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1.0 ANALYSIS OF SYSTEM SIZE VERSUS SYSTEM COST, LARGE SIZE MODEL

1.1 Introduction

The 7-1/2-ton HSPF product* cost estimates indicated that the 7-1/2-ton
system would have an equipment first-cost premium of several hundred per-
cent relative to competitive conventional package equipment. The 7-1/2-ton
Market Potential Study (Appendix Volume II), indicated a vanishingly small
market with such a high first-cost premium. As a result, the 7-1/2-ton
program was terminated. The equipment cost study also showed, however,
that first-cost premium tended to reduce as unit size increased. It ap-

peared that the premium might become manageable at 75 to 125 tons. A study

was initiated to determine the qualitative relation between system size and

cost.

The basic objectives of the analysis of system cost as a function of unit
size were: 1) to determine the approximate variation of the cost per tomn

of the HSPF unitary configuration as the product was scaled from 7—1/2 tons
to 125 tons and, 2) to determine iﬁ which unit size range the first cost
premiums would be acceptable for a product. The 125 ton limitation was
selected as being the maximum standard unitary offered in the industry to-
day. A significant variation of cost per ton was expected since rather large
fixed costs were associated with the steam-Rankine driver. ' This quaiitative
cost study sought to use the 7-1/2 ton HSPF system costs and scale those
costs to the larger sizes. Figure 1.1-1 illustrates the results expected

from this study.

The ultimate objective of the analysis of system cost as a function of unit
size was to identify a new size range at which a HSPF could be successfully
marketed. This new size range was associated with a prototypical product
designated the Large Size Model (LSM). As the result of this system cost
analysis and the LSM market potential study, the LSM product size range
selected was from 60 ﬁons to 400 tons. The nominal nameplate cooling cap-

acity of the prototypical product was designated at 120 tons.

*0Object of the 7-1/2-ton program.
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This report addresses the technical design effort relating to the LSM sys—
tem concept. This section addresses the unit cost basis for the selection
of the nominal size for the desigﬁ. Subsequent sections discuss the system
design as it evolved through a number of iterations and the component de-

sign of the optimized LSM configuration.

1.2 Application of Scaling Techniques

The use of scaling in developing product or process costs is well established
in industry. The use of size scaling is very well developed in the construction
and process industries. The usual form of scaling for equipment such as incor-

proated in the 7-1/2-ton unit is:

Desired Size n
Base Size

Cost at desired size = Cost at base size x[
The scaling exponent, n, ranges in value from 0.4 to 1.0 depending upon the
type of equipment that is involved. Typical values for the scaling expon-
ents for various types of equipment is given in Table 1.2-1. The form of

the relation used in the qualitative cost study is:

. . 0
. . . + {abl t at b ize x Desired Size
Cost at desired size = Fixed costs Variable cost a ase s Base Size

-

It was expected that with the information available this latter form would

be more accurate.

In applying scaling techniques to define product or process costs, a number of

assumptions are made. The assumptions that are usually implicit are:

o The product or process being scaled is not changed as the scale

is changed;
e The methods of manufacture or assembly are not changed with scale;

e The production level is constant.
The assumptions that are usually explicit are the split between fixed and

variable cost (as a function of scale) and the functional variation of costs

with scale. The qualitative analysis pursued incorporated these assumptions.
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TABLE 1.2-1

SCALING EXPONENTS FOR VARIOUS
TYPES OF EQUIPMENT

Equipment/Process Scaling Exponent
Motors 1.00
Steam Turbines 0.48
Controls for Turbines 0.38
Boilers 0.50
Compressors 0.59
Heat Exchangers 0.70

Source - Guthrie, K.M. "Process Plant Estimating,
Evaluation, and Control" (Reference 6).
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The basic assumption with respect to the product was that it was a unitary,
air-to—air heat pump driven by a steam-Rankine prime mover and incorporat-
ing self-powered auxiliaries. The cost estimates were performed at the
component level. Eight major components were identified, as shown in Table
1.2-2 and examined for design compatibility, the manufacturing processes to
be used, and scaling capability over the proposed range‘of product size.

The production level was assumed to be constant with respect to product size.
Except for the turbomachinery package, all components were presumed to be

geometrically similar over the entire size range.

1.3 Qualitative Cost Analysis for Components

The split between fixed and variable costs and the variable cost scale factor
are presented in Table 1.2-2. The rationale for the segmentation is presented

as follows.

The steam generator had a large number of control components and instrumenta-
tion which would be constant regardless of size. This portion that was esti-
mated as fixed was 307 of the base cost. The variable component was
essentially a heat transfer surface. Therefore, the heat transfer scaling
factor of 0.7 was used. The basic design and construction features were

considered constant over the entire size range.

The bulk of the heat exchanger component was heat exchanger surface. The
heat exchanger component would include the indoor and outdoor refrigerant
coils, indoor and outdoor steam coﬁdenser'coils, mountings and associated
hardware. The fixed costs were estimated at 20% of the base cost. The

heat transfer scaling factor of 0.7 was used. The basic design was con-

sidered constant over the entire size range.

The turbomachinery unit was considered to essentially be fixed in cost over
the 7-1/2-ton to 30~ton range. Due to the particular design of the turbine,
only about 257 of its total arc was being utilized at 7-1/2 tons. Also, a
refrigerant change from R-11 to R-12 would require few changes to the com-
pressor. Therefore, with very little modification, the turbomachinery pack-

age would satisfy any unit in the 7-1/2-ton to 30-ton range. Over this
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TABLE 1.2-2

MAJOR COMPONENTS AND COSTING
USED IN QUALITATIVE COST STUDY

Component Fixed Variable Scaling
: Cost Cost Factor

Steam Evaporator

7% - 30 tons 30% 70% ' 0.7
Heat Exchangers

7% - 30 tons 20% 80% 0.7
Turbomachinery

7% ~ 30 tons 757 25% 0.5

Over 30 tons 257 (D 757 (1 0.5 (D
Fans and Motors 20% 807 1.0
Controls

7% - 30 tons 100% 0 -

Over 30 tons 607 407 0.4
Valves and Piping

7% - 30 tons 100% 0 -

Over 30 tons 20% (1) 807 (D 0.7 (1)
Frame and Enclosure

% - 30 toms 85% 15% 0.7

Over 30 tomns 60% (1) 407% (1) 0.7 &y
System Assembly and
Test

74 - 30 tons -

Over 30 tons goz (1) 20% (1) 1.0 (1
(1) 30 ton size is base size
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range, the turbomachinery package was considered to be 75% fixed and 25%
variable with size. The variable portion was assumed to scale with the
0.5 power of the ratio of the size. The 0.5 scaling factor is character-
istic of turbines and centrifugal compressors. Over 30 tons, a more gen-
eral scaling was used since no unit had been designed for this range. The
fixed cost was assumed to be 257 of the 30-ton unit which was taken as the
base unit. The variable cost for over 30 tons was assumed to be 75%. The

scaling factor remained 0.5.

The fans and motors essentially scaled with size. Twenty percent of the
costs were considered fixed. The variable cost was assumed to scale with

the motor scaling factor of 1.0.

To a large extent, the controls were fixed. In the 7-1/2-ton to 30-ton
range, the controls were in fact assumed to be fixed; over 30 tons, 60%
were assumed to be fixed. The variable scale factor was taken to be 0.4
which is typical of controls. The base unit for over 30 tons is the 30-

ton unit.

Due to the refrigerant change, no change in valving and piping costs would
have occurred from the 7-1/2-ton to 30~ton unit size. Over 30 tons, the
costs would have varied with size with a 0.7 scaling factor. The fixed

cost of piping was taken as 20% with the 30 ton unit as the base unit.

The framing and enclosure were to a large extent fixed. The scale variation
was ta&gn as 0.7. The smaller sized units would have only 15% of the costs
as variable due to refrigerant change. The variable cost would have been

40% for the over-30-ton units.

System assembly would remain virtually fixed over the 7-1/2-ton to 30-ton
range. Over 30 tons, assembly operations would take slightly longer due to
the larger physical size of the components and the unit. In the over-30-

ton range, 20% of the costs were considered to be variable with a scale

factor of unity.
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1.4 Impact of Cost Variations on Market Acceptance

The previous assumptions were applied to analyzing the cost of a family of
unitary, air-to-air gas heat pumps varying in size. The results for four
unit sizes aré’shown in Table 1.4-1. The starting point of the scaled costs
was the optimistic 7-1/2-ton cost estimate. Figure 1.4-1 shows the cost
variation (computed by the methodologx discussed previously) as compared

to a simple scaling of the 7-1/2-ton unit. The objectivé was to identify

if any portion of the size range would achieve a manufacturing cost per ton
less than $350. This cost level was known to result in a contractor's cost
premium of about 50%. The LSM Market Study .had indicated that a 50% cost
premium was the largest premium that would not impose a substantial market
barrier. Table 1.4-1 and Figure 1.4-1 show that units sized over 60 tons
were projected as being able to achieve the market cost objectives. The
125-ton unit size is indicated as exhibiting a zero cost premium. If a
simple 0.5 scaling factor had been used instead of the more complex analysis,
the 125-ton size still would have achieved the 50% cost premium objective.
Since product cost appeared to be favorable at 125 tons, market acceptance
was expected at this size. The 120-ton size was recommended as the base

size for any future demonstration of the LSM.

The unresolved question was if the increased market acceptance would offset
the decreased market availability to make the large size model an attractive
product. This question was posed as a market evaluation task that was sub-
sequently conducted by W. E. Hill and is presented in Appendix Volume VII of

this report.

This market evaluation revealed that in the larger 125-ton size only a small
segment of the market is served by unitary systems. Built-up systems re-
present a much larger segment of the market. Thus, the configuration was
changed to a built-up system to maximize the market potential for the 120-

ton large size model (LSM).
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TABLE 1.4-1

COMPARATIVE COSTS FOR DIFFERENT UNIT SIZES

Refrigerant

Unit Size

Steam Evaporator
Heat Exchangers
Turbomachinery
Fans and Motors
Controls
Valves and Piping
Frame and Enclosure
System Assembly

and Testing
Total Manufactured Cost

Cost/Ton

MECHANICAL
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R-11

1000

1000

1448

750

1000

1500

1000

1280

8978

1197

R-12

30 60 125
2147 3085 4434
2311 3465 5197
1810 2372 3109
2550 4590 8262
1000 1128 1272
1500 2249 3373
1250 1562 1952
1280 1536 1843
13848 19987 29442

462 333 245
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2.0 SYSTEM DESIGN ANALYSIS

The system design analysis was conducted in three phases which occured in a
chronological sequence. The initial phase utilized a simple steam driven in-
‘ternal-source heat pump system without an economizer mode and power generation
capability. The second phase incorporated the recommendations from the in-
itial study, enhancing the system's energy cost competitiveness and established
the basic sizing of the major system component. The third phase of the system
design analysis effort was conducted in parallel with the component design

task. The third phase focused on expanding the model's capability to more
accurately predict off-design performance, and focused on achieving an optimized
system design. Subsequently, the model was used to evaluate alternative methods
of transmitting the turbine power to the compressor wheel, and was expanded to

include the performance of alternate drivers.

2.1 Initial Analysis

This analysis was generated under Task VI-2 of this contract. The intent of
the effort was to evaluate the range of operating and design parameters as a
function of heating and cooling loads to allow optimization in selecting sys-
tem hardware. The approach generated an approximate computer representation

of the postulated system in sufficient detail to provide outputs of the heat-
ing/cooling performance, interaction between heating/cooling modes and approxi-
mate operating characteristics of the expander and compressor. The model was
configured into a computer program which could be interfaced directly with the
computer program used by CNG in their assessment of typical building loads

and the cost-of-~ ownership analysis.

2,1.1 System Description

The large size model (LSM) gas-fired heat pump system consisted of two sub-
systems (1) a steam—powered system and, (2) a refrigerant system. These
systems interfaced with each other in two ways. First, the power input of the
refrigeration system was developed by the steam power cycle. Therefore, the
energy input to the steam system was somewhat proportional to the cooling load
that existed on the refrigeration system. Second, the condenser cooling water
in both the heating and the cooling modes passed in series flow through the

refrigerant condenser and then the steam condenser. Figure 2.1-1 represents a
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simplified schematic of the overall system. Functionally, the steam power
system (steam generator, condenser, expander, regenerator, plus ancillaries
not shown) replaced an equivalent size electric motor drive (for the chiller/
heat pump). This steam power system also reduced the steam generator ca-

pacity requirement in a conventional HVAC system.

The system capitalized on heat sources located within a typical office build-
ing. These heat sources were composed of internal heat generated by inhab-
itants, machinery, computers, and other heat producing sources. The building
comprised two basic zones of heating/cooling; the exterior skin zone required
heating and cooling as the local weather situation changed. In contrast,

the interior zone always required cooling since that zone had no external
walls and, in general, would generate heat as described above. As shown in
Figure 2.1-1, three thermal systems were required. The cold system interfaced
with both the internal and perimeter zones of the building, comprising a
common double-bundle chiller unit. The hot system interfaced primarily with

the external zone of the building.

Assuming that cooling but no heating was required, the valving arrangement as
shown ‘in Figure 2.1-1 would allow heat absorbed by the refrigerant evaporator
to be rejected to a cooling tower. In actual practice, the heating water and
cooling tower water systems were independent, requiring separate condenser
bundles and circulating pumps. As the building heating load increased, the
cooling tower was shut down and the building's heating load absorbed the heat
rejected from the refrigerant and steam systems. The shaft power required for
the compressor in the chiller loop was provided by a steam turbine drive;
steam from the turbine was generated locally in a packaged vapor generator.
The heat generated from the steam Rankine cycle was added to the heat rejected
from the refrigerant condenser. If necessary, supplemental steam could have

been used to satisfy the total heating load of the building.

Figure 2.1-2 shows a schedule of various temperatures within the system as a
function of the outside ambient temperature. The hot water delivery tempera-
ture was programmed over a range of 180°F to 115°F as the outside ambient
temperature ranged between 0 and 50°F. The chilled water delivery temperature

varied roughly + 5°F around the American Refrigeration Institute (ARI) standard
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44°F delivery water temperature. The highest water temperature in the system
was the steam condensing temperature; the lowest temperature was the refrig-
erant evaporator temperature. The refrigerant cycle was thus constrained to
operate between the temperature limits indicated by the cross-hatched area

on the diagram. Above 55°F outside ambient temperature, the heat rejection
was constrained by the capacity of the cooling tower. The cooling tower
return water temperature was a function of the local ambient temperature

and humidity.

Programming the hot water delivery temperature from outdoor ambient tempera-
ture is a conventional method used in large commercial buildings. The objec-
tive of this controlled strategy is to make the exterior walls essentially

neutral in respect to heat transfer. Small differential heating and cooling
loads are then satisfied by a variable air volume system controlled by local

thermostats.

2.1.1.1 Steam Power Subsystem. The steam Rankine-power system was modeled on

the basis of 1000 psig/1050°F/1050°F steam conditions. Figure 2.1-3 projects
the relationship of the steam cycle thermal efficiency and ambient temperature
for a fully loaded expander. This relationshipwas a reflection cof the steam
condenser temperature versué_ambient temperature relationship shown in Figure
2.1-2. As the steam condensing temperature increased with lower ambient temp-
eratures, the steam cycle thermal efficiency decreased. Figure 2.1-4 presents
the performance of the power cycle as it changed with expander (turbine) load-
ing. The loss in thermal efficiency changes shown here was considered to be
the result of changing performance in the partial arc of the expander.
Figures 2.1-3 and 2.1-4 define the thermodynamic performance of the steam-
powered cycle at any ambient (condensing temperature) temperature and turbine

loading condition.

Figure 2.1-5 represents a sample T-S diagram of the steam-power cycle plan
for this system which utilizes both reheat and regeneration. The base-cycle
thermal efficiency of 31% was available for the state points shown (excluding
feedwater and lube-oil pumps, bearing and other friction losses). At this
stage of the LSM system development, the steam state points were not firmly

established. The optimization of the cycle, vis—a-vis the expander performance

-
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and parasitic losses, was planned to be completed following additional system

parametric studies.

Preliminary efficiency projections were based upon specific speeds in the range
of 3 to 9 for the first stage expansion and 15 to 35 for the second stagé

(after reheat). Figure 2.1-6 estimates the expander performance as a function
of pressure ratio. The estimaté was used to calculate the overall thermal
efficiency as presented in Figure 2.1-3. This efficiency was based upon a fully

loaded turbine and had to be corrected for the part-load effects as shown in

Figure 2.1-4,

2.1.1.2 Refrigerant (Chiller) Subsystem. The subsystem performance analysis

was based on the assumption that the compression machinery utilized would be
of the positive displacement type. In terms of overall.performance and re-
quired operating characteristics, the program results were not expected to
differ substantially if centrifugal machinery was finally selected. The com-
pressor efficiency model which was used in the performance analysis is pre-
sented in Figure 2.1-7. At the design point volume ratio utilizing R-12
refrigerant, the isentropic efficiency was 747%. This percentage was an

efficiency level achievable with well designed, oil-flooded screw compressors.

Figure 2.1-8 shows that, over the range of outdoor ambient temperatures contem-
plated for this system, the volume ratio varied between two and four. The
established design volume ratiowas 2.75. The system had been configured to
achieve design point performance at outdoor ambient temperatures of 45°F and
88°F. The cooling coefficient of performance (COP), consistent with the com-

pressor performance indicated, is presented on Figure 2.1-8.

Part-load performance of the chiller system was also included in the system
model. Figure 2.1-9 illustrates the manner in which the COP of the system was
affected by the part-load performance characteristics of the compressor. The
chiller heat pump performance over the range of ambient temperatures and chiller

loading is defined in Figures 2.1-8 and 2.1-9 collectively.

MECHANICAL -
A TECHNOLOGY 2-9
il INCORPORATED




80
70

)

[

Q

Q

—~

Q

[a 9]

-

[#)

S 60

o~

&)

ord

[T

Yy

m

(&)

c

o

50

jo]

B~
40

S MECHANICAL
T TECHNOLOGY
%8 INCORPORATED

e

Second Stage

“n__---.

First stage

| | | | |

10

12 14 16 18 20 22 24 26 28

Turbine Pressure Ratio

Fig. 2.1-6 Assumed Variation of Turbine Performance
with Pressure Ratio

2-10

30

792476



80
+—J
o
v Design Point
3 \ Volume Ratio
A
. 70
B
= / \
3 / N
o
—
U
[
3
S 60
(o}
0
—
L=
=
a
w
{al
-
2 50
»
v
1)
o
E -
c ,
U

0.

1 2 3 4 5 6

Compressor Volume
Ratio

Fig. 2.1-7 Compressor Efficiency versus Volume Ratio

.
MECHANICAL 2-11 792477
Rig TECHNOLOGY

B ncorpoRaTED




6 ' l
F3%
: / \\\ Oy ]
S 4
p~ =N /’ N
3 \\\ Design
0 Point g
Volume
2 3 - Ratio ‘,/'kgi'
o]
L LoJo / \ // Compressor;
N o Volume Ratio|
5 e
A »
o ~”
o 2
&)
1
0 .
-20 0 20 40 60 80 100 120

Outdoor Ambient Temperature - °F

792257
.Fig. 2.1-8 Compressor Volume Ratio and Refrigerant System COP



COPC(Part Load)/COPC(Nameplate)

1.20
1.00 /—-3-—
0.380 ”””;4”””””’
0.60 ///,
/

0.40 /
0.20

0

0 20 40 60 80 100
Percent Nameplate Cooling
Fig. 2.1-9 Part-Load Performance Refrigerant System
792254

MECHANICAL
TECHNOLOGY
INCORPORATED



2.1.2 System Performance Analysis

2.1.2.1 Methodology. The distribution of heating/cooling loads was critical

to the performance of this system. The block diagram, Figure 2.1-10, illus-
trates the approach taken to establish this performance along with the machin-
ery designed parameters. There were only twc basic inputs to the overall
program. The first input comprised weather data. The second input comprised
the type of building, amount of ventilation, and process and internal heat
loads, all consistent with ASHRAE construction code 90-75. The analysis was
carried out utilizing an energy requirements program. A card deck was gen-
erated which interfaced with the heating and cooling requirements of the
building to predict the estimated performance of the LSM prototype. The
program output compiled specific factors for the LSM on an hourly basis.

These factors included: coefficient of performance, turbine power, compreésor

operating parameters, heat exchanger requirements, etc.

The prototype equipment performance subroutine is shown in block diagram in
Figure 2.1-11. As shown in the figure, only three inputs were required to
operate the program: cooling load (Ql), heating load (Q7), and local ambient
temperature (Tl), all of which emanated from the load program. The algorithms
required to estimate performance are the six equations shown in the block.

In the case of simultaneous heating and cooling, the total heat rejection
rate, QS’ represents the sum of refrigerant condenser, steam condense?, and
mechanical losses absorbed by the oil cooler. This available heat was com-
pared with the heating load required by the building, Q7. The program enabled
the computer to make a decision to either make up heat if the quantity was
deficient, or reject heat to the cooling tower if the quantity of avaiiable
heat exceeded that required by the building. The total output of the program
then became Qll’ which represents the total gas energy input. In cases where
the heating load, Q7, was greater than the available heat, Q5, the computer
made a decision to add additional heat to the building by direct steam

augmentation (firing additional gas).

2.1.2.2 Results of the System Performance Analysis. The LSM was applied to

the cooling/heating loads of an office building in three geographical locations:
Cleveland, Syracuse and Los Angeles. This building had been selected for pre-
liminary system performance analysis purposes; it was not the building ultimately

employed in the LSM Comparative Cost of Ownership Study.

-
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Each building was analyzed with and without an economizer cycle. The peak
cooling load was nearly 120 tons and the peak heating load was nearly l X 106
Btu/hr. Heating/cooling loads, elapsed time and ambient temperature histograms
were developed to analyze loading profiles. A separate hisfogram of coincident
heating and cooling lpads was made to belp‘establish the potential impact of
internal heat pumping on energy usage required for heating. In general, the
results of this analysis indicated that the LSM system, as it was configured,
was not well suited for office building applications. The overall heating and
cooling COP's were 0.6 and 0.34, respectively, far below target. Table 2.1-1
summarizes the nature of the HVAC loads for the Cleveland office building and
breaks the requirements into three temperature ranges:

Range 1 - -8 to 56°F Heating and cooling with possible
economizer cycle

Range 2 - 56 to 72°F Heating and cooling

Range 3 - 72 to 96°F Cooling only

An analysis of the nature of the loads and the LSM mode of operation revealed

why the performance was deficient:

e On the average, the entire system operated far below the rated
output. For example, the average load on the turbine was about
22 percent (43.9 hp) of its 200 hp full-load rating. Fifteen hp

was required to drive parasitic mechanical losses.

® The original premise regarding the availability of large cooling
loads coincident with heating loads was incorrect. Table 2.1-2
illustrates that very little coincident loading occurred in Cleve-
land. The same pattern existed in Syracuse and Los Angeles.
Without resorting to thermal storage, very little rejected heat
from the A/C load could be applied to the heating load for the

following reasons:
a) Heating loads were low

b) Most of the 175,000 Btu/hr average heating load could have
been met by the rejected heat from the steam Rankine
vsystem when it was idling (only powering the parasitic
loads). Internal heat pumping, in this case, was

ineffective.
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TABLE 2.1-1

IWIINVHOIN o

DATA SUMMARY FOR CLEVELAND OFFICE BUILDING
WITHOUT AN ECONOMIZER CYCLE

OILYHOJWOON!
ADOIONHIIAL

AMBIENT YEARLY AVERAGE LOAD PEAK LOAD, ANNUALIZED LOAD
RANGE COMMENT TEMP RANGE, °F HOURS 10 Btu/hr 10° Btu/hr 107 Btu

Heating Cooling Heating Cooling Heating Cooling Heating Cooling

1 Heating & Cooling -8 to 56 5470 1517 0.366 0.205 1.10 0.70 2.009 0.311
with possible
economizer
operation
2 Heating & Cooling 56 to 72 1276 1402 0.136 0.324 0.30 0.90 0.17 0.454
N
; 3 Cooling only 72 to 96 34 1845 0.10 0.544 0.10 1.30 0.003 1.004
[@ ]

TOTAL -8 to 96 6780 4764 0.32 0.371 1.10 1.30 2.18 1.769



TABLE 2.1-2

DATA SUMMARY OF COINCIDENT COOLING AND
HEATING LOADS FOR CLEVELAND OFFICE BUILDING

Hours Per Year 1,784

Average Loads:

Cooling 111,000 Btu/hr

Heating 175,000 Btu/hr
Annualized Load:

Cooling 2.0 x 109 Btu(l)

Heating 0.3 x lO9 Btu(z)

(1)140,000,000 Btu/yr of cooling locad occurs when cooling

load is less than heating load

(2)14% of total annualized heating load
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o Eﬁen in the -8 to 56°F temperature range, where 92% of the
annual heating load existed, much of the rejected heat from
the chiller was removed from the system at high condensing
temperatures (reduced COPs). Then, the heat was rejected to
the cooling tower. Figure 2.1-12 illustrates that more heat
was dissipated into the cooling tower during the heating season

(-8 to 72°F) than in the cooling season (72 to 96°F).

The potential of thermal storage was assessed to ascertain its benefit towards
reducing the building's energy requirements in temperature Ranges 1 and 2.
The results of this analysis concluded that thermal storage would enhance
energy savings, however, it was economically counter-productive. The ration-

ale used to reach this conclusion was as follows:

® In Temperature Range 1 (-8 to 56°F) infinite thermal storage
was considered to establish its maximum potential. This
temperature range had a large heating demand, requiring 92%
(2.01/2.18) of the annual heating load, while only requiriqg
about 17% (0.31/1.76) of the annual cooling load. If the
0.31 x lO9 Btu/yr of cooling load was pumped into stbrage,
a total of 1.76 x 109 Btu was rejected from the steam and

refrigerant systems.

The 1.76 x 109 Btu alone represented 81% (1.76/2.18) of the
total annual heating requirement. However, this heat was
generated during only 22% (1517/6780) of the total heating
season. With infinite storage, the maximum energy savings
were only 0.38 x 109 Btu/hr over a conventional system (qsing
a boiler of equal efficiency). At current gas prices of $2 to
$4/106 Btu, this energy savings represented only a $760 to
$1520/yr energy cost savings. These savings would only off-
set the interest expense of the incremental investment re-
quired to pump heat internally (second condenser bundle, $7500)
and store the rejected heat in a single 3000 gallon thermal
storage tank ($6200). A 3000 gallon tank was the tank size

conventionally installed in a heat recovery system equivalent
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to the LSM size. However in order to effect the above energy
cost savings, a multiplicity of these tanks would be required,

further reducing the attractiveness of the system.

e In Temperature Range 2 (56 to 72°F) heat pumping and thermal
storage was even less attractive. Here, the heating require-
ment was relatively low and represented only 8% (0.17/2.18)

of the annual heating requirement.

2.1.3 Recommendations for Second Iteration of the LSM System Design

Two basic requirements evolved out of the initial LSM System Design. They

are as follows:

e Consideration of alternate sources for heat pumping. One source,

which was not included in the first system,was external source
heat recovery. However, the wide temperature head which the heat
had to be pumped across seriously limited the effectiveness of
this source. A second source, ventilation exhaust from the
building, was identified as being more attractive, yet somewhat

limited in capacity.

e Consideration of alternative means of loading the steam expander.

Since the HVAC System distribution equipment (fans and pumps)
required a large electrical load, the logical alternative means
of loading the steam expander would have been the addition of an
electrical generator. In certain respects, the system then be-
came similar, but not identical to, the familiar cogeneration
and total energy concepts. The presence of the electrical gen-
erator greatly enhanced the design'flexibility in sizing the
steam-Rankine system and in designing the manner in which the
system could be controlled. If an induction motor was used as
the electric generator, then the system in effect had two drivers
(turbine and induction motor) and two driven loads (compressor
and induction generator). Thus, the induction motor alternately
served a dual purpose. This concept is explained in greater

detail in Section 3.4.

The concept of on~site power generation of the electrical para-

sitics could potentially improve the energy utilization ag well as

MECHANICAL
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the cost effectiveness of the system. The first LSM had one
major driven load, the heat pump compressor. During periods

of moderate heat requirements, the cqoling load (heat source)
was small or nonexistent. Under these conditions the turbine
ran lightly loaded, almost idleing at reduced efficiency. At
the same time, additional gas had to be fired to supplement

the heat rejected from the steam expander. By adding the gen-
erator, the load for the turbine could be provided and supple-
mental firing reduced or eliminated. Concurrently, energy which
would otherwise be consumed at the electrical power plant would
be displaced. More importantly, especially for the user, the
generator reduced electrical power costs, both metered and demand,
while cxpanding the base for deriving energy cost savings for
the LSM system by a factor of 5 to 10. The cost savings would
depend upon current metered energy rates and building heating/

cooling requirements.

2.2 Second System Analysis Iteration

The second LSM System Design Analysis was also generated under Task VI-2 of
this contract. 1Its objective was to improve the LSM's overall performance
by incorporating the recommendations from the first analysis, plus any other
improvements which developed through the study. The major emphasis, as seen
in Figure 2.2-1, focused upon system marketability as influenced by operating
(energy) cost savings and capital costs of the system. According to the W.E.
Hill LSM Market Survey (see Appendix Volume VI), conducted early in the LSM
Program, the capital cost should not have exceeded 150% of the conventional
primary heating/cooling equipment cost. The LSM's operating cost savings
should have offered the user a two to three year return on the incremental
investment (premium). Thus, the objective was to maximize the potential
marketability of the LSM by maximizing energy cost savings while minimizing
LSM System cost using the two to three year payback period as the economic

criteria.

2.2.1 Changes Made to the Initial System

The system modifications which were recommended by the first LSM study were

incorporated into this analysis. The modifications consisted of adding three
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subsystems: (1) building exhaust (ventilation) heat recovery, (2) outside
air heat recovery, and (3) motor/generator. These subsytems are illustrated
independently in Figure 2.2-2 and shown integrated into the LSM System sche-
matic in Figure 2.2-3. 1In addition, an economizer cycle was included to
relieve the winter cooling load (when beneficial) by drawing in colder air

from the outside and venting a portion of the building's warm return air.

Drawing 1 shows the schematic of the LSM computer model. Algorithms were
developed to describe the HVAC System's and the LSM's electrical accessory
loads which include the éir/water circulators and controls. Each one of these
loads could either be supplied by the electric utility or the LSM system gen-

erator.

The model used the same temperature control schedule as illustrated in

Figure 2.1-2 in Section 2.1. Thus, all the subsystems (steam Rankine and

both refrigeration systems) could be independently modeled and linked together
as shown in Figure 2.2-3 and Drawing 1.’ General performance characteristics,
used as the basis for the model, included part-load characteristics of the
subsystems as was described in Section 2.1. The performance of the steam
turbine and refrigerant compressor C2 subsystems was not modified. The sub-
system performance characteristics were developed for Compressor Cl (see
Figure 2.2-4) on the basis of a high-efficiency, positive-displacement,screw

type compressor with the same part-~load performance as shown in Figuré 2.1-9.

2.2.1.1 Heat Sources. The model utilized all the available heat socurces in

the following priority.
(1) Rejected heat from the steam Rankine-cycle condenser
(2) Recovered ventilation exhaust and cooling load

(3) Recovered heat from the outside throﬂgh two-stage

heat pumping

(4) Additional gas, which may have been required to meet the

heating load if the previous three sources were depleted.
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By judicious selection of input variables, all heat recovery from (2) and/or
(3) could have been eliminated to study sensitivity of system performance to

the heat source. The results of these studies are shown later.

2.2.1.2 Modes of Control. A dual compressor operating mode was modeled to

reduce compressor power consumption in the cooling mode and reduce machinery
cost (for an external source heat pumping system). The mode was modeled by
paralleling the two compressors and sizing their combined output to handle
the maximum summer cooling load. Thus the installed compressor capacity
could be reduced and better utilization achieved. TFigure 2.2-5 illustrates

the piping arrangement for winter and summer operation.

A potential power savings advantage existed with the dual compressor operation,
particularly in the summer (cooling season). In this mode, each compressor
disengaged whenever its evaporator load was zero. Figure 2.2-6 illustrates
the relative advantages of base loading the smaller compressor at low cap-
acities., The sudden reduction in the COP correction factor, K, at capacities
greater than 33% was attributed to the start-up and low part-load performance
of the larger compressor. At capacities greater than 357 there was an
advantage to base load the larger machine and shut down the smaller. This
concept was called 'Dual Compressor-Reversing Mode" which was easily modeled
to analyze the operating cost incentives which might offset the added control

complexity. Table 2.2-1 illustrates the effectiveness of this control mode.

Two control modes were modeled for the steam power cycle. They consisted of
base loading the turbine (at its nameplate rated output) and modulating (non-
base loading) the turbine output, producing only the power required by the
compressor(s) and the generator. TFigures 2.2-7 through 2.2-11 graphically
show the difference between the two control modes. The figures also illustrate
the influence of the specified turbine size on other system components (pri-
marily size) and on the key elements which effected the system's energy costs
(gas and electric consumption and electric demand charge). Figure 2.2-7 shows
that the HVAC system's energy needs were composed of: fixed mechancial para-
sitics such as lube c¢il pump, steam generator feedwater pump, and steam
generator burner fanj; variable mechanical parasitics such as gear mesh losses

and bearing losses; compressor (chiller load) and the HVAC system electrical

parasitic loads such as air/water circulators and controls.
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TABLE 2.2-1

EFFECT OF COMPRESSOR OPERATING MODE ON CHILLER COMPRESSOR POWER REQUIRMENTS

TVIINYHIIN

S
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30
23
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[=]

SEASONAL
COMPRESSOR AVERAGE
COMPRESSOR POWER PERCENT COMPRESSOR
CONTROL MODE : REQUIREMENT INCREASE POWER REQ'T
hp-hrs ' hp
"RuBBER MODEL" (1) 123,083 BASE 68.8
to DUAL—REVERSING(Z) 134,043 8.9 74.9
.
DUAL (NONREVERSING) 140,077 13.8 78.3
STANDARD (SINGLE FULL- 163,026 32.5 91.1

SIZE UNIT)

(1) In the "Rubber Model" mode the compressor was assumed to operate at peak efficiency
regardless of the chiller load.

(2) In the dual compressor mode, the name plate rating of the large compressor is twice
as large as the smaller one.
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The driver for a totally self-sufficient (electrical parasitics included)
125-ton HVAC system required a 330-hp output capability in the cooling mode.
Figure 2.2-8 shows the load paths for a 330-hp turbine operated in the base-

loaded mode and the modulated mode.

At full load conditions (125 tons) both control modes produced the same results.
However, at reduced cooling loads excess electrical power was.produced in the
base~loaded mode. Also, since the system was electrically self-sufficient
there was no electrical demand charge which was associated with the HVAC
system. In the course of this study the assumption was always made that any
excess power generation (beyond the HVAC system's requirements) could be
utilized by the building displacing a portion of its normal electrical re-
quiremeﬁts. In the case of the full-size base-loaded turbine driver, it was
unlikely that such a condition could be met. Dumping electrical power back

into the grid during periods of low cooling loads would occur in this case.

Figure 2.2-9 illustrates the manner by which the excess generated power, pur-
chased power and the basis for the demand changes were affected by a reduction
in turbine size. At evaporator loads greater than "A", both control modes
produced the same results, Then the turbine drivers (in both control modes)
were equally loaded at their maximum output. However, different sizes of
generators were required for each control mode. Likewise, when the turBine
size was further reduced to the level shown in Figure 2.2-10, point "A" moved
to a lower evaporator load. Then, at higher evaporator loads, the generator
started to unload and was totally unloaded (free wheeling) at point "B". At
loads higher than "B'", the generator began to function as a motor, assisting
the turbine as they collectively drove the compressor and mechanical parasitics.
In this case, some of the power requirements for the primary HVAC equipment
were supplied from the electrical grid. Also, the size of the generator re-
quired for the base-loaded control mode was still larger than that required

for the modulated turbine.

In the base-loaded mode there was a unique turbine size (see Figure 2.2-11)
where the maximum generator load (Gm) equaled the maximum load (Mm) on the

generator when it functioned as a motor.
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2.2.2 Parametric Studies

The objective of the parametric studies, as illustrated in Figure 2.2-1, was
to establish a balanced system design which offered the maximum potential of
meeting the marketability criteria for the product, i.e. a maximum premium

of 50% over conventional primary equipment cost with an energy cost savings

resulting .in a two to three year payback on the incremental investment.

The two most influential factors were the system cost and energy cost.
Energy costs were based upon gas costing $2.2/106 Btu Higher Heating Value
(HHV), metered electricity at $0.04/kW-hr ($ll.72/106 Btu) and an electrical
demand charge of $3/mo/peak annual kW demand for the HVAC system. A credit

was taken for excess electric power generated at the rate of $0.04/kW-hr.

Hourly building HVAC loads were obtained from the Merriwether building simu-
lation program for a typical office building in a Cleveland location. These
loads were sorted with respect to simultaneous heating loads, cooling loads,
and ambient temperatures with upper and lower limite applied to each. Thus
these three parameters formed a three-dimensional array of elapsed time at
averaged heating loads, cooling loads and ambient temperatures. This tech-
nique reduced the total number of loading conditions from 8760 to about 120.
These loading conditions are shown in Attachment E and summarized in Table 2.2-2.
The following factors were evaluated parametrically: turbine size; control
mode, i.e., base loading the turbine and modulating the turbine; generating
the HVAC electric parasitic power requirements or purchasing them; and eval-

uating sensitivity to heat sources (heat pumping).

Figure 2.2-12 compares the annual energy costs for a range of turbine sizes,
modes of turbine control and effect of power generation for HVAC parasitics.
Two main conclusions could be reached from this analysis: (1) it was bene-
ficial to generate electricity for the HVAC electrical parasitics, and (2)
base loading the turbine produced higher energy cost savings than modulating
the turbine output. On the basis of this study, the decision was made to
generate as much of the electrical parasitics as possible; however, the issue

of turbine size and mode of control required further analysis.
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TABLE 2.2-2

SUMMARY OF BUILDING HVAC DATA USED IN PARAMETRIC STUDIES

i

Gross Annual Cooling Requirement 2.8 x 109 Btu

Net Annual Cooling Requirement 1.8 x lO9 Btu

(if Economizer used)

Gross Annual Heating Requirement = 1.6 x lO9 Btu

it

1.5 x 106 Btu/hr
(125 tons)

1.0 x 106 Btu/hr

Peak Cooling Load

il

Peak Heating Load
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Figures 2.2-13 and 2.2-14 show how other major equipment components in the
steam~Rankine power cycle were influenced by the steam turbine size. Table
2.2-3 compares these equipment sizes with those required in a conventional
electric motor driven chiller and gas fired steam generator. Differences in
equipment requirements (particularly motor/generator size, steam generator
size and cooling tower size) suggested that the small turbine size offered
the highest potential of keeping within the 50% cost premium constraint;
Figure 2.2-15 shows the anticipated trends in system cost as a function of
the turbine size and mode of control. At turbine sizes above 90 hp, the
generator size required for the base-loaded mode was significantly higher
than for the modulated design (shown in Figure 2.2-14) particularly with

the full size (330 hp) turbine. However, at the 90 hp turbine size the
generator/motor size (75 hp) was identical for both modes of control, leaving

the base-loaded concept with a cost advantage on system controls.

Considering the total installed driver horsepower (Figure 2.2-14) as a
measure of cost of the system and the energy savings derived from Figure
2.2-12, the annual energy cost savings per installed driver horsepower could
be derived. This cost savings, as shown in Figure 2.2-16, suggested that the

90-hp, base-loaded concept had the most potential.

The 90-hp selection was also supported by the sensitivity of annual energy
cost savings to changes in gas and electric base rates and electric demand
charges. Figure 2.2-17 illustrates the high degree of volatility which ex~-
isted with large turbine drivers at even relatively small (10%) changes in
metered energy rates and demand charges. The 90-hp turbine size offered the
highest degree of energy operating cost stability. Table 2.2-4 shows the

energy cost distribution for the base case shown in Figure 2.2-17.

The annual energy costs, based on the utilization of various heat pump sources,
were calculated for both the 90-hp, base-loaded turbine concept as well as
for a conventional system using an electric motor to drive the double-bundle
chiller. Figure 2.2-18 presents the results of this study. Since most of
the heating load could be supplied by the steam condenser, the energy costs
for the steam-Rankine driven system had iittle relation to the heat pumping

sources. The energy cost picture was not significantly affected by the small
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TABLE 2.2-3

COMPARISON OF MAJOR SYSTEM COMPONENT SIZES FOR VARIOUS TURBINE SIZES AND A
CONVENTIONAL ELECTRIC-MOTOR-DRIVEN CHILLER PLUS A GAS-FIRED BOILER

AYIINVHIIN

z-‘
23
o4
2z
30
o
2o
%o
b
- =<
]

Conventional Turbine Size, hp (Nameplate)
c . Boiler/
omponen Chiller 90 200 3
HVAC B | M B | M B | M
Motor/Generator (hp) 150 75 168 { 115 278 | 141
Compressor (hp) 150 150 150 150
Steam Generator (lO6 Btu/hr Input) 1.2(L) 1.5(H) 2.6(H) 4.3(H)
Cooling Tower (lO6 Btu/hr) 1.9 2.4 3.0 3.7
o Steam Condenser (106 Btu/hr) Not Required .7 Turbine 1.6 2.7
& _.3 Bypass
< 1.0 Total

B - Base Loaded Turbine

M

Modulated Turbine and Steam Generator

L - Low Pressure and Temperature

High Pressure and Temperature
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TABLE 2.2-4

DISTRIBUTION OF ANNUAL ENERGY COSTS

Cost Component

Cost of Gas (1)

Cost of Purchased Electricity (2)

Credit for Excess Gen'd Power (2)

Annual Demand Charge (3)

Total Annual Operating Cost

Savings

1
2)
3)

4)

5)

@ $2.20/10° Btu
@ 4¢/kW-hr

@ $3/mo/peak annual kW demand

Turbine Size, hp

Base (2 90" 200(%) 330
$ 3,993  $15,030  $33,384  $55,150
18,922 6,239 1,744 2
— (2,710) (16,868) (37,181)
7,609 5,345 2,860 142
$30,524  $23,904  $21,120  $18,113
—- $ 6,620 $ 9,404  $12,411

Base loaded turbine operation generating electricity, annual heating load = 1.6 x 109 Btu,

annual net cooling load = 1.8 x 109 Btu, 7,335 hr HVAC system operation,

compressor operation, 162,354 hp-hr of chiller compressor load

Conventional boiler heating system assuming 837 thermal effeciency with electric motor

driven chiller (not heat pumping)

2,103 hr chiller
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actual load required from heat pumping. 'In the case of the electric motor
driyen heat pump there was a moderate sensitivity to the heat pumping source.
However, the lowest energy cost occurred without heat pumping while the en-
tire heating load was supplied by a gas steam generator. The highest cost,

which was expected, occurred when only the outside heat source was available.

Normally an electric driven heat pump installation included an electrically-
fired supplementary steam generator instead of the gas-fired steam generator
used in the Figure 2.2-18 analysis. The heat pump installations were
generally "all electric" - perhaps because gas was not available. Therefore,
this office building application was reanalyzed on the basis of an "all
electric" installation. The results of that analysis are shown in Table
2.2-5 along with the distribution of the energy costs, which appear in Figure
2.2-18, for gas heating. These results showed that heat pumping could save
energy and operating cost if straight electric-resistance heating was the
alternative to heat pumping. The difference in equipment cost between the
heat-pumping and without heat-pumping system was about $7000 for the second
refrigerant condenser bundle, plus $6000 for a water storage tank (if one
was used). Therefore, the nearly $9000 per year energy cost savings (for
the all-electric case) could have easily provided an attractive payback
period for the user. However, if gas had been available for heating, then
heat pumping was counterproductive even when internal heat sources (the

most effective sources) were available. This counterproductiveness was
applicable when an electric motor was used to drive the heat pump. Econom-
ically, heat pumping became even less attractive if a heat engine (like the
steam~Rankine cycle) was substituted for the electric motor and the engine's
rejected heat was available for the building's space heating needs. Then,
the dollar value of the heat required from the heat pump decreased to less
than $200/year of gas - far too small a base to justify the second ($7000)

bundle in the refrigerant condenser.

2.2.3 Conclusions from the Second LSM System Analysis

The following points summarize the conclusions of the second LSM System

Analysis:

e The LSM system showed a reasonable energy cost savings which

the first analysis failed to show.
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TABLE 2,2-5

ANNUAL ENERGY COST FOR AN ALL ELECTRIC AND AN ELECTRIC/GAS
CONVENTIONAL HVAC SYSTEM WITH AND WITHOUT HEAT PUMPING

QILVHOJYOONI
ADOIONHIAL
IVIINYHOZIN

1
Heat Pumping( ) Not Heat Pumping
Heat Source Electric Gas Electric Gas
Cost Category
1 cas — s 1,090¢% - $ 3,993
Space Heat§ Electric s 4,817(? . 318,611 -
Electric for Chiller/
Heat Pump Motor 10,695 10,695 5,380 5,380
N
!
ol Electric for HVAC
Distribution System 15,566 15,566 13,542 13,542
. 7N (4\ ﬂ(}\ (4)
Electric Demand Charge 9,509'°/ 7,609 "7 11,8087/ 7,609
Total $40, 537 $34,960 $49,341 $30,524

(1) Internal source only,
(2) Supplementary heat
(3) Winter peak demand

(4) Summer peak demand

without heat storage




e A 90-hp turbine size (or smaller) appeared to be the most
promising from the aspect of total cost and sensitivity of

energy rates.

® Generating electricity for the HVAC system accessories — fans,
pumps, controls, etc., was beneficial when energy costs were

considered.
@ Heat pumping did not appear to be cost effective.

© The base-loaded turbine operating mode produced greater energy

cost savings than the modulated control concept.

e Buildings with higher heating requirements, like the potential
Mountwood Park test site, had the potential for even higher
energy cost savings. The system's ultimate potential is pre-

sented in Figure 2.,2-19.

2.2.4 Recommendations to Advisory Board, October 1978

The previous information and following recommendations were presented to the

Advisory Board for their review on October 18, 1978:

o Base loading rhe steam power cycle is recommended in order to
reduce system cost and complexity. Base loading also improves

the energy cost savings.

o Fixing the turbine size at 90 hp and generating power with the
75-hp generator is recommended. The 75-hp generator also func-
tions as a motor when the compressor load exceeds the net turbine
output. Under certain conditions, some excess electrical power
would be generated. This excess power would displace part of
the normally purchased electrical power for the building. No

power would be exported from the building.

e Freezing the system design is recommended. The program should

now move on to Task IV-3, "Component Design'.

The above recommendations were accepted and agreed to; commencing the

"Component Design Task".
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2.3 Additional System/Modeling Analysis

Subsequent to the October Program Advisory Board Meeting, an additional model-
ing and system analysis was done to further improve overall system performance.
Although at that time the system showed energy cost Savings when compared to
conventional systems, it did not show a savings in source energy consumption.
Several steps were taken to reduce the energy consumption until the system .
also showed a savings. This process was acomplished by expanding the model; in
particular the refrigeration and power cycle heat exchangers. Then a precise
trade-off analysis could have been made with respect to energy cost, equip-
ment cost and energy consumption., The three changes conserving the most
energy included: a) eliminating all heat pumping; b) reducing the water
delivery temperature from the 115-180°F schedule to a constant 110°F; and

c) improving the steam turbine performance. The details of the additional

modeling is described in the subsections which follow.

2.3.1 Heat Exchanger Modeling

2.3.1.1 Refrigerant Evaporator and Condenser Temperatures. The relationship

between the refrigerant temperature (T EF) on the shell side and the water

R
temperature on the tube side was derived from the basic heat exchanger

equation:
Q = UA LMID = WC_p AT (1)
where
Q = heat transferred between refrigerant and water, Btu/hr
U = overall heat transfer coefficient Btu/hr ft2°F
A = heat transfer area, ftZ
TZ—T1
LMTD = log-mean temperature difference =
T - T
REF 1
Ln T T,
REF 2
W = water flow rate, 1lb/hr
Cp = specific heat at constant pressure of water Btu/lb-F°
AT = change in water temperature between entrance and exit
of heat exchanger, Tz—Tl
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Solving for the refrigerant temperatures in Equation (1) yielded the following

relationships in terms of the variables defined in Figure 2.3-1.

For the evaporator:

Q
14 1
= - - 2
Tis = Y12 "W ¢ X 1 (2)
1 p 14
l-e
where:
I UV
14 W..C
1 p
For the condenser:
Q,
_ 34 1
Tyy = tgr * Wy C Xgs : (3
P 1 -~-e
where:
< _ Ugs-fs
84 W,.C

2.3.1.2 Steam Temperature of Double-Bundle Steam Condenser. The double-

bundle steam condenser, shown in Figure 2.3~1, contained coils carrying water
to and from the heating system as well as coils carrying cooling water to and
from the cooling tower. The temperature of the saturated steam-water mixture
(T33) was determined by the temperature and flow requirements of the heating

load coil (if there was a heating load), such that

= Q 1 .
Ty =ty °F Wo.C X, (4)
P 1l -e
where:

R £ S

73 w7.c

t =t ¢ !

71 73 W,.C ?

7°7p
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and where Q was either the building heating load (Q7) or the rejected Rankine

cycle heat (Q33) whichever was lower, Any excess rejected heat was then carried

away by means of the coil leading to the cooling tower.

If no heating load existed, the rejected heat from the base-loaded Rankine cycle

was transferred to the cooling tower; in this case the condenser temperature

became
Q
_ 33 1
Ty3 = tgy * Wg-C Xg, (3)
P 1 --e
where:
X =_.I.J_8_3.._A__8..:_}.
83 W,.C
8 p

tgy = tgy ¥ Qgu/Wy-Cy

]

t f (ambient wet bulb temperature,cooling tower performance)

31

2.3.1.3 Heat Exchanger Heat Transfer Coefficient and Area Determination. The

product UA represents heat exchanger heat transfer coefficient (U) and area (A)
determination. This product in the above equations was determined for heat
exchanger design loads and expected heat exchanger temperatures at typical

tube~flow rates and at given tube inlet-outlet temperature conditions.

The heat exchanger areas and heat transfer coefficients were supplied by
CON-RAD (Tulsa, Oklahoma), a heat exchanger supplier. These areas were
considered as first estimates, subject to optimization in the analysis to

be described later.

2.3.1.4 Single~ Versus Double-Bundle Refrigerant Condenser. In choosing be-

tween a single- versus a double-bundle refrigerant condenser, a single-coil
refrigerant condenser, having the tube-side connected to the cooling tower,
was the preferred configuration. Because all but 65 x 106 Btu/yr (~$175/yr)
of the heating load could be satisfied from the reject heat of a base-loaded

steam—-Rankine cycle, the added complexity and resultant expense of the second
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refrigerant condenser bundle (approximately $7,000) could not be justified.
Any additional heat could be more economically provided by an auxiliary gas

steam generator as shown in Figure 2.3-1.

Eliminating the second refrigerant bundle also improved the performance

of the refrigeration system, particularly in the mid temperature range (55-65°F)
where the economizer became ineffective and the evaporator loads became sig-
nificant. With a single bundle, the condenser temperature was controlled by
the cooling tower return water temperature (65-75°F), whereas with the double--
bundle heat pump the condenser temperature was controlled by the heating system
return water temperature (100-105°F). Thus, with the single-bundle condenser,
less compressor work was required to remove the same amount of heat from the

evaporator.

2.3.1.5 Heat Exchanger Flow Chart. A detailed flow chart in Attachment A,

Chart 2 shows the logic used in calculating heat exchanger loads and

temperatures.

2.3.2 Refrigerant Cycle Modeling

2.3.2.1 Coefficient of Performance Calculation. In the refrigerant cycle

shown in Figure 2.3-2, the coefficient of performance (COP), defined as

_ heat in
CoP = network supplied ’
vielded
h, - h
1 4
COP = o h (6)
2 1

Once the evaporator temperature (T14) and condenser temperature (T34) were
known, the COP was determined by specifying the refrigerant (yields hl and h4,
as well as Pl4 and P34) and by using the compressor efficiency (from the com-
pressor performance chart, Figure 2.3-3) to calculate the nonisentropic en-
thalpy change hé - hl. The condenser temperature (T34), used in the COP
calculation, also depended on the condenser heat load which, in turn, depended

on the COP. Therefore, after an initial assumption of a COP value, several
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iterations were necessary for the COP to converge to its final value. (See

flow chart for COP calculation in Attachment A, Chart 3.)

2.3.2.2 Compressor Efficiency. The operational point for a centrifugal com-

pressor, using refrigerant R-12, was obtained for a given pressure ratio (R)

wREF T14
and a given compressor inlet condition Xo = p — » see Figure 2.3-3. This
14

point was then compared to the linear surge line shown in Figure 2.3-3; if in
surge, the mass flow was increased so as to go out of surge with the single-

bundle condenser design. However, all the heating-cooling load combinations

investigated led to out-of-surge conditions without the need to increase mass

" flow.

Referring again to Figure 2.3-3, the (Xo, R) point was then moved vertically
upward to the same inlet guide vane (IGV) position in the (XO, ncomp) graph

as in the (Xo’ R) graph. For modeling purposes, however, a combination of two
straight lines (as shown) was used to approximate these latter points, so that
the efficiency could be easily calculated from equations for a straight line
(see flow chart for compressor efficiency determination in Attachment A,

Chart 4).

2.3.2.3 Refrigerant Options. The type of refrigerant used was determined by

the rotational speed of the centrifugal compressor. Three compressors, each
with a different speed, were considered with the corresponding refrigerants

as follows:

Compressor Speed

(rpm) Freon Refrigerant
12,000 R-11
24,000 R-12
40,000 R-22

Equations for the saturation properties as a function of temperature were

used with the system's computer model.

In order to calculate the isentropic enthalpy change of the compressor, a

linear constant-entropy slope in the superheated vapor region of a semi-log
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P-h Mollier chart was determined for each refrigerant. As a result, the
enthalpy change at constant entropy could be approximated as a function of

the pressure ratio as follows:

P34
hy - hl = (slope) x (log E—-), (7
14 '
where:
Refrigerant Slope
R-11 16.9
R-12 17.5

R-22 24.6

2.3.3 Prime Mover Concept Modeling

2.3.3.1 Mechanical Coupling Model (Base-Loaded Turbine). A typical mechani-

cal coupling concept is shown in Figure 2.3-4., This coupling consisted of a
base~loaded 90-hp turbine connected to a gearbox. Power was transmitted
through the gears either to a 150-hp centrifugal compressor or to the gen-
erator, depending on the power needs of the compressor. If the turbine did
not meet the power requirements of the compressor, the generator acted as a
motor, thereby drawing power from the utility grid. The corresponding com—
puter model for the mechanical coupling concept is shown in Figure 2.3-5.
The goal of the model was to calculate the amount of power which the utility
grid had to provide to the system or what excess generating capacity the _
system had to offset purchased electricity. Not shown in the flow chart is
the necessity of hand-calculating the compressor power (and the correspond-
ing turbine or utility power) needed to drive the compressor when unloaded

but still rotating.

2.3.3.2 Electrical Coupling Model (Base-Loaded Turbine). The primary pur-

pose of the electrical coupling model concept was to allow decoupling of an
unloaded compressor, thereby saving the idling power requirements of the
mechanical concept. Figure 2.3-6 shows that the generator and motor were
separate; the generator converted the 90-hp base-loaded turbine’s mechanical
power to electrical power which could have been used to help drive the 150-hp

centrifugal compressor motor. Excess power from the system or supplemental
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power required from the utility grid for the system was converted to the
appropriate frequency through the electrical converter. The corresponding
flow chart for this concept was the same as for the mechanical coupling

concept (Figure 2.3-5).

2.3.3.3 Nonbase-Loaded Turbine Concept (Electrical Coupling). The nonbase-

loaded turbine concept used all of the steam condenser's reject heat to sat-
isfy the heating load. By operating the turbine only when a heating load
existed, none of the steam condenser heat load was wasted. The modeling

flow chart is presented in Attachment A, Chart 6.

As a result, the compressor received considerably less power from the non-
base-loaded turbine; this lost power then had to be imported from the utility
grid. However, the turbine operated at its rated base-loaded power (90 hp)
during the winter months when heating loads were greater than those provided

by the steam condenser.

2.3.4 System Optimization for Office Building Application

2.3.4.1 Optimization Procedure. The purpose of the system optimization was

to randomly vary selected input parameters and thereby determine the lowest
combination of annual system operating cost and heat exchanger capital cost.
This objective was subject to the constraint that any increase in capital cost

would need to be recovered in operating cost savings in two years or less.

0f all independent system input parameters, five were chosen to be varied be-
cause of their relatively high influence on the dependent system output para-
meters (i.e., annual system operating cost and system capital cost). These
five parameters also had a relatively high degree of flexibility within the
selected system design. Four heat exchanger areas were chosen (one refriger-—
ant evaporator, one refrigerant condenser, and two steam condensers) in
addition to the heating system flow rate. Each of the four heat exchanger
areas to be optimized was given a possible range of values based on the
available cost data of heat exchanger capital cost versus square feet of

heat exchanger area; the heating system flow rate range was approximated

based on good design practice. The resulting ranges were as follows:
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2

Refrigerant evaporator area (Al4). . . . . . . . . . . .500-900 ft
Refrigerant condenser area (A84) . . . . . . . . . . . .700-1400 ft2
Steam condenser area for heating system (A73). . . . . .60-400 ft2
Steam condenser for cooling tower system (A83) . . . . .60-400 ft2
Heating system flow ratev(G7). e s e e e e e e w e s . 4150-250 gpm

Heat exchanger capital costs, as a function of heat exchanger tube surface
area, were approximated by a straight line, determined from cost quotes sup-
plied by a reliable heat exchanger manufacturer (CON-RAD). The single-unit
quotes were reduced by 15% (based on quantity production) and resulted in the

following linear functions (with areas in square feet):

$ = 13.6 (Al4 - 618) + 9658 (8)
$ = 11.6 (A84 - 878) + 11,343 (9)
$ = 4.24 (A73 + A83 - 114) + 7620 (10)

\

Combining Equations (5), (9), and (10) yielded the total heat exchanger capital

cost

Total $ = 13.6 Al4 + 11.6 A84 + 4.24 (A73 + A83) + 9548 (11)

As stated previously, the purpose of the optimization was to achieve the lowest
combination of annual system operating cost (electricity and gas) and heat
exchanger capital cost for a 2-year pay back. Numerically, this can be ex-

pressed as follows:

2 x (annual operating cost) + total heat cxchanger capital cost

= minimum (12)

The independent input parameters were then varied randomly and the result from

each combination was checked against Equation (12).

2.3.4.2 Optimization Method. A complex method for constrained opﬁimization

(Box's algorithm) was integrated into the system program according to the
procedure described above. The program found the minimum of multivariable,

nonlinear functions subject to constraints. No derivatives were required. The
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procedure found the global minimum, because the initial set of points was
randomly scattered throughout the feasible range of the independent parameter
values. Once the results of an initial random set of combinations (~7) were
known, new sets of combinations were then chosen based on that random combina-
tion giving the best minimum. Iterations continued until one of the following

three criteria ended the search for the minimum:

@ Specified computer time limit exceeded
® Specified total number of iterations exceeded

e Specified convergence criterion satisfied

A description of Box's algorithm and its FORTRAN program are presented in

Attachment B.

2.3.4.3 Optimization Results. Two runs, of approximately 20 iterations each,

produced a minimum "system cost' within a specified convergence criterion.

The results, which are given in Table 2.3-1, were based on using (a) one par-
ticular building load model supplied by CNG (see Attachment E) with (b) one
particular prime mover electrical coupling concept (Concept VIII - see section

2.3.5).

2.3.5 Trade-0ff Study on Prime Mover Coupling Concepts

2.3.5.1 Candidate Concepts. Nine different configurations, coupling the tur-

bine, the compressor, the generator, and the motor, were modeled and the re-
sulting annual system operating costs compared. In one of the configurations
it was assumed that all the power to drive the compressor was supplied by

the utility (i.e., no turbine). Four of the configurations involved mechanical
coupling by means of a gearbox. The remaining four concepts contained electri-
cal coupling which allowed for decoupling the compressor from the system

by shutting off its electric motor. Each of the configurations is shown

in Figures 2.3-7 through 2.3-11, along with the efficiencies and total para-
sitic losses which consist of bearing losses, windage and friction losses,

and lubrication pump and boiler feed pump losses. All concépts were modeled

with the flow chart for coupling concepts shown in Attachment A, Chart 5.
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TABLE 2.3-1

DoV LAS UD VDL ANl L AT Sioa Das

(1) 2
ANNUAL * ™/ HEAT EXCHANGE ENERGY EXCHANGER AREAS, FT
OPERATING CAPITAL USAGE REFRIGERANT STEAM COND
COSTS COSTS 109 BTU/YR EVAP COND  H.S. C.T.
Base Case $21,304 $29,420 6.97 600 900 150 150
[3®] .
g Optimized Case 22,034 26,685 7.07 577 709 153 99
A ' + 730 -~ 2,735 +0.10 -23 -191 +3 =51
4 x 100 +  3.47 - 9.3% +1.4
Base
Q

(1)¢2.20/10° Btu Gas, 4¢/kW hr, $3,000/kW Demand, 65 = 1.5
H
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2,3.5.2 -Annual System Operating Cost Comparison. Each model for the nine

coupling concepts was evaluated for annual operating costs. The results

are listed in Table 2.3-2. Identical system inputs, including the optimized
heat exchanger areas were used. For mechanical concepts 11, III, and IV, the
cost of operating an idling compressor using 18 hp in the heating season is
also displayed. The nonbase-loaded turbine concept was evaluated using the
Concept VIII coupling model and is included for comparison. With the nonbase-
loaded turbine concept, just enough steam condenser heat was generated to meet

the heating load requirements.

Table 2.3-2 shows definite trends. Base-loaded electrical concepts gave the
best annual operating cost over base-loaded mechanical concepts as well as
over part-loaded electrical concepts. 1In addition, operating with a mechanical

clutch clearly improved a mechanical concept's annual operating cost.
y 1imp P

2.3.6 Alternate Driver Study

An assumption was made in previous sections of this report to consider only
the steam~Rankine cycle system prime mover. The alternate driver study
compared the annual operating cost and energy consumption of three alternate
driver models with the steam-Rankine driver. Specifically, annual heating
and cooling loads for an economy motel were applied to four different sys-
tem models (for both part-loaded and base-loaded driver operation) in order
to determine the best driver configuration (with its corresponding opera-

tional mode). Table 2.3-3 lists the specific types of drivers considered.

2.3.6.1 Differences in Alternate Drivers. One system model program was used

in the comparison of all alternate drivers. By specifying the type of alter-—
nate driver as an input parameter, corresponding algorithms for a particular

driver were activated.

The system model differentiated between the alternate driver types only in the
calculations of the driver thermal efficiency (see Figure 2.3-12) and in the
amount of reject engine heat available for satisfying the heating load (see
Figure 2.3-13). All other input parameters were identical except for the gas

energy input to each heat engine in the base-loaded operation. This value
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I TABLE 2.3-2
. ANNUAL OPERATING COST COMPARISON OF PRIME MOVER COUPLING CONCEPTS
. CONCEPT TOTAL ANNUAL OPERATING COST ($)*
I (No Turbine) 31,472
. MECH. II (No Clutch) 24,375 + 3500%*% = 27,875
% IIT (No Clutch) 23,198 + 3607%* = 26,805
l E IV (No Clutch) 25,214 + 3032%% = 28,246
= V  (With Clutch) 24,106
B
a
§ ELEC. VI 22,741
£ VIT 22,463
' s VIII 22,034
IX (Mag. Clutch) 22,875

NON-BASE LOADED TURBINE (WITH CONCEPT VITI) 26,249

%@ $2.20/10° Beu
@ $ .04/kW-hr
@ $3.00/Mo/Peak Annual kW Demand

*% Cost of idling compressor

Office Building Application Data

Gross Annual Cooling Requirement = 2.8 x 107 Btu
Net Annual Cooling Requirement 9

(If economizer is used) = 1.8 x 107 Btu
Gross Annual Heating Requirement = 1.8 x 109 Btu
Peak Cooling Load = 1.5 x ]O6 Btu/hr
Peak Heating Load = 1.3 x 106 Btu/hr
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TABLE 2.3-3

ALTERNATE DRIVERS FOR SYSTEM MODEL

Alternate Driver

Stirling Engine (advanced)

Stirling Engine (state-of-art)

Diesel Engine (state-of-art) or Pilot-ignited Gas Engine
Spark-Ignited Gas Engine (state-of-art)

Steam-Rankine Turbine

2~-79
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was adjusted for each driver so as to always yield a driver output of 90 hp

(given that each driver has a different thermal efficiency).

2.3.6.2 Additional System Modeling. The alternate driver study incorporated

two additional options for each separate driver. External heat pumping {(out-
side air heat recovery) was compared to no external heat pumping (electric
power generation) and modulated driver operation was compared to base-loaded
operation. Both of these options required some modeling changes which are

briefly described as follows.

There were no internal heat pumping sources available in this enonomy motel
application. Consequently, only external source heat pumping was considered
for the "heat pumping' option. Major remodeling of the refrigeration system
was considered outside the scope of the alternate driver study. Therefore,
the "heat pumping" option was modeled as a two~stage compression process
similar to the one shown schematically in Figure 2.2-3. Here, the second
stage of the heat pump doubled as the chiller compressor in the air condi-
tioning season. Thus, the most up-to-date, refined, heat exchanger and
compressor model as described in Sections 2.3.1 and 2.3.3, could remain in-
tact. The first stage of the heat pump was modeled as it existed in an earlier
version of the model (as described in Section’2.2.1.l). The two heat pump
stages interface with each other through the chilled water loop as shown in
Figure 2.2-3. 1In the model, both compressors operated when the system was in
the heat pumping mode, whereas only the second compressor (C2)operated dur-

ing the cooling mode.

Although the earlier system models (Sections 2.1 and 2.2) required two-stage
heat pumping for external air sources, the two-stage heat pumping was not
required for the motel application. The primary reason for this difference

was that the earlier models used baseboard radiation in the heat distribu-

tion system with a scheduled water temperature reaching a maximum temperature
of 180°F at O°F ambient. The model studied here used fan coils in the heat
distribution system with a constant 110°F water supply temperature. The
evaporating and condensing conditions required with the lower water temperatuvre
were well within the capabilities of positive displacement screw type com-—

pressors,
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The significance of single-stage versus two-stage heat pumping is discussed

in Section 2.3.6.3.

As described in Section 2.3.1, all reject heat generated in the refrigeration
cycle was dumped into the cooling tower by means of the refrigeration conden-
ser. In theory, it was believed that an auxiliary steam generator could pro-
vide any additional heat (aside from the driver reject heat) to satisfy the
building heating load more efficiently than by utilizing the reject heat from
the refrigeration cycle. In order to evaluate the soundness of this theory.
the system model was changed to allow waste heat from the refrigeration loop
to be utilized in satisfying the building heating load. Specifically, the re-
frigeration condenser was modeled as a double-bundle condenser, one coil serv-
ing thé heating system and the other coil dumping excess heat, if any, to the
cooling tower. The equations for the temperatures in the double-coil refriger-
ant condenser were identical to those equations derived for the double-bundle

steam condenser in Section 2.3.1.2.

The system flow chart changes for the external heat pumping inclusion are shown
in Figure 2.3-14. Other changes for modeling part-load driver operation,

also shown in this figure, are described in the following paragraphs.

Each alternate driver was modulated against the building heating load, and

was compared for base-loaded operation. In particular, the driver was utilized
at part-load in order to satisfy the heating load with its reject heat. If

the minimum utilization did not satisfy the heating load, the driver output

power was increased to the point at which the heating load was satisfied or to

maximum driver output power (90 hp). TIf the heating load was still not satisfied

at maximum driver power output, the auxiliary steam generator was utilized to
supply the remaining heat needed.

Modulated operation with each alternate driver was possible with and without
external heat pumping as shown in the flow chart of Figure 2.3-14 and as dis-

cussed in the results which follow.

2.3.6.3 Discussion of Results. The results of the alternate driver study are

preseﬁted in Table 2.3-4. For each combination of load control mode, external
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Fig. 2.3-14 Flow Chart Additions for Alternate Driver Study to Include
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TABLE 2.3-4
fi‘ ECONOMY MOTEL APPLICATION (9)
§§§ ENERGY COST AND CONSUMPTION
° Control/Configuration Prime Mover
‘Load Steam (1) (2) (3) 4 Electfs)
Control Configuration Rankine S/E (Adv) S/E(Exist) P/I Diesel S/I( ) Motor
Base Heat(8) $23.3(?;) 21.5 22.2 22.0 22.9 -
Loaded Pumping (7.398) (6.62) (7.04) (6.78) (7.37)
Base No Heat 19.8 17.7 18.6 17.4 17.9 -
Loaded Pumping (7.55) (6.39) (6.77) (6.46) (6.87)
Heat 27.6 26.6 27.8 27.0 27.6 37.6
Modulated ,
odulate Pumping (8.01) (7.50) (8.00) (7.51) (7.95) (8.92)
N
)
@® No Heat 24.2 25.0 25.4 23.2 23.8 32.7
(93] d .
Modulate Pumping (6.85) (7.06) (7.18) (6.73) (6.98) (8.68)

(1) Stirling engine advanced design

(2) Stirling engine existing P75 design

(3) Pilot~ignited gas-fired Diesel (existing)

(4) Spark-ignited gas-fired engine

(5) Electric-motor—-driven chiller/heat pump with gas—fired boiler

(6) Energy cost $1000/yr for gas @ $2.2/106 Btu, and electric @ 4¢/kWhr and $3/kW/mo demand
(7) Total energy consumed by system lO9 Btu/yr

(8) External source two stage heat pumping

(9) Excluding process loads



heat pumping and prime mover, the table presents both the annual operating

‘cost and the corresponding primary energy consumption (natural gas and/or

fossil fuel) in parenthesis. The heating loads excluded all process load

requirements for the building, for reasons explained in Section 2.3.7.

Several conclusions could be reached from the results shown in Table 2.3-4.

1. In all cases, it was better to base load the drivers than to

modulate their output.

2. On an annualized basis, all drivers showed an advantage without
heat pumping, both from energy cost and consumption standpoints.
In the cases without heat pumping, the engines drove a generator
during the heating season. Table 2.3-5 shows an example of how
the energy costs and consumptions were distributed for the steam-

Rankine and advanced Stirling engine.

3. The large heating load for this application masked the sizable
differences in thermal efficiency which existed between the
various alternate heat engines. The higher efficiency and
reduced amounts of recoverable heat for the alternate drivers
resulted in large requirements of heat from the auxiliary steam
generator where an 83% efficiency was assumed for all systems.
Thus, good driver efficiencies became diluted by the auxiliary
steam generator performance. In particular, the operating cost
difference between the base-loaded, no heat-pumping Stirling
engine (advanced) and the spark-ignited (S/I) gas engine was 1%
whereas their full-load efficiencies were different by 197

(.366 and .307, respectively).

This masking effect could be best understood by reviewing a series of perfor-
mance and load curves (Figures 2.3-15 to 2.3-19) which were developed early

in the alternate driver study. The purpose of this adjunct analysis was to
obtain an engineering "feel' for the significance of the obvious factors

which were expected to influence operating cost and performance. Some of
these factors included: driver efficiency, rejected heat, and heating/cooling

loads. This analysis was the result of hand calculations done before
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TABLE 2.3-5

COMPARISON OF 90 HP BASE-LOADED STEAM RANKINE AND ADVANCED
STIRLING ENGINES IN HEATING MODE - SAMPLE CASE*

Stirling Engine

Steam Rankine (Advanced)
Not Not
Heat Heat Heat Heat
Pumping Pumping Pumping Pumping
Heat Rejected from Engine 559,426 555,316 242,832 239,180
Heat Pump Condenser Load Btu/hr 327,346 - 632,987 -
Auxiliary Boiler Output, Btu/hr - 331,456 10,954 647,592
TOTAL Heat Load, Btu/hr 886,772 886,772 886,773 886,772
Fuel Input to Engine 941,973 941,973 633,134 633,134
Fuel Input to Auxiliary Boiler - 399,345 13,197 780,231
TOTAL Fuel Input 941,973 1,341,318 646,331 1,413,365
HVAC System Parasitic Loads 38.09 31.11 39.93 31.18
Pumps, Fans, Controls, etc., kW
TOTAL Purchased (Exported) kW 11.76 (30.84) 36.48 (33.10)
for HVAC System '
For 733 hr of Operation:
Energy Cost
Gas @ $2.2/10% Btu $1,601.92 $2,281.05 $1,099.15 $2,403.57
Electric @ $0.04/kW-hr 363.62 (953.57) 1,127.96 (1,023.45)

§1,965.54 S1,327.48  $2,227.11 $1,380.12

Energy Consumption, Btu x 108

Gas 7.28 10.37 5.00 10.93
Electric 1.05 (2.74) 3.24 (2.94)
9.33 7.63 8.24 7.99

*Conditions: 30°F ambient, 886,772 Btu/hr heating load, no cooling load,
733 hours per year duration.
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Fig. 2.3-16 Heating Mode Performance Factors for Engine/Generator Sets with Waste Heat Recovery.

All Engines Are Modulated on Power Output to Match Their Recovered Waste Heat to
the Heating Load.
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completing the detailed modeling described in Section 2.3.6.2. For ease of
analysis, all the alternate drivers were full-sized drivers (155 hp), as
required to meet the compressor power requirement during the maximum cooling
condition. This size selection avoided the complications of including the
mixed-mode operation of the motor (generator) in the manual calculations
which would otherwise be required for the actual 90-hp driver size - as used
in the detailed computer modeling. Separate analyses were done with respect
to heating-only and cooling-only modes of operation. Later, the 90-hp,
steam-Rankine system was also plotted on these curves. These driver size
differences should have been taken into account when the alternate driveré

were compared with the steam-Rankine system.

Figure 2.3-15 illustrates the nature of the heating load for the motel
building used in the alternate driver study. The average heating load was
about 0.8 x 106 Btu/hr, based on annual heating requirements; however, the
mid-point of the heating season (6247 hr) occurred at a load of about

0.53 x 106 Btu/hr. The motel's annual cooling season was about 3600 hours

in length and overlapped the heating season by about 2050 hours.

Figures 2.3-16 and 2.3-17 present the heating mode performanccs of the engines
driving the electric generators (i.e., without heat pumping) with modulated
and unmodulated (base-loaded) controls, respectively. Both modes of control
produced the same results when the heating load exceeded the engine's maximum
available rejected heat. Supplementary firing was required from the auxiliary
boiler. At the high heating loads, differences in driver efficiency had
little effect on system performance factors. As shown in Figure 2.3-17, the
advanced Stirling engine's performance was practically identical to the
spark-ignited gas engine's performance, even though they had 36.6% and
30.7% thermal efficiencies respectively. If the alternate drivers were td
be scaled down in size from 155 hp to 90 hp (matching the steam—Rankine
drive) then all drivers would display the same performance factor for heating
loads greater than 0.5 x lO6 Btu/hr (maximum heat rejection from the steam—
Rankine cycle). Considering that the average heating load occurred at nearly
0.8 x 106 Btu/hr, a major difference 1in energy copsumption could no be ex-
pected for any of the drivers (including the steam-Rankine system) solely on
the basis of heating load, providing the process load was not included.
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Modulating the engine's output to match its heat rejection rate to the
building's heating load offered a small performance advantage over hase
loading the engines in the mid to upper end of the engine load range. How-
ever, at low heating loads (low engine loads) the alternate drivers suffered
dramatically due to sharp reductions in thermal efficiency at part-load
conditions. Thus, the base-loaded mode of the control was expected to out-

perform the modulated mode of control.

A similar analysis was conducted for the alternate drivers which drove a
heat pump instead of an electric generator. The results of this analysis
are shown in Figure 2.3-18. A conventional electric motor drive was in-
cluded to form a basis of comparison with other heat pump drivers. For

the purpose of this illustration an assumption was made that the refrigerant
part of each system had a COP of 3.0, regardless of load on the compressor.
The system shown here modulated the drivers so the combined quantity of re-
jected heat from the engine and heat pump condenser equaled the building's
heat load. Again, comparing the results as presented in Figure 2.3-18 to

those for the base-loaded, without heat-pumping case (see Figure 2.3-17)

showed that the modulated heat pumping case would be a less attractive concent.

The performance factor curve shown in Figure 2.3-18, for the steam-Rankine
system was based upon a 90-hp turbine using an electric motor to augment its
output. The inflection point in this performance curve corresponded to the

point where the turbine was fully loaded and the electric motor started to

pick up part of the compressor load. With similar sized alternative drivers
(i.e., 90 hp instead of 155 hp) those curves also would have contained in-

flection points.

Figure 2.3-19 illustrates the difference in primary fuel requirements for
the various drivers when powering the chiller compressor. Here again, an

electric motor drive was included for reference purposes on the following

basis:
n
motor F/L = 92.9%
n
power plant = 33%
nelectrical_power transmission = 0%
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All the drivers were 155 hp with the exception of the steamRankine driver
which was 90 hp. A quick appraisal of the differences in performance would
have suggested that the most efficient alternate drivers would show consider-
able advantage over the steam~Rankine cycle and other lesg efficient engines.
Although this advantage was applicable for the cooling mode it had little
impact on the overall annual energy cost and consumption, since the annual
cooling load represented less than 110,000 hp-~hr of chiller compressor energy
input. Neglecting driver and drive train losses, the entire energy cost for
the chiller compressor was less than $3300/yr at $.04/kW-hr - less than 15%
of the total annual energy cost. Thus, the impact of the differences in driver

efficiencies (in the cooling mode) was not observed in the overall energy costs.

Therefore, the results shown in Table 2.3-4 were predictable, in that rel-
atively little difference existed in energy cost or usage for all the drivers

within a given mode of load control and configuration. The major differences

occurred between the various modes of load control and configuration. The

exception was the base case electric motor driven chiller, which was about

30% higher in energy cost and consumption.

The significance of two-stage versus single-stage heat pumping was examined
subsequent to the modeling activity. As>explained in Section 2.3.6.2, the
results which appear in Tables 2.3-4 and 2.3-5 were calculated on the basis
of two-stage rather than single-stage heat pumping. Figure 2.3-20 presents
the overall COPH of the two-stage process as well as the performance of

each stage at full-load conditions. At part-load, a correction factor
similar to the one shown in Figure 2.1-9 had to be applied. Figure 2.3-21
presents a comparison of the single-stage and overall two-stage performances,
showing that the single-stage performance was slightly better than the two-
stage performance at ambients >5°F. An analysis of ‘the pumped heat (in the
case of the base-loaded, steam-Rankine system) showed: 1) that 22°F was the
mean ambient temperature for the pumped heat, 2) that the entire pumped heat
load conéisted of 943 x lO6 Btu, and 3) that about 140,000 hp-hr of compres-
sor shaft power were required (overall COPH = 2.65) for the heat pumping

function.
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Figure 2.3-21 shows that less than 10% difference existed in the single-stage/
two-stage performance at 22°F ambient. Assuming a corrésponding savings in
compression energy existed, the single-stage heat pumping could have reduced
the annual energy costs by $390 per year.v This amount was insignificant in
relation to the overall energy cost and would not have made the heat pumping
case appear more attractive than the cases without heat pumping shown in

Table 2.3-4.

2.3.7_ System Optimization Results for Economy Motel Application

Process loads were included in the heating loads of the economy motel (de-
livered at the same temperature as the space heating load, 110°F) to deter-
mine their effect on system performance. Using the base-loaded, without neat-
pumping, steam—-Rankine case (Table 2.3-4) as a point of reference, an annual
process load of 4.6 x 108 Btu raised the annual operating cost by $1,518 and
the energy consumption by 8.1 x 108 Btu, if the heat was derived from the
steam condenser. If instead, the entire process load was supplied by the
auxiliary steam generator, the annual cost of using gas to meet this load
would have been $1,220 with an increased energy consumption of 5.5 x 108 Btu.
Therefore, from an economic standpoint, it was more favorable to use the
auxiliary steam generator (rather than the steam condenser) to supply the
process loads. However, the opposite trend would have existed if either of
the internal combustion gas engines were substituted for the steam-Rankine
cycle. The external combustion Stirling engine was also sensitive to the
temperature level into which the engine rejected heat, but to a lesser

extent than the steam-Rankine cycle.

The reason for the deterioration of performance from the steam-Rankine cycle
when supplying the process load stemmed from the fact that there were ordi-
narily no heating loads during the summer months. This lack of heating loads
normally resulted in a relatively low (*70-80°F) steam condensing tempera-
ture which was controlled by the cooling tower exit temperature. This re-
sulted in a high thermal efficiency of the steam—-Rankine system. However,
when the heating load became non-zero because of the small process load,

the condenser temperature had to exceed the heating system hot water delivery

temperature of 110°F. Then, the thermal efficiency of the steam-Rankine
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system deteriorated significantly, resulting in reduced power output from
the turbine and an increase in purchased electrical power for the building.
Therefore, the reoptimization of the system was done on the basis of using

heating loads which did not include process loads.

The optimization procedure and method have been extensively explained in
Section 2.3.4. The ranges on the independent variables (four heat exchanger
areas and heating system water flow rate) were identical to those previously
used for the office building application. The starting point for the system
reoptimization study was identical to the optimum heat exchanger sizes deter-
mined in Section 2.3.4 for the office building application. Table 2.3-6
presents the results of the reoptimization study for the economy motel. It
was evident that the large changes in heating and cooling loads had an in-
significant effect on either the heat exchanger capital cost or the energy
operating costs. This result was desirable, inferring that an optimum de-
sign for one application would operate at near-optimum performance in a

different application.
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TABLE 2.3-6

ECONOMY MOTEL APPLICATION

(*)

STEAM RANKINE SYSTEM OPTIMIZATION

Design Parameter

Steam Condenser Areas, ft2
Heating System Bundle

Cooling Tower Bundle

Refrigerant Condenser Areas, ftz'
Cooling Tower Bundle

Refrigerant Evaporator Area, ft2

Heating Loop Water Flow, GPM

COST TRADEQFFS

Heat Exchanger
Capital Cost

System
Energy Cost/yr Concept VIII
Concept V
(Modified)

* Does not include process load.

**Total parasitic losses same as Concept VIII

Initial

153

99

813
577

229

$26,688
: $21,445

: $19,849

Final
Concept VIII Concept V
(Modified)**

157 140

105 118

700 700

569 525

243 233
$26,518 $25,898
$21,490 $19,248
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3.0 COMPONENT DESIGN EFFORT -~ TASK VI-3

3.1 Introduction

The components of the large size model (LSM) system are presented schematically
in Drawings 2 and 3. Each individual component's specification and/or design

was completed to the extent necessary to develop a manufacturing cost estimate
for the system. In many cases cost and performance compromises were required

to arrive at a cost-effective design. The engineering layout for the mechanical

drive machinery package is shown in Drawing 4.

3.2 Refrigerant Compressor

3.2.1 Alternatives Considered

Two types of compressors were considered - centrifugal and positive displacement
screw. The results of the system modeling analysis (Section 2.2) showed that,
if the system pumped heat, a positive displacement screw compressor would be
required for the application. -The requirement for a positive displacement com-—
pressor was caused by the broad flow and hcat requirements. However, the system
design analysis showed that heat pumping was not effective for the base-loaded
LSM concept. Therefore,without a need to pump heat, the centrifugal compressor
offered potential cost advantages. This compressor offered the potential of an
oil-free system, thus eliminating the oil separation equipment along with the
separate lube o0il systems - both necessary for the screw compressor. The cen-
trifugal compressor also offered the potential advantage of operating at the
same speed as the high-speed turbine expander, thus eliminating the gear reduc--

tions. On this basis, the centrifugal compressor was selected.

3.2.2 Refrigerant Selection

The choice of working fluid was made on the basis of cost effectiveness, com—
ponent size, system reliability as well as overall system performance. A para-
metric study was conducted using four refrigerants having a wide range of densi-
ties. With each refrigerant,different sizes of equipment components were shown
operating at different pressures and speeds. A summary of this study is pre-

sented in Table 3.2-1.

Freon-12 was chosen for the system since it allowed modest system dimensions and

speed without exceedingly high condenser and evaporator pressures; hence, it
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TABLE 3.2-1

CENTRIFUGAL COMPRESSOR SIZING INFORMATION FOR THE 125 TON LSM CHILLER
SHOWING THE SIGNIFICANT MECHANICAL AND PROCESS PARAMETERS

IMPELLER : PRESSURE v

FLOW DIAMETER SPEED HP EVAPORATOR CONDENSER
LB/SEC INCHES RPM AT DESIGN PSIA PSIA
7.94 ‘ 22.3 7,000 149.8 2 11.6
6.33 13.6 12,200 133.7 5 25.6
8.66 6.2 24,100 148.6 43 141.3

6.28 4.5 39,500 150.4 70 225.5



offered the potential for a low-cost system. Freon-22 offered the best match
of turbine expander speed and was the smallest system. This size advantage,
as reflected in cost, was partially offset by the high internal pressures.

Its pressure/shaft speed combination offered the most difficult sealing con-
dition. The Freon-11 and Freon-113 candidates were both considerably larger
systems, more costly, and operated at subatmospheric pressures. Consequently,

they were not self-purging as Freon-12 and Freon-22 were.

3.2.3 Compressor Performance

The predicted performance map, presented in Figure 3.2-1, shows a constant
speed, variable inlet angle performance for the Freon-12 compressor. A hypo-
thetical operating line is also indicated, showing resulting decrease and in-
crease in flow, pressure ratio, and efficiency as the inlet guide vanes were
progressively closed to an 80 degree angle and opened to a 40 degree angle.
Figure 3.2-2 presents the part-load performance of the chiller system while

operating with a constant cooling water inlet temperature.

3.2.4 Aerodynamic Design

The design for the compressor is given in Figures 3.2-3 through 3.2-11 and in
Table 3.2-2. The compressor was designed with backward-inclined blades, a
vaneless diffuser and a scroll-type exit housing. The compressor was equipped

with inlet guide vanes to achieve the broad operating range requirement.

The compressor was designed in accordance with the parameters presented in
Table 3.2-3. Figure 3.2-3 shows the compressor design point in the NS - DS
diagram in relation to the maximum obtainable performance. The design point
was considered to be as close to the optimum as was practical without com-

promixing the compressor's geometry.

Figure 3.2-4 shows the compressor flow path giVing the overall dimensions,
while Figures 3.2-5 through 3.2-10 present the impecller blade design details.

The exit scroll area schedule is shown in Figure 3.2-11.

The compressor was designed as a plug-in module consisting of the impeller,

diffuser, scroll, inlet guide vanes, shaft seal, bearing and pinion gear. This
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TABLE 3,2-2

COMPRESSOR IMPELLER FLOW PATH GEOMETRY

Shroud Profile

STA R z v 0 £, B

LE 1.750 2.500 0.0 115.1  .040 60.0
1 1.773 2.160 7.5 95.8  .049 59.0
2 1.835 1.800 16.5 76.3  .057 57.8
3 1.932 1.470 27.0 59.2  .063 55.6
4 2.075 1.140 34.0 43.2  .065 54.5
5 2.252 .850 42.0 29.7  .064 52.8
6 2.490 .580 53.5 17.7  .058 50.0
7 2.780 .370 69.0 7.9 .050 47.5
TE 3.100 .250 90.0 0.0  .045 45.0

Hub Profile

STA R Z " 8 ty B

LE .500 2.500 0.0 154.8 .075 30.0
1 .626 2.000 7.5 121.7 .086 34.0
2 .839 1.500 16.5 90.1 .090 39.0
3 1.110 1.070 27.0 65.3 .089 42.0
4 1.430 .710 34.0 46,1 .085 43.9
5 1.776 .430 42.0 31.5 .077 44.7
6 2.215 .190 53.5 19.0 .066 45.0
7 2.709 .040 69.0 8.7 .055 45.0
TE 3.100 .000 90.0 0.0 .050 45.0
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TABLE 3.2-3

-COMPRESSOR DESIGN PARAMETERS

Working Fluid
Cooling Capacity

Evaporator Temperature (saturation)

Condenser Temperature (saturation)

Mass Flow

Power Required

Rotor Speed

Specific Speed

Specific Diameter

Estimated Compressor Efficiency
Inlet M/T/P

Pressure Ratio R

N/VT

Rotor Tip Diameter
Inducer Tip Diameter
Inducer Hub Diameter
Rotor Tip Width
Diffuser Inlet Diameter
Diffuser Exit Diameter
Diffuser Width

Scrall Area at Exit

MECHANICAL
TECHNOLOGY
INCORPORATED

R-12

125 tons
30°F

105°F

8.66 1lb/sec
148.6 hp
24,049 rpm
87.9

1.7

.785
4.4428
3.2736
1086.4

6.2 in.
3.5 in.
1.0 in.
.250 in.
7.0 in.
11.4 in.
.240 in.
8.0 sq in.



concept facilitated manufacturing, shop testing prior to system assembly, and
field maintenance. The layout of the compressor module is shown in Drawing 5

while Drawing 4 shows how the compressor related to the other rotating machinery.

3.2.5 Compressor Control

_The compressor capacity was controlled by inlet guide vanes as presented in
Figure 3.2-1, with the mechanical details including the actuator, in Draw-
ing 5. The inlet guide vanes were controlled from the chilled water temp-
erature leaving the evaporator. The water temperature rose when the cooling
load increased. This temperature increase was sensed and the inlet guide
vanes were moved, thus increasing the compressor flow (cooling effect) and
causing the water temperature to return to the 44°F control point. The con-

trol loop is shown in Drawing 2.

Unstable operating conditions, commonly called surge, could have occurred with
centrifugal compressors when operated under extreme conditions. These operat-
ing conditions had to be avoided to ensure long trouble-free operation. Low
flow combined with a high pressure ratio were the operating conditions which
resulted in surge (see Figure 3.2-1); these conditions could have caused po-

tential mechanical damage.

Antisurge control had been included in the design for reliability considera-
tion. Two commonly used methods of control were considered: recycle control
and shutdown (on-off) control. The first method was commonly used in process
applications where continuous flow was required. It was by far the most ex-
pensive control method, requiring complex pressure ratio and flow sensors plus
a bypass loop with its own flow control valve and heat exchanger. The simpler,
more economical, shutdown control was selected for this application. It con-
sisted of a bleed orifice, a small volume chamber, a differential pressure
switch and a timing relay. It worked on the principle of sensing rapid changes
in compressor discharge pressure, whichoccurred during surge, and shut down the
compressor by disengaging its drive clutch. After a predetermined amount of
time elapsed, (measured by a timing relay), the compressor drive clutch reen-
gaged, restarting the compressor. During the shutdown, the building's cooling

load increased, and when the compressor returned to operation, it again operated
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in the stable region. The compressor start/stop cycling, under extreme op-
erating conditions only, was easily accomodated by its drivers, motor and
turbine, as they continued to operate in the base-loaded control mode even
when the compressor was shut down. The start/stop mode had a far greater im-
pact on the conventional electric-motor-driven chiller where the number of

starts per hour had a significant impact on motor life.

3.2.6 Bearings and Seals

Alternative bearings and seals were considered as well as their arrangements,
cost and parasitic losses,to arrive at a near optimum configuration as pre-
sented on Drawings 4 and 5. The sealing conditions 24,000 rpm (195 ft/sec)
and 126 psid fell well within the state-of-the-art of low-priced shaft seals.
The seal which was selected cost 3400 and was capable of meeting the sealing
requirements. Other sealing alternatives were considered such as for the

3600 rpm drive gear shaft, an even easier sealing task. However, that design
required two separate lube o0il systems - one for the compressor with refriger-
ant in it and the other for the motor/generator drive train. As a result,
this design was ruled out by cost and system reliability considerations. The

layout shown in Drawing 5 isolates the Freon-12 from the lube o0il system.

The bearings shown on Drawing 5 are pressure dam sleeve bearings with a thrust
collar. These bearings offered the best combination of load carrying capa-
bility, cost, stability and parasitic losses. The impeller thrust was partially
balanced by differential pressures across the impeller balance pistons and the
helical gear loads. The net unbalanced thrust was carried by the thrust collar

on the bearing adjacent to the impeller.

3.2.7 Drive Train

The compressor was driven through a set of helical gears and a clutch located
on the 3600 rpm shaft as presented on Drawing 4. Many alternative clutching
and gearing arrangements were considered before this arrangement was selected.
The clutchwas required in this concept to reduce the parasitic losses while
the systemwas in the heating mode and the compressor was not required. The
most desirable arrangement was a high-speed clutch (40,000 rpm) directly con-
necting the turbine and compressor - eliminating one gear set. However, this
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was far beyond the state-of-the-art of friction clutches and presented other

problems such as the refrigerant shaft seal.

Planetary gearing and band clutches offered some reduction in overall size for
the machinery package. Unfortunately the increased number of parts (gears
and bearings), the associated cost and long-term reliability considerations

eliminated them from contention.

The drive arrangement shown on Drawing 4 was considered to be the most cost-
effective and the most reliable of the mechanical drive arrangements. However,
large number of bearings, their potential losses and associated costs provided
much of the impetus for a parallel path activity focusing on other turbine/
generator/compressor coupling methods which were potentially more cost and
performance effective. The results of this study are described in Section

2.3.5.

3.3 Refrigerant Heat Exchangers

The refrigerant condensor and evaporator were subjected to a reiterative de-
sign approach which started by finding representative areas and overall heat
transfer coefficients using estimated heat loads, water flow rates and temp-
eratures. Later the heat transfer areas were optimized as éescribed in Sec-
tion 2.3.4. The optimized surface areas were used as the basis for estimating

their costs.

3.4 Motor/Generator

3.4.1 Multiple Function

The electric induction motor in the mechanical drive configuration served

four functions. It assisted the turbine in driving the centrifugal compressor
when the compressor was loaded over about 75 hp. In addition, it converted
part of the turbine's mechanical power output into electrical power when the
compressor load was less than 75 hp. While accomplishing the above functions
the motor/generator controlled the turbine speed to within about *1-1/2 per-
cent, thus eliminating the governor/throttle valve control system. In addi-

tion, the usual frequency synchronizing controls (required at start-up for

MECHANICAL
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engine/generator sets) were eliminated when the motor functioned as the starter

for the turbine, see Section 3.5.3.2 for details.

3.4.2 Design

The layout of the 75-hp, 2-pole, 60-Hz, 3-phase induction motor/generator is
presented in Drawing 4 along with its relationship to thé turbine and compres—
sor. The rotor which was shrunk on and keyed to the drive shaft was supported
on reliable; yet inexpensive bronze journal bearings. The rotor and stator
were oil-spray-cooled to reduce their cost and size. By spray cooling, the
motor frame size was reduced two sizes below that required for a conventional
air-cooled motor. A common lube o0il supply was used for bearings and the motor

cooling, thus eliminating a separate cooling oil system.

3.4.3 Drive Train

The motor/generator coupled to two gear trains. The turbine power output was
delivered to the compressor through a 11.11:1 ratio gear set (ACMA Class 12),
the motor/generator rotor shaft, mechanical clutch, and a 6.67:1 ratio gear
set (AGMA Class 9). The 11.11:1 and 6.67:1 gear sets were helical gears de-
signed for 90 hp and 150 hp, respectively. All the 3600 rpm bearings wecrce the
bronze sleeve journal bearings for cost and reliability. The bearings which
support both high-speed pinion gears were pocketed journal bearings, for rotor
stability considerations. Tilting pad bearings were considered, but rejected

because of their higher cost and higher friction losses.

3.5 Steam Expander

3.5.1 Design Alternatives and Optimization

A preliminary evaluation based on generalized axial low-impulse turbine char-
acteristics indicated that the system's optimum steam pressure occurred between
400 and 600 psig while using the maximum practical steam temperature. Subse-
quent studies were made using 950°F initial and 950°F reheat temperatures.

Reheat and regeneration were included to enhance the cycle efficiency.

Initial attempts to consistently estimate the complete steam Rankine system

cost showed that the projected maximum system cost would occur in the 400 to
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600 psig pressure range, with the steam generator being the major variable.
Subsequent discussions with steam generator designers raised questions re-
garding the accuracy of these initial cost projections. It was indicated
in these discussions that the cost could even decrease at higher pressures
rather than increase. Consequently, steam generator costs were reevaluated
over a broad range of pressures (200 to 800 psig) and temperatures (750 to
1050°F). The results of this study, along with the results of the turbine
(steam cycle) performance anlaysis (both discussed in Section 3.6.1.1) in-
dicated that 1050°/1050°F/800 psig steam conditions produced the best cycle

performance/equipment cost combination.

3.5.1.1 Multistage Turboexpander. In general, there was an optimum speed

for a given turbine size (inlet volumetric flow) and an optimum number of
stages for a given adiabatic enthalphy drop, as defined by steam conditions.
For example, earlier in the LSM program a preliminary design was developed

for a larger 200-hp, 8-stage unit that was divided into a high-pressure and
low-pressure section having optimum speeds of 54,000 and 60,000 rpm, respec-
tively. As would be expected, a similar but smaller, 90-hp, 8-stage unit
would have optimum speeds of 64,000 rpm for the high-pressure section and
70,000 rpm for the low-pressure section; these speeds were higher than those
of the 200-hp turbine. Figure 3.5-1 presents the section efficiency as a
function of operating function of operating speed for the 90-hp, 8-stage unit.
It must be recognized that the efficiencies shown in Figure 3.5-1 were estab-
lished purely from a calculated basis including certain assumptions as to ro-
tation losses, bucket widths, packing leakages, shaft diameters and packing
lengths. These assumptions would have had to be checked against a final lay-
out that satisfied rotor dynamic requirements and bucket stress criteria. In
addition, actual machines would have had a "test correction'" to the calculated
values, which may have been either plus or minus, depending upon design de-

tails and quality of construction.

The 8-stage (8-wheel) turbine represented the most efficient and expensive
design approach. Considering that each wheel and nozzle pair would have cost
between $700 to $1000, the number of wheels used should have been minimized.

A single-wheel two-stage reentry turbine represented the simplest design.
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However, this type of turbine would have had relatively poor efficiency. A
more efficient concept consisted of a two-wheel (three-stage) turbine in
which the high-pressure expansion occurred across a partial arc of the first
wheel. After the reheat, the remainder of the wheel was used for the low-
pressure expansion. The balance of the low-pressure expansion occurred across

the second wheel's entire arc.

The two-wheel (three-stage) concept was optimized using a parametric analysis
with an MTI computer program based upon Lindhart and Silverman[l]*. A broad
range of process and geometric factors were evaluated as shown in Table 3.5-1.
The 40,000 rpm speed was selected as a possible match for the Freon-12 com-
pressor and the 58,000 rpm speed offered the potential of decreasing the size

of the turbine while maintaining higher efficiencies.

The results of this screening process indicated that optimum efficiencies at
40,000 rpm would be obtained with a 6-inch first wheel dand a 7-inch second
wheel at 400 psig; while at 58,000 rpm, a 4-inch first wheel and a 5-inch
second wheel appeared best. Tables 3.5-2 through 3.5-5 summarize the results
of these studies. The corresponding calculated efficiencies were then used
to calculate the overall Rankine cycle performance, for comparison with the

8-stage, 600 psig calculated performance.

Such comparisons must be used with caution. Both sets of efficiencies were
made on an analytical basis, but by completely different approaches. In ad-
dition, the 2-wheel performance was based on certain clearances which (it is
assumed) could be held in practice. Changes in these clearances could signif-
icantly affect the efficiency achieved. Valid test corrections were not

available for either design.

While the two-wheel turbine with reentry configuration on the first wheel was
expected to be a low-cost unit, the efficiency was unacceptable because of the
relatively low wheel speed with only two rows of buckets. This judgement was

made in terms of the overall thermal efficiency of the cycle. Consideration

*Numbers in brackets indicate references at the end of this section.
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TABLE 3.5-1

PROCESS AND GEOMETRIC PARAMETERS EVALUATED
IN TURBINE OPTIMIZATION STUDY

Inlet Pressure, psig 200, 400, 600, 800

950/950, 1050/1050, 1150/1150

Inlet/Reheat Temperature, °F
Back (exhaust) Pressure, psia - 1.17, 1.82, 2.40, 3.57

3/4, 4/5, 5/6, 6/7, 7/8, 5/5

Wheel Pitch Diameter, in.
(wheel #1/wheel #2)

Turbine Speed, rpm 40,000, 58,000
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RESULTS OF PARAMETRIC STUDY SHOWING KEY TURBINE PERFORMANCE AND SIZING

TABLE 3.5-2

FACTORS FOR STEAM CONDITIONS OF 950°F (INITIAL AND REHEAT)/600

AND 800 PSIG/2.4 PSIA AND AT SPEEDS OF 40,000 AND 58,000 RPM

D, D, P, u/c "D Blade Height, in.
in. in. psig rpm*{St. 1 St. 2 St. 3|St. 1 St. 2 St. 3|St. 1 St. 2 St. 3
3 4 800 40 .14 .15 .25 |.314 .385 .580 .12 .23 .55
58 .20 .22 .36 |.416 .509 .699 .12 .23 .55
600 40 .15 .15 .25 §.326 .384 .582 .13 .24 .58
% 58 .21 .22 .36 |.430 .508 .700 .13 .24 .58
4 5 800 40 .19 .20 .31 |.391 .480 .660 .09 17 J44
$ 58 .27_ .30 .45 1.491 .608 .734 .09 17 L44
- 600 40 .19 .20 .31 1.405 .480 .662 .10 .18 .47
v v é 58 .28 .30 .45 1.504 .608 .733 .10 .18 47
5 6 800 40 .23 .25 .37 |.446 .558 .712 .07 14 .37
é 58 .34 .37 .54 |.510 .667 .706 .07 .14 .37
600 40 .24 .25 .38 |.460 .557 .713 .08 .14 .39
vV ¥ % 58 .35 .37 .55 |.519 .667 .703 .08 14 .39
6 7 800 40 .28 .31 44 1,470 (616 .734 .06 120 .32
é 58 41 a4 .63 |.446 .681 .611 .06 .12 .32
600 40 .29 .31 .44 1,483 .615 .735 .06 .12 .33
58 42 44 .64 [.448 .682 .606 .06 .12 .33
7 8 800 40 .33 .36 .50 }.451 .651 .723 .05 .10 .28
58 .47 .52 .72 1.259 .642 417 .05 .10 .28
600 40 .34 .36 .50 | .461 .652 .725 .06 .10 .29
L % 58 .49 .52 .73 {.250 .645 .436 .06 .10 .29
*Multiply by 1000
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TABLE 3.5-3

RESULTS OF PARAMETRIC STUDY SHOWING KEY TURBINE PERFORMANCE AND
SIZING FACTORS FOR 40,000 RPM, 800 PSIG/2.4 PSIA AND AT TEMPERATURES
OF 950, 1050 AND 1150°F AND WITH 5, 6, 7 AND 8 INCH DIAMETER WHEELS

T H>Thee®; Dy Py ‘ u/c U Blade Height, in.
°F in. in. psig rpm*|St. 1 St. 2 St. 3|St. 1 St. 2 St. 3|St. 1 St. 2 St. 3

1050 5 6 800 40 .23 .25 .36 | .445 .544 .703 .07 14 .36
l 6 7 .28 .29 42 .468 .604 .731 .05 11 .31
7 8 % 'V .33 .34 .48 | .445 643 .731 .05 .10 .27

1150 5 6 .23 .24 .34 |.444 .530 .691 | .06 .13 .35
6 7 .28 .28 .40 |.464 .591 .725 | .05 .11 .30

7 8 ¢ w |.33 .33 .46 |.437 .633 .733 | .04 .10 .26

950 5 6 .23 .25 .37 |.446 .558 .712 | .07 .14 .37

.28 .31 44 1 U470 616 734 .06 .12 .32
.33 .36 .50 | .451 .651 .723 .05 .10 .28

-
-~ o
o~
<
<—

*Multiply by 1000
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TABLE 3.5-4

RESULTS OF PARAMETRIC STUDY SHOWING KEY TURBINE PERFORMANCE AND SIZING
FACTORS FOR STEAM CONDITIONS OF 950°F (INITIAL AND REHEAT)/PRESSURES
OF 200 AND 400 PSIG/2.4 PSIA AND AT SPEEDS OF 40,000 AND 58,000 RPM

D, D, Py u/c, Map Blade Height, in.
in. in.psig rpm* . 18t. 2St. 3St. 1 St. 2 St. 3|St. 1 St. 2 St.
5 6 200 40 .3 .26 .38 | .517 .565 .714 .14 .16 .42
‘ 58 .43 .38 .55 1.541 .672 .702 .14 .16 .42
400 40 .26 .25 .39 | .477 .553 .719 .08 .14 .39
% 58 .38 .37 .56 |.522 .664 .690 .08 14 .39
4 5 200 40 .24 .21 .31 | .463 .487 .663 .17 .20 .50
* 58 .34 .30 .46 1.549 .615 .732 .17 .20 .50
400 40 .21 .20 .32 {.424 476 .671 .10 L1747
é 58 .30 .29 .47 1.579 .604 .732 .10 17 .47
3 4 200 40 .18 .16 .25 (.378 .391 .583 .23 .26 .63
| 58 .26 .23 .36 |.484 .516 .700 .23 .26 .63
400 40 .16 .15 .26 |.344 .380 .593 .14 .23 .58
Y é 58 .23 .22 .37 |.449 .504 .707 .14 .23 .58
6 7 200 40 .35 .31 .44 1,531 .622 .735 .12 .12 .36
& 58 .51 .45 .64 ].433 .683 .604 .12 .13 .36
400 40 .31 .30 .45 j.444 612 .735 .07 .11 .33
} 58 .45 44 .66 |.427 .680 .577 .07 .11 .33
5 5 200 40 .30 .26 .31 |.517 .565 .663 .14 .16 .50
é 58 .43 .38 .46 [.541 .672 .732 14 .16 .50
400 40 .26 .25 .32 1,477 .553 .671 .08 14 47
1 % 58 .38 .37 .47 1,522 .664 .732 .08 14 W47
*Multiply by 1000
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RESULTS OF PARAMETRIC STUDY SHOWING KEY TURBINE PERFORMANCE, SIZING

TABLE 3.5-5

FACTORS AND STEAM FLOW RATES FOR SILX- AND SEVEN-INCH DIAMETER

WHEELS, WITH 950, 1050 AND 1150°F/800 PSIG STEAM

AND WITH VARIOUS BACK PRESSURES

. o . Flow
TerEHDl DZ Pl P2 U/CO "AD Blade Height, in. Rate
>F 4in. in. psig psia |{St. 1 St. 2 St. 3|st. 1 st. 2 St. 3|St. 1 St. 2 St. 3}1b/sec
1050 6 7 800 1.173] .28 .29 .36 [.462 .603 .703 .05 .10 . .45 .136
1.818( .28 .24 .39 [.465 .603 .722 .05 11 .36 .143
2.4 .28 .29 .42 |.468 604 731 .05 11 .31 .149
3.57 .28 .29 49 1.472 604 .728 .06 .12 .29 .162
1150 6 7 800 1.173]| .28 .28 .34 [.458 .590 .690 .05 .10 .43 127
1.818] .28 .28 .38 J.462 .591 .715 .05 .11 .35 .136
2.4 .28 .28 .40 1.469 .591 .725 .05 .11 .30 .141
3.57 .28 .28 .45 .468  .591 .734 .06 .12 .26 151
950 6 7 800 1.173| .28 .31 .37 |.465 .615 712 .05 .11 .46 .143
1.818] .28 .31 .41 1.469 .615 .730 .06 .11 .37 .152
2.4 .28 .31 44 |L470 .616  .734 .06 .12 .32 157
3.57 .28 .31 .51 j.474 .616 721 .06 .13 .29 .170
— MECHANICAL 3-32

Y, ] TECHNOLOGY
(¥ 1221 \ncoRPORATED



was therefore given to making the first wheel a 2-row, or "Curtis'" stage,

st:ill retaining the reentry arrangement for the first two expansions.

"The addition of a second row of moving buckets and the stationary interme-

diates to the first wheel, in a velocity compounded arrangement, effected a
substantial.increase in the efficiency of the two expansions. The efficiency
was attained without undue complication or increase in cost of the design.
The second wheel, which because of somewhat lower energy and a higher volume
flow already had an acceptable level of efficiency, was kept as a single-row

stage.

An investigation was made of the probable efficiencies that could be realized
from a 2-row wheel, at the speed and flow required (40,000 rpm - 475 1b/hr).
While there were no direct test data available on a wheel this size, calcula-
tions based on velocity diagrams and reasonable assumptions as to the bucket
loss coefficients, indicated that very good efficiencies might have been real-
ized with a 5.5-inch diameter wheel at the steam pressures, temperatures and

flow considered.

A report [2] was available on a series of Russian tests of a 2-row wheel of
similar geometry but slightly larger size, i.e. 10.433-inch diameter. These
tests showed that an efficiency of about 617 should be attainable. An adia-
batic efficiency of 617 was used on the first two expansions using the 2—rdw
first wheel, and the calcﬁlated efficiency of 73.1% was used for the third
expansion, on the second wheel. These parameters gave a calculated cycle
thermal efficiency, without mechanical losses, of 31.3% at steam conditions
of 800 psig-1050°F-2 inch Hg with a regenerator to recover the exhaust super-

heat in the feed water.

3.5.1.2 Other Types of Expanders. Two other expander types were considered

for this application. They included: a rotary positive displacement expander
and a radial inflow-turbine. Both types offered less performance potential
than the three-stage axial flow turbine which was selected. A cursory analy-
sis of the radial inflow turbine revealed that it was unsuitable for this ap-
plication because of the high-pressure ration requirements which resulted in

low arc of admission and poor performance.
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The rotary positive displacement expander was studied in a two-stage config-
uration. A cross section of its basic geometry is presented in Figure 3.5-2.
The results of this study showed that losses from porting, carry-over and
leakage were the major deterrents to achieving good expander efficiency.
Assuming a zero running clearance to eliminate any leakage losses, the port-
ing and carry-over losses alone resulted in an expander efficiency of 68% for
the high-pressure expander. However, the predicted efficiencies rapidly de-
teriorated as the running clearances increased from the theoretical zero
leakage condition. TFor example, at 0.001 inch the efficiency decreased to
617%; at 0.002 inch 39%; and at 0.004 inch 21%. This concept was abandoned in
favor of the three-stage impulse turbine because of its high sensitivity to

leakage clearances and the associated critical manufacturing requirements.

3.5.2 Turbine Design

Based on the favorable result from the optimization studies, further design
efforts were concentrated on the mechanical layout of the two-row wheel single-
stage combination. The first wheel pitch had a diameter of 5.5 inches and the
second wheel had a diameter of 7 inches at 40,000 rpm. Further consideration of
the 58,000 rpm option was discontinued due to the extremely high bearing losses
associated with that speed. The aerodynamic and mechanical designs were de-
veloped as described in the following two sections, 3.5.2.1 and 3.5.2.2.

3.5.2.1 Aerodynamics. The turbine stage design points were derived from the

optimization studies described in Section 3.5.1.1. The final selection of
steam conditions and turbine wheel sizes is summarized in Table 3.5-6 and pre-
sented in Figure 3.5-3 in the form of specific speed (NS) and specific diameter

(DS).

The turbine was a three-stage, two-disc impulse type, the first disc being a
partial admission two-rows velocity-compounded (Curtis) wheel with reheat and
subsequent reentry after first expansion. The stage data is presented in
Table 3.5-7. The details of the Curtis wheel buckets are presented in

Figures 3.5-4 through 3.5-6. The design details of the conical reamed nozzles
for the first and second stages are given in Table 3.5-7. The second row of

the Curtis stages was designed with a small amount of reaction in order to im-
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TABLE 3.5-6

FINAL SELECTION OF STEAM STATE POINTS

AND TURBINE DESIGN PARAMETERS'

Working Fluid

Number of Stages

Power Output

Inlet Pressure

Inlet Temperature

Reheat Pressure (after lst stage)
.Reheat Temperature

Turbine Exit Pressure
Mass Flow

Turbine Speed

Stage 1

(2 Row)
Specific Speed 4.7
Specific Diameter (in.) 9.2
Velocity Ratio U/C0 .28
Turbine Efficiency .508
Admission Percent 8.3
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Steam

3

90 hp

800 psig
1050°F

64 psia
950°F

2.4 psia
.157 1b/sec
40,000 rpm

Stage 2

(2 Row)
14.5
3.2
.31

.688
52.1

Stage 3

(1 Row)
35.3
1.9
N

734
100.0
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TABLE 3.5-7

TURBINE STAGE DATA

AVDINVHIIN

o
3
&2
oz
2z
30
Q
e
2o
%0
1
- <
o

Wheel #1 (Curtis) Wheel #2
Stage 1 (2-Row) ' Stage 2 (2-Row) Stage 3 (1-Row)
Nozzle Type Conical (Con-01) Conical (Con-01) NGV
Admission (%) 8.3 52.1 100.0
No. of Nozzles 4 21 17
Throat Dia. (in.) .0725 .1024 . 2844
- Exit Dia. (in.) .0924 .110 -
” Nozzle Angle 15° 15° 15°

Row-1 Int. Row-2

Rotor Blade Height (in.) 112 .112 126 L340
Rotor Blade Width (in.) 250 .250 .250 .250
Blade Angles (inlet/exit) 20°/20° 35°/25° 60°/35° 26°/26°
Rotor Blade Number 122 122 133 176

Blade Pitch Dia. (in.) 5.50 5.50 5.514 7.00




t+— . 250" — >

a—— . 118" — g

Entrance Exit

Pitch Diameter = 5.5
No. of Buckets = 122
Bucket Height = .112"
Nominal Angles = 20/20

Fig. 3.5-4 Turbine Bucket Geometry for Curtis Wheel - Row #1
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Pitch Diameter = 5.5"
No. of Buckets = 122

Bucket Height = .135"
Nominal Angles = 40/25

Fig. 3.5-5 Turbine Bucket Geometry for Curtis Wheel -
Intermediate Row (Stationary)
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Entrance

Pitch Diameter = 5.55"
No. of Buckets = 133

Bucket Height = .164"
Nominal Angles = 42/36

Fig. 3.5-6 Turbine Bucket Geometry for Curtis Wheel - Row #2
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Fig. 3.5-7 Turbine Nozzle Geometry for Wheel #2
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prove efficiency. The nozzle geometry for the second wheel (third-stage expan-

sion) is presented in Figure 3.5-7 followed by the bucket geometry (Figure 3.5-8).

The methodsfornmnufacturing the turbine wheels were considered. Investment
costing techniques were considered to be the most cost-effective production
method. The final bucket designs described above reflected compromises in

shape and performance which were required to achieve a castable design.

3.5.2.2 Mechanical. The cross section of the turbine wheels, seals and casing

are presented in Figure 3.5-9. Individual wheels were used for ease of manu-
facture and were attached to the turbine shaft with a through bolt. The rotating
assembly was supported on water-lubricated tilting-pad bearings as shown on

Drawing 4. The lubricating water was obtained from the steam condenser hot well.

The assembly was designed as a plug-in module which included a quill shaft and
shaft seal assembly. The shaft seal kept the lube o0il and water from contam-
inating each other. The quill shaft design concept permitted the use of a

small, inexpensive ($20), shaft seal for this critical application.

The entire turbine subassembly was sandwiched between the gearbox housing and
the regenerator. The subassembly could be removed from the system by removing
a thin spool piece (not shown) from between the regenerator and the steam con-
denser. Three steam lines on the turbine and two water connections on the re-
generator also had to be removed. The entire subassembly including the quill
shaft and seal could then be slid out of the high-speed gearbox. This assem-
bly concept allowed for a limited inspection of the turbine without disturbing

any of the critical running clearances.

3.5.3 Control and Operating Considerations

3.5.3.1 Over Speed Protection/Shutdown. The turbine was protected from a

destructive over speed condition which could have occurred for several rea-
sons. Some of these reasons were loss of power to the motor/generator, or

failure of the quill shaft. Speed was sensed from the turbine shaft. When
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A dangerous over speed condition occurred, the main steam trip valve was

closed. The balance of the system was also shut down.

The volume of steam trapped between the main trip valve and the third-stage

nozzle was minimized as an attempt to eliminate the need for a second trip

valve in the reheat return line. The system dynamics were evaluated, verifying
that the second valve in the reheat return line was not essential. The steam
reservoir between the main steam trip valve and third-stage wheel nozzle was
not large enough to over speed the wheel after the main trip valve closed.

This concept had a significant impact on reducing system cost by eliminating

the second trip valve.

3.5.3.2 Start-Up Procedure. The start-up procedure for the steam Rankine

- s {ona
system was also optimized to minimize system control costs. In a conventional

system the steam generator and turbine/generator were slowly brought up to
operating conditions. This was done by throttling the steam flow to the tur-
bine and dumping a portion of the steam's output directly into the steam con-
denser, if necessary. After the turbine was warmed up and at operating speed,
the generator was synchronized and connected to the grid. Then the output of
the steam generator was increased to load the turbine and produce power. This
start-up sequence required the following controls: 1) speed governing on the
turbine, 2) phase sensing controls for the generator which interfaced with

the -turbine's speed control, 3) broad turndown capability in the steam gen-
erator's gas and air handling system, and 4) a steam bypass piping and a

valve to dump excess output directly into the condenser.

The above controls were expensive and had been eliminated from the system by
using a modified start-up sequence. The turbine, being small in size, was
preheated by means of resistance heating elements, not shown in Drawingi4 or
Figure 3.5-9. After the turbine reached a preset temperature, that had to be
determined, the steam generator was started at full firing rate. Thirty sec-
onds later the lube-o0il and condensate pump started, providing lube oil to the
motor/generator/gearbox bearings and water (lubricant) to the turbine shaft
bearings respectively. The motor/generator and the feed water pump started
simultaneously. The turbine driven by the motor/generator, immediately came

up to speed, and the feed water pump delivered water to the steam generator.
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Fig. 3.5-8 Turbine Bucket Ceometry for Wheel #2
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The preheated mono-tube steam generator produced steam immediately. The

flow restriction of the first-stage turbine nozzles caused the steam pres-

sure to increase to the normal operating level. The resistance-heating

heaters in the turbine casing were deenergized and the system operated at
full power. The entire start-up procedures, after the turbine preheating
was achieved, should have taken less than 45 seconds and should not have

required an attending operator.

3.5.4 Performance

The overall turbine performance is given in Figure 3.5-10, which shows basic
cycle efficiency plotted against horsepower output, with condenser temperature
varying from 100 to 140°F and the turbine supply pressure changing. This per-
formance was derived by assuming a constant Stage-1 and Stage-2 turbine ef-
ficiency and varying Stage-3 efficiency as shown in Figure 3.5-11. The chang-

ing condensing temperature (pressure ratio) did not affect the first two stages.

3.6 Steam Generator

The steam generator was designed by Advanced Mechanical Technology Incorporated,
Newton, Massachusetts in accordance with the process design specifications
provided by MI'I. Various alternatives were evaluated in order to develop a

cost-effective design.

3.6.1 Alternatives Considered

3.6.1.1 Steam State Points. A parametric study was made to establish the

most cost effective steam conditions for the system. This study was done by
developing a map of steam requirements for a 90-hp stcam-turbine driver. The
results are presented in Figures 3.6-1 through 3.6-5 and were used to evaluate

the tubing cost of the steam generator.

Table 3.6-1 shows the results of the preliminary engineering analysis which
covered a matrix of four temperature and pressure levels. At a constant
pressure, the tube and fin material costs increased slightly with increasing
temperature. At a constant temperature, the costs decreased with increasing

steam pressure. The cost of the heat transfer materials was only $87 higher
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Note: See Figure 3.6-1 for statepoint locations.
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Note: See Figure 3.6-1 for statepoint locations.
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Note: See Figure 3.6-1 for statepoint locations
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TABLE 3.6-1

EFFFCTS OF STEAM OUTLET CONDITIONS ON STEAM GENERATOR COIL COSTS
(all cases are 6 pass designs)

Constant Pressure, 600 psig

(1)

Steam Generator Outlet

Temperature , °F 900 950 1000 1050
Tubing Cost, $ 471 492 504 557
Steam Generator Efficiency
L4 . A4 l8
N (LEV) 878 875 871 68
Constant Temperature, 900°F

Steam Generator Outlet(z)

. 200 400 600 800
Pressure, psig
Tubing Cost, $ 536 524 471 472
Steam Generator Efficiency 0.879 .879 .878 .875

n (LHV)

(l)For both initial and reheat flows. All cases at 600 psig steam
generator outlet pressures.

(2)

Initial and reheat at 900°F.
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for the 1050°F design than for the 900°F design. However, the annual fuel
requirement for the 900°F turbine design was $750 ($2.2/106 Btu HHV) higher
than the cost of the fuel requirement for the 1050°F design. Thus, the 1050°F

design temperature was selected for its economic advantages.

3.6.1.2 Economizer versus Air Preheater. The efficiency target for the steam

generator was 927% based on lower heating value (LHV) (837 HHV) which was
slightly higher than the values shown in Table 3.6~2. Two design altermatives,
(1) adding extra tubing passes in an economizer and (2) adding combustion-air
preheater, were explored to achieve the targeted performance. By increasing
the number of passes from six to nine the 837% HHV efficiency was achieved.

This resulted in a tubing cost of $580, compared with $380 for the air pre-

heater design.

The economizer design was selected in favor of the air preheater on the basis
of engineering judgment on relative size, anticipated reliability and econo-
mics. The combustion-air preheater plus the ducting to the fan and burner

was estimated to add 607 more volume to the steam generator. During warm-up,
the density of the combustion air for the preheated concept changed by 40 to
507% causing special start-up air/fuel ratio control considerations. The costs
incurred by these differences in controls and unit size were anticipated to
exceed $200. This amount, along with the anticipated added control require-
ments and associated lower reliability precipitated the decision in favor of
the economizer design.

i

3.6.1.3 Design Integration. Two design concepts were developed in relation

to the burner fan's integration into the design. Drawings 6 and 7 present
the two concepts. The integrated design offered the potential of a cleaner
looking, more compact design. However, the design required the extra devel-
opment of a special blower wheel, mixing tube, and blower shaft seal. Gas
and air were mixed upstream of the blower. The impact of the integrated de-
sign on product cost could not have been determined without considerable in-
crease in design/development costs for the specialized components. Conse-
quently, a management decision was made to continue the design on the basis

of the separate, commercially available, blower-design concept. A decision
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TABLE 3.6-2

INITIAL STEAM GENERATOR PARAMETRIC STUDY -~ SUMMARY OF RESULTS

i-(
38
% 4
2z
30
o
o
28
m =<
o

£
3
3
z Heat Transfer Surface
P>
" Pass Number
ey Eff'y|Exhaust| Steam Steam
Case LRV | Temp.°F| AP, psig |Flow, pph 1 2 3 4 5 [ 7 8 Total
#1 s Tubing®> |1/2x.049] 1x.049 {1/2x.049 |1/2x.049 |3/8x.049 |3/8x.049
. 1ze Fins - - 1x6 1x10  {3/4x10 |3/4x10
600 psig '
900°F S.H. Max. |Tubing 989 1028 616 | 708 497 366
900°F R.u.|-878 | 418 154 75 Temp,°F | Fins - - 786 777 538 391
(6 pass) Mate— |Tubing 3045S | T22 cs cs cs cs
rials Fins - - CsS CcS CS Ccs
Length, ft| 27.9 19.2 28.8 25.1 28.1 22.6 151.7
Cost, $ | 23.72 [29.18 | 61.63 118.97 |132.07 [106.22 471.79
#2 o Tubing  |1/2x.049!1x.04911/2x.069 {1/2x.049 |3/8x.049 |{3/8x.049 [3/8x.049
w . Size Fins - - 1x6 1x10  |3/4x10 |3/4x10 [|3/4x10
dn 600 psig
900°F S.H. Max. |Tubing 989 1028 616 708 497 366 331
~J
900°F R.u.|'897 | 451 149 775 Temp.°F| Fins - - 786 777 538 391 350
(7 pass) Mate- |Tubing 304SS T22 cs cs cs cs cs
rials | Fins - - cs cs cs cs cs
Length, ft| 27.9 19.2 28.8 25.1 | 28.1 22.6 16.3 168.0
Cost, $ | 23.72 [29.18 | 61.63 | 118.97 [132.07 ]106.22 76.61 548.40
#3 s Tubing  |1/2x.049!1x.0491/2x.049 {1/2x.049 |3/8x.049 |3/8x.049 [3/8x.049{3/8x.049
. ize Fins - - 1x6 1x10  |3/4x10 |[3/4x10 [3/4x10 |3/4x10
600 psig
900°F S.H. Max. |Tubing 989 1028 | 616 708 497 366 331 310
900°F R.H.|*909 | 411 152 75 Temp.F| Fins 786 777 538 391 350 327
(8 pass) Mate- |Tubing 30488 | T22 s cs cs cs cs cs
rials | Fins - - cs cs cs cs cs cs
Length, ft| 27.9 19.2 28.8 25.1 28.1 22.6 16.3 9.23 177.2
Cost, § { 23.72 129.18 | 61.63 | 118.97 {132.07 }106.22 76.61 [43.38 591.78
1)

All cases based upon 25 percent excess combustion air

2)
3)

Fin OD" x pitch (fins/inch)

Tubing OD" x wall thickness'



TABLE 3.6-2

INITIAL STEAM GENERATOR PARAMETRIC STUDY - SUMMARY OF RESULTS (cont'd)

IYDINVHIIW

Z3
8o
8z
2z
39
g2
2o
28
<
(=

Heat Transfer Surface
Pass Number
N Eff'y|Exhaust | Steam Steam
Case(l' LHV {Temp.,’F|6P, psig|Flow, pph 1 2 3 4 5 6 7 8 Total
A Siz Tubin%(;) 1/2x.049 [1x.049 |1/2x.049 |1/2x.049] 3/8x.049|3/8x.049
e Fins (2) N - 1x6 1x10 | 3/4x10 |3/4x10
600 psig
950°F S.H. . Max. |[Tubing 1037 1074 772 747 511 381
950°F R.u.|"87% | 323 149 744 emp. °F| Fins R - 927 812 553 405
(6 pass) Mate- |Tubing 304 T22 cs cs cs s
rials Fins - - 409 CS CS CcS
Length, ft| 27.9 19.2 28.8 25.1 28.1 22.6 151.7
Cost, $ | 23.72 |29.18 | 61.63 118.97 {132.07 [106.22 471.79
o #3 Size Tubing 1/2x.04911x.049 [1/2x.049|1/2x.049] 3/8x.049(3/8x.049
1 600 psig Fins - - 1x6 1x10 3/4x10 3/4x10
W
& 1000°F S H. Max. |Tubing 1085 1122 777 799 514 399
1000°FR.u.| - 871 242 143 18 Temp®F | Fins - - 933 864 559 423
(6 pass) Mate- | Tubing 304 304 | cs cs cs cs
rials Fins - - 409 (o] CS CSs
Length, ft| 27.9 19.2 | 28.8 25.1 28.1 22.6 151.7
Cost, $ 1| 23.72 41.47| 81.79 |118.97 [132.07 |106.22 504.24
#6 size | Tubing 1/2x%.049 |1x.04911/2x.049|1/2x.049! 3/8x.049]3/8x.049
600 psig Fins - - 1x6 1x10 | 3/4x10 [3/4x10
1050°F S.H. Max. |Tubing 1133 1169 782 839 515 415
1050°F R.u.| 868 | 332 139 693 TempSF | Fins - - 937 899 562 437
6 pass
(6 pass) Mate- |Tubing 304 364 | cs 304 cs cs
rials | Fins - - 409 409 cs cs
Length, ft| 27.9 19.2 28.8 25.1 28.1 22.6 151.7
Cost, § | 23.72 l41.47 | 81.79 [171.94 [132,07 1106.562 337.21

(1)
(2)
(3)

All cases based upon 25 percent excess combustion air
Fin OD" x pitch (fins/inch)

Tubing OD" x wall thickness'"



TABLE 3.6-2
1
Bl INITIAL STEAM GENERATOR PARAMETRIC STUDY - SUMMARY OF RESULTS (cont'd)
ZaE
3¢z
282 Heat Transfer Surface
s Pass Number
Eff'y|Exhaust| Steam Steam
Casell) LHV |Temp.,’F|AP,psig{Flow, pph 1 2 3 4 5 6 7 8 Total
#7 Size Tubiné” 1/2x.049|1x.049 {1/2x.049{1/2x.049]3/8x.049{3/8x.049
. : Fins' %) - - 1x6 1x10  |3/4x10  {3/4x10
800 psig
900°F S.H. Max. |Tubing 989 1028 646 731 504 366
900°F r.u.[-87% | 27 | 125 787 | TempfF | Fins - - | 816 800 | 547 393
(6 pass) Mate- | Tubing 304 T22 cs cs cs cs
rials Fins - - cs cs cs cs
Length, ft | 27.9 19.2 28.8 25.1 28.1 22.6 151.7
Cost, $ | 23.72 {29.18 |61.63 1118.97 [132.07 |106.32 471.74
#8 Size Tubing 5/8x.049|1x.049 [1/2x.049|1/2x.049|3/8x.049!3/8x.049
w . Fins - - 1x6 1x10 {3/4x10 |3/4x10
dn 400 psig
900°F S.H. Max. | Tubin 1012 1031 804 661 470 372
=Y . g
900°F R.H. -879 >14 129 778 Tempy F Fins - - 949 740 512 395
(6 pass) Mate- | Tubing 304 T22 304 cs s cs
rials Fins - - 409 CS Cs CS :
Length, ft| 22.3 19.2 | 30.2 26.1 28.9 23.6 150.3
Cost, $ | 21.41 29,18 [103.89 1123.71 |135.83 |[110.92 s 524.94
#9 Tubing 5/8x%.049! 1x.049 |5/8x%.049] 5/8x.049| 1/2x.049] 3/8x.049
Size Fins - - 11-1/4x10] 1xI0 1x10 | 3/4x10 |
200 psi
900"; sou 804 Max. | Tubing 1011 1109 | 883 706 425 1 374
900°F R.H -879 514 98 TempyF Fins - - ! 1029 787 473 398
(6 pass) Mate- | Tubing 304 T22 | 304 | CS o TS
rials Fins - - 409 j cs (o] [ol]
]
Length, ft| 22.3 19.2 | 24.2 20.9 21.1 21.6 129.3
Cost, $ | 21.41 29.18] 129.86 | 154.61 | 100.01 | 101.52 536.59
(@9

All cases based upon 25 percent excess combustion air-

(2)
3

Fin OD" x pitch (fins/inch)

Tubing OD" x wall thickness"



was also made to develop the integrated design at a later date, when product

volume warranted the development.

3.6.2 Pass Arrangement/Temperature Distribution

Drawing 6 presents the layout of the 9-pass heat transfer surface. Figure
3.6-6 shows the water/steam flow path and temperature distribution through
the nine passes. This figure also shows the manner by which the combustion

temperature changed as it flowed past the tubing.

3.6.3 Control Concept

The steam generator was designed to operate continuously at the design load,
simplifying the controls and reducing their cost. The reheat temperature
control was preset during shop testing and required only periodic adjustments
in the field. The superheater discharge temperature was controlled from the
feed water rate, by maintaining a preset value using a flow control valve and
a feed water pump bypass. The basic control concept involved using the firing
rate to control discharge pressure at 800 psig and using the feed water rate

to control the discharge temperature at 1050°F.

A conventional gas/air train was used in the burner system. This system
which met UL 795 specifications, also included the burner supervisory control
and the pre-purge and past purge controls. The control scheme is shown on

Drawing 8.

3.6.4 Start-up Procedure

The steam generator was preheated before water was introduced into the coils.
This was a practice which had been effectively demonstrated with other small

mono-tube steam generators. This method produced steam immediately after the
water was introduced into the preheated tubes. In this design a small seper-—

ator had been added at the turbine inlet as a precautionary measure.

Under normal operating conditions, the total heat contained in the steam gen-
erator's heat transfer materials was equivalent to 30 seconds of the heat out-
put from the burner. Thus, the steam generator preheat time was also 30

seconds. The system start-up sequence is outlined in Section 3.5.3.2. This
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Fig. 3.6-6 Schematic Flow/Temperature Conditions in Monotube Steam Generator
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section also describes the relationship of the steam generator to other com-

ponents within the system.

3.6.5 Shutdown Procedure

At both scheduled and emergency shutdowns, the steam generator was blown down
through a dump valve at the economizer inlet. The intent of this procedure
was to use the high-pressure steam in the system to back flush all the resi-
dual water in the monotube coils at the instant of shutdown. The residual

water then passed out through the economizer inlet and into the condenser hot

well. Any residual water which remained in the monotube coils should have
been evaporated by the residual heat stored in the metal, thus leaving the

coils dry during shutdown.

3.6.6 Mechanical Construction

AMT's engineering layout, Drawing 7, shows the mechanical construction of the
steam generator. The finned coils which were tightly nested promoted uniform
gas velocity and avoided channeling of the combustion products. They could all
have been formed on the same 60°-taper mandrel by starting the wrap at the
appropriate diameter for each coil. This technique was developed for earlier

steam generators of this configuration.

All the finned heat transfer coils (passes 3 through'9) were constructed of
carbon steel tubing and fins with a maximum temperature of 716 and 781°F,
respectively. The superheater and reheat passes were unfinned 304SS tubing
with maximum.temperatures of 1131 and 1222°F, respectively. The superheater
was the most highly stressed at the 800 psig operating pressure but was still
130°F below ASME's 100,000 hr creep rupture tube metal temperature limit.

The design was only analyzed for full-load operating conditions.

3.6.7 Safety Considerations and Product Certification

The LSM steam generator was patterned after the compact mono-tube automotive
steam generator developed by the Scientific Energy System Corporation in the
early 1970s. Through the use of small diameter, thin wall, finned, stainless
steel tubing, this design (including burner and blower) achieved a specific

weight of about 50 1b per million Btu per hour and a specific volume of about
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1 ft3 per million Btu per hour. 1In spite of the highly economical use of
material, the LSM steam generator was designed in accordance with the ASME
power boiler code, with particular attention to the stress and temperature
limits as recommended by ASME. The mono-tube design was extremely safe,
containing only about a liter of water and actually having less stored energy
than many residentially sized pressure boilers. The steam generator for any
product such as a heat pump would become the focus of attention of local code
enforcement. The foregoing points are especially significant for the develop-
ment of a certification standard for any product containing a steam generator

in a high-performance steam-Rankine prime mover.

For any generic type of gas heat pump system, a special national certifica-
tion standard may be expected to be developed under the aegis of the American
Gas Association/American National Standards Institute (AGA/ANSI). Accordingly,
any standards for steam-Rankine gas heat pumps would be developed incorporat-
ing the steam generator features cited above. These standards would adhere

to ASME boiler code specifications, American Society for Testing and Materials
(ASTM) materials code specifications, Underwriters Laboratories (UL) electri-
cal and controls specifications, and previously developed gas burner and

burner control specifications.

3.7 Regenerator

The purpose of the regenerator was to enhance the steam Rankine cycle effi-
ciency by recovering most of the superheat remaining in the turbine's third-
stage exhaust, The process design conditions for the regenerator are shown

in Table 3.7-1.

For economic reasons, the regenerator coil was designed to fit in the turbine
exhaust duct. The coil accepted the steam as it left the second turbine
wheel, removed the superheat through a finned spiral-wrapped coil (with

feed water flowing through it) and then discharged the cooled steam into the
condenser. The steam and water flow rates included a 5% margin on flow for

safety factor.

D
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TABLE 3.7-1
REGENERATOR PROCESS DESICN SPECIFICATION
Steam Side
Steam Flow = 490 1b/hr
Steam Inlet Temperature = 483°F
Steam Inlet Pressure = 2.4 psia
Steam Outlet Temperature = 150°F
Steam Outlet Pressure = 2.0 psia
Water Side
Water Flow = 490 1b/hr
Water Inlet Temperature = 125°F



3.8 Steam Condenser

In this design, the steam condenser served multiple functions. The steam
condenser housed the lube 0il cooling coil in the hot well, deaerated (de-
gased) the condensate in the hot well and performed its normal condensing
function. The objective of the integrated design concept was to minimize

equipment cost.

The steam condenser manufacturer's standard material were used as the basis
for the interim costing effort. After reviewing the manufacturer's standard
material (carbon steel shell, tube sheets, end covers and AS214 tubing), it
became certain that the material quality had to be increased. TFor this
application the use of stainless steel may have been required, in order to

have achieved a reasonable component life.

3.8.1 8izing Double-Bundle Condenser

The heat transfer surface area for each bundle was determined in the system
optimization phase, as detailed in Section 2.3.4. An overall heat transfer

coefficient of 300 Btu/hr-ft2—°F was used for both tube bundles.

3.8.2 Hot Well Deaeration (Degasing)

As the steam condensed into liquid, it contained small quantities of non-
condensable gases. The steam normally reached the hot well at a temperature
which was several degrees below the saturation temperature (97 to 117°F). A
large portion of these dissolved gases were removed from the condensate by
bringing the condensate to the saturation temperature before it left the hot
well. The low heating system supply temperature of 110°F made it possible

to use the rejected heat from the lube 0il system as the heat source for this
function. The luhe o0il entered the deareator at about 155°F and was returned

to the bearings at 135°F, thus returning some of the bearing loss (heat)

back into the steam cycle. The complete details of this deaeration scheme

were not fully developed at the time the design activity was terminated.

3.8.3 Removal of Noncondensables

The noncondensables which were removed from the condensate were in turn re~
moved from the steam condenser (preventing blanketing of the heat transfer
surface) via a small vacuum pump. A small amount of steam normally accompanied
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these noncondensables. Thus, a small secondary condenser was used to par-
tially recover the accompanying steam and return it to the main steam con-
denser hot well. The objective of the secondary condenser was to minimize

the feed water makeup requirements.

3.9 Feed Water Treatment

One goal for this design was to achieve a completely closed (hermetic) steam
power cycle. Technically, this goal was not achievable because noncondensable
gases developed in the system and had to be removed from the steam condenser
to maintain its effectiveness. Small amounts of water vapor accompanied the
noncondensable gases and eventually this water had to be replaced via a

makeup system. One source of these noncondensables was the dissociation of
the water into hydrogen and oxygen - which was a time/temperature phenomenon.
Another source of the noncondensable gases was the decomposition of the pH-
and Oz—controlling additives. In addition to the feed water makeup system, a
condensate polishing system was also required to control the quality of the

feed water.

Before the basic requirements of the steam feed water treatment system are
presented, the fundamental techno-economic design objectives for this sub-

system can be restated as follows:
e The cost to meet the water quality criteria had to be minimal.

e Low maintenance requirements had to be consistent with conven-

tional HVAC equipment service requirements.
@ Water treatment was not to be site dependent.

o The prototype subsystem had to have monitoring, alarm/trip
and recording capabilities which were assumed not to be

required on commercial units.,

e The requirement for parasitic power had to be low.

3.9.1 Water Quality Requirements

There is an absence of industrial or commercial experience which relates to the

water quality requirements for a small self-contained steam power plant such
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as the one in this application. Therefore, time proven practices were

adopted from electric utility experience.

The above equipment characteristics would be fairly straightforward if a

drum type steam generator with moderate steam conditions was being addressed.
The fact that a mono-tube generator with elevated steam temperatures and pres-
sures was used intensified the criticalness of water quality. This system,
combined with small steam system sizes (valves, blading, tubing, etc.), made
feed water purity a key element in providing continuous 8760 hr/yr) operation.
The basic goal of water treatment for conventional power plants has been the
purifying of water to meet operational requirements in terms of equipment
life, operational performance and maintenance at minimum cost. The gas-

fired heat pump Rankine system was no different.

This application was very similar to a base load electric utility power plant
in that it had to run continuously at high percentage load except for schedule
maintenance on a yearly basis. Maintenance was to be conducted preferably in

the fall or spring when heating/cooling load requirements were at a minimum.

The nature of the mono-tube generator demanded that the feed water be polished
to a high degree of purity since the mono-tube generator did not have the
advantage of the distillation process that takes place in a drum type unit
where carryover is reduced by 90%. Table 3.9-1 gives the nominal feed wéter

quality requirements for nine U.S. mono-tube (once through) utility generat-

'ing stations with average steam conditions of 900/600.

The continuing effort to increase cycle efficiencies by increasing steam con-
ditions has brought steam cycle water purity requirements to the point where
they are comparable with water used in the manufacture of pharmaceuticals.
The utility once-through generator requirements given in Table 3.9-1 could

be met with a combination of water treatment equipment elements. However,
the most economic approach appeared to be a combination of reverse osmosis
(RO) and replacement cartridge deionization. A schematic of the steam system
showing the makeup water treatment, condensate polishing and pI{/O2 control
functions is presented in Figure 3.9-~1. Table 3.9-2 shows the water quality
specifications adopted for the 800/1050/1050 steam conditions used in this

system.
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TABLE 3.9-1

NOMINAL FEED WATER QUALITY STANDARDS

Total dissolved solids
Total suspended solids
Silica

Sodium

Iron

Copper

Chlorine

Dissolved oxygen
Dissolved carbon dioxide

pH, alkalinity

*ppb - parts per billion

TABLE 3.9-2

<50
<10
<20
<5

10

<20
< 7

9.3

FEED WATER QUALITY REQUIREMENTS FOR LSM SYSTEM

ppb”*
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb

*

Water Quality Specifications Once-Through
Total Solids 30 ppb
Silica 10 ppb
Iron 5 ppb
Chloride 1 ppb
Sodium 1 ppb
Calcium Magnesium 0 ppb
Potassium 1 ppb
CO3/HCO3/SO[+/NH3 0 ppb
pH 9.4

*ppb - parts per billion
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Turbine scaling would occur even if the high water quality standards (Table
3.9-2) were maintained. With the help of References 4 and 5 the performance
deterioration of the turbine can be somewhat quantified. Cowgill and Robbins
(Reference 4) presented an excellent qualitative assessment of the problems
resulting from contaminated steam in large turbine/generators. The specific
point to be made here is the projected level of performance deterioration

to be expected during service, and how that may impact design capabilities
of the steam system. Reference 5 indicated high pressure turbine section
deposits of 1 to 2 mils/year. These deposits were composed of cuprous
oxide, magnetic iron oxide with traces of nickel, zinc and silica. The
observed iron, copper and silica in the feed water were in the 2 to 5 parts
per billion (ppb) range during normal operation. This 1 to 2 mils/year was
equated to a percentage point loss in turbine efficiency. General Electric,
in Reference 4, cited a 3 to 4% loss in efficiency combined with a 1% flow
reduction for a deposition of 3 mils. These losses resulted in a .3 to .77%
reduction in steam turbine output per mil of deposition for large (>130 MW)

turbines.

In order to have estimated the reduction in output for the small size (<100 kW)
turbine in this system, the following rationale may have been used. A 130 MW
turbine had a steam flow of approximately 1 x 106 1b/hr at 1000/1000 steam
conditions and the small unit had a flow of 500 1b/hr. These numbers répre—
sented a 2000 to 1 ratio of steam flows. Therefore, the relationship in flow
area was the same, since steam conditions were about equal. Nozzle and bucket
configuration would play a part in assessing the effect of deposition; how-
ever, if a mil deposited represented a given percentage of the area between
nozzle or bucket segments, this could be equated to a percentage power loss
over the deposition period. A circular hole 100 mils in diameter with a
buildup of 1 mil would experience a 4% area reduction. If nozzle diaphragms
were on fhis order of magnitude, a 4% turbine power loss would probably
result. The high pressure section in this design had four 72.5 mil nozzles
(Section 3.5.2). Based on meeting steam generator feed water contaminant
levels for the CNG steam conditions, the expander could expect a 5% year

capacity reduction due to small, 1 or 2 mil, deposits.
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3.9.2 Temperature Limitations on Condensate Polishing

Replaceable cartridges were selected for the deionization, pH and 0? control
functions. This selection was made on the basis of first cost, simplicity
of operation and ease of maintenance. Due to the resins used in the deioniza-
tion (D/I) cartridges, the water temperature in the condensate polishing
stream was not to exceed 100°F. A small heat exchanger was included between

the hot well and these D/I cartridges.

3.10 Lube 0il System

The compressor shaft seal was located between the compressor wheel and the
bearing so a single lube o0il system could be used on this application. As
shown in Drawing 3, the gearbox (base) serves as the lube oil system reser-
voir to cut lube o0il system costs. The heat rejected by the motor/generator,
bearings and gears was captured by the oil and released through a deaerating
(removing noncondensables from feed water) coil located in the condenser hot
well. In this way the heat rejected from the lube 0il system could be intro-
duced into the heating water loop while serving an important secondary

function.
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Chart 1

Overall System Model Flow Chart
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Chart 2

Heat Exchanger Model Flow Chart
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Chart 3

COP Calculation Efficiency Flow Chart
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Chart 4

Compressor Efficiency Flow Chart
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Chart 5

Prime-~Mover Médels Flow Chart
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COLLECTED ALGORITHMS FROM CAC)]

Algorithm 454

The Complex Method for
Constrained Optimization [E4]

Joel A. Richardson and J.L. Kuester®* [Rec’d. Dec. 22,
1970 and May 5, 1971]
Arizona State University, Tempe, AZ §5281

Key Words and Phrases: optimization, constrained
optimization, Box’s algorithm

CR Categories: 5.41

Language: Fortran

Description
Purpose. This program finds the maximum of a muitivanable,
nonlinear function subject 1o constraints:

Maximize F(X(, X:,..., Xx)
Subjectto Ge S X S He, kA =1,2,..., M.

The implicit variables Xy.i, ..., Xa are dependent functions of
the explicit independent vanables X, X.,..., X~ The upper
and lower constraints H. and G are either constants or functions
of the independent variables.

Method. The program is based on the “complex” method of
M.J. Box {2]|. This method is a sequential search technique, which
has proven effective in solving problems with nonlinear objective
funcuons subject (o nonlinear inequality constraints. No deriva-
tives are required. The procedure should tend to find the global
maximum because the imitial sef of points is randomly scattered
throughout the feasible region. If linear constraints are present or

eyuality constraints are involved, other metheds should prove to

be more efficient [1]. The algorithm procesds as follows:

(1) An ongmal “complex”” of K > N + | points is generated
consisting of a feasible starting point and K ~ 1 additional points
generated from random numbers and constraints for each of the
independent variables: X,, = G, + r,,(H,. -~ G.), i = I, 2,...
Noandj = 1,2, ..
tween 0 and |.

{2) The selected points must satisfy both the explicit and implicit
constraints. If at any time the explict constraints are violated,
the point is moved a small distance & inside the violated limit. If
an implicit constraint is violated, the point is moved one half of the
distance to the centroid of the remaining points: X, ,(new) =
(X.ilold) + 8.0/2, i=1, 2, ..., ¥, where the coordinates
of the centroid of the remaining points, X, ,, are defined by

., K = 1, where, r;; are random numbers be-

x .
Nie= —l_ [Z Xij — X.‘.,'(Old)] , i=12 .. N.
K-1 jai

* The authors acknowledye financial support from a National
Science Foundation summer fellowship and Arizona State Uni-
vessity Grants Committee fellowship. Computer facilities were
provided by the Arizona State University Computer Center and
AiResearch Manufacturing Company.

s4-P 1- 0

This process is repeated as necessary until alt the impleit con-
straints are satished.

(3) The objective-function is evaluated at each point. The point
having the lowest function value is replaced by a point which s
located 4t a distance a umes as far from the centroid of the re-
maining points as the distance of the rejected point on the line
joining the rejected point and the centroid: '

X.,(new) = a(8;, ~ X, ,(0ld)) + S, i=2,..., N

Box {2} recommends a value of @ = [.3.

() If a point repeats in giving the lowest function value on ¢on-
secutive trials, it is moved one half the distance to the centroid of
the remaining points.

(5) The new point is checked against the constraints and is ad-
Jjusted as before if the constraints are violated.

(6) Convergence is assumed when the objective function values
at each point are within g units for y consecutive iterations.

Program. The program consists of three general subroutines
(JCONSX, JCEK!, JCENT) and two user supplied subroutines
(JFUNC, JCNST!). The use of the program and the meaning of
the parameters are described in the comments at the beginning of
subroutine JCONSX. All communication between the main
program and subroutines 15 achieved in the subroutine argument
lists. An iteration is defined as the calculations required to select a
new point which satisfies the constraints and does not repeat in
vielding the lowest function value.

Test results. Several functions were chosen Lo test the program.
The calculations were performed on a CDC 6400 computer. Some
examples:

~ 1. Box Problem (2}

Function: F = (9 — (X — )3 X3/27/3
Constraints: 0 < X, < 100
0L X. S X/V3
0 (= X+ Vv3X) <6
Starung pont: Xy = 1.0, X: = 0.5
Parameters: K = 4, @ = 1.3, 8 = 001, y = 5, 8 = .000!
Computed results Correct results:

F =1.0000 F = 1.0000
X( = 30(XX) X( = JO(X)O
X: = 1.7320 X. = 1.7321

Number of iterations: 68
Central processor time: 6 sec.

2. Post Office Problem |3
Function: F = X, XX,
Constraints: 0 < X, <42, i=1,23}
0SS X=X+ 22X+ 2X:) £ N2
Starting point: X, = 1.0, X: = 1.0, X; = 1.0
Parameters: K = 6, a = 13,8 = 01, y = 5, 5§ = .0001
Computed results: Correct results:

F = 3456 F = 3456
X1 = 24.01 X = 24.00
X: = 12.00 X.=12.0
X; = 12.00 X, = 12.00

Number of iterauons. 72
Central processor ume: 6 sec.



COLLEFCTED ALGORITHMS (cont.)

Compuied results:

Bevendge and Schechter Problem il
Funcuion: £ = —={A) = 0.5) = (A = 1.0p°
Conmstraints. =2 < A, 22
-32<A:<.72
—I <X = AT+ 25~ <0
Starung point: X, = 0., A, = 0.
Parameters: A = 4, a = 1.3, 3 = 00001, 5 = §, & = .00
Correct resulty:

F = .0000 F = 0000
A = .5035 X, = .5000
A= 9990 X: = |.0000

Number of iterations: 30
Central processor time = J sec.
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SUBRBUTINE JCBNSX(N, M. K. 1TMAX. ALPWA, BETA, GAmma,
« DELTA. X. Ro F» IT, 1EV2, X8, G, Hs XCo L)
PURPOSE
TO FINO THE CBNSTRAINED mAXIWMUM 8F A FUNCTI@N OfF
SEVERAL VARIABLES BY THE CBMPLEX METHOO OF m. J. BOX.
THIS 1S THE PRIMARY SUBROUTINE AND CRERDINATES THEL
SPECIAL PURPESE SUBKOUTINES (JCEXE. JCENT. JFUNC.
JCNST1). INITIAL GUESSES @Ff THE INODEPENDENT VARIABLES,
RANDOM NUMBERS. SOLUTION PARAMETERS., DIMENSION LIMITS
ANO PRINTER CADE DESIGNATION ARE BBTAINED FXOm THE mAIN
PROGRAM. FINAL FUNCTION AND INDEPENDENT VARIABLE
VALUES ARE TRANSFERRED TP THL mAIN PROGRAM FOR
PRINTBUT. INTER™MEDIATE PRINTOUTS ARE PROVIDED IN THIS
SUBRBUTINE. THE USER MUST PROVIDE THE mMALIN PRAGKAM AND
THE SUBRBUTINES THAT SPECIFY THE FUNCTION (JFUNC) AND
CONSTRAINTS (JCNSTI). FORMAT CHANGES WAT BE REQUIRED
IITHIN THIS SUBROUTIME DEPENDING &N THE PARTICULAR
'HOBLEM UNDER CONSIDERATION.
wSAGL
CALL JCONSX(N,#.Ko 1 THAX, ALPHA, BETA, GAMMA, DELTA, X. R, F\
1T+ IEV2,KB, GaHa XCH L)
SUBROUTINES REQUIRED
JCEKI (N, Mo KsXoGoMal, KBOE, AC, DELTAL LK)
CHECXS ALL POINTS AGAINST EXPLICIT AND ImALICIT
CONSTRALNTS ANO APPLYS CONWKECTION [F VIBLATIONS ARE
Founo
JCENTIN Mo X, IEVIS 1o RCoXoloX1)
CALCULATES TME CENTROID 9F POINTS
JFUNCIN. Mo Ko XaFalal)
SPECIFIES OBJECTIVE FUNCTION (USER SUPPLILD)
JONSTH (N M. Ko RoGoHelol)
SPECIFIES EXPLICIT AND [MPLICIT CONSTRAINT LIMITS
(USER SUPPLIED>. GROER EXPLICIT CONSTRAINTS FIRST
OESCRIPTION 8F PARAMETERS

L] NUMBER @F EXPLICIT INOEPENOENT VARIABLES - DEFINE
1IN mAIN PROGRAM

" NUMBER BF SETS 8F CANSTRAINTS - DEFINE IN mAIN
PRAGAAM

x NUMBER OF POINTS IN THE COMPLEX - DEFINE (N maln
PROGRAM

17TMAR mAX (mum MUMBER BF ITERATIONS ~« DEFINE IN mAlN
PRAGRAM

ALPHA REFLECTION FACTOR - DEFINL IN MAIN PRAGRAM

BETA CONVEKGENCE PANAMETER = DEFINC IN MAIN PRAGRAM

GammA CRNVERGENCE PARAMETER - DEFINE !N MAIW PROGRAM

DELTA EXPLICIT CONSTRAINT VIOLATION CRRRECTIGN - DEFINE
IN MAIN PROGRAM '

X INDEPENDENT VARIABLES - OEFINE INITIAL VALULS IN
MAIN PROGRAM

H HANDBM NUMBEKS BETWEEM O AND | - DEFINE 1IN MAIN
PROGRAM

¥ QBJECTIVE FUNCTION - DEFIME IN SUBRBUTINE JFUNC

17 ITERATION INDEX - DEFINED IN SUBRAUTINE JCONSX

1EVZ  INDEX 8F POINT WITH mAXINUM FUNCTION VALUL -
DEFINED IN SUBROUTINE JCENSX

1EVL INDEX GF POINT WITH MiNImUN FUNCTION YALUE =~
DEFINED IN SUBROUTINE JCONSX AND JCEXI

xo PRINTER UNIT NUMBER -~ DEFINE IN mAln PRIGRAR

3 LOWER CONSTRAINT - OEFINE IN SUBROUTINE JCNSTI

] UPPER CONSTRAINT - OEFINE IN SUBRBUTING JCNSTI

xc CENTREID - DEFINED IN SUBROUTINEL JCENT

L TOTAL NUMBER OF INDEPENDENT VARIABLES (EXPLICIT -
IRPLICIT)Y - DEFINE IN mAIN PNOGRANM

1 PEINT INDEX - DEFINED IN SUBKRUTINE JCONSX

XO0E XEY USED T2 OCTERmMINE 17 IMPLICIT CONSTRAINTS ARE

PROVIDED - DEFINED IN SUBKOUTINE JCBNIX AND JCEK]
De LoeP LImIT - DEFINED In SUBRBUTINEG JCONSX

DIMENSION X(Xobk)s RI(K.MI, FIKI, (M), H(M), XCIN)

INTEGER GAnma

1T = )

WRITE (KD,9999%) 1T

x@DE = O

17 (m-m) 20, 20, 10O

B-3

[4

(4]

99999 FORMAT(IN
99998 FORMATCIN

99994 FARMAT(IM

10 %@DE ¢
20 CanTInvE
00 40 1is2,X
00 J0 Jel.N
X(1led2 = 0.
b1 cenTINUL
4) CONTIMNUL
CALLCUALATE CPMPLEX POINTS ANO CHECK AGAINST CBNSTRAINTS
00 60 lle2.x
DO 50 Jui.N
1 s 11
CALL JCNSTI(N, M, Xo Xo Go M» 1, L}
KCILod) = GEJY » RUIL,JISENCII=GLEIDD
30 CONTINUE
X1 = [1
CALL JCIXIC(N, M, X, X, G, M. 1, X@DE, XC, ORLTA, L. X1)
WRITE (KO, %9999) [l, (XClL,Jd)edml. )
0 COnTINUL
Xy s K
DO 10 lsi.X
CALL JFUNC(N, ®m, X, X, F» 1, L2
70 CanNTiInuE
MIUNT = |
Ia = 0
FINO POINT WITH LOWEST FUNCTION vALUL
WRITL (K0,99998) (F(l)lslml,K)
a0 lEVY =
D9 100 I1Cm=2,u
IF CFCIEVII-FLICM)) 100, 100, %0
*0 1EVY = ICm
100 CONTINUE
FIND POINT WiTH MIGHEST FUNCTION VALUE
1EV2 = )
D9 120 ICme2.K
IF ¢(FCIEV2)=-FCICMY) 110, 110, 120
1o 1Ev2 = ICm
120 CBNTINUE
CHECHM CBNVERGENCE CRITERIA
IF (FOIEV2)-CFCIEVII*B8ETA)) 140, 120, 130
130 KQUNT = )
Go T9 1350
140 MOUNT = KOUNT « I
IF (KQUNMT-GAMMA) )50, 240, 240
REPLACE POINT WITH LOWEST FUNCTIow vALUE
150 CALL JCENTC(N, #, x, 1EVI, L. XC. 2o L. K1)
08 160 Jui.N
XCIEVILJ) = (1.+ALPHAI®C(RCLJ) Y ~ ALPMAS(X(IEVI,J)?
160 CONTINUE
1 = JEVY
CALL JCEXIC(N. M, K, Xs Go Mo L1, ®MQDC, AC. PELTA. L. XV)
CALL JFUNC(N, Mo K, X, F. [, L)
REPLACE NEW POINT IF IT REPEATS AS L@wEST FUNCTIBN VALUE
170 IEv2 = |
DO 190 ICm=2,x
IF C(FCLEVR2I-FCICMY) 190, 190, 180
18C 1Eve s ICm
190 CONTINUL
IF (1EV2-1EVI) 220, 200. 220
200 00 210 JJu=i,N
XCTEVILJJ) » (XCIEVILJJI*RCCIIII/2.
210 CONTINUE
1 = 1gV1
CALL JCEMI(N. M, X, Ks G, He 1., KBOE XC., DELTA. L. K1)
CALL JFUNC(M. ®, X, X, F, 1. L)
Go Te 170
220 CANTINUE
SRAITE (XD,99997) (XC1EVI,JB).JBe i, N)
MRITE (KO.99998) (F(ll,1x1.%)
WRITT (MB8,99996) CAC(JII.Jo1.N)
IT & [T « 1
1F (1T-1TmAK) 230, 230. 240
230 CaNTINYE
WRITE (X@,99995) IT
Go T0 @0
240 RETURN
1SR, 21% CAORDINATES AT PRINT, 14/B(F8.4. 2X3)
20K, loM FUNCTI®N VvALULL., /78(510.4, 2X))

21% CENTARID CRONDINATES: 2A. 8(F3.a, 2X))

»
99997 FanmATCIM . 20K, 16K CORAECTED PCINT, /8(F8.4. 2X))

P999% FONMAT(INW

annnNnanonOnn

/710K JTERATICN. aa, %)
END

SUBROUTINE JCEXI(N., m, Ko Xo Go Mo 1. ®w9DE, XC., OELJA. L.
. K1)
ruRPESE
70 CHMECK ALL POINTS AGAINST THE EAPLICIY ANO 1mPLICIT
CONSTHALINTS AND TO APPLY CORRECTIONS 1F VIBLATIONS ARE
Foune
USAGE
CALL JCEX! (NoMeXKoX,GoMo 1. XCDE, XCuDELTALLLX1)
SUBNOBUTINES REQUIRED
JCENT(N. M. Ko TEVIL 1o RCo XML oKL )
JONSTI(NS M Ko X, Go KMo lal)
DESCRIPTION OF PARAMETEMS
PREVIGUSLY DEFINED [N SUBRCUTINE JCENSX
DIMENSION X(K,L)s GIM), H(M), XCI(N)
10 XT = O
CALL JCNSTIC(N, M. Xo Xs 6o Mo 1. LD
CHMECK AGAINST EXPLICIT CONSTRAINTS
08 30 Jsi.N
IF (XC1,03=-GC¢JY) 20, 20, 30
20 X(1.J) = GCJ) - DELTA
Go T8 %0
0 IF (MC=KC2,3)) 40, 0. 50
40 XC1.J) = H(J) - DELIA
30 CanTinNvL
1F (K@OE) 110, 110. &0
CHECK AGAINST THME I1mPLICIT CONSTRAINTS
60 CONTINVE
NN s N o
DO 100 J=NN.m
CALL JCNSTIC(N, A, K, Xs Go Ne 1. L2
1F (AC1,42~GLJ)) 8O. 7G. 70



COLLECTED ALGORITHMS (cont.)

1Q IF (MCJI-X(1.J)) 80, 100, 100

30 [Evy = |
XY s )
CALL JCENT(NM. m, X, LEVIs 1, X0s Xo Lo X1)
09 %0 JJet.N .

RE1.JJ2 » (XCl.JdJddexCCINNI/2.
0 CaNTINUE
100 CONTINUE
IF (XT) 110., 110, 10
{10 RETURN
END

SUBRQUTINE JCENT(N, HMs» Ko 1EVL, Lo AC, %+ L. X1)
PURPASE
T9 CALCWLATE THE CENTRQLID aF POINTS
USAGE
CALL JCENT(NeMoX, [EVIs1+XCoXobaX1)
SUBROUTINES RESUIRED
NBNE
DESCRIPTION @F PARANCTERS
PREVIBUSLY OEFINED IN SUBRIUTINC JCINSK
DIMENSEON X(X,L), ACIN)
0@ 20 Jsi.N
XCtJ) = 0.
D@ 10 fLsi.X1
XCtJ) * XC(JI & X01L.J?
10 conTINUE
RK = X1
XCCJ) ® (XCCJI=XCIEVELJI I/ CRN=1 )
20 CONTINUE
RETURN
[1.1]

o0 nn

Remark on Algorithm 454 (E4|

The Complex Method for Constrained Optimization
[Joel A. Richardson and J.L. Kuester, Comm. ACM 16
(Aug. 1973), 487489]

Kenneth D. Shere [Recd. 8 Oct. 1973]
Mathematical Analysis Division, Naval Ordnance Lab-
oratory, Silver Spring, MD 20910

This algorithm can result in an infinite loop. This happens
whenever the “corrected point,” the centroid of the remaining
“complex’’ points, and every point on the line segment joining these
two points all have functional values lower than the functional
values at each of the remaining complex points. Two examples for
which this algorithm fails are (1] and (2]:

1. maximize f(x) = —100(xy~x})? - (1—x;)?

= 10 £ x, xx <10, iniual value (x, x2) = (=25, 5.0)
and
2.  maximize

S8, ¢) = 0.2 (sin (8:) cos (¢o) sin (8) cos (@) + sin (8a) sin ($o)

sin (8) sin (¢) <+ cos (8y) cos (8)) —~ 1.0 (sir?® (8) cos® (8)
+ cos® () sin® () sin* (8))
0<8, 8 < v/2 (60, po) = (8726, .0873),
initial (8, ¢) = (r/4, »/4)
Also, there is no difference in usage between M and L.

A similar method is the “simplex rnethod’ {3]. A modification
to the “complex method’ which uses the ideas of {3) has been pro-
grammed. The 'modified JCONSYX solves each of the above prob-
lems in under 5 CP sec on a CDC 6400. The modified routine is
available to interested parties upon request.

It is also worth noting that the variable /4, which appears in
the second statement after 70 CONTINUE is not used elsewhere.
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PROGRAM PERCHNG (1MPUT»0ITPUT o TAPFS=THPUT + TAPEG=OUTPUTy TAPE7=8)
COMMON/TGCM/ETACON oF TAMMGETAGG s FLMC o FLTSsQ1AsFLWF o ETALI FTAG, T14

c BOBBBBBRDRBLRBERDBORNIBRBIERDIIBRBBOOBDHBBOENBRBEOR B RONLY
C # L
c s THIS 1S COMCEPT A2-R (V) »
C # MECHANTCAL COUPLING WITH CLUTCH L
c ®  FOR USF WITH FRFAON R=17 i : @
C # FERRUARY 25, 1979 ATl LNSS =~ MTT ®
C L a
C - GHRBRPBNDBRBARRUBRUE NSNS BBIRRBGRNBBOINPERNIRERRGEDENBSY

COMMON/TVAL/COPC1(10).VT1C1(\0)'CFIKIO)'pwﬂi(IO)v

. COPC2L10)4VTIC2(10)4CF2(10)PWR2(10)

+ VETHIT0) 3y VTIFTH(10) oCFF(10) yPWRF(10)
COMMON/CONTR/MSTART yNCASESyNCOPCL o TCOPCL TITLE(SO0)

+ NCOPC2 s 1COPC? «NETH IF THoNEXT¢NCF 1

* NCF 2o NCFE
COMMOM/SVALGL/XNP sFTAGFMoFTAMGETARTVeMDIAGIPCTy

. NTATR¢SCFMOL 3 SCFMVL oET9 IE(T) oSV 1IN

. SOAR(10) s SCFMV L PSY
COMMON/ELFC/SEVFNGLNADFNT ¢ XMSHP o TRPKW ¢ XNMGLD o EXPKW o

. GENL N o XMPKW 9 PURNE W GENNFW
COMMON/CALC/K.QIQ'Q1001?0@\3v0]5v03b0XvTSHpoQ33vQQv

+ 054011008eC1eCPoFTHINTHACCPWRHAINPWRY

. PCPYP ¢ T1 ¢ SCFMECFCMAX 1024 9Q8T4QBTM, Q1 2M,

. Ql4My O5M ¢ NSPM ] )
COMMON/SU/FICONL+F2CONT oNP oF2CONZ2 4 FPCON3+E3CONY wEICONT,y

. F4COMIsESCONT 9FRCON2WFACONMT « SCFMOUTWE(T)

COMMON/CORFAC/CIFAC,CPFAC yCFFACDAYNN+HOURNOWFLAG
COMMON/ZTODFV/ TN, OUTY ‘

COMMON/ XNLOAD/XMPCL s XNPC2 3 XNPT9AC1 ¢+ AC29AETH o NDUAL »

* MNRF Ve XNPRS ¢ XNPBL o« XNPRH ¢ XKOA ¢ XNPB ¢

. XNPNRyPLNAD « XNBLD ¢ GCF +LCF o NRATE
COMMON/SCAI C/T33e T V43 TN ST IoUTL o URIUBGWATIWATG ARV ABG,y

- i BT3GR TWRGDTeTT19TT3,TA1TT2+TR29TRIHNDTA2TE]

COMMON/S2CAL C/KFLAG 4 X3NLN ¢ X34NOTOLND«DOTMeRyNReETAD
COMMON/S3CAL C/G1+A 441149 T124H34AD

DIMENSION TR{11) Wl (11)

INTEGER DAYNOsHOURND 4OHT

DATA ACCPWRWELCON] F2CONT 4FP2CON2/72545.04060000054904443.0/

DATA E2CON3IFEICOMNTIsFICNANTY/eh64+20325,0.00000097/

DATA F4CONY JFSCON] 4 FSCON2EACONL/Z0,00007,0,0001A81,474.0,0.00016/
DATA Ql3ICON]+QIICON240I2CNANT/T1.08450.91.087

DATA TR/S544150425¢9350185495509654075:9R50995¢910547

DATA WB/40R 16,3923, T932.¢01,2150.5¢584596446060:39T30975.7/

NTWB=11
IN=S
oUT=6
o READ IN GLOBAL VARIARLFS
5 CALL GLOBIN
c .
C=="SET VALUES TO RN (NONM) PERF MODFL.

Q12M=Q12COM1#SCFMNIL_#DTAIR
QSM=QATM
IF(NSPM FQ,0) NDUAI =NRFV=MCOPT=L OADFDT=0
IFANSPM.EN.0) XMNPCI=XNPCR=XNPT=,01
IF(NSPM, FQ.0) N12M=014M=,01

C WRITE OUT GLORAL PARAMFETFRS
CALL 6GLROUT

c

CowwINITIALTZE TOTALS AND MAXS
GCF=GCF/1n0n000,
COG=COEP=CRFP=AUNC=TANPC=0,0
BTUS=TOTO14=QL4MAX=TPHAX=GAST=TOTOO=0,0
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PERCNG

PERCNG

PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

PERCNG - -
PERCNG

PERCNG

PERCNG .

PERCNG
PERCNG

PERCNG...—

PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
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PERCNG
PERCNG
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PERCNG
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PERCNG
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PERCNG
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PERCNG
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PERCNG
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PERCNG
PERCNG
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PERCNG
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PERCNG
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PERCNG
PERCNG
PERCNG
PFRCNG
PERCNG



c

093IMAX=0,0 ‘
N34MAX=NIIMAX=OY IMAK=0ATMAX=05MAX=0, 0
QIMAX=QTMAX=0,
QISMAX=0]3MAX=0] "MAX=NOMAX=0,0
TMAX=CIMAX=C2MAX=0,0
TC1=TC2=THR=CIHR=CPHR=0,0
TOTBTUE=TOTKW=0,0
TOTQEBT=TATNI?=T0T013=0,0
GENMAX=XMSMAX=TOTQ)=TOTAT=0,0
TOTQ24=TOTO1S=TOTKWII=TOTKWM=TOTKWF=0,0
SAVEVL =SCFHvL

C GO THROUGH THFE NUMRER OF CASFS
DO 11 N=14NCASFS
WRITE (OUT437) )

[ READ IN VALUFS FOR T71,01,07
READ (IN425) DAYNNSHNURNO«T140140Q7 )
IF(QL1.EN.{0,) e AND.OTFN(0L)) GO TO 11
ouT=7
IF (DAYNOLMF,0) QUT=A

C

C===LOAD SCALING FACTOR
Ql=Q1#(,714)
QT7=Q7# (714}

C

C==«RESET VARIABLES FOR EACH CASFE
XMSHP=XMPKW=TPKY=XNHMGLN=EXPKW=GFNI. N=0,0
PURNEW=GENNE W=D, 0
Q9=Q12=013=015=0.0
Q8T=1,
SCFMEC=0,0
SCFHOUT=SCFMV=0,0
T723YR1=T82=TR3=0,0
T71=CT33=DT182TR1=N,D
XKOA=1.0
XNPBL=XMPR=XNPC1
XNPAH=XNPNR=XNPC?

C

C==uCOPCl+sCOPC2+FTATH ,
CALL TLUI(T1,ACLoVYICL14COPCLloNCOPC])
CALL TLU(T1eAETHWVTIETHo VETHNETH)
Cl=AC1
ETH=AF TH

~ CALL TLU(T1sTHRyTRyWR4NTHA)
Ce==IS IT POSSIRLE Tn ECOMOMIZE COOILTMG
IF(T1,GTe(62:)0RQ1.EQa(0.)) GN TO 150

Ce==Q15 PATH=FCONNMIZF CNOLING
IF(T1.LT«(S0.))G0 TOo 175
QISMAX=Q18(TV=T1)/ (TV=(50.))
SCFMEC= (QI1SMAX/1.08)1/(TV=-T1)

IF (SCFMEC.GT.ECMAX) SCFMEC=FCMAX
QlS=(1.0R)# (SCFMFC)a(TVy=T1)
GO TO 150

125 SCFMEC=(01/1.0R)/(TV-T1) .
IF(SCFMEC.GTAF.CMAX) SCFMEC=FCMAX
Q15=(1.08) % (SCFMFC) =+ (TV=T1)

150 Q24=01-Q15
SCFMVL.=SAVFVL +SCFMF(
K=0
CALL CALCU

155 PQ8=QR
CALLL CALCY
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PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
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PERCNG

PERCNG
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-PERCNG
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PERCNG
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PERCNG
PERCNG
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170
c

IF (L {ARS(PON=AR)) ,GT.PCT) GO TO 155
IF(Q8,LY.0) GO TN 200
PQR=0AR

C===QRT PATH=COM_ING 1LOAD TOWFR

C

Q8T=Q8

CALL CALCUY

CALL CALCY

CALLL CAICl ‘

IF ( (ABS (POR=QB) )} GTLPCT) GO TO 170
FLAG=5 ,
GO TO 99

C===Q13 PATH-ADD VENTILATING AIR FLOW

200

201

211

202

203

- 204
208

206
207

|

N

il

X1=SCFMv

Y1=Q8

SCFMVY=SCFMYL

K=0 )
Q13=013CON) #SCFMVHEPSYE (TV=013CON2)
A87=0,0

CALL CALCl

PQR=QR

CALL cALCu o
IF ((ARS(PQA~-QRY) ,GT,PCT) GO YO 201
IF(QAR.LT.0) GO TO 300

‘X2=SCFMV

Y2=Q8

SCFMV=1, .
QI3=0Q13CON1#SCFMV#FPSVa(TV=N13CON?)
POR=NQA

CALL CALCU -
IF((ARS(PQA=QR)).GT,PCT) GO TO 21N
IF(Q8,6T.0) GO TO 206
S=(Y2=-Y1)/(X2=X})

B=YleXxl®s

SCFMY=X2=(X2%S+8)/S o
Ql3=QICONISSCFMVEEPSVR (TY=N13COND)
XNPB=XNPR|

XNPNB=XNPRH

PQA=zQA

CALL CALCU ) )

IF ({ARS(PQR=0B)).GT.PCT) GO TO 203
IF (ABS(N8) LT« (10.)) 60 TO 204
x2=x1

Y2=v1

X1=SCFMV

Y1=Q8

GO T0 202

XNPR=XNPRL

XNPNR=XMPHK

PN8=0A

CALL CALCU _

IF ((ARS(PAR=0A}) GT,.PCT) GO TO 205
FLAG=? )

IF(SCFMV.LT.(ND)) GO TN 206

GO T0 99

SCFMV=0,0

Q13=Q13COM) B8SCFMVBFPSYS (TV=0]13COND)
POB=0Q8

CALL CALCU _
IF((ARS(PNAR=NARY) .GT,PCT) GO TO 207
GO T0O 400
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Cm=mle PATH=ADD QUISTIE ATR FIOW

c

300

301

309

302

303

304

305

306

XY=SCFMONT

Y1=Q8

SCFMOUT=SCFMOL,

K=0

Q12=Q12CONL#SCFMOUTEDTAIR

CALL CALCU

PQA=QR

CALL cALCh }
IF((ARS(POAR=-QA) )Y .GT,PCTY GO TN 301
IF(QR,LT.0) GO TO 400
SCFMOUT=SCFMOUT /40,

CALL CALCUY

PQ8=Q8

CALL caLcuy

IF { (ARS(PQR=QRY) .GT.PCT) GO YO 309
X2=SCFMOUT

Y2=Q8

S={Y2=Y1)/(Xx2=%x1)

B=Yl=x1#<

SCFMOUT=X2~(X2#5+P) /S
Q12=012CON1#SCFMOUT#DTALIR

PQ8=Q8

CALL CALCY ) )

IF ((ABRS(PQR-Q8)).GT.PCT) GO TO 303
IF (ARS(Q8) ,1.Ta (1043) GO TO 304
X2=x1

Y2=Y1 . R
X1=SCFMOUT

Yl=Q8

GO T0 302

FLAG=3

IF(SCFMNUT,.LT. 1N.)) GO To 305

GO YO 99

SCFMOUT=0,0

Q12=012COM] #SCFMOUTHDTATIR

PQ8=Q8

CALL CALCH

IF(LARS(PQR=-QR) ) GT.FCT) GO TO A0k
G0 TO 400

Ce==09 PATH-ADD NIRECT STFAM

c

400
401

402

403

99

K=0

PQ9=Q9

BQB=QA

N9=09+AAS (OR)

PQB=0A

CALL CALCU 7

IF ((ABS(PQR=QR)) GT.PCTY GO TO 402
IF(QR,LT.0) GO T0O 401}

FQ9=(~QBR/ ((ROP=NR)/ (PNY~ 00)))009
Q9=FQ9

CALL CALCU

PQB=NAR

CALL CALCU

IF ( (ARS(PQRA=-NR)) JGT.PCT) GN TO 401
FLAG=4

CONTINUE

Co==0UTPUT

c

CALL CASONT

MECHANICAL
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PERCNG
PERCNG
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PERCNG
PERCNG
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C===SAVE TOTALS AND MAXS
CMP1=012/(C1#2545,)
CMP2=Q14/ (C2%2545,)
IF(TSHP.GT,TMAX) TMAX=TSHP
IF (GENLDGT.OENMAX) GEMMAX=GENMLD
IF (XMSHP .G T ¢ XMSMAY) XMGMAX2XMSHP
IF(TPKW,GT.TPMAX) TPMAX=TPKW
IF(CMPY ,GT.CIMAX) CIMAX=CMP]
IF(Q1.6T.01MAX}) NIMAX=N]
IF(Q7.0GT.Q7MAX) QTMAX=0T
IF (CMP2 GT ,C2MAX) C2PMAX=CMPD
IF(Q34.GT.N34MAY) QILMAX=034
IF(Q33.GT.033MAax) AIIMAX=2Q] _
IF((Q33+07) ,6T.N9AIMAX) N93IMAX=QINAQ9
IF (NI 1GTLRTIMAXY Q1IMAX=011
IF(Q3T«GTARTMAX) GRATMAX=0QRT
IF(GS.6T.05MAX) QSMAX=QS
IF(015.GT.015MAX) NISMAX=018
IF(Q14eGT.Q14MAX) Q14MAXERTL
IF(Q13.6T.N13MAX) O13MAX=01
IF{QLl2.GT.O12MAX) O12MAX=0Q12
IF{Q9.GT«09MAX) OOMAXBN9
TC1=TC1l« (CMP1#HOURNN)
TC2=TC2+ (CMP2HHOLIRNN) ‘
IF{(CMP1.GT. (1)) CIlHR=CIHR+HOURNO
IF{CMP2.CGT,. (1)) CPHRaCZHR+HOURNO
THR=THR « HOLIRNO
TIMEKW=SUME (1) #HOURNO

TIMEETU=3413. “((GFNﬂFwoFXPKH)“HOUQNO)/(ETAGFN’ETAM“ETAB“ETH)

TOTKW=TOTHKWe TIMEKW
TOTRTUE=TOTRTUF + TIMFRATL
BTUS=RTUS+ (O118HOURMO)
TOTQBT=TOTAAT+ (AATEHOURNOD)
TOTA12=T0TN12+ (Q)28HOURNO)
TYOTQ13=T0TA13¢ (01 3MHOURNO)
TOTQ14=TOTO 4+ (Q14*HOUPNO)
TOTAY=TNTOL + (A1 BHOURNO)
TOTQT=TOTOT « (ATHHOVRNO)
TOTQR4=TATN24+ (A243HOURND)
TOTQY=TOTRY+ (QIBHOURNO)
TOTQIS=TOTA154+ (QA15#40NRNO)
TOTKWUSTOTKWH + (PURNF WeHOURNO)
STOTKWM=TOTKWHMs (TPKWaHOURNO)
c LATOTKWE=TOTKWE ¢ (EXPKWH#HOURNN)
C=<<END LOOP ~ NFEXT CASF
11 CONTINUE

C===DROP QUT - WRTTE TOTALS AND MAXS
oUT=6
WRITE (01)Te56) TOYO]qTOTQ?.TOTO?Q.HTHQ'TOTOIQ;TOTKH;
. TOTKWU.TOTKWM,TOTKNFvTOVRTUF.TOTQRT.TOTQl?vTOTQI3vTOTOQ
WRITE (DT 4624) TClsTCPoCIHRGC2HR THR
WRITE (01T 43726) THAX ¢ XMSMAX 3 GENMAX « CIMAX s C2ZMAXy TPMAX
L OUUMAX s DIAIMAX ¢ 3T IMAX ¢ NRTMAX s QSMAX-»
c + quMAX'O]QMAXqu3MAX'QIZMAXv0933MAXOOQMAX
WRITE(DUITH700) QIMAXsOTMAX
C=«=0PERAT NG COSTY
CNG=HCF #NTIIS
COEP=FCF®TINTKWM
CPEP=FCE#TOTKHWE ~
AUDC=TPMAXUNRATE #) 2,

MECHANICAL C_6
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TAOPC= (COGHCOLP+ALNC) =CREP PERCMG REI
WRITE (OUT+524) COGCOFPSCREPAUDCTAOPC PERCNG 318
c PERCNG 319
C SEF IF THERF 1S MORF TNPUT . .. PERCNG 320
IF(NEXT,ENQ,1)X60 TO 5 PERCNG 321
c _ PERCNG 322
C FORMATS PFARCNG 323
S6 FORPMAT (1H1s/// " TOTAL =UeF 20,1+ BTU Q1 & TIME"+/, PFRCNG 324
* " TOTAL =0,FP0, 141 ATH QT & TIME"e/» PERCNG 32s
+ " TOTAL =M F20.1e% ATH Q246 # TIME"e/e - - ... PERCNG. - . 326
+ " TOTAL =NeFP0,1,% 8TH Q1] # TIMEN,/, PERCNG 327
+ " TOTAL =93F20, 140 BT Q1S # TTIME", /. . PERCNG 328
+ " TOTAL =0,F20.1," KW HR RFQUIRED BY PARASTITICS”14/y PERCNG 329
+ " TOTAL =1eF20,1e" KW HR PURCHASED FOR PARASITICS"e/» PERCNG 330
¢ " TOTAL =94F20,141 KW HR PURCHASFD (MOTOR +« PARA) TOTAL"e/» PERCNG 331
’ " TOTAL ="4F20.14" KW HR FXPORTFD TO UTILITY"e/, ; . PERCNG.._.. .332
1 " TOTAL =vyF20,1" RTU TN GENERATE ELECTRICAL POWER" ¢/ » PERCNG 333
+ " TOTAL =14F20414* ATY QAT * TIMEYy/» PERCNG . 334
- " TOTAL =14F20,1e1 ATY Q12 * TIMEYs/y PERCNG . 335
¢ " TOTAL =14F20,1s" RTY Q13 & TIME"e/» PERCNG 336
® " TOTAL =0F20.16" ATY Q9 & TIME"./) PERCNG 337
524 FORMAT (1H048Xs¢'COST OF GASeeaassvasescesecssc'eF20s24/0 i mee. PERCNG .— .. 338
¢ GXyMCOST OF PUR FIFCTRIC,eansoeses'sF20424¢/ PERCNG 339
* GXYMCRFNTT FOR FXP POWFR.eeoeseaee™oF2042¢/0 PERCNG 340
. IXs WANMUAL UTTL DEMAND CHARGESscee'oF2042e/ 9 : ... PERCNG .. .-341 .
+ SXeMTOTAL ANNUAL OPERATING COST.ee"oF20e247) PERCNG 342
324 FORMATI10X"MAX TSHP =t yF20414" HP"¢/» PERCNG 343
K 10X "MAX MSHP =nyF20,) 4" HPY,/, e . e PERCNG ... 344
+ 10X "MAX GFN =ty F20 1% KW'y /y PERCNG 345
* 10Xe"MAX CMP1 =neF20,14" HPYy/, PERCNG 346
+ 10X "MAX CMP2 =9,F20,14" HPY,/, .. PERCNG.... . 347
¢ 10Xe"MAX TPPW =0eF20.1 4" KW'/, PERCNG 348
. 10Xe"MAX 034 ="9F20,Ye" HTUY. /. PERCNG 349
* 10Xs"MAX 033 =1yF20.14" BTUY /0 Lo T, .. ... PERCNG ... as0 .
+ 10Xe"MAX Q1Y ="yF20. 1" BTUM/, PERCNG 351
+ 10X ''MAX QAT =1,F20,14" BTUM,/, PERCNG 352
* 10Xe"™AX OS5 =MeF20.1e% BTUN,/, PERCNG ... 353
¢ 10X "MAX N1S =2 FP0, 14" RTUY,/, pERCNG a54
* I0Xe"MAX Q14 =0gF20.14" RTUY/, PERCNG 355
® 10Xe"MAX nl3 ="|F?0.lv" BRTUYe /o - . ... PERCNG ... i -1
+ 10Xe'"™MAX 012 =N yF20,]1," TN, /, PERCNG 357
+ 10X "MAX 0933 =teF20,1," RTU",/, PERCNG 358
¢ 10XeMHAX nag =|_'yr?0'10" RTUY /) . PERCNG . a59
700 FORMAT (1H+ ¢ 3X"MAX N1 =eF20a14" BTUM /0 PERCNG 360
. VOX o MAX Q7 ="3F20,14¢ RTUN,/) PERCNG 361
15 FORMAT(3F10.3+215) e . .- PERCNG. ... 362
25 FORMAT(215,3F10.0) PERCNG 363
33 FORMAT(1H]) PERCNG 364
624 FORMAT(3Xe"TOTAL ="4F2041e™ C1 # TTIMF'4/, PERCNG . 36S
* " TOTAL =4F20el4" C2 # TIMEMo/, PERCNG 366
+ " TOTAL =W 4F20,14" Cl1 HNURS "o/, PERCNG 367
+ " TOTAL =1,FP0.14" C2 HOURS "o/ " PERCNG. . 368 .
* " TOTAL =0,FP0,19" HOURS "y/) PFERCNG 369
c : PERCNG 370
STOP PERCNG 371
END PERCNG 3712
SUBROUTINE CALCU , CALCU 2
COMMON/ TGCM/ETACOMGF TAMMoETAGG o FLHCFLTSesQ1AsFILWFsETALLETAGT14 CALCU 3
C==<RFPEATED CALCULATIONS FOR MAIN PERCMG CALCU 4
COMMOM/TVAL /COPCTEI0Y 4VTICT (10 4CFI(Y10) +PWR1(10) CALCU 5
. COPC2(IN)aVTIICP(10)«CF2(10) «PWR2(10) CALCU 6
+ VETH(IN) W VTIFTH10) «CFF (10) o PWRF (10) CALCU 7
COMHUOM/COMTO/MNSTAUT JHOASTFSoNCOPCL , 1COPCT o TTTLE (50) CALCU a

— MECHANICAL c-7

TECHNOLOGY

B
" iI’ INCORPORATED



+
+

_CﬂMHON/QVAIGL/XNP.FTAGFN'FTAM.FTAN.TV.MDIAGoPCT'
NTATRGSCFMOL s SCFMVE G FEToIE(T)9SVI10)

»

COMMONZELEC/SEVEM OADFNT  XMSHP o TPKV s XNMGLD s EXPKW,

+

L4

L4

L]

$

B 2

NCOPC2 3 1CORPCI2 ¢ HETH o TE THeMEXTeNCF 1y

NCF 2 «NCFF

SOB(10) ¢ SCFMVEPSY

GENED o XMPKW e PURNE Wy GEMNMF W

COMMON/CAILC/K Q14401401240 13901540344 X9 TSHP Q33,09
NS5,011+08sC1 02 ETHsOTyACCPWRATNPWR,
PCPWRsT1 o SCFMECsFCMAX Q243 QRT+QRTM 1] 2My

QLM OSMNSPM

COMMON/SUZELCONT oE2G0MT s NPy F2CNMN2 +FPCONI o EICONT 4E3CONT
F4CONTFSCOMY 2 ESCON2ZEACONL 3 SCFMOUT oF (7)
COMMON/CORFAC/CIFAC,CPFACCFFACIDAYNOyHOURNOFLAG

COMMON/ TODFY/INSOUT

COMMON/ XNLOAD/XNPCY « XNPC2 ¢ XNPT9AC1 9 AC2 s AETHoNDUAL »
NREV y XNPRS o« XNPRI_ ¢ XNPRH ¢ XKOA ¢ XNPR,

XNPNA 4 RLOAD ¢ XNBI D9 GOF ¢ ECF o NRATE

COMMON/SCALC/T330T7 345 T0sU7T0UT4eUBRIUBLsATIVATL1AB34ABL,
GT+16R s TWRWNT 3 TT714TT73,TA1,T72+TB2+T83,0TR?TAI]
COMMON/S2CALC/KFLAG e XI0LN ¢ X3¢DOTOLNGDOTMsReNRHETAD

COMMON/SIACALC/GL1eAl149U149 TP e H34LAD
INTEGFR DAYNOsHOURNOOUT

C=«=Q14=SECOND FVAPORATOR L0OAD
CommX=SUM OF THF (OADS
C===Q34=REFPIGERANT CONNENSER HEAT { 0AD
C=~==TSHP=TURBINF SHAFT HORSFPOWER
C-==Q33=RANKINF CONDFNSFR HEAT | 0AD
C-==05=TOTAL HEAT AVAIL

C~~=Q11=TOTAL GAS INPUT FNERGY
C===QA=05=Q7

600

K=Ke]
IF(K.GT.200) GO TO 10

IF(QI2MFQ.(0.)) ClFAC=Cl=1,
[F{Q12M.EQ. (D)) GO TN S
CILOAD=(100,.%012)/012M

CALL TLU(CILOANLCIFAC,PWR]1+CF19yNCF1)
Cl=AC1#CIFAC

CONTINUF ,
Ql4=(012#((1+C1)/C1))+013+024
IF(Q144LT.()s)) CPFAC=C2=2,
IF(Q1441.T. (1)) GO TO 600
CAL.L COPSUR

C2LOAN=(100,%#014) /70 4M
CALL TLUI(C2LOANZCPFAC«PWR24CF24MCF2)
C?2=AC2%C2FAC

CONTINUE
IF(T36.F0.0,) €2=7,
03420144 ((1+C2) /C?)
TSHP=016%ETH/ 2545,

XQ14=(Q14/ (PRA5,#CR ) +FIMO) # (,T4H/FTAGG) ¢FLWF

(]

IF{Ql4s T, (1a)) XOta=0, )
X=XQ14+ATNPWR® [ T4A= (TSHP=FLTS) #,T4k* 3RS
IFi{X.6T 0, GO 10 333
SEVEN=X®eF TAMMBE TAL +SUMF (1 )
IF(SFEVEN.LT.0.) OO TO P22

XMSHP=XMPKW=FE XPKW=GFNL.N=0,0

GFNMF W=ARS (X # TAMM)

PURNE W=SFEVFMeSHMY (2 )

MECHANICAL
TECHNOLOGY C-8
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‘CALCU
CALCU

cALCU

- CALCU

cALCu
CALCU

-CALCU

CALCU
CALCU
CALCY
CALCUY
CALCY
CALCU
CALCU
CALCU

CALCU
CALCU
CALCU
CALCU
CALCU

CALCU. -

CALCU
CALCU

CALCU -

CALCV
CALCU

. CALCU -

CALCU
CALCU
CALCuU
CALCU
CALCUY

CALCU - - -

cALCY
CALCY
CALCY
(of TRV}
cALCyY

 CALCYU - - -

CALCUY
CALCUY
CALCU
CALCU
CALCU

CALCU- -

CALCV
CALCU
CALCU
CALCU
CALCY
CALCUY
CALCU
cALCUY
CALCU
cALCU
CALCY
cALCY
cALCY
caLCy
caLCu
caLcCu
CALCY



222

333

444

15

44

10

S0 FORMAT (1X+SHTSHP=E10,3sSHSUMF=,E10, 393HCl=.EIO 3+3H022,E10, 3»

S1

TPKN=PURMNE W+ XMPK W

GO TO 446

EXPKW=ARS (GFVEN)
GENLD=EXPKW+SUMF (1,)

PURNE W=SUMF (24)

GENNEW=SUMF (1)

TPKW=SUME (2,)

XMSHP=XMPKW=0,0

GO TO 44n4

XMSHP=X/ (. 766%F TAMMBETAL)
XMPKW=XMSHP® ( T46h
PURNEW=GLIMF {24} ¢ SUMF (1,)
GENNEW=GENt D=EXPKW=0,0
TPKW=XHPKW e PURMNEW

CONTINUE -
$8% THIS IS MONELL A FOR CONFIGS 1 + 2 $%% .
QRT=0,

DO 44 I=tya i

ETHLOAD=TSHP# (100,/XNPT)

CALLL TLU(ETHLOAD+CEFACPWRE +CFE+NCFE)
Q33=TSHP®ACCPWR# ((1«FTH) /FTH) .
AS=N9+Q33+034

Qll=(TSHP®PE4S  /(FTAR®KETH) ) « (Q9/FTAR)
Q8=05-Q7

IF(QR.GT.0.) QRT=N8H

CALL ETHSUR

CALL TLU(T3ZsAFTHWVTIFETHIVFETHWNFETH)
ETH=AFRTH®*CFFAC

IF (MDIAG.EN.50) NRITE(OUT'GO)TSHPcSHME(l)vCl'CZoETH-OlloQQ

IF (MDIAG.F0.50) WRITF(OUT,51) Q12,013+0165Q15,033,034,0805

RETURN
WRITE(OUT#15) K

1 GHFTH= 4F10,344HAT1=,F10.344H Q9z,4,F10,.3)

FORMAT(1X-éHOl?:oFl0.3.“H013=.Fl0.3.4H014=vFl0.3;6HOiS=.ElO.3

1 W 4HO33=,F10.344HN34=4F10,3,5H 08= +F10,344H Q5=¢E10.3)
FORMAT (1X ¢t IMTT RPEACHFED",2X 413}

STOP

END

SUBRROUTINE FTHSUR

COMMON/TGCM/ETACON.FTAMM.FTAGG.FIMC.FLTQ.QI&-FLWF.ETAl.ETAG.TI“

COMMON/TVAL Z/COPC1 (10)4VTIC1(10)4CF1(10)4PWR]I (10) s

* COPC2(1N)4VTIC2(10)4CF2(10) «PWR2(10) ¢

+ VETH(I0) W VTIETH(10) +CFF(10) 4PWRF(]0)
COMMON/CONTR/NSTART JNCASF S NCHPCL L TCNPCY o TITLE(50)

. NCOPC2, ICHPC2 o METHe TR THINEXToNCF 1 o

+ NCF2 o« MNCFF
COMMONZSVAL GL/XNP «FTAGFN FTAMGFTAR TV MNDTAGIPCT,

. NTATR4SCFMOL ¢ SCFMVL «E T IE(T) oSVI10)

. SAR(10) ySCFMVLEPSY
COMMON/FLFC/SFEVEMeLOADENT o XMSHP o TPKW ¢ XNMGLD o EXPKW o

. GEME D o XMPKW o PURNF W o GEMNF W
COMMON/CALG/Ke0D1440140129013401590364Xs TSHP4Q33,0F

. A540114NACLoCPeFTHIOT ACCPWURyATNPWR

. PCP'WReT1 «SCFMEC ENMAX NP4 sQ8TyORTMN12Me

+ 014MeOSHMNSPM .
COMMON/SU/ZFICOMY oF 2CONY o MP 3 F2CONZ «FPCONIWFICON] «E3CNON3,

+ F4CONY oFSCOM) o FECOM2 GFAHCONT s SCFMOUToF (T)

COMMOM/CORFAC/CIFACCPFAC,CFPACSDAYND JHOURNNO9FLAG
COMMON/ TODFV/ TH.00T
COMUMON/ZXNE DAD/XNPCT ¢ XMPC2 ¢ XMP TS ACT vAC2 o AFTHONDUAL »

MECHANICAL C__g
TECHNOLOGY
INCORPORATED

CALCU
CALCU
CALCU
CALLCY
CALCU
CALCU
CALCUY
CALCU
CALCU

. CALCU ...

- CALCY -

cALCU
CALCu
CALCY
CALCY
CALCU

CALCU
CALCU
CALCU .-
CALCU
cALCUY

. CALCU ——— —

CALCU
CALCUY
CALCU
CALCY
CALCU

SCALCU .. .. -

CALCUY
CALCU

. CALCU

CALCU
CALCU
CALCU
CALCU
CALCY
CALCU . .
CALCU
cALCY
CALCU — -
CALCU

£ THSUB
ETHSUB
ETHSUB
FTHSUB

-ETHSUB

ETHSUB
ETHSUB
ETHSUB
ETHSUB
FTHSUB
ETHSUB
ETHSUB
£ THSUB
FTHSUB
ETHSUB
FTHSUB
FTHSUB
£ THSUR
ETHSUB
£THSUB
FTHSUB
FTHSUB



S0

100

200

300

400

4 NRE Ve XNFRS ¢ XNPHE » XIHPBH» XKOA ¢ XNPB o
+ XMNPNR S BLOAD ¢ XNBLD e GCF s ECF 9 NRATE
COMMOM/SCALC/T334T 349 TOeUITAoUT4 AT UAL9ATIvATL ABI ARG

+ G7osGAsTWHRWNTsTT1sT734TR1+TT2eTR2+TRILDTR2TAIL

COMMOMN/SPCAI C/ZKFLAG ¢ XANLND 4 X34NOTOI DsNOTMyR¢NRETAD
COMMOM/SICAL C/GY e A14g 1] 40112 eHIGAD

INTEGFR DAYNOsHOURND 4OIIT

REAL K1l,K?

K1=60,%R,314GR

K2=60,%R.336G7 _

IF(Q7.6T.0) 17T1=T0=(QAT/K?) .
IF(Q7.GT.(033+034)) T73=T71+(Q33+QV) /K2
IF{07.LT.(Q33+Q34)) T73=T0
Cl=1/(1-EXP{~(UTGHATL) /KD?))
CZ=1/(1=-FXxpP(=(1RG#ARL) /K1) )
C3=1/7(1=Fxp(=tH73#AT3) sK2))

C4=1/(1=FXP (= (11R3#4RT) /K1) ) ,
IF(QT.6Te(0,)eAMNORT GTo (0.) o ANDLO34.L T4 (14)) GO TO S0
IF(07.67.(0,) ¢ ANDLORT ,GT . (0,) JAND.QW.G6TL.(0.)) GO TO 100
IF(QRTEQe (Na) AND QT GT.(0.) ANDLQ34.GE. (04)) GO TO 200
IF(Q7EN.(0.) e ANDQWG,GF . (0,) JANDLQART.GTL (0,)) GO TO 300
T72=T34=T7)

TA3=T72+C38(NT/K2)

TA2=T33=C4% (QABT/K?)

TH3=(TA3~-TRP)/C4+TR?

181=TR?

GO TO 400

CONT INUF

H={CI=1)4T77)

B=(C4/K1)®QRT~-C3#T7D

C=033-QRT-k2#773 , .
T72=((HoCH0K] ) = (RACT78KL) +CB(Ch=1) 8 (CZ~1) =~
¢HEK1# (Ca=1)+(C7=)) 200K 1 =C708C4HRC)/
¢ ((CI®CL8K))=(C7=1 )2 (ChL=]1)8KP+K]#C7¢ (CI=)) =~
+CIBKI#(Ca=1)~(C7=1)14(C3~1)#K1+C72C42K2)
T34=TT1+CI8(TT72=-TT1)

DYRZTRI=(N4=KP# (TT2=TT1}) /K1

TBI=T34=C72oNTRPTAL

TB2=TA1+DTRP TR

TR3=(N33=KP# (TT73=T72) ) /KL +TR?

TA3=TA2+C4H# (TAI-TR?)

CT3I=TT72+CAn(TTI~TT2)

GO TO 400

T34=T71+C1#(Q36/K?) )
T33=T71+(034/K2)+CIB(N3V/K?)

T12=TT1s(034/K?)

GO TO 400

TBL=AMAX] ((TWR+DT) 4A5,)

TI34=TRI+C76({N34/KY)

T33=TAR)L+ (QG/K1 ) +Cas (N3 V/KY)

TR?=TR14+(N34/K1)

T8I=TAL+ (0334034} /K]

CONTINUF

IF (MOTAGGNF . B0)
WRITF (ONT«1000)
WRITE(OUTs1001)
WRITE (O11T41002)
WRITE (GUT41003)
WRITFE (OUT+1004)
WRITE(OUITLIN0%)
WRITE (OUT1006)
WRITE (OUT 41007
WRITE (OUIT4100R)

MECHANICAL
TECHNOQLOGY
INCORPORATED

RETURM

NDT+0RTLDI3,034

UTG4aATL 11844 ARG '
UT34AT7 3010, ART3
TOeTURWDT 4G oGR
T71eT73eK 4%
CTeC7e0C3eCa

HeRoCorl?
CTAPTAl«TR1.TAP2 1R

T3, T4 TN

C-10

ETHSUB
ETHSUB
ETHSURB
FTHSUB
FTHSUB
ETHSUB
FTHSUB
F.THSUB
E£THSUB

FTHSUB - .

ETHSUB
ETHSUB
FTHSUB
ETHSUB
FTHSUB

- ETHSUB. ... ..

ETHSUB
ETHSUB
FTHSUB
ETHSUB
ETHSUB
ETHSUB
ETHSUB
ETHSUB
FTHSUB
ETHSUB
ETHSUB

FTHSUB - .

ETHSUB
ETHSUB

ETHSUB -

ETHSULB
FTHSUB

ETHSUB . .

ETHSUB
FTHSUB
FTHSUB
ETHSURB
ETHSUB
ETHSUB
FTHSUB
ETHSUB
ETHSUB
ETHSUB
FTHSUB
ETHSUB
ETHSUB
ETHSUB
ETHSUB
£THSUB
FTHSUB
ETHSUB
ETHSUB
ETHSUB
ETHSUB
FTHSUB
FTHSUR
ETHSUB
FETHSUB
FTHSUB
FTHSUB
FTHSUR
FTHSUB



1000
1001
1002
1003
1004
1005

1006
1007

1008

RETUHN , )
FORMAT(U0QT7= "eF15,53¢IXe"QRT= B4 F 165 5,3X6"Q33= 1,F15,5y3Xe
+ "O34=2 M,F15,5) .
FORMAT (MOUT4= 1eF 15,5, 3XeMATL MeF 15,54 IXeMIBG= 1,F 15,5,

+ IXeMABH = WeF15,5)
FORMAT (#QUTI= HaF 15 ,5,3XMAT3= MF15,5,3Xe"UBIa M, F15,543X,
. PARYz MG F15.5) ) .
FORMAT(MOTO= "yF 15,5y IXe"TWHS MeF15,593Xe"DT= "4F15.593X¢
+ NGT= MeF15,5,3X, "R H,F15,5)

FORMAT (#OT71= NgF15,5,3Xe1T732 MeF15,543Xe"K1= 1,F 15,54 3%
. WKP= 14F15,5) )

FORMAT (H0C12 "eF15,5,3Xs"C2= "eF15.543X4%C32 "yF15.5,3Xs

. "Caz MyF15.5)

FORMAT (M0A= M"ysF1S5.543Xe"Ax "yF15,503X9%Cx "4F15,5:3XMTT28",F]1S,

FORMAT (HODTB2TAIZ MeF15.5,IXgMTALz NeF15,503XsNTB2= 1eF15,593X0
. NTB3= ",F15,5) _ o o
FORMAT (M0TI3= 3F 15,5, 3% 1T 34 MyF15,5,3Xy"CT332 "yF15,5)

END

SUBROUTTNE COPSUR

REAL K3 . .
DIMENSION FFFLL(R) oFFF1P (7)Y oFFF22 (7)1 o X1T(6) o X12(T) 9 X32(T)

COMMON/ TGCM/ETACONsFTAM A3 FTAGGeFLMCoFLTSeQl6oFLWFIETALWETAGST14.

COMMON/TVAL /COPCL(10) «VTICI(10)+sCF1{10)+PWR1(10)y

s COPC2(10) 4y VTIC2(10)eCF2(10) +PWR2(10),

® VETH(I0) «VTIETH(10) oCFF(10) 4PWRF (10)
COMMON/COMTR/NSTART sHCASES «MCOPCL o ICOPCLs TITLE(S0) 0

. NCOPC2: 1COPC? «NETHs TETHoNEXT4NCF 1,

. NCF2 «NCFE .
COMMON/SVALGL/XNP+ETAGEN+ETAMGFTAR, TVeMDTAGPCT,

+ DTATRGSCFMOL « SCFMVL oF 7o TE(7) oSV (10),

. SRR {1N) s SCFMVLFPSY
COMMON/ELF C/SEVENGLNADFDT o XMSHP o« TPKW o XNMGLD s EXPKW

+ GENLD ¢ XMPKW s PURMF W o GEFINF W
COMMON/CALC/K3014+019012+101350159Q346+XsTSHP3033,Q90

+ 0540119084014 C2sETHIOTACCPWRIATINPWR,

. PCPWR s T s SGFMFCoFCMAX 40264 408BT9QBTMQL2My

. Q14M,05MyNGPM _
COMMON/SUI/E1CONL +F2CONT sMP 4 F2CONR2 «F2CON3 L EICONTLEICONT,

. F4CON1 W ESCONTIvESCONDP yE6GCONT » SCFMOUTSE (7)

COMMOMN/CORFAC/CIFACJCP2FAC,CEFACYDAYNO+HOURNOSFLAG
COMMON/TODEV/INOUT
COMMON/XNLOAD/XNPCY o XNPC2 s XNPT 9 ACT1 ¢ AC2 ¢ AETHoNDUAL »

> NRFVy XNPRS s XNPHL « XNPRIH ¢ XKOA ¢ XNPB

* XNPNR 4 BILOAD o XNP{ N9 GCF o« FCF o DRATE
COMMON/SCALC/T31v73§oTO-U73'U7hoUﬂ]-UBQ-A?}.A?A.&R3.ARbo

* GTeGByTWHGNT s TT19T734TR1+T72,782:783,0782781

COMMON/SP2CAl C/KFLAGXIOLN« X3 9yDOTOLDNOTMsRyNRsETAD
COMMON/S3CALC/GL9A144t1149T124H3I4LAD

INTEGER DAYNOsHOURMO 4 OUIT

DATA EFF11/.57P 00667, ,7224.T62+4750G44 782/

DATA X11/11.0414.9421.5:¢23,Re25.74726.9/

DATA FFF12/.50B44579¢.660.T7T320e769.784,793/
DATA X12/1.2¢1.97¢2.7543062+4.12464.5R44,7/
DATA EFF22/.53340.5804,6574.7394.7704.77R4,791/
DATA XPP2/e559eR741.1501e6741.8792.0142.1727
DATA NI1sNI2yNPP2/64T7477

KFLAG=0

X30LD=00T0ILh=0,

K3=500.%G1

CS=(1/7(1-FXP(-114#AYG/K3)))
Tla=T12~-(014%(C5-1)) /K3

P34SAT=PSATT (T 44)

PI4SAT=PSATT(T14)

MECHANICAL

C-11

FTHSUB 87
ETHSUB AR
ETHSUB 89
ETHSUB ... 90
ETHSUB 91

- ETHSUB 92
ETHSUB 93
ETHSUB 9
ETHSUR 95
ETHSUB — .. .96
ETHSUB 97
ETHSUB 98

L ETHSUB - . 99
5) ETHSUB 100
ETHSUB 101

-—FTHSUB —. 102
ETHSUB 103
ETHSUB 104

COPSUS ..
coPsuB
copsus

cOPSUB
copPSUB
coPSUB -
copPSuUB
coPSuB

o COPSUB. — .

coPsyB
COPSUB
COPSUB ...
COPSUB
coPSUB

-~ COPSUB
coPSuUB
COPSUB
COPSUB ..
coPsuB
COPSUB

_ COPSUB ...
COPSUB
coPSuB
copsuB
COPSUB
tOPSUB
COPSUB. .- -
coPSUB
COPSUR
coPSUB
COPSUB
cOPSUB
cOPSUB
coPSUB
COPSUR
copsuB
coPSUB
cOPSUB
COPSUB
COPSUR
COPSUR
COPSUB
COPSUB
COPSUB

..copsSuUB . .

WO~~~ PWN

10

12
13
14.
15
16
17
18
19
20
21
22
23..
264
25
26 ..
27
28
29 .
30
31
32
33
34
as
36
37
38
39
40
4]
62
43
44
45
46



100

200

300

¢
¢
c
c
¢
¢
¢

HL34=1F T (T 34)

HGl4=HGT(T14)

QIGN=((CP+1)/C2 %014

QALO=NI4N

DOTM=014/ (HA14-HL 34) )

X3=DNTM8SORT (T14+44660,) /7 (P14SATH#IN00,)
R=P34SAT/P14SAT

IF(NR.FQLI1Y 7=(X3287,/754)+2.256
IFINRFOL,12) 7=(X38,3/1+)47.11

IF(NR.FQ.27) 7=(X385 /8,142,155

IF(RLTLZ7)Y GO 1O 200

x30LD=X3

DOTOLN=NOTM

IF(NR.EQLILY Xz (R=2,2856) /7 (T./T7%.)
IF(NR.EQ,12) X3A3=(P=2.11}/(s3/1,)
IF(NR,FQ,27) XI=(R=2,155)/7(5,/R,)
DOTM=XJeP14SATHIA00, /SART (T 4e4A0,)

KFLLAG=1

CONTINUF )
IF(NRLEQLIT) CALL TLUH(X34ETANSXI1«EFFL1eNLL}
IF(NR.EQe12) CALL TLU(XIETANSX124FFF124N12)
IFINR,FQ.22) CALI. TLUIX3+ETANXP2+FFF224N22)
IF(NR.EQ,11) RM=16,86

IF(NR.EQ.12) RM=17,4A

IF (NR,EN.2?) RM=24,.6

H34ADZHG L4+ AMPALQGLI O (PILSAT/PILSAT)
HIGACT=HG14+ (H3GAD=HGY4) Z/ZETAD
AC2=(HG14~HL 34) /{HILACT=HGL4)

QIAN=NOTME (HIGACT=H| 34)

I1F (ARS (N34M=0340) /0340,6T..01) GO TO 100
Q14=D0OTM# (HG14-HL 34)

C2LOAD=(100,%014)/0146M

CALL TLU(C2LLOANsC2FACsPWRP24CF29yNCF?)
C2=AC2#C2FAC

IF(MDIAGMFE .30)Y RETHRN

WRITE (OH)T4300) X70LDQDOTOLDoKJyCSoT]Q-P?“SAT-P]QGAT.
. Hl34-Hh14v007M'x‘qR.KFlAG-FTAD'RM.H16AD'H34ACTvC?
RE TURN
FORMAT(]H!,"X?OID'"-Flﬂ.?."hOTOID-".FlO.?."K3="'FIO.?-

+ NCS=UFL0,2eMT14204F10,P9"PRGSATE F10420/

* W OPIASAT=N S FIN.24 " HL3G=WsF 10,29 "HG14349F 10420

4 MONTM="eF10,2"X32"F10,2e"R="4F10, 2e"KFLAG="+T104
+ Ze" FTAN=MGF10,2«"RM34F10,2+"HI4ANBM,

. FlO.29"HIGACT=WF10,2,9C224,F10,2)

END

FUNCTION PSATT(TF)

REAL K

COMMON/FPLNOY/ ANsADGCNNDENs AVP e RVP s CVP I NVPoEVPF VR,
1 PeR1 AP RPeCP 03,0V, CA0AL9R49Clhy

2 AS RS eCSeABsRGECOHIK AL PHAZCPRYy

3 ACVeRCVICCVIDCVIFCV e XXoYY

REAL LE10«1

COMMON /FP1L 02/ LE104 JeTRFF s TOL sNR4PC o TCyVCs TFMING TFR

SATURATION PRFGSUPE AS A FUNCTION OF TEMPERATURE IN NEG. Foa

T=TF+TFR
IF (TFGLTLTIFMINGOD  T.GT.TC) GO TO 40

MECHANICAL c—l 2
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copsSuB
CcOoPSUB
cOPSUB

copsuB.

copPSuB
cOPSUB
copsuB
COPSUB
coPSUB

- coPsSuB

coPSUB
coPSUB
copsus
coPsuB
coPSuUB

copPSuUB
coPsuB

- COPSUB.

coPSUB
copsuB

copsuB
coPsSuU8
corPsSuB
COPSUB
coPsSUB

.. COPSUB .

coPSUB
coPSUB

coPSUB
corPsSUB

copsuB
coPSuUB

. CoPsSuUB

. COPSUB. .-

. COPSUB.- - -

e COPSUB o e

cOPSUB -

coPSUB
copsuB

coPSUB
COPSUB
COPSUB
COPSUB
COPSUB
PSATT
PSATY
PSATT
PSATT
PSATY
PSATT
PSATT
PSATT
PSATT
PSATT
PSATY
PSATT
PSATT
PSATT
PSATTY
PSATT
PSATY
PSATY

- COPSUB - - -



: i . o .

20 PSATT=EXP ((AVP+HVP/T+CVP2AL 0GI0 (T) +DVPT) 8 E10) PSATT 20
RETURN PSATT 21
40 CALL FPLMSH(6HPSATT 91429 TFe0,40) PSATY 22
RETURN L o . PSATT ... .. 23
END PSATY 26
FUNCTION PRYDTT(TF) DPVODTT 2
C . . PPVDTT ..~ J
c ENTRY DPDTPT(P,TF) DPVDTT 4
c ‘ NPVYDTT S
C COMPUTES TOTAL DFRIVATIVF (DPV/DT) OF SATURATION PRESSURE AS A . .——DPVOTT .. —_ 6 .
c FUNCTTON OF SATURATION TEMPFRATURE (DEG,.F), DPVDTT 7
C OR DERJVATIVE AND SATURATION PRESSURE AS A FUNCTION OF SAT, TEMP, OPVOTT B
C (IF ENTRY POINT IS USFD.) . . .DPVOTY ... 9
C oPVOTT 10
REAL K DPVDTT 11
[ . . e o DPVDTT 12
COMMON/FPLOY/ ADSRNGCNYDNoFNsAVPoRVPsCVPyNVPEVPIFVP, DPVOTT 13
1 ReR19yA24RP1CP9A39AI9CI AL 4RLsChy DPVOTT 14
2 ASeBS 4 0G4 A64A6C6Ke AL PHAICPR, . DPVDTT. . 15
3 ACVsBCVsCCVINCVIFCVeXXeYY NDPVOTT 16
c DPVDTTY 17
C L e e et e DPVDTYT . 18
REAL LE10sy DPVDTYT 19
c ) ) DPVDTT 20
COMMOM /FPL 02/ LEYOWJeTRFF 4 TOL sNR4PCsTCoVCo TFMINS TFR ... DPVDTT . 21.
C nPVvDTT 22
T=2TFeTFR i ) DPVDTY 23
IF (TFeLT.TFMINLGORGT.GT&TC) GN TO 90 . .. ... . e e DPVDTY . 24 .
P=PSATT (TF) ) , DPVOTTY 25
70 DPVOTT=P# ((=BVP/TH#LF10+CVP) /T+DVPa_F10) DPVDTY 26
RE TURN . . o S . .. DPVDTT .27
90 CALL FPLMSG(6HDPYDTT sl 42¢TF4040) DPVDTY 28
RETURN pPVDTY 29
END . . . - . -~ DPVDTY .. 30
FUNCTION HFTY(TSAT) HFT 2
C HFT 3
c ENTRY HPVVHT (HGoPSAToVF e VGeHF Gy TSAT) . . . HFT 4
(o ’ HFT S
o ENTHALPY OF SATURATED 1 TQUIN AS A FUNCTION OF TSAT, HF T 6
c OR HFs HGs PSATs VFs VGe AND HFG AS A FUNCTION OF TSAT, e HFT e . T
C HFT 8
C HFT 9
REAL LE104. . OHFT. ... . 10
c ] ] HFT 11
COMMON /FFL 02/ LF104JyJREFZTOL oNR4PCyTCoVCsTFMING TFR HFT 12
Cc . e HFT o 13
DPDT=DPVNTT(TSAT) HFT 14
PSAT=PSATT (TSAT) HFT 15
TITSAT+TFR .HFT .16
VG=VPTD (PSATSTGAT) HFT 17
VF=VFT(TSAT) HF T 18
HFG=J#DPpDTeT# (VG=VF) HFT .19
HG=HTVD (TSAT+V6) HFT 20
HF T=HG=HF G HF T 21
RETURM HF T 22
END ' , HFT 23
FUNCTION HGT(1SAT) HGT 2
c HGT 3
(o EMTRY HGPVGT(PRAT VG, TGAT) HGT 4
c ) HGY 5
c ENTHALPY OF SATURATFD VAPNR AS A FUNCTTON OF SATURATTON TEMP, (F), HGT 6
Cc OR HGy PSAT LD VG AS A FUNGCTION OF SATURATION TEMP, HGT 7
C HGY A
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O 0000

a0 0O 00

0 000

O O OO0

20

40

PSAT=PSATT (TSAT)
VG=VPTD{PSAT«ISAT)
HGT=HTVD(TSATyVG)
RETURN

END

FUNCTION VFT(TF)

SPECIFIC VOLUME OF | 1QUIN AS A FUNCTION OF SATURATION TEMPERATURE

IN DEGREFS FAHRFNHFTT,
REAL K

COMMON/FPLOL/ ADsRDGCNDDWED s AVPsRVP4CVPsNDVPoEVPF VP,
ReBlsA?23sR29C29AI4RIsCIeAL9R4Cly

A5 4BE4C5 4 ABVREGCALKIALPHALCPRY
ACVeBCVsCCVeNCVIFCVeXXeYY

W N\

REAL LLF10+.
COMMON /FPL02/ LF104J,TPEFTOL +NR4PCoTCoVCo TFMINSTFR
DATA EX /0.333333333333F+00 /

T=TF+TFR i
IF (TFoLTTFMIN.ORT.GT«TCY GO TO 40

X=TC=T , .

RHOF =AD+ X # (RD+FD#X) +CD#SART (X) +NDOX#HEX
VET=14/RHOF

RETURN B

CALL FPLMSG(6HVFT  +1424TF4040)

RETURN

END

FUNCTION PTVD (TF+V)

PRESSURF AS A FUNCTION OF TEMP, (NFG.F) AND SPEC. - VO

REAL K

COMMON/FPLOL/ ADRADLCD4ONENyAVPIBVP s CVPINVPYEVPF VP,
ReB1sA2?4RP9C2eA3,83+CI34AH9B4yCho
AG 4 RE4CSeAbsBARICHIKsALLPHAWCPRY
ACVeRCVoCCVIDCVIFCVeXXeYY

W N =

REAL LE10ey
COMMON /FP1027 LEYN G e IRFF s TOL sMRePCTCoVC o TFMIN, TFR

T=TF+TFR

IF (TF.LTTFMINGOR,V,LTVC/145) GO TO 10
vB=1,./(v=-f1)

X=ALPHA®Y

IF (X.6T.70.) x=70,

X=EXP (X)

X1=EXP (~K#T/TC)

(FTaa3/LBM),

PTVD e n

PTVN=VAS (RETsVAH (AP+R2eT+CPuX]+VAP (AT+RIBT+CI#X1+VAB (AL sRLATSCLRX]
1 +VHS (AS+BSoT+CSaX1) 1)) ) ¢ (AG+RAaTeCARXT)/X/ (1o +CPR®#X)

RETURN

10 CALL FPLMSAIAHPTVUD 41 ¢”29TFe3eV)

RETURN
END

MECHANICAL C—lll'
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HGT
HGT
HGT

HGT .

HGT
VFT

VFTY ..

VFT
VFT
VFT
VFY
VFT
VFT
VFT
VFT

VFT .

VFT
VFT
VFT
VFT
VFT
VFT
VFT
VFT
VFT
VFY
VFT
VFT
VFT
VFT
VFT
VFT
VFTY

1712 PN

PTVD
PTVD
PTVD
PTVD
PTVD

pPTVD
PTVD

PTVD -

PTVD
PTVD

PTVD -

PTVD
PTVD
PYVD
PTVD
PTVD
PTVD
PTVD
PTVD
PTVD
PTVO
PTVD
PTVD
PTVD
PTVD
PTYVD
PTVD
PTVD



FUNCTTION DPDVIV(TF V) DPDVTV 2

c , ) DPDVTV 3
C COMPUTES PARTIAIL DFRIVATIVE (DP/DVIT AS A FUNCTION OF TEMP (DEG.F) DPDVTV 4
c AND SPECIFIC VOl UMF (FT®##3/1.BM), . e DPDVTV. S
REAL K DPDVTV 6

[ DPDVTV 7
COMMON/FPLOTZ ADSRNGCNWNNGFNeAVPsRYPyCVP sDVPEVPFVP, . DPDVTV . 8

| RePB19A?4RB240C24AT0R 3403 yAL4BLsChy NPOVTV 9

2 AG W BS s LS9 AB RO CAh K AI PHA s CPRy - DPDVTV 10

3 ACVRCVeCCVeNCVIFCVeXXaYY" Ce el e e - . DPDVTIV 1L

C OPDVTV 12
C OPOVTYV 13
REAL LEYOs. DPDVTV 14

c _ _ OPDVTV 15
COMMOM /FPLOZ27 LF10eJeTRFFeTOL sNR4PCoTCoVCo TFMINSTFR DPOVTV 16

. S _ S o . DPOVTV._ 17
IF (TFoLT.TFMIN.OR V.. T.VC/1.%) GO TO 10 DPOVTV 18
T=TF+TFR : DPDVTV 19
X=ALPHA®Y _ NPOVTV ... 20

IF (X.GT.70.) x=70. DPDVYV 21

X=EXP (X) DPDVIV 22
Y=1a.¢CPR#X . e e e e DPDVTV ... 23
X1=EXP (~K®T/TC) DPDVTV 26
VB=),/(v=-B1) ) ) i DPOVTV 25
DPDVIV=~VBayRe (QUT+YR® (2,# (A2+R29T+C24X1)+VBH (3,% (A3+R364T+CI®XL).. . DPOVIV..... 26

1 *VB"(Q.”(AAOHA"T~CA”XI)OVRP(S."(ASOBS’TOC5°X1)))l)) PPOVTV 27

2 ~(AG+B6RT+COEEX]) RAL PHA® (1,42, 8CPRYX) /Y/Y/X DPOVTV 28
RETURN ] o et e - DPDVTV . 29

10 CALL FPLMSG(6HNPDVTVsle29TFe3,V) DPOVTY 30
RETURN pDPOVTV 31

END i . . DPDVTVY .. 32.
FUNCTION VPTID(P,TF) vPTD 2

c _ VPTD 3
C SPECIFIC VOLUME OF VAPOR AS A FUNCTTON OF PRESSURE (PSIA) AND TEMP.VPYD __. . _ &4.
C (DEG.F) . VvPTYD S
C . vPTD )
C THIS IS AN ITERATIVE (SECONN LFVEL)s (LEVEL 2.0) ROUTINF. . VPYD .. 7
REAL K VPTD 8

C VvVPTD 9
COMMOM/FPLOL/ ADsBDeCNsDN¢FNyAVPsRVPsCVPoDVPIEVPIFVP, . . . .VPTD. _____10.

1 ReR14A24sRAPeCP29A3¢BIeCI4A49B4LCly VPTD 11

2 ASsRS S s AGIBOECAHIK s ALPHAICPRY vPTD 12

3 ACVsBCVICCVINCVIFCVeXXaYY . L VPTD. .. . .13

c vPTD 14
C vPTD 15
. REAL LE10. _VPTD... - 16
c o i vPTD 17
COMMON /FPL 02/ LE10eJsTREFoTOIL oNRePCeTCoVCeTFMINSTFR VPTD 18

C ‘ VvPTD .. .19
IF (TFLLTL.TFMIN) GO Tn &0 vPTD 20
T=TF+TFRQ VPTD 21

c . vRPTD ... .22
[ ATTEMPTS Tn veTO 23
[ ESTIMATF V FROU THF FIRST Twn TFRMS IN FON, OF STATE. vPTD 24
c RESULT IN SQRT(NFGATIVF NO,) AT HIGH PRFSSURES, vPT1D 25
C 10 A=A24R28T+CP9EXP (~KBT/TC) vPYD 26
c B=ReT ‘ VvPTD 27
c Xz (=B+SORT (B4Bs4 ,2A8P )Y /2 /A vPTD 28
(o VPTN=1,./XeR) VPTD 29
c VvPTD 30
c ESTIMATE v FROM THF FIRST TFRM IN FON. OF STATE, VPTD 31
10 VPTN=R*Y/Psn1] vPTD 32
RHO=1./vPTD vPTD 33
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00 O0O0O6O0 OC

o000

(9] [eX2Xg!

(2] OOOOOOO

c
c
c
C

ENTRY VPTOF (PeTF)}
ENTRY VPTNF

“VPID

THIS ENTRY POIHT IS USFD TO SHORTFM THE 1TERATION WHEN A PREVIOUS

ITERATION HAS AL RFANY FSTABI ISHED £ GOOD VALUE FOR VPTD,

N0 20 ITER=1+20

CALCULATE THE VALUE OF P CORPRFSPONNDING TO T AND V,

RAPHESON MFTHON TO CORRFCT THF DENSITY,
FEPTVD (TF 4 vETD)Y ~P
FPRIME==DPDUTV (TF o VDTN / (14 ¥RHO)

CORRECTTION 1S MANF TN NFMSETY PATHER THAN TO SPFCIFIC VOLUME
RFCAUSE. FOR A DPFRFFCT GAS, P=zPHNBReT, AND CONVFPGENCF SHOULD BE

IMPROVED,
RHO=RHO~F /FPRIMF
VPTD=1,./RRO

THE FOLIOWING STATEMENT TS PLACED LAST IN THE N0 LOOP SO THAT
EVERY FNTRY TO VPTDF WILL RFSULT TN AN IMPROVFD ESTIMATE OF VPTD,

REGARDLFESS OF TYHFE VALUF OF TOL.

20 IF (ARS(F/P)«LT.TOL) RFTURM

NON=CONVERGFD SOLUTION,

40 CALL FPLMSG(6HVPTD  42414Py25TF)

RETURN

60 CALL FPLMSG(6HVPTD  +1el9PePoTF)

RETURN
END
FUNCTION HTIVD(TF V)

ENTRY HPTVD(PeTF,V)

ENTHALPY OF SUPFRHEATED VAPOR AS A FUNCTION OF TEMP (DEG.F) AND

SPECIFIC VOLUMF, (FTee3/LRAM), _
OR H AND P AS A FUNCTION OF T AND- V.,

REAL X

COMMON/FPLOT/ ADyRDSCD DD oFNeAVPsRVPICVP I DVPIEVPFVP,
ReBIsA24P29C2,A,83,C3,444844Chy
AS ¢ RS 9yCS o AEYRAWChIKy AL PHAZCPRy

W N

ACVIRCVeCCVINCVIFCV XXy YY

REAL 1LE10,.

COMMON /FPIL 02/ LELN, Iy TREF 4 TOL yNRoPCsTCyVCy» TFMINy TFR

IF (TR LT TFMINLOPLVLLTeVC/1S) GO TN 10
T=TF+TFR

X1=K*T/TC
X1=(la4¢X))#FXP(=X])
VB=1./{y=R1)
P=PTVN(TF V)
CFl=x1#C2+A?
CF2=(x1#C3sA3) /2,
CF3=(Y1aCasau) /3,
CFa=(X18CS+AY) /4,

IF (ALPHA.FQ.0D,) GO TN B
CFE=(X18CALAD) /AL PHA
X=ALPHA®Y

IF (X GT.70.) x=70,
X=EXP (=X)

Y=0,

MECHANICAL C"16
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USE THF NEWTON=-

VvPTD
VvPTD

VPTD.. -

vPTD
vP1D
vPTD
vPYO
vPTOD
vPYD
vPTD
vPT0
vPTD
vPTD
VPTD

_YPTD

- HTVD.

vPTD
vPTD
vPTD
VPTD
VPTD

veTD -

vPTD
VvPTD

vPYD

vPTD
vPTD

HTVD-

HTVD
HTVD
HTVD
HTVD
HTVD

HTVO
HTVD
HTVD
HTVD
HTVD

HTVD -

HTVD
HTVD
HTVD
HTVD
HTVD
HTVD
HTVD
HTVD

-HTVD

HTVD
HTVD
HTVD
HTVD
HTVD
HTVD
HTVD
HTVOD
HTVD
HTVD
HTVD
HTVD
HTVD
HTVD



i

OO0 000000000 O O O 00 O O

5 HTVO=T# (ACY+TR (HCV/2 .+ TH (CCV/ Ve s THNCY/4,) ) ) =FCV/ T4 J# (PoV+VB# (CF1

10

aooo

10

1010

12
1012

20
1020

22
1022

131

IF (CPRJME (W) YSOPRBALOGL] o X/01P0)

HTIVD=T® (ACV+ TS (ROV/2 ¢ T (CCV/3. ¢ TPNCV/4,)) ) «FCV/To Je (Poy+VR® (CF1

1 +VRB (CFP+VRH(CFA+VIHCF4) ) ) +CFO6B (X=Y) ) +XX
RETURN

1 SVABR(CFP+VR® (CFI+VRECM4))) ) + XX

RETURN .

CALL FPLMSG(EHHTVN  4142+TF934V)

RETURN

RETURN

END ) )
SUBROUTIME FPLMSG(FNAME sy TFRRWPI V1 oP2eV2)

ERROR MESSAGE ROUTINF FOR FREON PRPOPERTIES LIBRARY (FPL)
INTEGER FNAME«P1+P2.PNAME
REAL LE10,.

COMMON /FPLOZ2/ LE1OWJoTREFaTOL sNR4PCeTCoVCo TFMINSTFR

COMMON /FPL0S/ 10
DIMENSION PNAME (5)
DATA PNAME/&HPRESS=+6HTEMP= 4 6HSPVOL =+ 6HENTHE ¢6HENTR= /

DATA 10/6/

hl
ot
-

he)
~N

PRESSURE P
TEMPFRATURE T

ENTHALPY H
ENTROPY S i
NOT APPI.ICABLE P2 ONLY)

#Hoaowuat

GOTH (10204301 41ERR
OUT OF RANGF

IF (P2.GT.0) GOTO 17

WRITE(I0+1010) FNAMF 4NRyPNAMF (P1)sV1e IREF
FORMAT (/74X 416HOUT OF RANGE TN +A6411H FOR FREON 413,
A J4X e ABsG1S b lHe s AXWGHIRFF=,13) - N

G0TO 9999 }

WRITE (I1051012) FNAME 4NPsPNAMF (P1) 4V 1+PNAME (P2) V2 IREF
FORMAY (/74X 16HOUT OF PANGF TN 4AGY1IH FOR FREON »13s
# ZOXoAB RIS alboltHe 93X A6 ¢G1SholHe e IXISHIREF=9113)
GOTO 9999

NON=CONVERGFENMT TTFRATION

IF (P2.GTL,0) GOTO 22

WRITE(INC1020) FMNAME 4NRsPNAME (P1) s VI IREF ,
FORMAT (/4 X, 1BHNON=-CONVERGFNT IN sA6ho11H FOR FREON »13,
° /4XaA61G15 .40 1He 93X eSHIRFF=,13)

GOTO 9999

WRITE (10+1022) FMAME 4NQaPNAME (P1) oV o PNAMF (P2) 4 V2 IRFF
FORMAT (74X 1 RHNON=CONVERGEMNT TH sA6e11H FOR FREON »13,
o FOX g A 1GI N et g lHy 9 IX g ANH GGG 1Hy s IX9SHIRFF=913)
GOTO 9999

MECHANICAL
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ARE PARAMETFR NUMBFRS. V1.V? ARF VALUES OF THWF PARAMETERS,

SPECTFIC VOLUME. V . U

HTVD i
HTVD 39
HTVD 40
HTVD . A
HTVD 42
HTVD 43
HTVD . . . 44
HTVD 45
HTVD 46
SHIVD . . 47
HTVD 48
FPLMSG 2
FPLMSG 3
FPILMSG 4
FPLMSG s
FPLMSG..—__ 6
FPLMSG 7
FPLMSG 8
_FPLMSG . _ . .9
FPLMSG 10
FPLMSG 11
FPLMSG. —..12
FPLMSG 13
FPLMSG 14
. FPLMSG... .15
FPLMSG 16
FPLMSG 17
_FPLMSG 18 .
FPLMSG 19
FPLMSG 20
FPLMSG.. ... 21
FPLMSG 22
FPLMSG 23
FPLMSG ... 26
FPLMSG 25
FPLMSG 26
FPLMSG .27
FPLMSG 28
FPLMSG 29
FPLMSG._._.. . 30..
FPLMSG 31
FPLMSG 32
. FPLMSG . .. 33
FPLMSG 34
FPLMSG 35
-FPLMSG ... .36
FPLMSG 37
FPLMSG 38
FPLMSG . 39
FPLMSG 40
FPLMSG 4]
_FPLMSG ... .42
FPLMSG 43
FPLMSG 44
FPLMSG 45
FPLMSG 46
FPLMSG 47
. FPLMSG 48
FPLMSG 49
FPLMSG 50
FPILMSG 51
FPLMSG 52
FPLMSG 53



e NeXe]

30
1030

OO0

9999

O OO 0 00

INVALID REFRIGFRAMT NIMBFR

WRITE (10,1030) NP _ i}
FORMAT(/4X 4 AHFREOM ¢T3434H 1S AN TNVALTIN REFRIGERANT NUMBER,)
STOP

PROVIDE FNTRY POTMT Tn AL OW USFR RFTURN ON ERROR

CONTIMNUFE
CALL STRACF
STOP

END

BLOCK DATA
REAL K

COMMON/FPLOY/ AD4RNDGCNeNNGFNyAVPIAVPsCVPyNVPEVPFVP,
ReR1eAP4A29C24A34R3+C34A448B44Cly
Aqvnq!"SvA()vRﬁvcﬁ'KVAI_DHA_CCPR'
ACVsRCVsCCVINCVIFCVeXXeYY

W -

REAL 1C10460

COMMQOM /FPLOP/ LF104J, TREF 4 TOL sNR4PCTCyVCy TFMIN, TFR

COMMON /FPI 0S/ 1D

DATA ADLBD+COWNNWFENGAVRPsBYPsCVPINVPEVP»FVP,
ReR14AP4BP¢C29A4RIsCIAG B4 +Chy
AR IS CR AR RA I CH WK AL PHAWCPRY
ACVyRCVyCCVIDCVyFCVeXXeYY

/ 34484y 0269k LR34021, 6,026R1y =6,55549E<6hy . :

39.RR3RIT27y =3436,6322728, «12,471522284 0047304424429 22040y
«0BATI4, 4 N065093RRGY ~3,409727134 00159434848, =56.7627671,
06023944654,y =] ,R73618431F=5, 1,311399084, =,000548737007>
30040y 3atHRAILE~D9 =2,54390KTRF =5, 80,09 5,475y 280,00
w00R094S, 000332602 =2,413896F =Ty 6.72363E=11y 0,00
39.556551224+-.0165379361 / .

DATA LE10/2.302%R5N002994/4J/,185053/+IREF/2/2TOL/1E=4/9sNR/12/

DATA PC/596,9/4TC/693,3/4VC/02RT/«TFMIN/=2524/+TFR/459,T70/

DATA 10/7/

END

SUBROUTINFE GLORIN .

COMMOM/ TGCM/ETACOMN s FTAMMGFTAGG o FLMCoFLTSeQlEsFLWF+ETAL yETAG.T14

~COMMON/TVALL/COPCL(10) «VTICI(10)+CF1(10),PWRI(10)

* COPC2(10) +«VTICPL10)eCF2(10)+PWR2(10) o

s VETH(IN) VTLIFTH(10) »CFF(10) «PWRF (10)

COMMNON/CONTR/NSTART JMCASESNCORPCY o 1COPCYL,TITLE (50)

* NCNFCP2aICOPCP o NFTHe IFTHyNFXToNCF ]y

L3 NCF?+MCFE

COMMON/ SVALGL /YMD GFTAGFN «FTAMETAR LTV MNTAG+PCT,

*O0ODNOUN S WN -

¢ DTATRGSCFMOL « SCFMVL oF T IE(T) oSV I10)

'S SOR(1N) « SCFMV,L,EPSY
COMMON/FELEC/SEVENSL.OANFNT ¢ XMMSHP o TPKW o XNMGLD s EXPKW
. GFEMLD s XMPKW ¢ PURNE Wy GENNF W
COMMON/CAILC/KsD144N0) 301790139015 0034¢Xs TSHP Q33,09
° 0540114NA,CLeC2sFTHIQT W ACCPWRYATNPWRY

’ PCPUD ¢ T1 s SCFMECFCMAX NP4 9 QAT s NATM N1 2M,
+ Q14MeNEM e NSPH
COMMOMZSUH/ELCOMY s F 200N o P o F2C0ONP oF 2CONIWF ICOM] «E3CONT,
+ FACTMY GE SOEONT «FSCOND o F6HNOMY s SCFMOUT oF (7)

MECHANICAL C_lg

5 TECHNOLOGY
I} INCORPORATED

FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPIMSG
FPLMSG
FPILMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG

- FPLMSG

FPLMSG
FPLMSG

- FPLMSG

FPLMSG
FPLMSG

FPLMSG oo e

FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG

- FPLMSG

FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG

- FPLMSG .

FPLMSG
FPLMSG

FPLMSG -

FPLMSG
FPLMSG
FPLLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLNRIN
GLOBIN
GLOBIN
GLOBIN
GLNBIN
GLOBIN



OO0 O O o 0O o O o0

COMMON/CORFAC/CIFACICPFACICFFACsDAYNOSHOURNO9FLAG
COMMON/TODFV/IN,0OUT
COMMON/ XM OAD/XNDPCY ¢ XNPC2 o XHPT ¢ ACY JAC2 s AE TH NDUAL »
. MKF Vo XNPPRS ¢ XNIPRI o XNPRH ¢ XKOA ¢ XNPB
XMPNA B OAD ¢ XNBI Do GCF aECF 9 NDRATE
COMMON/SCAI C/ZT334 T34 T0oUT30UT49UNIZURL e ATIvATLyAB3oABY
. BT oeGAsTWRADTT7T1eTT3sTR1sTT2¢T82eTRIHDTAR2TAIL
COMMOMN/SPCAL C/KFL AGXOLD X 14 NOTOL Dy DOTMsReNRFTAD
COMMON/ZSACAI C/GLsAT4sU14s T2 H3GLAD
INTEGFR DAYNQOsHOURNO»OUT
READ IN HFADING
REAND(INGIM (TITILF(I)sT1=1450)
READ IN CONYROL INFNRMAYTON
READ (IN.20)NSTARToNCASES«NCOPC 1, ICOPC] «NCOPC24 ICOPC2,NETH
+ ' IFTHWNEXToMNCF 1 «NCF2oNCFE«MDTAGsLOADEDT o NDUAL ¢ NREV
READ SINGLE VALUFD GLORAL PARAMFTERS . )
REAND (INyS0) XNPFTAREN FTAMGETARS TV FPSVDTAIR,SCFMO
READ (TH450) SCFMVE oFT74FCMAX9PCT o ATNPWR o XNPC 1o XNPC2 o XNPT
READ (IN<S0) XMPRSsNORTMD14MDRATF +GCF s ECFWETAG
READ (IN,S0) FTACONGFTAMMGFTAGG oI MCoFLTSe0) 6 oFLWF FTAL
READ (IN4SO) DTaTO0«GT7+GAsTI2¢Ul49AYG,4G1
READ (IMs%0) UT30UB34U740sUBLsATIABIWATLGABG .. ... ...
READ(THNeZ20) NSPM4NR }
READ PARASITIC FLFCTRIC (.0AD CONTROLS
READ (INs20) (1E(I)sI=147)
READ COPCY CHRVE ) '
READ (IM450) (COPCY(T) o VTICLI{I) o 1=14NAOPCY)
READ COPC2 CURVE - e e
READ (IN,SO) (COPCP (T oVTIC2 (1) v I=1,NCOPC2)
READ ETATH CURVF _
READ (IN+S0) (VETH(I) «VTIETH (1) o I=1 e NF TH)
READ CORRECTION FACTOR FOR coPC) )
READ(INGS0) (CF1 (1) ePWRI (1) eT=14HCF1)
READ CORRFCYION FACTOR FOR COPC?2
READ(IN.SO)(CF?(Y)'PWD?(T)cI;)-NCFZ)
READ CORPFCTIOMN FACTOR FOR FTATH
READ (INGSO)Y (CFF(])+PWRF (1) e I=14yNCFF)

FORMATS
FORMAT (ROAY)
FORMAT (161%)
FORMAT (AF10,3)
RETURN
END
SUHROUTTMF GLROUT

COMMOM/ TACH/ETACON JF TAMM O ETAGG o FILMCoFLTS»QL&sFLWF oETALVETAG,T14

COMMON/TVAL /COPCYI(10) 3 ¥TIC1(10)+CF1(10)9PWR1(10)

® COPC2(10)Y 2 VTIC2(10)oCF2(10)4PWR2(10)»

* VETH(I0)Y s VTIFTHIN) oCFF(10) o PWRF (10)
COMMOMN/CONTR/NSTART oNCASFSNMCOPCLoTCNOPCI 2 TITLE (50) o

* NCOPCP2 4 ICOPC2WNF THo TFTHeNFXToNCF 1,

+ HCF 2 o NCFF
COMMON/SVALGL /XNP o ETAGFNGFTAM FTAN, TV MDTAGIPCTy

- NTAIR«SCFMOL « SCFMVLSF T TE(T)sSV(10)

+ SUR{10) 4SCFMV,.FPSY

COMMON/ELEC/SEVEMLLOANFNT ¢ XMSHP » TRKW s XNMGLD s EXPKW

+ GEMLO o XMPKW s PURMF W o GFNNF W
COMMON/CALC/KoN144019012+013+001540349Xs TSHP Q3409

+ QS 011eQRN1eCPsETHOT o ACCPWRWATNPWR

+ PCPUWR e T1 s SCFMECFCMAX e NP4+ QAT «NATM,N12M,

+ N16HaORMNSPM

COMMOM/ZSU/ZFICONT oF 2CONT oMP 4 F2COM2 oFPEOMIZF3CONY 4FICONM3,
+ FACON] 9 FSCCMY «FECNMD o F ACOM] o SCFMOUT oF (7)

MECHANICAL C_19

TECHNOLOGY
B 'NCORPORATED

GLOBIN
GLOBIN
GLOBIN

GLOBIN -

GLOBIN
GLOBIN

GILOBIN .

GLOBIN
GLNBIN
GLOBIN
GLLOBIN
GLOBIN

GLOBIN .

GLOBIN
GLOBIN

-.GLOBIN

GLOBIN
GLNBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN

- GLOBIN

GLOBIN
GLOBIN

. GLOBIN . ..

GLOBIN
GLOBIN

GLOBIN .. ..

GLOBIN
GLOBIN

- GLOBIN...

GLOBIN
GLOBIN

GLOBIN...

GLOBIN
GLOBIN

GLOBIN
GLOBIN

-~ GLOBIN

GLOBIN
GLBOUY

-~ GLAOUT

GLBOUT
GLBOUT
GLBOUY
GLROUT
GLROUT
GLROUT
GLAOUT
GLROUT
GLROUT
GLBOUT
GLROUT
GLBOUT
GLLBOUT
GLAOUT
GLBOUT
GLAOUT
cLROUT

- GLOBIN... ...



COMMOM/CORFAC/CIEACJCRFACCCEFAC DAYNO sHOURNO S LAG

COMMON/ZIODFV/INGOUT

COMMON/ XNLOAD/XNPCY o XMPC? o XNPT 9 ACY + AC2 ¢ AETHoNDUAL »

NRF Ve XNPRS y XHPRL o« XNPRH « XKOA 3 XNPR »
XNPNR GBI NAD s XNHL Do GCF o+ FCF«NDRATE

COMMON/SCALC/T}H-TB@.TOvU73vU?h-UR3oUBQ-A73oA74oA830A8hv

+ GTeGRITWRWNDT o TT1 o TTIeTRI 9 T72+T82+TRINDTR2TRI

CCOMMOM/S2CALC/KFLAGe XA Ne X3 4NOTOL N NOTMRyNRWETAD

COMMOM/SICAL C/GLsA14911149T12.HIGAD

INTEGFR DAYNO.HOHDN0.0HT
C WRITE HFADING

WRITE(OHT'IOO)(TITlF(I)ol 1+50)
C WRITE OUT CONTRXROL INFOPMATTON ;

WRITF(OUT 1 T0INSTART ¢NCASFS«NCOPCY o ICOPC] «NCOPC249 ICOPC29sNETH

- TETHeMNDTAGZNFXT
C WRITE SINGIF VALUFD 61 ORAL PARAMETERS

CWRITE(OUT4120) XMPoXMPCL ¢ XNPC29 XNPT 9 GCFoFCFeDRATE

- ORTMGQ14MFTAGENGFETAMVETA) JETAG

WRITE(OUTs122) TI2eGloAlbolilbgATH411TL9ABLURSGsATIHNUTIsARIIURI QLG

+ NP

WRITE (OUT+400) FTACONGFTAMMGFTAGGSFILMCoFILWFoFLTS

WRITE(OUT125) FTARGDT«T0,GT4GRy TVFPSV4DTATRsPCT,AINPWR
C WRITE LIMITING VALUFS )

WRITE(OUTH100) (TITIE(I)e1=1450)

WRITE(OUTL130)SAFMV) 4 SCFMOL +ECMAX )
Cc WRITE PARASITIC FLECTRIC LNAD CONTROLS

WRITE(OUT230)

DO S 1I=1.7 . . - - e e e

IF(IE(T)Y LFQ.0)GO TO 30
WRITE (OUT4235) T
GO 10 S

30 CONTINUE
WRITE(OUTSN0) T

S CONTINUE

o WRITE COPCY CURVFE
WRITE(OUT,140)T1COPC]
WRITE(OUTH 180} (COPCY (1Y« Tal+NCOPCY)
NRITE(OUTolﬁO)(VTIC](I)-T:lvNCOPCl)

C WRITE COPC? CURVF
WRITE (OUT170)ICOPCP
WRITE(OUTL1R0) (COPC2(T) 2 T=1+NCOPC2)
WRITE(OUT190) (VTIC2 (1) sI=1sNCOPC?)

C WRITE FTATH CURVF
WRITE(OUT4200) IFTH i
WRITE(OUT210) (VETH(T) oIzl oMFTH)
WRITE(QOUT«220) (VTIFTH(T) o T=)1 oNETH)

C WRITE COPPECTION FACTOR FOR COPCY
WRITE (01T+240) ICOFC]

WRITE (O1T+250) (CFLLT) o121 NCFY)
WRITE (OUT+2A0) (PVP] (T) 4 I=14MCF 1)

C WRITE 01T COnRRECTION FACTOR FOR CORC?
WRITE(OUT,270)1COPC?
WRITE(DUT«2A0)Y (CF2 (1) 41=1sNCF?)
WRPITE(OUT¢P290) (PUWR2(I)sI=]1+MNCF2)

C WRITE CORRECTION FACTOR FOR FTATH
WRITE(OUT+300) IFTH
WRITE(OUT«AI0)Y (CFF(T)oT1=)4MCFF)
WRITE(OUT320) (PWRE (1) ¢ I =1 4NCFF)

C FORMATS

100 FORMAT (1H] 420X sHNAT 4/ 420X 4SSN (1H=))

110 FORMAT (10X "CONTROLSN, /010N A (TH=) 4/,

1 TG G HGTARTING CASE HMHFR .. vessaeaneosese™o 1G9/,
? 1SXMMUMIF R OF VARDFATIONS OF T1e0Q1e0Teee"s15¢/

MECHANICAL C_20

TECHNOLOGY
INCORPORATED

TGLROU
.GLROUT

GL.BOUT

GLROUT ...

GLAOUY
GLRAOUT
GLAOUTY
6LBOUT
GLAOUT
GLAROUT
GLROUT
GLBOUT

. GLAOUT

GLAROUT
GL.AOUT

GLAOUT .

GLROUT
GLBOUT
GLROUT

GLAOUT

GLROUT
GLROUT
GLBOUT
GLAOUT

GLROUT . .

GLBOUT
GLBOUT

GLROUT -

GLBOUT
GLBOUT

- GLBOUT

GLBOUT
GLBOUT

- GLAOUT

GLROUT
GLAOUT
GLROYT
GLBOUT
GLROUT

- 6LAoUT

GLROUT
GLBOUT
6LAOUT
GLBOUT
GLROUT

GLBOUT

GLROUT
GLBOUT
GLBOUT
GLBOUT
GLBOUT
G6L.BOUT
GLBOUT
GLBOUT
G6LBROUT
GLAOUT
GLROUT
GLAOUT
6L.aouT
GLROUT
GLROUT
GLAOUT
GLROUT



III' III' llll III! III. III' III' IIII lll' IIII

3 1HX ¢ MNMBE R N VALUFS FOR COPCT CURVF aee™elS5e /0 GLROUT 84
4 ISXetCOPCL CHRVF MUMBFRseseosssoscasasssr150/y GLROUT 8%
5 15X UNUMHE R OF VALUFS FOR COPC2 CURVF . .,"915¢/ 6LBOUT 86
6 IGXo"COPC? C”HVF NUMRFQCI.I...O'O'.Il".".ls./. . GLROUT~“ 37
7 1SXe"NUMRFR OF VALUFS FOR FTATH CURVF . oet o150/ GLBOUT 88
A 15X HETATH CHRVF MUMNFR  eeaancasasosoasse'e15s/y GLBOUT 89
1 15X "DTAGMOSTIC CONTRON g caasnvovcsocsnas'sI1S9/0 GLROUT 90
9 15X ¢ NEXT CASF INDICATOP......-.-.a-.--'"015/) GLROUT 91
120 FORMAT (10X« "GLORAL PARPAMETFRSH, /o10Xe 17 (1H=) s/ GLROUT 92
| 15X s *NAMEPLATE COOl TNGeososesosanassFl0.1e"TONS" s/ . GLAOUT ... 93
+ 1SX "HAMFPLATF COMPRFSSOR 1.,ecesea’sFl0.1e"HP e/, . GLROUT 94
* ISX s INAMEPLATE COMPRESSOP 2aseoesecasFLO1o"HP My /, GLBOUT 95
+ 15X« "MAMFPLATE TURRTNF caeennesseaeseF 10, 10'HP 1y /, . GLROUT . 96
+ 15X "GAS COST FACTOR e, eocsancscaseesF1l0,2¢"PFR MBTUM, /o GLROUT 97
+ 15X "ELFCTRICTITY COST FACTORseoeeeesF10,T¢"PFR KWHR'" ¢/ 6l.BOUT 98
* 1SXMELFCTRIC DEMAND RATE oueensaaosF10,7¢"PFR KWHR"y /9 ... GLAOUT.—.. 99.
. 15X MCOOL ING TOWFR DFESIGN IOAD....-"'FIO 1s"RTU/HRY s /4 6LBOUT 100
+ 15X "CHTI LFR EVAP, NFSIGN IOADa...-"vFIO lo"RTU/HR"o/. GLBOUT 101
+ lﬁx."FTACC.........................".Flo a."FnACT!ON"./o - GLAROUT . 102
. 1SXs"ETART euianosoncnsvascsvscsnsaasF10,6"FRACTION"/ s GLBOUT 103
+ 1GXa"FTAlieeoecacacoasosasscssosaeseFl0,40"FRACTION,/ GLRAOUT 104
+ ISXQ"ETAG.oo-o.o--.o'oatoooo.'oo.o. !Flo AO"FQACTXON") ———A~GLBOUTv~~~l°S~
122 FORMAT ( ] _ GLRAOUT 106
+ 15X "SUPPLY TEMP TO CHIUI FR SYSTEM."4F10.147 GLBOUT 107
. ISXeMWATER FIOW = CHILIER SYSTEM,,4"eF10.1470 - ~GLBOUT ... . 108
. 15X¢"HX AREA - REF FVAPORATOP ... ..e"sF10.14/, GLBOUT 109
+ 15Xy "HX O/A 1) = RFF FVAPORATOR .. ee"oF1l0,147, GLRAOUT 110
+ 15X, "HX ARFA - REF CON HEAT SYSTEMa"eF10.14/s ... . . .. ..—GLROUT ..._111.
. 15Xe"HX 0/A (I = RFF CON HEAT qYS..."Flo 19/ GLBOUT 112
+ 15X+ "HX AREA = REF CON CODI TOWER."sF10.14/9 GLAROUT 113
. 15X "HX O/A 1] = RFF CON COOI. TOWFR,"4F10.147 . : . 6LBOUT.. . 114
* 15X "HX AREA = RANK CON HEAT SYS..e"eF10,147s GLBOUT 115
. 15X+ "HX O/A () = RANK COM HFAT SYS.e"sF10.19/4 GLBOUT 116
. 1SXs"HX AREA = RANK CON COOL TOWFRe"eF10.14/, e - GLBOUT Y17
¢ 15X "HX /A 1} = RANK CON COOI. TOWER"4F10,14/ 6LAoUT 118
. ,SXC"()I(’...o-cc.O..ool.oo-..nluo..'".rloal'/'_ ' GLROUY 119
. 15X MFRFON RFFRIGFRANT soesvecccease s TXo"RWT2) . GLROUT ... 120 .
400 FORMAT (1S X "FTACON, | . vseesccscesonsscoaneeFl0,44/ GLAOUT 121
+ lSX."ETAMM..,...-.,,........,.---,."'FIO.Q'/v GLBOUT 122
* ISXo"FTAGG-..-..--.-.........-....."orlﬂ 49/0 - o -—-nwﬂGLROUT»——vlza
. ISXeFTX LOSSES MOTOR 4 COMP, . .esse®eF10,44/, GLROUT 124
. 1SXeMFIX LOSSES WIND ¢ FRICTIONsawe"oF 104407y GLROUT 125
. 1SXe"FIX L OGGFS TURBINF SHAF Teeeese™eF 10,41} - GLROUT ....126
125 FORMAT( S _ i GLROUT 127
+ 15X e "ETAR e e eeenosoasasnconcncsnaesesFl0,40"FRACTION/ GLROUT 128
+ 15X "COOLING TOWER APPROACH TFMP, o "eF10,60/ - GLAOUT 129.
+ 15X MSUPPLY TFMP TO HEAT SYSTEM,,..0"sF10.407y GLAoOUT 130
+ I1SX s "WATER FIOW = HEAT SYSTFMusasao™sF10.40/ GLBOUT 131
+ 1SXy"WATER FI OW = COOLING TOWER,..e"sF10,407 GLROUT 132
S qu "TV----oo-¢o--.--...ooo-oo'---n"v Flo.“./. GLROUT l33
6 lSX."FPQV.......-..................".FIO a'/O GLROUT 13“
7 15X WCHANGF TN Alp TFMP'-...-t.---'"vFIO Lo/ GLROUTY - 135 .
a 15%, Q8 YOIFQANCF..................".Flo e/ GLROUTY 136
+ 15X " INPUT ACCFSSOPY POMER, cusceeeerF10.4) GLROUT 137
130 FORMAT (10X "LIMITING VALUES" /s 10X 15 (1H=) o/ GLLROUT 138
1 ISXe"MAX SCFMVL i evaesscsscaancsecnseFl0,447 GLRBOUT 139
2 16X "MAX SCFMOl teveensecsanceansepsasFl0.64/, GLROUT 140
3 1SXe"MAX ECONOMITFR . eaeeesavancarsssFl10,407) GLROUT . 14l
140 FORMAT (10X 41CIPCT CURVE MUMHERW . [Qy /9 10X s 21 {1H=)) GLAROUT 142
150 FORMAT (12X o+ "COPCIN 4 10F A3 4/) GLAOUT 143
160 FORMAT (12X e"VTICI"410F6a]14/) GLROUT 144
170 FORMAT (/410X CORC2 CURVE MNUMNPERD TR /e 10X e 23 1H-)) GLROUT 145
180 FORMAT (1P Xa"COBRCPY 4 10Fhedy/) 6LBouT 146
MECHANICAL C—21

INCORPORATED



190
200
210
220
230
235
500
240

250
260
270

280
290
300

31¢
320

FORMAY (12X4"VT1CZ"c10F A1)

FORMAT (/e 10Xs"FTATH CURVE NUMRBFRM IS+ /9 10X923(1H=))

FORMAT (12X "ETATH" (10F647)

FORMAT (12X o"VTIFTH" 4 10F6.1)

FORMAT (10X "L OAD CONTROILSM, /9 10¥513(1H=) /)
FORMAT (15X "FILFCTRPIC | OAD SUPPLIED RY SYSTEM. M oM"E (" T10")"s/)
FORMAT (15X e MELFCTRIC L NAD PUHRCHASFNessosoeanse! s {11eT191) 1, /)
FORMAT (/9 1NXsHCOPC] CORRFCTION FACTNR CHRVE NUMRER!",75+/+10X,
1 41 (1H=))

FORMAT(12X«"CF1"0]10F6.3)

FORMAT (12X« "PWRI"y10FK,0)

FORMAT (/+10Xs"CORC? CORRECTINON FACTOR CURVE NUMBER™,154/910X0s
1 41 (1H=))

FORMAT (12X "CF2" 4 10F6,3)

FORMAT (12X, "PUR2M, 1 0F 6. D)

FORMAT (/4 10Xs"FTATH CORRECTTION FACTOR GURVE NUMRER",1S¢/+10Xs
1 41 (1H=-))

FORMAT (12X "CFF"310F6,3)

FORMAT (12X MPWREM, 10FK,0)

RETURN

END

SUBROUTINE CASOUT
COMMON/rGCH/FTACON.rTAMM.FTArG.rLMc.rlTs.olauerr.ETAl.ETAG.TI«
COMMOM/TVAL/ZCOPCTI(10) o VTICTI(10)CFY(10) 4yPWRI{10),

. COPCPLI0) (WTIC2(10)«CF2(10) PWR2{10)

. VETH(10) sVTIETH(10) o CFF (10} +PWRF (10)
COMMON/CONTR/NSTART yNCASES ¢HCOPCLo TEOPC Ly TITLE(50) »

. NCOPC? 4 TCAPCP yNETH TETHINEXToNCF 1o -

+ NCF 2+ HOFF
COMMOMN/SVALGL/XMHP o ETAGFNoFTAMGETARTVIMDTAGPCT

. DTATRGSCFMOL o SCFMVL W ETsTE(T) oSV (10},

. SOR(10) s SCFMVEPSV
COMMOMN/ELEC/SEVEN | NANEDT ¢ XMSHP « TPKW o XNMGLD o EXPK W,y

. GENLN 5 XMPKW s PURMF Wy GENNF W
COMMON/CALC/K30144901,0129Q13901590349 X, TSHP'033»O9o

. Q54011408,C14C2¢ETHI N7 s ACCPWRyATNPWRY

. PCPWR YT o SCFMECCECMAX QP4 +QATQBTM.Q12M,

. Q14MeQ5MINSPM . i
COMMON/SU/F1CONY oF 2COMT sNP o E2COMN2 o F2CONI 2 E3CONT 4 EICONT,

. F4COMLsFSCONT1ESCONR 9 FOCONT o SCFMOUTE (T)

COMMON/CORFAC/CIFAC «C2FAC,CFFACDAYNOWHOURNOSFLAG
COMMOM/TODFN/ TN, OUT
COMMONMZ XNLOAD/ZXNPC L ¢ XMPC2 ¢ XMNPT9AC) 9y AC2 9y AETHoNDUAL o

+ MRFV ¢ XNPRYS ¢ XNPRL o XNPRH o XKOA 9 XNPB

+ XNPNR 4R OAD o XNEIL Do GCF e ECF o NRATE
COMMON/SCALC/T33eT 34 TOvUTIsUTGrURICUBLyATIvAT4L s AR34ABLy

+ GTeGRyTWR s NTeTT1sT73TR19T724TA2+TAIDTR2TAIL

COMMOM/SPCAL C/ZKFLAG ¢ XIOLN ¢ X3:D0TOILN«NOTM¢RyNRYyETAD
COMMON/Qirﬂtflcl'Alavulthl?.HJQAn

INTEGFER NAYNOWHOUIPNNO 0T

DIMENSION FPI{T)

. C=maCURI=HFATING COPC] ClIPVF

CoeaCURF=THFRYAL FFFICIFNCY CUPVF

C==eCURZ=CONLING COPCP CUIRVF )
Ce==QOE=HEAT INPUT TO STFAM GFNFRATOR(DIRECT STEAM AUGMENTATION ONLY)
C==aQ11=TOTAL GAS INDIT ENERGY

C===Q119=HEAT INPUHT=-RQANKINE CYCLF

WRITE(OUT 4 10)IDAYNO ¢ HOIIRND
IF(FLAGFOQ 2 URTTF (O1ITeO0)INMSTAPT
IFIFLAG.EN 3 ) WRTTE (DT ROINSTART
IF(FLAG.F O A4 WRTTF (OUITeTNINSTART
JF(FLAGF O, SR TTF(OUT«SA)YMSTART
7=SUMF (P.)

MECHANICAL

INCOAPORATED

j| TecHNnoLoGY C~22

Gt.ROUT
GLAROUT
6LAOUT

GLaouT

GLROUT
6LROUT
GLBOUT
GLBOUT
GLROUT

- GLBOUT

GLROUT
G6LBOUT

6L.AOUT
GLBOUY
GLAOUT
G6LBOUT
GLROUT
GLROUT
GLROUT
GLROUT

- GLROUT -

CASOUT -

CASOUT
CASOUT

CASOUT - -

CASOUT
CASOUT

- CASOUT

cASOUT
CASQUT
CASOUT
CASOUT
CASOUT

. CASOUT . - -
CASOUT

CASOUT

CASOUY
CASOUT
CASOQUY

CASOUTY
CASOUT
CASOUT
CASOUT
CASOUY

CASOUT

CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
cAsSoOUT
CASOUT
CASOUT
CASOUT

- CASOUT — -

1

147
148
149
150
151
152
153
154
155

- 156

157
158
159



DO 239 I=1,.7 CASOUT L

EP(I)=F (1) cASOUT 45

39 CONTIMUF CASOUT 46

7=SUME (1) . CASOUT.... . 47

NFLAG=0 . CASOUT 48

IFINFLAG.EQLL) GO TO 49 CASOUY 49

CMP1=0172/(C1#2545.,) .. CASOUT 50

CMP2=014/(C2#2545,) CASOUT 51

GO T0 59 CASOUT" 52

49 CALL TLU(RLOADR1+PWR] «CF14NCF1) - .. .. CASOUT ... .. 83

Q14B=014M8RL OAD® (XNPR/ (XNPR+XNPNRB)) /100, CASOUT 54

CMPR=NI14NR/ (R1#*AC2%7545,) CASOUT 55

CALL TLU(XNRLD +B?+PWR] ,CF14NCF1) CASOUT 56

CMPR=((1]14-0148) / (RZ2HACP*P545,) CASOUT 57

59 CONTINUF CASOUT 58

CooL= Ql“FTH"ETAﬂ“F]AM/(X-ja\1 JETAGFN) - . . ... .—CASOUT...... 59

CUR1=C1/CI1FAC CASOUTY 60

CURE=F T{/CFFAC CASOUT 6l

CUR2=(2/C2FAC . CASOUT . 62

Q9E=QI/ETAR CASOUT 63

Q119=011-(Q9/ETAR) CASQUT 64

Q711=07/011 —— e e e ..CASOUT ... 65.

WRITE(OHToIIO)TloOI907.015 i CASOUT 66

WRITE(O1IT+170) QRTySCFMEC,SOFMVIQ13+SCFMOUTQ12 CASOUT 67

WRITE(OUT4130) 0344Q33,Q719,09 o CASOUT .. . 68

WRITE(OUT160)Q9F s 01} ] ) B CASOUT 69

IF(NFIAGLEN,0) WRTTF(OUT,150) ATHNPWRCMP1yCMP2, TSHP s XNP CASOUT 70

IF(NFLAG.EQ.L) WRITE(OUTs2%50) AINPWReCMPRCMFN, TSHP ¢ XNP SRR 7 ..o ] V) g— ) ]

WRITE (NUT9215) XMSHP 3 XMPKW, TPKW ¢ FXPKW ¢ GENLD CASOUT 72

WRITE(OUT170) ETARGFTAM CASOUT 73

WRITE (OUTe1A0) CURF «CFFACSFTH _ . - CASOUT ..... T&

IF (NFLAG.EN,0) WPITF(OUT,180)CUR2C2FACSC2 CASOUY 75

IFINFLAGSFN.1) WRITF(OUT423N) AC2+XKOALC2 CASOUT 76

IF (NFILLAG.F0.0) WRTTF(OUT.200) CUR1,C1FACsCl - . o - CASOUT 77

IF(NFLAG.FQ.L1) WRITF(OUT.240) prn.nLOAn.XNPNB.xNRLD cCASOyT 78

WRITE(OUT210) (TeF (1) oFP(T)oI=147) CASOUT 79

WRITE (OUT+220) SUMF(1.)sSUMF (2,) S .. CASOUT 8¢

WRITE (OUT42A0) GEMNFW,PURNFW CASOUT 8l

IF(MDTIAG.NEL60) GO TO 00 ~ CASOUT 82

WRITE (QUT270) T71aT724T734TB1eT82sTA3sTWBTIAsTIG»TIA4 . .- ... . CASOUT.. ._ 83

WRITE (OUT«2R0) X3INLNGyNOATH NeXIsNOTMeRIETAD HILAD QL4 CASOUT 84

500 CONTINUF CASOQUT 85

c . CASOUT _ .86

c FORMATS CASOUT 87

c ‘ } CASOUT a8

10 FORMAT (49X 4 10HNAY .NUMRER s IX e 1S9/ 949X s 1 1THHOUR NUMBERs2Xs159/) ... . CASOUT ..... A9

S0 FORMAT (12X ¢ 10HTOWFR LOAD?TX e RHCASF NOW&sSX9I159//) CASOUT 90

T0 . FORMAT(12X,I2HDIRFCT STEAMy?SXeAHCASE N0 9SXy15,//) CASOUYT . 91

80 FORMAT (12X 1BHOUTSINE FVAPORATOR 19X sBHCASE NOosSXe154//) cASOUT 92

90 FORMAT (12X GHVFNT [[OAD 428X e RHCASE NDesS5Xe154/7) CASOUT 93

110 FORMAT (12X 4 34HAMRTFNT TEMPERATURE o uveesensocseessFl2.193XsSHDEG Fy CASOUT 94

® /s ...CASOUT .. 95

1 12Xs34HRFQUIRED COOLTHG 1L0AN . seacasevsasssF12.093X,6HRTU/HR /¢ CASOUT 96

2 12X 34HRFOUTRFD HEATING LOANDeesacescesssstF12.003Xs6HRTU/HRY/»  CASOUT 97

+  12Xe34HECQNOMIZFR CONLING 1.0AD..cesesesesef12,003X,6HRTU/HR) CASOUT 98

120 FORMAT (12X ¢ 34HCODL ING TOWFR lnAn.....-.......-..vFl? 0+3Xs6HBTU/HR CASOUT 99

% 9/ CASOUT 100

. lZXoJ“HﬁCFMFC.......--...................-Fl? 003X s4HSCFMe/ CASOUT 101

1 l?x 'MH‘;CFMDrrc.....--.......-...--...-..cFl? OO3XVIQHS(FM'/' CASOUT 102

2 12X e 34HVENTILATION 1L0AD, eveasanccasasanestFl2.003XsAHRTU/HRY/y CASOUT 103

3 le.thﬁranUT...........................'Fl? 09s3IXeaHSCFMe/ CASQUT 104

. 12X s IGHOUTSTINFE ATR | YAy esuevoascssnssnsoasF12.003Xe6HATU/HR) CASOUT 105

130 FORMAT (12X ¢ AAHDFFRTAFRAMT COMPFNSER HEAT [ DA, oF 12, 043X, CASOUT 106
MECHANICAL (:_23

TECHNOLOGY
kil INCORPORATED




140

150

160

170
180

200

210

220

EHRTU/HI/ »
12X 9 J4HRANKINE CONNENSFR HFAT LOAD . esesaetF 1200 IXs6HRTU/HR /0
12Xy 34HHEAT TNPUT TO STEAM GENFRATOR e/
12Xy 34H (RANK INF CYCLE ONIY).........cFlZ 0¢3XsAHBTU/HR e/ »
12X IGHDTIRECT STFAM A”GMFNTAT’ON...!.QQ.:'Fl?o '3x06HHTU/HR)
FORMAT (12X 34HHFAT TNPYT TO STEAM GFNFRATOR v /o
1 12X9361  (DIRFCT STEAM AUGMENTATION ONLY) ¢F12,093Xs6HBTU/HRe/ s
L 12X J4HTOTAL GA“ TNPUT ENERGYaaaasesoneosdFl2e OoJXoﬁHRTU/HR)
anMAttl?x.waHvapA TTIC SHAFT POUFReeensevassenasF12.293%s6HHP
e/

* W= A

1 - 12X+34HC1 SHAFTY inra................‘....l12 2931, 6HHP v/
1 12Xy34HC? SHAFT POWFHeaesvscnsacssonsnsansfF12,2¢43X,6HHP v/
1 12X 34HTURRINE SHAFT POWFRscesssasssesaassFl2.290IX06HHP o/
¢ 12XIAHMAMEPLATE COOLINGe,sancossacasosanetFl2a0eIXeAHTONS )
FORMAT (12X 4 34HTHF RMAL FFFICTFMNCY v/

1 12XeSHOURVE oF 5.2, 2Xs 1 THCORRFCTION FACTORGFS54292Xs6HACTUAL fFTob ..

+)

FORMAT (12X 36HGTEAM GENFRATOR FFFICTENCYoaasneaerfFl2.29/0

* 1?X.3AHMFFHANI(‘M FFF’(‘IFN“V-----.-oo-o.u'rl? 2)

FORMAT (12X ¢« 34HCODILING Cnp(?-...t....'.--u...”.h."'

1 12X¢SHCURVF +F5.242Xs 1 THCORRECTION FACTORGFSa2+2Xs6HACTUAL

¢ FT.3)

FORMAT (12X4A4HHEATING COPC1 EXCLUDING ELECTRIC _o/»

1 12X+SHCURVF +F§.242Xy 1 THCORRFCTION FACTOR FSa2¢2Xo6HACTUAL o

3 F7430/) v :

FORMAT (12X +?HE (4 11434HY=FAN COILS OR COOLING TOWFR FANGa9F 1245
3XO?HKWQSK'Fl?-q'3Xv?HKWO/O

SXeF12.5¢3Xs2HKW,/
lZXu?HF(v[lv?AH)-(ONTDﬁIS AHID ACCFQ........«.:...vFIZ S'JXQZHKN'
SXeF17P7eS 9 IXePHK W/ o . . _
12X PHF (5 119 34H) =WATER CTRCULATORS asesovssnrveeatF12:503Xs2HKW,
SXQFl?.qq3X.?HKW./g . ) . B
12%02HF (o T19 14H) =RFTURN/E XHAUST FANaessovssusansotF12e503X92HKW
15X F12,5¢3X¢2HKU G/ o ) . .
IZX'2H6(011'3“H)=0”TDOOR ATIR COIL..........uo-...'FIZ.SOJX'ZHKV
QSXCrlch']x'?HKWU/' . L. ~
]?XQ?HE(OIIQ3QH)=QOTLER FEFD o« LUPF pUMp....u-n'l'Fl?|5'3x'2HKH
95X aF 17250 IXy 2HKW)

* ¢+ NE WIS~

215 FORMAT (12X ,34HMOTNR SHAFT pﬂWER.ao..-cooononuoo.vFIZ 2e3Xe2HHP /o -

12X 4 34HMOTOR pURCHAQFD powFR‘OOIOOCQQOOc.’Fl? 293X 2HKW /o
12X 34HTOTAL. PURCHASED POWFR.........u.-.'Fl? 2e3Xe2HKWe/ o
12X ¢ A4HF XPORTETD) pOWFuﬁ--cn-n.ooo-oooonoou'Fl? PeIXePHKWe /o
l?X'JAHG‘Nr”ATOR |nAnclln--ollouuuouohvo.’rl? ZDJX'ZHKN)

* & & &

FORMAT (12X, 34H S 12 1Hem cmemmemaa

+ 12X9 3ITHTOTAL FLECTRIC POWFR GEMFRATED.esensssF12.59s3%s2HK W
+ S5XeF12.5,3Xs12HPRCHASED KW, /)

230 FORMAT (12X.25HDUAL COMPRFSSOR OPERATIONs/»

+ 12X ICOPFS, 242X s 21HN/A CORRECTION FACTORFS.202X0
+ AHACTUAL +FS,2)

240 FORMAT (12X,24HBASF COMPREGSOR RATTMG. o vFSelel Xy 14HPERCENT LOAD e

. FSaly/s , ,
]7xv9QHM0M—@ASF COMP,  RATING.o+F5e¢1 41 Xs14HPERCENT LOADsoy
+ ale/ )

250 FORMAT(l?l J4HPAPAGTTIC SHAFT POWFD..----.-.....v

Fl2.293Xe2HHD,/,

12X A41IRASH COMPRF &SNP SHAFT POWFF...m...vFl? 2’1X'2HHPO/'
12X WUGHHOM=RASE COMPREGSSOR SHAFT POWFR.,,oF12.2¢3X92HHP ¢/
12X IGHTURRTNE SHAFT POWFR........-......-FlP.?.3X'2HHPv/y
12X WHNAMFPLATE CONL TNGuaacessnsavanssessl 12.293Xs4HTONS)

+* s+ 0

260 FORMAY (12X ITHRENTSTRIANTED FLECTRIC POWFR, 000eover

+ FI12.003Xe2HKWaEXeF12,5¢IXy 12HPURCHASFI KWy /)

MECHANICAL
TECHNOLDGY C-24

i iNCORPORATED

12XePHE Lo T1934H) =VARTABLF AIR VOI SYSecesesvsnuectF124593%s2HKW, .

cASOuUTY
CASOUT
CASOUY

CASOUT .

CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT

CASOUT -

CASOUT
CASOUT
CASOUT
CASOUT
CASOUT

CASOUT . ..

CASOUT
CASOUT

CASOUT -

CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUTY

CASOUT
CASOUT--

CASOUT
CASOUT
CASOUY
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUTY
CASOUT

107
108
109
110
in
112

113

114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
i61
162
163
164
165
166
167
168
169



279

280

C

FORMAT (410
Ld

*

FORMAT (4HO
L 4

RETURN
END

UTTIM a6 X " TT2N a6 Xa " TTAINGEX " THLI 6K "TR2M 46X
NTHAN AN TWH AN M TIV6X " TI4" 06X " T14Ys/

10(F74292Xx))

XIS TXNTONGTX XY g TR MDOTHTX R W,
TXMFETDWe TX 4NN o /e T (FRLP292X) 0"

FUNCTYTOMN SUMFE (A)
COMMON/TGCM/FIACONvFTAHM-FVAGG-FLM(oFLTSth6oFINF-FTAloETAGle“
CeeeSUMMATION OF FLECTRICAL LOADS
COMMON/TVAI/COPCI(lﬁ)vVT\fl(lO)c(Fl(lO)-PNR](lﬂ)v

0
*

COPC2(10)4VTIC2(10)4CF2(10) +PWR2(10)
VETH(10) o VTIFETH(10) +CFF(10) 4PWRF (10)

COMMON/CONTR/NSTAPT ¢NCASESWNCOPCL«TICOPCLTITLE(S0) »

+
*

NCOPC24 TCOPC? 3 NE THo IE THoNEXToNCF 1o
NCF 2 «NCFF

COMMONZSVALGL/XNP sETAGFNoF TAMF TAR TV, MDIAGvPCTv

+*

NDTATRGSCFMOL s SCFMVI_oF 7 TE(T7)»SV(10) s
SOR(10) 4 SCFMV,,FPSY

COMMON/FL FC/SEVFN I NANFNT ¢ XMSHP ¢ TPKW s XNMGLD 0 EXPKW

*

COMMOM/CALC/KsQ)46501+Q12s01790Q15+¢0349XeTSHP9Q3340Q90 . S

+
*
+

GENLDN o XMPKW ¢ PURNE W s GENNF W

05.011-ne.rl.C?.FTH.Q7.Arcpwn'AVNPwR-
PCPWRsTT ¢ SCFMECL,ECMAX 026 +QB8T9QATM,012M,
014MeOSMINGPM

COMMON/SU/F1CONL«F2CONY o NP oF2CON2 oE2CON3yE3CONT E3CON3,

+

COMMON/CORFAC/CIFAC,COFACCFFACNAYNOsHOURNOGFLAG .- -

FACOM1 oFSCONT oFSCONZ 9 F6CONT + SCFMOUTSF (T)

COMMON/TODEV/INGOUT

COMMORN/ XNL

+
*

NAD/XMPC] o XNPC? s XMPT o AC1 9 ACZ2 9 AETHoNDUAL »
NRFEV e XNPRS « XNPAL ¢ XNPRIH ¢ XKOA ¢ XNPB —
XNPNB 4B NAD ¢ XNABI DeGCF o ECF s NDRATE

COMMON/SCALC/T33eT344TOoUTIeUT49URIZUBGLeAT32ATGABIABL,

*

GT7+GReTHRDTT71+T73¢TR1TT72+TB24783+DTR2TB1L .

COMMON/S2CAILC/KFLAG XINLDyXIeDOTOLN+DOTMeR¢NRHETAD
COMMON/SICALC/G1eA143UT 4 T123HIGAD

Ce==A=1 - GFNERATED
Cew=Az2 = PURCHASFD
IF(ALNE. (2.)) GO TO 8

C

DO S5 1=1.7

IE(T)=TARS(IF(T) =1}

S CONTIMUF
8 CONTINUE

IF (NSPM,EQ, 1)

GO TO 10

C==<NON=SYS PERF MODF CALC

E(L)=FICOM » (QT«QRT)STF (1)
E(?)'FZCON]“(XMP/F?CON?*(? 73.)801/12000,) #1€(2)
E(3) = (EICONT#XNP+E3CONINOL]) #1F (3)
E(4)=CaCOMNIR((N14/10)+(NS/25))#TF (4)
E(S)=FSCOMNI® (SCFMVI +FCMAX=-SCFMFEC) #T1F (5)
E(6)=FACOMI#SCFMOUTBIF (A)

E(TY=ET»TE(])

C

C=~==SYS PERF MODF CAlC

GO 1O 20
10 CONTIMUE

El1A=E1CON]
ElB8=E£1CoM]

IF(Q8T.FU.(N4))

w7
B (040, THOART/0RTM) BORTM
F1R=0.0

ECLI=(F1AFIR)S#TIF (1)
E(2)=F2C0NT1# (XUP/F200MP+ (2,73, )“01/\?000 YHTE(2)

MECHANICAL
ECHNOLOGY
INCORPQRATED

C-25

Ql4="4F12.2)

25 .

CASOUT Iy
CASOUT 171
CASOUT 172
CASOUT - . 173
CASOUT 174
CASOUT 175
CASOUT 176
SUME 2
SUME 3
~SUME. . ... &
SUME S
SUME 6
SUME .. 7
SUME 8
SUME 9
SSUME _.——.. - ]10
SUME 11
SUME 12
SUME ... 13
SUME 14
SUME 15
SUME — .~ 16
SUME 17
SUME 18
SUME. 19
SUME 20
SUME 21
SUME . .. 22 .-
SUME 23
SUME 24
SUME
SUME 26
SUME 27
.SUME .. 28
SUME 29
SUME 30
SUME 31
SUME 32
SUME 33
SUME ... ..
SUME 35
SUME 36
SUME .. 37,
SUME 38
SUME 39
.SUME e .. &40 .
SUME 41
SUME 42
SUME 43
SUME 44
SUME 45
SUME .. . . 46
SUME 47
SUME 4R
SUME 49
SUME 50
SUME 51
SUME . 52
SUME 53
SIIME 54
SUME 55
SUME 56
SUME s7

34



OO0O0OO0OO0

20

olke ] w n

10
11
12
13
16

15
100

E(3)=(F 3COMI*XHP+E ICONIHNT L) #TIE(3)
FaA=,000007#(0, 440 ,A8014/014M)8014M
E4B=,00000288 (N, 440,.6205/05M) 8Q06M
IF(Q1Ge1 . Ta(1)) FOA=0,0
IF(Q5.EN.(0,)) F4R=0,.0
Ela)=(E4A+E4R) & TF (4)

E(5)=FSCOMI# (SCFMVI 4FAMAX=SCFMFCY®TF (5)

IF(Ql2«EN.(04)) F(RY=N,0
IF(Q12.6T.(0e))

¢ F(B)ZFOCONI#(0.340.,78SCEMNLT/SCFMAL) #SCFMOL®IE (6)

E(r)y=F7e1F(7)
CONTINUIE

SUME = r(])OF(?)OF(1)*F(A)0F(§)‘F(ﬁ)‘F(7)

TF(ALNE (?2.)) GO 10 99
DO 6 1=147
IE(I)=TABS(TE(T)~1)
CONTINUF
RETURM
END
SUBROUTINFE TLU(AsRseDeN)
’ LINEAR INTERPOLATION ROUTINF
A= INDEPFNNFNT VARTAALF
B= DEPENDENT VARTARLE (ANSWIR)
C= INDEPEHNENT TARLF
D= DEPENDFNT TARLE
N= NUMBER OF POINTS IN TARLFE

INDEPFNNENT TARIF MIST AF SORTEN, ETTHER ASCENDING OR DESCENDING

DIMENSION € (1)eN(1)
IF(N=1)14242

B=0,

GO TO 1n0

B=D{1)

GO TO 100

ML=1

MU=N

IF (MU=M{ ~1) 1541549
M= (MUsM ) /2
IF(C(1)=C(?)) 1142010
IF(C(M)=A) 13417414
IF(A=C (M) 1201714
B=D (M)

GO T0 100

MU=M

GO TO 8

ML =M

GO 10 A

B=D (ML) + (D (MU) =D {ML) ) # { (A=C (ML) )/ (C (MUY =C (ML)))

RETURM
END

MECHANICAL
TECHNOLOGY
INCORPORATED

SIUME
SUME
SUME
SUME
SUME
SUME
SUME ..
SUME
SUME

SUME .. .- .

SUME
SUME
SUME
SUME
SUMFE.

SUME. .. .

SUME
SUME
SUME
TLY

TLY
- TLY

TLY
TLY

-TLY -

LU
LU

TLY ——

(XY
LY
L
(Y
(&Y

ST -

TLY
TLy
TLU
TLU
TLY

STLY- -

TLwY
TLU

- TLY

Ty
TLY
TLY

TLY

TLY
LY



ATTACHMENT D

ELECTRICAL DRIVE CONCEPT MODEL - PROGRAM LISTING

MECHANICAL
) TECHNOLOGY
B&) INCORPORATED




c

MECHANICAL
D-2

] TECHNOLOGY
i INCORPORATED

PROGRAM PERCMG(IMPUT ¢0TPUT o e TAPES=IMPUT s TAREO=0UTPUT o TAPE T=H) PLRUNG
COMMON/ TOCMZETACON F TAMM  FTAGG e FLMCFLTSyQ1AsFLWF4ETAYI L ETAG,T14 PERCNG
c BHOBBHUB BB BB U RO BB BB B HBBDBGRBRIBNBARBBENBBRBRDBOBRBE D PERCNG
C » K PERCNG ... .
o " THIS 1S CONCEPT p-4 (VITT) * PF.RCNG
c ®  ELECTRICAL COUPLING o PERCNG
c #  FOR USF WITH FREON R-=1? o ° . PERCNG
C # FEBRIARY 25+ 1679 RILL LNOSS - MTJ “ PERCNG
C # o PERCNG
C BRBVBBABBOBENBUBRER BB BIBBERBR AN SRR a0 aneanonoe. . . ... .  PERCNG-
COMMON/TVAL /COPCT (10),VTICLI(10)4CF1(10)PWR1(10), PERCNG
* COPC2(10) +VTIC2(10)4CF2(10)PWR2(10)y PERCNG
+ VETH(10) o VTIFTH(10) +CFF (10) +PWRF (10) PERCNG
COMMON/CONTR/NSTART 4 NCASFSsNCOPCI o ICNPCLs TITLE(S0) o PERCNG
. NCOPC2 4 1COPC2 +NFETHo TFTHoNFXToNCF 1 PERCNG
- + NCF2eNCFF - e e een eee. PERCNG -
COMMON/SVALGL /XNPoF TAGFNFTAMGFTAR, TVeMDIAG¢PCTy PERCNG
+ DTATR¢SCFHOL o SCFMVL oETTE(T7) 9S8V (10) o PERCNG
+ SOB(10) sSCFMVFPSY . . = PERCNG .. .
‘COMMON/FLEC/SEVENoLOADFDTvXMSHP.TPKW.XNMGLD.EXPKH’ PERCNG
+ GEMLD « XMPKW ¢ PURNF W ¢ GENNF W PERCNG
- COMMON/CALC/K901440)19G12+0139Q15+40349Xe TSHP Q33409 e e v PERCNG .
- Q5401 14NRC14C24FTHe QT «ACCPWRyATNPWR ' PERCNG
+ PCPWRyT1 9 SCFMECFCMAXyQP4+Q8T+QBTM,Q12M, PERCNG
+ QlaMeQSMyNSPH wim. PERCNG ... ..
COMMON/SUZEICOMY o E2CONT s NP oF2CON2oFPCONIZFICON] EBCON3. PERCNG
+ FACON]1 sESCON] o FSCNOMP sE6CONT 9 SCFMOUTE(T) PERCNG
o COMMON/CORFAC/CIFACSC2FACCEFACsDAYNOsHOURNOSFLAG. ..o . oo - e PERCNG..
COMMON/TONFV/IN»OUT PERCNG
COMMON/Z XNLOAD/ XNPCL o XNPCP ¢ XMNPT9ACT s AC2 s AE TH¢NDUAL » PERCNG
+ NREV ¢ XNPRS s XNPRAL o XNPAH ¢ XKOA ¢ XNPB » e e wveomm = PERCNG...
+ XNPMB 4 BLOAD ¢ XNRI.D o GCF s FCF 9 DRATE PERCNG
COMMON/SCALC/TB39T34.Tan73yU7th81-UBhvA73-A7avA83vA84o PERCNG
+ GTeGAYTWRSDToTT19eT730TARLITT72¢TB2oTB34DTARA2TBL . .. .. ... - PERCNG
COMMON/S2CAL C/KFLAGX3NLNyX34NOTNILD4DOTMeRyNRETAD PERCNG
COMMON/SICALC/GLaA14 s lbs TIP 4HIA4AD PERCNG
DIMENSION TR(11)+WR(11) . - PERCNG...
INTEGER DAYNOsHOURNOOUT ) ) PERCNG
DATA ACCPWRIEICONLF2CON1 sE2CON2/P545404040000054400443.0/ PERCNG
DATA F2CONJIE3CONLF3CNN3/,.66440325,0.00000097/ <« PERCNG e
DATA F4ON1ESCON] WFSCONPWEGCONL/O, 0000740,000181474.0, 0 00016/ PFRCNG
DATA Q13COM1eQ1ICONPVN12CONT/1.08,50,41,08/ PERCNG
DATA TR/S.015-0250'35.0“509';5.’65.'75-'850095091050/_ e pERCNG
DATA WB/64,R8,16,3423,7432.981.72+50.5458,5966,6069.39734975./ PERCNG
NTWB=11 PF.RCNG
IN=S . o . - ... .- PERCNG ... ..
oUT=6 PERCNG
c READ IM GLORAL VARTARLES PERCNG
S CALL GLOBIN PERCNG
C ) PERCNG
C===SET VALUES T0 RUN (NON) PERF MODFY PERCNG
. Ql2M=012CONL#SCFMOLSDTAIR - PFRCNG
QASM=0BTH PERCNG
IF(NSPM,EQ.0) MDUAL=NRFV=NCORPT=I 0ANDFNT=0 PERCNG
IFINSPM, EQ,0) XNPCY=XNPC2=XNPT=,.01 PERCNG
IF(NSPM.EQ.N) Q12M=0]aM=,01 PERCNG
o WRITE OUT GLORBAL PAPAMETFRS PERCNG
CALL GLBOUT ' PERCNG
PERCNG
C==<INITIALIZFE TOTALS AMD MAXS PERCNG
GCF=GCF/100n000, PFRCNG
COG=COFP=CRFP=AUNC=TAONPC=0,0 PFRCNG
BTUS=TOTO14=014MAX=TPMAX=SCNST=TOTON=0,0 PERCNG



QYA Xz N )
QILMAX=0IIMAX=NT IMAX=0RTHAX=0SMAX=0,0
OIMAX=QIMAX=0,
QISMAX=013MAX=N]2MAX=00MAX=0,0
TMAX=CIMAX=C2HUAX=0.0
TC1=sTC2=THR=CIHR=C2HR=N.0
TOTRTUE=TOTKW=0,0
TJOTQRT=TOTOI2=T0TQY3I=0.0
GFNMAX=XMSMAX=TNTO1=TOTQA7=0,0 )
TOTQ24=TOTOIS=TOTKWH=TOTKWM=TOTKWF =0, 0
SAVEVL =SCFMYL
C 60 THROUGH THF MiUMRER OF CASFS
DO 11 N=14NCASFS
WRITE (01T o 37)
c READ IN VALUES FNR T1,01,07
REAND(IN+25) DAYNOWHOURMO,T1+01Q7 -
TF(Ql4ENL(N.) e ANNQTFR(0,)) GO TO 11
our=7
IFA(DAYNNNF,0) 0UT=4
Cc
C~==«1_0AD SCALING FACTOR
Ol=Q1#(.714)
QT=07#(.714)
c
C~==RFSFT VARIARLFS FOR FACH CASF
XMSHP=XMPKW=TPK W= XNMGLD=F XPKW=GFNI N=0.0
PURNEW=GFNNFW=0,0
09=012=013=015=0,0
08T=l L]
SCFMEC=0.0
SCFMOUT=SCFMV=0,0
T72=181=782=TA1=0,0
T71=CT33=NTR2TAR]1=0,0
XKOA=Y .0
XNPR{ = XNPR=XNP(]
XNPBH=XMNPMR=XNPC 2
c
C=eaCNPCLl+COPC2+FTATH
CALL TLU(TI+AC)sVTICI+COPC) ¢NCOPCY)
CALL TLULTI ZAETHoVTIIE THoVFTHaNFTH)
Cl=aC1
ETH=AETH
C
CALL TLU(T1«TWRyTReWRGNTWR)
Ce==IS IT POSSIBLF TO FCOMOMIZF COOLING
IF(T14eGTu(h?e) dORBL1.FNe(DW)) GO TN 180
C
C===015 PATH=FCOMOMIZE CONL ING
IFATY.LT.(S5Nn.))G0 TN 1725
QISMAX=NTI#(TV=T1)/ZLTV=(50.))
SCFMEC=(Q1SMAX/1.0B)/(TV=-T1)
IF{SCFMFCGTLECMAXY SCFMFCsFUMAX
N15=(1.0A8) # {SCFMFCY 8 {TVY~=T1)
GO TO 150
125 SCFMFC=(01/)1.0R)/Z{TV=-T1)
1F(SCFMFC,GTLFCHMAX)Y QCFMEC=FCHAYX
Q1S5= (1. 0R)#(SCFMFC)# (TV=T1)
150 QP4=Q1-~015 '
SCFMVI_=SAVF VL +SCFHFC
K=0
CALL CALCH
155 POA8=OR
CALL CcALCY

MECHANICAL
TECHNOLOGY D-3

E) iINCcORPORATED

Povon et
PERCNG
PERCNG
PERCNG
PERCNG
PFRCNG
PFRCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

- .PFRCNG

PFRCNG
PERCNG

- PERCNG ..

PERCNG
PERCNG

PERCNG .

PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

PERCNG
PERCNG
PFERCNG
PFERCNG
PERCNG

- PERCNG - .

PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

PERCNG -

PERCNG
PERCNG
PFRCNG
PERCNG
PERCNG

"PERCNG - -

PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

PERCNG -

PERCNG
PERCNG
PFRCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

- PERCNG .. .. .

111
112
113
116
115
116
117
118
119
120
121
122
123
124
125
126
127



IF ({ABS(PAN=QKY) GTLPCT) GN To 156G
IF(QR.LT.HY GO TO 2n0
170 PQR=QA
c
C=«=QRT PATH=CONOLTNG LOAD TOWER
NBT=0R
CALL CcAjpCu
CALL CALCYH
CALL CAL.CH
IF ((ABS{PNR=Q3)) ,GT,PCT) GO TO 170
FLAG=S
GO TO 99
C
C===Q13 PATH=ADD VENTII ATING ATR FLOW
200 X1=SCFMy
Yyl=08
SCFMy=SCFMy.
K=0 )
Ql3=QI3CONT#SCFMVHEPSY® (TV=Q13CNND)
Q8T=0,0
CALLL CAlLCU
201 PQY=Q8
CALL. CALCUL _ v
IF((ARS(PNR=OR) ) GT,PCT) GO TO 201
IF(QB.LT.0) GO TO 3n0
X2=SCFMy
Y2=Q8
SCFMv=l, )
Q13=Q13CON] #SCFMY#EPSYS (TV=N]13CONP)
211 POB=QR
CALL CAtCuU
IF ((ARS(PQAR=QRAR)) .GT.PCT) 6O TO 211
IF(Q8,.GT.0) GO TN 206
202 S=(Y2=-Y1)/(Xx2-x1)
B=Y)l=-%]#S
SCFMY=X2-(X2"S+R) /S .
Q13=Q13CON14SCFMVH#EPSYa (TV=NT1ICON?)
XNPR=XNPR|
XNPNB = XMPTH
203 PQ8=(A
CALL CALCU
IF((ARG(POR-OR)).GT.PCT)}Gn T0 201
IF(ABS(NR) (1 T4 (10.)) GO TO 204
X2=x1
YzZ2=v]}
X1=SCFMy
T yl=08
60 10 2n?
204 XNPR=xXNPR{
XNPNB=XNPHH
205 PQR=QR
CALL CALCU
IF L (ARS(POR=-0ONY) ,GT,PCT) GO YO 205
FLAG=P
IF (SCFMV.LT,.(0,)) 6O TO 206
GO TOQ 99
206 SCFMV=0,0 '
Q13=Q13COMI #SCFMVHFPSVE(TY=N]3COND)
207 PQR=0A
CALL CALCYH
IF((ARS(PNA-QRY ) JOT.PCTY AN TN 207
GO TO 4nn

MECHANICAL
TECHNOLOGY D—[}
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PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PFRCNG
PFRCNG
PERCNG
PERCNG
PERCNG
PERCNG

.. PERCNG
PERCNG -

PERCNG
PERCNG
PERCNG
PERCNG

PERCNG
PERCNG

PERCNG ..

PERCNG
PERCNG

PERCNG
PERCNG

PFERCNG
PERCNG

PERCNG . ...

PERCNG
PERCNG

. PERCNG

PERCNG
PERCNG

.. PERCNG .

PERCNG
PERCNG
PFRCNG
PERCNG
PERCNG

PERCNG
PERCNG
PFRCNG
PERCNG
PERCNG

PERCNG . ...

~PERCNG ...

PERCNG .. .

. PERCNG -

PERCNG ...

PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PFERCNG
PERCNG
PFRCNG
PFRCNG
PFRCNG

124
129
130
131
132
133
134
135
136
137
138
139
140
141
142

.143

144
145
146
147
168
149
150
151

- 152

153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
1R6
187
1RA
1A9
190



Ce==Q12 PATH=AND CUITSIDE AR FLow

300

301

309

302

303

304

305

306

C

X1=SCFiOuT

Yl=qQa

SCEFMOIT=SCFMOL,

K=0
Ql2=012CONLI#SCFMOLTADTALR
CALL cALCu

PQA=0R

CALL cALCu )
IF((ARS({POAR=QR)) «GTPCT)Y GO TO 301
IF(QR.LTL0) GO TO 400
SCEFMOUT=SCFMOUT/40,

CALL caiCu
PRB=0R
CAll. CALLCU

IF ((ABS(POR=QR)).GT,PCT) GO TO 309
X2=SCFMOUT

Y2=QG8

ST (Y2=Y1)/(X2=%X1)

R=Y1=-X1%S

SCFMOUT=X?~ (X28S+R) /S
Q12=Q12CON1#SCFMOUTaDTATR

PRR=NA

CALL CcALCY v

IF { (ARS (PQR=08)) GT,PCT) 6O TO 303
IF(ARS(OR) (L. T« (104)) GO TO 304
X2=x1

Y2=v]

X1=SCFMNUT

Y1=08

GO 10 307

FLAG=3

IF(SCFMOUT,.I T. (0.)) GO TO 305

GO TO 99

SCFMOUT=0.0
Q12=Q12CON1#SCFMOUTHDTATIR

PO8=0QR

CALL CALCH ,

IF ((ARS(PAR-NR)Y) GTL.PCT) /0 TO 306
GO YO 400

C==«Q9 PATH=-AND DIRECT STEAM

400
401

402

403

o
99

K=0

PO9=Q9

BOAR=QAN

N9=N9+ARS (NA)

PNA=QR

CALL caLcy

IF ({ARS({PNAR-0R) ) (GT . PCT) GO TO 407
IF(QR.LT0) GO TO 401

FO9={~0R/ ((ROR-NR) / (PN9~NG} ) ) +N9
Q9=F N9

CALLL CALCU

POR=QA

CALL CALCH

IF { LARS(PAR-QR)Y ) LGT,PCT) GO TO 403
FLAG=4

CONTIMUE

Co=wumOUTPUT

c
c

BaEiR

CAlLL CAsOUT

MECHANICAL
TECHNOL OGY
INCORPOHATED

PFRCNG
PFERCNG
PFERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PFERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

- PERCNG -

PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

- PERCNG

PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

- -PERCNG- - -
PERCNG

PERCNG
PERCNG
PERCNG
PERCMG

PERCNG - -

PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PFE.RCNG
PERCNG
PFRCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

- 218

219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241

- 242
243

264
245
246
247
248
249
250
251
252
253



ComewSAaVE [V Wi MAXS ~
CMP1I=012/7(C182545,)
CMP2=0Qla/(CP#2545,)

IF(TSHP ,GT,TMAX) TMAX=TSHP
IF(GEMLNOT«GFNMAX) GFNMAX=GFENLD

IF (XMSHP (G T ¢ XMGMAX) XMSMAX=XMSHP
IF(TPKW,GY,TPMAX) TPMAX=TPKW
IF(CMPY,.GT . CIMAX) CIMAX=CMP]
IF(QlGT.NIMAX) QIMAX=0]

IF(Q7.GTQTHAX) QTMAX=QT

IF (CMP2,GT,CaMAX) CPMAX=CMP?

IF (034 .6T.OVMAX)Y QI4MAX=0TL
IF(Q33,G6T.03I3MAX) NIIMAX=QIY '
IF(Q33+409) ,6T . N93IMAX) NIIIMAX=QIT+NG
IF(G11.GT.OIMAX) QIIMAX=011
IF(QAT.GT.NATMaX) QATMAX=0QRT .
IF(0S5.6T.Q5MAX) ASMAX=NS
IF(QI5.G6T,NIGMAX) NI5MAX=01G
IF(Q14.G6T.Q14MAX) O14MAX=0)4
IF(QG13.GT.N13MAX) Q13MAX=0Q11
IF(Q12.GT.N12MAX) Q172MAX=0D)7

1F (09.GT.09HMAX) QIMAX=Q3
TC1=TCl e+ (CMPY#HOUIRND)

TC2=TC2+ (CMP2#HOURNND) )

IF(CMP1.GYT.(e1)) CIHR=C1HR*HOURNO
IF(CMP2,6Ta(s1)) C2HR=C2HR+HOURNO
THR=THR+HOURNO

TIMEKW=SUNME (1) #HOURNO . - .
TIMERTU=3417,% ( (GFMMEW+E XPKW) SHOURNN) / (ETAGENSETAMSETARSETH)
TOTKW=TOTKW+TIMFKW

TOTRTUE=TOTRTUF «TIMFBTY
BTUS=HT1IS+ (011 #HOURNO)
TOTQRT=TOTQART + (QATH#HOURND)

TOTQLI2=TOTN124 (Q124HOURNO) : e e e

TOTQ13=T70T0) 3+ (Q1I4HOURNO)
TOTALIH=TOTQL4+ (Q14#HOURND)
TOTQ1=TOTQY+ (Q) #*HOURNO)
TOTGT=TOTQAT+ (Q7#HOURNO)
TOTQ24=TOTO24+ (Q2HMHOURNO)
TOTGO=TOTAY+ (UQHHOURNOY
TOTQIS=TOTNIS+ (N1S#HOURND)
TOTKWU=TOTK WU+ (PURNF W#HO1IRNN)
TOTKWM=TOTKWH+ (TPKW#HOURNO)
TOTKWE=TOTKWE + (F XPKW#HOURNND)
C
Co==END 1.00P ~ NFXT CASF
11 CONTIMUF
C
C==~=DROP OUT ~ WRITFE TOTAL S AND MAXS
QUT=6
WRITE(OUTSA) TOTR1 4TOTAT.TOTQ244RTIS TOTOISs TOTKW,
¢ TOTHKWUSTOTKWMs TOTKWE ¢ TOTRTUF s TOTRART S TOTQL2+TOTQLI3,TOTQS
WRITE(QUT+6724) TCU4TCP24CIHPGCPHR,LTHR
WRITF(OUT9326) TMAX G XMSMAX ¢GFNMAXCIMAXC2MAX s TPMAX,y
. GIGMAXAITIAX 4O TMAX S OBTMAX s QSMAX s
. QISMAX,N14MAX 401 3MAXN12MAX 9093 IMAX + QOMAX
C
WRITE (QUT«700) QIMAX.,Q7MAX
C=~=0PERATING CNST ‘
COG=GCF#RTHS
COEP=FCFaTDTKYM
CREP=FCFa#TNTHNF
AUNC=TEMAYSONPRATI#] P,

MECHANICAL
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- PERCNG

PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

. .PERCNG ...

PERCNG
PERCNG
PERCNG
PERCNG
PERCNG

~PERCNG . - -

PERCNG
PERCNG
PERCNG ..
PERCNG
PERCNG

- PERCNG ...

PERCNG
PERCNG

. PERCNG - .

PERCNG
PERCNG
PERCNG - .
PERCNG
PERCNG
PERCNG . ..
PERCNG
PERCNG
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PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
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PERCNG
PERCNG
PERCNG
PFERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PERCNG
PFRCNG
PERCNG

b
255
256
257
258
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260
261
262
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264
265
266
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269
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218
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TAORPC= (COG+COFP+ALNC) =CREP PERCNG 317

WRITE(OUT524) COGWCOFPICRFPLAUNC TADPC - PFRCNG 318

C PERCNG 319

C SEE JF THERE 1% MOAF INPUT - - PERCNG - 320

u IFINEXT.FRIGN TO & PERCNG 321

c PERCNG 322

c FORMATS . PFRCNG 323

56 FORMAT (1H1+/// 4% TOTAL =", F20,14" RTU Q1 & TIME,/, PERCNG 324

* " TOTAL =v4F20.14" BRI} QT # TIMEM,/, PERCNG 325

. " TOTAL =M4FP0,1eM RTI QP4 # TIMEM,/, PERCNG - - 326

. + " TOTAL =sF20,1e% RTI Q11 # TIME'™,/, PERCNG 27

+ " TOTAL =uyaF20,1.% AT Q15 & TIMEM,/, PERCNG 328

+ " TOTAL =1,F20, 1" KW HR REQUIREDN RY PARASITICS'e/» PERCNG 329

+ " TOTAL =0aF20,1em KW HR PURCHASED FOR PARASITICSYe/» PERCNG - 330

' + " TOTAL =0sF20,1e" KW HR PURCHASED (MOTOR + PARA) TOTAL'e/» PERCNG 331

+ " TOTAL =1eF20,14" KW HR EXPORTFD TO UTILITYY./, . ... PERCNG . .- 332

1 " TOTAL =neF20,1s" ATU TO GFMERATE ELECTRICAL POWERY/, PERCNG 333

+ " TOTAL =1yF20,14m ATU QAT # TIME"4/» PERCNG 334

b " TOTAL =w,yFR0,14m ATU Q12 # TIMEMe /o PFRCNG .. 335

. " TOTAL SHgF20,144 AT G133 # TIMFy/y PERCNG 336

s U TOTAL =ulF20,14" ATY Q9 ® TIME",/) PERCNG 337

524 FORMAT (1HD4RX41COST OF GAS.ssacesaasssscssssosF20e2¢/ - - -PERCNG . 338

+ AX¥nCOST OF PHR FLFCTRIC.-vo~-oc.0"'F20.2'/! PERCNG 339

' > GXWHCREDTIT FOP FXP POWFReeoevesees'sF20.20/0 PERCNG 340

+ CXgWANNUAL UTTL DFEMAND CHARGESeeseo"sF20e2:/s PFRCNG - 34)

. SXsTNTAL ANNUAL OPERATIMG COSTeae'9F20e20/) PERCNG 342

324 FORMAT (10X G"MAX TSHP =1y3F20,14% HP'",/y PERCNG 343

+ 10X "MAX MGHP =0 4F20,]1 " HP,/, e . . Sw o . PERCNG -~ - 344

. 10X MMAX GFN =0 F 20,14 KW', /, PERCNG 345

+ 10Xe"MAX CHPL =wyF20,]," HPW,/, PERCNG 346

+ 10X, MAX CMP2 =1,F 20,1, HPU,/, : PERCNG 347

. 10X, "MAX TPPW =1,F20, 14" KWy /, PERCNG 348

+ 10X "MAX Q34 =04F20, 1" RTUN,/, PERCNG 349

+ JOXGMAX 033 =1,F20,1." ARTUN,/, e B - - . . e PERCNG .. -350

+ 10X "MAX Q11 =14F20,14% ATUM,/, PERCNG 351

+ 10X4"MAX QAT =woF20,1,4" BTUM,/, PFRCNG 352

. 10X, WMAX A8 =1 FP0,1,4% RTUN,/, PERCNG - 353

. 10Xe"MMAX N1S =14FPN 14" ATV, /, PERCNG 354

’ 10X, "MAX 014 =04FR0,1," ATUY,/, PFRCNG 355

+ JOXeWMAX Q1 2UFP0, 141 ATIMG/, . . . . ...« PERCNG - .-.35%6

+ TO0XsUMAX 012 =1F20,14% BTUN,/, PERCNG 357

+ TOXeMMAX 0933 =nyF20,14" RTUN,/, PERCNG 358

+ 10Xy "MAX N9 =MgF20, 14" RTHH, /) PERCNG - 359

700  FORMAT(1H+ GXMUAX Q1 =1gF2N0, 14" BTN,/ PERCNG 360

. 10X MMAX Q7 =14F20,1+" RTUM,/) PERCNG kIS

15 FORMAT(IFE1N.3+215) . - - PERCNG -.-- 362

25 FORMAT(215,3F10.01) PERCNG 363

33 FORMAT(1H]) , PERCNG 364

624 FORMAT (X9 TOTAL =tgF 204141 C1 ® TIMEN,/, PERCNG 365

. " TOTAL =MF20,14" C2 & TIMEY,/, PFERCNG 366

* i TOTAL =H,F20.,14% CI HNURS 114/, PERCNG 367

. " TOTAL =04F20,1 4" C2 HOMIRS e/, PERCNG 368

+ " TOTAL =", F20,14" HOURS "y /) PERCNG 369

c PERCNG 370

sTaOP PERCNG 371

n END PFRCNG 372

SURQOUTINF CAL.CU ' CALCY ?

 COMMOM/TGRCM/ETACON sF TAMM G FTAGG«FLMC o FLTSe016sFLWF4ETALWFTAG.T14 cALCU 3

C=<=REPFEATEN CALCULATIONS FOR MAIN PFPCNG CALCU 4

COMMUNM/TVAL /COPCY (10) oVTICLLIN) 4CFI(10) 4PWRI (10), cALCY 5

+ COPCPLIN) s YTICP(IN) 4 CF2()0) 4PWR2(1D) CALCU 6

. VETHOIN) gVTLIETHIN) «CFF (10) 4 PWRF (10) CALCU 7

COMMON/CONTE/HNSTALT G HEASES W NMCOPCY 4 ICOPCTI e TITLF {S0) o CALLCU o]
MECHANICAL

TECHNOLOGY D_ 7
INCORPORATED




. MCOPC2 4 TCOPC? JNETH TF TH G NEXToNCF 1y
. NCE2WHCFF
COMMON/ZSVAL GL/XNP 2 ETAGENFTAM ETAN s TVeMDIAGIPCT
+ DTATRWSCFMOL o SCFMVL oF T4 TE(T) 9SV(10) o
* SOB(10) s SCFMVEPSY
COMMON/FL ECZSEVEMILOADENT g XMSGHP o TPK W s XNMGLD 4EXPKW,,
+ GENLD o XMPKW o PURNF W o GENNF W
COMMON/CALC/KOOJQ'QIvQ‘7!01190150074)XvT9HpvQ33'09'
+ 0540114081 4C2eF THe QT+ ACCPWRIATNPWR,
+ PCOWR G T1 o SCFMFCoFCMAX 4 N240QRTsQBTMQ12M,
. O14Ms OGMyNGPI

COMMON/SU/ZELCONT SF2R0M] o NP o F2CON2 4 EPCONI 4 EICONT oE3ICONT,
. FACON] +ESCOMYIFSCONP «FO6CON] » SCFMOUToE(T)
COMMON/CORFAC/CIFACCC2FACCFFACIDAYNO+HOURNOSFLAG

COMMON/TODFV/IN«OUT

COMMON/Z XNLOAD/XNPCY ¢ XNPC2 o« XNPToACL1 s AC2+AETHyNOUAL »

+ NRF Vo XNPRS s XNPAL » XNPRH ¢ XKOA ¢ XNPB o

. XNPMAGBLOAND 4 XNRI Do GCF o FCF 9 NRATE
COMMOM/SCALC/TA3eTI4sTOsUTIoUTL URIZURLWATIZATL ABI9ABL,

+ G7eGR s TWRoDTeTT1eT73:TALTT72sTR2+TA3ISDTA2TAI

COMMON/S2CAL C/ZKFLAG,,X30LN e X34DOTOLNsNOTMyRyNRIETAD

COMMON/S3CALC/GlsAlAsUlbsT129HILAD

INTEGFR DAYNOKOUPNOOQUT
C-=<014=SFCOND EVAPORATOR LOAN
Ce==X=SUM OF THE {0ADS
C===Q34=REFRIGERANT CONDENSER HEAT L OAD
C===TSHP=TURBINE SHAFT HORSFPOWFR
C=~-Q33=RANKINE CONDENSER HEAT L DAD
C==<Q5=TOTAl. HFAT AVAIL
C»=-Q11=TOTAL GAS INPUT ENFRGY
C===08=05-Q7

K=K+l

IF(K.GTL200) GO TO 10

IF(Q12M,FQ, (0.)) CIFAC=Cl=1,
IF(QL2M,FQ,.(0.)) €O TO S
CILOAD=(100.%012)/0]2M

CALL TLU(CII OANSCIFACSPWR]I »GF 1 oMNGF 1)
Cl=ACI®#CIFAC

S CONTINUE
Qla=(N128((1+C1)/C1))+Q13+024
IF(R1G4..Ta(1.)) CPFAC=(C?="2,
IF(Ql4.L T (14)) GO TO 600
CALL COPSUR

C2LOAD=(100,82)4) /M am
CALL TLU(CPLOADWC2FAC,PWR2,CF2¢NCF?)
C2=ACP?CPF AC

600 CONTINIF
IF(T34.FN.0,) €222,
Q34=014%((1+C2)/CT)
TSHP=Q1A®FTH/ 2545,

XMSHP=(014/(P545.#C2) FLMC) #1 /F TAGG+FLWF

IF(Q14.1.Te1,.) xMSHP=0,
IF(TSHP.FO.(0.)) GN Tn 333

X=XMSHP# , T4A/ETAMM= ((TSHP=FL TG) # . T46) #ETACONSF TAG

IF(X.6BE.04) GO 1O 377
SEVEN=X#F TAMeSIIMF (1 ,)
IF(SFVENLL.T.0.) GO TO 222
XMPKW=F yPrw=0F D=0, 0
GFMNF W=APS (¥ #F TALY)

MECHANICAL
G TECHNOLOGY
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CALCU
cAaLCu
CALCU
CALCU
CALCUY
CALCU
CALCUY
CALCU
CALCU

CALCU
CALCU

- CALCU — .

CALCU .. .

CALCU
CALCU

. CALCY

CALCU
CALCU
CALCUY
CALLCU
cAaLCu

- CALCU.

cALCY
CALCU

CcALCu
CALCU

-..CALCU.

CALCU
caLCu

CALCU
CALCU

CALCUY
CALCUY

CALCU .

CALCU
CALCUY

CALCU
CALCU
CALCU
CALCU
CALCU

caLcCu
CALCU
cAaLCy
CALCU
CALCU

--CALCU

CALCU
CALCU
CALCU
CALCU
CALCU
CALCU
CALCU
CALCY
CAlLCU
CALCU
CAILCU

.. CALCUYU ... . ..

.. CALCUY .

-CALCU .. .

CALCU .. e

~ CALCU .- -



222

333

444

15

PURNE W=aF VFMeSHME (2,)
TPKW=PUPMNE W+ XMPK W

GO TD 444

CONT IMUF

EXPKW=ARS (SF VELD
GENLD=EXPKW+SUME (1,)
PURNFW=5UMF (2.4}

GENNFW=GUMF (1,4)

TPKW=PURMF W

XMPKW=0,0

GO TO 444

XMPKW=X/E TAGEN
PURNEW=SIMF {(14) +SUMF (2,)
GENNEW=GENL N=F XPKW=0,0

TPKW=XMOKW+ PURMFW

CONTINUE ) )
$%% THIS IS MODEL R « CONFIGS 3 4 + S
QAT=0.

DO 44 [=1l.4

ETHLOAD=TSHP# (100./XNPT)

CALL TLU(FTHLﬂADqCFFACvPNQFvCFFoNFFF)

Q3AJ=TSHPAEACCPWR2 ((1=ETH) /ETH)

NS=Q93+033+40Q34

QY11= (TSHP#2S45, /(FTAR#FETH) ) + (N9/F TAR)

NR=Q5=-07

IF{CB,GT.0,) QAT=NA

CALL ETHSUB

CALL TLU(T??;AFTH'VTIFTH-VFTH'NFTH)
44 ETH=AETH®CFFAC

IF (MDTAGLFO,50) WRITE{OUTS0) TSHPSHME (1) +9C19sC2+ETHIQ119Q9
IF (MDTAG.FN,50) VRTITE(NUT+51) 012.,013+Q0145015+033+Q34408+05
RETURN - : -
10 WRITE(OUITH15) K ) _
S50 FORMAT (1 X+SHTSHP=9F10,39SHSUMF=4F10,3¢3HC1=4E10.343HC2=9E10,3y
1 GHFETH=sF10a354H0Y10,F10,344H 09m,E10,3) B
51 FORMAT (1 Xs4HOL2=3F10,344H0II=4F10,3,4HQR14=24F10.394HN)S29E10.3
1 W4HO33=F10,344HA342F10,345H 0fm 21E10,3,4H 05=4F10.3)

FORMAT(IX o IMIT REACHED",2Xs13) e

STNP

END

SURROQUTINE FTHSUR B
COMMON/TGCM/ETACON o F TAMM G ETAGG o FLMC s FLTSeQlE6sFLWF oETAL9ETAGT14
COMMON/TVAILZCOPCT(10) o VTICL(10)+CF1(10) +PWRI(1I0)

+ COPC2U10) «VTICP(1N0)4CFP(10)PWRP(10),

+ VETH(IN GVTIETH(10) +CFFE(10) +PWRF (10)
COMMON/CONTR/NSTART ¢yNCASTSeNCOPC1 o TCOPCLy TITLE(S0) o

+ HEOPC?2 s 1COPC2 oNETHe TF THoNEXTsNCF 1y

+ MNCF 22 MOFF
COMMON/SVALGL/XMP yFETAGFNgFTAMGF TAR G TVeMNDTAGPCT

+ NTATRGSCFMNE «SCFMVL+ETIE(T) o SV(10),

. SNA(1IN) «SCFMV.FPSY
COMMON/FLFC/SFVENGLOADFNT o XMSHP s TPKW o« XNMGLD 9 EXPK Wy

+ GEMED o« XMPKW o PURNE W o GE MNF W
COMMON/CALC/KeN144014901200135Q159034 44X TSHP Q33909

+ ASe01YeNRLCLLCPETHINTACCPWRHATNPWR,

. FCPUP ¢ T1 s SCFMFC G FOMAX G NP6y QAT 9 QBTMN1PM,

+ QLA s QM MG
COMMON/SII/EICOMT 4 F200MY o MP 4 F2C0ONZ 4F2CONT o E3CONL o FICONT

. FACOMT 4FSCOMY o FSCOMP oF ACONT 9 SCFMONT oF (7))

COMUDM/CORFAC/CIFAC GCPFACGCEFAC DAY INGHNLRNOoFL AG
COMMOLL/TODE N/ Ttie OFIT

MECHANICAL
g TECHNOLOGY D"9
IE5 1NCORPORATED

CALCY

CALCUY
CALLCU

-- CALCU

CALCU
CALCU
CALCU
CALCU
CALCU

- CALCU

CALCU
CALCU
CALCU
CALCU
CALCU

--CALCU

CALCU
cALCU
CALCU
cALCU
CALCU
CALCU
CALCU
CALCU

CALCU -

CALCU
CALCU

. CALCU e -

CALCU
CALCUY
CALCU
CALCU
CALCY

CCALCU - -

CALCU
CALCuU
CALCU
CALCU
CALCU

CALCU - -

CALCU
CALCU

ETHSUB -

ETHSUB
ETHSUB

ETHSUR..

FTHSUB
ETHSUB
ETHSUR
FTKSUB
ETHSUB
ETHSUB
FTHSUB
FTHSUB
FTHSUB
£THSUB
FTHSUB
FTHSUB
FTHSUR
ETHSUB

FTHSUR

FTHSUB
FTHSUR



50

100

200

300

400

Cuidat /5000 AN/ YT C T XHPCP2 o X T o AC) 9y ACP o AF I HDUAL

+ PIRE Ve XNPRS o XNPRL o XNPRH ¢ XKOA o XNPB

+ XNPNH B OAN y XNRLD «GCF o FCF 9 DRATE

COMMOM/SCAL C/TA3s T34 TOsIT3aUT4L e URIGUBLWATIsATL»ABD ARG,
4 G7eGARCTWR DT TT1eT73eTAYLTT72+TR2+TBIH0TA2TSI

COMMON/S2CALC/KFLAGy XI0LD e XF4D0TOILNNOTMsRyNMRHETAD
COMMON/SICAL C/GT o AL4 T4 TI24H3GAD

INTEGER DAYNO#HOURNOOUT

REAL K1,k?

K1=60,.%A,334GA

K2z60.*R.33#G17

IFAT.6TNY TT1=TO0-(QT/K?)

IF(Q7.GT.(Q334+034)) TT3=TT1«(033+4034) /K2
IF(Q7.LT.(N33+0Q34)) TI3=T0
CI=1/(1=-EXP(~(1T4"AT4) /KD))
CZ=1/(1=-FEXxp (- (11B4*ABRL) /K1)
CA=1/7(1=-FXP(=(1)T38AT3) sK?))

Caz=l/1=EXpP(=(1183#AR3) /K1) )
IF(07.GT4(0.) «ANDLOAT.GT,. (0.} JAND.Q34,LT,(1.)) 6O TO 50
IF(Q7.6T«(0.) e ANDLQRT AT, (0,) AND.QILG.G6T,(0,)) GO TO 100
IF(QRTLEQ, (D) LANDWOT 6T, (0.) JANDL.O34.GE,(0,)) GO TO 200
IF(QTEQa(04) «ANDWD3G,GE . (0e) s ANDLQRTLGT,(0,)) GO.TO 300
T72=T734=T7)

TA3=T72+C32(QTIK?)

TR2=T33-Ca# (NABT/K?)

T83=(T331=-TR2)/C4+TA?

TR1=TA2

GO TO 400

CONTINUF

H=(CI=-1)eT17)

B=(CH/K1) #QRT-C3*TTD

C=033-Q3T~Kk2#173 . .
TT2=((HeC4uK] ) = (BRCT7HK1) 4 CH(CL=1)#(C7=1) =
eHUKL1® (Ca=1)+ (C7~1)2ARK]1=C72CLHC)/ S e e
+((CI#CH#K] )= (C7-1)8(Cl~1)BKPaK]I#CZ#(CI~]) -
¢CIPKI#(CO=]1)=(C7=]1)8(CY=)) 8K ] +C7HCLHHKD)
T34=TT71+CT#(TT2=-171)

DTB2TAl=(N34=-KP2# (TTP2=-TT71)) /K]

TRLI=T34-CZ4nTB2TB]

TB2=TR1+DTR2TAHY :

TA3=(N33~-KP8 (T73=TT2) ) /K1+TAP

T33=TR2+C4# (TAJ=TRP)

CTAI=TT72+C38(T73-T72) '

GO TO 400

T34=T71+CI1#(Q34/KD)

T33=T714 (03U /K2) +CAB (NIA/K2) -
T72=171+4 (0346 /K2)

GO TD 400

TBI=AMAX] ((TWBsDT) 465,)

T34=TR1+C78 (N34/K1)

T33=TR1+{QI4/K]) +Cha (NII/K])

T82=TB1+ (N4 /K))

TRI=TA1+(0V7+4034) /K

CONTIMUE

IF (MDIAG.NFL.AR0) RFTURN

WRITE(OUTW1000) O7+QRTI33,N34

WRITE (NUT«1n01) UT44,AT4e19644ARG

WRITF(OUTL1002) UTVI4ATIe1iIRIGAR]

WRITE(DHT1003) TOsTUWRWDTGT4nA

WRITE (DT« 1004) TTLeT7eK]) 4K?

WRITF (OMITe100%) CleC740C3,04

VRTTEF (GHITS100A) 1R CeT!?

WRTITE(OUTW1N0T) NTHA2TRISTAL TR . TAY

MECHANICAL
TECHNOLOGY D-10
31

INCORPORAYED

FTHSUA 23
ETHSUB 24
FTHSUR ?s
ETHSUB 26
ETHSUB 27
FTHSUB 28
FTHSUB 29
FTHSUB 30
ETHSUB 31
~FTHSUB .. 32
ETHSUB 33
FETHSLB 34
FTHSUB . 35
ETHSUB 36
ETHSUB 37
ETHSUB._.. .. 38
ETHSUB 39
ETHSUB 40
CFTHSUB ... 41
FTHSUB “42
FTHSUB 43
L ETHSUB_.. __ 44
ETHSUB 45
ETHSULB 46
FTHSUB .. 47
ETHSUB 48
£THSUB 49
ETHSUB ..... S0
FTHSUB 51
ETHSUB 52
- FTHSUB ... S3
FTHSUB S4
ETHSUB 55
. ETHSUB ..___56.
ETHSUB 57
ETHSUB 58
ETHSUB .. 59
FTHSUB 60
FETHSUB 61
- ETHSUB..— —-62.
ETHSUB 63
FTHSUB 64
FTHSUR . .. 65
FTHSUBR 66
FTHSUB 67
- FTHSUB .. - 68
ETHSUB 69
ETHSUR 70
. FTHSUB 71
FTHSUB 72
FTHSUB 73
ETHSUB .. ... T4
FTHSUB 75
FTHSUB 76
FTHSUR 17
ETHSUB 78
FTHSUB 79
ETHSUB .. B0
FTHSUB 8]
FTHSLB a2
FTYHSUD 83
FTHSUR A4
FTHSURB as



WELTE (0l e bty T334, T340CT 37 I THSUB
' RETUPM ) ) FTHSUB
1000 FORMAT(MOQT= " F1S,5:INsMORT= MyF15,5,3X,"Q33= 4F15,5¢3 X% £THSUB
. Q3= ML F1%,5) ) FTHSUB -
1001 FORMATINOUT4E vy, F15,543XeMAT4= WyF 15,5 3Xa"B4= W, F15.5 ETHSUB
' . IX s MABG= Y,F15,6) F£THSUR
1002 FORMATAHOUTIE UaF 15,54 3X AT 3= 4P 15,53 3X MRz 11, F 15,543, FTHSUB
- + WARY= M ,F15,%) _ FTHSUB
1003 FORMAT(H0TO= MeF15.Ge X0 THAE "eF15,593Xe"NT= "yF15.5+3Xy ETHSUB
+ HETz MeF15,5¢3IX,"GAR= 1,F15,5) - - ETHSUB ..
10046 FORMAT(HOTTI= #aF15.5,3X,1T73= ",F18.5,3XeMK12 1,F15,5,3X, ETHSUB
+ MKP= M9F15,.5) FETHSUB
1005 FORMAT(MOCT= MyF15.543Xe1C2= 1yF15,593Xy"C3m "y3F15.543Xs FTHSUB
. HCL= NGF15,5) FTHSUB
' 1006 FORMAT(MOA= "eF15.5,3Xs "Rz MeF15.543X9"Ca "yF15,5:3X,"T72=",F15.5) ETHSUB
1007 FORMAT(HODNTAPTAYIE M F1RaS,3XsUTRI= HyF15,593XeMTR22 1eF15.,543Xs - FTHSUB
+ "TA3= Y,F15,5) _ ETHSUB
1008 FORMAT(MOT3A= neF15,5,3X T "eF15,5¢I+"CT33x "yF15.5) ETHSUB
END ETHSUB
SUBROUTIMNE COPSUR copPsyB
REAL K3 : o ) ) coPSUB
DIMENSION FFFL1(6) sFFFI2(T)FFF22(T) o X11(6) oX12(T)eX22(T7) . CcOPSUB
COMMONZTGCM/ETACONGETAMM F TAGGoFLMEoFLTS+Q169FLWFsETAYIETAG,T14 coPSUB
COMMON/ TVAL /COPCI(10) oVTICI(1N) +CF1(10)sPWR1(10) 5 _ coPSuB
. COPC2AIDY 4 VTIC2(10)9CF2(10),PWR2(10) copsuB
VETIH({10) 3y VTIETH(10) yCFE(10) +PWRF (10) cOPSUB
COMUOM/COMTR/NSTART JNCASESWNCOPCL s ICOPCL, TITLE(S0) » coPsSUB
NCOPC?2 o ICOPC?2 sMETHo IF THeNEXTyNCF 1y . o -e— COPSUR
NCF2sNCFE cnpPsSuB
ll COMMON/SVALGL /XMP 2 FETAGEMHGFTAMIETAR, TVeMDIAGYPCT coPSUB
; NTATRGSCFMNL s SCFMVL F 79 TFE (T) 9SGV (10)» copSsuB
SOR(10) ¢ SCFMVFPSY COPSUB
COMMON/FLEC/SEVEN oI OANFNT y XMSHP 3 TPKW ¢ XMMGLD ¢ EXPKW cOPSUB
“ + GEML Do XMPKW ¢« PURNE W ¢ GENNF W : - : - cOPSUB - -
COMMOM/CALEC/K9N149019012+013+901590349X9 TSHP,Q33+09 copsyB
+ N5 4011408,CLeC2+FTHQT7 4 ACCPWR, ATNPWR cOoPSUB
+ PCPWR e T1 2 SCFMECFCMAX 3P4+ ABT9yQRTM Q) 2M, copsuB
* D) 4M s QEM 4y NGPM COPSUB
COMMON/SU/ETCONT sEPCONY o NP4 F2COM2 4EPCONIZE3CONY JE3CON3,y coPSuUB
. F4CONL oFSCONLFSOOND yFO6CONY 9 SCFMOUTE (T) : o= COPSUB -
COMMOM/CORFAC/CIFACWCPFACCFFACIDAYNOsHOURNO»FLAG coPSUB
. COMMOM/ TODFV/ TN, OUT cNPSUB
. COMMOM/ XRNLOAD/ XNPCY ¢ XNPC2 4 XNPT 3 AC] ¢ AC2 s AE THoNDUAL » COPSUB -
NRF V¢ XMPRS ¢ XNPRI s XNPRH y XKOA 3 XNPB» coPSUB
XMPMR R OAD o XNRE Dy GCF o F.CF «DRATE copsun
COMMON/SCALC/TI3eT34e TN eUTI9UT44URIBLsATIvATLeAB39ABL - copPsSyB
. : G7+CRYTWALNT T7T1eT734TR1«T724TA24T83,07R278) coPSUB
COMMOM/SPCALC/KFLAGs X30LD e X3,D0TOI NWNOTMeRyNRyETAD coPSuB
. COMMON/SICAL C/GT o AYAUT 49T WHILAD corPsuB
INTEGER DAYMHO«HOUPNO0OUT cnpPsuB
DATA FFFEI1/7.5TRy06hV4,77220.762+.7544. 782/ cCNPSUB
DATA X11/11.0401449421.59234R925.7476:9/ copPSuB
DATA FFF12/.50Ryo5700,6hye7324aTbe TR 4793/ cOPSUB
DATA Xl?/l.?n-l.Q7~2.7',:lo3,6?0‘0.\?-‘;.‘;ng.7/ coPsun
DATA FFEP2/4533,.5R04,.A6575.7304.770..7784.791/ copsus
DATA X272/ 455 0aiT791a1841ahTalaRT742.01:2.12/ coPsSuB
. DATA MYV eN1PeNPP/E0T T/ coPSUB
KFLAG=0 ‘ COPSUBR
X3INLN=D0TOL N=0, CcNPSUB
K3=500, 561 ' cnPSUB
CS=(1/(1=FXP{-U148A 4K ) )) CcoPSuUR
ﬂ T14=T172-(14%(CS=1)) /KT COPSUR
- PIGSAT=DSATT (T 34) . capsys
eernoLooy D-11
l INCORPORATED




100

200

300

c
C
c
c
C
o
C

1

<

+* & > &

1
2
3

i

P14SAT
HL 34 =H
HG14=H
N3aN={(
Q340=Q
DOTM=Q
x3=norT
R=P34S
IF (NR,
IF (NR,
IF (NR,
IF (P,
x301.0=
noTNLn
IF (NR,
IF (NR,
IF(NR,
DOTM=X
KFI.AG=
CONTIN
IF(NR.
IF (NR,
IF (NR,
IF (NR,
IF (NR,
IF (NR.
H34AD=
H34ACT
AC2=(H
QIGN=D
IF (ARS
Ql4=n0
C2LOAD
CALL T
C?2=AC?
IF (MDY

WRITE (O1T+300) X?ﬂLDonnTnLDvKToCSoTiaqP3QSAT9PthATo‘
TUHL34 JHB14 9 DOTM X34 R KFL AGoFTANsRMyHI4AD yH34ACT,4C?

RE TURN

FORMAT (1H1 4 #X30LN=1gF 10,24 MN0TOI D=1y F10,29"K3=11,F10,72,

END
FUNCTT
REAL K

COMMON/ZFPLOYZ ADSBNGCDWDNFNLAVPeRVPeCVPyNVPEVPFVP,

REAL 1

COMMON /FPL 02/ LF10,JsTRFFoTOL sMR4PCoTCyVC s TFMINSTFR

SATURATION PRVCQUDE AS A FUMCTTION 0F TFMPFRATURF 1IN PFGe.

T=TF+T

MECHANICAL
TECHNOLOG

ZEGATT(T14)

FT(T34)

GT(T14)

(C2+1)/CPy%014

YN

147 (HG14=Hl 34)
M#SART(T14+460,) /7 {PY4SATE3600,)
AT/PY14SAT

EQ11) 7=(XA8T7,/75.)42.756

EQel2) 7=(X3#,3/1e)42.11

FQP2)Y Z=(X38S5,/Re)+2,155

T.7) GO YO0 2no

X3

=NOTM

EQ11) XA=(R=2,256)/(T7./75.)

ENe12) XA=(R=2,11)1/(.3/714)

ENe?22) XA=(R=2,165)/(5./R8,)
JuPJ4SATR3600,/SORT(T144460,)

1

Uf _ _

FO«l1) CALL TLU(X3WETANSX11sFFF1LleNL1D)
£Q.12) CALL TLUIX3.FTANDSXV12+FFF124N12)
EN.??) CALL TLUIX34FTANX22FFF224N22)
EQ.11) RM=16,.86

EQ0.12) RM=17,.4R

EN0.P2) RM=P4,6 v
HG14+RM#AL OG0 (PILGSAT/PLASAT)

=HG 14+ (H34AD-HG14) JZETAD cem e o
Gl4=Hl 34)/ (H3G4ACT=HG14)

OTM® (H3LACT-H 34)
(N34N~-Q340)/7Q340.6T7..01) GO To 100

TM# (HG14=HI_34)

={(100.4014)/014M

LUCC?P1 OANSC2FACPWRZ o+ CF2oNCF2)

"CPFAC

AG.MFL30)Y RFETURN

CO=M o 10,29 T14="sF10,2,s"PR4SAT="4F10,20/
WOPLIASAT="4F 10,2 ¢"HL34=3F10.2¢"HG14='yF 10,2

HDOTMET G F 10,24 "X IZNGF10.24"R=1GF1N, 2 "KFLAG3"3T100

Jat FTANZNGF10.24"RM="4F10.24"HI4AD="Y,
F10.2e"HILACT="4F10.24"C2="4F10.2)

OM PSATT (TF)

ReR1 AP IR 9C2eA33A3eCI4AL4BA4Cly
AS RS 454 A6 RO LCHK AL PHALCPRY
ACVARCVCCVINCVIFCV e XXaYY

E10..

i

Y D—12

INCORPORATED

Feo

copsun
cNHPSUB
copPsS\B

. COPSUB

cnPsSuUB
cnpPsus

- COPSUB

coPSUB
COPSUB

_ COPSUB - -

COPSUB
COPSUB
coPSUB
coPSUB
COPSUB

- COPSUB e

copPsuB
coPSuB

.. CcOPSUB

coPSUB
cOPSUB

-COPSUB .. ..

coPSuUB
coPSUB
copsuB
corsuB
coPSUB

CcnOPSUB.

copPsSuB
cOPSUB

- CcOPSUB

copSuUB
cOoPSUB

.COPSUB....

roPSUB
COPSUB
copsSuB
copsyB
coPSUBR

. COPSUB .

copsuB
corsuB

.copsuB

copPSuUB
copPSuUB
copsus
PSATY
PSATT
PSATT
PSATTY
PSATT

- PSATT

PSATT
PSATT
PSATT
PSATT
PSATT
PSATT
PSATT
PSATT
PSATY
PSATT
PSATY



(9] OOOOOOOO0

OO O 00

(o] [} O0OOHO0O0

c
C
C
c
C

20

40

70

90

[ Ve

IF (TR TOTFMIN,ORTLGTLTC) GO TO 40

PSATT=FXxP

RE TURM

((AVPsRVP/TorVPHALOGIO(T) +NDVPaT)® E10)

CALL FPLMSHG (BHPSATT 41429 TFeN,0)

RETURN
FND

FUNCTION DPVDTY(TF)

ENTRY DPDTRT(P.TF)

COMPUTES TOTAL NERIVATIVF (DPV/DT) NF SATURATION PRESSURE AS A

FUNCTION OF SATURATION TFMPFRATURE (NFG.F).

OR DERIVATIVE AND SATURATION PRFSSIRF AS A FUNCTION oF SAT,

(IF ENTRY POINT 1S USED.)

REAL K

COMMON/FPLOL/ AﬂvPD.CD,Uh.FDoAVP'HVPvCVP'DVPvEVPvFVP.

REAL LE

104

ReRYsAP24R29C23A34BI4CI4A44BUClhy
AR VRS, CH9AOBHCOHIK Al PHASCPRY
ACVeBCVsCCVNCVIFCVaXXeYY

COMMON /FPL02/ LF104JyTRFFsTOL sNRyPCyTCyVCo TFMIN, TFR

T=TFeTFR , _
IF (TR LT TFMINLOR,T.GT.TC) GO YO 90

P=PSATT

(TF)

DPVNTT=p# ((~BVP/TH_F10sCVR) /T+NDVP8I F10)

RETURN

CALL FPLMSG (BHPPVDTTs1+29TF s040)

RETURN
£MD

FUNCTION HFT(TSAT)

ENTRY HPVYVHT (HGoPSAT VFsVGoHF G TSAT)

ENTHALPY OF SATURATED LLTOUIN AS A FUNCTION OF TSAT. _
OR HF s HGy PSATs VFs VGs AND HFG AS A FUNCTION OF TSaT,

RFAL LE

W0,

COMMON /FPL02/ LF104JyIRFF 3 TOL yNR4PC4TCoVC s TFMIN, TFR

DPDT=NPVYDTT (TSAT)
PSAT=PSATT (TSAT)

T=TSA1+

TFR

VG=VPTD(PSATWTGAT)

VF=VFT(

TSAT)

HFG=JsDPOTAT® (VG~VF)
HG=HTVD (TSAT V)
HF T=HG=HF G

RETURN
END

FUNCTION HGT(TGAT)

ENTRY HAPVAT(PSAT VG, TSAT)

ENTHALP
OR HGy

MECHANICAL

4 TECHNOLOGY

§ INCORPORATED

Y 0OF
PSAT.

SATURATFD VAPAR AS A FUNCTION OF SATURATION TEMP,
ANMD V6 AS A THMCTION OF SATURATION TEMP,

D-13

PSATT

PSATT
PSATT
PSATT
PSATT
PSATT

- DPVDTTY

pPVYDTY
pPVDTTY

- DPVDTT

TEMP, -

- DPVDTT - -

(F).

DPVDTT
nPVDTY
nPVDTT
pPVDTT
pPVOTTY

nePyvoTYT -

DPVDTT
DPVOTT
DPVDTT
DPVDTT
nPVDTT

nPVDYT
DPVDTTY
DPVDTT.
pPVDTT
DPVOTT

DPVDTT e

nePVoTT
DPVOTTY

DPYDTT. -

DPVDTT
DPVOTT

- DPYDTT —ee

DPVDTY
HFT
HFY
HFT
HFY

- HF Y e e

HF T
HF Y
HFT
HFY
HFT

HFT

HFT
HFT
HFT
HFT
HFT
HFT -
HFT
HFT
HFT
HFT
HFT
HGT
HGT
HGT
HGT
HGT
HGT

20
21
22
23

n
VO~ WN S

10

12
13
14
15
16
17
18
19

21
22

23

24
25
26
27
28
29.-
30

VDOD~NFN P WN

10

12
13
14

16
17
18
19
20
21

23

NSNS W



(9] o (9] (e Xe} (9] OO0

OO0

O

(o] (9] OO0

20

40

10

PSAT=PSATT (TSAT)
VO=VPTD (PSAT»TSAT)
HGT=HTVD (TSAT»VG)
RETURN

END

FUNCTION VFT(TF)

SPECTIFIC VOI UMF OF 1_1QUID AS A FUNCTION OF SATURATION TEMPERATURE

IN DEGRFES FAHRFNMFIT,

REAL K

COMMOM/FPLO1/ ADsRNWCN NN FN s AVPsRYP s CVPsDVP+EVPWF VP,
1 ReR1eAP NP2 o2 e AA4RI4CIeAG B4 Chy

2 ASsBS4CHeA64BACheK s Al PHAYCPRY

3 ACVeBCVsCCVIDCVoFCVaXXeYY

REAL LE10,.)
COMMON /FPL02/ LEL1OeJsTREF o TOLINRsPCoTCoVCe TFMINSTFR
PATA FX /0,333333331333F+00 /

T=TF+TFR _
IF (TFo . TLTFMINLOR.TLGT.TC) GO TO 40

X=TC-T

RHOF=AD+ X% (RD+FN#X) «CNOSART (X) +NNa X #8EX
VFT=1./RHOF

RE TURM )

CALL FPLMSG(6HVFT s1¢20TF40,0)

RETURN e s
END

FUNCTTON PTVD(TF V)

PRESSURF AS A FUNCTION OF TEMP. (DFG,F) AND SPEC. VOI

REAL K

COMMOM/ZFPLO Y/ An.nn.cn.DO.Fn.AVP;RVP-CVP'DVPoEVPoFVP,
1 ReBLeAP4sR2eC22AT4RIsCI34ALR4LCloy

2 AS RS 4 CS oA AR Ch K9y AL PHALCPR,

3 ACVeRCVCCVINCVYIFCV XX YY

REAL LE10,.y

COMMON /FPLO02/ LF10sJyTRFF4TOL yMRePCosTCoVCy TFMINGTFR

T=TF+TFR v

IF (TFWLT.TFMINLOF V. T.VC/1,5) GO 0 10
VR=z1./(v=R])

X=ALPHA#Y

IF (Xl GT.70.,) x=70,

X=EXP (X)

X1=EXP (=K8T/TC)

(FT#e3/LBM),

HGT

HGY
HGT

HGT. - o .

HGT
HGT
VFT
VFT
VFT

— VFT ..

VFT
VFT
VFT
VFT
VFTY

VFT
VFT
VFY
VFT
VFT

VFT
VFT
VFT
VFT
VFT

VFT
VFT
VFT
VFT
VFT

LVFT.

VFT

PTVD
PTVD
PTVD
PTVD

- PTVD ...

PTVD
PTVD

- PTVD

PTVN= V”“(R”T*Vﬂ"(ﬂ?oﬂ"”TOF?“XIOVHﬂ(A?#H?”T&C?”XlOVH”(AQORQ“TOCQ'XI

{38 incomporaTED

1 SVYRE(AGeRSHT4C[8XT1)) ) ) )+ (AG+REBTSCAHMXY ) / X/ () +CPR#X)
RETURN
CALLL FPRPIMSH{AHDTVYD 11 e29TF ¢ 34V)
RE Tuifert
R TecuoLoGY D-14

PTVD
PTVO

PTVD. .. -

PTVD
PTVD
PTVD
PTVD
PTVOD
PTVO
PTVD
PTVD
PTVD
PTVD
PTVD
PTVD
PTVD
pPTVD
PTVD
pPTVD
PTVD

R Y] 2 S
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o] (9] (e Xo] [e] OoO0O000

OO0O0O0O0O0O0O00OO0

10

10

10

£ND
FUMCTION DPNVIV(TF,V)

COMPUTES PARTTAL NERIVATIVE (DP/NV)IT AS A FUNCTION OF TEMP

AND SPECIFIC VOLUME (FT##3/1BM).,
REAL K

COMMOM/ZERPL 01/ ADSHED W CNDNGFN G AVP +RVPsCVP+NVP+EVPIFVP,
ReATsA24R29CP 90 F4R3eC34A4 R4 Chy
AS YRS 4 CS e ABABChHIK WAL PHAICPRY
ACVsHCVICCVIDCVIFCV XX, YY

W

REAL LEY1Q,
COMMON /FPL 027 LE1D ey IRFFoTOI sNRoPEsTCoVCs TFMINS TFR

IF (TR LT TFMINLOR,V,.LTVC/1.5) GO TO 10
T=TF+TFR

X=ALPHA®Y

IF (X.0T,70.) x=70,

X=EXP(X)

Y=1,4CPR%X

X1=FXP (=K#T/TC)

VB=z1./(v~R1)

(DEG.F)

PTVD

DPOVTV
NPDVTV
DPOHVTV
DPNVTV
DPOVTV
NPNVTV
NPNDVTV
DPNVTV

nPDVTV ...

nPHVTV
nPNVTYV
DPDVTV

DPDVTV

DPDVTV

NP WN—~OSOD~NIOUSWN

. DPDVTV. ..

DPDVTVS=VRA#VRS (RETeVR® (P, 4 (A2+RP8T+r2¥X]) +VR* (3, '(A3091“T0C1'Xl)

| +VRR (4, “(Ah0ﬂh“T*CA“X])&Vﬂﬁ(Q.“(ASOPS”TOCQ'Xl))))))
2 = (AH+BOETHCARX ) SALPHAR (1,42 . 8CPRAX) /Y/Y/X .
RE TURM

CALL FPLMSG(OHDPDVTVs1429TF 3 3,4V)

RETURM

END

FUNCTION VPTD(PsTF)

(DEG.F).

THIS IS AN JTERATIVE (SECOMD LEVFL). (LEVEL 2.0) ROUTINE.
REAL K

COMMOM/ZFPLOL1/ ADeBNGCNNNGENIAVPsAVP eCVP yDOVPIEVPF VP,
ReyA14AP2sR29C29sA34RI4C39A4 B4y Chy
AR RE LS, 8A A6 CHIK 3 ALPHASCPR,
ACVRCVCCVINCVIFCV e XX,YY

w N\ e

REAL LE1N,y
COMMON /FPL02/ LFI10JrTRFF«TOL «NP 4Py TCoVCr TFMIN,TFR

IF (TFLTLTFMIN) GO TA AN
T=TF+TFR

ATTEMPTS TO

ESTIMATE V FPOM THE FIRST TYn TFAMS IN EAQN. OF STATE.
RESHLT TH SORT(NFGATIVFE NN,) AT HIGH PRFSSURES,
ASAPsR2eT+CP#F XP (=Ko T/T0)

B=uT

X= (=R SORT (REHe4 WABPY) /D /A

VPTN=1./X+R]

ESTIMATE VvV FROY THFE FIRST TFRM TH FONM, OF STATH,
VPTN=P@T/Pen}

MECHANICAL
TECHNOLOGY D_ls

INCORPORATED

DPDVTV
DPDVTV

DPOVTV ..

NPDVTV
nPOVIV

DPDVTV .

nPOVTV
DPOVTV

- DPDVTV

DPDVTV
DPDVTV

NPDVTV.. .

DPDVTV
DPDVTV

- DPDVTV

NPHVTV
vPTD

VvPTD
VPTD
VPTOD - -
vPTD
vPTD

—VPYD -

vPTD
vPTD
vPTOD
vPTD
vPTD

VPTD -

vPTD
VvPTD
VPTD
vPTD
veTD
vVRTD
VPTD
VPTOD
vPTD
vPTD
VPTD
vVRTD
VPTD
VPTOD
VRTD
vPTD
vPTD

. . .. L L PTD
SPECIFIC VOLUME OF VAPOP AS A FUNCTION OF PRESSURE (PSIA) AND TEMP



PHO=1,/vPThH vPT1D
c vPTD
o ENTRY VPTNE (FeTF) vPTD
ENTRY VPIDF : : ..VPTD
C : vPTD
c THIS FNTRY POIMT 16 USFD TO SHORTFN THE ITERATION WHFN A PREVIOUS VPTD
c ITERATINN HAS ALRFANY FSTARL ISHFD A GOOD VALUE FOR VPTD. vPTD
C vRT0
DD 20 ITER=1+70 _ vPTD
c CALCULATFE THE VAILUF OF P CORRFSPOMDING TO T AND V., USE THE NEWTONe VPTD
(o RAPHESON METHOD TO COPRECT THE DENSTTY, vPTD
' F=PTVYD(TF 4 VvPTD) -P vPTD
FPRIME==DPOVYTV(TF ¢ VRPTN) / (RHNERHO) ] VPTD
C CORPECTION IS MADF TO NFNSITY RATHER THAN To SPECIFIC VOLUME vPTD
C AFCAUSE, FOR A BFRFECT GAS, P=RHNeR#T, AND CONVFRGFNCF SHOULLD BE vPTD
c IMPROVED. S NPTD
RHO=RHO=F /FPRIME VvPTO
VPTN=1,./PHO vVPTO
c THE FOLL OWING STATEMENT 1S PLAGFD LLAST IN THE DO L00P SO THAT _VPTD .. . .
c EVERY EMTRY TO VPTINF WILL RFESULT TN AN IMPROVFD ESTIMATE OF VPTDs VPTD
c REGARDLESS 0F THE VALUF OF TOL, VPTD
20 IF (AHS(F/P).LT.TOL) RFETURN L L ce - NPTD
c NON=CONVERGFO SOl UUTION, vPTD
: 40 CALL FPLMSG(6HVPTD 241 9Pe24TF) vPTD
RETURN g VPTD .
60 CALL FPIMSG(O6HVETD  +s141ePs24TF) vePTD
RE TURN vPID
END . . . e YPTD e
FUNCTION HTVD(TF,V) HTVD
C HTVD
c ENTRY HPTVN(PsTF 4 V) .. . HTVD
C HTVD
C ENTHALPY OF SUPERMEATEN VAPOR AS A FUNCTION OF TEMP (DEG.F) AND HTVD
C SPECIFIC VOLUME. (FT#43/1 AM), . R T) 47] ¢ T
c OR H ANN P AS A FUNCTION OF T AND v, HTVD
(o HTVD
REAL K HTVD
(o HTVD
COMMONMZFRI DY/ ADWRDGCN NN FN s AVP I RIVE yCYP yDVPIEVPFVP, HTVD
1 ReR14A24R2+sC29A34ATsCI5A44BLsCly - e e e HTVD
2 AG By S e AO RN CA WK ALPHASCPRYy HTYVD
3 ACVIRCVyCCVeDOCVIFCV e XXy YY HTVD
c -HTVD
C HTVD
REAL LLE104. HTVD
c i . ~-HTVD
COMMON /FPLO2/ LF104JsTRFF 4101 sNReF 3 TCoVCy TEMINSTFR HTVD
c HTVD
IF (TFot ToTFMINGGRVLLTL.VC/1.5) GO TO 10 HTVD
T=TF+TFR HTVD
XY=KeT/7C HTVD
X1=(la+X1)BFXP (=X1) HTVD
VA=1./(v=-R1) HTVD
P=PTVD(TF 4V) HTVD
CFl=x1%C2+A? HTYD
CF2=(X1%C3er3) /2. HTVD
CF3=(x1#C4+A4) /3. HTVD
CFa= (X18#CS+AS) /4, ‘ HTVD
IF {(ALPHAFN.0,) GO Tn S HTVD
CFoz (X1#ChHsAB) ZAL PHA HTVD
X=ALPHA®Y HTVD
IF (XaiT 70.) ¥=T70, HTVD
X=EXP(=x) HTVO

MECHANICAL D"16

TECHNOLOGY
B INCORPORATED
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Y=0.
IF (CPR.MFE.0W) Y=CPR#AI OG(]1,eX/CP1)

HTIVD=TH (ACV4TH(NCV/2 .+ TH(COV/,+TENOV/4 ) ) ) =FCV/Toda (PoYV4VBB (CF]

1 *VHE(CFP+VRH(CFIsVRRCFL) ) ) +CFAB (X=Y) ) + XX
RETURN . .
S HTVD=TH (ACY+TH (NCV/P  +TH(CCV/3.+T8NCV/4,)) ) =FCV/Te+ )8 (PuvevBa (CF1
1 +VR# (CFP4VRB(CFI+VATCFL) ) ) ) 4 XX
RETURN
10 CALL FPLMSG(AHKTYD 91029 TF e3,4V)
RETURM
RETURN
END

SURROUTINF FRLMSG(FNAME S TFROA4P1 V1 4+P?2,V2)

ERROR MFESSAGE ROUTINE FOP FRFON PROPFRTIES | IBRARY (FPL)

INTEGFR FNAME 4P 1 +P2, PNAMF
REAL LE10,Y

COMMON /FPLO2/ LE10sJs TREF«TOL sNRyPCoTCoVCy TFMINS TFR

COMMON /FPInS/ 10
DIMENSION PNAMFE (5)
‘ DATA PNAME /AHPRESSS ¢ 6HTEMPz 4 AHSPVOl =9 6HENTH® o6HENTRs /

DATA 10/6/

hs)
—
-

T
N

PRESGQURF P

TEMPERATURE T

SPECIFIC VOLUME V
ENTHALPY H

ENTROPY S )

NOT APPLICABLE P? aNLY)

DU S W~

GOTO (10,20430),1FRP . .
OUT OF RANGE

10 IF (P2.GT.0) GOTO 12
WRITE(IN41010) FMAME 4NRyPNAME (P1) 4V1 s IREF
1010 FORMAT (/4Xo16HAUT OF RANGE IN +A6+11H FOR FREOM +134
" JAX AP sG1S5 b0 lH, 9 IXSHIRFF=417)
GOTO 9999 v
12 WRITE (10,1012) FNAME HR4PNAMF (P1}4Y1yPNAME (P2} 4 V2 IREF
1012 FORMAT (/4X416HOUT OF RANGE TN +A6,]1H FOR FREON 13,
# FAX A6y G156 He v IXsAAIG15,4a1Hr s INySHIREF 2y 1)
GOTO 9999 ,

NON=CONVERGFMT TTFRATTINN

20 IF (PP.GT.0) 60TO 22 .
VRITE(I0e}0P0) FMAMF 4NRyPNAME (P1) o V14 IRFF
1020 FORMAT(/4X, 1 RANON=CONVFRGENT IN sAfL 1IN FOR FREON o173
g /vaAﬁvnlql“’ch'1x.qHIRFF:Q]3,
GOTO 9999
22 WRITE(I021022) FNAME yHBWPNAME (P1) 4 V1 ¢ PNAME (P2) 4 V2 o« IRFF
1022 FORMAT (/46X ¢ 1RHMON=COMVEPGFHT TH oAG1IH FOR FREOM o173
@ UK e MO eGTITah ey e IX e AOGHTIN e THe s IX$GHIRFF=413)

MECHANICAL
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ARF PARAMFTER NUMRERS, V1,V? ARE VALUES OF THE PARAMETERS,

HTVD
HTVD
HTVD
HTVD
HTVD
HTVD
HTVD
HTVD
HTVD .
HTVD
HTVD
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG

CFPLMSG.

FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG

FPLMSG - ..

FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG

- FPLMSG -

FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG

FPILMSG - -

FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG

- FPLMSG —--

FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG-
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPLMSG
FPI_MSG
FPI.LMSG
FPILMSG



OO0

Oo0non

c
C
c
C
c
c

GOT( guga

TNVALTD REFRIGFRANT NUMBFR

30 WRITE (10,1030) MR .
1030 FORMAT(/4X6HFREON 413434H TS AN INVALID REFRIGFRANT NUMBER,)

STNP

PROVINE FMTRY POIMT TO Al 0W USFR RFTURN ON ERROR

9999 CONTIMUF

CALL STRACF

STOP
END
BLOCK DATA
REAL K - e e e e s
COMMON/EPLOY/ ADWBDLCNONLEN,AVPAVPCVPsDVPEVPF VP,
1 ReB1eAP24BPsCP3A3,RB34CI9A4 B4 Cly
2 A 4RS3CSeA64RHELCHIK s AL PHAWCPRY

3 ACVsBCVeCCVINCVIFCVXXeYY

REAL 1LE10e

COMMON /FPL.02/ LE10.JsTREF «TOL sNRoPGyTCoVCy TFMINGTFR

COMMONM /FPLAS/ 10

DATA ADLONCDsNNeED JyAVPIRVP ¢CVPsDVPosFVPF VP,
ReB1sA2eB2¢C2sA3¢RIsC34AL B4 Cly
ASeRSsCS AR BOECOHIKsALPHAZCPR
ACVsBCVsCCVYsDCVIFCVoXX,eYY . . » -

/ 34.R4e 02696 B83492]1s 6.,02683. =5,55549F=6, . .
39.883R1727s =3436,53227R, -l?.a715??283 « 0047304462442, 28040,
«08R734, J0065093RR6K, =1,400727134. 00159434848, «56,T627T671,
« 06023944654y =1.AT961AR4IIE~Gs 1,3113990B4y ~, 000548737007

340406 3e46RAINF=Qy =2 ,S43006TAF =S 80,09 S. 075y 2800,
«00R0945, ,000332662s =2.413896F =Ty 6.72363E=11y 0,0, B
39,55655122¢=,N16537934) / ;

DATA LEYN/2.302505002904/,.1/. 185083/ 4IREF/2/+TOL/1eE=4/4NR/12/

DATA PC/S96.3/.TC/7693,3/ V07 0PRT/TFMIN/ =252,/ 4TFR/459,70/

DATA 1077/

E£ND

SUBROUTIME GLORIN . . »

COMMOM/TOCM/ETACOM o F TAMM o F TAGG s FLMCoF LTS QI69FLWFsETAIZETAG,T14

COMMON/TVAL /COPCL(10) o VTICI(10)+CFL1(10)4PWRI(10),

+ O DNDPU S WA -

. COPC2(10) o VTIC2(10)4CF2{10) ¢PWR2(10)»
+ VEFTH(I0) o VTLIETH(IND) o CFF (10} sPWRF(10)
COMMON/CONTR/NSTART ¢NCASFSeNCOPC1TCOPCITITLE(S0)
+ HEOPC2 4 TCOPC? yNF THe TETHoNEXToNCF 16
+ HOF 2 «MCFF
COMMON/SVAL CL/ZXHNP oF TAGFM 4 FTAMWETARTVyMDTIAGPCT
+ DTATRGSCFMOL ¢ SCFMVL oF 7o TE(T)YeSVI(10)
+ SOE(10) ¢ SCFMVEPSY
COMMONZFLE C/SEVEN oI DADFNT ¢ XMSHP o TPKW « XNMGLD o EXPKW
+ GENED s XMPKW e PURNIFW o GENMNF W
COMMON/ZCAI C/KaN149Q14012e01790159034e X« TSHP Q33,08
. NPeN]T1eNRWCT e C24FTHIOT  ACCPWRyATNPWR
+ PCPWYE 3 T « SCFMFCWTCMAX 40244 Q8T 4 QRTM Q1 2M,
+ Olat s NG ISPM

COMMONZSUZETCOMH L o PEOK] oM 4 F20C0N2 «F 200N F ICONT oF ICONT,

= MECHANICAL D-18

TECHNOLOGY
INCORPORATED

FPLMSG v
FPLMSG S4
FPLMSG 55
FPLMSG 56
FPLMSG 57
FPILMSG 58
FPLMSG . 59
FPLMSG 60
FPLMSG 61
FPLMSG .. 62
FPLMSG 63
FPLMSG 64
FPILMSG. 65
FPLMSG 66
FPLMSG 67
FPLMSG .. 68.
FPLMSG 69
FPLMSG 70
FPLMSG. = 71
FPLMSG 72
FPLMSG 73
FPLMSG _—_ _T4.
FPLMSG 75
FPLMSG 16
FPILMSG . 77
FPLMSG 78
FPLMSG 79
FPLMSG.__._..80
FPLMSG 81
FPLMSG 82
_FPLMSG .. 83
FPLLMSG 84
FPLMSG 85
. FPLMSG..____ .86
FPLMSG 87
FPLMSG an
FPLMSG . . A9
FPLMSG 90
FPLMSG 91
FPLMSG- ... 92..
FPLMSG 93
FPLMSG 94
FPILMSG... _ 95
FPILMSG 96
FPLMSG 97
GLOBIN._ ... 2
GLOBIN 3
GLOBIN 4
GLOBIN 5
GLOBIN 6
GLOBIN 7
GLOBIN 8
GLOBIN 9
GLOBIN 10
GLOBIN 11
GLOBIN 12
GLOBIN 13
GLOBIN 14
GLOBIN 15
GILLOBIN 16
GLOBIN 17
GILOBIN 18
GLOBIN 19



OO O o0

(g}

+ bar

COMMON/CONFAC
COMMOM/TODE V/
COMMON/ XNLOAD

+

+
COMMON/SCAL C/

L3
COMMON/S2CALC
COMMON/SICAI €
INTEGFER DAYMO
RFEAD IN HFADING
REAND (INy1OY (T
READ IN CONTROL

REAND (INs20)NSTARTSNCASFE S NCOPC1 4 ICNPCT +NCOPC24w ICOPC2¢NETH

UM o F STOMY W FSCONZ o HCONY o SCEMOUT W F (T)
JCIFAC GCPFAC WCIFACDAYNMO S HOUPNO 9 FLAG

IMOUIT

/XNDCT yXNPC? o XNPToACT o AC2 o AF THoNDUAL »

NRFVy XNPRS o XMOHBL « XNPRH ¢« XKOA ¢ XNPB

XNPMB L BLOAD s XNBILDsGCF o FCF oORATE
T330T3G9TOsHTI91iT4eUIBI1IRGsATIsATL AR 4 ABL,
GTeGReTWRGDToTT1eT73:T219T729TB20TR3»DTR2TRI1
ZKFLAG, XAM. N e XIeNOTOLD+DOTMeRyNRWETAD
/GYeAluglJ169T12414344AD

yHOURNO yOUT

ITLF (I s T=145M)
ITNFORMATTON

® TETHoNEXToNCF1aNCF24NCFE o+MDTAGLOADENT o NDUAL sNREV

READ SINGLE vaL

UFN GLORAL PARAMFTFRS

READ (IN350) XHPSFTAGEN F TAMGE TARy TV,FPSVDTAIRy SCFMOL
READ (INsS0) SCFMVL oFT4FCMAX9PCToATNPWRy XNPC1 9 XNPC2 9 XNPT
READ(INsS0) XNPRS.QATM.N14M,DRATE 4 GCF +ECFyFTAG

READ (IN,50)

FETACONsFTAMMGF TAGG W FILMCsFLTS»Q164FLWF .FTAL

READ (IN+s50) DT eTO0+GVsGAITIZ2 1149414461
READ (IN,50) UT34183.UT4vURG9ATIvARIWATL,ABS
READ (IN420) NSPMeMNR

READ PAPASITIC
READ (IN«20) (1

FILECTRIC 1.0AD CONTROI S
F(IYelxla?)

READ COPCY CHRVE

READ (IN,S0) (C

OPCI{T)4yVTICI(T)4Im1+NCOPCY) -

READ COPC2 CURVE

REAND(IN4S0) (C

NPC2(1) WVTIC2(T) 4 1=1+NCOPC2)

READ ETATH CURVFE
READ (TNWSO) (VETH(T) g VTIFETH(T) o IS 1sNETH)
READ CORRECTION FACTOR FOR CcO®Cl

READ (TN,S0) (C

F1{1) oPWRI(T) 9Tl ¢oNCFE) oo om omen -

READ CONRECTINMN FACTNR FOR C0OPCY

REAN(TM450) (C

F2E1)+PWR2(T) o T=)4MNCFP)

READ CORRFCTTIAON FACTOR FOR FTATH

READ (IN450) (C

FORMATS
FORMAT (ROAYL)
FORMAT (1615)

FFOD) «PWRF (1) 9 T2YoNCFE)

FORMAT (RE 10, 3)

RETURN
END
SUBROUTINE 6L

COVMO”/TrPN/FTAFON.FTAMW.!TAGh'FIMC.F[TSleﬁtFlNFpETAloETAG.T]%

COMMUN/TVAL /C
+ C

BOUT

ORCTEIN) oVTICT(10) «CFYI(10) «PWRY(1I0)
NPC2E10) oy TIC2(10)CFP2(10) sPWRP2(10)

. VETHIN) o VTIFTH(10) oCFF (10) yPWRF (10)

COMMON/CONTRY/

+
COMMON/QVALFI

+

+

COMMON/FLEC/S

NSTART 4NCASES o MCOPCL TCOPCY, TITLE(50) o

NCOPC2 4 ICOPCP o METHy IF THeNEXToNCF 1

NEF 23 MHOFF

ZXNP o ETAGFMoF TAMWFTARSTVeMDIAGYPCT o
NTATR ¢SCFMOL ¢ SCFMVE «F7oIE(T)ySV(10),
SOR(1N) ¢ SCFMV G EPSY

FUFNGLNANFNT o XMSHP » TPKW.0 XNMGLD o F XPKW o

+ GFNLD o XMPK Wy PHIPME W o GEMNNF W

COMMOM/ZCALGC/K 0149014012601 340159034eXe TSHP Q33507
+ NS5e011e0843C) 3 C24ETHeNT o ACCPWReATNPHR,y
+ PCPVR «TY) 4 SCFMFCFCMAX 4 NP4 90RT ORTM Q1 27M,
+ OV 4y DM MG

COMHOMN/SU/FIC

MECHANICAL
TECHNOLOGY
@l INCORPORATED

OMT o E 200M] aMP L E200N2 FPCONT L F3CONT 4E3CNNT,

GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN

- GLOBIN
* GLOBIN

GLOBIN
GLOBIN
GLNBIN
GLOBIN

GLNBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN

- GILOBIN

GLOBIN
GLOBIN

-~ GLOBIN - ..

GLOBIN

GLOBIN
GLNBIN

~GLOBIN - -

GLOBIN
GLOBIN
GLOBIN
GLNBIN
GLOBIN

- GLOBIN

GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN

GLOBIN -

GLOBIN
GLOBIN
GLOBIN
GLOBIN
GLOBIN

- GLAOUT -~

GLAOUTY
GLROUTY
GLROUT
GLROUT
GLROUT
GLROUT
6LROUT
Gt.BOUT
GLROUT
GLBOUT
GLROUT
GLBOUT
GLROUT

GLROUT -

GLROUTY
GLROUT
GLAOUT



‘ FaLOrl ot SCONTeFSCO 29t GCONT 9 SCEMOUT of (1) CaLnoutT 20
COMMON/CORFAC/CIFAC,CRFACyCFIACDAYMN W HOURNO 9 F 1 AG GLROUT 21
COMMON/TONEV/TH,OUT GLaouT 27
- COMMON/XNIL OADZXNPCY g XNPC2 o XNPT 9 ACY1 o AC2 o AF THoNDUAL » - GLBOUT. . 23
+ HIREV o XNPRS o XMPRL ¢ XMNPBH o XKOA ¢ XNPR ¢ GLBOUT 24
. XNPMR G BLOAD o XMAILND «GCF o F.CF ¢ DRATE GLROUT 25
COMMON/SCALC/T33e T340 TOlITI9UIT4 RIS UBL AT o ATL AR VARG, . G6lLBOUT .. 26
. GTeGReTWRDTSTT1+TT73eTA1TT2+TR2sTRIDTR2TAI GILROUT 27
COMMON/S2CALC/KFLAG L XIND s XF4NOTOL DoNOTMyRINRoETAD GI.ROUT 28
COMMON/SICAL C/G1oAl4 o144 TI2sHIGAD - e e GLROUT. . 29
INTEGER DAYNO«HOURNO,OUT 6LAOUT 30
C WRITE HFADING . GLBOUT 31
WRITEAQUTS100) (TTTEF(T) 9T7=21+50) ) 6LAOUT 32
C WRITE OUYT CONTROL INFORMATION GLROUT 33
WRITF(OUT.I10)ne1AnT.NrAar<.nrnw01.lrnprl.Nropr?.rcopr?.NFTH, GLAOUT 34
+ IFTHoMDTAGINFXT - GLBOUT . - 35
C WRITF SINGLF VALUED GLORAL PARAMFTERS 6LAOUT 36
WRITE (01ITs120) XNP¢XNPC1 XNPC2+ XNPT4GCFsECF ¢DRATE GLBouT 37
+ OATM4QI4METAGFNCETAMIETAL sETAG . GLAOUY . .. 38
WRITE(OUT122) T17eGloAlaetllG AT siJT4esABLUBG A73.U73.A81.U83.016 GLROUT 39
+ MR GLBOUT 40
WRITE (OUT+400) ETACONGETAMMGETAGGoFI MCoFLWF oFLTS .. e e e GLBOUT 6]
WRITE(OUT125) FTARBDTTOGT Ga,Tv.rPSV.DTAIR.PcToAINPWR GLROUT 42
C WRITE LIMTTING VALUFS GLROUT 43
WRITE(OUT»100) (TITLE(I)e1=1,50) o . - - GLROUT.. NS
WRITE (OUT+130) SCFMVL s SCFMOI »FECMAX GILROUT 45
c WRITE PARASITIC FLECTRIC LOAD CONTROLS GLROUT 46
WRITE (OUT 2300 e e GLBOUT 6T
DO S T=147 GLBOUT 48
IF(IE() EQ.0)GO TN 30 GLBOUT 49
WRITE(OUT»235) Y . . .. ... GLBOUT__ . 50
GO 70 S GLAOUT 51
30 CONTIMUF 6LBOUT S2
WRITE (OUTsSN0) Y . e . GLBOUT .53
5 CONTINUFE GLROUT 54
C WRITE COPCY CHRVF © GLROUT S5
WRITE(OUTe140) ICNHPCY ) IO . . - GLBOUT . 56
WRITE (DUT150) (COPCT(T) o I=1eNCOPCT) GLROUT 57
WRITE(OUT160) (VTICI(T)»T=1+NCOPC]) GLROUT 58
C WRITE COPC? CURVE e v e GLBOUT L. - 59
WRITF(OUT4170) TCOPR? GLAROUT 60
WRITE(OUT«1A0) (COPC2(T) s T=21+NCOPCP) GLAOUT 61
WRITE(OUTS190) (VTIC2(T) o T=14NCOPC?) - GLROUT 62
C WRITE ETATH CURVE 6LBoUT 63
WRITE (OUT+200) IFTH GLROUT . 64
WRITE(OUT«210) (VFTH(T) o1 =14NFTH) . . . . e .GLBOUT . . .. 65
WRITE(OUT»220) (VTIETH(T) o I =1 o+ NETH) GLBOUT 66
C WRITE CORRFECTINN FACTOR FOR £oped GLBOUT 67
WRITE(OUT«240) TCOPCY . GLBOUT . 68
WRITE (OUT250) (CF1(T) s T=1,NCF) GLROUTY 69
WRITE(DUT4260) (PWRI(T) s 1=14NCF1) GLROUT 70
c WRITE OUT CCRrECTION FACTOR FOR COPG? . . S GILBOUT .. TL
WRITE (QUT»270)1CNPCH 6LAOUT 72
WRITE(QUT2R0D) (CF2(T) s T=Y4NCFP) GLROUT 73
VRITE(OTe290) (PWR2(T) 4121 4NCF?) GLROUT T4
c WRITE COPPFECTINN FACTOR FOR FTATH GLRBOUT 75
WRITE (OUT+300) TF 1Y GLROUT 76
WRITE(OUTe310) (CFE(T) 411 MOFE) ‘ GLROUTY 77
WRITE (O1IT9320) (PYRF (1) 4T=1 ¢NCFE) GLROUT 7R
c FORMATS GLAOUTY 79
100 FORMAT(IHY 420X o G0A) 4 /920X S0 (1H=)) 6LROUT 80
110 FORMAT (10X vCONTRNL G0, /910 Y gR(11I=) o /4 GLROUT 81
1 18X USTABTING CASE MUMRFR L v eeassoensaas 1Sy /, GLBOUT A2

MECHANICAL D_ZO

TECHNOLOGY
INCORPORATED




120

122

400

ISX e iHRE D OF VAPTATTONS OF T1e0Ql1e007aee9 150/

15Xy "HUMPER 0F VAL UFS FOR COPCL CURVF ¢ea™y 154/

15X "COPCY CURVE NUMAFR . ueaesossecsanse’ o150/

15X "NUMRE R NF VAL UFES FOR COPC2 CURVEcsa's159/,

15X, "COPC?2 CHRVF NUMano-oo.-o-o-toonmoo"’!s'/v

1SXsMHUMRER OF VALLUFS FOR FTATH CURVE e 9154/

quv"ETAT“ C”RVE NUMRFQ....--noot-o-pm-c"'lS'/v

‘qu"DIAGNOST'C Cn'*JTWOl oo‘no.--.o--._.u--"'IS'/'

ISXsMNFXT CASE TMDICATOR. cscesvccasssras'sI15/)
FORMAT (INX 4 "GLORAL PARAMFTFRSH, /9 10Xs 17 (IH=) s/

15X UNAMFP| "TE cOny INGOCoo---o.ct.o"'rlonl'"TONS"'/’

ISXs UNAMEPLATE COMPRFSSOR 1.;,-...-"-F10.10"HP Me/s

ISX4MNAMFPLATE COMPRFSSOR 2accseseseF10.14"HP e/,

15X o NAMF P ﬂ\TF Tl-,pRINEnou---u-o--cc"'rlol’.'"Hp Yol

I1SXeM"GAS COST FACTORecseeensssssaseiF10,24"PFR MBTUM,/

ISXeWELFCTRICITY COST FACTORsseosaeeFl0.T¢"PER KWHRY,/

15X MELFCTRIC NDEMAND RATF eenssoseee'sF10.79"PER KWHR" ¢/

15X, MCOOLTMG TOWER DESIGN 1.0ADseeeo"oF1041+4"BTU/HR"y/

15X e "CHTLLFR EVAP, DFSIGN [NADessee"eF10, 1+"RTU/HRY /y

1c)x0"FrAcrO-nouo'oou.o-.o-o.ou-o.o."oFlO “'"FRAC'KON"'/’

quQ"FTARI--.oup--.p-.--ooo;yo-nnc-"’rlo QO"FQACTXON"'/'

O~ D~NIPASWN

LR N I R R I R IR I

15Xo"ETAG.a...-.naonaano-'--oooo--0"0F10-4'"F9AC110N"’
FORMAT ( , _ ,
15X« "SUPPLY TEMP TO CHILLER SYSTEM4F 10,16/
15Xe "WATER FLOW = CHTLIER SYSTEMaee'"eF 10419/
15XKs"HX ARFA = REF FVAPORATOP....,o"orlo.lo/'
15X "HX 0O/A 1) = RFF FVAPORPATOReceeseF 10416/
15X, "HX ARFA « REF. CON HFAY SYSTFMa"eF 10419/
15X "HX 0/A 1) =~ REF CON HEAT SYSeeo"Fl0.19/
15X "HX ARFA = RFEF CON COOl. TOWER,,"sF10,14+/
ISXeHX Q/A 1) - REF CON COOL TOWFR."-FIO 19/
1SXe"HX ARFA = RANMK CON HFAT SYSees"sF104147s
15X HX O/A ) = RANK CON HEAT SYS,¢"sF10,14/,
15Xe"HX ARFA - PANK_CON COOL”TOWER "oF10e19/0
1SXs "HX O0/A U = RANK CON COOI. TOWER"4F10.14/
quq"Qlﬁgno.-no--sc--.o.ooaﬁ.uc-.oo"iF]Oolv/'
15X« "FRFOM pFFR,GFRA”T-o.---.ola.oo"'7x'"R"'I?)
FOWMAT(IQX."ETACON.....-..................";FIO Go/
16 "FTAMMQ.,.t.os,....oa.-.pooasﬁo"vFlo byly -
qun"FTﬁGGO.-o..twoa--c.noo-oooc;-o"'rlo b/
15Xy "FIX LOSSES MOTOR « COMPesvsoaeoFl0,44/,
ISXoMFIX LOSSES WIND « FRICTION,, . e"sF10,4,/7,
15X "FIX LOSSES THURBIME SHAFT.eesee'sF10,4)

LR I I N 2 R AR TR IR R

¢+ o

125 FORMAT(

130

140
150
160
170

15X "CONLING TOWER APPROACH TEMP.,  "oF10,644/
15X MSUPPLY TEMP T0O HEAT SYSTEMeoeas"sF10.64/4
1SXe"HATFE FLOW =~ HFAT SYSTFMusaaesyFl0,447/,
ISXe"WATER FLOW = COOLTNG TOWER.w.o"sF10,44/
ISXQHTV--.--.-..-npo-...on.-pooo-.-"! Flo.h'/c
1OX e MEPSVaecoasevoeosanssccssssennsoFl0sb4s/,
1SXeCHANCE TH ATR TFMP.oeveeenseaassF10.44/0
15X M08 TOILFRANTE L eavecoesacnonasaesF 10,40/
1SXe"TNPUT ACCFSSORY POMFR..eesesessF10,4)

FORMAT (10X oL IMTTING VALIIFSY, /310Xy 15 (1H=) s/

1 TEXGUMAX SCFMVE tuvaosnnnsnanepeaseasFLO G0/

2 1SX e "MAX QFFMO|.-..-..............."-FIO He/y

3 ISXeMAX FCOMOMI 7F Ry vuseencccnacsessF104407)

FORMAT (10X 4CNPCL CURVE NUMRERW 3 1S, /410Xe21 (1H=))

FORMAT (12X MCOPCIM 4 1 0Ffe Ve /)

FORMAT (12X VT1CI" a1 GF 6] s /)

FORMAT (/9 10x " COIC2 CUIVE MUMRFRY 4 1G9/« 10X 23 (1H=-))

P B NRIUTE 2 ¢

MECHANICAL
4 TECHNOLOGY D_21

;
d ncompoRaTED

qut"FTAlo-.;loul-ppnccl--.bp-oo-c-"vFlo.“'"FRACTlON"O/O'"“

19X-“ETAR.-.;...-0.......-;.;ou.Qon"oFlO.“v“FéACTION"o/o~f

GLROUT

6LROUT
GLBOUT

GLROUT -

GLBOUT
GLROUT

- GLRAOUT

GLROUT
GLROUT

—~GLROUT

GLBOUT
GLROUT
GLROUT
GLROUT
6LBOUT

- GLBOUT

GLBOUT
GLROUT
GLROUT

- GLRAOUT

-6LAOUT. ...

i

- GLBOUT - -

- GLAOUT---

GLAouT
6LBOUT
6LBOUT
6LBOUT

GLAROUT
GLAOUT

-GLAOUT -

GLBOUT
GLROUT
GLAOUT
GLAOUT
GLRAOUT

GLBOUT
GLROUT
GLRBOUT

GLBOUT

GLROUT

GLBOUT
GLROUT
GLROUT
GLBOUT
GLROUT

- 6LA0UT

GLAOUT
GLAOUT
GLAOUT
GLBOUT
GLROUT

+ GLAOUT

GLBOUT
GLBOUT
GLAOUT
GLROUT

GLROUT

GLROUT
GLBOUT
GLROUT
GLBOUT
GLAOUT
GLAOUT

104

105
106
107
108
109
110
111
112
113
114
115
116--
117
118
119
120
121

~122-

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
la]
142
143
lasa
145



180
190

FORMAT (12X "COPCE" 9y 10FAede/)
FOQMAT(]?KQ"VT]C““'lorﬁol)

200 FORMAT (/9 I0Xe"FTATH CHRVE MUMBERY.1G¢/910Xs23(1H=))

210
220
230
235
S00
240

250
260
270

280
290
300

310
320

FORMAT (12X o "ETATHY 4 10F647)

FORMAT (12X "VTIETH" 10F6,1)

CFORMAT (10X 0AD COMTROLS"« /s 10Xs13(1H=) ¢/}
FORMAT (I1SX o MELFCTRTIC 1.OAD SUPRLIED RY SYSTEM My "E (M1 9') "y /)
FORMAT (15Xe"FLECTETIC [ NAD PHRCHASFDessasaaaane s "F (Melle™) /)
FORMAT(/+10Xs"COPCT CORRFETTON FACTOR CHRVE NUMBERM,154/910Xs
1 41 {1H~))

FORMAT (12X 4"CF1"4 10F6,3)

FORMAT (12X "PWRIN 4 10F6,N)

FORMAT(/+10Xs"COPC? CORRFCTION FAGTOR CURVE NUMRER',7G4/910Xs
1 L1 (1H=))

FORMAT (12X "CFP"310F6.3)

FORMAT (12X "PWR2"410F6,0) [

FORMAT (/s LOXs"FTATH CORRFCTITON FACTOR CURVE NUMBFP"'YGo/vIOXv
1 41 (1H=))

FORMAT (12X "CFF"410F6.73)

FORMAT (12X« "PWRE"910F6,0)

RE TURN

END .- . - T

SUBROUTIHF CASNnUTY
COMMON/ TGCM/E TACON sF TAMMoETAGG o FILMC » FLTSleﬁ'FLNF-ETAl'ETAG T14
COMMON/TVAL/COPCI(10)4VTICL1(10)+CFI(10)4PWR1(10), . -

. COPC2(10)4VT1IC2(10)+CF2(10)+PWRZ(10)

+ VETH(10) s VTIFTH(10) «CFF (10) +PWRF {10)
COMMON/CONTR/NSTART ¢yNCASES«NCOPCLoICOPCLeTITLE(SO) 0 e

. NCOPCZ o ICOPC24NETHs TFE THoNEXToNCF 1

+ NCF2sNCFF
COMMON/SVALGL/XNPyETAGEN JETAMGETARS TVeMNDTIAGPCT

+ DTAIRGSCFMOL o+ SCFMVE oET7+IE(T) »SV (10}

+ SOB(10) « SCFMVIEPSY

COMMOM/ELEC/SEVENSLOADFDT y XMSHP ¢ TPKW ¢ XNMGLD s EXPKW - -

. GEMLD ¢ XMPKW o PURNE Wy GENMNF W

COMMOM/CALGC/KaN149019012+0135,01550349XsTSHP Q33,09
05¢0119084C1eCP2eETHIQT7 4 ACCPWRoAINPWR
PCPYRyT1 sSCFMFCECMAX4eN2490BToeQBTM,Q12My
QlaMyOSM e NSPM

COMMON/SUZE 1COM] 4EPCONT oNP F2CON? o F2CONIoE3CONT 4E3CONT,y S

+ FACOMY +FSCONY +FSCONR «FACONL s SCFMOUTHF (T)
COMMON/CORFAC/CIFAC CPFACLCFFACsNDAYNOSHOURNOGFLAG
COMMON/ZITCDFV/ZINL,OUT
COMMOM/Z XML OAD/ZXNPCY  XNPCP2 4 XMPT o ACY s AC2 s AE THo NDUAL »

+ NRF Ve XMPRS ¢ XNPL  XNPRH ¢ XKOA 9 XNPB

+ XNPNR GBI NAN ¢ XHRY D9 GCF o FCF yDRATE - C e e
COMMON/QCAOC/T13'T34vT0oU730U76vUﬂ?tUﬂh)A73oA7QOA83DAB“v

+ GToGReTWReNToTT19TT34TR1sTT29TR2:T83,DTA2TAR]
COMMON/ZS2CAI C/ZKFLAG«XAN N e XI4NOTOLN 4NOTMsReNRETAN
COMMOM/SICALC/G1aAY4s)] 85T 2 eHILAD
INTEGER DAYNO «HOURNO,0ONT
DIMENSION FP(T7)

C==eCURI=HEATING COPCl CUPVFE

C===CURE=THFERMAL. FFFICIFNCY CURVE

C===CURZ2=COOLING COPC2 CYPVF

C===Q9E=HEAT INPUT TO STFEAM GENFRATOR(DIRFCT STFAM AUGMFNTATION ONLY)
C===Q11=TOTAL GAS INPUT ENFRGY

CrwwQl19=HEAT INPUT~RANKINF CYCLF

WRITE (O T« 10)DAYHO o HOLIRNO

IF(FLAG.EN2IWRTTF (OUT 90} NSTART
IF(FIAGFO I IWRTTIF (DT WANDYNSTART
IF(FLAGEN 4 ) WPTTF(ONT s TNINSTART
TFAFLAG FO S WRTTE (OUT eSO NSTART

MECHANICAL
TECHNOLOGY D—22

INCORPORATED

GLHOUT
GLBOUT
GLROUT

GLROUT . ..

GLROUT
GL.ROUT
GLROUT
GLROUT
GLAROUT

- GLROUT

GLBOUT
GLROUT
GLROUT
GLAOUT
6LBOUT
6LBOUY
GLAOUT
6LAOUT
6LAOUT
6LBOUT
GLBOUT

GLAOUT ...

CASOUTY
CASOUT
CASOUT
CASOUT
CASOUT

CASOUT...

CASOUT
CASOUT

~CASOUT ..

CASOUT
CASOUT

CASOUT

CASOUT
CASOUT

.CASOUT.

CASOUT
CASOUT

L
147
148
149
150
151
152
153
154
—- 1585
156
157
158
159
160
161
162
163

- 164
165
166
167

oV wn

e 130

CASOUT . .

CASOUT
CASOUT

- cASOUT

cAsOUTY
CASOUT

cAsouT
CASOUY
CASOUT
CASOUT
CASOUTY
CASOUT
CASOUT
CASOUT
cAasouT
CASOUT
CASOUTY
CASOUT
CASOUT
CASOUT
CASOUT
cASOQUT
cAsouT

-CASOUT -



500
c

C

C
10
50
70
80
90
110

120

39

49

59

7=SUMF (P.)

DO 39 I=1,7
EP(IY=F (T)
CONTINUF

Z=SUMF (1)

NFLAG=0
IFINFLAG.FQ.1) 60
CMP1=n]p/(C14#72545,
CMP2=014/1(CP42%45,
GO Y0 S9

T0 49
)
}

CALL TLU(BLOADH14PWR]1+CF14NCF1) }
Q148=014M#R1 0AD® (XNPR/ (XMPR« XNPNR)) /100,
CMP3=014R/ (R1#AC2®2545,)

CALL TLU(IXNRLDWR?yPWR14CF1WNCF1)
CMPN=(Q14=014R) / (R2BAC2"2545,)

CONTINUF

COOL =01 #F THSF TAR®F

CUR1=Cl/CIFAC
CURE=FTH/CFFAC
CUR2=C2/C2FAC
Q9E=09/ETAR
A119=0]11=(19/FTAR)
Q711=n7/011

TAM/ (X=3413,/ETAGFN)

WRITE(OUT+110)T1401,07,015

WRITE(OUT4120) NAT,SCFMECySOFMY 0134 SCFMOUT,.Q12
WRITE(OUT+130) 034,033,0119,09

WRITE(01)T4140)009F 4011

IF(NFLAG.EQL0) WRITE(NUT,150) AINPWReCMP]yCMP2, TSHP « XNP
IF(NFLAGLEQLL) WRITE(ONT250) ATNPWR,CMPR »CMPN ¢ TSHP o XNP
WRITE(OUT215) XMSHP s XMPKW o TPKW o £ XPK W+ GENLD
WRITE(OUT.170) ETABGFTAM

WRITE (OUT»160) CURE 4CEFACLETH

IF (NFLAG.E0.0) WRITF(OUT41R0)CURRC2FAC,C2

IF (NFLAGLEN, 1) WRI

TE(OUT+230) AC2¢XKOASC?

IF(NFLAGLENLO) WRITF(OUT+200) CURICIFAC,CI

IF(NFILAGLEN,T) WRI

TEA(OUT«240) XNPH,ALOAD « XNPNB » XNRLD

WRITE(OUT210) (ToF (1) eEP(I)eT=)e7)
WRITE (OUTs220) SUMF (1,) s SUMF (2.)
WRITE (OUT+260) GFNNFW,.PURNFW
TF{MNDTAG.NF ,60) GO TO 500

WRITE (OUT270) T71

1TT2+TT34TA1oTAB2, T8I, TWBsT339 T34y T4

WRITE(OUTS2R0) XOLDYNOTOLD«XI4DOTMoRyFETADyHILAD» QL4

CONTINUF

FORMATS

*

1
2

+

R

* W -+

FORMAT (49X 9 1 0HDAY NUMRERIXeTSe/ 946X s 1 1 HHOUR NUMBFRo?XoISv/)
FORMAT (12X« YOHTOWER LLOAD P TXs8BHCASE MO+ +SXe159//)
FORMAT (12X 4 12HDIRFCT STEAMy25XeAHCASE NOGsSX9154//)
FORMAT (12X 4 1BHNAUITSTNE FVAPORATOR«19XsBHCASE NOo +sSXe1Gye//)
FORMAT{12X ¢« GHVENT LOAD?AX s RHCASE NOs5Xe1S54//7)

FORMAT¢1?X034HAMRIFNT TFMPFQﬂTUQFc.-A-ooclacooolvrl? 1+ 3X+sSHDEG Foy-

/

12X 34HREQUIRFD €NOLING lﬂAh..............Fl? 0s3IXeO6HBTU/HR s/ 0
12X JAHRFOUTRFD HEATING |nAD.............oF12 0y3Xy6HBTU/HR e/

12X e 34HFCONNMT7ER COOLTNG lOAn-...--....-vFIE 093Xe6HRTU/HR)

FORMAT (12X 34HCOOL TNG TOWFR LOAD G e qsnonsncesenastF12,003Xs6HRTU/HR

v/

12X s 3UHACFMEC e s eanasasoacassoonnasoocsantF12.093Xe4HSCFMe/ s
12X 3aHSCFMPFC e veesanoennsscaesesesnanssFl12e09IXe4HSCFMy /s
12X s JAHVFNT T ATION 1.0AD e eeesscasssecesstF12.093Xe6HRTU/HR Y/,
120 3OS 0Ty . e vnnsasonesoncnssnanetFl2e093Xe4HSCFMs/ s

12X 9 GHALTSTIN

MECHANICAL
TECHNOLOGY
INCORPORATED

ATR EOAD ., i iesaeeernsnceearF12.003X¢6HRTU/HRY

"CASULUT

CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASQUT
CASOUT
CASOUT

- CASOUT.

CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT

CASOUT
CASOUT

- CASOUT -

CASOUT
CASOUT
CASOUT
CASOUT
CASOUT

CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUTY
CASOUY
CASOUT
CASOUT
CASOUT
CASOUTY
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT
CASOUT

- CASOUT. - .

- CASOUYT -mmrev

CASOUT -

CASOUT
CASQUT
CASOUT
CASQUT
CASOUT



Ill. Illl llll -III IIII Illl 'Ill lll' .II. l'll IIII . .III IIII
h N

130 FORMAT (12X J4HPE FRIGERANT CONNENSER HEAT 1LOAD e as oF 172,093 X0 CASOUT
% BHRTU/HR ¢/ » , CASQUT
1 12X+ 3GHRANKINF CONGENSER HFAT L0ADceeseoesFl12.093X9AHBTU/HR/ s CASOUT
2 12x+34HHEAT INPUT TO STFAM GFNFRATOR o/ CASOUT . ..
3 12Xy 34K (RAMKTME CYCLF OH(Y)....-....‘FI? 0'3X'6HHTU/HRo/c CASOUT
+ 12X e B4HNTRECT STFAM AIIGMENTATTIOMNcaeeooeeaatF 12.093X0e6HRTU/HR) CASOUT
1490 FORMAT (12X 36HHFAT INPUT TO STFAM GFNERATOR v /o - CASOUT
1 12Xy36H (NDIRFCT STFAM AUGMFNTATION OMLY) oF 1209 3XoAHRTH/HR /o CASOUT
+ 12Xs 34HTOTAL GAS INPUT FNFPGY...,-.......oFl?.0o3X06H81U/HR) CASOUT
150 FORMAT(12Xe34HPARASTTIC SHAFT POWFRaevsooooscesatFl2.293X96HHP .~ CASOUT.. -
o/ o CASOUT
1 12X03AHC1 SHAFT POWFH:,,,....-....--....-.FlZ.ZoJX.6HHP 0/' CASOUT
1 12Xe34HC?2 SHAFT POWFReeevevesovncesssoesetFl2s243X,6HHP o/ CASOUT
1 12X43aHTURRINE SHAFT UOWFR,,.............9F12.2o3X06HHP o/ CASOUT
+ 12X34HNAMEPLATE COOLINGeasevovecosesnenetF12,003X96HTONS ) CASOUT
160 FORMAT {120y IGHTHERMAL FFFICTENCY . v/ . e CASOUT —
1 12XeSHCHRVE 3FSe2e2Xe 1 THCORRFCTION FACTOR.FS.Z-EX.6HACTUAL.F7. CASOUT
+) ) ) . CASOUT
170 FORMAT (12X 4 34HSTFAM GFNFERATOR EFFICTENCYeoeuvcovsF12.20/0 CASOUT . .
¢+ 12Xs34HMFCHAMICAL FFFICTENCYeuoaassssesessF12.2) cASOUT
180 FORMAT(‘ZXQEAHCOO'ING COPCZOQIQ.....'.O.."h‘."’/. CASOU‘r
1 12X4SHCURVF #F 54202 Xe L1 THCORRFCTION FACTORFSe242Xs6HACTUAL Y. o — e CASOUT .
+ F7.3) ) CASOUT
200 FORMAT (12X ¢ J4HHEATING €OPCY) FXCLUDING FLFCTRIC o/ CASOUT
1 12X SHOURVF oF S5 .2 ¢2X e 1 THCORRFCTION FACTORSFS4292X96HACTUAL » CASOUT ...
3 F7.3e2) ) o CASQUT
210 FORMAT (12X ePHE (411 934H) =FAN COTILS OR COOLING TOWER FAN,,9F12.5¢ CASOUT
* AXe2HKWeGX9F 124 SoBXQZHKNq/. . ---—-awcASOUT
1 I?Xv?HF(Ollvth)'VARlﬂﬂlF AIR VOL gYS-uooO.o'o.o.!Fl? 503Kv2HKVo CASOUT
+ BXeF12eSeIXeHENW CASOUT
2 12X PHF (o 11434H) =CONTROI'S AND ACCESeoeveovesseesetF12:503X02HKW,.. CASOUT ...
+ SXeF 128X sPHKYW /o CASQUT
3 IPX'?HF(O‘IOWQH)'”ATFP CIPCULATORQ..........v...-'Fl? 593XO2HKNO CASOUT
+ SXeF12.5¢3XePHR W4/ . . . .CASOUT _ .
¢ 12Xy PHF (9 1)1 0 34H)=RFTURN/E XHAUST FAN.........-.....F]? 5.3X.2HKH CASOUT
+ WSXeF1Z.503X02HKMe/ L ‘ _ CASOUY
S 12XsPHE (o T1e34H)ZOUTDONR ATR CNTleveeessscocssoccetF12:,59IXs2HKN . CASOUT . ..
. 23X F12.50IXs2HK W /s CASOUT
+12X e 2HE (3 11434H)I=ROLLFR FEED « LURE PUMP . eseenectF12.503Xe2HKK CASOUT
+ 2S5 XeF172.593Xs PHKW) e e CASOUT
215 FORMAT (12X, IMHMOTOR SHArT POHFR.....a-..-.-..-..'FIZ ?'3Xv2HHPo/- CASOUt
. 12X s J4HMOTOR PURCHASED POWFR.veeoscascese?Fl2.2¢IX92HKWe/s  CASOUT
. 12X, 34HTOTAL, PURCHASFD inFR.......-.....'Fl? 293Xe2HKW /o . . CASOUT .
+ 12X« 34HF XPORTED PONFR...........o.o......pFlZ 203!'2HKHO/0 CASOUT
* 12X 4 34HGFMERATOR lOAﬂ....-...-o..........qFl? 203X 9 2HKW) . CASOUT
220  FORMAT(12X434H . o . 42lHesmecmnacevnan CASOUT
L Sadindhad o iadded .WX.IHH ---------------- —-9/' CASOUT
+ 12X 3THTATAL ELFCTRIC POWFR GENFRATED  eeeeassF124 903X|2HKHv CASOUT
+ S5XsF12.5e1Xs 1 PHPUHRCHASEN KW, /) CASOUT .
230 FORMAT (12X «?5HNUAL - COMPRFSSNR OPFPATIONvIv . CASOUT
. 12X 3HCOP W F5,242Xe21HO/A CORPRECTION FACTORWFS, 242X CASOUT
+ AHACTUAL »FS.2) ) - CASOUT
2640 FORMAT(12X,24HRASF COMPRFSSNP RATING. e 9FS5el 01 X9 14HPERCENT LOAD.sy CASOUT
FSale/s , CASOUT
+ 12X 4 24HNON-RASE COMP, RATING.esFSelo1Xs 14HPFRCENT LOADees» CASOUT
FSels/s) _ . cASOUT
250 FOHMAT(I?X.?AHPAR\w!TIC SHAFT POWFR.esosessasscat CASOUT
+ F12.293X¢2HNHP, / CASOUT
* 17 X9 34HNASE COMPRFSSNN SHAFT PONFQ..._...oFIZ;?oJX.ZHHPo/. CASQUT
+ 12X+ W4HMOMBASE COMPRF SSOR SHAFT POWFR-..vFl?;?.JXoEHHPv/o CASOUT
> 12X VGHTUPRINF SHAFT POWFReesescaseasnesadF12.P243Xs2HHP/y CASOUT
+ 12X 0 IAHNMAMEPLATE COOL THG e s veossaoasseoneesF12.20IXs4HTONS)  CASOUT
260 FORMAT(I2XATHRENTISTIRIAUTFD FILFCTOTC PONFR,0eceeset CASOUT
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4 FI12.5s3X9PHKNeS5XF 12454 3% 12HPURCHASED KWy /) ‘cAsouT 1o

270 ' FORMAT (4HO INTTLIN G OX ' TT2 o AXeMTTANOX o "TRI M6 X "TAZ 46Xy CASOQUT 170
+ "781”.6X.”TWR"vﬁX.“T??"obxo“T3~"v6Xo"Tla"o/o CASOUT 17

+ 10(F7,242X)) - CASOUT -~ 172

280 FORMAT (4H0 AY IO TXDTON G TX "X ".7x."00T".7x'" R "y CASOUT 173
+ TXOMFTDMaTX 9" 34Dy /9 T(FBL2e2X) 9" QlasnyF12,2) CASOUT 174
RETURN CASOUT 175

END : CASOUT 176
FUNCTTON SUME (A) ) SUME 2
COMMON/TGCM/ETACON o F TAMM o FTAGG 9 FLMC o FLTSe0160FLWFyETAL4ETAG,T14 - - SUME 3
Com=aSUMMATION OF ELECTRICAL (LOADS ) SUME 4
COMMOM/ZTVAL /COPCI(10) 4VTICL(10)«eCFI1(10)sPWR1(10) SUME S

+ COPC2ULN) 4 VTIC2(10)4CF2(10)+sPWR2(10), -~ SUME 6

+ VETHI10) sVTIFTH(10) sCFF{10) 4PWRF (10) SUME 7
COMMON/CONTR/NSTART 4NCASESoNCOPCL 2 ICOPCLoTITLE(S0) SUME 8

. NCOPC2 4 ICOPC2 4sNFTHe IF THoNEXTeNCF 1 - s e SUME o 9

+ NCF2yNCFFE . SUME 10
COMMOM/SVALGL/XNP yETAGFNGF TAMFTAR TV MNIAG.PCTy SUME 11

+ DTAIW.SCFMnLoSCFMVI'F7'XE(7)vSV(10)o - SUME - - 12

L SOA(10) ySCFMV4FPSV SUME 13
COMMON/FIFC/QFVFN'!OADF”T.KMQHP.TPKW.XNMGLO.EXPKNo SUME 14

+ GENE D o XMPKW ¢ PURNF Wy GENNF W - S SUME . 18
COMNOI/CALC/KvOIQ'QIvOlPle1.01§9034-XpT9HP|Q33tQ9v SUME 16

n A5.0119N84C1eC2eFTHeOTyACCPWRyATNPWR ¢ SUME 17

+ PEPWR Ty SCFMFCECMAX 0249 QRT»QATM, Q1 2My - SUME - 18

. N1 4My OS5MaNEPY , . SUME 19
COMMON/SU/ELCON] »C2CONY sMP 4F2COM24sE2CON3 4 E3CONY E3CONT, SUME 20

+ F4CONT oFSCONT «FSCON2oFACOM] o SCFMOUTHE(T) - - - - - - - SUME - - - 21
COMMOM/CORFAC/CLIFACC2FACCFFACsNDAYNO +sHOURNO +FILLAG SUME 22
COMMON/TODFEV/INSNUT SUME 23
COMMON/XNL.NAD/XNPC) o XNPC2 s XNPT9ACYT 9 AC2 9 AETHoNDUAL » SUME . - 24

MREV ¢ XNPRS ¢ XNPRL ¢ XNPRK ¢ XKNA s XNPB o SUME 25

XNPNR ¢BLNAD ¢ XNRLD 9 GCF s FCF 9 DRATE SUME 26
COMMON/SCALC/T33eTH49T001S730UT4sURTIGIUBL 9 ATIWATLoABI ARG S - SUME - 27

. G7eGRyTWRyDT»TT71eT734TR12T72+TB2+T834DTR2TAE] SUME 28
COMMON/S2CAL C/KFLAG«XINLN s XIeNOTOLD s NOTMoR¢yNRyF TAD SUME 29
COMMON/S3CAL C/GL1esA14eU149TI24H34AD - SUME 30

c SUME 31
Cee=A=1 = GFNFRATFD ) SUME 32
ComweeAz=?2 = PURACHASED e e e e GUME e e 3]
IF(AWNEL(2.)) GO TO 8 SUME 34

DN S I=1.7 SUME k1

IFA(I) =TABS({IE(T) 1) SUME - 36

S CONTIMUE SUME 37

8 CONTINUF SUME 38

IF INSPM,FN.1) a0 T 10 - : D -1 ] em——

o . SUME 40
C===«NON=SYS PERF MODF CALC SUME 41
E(I)=F1COMI4(0Q7+QRT)YBTIF(]) ) . SUME 42
E(2)=F2CONT# (XMP/FZCON2* (2./3,)801/17000,)#1E(2) SUME 43
E(3)=(FEACONT#XMNPSFICONTIRNL 1Y *TFE () SUME 44
E(4)=F4CON]# ((N14/10)+(A5/D2G))H#TF (&) : . SUME ... ... 4S
EA(S)=FSCON1# (SCFMVL+sFCMAX=SCFMFC) #1F (S) SLIME 46
E(6)=F6COMI2SCFMOUTHIFE (A) SUME 47
EATY=FT7alF (7) SUME 48

60O T0 20 SUME 49

10 CONTINUF . SUME 50

C SUME S1
C===SYS PEPF MODE CAM C SUME 52
E1A=FI1CONT#CT SUME S3
EIR=E1CONI# (0,340, 780RT/NATH)#ORTM SUME S4
IF(CHTFNL(0.)) FIH=0,0 SUME 55
E(LY=(F1AF 1) »]F (1) SUME 56
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OO0

+

20

10
11
12
13
14

15
100

57
E(3)=(EICONTH#XNP+EICONIRNT L) #TF (3) . SUME 5A8
E4A=,0000074(0,4+0,6%014/016M)#0]14M SUME 59
E4B=,0000028%(0.4+0,6#05/05M) 8Q5M . .. . SUME .. 60
IF (144 Ta(a1)) FHAZ0,0 SUME 61
IF(RS.FN.(0,)) F4R=n,0n SUME 62
E(4)=(E4ASE4BY ®IF (4) - SUME .. 63
E(5)=ES5CON1# (SCFMVI_sECMAX~SCFMFC) #TF (5) SUME 64
IF(Q12.EQ.(04)) F(6)=0,0 . SUME 65
IF(Q124GT4(0.)) . e e SUME L 66
E(6)=F6COMIH (0.3+40,78SCFMAUT/SCFMOL) PSCFMOL#TE (6) SUME 67
EA(TY=FEToIE(T) SUME 68
CONTINUF _ ) . SUME . 69
SUME=F (1) +F (2) +F (3)+E (4 ) 4F (5) +F (6) «F (T) SUME 70
IF(ANE.(2.)) GO TO 99 SUME 71
DO 6 1=1,7 . . R . e e SUME, T2
IE(1) =TARS(TE(T)-1) SUME 73
CONTINUF SUME 74
RETURM . . .. . SUME ...... 75
END ‘ SUME 76
. SUBROUTINE TLU(ABsCeD4N) TLU 2
LIMNEAR INTERPOLATION ROUTINE ... e oo e TLU. 3
A= IMDEPENDFNT VARTARLE TLY 4
B= DFEPEMDEMT VARIABRLE  (ANSWFR) v S
C= INDEPENNDENT TABLFE . e TLUL oo B
D= DEPEMDENT TABLE TLU 7
N= NUMBER OF POINMTS IN TARLFE TLU 8
INDEPENDENT TABLE MUST BE SORTEDs EITHER ASCENNING. OR DESCENDING. __ TLU-——— . 9
DIMENSION C(1),D(1) TLU 10
IF(N=1)14+2.3 TLU 11
B=0. o e TLU 12
GO 10 100 TLY 13
B=D(1) TLU 14
GO TO 100 - USRI, § ) § IS &1
ML=] TLY 16
MU=N TLU 17
IF (MU=MIL=1) 15,1549 . OTLU 18
M= (MUeML ) /2 _ TLU 19
IF(C(1)=C(2))1142410 TLU 20
IF(C(M)-A)13412,14 . o - e T 21
IF(A=C(M)) 13412414 TLU 22
B=D (M) TLY 23
GO 70 100 - TLU 24
MU=M TLU 25
GO T0 8 TLY 26
ML =M . e - e TLY - e 27
GO TO 8 o , ) ‘ TLU 28
B=D (ML) + (D (MUY =D (ML) ) # ({A=C (M) )/ (C(MU)=C{ML))) TLU 29
RETURN - TLY - - 30
END TLY 31
TECHNoLOGY D-26
tNCORPORATED

EA2)=E2COMI 8 (XPP/ERCONPS (2./3.)9Q1/12000,) #1E(?) SUME
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CLEVELAND OFFICE BUILDING COOLING AND HEATING LOADS
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Cooling
Load
Btu/hr

O

O

0.
357000,
479800 .
642600,
0.
785400
28200,
1071000,

Qe

O

O
71400,

S 214200,
JG7000.,
4996300 .

71400,
214200,

499!!00 i
442600,

928200,
1071000,
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0.
Q.
Q.
0.
71400,

214200,

357000,

49 9E00 .

28200,
1071000,
1356600,

[N

Q.

O
/1400,
214200,
34 /()()') .

P00
1071000,

128"

Heating
Load
Btu/hr

714000
999400 .
428400,
428400,
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428400,
714000,
714000,
714000,
714000,
999600,

428400,
428400,
428400,
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142800,

10C
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1[(”‘
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Temp. °

<4

Cooling
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Btu/hr

L2 EAuOU.
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Q.

O

[N
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357000
492800 .
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785400
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1071000,
L213800.
13586600
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2042000
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/U m OO

1. 0/100().
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,I 4‘) 2400,
() .
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442600,
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3546600,
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214200,
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642600 .
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928200,

1071000,

121 3800 .
13564600,
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357000,
499800 .
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785900, ¢
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1071000,
120 3800,
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?28200.
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Heating
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Btu/hr

1 0i),
1426800,
428400
714000,
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142800,
142800,
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142800,
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142800,
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142800.
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O
(O
0.
0.
Q.
0.
0.
0.
Q.
(0.0
O,
O,
O
O
O
o
0.
Q.
0.
Q.
Q.
[#
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SIZE eV,
REVISIONS B é |
12B023 | A
! SYM. DESCRIPTION DATE | APPROVAL
AR “A [Gencrac Revision &) 4 [H Janzs
2 2 E STATE PRES . TEMP FLOW STATE PRES . TEMP. FLOW
go S POINTS MEDTA PSIA °F #/HR  GPM POINTS MEDLA PSIA F #/HR GPM
z3” ) STATE PRES. TEMP. FLOW
8 ! "0 2.0 125 490 1 32 LUBE OIL 45 135 15 PGINTS MEDIA PSTA °F #/HR  GPM
2 H,0 20 125 490 1
) 72 0 - 105.2 229
3 H,0 17.5 100 490 1
: 0 274 490 3 H,0 - 110.0 229
’ H.0 15. 1 2
N 2 74
5 H.0 911 274 490 1
2 75
6 ®,0 872 607 490 1
2 76
7
77
8 H, 0 815 1050 490 1
2 78
9 H.0 75 658 450
2 79
10 H.0 67.5 1050 450
2 80
11 H,0 2.4 483 490
5 81 H,0 - 78 310
12 H,0 2.0 150 490 a2
H,0 - 89.6
13 H,0/0,/ 2.0 125 3.0 CPM @ 70°F 2 310
e (Cap Free Dryv Air) 83 H,0 - 92.7 310
2% 2.0 123
14 H.0 25.0 50 882 1.8
- 2
] 15 H,0 55. 50 980 2
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