RRL, INDIC,PA, J

DETERMINE THE REPRESENTATIVE COIL CHARACTERISTIC ¢COILY

COIL=HA* (ALFAA/ (HTP*ALF AR) + 1.0/ (SEFFX*HA) ~1.0/HA) /CPA
QTP = XMR*(1.0 ~ X4)*HFG
WRITE(6,7 14)

DETERMINE BULK AIR DRY BULB TEMP.'TADHI' WHEN
DEHUMIDIFICATION COF MOISTURE REMOVAL BEGINS

CALL XMOIST (TAY,TWEI,RHI,INDIC, PA, HAIRI,WSATI,RAIRT,
1TWALLT)

TADHI= (HA*TRALLI* (1.0/ (SEFFX*HA) +ALFAA/ (HTP*AL¥AR))
1-TSA)}/ (HA* (1.0/ (SEFFX*HR) +ALPAA/ (HTP*ALFAR) ) - 1. 0)

DETERMINE NTU AND EFFECTIVENESS POR SENSIBLE HEAT
TRANSFER IN THE TWC-PHASE REGION, ASSUHING ¥O MOISTURE
REMOVAL OCCURS

XNTUTP=A0M/ (CPA* (ALFAR/ {(SEFFX*HA*ALFAA) + 1.0 /HTP))
ETP=1.0~EXP (~XNTUTE)

XMATP=QTP / (ETP*CPA#* (TAI-TSA ))

FTP=XMATP /X MA

IF (FIP.GT.1.0) WRITE(J,710) FTP

DETERMINE THE EXIT AIR TEMP.'TAOTP' FROM THE TWO-PHASE

REGION, ASSUMING NO MOISTURE REMOVAL OCCURS

TAOTP=TAI-QTIP/ (XMATIP*CPA)
¥RITE(J,705) TADHI,TAOTP

CHECK TO SEE IF MGISTURE REMOVAL ACTUALLY OCCORS
IF MOISTURE RENOVAL DOES NOT OCCUR, I.E. TADHI IS LESS
THAN TAOTP, THEN SRIP THE MOISTORE REMOVAL SECTION
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IP (TADHI.LT.TAOTP) WRITE(6,706)
IF(TADHI.LT.TAOTP) TDB3=TAOTP
IF(TADHI.LT.TAOTP) GO TO 140
IF (TADHI.GT.TAOTP) WRITE(6,641)

------------ MOISTURE REMOVAL SECTION=~=c==me=eeeena-

NOTE: IT IS ASSUMEL THAT MOISTURE REMOVAL ONLY OCCURS
IN THE TWO-PHASE REGION OF THE COIL

IP TADHI IS GREATER THAN THE INITIAL DRY BULB
TEMPERATURE *‘TAI', THEN MOISTURE REMOVAL BEGINS AT THE
LEADING EDGE OF THE COIL - HENCE SKIP TO STEP 36

IF(TADHI.GT.TAI) GO TO 36

DETERMINE THE PRACTION 'PSENS' OF THE LEADING EDGE OF
THE COIL SURFACE WERICH IS USED ONLY FOR SENSIBLE
HEAT TRANSFER

PSENS=XMA*CPA* {1. 0/ (SEFFX*HA)+ALFAA/ (HTP*ALFAR) ) *
1AL0G ((TAT-TSA) /(TACHI-TSA) ) /(ARHT*ALFAA/ALPAR)
IFP((FSENS.GT.1.0).0R. (FSENS.LT.0.0)) WRITE(J,720) PSENS
GO TO 37

ITERATE TO FIND THE CORRECT WALL TEMP.'TWALLI' AT WHICH
MOISTIURE REMOVAL BEGINS ON LEADING EDGE OF COIL

T = 1SA

DT = 1.0

WRITE(6,713)

DO 30 L =.1,30

T= T+ DT

CALL XMOoIST(?,T,RH,1,PA,HWALLY ,HWWALLI WAIR,TWALLI)
TS = TSA + (HAIRI -~ HWALLI)*COIL
IF (AES(T~TS).LE.. 1) GO TO 35
IF(T~TS) 30,35,25

T = T-D7T

DT = DT/2.0

CONTINUE

WRITE(6,717)

THALLYI = T

FSENS 0.0

TADHIY TAI

HAIR1 HAIRY - CPA*(TAI-TADHI)
FMOIST = 1.0 -PSENS

WRITE(6,711) THALLI

[ ]

SPLIT MOISTURE REMOVAL REGION INTO 2 PARTS

ITERATE TO DETERMIXE EXIT AIR ENTHALPY 'HAIR2Y, AND
WALL TEMP.*IWALL2! AT THE END OF THE FIRST MOISTURE
REMOVAL REGION

T = TSA
DT = 1.0
WRITE(6,707)

Do 50 L = 1,30
T= T+ DT
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CALL XMOIST (T,T,RH,1,PA,HWALL2,WHALL2,WATR2, THALL2)
HAIR2 = HWALL2 + (I-TSA )/COIL

HAIR2S= HAIR1-PMOIST/2.0%ARHT*ALFAA/ALPAR*HAX (THALLT
1-THALL2) / {(COIL*XMA*ALOG ({(TWALLI~TSA) /(TWALL2-TSA) ) *CPA)
IF(AES(HATR2-HAIR2S).LE..05) GO TO 60

IF (HAIR2-HAIR2S) S0,60,45

T =T~ DT

DT = DT/2.0

CONTINUE

WRITE(J,740)

TRALL2 = T

WRITE (6,708) HAIR2,THALL2

ITERATE TO DETERMINE EXIT AIR ENTHALPY 'YHAIR3*, AND
WALL TENP.*TWALL3' AT THE ERD OF THE SECOND MOISTURE
REMOVAL BEGION

T = TSA

DT = 1.0
WRITE(6,709)
DO 90 L = 1,30
TI= 1T+ DT

| CALL XMOIST(T,T,RH,1,PA,HWALL3,WWALL3,WATR3,TWALL3)

HAIR3 = HWALL3 + (T - TSA )/COIL
HAIR3S=HATR2~FMOIST/2. 0*ARHT*ALFAN/ALPAR*HA* (THALL2

1-THWALL3) / (COIL*XMA#ALOG ({TWALL2~TSA) / (TWALL3-TSA) ) *CPA)

IF(ABS (HAIR3~-HATR3S).LE..0S) GO TO 100
IP(HAIR3 - HAIR3S) 90,100,80

T=19- DT ’

DT = DT/2.0

CONTINUE

WRITE(J,760)

THALL3 = T

WRITE(6,700) HAYR3,TWALL3

ITERATE TO DETERMINE THE WET BULB TEMP. *TWB3' LEAVING
THE EVAPOEATOR

T = 151

DT = 1.0

WRITE(6,701)

po 105 L = 1,30

T= T+ DT

CALL XMOIST(T,T,RH,1,PA,HAIR3S,WSAT3,WAIR, TWALL)
IP(ABS (HAIR3S-HATIR3).LE..05) GO TO 106
IF(HAIR3S~-HAIR3) 105,106,104

T=1T- DT

DT = DT/2.0

CONTINUE

WRITE(J,764)

THB3 = T

WRITE (6,702) TWB3

DETERMINE THE FRACTION *'FTP! OF THE HEAT EXCHANGER
WHICHE IS IN TWO-PHASE FIOW

FIP=QTP/ (XNA* (HATRI-HATR3))
WRITE(6,770) FTP
IF((1.0-FTP).LT.0.0) GO TO 190
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ITERATE TO DETERHINE THE AMOUNT OF WATER REMOVED FROM
THE AIR "XMB20' , AND THE ¥INAL DRY BOULB TEMP. °*TDB3?¢
LEAVING THE EVAPORATOR

[2 ey Ne!

T = TWB3
DT = .50
WRITE(6,7C3)
Do 120 L = 1,50
T =T+ DT
CALL XMOIST(T,TWB3,RH3,1,PA,HAIR,WSAT,¥WAYR3,THALL)
XMHE20 = (WATIRI-WAIR3) *PTP*XMA
HAYR3S5=.24%*(T-32.0) ¢WAIR3*(1060.9 + .QU4U4*T)
IF (ABS (HAIR3S-HATR3).LE..05) GO TO 130
IF(HAIR3S-HAIR3) 110,130,120

110 T =T - DT -
DT = DT/2.0

120 CONTINDE
WRITE (J,780)

130 1TpB3 = 7T
WRITE(6,704) X#H20,TDB3

------------- END OF NOISTURE RENOVAL SECTION —=~ww=ww—--

DETERMINE FRACTION OF HEAT EXCHANGER 'F' USED FOR
SINGLE PHASF VAPOR (SUPERHEATING) REGION’

%0 F = 1.0 - PTP
WRITE (6,790) F

C

C IF *F' IS LESS THAN ZERO, INCOMPLETE EVAPORATION OCCURS
C HENCE, PRINT AN ERRCR MESSAGE
C

IFP(F) 190,145,150
1S P = .000001
150 XMASE = F*XMA
XMATP=FTP*XMA

USE THE EFFECTIVERESS~-NTU METHOD TO DETERMINE HEAT
TRANSFER IN THE SINGLE PHASE VAPOR (SUPERHEATING)
REGION

aaann

CA IMASP*CPA

CR = XMR*CERV
“BTOT = (ALFPAR/ (SEFFY*HA*ALPAR) + 1.0/HRV) / (F*ARHT)
CALL EXF (RTCT,CA,CR,CMIN,EXFR) ) )

CALCULATE AND PRINT THE HEAT TRANSFER RATES
AND TEMPERATURES OF INTEREST

aann

TAOTE=TDB3 :
TRO = TSA +EXFR*CNIN* (TAI-TSA ) /CR
SUPER = TRO - TSA
QSP = CR* (TRO-TSA )
TAOSE = TAI-QSP/CA
WRITE (€, 629) '
RRITE(6,628) FTP,F,XMATP,XNASP, EXFR
WRITE(6,626) QTP,QSP,TDB3,TAOSP,TWB3
WRITE(6,627) TAI,TWBI,TSA,TRO,SUPER
RETURN

190 WRITE(J,840) PTP



626
627

628

629
641
700

701
702

703
704
705
706
707
708
709
710
711
713
714
715
717

720
740

760
764
770
780
790
840
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QSP=0.0

F=0.0

XMASP=0.0

XMH20= (FAIRI~WATIRI) *XMA

RETURN

PORMAT (10X, QTP  =',F9.2,8X,'QSP  =',P9.2/

110x,°*TDB3 =',F8.2,9X,"TAOSP =',F8.2,9X,'THB3 =',F8.2)
PORMAT {1H0,9%, 'TAI  =¢,P8.2/10X,'TWBI = =',F8. 2/
110X,'TSA  =',P8.2/1%,'TRO  =Y,P8.2/10%,'SUPER =',P8.2//
25X, 'NOTE THAT THESE HEAT AND MASS FPLOWS ARE FOR ONE SECTION ONLY®
37/7/7)

FORMAT (10X, *FTP  =',F6.3,11X,'F =',F6.3/

110X, 'XMATP =',F8.2,9%, ' XMASP =',F8.2/
234X,'EXFR =',P6.3)
FORMAT(////5X,"RESULTS FROM SUBROUTINE EVAP:'/)
FORMAT(5X,*MOISTURE REMGVAL OCCURS'//)
FORMAT (5X,'END OF ITERATION. RESULTS ARE'/
110X, *HATIR3 =*,P8.3,9%, ' THALL3=" ,F8.2/)
FORMAT(S5X,*START OF ITERATION ON EXIT WET BULB TEMP')
PORMAT (5X,'END OF ITERATION. RESOULT IS'/
110X, *TWB3 =',F8.2/) o
FORMAT(5X,'START OF ITERATION ON WATER REMOVAL RATE AND FINALSY,
1* AIR TEME.*)
PORMAT(5X,'END OF ITERATION. RESULTS ARE'/
110X, 'XMH20 =',F9.3,8%,'TDB3 =!,F8.2))
FORMAT {1H0, 9X,*TADEI =',F8.2,9X,'TAOTP =1,F8.2)
FORMAT(5X,*NO MOISTURE REMOVAL OCCURS!'//)
FORMAT (5X,*START OF ITERATION ON PIRST MOISTURE REMOVAL SECTION')
FORMAT (5X, *END OF ITEPATION. RESULTS ARE!/ '
110X, *HAIR2 =9,P8.2,9%, ' THALL2=",F8.2/)
FORMAT (5X,*START OF ITERATION ON SECOND MOISTURE REMOVAL SECTION')
FORMAT (*O#*#*FTP IS LARGER THAN 1 FTP=',F10.5,"%kk%1 )
FORMAT (5X,*END OF ITERATION. RESULT IS'/
110X, *TWALLI=",F8. 2/)
FORHAT (S5X, 'START CF ITEFATION ON WALL TEMP.')
FORMAT (///5%,'BEGINNING OF CALCULATION IN SUBROUTINE EVAP:?!)
FORMAT (3F10.4,X10, 4P12. 5)
FORMAT ('  ##%*#%%#%§0 SENSIBLE HEAT REMOVAL®
1¢,' ITERATION DOES NOT CONVERGE***ikkkkk?)
FORMAT (' ****#*FSENS IS IN ERROR FSENS=',F10.5,t#kx#1)
FORMAT (! #*%#**#****PTRST MOISTURE REMOVAL REGION ITER®
1,,"ATION DOES NOT CONVERGE®*kkkkkkikkik)
FOEMAT (' **##x%¥*SECOND MOISTURE REMOVAL REGION ITERA®
1,,'TION DOES NOT CCNVERGE*®¥kkkikt)
FORMAT (' *#3%%xkx*#3ITERATION ON THWB3 DOES NOT ¢
14 ¢'CONVERGE **hkiaikx?)
FORMAT (1RO, U4X, "PRACTION OF COIL USED POR TWO-PHASE FLOW IS*/
110X, 'FTP  =1,F8.4y)
FORMAT (* #%#%*%x+***EXIT DRY BULB TEMP DOES NOT ¢
1., "CCNVERGE #*k#k¥#%1)
PORMAT (1HO,4X,*FRACTION OF COIL USED FOR SINGLE-PHASE VAPOR FLOW',
1 IS'/10X,'F =1,F8, /) ' R
FORMAT(® ****xINCOMELETE EVAPORATION PTP=!,F10.5, %%}
END
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SUBROUTINE XMOIST (10B,TWB,RH,INDIC,PATHM,HAIR,WSAT,
1WAIR,TWALL)

PUREOSE
TO DETERMINE THE ENTHALPY, SATURATION MOISTURE

CONTEN

T,

AND ACTUAL MOISTURE CONTENT OF MOIST AIR,

AND ALSO, THE NECESSARY WALL TEMPERATURE TO INDUCE
MCISTURE REMOVAL, GIVEN DRY BULB TEMPERATURE AND
EITHER WET BULB TEMPERATURE OR RELATIVE HUMIDITY
{NOTE - THYS PECGRAM ESSENTIALLY REPRODUCES
PSYCHROMETRIC CHART DATA)

AUTHORS

C. C. HILLER AND L. R. GLICKSMAN *kk
THIS SUBEFEOGRAM APPEARS HERE UNCHANGED ¥k ¥k
FROM THAT GIVEN IN REPORT NO. 24525-96, * k%
HEAT TRANSFER LABORATORY, * k%
MASSACHUSETTS INSTITUTE OF TECHNOLOGY. *k*

DESCRIPTION OF PARAMETERS

K
I

IN

o0

]

PUT

P8 -
IWB -
RH -
INDIC-

DRY BULB TEMPERATURE (F)
RET BULE TEMFERATURE (F)
RELATIVE HUMIDITY

INPUT INDICATOR

IF *INDICY' = 1, INPUTS ARE TDB, ANRD TWB
IF *INDIC* = 2, INPUTS ARE TDB, AND RH

PATM -
TEUTS

HAIR -
WSAT -

WAIR -

TWALL~-

0
1

ATMOSPHERIC PRESSURE (PSIA)

ENTHALPY OF MOIST AIR (BTU/LBM DRY AIR)
SATURATION HOMIDITY (LBM WATER/LBM DRY AIR)
CORRESTONDING TO THE EXISTING WET BULB TEMP.
ACTUAL HRUMIDITY (LBM WATER/LBM DRY AIR)
CORRESPCNDING TO THE GIVEN DRY BULB TEMP.,
PRES., AND REL.HUMIDITY OR WET BOULB TEMD,
SATURATICN OR DEW POINT TEMPERATURE (F)
CORRESPONDING TO THE GIVEN TDB,PATM, AND
TWB, OR BH

IF (INDIC.NE.1) GO TO 30

T

TWB

DETERMINING SATURATION PARTIAL PRESSURE *PS?! (PSIA)
QF WATER VAEOR AT THE GIVEN TEMPERATURE
IF(T.LE.0.0) PS=.00077*T + .0185

IP(T.GT.0.0) PS=.00124*T + .0185

IF(T.GT.10.0) PS=.00196*T + _0113

IF(T.GT.20.0) PS=.00317+T - .0129

IF (T.GT.32.0) PS= .004145*T - 0441

IF(T.GT.40.0) PS
IF(T.GT.50.0) PS
IF{T.GT.60.0) PS
IP{T.GT.T70.C) PS
IF (T.GT.80.Q) PS
IF(T-GT.90.0) PS

L}

JOO0S641*T - . 10394
-007819%T - ,21284
.01068*T - , 3845
.01438*T - _6435
.01913*T - 1.0235
-0251*T - 1.5608

T I T I VI 1|

= 1.004*18.01*PS/(28.967* (PATN~-PS))
IP (K.NE.OQ) GO TGO 50

IP(INDIC.EQ.2) GO T0 40

IF(I.NE.1) GO TO 20
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I=2
WSAT = W
WAIR = WSAT -.000236%(TDB -T)

HAIR = .20% (TWB-32.0) + WSAT*(1060.9 + .. 4U4L*TWB)
P=PATM/ (1.004%18.01/(28.967*WAIR) +1.0)

T = TDB

GO TO 10

FINDING THE CORRESPONDING RELATIVE HUMIDITY,
GIVEN THE WET BULE TEMPERATURE

RH = P/PS

GO TO 90

FINDING THE CORRESEONDING WET BULB TEMPERATURE,
GIVEN THE RELATIVE HUMIDITY

DT = -10.0

DO 70 K=1,30

T = T+DT

GO TO 10

WS = W ~ .000236*(TDB-T)

IF (ABS (¥S-WAIR).LE..00005) GO TO 80

IP (WS-WAIR) 60,80,70

T = T-DT

DT = DT/2.0

CONTINUE

WRITE(6,100)

THB = T

WSAT = W

HAIR = .204% (TWB-32.0) + WSAT*(1060.9 + .G444*THB)

DETERMINING THE SATURATION OR DEW POINT TEMP. ¢TWALL'
CORRESPONDING TO THE GIVEN PRESSURE, DRY BULB ’
TEMEERATURE, AND RELATIVE HUMIDITY OR WET BULB TEMP.
IF(P.LE..0185) TWALL=(P~-.0185)/.00077

IP(P.GT..0185) TWALL = (P-.0185)/.00124
IF(P.GT..0309) TWALL=(P-.0113)/.00196

IP(P.GT..0505) TWALL=(P+.0129),/.00317

IF(P.GT..0885) TWALL={P+.0441)/.004145
IF(P.GT..12170) TWALL=(P+.10394) /.005641
IF(P.GT..17811) TWALL= (P+.21284)/.007819
IP(P.GT..2563) TWALL=(P+.3845) /.01068

IF(P.GT..3631) TWALL = (P+.6435)/.01438

1P (P.GT..5069) TWALL = (P+1.0235)/.01913
IF(P.GT..6982) TWALL = (P+1.5608)/.0251

FPORMAT (! ***#* ITERATION IN XMOIST DOES NOT CONVERGE')
RETOUEN

END
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SUBROUTINE EHTC(DE,G,XI,XE,PRL,XKL,XNUV,XNUL,RHOL,
1RHOV ,HTC)

PURPCSE

TO DETERMINE THE EVAPORATION TWO~PHASE HEAT TRARS.
COEFFICIENT FOR FORCED CONVECTION FLOW
INSIDE TUBES

AUTHORS C. C. HILLER AFD L. R. GLICKSHMAN ko
THIS SUBEEOGRAM APPEARS BERE UNCHANGED *kk
FROM THAT GIVEN IN REPORT NO. 24525-96, *xk
HEAT TRANSFER LABORATORY, k¥ ¥
MASSACHUSETTS INSTITUTE OF TECHNOLOGY. bkl
DESCRIPTION OF PARAMETERS
INPOT
DE - EQUIVALENT DIAMETER OF FLOW PASSAGE (PT)
G - MASS PFLCW PER ONIT AREA (LBM/HR-SQ FT)
XI - INITIAL QUALITY
XE - EXIT QUALITY
PRL - PRANDTL NUMBER OF THE LIQUID PHASE
XKL =~ THERMAL COND. OF LIQ. PHASE (BTU/HR-FT-F)
YMOV - VISCOSITY OF VYAPOR PHASE (LBM/HR-FT)
XMUL - VISCOSITY OF LIQUID PHASE (LBM/HR-FT)
RHOL - TCENSITY OF LIQUID PHASE (LBM/CU FT)
RHOV - DENSITY OF VAPOR PHASE (LBM/CU FT)
OUTEUT-
HTC =~ EVAP.HEAT TRANS. COEF.(BTU/HE-SQ FT-F)

"

HIC = .023%.325%2, SO*XKL* (G/XMUL) **_ 8 *DE** (-, 2) *PRL**
1.4* (RHOL/RHOV) %%, 375% (XMOV/KNUL) ** _075% (XE-XI)/
2 (XE**_325~XT**_325)

RETURN

END
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C

C PURPOSE .

C TO DETERMINE BOTH SINGLE PHASE AND T HASE

C PRESSURE DROPS FOR FLOW IN TUBES

c .

C*%% AUTHORS C. C. HILLER AND L. R. GLYICKSMAN L Rk
CHk% THIS SUBPEQGRAM APPEARS BERYE uutnnnezf”[l[ kxR
Chkx FROM THAT GIVEN IN REPORT NO. 24525-96¢, *kok
C*x % HEAT TRANSFER LABORATORY, ke
CHokok MASSACHUSETTS INSTITUTE OF TECHNOLOGY. ‘ To%k%E
P .

C DESCRIPTION OF PARAMETERS

C INEOT

C N - INDICATOR (2 OR 3 MEANS EVAPORATOR)

C D - EQUIVALENT DIAMETER OF FLOW PASSAGE (FT)

C E ~ SURFACE ROUGHNESS OF PLOW PASSAGE (FT)

C G ~ MASS FPLOW PER OUNIT AREX (LBM/HR-SQ PTY

C XMUV - 9ISCOSITY OF VAPOR PHASE (LBM/HR-FT)

C XMUL - VISCOSITY OF LYQ. PHASE (LBM/HR-FT)

C RHOV - TCENSITY OF VAPOR PHASE (LBM/CU FT)

C RHOL ~ TENSITY OF LIQ. PHASE (LBM/CU ¥T)

Cc REV ~ REYNOLDS NUMBER OF VAFOR PHASE REQION

C REL - REYNOLDS NUMEER OF LIQUID PHASE REGION

c DZTP - LENGTH CF TWO-PHASE REGION (FT)

C XF - FINAL CUALITY

C XI - INITIAL QUALITY

C V¥ -~ EXIT SEECIFIC VOL.OF VAPOR PHASE (CU FT/LBM)

C DzVv - TLENGTH OF SINGLE PHASE VAPOR REGION (FT)

C DZL - LENGTH CF SINGLE PHASE LIQ. REGION (FT)

C OUTEUT

c DPY -~ PRES.DROP IN SINGLE PHASE VAPOR REGION (PSI)

C DEL - PRES. DROP IN SINGLE PHASE LIQ. REGION (PSI)

C DPTP - PRES.DROP IN TWO-PHASE REGION (P9I

c PD - TOTAL PRESSURE DROP (PSI)

c

C

C

C

C

c

C

C

Nno
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SUBROUTINE PDROP (N,D,E,G,XMOV,XNUL, RHOV, RHOL, REV, KEL, =~

1pzTP ,XF,XX,VV,D2ZY, DZL PD)

*%%% CAUTION -~ WATCH SIGN CONVENTION ***********

REMAERKS
THIS PROGRAM CALLS SUBROUTINE FRICT, FOR
DETERMINING THE GENERAL MOODY FRICTION PACTOR
FOR SINGLE PHASE FLOW IN TUBES ~

HOMENTUM COMPONENT OF TWO-PHASE PRES. DROP
DPM =((XF**2-XI*%2)*(1.0+RHOV/RHOL - (RHOV/RHOL) %%, 333
1- (RHOV/RHOL) **.667) ~ (KF-XI) * (2. 0*RHOV/RHOL- (RHOV/
2RHOL) **. 333~ (RHOV/REOL) #%. 667) ) *G**2/ (RHOV*32. 2%
33500 0**2%144,0) -
(XP-XI) /D2TP

c2 = L09*XNOV**. 24G**1. 8/ (C1*RHOVHD**1. 2%32. 2¢3600. 0
TRX 2% 144, 0) , ,

C3 = 2.85% (XHUL/XNUV) ¥*,0523% (RHOV/RHOL) **. 262

FRICTION COMPONENT OF TWO-PHASE PRES. DROP

DPF =C2% (.357* (RE*#2,8-XI**2,8) +2.0%C3* (. 429% (XF¥*2, 33
1~XI*%2.33) -, 1414 (YF#%3_33-XT*%3.33) -. 0287* (XF**4, 33
2-XTH*4,33)) 4C3**2% (538 (XF*%1, 86-XT**1.86) —. 329% (XF
3%%2, 86-XI**2.86)))

TOTAL TWO-PHASE PRESSURE DROP
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DPTP = DPH + DPF
CALL FRICT(REV,E,D,FFV)
IFP ({¥.EQ.2).0R. (N.FQ.3)) GO TO 20

CONDENSER SINGLE PHASE PRESSURE DROPS

DPV=G** 2% (1,0/RHOV-VV+FPPY*DZV* (1.0/RHOV+ VYY) /D) /
1(32.2%3600.0%*22144.0)

CALL FRICT (REL,E,D,FFL)

DPL = 2.0*FFL*DZL*G**2/ (D*RHOL*32.2%3600.0%%2%144.0)
GO TC 40

EVAPORATOR SINGLE EHASE PRESSURE DROPS

20 DPV=G**2* (VV-1.0/REOV+FFV*DZV* (VV+1.0/REOV) /D) /
1(32.2%3600.0%*2%144.0)
DPL = 0.0

40 DPL)

SUBROUTINE DPLINE(D,XLEQ,E,XMR,RHO,XMU,DPLNE)

PURPOSE
TC DETERMINE SINGLE PHASE PRESSURE DROPS
C*x%* AUTHORS C. C. HITLER AND L. R. GLICKSMAN *kx
Crk® THIS SUBPROGRAM APPEARS HERE UNCHANGED bk d
CHxk FROM THAT GIVEN IN REPORT NO. 24525~96, Ak K
Chx® HEAT TRANSFER LABORATORY, *kk
CH*x* MASSACHUSETTS INSTITUTE OF TECHNOLOGY. **k*%
DESCRIPTICN OF PARXMETERS
INPUT
D - EQUIVALEN3 D9 M5T59 OF FLOW PASSAGS (FT)
XLEQ - EQUIVALENT LENGTH (L/D - NON DIMENSIONAL)
E - SURFACE ROUGHNESS OF FLOW PASSAGE (FT)
XMR -~ MASS FICW RATE (LBM/HR)
RHO - DENSITY OF FLUID (LBM/CU FT)
XMO =~ VISCOSITY OF FLUID (LBM/HR-FT)
OUTPUT
DPLNE~ SINGLE PHASE PRESSURE DROP (PSI)
BRENMARKS
THIS PROGRAM CAILS SUBROUTINE FRICT FOR
DETERMINING THE GENERAL MOODY PRICTION FACTOR
FOR SINGLE PBASE FLOW IN TUBES

RE = U4.,0%XMR/(3.14*D*XND)

CALL FRICT (FE,E,D,EF)

DPLNE =4.0%FF*XLEQ* (4. O*XMR/ (3. 14*D*%2) ) **2/
1(2. 0#RHO*32.2%3600.0%%2%144.0)

BETUEN

END
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SUBROUTINE FRICT(RE,E,DI,FF)

PURPOSE_ o
TO DETERMINE THE GENERAL MOODY PRICTION PACTOR
FOR SINGLE PHASE PLOW IN TUBES  ~—

AUTHORS C. C. HILLER AND L. R. GLICKSMAN
THIS SUBFFOGRAM APPEARS HERE UNCHANGED
FROM THAT GIVEN IN REPORT NO. 24525-96¢,
HEAT TRANSFER LABORATORY,
MASSACHUSEITS INSTITUTE OF TECHNOLOGY.

DESCRIPTION OF PARAMETERS

INPUT
RE ~ REYNOLDS NUMBER
E = SURFACE ROUGHNESS OF PLOW PASSAGE (FT)
DY =~ EQUIVALENT DIAMETER CF FLOW PASSAGE (FT)
OUTFEUT
FF -~ MHOODY FRICTICON FACTOR

LARINAF FLOW REGIME
IF(RE.LE.2300.0) FF = 16.0/RE
IP(RE.LE.2300.0) GC TO 30

TRANSITION AND TUREULENT FLOW REGIMES

D= DI
FF = .020
DF = -.005

DO 20 T = 1,30

PP = FF 4 DF

IF(FF.LE.0.0) FF = .0001

A = -2.0*ALOG10(2.51/ (RE*SQRT (4.0*FF)) + B/(3.7%D))
B = 1.0/SQRT(4.0%FF)

IF (ABS (A-B) .LE. (. 001*B)) GO TO 30

IF(A-B) 1%,30,20

FF = FF - DF

LF = DF/2.0

CONTINUE

WRITE(6, 100)

RETURN

FORMAT (" *#%#*FRICTION FACTOR FAILS TO CONVERGE###k*v)
END

%k h

TNk

*xk
*kk
*kk
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SUBROUTINE TABLES (NR,I)

PORPOSE
TO PROVIDE CORRECT VALUES FOR CONSTANTS IN THE

THERMODYNANIC EFOPERTIES SUBPROGRAMS, CORRESPONDING

TO THE DESIRED BREFRIGERANT (12,22, OR 502)

AUTHORS C. C. HILLER AND L. R. GLICKSMAN
THIS SUBPEOGRAM APPEARS HERE UNCHANGED
FRON THAT GIVEN IN REPORT NO. 24525-96,
HEAT TRANSFER LABORATORY,
MASSACHUSETTS INSTITUTE OF TECHNOLOGY.

DBSCRIPTION OF PARAMETERS

INPOT :
NR - REFRIGERANT NUMBER (12,22, OR 502)

OUTEOT '
ALL OF THE CONSTANTS HELD IN COMMON BLOCKS
THE REPRIGERANT INDICATOR *I!

REAL X,LE10,L10E,J
DESCRIPTION OF CONSTANTS
VAPOR PRESSURE CONSTANTS
COMMON/SAT/AVP,BVP,CVP,DYP,EVP,FVP
CRITICAL POINT EROPERTIES TC, PC, VC
INITIAL APPROXIMATION CONSTANTS A, B
MISCELLANEOUS CCNSTANTS TFR, LE10
COMMON/SUPER/ TC,PC,¥C,A,B,TFR,LE10
ECUATION OF STATE CONSTANTS
COMMON/STATEQ/R,B1,A2,B2,C2,A3,B3,C3,A4,B4,C4,A5,B5,
1¢5,46,B6,C6 ,K, ALPEA,CPR

SPECIFIC HEAT AT CONSTANT VOLUME CONSTANTS
ACV,BCV,CCY,DCY,ECV,FCY
ENTHALPY AND ENTROPY OF VAPOR CONSTANTS X, Y
MISCELLANEOUS CCNSTANTS L10E, J

COMMON/OTHEE/ACY, BCV, CCV, DCV, ECV,PCY,X,Y,L10E,J

INRITE = 6

SET REFRIGERANT INLICATOR *I°

I1=0

IF (NR.EQ. 12) I=1

IP(NR.EQ.22) I=2

IP (NR.EQ.502) I=3

IF(I.EQ.0) GO TO 999

J = .185053

L10E = .434294

LE10 = 2.30258%

GO T0(10,20,30) , I

C CONSTANTS FOR REFRIGERANT 12

10

AVP = 39.883817
BYVP = -3436.63228
CVP = ~-12.471522
DVP = 4.730442E-03
EYP = 0.0

FVP = 0.0

TC = 693.3

PC = 596.9

vC = .02870

A = 120.0

B = 312.0

%k ¥k

© k%K

k%
L 2 1
*x ok



TPR =
R= .
B1
A2
B2
c2
A3
B3
c3
Al
B4
(o]
AS
BS
¢S
A6
B6
c6
RK=5
ALPHA
CPR
‘ACY
BCY
ccy
DCV
ECY
FCV =
X =3
!:-
RETUR

[ T T T AT 1} owonn

[]

T T O (I}

C CONSTANTS

20

459.7

088734
6.509389E~03
~3.4809727
1.594348E-03
-56.762767
6.023945E~-02
-1.879618E-05
1.311399
-5.487370E-04
0.0

0.0

0.0

3. 468834E~09
-2.543907E=05
0.0

0.0

0.0

.475

= 0.0

0.0
8.0945E-03
3.32662E-04
-2.413896E-07
6.72363E-11
0.0

0.0
9.556551
1.653794E-02
N

FOR REFRIGERANT 22

AVP = 29.357545
BVYP = -3845.193152
Ccvp = - 7.861031
DYP = 2.190939E-03
EVP = . 445747

FVP = 686.1

TC = 664.5

PC = 721.906

vC = .03052%

A= 120.0

B = 388.0

TPR = 459.69

R = .124098

Bt = .002

A2 = -4.353547

B2 = 2.407252E~03
C2 = -44,.066868

A3 = ~.017464

B3 = 7.62789E-0S
C3 = 1.483763

A4 = 2.310142E-03
B4 = -3.605723E-06
cy4 = 0.0

A5 = =3.724048E-05
B5 = 5.3554€5E~08
C5 = ~-1.845051E-04
A6 = 1.3633£7E08
B6 = ~1.672612E05
C6 = 0.0
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K= 6.2
ALPHA = 548.2
CPR = 0.0
ACY = 2.812836E-02
BCV = 2.255408E-04
CCV = -6.509607E~08
DCY = 0.0
ECY = 0.0
FCY = 257.341
= 62,4009
Y = -4.,53335E-02
RETURN
C CONSTANTS FOR REFRIGERANT 502

30 AP = 10.644955
BYP = -3671.153813
cve = - .369835
DVP = =-1.746352E-03
EVP = .816114
FYP = 654.0
TC = 639.56
PC = 591.00
VC = .028571
A= 117.0
B = 279.0
TPR = 459.67
R = .096125
B1 = .00167
A2 = -3.261334
B2 = 2.057629E~03
C2 = -24.24879
A3 = 3.486675E-02
Bl = -.867913E-05
C3 = .332748
A4 = -8.576568E-04
B4 = 7.024055E-07
Cl4 = 2.241237E-02
A5 = 8.836897E-06
BS = -7.9168C9E~09
C5 = =3.716723E-04
A6 = -3.825373E07
B6 = 5.581609E04
C6 = 1.537836E09
K= 4.2
ALPHA = 609.0
CER = 7.E-07
ACY = 2.0419E-02
BCV = 2.996802E-04
CCY = -1.409043E~-07
DCV = 2.210861E~11
ECY = 0.0 °
FCV = 64.058511
Y = 35.308
Y = -.0T444
RETURN

PRINT ERROR MESSAGE IP
*NR' DOES NOT EQUAL 12,22, OR 502
999 WRITE(IWRITE,1000)
1000 PORNMAT (! *#%%xk*x%%4%**ERROR IN SUBROUTINE -TABLES-?)
BETURN
END

[e Mg
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PONCTION TSAT(NR,PSAT)

PURPOSE
TO EVALUATE THE SATURATION TEMPERATOURE
OF REFRIGERANT 12,22, OR 502
GIVEN THE SATURATION PRESSURE

AOTHORS C. C. HYLIER AND L. R. GLICKSMAN
THIS SUBFROGRAM APPEARS HERE UNCHANGED

FRCH THAT GIVEN IN REPORT NO. 24525-96,

HEAT TRANSFER LABORATORY,
MASSACHUSETTS INSTITUTE OF TECHNOLOGY.

DESCRIPTION OF PARIMETERS

INPUT .
NR - BEFRIGERANT NUMBER (12,22, OF 502)
PSAT - SATURATION PRESSURE (PSIA)

OUTPUT
TSAT - SATURATION TENPERATURE (F)

BEMARKS

SUBROUTINE TABLES CALLED BY THIS FUNCTION
REAL LE10

CONSTANTS

VAPOR PRESSURE CONSTANTS
COMMON/SAT/AVP,BYP ,CVP,DVP,EVP,FVP

CRITICAL POINT PROPERTIES 1TC, PC, VC

INITIAL APPROXIMATION CONSTANTS A, B

MISCELLANEOUS CONSTANTS  TFR, LE10
COMMCN/SUPER/ TC,PC,VC,A,B,TPR, LE10

INRITE = 6

OBTAIN VALUES OF THE CONSTANTS POR THE
DESIRED REFRIGERANT FROM SUBROUTINE *TABLES?
(THROUGH COMMON)

CALL TABLES (NR,I)

CHECK *PSAT®
IF(PSAT.LE.0.0) GO TO 999

COMPUTE INITIAL ESTIMATE OF *TSAT' FRON
LINEAR APPRCXIMATION

PLOG = ALOG10 (PSAT)

TR=A*PLOG ¢+ B

ITER = 0

ITERATE TO WITHIN .01 USING NEWTON ITERATION
TRO = TR

ITER = ITER + 1

IF(ITER.GT. 30) GO TO 998

C = ALOG10 (ABS (FYP - TRO))

F=AVP+BVP /TRO4+CVP*ALOG 10(TRO) +D VP*TRO+EVP* ( (FYP-TRO) /

1TRO) *C-PLCG

FP=-BYP/TRO**2+CVP/ (LE10*TRO) +DVP-EVP* (1./(LE10*TRO) +

1FVP*C/TRO**2)
TR=TRO~F/FP
IF (ABS(TR-TRO) .GT..01) GO TO 1

R

%ok ok
* ok ok

T

KKk
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TSAT=TR-TFR
RETURN

PRINT ERROR MESSAGE IF .
PSAT IS LESS THAN OR EQUAL TO0 ZERO
NUMBER OF ITERATIONS IS GREATER THAW 30

ISAT=TR-TFR

WRITE(IWRITE, 1000)

BETURN

TSAT=0

WRITE (IWRITE,1000)

FORMAT (10X, 'ERROR IN CALLING SUBROUTINE -TSAT- ¢).

BETUOEN .
END
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PUNCTION SPYOL (NR,TF,PPSIA)

PURPOSE o
TO EVALUATE THE SPECIFIC VOLUME OF THE VAPOR PHASE
OF REFRIGERANT 12,22, OR 502
GIVEN THE PRESSURE AND TEMPERATOURE

AUTHORS C. C. HYIILER AND L. R. GLYCKSMAN
THIS SUBPROGRAM APPEARS HERE UNCHANGED
FROM THAT GIVEN IN REPORT NO. 24525-96,
HEAT TRANSFER IABORATORY,
MASSACHUSETTS INSTITUTE OF TECHNOLOGY.

DESCRIPTION OF PARIMETEES

INPOT o
NR - QREFRIGERANT NUMBER (12,22, OR 502}
TF - TEMPERATURE (F)

PPSIA~ ERESSURE (PSIA)

OUTPUT

SPVOL- SPECIFIC VOLUME (CU FT/LBN)

REMARKS

k%

Eil

* k%
* Kk
ok e

FUNCTION SUBPROGRAM TSAT CALLED BY THIS PUNCTION

SUBROUTINE TABLES CALLED BY THIS SUBROUTINE
REAL K,LE10

CONSTANTS

CRITICAL POINT EROPERTIES TC, PC, VC

INITIAL APPROXINATION CONSTANTS A, B

MISCELLANEOUS CCNSTANTS TFR, LE10
COMMON/SUPER/ TC,PC,VC,A,B,TFR,LE10

EQUATION OF STATE CONSTANTS
COMMCN/STATEQ/R,B1,A2,B2,C2,A3, B3, C3, Al, BY, ca.as,as,

1C5,A€,B6,C6,K, ALPHA,CPR

IWRITE = 6

OBTAIN VALUES OF THE CONSTANTS CORRESPONDING TO THE

i B

DESIKED REFRIGERANT FROM SUBROUTINE TABLES
(THROUGH COMMONY

CALL TABLES (NR,I)

CONVERT *TF? TO 'T¢ AND CRECK VALgE ~~— "~
T = TF + TFR

IFP(T.LE.0.0) GO TO 999

CALCULATE *TFSAT' AND COMPARE WITH *TP'
TFSAT=TSAT (NR,PPSIA) o
IF(TF.LT. (TFSAT-0.050)) GO TO 999

CHECK 'PPSIA®
IF (PPSIA.LE.0.0) GG TO 999

CALCULATE CONSTANTS
ESO = EXP (-K*T/TC)
ES1=PPSIA

BS2 = R4T
ES3=A2¢B2*T4+C2*ESO
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ESt=A3+B3*T+C3*ES0O
ESS=24+BU*T+C4*ESO
ES6=A5+B5*T+C5*ESQ
EST=A64B6*T+C6*ESO
ES32=2.%ES3
ES43=3.%ESY
ESSH=4,*ES5
ES65=5.%ES6

COMPUTE INITIAL ESTIMATE OF *V! FPROM IDEAL GAS LAW
YN=R*T/PPSIA
ITER = 0

COMPUTE *V' TO WITHIN 1.0E-06 BY NEWTON ITERATION
ITER = ITER + 1
IP (ITER.GT.30) GO TO 998

V=V

V2 = V*%2
V3 = V**3
V4 = V*x4
V5 = v*x*5
V6 = V**6

Z = ALPHA*(V+B1)

IF(2.GT.150.0) 2=150.0

EMAV=EXP (-72)

GO TO (2,2,3),I
F=ES1-ES2/V-ES3/V2~-ESU/V3-ES5/VU4-ES6/V5-EST *EMAY
FV=ES2/V2+ES32/V3+ESt3/V4+ES5U4/V54ES65/V6+EST*ALPHAXE

1MAV

GO TO U
EM2AV = EMAV**2
FP=ES1-ES2/V-ES3/V2-ES4/V3~-ES5/VU-ES6/V5~-EST*EN2AV/ (BN

1AV+CPR)

FV=ES2/V2+ES32/V3+ESU3/VU+ES54 /V5¢ES65/V6+EST*ALPHA*E

1M2AV* (EMAV42,*CER) / (EMAV4CPR) **2

YN=V-F/FV

IP (ABS ((VN-V)/V).GT.1.E~06) GO TO 1
SPYOL = VN+B1

RETUEN

PRINT ERROR MESSAGE IP
TP IS LESS THAN OR EQUAL TO ZERC DEGRER R
TF IS LESS THAN TFSAT CORRESPONDING TO PSAT = PPSIA
PPSIA IS LESS THAN OR EQUAL TO ZERO
MCRE THAN 30 ITERATYONS ARE NEEDED
SPVOL = VN + B1
WRITE (IWRITE,9)
RETURN
SEVOL=0.
WRITE (IWRITE,9)
FORMAT (' ***#*ERROR IN CALLING SUBROUTINE -SPVOL-')
RETURN
END

»
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SUBROUTINE VAPOR (NR,TF, PPSIA,YVAP,HVAP, SVAP)

PU9POSS
TO EVALUATE THE THERMODYNAMIC PROPERTIES
OF THE SUPERHEATED VAPOR PHASE ™
OF REFRIGERANT 12,22, OR 502
GIVEN THE TEMPEFATURE AND PRESSURE

AUTHORS C. C. HILLER AND L. R. GLICKSHAN
THIS SUBPROGRAM APPEARS HERE UNCHANGED
FROM THAT GIVEN IN REPORT NO. 24525-9¢,
HEAT TRANSFER LABORATORY,
MASSACHUSETTS INSTITUTE OF TECHNOLOGY.

DESCRIPTICN OF PARIMETERS

INPOT
NR - REFRIGEFANT NUNBER (12,22, OR 502)
TF - TEMPERATURE (F)

PPSIA- ERESSURE (PSIA)

OUTPUT
VVAP - SPECIPIC VOLUME OF VAPOR (CU FT/LBN)
RVAP - ENTHALPY OF VAPOR (BTU/LBY)

SYAP -~ ENTROPY OF VAPOR (BTU/LBM - R)

* &k

CkwE
KT

o’k sk

FONCTION SUBPROGRAM SPVOL CALLED BY THIS SUBROUTINE

FONCTION SUBPROGRAM TSAT CALLED BY THIS SUBROUTINE
SUBROUTINE TABLES CALLED BY THIS SUBROUTINE
REAL K,J,KTCTC,LE10,L10E

CONSTANTS
CRITICAL POINT PROPERTIES TC, PC, VC’
INITIAL APPROXIMATION CONSTANTS A, B (NOT USED)
MISCELLANEOUS CCNSTANTS TFR, LE10
COMMCN/SUPER/ TC,EC,VC,A,B,TFR,LE10

EQUATION OF STATE CONSTANTS i
COMMCN/STATEQ/R,B1,A2,B2,C2,13,B3,C3,1.4,B4,C4, A5,BS5,

1C5,A€,B6,C6,K ALPHA,CPR

SPECIFIC HEAT AT CONSTANT VOLUME CONSTANTS

ACY,BCY,CCV,DCV,ECY,FCY

ENTHALPY AND ENTHOPY

MISCELLANEOUS CONSTANTS 1 k
COMMON/OTHEF/ACY, ECV, CCV, DCV, ECY, FCV, X, Y,L10E,J

OBTAIN VALUES OF THE CONSTANTS CORRESPONDING TO THE =~

DESIRED REPRIGERANT FROM SUBROUTINE TABLES
{THROUGH COMMON)
CALL TABLES (NR,I)

IWRITE = 6

CONVERT *TF! TO *T' AND CHECK VALUE

T = TF + TFR

IP(T.LE.0.0) GO TC 999

CALCULATE *IFSAT®* AND COMPARE WITH *TP?
TPSAT = TSAT(NR,PESIA)

IF(TF.LT.TFSAT) GO TO 999

CHECK *PPSIA!
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IF (PPSIA.LE.0.0) GO TO 999

CALCULATE * VVAR!

VYVAP = SPVOL(NR,TF,PPSIA)
CALCULATE 'HVAP! AND *SVAP!
T2 = T**2

T3 = T**3

T4 = T4

VR = VVAP-B1

VR2 = 2.%VR*%2

YR3 = 3.%xVR**3

VRU = L *YR**4
KTDTC = K*T/TC
EXTDTC = EXP (-KTDTC)
2 = ALPHA*VVAP
IF(2.GT.150.0) Z = 150.0
EMAV = EXP(-7)
H1=ACY*T+BCV*T2/2. +CCV*T3/3.+DCV*T4/4, ~FCV/T
H2 = J*DPPSIA*VVAP
H3=A2/VR+A3/VR2+AU/VR3+AS/VRY
A4=C2/VR+C3/VR2+C4/VRI+C5/VRY
S1=ACVAALOG (T) +BCVAT+CCV*T2 /2. +DCV*T3 /3. ~FCV/ (2. *T2)
S2 = J*R*ALCG {VE)
S3=B2/VR+B3/VR2+BU/VR3+B5/VRY
S4 = HY4
GO TC(6,4,5),I
4 H3 = H3+A6/ALPHAXENAV
S3 = S3+B6/ALPHA*ENAV
GO TO 6
5 HO0=1./ALPHA* (ENAV-CPR*AL0G(1.+EMAV/CPR))
H3 = H3+A6%H0

H4 = H4 -C6*HO
S3 = S3+B6*8HO
S4 = S4-C6*HO

6 HVAP=H1+H2+¢J*H3+J*ERTDTC* {1.+KTDTC) *HU4+X
SYAP=S1 +S52-J*%S3+J4EKTDIC*K/TC*54+Y
RETUEN

PRINT ERROR MESSAGE IF
TF IS LESS THAN OR EQUAL TO ZERC DEGREE R
TF IS LESS THAN TFSAT CORRESPONDING TO PSAT = PPSIA
PPSIA IS LESS THAN OR EQUAL TO ZERO ‘
999 WRITE (IWRITE,1000) '
1000 PORMAT (* **%**x**ERROR. IN CALLING SUBROUTINE -VAPOR-')
RETOEN :
END
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SUBROUTINE SATPRP (NR,TF,PSAT,VF,VG,HP,HFG,HG,SF,SG)
DIMENSION AND TYPE STATEMENTS

DIMENSION AL (3),BL(3),CL(3),DL(3),EL(3)

REAL J,K,KTDTC,LE1C,L10F

PURPOSE

TO EVALUATE THE SATURATION THERMODYNAMIC PROPERTIES

OF REFRIGERANT 12,22, OR 502
GIVEN THE SATURATION TEMPERATURE

AUTHORS C. C. HILIER AND L. R. GLICKSMAN
THIS SUBPROGRAM APPEARS HERE UNCHANGED
FROY THAT GIVEN IN REPORT NO. 24525-96,
HEAT TRANSFER LABORATORY,
MASSACHUSETTS INSTITUTE OF TECHNOLOGY.

DESCBIPTION OF FARAMETEES

* %k

okt

ok %
T
.

INPUT
NR ~ REFRIGEFANT NUMBER (12,22, OR 502)
TF ~ TEMPERATORE (F)
QUTPOT
PSAT - SATURATICN PRESSURE (PSIA)
vF - SPECIFIC VOLUME OF SATURATED LIQ. (CU PT/LBN)
ve ~ SPECIFIC VOLUME OF SATURATED VAP. (CU FT/LBN)
HF = ENTHALPY OF SATURATED LIQUID (BTU/LBM)
HFG - LATENT ENTHALPY OF VAPORIZATION (BTU/LBM)
HG = ENTHALPY OF SATURATED VAPOR (BTU/LBN)
SF - ENTROPY OF SATURATED LIQUID (BTU/LBM - R)
S6 - ENTROPY OF SATURATED VAPOR (BTU/LBM - R)
REMARKS

FUNCTION SUBPROGRAM SPVOL CALLED BY THYIS SUBROUTINE

SUBROUTINE TABIES CALLED BY THIS SUBROUTINE

FUNCTION SUBPROGEAM TSAT AVAILABLE FOR CALCULATING

THE SATURATION TEMPERATURE GIVEN THE SATURATION
PRESSURE

CONSTANTS

VAPOR PRESSURE CONSTANTS
COMMON/SAT/AVP, BVE,CVP, IVP, EVE, FVP

CRITICAL POINT EROPERTIES TC, PC, VC

INITIAL APPROXIMATION CONSTANTS A, B (NOT USED)

MISCELLANEOUS CCNSTANTS TFR, LE10
COMMON/SUPER/ TC,PC,VC,A,B,TFR,LE10

EQUATION OF STATE CONSTANTS
COMMON/STATEQ/R,B1,A2,B2,C2,A3,B3,C3,A4,B4,C4,A5,B5,

1C5,16,B6,C6,K,ALPHA,CPR

SPECIFIC HEAT AT CONSTANT VOLUME CONSTANTS
ACY,BCV,CCV,DCV,ECY,FCY

ENTHALPY AND ENTROPY OF VAPOR CONSTANTS X, Y
MISCELLANEOUS CCNSTANTS L10E, J

COMMON/OTHEE/ACV,ECV,CCV,DCV,ECV,PCY,X,Y,L108,J

LIQUID DENSITY CONSTANTS p
DATA AL,BL,CL,DL,EI/3Q.8“,32.76,35.0,.02696,5“.63““09
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1,53.48437,.8364921,36.74892,63.86417,6.02683,-22.29256
26,-70.08066,~.655549E~05,20.473289,48.47%01/

OBTAIN VALUES OF THE CONSTANTS CCRRESPONDING TO THE
DESIRED REFFIGERANT PROM SUBROUTINE TABLES

(THROUGH CQMNMON)

CALL TABLES (NR,T)

IWRITE = 6

CONVERT 'TP! TO *T* AND CHECK VALUE
T = TF & TFR
IP (T.LE.0.0) GO TO 999

CCMEARE *T' WITH 'TC*
IP(T.GT.TC) GO TO 999

CALCULATE 'PSAT!

GO TO(10,11,11), I

PSAT=10.%% (AVP4BVP/T+CYP*ALOG 10 (T) ¢DVP*T)

GO0 TO 12

PSAT=10. ** (AVP+BVE/T+CVP*ALOG 10 (T) ¢DVP*T+EVP* ( (FVP-T)
1/T) *ALOG10 (FVP-T) )

CALCULATE tvVG?
VG = SPVOL(KR,TF,PSAT)

CALCULATE *VE®

GO TO (1,2,2), I

TCHT = TC-T

VF=1./ (AL (I) +BL (I) #TCHT+CL (I) *TCMT** (1. /2.) +DL (I) *TCH
1T#% (1. /3.) +EL (I) *TCHT**2)

GO TO 3

TR1 = 1.-T/1IC

VP=1./ (AL (I) +4BL (I) #*TR1#*( 1. /3.) +CL (I} *TR 1¥* (2./3.) +DL
1(I) *TR1+EL (1) *TR1** (4. /3.))

CALCULATE *EFG' BY CLAUSIUS CLAPEYRON EQUATION

G0 TC(31,32,32),1

HFG= (VG~VF) *PSAT*LE10% (~BVP/T+CVE/LE104DVP*T) *J

GO TO 33

HPG= (VG-VF) *PSAT*LE10* (~BYP/T+CVP/LE10+DVP*T-EVP* (L10
1E+FVP*ALOG10 (FYP=T) /T) ) *J

SPG = HFG/T

CALCULATE %HG' AND °'SG*

T2 = T**2
T3 = T**3
T4 = T**Y
VR = VG-B1
VR2 = 2.%VR**2
VR3 = 3.%VR##*3

VRU = G *YR**G

KTDTC = R*T/TC

EKTDIC = EXP (-KTDIC)

7 = ALPHA*VG

IF(2.GT.150.0) Z = 150.0

EMAV = EXP(-2)

H1=ACVXT¢BCV#T2/2. +CCY*T3/3.+DCV*T4/4,.~FCV/T
B2 = J*PSAT*VG
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H3=22/VR+A3/VR2+A4/VR3+A5/VRY
H4=C2/VR+C3/VR2+4C4/VR3I+C5/V RY

S1=ACY*ALOG (T) +BCV#T+CC V¥ T2 /2. +DCV*T3 /3. ~FCV/ (2. *T2)
S2 = J*R*ALCG(VR)

S3=B2/VR+B3/VR2+B4/YRI+BS/VRY

.St = HY

GO TO(6,4,5), I

H3=H34A6/ALPHA*ENMAY

S3=S3+B6 /ALEHA®EMAV

GO TO 6

HO=1./ALPHA* (EMAV-CER*ALOG(1.+ENAV/CPR))
H3I=H3+A6*HO

H4=H4-CH*HO

$3 = S34B6*HO

S4 = SU-C6*HO
HE=H1+H2+J*HI+J*EKTDIC* (1. +KTDTC) *HY+X
SG=51+#52~J*S3+J*EKTDTC*K/TC*S4+Y

CALCULATE 'HF' AND f'SP*
HF = HG - HFG

SF = SG-S¥FG

RETURN

PRINT ERROR MESSAGE IF

TF IS LESS THAN OR EQUAL TO ZERO DEGREE R

TF IS GREATER THAN THE CRITICAL TENPERATORE
WRITE(IWRITE, 1000)

1000 PORMAT (' *****ERROR IN CALLING SUBROUTINE -SATPRP-1)

RETURN
END
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SUBROUTINE TRIAL(NK,TY,DTY,P,N,ARG,TOL,V,H,S,T)

PURPGSE :
TO DETERMINE REMAINING SUPERHEATED VRPOR PROPERTIES,
GIVEN THE PRESSURE AND ONE OTHER PROPERTY

AUTHORS C. C. HOILLER AND L. R. GLICKSMAN *okok
THIS SUBPROGRAM APPEARS HERE UNCHANGED ) *kk
FROM THAT GIVEN IN REPORT NO. 24525-96, o kEx
HEAT TRANSFER LABORATORY, b dd
MASSACHUSETTS INSTITUTE OF TECHNOLOGY. ek ok
DESCRIPTION OF PARIMETERS
INPUT
NR - REFRIGERANT NUMBER (12,22, OR 502)
TI -~ INITIAL TSMPERATURS GUESS (F)
DTI =~ INITIAL STEP SIZE 60R TEMP. ITERATION (F)
P = PRESSURE 'PSIA)
N - ARGUMENT INDICATOR
IF N = 2, THE SECOND KNOWN PROPERTY IS SPECIFIC VOL.
IF ¥ = 3, THE SECOND KNOWN PROPERTY IS ENTHALPY
IFP N = 4, THE SECOND KNOWN PROPERTY IS ENTROPY
ARG - THE SECCND KROWN PROPERTY
TOL -~ CONVERGENCE TOLLERANCE
OUTPUT
v - SPECIFIC VOLUME OF VAPOR (CU FT/LBHN)
H - ENTHALPY OF VAPOR (BTU/LBN)
S - ENTROPY OF VAPOR (BTU/LBM-R)

T - TEMPERATURE OF VAPOR (F)

REMARKS
THIS PROGRAM CRILS SUBROUTINE VAPOR TO DETERMINE
THE LESIRED REFRIGERANT PROPERTIES

T =TI

DT = DTI

DO 20 X = 1,40

T = T+DT

CALL VAPOR(NR,T,P,VVAP,RVAP,SVAP)
TF (N.EQ.2)ARGN = VVAP

IF(N.EQ.3) ABGN = HVAP

IF(N.EQ.4) ARGN = SVAP
IFP({N.NE.2) .AND. (N.NE.3).AND. (N.NE.8)) GO TO 25
YF(DT.LT.0.0) DIFF = ARG - ARGN
IF (DT.GT.0.0) DIPF = ARGN - ARG
IF(DT.EQ.0.0) GO TO 25

IF (ABS (DIFF).LE.TCI) GO TO 30
1F(DIFF) 20,30,10

T =17~ DT
DT = DT/2.0
CONTINUE
WRITE(6, 100) N
Vv = VVAP

E = HVAP

S = SVAP
RETURN

PORMAT (' ***%**TRIAL DOES NOT CONVERGE N=',12,% **kxkk?)
END
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SUBROUTINE SPFHT (XR,TF,PPSIA,CV,CP,GAMNA, SORIC)

POURPOSE
TO CALCULATE SPECIFIC HEAT AT CONSTANT VOLUHE,
SPECIFIC HEAT AT CONSTANT PRESSURE, SPECIFIC
HEAT RATIO, AND SONIC VELOCITY FOR
REFRIGERANT 12,22, OR 502

AUTHORS C. C. HILLER AND L. R. GLICKSMAN D T T

THIS SUBPROGRAM APPEARS HERE UNCHANGED =~ %
FRCM THAT GIVEN IN REPORT NO. 24525-96, - %%
HEAT TRANSFER LABORATORY, . ...
MASSACHUSETTS INSTITUTE OF TECHNOLOGY. LEE
DESCRIPTION OF PAREIMETERS
INPUT

NR - RFFRIGEFANT NUMBER (12,22, OR 502)

TF - TENPERATURE (F)

PESIA~ PRESSUERE (PSIA)

0UTPOT iy
CV - SPECIFIC HEAT AT CONSTANT VOL. "~ (BTU/LB!—R)

cp - SPECIFIC HEAT AT CONSTANT PRES. (BTU /L BM-R)
GAMMA~ SEECIFIC HEAT RATIO - e
SONIC VELOCYTY (FPS)

FUNCTION SUBPROGRAM SPVOL CALLED 'BY THIS SUBROUTI B
FONCTION SUBPROGRAM TSAT CALLED ‘BY THIS _SUBROI
SUBROUTINE TABLES CALLED BY THT
REAL K
CONSTANTS } .
CRITICAL POINT FROPERTIES TC, PC, VC
INITIAL APPROXIMA'ION CONSTANTS A, B (NOT USED)
MISCELLANEOUS CCNSTANTS TFR, LE10
COMMON/SUPER/ TC,PC,VC,A,B, TFR, LE10
EQUATION OF STATE CONSTANTS
CONMON/STATEQ/R,B1,A2,B2,C2,A3,B3,C3,A4,B4,Cl4,AS, BS,
1C5,A46,86,C6,.K, ALPHA CPR
SPECIFIC HEAT AT CONSTANT VOLUME CONSTANTS
ACV,BCV,CCV,ICV, ECY, FCV ) ) e
ENTHALPY AND ENTROPY OF VAPOR CONSTANTS ‘X, Y
MISCELLANEQUS CCNSTANTS L10E, J
COMMON/OTHER/ACY,BCY,CCV,DCY,ECY,FCY,X,Y,L10E,J

OBTAIN VALUES OF THE CONSTANTS CORRESPONDING 70 THE'
DESIRED REFPFIGERANT FROM SUBROUTINE TABLES

(THROUGH COMMON)

CALL TABLES (NR,I)

IRRITE = 6 .
CONVERT *TF' TO "T' AND CHECK VALUE
= 1F ¢ TFR

IF(T.LE-0.0) GO TO 999
CALCULATE *IPSAT' AND CCMPARE WITH °TPY
TFSAT = TSAT (NR,PPSIA) "

IP(TF.LT. TFSAT). 60 TO 999

CHECK *PPSIAY o
IF (PPSTA.LE.0.0) GO TO 999

CALCULATE *VVAPY
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YVAE = SPVOL (NR,TF,PPSIA)

CALCULATION OF DERIVATIVES

¥1 = VVAP - Bt
V2 = V1%%2
V3 = VI**3
V4 = Vikky
V5 = V1**5
V6 = Vi*x%x6

"EKTTC=EXP (-K*T/TC)

2 = ALPHA*VVAP

22 = 2.%2

23=3.%7

IP(2.GT.150.0) % = 150.0

IF(22.67.150.0) 22 = 150.0

IF(23.6T. 150.0) 23=150.0

GO TO{1,2,3),I

FDPDV=0. 0

FDEDT = 0.0

GO TO 4

FDPD V=~ALPHA®EXP (~2)* (A6+B6*T)

FDPDT=B6*EXP (~2)

GO TO &

FDPDV=- (ALPHA* (EXP (~23) $2. *CPR*EXP (~22) ) /(EXP (-22) +2.
1*CPRHEXP (~2) +CPR*#2)) * (A6+BE*T+CE*EKTTC)
FDPDT={B6-K#C6*EKTTC/TC) *EXD (=% 2) / (EXP (-Z) +CPR)
DPDV=-R*T/V2-2.% (A24B2%*T+C2*EKTTC) /V3-3.* (A3+B3I*T+C3I*
1EKTTC) /VU~U. % (AY+BUFT+CY¥EKTTC) /V5=5. % (AS+B5*T+C5*EKT
27C) /V6+FDPDY

DPDT=R/V 1+ (B2-K*C 2%EKTTC/TC) /V2+ (B3-K*C3*EKTTC/TC) /V3
14 (BU~K*CB *EKTTC/TC) /¥4 ¢ (B5-K*CS*EKTTC/TC) /V5+FDPDT

GO TO(5,5,10),T

FCCY = 0.0

GO TO 15

FCCV=C6*EXP (-Z) /ALPHA- (C6*CPR/ALPEA) *ALOG (1. +EXP(~Z) /
1CPR) :

CALCULATE 'CV?®
CV=ACV+BCVXT4CCTRTAX24DCVAT*A3+ FCV/TH*2~ (. 185053% K**2
1XT*ERTTC/TC#%2) # (C2/V14C3/ (2.%XV2) +C4 /(3. %V3) ¢C5/ (4. %V
24) +FCCY)

CALCULATE *CP!
CP = CYV~-.185053*%T*DPDT**2/DPDV

CALCULATE ¢GAMMA?
GAMMA = CP/CV

CALCULATE *SONIC®

SONIC=VYAP*SQRT (857.36091*T*DPDT**2,/CV-4633.056*DPDV)
RETURN

PRINT ERROR MESSAGE IF
TF IS LESS THAN OR EQUAL TO ZERO DEGREE R

TF IS LESS THAN TFSAT CORRESPCHNDING TO PSAT = PPSIA

PPSIA IS LESS THAN OR EQUAL TO ZERO
WRITE (IWRITE, 1000)

PORMAT (' **#»*»*x%%*EBROR IN CALLING SUBROUTINE -SPFHT-')

RETURN
END

g
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SPHTC (DE,6,C1,C62,03,C4,C5,C6,XL1, UL,XHU,

1CP, PR, RE, HTC)

PURPOSE

TO DETERMINE SINGLE PHASE HEAT TRANSPER
COEFFICIENTS AND REYNOLDS NUMBERS
IN LAMINAR,TRANSITION, OR TURBOLENT PLOW

AUTHORS C.

THIS SUBPROGRAM APPEARS HERE UNCHANGED
FRCM THAT GIVEN IN REPORT NO. 2“525‘96,
HEAT TRANSFER 1ABORATORY, o
MASSACHUSETTS INSTITUTE OF TECHNOLOGY.

C. HILLER AND L. R. GLICKSMAN I

DESCRIPTION OF EARIMETERS

INPOT
DE -

2]
t
]

HIC -~

EQUIVALENT DIAMETER OF FLOW PASSAGE (FT)
MASS FLOW PER UNIT AREA (LBM/HR-5Q PT)
CONSTANTS DESCRIBING UESIRED
TRANSFER COEFFICIENT RELATIO
LOWER REYNOLDS NUMBER LIMIT FOR LAMI FLOW
UFPER REYNOLLS NUMBER LIMIT FOR TURB. PLOW
VISCOSITY OF FLUID (LBM/HR-FT)

SPECIFIC HEAT AT CONSTANT PRES. (BTU/LBM-R)
PRANDT1 NOUMBER

REYNOLDS NUMBER S
SINGLE EHASE HEAT TRANS.COEF. (BTU/HR-SQ FT<F)

RE = DE*G/XMU

LAMINAR FLOW REGIME
IP (RE.LT. XLL) HTC = C1*GXCP*PR** (~,667) *RE#*C2

TRANSITION

FLOW REGIME

IP((RE.GE.XLL) .AND, (RE.LT.UL)) HTC=C3*G*CP*PR**(- 667

1) *RE#*CY4

TURBULENT FIOW REGINE , -
IP(RE.GE.UL) HTC = CSXG#*CP*PR** (~.667) #RE**C6

FETORN
END

*k %
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SUBROUTINE SEFF (XK,DELTA,HA,XL,PAR,CAR,HCONT,SEFFR)

PURPOSE
TO DETERMINE THE SURFACE EFFICIENCY
FOR A PINNED SURFACE, ACCOUNTING FOR CONTACT
RESISTANCE BETWEEN FINS AND ‘BASE

AUTHORS C. C. HILLER AND L. R. GLICKSMAN ,
THIS SUBPROGRAM APPEARS HERE UNCHANGED
FRCM THAT GIVEN IN REPORT NO. 24525-96,
HEAT TRANSFER LABORATORY, o
MASSACHUSETTS INSTITUTE OF TECHNOLOGY.
DESCRIPTION OF PARAMETERS
INPOT
XK - THERMAL CONDUCTIVITY OF PIN (BTU/HR— T-r)
DELTA- FIN THICKNESS (FT)
HA - EXTERNAL HEAT TRANS.COEF. (BTU/HR-SQ FT-F)
XL - LENGTH CF PIN (FT)
FAR - RATIO - FIN HEAT TRANS.AREA/TOTAL H.T. AREA
CAR =~ RATIO - FIN HEAT TRANS.AREA/CONTACT AREA

TO ACCOURT FOR CONTACT RESISTANCE BETWEEN FINS

AND BASE

HCONT- CONTACT RESISTANCE (BTU/HR-SQ FT-F)
OUTPUT ’

SEFFR- OVERALL SURFACE EFFICIENCY

FPIN EFFICIENCY
XM = SQRT (2.0*HA/ (XK*DELTA})

FINEP = (BXP (XM*XL)-EXP (-XM*XL)) /((BXP(XM*XL) +EXP (XN

| *XL) ) *XM*XL)

SURFACE EFFICIENCY

SEPFR=1.0~FPAR* (1.0-1.0/ (CAR*HA/HCONT+1. O/PINEP))
RETURN

END

ek %k
% kK
ok ok
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SUBROUTINE EXF (RTOT,Ci,CR,CMIN, EXPR)

PURECSE

TO DETERMINE THE EFPECTIVENESS OF A CROSS FLOW HEAT ™

EXCHANGER USING THE EFFECTIVENESS-NTUO NETHOD

AUTHORS C. C. HILLER AND L. R. GLICKSMAN
THIS SUBPROGRAM APPEARS HERE UNCHANGED
FRON THAT CIVEN IN REPORT NO. 24525-96,
HEAT TRANSPER LABORATORY, V
MASSACHUSETTS INSTITUTE OF TECHNOLOGY.
DESCRIPTION OF PARIMETERS
INPUT
RTOT - TCTAL RESISTANCE TO HEAT FLOW
BETWEEN FLUIDS ((HR-F)/BTU)
CA - TOTAL HEAT CAPACITY OF FLUID A (BTU/R)
CR =~ TOTAL HEAT CAPACITY OF FLUID R (BTU/R)
OUTEUT , ,
CHMIN - THE SMALLER OF CA AND CR (BTU/R)
EXFR - FEFFECTIVENESS OF CROSS FLOW HEAT EXCHANGER

DETERMINE CMIN AND NTU
IP (CR/CA.LT..999) GO TO 5
IP(CA/CR.LT..999) GO TO 10

CHMIN = CA

CMAX = CR

XNTU = 1.0/ (CMIN*ETOT)
ECFP = XNTU/ (1.0 + INTDO)
GO TO 20

CMIN = CR

CHAX = CA

G0 TO 15

CKIN = CA

CHAX = CR

INTU = 1.0/ (CMIN*ETOT)

EVALUATE COUNTER PLOW EBPPECTIVENESS
ECP = (1. o—sxp(-xumu*(1 0-CMIN/CMAX)))/ (1.0-CHIN/CHAX
1%EXP (-XNTU* (1.0 ~ CMIN/CMAX)))

APPLY CORRECTION FACTOR TO COUNTER FLOW EPFECTIVENESS

TO OBTAIN CEOSS PICW EFFECTIVENESS

EXFR= ECF/((1.0 + .OUT*CHMIN/CHMAX)*XNTU**
1(.036*CHIN/CHAY))

RETURN

END
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