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I
1* ~ 1.0 ANALYSIS OF SYSTEM SIZE VERSUS SYSTEM COST, LARGE SIZE MODEL

3* ~ 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

3f ~ 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

31 ~size were: 1) to determine the approximate variation of the cost per ton

of the HSPF unitary configuration as the product was scaled from 7-1/2 tons

to 125 tons and, 2) to determine in 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-

Ud ~ day. A significant variation of cost per ton was expected since rather large

fixed costs were associated with the steam-Rankine driver. This qualitative

3H ~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

3!* ~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

3B ~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

3H ~selected was from 60 tons to 400 tons. The nominal nameplate cooling cap-

acity of the prototypical product was designated at 120 tons.

*Object of the 7-1/2-ton program.

'"l ,cckc.L >1-1
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3B ~ This report addresses the technical design effort relating to the LSM sys-

tem concept. This section addresses the unit cost basis for the selection

3H ~ of the nominal size for the design. Subsequent sections discuss the system

design as it evolved through a number of iterations and the component de-

3_ ~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

3U ~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 Sizein
Cost at desired size = Cost at base size x Base Size

~I ~ 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:

3B1~~~~~~~~~ f, .~~~~~~Desired Size n
Cost at desired size = Fixed costs + Variable cost at base size x Base Size

II ~ 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

3P ~assumptions are made. The assumptions that are usually implicit are:

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

3jjI~ ~is changed;

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

~I ®*~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

3U ~ with scale. The qualitative analysis pursued incorporated these assumptions.

I
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TABLE 1.2-1

£WI~~~~ ~~SCALING EXPONENTS FOR VARIOUS

TYPES OF EQUIPMENT

Equipment/Process Scaling Exponent

Motors 1.00

3M ~Steam Turbines 0.48

Controls for Turbines 0.38

3fl Boilers 0.50

Compressors 0.59

3R ~Heat Exchangers 0.70

Source - Guthrie, K.M. "Process Plant Estimating,
Evaluation, and Control" (Reference 6).

I

I

I

IMECHIL 1-4
NCORPORATED



a
IB ~ 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-

BIf ing self-powered auxiliaries. The cost estimates were performed at the

component level. Eight major components were identified, as shown in Table

5* ~ 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

IH ~ 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

3Q ~ as follows.

3* ~ 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 30% 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.

3J ~ The bulk of the heat exchanger component was heat exchanger surface. The

heat exchanger component would include the indoor and outdoor refrigerant

3U ~ coils, indoor and outdoor steam condenser coils, mountings and associated

hardware. The fixed costs were estimated at 20% of the base cost. The

3* ~ 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,

3* ~ only about 25% of its total arc was being utilized at 7-1/2 tons. Also, a

refrigerant change from R-ll to R-12 would require few changes to the com-

3B ~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

I
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TABLE 1.2-2

£]*t~~~ ~~MAJOR COMPONENTS AND COSTING

USED IN QUALITATIVE COST STUDY

I
Component Fixed Variable Scaling

Cost Cost Factor

Steam Evaporator3 17½ - 30 tons 30% 70% 0.7

Heat Exchangers
7½ - 30 tons 20% 80% 0.7

Turbomachinery
7½ - 30 tons 75% 25% 0.53OB1 ~Over 30 tons 25% (1) 75% (1) 0.5 (1)

Fans and Motors 20% 80% 1.0

Controls
7~ - 30 tons 100% 0
Over 30 tons 60% 40% 0.4

I<*» ~Valves and Piping
7i - 30 tons 100% 0 -
Over 30 tons 20% () 80% ) 0.7 ( )

Frame and Enclosure
7i - 30 tons 85% 15% 0.7
Over 30 tons 60% (1) 40% (1) 0.7 (1)

System Assembly and
Test

712 - 30 tons
Over 30 tons 80% (1) 20% (1) 1.0 ()

I
g A|~(1) 30 ton size is base size
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I
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-

3^B ~ eral scaling was used since no unit had been designed for this range. The

fixed cost was assumed to be 25% 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

3; ~ the motor scaling factor of 1.0.

3f ~ 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

5R ~ 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 taken 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.

MECHANICAL 1-7
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3H ~ 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 are shown in Table 1.4-1. The starting point of the scaled costs

3B ~was the optimistic 7-1/2-ton cost estimate. Figure 1.4-1 shows the cost

variation (computed by the methodology discussed previously) as compared

3B ~to a simple scaling of the 7-1/2-ton unit. The objective 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

I. ~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

3U ~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,

3B ~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.

3. ~ The unresolved question was if the increased market acceptance would offset

the decreased market availability to make the large size model an attractive

5H ~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

31 ~ 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).

I
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TABLE 1.4-1

COMPARATIVE COSTS FOR DIFFERENT UNIT SIZES

Refrigerant R-ll R-12

Unit Size 71 30 60 125

Steam Evaporator 1000 2147 3085 4434

Heat Exchangers 1000 2311 3465 5197

Turbomachinery 1448 1810 2372 3109

Fans and Motors 750 2550 4590 8262

Controls 1000 1000 1128 1272

Valves and Piping 1500 1500 2249 3373

Frame and Enclosure 1000 1250 1562 1952

System Assembly 1280 1280 1536 1843
and Testing

*fr ~ Total Manufactured Cost 8978 13848 19987 29442

Cost/Ton 1197 462 333 245

I
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I
3|1 2.0 SYSTEM DESIGN ANALYSIS

The system design analysis was conducted in three phases which occured in a

3i ~chronological sequence. The initial phase utilized a simple steam driven in-

'ternal-source heat pump system without an economizer mode and power generation

31 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

3f ~ 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

3l ~ 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.

3I ~ 2.1.1 System Description

The large size model (LSM) gas-fired heat pump system consisted of two sub-

3B ~ 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

I
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I
UK ~ 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-

3IH 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

lS ~ comprised two basic zones of heating/cooling; the exterior skin zone required

heating and cooling as the local weather situation changed. In contrast,

3r ~ 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

3| ~ 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

3| ~ been used to satisfy the total heating load of the building.

3l ~ 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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I
44°F delivery water temperature. The highest water temperature in the system

3* ~ was the steam condensing temperature; the lowest temperature was the refrig-

erant evaporator temperature. The refrigerant cycle was thus constrained to

3_ ~ 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

*B ~ and humidity.

Programming the hot water delivery temperature from outdoor ambient tempera-

3l ~ture is a conventional method used in large commercial buildings. The objec-

tive of this controlled strategy is to make the exterior walls essentially

3t ~ 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/10500 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 of the steam

condenser temperature versus ambient temperature relationship shown in Figure

3* ~ 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

3B ~ 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

If ~ loading condition.

3B 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

3A 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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I
3* ~ 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 stage

(after reheat). Figure 2.1-6 estimates the expander performance as a function

of pressure ratio. The estimate 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

3. ~ refrigerant, the isentropic efficiency was 74%. This percentage was an

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

I
Figure 2.1-8 shows that, over the range of outdoor ambient temperatures contem-

3H plated for this system, the volume ratio varied between two and four. The

established design volume ratio was 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

*r ~ 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.

BECHNCAL 2-9
TECHNOLOGY3j-- iflif INCOAPORATEO



I

80

70 _

O*t~~ IS~~ I j ISecond Stage
ca

>Ii
.60

tH
,

50

First stage

40 IIII

10 12 14 16 18 20 22 24 26 28 30

Turbine Pressure Ratio

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

MECHANICAL 2-10 792476
i TECHNOLOGT
N 1CORPORATED

I



80

C Design Point
Qj _ /S Volume Ratio

70

I1-

I 60

C

50

I0
1 2 3 5 6

Compressor Volume
Ratio

Fig. 2.1-7 Compressor Efficiency versus Volume Ratio

I~ a

vI MECHANICAL 2-11 792477
TECHNOLOGY

INCORPORATED



6

°~= COP36~~~~ 5 11Cool

co
, 4

Design
0 o ~~~~~~~~Point

Volume

= 2
C j Compressor

Outdoor Ambient Temperature - OF

o 2:
U

-20 0 20 40 60 80 100 120

Outdoor Ambient Temperature - °F

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



1.20

1.00

0 0.80
41

CO

| _ _

I I
8 0.60

Is X

0.40 ______________ _

0.20

0 20 40 60 80 100

Percent Nameplate Cooling

Fig. 2.1-9 Part-Load Performance Refrigerant System

UIJ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~792254
MECHANICAL 2-13
TECHNOLOGY -
NCORPORATED



I
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 two 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 withASHRAE 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, compressor

operating parameters, heat exchanger requirements, etc.

The prototype equipment performance subroutine is shown in block diagram in

3* ~ Figure 2.1-11. As shown in the figure, only three inputs were required to

operate the program: cooling load (Q1), heating load (Q7), and local ambient

temperature (T1 ), 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, Q5, represents the sum of refrigerant condenser, steam condenser, 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 available

heat exceeded that required by the building. The total output of the program

then became Q11, which represents the total gas energy input. In cases where

the heating load, Q7, was greater than the available heat, Q5, the computer

3| ~ 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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I
U- 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 1 x 106

3H ~ Btu/hr. Heating/cooling loads, elapsed time and ambient temperature histograms

were developed to analyze loading profiles. A separate histogram of coincident

heating and cooling loads was made to help 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:

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

IH ~ Range 2 - 56 to 72°F Heating and cooling

3m Range 3 - 72 to 96°F Cooling only

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

3- why the performance was deficient:

* 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

3HJI ~loads coincident with heating loads was incorrect. Table 2.1-2

illustrates that very little coincident loading occurred in Cleve-

3H[I ~land. The same pattern existed in Syracuse and Los Angeles.

Without resorting to thermal storage, very little rejected heat

3I~ ~~from the A/C load could be applied to the heating load for the

following reasons:

3Ug~~ ~a) Heating loads were low

b) Most of the 175,000 Btu/hr average heating load could have

3U|1~~ ~been met by the rejected heat from the steam Rankine

system when it was idling (only powering the parasitic

3 *n t e r~loads). Internal heat pumping, in this case, was

ineffective.
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HIdaS ~ ~ ~ ~~ DT S MRYFRTABLE 2.1-1

!BS~l | ~~DATA SUMMARY FOR CLEVELAND OFFICE BUILDING
Onp 1 ~~~~~~o nWITHOUT AN ECONOMIZER CYCLE

,1Z

.on

AMBIENT YEARLY AVERAGE LOAD PEAK LOAD/ ANNUALIZED LOAD
RANGE COMMENT TEMP RANGE,°F HOURS 106 Btu/hr 106 Btu/hr 109 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

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 10 Btu ( )

Heating 0.3 x 10 Btu(2)

()140,000,000 Btu/yr of cooling load occurs when cooling
load is less than heating load

(2)14% of total annualized heating load

I

I
I
I
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I
*I*~ a Even 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 to3*~I ~the cooling tower. Figure 2.1-12 illustrates that more heat

was dissipated into the cooling tower during the heating season3tt1 ~(-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:

U*I *a In Temperature Range 1 (-8 to 56°F) infinite thermal storage

was considered to establish its maximum potential. This3BuI ~temperature range had a large heating demand, requiring 92%

(2.01/2.18) of the annual heating load, while only requiring

31* ~about 17% (0.31/1.76) of the annual cooling load. If the
9

0.31 x 10 Btu/yr of cooling load was pumped into storage,

a total of 1.76 x L0 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

31B ~generated during only 22% (1517/6780) of the total heating

season. With infinite storage, the maximum energy savings

were only 0.38 x 10 Btu/hr over a conventional system (using

a boiler of equal efficiency). At current gas prices of $2 to

3H ~$4/10 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

31f ~storage tank ($6200). A 3000 gallon tank was the tank size

conventionally installed in a heat recovery system equivalent

MECHANICAL 2-20
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Fig. 2.1-12 Yearly Heat Balance



3HI ~to the LSM size. However in order to effect the above energy

cost savings, a multiplicity of these tanks would be required,

3IU ~further reducing the attractiveness of the system.

* In Temperature Range 2 (56 to 72°F) heat pumping and thermal

3H|I ~storagewas even less attractive. Here, the heating require-

ment was relatively low and represented only 8% (0.17/2.18)

3HI ~of the annual heating requirement.

3B ~ 2.1.3 Recommendations for Second Iteration of the LSM System Design

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

*R ~ are as follows:

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

3UI ~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.

* 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

3|UI ~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-

3ffl ~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

3HHP ~and induction generator). Thus, the induction motor alternately

served a dual purpose. This concept is explained in greater

*j»I ~detail in Section 3.4.

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

3UMI ~sitics could potentially improve the energy utilization as well as

MECHANICAl
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I
3UB ~the cost effectiveness of the system. The first LSM had one

major driven load, the heat pump compressor. During periods

3M8 ~of moderate heat requirements, the cooling 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-

3U1 ~erator, the load for the turbine could be provided and supple-

mental firing reduced or eliminated. Concurrently, energy which

3M|I ~would otherwise be consumed at the electrical power plant would

be displaced. More importantly, especially for the user, the

3JB1 ~generator reduced electrical power costs, both metered and demand,

while expanding 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

31 The second LSM System Design Analysis was also generated under Task VI-2 of
this contract. Its objective was to improve the LSM's overall performance

3j ~ by incorporating the recommendations from the first analysis, plus any other

improvements which developed through the study. The major emphasis, as seen

38 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

3J ~ 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

3f Ccriteria.

3B ~ 2.2.1 Changes Made to the Initial System

The system modifications which were recommended by the first LSM study were3I incorporated into this analysis. The modifications consisted of adding three
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Fig. 2.2-1 System Design and Performance Factors which
Influence Marketability of the LSM
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I
UB ~ subsystems: (1) building exhaust (ventilation) heat recovery, (2) outside

air heat recovery, and (3) motor/generator. These subsytems are illustrated

3M ~ independently in Figure 2.2-2 and shown integrated into the LSM System sche-

matic in Figure 2.2-3. In addition, an economizer cycle was included to

3M ~ 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 air/water circulators and controls. Each one of these

loads could either be supplied by the electric utility or the LSM system gen-

3U ~erator.

3S ~ 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

3B ~ 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-

3lH ~system performance characteristics were developed for Compr.essor C1 (see

Figure 2.2-4) on the basis of a high-efficiency, positive-displacement,screw

3B ~type compressor with the same part-load performance as shown in Figure 2.1-9.

3l| ~ 2.2.1.1 Heat Sources. The model utilized all the available heat sources in

the following priority.

3UI ~ (1) Rejected heat from the steam Rankine-cycle condenser

(2) Recovered ventilation exhaust and cooling load

.I3~ JJ(3) Recovered heat from the outside through two-stage

heat pumping

3BI ~ (4) Additional gas, which may have been required to meet the

heating load if the previous three sources were depleted.
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I
3m ~ 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

3| ~ could be reduced and better utilization achieved. Figure 2.2-5 illustrates

the piping arrangement for winter and summer operation.

I
A potential power savings advantage existed with the dual compressor operation,

3· ~ 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

3f ~ of the larger compressor. At capacities greater than 35% there was an

advantage to base load the larger machine and shut down the smaller. This

3B ~ concept was called "Dual Compressor-Reversing Mode" which was easily modeled

to analyze the operating cost incentives which might offset the added control

3B ~ 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. Figures 2.2-7 through 2.2-11 graphically

show the difference between the two control modes. The figures also illustrate

3K ~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

3H ~ (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 oil pump, steam generator feedwater pump, and steam

generator burner fan; 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.
MECHANICAL
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TABLE 2.2-1

o,- EFFECT OF COMPRESSOR OPERATING MODE ON CHILLER COMPRESSOR POWER REQUIRMENTS

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

N) DUAL-REVERSING ( 2 ) 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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I
H ~ The driver for a totally self-sufficient (electrical parasitics included)

125-ton HVAC system required a 330-hp output capability in the cooling mode.

3K ~ Figure 2.2-8 shows the load paths for a 330-hp turbine operated in the base-

loaded mode and the modulated mode.

I
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-

quirements. In the case of the full-size base-loaded turbine driver, it was

5J ~ 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.

U- ~ 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

3| ~ 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

3fB ~ 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-

5) ~ 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)

3*e where the maximum generator load (G ) equaled the maximum load (M ) on the

generator when it functioned as a motor.

I
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I
1I ~ 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.

I
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 ($11.72/10 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.

5U Hourly building HVAC loads were obtained from the Merriwether building simu-

lation program for a typical office building in a Cleveland location. These

3R ~ loads were sorted with respect to simultaneous heating loads, cooling loads,

and ambient temperatures with upper and lower limits applied to each. Thus

IH ~ 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-

3H ~uating sensitivity to heat sources (heat pumping).

3I ~ 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

Gross Annual Cooling Reqnt 10
Gross Annual Cooling Requirement = 2.8 x 10 Btu

Net Annual Cooling Requirement =1.8 x 10 Btu
(if Economizer used)

Gross Annual Heating Requirement = 1.6 x 10 Btu

Peak Cooling Load = 1.5 x 106 Btu/hr
I& 1~~~~~~~~~~~~(125 tons)

Peak Heating Load = 1.0 x 10 Btu/hr
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I
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

1H ~ 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

3i ~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

5L ~ 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

fl* 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 little relation to the heat pumping

sources. The energy cost picture was not significantly affected by the small

I^
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TABLE 2.2-3

@I COMPARISON OF MAJOR SYSTEM COMPONENT SIZES FOR VARIOUS TURBINE SIZES AND A

ic CONVENTIONAL ELECTRIC-MOTOR-DRIVEN CHILLER PLUS A GAS-FIRED BOILER

0Z

°O~~~ ~~~Conventional Turbine Size, hp (Nameplate)

Boiler/
Component Chiller 90 200

HVAC B M B I M B M
lt

Motor/Generator (hp) 150 75 168 115 278 141

Compressor (hp) 150 150 150 150

Steam Generator (10 Btu/hr Input) 1.2(L) 1.5(H) 2.6(H) 4.3(H)

6
Cooling Tower (106 Btu/hr) 1.9 2.4 3.0 3.7

Steam Condenser (106 Btu/hr) Not Required .7 Turbine 1.6 2.7
Ji .3 Bypass

^~~o\~~~~~~~~ ~~~~1.0 Total

B - Base Loaded Turbine

M - Modulated Turbine and Steam Generator

L - Low Pressure and Temperature

P - High Pressure and Temperature



)gB

@ Base Loaded Svstem /

B Modulated System

U / » Reflects Differences

E I z i in Generator Size Off-
n |I cAh pset in Part by Lower

u c Xi Cost Control System

4~ |I I for Base-Loaded System

Lower Cost
Control System
in the Base-

Loaded System

0 100 200 300

Turbine Size, hp

Fig. 2.2-15 Anticipated Trends in System Cost as a Function
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TABLE 2.2-4

DISTRIBUTION OF ANNUAL ENERGY COSTS

,o, Turbine Size, hp

Cost Component Base (5 ) 90( 4) 200 (4 ) 330 (4 )

Cost of Gas (1) $ 3,993 $15,030 $33,384 $55,150

Cost of Purchased Electricity (2) 18,922 6,239 1,744 2

Credit for Excess Gen'd Power (2) --- (2,710) (16,868) (37,181)

Annual Demand Charge (3) 7,609 5,345 2,860 142

Total Annual Operating Cost $30,524 $23,904 $21,120 $18,113

is, ~ Savings --- $ 6,620 $ 9,404 $12,411

I-I
0

1) @ $2.20/106 Btu

2) @ 4c/kW-hr

3) @ $3/mo/peak annual kW demand

4) 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, 2,103 hr chiller

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

5) Conventional boiler heating system assuming 83% thermal effeciency with electric motor

driven chiller (not heat pumping)
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Fig. 2.2-18 Annual Energy Cost/Heat Pumping Source Sensitivity for
90 hp Base-Loaded System and Electric Motor Driven Double
Bundle Chiller using a Gas Boiler for Supplementary Heat



I
actual load required from heat pumping. In the case of the electric motor

driven 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,

3B ~ 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

3g ~ 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

3|B was used). Therefore, the nearly $9000 per year energy cost savings (for

the all-electric case) could have easily provided an attractive payback

3U ~ period for the user. However, if gas had been available for heating, then

heat pumping was counterproductive even when internal heat sources (the

3I *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)

*H ~ bundle in the refrigerant condenser.

3BH 2.2.3 Conclusions from the Second LSM System Analysis

The following points summarize the conclusions of the second LSM System

3H| ~ Analysis:

o The LSM system showed a reasonable energy cost savings which

*JMI ~the first analysis failed to show.
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TABLE 2.2-5

iH~s'11 ~ANNUAL ENERGY COST FOR AN ALL ELECTRIC AND AN ELECTRIC/GAS
|i| CONVENTIONAL HVAC SYSTEM WITH AND WITHOUT HEAT PUMPING

J _ Heat Pumping) Not Heat Pumping

Heat Source Electric Gas Electric Gas

Cost Category

Space Heat Electric -- (2) $ 1,090 611 $ 3993
\ Electric $ 4,817 (2)-- $18,611

Electric for Chiller/
Heat Pump Motor 10,695 10,695 5,380 5,380

Electric for HVAC
Distribution System 15,566 15,566 13,542 13,542

Electric Demand Charge 9,509(3 ) 7,609" 11,80'(3) 7,609

Total $40,537 $34,960 $49,341 $30,524

(1) Internal source only, without heat storage

(2) Supplementary heat

(3) Winter peak demand

(4) Summer peak demand



I
A 90-hp turbine size (or smaller) appeared to be the most

promising from the aspect of total cost and sensitivity of

energy rates.

1 Generating electricity for the HVAC system accessories - fans,

pumps, controls, etc., was beneficial when energy costs were

considered.

^I ~ *e 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.

3fB « ~* 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.

3| ~ 2.2.4 Recommendations to Advisory Board, October 1978

The previous information and following recommendations were presented to the

~I ~Advisory Board for their review on October 18, 1978:

* Base loading the steam power cycle is recommended in order to

reduce system cost and complexity. Base loading also improves

the energy cost savings.

*~I <~e Fixing the turbine size at 90 hp and generating power with the

75-hp generator is recommended. The 75-hp generator also func-

UI~I ~ tions as a motor when the compressor load exceeds the net turbine

output. Under certain conditions, some excess electrical power

5HI~ ~would be generated. This excess power would displace part of

the normally purchased electrical power for the building. No

3ftI ~power would be exported from the building.

* Freezing the system design is recommended. The program should

3*~I~ now move on to Task IV-3, "Component Design".

The above recommendations were accepted and agreed to; commencing the

3H ~ "Component Design Task".
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I
*1 ~ 2.3 Additional System/Modeling Analysis

Subsequent to the October Program Advisory Board Meeting, an additional model-

3I ~ 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

3B ~ conventional systems, it did not show a savings in source energy consumption.

Several steps were taken to reduce the energy consumption until the system

36 ~ 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

3H 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

3I ~ modeling is described in the subsections which follow.

3I ~ 2.3.1 Heat Exchanger Modeling

2.3.1.1 Refrigerant Evaporator and Condenser Temperatures. The relationship

3I *between the refrigerant temperature (TREF) on the shell side and the water

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

3_ ~ equation:

Q = UA LMTD = WC AT (1)

where

3HI QQ = heat transferred between refrigerant and water, Btu/hr

U = overall heat transfer coefficient Btu/hr ft °F

3~I ~ A = heat transfer area, ft

T2-T 1
LMTD = log-mean temperature difference =2

Ln REF 1 T2

REF

3U~ ~ W = water flow rate, lb/hr

C = specific heat at constant pressure of water Btu/lb-F0

AT = change in water temperature between entrance and exit

of heat exchanger, T2-T1
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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:

*T1 = t ~- 14 L__ - (2)
T14 t12 Wi'Cp 1 - e X 4

where:

U14'A14

X14- W1 C p

For the condenser:

TI + (3)
T34 t81 W. C X,, e4

-- e

1* ~where:

U84 A84
X84 W8.C

|1 ~ 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

T =t + - Q [ - (4)
33 = 71 W7.Cp eX73

IUs where:

U73.A73
X7 3 W.C

t71 t73 W7.C7p
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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

Q33 F
T. t + *3[-> __ ] (5)
T33 = t82 + W8 C83

P -e

where:

U83A 83
83 W8-Cp5 8 3 - 8 p

82 = t81 + Q34/W. Cp

tU = f (ambient wet bulb temperature,cooling tower performance)
t81

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.

3U 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

3* 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)3l ~ 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

I
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I
3| ~ refrigerant condenser bundle (approximately $7,000) could not be justified.

Any additional heat could be more economically provided by an auxiliary gas

3mj 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-

3U bundle heat pump the condenser temperature was controlled by the heating system
return water temperature (100-105°F). Thus, with the single-bundle condenser,

3| ~less compressor work was required to remove the same amount of heat from the

evaporator.

'I- 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.

3M 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

COP = -heat in
network supplied

yielded

h1 - h
COP = h h (6)

*t 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 P14 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 hi - hi. The condenser temperature (T34), used in the COP

38 ~ 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

I
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3jj ~ 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)

WREFT 14
and a given compressor inlet condition X = , see Figure 2.3-3. This

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-

3| ~ 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 (X , R) point was then moved vertically

upward to the same inlet guide vane (IGV) position in the (Xo, n cmp) graph

as in the (X , R) graph. For modeling purposes, however, a combination of two

5H ~ 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:

B^B~I ~Compressor Speed
(rpm) Freon Refrigerant

51U~~ ~12,000 R-ll

24,000 R-12

3HP%~ ~~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

MECHANICAL
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I
3* ~ 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

(*B the pressure ratio as follows:

h2 - hi = (slope) x (log 3 (7)
5 14

where:

*HI ~ Refrigerant Slope

R-ll 16.9

5IB ~ ~ R-12 17.5

R-22 24.6

2.3.3 Prime Mover Concept Modeling

3H ~ 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

SS ~ 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-

5H ~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

*H ~ 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

*H ~ 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

I
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I
power required from the utility grid for the system was converted to the

appropriate frequency through the electrical converter. The corresponding

3J ~ 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.

Of 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:

I
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Refrigerant evaporator area (A14) .......... .500-900 ft2

Refrigerant condenser area (A84) .700-1400 ft

Steam condenser area for heating system (A73) . . . .60-400 ft

Steam condenser for cooling tower system (A83) .. . .60-400 ft

Heating system flow rate (G7). ............ .150-250 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

HI ~ following linear functions (with areas in square feet):

$ = 13.6 (A14 - 618) + 9658 (8)

I $ = 11.6 (A84 - 878) + 11,343 (9)

$ = 4.24 (A73 + A83 - 114) + 7620 (10)

Combining Equations (8), (9), and (10) yielded the total heat exchanger capital

IB ~cost

Total $ = 13.6 A14 + 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-

*a ~ pressed as follows:

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

= minimum (12)

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

~I ~each combination was checked against Equation (12).

2.3.4.2 Optimization Method. A complex method for constrained optimization

(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

I
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I
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

*I c· Specified convergence criterion satisfied

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

*m Attachment B.

3U 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-Off 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

~I 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 concepts were modeled

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

RFTLTST OF OPTIMIZING SYSTEM

ANNUAL 1 ) 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

;Z^ ~ Optimized Case 22,034 26,685 7.07 577 709 153 99

A + 730 - 2,735 +0.10 -23 -191 +3 -51

L x 100A x 100 + 3.4% - 9.3% +1.4%
Base

(1)$2.20/106 Btu Gas, 4¢/kW hr, $3,000/kW Demand, =1.5
QH
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I
3* 2.3.5.2 Annual System Operating Cost Comparison. Each model for the nine

coupling concepts was evaluated for annual operating costs. The results

3' ~ are listed in Table 2.3-2. Identical system inputs, including the optimized

heat exchanger areas were used. For mechanical concepts II, III, and IV, the

3B ~ 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

3K ~ best annual operating cost over base-loaded mechanical concepts as well as

over part-loaded electrical concepts. In addition, operating with a mechanical

3SB clutch clearly improved a mechanical concept's annual operating cost.
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

3| ~ 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

3t ~ 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

3I ~ 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

I
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UHsr~~~~~ T~TABLE 2.3-2

ANNUAL OPERATING COST COMPARISON OF PRIME MOVER COUPLING CONCEPTS

3OB ~CONCEPT TOTAL ANNUAL OPERATING COST ($)*

I (No Turbine) 31,472

U~II N MECH. II (No Clutch) 24,375 + 3500** = 27,875

Z \III (No Clutch) 23,198 + 3607** = 26,805

P4- §IV (No Clutch) 25,214 + 3032** = 28,246

E C V (With Clutch) 24,106

0 A ELEC. VI 22,741

w VII 22,463

I q VIII 22,034

IX (Mag. Clutch) 22,875

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

* @ $2.20/106 Btu

@ $ .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 10 Btu

Net Annual Cooling Requirement 9
(If economizer is used) = 1.8 x 10 Btu

Gross Annual Heating Requirement = 1.8 x 10 Btu

U|f ~Peak Cooling Load = ].5 x 10 Btu/hr

Peak Heating Load = 1.3 x 10 Btu/hr
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U*I~~~~~ Ta~TABLE 2.3-3

ALTERNATE DRIVERS FOR SYSTEM MODEL

3IB Model Input Type Alternate Driver

1 Stirling Engine (advanced)

11 Stirling Engine (state-of-art)

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

3 Spark-Ignited Gas Engine (state-of-art)

4 Steam-Rankine Turbine

MECHANICAL 2-79
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* SOA(1) Stirling Engine

1a~ 0~~O Advanced Stirling Engine

SOA S/I(2) Gas Engine
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I Fig. 2.3-12 Thermal Efficiency Comparison of Alternate

Drivers (including all required power for

*OBr~~~ ~~accessories)
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3 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

H1 ~ 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

3 application. Consequently, only external source heat pumping was considered

for the "heat pumping" option. Major remodeling of the refrigeration system

3I 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-

Ig 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

3 version of the model (as described in Section 2.2.1.1). The two heat pump

stages interface with each other through the chilled water loop as shown in

38 Figure 2.2-3. In the model, both compressors operated when the system was in

the heat pumping mode, whereas only the second compressor (C2)operated dur-

3l ing the cooling mode.

*g 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

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

tion system with a scheduled water temperature reaching a maximum temperature

AMs of 180°F at 0°F ambient. The model studied here used fan coils in the heat

distribution system with a constant 110°F water supply temperature. The

A| ~ evaporating and condensing conditions required with the lower water temperature

were well within the capabilities of positive displacement screw type com-

3k pressors.
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3H ~ 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

3* 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

fI ~ building heating load more efficiently than by utilizing the reject heat from

the refrigeration cycle. In order to evaluate the soundness of this theory,

3» ~ 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 the 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

3m ~ 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). If the heating load was still not satisfied

3B ~ 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.

3- ~ 2.3.6.3 Discussion of Results. The results of the alternate driver study are

presented in Table 2.3-4. For each combination of load control mode, external

I CHANICAL 2-83
TECHNOLOGY

SINCORPORATED



mI| | From Main Program

-IMI

L 1 t Iat

/ Cycject Yefrom Driver

W Rej ec t
Heat

Heating Load _

HM / Total R^ Keject Heat

/ Rjecc Yes to from Driver

Heat y- Cooling
Tower

KHeaLinigi

Fig 2.-4 Fo hr Sedt f Driver

Nor H e I Power =90

No

Pow er

Xcua r Nuwer Yes

IB Yes

Pu. p i n g f Yes

i. Reca lcuBlate eIlncRe i Calculte

Reject Heat Extern.l H P 
B se -

i d Hat IriverL
t

in

terin New Heat Pumping and Modulated Driver Load Operation

MECHANICAL 2-84
TECHNOLOGI

Compressor Pump ing
Power Required

\^ Pumpiny /Add
' Been / Renailn in{, Calculate

*< Reached / . Required Ht, at ()peratinK
"< / wicli Auxiliary Costs

Fig. 2.3-14 Flow Chart Additions for Alternate Driver Study to Include
External Heat Pumping and Modulated Driver Load Operation

^ECHANICAL 2-84
TECHNOLOGy

&*& Pl~ia t INCORPORATED



TABLE 2.3-4

I|g11B"~~~~ ~ECONOMY MOTEL APPLICATION ,
p n ENERGY COST AND CONSUMPTION

Controln P e

(5)

Control/Configuration Prime Mover

Load Steam Elect.
Control Configuration Rankine S/E (Adv)( 1 ) S/E(Exist)( 2 ) P/I Diesel( 3 ) S/I( 4 ) Motor

Base Heat() $23.3(6) 21.5 22.2 22.0 22.9
Loaded Pumping (7.98) 7) (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)

Mo d Heat 27.6 26.6 27.8 27.0 27.6 37.6
Pumping (8.01) (7.50) (8.00) (7.51) (7.95) (8.92)

X. Mr tr No Heat 24.2 25.0 25.4 23.2 23.8 32.7
Modulated 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 @ $2.2/10 Btu, and electric @ 4¢/kWhr and $3/kW/mo demand

(7) Total energy consumed by system 109 Btu/yr

(8) External source two stage heat pumping

(9) Excluding process loads



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

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

3 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.

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

modulate their output.

U 2. On an annualized basis, all drivers showed an advantage without

heat pumping, both from energy cost and consumption standpoints.

B 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.

|1 ~~ 3. The large heating load for this application masked the sizable

differences in thermal efficiency which existed between the

P:~I ~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

3H generator where an 83% efficiency was assumed for all systems.

Thus, good driver efficiencies became diluted by the auxiliary

3J steam generator performance. In particular, the operating cost

difference between the base-loaded, no heat-pumping Stirling

SB1| ~ engine (advanced) and the spark-ignited (S/I) gas engine was 1%

whereas their full-load efficiencies were different by 19%

3 (.366 and .307, respectively).

This masking effect could be best understood by reviewing a series of perfor-

3H 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

3| obtain an engineering "feel" for the significance of the obvious factors

which were expected to influence operating cost and performance. Some of

31 ~these factors included: driver efficiency, rejected heat, and heating/cooling

loads. This analysis was the result of hand calculations done before

I
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I
3 TABLE 2.3-5

COMPARISON OF 90 HP BASE-LOADED STEAM RANKINE AND ADVANCED3 STIRLING ENGINES IN HEATING MODE - SAMPLE CASE*

Stirling Engine
Steam Rankine (Advanced)

· I(~~~~~~~~ ~~~Not Not
Heat Heat Heat Heat3i Pui Pu Pumping Pumping

Heat Rejected from Engine 559,426 555,316 242,832 239,180

*I Heat Pump Condenser Load Btu/hr 327,346 - 632,987 -3
Auxiliary Boiler Output, Btu/hr - 331,456 10,954 647,592

3 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

3 Fuel Input to Auxiliary Boiler - 399,345 13,197 _780,231

TOTAL Fuel Input 941,973 1,341,318 646,331 1,413,365

3 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

3 For 733 hr of Operation:

Energy Cost

I Gas @ $2.2/106 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 $1,327.48 $2,227.1 $1,380.12

3 Energy Consumption, Btu x 108

Gas 7.28 10.37 5.00 10.93

Electric 1.05 (2.74) 3.24 (2.94)I*f~~ ~9.33 7.63 8.24 7.99

Conditions: 30F ambient, 886,772 Btu/hr heating load, no cooling load,3 *Conditions: 300 F ambient, 886,772 Btu/hr heating load, no cooling load,
733 hours per year duration.

I
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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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I
UZ ~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 used3 in the detailed computer modeling. Separate analyses were done with respect

to heating-only and cooling-only modes of operation. Later, the 90-hp,IB ~ steam-Rankine system was also plotted on these curves. These driver sizeU differences should have been taken into account when the alternate drivers

X1 were compared with the steam-Rankine system.

Figure 2.3-15 illustrates the nature of the heating load for the motel3* building used in the alternate driver study. The average heating load was

about 0.8 x 10 Btu/hr, based on annual heating requirements; however, the1 ~mid-point of the heating season (6247 hr) occurred at a load of about
0.53 x 10 Btu/hr. The motel's annual cooling season was about 3600 hours

X3 ~ in length and overlapped the heating season by about 2050 hours.

MOW*Figures 2.3-16 and 2.3-17 present the heating mode performances of the engines

driving the electric generators (i.e., without heat pumping) with modulated

and unmodulated (base-loaded) controls, respectively. Both modes of control

]E ~ produced the same results when the heating load exceeded the engine's maximum

available rejected heat. Supplementary firing was required from the auxiliary3 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

XM advanced Stirling engine's performance was practically identical to the

spark-ignited gas engine's performance, even though they had 36.6% and

X 130.7% thermal efficiencies respectively. If the alternate drivers were to

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 heatingI loads greater than 0.5 x 10 Btu/hr (maximum heat rejection from the steam-

Rankine cycle). Considering that the average heating load occurred at nearly

0.8 x 10 Btu/hr, a major difference in energy consumption could no be ex-

pected for any of the drivers (including the steam-Rankine system) solely on3 the basis of heating load, providing the process load was not included.
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I
j- ~Modulating the engine's output to match its heat rejection rate to the

building's heating load offered a small performance advantage over base

fB ~ 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

*s 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

3 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-

c eluded 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.

3- ~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

3 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)

*I showed that the modulated heat pumping case would be a less attractive concept.

3 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.

I
Figure 2.3-19 illustrates the difference in primary fuel requirements for

3 the various drivers when powering the chiller compressor. Here again, an

electric motor drive was included for reference purposes on the following

3 basis:

motor F/L = 92.9%

I Tpower plant = 33%

nelectrical power transmission
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I
All the drivers were 155 hp with the exception of the steam-Rankine 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 less 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

3U 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%

3| ~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

3B ~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 consisted of 943 x 10 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.

INCORPODATED
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I
Figure 2.3-21 shows that less than 10% difference existed in the single-stage/

two-stage performance at 22°F ambient. Assuming a corresponding savings in

compression energy existed, the single-stage heat pumping could have reduced

the annual energy costs by $390 per year. This amount was insignificant in

3U 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 heat-

pumping, steam-Rankine case (Table 2.3-4) as a point of reference, an annual

process load of 4.6 x 10 Btu raised the annual operating cost by $1,518 and
8

the energy consumption by 8.1 x 10 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 10 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

3H ~ extent than the steam-Rankine cycle.

3| ~ 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-

3| ~ 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

3H 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

3* 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

U| ~ 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-

H ~significant effect on either the heat exchanger capital cost or the energy

operating costs. This result was desirable, inferring that an optimum de-

3fl sign for one application would operate at near-optimum performance in a
different application.
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TABLE 2.3-6

IJ5o°,K~~~~ ~ECONOMY MOTEL APPLICATION
STEAM RANKINE SYSTEM OPTIMIZATION

Design Parameter Initial Final
Concept VIII Concept V

(Modified)**

2
Steam Condenser Areas, ft :

Heating System Bundle 153 157 140

Cooling Tower Bundle 99 105 118

Refrigerant Condenser Areas, ft :

X Cooling Tower Bundle 813 700 700

O 2
Refrigerant Evaporator Area, ft: 577 569 525

Heating Loop Water Flow, GPM 229 243 233

COST TRADEOFFS

Heat Exchanger

Capital Cost $26,688 $26,518 $25,898

System

Energy Cost/yr Concept VIII: $21,445 $21,490 $19,248

Concept V
(Modified) : $19,849

* Does not include process load.

**Total parasitic losses same as Concept VIII
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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 Drawings2 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-

pressorwascaused by the broad flow and heat requirements. However, the system

58 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 oil 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 allowedmodest system dimensions and

speed without exceedingly high condenser and evaporator pressures; hence, it

MECHANICAL -
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°in>11~~ <g^~~~ nTABLE 3.2-1

CENTRIFUGAL COMPRESSOR SIZING INFORMATION FOR THE 125 TON LSM CHILLER

SHOWING THE SIGNIFICANT MECHANICAL AND PROCESS PARAMETERS

IMPELLER PRESSURE

FLOW DIAMETER SPEED HP EVAPORATOR CONDENSER

REF LB/SEC INCHES RPM AT DESIGN PSIA PSIA

R113 7.94 22.3 7,000 149.8 2 11.6

Rll 6.33 13.6 12,200 133.7 5 25.6

R12 8.66 6.2 24,100 148.6 43 141.3

R22 6.28 4.5 39,500 150.4 70 225.5



I
~I ~ 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-ll 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

fl ~ 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

*l ~ operating with a constant cooling water inlet temperature.

31 3.2.4 Aerodynamic Design

The design for the compressor is given in Figures 3.2-3 through 3.2-11 and in

U ~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

31 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 N - D
s s

diagram in relation to the maximum obtainable performance. The design point

3HI 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 impeller blade design details.

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

U| ~ 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

*~~~~~I ~COMPRESSOR IMPELLER FLOW PATH GEOMETRY

3HI~~~~~ ~~~Shroud Profile

STA R Z p, 0 t

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

*»I~~~~~~~~ Hub Profile

STA R Z e tm 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 39.03J 43 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

U
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TABLE 3.2-3

COMPRESSOR DESIGN PARAMETERS

Working Fluid R-12

Cooling Capacity 125 tons

Evaporator Temperature (saturation) 30°F

Condenser Temperature (saturation) 105°F

Mass Flow 8.66 lb/sec

Power Required 148.6 hp

Rotor Speed 24,049 rpm

Specific Speed 87.9

Specific Diameter 1.7

Estimated Compressor Efficiency .785

Inlet M/T/P 4.4428

I Pressure Ratio R 3.2736

N//T 1086.4

Rotor Tip Diameter 6.2 in.

Inducer Tip Diameter 3.5 in.

Inducer Hub Diameter 1.0 in.

Rotor Tip Width .250 in.

Diffuser Inlet Diameter 7.0 in.

Diffuser Exit Diameter 11.4 in.

Diffuser Width .240 in.

Scrall Area at Exit 8.0 sq in.

I
I
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I
BI ~ concept facilitated manufacturing, shop testing prior to system assembly, and

field maintenance. The layout of the compressor module is shown in Drawing 53! ~ while Drawing 4 shows how the compressor related to the other rotating machinery.

~I 3.2.5 Compressor Control

The compressor capacity was controlled by inlet guide vanes as presented in3i ~ 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 with3> ~ centrifugal compressors when operated under extreme conditions. These operat-

ing conditions had to be avoided to ensure long trouble-free operation. Low3B ~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-

3l ~ tion. Two commonly used methods of control were considered: recycle control

and shutdown (on-off) control. The first method was commonly used in process3H ~ 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, which occurred during surge, and shut down the

B3 compressor by disengaging its drive clutch. After a predetermined amount of

time elapsed, (measured by a timing relay), the compressor drive clutch reen-31 gaged, restarting the compressor. During the shutdown, the building's cooling

load increased, and when the compressor returned to operation, it again operated

I
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I
3g ~ in the stable region. The compressor start/stop cycling, under extreme op-

erating conditions only, was easily accomodated by its drivers, motor and

3| ~ 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-

3 p~pact on the conventional electric-motor-driven chiller where the number of

starts per hour had a significant impact on motor life.

IB ~ 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 $400 and was capable of meeting the sealing

3H ~ 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 oil 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 oil system.

3M ~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.

U* 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 clutch was required in this concept to reduce the parasitic losses while

the system was in the heating mode and the compressor was not required. The

3H ~most desirable arrangement was a high-speed clutch (40,000 rpm) directly con-

necting the turbine and compressor - eliminating one gear set. However, this

I
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I
3U was far beyond the state-of-the-art of friction clutches and presented other

problems such as the refrigerant shaft seal.

I
Planetary gearing and band clutches offered some reduction in overall size for

3* ~the machinery package. Unfortunately the increased number of parts (gears

and bearings), the associated cost and long-term reliability considerations

3j ~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

3B ~ 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.

* ~I 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 described in Sec-

tion 2.3.4. The optimized surface areas were used as the basis for estimating

*H ~ their costs.

~* 13.4 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-

3| ~ cent, thus eliminating the governor/throttle valve control system. In addi-

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

I
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I
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 the 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 oil 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 (AGMA 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 were the

3H ~ bronze sleeve journal bearings for cost and reliability. The bearings which

support both high-speed pinion gears werepocketed journal bearings, for rotor

stability considerations. Tilting pad bearings were considered, but rejected

because of their higher cost and higher friction losses.

Hi ~ 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

I
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I
IH 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.

3* ~ 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.

*HI 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.

BI ~ The two-wheel (three-stage) concept was optimized using a parametric analysis

with an MTI computer program based upon Lindhart and Silverman 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 and 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

Inlet/Reheat Temperature, °F - 950/950, 1050/1050, 1150/1150

Back (exhaust) Pressure, psia - 1.17, 1.82, 2.40, 3.57

Wheel Pitch Diameter, in. - 3/4, 4/5, 5/6, 6/7, 7/8, 5/5
(wheel #1/wheel #2)

Turbine Speed, rpm - 40,000, 58,000

I
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TABLE 3.5-2

RESULTS OF PARAMETRIC STUDY SHOWING KEY TURBINE PERFORMANCE AND SIZING
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

D1 D2 P U/C nAD 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

3 53 .20 .22 .36 .416 .509 .699 .12 .23 .55

600 40 .15 .15 .25 .326 .384 .582 .13 .24 .58

l , 1r 4 58 .21 .22 .36 .430 .508 .700 .13 .24 .58

4 5 800 40 .19 .20 .31 .391 .480 .660 .09 .17 .44

58 .27 .30 .45 .491 .608 .734 .09 .17 .44

600 40 .19 .20 .31 .405 .480 .662 .10 .18 .47

3 f " v 58 .28 .30 .45 .504 .608 .733 .10 .18 .47

5 6 800 40 .23 .25 .37 .446 .558 .712 .07 .14 .37

58 .34 .37 .54 .510 .667 .706 .07 .14 .37

600 40 .24 .25 .38 .460 .557 .713 .08 .14 .39* r ? 7 58 .35 .37 .55 .519 .667 .703 .08 .14 .39

6 7 800 40 .28 .31 .44 .470 .616 .734 .06 .12 .32

58 .41 .44 .63 .446 .681 .611 .06 .12 .32

600 40 .29 .31 .44 .483 .615 .735 .06 .12 .33

* i f 58 .42 .44 .64 .448 .682 .606 .06 .12 .33

7 8 800 40 .33 .36 .50 .451 .651 .723 .05 .10 .28

i 58 .47 .52 .72 .259 .642 .417 .05 .10 .28

600 40 .34 .36 .50 .461 .652 .725 .06 .10 .29

58 .49 .52 .73 .250 .645 .436 .06 .10 .29

*Multiply by 1000

I
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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

1'lREH1 D2 I U/C nD 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

6 7 .28 .29 42 .468 .604 .731 .05 .11 .31

7 8 fr I .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

i 77 8 .33 .33 .46 .437 .633 .733 .04 .10 .26

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

6 7 .28 .31 .44 .470 .616 .734 .06 .12 .32

7 8 V .33 .36 .50 .451 .651 .723 .05 .10 .28

*Multiply by 1000

I
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I
TABLE 3.5-4

RESULTS OF PARAMETRIC STUDY SHOWING KEY TURBINE PERFORMANCE AND SIZING
FACTORS FOR STEAM CONDITIONS OF 950°F (INITIAL AND REHEAT)/PRESSURES3HI ~ OF 200 AND 400 PSIG/2.4 PSIA AND AT SPEEDS OF 40,000 AND 58,000 RPM

D1 D2 P U/Co l Blade Height, in.1 2 1 o O AD
in. in.psig rpm* St. 1 St. 2 St. 3 St. 1 St. 2 St. 3 St. 1 St. 2 St. 3

5 6 200 40 .3 .26 .38 .517 .565 .714 .14 .16 .42

31I~~~~ \ 58 .43 .38 .55 .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 .549 .615 .732 .17 .20 .50

400 40 .21 .20 .32 .424 .476 .671 .10 .17 .47

3mI~~ ' 1 r 58 .30 .29 .47 .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

l .l l 58 .23 .22 .37 .449 .504 .707 .14 .23 .58

1" I6 7 200 40 .35 .31 .44 .531 .622 .735 .12 .12 .36

3 58 .51 .45 .64 .433 .683 .604 .12 .13 .36

400 40 .31 .30 .45 .444 .612 .735 .07 .11 .33

UI , l i 58 .45 .44 .66 .427 .680 .577 .07 .11 .33

3H~ 5 5 200 40 .30 .26 .31 .517 .565 .663 .14 .16 .50

58 .43 .38 .46 .541 .672 .732 .14 .16 .50

400 40 .26 .25 .32 .477 .553 .671 .08 .14 .47

I rt ! 58 .38 .37 .47 .522 .664 .732 .08 .14 .47

*Multiply by 1000
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TABLE 3.5-5

RESULTS OF PARAMETRIC STUDY SHOWING KEY TURBINE PERFORMANCE, SIZING
FACTORS AND STEAM FLOW RATES FOR SIX- AND SEVEN-INCH DIAMETER

WHEELS, WITH 950, 1050 AND 1150"F/800 PSIG STEAM
AND WITH VARIOUS BACK PRESSURES

U/C AD Blade PHeP g h U/,n Flow
TIrREHD1 D2 1 P2 U/C AD Blade Height, in. Rate
'F in. in. psig psia St. 1 St. 2 St. 3 St. 1 St. 2 St. 3 St. 1 St. 2 St. 3 lb/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 r , 3.57 .28 .29 .49 .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 .462 .591 .715 .05 .11 .35 .136

2.4 .28 .28 .40 .469 .591 .725 .05 .11 .30 .141

f r 11 I 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 .469 .615 .730 .06 .11 .37 .152

2.4 .28 .31 .44 .470 .616 .734 .06 .12 .32 .157

3 r I I N 3.57 .28 .31 .51 .474 .616 .721 .06 .13 .29 .170

1

_ MECHANICAL. 3-32
J TECHNOLOGY

I NCORPORATEO



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

still retaining the reentry arrangement for the first two expansions.

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

3j di:ates 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.

3H 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 lb/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

3 s:similar geometry but slightly larger size, i.e. 10.433-inch diameter. These

tests showed that an efficiency of about 61% should be attainable. An adia-

3J ~batic efficiency of 61% was used on the first two expansions using the 2-row

first wheel, and the calculated 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.

3I 13.5.1.2 Other Types of Expanders. Two other expander types were considered

for this application. They included: a rotary positive displacement expander

5H 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

31 ~low arc of admission and poor performance.
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I
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.

3j ~ The results of this study showed that losses from porting, carry-over and

leakage were the major deterrents to achieving good expander efficiency.

3B ~ 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. For example, at 0.001 inch the efficiency decreased to

61%; 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

3H ~leakage clearances and the associated critical manufacturing requirements.

UH 3.5.2 Turbine Design

Based on the favorable result from the optimization studies, further design

3B ~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.

3O 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

3B ~ 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 (N ) 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

H ~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

3s 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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UKI~~~~~ ~~~TABLE 3.5-6

FINAL SELECTION OF STEAM STATE POINTS
AND TURBINE DESIGN PARAMETERS'

3)s Working Fluid Steam

Number of Stages 3

3 Power Output 90 hp

Inlet Pressure 800 psig

Inlet Temperature 1050°F

Reheat Pressure (after 1st stage) 64 psia

Reheat Temperature 950°F

Turbine Exit Pressure 2.4 psia

Mass Flow .157 lb/sec

3 Turbine Speed 40,000 rpm

Stage 1 Stage 2 Stage 3
(2 Row) (2 Row) (1 Row)

U Specific Speed 4.7 14.5 35.3

Specific Diameter (in.) 9.2 3.2 1.9

Velocity Ratio U/C .28 .31 .44

Turbine Efficiency .508 .688 .734

3 ~ Admission Percent 8.3 52.1 100.0
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He~E~Ife~~~~~~~~ ~TABLE 3.5-7

Ss^n TURBINE STAGE DATA
,O.

m '

Wheel #1 (Curtis) Wheel #2

_ Stage 1 (2-Row) Stae 2 (2-Row) Stage 3 (1-Row)

Nozzle Type Conical (Con-ij) Conical (Con-Oi) 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 .340

Rotor Blade Width (in.) .250 .250 .250 .250

Blade Angles (inlet/exit) 200/200 350/25° 600/350 260/260

Rotor Blade Number 122 122 133 176

Blade Pitch Dia. (in.) 5.50 5.50 5.514 7.00
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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 methods for manufacturing the turbine wheels were considered. Investment

3t ~ costing techniques were considered to be the most cost-effective production

method. The final bucket designs described above reflected compromises in

3lf ~ 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

3It 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 oil and water from contam-

inating each other. The quill shaft design concept permitted the use of a

3U ~small, inexpensive ($20), shaft seal for this critical application.

The entire turbine subassembly was sandwiched between the gearbox housing and

3H ~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-

3l ~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

3sg ~ 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

I
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I
3R ~ 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

3B 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

3l ~ 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.

31 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

31 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

3lB ~ 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

3B ~ valve to dump excess output directly into the condenser.

The above controls were expensive and had been eliminated from the system by

3l ~using a modified start-up sequence. The turbine, being small in size, was

preheated by means of resistance heating elements, not shown in Drawing 4 or

31 ~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-

3lfl| onds later the lube-oil 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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3 The preheated mono-tube steam generator produced steam immediately. The

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

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

heaters in the turbine casing were deenergized and the system operated at

3B full power. The entire start-up procedures, after the turbine preheating

was achieved, should have taken less than 45 seconds and should not have

gI required an attending operator.

3.5.4 Performance

I The overall turbine performance is given in Figure 3.5-10, which shows basic

cycle efficiency plotted against horsepower output,with condenser temperature

3 varying from 100 to 140°F and the turbine supply pressure changing. This per-

formance was derived by assuming a constant Stage-l and Stage-2 turbine ef-

|B 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

3l The steam generator was designed by Advanced Mechanical Technology Incorporated,

Newton, Massachusetts in accordance with the process design specifications

fS ~ provided by MTI. Various alternatives were evaluated in order to develop a

cost-effective design.

1a 3.6.1 Alternatives Considered

3 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 steam-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

3 covered a matrix of four temperature and pressure levels. At a constant

pressure, the tube and fin material costs increased slightly with increasing

3 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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TABLE 3.6-1

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

I Stam enertor Constant Pressure, 600 psig

Steam Generator Outlet(1)
900 950 1000 1050

Temperature, °F

Tubing Cost, $ 471 492 504 557

Steam Generator Efficiency .875 .871 .868

n (LHV)
Constant Temperature, 900°F

(2)
Steam Generator Outlet 200 400 600 00
Pressure, psig

Tubing Cost, $ 536 524 471 472

Steam Generator Efficiency 0.879 .879 .878 .875

n (LHV)

()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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I
U ~ for the 1050°F design than for the 900°F design. However, the annual fuel

requirement for the 900°F turbine design was $750 ($2.2/10 Btu HHV) higher

3I 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 92% based on lower heating value (LHV) (83% HHV) which was

slightly higher than the values shown in Table 3.6-2. Two design alternatives,

(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 83% HHV efficiency was achieved.

fl ~ 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 60% more volume to the steam generator. During warm-up,

3B ~the density of the combustion air for the preheated concept changed by 40 to

50% causing special start-up air/fuel ratio control considerations. The costs

3g incurred by these differences in controls and unit size were anticipated to

exceed $200. This amount, along with the anticipated added control require-

3fl ~ments and associated lower reliability precipitated the decision in favor of
the economizer design.

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

3U the two concepts. The integrated design offered the potential of a cleaner

looking, more compact design. However, the design required the extra devel-

3K ~ 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-

*ff ~ 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

0
Z

s Heat Transfer Surface

!6'U~~~~~~~~~~~~~~~~ 1 I I I I I Pass Number

(1) Eff'y Exhaust Steam Steam
Case LHV Temp.,°F AP,psig Flow, pph 1 2 3 4 5 6 7 8 Total

#1 Tubing
( )

1/2x.0491x0
4
91x.049 l/2x.049 3/8x.049 3/8x.049

600 psig _~Size Fins
2
) - 1x6 lxlO 3/4x10 3/4x10600 psig

.878 518 154 775
900°F R.H. 51 14 77 Temp,°F Fins - - 786 777 538 391

(6 ~pass) Mate- Tubing 304SS I 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 61.63 118.97 132.07 106.22 471.79

_Tubing !l/2x. 09 0#2 |Tubing 12/2x.09 lx.8x.3/8 x.049 3/8x .049
Size

W 600 psig ___
l z

_ _Fins - |
'
lx6 lxlO 3/4x10 3/4x10 3/4x10900 psig

Ln 900°F S.H. Max. Tubing 989 1028 616 708 497 366 331
900°F R.H. 87 1 19 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 S

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 {T ubIn g I /2x.049 x .04 9
Size#3 S Tubing 1/2x.049 lx.049l/2x.049 l/2x.049 3/8x.049 3/8x.049 3/8x.049 3/8x.049

600 psig S ze Fins - i - lx6 lx1O 3/4x10 3/4x10 3/4x10 3/4x10

900°F S.H. Max. Tubing 989 1028 616 708 497 366 331 310
900°F R.H. 0 411 12 7 Temp.,°F Fins 786 777 538 391 350 327
(8 pass) (8 ~pa~ss) Mate- Tubing 304SS T22 CS 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 29.18 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)Fin OD" x pitch (fins/inch)

(3)Tubing OD" x wall thickness"



iMs,|~~~~~~~~ ~TABLE 3.6-2

i^ IINITIAL STEAM GENERATOR PARAMETRIC STUDY - SUMMARY OF RESULTS (cont'd)

oOCZ

°O~~~~~~~~~~~~~~ ~~~~~~~Heat Transfer Surface

Pass Number

Eff'y Exhaust Steam Steam I I 5

Case!
1

LHV Temp.,°F aP, psig Flow, pph 1 2 4 5 6 78 Total

CAe0 L Tm4p., FP iSize t ubing) 1/2x.049 lx.049 1/2x.049 1/2x.049 3/8x.049 3/8x.049

rials Fins - - 409 CS CS CS

Length,ft 27.9 J19.2 28.8 25.1 28.1 22.6 151.7
Cost, $ 23.72 129.18 61.63 118.97 132.07 106.22 471.79

??:i!5'i l Size Tubing 11/2x.049 lx.049 1/2x.049 1/2x.049 3/8x.049 3/8x.049

~600 psig ^Sze | |Fins 
2

- 1x6 lxlO 3/4x10 3/4x10

600 psig

Co 190
0
0'F S.H. | Max. Tubing 1037 112074 7 72 747 511 381

9500F R.H.8 Temp.°F Fins - - 927 812 553 405

(6 pass) Mate- Tubing 304 T3042 CS CS CS CS

rials Fins - - 409 CS CS CS

Length,ft 27.9 19.2 28.8 25.1 28.1 22.6 151.7

Cost, $ 23.72 29.18 61.63 118.97 132.07 106.22 504.24

size

„,„600 psig j l l lFins - - x6 1x10 3/4x10 3/4x10

600 psigS . 7 147f1050°FS.H. 868 5 139 693 Max. Tubing 1085 1122 777 799 514 399

1000F R.H. TempF Fins _- - 933 864 559 423

(6 pass)

(6 ~pass) f| HMate- Tubing 304 304 CS CS CS

rials Fins - 409 
4 0 9

C

Length,ft 27.9 19.2 28.8 25.1 28.1 22.6 151.7

Cost, $ 23.72 41.47 81.79 171.94 132.07 106.62 570.21

( All cases based upon 25 percent excess combustion air

i16 Size Tubing 1 /2x.049 !1 x.04 9 1 2 x.0 490142 x.04 9 K1 8 x.049 3/8x.049

(2)Fin OD" x pitch (fins/inch)

FS.. Tubing OD" x wall thickness"3 1

.868 Tu552b
fL5OOOFR.H. B TempF Fins - i - 937 899 562 437

riate- Tubing 304 304 CS I 304 i CS CS

rials ' Fins - - i 409 409 I CS CS

Length,ft 27.9 19.2 28.8 25.1 28.1 22.6 151.7
Cost, $ 23.72 141.417 81.79 171.94 132.07 106.62 I 557.21

(
1
)All cases based upon 25 percent excess combustion air

Fin OD" x pitch (fins/inch)

(
3

)Tubing OD" x wall thickness"



mm m m mm am=I mm mm I mm

TABLE 3.6-2

8II~~ ~~INITIAL STEAM GENERATOR PARAMETRIC STUDY - SUMMARY OF RESULTS (cont'd)

_;g2o0~~~~ I______~~~~t Heat Transfer Surface

Pass Number

Eff'y Exhaust Steam Steam

Case(l) LHV Temp.,F AP,psig Flow, pph 1 2 3 4 5 6 7 8 Total

#7 Tubin^3) 1/2x.049 lx.049 1/2x.049 1/2x.049 3/8x.049
1
3/8x.049

800„„~ p I sigSze Fins ) - - 1x6 1xlO 3/4x10 3/4x10
800 psig ---
900°F S.H. Max. Tubing 989 1028 646 731 504 366

900°F R.H. 75 5 1TempPF Fins - - 816 800 547 393

(6 pass) ~(6 pass) Mate- Tubing 304 T22 CS CS CS CS
rials Fins - - CS CS CS CS

i I Length,ft 27.9 19.2 28.8 25.1 28.1 22.6 I 151.7

Cost, $ 23.72 29.18 61.63 i118.97 132.07 1106.32 471.74

#8 Tubing 5/8/2x.049 1/2x.049 / 3/8x.0493/8x.049
I Size0

,/Si *Fins - 1x6 1xlO 3/4x10 3/4x10400 psig Fins -- _ lx6 -- lx10_! 3/4x10 3/4x10 l 4
1I 804

900°F S.H. M87 514 1ax. Tubing 1012 1031 804 661 i 470 372
900

0
F R.H. TempF Fins - - 949 740 512 395

(6 pass) ~(6 pass) ~Mate- Tubing 304 T22 304 CS CS CS
rials Fins - - 409 CS CS CS

Length,ft 22.3 19.2 30.2 26.1 28.9 23.6 1 150.3

Cost, $ 21.41 29.18 103.89 1123.71 135.83 110.92 524.94

#q9 ! Tubing 8 x. x.0495/8x.049 5/8x. 1/2x.0491 3/8x.049 1#9 Size Tub0ngS0i z e pi Fins - - 1-1/4xlO lx1O 1x10 3/4x10 i
200 psig 374
900°F S.H n879 514 98 804 Max. Tubing 1011 1109 883 706 425 374

.879 514 98 804 4/J 398
900

0
F R.H TempF Fins - 1029 787 473 398

(6 pass) ate- Tubing 304 T22 304 CS

rials Fins - 409 C CS S CS

Length,ft 22.3 19 2.2 24.2 20.9 21.1 21.6 129.3
Cost, $ 21.41 29.18 129.86 154.61 100.01 01.52 536.59

(1)All cases based upon 25 percent excess combustion air

(2)Fin OD" x pitch (fins/inch)

(Tubing OD" x wall thickness"



I
3G 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

f* ~ 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.

*I ~ 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

3| ~ 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.

*B ~ 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.

I
Under normal operating conditions, the total heat contained in the steam gen-

3* erator's heat transfer materials wasequivalent 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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Steam From

Steam to 1st Stage,l f 1st Stage Turbine Exhaust Water From

|!H| of Turbine Steam Return to 2nd Regenerator

1" . AStage of Turbine D
o0 0

A Pass Pass Pass Pass Pass Pass Pass Pass Pass

: g B C D EF G H I

Combustion 1 2 6 7 8 9

Gas Flow

1 2 3 1 2 3 4
Super v

I Heater Reheater Evaporator Economizer

TEMPERATURE PROFILES

Water/Steam

Station Q © © Q ® ,1

Temp., °F 273 292 322 368 446 520 520 607 1050 570 1050

Combustion Gas

Station A B C D E F G H I J

Temp., °F 3149 2658 2310 1408 909 727 559 458 391 350

Fig. 3.6-6 Schematic Flow/Temperature Conditions in Monotube Steam Generator
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3B ~ section also describes the relationship of the steam generator to other com-

ponents within the system.

3.6.5 Shutdown Procedure

3J ~ 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

3H 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

*j ~ 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

H3 ~ 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

3H ~ 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 lb per million Btu per hour and a specific volume of about
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1 ft per million Btu per hour. In spite of the highly economical use of

material, the LSM steam generator was designed in accordance with the ASME

~I power boiler code, with particular attention to the stress and temperature

limits as recommended by ASME. The mono-tube design was extremely safe,

*H ~ containing only about a liter of water and actually having less stored energy

than many residentially sized pressure boilers. The steam generator for any

*l ~ 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

3I (ASTM) materials code specifications, Underwriters Laboratories (UL) electri-

cal and controls specifications, and previously developed gas burner and

burner control specifications.

3.7 Regenerator

3I ~ 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 thi.rd-

3U 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.

I
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TABLE 3.7-1

REGENERATOR PROCESS DESIGN SPECIFICATION

*faI~~ ~Steam Side

Steam Flow = 490 lb/hr

Steam Inlet Temperature = 483°F

Steam Inlet Pressure = 2.4 psia

Steam Outlet Temperature = 150°F

Steam Outlet Pressure = 2.0 psia

IHP~~ ~~Water Side

Water Flow = 490 lb/hr

Water Inlet Temperature = 125°F

I
I
I
I
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3- I3.8 Steam Condenser

In this design, the steam condenser served multiple functions. The steam

condenser housed the lube oil 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.

3- ~ The steam condenser manufacturer's standard material were used as the basis

for the interim costing effort. After reviewing the manufacturer's standard

3H material (carbon steel shell, tube sheets, end covers and AS214 tubing), it

became certain that the material quality had to be increased. For this

application the use of stainless steel may have been required, in order to

have achieved a reasonable component life.

II ~ 3.8.1 Sizing 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-ft -°F was used for both tube bundles.

3.8.2 Hot Well Deaeration (Degasing)

~I As the steam condensed into liquid, it contained small quantities of non-

condensable gases. The steam normally reached the hot well at a temperature

3B 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

3H ~ 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 oil system as the heat source for this

function. The lucre oil 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

3 ,The noncondensables which were removed from the condensate were in turn re-

moved from the steam condenser (preventing blanketing of the heat transfer

3] ~ surface) via a small vacuum pump. A small amount of steam normally accompanied
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m ~ 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

3* ~ 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.

3t ~ Another source of the noncondensable gases was the decomposition of the pH-

and 02-controlling additives. In addition to the feedwater makeup system, a

condensate polishing system was also required to control the quality of the

feed water.

I' ~ Before the basic requirements of the steam feedwater treatment system are

presented, the fundamental techno-economic design objectives for this sub-

system can be restated as follows:

*B .~* The cost to meet the water quality criteria had to be minimal.

* Low maintenance requirements had to be consistent with conven-

3BB~ ~tional HVAC equipment service requirements.

e Water treatment was not to be site dependent.

3HP o The prototype subsystem had to have monitoring, alarm/trip

and recording capabilities which were assumed not to be

*HBI ~required on commercial units.

* The requirement for parasitic power had to be low.

3.9.1 Water Quality Requirements

3I ~ 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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*I ~ 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

1 ~ 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

H ~ 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 water

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.

3j ~ 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

3E ~ showing the makeup water treatment, condensate polishing and 11/02 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

3HI~~ ~Total dissolved solids <50 ppb*

Total suspended solids <10 ppb

Silica <20 ppb

Sodium < 5 ppb

Iron 10 ppb

Copper 5 ppb

Chlorine <20 ppb

Dissolved oxygen < 7 ppb

Dissolved carbon dioxide 0 ppb

pH, alkalinity 9.3

*ppb - parts per billion

TABLE 3.9-2

3PIJ~ ~~FEED WATER QUALITY REQUIREMENTS FOR LSM SYSTEM

*P)1~ ~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

C03/HCO 3/SO/NH3 0 ppb

pH 9.4

*ppb - parts per billion
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-li Note: Deionization (DI) Cartridge String
Sized for 1-1.25 gpm in Prototype

o:x: (4-5 in parallel) Condensate Polishing
ZO

2--------- | tC.__To Regenerator

Makeup Water Treatment

Secondary
l DI Cartridge

1< .25 gpm
Softner (if required) .2 gpmPri

_'_--\Primary
2 gpm F -- IStorage, D DI Cartridge

s Tank
60

Prefilter Gal Filter
Municipal Q

o Water
Cartridge

Supply

R.O. Approximately to

1/3 hp Pump Hotwel
Level

1.8 gpm Contro
Drain Valve Trim _

HX 71-1.25 gpm
Condensate

_------------- .- -- ~ Cooling H20
Intermittent

Operation____

Fig. 3.9-1 Steam System - Feed Water Treatment
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UH ~ 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 .7%

reduction in steam turbine output per mil of deposition for large (>130 MW)

turbines.

~I 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 10 lb/hr at 1000/1000 steam

conditions and the small unit had a flow of 500 lb/hr. These numbers repre-

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 this order of magnitude, a 4% turbine power loss would probably

result. The high pressure section in this design had four 72.5 mil nozzles

3I (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

fl ~ 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 02 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 Oil System

The compressor shaft seal was located between the compressor wheel and the

3| ~ bearing so a single lube oil 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 oil 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 oil system could be intro-

duced into the heating water loop while serving an important secondary

function.

I

MECHANICAL 3-76



REFERENCES

1. Linhardt, H. D. and Silvern, D. H., "Analysis of Partial Admission Axial
Impulse Turbines", ARS semi-annual meeting, Los Angeles, 1960.

2. Sapozhnikov, V. N., Shchekoldin, A. V., and Usanovich, L., "(KTZ) Investi-

gation of the Operation of a Supersonic Velocity Stage", 17(5),
Toploenergika, 1970, pp. 29-32.

3. Balje, O. E., "A Study on Design Criteria and Matching of Turbomachines",
Part A - Similarity Relations and Design Criteria of Turbines, ASME
Journal of Engineering for Power, January 1962.

4. Cowgill, T. and Robbins, K., "Understanding the Observed Effects of Erosion
and Corrosion in Steam Turbines", General Electric Co., Power Magazine

9/76.

5. Andres, R. F., "Water-Steam Cycle Experience with Subcritical Pressure

Once-Through C.E. - Sulzer Monotube Boilers", The Dayton Power and
Light Company, Dayton, Ohio.

6. Guthrie, K. M., Process Plant Estimating, Evaluation and Control,

Craftsman Book Company of America, Los Angeles, California, 1974.

I

MECHCN.Lc R-1
1 TECHNOLOGY

INCORPORATED|IH| lijwfalK~lKBINCORPORATED



ATTACHMENT A

FLOW CHARTS FOR SYSTEM MODEL

Chart Page

1 Overall System Model Flow Chart ..... A-2

2 Heat Exchanger Model Flow Chart ..... A-4

3 COP Calculation Efficiency Flow Chart . A-5

4 Compressor Efficiency Flow Chart .... A-5

5 Prime-Mover Models Flow Chart ...... A-7

6 Part-Load Turbine Operation . . . . . . . A-8

MECHANICAL

IECHNOLOGY

INCORPORATED( all fBINCORPORATED



Chart 1

Overall System Model Flow Chart
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Chart 1 - Cont'd
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Compressor Efficiency Flow Chart
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3 Prime-Mover Models Flow Chart

From Main Progra-

Evaporator Load (Q1,) /Base-LonledS NO
and COP 1-- Tlrhlne -

*1' \ ? / Set Condenser
Compressor Power Needed / , Heat Load - Required

<Q 14) IYES Heating Load

Vc-OP + Comp Bearing Losses Q Q

(Comp Motor Gear Efficiency) Assume Turbine
-__ -- _ __^* I Efficiency, n-, at

Design Conditions 
I
.
A s u

me "Turb

1 i-1
Ca- Input at Turbine | r

*~ N.O ~ ! I -ADesired Turbine Power
NO 16 ' Turbine Power

.TI/ \ T-----------TSHP T 3
{ i I l TSSp nT

g ase-Loaded n

urbine /

Actual Turbine Power /

TSHP -16 T / TSHP YES

- . ------ - \ TSHP /
Comp Power + Windage +

Power Friction BearingPower Friction Bearing Steam Condenser Reject Heat NO
Input to Losses Losses TSlP( I -

Moto Motor Efficiency 933 'T

Turbine Part
Load

][^Q I~ T Calculation of Steam TSHP

|~~~~~/I \Condenser Temperature 
:
T

L
TSHP

"Moto/ \ |~ 
z ~3

3 - f(Q33' U, A, WHS' THS) l.. m

/ Motor Power \ _

HB / Needed \ ____

m- < 
T u r b l n e

/*-- nT . F(T 3L) LTurbine Part Load (PL)
~\ ~P ~o w e r

,/~ _~ __ 
T

33'"~ r~ wEfficiency Graph
\ Available / | NO

YES I

YES

HBr |\^ { Turbine Power Available

§ \ Electrical t

/ | YES, \ / o

*o Y AcsoI T I Purchased Power

[TSHP + Electrical Accessoriesn Power

-Excess Power eeded

Exported

to Utility

Calculation
of Total Costs

MECHANICAL A-77__cH^",cA E 7
TECHNOLOGY3B ofToaCINCORPORATEO



3HT~~~~~ ~~~Chart 6
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U COLLECTED ALGORITHMS FROM CACM
454-P. 1- 0

I

I A ~Algorithm 454 This process is repeated as necessary until all the implhci con-
UAlgor ithm 454 .J ,Itrali:,i are satisfed.

(3) The objective-function is evaluated at each point. The point3 The JComplex M ethod for having the lowest function value is replaced by a point which is
located it a distance a times as far from the centroid of the re-

C ~ i_ < . d Opti*i a *ti* *o,- rp. . 1maining points as the distance of the rejected point on the line3 Constraned Optim izatlon [E4] joining the rejected point and the centroid:

Joel A. Richardson and J.L. Kuester* [Rec'd. Dec. 22, X(new) - a(X.. - X,,(old) + ., - ... , N.

1970 and May 5, 19711 Box 121 recommends a value of a - 1.3.
Arizona State University, Tempe, AZ 85281 (4) if a point repeats in giving the lowest function value on con-

secutive trials, it is moved one half the distance to the centroid of
the remaining points.

* o ~thKey Words and Phrases: optimization, constrained (5) The new point is checked against the constraints and is ad-
optimization, Box's algorithm justed as before if the constraints are violated.

CR Categories:5.41 (6) Convergence is assumed when the objective function values
Language: Fortran at each point are within d units for r consecutive iterations.

3 Prrgrumon. The program consists of three general subroutines
Description (ICONSX, JCEKI, JCENT) and two user supplied subroutines

_Purpose. This program finds the maximum of a multivariabi, (JFU.VC, JCNSTI). The use of the program and the meaning of
nonlinear function subject to constraints: the parameters are described in the comments at the beginning of

subroutine JCONSX. All communication between the main
Maximize F(X, X,,..., XN) program and subroutines is achieved in the subroutine argument
Subject to G. < X. < H., k - 1, 2, . .. , M. lists. An iteration is defined as the calculations required to select a

The implicit variables X.IA, ... Xu are dependent functions of new point which satisfies the constraints and does not repeat in
the explicit independent variables Xi, X,.... Xv . The upper yielding the lowest function value.
and lower constraints H, and Gi are either constants or functions
of the independent variables. Tesr results. Several functions were chosen to test the program.

,Wfretod. The program is based on thi: "complex" method of The calculations were performed on a CDC 6400 computer. Some
M.J. Box 121. This method is a sequential search technique, which examples:
has proven effective in solving problems with nonlinear objective
functions subject to nonlinear inequality constraints. No deriva- 1. Box Problem [21
tives are required. The procedure should tend to find the global Function: F - (9 - (Xi - 3))X'j27V3
maximum because the initial set of points is randomly scattered Constraints: 0 < X < 100
throughout the feasible region. If linear constraints are present or 0 < X < XI/V3
equalitv constraints are involved other methods should prove to (X, - X, v'3X) 6
be more efficient IlI. The algorithm proceeds as follows: Starting point: XI - 1.0, X - 0.5
(I) An original "complex" of K > N + I points is generated Parameters: K 4, a - 1.3, - .001, 5, i .0001
consisting of a feasible starting point and K - I additional points Computed results:
generated from random numbers and constraints for each of the F 1.0000 F - 1.0000
independent variables: X,, C + r,.,(H, - CG,, i 1, 2, ... , X, 3.0000 Xi 3.0000
N, and j 1. 2, . .. K - 1, where r/.j are random numbers be- X. 1.7320 X- 1.7321
tween 0 and 1. Number of iterations: 68
(2) The selected points must satisfy both the explicit and implicit Central processor time: 6 sec.
constraints. If at any time the explick constraints are violated,
the point is moved a small distance a inside the violated limit. If P O P

2. Post Oifice Problem i31ian implicit constraint is violated, the point is moved one half of the Function: F X r.X:X
Function: F ,, XX:XIdistance to the centroid of the remaining points: X,.,(new) . - .,

/ v f^\^\ impliC \onstrainits: 0 <i X, <2, i = I, 2, 3(Xi,.(old) + .,.,)/2, i - 1, 2 ... , V, where the coordinates Constr 0 < X, 42, i ) < 7,
0 < (X4 = XA + ZA' + +2K:) < 72of the centroid of the remaining points, ... , are defined by Stan i - X - 1.0 , 3 1

U 1 rKi ld' .~Parameters: K - 6, a - 1.3, 01, - 5, a - .0001
_ , ... X,.i - X - ;.(old) , 2 ... N.Computed results: Correct results:

K -I ~iJ _ N.- F - 3456 F - 3456

I1"' The authors acknowledge financial support from a National X - 24.01 X, - 24.00
Science Foundation summer fellowship and Arizona State Uni- X: - 12.00 X: = 12.00
versity Grants Committee fellowship. Computer facilities were XA - 12.00 X, = 12.00
provided by the Arizona State University Computer Center and Number of iterations. 72
AiResearch Manufacturing Company. Central processor time: 6 sec.
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_ COLI C'(IED E)ALGORITHMS Icont. 454-P 2- 0

bU.ccruitu and Sthcchicr Irublcm i I;1) CO I
2o CDNTINUE

Funciion: F = - (A' - 0. 5 : - (A:- I .0) Da 4 I1.12.
(unstralnlt. -2 < A, . De 0 Jo

· _- \2 <_ A_ ~ _,~ 230 CONTINUEI -- - - 4N) cRrrINUi
j-4 < (A'3 AX'' + 2X'1 - 4) U c C CAL.CULATE COMPLEX POINTS ANO CHECC AGAINST CONSTRAINTS

Starting point: X, 0., X A- 0. DtO o0 J-.N

Parameters: A K 4, au 1.3, i = .(X0 )I, - 5, a = .UX)I * 1
CALL JCNSTI(N. N. X .X I. L>

Computed results: Correct results: rxil.Ji · G(J) * R(II.JI,<H<J)-GCJ)

F - .0000 F - (000 IXI II

A' .=5035 A - .5000 CALL JCEKI(N. . K. . G. C .. . XOOE. XC. DELTA. L. I)
WRITE A(K.99999) II° (X(I[.J).J.I.N)

A': = .9990 A. I .OO 6OU4) CNTI NUr

Number of iterations: 4U I * .De 10 I.I.K
Central processor time - 5 sec. CALL JruMccN. N. X. . F . L)

10 CONTINUE
K(BUNT * I
IA * 0

_--C c eFIND POINT WITH LBWEST FUNCTION VALUC

B References WwRITE LK e.99 ) 9 r1().I.i.I)
80 leVI * I

1. Beveridge, G.S., and Schechter, R.S. Oplimizuiion: Theory De ioo ICM-2.,
]I· (· 1EVII-<1(CM1) Soo. 100. 90

and Pructice. McGraw-Hill, New York, 1970. rr tcI IC-r IC ! oo. o.

2. Box, M.J. A new method of constrained optimization and a 100 CONTINUEI'~~~~~~~ r ~~~~~~C FINn POINT WITH HIGHEST FUNCTION VALUE
comparison with other methods. Comp. J. 8 (1965), 42-52. iv2 * I

DO 120 IC,,2.R3. Rosenbrock, H.H. An automatic method for finding the IF . '-rI ) I, lo. 120
lit ¢·IEV2 -·(ICMI), 110. 110. 120

greatest or least value of a function. Cuomp. J. 3 (1960), 175-184. I Irvz * icm
12CI CONTINUE

C CHECCX CONVEHGENCE CRITERIA

Aigrithm .It (F(ItV2)-(r(I VI).BETA ) 140. 130. 130Algorithm,30 KGyN . I
SUBReUTINE JCONSXc(N M. K. ITMAX. ALPHA, BtTA. GAMMA. GO TO 10

* DECLTA X. A. F. IT. I1V2. e. G. H. XC. L) IKI E OUN T KUT · I
C PURPOSE IF (KsUNT-GAMNA) 150. 2-0. 240

TO FIND THE CONSTRAINCD "AXIMun ef A rUNCTION" e C RELACt POINT WITH LIbEST FUNCTIO VALUE
C SEVECAL VARIASBLC BY THt CenPLEX METHOD or ". J. BOX. I l CALL JCENTCN. N. K. IEVI. IE . AC. . L. KI)
C THIS IS THE PRInART 5Ul8RUTIrdc AND CheRDINATES THE De I 0 J-I'*
C SPECIAL PURPeSE SUBKOUTINES (JCEKI. JCENT. JfUNC. X(IEVI.J) * (I.-ALPNA).(<ACJ)) - ALPNA.(A(IEVI.J))
C JCNSTI). INITIAL GUESSES Bf THE INCEPENDENT VARIABLES. I16( CONTINUE
C RANDOMen NUeRS. SOLUTION PARAAETERS. Dl.ENSIeN LInlTS I . IEVI
C AND PRINTER CeDE DESICGATIBeN RC L BBTAIND Fien THE "AIN CALL JCCKIIN. 1. K. X. G. H. 1. ODE. XaC, DCLTA. L. KI)
C PROGRAM. FITAL FUNCTION AND INDCEPNOCNT VArAlBLE CALL JfUNC(N n. K X. . , I, L)
C VALUES ARE TRANSFERRED TB THE MAIM PReGRAM FOR C RE'LACE NEW POINT I T REPEATS AS LBeEST FUNCTION VALUE
C PRINTOUT. INTER"EDIATE PRINTOUTS ARE PROVIDED IN TRIS I 0 IEV2 * I
C SUBROUTINE. THE USER NUST PROVIDE THE MAIN PROGkAh AND DO I90 ICCM2.B
C THE SUBRBUTINCES ATSC THAT SP ECirr TH rCTl C)AD IF (F(IEV2I)-r(lCI)) 10. 190. 10o

CONSTRAINTS fJCNSTI). reRMAT CHANGES NAT BE REQUIRCD 18I ICV2 * IC;IITHIN THIS SUBROUTINE DEPENOING aN THE PARTICULAR 190 CONTINUE
*BeLEMr WUNDOR CBONSDERATI e. IF (IEV2-IEVI) 220. 200. 220

C uSAGE 200 00 210 JJ-I.N
C CALL JCBNSX(N.N.K.ITMAX.ALPHA.BETA.GANA.ODELTA.A.R.F. XTIEVl.JJ) . (X(IEVI.JJ).XC(JJ)1/2.
C IT. IEVI2.K.G.H.AC.L) 210 CONTINUE
C SUBROUTINES ROEUIRED I * IE1V
C JCEKI(N.M.K.X.C.H. I.OKetAC.DELTA,.L.KI) CALL JCCEI(N, N. K. X. G. H. 1. KeOd

r
XC. ODLTA. L. RI)

C CHECKS ALL POIfTS AGAINST EXPLICIT AND INPLICIT CALL JFUNC(N. n. ,. K. F. 1. L)
C CONSTRAINTS ANO APPLtS COKNECTION IF VIOLATIONS AREGO TB I 1
C Fru

N
D 220 CONTINUE

C JCENTIMN..K.IEVI.I.XC.A.L.KII WRITE (Ke,99991) (X(IEVI.J).JB. I.N)
C CALCULATES THE CENTRBID BF POINTS WRITE (K0.99990) I (Ii.Il.K)I
C JFUNCCN.M.K.X.F.I.L) WRITE (Ke.tb9996) (IACIJ).J.N)
C SPECIFIES OBJECTIVE FUNCTION CUER SUPPLIED)I I - IT 1I
C JCNSTI (NN.K.A.CH.1.L) If (IT-ITAX2A) 230. 230. 240
C SPECIFIES EXPLICIT AND INPLICIT CONSTRAINT LIITS 230 CONTINUE
C (USER SUPPLIED). ORDER EXPLICIT CONSTRAINTS FIHST WHITE (O0,99995) IT
C OCSCRIPTION BF PAHAMETERS GO TO O0
C N NUMER er EXPLICIT INOEPENOENT VARIABLES - DEFINE 240 RETURN
C IN MAIN PROGRAN 9999B FORMAT(IN . ISX, 21H CeOOOINATES AT POINT. 14e(<F8.4. 2x11
C NUnBERR e SETS Oe CONSTRAINTS - DEFIN1 IN MAIN 99996 FBHnMATlH 20X. I 6 FuNCTION VALUE;,. /8(F10.-. IX1)
C PROGRAM 99997 FeMnAT(IH . 20A. I' 6 COn.ECTED PCINI. eC( FS... 2 ))
C i NuMBER OF PBINTS IN THE COMPLEX - DErINE IN MAIN 99994 FOBMAT(IH . 2I1 CENTB11,D COeDINATES. 2A. SI F... 21AI
C PROGRAM 9999T FONNATCINH //10N ITErATICN. 4. IS)
C ITMAX MAXI"u NUMBER Br ITERATIONS - DEFINE IN MAIN END
C PeRGRAM
C ALPHA REFLECTION FACTOR - DlEINE IN AIN PRGRAMN SUOHOUTINE JCCKIcN. t . K. x. G. H. 1. ODCE. AC. DELIA. L.
C BETA CBNVCkGENCE PARAMETER - DOrlNE IN rAIN PRBGRAM · KI
C GABTA CONVERGENCE PARACETER - DEINE IN MAIN PROGRAMC PURPeE
C DLTA EXPLICIT CONSTRAINT VICLATIIN CBRNILCT18N - DEfINL C 7T CHECX ALL POiNTS AGAINST THE EXPLICIT ANO IMPLICIT
C IN MAIN PROGRAM C CBNSTRAINTS AND TO APPLT CORRECTIONS IF VIBLAIrONS ARE
C X INDEPNHONT VARIABLES - DLrFIN INITIAL VALUS IN C FOUND
C MAIN PROGROA C USAGE
C N ANDOM NUnOBEKS BETWEEN 0 AND I - DEFINE IN AIN C CALL JCEKII(N.*.K.XG.HI.KCOE.XC.DELTA.L.XI)
C PReGRAM C SUBDUTINES REOU1RCD
C r eBJECTIVE FUNCTION - DEFINC IN SUBROUTINE JruNC C JCEcNT. N.K. IEVIIC IXC.XL.XI
C IT ITERATION INDEX - DEFINED IN SUBROUTINE JCBNSX C JCNST IN.N.K.X.G.H.I.L)
C ILV2 INDEX Or POINT WITH MAXIUM ruNCTION VALUE - C DESCRIPTION er PAKAMnTErJ
C OrINDE CD IN SUBROUTINE .JCNSX C PREVIleSLr DEcriNCO IN SUBRCUTINE JCENSX
C ItVI INODEX r POINT WITH MINIMUN FUNCTION VALUE - DIMENSION A(K.L). G(N1. 1(N). XC(N)
C DEIrLNED IN SUBROUTINE JCNSX AND JCEKI 10 KT - 0
C 00 PRINTER UNIT NUMBER - DCFIlN IN MAIN PROGRAM CALL JCNSTI(N. M. K. A. B. N. I. Li
C C LWe¥R CONSTRA1NT - DEFINEc IAN UReBUTlN JCNATI C CMECK AGAINST EAP.ICIT ClNSTRAINTs
C H UPPER CONSTRAINT - DCFINE IN SUBROUTINE JCNSTI ODe 0 JI..N
C XC CENTROID - DLCINED IN SUBROUTINE JCENT IF (X(I.J)-G(J)) 20. 20. 30IC C TTOAL NUMBER OF INDrEPENDNT VARIABLES (EXPLICIT 20 X(I.JI) G<J() DOCTA
C IMPLICIT) - DEFINE IN MAIN PROGKAM GO TO 0S
C I POINT INDX - DEFINED IN SUBROUTINE JCONSX 30 IF (N(J)-x(:.J) 4o. 40. S0
C xeBD KCT USED TO DETERMINE IF IMPLICIT CONSTRAINTS ARE 40 X(I.J) · H(J) - DELTA
C PROVIDED D- OEFINED IN SUBReUTItN JCNSX AND JCEKI 0O CONTINUE
* DO LBeP LIMIT - DEFINED IN SUBROUTINE JCoNSX IF (KeOD) 110. 110. 0I

OIMENSION X(X.L). R(K.N). F(RK. GI ". H( F. XC(N) C CHECX AGAINST THE IMPLICIT CONSTRAINTS
INTEGER GAMMA 60 CONTINUE
IT - I NN N * I
WRITE (K*.9999S) IT De I00 JNN.M
KODC ·* CALL JCNSTI(N. . K. A. G. N. I. L)

R XrIF (-Nt") 20. 20. 10 If (A (I.J)-GUJ)1 0. 70. TO

B-3



E COLLECTED ALGORITHMS icont.) 454-P 3- RI

70 Ir (M(J)-xIl.J)) 80. 100. t00
0 o [9l1 I

KT * I
CALL JCENT(N. R. K, IEVI, 1. ;: X. X .L I)
01 I*0 JJ-I.N *

AI,.JJ) * (XClJJ)*XC(JJ)/2..
90 COITINUE

100 CONTINUE
Ir (XT) l10. I 10. 10

IB1 110o RETUN"
CEN

SUNeOUTINC JCTNTCN. N. K. ILVI. I. AC. . L. Kt)
C PU'RPOSE
C TO CALCULATI ThE CENTRIOD OF POINT:;
C USAGE
C CALL JCENTCN.M.K.ICVI.I.AC.X.L.KI'
c UBROUTINEu RCEUIRcO

_- ~C rNN(
C OESCRIPTIBO OF PARAMETERS
C pREVIOeSLIr OFINED IN SUBROUTINE JC(:ON

DlElNSlON X(X.LJ. ACINI
0f 20 J.l.M

XCiJ) * O.3_I 0~Do 10 IL'I. I
XCI(J . XCCJ3 ' xrIL.J,

10 CONTINUE
RX * C V

_| 20 C"TI"NU3_ RETURN
ENO

|1 ~ Remark on Algorithm 454 [E41
The Complex Method for Constrained Optimization
[Joel A. Richardson and J.L. Kuester, Comm. ACM 16
(Aug. 1973), 487-4891

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
~I ~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 functionalIt *values at each of the remaining complex points. Two examples for
which this algorithm fails are [I] and 121:
1. maximizeft(x) - -100(r,-x>)* -- (I-x1),

- 10 < rx., rt <10, initial value (.r, xi) - (-2.5, 5.0)3 and
2. maximize

f({, 9) - 0.2 (sin (9e) cos (0e) sin (e) cos (o) + sin (eo) sin (4o)
sin (9) sin (o) + cos (e,) cos (e)) - 1.0 (sins () cos' (8)3|U~~ 0 ~~ + cos' (0) sin' (0) sin' (9))

_ 0 ,0 < 9 , ( < (/2, (o, 0) - (.8726, .0873),
initial (e, 0) . (r/4, r/4)

Also, there is no difference in usage between M and L.
A similar method is the "simplex method" [31. A modification

to the "complex method" which uses the ideas of 13] has been pro-
grammed. The'modified JCONSX solves each of the above prob-

M_11 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 IA, which appears in
the second statement after 70 CONTINUE is not used elsewhere.

3IK References
1. Rosenbrock, H.H. An automatic method for finding the
greatest or least value of a function. Comput. J. 3 (1960), 175-184.
2. Ferguson, R.E. An electromagnetism problem. (Private
communication.)
3. Parkinson, J.M., and Hutchinson, D. An investigation into the
efficiency of variants on the simplex met:hod. In Numerical Methods
for Nonlinear Optimization, F.A. Lootsma, Ed., Academic Press,
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PROGRAM PFIPCNfI( I PItT nilTPuT llTAI'F= PtTo TAII T PE6=IOUTPllTtTAPE7=l) PERCNG 2
COMMON1/TGCt.I/ETACON, Fr TAI FTArgFLMC.FLTS01i,6FLwFrETAl ,FTAGT14 PERCNG 3

C # **o**##t*4* #.nt** �**4***t*omo**#****o*** *** PERCNG 4
C # 4 PERCNG, 5
C * THIS IS CONrCFIPT A?-R (V) PERCNG 6
C o MECHANICAL COUPLING WITH CLUTCH * PERCNG 7
C * FOR USF WITH FPFCN P-12 PERCNG 8

C # FERRUARY 25, 1t79 RTIlI LnSS - MTI PERCNG 9
C a PERCNG 10
C - ###,,##*n#n#*i#.,u **.oomtee#.######on»#####n PERCNG - 11

COMMON/TVAI/COPCI( () ,VTC 1C10) CF (10).PWR1 10) PERCNG 12
* COPC?(10),VTlr2(10) CF(10) ,PWR2(10), PERCNG 13
* VFTH(10),VTIFTTH(lO) CFF(10),PWRF(IO) PERCNG 14
COMMON/CONTRP/ISlAPTlN(:ASSFSNCOPC IICOPClTTITLE(50), PERCNG 15

+ * NCOPC. ICOPCPNFTH, IFTH.NF XTNCF l, PERCNG 16N* NCF?.NCFE PERCNG--.. 17
COMMON/SVAI.r,L/XNrFTA(GFM FTAM,ETARn TV tMDI AGPCT PERCNG 18

* nTATIPS'CFrMOL,;CFMVL.E7tIE(7) SV(ln)g PERCNG 19
I* cROH(1n) rSCFMVICPSV PERCNG 20
COMMoN/fLFC/SFVFNI LOAI)FrfnTXMSHP,TPKW XNMGLDrEXPKW9 PERCNG 21
4* G'F-NLnXMPKW9PLlRNFWGfFENNFW PERCNG 22
COMMONr/CALr/Krl4Ql ,Ol? ,l3 ,01 34, XTSHPrQ3309q PERCNG ---23

+ * O51,ollnO.Cl.C?2FTI4907,ACCPWPRAINPWR, PERCNG 24
j* p«. PCPV!PTlSCFMECFCMAX, ?4,08TQ8TM,01Q2M, PERCNG 25

*BP* Q014M,OnM,NSPM PFRCNG 26
COMMON/SUI/FlCONlF 2COJN1 ,INPFCON?2FCON3,E3CONlE3CON3, PERCNG 27

* F4COMI ,F'CON1 ,F cCnN?2F6CONl ,SCFMOUTE (7) PERCNG 28
COMMON/COPFAC/ClFAC,CFACCFFACnAYNtOHOIIRNHOFLAG PERCNG - -29
COMMON/IO)FV/lNrllT PERCNG 30
COMMON/XNLOA)D/XNPC ,XNPC;?,XNPT ACl AC2 AETH»NnilAL PERCNG 31

* NpFVXNPRRSXNPRLXNPRHXKOAXNPRr PERCNG 32
"4 * P XNpNRnPLnAD,.XNRLDtGCFECFnCRATE PERCNG 33
COMMON/SRCAIl/T33.T3 4,TO rlJ739U74,Up3 .U84, A73AA74 A83FA84, PERCNG 34

. ~* re,7,P.,TWR,nT.T71,T73,TrAlT7?TTR2,TR3BDTAT8 - PERCNG- 35
COMMON/S2CAIC/KFAr,, X3nLr, X',DOTOLDr.)OTM»R» NR ETAD PERCNG 36
COMMON/S3CAI C/rl EA14(tJ14,TlPH34An PERCNG 37
DIMENSION TR(11) wR(1 () PERCNG 38
INTEGEk rAyNOHOIlPNnOIIT PERCNG 39
DATA ACCPWwFlCONI F2CONI ,FCON2?/?545.0,0.0000054,0.4.3.0/ PERCNG 40
DArA E2CON3.F3CON1 ,F3CON3/.66,. 03?so0.o000097/ PERCNG - 41
DATA F4CON1.FSCONII FcCON2.E6CONl/O.nn7007,0.O0018l174.0o0.00016/ PERCNG 42
DATA 013CON],QlICOtnN?,ncnNNI/.08.50., l.n/ PERCNG 43

DATA WR/4.R,14.3:P3.7,32. ,41..50.SS8.5»64.669.373.,75S/ PERCNG 45
NTW3=11 PERCNG 46
IN=5 PERCNG 47
OUT=6 PERCNG 48

C READ IN GLOnRA. VAPARIHFS PERCNG 49
5 CALL GLORIN PERCNG 50
C PERCNG 51
C---SET VALUES TO PlIh (F'OM)) PErF fOnFI PERCNG 52

Q12M=QICONl*SCFMnO *TAlR PERCNG 53
Q5M=0nTM PERCNG 54
IF(NSPM.FO.O) NDIlAIl=NPFV=lHCnPT=LOAnFnT=0 PFRCNG 55
IF (NSP;.FO.O) XMPf1l=XtIPC;:=XNPT=.01 PFRCNG 56
IF(NSPM.FO.O) 01?M=O1/+M=.01 PERCNG 57

C WRITE OUT GLoPAL PAPAMFTFrS PERCNG 58
CALL GLROIIT PERCNG 59

C PFRCNG 60
C---INITIALTIE TOTALS ANm) MAXS PERCNG 61

CFGCF/GC/00ono0. PFRCNG 6?
COG=CoFrP=CoFP=Atll)C=rAOPC=o.n PFRCNG 63
BTUJS=TOTo I=(l 14 !AXX-TP"AKX:::-r'OT= T)TOOT=l. 0 PFCNG 64
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Og939hAX=o.n PERCNG 65
034MHAX=(l01MAX=01 )llMA<=TA=nTTAX=OAX0. PERCNG 66
01MAX=r7MAx=0. PERCNG 67
015MAX=01 3AX=01: MAx:=OQMAX=n.0 PFRCNG 68
TMAX=C IMAX=C?MAX=n.0 PERCNG 69
TC1=TC2=IHP=C(IHR=CiR=O.0 PERCNG 70
TOT8TIIE=TOTKW=n.0 PERCNG 71
TOTORT=TOTQO?=ToTOIl=n.O PERCNG 72
GENMAX=XMSMAX=TOTJ01TOT07=0.0 PERCNG 73
TOT0OQ2TOTOTOl5=TOTKWII=TOTKWM=TOTKWF=n.0 -PERCNG - 74
SAVEVL=SCFtVL PERCNG 75

C GO THRONGH THF NUMRFp OF CASFS PERCNG 76
DO 11 N=1.NCASFS PERCNG 77
WRITE(OUT,-?) PERCNG 78

C READ IN VAIUFS FOR l1,01,07 PERCNG. 79
READ(IN,25) DAYNOHIURNO.T1.01 07 PERCNG--- 80
IF(ol.Eo.(n.).AND.'7.FoQ.0.>) Gn Tn il PERCNG 81
OITT=7 PERCNG 82

C PERCNG 84
C-_-LOAD SCALING FACTOR PERCNG 85

01=01*(.714) . .PERCNG 86
07=07*(.714) PERCNG 87

C PERCNG 88
C--RESET VARIAHLES FOR EACH CASE PERCNG

XMSHP=XMPKW=TPKW=XNIGLnDEXPKW=GFNI. =0.0 PERCNG 90
PURNEW=GENNEW=n.O PERCNG 91
Q9=012=Q13=015=0.0 . PERCNG .. 92
08T=I1 PERCNG 93
SCFMEC=0.0 PERCNG 94
SCFHtOUT=SCFMV=O.0 PERCNG 95
T72=T=T8l=Tf=T3=0.0 PERCNG 96
T71=CT33=DT82T81=.N0 PERCNG 97
XKOA=1.0 - . PERCNG _.-. 98
XNPRL=XlPR=XNPCI PERCNG 99
XNPPH=XNPNH=XNPC? PERCNG 100

C PERCNG 101
C--COPCl1COPC2,ETATH PERCNG 102

CALL TLU(TIAC1.Vl1C1,COPCINCOPCI) PERCNG 103
CALL TLIJ(T1.AETHVTIETHVETH.NETH) PERCNG -. 104
C1=ACI PERCNG 105
ETH=AFTl PERCNG 106

C PERCNG 107
CALL TLU(T,TWiP,TR9,.RITWR) PERCNG 108

C---IS IT POSSII.E TO ECOIOMTZE COOI.TG PERCNG 109
IF(Tl.GT.(62.).OR.Ol.FQ.(0.)) GO TO 150 PERCNG 110

'C PERCNG 111
C---015 PATH-FCONnMI7F CO0ltlNG PERCNG 112

IF(TI.LT.(0O.))GO To 1?5 PERCNG 113
Q15MAX=O0*(TV-T1)/(rv-(50.)) PERCNG 114
SCFMEC=(OISMAX/1.0lI/(TV-TI) PERCNG 115
IF(SCFMrtC.6T.ECMAX) SCFMEC=FCMAX PERCNG 116
Q15=()S.OR)*(SCFMF:C) (TV-Tl) PERCNG 117
GO TO 150 PERCNG 118

125 SCFMEC=(0n/l .O)/(TV-TI) PERCNG 119
IF(SCFMEC.GT.CHA.X) SCFMEC=FCMAX ' PERCNG 120
QIl=(1.O8)*(SCFMFC).(TV-T1) PERCNG 121

150 Q24=01-015 PERCNG 122
SCFMVI.=SAVFVL*CFMF(' PERCNG 123
K=O PFRCNG 124
CALL CALCJ PERCNG 125

155 P08=OR PERCNG 126
CAIL CAtCtl PERCNG 127
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IF ((A;IS(P)HOl-QH) ) .T.PCT) GO TO 155 PERCNG 128
IF(OB.LT.O) GCO TO ?no PERCNG 129

170 P08=RA PERCNG 130
C - PERCNG 131
C---ORT PATH-COOINIG LOAD TOWFR PERCNG 132

08T=Q8 PERCNG 133
CALL CALCU PERCNG 134
CALL CALCI PERCNG 135
CALL CAI.CU PERCNG 136
IF((ARS(POA-QOR).rT.PCT) GO TO 170 -PERCNG 137
FLAG=5 PERCNG 138
GO TO 99 PERCNG 139

C PERCNG 140
C---Q13 PATH-Ann VFNTI ATING ATR FLOW PEPCNG 141

200 Xl=SCFHV PERCNG 142
YI=OR PERCNG 143
SCFMV=SCFMVL PERCNG 144
K=0 PERCNG 145
013=013COtrJ1 CF-MV*EPSV*(TV-OI3CON?) PERCNG- 146
Q8T=0.0 PERCNG 147
CALL CALCII PERCNG 148

201 PQ8=QO PERCNG - 149
CALL CALCII PERCNG 150
IF((ARS(PQR-QO)).CT.PCT) GO TO 201 PERCNG 151
IF(OQ.LT.0) GO 1O 100 - PERCNG 152
X2=SCFMV PERCNG 153
Y2=O8 PERCNG 154
SCFMV=I. PERCNG --- 155
Q13=O13CONl#SCFMVeFPSV*(TV-l13CON?) PERCNG 156

211 PQ8=QR PERCNG 157
CALL CALCII PERCNG - 158

IF((ARS(POR-Qr)).GT.PCT) GO TO ?l1 PERCNG 159
IF(08.GT.O) GO TO 206 PERCNG 160U1 202 S=(Y2-Y1)/(x7-X1) .- -- -PERCNG--- 161-
B=Yl-XI*S PERCNG 162
SCFMV=X?-(X2*S+8) /S PERCNG 163
Q13=013CONleSCFMVOFPSV.(TV-013CnN?) PERCNG 164
XNPB=XNPBL PERCNG 165
XNPNR=XNP3H PERCNG 166

203 P08=Q - -- - PERCNG -- 167
CALL CALCIJ PERCNG 168
IF((ARS(POR-08)).GT.PCT) GO TO ?03 PERCtJG 169
IF(ARS(Q8).tT.(10.)) GO TO ?04 PERCNG 170
X2=Xl PERCNG 171
Y2=Y1 PERCNG 172
XI=SCFMV PERCNG 173
Yl=08 PERCNG 174
GO TO 202 PFRCNG 175

204 XNPR=XNPRL PERCNG 176
XNPNR=XMPHH PERCNG 177

205 P0=08o PERCNG 178
CALL CALCII PERCNG 179
IF((ARS(PR-ORli).GT.PCT) GO TO 205 PFRCNG 180
FLAG=? PERCNG 181
IF(SCFMV.LT.(n.)) GO TO ?06 PERCNG 182
GO TO 99 PERCNG 183

206 SCFMV=O.n PERCNG 184
Q13=013CONl1SCFM\VrFPSVv (TV-01 3COM?) PERCNG 185

207 P08=QR PEFCNG 186
CALL CALCIJ PERCNG 187
IF((AnS(POn-rR))n..l.PrT) rpo TO ?07 PERCNG 198
GO TO 400 PERCNG 189

C PFRCNG 190

I
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*L---(l? PAIH-AMi)l ()t{illi ATl Fl W PERCNG 191
300 X1=SCFmOI)T PERCNG 192

Yl=J PERCNG 193
SCFMOUT=SCFMOL . PERCNG - 194
K=O PERCNG 195
Q12=Q12CONl*SCFMnolTnlTAIR PERCNG 196
CALL CALCU -PERCNG 197

301 PO8=QR PERCNG 198
CALL CAI.CIJ PERCNG 199
IF((AnS(P'O-ORf)).GT.PCT) GO Tn 301 - PERCNG - 200
IF(H.L.T.0) GO TO 400 PERCNG 201
SCFMOIJT=SCFMOUT/40, PERCNG 202
CALL CALCU PERCNG 203

309 PQ8=Q0 PERCNG 204
CALL CALCII PEPCNG 205
IF((ARS(POR-Q))).GT.PCT) GO TO 30 .. .- PERCNG---- 206
X2=SCFMOIT PERCNG 207
Y2=Q8 PERCNG 208

302 S=(Y?-Yl)/(x2-1l) -PERCNG. 209
B=Yl-X*S PEFRCNG 210
SCFMOIIT=X?-(XZ*S*P)/S PERCNG 211
Q12=012CONl*SCFMOUT*DTAR . --. PERCNG .- 212

303 PQ8=OR PERCNG 213
CALL CALCU PERCNG 214
IF((AFRS(POA-Q8)).GT.PCT) GO TO 303 PERCNG . 215
IF(AS(QOS).I.T.(10o. GO TO 304 PERCNG 216
X2=X1 PERCNG 217
Y2=Y1 ..... .PERCNG---. 218
X1=SCFMOIIT PERCNG 219
YI=QH PERCNG 220
GO TO 302 .. PERCNG ..- 221

304 FLAG=3 PERCNG 222
IFISCFMOrlT.LT.o).)) GO TO 305 PERCNG 223
GO TO 99 .... ... ._ .PERCNG .--. 224

305 SCFMOIlT=O.O PERCNG 225
Q12=012COFl SCFMOlIT*nTATP PERCNG 226

306 PQ8=Q8 PERCNG 227
CALL CALCII PERCNG 228
IF((ARS(POR-08)).GT.PCT) GO TO 30h PERCNG 229
GO TO 400 . . . PERCNG _ 230

C PERCNG 231
C---09 PATH-Ann OTRECT STFAM PERCNG 232

400 K=0 PERCNG 233
401 PQ9=09 PERCNG 234

BQR=QR PERCNG 235
09=09*+AS(On) PERCNG -- 236

402 PO8=OR PERCNG 237
CALL CAL.C PERCNG 238
IF((ARS(POR-OR)).GT.PCT) GO Tn 40? PERCNG 239
IF(0O.LT.O) GO TO 401 PERCNG 240
F09=(-OR/((ROP-nR)/(PO9-oQ)))*09 PERCNG 241
Q9=FQ9 PERCNG 242
CALL CAILCU PERCNG 243

403 P08=04 PERCNG 244
CALL CALCU PERCNG 245
IF((APS(P0f-OP)).GT.PCT) Gfi TO 403 PERCNG 246
FLAG=4 PERCNG 247

C PERCNG 248
99 CONTIIUFLE PERCNG 249

C---OUTPUT PFRCNG 250
C PERCNG 251

CALL CA1S'IT PERCNG 25?
C PERCNG 253
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C---SAVE TOTALS AND MAXS PERCNG 254

CMPI=OI/(C1*?54;,.) PERCNG 255

CMP2=Q14/(C??545.) PERCNG 256

IF(TSHIP.GT.TMAX) TMAX=TSHP PERCNG 257

IF' (GENLn.GT.GFNMAX) GF'MMAXaFFNLD PERCNG 258

IF(XMSHP.GT.XMSMAX) XMSMAX=sXSHP PEQCNG 259

IF(TPKW.GT.TPMAX) TPMAX=TPKW PERCNG 260

IF(CMP1 .GT.CIAX) C]MAX=CMPI PERCNG 261

IF(QI.GT.OIMAX) lMAX=OI PFRCNG 262

IF(0Q.GT.07MAX) Q7MAX:07 
P F RCNG -- 263

IF(CMP2.OT.C2MAX) 2MAX=COMP? PERCNG 264

IF(034.GT.O041iAY) 04MAX=034 PERCNG 265

IF (Q33.GT.n33MAx) nt3Mk4X=q'T PERCNG 266

IF((013+0') .GTT.On).,)MAX) ()9q1MAX=QO)+Q9 PERCNG 267

IF(Ql1 .,T.Q[1AAX) (01IAX=,11 PERCNG 26S

IF(odT.GT.QnTMAX) qRTTMAX=RT -- PERCNG 2- 69

IF(OS.GT.OSMAX) OnMAXO=S PERCNG 270

IF(01?.GT.(Ol5MAX) 015MAX=S05 PERCNC 271

IF(014.GT.o14PMAX) 014MAX=rl4 PERCNG 272
IF(013.GT.013MAX) )13MAX=:O1 PERCNG 273

IF(QI?P.T.012MAX) (lj?MAX=Ol? PERCNG 274

IF(09.GT.09MAX) OQMAX=09 PERCNG -275

TC1=TCl+(CiHP 1HOUQrJn) PERCNG 276

TC2=TC2 (CMP2*HOt IRPO) PERCNG 277

IF(CMPl.6T.(.l)) C1HR=CIHP*HO(RNO PERCNG 278

IF(CMP2.C-T.(.1)) CHRoCHRPHOURNO PERCNG 279

THR=TH+*HOI IRNO PERCNG 280

TIMFKW=SIIMF (I) HOIIRNO . - PERCNG 281

TI4EOTU=3413.*((GFNHFW+EXPKW)*HOlURNO)/(ETAGENEETAM*ETAOBETH) PERCNG 282

TOTKW=TOTKW*TIMFKw PERCNG 283

TOTRTUlIE=TnTR TUF+* T lFR Tl PERCNG 284

BTtiS=RTtJS+(01 IHOIIRNO) PERCNG 285

TOT08T=TOTQORT (O0T*4HO"RJNO) PERCNG 286

TOTQ1?=TOT012* (ql*HOURNO) - - - PERCNG-- 287-

TOT013=TOT(013 (01 3*HOIIRNO) PERCNG 288

TOTQ14=TOTfn14 (014*HOUPNO) PERCNG 289
TOTQl=ToT0+ (0(! H(0IICPO) - PERCNG -290

TOTQ7=TOT07 (Q7*HOIRJNO) PERCNG 291

TOTO?4=TOTO24* (0?4*HOURNO) PERCNG 292

TOT09=aTTQ9* (QQ440IN(O) -
- -PERCNG --- 293-

TOTQ15=r()TOT15+ (q5'toI)IJJO) PERCNG 294

TOTKWl=TnOTiYJ+ (PIJRNFrWHO)IJNO) PERCNG 295

·---'TOTKWM=TOTKWM* (TPKWoHnioQlO) PERCNG 296

-. TOTKWIF=TOTKwE*(EXPKWOHOtIPNO) PFRCNG 297

C PFRCNG 298

C---END LOOP - NFXT CASF -- PERCNG--- 299

11 CONTINUE PERCNG 300
C PERCNG 301

C---DROP OUT - WOTTF TnTAlS ANO MAXS PERCNG 302

OUT=6 PERCNG 303

WRITE(OUT,5]61 T0O11,TOTO0701TOTO4dTIPSTOTOISiTOTKW9 PFRCNG 3043I '1* TOTKWIu,TOTKWM,TOTKWE .TTRTI. F eTO.RTtTOTQTFO T lTOTQ13,TOT09 PERCNG 305

WRITE (niTf?24) TC ,TC2.C14RPC?HPTHR PERCNG 306

WPITE (O)T,3?4) I MAXA XXS'tn MX.NMAX ,C 1MAX X ,C2MAA K TPMAX, PERCNG 307

* 14MAX,03MAX,01 MAX X AX.OPTMAXOSMAX. PERCNG 308
+ 01 MAX,0]4MAX,0 3MAX.012MAX,0933MAXO9MAX PERCNG 309

C PERCNG 310

WRITE((llT,700) (lMAX07MAX PERCNG 311
C---OPERATING C(rT PERCNG 312

COG=rCF n T S PERCNG 313
CnFP=FCCF*TOTKW4, PERCNG 314
CPFP=FCF 4 T(T K'4F PFRCNG 315

AlI)nC- TP'^A XlmPATF T" ] . PERCNG 316
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WRITE (OUT,5,24) COG,COrP CPFP AIIDCTAOPC PERCNG 318
C PERCNG 319
C SEE IF THERF IS MORF INPUT PERCNG 320

IF(NEXT.OQ.1)GO TO 5 PERCNG 321
C PERCNG 3?2
C FORMATS PERCNG 323

56 FOPMAT(IH1,///," TOTAL =",F?0.1," RTU 01 * TIMF",/, PFRCNG 324
+ " TOTAIl =",F20.l"1 RTII 1)7 * TIME" 9./ PERCNG 325
+ " TOTAl. =I.F?20. ," FRTI) 024 i TIME9"./, PERCNG - 326

~I *f~ " TOTAL =" F?.1" I TI( Oil 0 TIM4E"./, PERCNG 327
" TOTAL =",F?n." TI 015 * TTME"9/. PERCNG 328
i U TOTAl -",F20.1." KW HP PFO(ITRFI) RY PARASTTICS"i,/, PERCNG 329

* O* TOTAI =",F?O.1," KW HR PIIRCIHASEO FOR PARASITICS"9/ , PERCNG 330
* TOTAL =",2FP.1]," KW HP PUJRCHASFO (MOTOR , PARA) TOTALF"/W PF RCNG 331

of " TOTAL =",F?0.1," KW HP FXPORTFD TO UTILITY'"/. PERCNG-- ..332
1 " TOTAL .=IvFP.1" RnT[t TO GENERATE ELECTRICAL POWER',/ , PERCNG 333
* " TOTAl =',F?0.1," PTU OOT * TTIME",/ PERCNG 334

+* TOTAL ="rF?n0.1 " PTU.01? * TIMF",/, PERCNG 335
"1 t TOTAl. =",F?0.1," RTIJ 013 * TIME"./, PFRCNG 336
· " TOTAL =:"F?0.l," HTI Q * "TIME"./) PERCNG 337

524 FORP'AT (IHO,RX.tCOST OF GAS .............. ..... ...... F20PERCNG---.-338
* 9X ,tCOST OF PlUP FIFCTRTC......... ."'F20.2,/9 PERCNG 339
* gX,"CFFfDTT FOP FXP POWFPR.........,"F?0o.2,/ PERCNG 340U+ 9gXI"ANNIIAL I[TTL. OEMAND CHARGES...",F20.2./ . PERCNG -. 341
* qXs"TOTAI ANNIUAL OPFPATING COST...'"F20.2./) PERCNG 342

324 FORHAT(10X."MAX TSHP =",F?o.1«" HP"./, PERCNG 343
* 10X,'MAX MSHP =",F?0.o ,"HP",/ ... .-.. PERCNG..--... 344

0IX,"MAX GFN : ,,F;?n.!" KW" ,/ PERCNG 345
* 10X" HAX CMP! =",F?0.1," HP",/, PERCNG 346
* I0X 'MAX CMP? =".F?0.1" HP"'m / PERCNG .- 347
, * 10X,"MAX TPPW =".F?O.l" KW",/E PERCNG 348

.* 1OX,"MAX 034 =",F70.1l" HTIJ"'/. PERCNG 349

* 1OX,"MAX 033 -=",F20.1" RTU",/. PERCNG ..350.
* 10X,"MAX 011 =",FO.l." RTIIU"/. PERCNG 351
* 10XI"MAX ORT =",F?0.1," RTII',/. PERCNG 352
* 10X,"MAX 05 =".F?0. el" HTTIJ"/e PERCNG 353
*~ 10X"'MAX 015 =",FP?.1" RT[I",/. PERCNG 354

O 1X,"MAX 014 =",F?0.19" RTUI"*/, PERCNG 355
* 10X,"MAX 013 =",F?0.1," RTU'"/.- PERCNG 356

i OX1,"MAX 012 =",FO. ," fTIIl",/, PERCNG 357
* InX,"MAX 0933 =",F?0.;," RTUI",/, PERCNG 3583 * 10X "HAX Oq =",F?O.1," RT'",/,) /.)PERCNG 359

700 FORMAT(IH*.qX"HAX '31 =¢,F20.1," [UT11"./, PERCNG 360
* 10X."MAX 07 =",F20.1 ," RPu11"/) PERCNG 361

15 FOPMAT (3F10.3 q) .-... PERCNG -- 362
25 FOPHAT(?IS. FIo.O) PERCNG 363
33 FORMAT(1H1) PERCNG 364

624 FORMAT(3X,"TOTAI =",F?0.1," C1 # TTIF"./, PERCNG 365
* "i TOTtL =:".F?0.1," C2 * TIMF",/, PERCNG 366
+ * *" TOTAL =",F?0.1," Cl HOURS "9/9 PERCNG 367

I «t ' TOTAl. =",F?0.1," C?2 HOURS "9/. PERCNG . 368
" TOTAl =".F?0.1" HOIURS "/ PERCNG 369

C PERCNG 370
STOP PERCNG 371
END PERCNG 372
SURPOUTINE CALCU CALCU 2
COMMON/TGCM/ETACOFi.FTAh'-l4,FTA(;;,FL'MI-IC,FLTS.016,FLi WFETAl ETAG6T14 CALCU 3

C---RFPEATE.f CALCIJLAT IO"M FOR MA I.I PFPChG, CALCU 4
COMHr OI/TVAI /COPCf (ln),VT1C1 (10),CF (10).PWRl (10), CALCU 5

* Ti(1CCOPC?(n).P( VTIF(?0(10).CFV(10).PW ?(10), CALCU 6
, , , VFTH ( 1n) ,VT1FTt( I ) Cf'F ( 1 ) ,PWRF ( 10) CALCU 7

COMHMOH/COUN'T .:/N''ITI;T,fl, FISr.lS.NCOPC] , TCOPC1 .TITLE (SO) , CALCU 8
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4* NrCOPC?, ICn'C .NFTI T I TH.I: XTNCF It CAILCU
* NrCF.NCFF CALCU 10

COMNON/SVAI GI/XrfIJP, FTAGE F'FTAM,FTA, nTVMnAIAGPCT, CALCU 11
* nrATRPSCFMnl SCFMVI.,FE7,IF(7) tSV(10) CALCU 12
4* S)H(1On) SCFMV,FPSV CALCU 13
COMHONt/ELEC/SEVFFI.NIOADFF TTXMSH4PTPIKIXNMGLDnEXPKW* CALCU 14

+ GFNI DXMPKWq PIjIRNFNFWEnW CALCU 15
COMMON/CAI.C/Kt149I r4, l?2 Q1, oi 5. f14, X TSHP 033 Q9· CALCU 16

* 05,011 ,ORl Cl.C?.ETH,07,ACCPWR AINPWP CALCU 17
+* PCPWP·T1.SCFMEC*FCMAX.0O?4,08TQCTMo012M, CALCU 18
v* 014M,05M9,NSPM CALCU 19
COMMON/SII/El CO I ,F?COI JNP rE2CnfN F'COnN3E3CONl E3CON3. CALCU 20

* F4COrtl · F COIl ESClON?2E6rCOnN I,SCFMOUTE(7) CALCU 21
COMMON/COPRFC/C1FaC,CFAC CFFAC.DAYlO,HOURNOtFLAG CALCU 22
COMMON/TOf)FV/I NOUT CALCU 23
COMMON/XNLOA)/xNPCI.xNPC? XNPT»AC1.AC2,AFTH.NDtIAL. CALCU 24

» NDFVXNPRS.XNPRI-XNPRqHXKOAXNNPP · CALCU 25
* xp F-XNPNNqp ROADr)XNRI DGrSFtCFF ORATE CALCU 26

COMMON/SCAL.C / T 3T 'l, Tl r) T7174 · ll Urt384A73 A74tA83 A84, CALCU 27
* r~G7,GP.TWRDTT71,T73TTRI T7?9TR2tT83.DTA?T81 CALCU 28

COMMON/S2CAIC/KFLAGX10OLF X ,r)OTOInDOTM ,RNP ETAD CALCU 29
COMMON/S3CALC/(;l .A 14914 ,Tl?,H34AD CALCU 30
IITEGFP DAYNOHO(UPNO OIIT CALCU 31

C---Ql0=SECOND FVAPO9ATOR LOAD CALCU 32
C---X=SM OF TF LOAnS CALCU -33
C---Q34=REFDIGFPANT CONDFENSFR HEAT lOAn CALCU 34
C---TSHP=Ttl)PINF SHAFT HORSFPOI4FR CALCU 35
C---Q33=RANKINF CONDFNSFR HEAT (OAr - - CALCU-- --- 36
C---05=TOTAL HEAT AVAIL CALCU 37
C---Q11=TOTAL GAS INPUT MFRC,Y CALCU 38
C---OR=5-Q07 CALCU 39

K=K*1 CALCU 40
IF(K.GT.?00) GO TO 10 CALCU 41

C -CALCU -- 42
IF(Q12M.E'O.(0.) ClFAC=Ci=l. CALCU 43
IF(012M.EO.(0.)) GO TO 5 CALCU 44
clLOAAn=(ino.Ol 1?)/01?U CALCU 45
CALL TLH)(CI1-OAnrC]FACPWPlCFlNCCF1) CAICU 46
CI=AC1*CIFAC CALCU 47

C -- --CALCU ---- 45
5 CONTINUF CALCU 49

014=(01?*((1+Cl)/C1))+o03*0?4 CALCU 50
IF (Q14.LT.().) C?FAC=C=2. CALCU 51
IFO(014.T.(1.)) C)GO TO 600 CALCU 52
CALL COPSHUR CALCU 53

C CALCU 54
C?LOAO=(1 00.n l4)/014M CALCU 55
CALL TLIU(CLOAn,CFACPWsZCF2?'CF2) CALCU 56
C2=AC?aC?FAC CALCU 57

C CALCU 58
600 CONTINUE CALCU 59

IF(T34.FT.O.) CT?=. CALCU 60
034=l014*((1+C?)/C?) CALCU 61
TSHP=)016*ETH/?45. CALCU 62

.X014=(Ql4/(?754q.*r ?)*FIMPC,) (.746/FTAhGG) +FLWF CALCU 63
IF(N14.1T. (l.) X014=n. CALCU 64
X=XQ14*+ANPWRP*.7/4-(TSHP-FL TS) *. t+. 98s CALCU 65
IF(X.fT.n.) GO Tn -33 CALCU 66
SEVEN=X*FTAMMH*FTAI+SlMF(1.) CALCU 67
IF(SEVEN.lT.0.) .no TO ??? CALCU 68
XMSHp'=X;-I'KW=EXF'Kl=GFtFrLr)=n. n CALCU 69
GFNlF W=:^,Sfx (X IT1AhM) CALCU 70
PIIPNf W=STVF FtSlIJ (Pr.) CALCUj 71
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I

*T PKW=PURIF W+ XlMPv VI CALCI 72
GO TO 444 CALCU 73

222 EXPKW=ARS (FVfN) CALCU 74
GENLD=EXPKW+SI)MF (1.) CALCU 75
PI-RNF:W=SIIMF (.) CALCU 76
GENNFW=SUMF(1.) CALCU 77
TPKW=SIMF (2.) CALCU 78
XMSHP=XMPKW=0 .n CALCU 79
GO TO 444 CALCU 80

333 XMSHP=X/( .746*FTAMM*ETAl) - CALCU - 81
XMPKW=XMSHP*.74h CALCU 82
PURNFW=SIIMF (2.) +SIi4F (1. )CALCU 83
GENNEW=GENI n=EXPKW=n.0 CALCU 84
T'KW=Xt1lPKW*PURNFW CALCU 85

444 CONTINUEF CALCU 86
C $$S THIS IS MODEl. A FOR CONFTI.S 1 * 2 ;$t ...--.- CALCU .--...87

QRT=0. CALCU 88

C CALCU 89
00 44 1=1,4 CALCU- 90

ETHLOAD=TSHP (I 00./XNPT) CALCU 91

CALL TLII (FTHLOADCFFAC,PwnF.CFE, NCF CALC 92
033 TSHPP*Ar.(PWR* ( ( I -FTH)/FTH ..- CALCU ---- 93
05=09*033+014 CALCU 943IBQ 011= (TSHP*?45./ (FTAR*FTTH)) * (09/FTAR) CALCU 95
08=05-07 CALCU 96
IF(QAR.T.O.) ORT=OR CALCU 97
CAL. ETHSUR CALCU 98

CALL TLII(T33 AFTHVTIFTH.VFTH*NFTH) .-----.- CALCU ---- 99

44 ETH=AFTH*CFFAC CALCU 100
C CALCU) 101

IF(MDTAG.EO.SO) WRITE(OUTSn)TSHP.SIIME(1),C1C2»ETHrOII«Q9 - CALCU 102
IF(MnIAG.FQ.SO) WPITF(0tT,51) 012,013,014,015,033,034,08.05 CALCU 103

RETURN CALCU 104
10 WRITE(OUT,15) K CALCU 105

50 FORMAT ( 1XHTSHP=,E O0. 3SHS;tMF=,E10.3,3HC1 El 0.3,3HC2SmEIO.3 CALCU 106

1 4HFTH=,FIn.3,4HQI1=.FlO.3l,4H 9=-,F10.3) CALCU 107

51 FORMAT( X,4HQl?=,FlO.3.4n013=.F1O.3.4H014=,F1O.3.4HQ
S El10. 3 CALCU 108

1 ,4H033=,FlO.3,4H034=,FIO.3,5H OR= E,10.3,4H 05=.E1O.3) CALCU 109

15 FORMATIX," IMIT PEACHFOD"?XT3) CALCU 110

STOP CALCU -- 111

EN) CALCU 112

SIU.HRO ITINF FTHSIJR FTHSUB 2

COMMON/TGCM/ETACOI, FTAMM FTAGC,,FLMC.FLTS.Q01 FLWFETAI ETAG T14 ETHSUB 3
COMMON/TVAL/COPCI(10).VT1CI(10).CF)(10),PWP (10) ETHSUB 4

* COPC?(ln) VTIC2(1O0) CF?(10) PWR?(10), FTHSUB 5
* + VFTH(10) VTIFT ( 0) ,CFF(10) PWRF(IO) FTHSU 6

COMMON/CONTr/MSr4TAPTNCA SrF,N(CPC 1.T OPC) ,TITLE (50) ETHSUR 7
* 4IC.nPC?,TICOPC.?.rIFlH.IFTHNEXTNCF1, ETHSUB 8

+ r NCF?,rCFF ETHSUB 9
COMMON/SVAI.GL/XMP.FTA(GFM.F TM,FTFAR, TvtMnlAGPCT, FTHSUB 10

* nTAIRP,.SCFMO, CFMVL.'F7,IF(7) ,V(10) FTHSUB 11
e cnR ( I0() 1)cCFMV.FPSV ETHSUB 12

COMMcGJ/FLF.C/SFVf:'IL OAnFF)T XlAIHP, TPKW, XNMGLDX XPKW, FTHSUB 13
* GFMI' [I XMPKWPItIJMFW.(GFIrIMFW FETHSUH 14
COMMON/CALC/K,014,1 01 ?) ,? 01,15,Q34,XTSHP.Q33,09. ETHSUB 15

* 05.,O1 1 fl.Cl .CFTHO7.ACCPWPATNPWR. ETHSUB 16
* pPCP'.,pnT1 SCFMFFCFCMAXAt?4,T,OQPTMO01?M FTHSUD 17
*+ 014M,05H1,NSP f FTHSUB 18
COMMON/SUL/FICOhl1 ,F ?r()COHI ,P,F?CON.F FPCON,3C F3CON CON3, F.THSUR 19

*+* F4COtJ1 .FCOHl *.FSrnI2,F6 hFCOF1 ,SrFMnOITF (7) FTHSUR 20
COtMMOrl/C(OFAC/CI FACCFAC,CFFACeF AYMnO HOtIRNn,FI AG FTHSUR 21
COMmOM/I/OOFV/rIJ.' IT FTHSUR 22

COlHMO4f/XX'lJ nAt)/XNHri , XtPC! , XIPrTPc X..HPr .T .A »C 1 .2.ACrtA1\FTlHniltl. *h FTHSUB 23

I
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I

* NPFV XNPRSXNPfPR ,X XPRBH1XKOA AXNPB· ETHSUB 24
+ XMPNR, LAPR.nLOA) XNRLDfGCFtECF nRATE ETHSUB 25

COMMOI/SCAI C/T3 , T'4, rTnO.171 U74 til 3 · n4 A73 A 74, A83A84 r ETHSUB 26
* G7,R, .rTWR ,HTT7 ,T73T,11TR T72?T82» T83.OTZT81 ETHSUB 27

COMHONJ/S?CAI C/KFI C,'G,XnL-Xr, X3.nOTOI DlOTM,RNRFTAD ETHSUB 28
CnMMOI/S3ClrCC/lG1,Al4 l49111, ?1H34AO ETHSUB 29
INTEGFR nAYNO HOIIPN n.nlIT ETHSUB 30
REAL K1,K? FTHSUB 31
K1=60 *..3-6(GR ETHSUB 32
K2=60. *R.33*G7 FTHSUB 33
IF(Q7.GT.O) 171=TO-(07/K?) ETHSUB 34
IF(07.GT.(033+034)) T73=T71*(033.0+'4)/K2 ETHSUB 35
IF(07.LT. (03+03.4)) T73=TO FTHSUB 36
Ct=l/(l-FXP(-(1174'A74)/K?) )ETHSUB 37
CZ=l/(l-FXP(-(ll84*AR4)/Kl)) FTHSUB 38
C3=1/(l-FXP(- (l73* 73)/K2)) FTHSUB 39
C4=1/( 1-F XP(-(11-3*»4A3)/Kl ) )ETHSUB 40
IF(07.GT. (0.).Af!D.oRT.(;T.(0.).ANl.034.LT.(l.)) GO TO 50 ETHSUB 41
IF(07.GT. (.).ANND.OT.CT. (0.) .ANn.0O,4.GT.(0.)) GO TO 100 ETHSUB 42
IF(QfT.EO.(n.).AtN).07.(;T.(0.).AtJD.034.GE.(0.)) GO TO 200 ETHSUB 43
IF(07.EO. (.).AJHO.0(4.GE. (0.).ANn.ORT.GT(0.) ) GO TO 300 ETHSUB 44

50 T72=T34=T71 ETHSUB 45
T33=T72C3* (07/K?) ETHSUB 46
TRA=T33-C4* (OT/K?) ETHSUB 47
TH3=(T33-Tn?)/C4+TR FETHSUB - 48
TI1=TR2 ETHSUB 49
GO TO 400 ETHSUB 50

100 CONTINUF - ETHSUB ----- 51
H= (Cl-)* T71 ETHSUB 52
R= (C4/Kl) "8T-C3*T73 ETHSUB 53
Cw033-QRT-K?*T73 ETHSUR 54
T72=((H*C4Kl )-(PC7*Ki) C* (C4-1) * (C7-)- ETHSUB 55

*H*KI (C4-1) (C7-1) K1 -C7*C4C) / FTHSUB 56
( (CIr4*Kl ) - (C7-1I) C4-1 ) *K2KIC7*(C3-1)- ETHSUB 57

*CI*K1*(C4-1)-(C7-1) *(C3-1) *KI+CC4*K2) ETHSUB 58
T34=T71+C * (T7?-T71) FTHSUB 59
OTA2TRI=(034-K? (T7?-T71) /KI ETHSUR 60
TRl=T34-ClnTR?TFnl ETHSUR 61
T82=T8a +ITPTP1 ETHSUB 62
TR3=(O33-K?*(T73-T7 ))/K1*T? - ETHSUB - 63
T33=Tn2*C4*(TA3-TRA) FTHSUB 64
CT33=T72*C (rT73-T7?) ETHSUB 65
GO TO 400 FTHSU8 66

200 T34=T71*CI*(034/K?) ETHSUB 67
T33=T71*(034/K?) +C3*(03/K?) FTHSUR 68
T72=T71+ (034/K) ETHSU - 69
GO TO 400 ETHSUB 70

300 T81=AMAXI ( (TWHR+)T)t ,5.) ETHSUB 71
T34=TR *C7* (034/K1) ETHSUB 72
T33=TR * ((14/K1) *C4* ()3')/K1I) ETHSUR 73
TR?=TR) (r034/Kl FTHSUH 74
T8l=TR1+(lc+Q*Q-t4)/Kl ETHSUB 75

400 CONTINUIF ETHSUB 76
IF(MUIDA,.Nr.n0) QFTIIHRI FTHSUB 77
WRITE (OlT 1nnn) 07,ORTf,l,(0314 ETHSUB 78
WRITE (Oll)T I nl) 1174. A74,11i4.,A84 FTHSUB 79
WRITE fO1T, 00?) 1731, A73,113, AT3 FTHSUH 80
WRITF(OUT, n003) Tn ,TWn.DrT,G7rC ETHSUH Al
WRITF i(OlT,004) 71 .T73.K1 ,w? FTHSUB 82
WRITF (OIT ln nF;) CT,C7.n3.C34 FTHSUB 83
WRITF (OulT. 1n16t) H.R.C. r? FTHSUB A4
WRITE(o(l , 107) ( Tn?Tal ·Tl ,TRP?,1 R FTHSIJR 85
WRITE (OUlTrnnfl) T31.1t/,,rrTlt FTHSUR 86
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RETUIP'N FTHSUB 87
1000 FOHMAT((1007= ".F15.%.IX."O, T= "l,Fl.'S,3X."Q33= ,,F1l'.5,3X, ETHSUB R8

+ , 034= ".F lr.S ETHSUB 89
1001 FORMAT("O0174= 1".F15l.,.3XI"A74= ",*F l.5913X.)"184= ",Fl;.5, ETHSUB. 90

+ 3X,"AA4= ",Fll5.;) ETHSUB 91
100? FORMAT("01173= ",Fl1.5.,3X,"P73= ".Fl.S5,33X,"IJ83 ",F15.5S3X -ETHSUB 92

+ I"ARl= "FIo.S) ETHSUB - 93
1003 FORMAT("OTO= ",F1r .5,.3X "I"TWR= " ,FIS'.v3X,"DT ,»,F15.5,3X9 ETHSUB 94

+ "C07= ",F1;.S,.X,r"CF= ",FlS.S) ETHSU 95
1004 FORMAT("OT71= ",F1'.5.3X,,T "73= " ,F1'5.5,3XI ",Kl sK F155,X 3X ETHSUB--- 96

+* "K2= "(FIS.;) ETHSUB 97
1005 FORMAT("OC1= ",FI1,L;,3I3x."C;= ",F15.9,3X,"C3 ",»vF155.3X , ETHSUB 98

+ "C4= ",F1S.;) - ETHSUB --- 99
1006 FORMAT('"OA= ",F].So,3X,"fl= ",FI1.S,3X,"Cz ",F15.5,3X."T72=",F15.5) ETHSUB 100
1007 FORMAT("00nTR2TRl= " ,FI. .3Xl,"TR= "F .5",FIS.5.3lX.FT8?R= ".F15.5,3X ETHSUB 101

* 'TU3= ",F1S.) - FTHSUB-- 102
1008 FORMAT( "07T3= ",F15.5,3X,"T314= ",F1i;.53X,"CT33= "F15.5) ETHSUB 103

END FTHSUB 104
SUHRUUJTTIF COPSIRn COPSUB 2
REAL K3 COPSUB 3
DIMENSIOIJ FFFll (f FFrrFl?(7) FFFF?(7) Xll(6),Xl2(7) X??(7) COPSUB 4
COMMON/TGCM/ETACONFTAM'4 FTAG.Ar FL'C,FLTS0.16,FLWF ETAI ETAG T14 -- COPSUB --- 5
COfIMON/TVAl/COPCl(10).VTIC1(10),CFI(10) PWRl(10), COPSUB 6

+ COPC?(10),VTIC2(10 ,CF2(10) ,PWP2(10, COPSUB 7
* VETHi(]O) VTIETH(iO),CFF(IO).PWRF(lO) . COPSUB .8-

COMMON/CONTIl/NSTAPT. JCASFS'MlCOPCl, COPC 1TITLE(50) COPSUB 9
+ NCOPC:?.ICOPCP?.NTHIFTHNEXTNCFI, COPSUB 10
+ NCF?.NCFF . -.-- COPSUB --- 11..

COMMON/SVALfnL/xNPFTArFNCfTAMF7TAR,TVyMDIAGtPCT, COPSUB 12
+ nTATRSCFMOL.S;CFt1VIF7,IE(7),SV(10, COPSUB 13
* SOR(ln) ,SCFMVFPSV COPSUB --- 14

COMMON/ELF:C/SFvFNLOArDFDTXH'SHP.TPKW XNMGLDEXPKW, COPSUB 15
+ GEfJNLn XMPKW9PUPNFW, GEINFW COPSUB 16
COMMON/CALC/K,014,01,012, O13,01,0l34,XTSHP,033Q09o -- COPSUB------7--

+ OS.0110fOc1,CPFTHHO7.*ACPWR.ATNPWR, COPSUB 18
+ PCPWRTT.SCFCFCMFCAX,0?4,08TQ8TM,01?M» COPSUB 19
+ 014l, o)M, NSPM COPSUB.--. 20
COMMON/SII/FICON ,F?CONI lPF?CON?2FCON3.E3CONlEE3ON3 COPSUB 21
* F4CON1 ,F5CON1 ,ESCnN?;,E6COnJ ISCFMOUTE (7) COPSUB 22
COMMON/CORFAC/ClFAC.CFACCEFACDAYNO.HOURNOFLAG COPSUB----. 23
COMMOMN/IOnFV/INOIT COPSUB 24
COMMO'/XNLOAD/XNPC 1XPCXNC?, XNPTAC1 AC2,AETHNDUALt COPSUB 25I ,* r JPFVXrPRSXNPRL ,XNPRl19 XKOAXNPRr COPSUB 26

* XNPNRr.LOAnXNPninFGCF.FCFDRATE COPSUB 27
COMMOW/SCAI C/T3l,T34,Tn 0,173,J174UR3 l)84.,A73,A74,AA3,AR4, COPSUB 28

* G7,G8,'Twn,)OT.T71,T73TT73 ?T82,T83,DTR2TR8 COPSUB : 29
COMMON/5?CAI C/KFI..AG, X3nLf)X3,nOTOi.Dr),OTR,NRPFTAD COPSUB 30
COMMON/S3CAILC/CGlA14,4tl4Tl?,H34A)n COPSUR 31
INTEGER n)AYNOIIOI)PHNO.OIF COPSUB 32
DATA EFFF]/.57P,.h6h.,.7??,.786?,.7;4,.7n?/ COPSUB 33
DATA Xll/ l.ol14.9,?1.;.R?,s.7?h.9/ COPSUB 34
DATA FFF2l/.O0R,.57.:.66).7?..76,.7R.77.93/ COPSUB . 35
DATA Xl?/l.?21.97-..7q,3.o?,4.l;?4.:R, 4.7/ COPSUB 36
DATA FFF??/.533..SnO,.6S7,.739,.770,.77R,.791/ COPSUB 37
DATA X??/.,S.R7,,15.h.7,l.R7,?.O,?.1?/COPSUB 38
DATA JN11NI2,?NP/6,7,7/ COPSUB 39
KFLAG=O COPSUB 40
X30LD=OOTOID=0. COPSUB 41
K3=5Sn.*o·1 COPSUR 42
C5=(l/(l-f -P(-)14*A 14/K3) ) COPSUR 43
T14=T2- (01/4(5-l ) )/K3 COPSUB 44
P34SAj=PqATT(1 14) COPSUP 45
P14$AT=PSAT T ( T 1z) COPSUR 46
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HL3.4=lFr( T(T4) COPSUB 47

HGl4=HGT(T14) COPSUB 48

034N=((C?*))/C?) 014 COPSUB 49

100 0340=034N COPSUB 50

DOT=ol04/(Hri4-HL 34) COPSUB 51

X3=)nTM*SORT (TlO+.460. )/(r14SAT*3f00.) COPSUB 52

R=P34SAT/P14.AT COPSUB 53

IF(NR.FO.11) 7=(X37./75.) *?.256 COPSUB 54

IF(NP.FE(.1?) 7=(X3*.3/1.) *. l COPSUB 55

IF(NR.FO.??) 7=(X3*S./ .)2?.1S5 COPSUB 56

IF(R.LT.7) CO TO ?nn COPSUB 57

X30LI=X3 COPSUB 58

DOTOI.n=DOT" COPSUB 59

IF(NR.EQ. 11 X)=(R-P?.?26) / (7./7') COPSUB 60

IF(NP.EO.12) X3=(P-?.11)/(.//1.) COPSUB 61

IF(NR.FO.2?) Xl=(R-2.1cq5)/(5./.) - COPSUB - 62
OOTM=X3J*P14AT*3hi00./SORT(T1.+4*O.) COPSUB 63

KFLAG=1 COPSUB 64

200 CONTINUF COPSUB 65

IF(NR.EO.11) CALl TLIl(X3,FTnfXll.EFFllNl1) COPSUB 66U1~ IrIF(NR.EO.12) CAII rTU(X3,FTADlXl?2FFF12,N2) COPSUB 67

IF(NR.E.?2) CALI TI.U(X3,ETAnX?2.FFF22N? 2--- COPSUB --- 68

IF(NR.EQ.I1) RM=1h.R6 COPSUB 69

IF(NP.EQ.l) RM=17,4A COPSUB 70

IF(NR.FE.??) RM=24.6 COPSUB -- 71

H34A1)=H(;14*PMeALOCGi (P34SAT/pl4SAT) COPSUR 72

H34ACT=HG14+ (H34A()-HG14)/ETA) COPSUB 73

AC2=(HG14-H|4 34)/(H34&CT-1C 14) - COPSUB - 74

Q34N=nOTM* (H34ACT-HI34) COPSUB 75
IF(APS(034M-Q34O)/34n.rT..nl) GO T 100n COPSUB 76

Q14=OTM* (HG14-HL34) COPSUB ---- 77

C2LOAFn=(100.O14)/014M COPSUB 78

CALL TLII(C?ILOA)DC2FACPWPCFNCFP) COPSUB 79

C2=AC2*C?FAC --- COPSUB---- 80

IF(MDIAGIE. 30) PFTIPN COPSUB 81

WRITE(O()T,0lO0) X3rnLnnOTOLf),K3,CST14, P34SAT P14SAT« COPSUB 82

* HI-34,H4;l4,nOTMx31RKFI-AG,,FTTRMH34ADOH34ACTtC2 COPSUB- 83

RETURN COPSUB 84

300 FORMAT(IHI ,IX3nIl|)=".Flo.2.,rn)OTOI.I)="FlO.?»"K3,",FlO.?, COPSUB 85

* ,'"CS=",FIO.2?"T14",,IFIO?,"P34SAT=',F10.2/9 - COPSUB - 86
* " p14SAT="«,F1O.?. ,HL34=",.FI.?",,HG14"4,,F10.?»,2 COPSUB 87

* "n lTM-", F 10 O.?."X3="'F1O0.2."R=I".F10.2."KFLAG'T109 TO COPSUB 88
* /,,, FTAn=,",F10,?."RM=",,FlO.2.,"H34Afrl". COPSUB 89

* FlO.?,0"H34ACT=".F10.?,"C2=",FiO.?) COPSUB 90

END COPSU 91

FUNCTION PSATT(TF) PSATT 2--- ?

REAL K PSATT 3
C PSATT 4

coMMON/FPLOn/ AntOrIn,cn,non,Fn AVP. RVPCVPnVP9EVP.FVP. PSATT5
1 P.Rl.A?,p?,r?,A39R3,C3.A4,R4»C4» PSATT 6
2 AASPCSC.AFR6h.C6,KAIPHACPP PSATT 7

3 ACVPCVcCVOCVFCVXXYY PSAIT 8
C PSATT 9

C PSATT 10

REAL I..E 1. PSATT 11
C PSATT 12

COMMON /FPI n?/ IFI'.,,.TPFF,TOI ,NRPCeTC'VCTFMTNTFR PSATT 13

C PSATT 14

C PSATT 15

C SATUPATION PRFitlUPF AS A FUNCTION Fr TFMPFRATURF IN nFG. F. PSATT 16

C PSATT 17

T=TF*TF-P PSATT 18

IF (fF.IT.TFMIN.oP.T.CT.TC) C0 TO 4n PSATT 1

I MECHANICAL C-12
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20 PSATT=FXP (¢(AVP.HVP/T+CVP*AI OG,1(T)>.rVPoT})*LEIO) PSATT 20
RETURN PSATT 21

40 CALL FPLMSNr(6HPSATT tl,?gTFnO) PSATT 22
RETURN PSATT - - 23
END PSATT 24
FUNCTION 'PVDTT(TF) DPVDTT 2

C DPVDTT -- 3
C ENTRY OPDTPT(P.TF) DPVDTT 4
C nPVDTT 5
C COMPUTES TOTAL DFPTVATIVF (DPV/DT) OF SATURATION PRESSURE AS A ----DPVDTT 6
C FUNCTION OF SATURATION TEMPERATURE (nEG.F). DPVDTT 7
C OR DEPIVATIVF AND SATIIRATTn PRFSSUPE AS A FUNCTION OF SAT. TEMP. OPVOTT 8
C (IF ENTRY POINT IS IISFD.) OPVDTT --- 9
C DPVDTT 10

REAL K DPVDTT 11
C.. - - DPVDTT --- 12

COMMON/FPl.01/ A, r) RCr)o DD Fr)AVPeRVP, CVPt nVP EVPFVP (OPVDTT 13
1 RHI,A?,2FR?,C?,A3n3,C3,A4,4R4C49 DPVDTT 14
2 AS.fH'L,5C5A6.R6.C6 KAI.PHA.CPR DPVDTT 15
3 ACVtCVCCVnCV*FCCVXXYY nPVDTT 16

C DPVDTT 17
C ._.. DPVDTT---- 18

REAL L.F10J DPVDTT 19
C DPVDTT 20

COMMoN /FP.02?/ LFIO*.J.RFF-TOI NR.PC~TC»VCTFMtINTFR OPVDTT .-.-. 21-
C nPVDTT 22

T=TF*TFR DPVDTT 23
IF (TF.LT.TFMIN.OR.T.GT.TC) GO TO 90 ..... -- ...--. DPVDTT---.--- 24
P=PSATT(TF) DPVDTT 25

70 DPVOTT=P*((-RVP/T*LF10+CVP)/T+DVP|LF'10) DPVDTT 26
RETURN ... DPVOTT -- 27

90 CALL FPLMSG(6HDPVDTTl .2.iF,O0n) DPVDTT 28
RETURN DPVOTT 29
END DPVDTT.--- 30-
FIINCTION HFT(TSAT) HFT 2

C HFT 3
C ENTRY HPVVHT(HIGPSATVFVG*HFG.TSAT) . HFT - 4
IC HFT 5
C ENTHALPY OF SATl!ATFI) I.IQIIO AS A FUNCTION OF TSAT. HFT 6
C OR HF, HG, PSAT9 VF, Vr, ANO HFG AS A FUNCTION OF TSAT. HFT -- . 7-
C HFT 8

REAL LE10,.1 HFT 10
C HFT 11

COMMON /FPPI02/ LF10 .J,IRFF.TOI NRPP, TCVC, TFMIN TFR HFT 12
C.. --- HFT -..-- . 13-

DPDT=OPVDTT(TSAT) HFT 14
PSAT=PSATT(TSAT) HFT 15
T=TSAT+TFR HFT 16
VG=VPTI)(PSA T, SAT) HFT 17
VF=VFT(TSAT) HFT 18
HFG=J*'OprT T* (VG-VF) HFT 19
HG=HTVD( ISATVG,) HFT 20
HFT=HG-HFG HFT 21
RETURN HFT 22
END HFT 23
FUNCTION HGT(ISAT) HGT 2

C HGT 3
C ENTRY HrPVGT T(r'^T\/rTSAT) HGT 4
C CHGT 5
C ENTHALPY (!F SATl;PAIln VAPORH AS A t-iMICT TON OF SATURATION TEMP. (F). HGT 6IC OR HG, PrsAl. /Ar) ir r; , A FIIJCTInN r)F SATATION TEMP. HGT 7
C HGT R
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PSAT=PSATT(TSAT) HGT 9

VG=VPTD)PSAT*.1SA) HGT 10
HGT=HTVI)(TSATV.) HGT 11
RETURN HGT -- 12
END HGT 13
FUNCTION VFT(TF) VFT 2

C VFT 3

C SPECIFIC VOLUMIF OF I TO1T) AS A FUNCTION OF SATURATION TEMPERATURE VFT 4

C IN DEGREFS FAHRFNHFTT. VFT 5
C VFT 6

REAL K VFT 7
'C VFT 8

COMMON/FPLOI/ AI)Pr),CDn.DD.FDtAVPIRVP.CVPnVPEVPFVP VFT 9

1 Rqf,A?,PR.C?,A3,R3,C3,A4,tR4C4, VFT 10
2 ASiR,4RC5,A6hR6,CAKALPHACPR, VFT 11

3 ACVRCV,CCVeCVFCV .XXYY VFT -- - - -12
C VFT 13
C VFT 14

REAL I.FO.I, VFT - 15
C VFT 16

COMMON /FPl02/ LF-IO.J,IPEFTnI.MR.PCTC.VCtTFMINTFR VFT 17
C VFT 18

DATA EX /0.333333133E+o00 / VFT 19
C VFT 20

T=TF*TFR VFT 21

IF (TF.LT.TFMIN.OP.T.fT.TC) GO TO 40 VFT 22
C VFT 23

20 X=TC-T VFT 24
RHOF=AD+X*(PDD+Fr)X)+cDSOQPT(X) nD*X*EEX VFT 25
VFT=1./RHOF VFT26
RETURN VFT -- 27

40 CALL FPLMSG(6HVFT 1,?,TFO.O) VFT 28

RETURN VFT 29

END - VFT --------- 30
FUNCTION PTVD(TF.V) PTVD 2

C PTVO 3
C PRESSURF AS A FUNCTION OF TFMP. (nFr.F) ANn SPEC. VOi (FT*03/LBM). PTVD 4

C PTVD S
REAL K PTVD 6

C -· -PTVD ---- 7
COMMON/FPLO1/ Ap.RCnD,OD,En»,AVPVPVPtCVPnVPtEVPtFVP, pTVD 8

1 R,R1,A?,PRC?,A3.B3.C3,A4,R4,C4, PTVD 9
2H A SFtAChSA6,Ph Ch6t,KALPHACPR, PTVD 10
3 ACCVPCVCCCCVFCVXX.YY PTVD 11

C PTVD 12
C- PTVD -- 13

REAL ElO0.J PTVD 14
C PTVD 15

COMMON /FP'l.02/ LlnJ.TIPFF,TOi ,NRPr,TCVC9TFMTITFR PTVD 16
C PTVD 17

T=TF*TFR PTVD 18
IF (TF.LT.TFMlHT.OP.v.LT.VC/1.^) GO TO 10 PTVD - 19
VB=I./(v-rn) PTVD 20
X=ALPHA*V PTVD 21
IF (X.GT.70.) x=70. PTVD 22
X=EXP(X) PTVD 23
Xl=EXP(-K*T/TC) PTVD 24
PTVD=vR(TVR (**T+VR*(A-I2?*n T cxl Vf*(I' *RT+C3eXI+VR*(A4* R4*T*C4*XI PTVD 25

1 +vhR(ASRSR*T+CSxl))t))+(A6*RPT*Cf*X1)/X/(l.+CPPRX) PTVD 26

RETURN PTVD 27
10 CALL FPLMSGr(6HPTVP) ,1,?TF..tV ) PTVD 28

RETtJURl PTVD 29
END PTVD 30
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FUNCTION I)PnV1v(TF .) DPDVTV 2
C DPDVTV 3
C COMPUTES PARTIAl IDFr'IVATIVF (nrP/nvT AS A FUNCTION OF TEMP (DEG.F) DPDVTV 4
C AND SPECIFIC VOl iJr (FT**3/IRN). nPDVTV 5

REAL K DPDVTV 6
C DPDVTV 7

COMMON/FPIl O/ AolnICnnnrOFO»AVP»RVPCVP»DVPEVPeFVP. PDVTV 8
1 R.RlA?.R?.C?.A3Q.3,C3,A4.B4tC4 nPPVTV 9
2 AS lrc59AtRC6tK9AlPHACPR DPDVTV 10
3 ACVRCV«CCVnCVeFCVtXXYY - - DPDVTV - 1

C DPDVTV 12
C OPDVTV 13

REAL lEIO1., DPDVTV- 14
C DPOVTV 15

COMMON /FPI. 02/ I F10,J,TRFF.ToL ,NRPCTC.VCTFMIN»TFR OPDVTV 16
mC -.DPOVTV---- 17-

IF (TF.LT.TFMIN.OR.V.I.T.VC/I.1) GO TO 10 DPDVTV 18
T=TF*TFP DPDVTV 19
X=ALPHAav nPDVTV .- 20
IF (X.GT.70.) X=70. DPDVTV 21
X=EXP(X) OPDVTV 22
Y=1.*CPR*X .- DPDVTV --.._23.
Xl=FXP((-K*T/rC) DPDVTV 24
VP=)./(V-Ri) DPDVTV 25
DPDVTV=-VR*aV3*(P*T,-VHl(2. *(A2*RT*C2*Xl))VR* (3.*(A3BR3*T+C3X1). DPDVTV .. 26

1 +VB*(4.fa(A4«H4T+C4X1i)*+VR((5.(A5*B5#T*C5*Xl)))I)) DPDVTV 27
2 -(A6*n6a[*C6#Xl)*AIPHA*(1.*+P. CPRX)i/Y/Y/X DPDVTV 28

RETURN . . . ..- - ------ DPDVTV __. 29
10 CALL FPLMSfG(6HinpVTVT.2»TF3.V) DPDVTV 30

RETURN DPDVTV 31
END DPDVTV .32
FUNC ION VPTD(PTF) VPTD 2

C VPTD 3
C SPECIFIC VOI.UMF OF VAPOR AS A FUNCTTON OF PRESSURE (PSIA) AND TEMP VPTD .--.-. 4
C (DEG.F). VPTD 5
C VPTD 6
C THIS IS AN ITERATIVE (SECONn LEVEL). (LEVEL 2.0) ROUTINE. . VPTD .. 7

REAL K VPTD 8IC VPTD 9
COMMHO/FPL01/ AnDRDCDnDD,FAVPARVPCPVP ,EVPVPEVPFVP, -VPTD .--- 10
1 R.R1,A?,R?,C?,A3.R3.C3,A4,rB4C4 VPTD 11
2 ASRs85CS,A6,RA6C6tK,AlPHACPRQ VPTD 12
3 ACV[.RCV.CCVDCVCV VPXX*Yy VPTD 13

C VPTD 14
C VPTD 15U REAL IE0I., -VPTD 16
C VPTD 17

COMMON /FPI.02/ LF10*JTRFFTOI.»NRPCTCtVC»TFMIN»TFR VPTD Ifl
C VPTD- 19

IF (TF.I.T.TFIIN) GO TO n VPTD 20
T=TF+TFQ VPTD 21

~~~~~~~~~~C ~~VPTD - 22
C ATTEMPTS Tn VPTO 23
C ESTIMATF V FROi4 THE FIRST TWO TFPMS TN EON. OF STATE. VPTD 24
C RESULT IN SCPT (NFGATIVF NO.) AT HIGH PRFSSIJRES. VPTO 25
C 10 A=A2*B2T*CPEXPi(-K*T/TC) VPTD 26
C B=R*T VPTD 27
C X=(-BR*S(PT(q*nf+4.*A*P) )/?./A VPTD 28
C VPTI=1./X+F)l VPTD 29
C VPTD 30
C ESTIMATE V FPOM THF FIRST TFRM IN FON. OF STATE. VPTD 31

10 VPTO=RlI/P*+I VPTD 32
RHO=1./VPT) VPTD 33
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C ENTRY VPT)FIPTF) VPTD 35

ENIRY VPTf)F VPTD 36
C VPTD- 37
C THIS FNTPY POIRT IS )JSFD TO SHOPTFN THE ITERATION WHFN A PREVIOUS VPTD 3R
C ITFRATION HAS ALFPEAIY FSTAR I'IFn1F A GOOD VALUE FOR VPTO. VPTD 39
C VPTD 40

DO 20 ITER=l92? VPTD 41
C CALCULATF THE VALUE OF P COPRFSPOtnjfNG TO T AND V. USF THF NEWTON- VPTD 42
C RAPHESON MFTHOD TO CORRECT THF DENSITY. VPTD 43

F=PTVD (TF ,VPTD)-P VPTD 44
FPHRIME=-DPnDIVTV(TI',VpTD)/( (RHt)"H()) VPTD 45

C CORRECTITN IS MAnF Tn nFMeITY PATHEP THAN TO SPFCIFIC VOLUMF VPTD 46
C RFCAIJSF. FOR A prPFFCT GAS, psPHOORoT. AND CONVFPGENCF SHOULD BE VPTD 47
C IMPROVEr. VPTD 48

RHO=RHO-F/FPRI F -- VPTD --- -- 49
VPTD=I./RHO VPTD 50

C THF FOLfOW1ING STATFMFNT IS PLA(ED LAST IN THE DO LOOP SO THAT VPTD 51
C EVERY FNTRY TO vPTnF WILL.. RFSUI.T IN AN IHPROVFD ESTIMATE OF VPTD. VPTD 52
C REGARDLFSS OF THE VALF OF TOl. VPTD 53

20 IF (ARS(F/P).LT.TOL) RFTURN VPTD 54
C NON-CONVFRGFD SOL.ITION. VPTD-- -. 55

40 CALL FPLMSG(6HVPTD ,2?.1P,?,TF) VPTD 56
RETURN VPTD 57

60 CALL FPLMSG(6HvPTD *tl.1P»?TTF) VPTD 58
RETURN VPTD 59
END VPTD 60
FUNCTION HTVD(TF.V) HTVD--. 2

C HTVO 3
C ENTRY HPTVD(P.TFtV) HTVD 4
C HTVD ----- S
C ENTHALPY OF SUPFRHEATED VAPOR AS A FUNCTION OF TEMP (DEG.F) AND HTVD 6
C SPECIFIC VOLUMF. (FTa*s/LRM). HTVD 7
<C OR H AND P AS A FUNCTION OF T AND V. -- HTVD -.--- 8
C HTVD 9

REAL K HTVD 10
C HTVD 11

COMMON/FPL01/ AnDPDCDODFntAVPtRVPtCVP*DVPtEVP*FVPe HTVD 12
1I RH.,P1,?PC ?,^3,P3tC3,A4.R4»C4 HTVDO 13
2 AqFR5tCSA6,PR,C6rtK,.PHACPR - - HTVD ---14
3 ACV,RCVCCVDCVFCVXX,YY HTVD 15

C HTVD 16
*C HTVD 17

REAL I.F10,J HTVD 18
C HTVD 19

COMMOI /FPIL2O/ LFIn,0.IRFFTOINR.PCTCVCTFMINTFR HTVD - 20
C HTVD 21

IF (TF.LT.TFIIN.rP.V.LT.VC/).oS) GO TO 10 HTVD 22
T=TFTFP HTVD 23
X1=K*T/TC HTVD 24
Xl=(l.*xl)nFXP(-X1) HTVD 25
VR=I./(V-RI) HTVD 26
P=PTV(TF ,V) HTVD 27
CFI=XI CC?A? HTVD 28
CF2=(Xl*c3*A3)/?. HTVD 29
CF3=(Y)]C4+A4)/3. HTVD 30
CF4=(XtC5*+A')/4. HTVD 31
IF (ALPHA.FO.O.) GO TO t HTVD 32
CF6=(Xl*C6+ASt)/AI PHA HTVD 33
X=ALPHA*V HTVD 34
IF (X.GT.7n.) W=7n. HTVD 35
X=EXP(-X) HTVD 36
Y=O. HTVD 37
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5*|~~ ~~IF (Cl'p.tf .*(. ) Y)=(I'P*', ()¢;( . x/(:l') IHO TVD .'
HTVn=T* (ACV+ T* (IV/2'.+T* (CCV/3.* r*rfC/4.) ) -FCV/T* JIPV*VR* (CF HTVD 39

1 *VRP*(CFR*VR (CFr3VHrACF4))) *rF* (X-Y))+XX HTVD 40
RETURN HTVD · 41

5 HTVO=T* (ACV*T" (HCV/?. T* (CCV/3.*T#*CV/4.) I )-FCV/T*JO (PV*VV* (CFI HTVD 42
i *VHR (CF?+VPVR ( ,CFIlvFcr) ) ) ) * HTVD 43

RETURN HTVD - 44
10 CALL FPLMSG(6fHHTVD *1.2,TF,3,V) HTVD 45

RETURN HTVD 46
RETURN ..-- HTVD - 47I END HTVD 48
SUBROUTINE FF'tLMSG(FNAMFIERR.Pl VI P2tV2) FPLMSG 2

C FPLMSG 3
C ERROR MESqSAE ROIlTINF FOR FRFON PPOPERTIES LIBRARY (FPL) FPLMSG 4
C FPLMSG 5

INTEGER FNAME ,P1 .P?.PNAME - -- .--FPLMSG ---- 6
C FPLMSG 7

REAL LEIO ., FPLMSG 8I* C-.C FPLMSG - 9I DCOMMON /FPLO?/ I.EIO.JTPRF.TOLNRePCTCVCTFMINTFR FPLMSG 10
C FPLMSG 11
C _...-_- - .- --- .. _- FPLMSG- .-..- 1Z

.D COMMON /FPI 05/ In FPLMSG 13
C FPLMSG 14

DIMENSION PNAMF(S) FPLMSG- - -. 15
C FPLMSG 16

DATA PNAME/6HPESS=.-,6HTEMP= ,6HSPVOiL=6HFNTHn o6HENTR= / FPLMSG 17
*C ....... FPLMSG --- 18

DATA 10/6/ FPLMSG 19
C FPLMSG 20
C P1.P2 ARE PARAMETFR NIJMRFRS. VI.V ARE VALUES OF THF PARAMETERS. FPLMSG ..--- 21
C I = PRESSURF P FPLMSG 22

H, C 2 = TEMPrRATIJRE T FPLMSG 23
._C . .3 = SPECIFIC VOLUME.V --... . FPLMSG ---- 24

C 4 = ENTHALPY H FPLMSG 25
C 5 = ENTROPY S FPLMSG 26
C 0 = NOT APPI.CABLE P2 ONI Y) FPLMSG 27
C FPLMSG 28

GOTO (10.20,30),1ERR FPLMSG 29
C ....- FPLMSG-.- 30
C OUT OF RANGE FPLMSG 31

* C FPLMSG 32
10 IF (P?.(iT.O) COTO 1? FPLMSG 33

WRITE(IOl101) FNAMFNRPNAMF(P1),VIIREF FPLMSG 34
1010 FORMAT(/4X,16HOlUT OF RANGF TN ,A6.f1IH FOR FREON ,13, FPLMSG 35

* /4X A6 rl .4,1 1 H,* 3XSHTRFF=, 3) .. -- FPLMSG -.- 36
GOTO 9999 FPLMSG 37

12 WRITE (10,1012) FNA4E.RNPPNAMF(P1 ) l1PNAME(P2).V?.EIPEF FPLMSG 38
. 1012 FORMAT(/4X.16HIOUT OF PANGF IN ,A(f-,IH FOR FREON 1I3 - FPLMSG 39

* /4 XA6, G5.4 ,l, I, X, A6., G1.. S.4,/H. 1,3X,5 HIREFa=,T I ) FPLMSG 40
I *GOTO 9999 FPLMSG 41I* C -FPLMSG 42

C NON-CONVERGFNT ITFRATION FPLMSG 43
C FPLMSG 44

20 IF (P2.(iT.n) GOTO 7? FPLMSG 45
WRITE(IO,1020) FNA'^FNPPNAME(P1)VlsIREF FPLMSG 46

1020 FORMAT(/4X.1RBNON-CONVERGFNT IN .A6.lIH FOR FREON t1,3 FPLMSG 47
# /4 X46 'X6,,G 15.4lH, H3xXr HTFRFF=-, 3) FPLMSG 48

GOTO 9949 FPLMSG 49
22 WR I TE (10 n10?2) F'hAMFKIrPNlAtF (PI) VI ,PNAMF (Pi) #V2I1RFF FPLMSG 50

1022 FORMAT(/4XtlIIHJOI-Cn)NVFRArlT TrJ ,f1, 1 1 H FOR FRFnN 13. FPLIMSG 51
· /+4xa.AA,,Gl,. , 1H, 93'xF.,Gl'.4,IlH , 3X»tHIRFF=, 13) FPLMSG 52

GOTO Q999 FPLMSG 53
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C FPLMSG 54
C INVALID PFFPTGFRAfMT NllInFRP FPLMSG 55
C FPLMSG 56

30 WRITE (Tlo3o)0) NP FPLMSG - - 57
1030 FORmAT(/4x,6HFPl:ON .11334H TS AM TNVALTn REFRIGERANT NUMBER.) FPLMSG 58

STOP FPLMSG 59
C FPlMSG 60
C PROVIDE FrJTPY POTtIT TO Al fiW IISFR RFTlRN ON ERROR FPLMSG 61
C FPL-MSG 62

9999 CONTINUE FPLMSG 63
CALL STRACF FPLMSG 64
STOP FPLMSG 65
END FPLMSG 66
BLOCK DATA FPLMSG 67
REAL K FPLMSG 68

C -- FPLMSG 69-
COMMON/FPLOI/ anDRDCDn.D),FnDAVPt, VPCVP, DVPEVPpFVP FPLMSG 70

1 PRPlA?,m?,C?2,3,R3,C3,A4H4.C4, FPLMSG 71
2 Aq, pr5,A6,R6,C6,K, AIPHACPR, FPLMSG 72
3 ACVRCVCCVOCCVFCVXXyy FPLMSG 73

C FPLMSG 74
C FPLMSG -- 75

REAL IEIOJ FPLMSG 76
C FPLMSG 77

COMMONt /FPt O?/ LF10.J,TPFF,_TOI-t NRp(TCTCtVCTFMIN TFR FPLMSG 78
C FPLMSG 79
C FPLMSG 80

C FPLMSG 82
DATA AD),D.CDnn FnAVP.BVPCVP,DVPEVPFVP, FPLMSG 83

1 PRl ,A?,B;?,C?,A3,R,1C3,A4,R4,Cr4, FPLMSG 84
2 ArS t C9.,A6,RhrC6,,KALPHACPR, FPLMSG 85
3 ACVnCV,cCVCCVCVFCVXX,YY FPLMSG 86
4 / 34.84, .0?699 .P349?], h.n?26h3 -(,55549E-6, -FPLMSG --87
5 39.HR3n1727, -3/36.63???0, -1?.47152??8, .0047304424429 2#0.0, FPLMSG 88
6 .0n8734, .00650930R6, -3.4097?7134, .00159434848, -56.7627671, FPLMSG 89
7 .060?39446(4, -1.R1961943lF-, 1.1311399084, -.000548737007* FPLMSG 90
8 3"0.0n 3.4,6Rl-4E-o, -?.543907R8F-5, 3*0.0, 5.47S, 2*0.09 FPLMSG 91
9 .00009459 .00n332662, -2413R96F-7, 6.72363E-11, 0.0. FPLMSG 92
4 39.5561q2??,-.0165379361 / FPLMSfG 93

DATA LE10/?.30?5P5g9?994/,J/.185053/.IRFF/2/,TOL/l.E-4/,NR/12/ FPLMSG 94
DATA PC/596.9/,TC/693.3/,VC/.o02R7/,TFMIt/-/252. /TFR/459.70/ FPLMSG 95
DATA TO/7/ FPLMSG 96
END FPLMSG 97
SURROUTINF GLOPTN tLOBIN 2
COMMON/TGfiC/ETACONFTAMM,,FTAG,.FLMCFLTST^016 FLWFETAl ,ETAGT14 GLOBIN 3
COMMON/TVAL/COPIC l(l10)VTIC1(10) CF (10),PWR (10) GLOBIN 4

* COPC?(l 0)VTIC?(10) CF?(I10) PWR?(10), GLOBIN 5
4* VF'TH(IO) ,tTlFTH(l0),CFF(10) PWRF(10) GLOBIN 6

COMMON/CONT /NSTAPT., tCASFS;, NCOPC ITCOPC lTITLE(50), GLOBIN 7
+* N FC.OPC?. InCPC?,NFTH IF'THNFXTNCF) GLOBIN A

, NCF?,NlCFF GLOBIN 9
COMMON/SVAtt-,l./YVMn.FTAGFI FTAM,FTAR,TVMnO IAG PCT, GLOBIN 10

* UI)Tr IrT ,SCFMO .SCFMVL.F7 IE(7) SV(10). CLOBIN 11
e so t nn(ln),SCFMV,FPSVV GLOBIN 12

COMMON/FLFC /SF vFML, oAnlnT, x4SHP. TPK . XNMGLO.EXPKW GLOBIN 13
· GFtILD , XM'PK W , PI:JNE W r, FMINF W CLOFRIN 14

COMMON/CAI-C/K,014 ,) ,l 01l1, O l01034/, x, T;lPQ33 09, RLORIN 15
C ()C;Ol 1n ,rn,(: IC?,FT. ()7,ACPWP, ATNPWR, GLOBIN 16

e ' PCPPI'T1 ,Tl FMFCFf AX.,04,0 qT»l"T M.Ol?MH, GLOBIN 17I+* 0 H s1 .', os.,SPM (CLOB IN 1 8
COMMOtl/sll/F I COrI n ,rF?ronFI ,lIPF?Co', .7rF C^l3,F 3COnl .E 3Cn3, ALOHIN 19

+ F/,CO! .I sr'I I1 ,.FcnO.r? ,f' nr(rlI 1, rtSFMOIT , F (7) GILOBIN 20

I
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COMMON/COI<F ACC/CFACC?FAC,CFFAC,DAYNOHHOURNO(FL AG GLOBIN 21
COMMON/IODFV/INHlOII GLOBIN 22
COMMON/ XM.nAD/XP XNNPC ? ,PC?. XIPT, C I AC1 A AETHNDIJAL GLOBIN 23

+ nIfFVXNPIHSXNPFRI qXNPRl4i»XKOA»XNPBF GLOBIN - 24
+ XlPhF',RI nOAnDXNRI DGCF.ECFRtRATE GLOBIN 25

COMMON/SCAI C/T 33, T34,TO, t173,U74 Unl, )84, A73 A74,A83 A84, GLOBtIN 26I r, 7,GH. TWRDT.T'T71 T73 TR1 T7?2T82 TR3DTAR?TI GL.OBIN 27
COMMOnt/SCAI C/KFI A XIOLnn, X flnTOIl lI,nOTMRerNRFETAD GLOBIN 28
COMMON/3CAI C/G1IA14,1114,TITH34AO GLOBIN 29
INTEGER nAYNOHOIlKNo.oiT GLOBIN 30

C READ IN HFAPING GLOBIN 31
REAO(NIl) (TIITI F(I),=1 ,50) GLOBIN 32

C READ IN CONTPOL INFOPMATTON .GOBIN -33
READ(IN, 20 )NSTrNpT,NCASAFSNCOPCTlICOPCINCOPC2ICOPC2.NETH, GLOBIN 34

+ IFTHNFXTrNCF1 ,NCFr2,NCFFHDr) TACLOADEDTNDI)AL NREV GLOBIN 35
C READ SINGI-E VALUED GLOBAI PARAMFTERS -- GLOBIN-.. 36

READ (N,o5) XNP,FTAnF,FTAFAMFTARTV,FPSV.DTAIRSCFMOi GLOBIN 37
READ(TJ,'50) SCFMVI F7,FCMAXPCTATNPWRXNPCIXNPC2,XNPT GLOBIN 38
READ(IN.50) XHPRHS,OnTM.1l4MnDRATE.GCFECFETAG GLOBIN 39
READ(IN,50) FTACON,FTAMIM,FTAGG.FIMC*FLTSO*016FLWF.FTAI GLOBIN 40
READ(IN,50) DT.TOG7,GRT1l2U14,A14,GI GLOBIN 41
READ(IN 50) U73.U83.U74.U84,A73 A83 A74,AB4 ... . . -...-. GLOBIN ----- 42
READ (T N?) ;I';M ,NR GLOBIN 43

C READ PARASITTC FL.FCTRTC I OAD CONTROLS GLOBIN 44
READ(IN,20) (E(I)1=1.7) -- ... GLOBIN ---45

C READ COPCI CItVE GLOBIN 46
REAIJ(IT,50) (COPC1(I),VT1C1(I),I=1I,NCOPCI) GLOBIN 47

C READ COPC2 CURVE: . -.--.. -- -- :GLOBIN...-- 48
READIIN,SO) (COPC( I) VTC?(1) ,1= ,NrOPC2) GLOBIN 49

C READ ETATH CURVF GLOBIN 50
READ(IN,50) (VE.TH( ) ,VTlETH(I) ,I=l1NFTH) .- -G LOBIN 51.

C READ CORRECTION FACTOR FOR COPCI GLOBIN 52
READ(IN.50) (CFI(I) .PWRI (I), T=1 JCFI) GLOBIN 53

C READ CORRFCTION FACTOR FOR COPC? GL .... .. I- .54.-
READ(IN,50) (CF?(I),PWR?(T) T=),NCFP) GLOBIN 55

C READ COPPFCTTON FACTOR FOR FTATH GLOBIN 56
READ(IN,SO) (CFF (l ) ,WPF(I) . I= ,NCFF) GLOBIN 57

C GLOBIN 58
C FORMATS GLOBIN 59
10 FORMAT(ROAI) . --. CGLOBIN --. 60
20 FORMAT(16I') GLOBIN 61
50 FORMAT(AF 10.3) GLOBIN 62

RETURN -. GLOBIN 63
END GLOBIN 64
SUHROUTTMF GLROUT GLROUT 2
COMMOl/TGCH/ETACON FTAMMET4GGA FI.MC.FLTS Ql FLWF ETA1 ETAGT 4 -- Gl ROUT - 3
COMMON/TVAI /COPCl (1),VTC1(10),CFl(10),PWRI(10) OGLBOUT 4

· COP?(lO) ,vTC?(l10 ,CF?(10) ,PWR?(10), GLROUT 5
4 VETH(1O) VTIFTH(n) )CFFI(0) .PWRF(10) GLBOUT 6

COMMON/CONTR/NSTART.NCASFS.tCOPCl,ICOPCITITLE(50), GLROUT 7
* NCOPC?,ICOPC2,NFTHT F THNFXTNCFI, GLROUT 8
+ NJCFP?.JCFF GLROUT 9

COMMON/SVAI l /x!P.PTrAGf.FN-FrAMFTAnrTVMITDAGPCT GLOUT 10
e )TA r .SCFM1OFl .SCFMVI, F7, IE (7) , V(10) , GLBOUT 11
+ SOjR(lO).SCFMVFPSV CLROUT 12

COMHONH/EL EC / SEVF M ,.OAnFDTT XMSHP. TPK . XNMGLODEXPKW, GLO8UT 13
+ GFI.I', r XPKW* PiReiF f,.FNNF-W GLROUT 14

COMMON/CAL C/K4,014,01I? ,1 01,S.034X, ,TSHP,033.OQ9, GLROUT 15
*+ OO.1 ] ORllr OP.r-.C'?. Tt7.A(CCPWRATNPWR, LBOUT 16
+ PCPWP,T1 SCFYFC.FCMAx.OP4,ORATODTM*OlM, GLROUT 17

*J 1 4'tOlHr1.- , fJSPM GLHOUT 18
COMMON-/SlI/r 1 COtJ .F 2CON(1 , ?IP,F?CO(.r . F ?CON1F3CtrO I .F3CnO13, GLROLIT 19

F/,.o(lhi ,rF'Cc\1 ,FC(onhFGC,1II ,SCFMnOITF. (7) GLROUT 20
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COMMOFN/C( )PFAC/C I AC ,,C: F AC CFc F AC: 9,AY YMO ,HOIJNO ,F L A (LIHiU I
CO4MON/ I ODFnFV/ IN 01 IT GLROUT 22
COMMON/XNLOAn/x'r PCl .XPPCP?,xtPT .AC1 ,AC2,AETH.NOlUAL, GLR OUT 23

*+ MNRF V XNPRS,XPRI.XlI NPRH.XKOAXNPR, GLROUT 24
* XNPNn, L rOAD ,xNFtI D GICF FCF ORATE GLROUT 25

COMMON/SCAI C/T33, T34, T0 ,173,1174(IJR 3,IJ84 A73 A74 A83.A84, GLROUT 26
+ G7,Gr, TWTRnT7tT73T7TRIT7?2T82.TR3,DTR2T8RI GLOUT 27
COMMOM/S2CAI.C/KFA' Fl. A .X3(lnX rOTol-nnoTM R,MR RETAl GLROUT 28
COMMONI/S3CAI C/GI ,A 14,11 4, T 1.H34AD GLROUT 29
INTEGER )AYNOtHOIIPNOOIlT GLROUT 30

C WRITE HFAoING, GLROUT 31
WRITE ((O)TT 1 00) (T TLF (I) T=1 ,l0) GLROUT 32

C WRITE 011T C(NTrOl IN.FOPMATIoN GLROUT 33
WRITTF (OUJT, I1 ) NSTART ,NCrS FS.NCOPC1 , TCOPCI ,NCOPC?7 ICOPC2.NETH* GLROUT 34

* IFIH.rflTAGNFXT GL-ROUT 35
C WRITE SINGI.F VAIl IFO) GnORAL PAPAMETEPS GLROUT ---36

WRITF(OIT,? 0) XHPr.XPC 1 XNPC2 XNPT.GCFECF .DRATE, GiLROUT 37
* (OnTMtO4METArEN,FTAMETAI ,ETAG GLBOUT 38

WRITE (OIIT 1?2) T)?. 2,l,A4,i114,A74.1174,A84,U84*A73,Ut73,AR39UA3,016 GLROUT 39
* ,P GLBOUT 40

WRITE (OUT,400) FTArONFTAMM,ETAGGiFLMCFI-WF»FLTS GLROUT 41
WRITE(niJlT,1?) FIARDT.TOrG7,GR, TVFPSV,DTATRPCTAINPWR GLROUT 42

C WRITE LIMITING VAII)FS GLBOUT 43
WRITE(O(IJT,10) (IT EF() *T=1 50) GLROUT 44
WRITE (OUTl130) srCFVI .SCFMOLIECMAX GLROUT 45

C WRITE PARASITIC FLECTRIC LOAn CONTROI S GLBOUT 46
WRITE (OIT,?170) GLBOUT 47
DO 5 1=1.7 - -- - -- - -GLROUT --- 48
IF(IE(I).FO.O)CO TO 30 GLROUT 49
WRITE (OlT,35) T GLBOUT 50
GO TO 5 ---- 'LROUT - 51

30 CONTINUE GLrOUT 52
WRITE(OIJT90n) T GLROUT 53

5 CONTINUE -GLROUT 54
C WRITE CnPrl CURVF GLROUT 55

WRITE(OUTIIT1 )TCOPC1 GLfOUT 56
WRITE(OIIT,l,)() (C(IPC1 ( I,,NCOPCI) GLROUT .57
WRITE (OUJT,10) (VTIC1 ( I) lNCOPC1 )GLBOUT 56

C WRITE COPC2? CUIRVF GLROUT 59
WRITE (OUT, 170) ICOPC? GLROUT - 60
WRITE(OUTIRl )(COPC.?(T),1=1.NCOPC?) GLROUT 61
WRITE(OIJT,19C0)(VTIC?(T),1=1,NCOPC?) GLROUT 62

C WRITE ETATH) CIIRVF GLROUT 63
WRITE(OIJTn0) IFT Tt GLBOUT 64
WRITE(OJT,?) l) 1(VFTH(Il) I-=rIF TH) GLOUT 65
WRITE (OUIT, 7?0) (VTFTH(T ) T=,FTII) - GLBOUT -66

C WRITE COPpECTTON FACTOR FOR COPCI GLROUT 67
WRITE(01)JT,24) TCPCnl GLROUT 68
WRITE. (01ITI50() (CF1 (T) 11 ,NCF1 ) GLROUT 69
WRITF(0IT,?A(Ih) (PWP)(FI ), I=1,l ICFE) GLBOUT 70

C WRITE OU)T CorPECTION FACTnP FOR CnPC? GLBOUT 71
WRIIE(OIIT,?70) CoPIr? GLROUT 72
WRITE (i)OT.?fA0) (CF?( T) , =l ,lCrF?) GLOUT 73
WPITE(OIIT,?90) (PWRP(I),I=I1,lCF2) GLROUT 74

C WRITE COnrECTION FArTONI FOr FTATII GLROUT 75
WR ITF (OUT, .300)F) TH ' GLROUT 76
WRITE(OUlT II 0) (rFF ( I ) ,IFF ) iGLOUT 77
WRITE (Ol T, 1?0) (PWPF ( I ) , 1= ,NICFF) IGLROUT 78

100 FORMaT ( lIl] .?OX, n A,/,?OX,0 ( IH-)) )GLROUT 80
110 FORMA T ( X, "C:TPf'-|<_",/ Iny R ( H-) ,, GLROUT 81

I I, Y',,cTA PTTl r j Cl'F- NIIt.IMHFt ............... , ." T/. fiLROUT 8?
2? 1%Xo.Mllrnf 1>P nF vAf rATION rT 1 ) .1.07. . . " .I. GLROUT 83
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I
I

3 1'%X,' l "IrJ If nt Vl.Fll'I F fP C(O'Cl CURVF ...".I 1, /, GLROUT 84
4 Ix."COPCr C(IIOVF fIIJMRFRP ........ .. ,...-.-"l159/ C.LROUT F 5
5 I.X,"NI)MH OFFP nF VAIliFS FOP r PC? CURVF. ...",15/, GLBOUT 86
6 l5X,'COPC? CRIIVF N'JMHRFP .......... ...... " 15/t GLROUT 87
7 ICX.'NItlMPFP lF VAI.IFS FOP FTATH CURVF...".T5/* GLROUT 88
A e 15X,"IEATH Cl'PVF NUMnFP ................ ",15, / GLBOUT 89
1 1 ],X 'ixIIANOSTTC CONTPOl ................. ,lS,. GLROUT 90
9 15X.,rNExT CAFE ITNrlCATOR ........... ........ 5/> GLROUT 91

120 FORMAT ( 1x"GILOHAI. PAPA IFTFPS",/.,1 X, 17(1H-) ,/, GLROUT 92
· ]Hs 1 5X.NAMFPI.ATF COol IrJr, ............. ",FIFl.1 "TONS"*/ . GLROUT -.-- 93mH <~* 15X,"lIAMF;PL^rF COMPRESSOP 1 ........ F10.1O"HP "t/ GLROUT 94

S 15X,"NAMFPL ATF COMPRFSSOP 2 ...· ·.... " FIO.1,"HP ",/ GLBOUT 95
* 15X."NAHFPI ATF TIJPRTNF .... . .1........."FI "HP ",v/, GLROUT 96
+ 15X,"GAS COST FACTOR ........... ...... qF10.9"PFR MRTItJ,/. GLROUT 97
+* I5X,"FLFCTPICTTy COSTr FACTOR ...... ".F10O.7."PFR KWHR"./9 GL ROUT 98
' 1X.F5x."ElFCTRTC nFMAND RATF... ...... rFI0.7*"PFR KWHRI"/r -- GLROUT----- 99-
* 15X."C()O Ith' TOWF r)FSTcGN I nAO......",F1O.1"R lTU/HR"./, GLBOUT 100
* 15XCHTI I F EVAP. OFSTGN I OAD. .. F.. .FlO.],"RTU/HR",/. GLBOUT 101
* l'X.,"ETACC ............. ...... ",F10.4, "FRACTION" */ . GLROUT 102

4 * 15X,"ETArT .................. F.... I."F10.4,"FPACTION",/, GLBOUT 103
*+ ] 1SX,"FTA1 ............... ........... F10.4'"FRACTIOJN",/, GLROUT 104
+ 15xI,"ETAG ....................... F10F.4» "FRACTION") -- -GL8OUT -- 105-

122 FORMAT( GLROUT 106
+ 15hX,"SUPPI Y TFMP TO rHIlI FR SYSTFM.".FO0.1I,/ GLROUT 107

* 15X,"WAIFR FlOW - CHIll R SYSrEM...".Fl0.I,/ GL8OUT 108
* 15X."HX AREA - REF EVAPORATO ...... ",F10l.,/, GLROUT 109
+ 1SX,"HX O/A II - RFF FVAPORATOR.....".F10.1O / GLROUT 110

I * X" 15X,"HX AREA - REF CON HEAT SYSTEM.",FIO.1/ - - --- GLROUT -111
-_* 1]5X."HX O/A 11 - RFF CON HFAT SYS..."Fl0.,/, GLBOUT 112
+* ISXX.HX AREA - REF CON COOI TOWER..", FlO.1,/0 GLBOUT 113
* ISX."HX O/A IN - OFF CON COOI TOWFR.".F1O.1,/, GLBOUT 114
_ 15X,"HX ARFA - RANK CON HEAT SYS...".F10.1,/ GLROUT 115

*- ~+* 15X."HX O/A II - RANK CON HEAT SYS..",FlO.1,/ GLBOUT 116
* 15X."HX APEA - RANK CON COOl TOWFR.",F1O0.1./ . ------GLBOUT -- 117
* 15X."HX O/A II - RANK CON COOl TOWFR",Fl0.1,/. GLBOUT 118
* X15X 1016 ........................... "F10.I,/, GLROUT 119
* 15XX,"FRF(! N PFFRIGFRANT ....... .... .",7Xv"R"I17) GLROUT 1.20I 400 FORMAT (lSX,FrTACC()o' .................. .... "lFlO.4,/, GLROUT 121
+* 15X."E TAhM ........................... ",F10.4,/, GLBOUT 122
+ 15X,ETAG(iG ......................... ".,F0 .4,/ ..........ROUT- -123-
. l* ]X,"FTx I nSSES MOTOR + COP ........ ",F10.4./o GLROUT 124

1- *~+ 15xF"FIx I OSn~;c WTNn + FRICTTON...."FIO.. .49/9 GLROUT 125
_ * 15X."FIX I O<F; TIIRHIRT SHAFT... ... ".F10.4) GLROUT - 126

125 FORMAT( GLROUT 127
* 15X."'FTAR ................... "....... .F1 0.4»"FRACTION",/v GLROUT 128
*+ )5X."COOLING TOWER APPROACH TFMP... ",FI0.4,/9 - GLROUT ----- 129m* l+ IX."l°SUPPLY TFMP TO HEAT SYSTEM .... ",F10.49/, GLROUT 130
+* 1]X,"WATFP FI.OW - HAT SYSTFM......" F10.4,/, GLAOUT 131
* 15X,"WATER FI OW - CnonlING TOWFR .... ",FI0.4.t,/ GLBOUT 132
5 1SX."TV............................", F10O.4/. GLROUT 133

*- 6 lSx,,lFPSR ........................... F.4/, GLROUT 134
7 SXl,"CHANGF TN AIR FTMP ............. ',F10.4,/, GLROUI 135
a 1IrK,1(" TOI EFANCE .................. "F10.4,/, GLROUT 136
+ 15X."IPUI T ACCFSSOPY POWER ......... ",IF10.4) GLROUT 137

130 FORMAT(10X,"LIMHTItlG VALJFS',,/.I OX.1S(IH-)./9 GLROUT 138
1 15X."HMAx SCFMVl ................... ",F10.4,/, GLROUT 139
2 IRX."4AX SCFMOI ................. ,..".F10.4,/, GLROUT 140
3 1SX,"MAX ECONM')1T7F ................ ",F10.4,/) GLROUT 141

140 FORMAT( lnxIc'),PC C'IIRVF UIl:", -,. r/, 1nx 2l (H-)) GLO.80T 142
150 FORMAT (1 ?X."COPCl ".1OF,.3./) GLROUT 143
160 FORMAT ( I?X."VT1Cl " 1OF6. 1/) GCLROIT 144
170 FORMAT(/, 1 nXt,'Pr? Ci lVF Ml MnFIR" r

,/ 1 1OX ,?3 (1H-)) GLROIJT 145
180 FORMAT (IX,"C)P(C",lOFA.3,/) GLROUT 146

I
I
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190 FORMA 4T 1?X,VTIC"'. 10FF.I) GLROUT 147
200 FORMAT(/,1OX,"FTATH CUPVF NIIHFl P" t,,/,1 OX .3(- 1H-) GL.ROUT 148

210 FORMAT ( ?X,.FT ITH",. 1 OF6. 1) GLROUT 149
220 FORMAT (?X,"VTFTH ".1OFh. ) GLtOUT 150
230 FORMAT ( OX." OAr CONTROI S,/ 10 y.l3( H-) /) GLROUT 151
235 FORMAT(15X."FI.FCTP1C I nAn sttPPI-IFn n;Y SYSTEM.." ,'"F("I. lI")"/) GLBOUT 152
500 FORMAT(I)XErLFCTrPlC O4AD PIIRCHASFnF ........ II." "E(".Ill")",/) GLBOUT 153
240 FORMAT(/,tnXC0"CPC CORREPCTION FACTOR CURVE NUMRER"»,T5»t/1OX GLROUT 154

1 41(1H-)) GLROUT 155
250 FORMAr(12X."CFl".l F6.3) GLBOUT -156
260 FORMAT ( 1?X"PWPI", 0F.O) GLROUT 157
270 FORMAT(/,1Ox,"COPrC CORRFCTTrON FACTOR CURVE NUMfER"tI5I./S1OX GLBOUT 158

1 41 (lH-)) GLROUT - 159
280 FOPMAT( X,"CFr?" 10F6.3) GLROUT 160
290 FORMAT(I ?x,"PWr?", 1 OF6.O) GLBOUT 161
300 FORMAT(/.10X,"FTATH CONPRFCTTON FACTOR CURVE NIMRFER",IT5,/10X, GLROUT- -162

1 41 (IH-)) GLOUT 163
310 FORMAT (1ZX."CFF" O(F6.3) GLROUT 164
320 FORMAT(l?X."PWPF",.IOF0F. ) GLROUT 165

RETURN GLROUT 166
END GLBOUT 167
SUtPOlITINF CASOUT CASOUT 2
COMMON/TGCIH/FTIACON ,FTAMM ,FTArC,»FLMC.FL TS»Q16,lFLWFeETAI tETAGT14 CASOUT 3
COMMOIN/TVAI/COPC I(in),VTI1C(10) CFI(10) ,PWR(II0), CASOUT 4
* COPC?(In),VI7C?(101),CF2(1IO)PWR2?110) CASOUT-- 5
* VVFTH(10),VTIETH(10),CFF(10) PWRF110) CASOUT 6

COMMON/CONTP/NSTAFR'.NCASF's ,coPCI. copclTITE(50), CASOUT 7
+*H MCr,>ICOPC;. ICOPC? Nf TH IFTH.NEXT NCF I - CASOUT -- 8

+ NCF?,rJCFF CASOUT 9
COMMON/SVA'IL /XIP TAFTAMTAAFNFTAT, TV MDIAG PCT, CASOUT 10

+ rTATISCFMIOLtCFMVLE7TIE(7) SV(1) · CASOUT -11
4 ScHP (lO),SCFMVFPSV CASOUT 12
COmMOrN/EI.C/SFVFtlI nAnFlIT XI4SHPTPKW XNMGLDrEXPKW, CASOUT 13
* GFMNL_, <MPKW, PJRMFW.GENNFWW - CASOUT- -- 14-
COHMON/CALC/KOl4,O1 ,012,l13,915,034eX,TSHPt033,909 CASOUT 15

* 05.11 ,fOR,CIC2.FTH,07.ACCPWRAINPWRt CASOUT 16
* PCPWP, rl ,SCF MFC.ECMAX,r?4QATOTSrMQl2M, CASOUT 17

+ QO14MO'5MNSPF CASOUT 18
COMl"ON/SUI/F1CONMl F;COMl iNPF?COFN?,F?CON3,E3CON1 E3CON3 CASOUT 19

* F4COll FSCONI l E5COnM?,F6CONl , SCFMOUTE (7) - - CASOUT-- - 20
COMMOM/COPFAC/C1FACC?FACCFFACI)AYNO,HOURNO,,FLAG CASOUT 21
COMMON/Tn)F\I/I lNnOT UrCASOUT 22
COMMOF/XNL nAO/XNPCI , XHPC2, XNPT1 AC1 ,AC?,AFTH NDUAL, CASOUT 23

* NIRFV, XNPRn;, XNPRl. ,XNPPH, XKOA XNPR. CASOUT 24
* XNPNRI BILnA DXN.P.I D CF.FCFnRATE CASOUT 25
COMMON/SCAI C/T-33 T,/>.TO nlJ73,U74 ,UR3.1I)84,A73,A774,A83,A84, CASOUT 26

+ 7, G7.F, trWTWO,)TDTT71,T73.TR1lT7?,T82 TTF3DTRTBI CASOUT 27
COMMON/SCAI C/KFI Ail;.x.3nLnD X',OTOII).OTM.R»NRETAD CASOUT 28
COMMON/S3CLC/C1,Al 4,Il)I4,Tl?,H34An CASOUT 29
INTFGFR rlAyKIOHOI IPNO,)1OT CASOUT 30
DIMENSION FP(7) CASOUT 31

C---CURl=HFATTIG COPC1 CIIPVF CASOUT 32
C---CIhRF=THFr'tAL FFFTCIFNCY CIJPVF CASOUT 33
C---CUR2=Cont.INr. Cnpc? CilvF CASOUT 34
C---Q9E=HEAT INPUT To STIrF GFNFR'4TOR(nIPFCT STEAM AUGMENTATION ONLY) CASOUT 35
C---QII=TOTAt GAS INPIIT FhIFPGY CASOUT 36
C---11O9=HEAT INPIIT-PArIKITF CYCI F CASOUT 37

WRITF(OuT1 T0) nAYNO, o0 NO) CASOUT 38
IF (FLAG.F .?.)W(PT TF(01IT I9 tO)MTAP r CASOUl 39
IF (FLAG .Fr. . ) WPTII (OlIIT O)KIMSTAT CASOUT 40
IF (FL .G.Fr,./F . ) I.. Tl TI= (l01lT 70) ,SlTAPv CASOUT 41
IF (FIl AG.F r... ) r I TiTF (Oi'T 50ln)ST AT CASOUT 4?
Z=SLiMF (2.) CASOUT 43
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I DO 39 I=],7 CASOUT 44
EP (I) =f (I) CASOUT 45

39 CON T I JUF CASOUT 46
7ZSUMF (1.) CASOUT -47

NFLAG=0 CASOUT 48
IF(NFI.AG.EO.1) GO TO A4q CASOUT 49
CMP =01?/(C 1*?C;. ) CASOUT 50
CMP2=014/(C2*P?4. ) CASOUT 51
GO TO 5$) CASOUT 52

49 CALL TLII(RI.nAD.n,r'PWRI ,CF1.NCF1) -CASOUT - 53
Qi14Fl=014MfHI. OA)* (XNPR/(XtPn*.+XNPNR ) /100. CASOUT 54
CMPR=n14n/(H1*AC2'.5!4%.) CASOUT 55
CALL TLII(XNRL'.R?,PWRP,CFI ,NCF1) CASOUT 56
CMPN= (014-014hF) / (R2*AC?*'254;.) CASOUT 57

59 CONTINUF CASOUT 58
COOL=01*FTHE TAR*FI'AM/(X-3413./F T AGF) -CASOUT 59
CUR1=C1/C1FAC CASOUT 60
CURE=F ri1/CFFAC CASOUT 61
CUR2=C2/C(?FAC CASOUT 62
Q9E=0'/FTAR CASOUT 63
0119=011-(Q9/ETA3) CASOUT 64
0711=07/011 I -CASOUT -- - 65
WRITE(OIlT,110) T ,0107,01, 5 CASOUT 66
WRITE(OiiT,1?0) ORT£SCFNECSCFMVo13lSCCFMOIJUTC12 CASOUT 67
WRITE(OIJT,30O) (34.,03a0119,09 CASOUT- - 6R
WRITE (OUT, 140) 9F ,OI) 1 CASOUT 69
IF(NFlAG.0F.O) WRTIF{OHiT,1i5n) A TNPWRCMP PICMP2 TSHP XNP CASOUT 70
IF(NFI.AG.EO.l) WRITF (OuT,?q4n) AINPWRCMPR .CMPNvTSHP9 XNP --. -. CASOUT -- 71-
WRITE(OIIT,?15) XMSHPXMPKWPK KW,FXPKWGENLD CASOUT 72
WRITE(OlJT,170) ETAF,FTAM CASOUT 73
WRITE (OIJT.A0hO CRFCFFACFTH . CASOUT 74
IF (NFLAG.EO.O) WP ITF (OIT, 18R ) CUR2? .C2FAC.C2 CASOUT 75
IF(NFLAG.FO.1) WRITF(OIT,?3nF) AC2?XKOA,C2 CASOUT 76
IF(NFIAG.FO.0) WRITF (OlT,2nO) CUR]1 CIFAC.Cl - --. . CASOUT ------- --77
IF(NFI AG.FO.1) WRTI'F(o1IT.?/4) XNPfO,RLOAD,XNPNB,XNRLn CASOUT 78
WRITF(OL)T.?10) (TF() ,FP(T) ,I=1 ,7) CASOUT 79
WRITE(OUT,??0) SU)F (1 .), SIMPF (2.) CASOUT 80
WRITE (OLIT, A0) GEIJ'IFWPUIJNFW CASOUT 81
IF(MDIAG.NF.60) GO TO 500 CASOUT 82
WRITE(OlJT,?70) T71.T7?.T73,T81.T8?,T3,.TWBT23.T34,T14 - - CASOUT .-.. 83
WRITE(OIJT2PRO) X3n[.n,nnToi r0X3,noTM.R,FTADH34AD0014 CASOUT 84

500 CONTINUF CASOUT 85
C CASOUT - 86
C FORMATS CASOUT 87
C CASOUT 88
10 FORMAT(49X, OinAY .MIIMnFRRx, I5,/,49XX gIH HOUR NUMBERqX.ISe5/) CASOUT - 89
50 FORMAT I(1X 1HTOWFP LOA.2?7XRHCASF NO.,5X,I5;,.//) CASOUT 90
70 FORMAT( 1?X 12HDIPFCT STEAM, 9X .FnHCASE NO. 5XX, 5I5//) CASOUT 91
80 FORMAT(1?X ,IHnIJTSIIF FVAPORATOR,,19X ,HCASE NO.,5Xo,IS.//) CASOUT 92
90 FOR4AT(1?X,QHVFNT LOAn,2lRX.RHCASF NO.e,5XI5,//) CASOUT 93
110 FORMAT(1?X, 14HAHRIFI\T TF.MPFRATURF ............... FI?.1,3X.5HDFG Ft CASOUT 94

* /, . CASOUT - 95
1 12xl,34HPF')IPRFn COOLTIG, LAr) o............F12.03X,6HTU/HRTU/HR CASOUT 96
2 12X,3T*4HRFnUTpFn HFATING .OA ........ F I2.0 , 3X . HRTU/HR,/, CASOUT 97
* 12X,334HECONOMIZ7FP COOLING LOAf)........... F12?.0,3X,6HRTU/HR) CASOUT 98

120 FORMAT(12X,34.HCOOLING TOWFR IOAn.....................,F12.0,3X6HBTU/HR CASOUT 99I #* ,/, CASOUT 100
12)(X,34HCFIFC ............................. F1? 0 3X,4HSCFMo/o CASOUT 101

1 1?X, 34HSCFMPFC ........................... ,F1?.03x4HSCFM,/, CASOUT 102
2 12X,34HVF lTIA1ATON I.'OAn .......... .........,F 120 3X ,6HBTUL/HR, /, CASOUT 103
]3 ] 2X X.'4HqCFr()UJT ......... I......... .. .. r 1. 0 3X 4HSCFM,/. CASOUT 104
-*'IX,VH -lTGTt)FF AT I 'AF .................. , Fl?.0,3x,6HnTU/HR) CASOUT 105

130 FORMAT ( ?X.I/HPFF('Tr,FPA,-IT rCOlPFrI;SFP HMF AT I OAI...,Fl?.'.,3X, CASOUT 106
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I It 6HPTtl/HP /,CASOUT 107
1 1?X,34HPANKINF COk)I4FNSFR HFAT LOAn ....... FI2. 0 3Xo6HHTU/HR./, CASOUT 10
2 12Xt34HHFtAT INPUT TO STEAM GFNFRATOR '/ CASOUT 109
3 12X,14H (RANK[NF CYCLE ONI.Y) .. F...... 2.0.3X,6HRTU/HR./ CASOUT- 110
+* 1?,34Hl)TRECT STFAM AIJGMHETATION ........... F1.0 3XHR6HRTU/HR) CASOUT 111

140 FORMAT(12X,34HHFAT TNPIJ1 TO STFAM GFNFRATOR 9 /. CASOUT 112

1 12X,34H (OIRFCT STFAM AUGCMFNTArTON ONI.Y),F12.0»3X,6HBTU/HR./ CASOUT 113
* l2X,34flTOTAI CA' INPIIT FNRGY . ?........... F1 2. 0 3X 6HRTU/HR) CASOUT 114

150 FORMAT(12x.34HPAPASTTIC SHAFT POJF ............. ,F1?.2.3X96HHP CASOUT 115
*9,/ CASOUT 116
1 12X,34HC1 SHAFT POWF R...................F. 12.2]3X.6HHP ,/, CASOUT 117
1 12X,34HC? SHAFT POWWFR ................. ,1r'12.2,3X,AHHP ,/. CASOUT 118
1 12X,34HTUtIA1.ltF RHAFT PnWF ................... ,F12.?,3XCHHP t/J CASOUT 119
+ 12X3/4HMAFlAFPLArr nFoI(I TNrG ..... ...............,FI2. 3XrHTONS ) CASOUT 120

160 FORMAT ( IX,14HTHF PMAL FFFTCTF.ICY ,/, CASOUT 121
1 12XSH.CIJVF.,F,.?.?X,7 ,I7HCORRFCTION FACTORIF!,.2,T2Xt6ACTUJAI.T ,F7.4 CASOUT 122
*) CASOUT 123

170 FORMAT(12X,34HqSTf Al GFNFPATOR FFFICiENCY....... F12'.2,/9 CASOUT 124
I* 12X34HMFCHAlICAlI FFFICIFNCY ......... .... Fll2.2) CASOUT 125

180 FORMAT (?X.34H1COnl-[NG CnPC2? ................. .. , /. CASOUT 126

* F7.3) CASOUT 128
200 FORMAT(12X,34HHHFAT'lNG COPCI ExC.l)DnlNG ElECTRIC e/ CASOUT 129

1 1AX.SHCURVF,FS.2,;X,17HrORPFCTION FACTORF5,2_?X,6HACTUAL, CASOUT 130UI* ~ 3 F7.3./) CASOUT 131
210 FORPAT(12x,?HE(,11,3H4H)=FAN COllS OR COOLING TOWER FAN..FI?.5» CASOUT 132

* 3X,?HKW,SXF1?.S,3X.?HKW./. CASOUT 133
1 12SX.2HFI 1,34H)=VARTARLF AIR V()o. SYS,..........,F1i?5t3X,2HKW, CASOUT - 134

* 5XF1?.5,3X2HHKW,/, CASOUT 135
2 12X,?HF(,II,34H)=CONTpCl.S ArID ACCFEs.......2,........... .53Xt2HKW CASOUT 136
* 5X.FI?. ,1X.7?IKIW,/. CASOUT 137
3 12X?,7HF(,134H)-) =NTATFR CTRCI)LATOPS. .............. F 12.5t3Xt2HKWt CASOUT 138
* 5xF1?.S,3X.?HKw,/, CASOUT 139
4* l X 2H (, I] 34H) =PFT(IPN/FXHAI)ST FAN...... .. ,, ,. , F12.53X2HKW CASOUT -- 140
* ,5XFI?.P,3X,2HKW,/, CASOUT 141
5 12X,?HE(,II34Hh)=(OOJTOOR AIR COIL ........... F.. ,,FI2.5,3X,2HKW CASOUT 142
* ,SX,F?.S,1X,?HKW,/, CASOUT 143
*1?X.?HF(,11.34H)=ROTLFP FEFO * LUPF PIJMP....,.... .,F1?.53X,2HKW CASOUT 144
* tSXFl?.5lXtHKW) CASOUT 145

215 FORMAT(j2X,34HMOTn9 SHAFT POWER............. ... F12.2.3X,2HHP/ t- CASOUT - 146
:* 12X,34HMOTOR PUIRCHASFr POWER..............F1.. 7 23Xq2HKW»/e CASOUT 147
+ 1?X,34HTnTAL. PURCHASFD POWFR,............ ,F1.23X,2HKW,/ CASOUT 148
.* 1 ?X, .4HFXPOPTEr) POWF ......... .... . .. .. F12.2 ,3X,2HKW»/ , CASOUT 149
* 1I2X. 34f(;FFINrATnR LOAn ...................... FI?.2»3X.2HKW) CASOUT 150

220 FORMAT(17?X.341 ,?1H - -------- CASOUT 151
*-- ---- ,3X,InRH .....---- -------- _,/, CASOUT 152
+ 12X,37HTOTAI FLICTRIC POWER GrFFnRATEO) .. '....FI2.5,3X,2HKW, CASOUT 153
* SXFl?.5.1X,12HPI)PCHASFOn KW/) CASOUT 154

230 FORMAT(IjX.?SHnIIAL COMPRFSSOR OPERATION,/, CASOUT 155
* lX.31ICOP.F5'.,?X,?2IHO/A CORrECTION FACTOHRF5.2,2X, CASOUT 156
+* .fHACTUAI F5,,?) CASOUT 157

240 FORMAT()?X,?4HHASF COMPFSSOR RATTlMr,...FSe.I*lXl4HPFRCENT LOAD..q CASOUT 158
+ FS. ,/, CASOUT 159
4* 1X,74HNMON-lASF COMP. PATING'...FS.1,IX,I4HPERCENT LOAD.., CASOUT 160
* F5.1./,) CASOUT 161

250 FORMAT(lx,314HDPA;TTIC SHAFT POWFR ............ CASOUT 162
4 FI.7?3X.?HHD,/, CASOUT 163
4 1?X.:14IliASF COMPRFSSOP SHAFT POWFP ....... F12.2,3X92HHP»/, CASOUT 164
* lX,141"H-An'l-PSF CnMPrFRSSO(R SHAFT POWFR... F 1 ?.2,3X92HHP9/ CASOUT 165
4 l?X,34HTUJPnlNM SHAFT POWFR ............... ,FlI? .2,3X,2HHP,/ CASOUT 166
* iX.'141NAhrFPI ATF CrOOI TiMr, ............. . 9* . ?2 r.3X.4HTONS) CASOUT 167

260 FORMAT I IPX. 7HrPFr T ;TPIFI'TFn FIF C PT PnOFR........., CASOUT 16
* Fl1.' . 3X. ?HM s X ,Fl ?.S.3 7X, 12HlIJCHASFr KW,/) CASOUT 169
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270 FO()MA r (410 ,"T71 ".6X,'TT7?" ,fX, "T 7l ,6X "rT 1 ",6X . "TA?" ,6X, CASOUT I,
* '"T 1O " , 6X,"TW" *t 6X , "T.7", 6X ,"T34". ,)X "T1 4"./, CASOUT 171
* ln(F7.?,?X)) CASOUT 172

280 FORMAT(4HO0 ,"X30".7X,"trTn"t,7X,"X- ",7X,."DnOT",7X t" R i, - CASOUT- 173
* 7 E7X,"FTI)",7X,"14F)",/.7(FH.? 2X) r" 014'"F'F2.2) CASOUT 174
RETURN CASOUT 175
END CASOUT 176
FUNCTIO I SIJMF (A) SUME 2
COMMON/TCCM/E TACN ,FTAM4M.ETAGG,,FLM(,FLTSQ16,FI. WF.FTA1 ,ETAGT14 SlIME 3

C---SUMMATION OF FLCCTRICAL IOAnS -. -- SlIME --4
COMMON/TVAI/COPCl(10) VTICl (1)0 CFl(10) PWRI(I)t SIME 5

* COPC?(0O),VTIC?2(10),CF?(0),PWR?(10), SUME 6
* VFTH(10) ,VTlFTH(In) ,CFF(10), PWRF(10) SUME 7
COMMON/COCNTP/NSTAPT,NCASESNCOPC1.T COPC1 TITLE(50) SUME 8

* NCO)PC?,rCOPCrNFTH IFTHNFXTINCF1, SUME 9
* NC£F?.NCFF NC- .- -. SUME .--- 10

COMM)N/SVAIt./ XNI',GFTANF FrAM, F TAR. TV MnDAG PCT, SUME 11
* nTAT., SCFMOI. tCFMVIl.F7.IE(7) »SV(10) ,SUME 12
1+ ;lOR(10) e SCFMVFPSV SUME - 13

COMMON/FI EC/SEVFt'. I.nArFnT.XMSHPeTPKMWXNMrLD.EXPKW, SUJME 14
+ GENJLr)XMPKW PURMNFW GENNFW SUME 15
COMMOl/(:ALC/K0 I4, l,.Q01l2.0,O15034.XTSIHPQ33tQ09 -...- SUME- 16

+k* 05.011,OflClC?,FTH.07.4CCPWRvATNPWR SUME 17
* PCPWRTitSCFMFCECMAXO?<408TQgTM,012M, SUME 18
* »014M.05MNSPM SUME .--- 19
COMMON/Su/F1COIIl F72ONI ,lPF?rCON2?,FCON39E3CON1 ,E3CON3, SUME 20
* F4 CO'l 1,F5'CON1,FSCOMN?,F6CON1,SCFMOUTE(7) SUME 21
COMMON/CORFAC/CIFCACC?FACCFFAC.nAYNOHO(JRNOFLAG - ---- S.UE -------- 22 --
COMMON/I ODEV/IN.OlJT SUME 23
COMMONI/XNL-OAD/XMPCI , XPC?, XMPTACI .AC, AETHNDUAL, SIME 24

+ NRFVXNPRS.XNPFl ,XNPnlI4XKOA»XNPB, - SUME ..- 25
* XNPN, RI.nADX 4FXNI DGCF ECFDRATE SUME 26

COMMON/SCALC/T33 rT34 T r U73,Ut74 Ul83U84 A73,A74,A83,A84. SUME 27
+* G7.G8 TWSRDT.T71.T73,TRl T72,T82 TB3,DTR2T81 . -SUME --- .. 28

COMMON/c;?CAI.C/KFt.AG, X3n0LtXInXOTOLDDOTMRNRETAO SlME 29
COMMON/S3CAIC/c 1,A,14,Il,4Tl?»,H34AD SIME 30

C SUME - 31
C---A=1 - GFNETATED SUME 32
C---A=2 - PURCHASFD SUME 33

IF(A.NE.(2.)) GO TO 8 . SUME.--- 34
DO 5 T=1t1 SUME 35
IF(I)=TARS(IF(I)-I) SUME 36

5 CONTINUIF SUME --- 37
8 CONTINME SUME 38

IF (NSPM.EO. l) r,n TO 10 SUME 39
C . .-- SUME .-------...40 -
C---NON-SYS PFPF MODF CAI.C SIIME 41

E(1)=FlCOt, l (07+»OPT)lTF(l) SUME 42
E(2)=F2CONI (XmP/F2COnFm+?*./3.I.)1/12000.*IE (2) SUME 43
E(3)=(ElCUON *lXNP+E3COH3*O I ) *IF (3) SUME 44
E (4)=r4COMl ((014/1O) + (05/?q)) )IF ) SUME 45
E (5)=F5CON1 (SCFMVI. +FCMAX-SCFMFC) IF(5) SUME 46
E (h) =F 6COtll) sCMtllTIF() SUME 47
F(7)=E7IF (I) SUME 48
GO TO 20 SUME 49

10 CONTINMIF SUME 50IC SUME 51
C---SYS PERF HODF CAt C SUME 52

ElA=EICOl' ln*7 SLME 53
E*=E 1 ICoI (N]0. .0.7*o(T/OqTP) aORTM SUIME 54
IF(QRT.FO.(o.)) FIR=0.0 SIME 55
E(l)=(FlA+Ffl)nIT (l I SIIME 56
E (2) =r2CONI (XlIJ/F PoM?+ (?./3.)) ')I /InOO.. )TE ()SI'ME 57
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E (3) = (f 3CO(:or1 *xI+f 3'tCO nF I O 1 ) ( 13) S11ME 5'
E4A=.nOnOO7*((0.4+0.6*nOl4/014tH) 014M SUME 59
E4R=.00nOO?Rq*((.4.0.6 *0/0/5M) OSM SUME 60
IF(014.1T. ( .1 ) F4A=0 . ) - SUME 61
IF(05.KE.(0.)) F4P=O.O SUME 62
E(4)=(E4A*E4P)'>IF(4) SUME 63
E (5) =F5COtl1 * (Srf CVI *FrMAX-SCFMFC) IF (5) SUME 64
IF(Ol?.F. (n.)) F(6)=0.0 SUME 65
IF(Q01.GT.(0.)U SUME 66

4 E(6)=F6CONI*1(0.,3*0,.70SCFMOlT/SCFMOL)-SCFMOL*IE(6) SUME - 67
E ( ) =F7*IF (7) SUME 68

20 CONTIN IU SUME 69
SUMF=F(1) *F(?) * F(3) *F(4)*F(5) F(h) *F(7) SUME 70
IF(A.NE.(?.)) O 10 99 SUME 71
DO 6 1=1.7 SUME 72
IE(I)=IAnS(TE(T)-I) SIME-- 73

6 CONTINUF SUME 74
99 RETURM SUME 75

FND SUME 76
SUBROITIIJF TLU(AvHRC.rD,N) TLU 2

C L INFAR INTFPPnLATION POUTINF TLU 3
C A= INDEPFNnFNI VARTARLF TLU 4
C F= DEPENDEFNT VARIARLE (ANSWER) TLU 5
C C= INDE.PtrlnFNT TARL.F TLU 6
C D= DEPFNDFNT TAPLF TLU -
C N= NUMRFP OF POINTS IN TARLF TLU 8
C INDEPFNrFNT TARI F MIIST RF SORTFn, EITHER ASCENDING OR DESCENDING TLU 9

DIMENSION C(l). n () - - TLU---- -- 10
IF(N-l)1.2,3 TLU 11

1 B=0. TLU 12
GO TO In0 TLU - 13

2 R=D(1) TLU 14
GO TO 100 TLU 15

3 ML=l -TLU 16
MU=N TLU 17

8 IF(IMU-Ml-1 ) 15.,.9 TLU 18
9 M=(MU*Mt)/? TLU 19

IF(C(1)-C(?))1 .?.10 TLU 20
10 IF(C(M)-A)13sI?,14 TLU 21
11 IF(A-C(M) 1,1?,14 - TLU---- . -- 22
12 8=n(h) TLU 23

GO TO 100 TLU 24
13 MU=M TLU - 25

GO TO R TLU 26
14 ML=M TLU 27

GO TO R TLU - 28
15 R=D(ML) * (D (IJ)I -(ML) )*( (A-C(MI) )/(C(Ml))-C(MI)) ) TLU 29

100 RETURN TLU 30
END TLU 31

I
I
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PROGhAlI PFl( Pl( I ( Pitl ,(IiPUIJT.H. TAIP ,=I fP`III TAPF.(=OU1PI I P TAPFt: =h) Pl.lf.N 3
COMMOtr/TGCM/ETACONr( TAHF.FT-CAr,.FL"C,.FLr SiOtFI.WF ETA IETAG.T14 PFRCNG 3

C *n4*,*4*********n*4*4Q*@*4)*�*,*v4**** *4*0*nn4n*4)n***»** <»» PERCNG 4

C * e PERCNG- 5

C * THIS TS CONCEPT r-4 (VITT) # PFRCNG 6
C * ELECTRICAL COUlPLING * PERCNG 7
C , FOR ISF WITH FREON R-i?2 PFRCNG 8
C o FERRIAPY ?5. 1979 RILL LOSS - MTI * PERCNG 9
C * PERCNG 10
C *n4##eee*e4* .#nn.*#4);#**.*#**.n#e*** » * ##O*~*e*ea#*e*e** *--- PERCNG - 11

COHMON/TVAI./COPCI (10),VT1CI(10) ,CFI (10) ,PWRI(10), PERCNG 12
* CO)PC?(ln).vT1C?(10),CF?(10),PWR?(10) PERCNG 13
* VFTHI 10) VTrFTH(O) .CFF (10),PWRF (1) PERCNG 14

COMMON/CONTR/NSTART.NCASFSNCOPCIICPCl1TITLE(50)e PERCNG 15
* NCOPC?.TCOPCP?,NTH.FT. HNFXT.NCFl. PERCNG 16
,.* NC.F2r.NEFF . -... PERCNG -.--- 17

COMMON/SVAL.rL/XNPFTAGFNFTAM,FTAR,TV.MOIAG PCT, PERCNG 18
* l)TAIR.SCFtOI ,S'CFMVI.E7.IE(7) ,SV(10) , PERCNG 19
-+ *S08(IO) SCFMV.FPSV PERCNG .-- 20

COMMON/FLEC/SEVENLOADFODT,XMSHP.TPKWXJXNMGI. nEXPKW, PERCNG 21
* fGEHLDI XMPKW PI)RNFWGENFW PERCNG 2?

COMMON/CALC/Kn.l4( 1, O ,Q12 lQ 3015,o034t X TSHP;Q33Q09, - -.--.-.- PERCNG-- - -- 23
* nS,O1l, QRCIlC?,FTH0Q7,ACCPWRATNPWRt PERCN6 24
* PCPWPWTI5,CFMEC·ECMAXtO?4.Q8T.Q8TM,012M» PERCNG 25
* 014M.OSM,N SPM M PERCNG --- 26

COMMON/SU/E1COI,.'FCONaN11NPF?CON2.FCOrN3E3CONl E3CON3, PERCNG 27
+ F4CON1 ESCONI F5CnMN?E6CONl SCFMO(UTE (7) PERCNG 28
COMMON/CORFAC/CIFAC.c2FAccEFACDAYNO.HOURNOrFLAG .- - --- PERCNG-.---.-- 29

COMMON/ OOFV/I .nUT PERCNG 30
COMION/XNLOAD/XNPC1,,XNPC?,XNHPT»AC1 ,ACAETH·NDUAL, PERCNG 31

* NRFVXNPRS, XNPRI XNPRH.XKOAXNP8 - -.---. PERCNG.---_ 3?
+* XNPMHRIOtOA),oXNRI.D GCFFCFeDRATE PERCNG 33

COMMON/SCALC/T33,T34, TnO,173,U74 IJR ,U84,A73,A74,A83, A84, PERCNG 34U1|P ... * 7 G7G8 , TWR.DT T71 T73. TRlT72,T82.T83.DTA2T81 - .-- PERCNG -- 35
COMMnN/?2CAI.C/KFL.AG.X3ILn.X.nOTOInDOOTM.R«NR.ETAn PERCNG 36
COMHONI/S3C^lC/GAll4,1Ul4ATl?·H3H4AD PERCNG 37
DIMENSION TP(1I)·WR(11) PERCNG-- 38
INTEGER DAYN'OI-OULJ`NOUT PERCNG 39
DATA ACCPWR,ElcONlF2CONl EP?CON2/;?45o;.0,0.OO00054 0.4O,3.0/ PERCNG 40
DATA E2CON3,E3CONl.F3COn3/.66..0325,0.00000097/ - PERCNG -.-.- 41
DATA F4CONIF5c'ONI ,FqCON?,E6CONI/n.no007,0.00018174.0,0.00016/ PERCNG 42
DATA Q1COI 13CONOC?,Ol2CONI/I.0O8,5.,1.0R/ PERCNG 43
DATA TR/5.,15.,25..35. 45*,l5.,5.5. ,r85.,95.,105./ PERCNG - 44
DATA WR/4.R,14.3,23.7,.32.,44.?,SO.5,iR.55,64.6,69.3,73.,75./ PERCNG 45
NTW=l 1 PFRCNG 46
IN=5 PERCNG ..- -47
OUT=6 PERCNG 48

C READ IN Gfi OAL VAPTARSFS PERCNG 49
5 C C CAL LORIN PERCNG 50
C PERCNG 51
C---SET VALIJES Tn PUN (NOI) PFRF MOnFI PERCNG 52

012H=0 ?CONI SCrFMOL*OTA I PERCNG 53
05M=O8TMI PERCNG 54
IF(NSPM.EO.O) nNII =NRPFV=NCnPT=I nAnFnT=O PERCNG 55
IF(NSPM.EQ.O) XNPCI=XNPC2=XNPT=.OI PERCNG 56
IF(NSPM.EO.O) 01]?M=014M=.01 PERCNG 57

C WRITE OUT GLORAL PAPAHFTFRS PERCNG 58

CALL GLROGlT PERCNG 59
C PERCNG 60
C---INITIALIZF TOTALS AMIn MAXS PERCNG 61

GCF=GCF/ lnoonn. PFRCNG 62
COG:C=OFEP=CoFP=Ml=Ain-TnPCn(=n. PFRCNC 63
RTt)S=TOTnl

/
4='Q1/ ',4/=TI'tMA X=SC(I1ST=TOTO

r )=O. PERCNG 64

I
MECHANICAL -
i TECHNOLO..GY -2
INCORPORATED



J93 JiA' ). rI I ....

034MAX=0)33A^X=ol JMAX=OTHtAX=OSMAXO=n.0 PFRCNG 66

QlMAX=O tMAr=0. PERCNG 67
O15MAX=013MAX=o 1?MAX=Q9MAX=-. 0 PERCNG 68

TMAX=CIMAX=C2lAX=O.n PERCNG 69
TCI =TC2=THt=C I HR=CHR=0. 0 PFRCNG 70
TOTRTtllE:=TOTKW=n.n PFPCNG 71
TOTOPT=TOo1 =TOTO' =0.n0 PFRCNG 72
GFNMAX=XlSlAX=TOTO=TTO OT07=O.0 PERCNG 73
TOT 24=TOT15S=TOTKWII=TOTKWM=TOTKWF =0.0 PFRCNG 74
SAVEVL=SCF'MIL PERCNG 75

C GO THROIlGH THF NI)PF P OF CASFS PERCNG 76
DO 11 N=I.NASFS PFRCNG 77
WRITE (nOlT, ) PFRCNG 78

C READ IN VALUFS FOn TI,01.07 PFRCNG 79
REAI)(IN.25) DAyNO,HOIIOPMO,T ,1 ,07 PERCNG 80
IF(Ql.E).( r l.).Afln.Q7.FO.(0.)) GO TO 11 PERCNG 81
OUT=7 PERCNG 82
IF (nAyNn.NF.O) OUT=6 PERCNG 83

C PERCNG 84
C---LOAD SCALING FACTOR PERCNG 85

01=01*(.714) PERCNG 86
07=07( .714) PERCNG 87

C PERCNG 88
C---RFSFT VARIARIFS FOR FACH CASF PERCNG 89

XMSHP=XMPKW=TPKW=X NMGCL)=FXPKW=GFNI.D=0.0 PERCNG 90
PURNFW=GFNMF W= 0n PERCNG 91
09=01?=1 3=015=0.0 - -.-- PERCNG 92
08T=1. PERCNG 93
SCFMEC=n. PERCNG 94
SCFMOtIl=SCFMV=0. 0 PFRCNG 95
T72=181=T8?=TR1=n.0 PERCNG 96
T71=CT33=nTATRl=n.0 PFRCNG 97
XKOA=l.n .-- PFRCNG -.- 9
XNPRL=XIHP=XNPCl PERCNG 99
XNPRH=XMPNR=N=XNPC2 PERCNG 100

C PERCNG 101
C---COPCI COPC7.FTATH PERCNG 102

CALL TLIJ(Ti}ACI,VTICI COPCI NCOPCI) PEPCNG 103
CALL TLJ(TI, AETH,VTIFTH,VFTHtFTH) PERCNG ---- 104
CI=ACI PERCNG 105
ETH=AETH PERCNG 106

C PERCNG 107
CALL TLU(TIlTWTPRWH,KITWR) PERCNG 108

C---IS IT POSSIHIlF TO FCOHOMI7F COOLING PERCNG 109
IF(Tl.CT.(?2.).OR.1I.FO.(0.)) GO TO 150 PERCNG - 110

C PERCNG 111
C---015 P/TH-FCOnOMI7F COOLING PERCNG 112

IF(T1.LT.(Sn.))GO TO 125 PFRCNG 113
015MAX=O * (TV-T) / (TV- (0'.)) PERCNG 114
SCFMFC= ((Ol MAX/1.0OB)/ (TV-TI) PFRCNG 115
IFfSCFMFC.r.T.ECMAX) SCFMFC=FCMAX PFRCNG 116
15=( 1.OR)*t (SCFMFC) *(TV-Tl) PERCNG 117

GO TO 150 PERCNG 118
125 SCFMFC=(01/l.0R)/(TV-Tl) PFRCNG 119

IF (SCFMFC..T.FCilHA4) qCFM4EC=FCMttA PERCNG 120

O19=( .O0)* (SCFMFC)*T(TV-TI) PERCNG 121
150 0?4=01-o015 PFRCNG 122

SCFPVL =SAVFVI +SCF'IFC PERCNG 123
IK=O PERCNG 124
CALL CA CII PERCNG 125

155 PO=F(J PFRCN6 126
CALL CALCI PFRCNG 127

I
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IF((A!lSI(l'n-nH) ) r.PCr) Gfn Tn Ii',; PFPRCNG 121i
IF(OH.LT.0) GO ro ?no PEPCNG 129

170 PQ=0Ra PERCNG 130
C PFRCNG 131
C---ORT PATH-COOITNrG LOAn TOWEP PEPCNG 132

QBT=OR PERCNG 133
CALL CAI.CI PERCNG 134
CALL CALCI PERCNG 135
CALL CAICII PERCNG 136
IF((ARS(PoR-OQ)).GT.PCT) ro TO 170 - PFRCNG 137
FLAG=C PFRCNG 138
GO TO 99 PERCNG 139

C PERCNG 140
C---013 PATH-Annl VFNTII ATIN( ATR FLOW PERCNG 141

200 X1=SCFMV PFRCNG 142
Yl=0(8 - PERCNG --.143
SCFMV=SCFMVI- PERCNG 144
K=O PERCNG 145
(Q13=013CON1 *SCFrHV*EPSV (TV-013CON?) PERCNG 146
0QT=0.0 PERCNG 147
CALL CALCU PERCNG 148

201 PQ8=08 . -. --. PERCNG .. 149
CALL CALCII PERCNG 150
IF((ARS(POR-0OH)).GT.DCT) GO TO 201 PERCNG 151
IF(o8.LT.0) GO TO 300 PERCNG .- 152
X2=SCFMV PERCNG 153
Y2=08 PERCNG 154
SCFHV=1. -. .. .... PERCNG .... 155
Q13=Q13CON ISCFMv4EPSV (TV- 013COM?) PERCNG 156

211 PQR=OR PERCNG 157
CALL CALCU -.. PERCNG 158
IF((ARS(POR-QR)).GT.PCT) GO TO ?21 PFRCNG 159
IF(0Q.GT.0) GO TO 206 PERCNG 160

202 S=(Y2-YI)/(x2-xl) . - PERCNG. 161
B=Y1- *1S PERCNG 162
SCFMV=X2-(X?*S+I )/S PERCNG 163
013=013CON1*SCFMV*EPSV (TV-013CON?) PERCNG 164
XMNP-XNPlNI PERCNG 165
XNPNR XIPrFI PERCNG 166

203 P08=QP ... PERCNG 167
CALL CAICII PERCNG 168
IF((ARS(POR-0R)).GT.PCT) GO TO ?03 PERCNG 169IIF(ARS(ORnn).T.(1.)) GO TO n04 PFRCNG 170
X2=Xl PERCNG 171
Y2=YI PFRCNG 172
X1=SCFMv .. .PFRCNG 173
YI=CR PERCNG 174
GO O 2?? PERCNG 175

204 XNPR=XNPRI. PFRCNG 176
XNPNR=XNPHIH PFRCNG 177

205 PQO=QR PERCNG 178
CALL CAICU PFRCNG - 179
IF((ARn(P0o-n))).GT.PCT) GO 0T 205 PERCNG 1RO
FLAG=? PERCNG 181
IF(SCFMV.LT.(n.)) GO TO 206 PERCNG 182
GO TO 99 PERCNG 1R3

206 SCFMV=0.0 PERCNG 184
013=O13CON) *SCFIV*FPSVV (TV-Q1 3CON?) PFRCNG 185

207 POR=On PFRCNG 1R6
CELL CALCII PERCNG 187
IF((AFnSI(Prjq-ql)).rT.tPCT) rr Tn ?07 PFRCNG f1AR
GO Ir 40n PFRCNG 1R9

C PFRCNG 190

MECHANICAL .......... cl ~D-4
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I
IC---Q1? PAl -^AI)!I Isil'PF AtI? FrIl pFRCNG 191

300 XI=SC(:FIlIT PERCNG 192
Yl=0A PFRCNG 193
SCFSCFM CFMOI. PFRCNG 194
K=0 PERCNG 195
012=012CnNl *SCFOlrIJ)To*TAlR PFRCNG 196
CALLCAAICII PFRCNG 197

301 POR=Dn PFRCNG 198
CAI.L CALCIl PERCNG 199
IF((ARS(POn-Ofl)).G(T.PCT) GO TO 301 PERCNG 200
IF(OH.LT.0) (;n Tn 400 PERCNG 201
SCFM()IT= S;CFM tl.T/40 . PERCNG 202
CALL CAICIl PERCNG 203

309 PQR=OR PERCNG 204
CALL CAICUJ PERCNG 205
IF((AHS(POR-OR))C.GT.PCT) Gn TO 309 PERCNG 206
X2=SCFIMOIT PERCNG 207
Y2=08 PERCNG 208

Z~I ~ 302 S=(Y?-Yl)/(x2-xl) PERCNG 209
fl=Yl-xlS PERCNG 210
SCFMOIIT=X2-(X2*S*P)/S PERCNG 211
Q1?=012CON1l SCFIEIIT*OTAlP PERCNG 212

303 P09=0R PERCNG 213
~~f ~ CALL CALCU PERCNG 214Uf| FIF((ARS(PoR-O8).GrT.PCT) GO TO 303 PERCNG 215

IF(AHR(OR).IT.(10.) ',o TO 304 PERCNG 216
X2=X) PERCNG 217
Y2=Y1 PERCNG- 218
Xl=SCFMOUT PERCNG 219
Yl=(18 PERCNG 220
GO rO 30? PERCNG 221

304 FLAG=3 PERCNG 222
WI IF(SCFF(IIIT.IT.(0.)) Gn TO 305 PERCNG 223U G0TGO TO 99 PERCNG 224

305 SCFMOIIT=O.0 PERCNG 225
012=012CON ISCFMOUIT*I)TAIP PERCNG 226

306 P08=0R PERCNG 227
CALL CAI.CI PERCNG 228
IF((APS(PRO-Q)l).rT.PCT) GO Tn 306 PERCNG 229
GO TO 400 - PERCNG 230

C PERCNG 231
-C---09 PATH-AnD DIRECT STFAM PERCNG 232I .400 K=O PFRCNG 233

401 P09=09 PERCNG 234
80=on PERCMG 235
09=09+AHS(04) PERCNG- 236

402 P09=O0 PERCNG 237
CALL CALC! PERCNG 238
IF((A9S(POR-OR)) .GT.PCT) rO To 40? PERCNG 239
IF(0H.tLT.O) GO TO 401 PERCNG 240
Fo9={-OR/((ROR-nR)/(POq-09)))+rJ9 PERCNG 241

Z )0:Q9=F09 PERCNG 242
CALL CALCII PFRCNG 243

403 P0R=On PERCNG 244
CALL CALCIj PFRCNG 245
IF((AHS(POR-OR)).r T.PCT) rO TO 403 PERCNG 246
FLAG=4 PERCNG 247

C PFRCNG 248
99 CONITTIUF PRCNG 249

C---OUTPUT PERCNG 250
C PFPCNG 251

CAI L CArOurll PFRCNG 252
C PERCNG 251

I
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I

C---SthVI I),-I' , t n nX. PEHRCNG ':4

CMP I=1 =?/(C 1 *'4 L.) PERCNG 255

CMP2=Ol4/(C2?*#?45.) PERCNG 256

IF(TSHP.GT.TMAX) TMAX=TSHP PERCNG 257

IF(GFNL. . GCT.GFNHAX) GFNMAX=GFNLD PERCNG 258

IF(XMSHP.GT.XMSMAX) XMSMAX=XMSHP PFRCNG 259

IF(TPKW.GT.TPMAX) TPMAX=TPKW PERCNG 260

IF(CMPI.GT.CIFiAX) CIMAX=CMPI PERCNG 261

IF(Ql.GT.OI'AX) QIMAX=01 PERCNG 262

IF(07.GT.071-AX) 07MAX=Q7 .- PERCNG - 263

IF(CMPo.GT.C?MAX) CMAX=CMP? PERCNG 264

IF(034.r,T.)4MAX) Q34MAX=04 PERCNG 265

IF(033.G7T.13MAX) 033MAX=OQ3 PERCNG 266

IF((Q33+09).GT.(J311MAX) 09311MAX=Q13+Q9 PERCNG 267

IF(oll.GT.nil AX) 01 1AX=011 PFRCNG 268U* ~ IF(OQT.GT.ORTMAX) QRTMAX=QRT .... PERCNG -269

IF(Q5.GT.QcO-AX) OcMAX=05 PERCNG 270

IF(Q15.GT.015MAX) O15MAX=01' PERCNG 271

IF(014.GT.Q14MlAX) 014MAX=0Q4 PERCNG 272

IF(013.GT.Ol 3lAX) 0134AX=0o1 PFRCNG 273

IF(Ol?.GT.o02MAX) 01?MAX=0I? PERCNG 274

IF(Q9.GT.'H1AX) QqMAX=Q'- - ..... PERCNG .... - 275

TC1=TC I * (CMP IHOIIPRNO) PERCNG 276

TC2=TC2* (CPflP?*2HORNO) PERCNG 277

IF(CMP1.G. (.1l)) C1HR=CllHR*HOtRNO PERCNG 278

IF(CMP2.GT.(.1)) C2HR=C2HPRHOIURNO PERCNG 279

THR=THR+HtOUPNO PERCNG 280

TIMEKW=SUIF (1) *HOURNO . -. PERCNG ---281-

TIMEBTU=3411. (( (GFJEWtEW+FXPKW)*HOURPNO)/(ETAGFN#ETAMOETAReETH) PERCNG 282

TOTKW=TOTKW+TIMFKW PERCNG 283

TOTRTIE=TOTRTUF*TIMFRTFl .. PERCNG --. 284

BTUS=:HTIIS* (OI I*IOIJRNO) PERCNG 285

TOTORT=TOTOPT+(OQnTHOlJRNO) PERCNG 286

TOTQ12=TOT012+ (OZQHOtJRNO) . --- PERCNG .--- 2-87-

TOT013=1OT(t]3* (013*HOURNO) PERCNG 2R8

TOT014=TOT014+ (O14HOUJRNO) PERCNG 289

TOTQIOTOTQ1+(0)]HOURNO) PERCNG .290

TOTC7O TOTQ7+ (07*HOIJRNO) PERCNG 291

TOT224=TO rO?4 (0?24*HOIIRNO) PERCNG 292

TOTC9-.TTQ),+ (Q9IHO)HNO ........PERCNG--- 293
TOTQ15=TOTOl5+(01 1 *HO)PDNO) PERCNG 294

TOTKWLI=TOTKWlIJ (PIIrNFW*HOPlRNOn) PERCNG 295

T0TKWTOTKW=TTK*( TPKW*eOl)RWO) PEPCNG 296

TOTKWF=TOTKWE+ (FXPKW#HOUJRNO) PERCNG 297

C PERCNG 298

C---END LOOP - NFXT CASF PERCNG ---299

11 CONTIIIJF PERCNG 300
C PERCNG 301
C---DROP OUT - WRTTF TOTAIS ANn MAXS PFRCNG 302

OUT=6 PERCNG 303

WRITF(OIIT0.5) TnTl .TnT07. TOTQ24, TIIST TTOOTTOTKW PERCNG 304

+ TOTKWtJ, TOTKI(MTOTKWF, TnTRTIIF ,TTOTQTo TTQ12TOTQ113TOTQ9 PERCNG 305

WRITE(Ol)T,(?4) TClsTC?,CIHP,C?HRTIHR PERCNG 306
WRI rF(OIT l,3?1) TMAX.XMSM X.,GFNHAX C1MAX ,CMAXTPMAX, PFRCNG 307

+ 0*34UAX.0313:AX, ni MAX.D8TMAXQ5MAXs PERCNG 308

, OQ 15MAX ,1l44AX, 013MAX, 1MAX 13AX 9MAMAX9 PFRCNG 309

C PF.RCNG 310

WPITFE(O(IT.700) I1MAX.Q7MAX PERCNG 311

C---OPEFATING COST PERCNG 312

COG=(GCF*P ri PERCNG 313

COEP=FCF*Tn TKWM \PECNG 314
CRFP=FCF*Tn TKF PFRCNG 315
AIJI)C=TPMAyu*lnATf lP?. PERCNG 316

m MECHANICAL
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I

T AOPC= (COr* COFp Al IDC) -CFIFP PERCNG 31 /
WR TU(OtT, 5?4) COG, COFP,CrFP, AIJDCU, TAPC PFRCNG 318

C PERCNG 319
C SEE IF THEDE IS MODF INPUT PERCNG 320

IF(NEXT.FQ.1)GO TO 5 PERCNG 321
CPERCNG 322

C FORMATS PFRCNG 323
56 FORMAT(1H1,///," TOTAL =",F?0.19," RTU 01 e TIMF",/, PERCNG 324

' of TOTAl =",,F0.l," RTII 07 * TIME",/. PERCNG 325
* " TJTAI =,",F?0.1." RTU 024 I TTME"./, PFRCNG - 326
* " TOTAL =" F?0.1," RT*U O 11 TTME"'/, PERCNG 327
+* " TOTAl ='."F?;O.1, RTUIJ 015 TIME",/, PERCNG 328
* " TOTAl =-",F?0.1," KW HR RPEOIITMFE RY PARASITICS",/, PERCNG 329
+* TOTAl =",.F?2n.l, KW HR PURCHASED FOR PARASITICS"/, »PERCNG 330
* " TOTAl =",F?0.l," KW HR PIURCHASEn (MOTOR * PARA) TOTAL",/s PERCNG 331

* " TOTAl =".F?0.1," KW HR EXPORTFD TO UTILITY"./, PERCNG 332
1 " TOTAL =".F?0.1," RTtU TO GENERATE ELECTRICAL POWER"'/, PERCNG 333
+* TOTAl =",F?0.1," TU OAT * TITE"./. PERCNG 334
+ " TOTAl ="s,F?0.1," nTUI 012 * TIME"E/, PFRCNG 335

f* TOTAl. :,rF?,.1],, RTU 013 * TTME",/, PERCNG 336
+- " TOTAl. =",F'O.l," RTU 09 a TTME",/) PERCNG 337

524 FORMAT(lln,PAX, COST OF GAS...........·.....",F20.29/9 PERCNG 338
+ 9X,"COIST OF PlIP FLFCTRIC.........."»F20.2 /, PERCNG 339
* qX,"CPFDTT FOP FXP POWEFP........'.."F20.2,/, PERCNG 3403* OX,"AhN)UAL OTIL OnFMANO( CHARGES,....",F20.2, / PFRCNG 341
* 9X*"TOTAl. AINIUIAL OPFRATING COST...",F20.2./) PERCNG 342

324 FORMAT(lOX.."MAX TSHP =",F?O.1," HP"./9 PFRCNG 343
4 IOX,"MAX MSHP =",Fp0.,*" HP",/, - PERCNG - 344
* ]CX,"MAX GFN =",F?'.l," KW",/, PERCNG 345
* ]OX . "tAX CMPA I =",F2. PI' HP'"/ .PERCNG 346

Inx "MAX CMP? =",F20.l," HP",/, PERCNG 347
* InlX "MAX TPPW ="FF?0.1," KW'",/9 PERCNG 348
* 10X "A0X o14 =-",F20.1 " RTU" ,/ PERCNG 349
* Ix 0 X IAX 033 =",F20.1 .IRTU", /. - -.. PERCNG -350
* 010X "HAX Oll =",F20.1," RTII",/. PERCNG 351
+* 10X,'MAX OHT =", F20.1," RTtI",/, PERCNG 352

inx,l MAX r0 , =",F?I.1.i RTI,,,/. PERCNG 353
70 IOX "MIHAX r)]5 =",FO0. , RTU"II/. PERCNG 354
* I1OX ,MAX 0 014 =F,"F20. I," RTU",/, PFRCNG 355

10X, "MAAX 013 F='"F0.I" RT"/, - PERCNG -356
25 I0XX, 'MAX o)2 =",F?0.1" RBTII",/ PERCNG 357

10X3"MAX 09'33 =',,F?.l,' PTI",,/. PERCNG 358
6 inRX,"MTAX 09 =",Fn.]," mTIU"9/.,PERCNG 359

700 FORMA (1H*.9X"A X 01 =",F?0 " . RTU T ",/, PERCNG 360
* IOX,"MAX 07 -".FF20.l1" RTU" ",/) PERCNG 361

15 FOQMAf(3FlOE.3, ) - -- PERCNG .- 362
25 FO4MAT(215,3F10.0 ) PERCNG 363
33 FOHMRAT(l]Hl) PERCNG 364

624 FOHRMAT(X,"TOTAL =".Fn.i,,, Cl - TIME"-/, PERCNG 365
* 1" TOTAL =":.F?0.,1, C2 * TIMIE"/, PERCNG 366

yI 4 * , TOTAL =".F?0.1," Cl HOURS ",/, PERCNG 367
J|* " TOTAl_ =".F?n.l,," C? HOlIRS ",/t PERCNG 36B

+ " TOTAL =",F_0.1," HOIPS ",/ PERCNG 369
C PERCNG 370

STOP PERCNG 371
ENf) PERCNG 372
SURROUTINF CAI.CU CALCU 2
COMrMON/TGCM/FTACON,FTAM'4,FTACAGGOF.4C ,Fl.TS,06,FLWFETAI ,FTAG,T14 CALCU 3

C---REPFATFO CALCUjLATIrOMS FOR MAIN PFPCNC, CALCU 4
COMHON/TVAu/ C cPC I (10)VTICTlC (1n),Crl (10),PWRI (10), CALCU 5

+f COPC?()n),VT)CS(1n),CF?()O),PWR?(]1), CALCIU 6
* VFTH (1 T) T,V\TFTH( 10) ,CFF (lO) ,PWF (f10) CALCU 7

CONM"ON/COrJ fI:/'lS I lt; rf, tfIc A r *. ICOPCT ·9 ICPC 1 , T TLE (50) · CALCU A

MECHANICAL
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I

* , Mr'Cc, TCIPrC?,hFTH, IFTHrNEXTCFl , CALCUl
NCFtE. CrFF FCALCUJ 0

COHMON/SVAL.L/x.lNPExPTAGF:N.FTAMETAn TV MlIAG PCT, CALCU 11
+ nTAIR.SCF.IOI ,SCFMVL.F7,IE(7) SV(IO) CALCU -- 12
+* sfi(10) ,SCFMVFPSV CALCU 13

COM(tUIN/FI FC//SEF VF .lnADFnT, XMSHP, TPK4, XNMGLD,EXPKW, CALCU 14
+ GEND1.IXMPKWPIJRNFWGENNFW CALCU 15
COMMON/CAIC/KO4.(31* ,O(?01 ,O5,O134,X,TSHP,Q33909, CALCU 16

+ OiSllOAOR ,C1, F?.ETH07,ACCPWR.ATNPWR, CALCU 17
4+ PCPWPr l.SCEMFCMFCMAX,0?4QART,Q0TMQ12M. CALCU - 18
I+ 4 ] (4M·a5M·NlSPlM CALCU 19

COMMlON/Sll/ElCONHi. FCONI .NPF?2CON2,FCON3,E3CON1,E3CON3 CALCU 20
* .. F4CON1 ,E 5COI FSCON?tE6Cm.I SCFMOIITE(7) CALCU 21
COMnMON/CORFAC/C FAC.C?FAC.CrFFAC, DAYJo).HOURNOFLAG CALCU 22
COMmON/TOIFV/IN .OUT CALCU 23
COMMON/xNLOAD/XNPfClxNPC?.XNPT.ACIlAC2,AETHNDUAL- - -- CALCU---- 24

+ tJRFV. XNPRS XNPnL *XNPHH,XKOAXNPR, CALCU 25
+ XNf'!R ·fl LOAr),XNRI D0GCFFCF nRATE CALCU 26

COMMOl/SCAI.C/T33 T34 TO Ut73 U74 .UP)3.UJ4,A73,A74.A83 A84. CALCU 27
+ 7P C7. rPTWR.FOTT71 T73 Tnl T7? T82 T83,0T?T8l CALCU 2R

COM~ON/S2CAlC/KFLAG,x3ofLD)x3.nOTOInDOTM,RNRETAO CALCU 29
COMHON/S3CA C/GCA14,lJI4,rTl?,H34AD ------ CALCU ---- 30
INTEGFP [)AYNOsHO(lRPNO,olT CALCU 31

C---014=SFCONn EVAPORATOP LOAn CALCU 32
C---X=SUM OF THE LOADS CALCU 33
C---034=REFRI GFRANT CONDFNSER HEAT .OAD CALCU 34
C---TSHP=TURRINE SHAFT HORSFPOWFR CALCU 35
C---033=RANKINE CONDENSER HEAT nAO - - - .. --- -. CAI.CU ..-- -36
C---QS=TOTAI. HEAT AVAI. CALCU 37
C---O11=TOTAL ,AS INPUT FNFRGY CALCU 38
C---0Q=0S-07 ... CALCU 39

K=K*1 CALCU 40
IF(K.GT.200) GO TO 10 CALCU 41

(C - .-- ----.-- CALCU ---- 42-
IF(OI?M.FO.(0.)) C1FAC=CI=1. CALCU 43
IF(QI2M.FO.0.)) C-O TO 5 CALCU 44
CILOAD= ( 100.*Q)/ i2M CALCU -- 45
CALL TLtI(CII l0A,)C]FACPWR] ,CFI NCFI) CALCU 46
CI=ACI1CIFAC CALCU 47

C .. ..--. CALCU ----- 48
5 CONTINUE CALCU 49

014=(01?(I(I CI)/C ) ) +3+?04 CALCU 50
IF(I14.LT.(1.)) CFAC=C?=. CALCU 51
IF(014.LT.(I.)) GO TO 600 CALCU 52
CALL COPSlJR CALCU 53

C -- -CALCU---- 54
C2LOAO= (100.*] 4) /Q/01 4 CALCU 55
CALL TL )(C?1IOAr)C2FAC,PWR2sCF2?NCF?) CALCU 56
C2=aC?*CFAC CALCU 57

C CALCU 58
600 CONTINuF CALCU 59

IF (T34.FQ.0.) ,r?=. -CALCU--- - 60
Q34=04* ( ( IC2)/C?) CALCU 61
TSHlP=01 6*FH/?545. CALCU 62
XMSHP=(014/(2?45. *C?) FLMr)*1/F TAGG+FL WF CALCU 63
IF((014.1 T. .) XMSHP=O. CALCU 64
IF(TSHP.EO.(0.)) Gn TO 331 CALCU 65
X=XMSHP. 746/ETAMM-((TSHP-FI. T )*.74F, ) TAC0ON*FTAc, CALCU 66
IF(X.r;E.O.) GO 1n 1-1 CALCU 67
SEVEN=X"F TAtASiF ( I . ) CALCU 68
IF(SFVf.,.IT.n.) 0l TO ?? CAI.CU 69
XMP Vy=FE v> vl=Cr l{T= ~-n. nCA C CU 70
GFrINFI'-= AP l (y F TAli) CALCU 71

I

MECHANICAL D-8
TECHNOLOGCY D3^B Ifim '"lBJHBINCORPORATED



I

3w Pli;NF ; = grVF-I+ll IlHF (;2.) CALCIJ
TPKW=PUl'NE W+ XrPKVl CALCU 73
GO TO 444 CALCU 74

22? CONTI NUF -CALCU 75
EXPKW=AfS (SE VFIl) CALCU 76

* GENLD=E XPK>'W+SIJF (] .) CALCU 77
PIJRNFW=SIIMF ( 2. CALCU 7
GENNFW=SI IMF (1.) CALCUJ 79
TPKW=PUIIflFW CALCU 80
XMPKW=O.O --- CALCU 81I GO TO 444 CALCU 82

333 XMPKW=X/F:TAnFN CALCU 83
PIRINE>l=SIllF (I . ) *S IMF (?.) CALCU 84
GFNIMEJ=GFNI 11=FiPKW=xpKw 0 CALCU 8S
TPKW=XPK W + PlIIMrF W CALCU 86

444 CONT IIUF -CAICU 87
C T$$ THIS IS MOnFL R - CONIFIGS 3 4 + 5 CALCU 88

QOT=0. CALCU 8,9
C CALCU - 90

* "0DO 44 1=1.4 CALCU 91
ETHL0AD=TSHP*(100./XiJPT) CALCU 92
CALL TL.I(FTHL.IAnDCFFACPWFCrFEtNCFF) CALCU 93
033='rSHP*ACCPW' R( ( I-ETH) /FTH) CALCU 94
05=0Q9()33+0.34 CALCU 95
Q 01=(TSHPFS4'5./(FTARBFTH))+ (09/FTAR) CALCU 96
O8=05-J7 CALCU 97
IF(CQ.i;T.0.) QOT=

rR CALCU 98

CALL ETHSIJR .. -CALCU 99
CALL TLIJ (T-3.AFTHVT1FT4HVFTH.NFTH) CALCU 100

a 44 FTH=AFTH'CFFAC CALCU 101
C CALCU 102

IF(MDIAC,.FO.ln) WPITF(OIn)T50O)TSHPSIlME(I) C1,C2,ETHQ1109 CALCU 103
IF(MDIAr.FO.50) WPTTF(OnllTIS)) 012,013,Q14,0Q15,33,Q34,08,OS CALCU 104
RETURN CALCI -105

10 WRITF(OIIT,1S) K CALCU 106
50 FORMAT (lX ,HTSHP=,El0.3,5HSIJUF=.FlO.3,3HCI=,EIO.3,3HC2=,E10.3t CALCU 107

*~I I T1 4HFTH=,F10.3,4H101I=,F10.3,4H 09",F1O.3) CALCU 108
51 FORMAT( lX,4HOI?=,FlnO.3,4HOn=,F10.3,4HO14z,FI0.3+4HOIS.,E10.3 CALCU 109

I ,4H033=,FI0.3,4H034=.F10.3,SH Ofla ,EI103,4H 05=.Ei0.3) CALCU 110
15 FORFAT(IX,"I IMTT PEACHFO",?XT3) ----- CALCU --111

ASK STOP CALCU 112
".JH ~ FEND CALCU 113
IO S~~SlijROlITTNF FTHqUR ETHSUB 2

COMMON/TGCM/FTACnFI FTAMt, ETAG,FLMC .FLTS,016,FLWFETA],ETAIGTI4 ETHSUR 3
COMMON/TVAI./C3PC1 ( i) ,VTIC1 (10) ,CF1 (10) ,PWR1 (10) FTHSIIR 4
* COPC?(lO0),VT)C?((In) ,CF2(10)PWR?(10) t ETHSUR 5
* + VF:TH(In),VT)FTH(1) ,CFF(0) ,PWRF(IO) FTHSUB 6

CO;MMUMO/CONTP/I'JS AiAPT,HJCrASFSNCOPC1, TCOPCI, TITLE(50) FTHSUB 7
* I'COPC?, COPtC?,NFTH,IFTH NEXT ,MCFI, ETHSUI8 8
* NCF ?, CFF FTHSUB 9
COMMOt/SVAI lr /XiMPFTAGFrIPTAFT,F TA.V, ,Mn DIAGPCT. ETHSUtB 10U + HiTAIT.SCFMnl ,SCFMVLF,7,IE(7),SV(n1), ETHSUR 11
+* S0P(10),CFHV.FPS\ FTHSUB 12
COMMOlN/FI.FC/S,:VFNLOOrFnrT X,'4SIlPTPKW. XIMGLLrEXPKW, FTHSUB 13

Amon*l 4+ (;Ff'L D XMPKW,.PURIFW ,GFtNFW FTHSUH 14
COMMON/CALC/K ,014 ,()l ? , Q01? ,31 ,034, X TSHP,033,Q09 ETHSUB 15

+ , , 0 . 1 ),n,CI.C?.FTH,0.17, CCPWRAINPWPR THSUB 6I
+F PCPWPTI SCFMF)~FrFCHAX,?4tOQTQSTM»,I?Mt FTHSUlJ 17
* 0 1 4'1, O%,MFSP'tI ETHSUR I R

COMb10N,/SlI/Fl C.ni 1 FPr] , PFr' CONKI, F- 2 ' F ?CrON1 .F3rONI ,F E COI3 ETHSUB 19
| | * + Fs/*C'tI ,frt;C(ol ,t-sO~rPF -r ;,.- ,SCrFMOllT,»F (7) FTHSlUR 20

COfivAO/('/c)!FAC/C F A; ,C?Fa"'FA. Crr'F C .,IY'In.nOtJPNOF-I AG FTHSUJl 2?
CnMIf )tl/I TI!-/'//I Ml.(' HIr FTHSUR ??

IS
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I

*~( IA.;.nr /::i[ FI^/yr' 1 , xriH'C,. XJI'T A( C) ,AC?, AAf Mr,1O)AL, FTHSUf ,'13I* *!liF V · X!Pfl · XNIPPl , X)(NRH, XKOA. XFIPR FTHSUO 24
, XhNP-lh,F8LOA(n, XNl-l ,GCFrECFtDRATE FTHSUP 25
COMMOFN/CAI C/T 3llT, T34 .1173,U74 UR3 J UR4 A73, A74.AR3 AR4, ETHSUH 26

* G7,GRP.TPiDPTT7lT731Tfll.,T?,T82,T83,DT2?TA1 ETHSUB 27Is ~ COMMnON/S?CA LC/KFLAG, X 3nll X3,rOOTOLInr)DOTM, RlR E TAO FTHSLIB 28
COMMONJS3CAIl C/G1,A14,1J14,T1?,H34Af) FTHSUH 29
INTEGER DAYNO,9HOIIJPlnOOIT FTHSUB 30
REAL K1,K? FTHSUR 31
K1l=60.*o.33*Gf FTHSUB 32IH K2=6O0 . . 3F3*6I FTHSUB 33
IF(07.(,T.O) T71=TO- (7/K?) ETHSUB 34
IF(07.GT. (033+034)) T71=T71+*(033034)/K? FTHSUB 35
IF (07.LT.(033+034)) Tt3=TO ETHSUO 36
CI=l/(1-FXP(-(174*A+74)/K?)) FTHSUB 37
CZ= 1/(l-FXP(- (Il84*"A4/K ) ) . - FTHSUB.-- -38
C3=l/(1-FXP(-()I73*A73)/K?)) ETHSUB 39
C4=l/(l-EXP(-(llR3*PH3/K1 ) )ETHSUB 40
IF(07.GT.(O.).ANIr.nRT.C.T.(0.).AND1.034.LT.(I.)) GCO TO50 FTHSUB 41m*- ~ IF(07.GT.(0.).A^NO.ORT.r'r.(O.).ANO).034.GT.(O.)) GO TO 100 ETHSUB 4?
IF(OnT.E(. (0.).A^07.rT. (O.).AND.O34.GF.(O. GO TO ?00 ETHSUB 43
IF(Q7.EQ. (.).ANn.Q04.GE. (.) .AND.QTGT.GT (.)) GO.TO 300 - .. ETHSUB-.-. 44

50 T72=T34=T71 ETHSUB 45
T33=T 7?C3* (07/K?) ETHSUB 46
T82=T33-C4* (nfT/K?) FTHSUB 47
TH3= (T3-T?) /C4+TR? ETHSUB 48
TBl=Tn2 ETHSUB 49
GO TO 400 ---- ETHSUB -.- 50

100 CONTINUF FTHSUB 51
H=(CI-1)*T71 ETIHSUB 52
B=(C4/Kl) *ORT-C3*T73 FTHSUB ---- 53
C=033-QOT-K?*173 FTHSUB 54

sHT=(~ C)T72=((H*C4*K1 )-(R*C7*K I C*C(C4-1) *(C7-1)- ETHSUB 55U .HF*K1* (C4-1 )+(C7-1) fOI*Kl-C7*C4*C)>/ ETHSU8 --- 56
+( (CI*C4*Kl )-(C7-1 * *(C4-1>) *KS+K1C7*(C3-1 - FTHSUB 57
,CI*KlI (C4-1 ) -( r7-l ) (C- )1 elC*C7C4*K2) ETHSUB 58

*J T34=T71lCT*(T7?-171) ETHSUB 59
DTH2T1l=(Q34-K?2(T72-T71))/Kl ETHSUB 60
T81=T34-CZ*r7T8?2T1 ETHSUB 61
T82=TA1+DTR?TRF -........ FTHSUB- ---- 62
TR3=(Q33-K 71(T73-T7?))/K l*Tn2 ETHSUB 63
T33=Tfl?+C4* (T3-TR?) FTHSUB 64I CT3I=T7?+C3, ( 173-T77) FTHSU - 65
GO TO 400 FTHSUB 66

200 T34=T71+CI*(:34/K2?) FTHSUR 67
m*en T33=T71* (034/K?) C3*(l33O/K?) -- FTHSUB ---- 68I T72= r71 + (034/K) FTHSUB 69

GO TO 400 ETHSUB 70
300 T8l=AMAx) ((TWn+*T) ,6i.) FTHSUB 71

T34=T81+C7 (034/K1) FTHSUB 72
T33=T1 +(Qn34/K1) +C4* (03/K1) FTHSUB 73

!I T82=T81+,(Q4/K1) FTHSUB. 74
TR3=TFl* (0'330+34)/K< FTHSUB 75

400 CONTIIItJE FTHSUB 76
IF (MDIAr,.JF.HO) PrTIIRN FTHSUB 77
WFRIIE (01JT.n 000) 07,01RT ,33,r034 ETHSUB 7R
WRITE (OIUT 1001 ) U174,A74,11q4A.A4 ETHSUB 79
WRITF (OT11l100;) 1173,A73lI3,Af3 FTHSUB O0
WRITE (FIlT1003) TO, TwR, T r,7,rn FTHSUB 1A
W!rITF(Or!lT 1004.) T71,T771Ki ,k? FTHSUB 82I WW'I TF (O IT .100') CTI .(,C7,C3.C4 FTHSUn 83

I
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I.l'| [I- (I!,l, I , I, ) T 3r . T/14,CT I I'THStJ B fo

PFTIjlf m FTHSUD 87U 1000 FORMAT(,'007= ".F1..5,3X,*"O.MT= ",F5l.q,3X,"Q33= ",F15'.S.3X, FTHSUB SR
"034= ",Fl.F5,) FTHSUB 89

1001 FORMA 1"01i74= ",F)S.5,3X,"A74= ",F19.5 ,3X,"1)84= ",FIS.5, ETHSUR 90
4* 3X,"A(.4= ",F15.S) FTHSUVP 91

1002 FOW:AT (110173= ,",F15.5.3X,,. A73= ",FIS.?,3Xl"uR3= ",FlS.5,3X, FTHSUR 92
AP= " .F15 ", S.) FTHSUB 93

1003 FORMAT("OTO= ",IF15.,3x,"T'r= ",F1S.S,3X,"DT= ",F15.S3X ETHSUB 94
C ,i7= ",FlC. ,3x,"G= ",F1S.5) - ETHSUB -L 95

1004 FORMAT(lOT71= ".F1)5. ,31"T73= "T,Fl1.,53X.""Kl" " ,FI5.5.3X EFTHSUB 96I · "*K?= ",F15.) FTHSUB 97
1005 FO:MAT('OCl= "'Fl%5.5,3Xt",C2= "FlFI5;,3qX,"C3, ",F15.5.3X FTHSUB 98

"C4= ",F15.'S) ETHSUB 99
1006 FOPMAT(',OA= ",FlC .53X,'mR= ",Flo5.S,3X,"C= ",F1S. ,3X,,"T72=",F15.>) FTHSUB 100
1007 FORMAT(,ODTKTRl= ".FI1.Sr,3X,"TRI ",F1S5.S3X*XTR9 = , ,F15,503X FTHSUR - 101

+ .,TH3= ",F1F5.5) THSUB 102
100R FORMAT(,OT3q= ,.Fl9.S,3X,"T14= "F15l.5,3X,"CT33= ",F15.5) ETHSUB 103

END FTHSUR -104
SUIIROUITINE COPcIJR COPSUB 2
REAL K3 COPSUB 3
DIMENSION FFF11(6),FFFi1(7).FFFP?(7),X1I(6),X12(7)X?2(7) COPSUB 4
CO-1MON/TCCM/FTACON1FTAM4,rF GFTAGF FT,,FL4C.FI.TSO16,FLWFETAl1ETAG*T14 COPSUB 5
COMMONl/rVAI./CPC1 (10), VTICI(10) ,CF(10). PWR(10(), COPSUB 6

* ClpC?(1r)I),¥TIr'2(1o),CF£(IO),PWR?(0I), COPSUR 7
+ VFTH ( O) ,VTIETH (10) CFF(10) PWRF(IO) COPSUB 8

COMMIO'/C(OtTP~/NSTAfPT.NCASFYNCnOPCI, COOP lTITLE (50) COPSUB 9
+ NCOPC?. ICOPC?,NETH, IFTHNFXT NCF1, -.- COPSUR -10
4 NCF?,NCFF COPSUB 11
COMM'ON/SVAGI-/XHP,FTAGF'I.FTAMETAR, TVMDIAGPCT, COPSUB 12

+ f)TAIP.SCFMOli.,CFMVl ,F7,IF(7),qV(10) COPSUB 13
+* sn(10),SCFMV.FPSV COPSUB 14
COMMOlN/FI. FC/.SFvFtI.lOAI)FDT,XMSHP,TPKW, XNMLO, EXPKW. COPSUB 15

* CFMI n. XMPKW .PUJRIE W GEN FW COPSUB - 16
COlMI(o0/CALC/<I< 014,0 01) ?. 01 3, 01S,034, X, TSHP, 033 09, COPSUB 17

4+ 0*iS,(0llnOR.l.C?iFTH,07,AACCPWRAINPWR, COPSUB 18
* PCPWk' T1 ,SCFMF: .FCMAX,0P4, 0BT RTMQ12M, COPSUB 19
4 0) 4M,05M»,NSPM COPSUB 20

COr1MON/S(l/FIlCONI ,EPCONI) ,P,FPCO?F,FPCON3,E3CON1 E3CON3, COPSUB 21
* F4CON1IFSCOllFCr;CONPF6CONIlSCFMOUTE(7) - - COPSUB .22--
COHMO.IN/COPF AC/C F Ar.C?FACCFFACnDAYNO,HOURNO,FLAG COPSUB 23
COMMOMI/I nOFV/I h N, 01 T COPSUB 24
COHHOM/XNLOAD/xlPCl , XMPC?. XNPT AC1 , AC2 AFTHNDUAL, COPSUB 25j · IPFV,XNPRSXNPRI. , XMPFIH ( XKOA XNPB COPSUB 26
~.* )XM PFlR,Re>OAr)X, X'R.nP »,CF FCF *,RATE COPSUB 27
COMMON/SCAI C/T 33. T34, TO 1173,U74*tJUA3,1JR4A73,A74,A83,A84, cOPSUB - 28

+* G'7.r.,,TWR,TnT T7. T7T3.'Rl ,T7?,Tq2.T83,DTR2T81 COPSUB 29
COMMON/S?CAI. C/KFLAG,X30Lon X3,0lnTOIn.nOOTM,RNRETAD COPSUB 30
COM't(N/S3CAI (C/I1 A / ll 4,1 T4) T?H34An COPSU -31

INTFGF A nYr-OHOIJfNO. OIlT COPSUB 32
DATA FFF) ] /.^,t? ..̂6h61, 7 .7; ? . 7F4.? .7R?/ COPSUB 33
DATA X)l/1 l.0,14.9?1l.S,?3.R,?S.7,?6.9/ COPSUB 34
DATA FFl?/.;fOR,.7O,.G,.736?,.7 6..77. 93/ COPSUB 35
DATA X1?/1l.2l .q7,.?.75,3..62,4.l?4.5,4.7/ COPSU 36
DATA FF F?2/eri3'l, oq.RO, ,677, .71q,.770..77t,.791/ COPSUB 37
DATA HI/.Nq.7??/.7.7/ COPSUB 34
DATA rJ1]Nl ?,;JP2/ F.7,7/ COPSUB 39
KF(.Ar,=0 COPSUB 40
x3nlr Il.)nTol n=o. COPSUB 41
K3=500.*r,1 COPSUH 42
C5= (I/(I-Fxn (-IIQ4*A14/Kl») COPSUB 43

MLI Tl T=Tl?- (f'l/4- (CS-1 ) )/K3 COPSUR 44
P34ASATPIATT (T li) COPSUJ) 45
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|It~ P14SAT=-'IATT (T14) COPSU1R 46U HHL34=HFT (T/4) COPSUB 47
HC14=HGT(TI14) COPSUB 48
034N=((C?lI)/C?)c0l14 COPSUB 4931 100 0340=034N COPSUB 50
DOTM=014/(Hc,14-HI 34) COPSUB 51
X3=DOTM*qORT(T14+460.)/(P14SAT360n0.) COPSUB 52
R=P34SAT/P'14SAT COPSUB 53
IF(NR.EO.11) 7= (X37./75.)*.?.256 COPSUB 54
IF(NR.Eo.12) 7=(X3*.3/1.)*?. .. . COPSUB --..-55

/I IF(NR.F.?2?) 7=(X3*q./R.) ?.155 COPSUBR 56
IF(P.I.T.7) r,O TO ?0nn COPSUB 57
X30LD=X3 COPSUB 58
DOTOL.=nolM COPSUB 59
IF(NR. O.11) X' =(P-?,25F)/(7./75. ) COPSUB 60
IF(NR.Eo.12) X3=(P-?.11)/(.3/1 . ---- COPSUB ------- 61
IF(NR.EO.22) X3=(R-?. c)/ (5./R.) COPSUB 62
DnTM=X34P 14SAT,3600./SR)RT(TI4 460.) COPSUB 63
KFI.AG=1 -COPSUB 64I 200 CONTINUF COPSUB 65
IF(NR.FO.11) CALI TI-J(X3,FTAn,Xll1FFFII.NII) COPSUB 66
IF(NR.OE.I?) CAtl TI.U(X3,FTAnX1?7FFF1?,NI2) ---- - -------- COPSUB ----- 67
IF(NR.EO.??) CALL TLU(X3,FTADXX?P7FFF22MN2) COPSUB 6A
IF(NP.EO.I1) PM=16.86 COPSUB 69
IF(NR.Eo .1) RM=17.48 COPSUB 70
IF(NR.oE.??) RM=?4.h COPSUB 71
1434AD=HGfl4+PM*AL.(OG 0(P3t4AT/P14SAT) COPSUB 72
H34ACT=HCGl4+(H34An-HRGI4)/FTAO -.. ----- COPSUB ---.- 73
AC?=(H(G14-HI 34)/(FH34ACT-Hr,14) COPSUB 74
034N-nOTM* (H34ACT-H.34) COPSUB 75
IF(ARS(O34N-Q34O)/Q34n.T... .nl) nO TO 100 - COPSUB 76
014=nnTM*(HG1-4-HL 34) COPSUB 77
C2?LOA=(100.*Q14)/014M COPSUB 78I CALl TLII(CI OAn).CFAC,PWR?.CF?,NCF?) - -- COPSUB --- 79
C?=AC?*C?FAC COPSUB 80
IF(MDTA,.JNF.30) RFTIIRN COPSUB 81
WRITE (01T ,00) X3nlr)nnnTnnl,Kl3C5STi4.P34SATP14SAT, COPSUB 82I * HL34.HG 14li)nTM, X3,PKFI AG, FTnADRM,H34AD[H34ACT.C2 COPSUB 83
RE TRN COPSUR 84

300 FORMAT (H1 ," X301.)L=".Fl O.? PrOTOI D=" ,Fl .2"lK3=",F10.? - - -. .... COPSUB - ----- 85
_+ "CS-",r F1 .?,"T14=",F 1 0.?."P34SAT=".F 102,/ COPSUB 86

1] "1 P14CAT=",FIO.?,"H1 34=",F10.?,"HG14="F10.P, COPSUB 87I * "0IM "( F.I)lTM=" Fln.?, ,"X-=",'F10.2 ,"R1=", F1.2. "KFLAG=" Tl 0 COPSUB 8
+ /I/" FTAn=,F10.?,"IRM="IFlO.?2 "H34An="l COPSUB 89

Flin.?."H34ATCT=",F] 0.2 ,"C?=",rlT0.2) COPSUR 90
ENr) COPSUB 91

t FUNCTION PSATT(TF) PSATT 2
REAL K PSATT 3

C PSATT 4
COtMMON/FPLOI/ AFRn,CDO,11,FI1.AVP.nVPeCVP,nVPrEVPtFVP, PSATT 5I 2 Hlt R.RlA .?,nC?,PA3rt3,C3.A4,RB4C4, PSATT 6

yI |~ 2 A;SRlr,CS.A6A.Rn6,C6,K,AI PHACPR, PSATT 7
3 ACVRCCCV, VCV.FCVXX.YY PSATT 8

C PSATT 9
C PSATT 10

REAL 1 E1 .J PSATT 11
C PSATT 12

COMMWOM /FPI n?/ 1FI O,JTPFFTOI. ,MRPC,-TC,VC,TFMINTFR PSATT 13
C PSATT 14
C PSATT 15
C SATUPATIOMN p'nqASItlir AS A FllniC1iThN nr TFMPFFRATURF IN OFG. F. PSATT 16IC PSATT 17

T=TF-TFP; PSATT 18

I
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I

IF (TF. T.TFMI'.'.P.T.GCT.TC) C.o TO 4n PSATT
20 PSATT=f-XP ( (AVP*,VP/T*r CVp*i o-I (T)+nVP*T)*IE10) PSATT .0

RFTURN PSATT 21
40 CALL FPLMSG(hHPSATT 1,2?,TFn,0r ) PSATT 22

RETURN PSATT 23
END PSATT 24
FUNCTION DPVOTT(TF) OPVDTT 2

C OPVDTT 3
C ENTRY I)PDTPT(PTF-) DPVDTT 4
IC DPVDTT 5
C COMPIITES TOTAL nFoIVATTVF (nPV/DT) nF SATURATION PRESsURE AS A DPVDTT 6
C FINCTION OF SATURATION TFMPFRATURF (DFG.F). DPVDTT 7
C OR DERIVATIVE AND SATIURATTON PRFSSIIRF AS A FUNCTION OF SAT. TEMP. OPVDTT 8
C (IF ENTRY POINT IS IISFr.) DPVDTT 9
C ODPVDTT 10

REAL K DPVDTT - - I1
C DPVDTT 12

COMMON/FPLOI/ Anrp, Cr)nFOF AVP VPVCVP OVPEVPFVP, DPVOTT 13
1 RP.FlA?,R?rC?,A3,R3,CA4,R4*C4t DPVDTT 14
2 A.RCSt9C5,A6*HB6.C6,KtAIPHACPR9 DPVDTT 15
3 ACVRCVtCCV,)CVFCVXX.YY DPVDTT 16

C OPVDTT-- --17
C DPVDTT 18

RFAL LC)O,J DPVDTT 19
i1 ~~~~~~~C DOPVDTT 20

COMM)ON /FPL02/' LF10,JTIRFFTONI.NR,PC,TC»VCgTFMIN»TFR DPVDTT 21
C OPVOTT 22

T=TTFTFR - -- DPVDTT ----- 23
IF (TF.LT.TFMIN.OR.T.rT.TC) GO TO 90 DPVDTT 24
P=PSATT(TF) DPVDTT 25

70 DPVnTT=P* ( (-RVP/T*LF1I*CVP)/T+DVPoI F10) DPVDTT ---- 26
RETURN DPVDTT 27

& ~90 CALL FPLMSG(6HOPVDTTt1,2,TF,0,0) DPVDTT 28
RFTIJRN - DPVDTT----29
ENn DPVDTT 30
FUNCTIONU HFT(TSAT) HFT 2

C HFT 3
C FNTRY HPVVH-T(H(,PSATVFVCGHFG,TSAT) HFT 4
C HFT 5
C ENTHAIPy OF SATURATF LIOJUIn AS A FIINCTION OF TSAT. -- ---- ------ HFT-- ------- 6-
C OR HF, HG, PSAT. VF, VGt AND HFG AS A FUNCTION OF TSAT. HFT 7
|C HFT 8
JBC HFT 9

RFAL LE10,.) HFT 10
C HFT 11

COMMON /FPL02J/ L-FIOJlPFF»TOI_-NRPrtTCVCTFMINTFR- HFT - .---12
C HFT 13

DPDT=OPVrDTT(TSAT) HFT 14
PSAT=P5ATT(TSAT) HFT 15
T=TSAI*TFP HFT 16
VG=VPTD(PSAT.TCAT) HFT 17
VF=VFT(TSAT) HFT 18
HFG=J"DPDTT4' (V-VF) HFT 19
HG=HTV()(TSAT.VG) HFT 20
HFT=HG-HFG HFT 21
RFTURN HFT 22
END HFT 23
FUINCTIOr HNT(TSAT) HGT 2

C HGT 3
C ENTRY HGPVT T(PSAT,VGTSAT) tHT 4

~~~~~~C ~HGT S
C ENTHUALPy OF SATl!PATri) vArinn AS A rJlJcrrfnO nF SATURATION TFMP. (F). HGT 6
C OR H(;, PSArt AMI) vG / A; A rilrICTIn)N oF SATUPATlION TEMP. HGT 7

MECHANICAL

TECHNOLOG. D-133JM--I ~ ~lifllBIH INCORPORATED



I
* c HGT n

PSAT=PSA T(T SAT) HGT 9
VG=VPT (FPSAT ,TSAT) HGT 10
HGT=HTVD(Th,SAT.V) HGT - 11-
RETURN HGT 12
ENI) HGT 13
FUINCTION VFT(TF) VFT 2

C VFT 3
C SPECIFIC VOIl JMF OF IO111D AS A FUNCTION OF SATURATION TEMPERATURE VFT 4

B|P "C IN DEGREES FAHRENHFIT. - VFT - --- 5
I C VFT 6

RREAL K VFT 7
C VFT 8

*am~ C MCOMMHO/FPL01 / AnD R,Cn.On, FnAVPnVPCVPtnVPEFVPFVP, VFT 9
1 P,l ,A?,nR?,C?,A3R3,-lCR,A4,R4,C4, VFT 10
2 ARSCRA6,RC6,KAIPHACPR, .... VFT------------ 11
3 ACVRCVCCVDCVFCV.XXYY VFT 12

C VFT 13
*C VFT - 14

* REAL LEIOJ VFT 15
C VFT 16

COMMON /FPLO;?/ LEIO.J.IRFFTOLNR.PC.TCVC,TFMIN»TFR . -.- .VFT------- 17-
C VFT 18

*B DATA FX /0.33'33333333F*00 / VFT 19U C - VFT - 20
T=TF+TFR VFT 21
IF (TF.I T.TFMIN.OR.T.GT.TC) GO TO 40 VFT 72

* C .- .... .... -- VFT ------- 23.
20 X=TC-T VFT 24

RHOF=A[)+X* (RO+FnX) *CO*SORT(X) *+DDnX*EX VFT 25
VFT=I./RHO)F .... VFT 26
RETURN VFT 27

*I 41"40 CALL FPLMSG(6HVFT .l,2.TF.0,0) VFT 28
*r ~ PRETURN ....- VFT --- 29

END VFT 30
FUNCTTON PTVr)(TF V) PTVD 2

C PTVD. 3
C PRESSUPF AS A FUNCTION OF TEMP. (DFG.F) AND SPEC. VOi (FT**3/LBM). PTVD 4
C PTVD S

REAL K PTVD---------6
C PTVD 7

J" ~ COMMOt-/FPLOI/ AOlnnCnOnnFr)AVPRVPtCVPtnVPEVPFVP, pTVD 8
tfj^@~~ I R.Rnl.A?,R2?.C,A3.R3,C3.A4,HR4C4, PTVD 9

2 A~ASrt5CSA6,h6.RCrKAAPHA.CPR, PTVD 10
3 ACV.nCVCCVOCV,FCVXXYY PTVO 11

C PTVD -. 12
C PTVD 13

REAL IC1,).J PTVD 14
C PTVD 15

COHMro) /FPI 0?/ I.F-lO.JTRFF, rT ,NPMRPCTC*VC.TFMINTFR PTVD 16
*I ~~C PTVD 17I T=TF+TFP PTVO -- 18

IF (TF.LT.TFMIKI.OP.V.lT.VC/1.5) GO ro 10 PTVD 19
Vq=I./(V-F1) PTVD 20
X=ALPHA*V PTVO 21
IF (X.GT.70.) x=7O. PTVD 22

_I X~XPX=E P(X) PTVD 23
Xl=EXP(-K"T/TC) PTVD 24
PTVO=Vrln(PT4.vnI*(/?+4niT+*Cxl*vl*,(/3+H3T+*C3!XI+VR*H(A4*R4*T*C4#X1 PTVD 25

1 *Vp-. (AS+l5* TCS*X1 i))))) (Aft+lf,nT.C*Xl )/X/( .+CPR*X) PTVD 26
RETURN PTVD 27

10 CAIL FPl..HSr,(,HPT\VI) ,1,2,TF1,3V) PTVD 28
PFTIJRI! PTVD 29

I
II
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I
I

EN ') PTVD)
FUNCTION niDVTv (TFV) DPDVTV 2

C DPDVTV 3
C COMPlITFS PARTIAL nFERIV4TIVF (nP/DV)T AS A FIUNCTION OF TEMP (DEG.F) OnPVTV - 4
C AND SPECIFIC VOI.)ME (FT**3/L.RM). DP)VTV 5

REAL K DPDVTV 6
! ~~~~~~~~ ~~C COn~~~~DPDVTV 7

COMMO'I/FPl 0l/ AORHn,Cn.nnF,FAVP»RVPvCVP.FnVPrEVPeFVP, OPnVTV 8
1 Rl?,R1,A?R?CC?AA3,lF3.C3.A4,R4tC4 DPDVTV 9

2? ASRSCSA6CRhtCC6hKAIPHAiCPR, nPDVTV 10
3 ACVPCV,CCVDCV ,FCFV,XX.YY nPDVTV 11

fC ODPDVTV 12
C nDPDVTV 13

REAL IF1]O0,J DPf)VTV 14
C , . oPDVTV 15

COlMMON /FPI 02/ I.FOI0.,,IRFF.TOI ,NR,PCTCVC»TFMIN»TFR DPDVTV --_ 16
C DPDVTV 17

IF (TF.I1.TFMIh).OR.V.LT.VC/I.S) GO TO 10 DPDVTV 18
T=TF+TFR DPDVTV 19
X=ALPIIA*V DPDVTV 20
IF (X.GT.70.) X=70. DPOVTV 21
X=FxP(X) DPDVTV 22
Y=1.+CPR'X OPDVTV 23
Xl=FXP(-K*T/TC) DPDVTV 24
VB=1./(V-Ri) nPDVTV 25
DPDVTV=-Vl*VR*(TV r VA" (R'. t ( +RA*TCX l ) *VR*(3.*(A3+FR3T*C3*Xl) DPDVTV 26

1 *VR, (4.(A,44T/+*TC4*Xl)+*vR(S.*5(A5+*ST*CSOXl)))))) DPDVTV 27
2 -(Af+Rh*T +Ch*Xl) AlPHAP (. +2A..*CPRX)/Y/Y//X PDVTV- 28 -

RE TURI DPDVTV 29
10 CALL FPI.MSG(6H-IOPVTV 1 .2?TF,3,V) DPDVTV 30

RFTURNI DPDVTV 31
EMND PPOVTV 32
FUNCTION VPTD(PtTF) VPTD 2

kC --. VPTD . 3
C SPECIFIC VOLUME OF VAPP A AA FUNCTION OF PRESSURE (PSIA) AND TEMP VPTD 4
C (nEG.F). VPTD 5
C VPTD 6
C THIS IS AN ITERIATIVF (SFCONn LEVFI.) (LEVFL 2.0) ROUTINE. VPTD 7

REAL K VPTD A
C -- ---- VPTD-- -- 9

COMMOUr/FPLO / AnnF CDrnnEnDApAVP, RV pCVPDOVP EVP FVP, VPTD 10
1 R,RAP?,Pn?9CA3,R3,C3,A4t34,C49 VPTD 11

A? .q.n rtC^,^AA.6.CA6tK,Atp.HACPR, VPTD --12
3 ACV,RCVCCVFCVFCV, XXYY VPTD 13

C VPTD 14
C --- VPTD --- 15

REAL LFi),J VPTD 16
C - VPTD 17

COMMON /FPI 0?/ LFIO,.JyTFFTOI. hIlPPC, TCVCTFMTN,TFR VPTD 1R
C VPTD 19

IF (TF.IT.TFMIM) fr. TO 6n VPTD 20
T=TF*TFR VPTD - - 21

C VPTD 22
C ATIEPnTS To VPTD 23
C ESTIMAfF V F-POM 1HF FIRST TwO TFR'IS IN EON. OF STATE. VPTD 24
C RFS!ULT TN SORT(NFFAT[IVF Mn.) AT HIrH4 PRESSUPES. VPTD 25
C 10 A=A?+n?*T+C;*ExP (-KT/TC) VPTD 26
C R=fRT VPTD 27
C X=(-U+SOIT(F*mc+4.*A4tp) )/?./A VPTD 28
C VPTn=l./x+nl VPTD 29
C VPTD 10
C FSTTIATF V FRP') TtIF FTRST TERM- 1J FON. OF STATE. VPTD 31

10 VPTDn-O Pr/pr+nl VPTU 32

I
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Rl-HO=I /VlI'T) VPIT[D 3
C VPTD 34
C ENTRY VPTnF(PFTF) VPTD 35

ENTRY VP1lF -- VPTD 36
*C VPTD 37
C THIS FNTRY POnIT IS llSFD TO SHORlFN THE ITERATION WHEN A PREVIOUS VPTD 38
C ITERATI(N HAS At HFAnY FSTARI ISHFI) A GOO( VAIUE FOR VPTD. VPTD 39
C VPTD 40

no 20 IIER=lt,? VPTD 413 C CALCIl ATE THE VAI IIF OF P CORPPSPOnMnTNG TO T AND V. USE THE NEWTON- VPTD . 42I C RAPHESON tEFTHOD TO COPPFrl THr nF's/TY. VPTD 43
F=PTVD(TF,VPTI)-P VPTD 44
FPRI F=-DPr)VTV( TF VPTn) / (RHnoRHOr ) VPTD 45

AM_ C CORrECTION IS MA TDF TO nFISITY RATHER THAN TO SPECIFIC VOLUME VPTD 461 C BECAUSE, FOR A PrRFFCT (iAS. P=RHnORPT, AND CONVFRGENCF SHOULD BE VPTD 47
C IMPROVED. .VPTD 48

PHO=RHO-F/FPRIMF VPTD 49
VPTD= ./PHO VPTO 50

C THE rFOLIOWINi STATFMFNT IS PL.ACF l.AST IN THE DO LOOP SO THAT VPTO 51
3C EVERY ENTRY TO VPTnF WILL RFSIULT TN AN IMPROVED ESTIMATE OF VPTDO VPTD 52

C REGARDLFSS OF THF VALEF OF TOI. VPTD 53
20 IF (AHS(F/P) LT.TOL) RFTURN .- . - --VPTD----. 54

C NON-CONVEPGF() SO) IiTTON. VPTD 55
40 CALL FPLMSG(6HVPTO ,?,1*,P.?TF) VPTD 56I RETURIN VPTD 57
60 CALL FPIMSG(6HVPTD ,l,1,P.?.TF) VPTD 58

RE TURN VPTD 59
END -- VPTD -60
FUNCTION HTVD(TFtV) HTVD 2

C HTVD 3
C ENTRY HPTVn(P.TF,V) -HTVD 4
C HTVD 5

*j C ENTHALPY OF StIPERHEATEn VAPOR AS A FUNCTION OF TEMP (DEG.F) ANO HTVD 6
'*B C SPECIFIC VnlUMNF. (FT**3/LR1M). - .- --.--- HTVD-- - -- 7

C OR H ANn P AS A FUNCTION OF T AND V. HTVD 8
C HTVD 9

j REAL K HTVD . 10
C HTVD 11

COMPNOtI/FPIP nl/ AD, nr.,CDn.n,Fn,AVP,RVP,CVPDVPFEVP FVP, HTVD 12
1 R.RI A2?,?2(?, A3,R3,C3IA4, 84C4 --- -- HTVD --- --- 13
2 ASDnSwCS^A6.R6.,CAKALPHACPRe HTVD 14

*I . 3 ACVRCVtCCVDCVFCVXXYY HTVD 15
I C C HTVD 16

C HTVD 17
REAL t.EIO.J HTVD 1I

C - HTVD .-- 19
COMMON /FPI.0?/ LFIOJ,TIFFTOI ,NR.rC:,TCVCTFMINTFR HTVD 203 C HTVD 21
IF (TF.I T.TFHMN.CRP.V.l T.VC/l .) GO TO 10 HTVD - 2
T=TF*TF HTVD 23
*X1=K*T/TC HTVD 24
Xl=(l.+Xl)*FXP(-X1) HTVD 25
VR=1./(V-HI) HTVD 26
P=PTVD (TEV) HTVD 27
CF1=Xl ]C?+A? HTVD 28

*r ~ CCF2=(XI"C3+A3)/?. HTVD 29
JI CF3=(XlC4.+A4)/3. HTVD 30

CF4=(Xl*C5+A5)/4. HTVD 31
IF (ALPIIA.rF.l.r) on TO c HTVD 32
CF6=(XItUC6+A6)/Al PH' HTVD 33
X=ALPHA*V HTVD 34
IF (X.(T.7R.) x-=70. HTVD 35
X=FXP(-X) HTV() 36

I
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Y=(]
IF (CPl.r!F.. ) Y=CPRFAI lG,( .*X/CF'P) HrVD ;
HTVD=T* (ACV+I*(rilV/?.+T*(CCv/3.-T"OCV/4.) ) )-FCV/T,*J*(P*V*VBR(CFI HTVD 39

1 *VH* (CF?4+VRn (rF+VR*CF4)) ) CF6* (X-Y)) *XX HVO 40.
RETURN HTVD 41

5 HTVO=TO(ACv/++*(CV/?.+-T*(CCV/3.+T"nCV/4.) ) )-FCV/T*,'(PV*VVR(CFi H'TVD 42
1 *Vll*(CF2?Vlu (CF3+VR*CF4)) ) *XX HTVD 43

RFTURPN H'rvD 44
10 CALL FI'LMS(;(6HlHTVn ,l,?,TF'3,V ) HTVD 45

RETURN HrvD 46m RETURN HTVD 47
END HTVD 48

NSUPROITINrF FPlt MS,(FNANFrTFPFPlV ,lV PV2) FPLMSG 2
~~~~C ~~~~~ ~~~~~~~~FPLHSG 3

C FPLMSG 5
* C ERROR MFcSATGF POITlTJF FOP FRFoNl PPop.RTIES lIRRAUY (FPL) FFPLMSG 4

INTEGER FNAFE.PlP, PNAMF FPLMSG 6
C FPLMSG 7

REAL L:-l.,J FPLMSG 8
C C FPLMSG 9
COMMON /FFPl02/ LFIO,JIRFF.Tn ,*NR,.PCtTCVCTFMIN.TFR FPLMSG 10

C FPLMSG 11
C FPLMSG 12

COMMON /FPln05/ 1O
FPLMSG 13

_ c FPLMSG 14
DIMENSION PNAKIF(5) FPLMSG 15

C FPLMSG 16
DATA PNAMF/AHPRESS=,6HTEMP= ,RHSPVOI'=,6HENTH= ,6HENTRs / --- -FPLMSG 17

j C FPLMSG 18
DAIA I0/6/ FPLMSG 19

C FPLMSG 20
C PIP? ARF PARAMFTER NtIMRFPS. VlV? ARE VALUES OF THE PARAMETERS. FPLMSG 21

'*C 1 = PF:sstFRF P FPLMSG 22E C ? = TEMPFRAT.IRF T - --- - -- -- .- ---- FPLMSG --. -23
_C 3 = SPECIFIC VOLUME V FPLMSG 24
C 4 = ENTIHALPY IH FPLMSG 25
C 5 = ENTPOPY S FPLMSG 26

mI C 0 = FlOT APPI ICARFE P? ON.Y) FPLMSG 27
JBY ~~~~~~C c ~FPLMSG 28

GOTO (IO,?0,30)q,IFRP ---- FPLMSG -- -29
C FPLMSG 30
C OuI OF RANGE FPLMSG 31
C FPLMSG 32

10 IF (P?.,T.n) GOTO I? FPLMSG 33
WRITF(IO, 1 0) FNAMFNRPPNAMF(PI) VI IREF FPLMSG 34

1010 FORMAT(/4X.16HOUT OF RANc,E IN ,A6,11H FOR FREON -13,, FPLMSG------ 35
* h /4XA6^,GS5.4.1H, 3X,SHTRFF=,I3) FPLMSG 36I GOTGO 9ro FPFLMSG 37

12 WRITF (IO,101?) FNAME,NFRPNAMF(PI),V1,PNAME(P2),V2,IRFF FPLMSG 38
1012 FOPMAT(/4X,l6HOI)T OF RAlNGF TN ,A6,tlH FOR FREON ,13, FPLMSG 39

*e /4X, A6.l5.4, 1H, l3XA6,G15.4. lH,,3X,5HIREF=Tl3) FPLMSG 40
GOTO q999 FPLMSG- 41

C FPLMSG 42
C NON-CONVFERrFNIT ITFRATTnIN FPLMSG 43
C FPLMSG 44

20 IF (P?.rfT.O) G',Tn ?7 FPLMSG 45I b WRITE(Ic) ,l?l1) FNA1F'R, NPNAMF(P1),V1lIRFF FPLMSG 46
1020 FORMATI/4X,)RlMOti-CONIVFPGFNT IN ,AA,fllH FOR FREON ,13, FPLMSG 47

* /4X,.A6,r,15.4, IH. lXSHITRFF=,13) FPLMSG 48
ila GOTO 999q FPLMSG 49

22 WRI TF (o10,1 n?) F-'AMF ,)IJPIA'Fr (PI ) ,\l ,PNAMF (P2) ,V2,.IRFF FPlMSG 50I~1 1022 FORMAT (//, X.lIRI-(1Hi-COrivFrIVFF'rIF T, ,1f.l)H FOR FREON T13 FPLMSG 51
·* /1'4x- l ^,Hr, 1 .4, I I,·. 'f,°f;lr;./l. 1FPLH., 3XMHTpFF=.IT ) FPLMSG 52

I
I
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I
*(;()| <'-)' FPLMSG

C ' FPLMSG 54
C INVAL ID PFFPI(;GFRAIHT NIJMRFP FPLMSG 55
C FPLMSG 56

30 WRITE (In,1030n) NJ FPLMSG 57
1030 FORMAT(/4X.6HFRrFON ,13.34H IS AN INVALIO REFRIGERANT NUMBER.) FPLMSG 58

STOP FPLMSG 59
C FPLMSG 60
C PROVIDE FrNTPY pnFil'T TO Aji OW USFR RFTURN ON ERROR FPLMSG 61
C - FPLMSG--- 62

9999 CONTIrl.UF FPLMSG 63
CALL STPACF FPLMSG 64
STOP FPLMSG 65
END FPLMSG 66
BLOCK DATA FPLMSG 67
REAL K --- -- -FPLMSG -.- 68

C FPLMSG 69
COMMON/FPLOI/ ADlRn,Cf)cOn ,EnfAVPPRVPPCVPDVP»EVPgFVP, FPLMSG 70

1 R.HRI A?tR?rC;'2A3,R3.C3tA4,R4.C49 FPLMSG 71-
2 Ac ;,n5C5 A6,Rn6.C6 K, AI PHACPR FPLMSG 72
3 ACV.RCVCCVtDCVFCVXXYY FPLMSG 73

C --- - -- -.--. -._--FPLMSG-- -- 74
C FPLMSG 75

REAL I.E10i. FPLMSG 76
C - FPLMSG 77

COMMON /FPI.02/ LE10 .JI RFF.TOL NRPCTCVC TFMINTFR FPLMSG 78
C FPLMSG 79
C ---. FPLMSG---- 80

COMMON /FPLn5/ 10 FPLMSG 81
C FPLMSG 82

DATA ADO,PinCDI)nn.FD AvpnVP.VPenVPFVPFVPv, FPLMSG 83
1 RRR ,A?,C2,.C2,A3.R3,:3.A4.R4.C4, FPLMSG 84
2 A9RF5 ,C5.^A6S.6.C6,K,ALPiHACPFR FPLMSG 85
3 ACVRCVCCV,DCVFCVXXYY . . .....- FPLMSG -.--.. 86
4 / 34.94, .n6 .8()f .3490?1, .026O3. -6. c 5549E-6, FPLMSG 87
5 3q.P198317?7, -3436.63;??R. -1?.4715??28, .00473044?442, 2*0.0. FPLMSG 88
6 .08R734. .006:(093RA6. -3.409727134, .00159434848. -56.7627671 FPLMSG 89
7 .06023944654, -1.0R7961431E-5, 1.311399084, -. 000548737007. FPLMSG 90
R 3*(1.0, 3'.46RF34/F-9, -?.S4390n67nF-5 3*0.0, 5.475, 2*0.0, FPLMSG 91
9 .00n0945. .000332662. -2.413096F-7, 6.72363E-11. 0.0 , -- FPLMSG-- -- 92-
* 39. r6S1 ??, -. 016537061 / FPLMSG 93

DATA LEIn/?.3n?5Sn0n9?9Q4/,../. )Rfl;S3/,IRFF/2/eTOL/1.E-4/,NR/12/ FPLMSG 94
DATA PC/596.9/.TC/693.3/,'VC/.f?R7/.TFMIN/-252./,TFR/459.70/ FPLMSG 95
DATA I0/7/ FPLMSG 96
ENr) FPLMSG 97
SURROUTIHNE GLOFIN GLOBIN - - 2
COMMOn'/TG(CM/ETACONFTAMMFTAGfG,FLCFLTS,016tFLWFETAl ,ETAGTl14 GLOBIN 3
COMMIOM/TVAIl/COPCl (10) VTICI (10) ,CFI (10) ,PWRI (10) GLOBIN 4

* COPC2(lOn) VTIC?(n) ,CF2(10) PWR?(10) GLOBIN 5
* VFTH(10) VT1FTH(ln) ,CFF(10) ,PWRF(1) GLOBIN 6

CO'"uON/COMfR/NlTAPT,NCASFS.NCnP CI. ICPCI, TITLE(50), GLORIN 7
+ rN()PC?,TCOP;PC7,NFTI ITFTHNEXT NCF1, GLOBIN 8
+*r tlF?7,CFF GLOBIN 9

COMIOHf/SVAI r-L/XIHr FTACGFrJ,I-TA1, FTAFP.TVMDIAGPCT, GLOBIN 10
+* DTAISSCFFMnl ,SCFMVI .F7,IF(7) .SV(1O) 0 GLOBIN 11
+* SQ(10),SCF'MV.FPSV GLOBIN 12

COMMON/F' F. /SFVENt.I DAnFnT,. XMSIHP, TPKW.XNMGLD ,EXPKW, GLOBIN 13
+* GFU.l), XMPKW r PI.RPJFWGENNJFW GLOBIN 14

COM"Ohl/(:AI C/K,r)14,I0 ,(l?.01 ,015,QI034 X.TSHP 033,09 GLOBIN 15
+ 05 .) O, , .rl ,C?,rFl]HOACPWPRATNPWR, GLOBIN 16
* PC+p'l 1i,T1 . rcFF' FC.r MA X(,4 04Q T OnTM01lPM GLOBIN 17
+ 01/,C ¼ F l.OS .rii ,,l GIOBIN 18

COMM.FO)l/r I/Fl C(r)ll rI . C) r.ll , , P rrlCO .r?- rn ,F 3rFO i F 3CON , G LOBIN 1')
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+ Fr/'F. h I i ,r %ionlI! ,» c F',;-'M ,' ('I»ci I ) SCF MOUT iF (7) GLOHIN ,:0
COM"MON/COr'F AC/C lFACA ,C?FAf ,.CFFAC. )IAYMr, (,HOUPNOF.lAG GLOBFIN 21
COMmoN/ I n)F v/I 'ln' T GLOBIN 22
COMMON/XNLOAD/XNPCl ,XNPC2,XNPT rAC] ,AC2?AETH,NDUAL, GLOBIN - 23

+ rIPFV,r XNPRS, XDRL» XNPRH, XKOA 9 XNPBR GLOBIN 24
e* ~ XNPHR ,RL OAr XNHlI D GCF FCFDRATE GLOBIN 25

COMMON/SCA_ C/T' , T 3 Tn4 ,1173,9 74 tUR 3 I R4 A73 A74, A839 A84 G LOB IN 26
~* ~ G7.(;RTrwR,;)T.T71lT73 TR14lT72?T82 T83.DTRATRI ,LOBIN 27

COMMON/S2CALC/KFI aC,, X30 lrX'.nOTOI nnnTM,RNRETAD OGLOBIN 28
COMMON/S3CAI C/(;) rAIl4,l1l4T12?34AO ---- GLORIN 29
INTFGER DAYNOIHOIRPNO 011r GLOBIN 30

C READ IN HEADING GLOBIN 31
REA (INN) (rIT.F (1 , lT=1s) GLOBIN 32

C READ IN CONTROL INFOtlRMATTON GLOBIN 33
RFAn (TN,?O) STARTNCASFS,NCOPC I ICOPC1 NCOPC2 i ICOPC2.NETH, GLOBIN 34

* IFTH,NEXTNCFrI MCF2,NCFFMnIAGLOADEDTi.NDUAL NREV -- . GLOBIN ---.. 35
C READ SINGLE VALUFOD LORAL PARAMFTERS GLOBIN 36

RFAt(IN,SO) Xp, FTA(;FN,FTAMAEAR, rvFPSV,DTAI RSCFMOI GLOBIN 37
READ(IN,SO) SrFMVI ,F 7,FCMAX PCT A TNPWRXNPC1,XNPC2,XNPT GLOBIN 38
RFAO (IN50) XNpRn, OrM. O ]4or A nATE*GCF ECFFTAG GLOBIN 39
REAO(IN,SO) FTACONiFTAMM F T AGGFiMC, FLTS016FLWF ,FTA1 GLOBIN 40
PEAO (IN50O) nTTO,',G7fl.T12?l4A4AGl - -GI.OBIN 41
RFAD( IN,50) 1.73 l.lR3 E U749J I4 A73AH 3 A 74?A84 GLOBIN 42
READ(IN,20) NSPMNR GLOBIN 43

C READ PAPASITTC FtCTR1C I OA CONTROl S GLOBIN 44
RFAO(IN.?0) (IE(I),II7) GLOBIN 45

C READ COPCI CURVE GLOBIN 46
READ(IN,50)(COPCI(I),VTIC1(I)Inl].NCOPCI) -G LOBIN --- 47

C READ COPC2 CtIRVE GLOBIN 48
READ(IN5SO) (COPC2(I),VTlC2(T),I=INCOPC2) GLOBIN 49

C READ ETATH CURVF - GLOBIN 50
REA(TN ,50) (VETH(l) VTFTH ( I ),I=l,NETH) GLOBIN 51

C READ CORECTIOnN FACTOr FOHR COPC1 GLOBIN 52
REAO (TN,Sn) (CF1 (I),PWR1 (T), lTl NCF) --- - - -.- -- GLORIN--- 53

C READ COrQRECTInNF FACTnr FOR COPC? GLnHIN 54
RFAnr (T,50) (CF?(I) ,tWR?(I) ,T=! rCF?) GLOBIN 55

C READ C0PRFCTTIN FAC ro FR FO TATH GLOBIN 56
PRE/W(IH,0) (CFF(I).PWRF(I),1 =1,NCFF) GLOBIN 57

C GLOBIN 5R
C FORMATS - - GLOBIN ----- 59
10 FORMAT (OAl) GLOBIN 60
20 FOP4AT(16TS) GLOBIN 61
50 FORuPT (1 F0. 3) GLOBIN 62

RETUPN GLOBIN 63
END GLOBIN 64
SSURROUTINE GLfOllT - LROUT- -- 2
COIMO'I/Tr-C-^/F T ACnoi.F TAM'Af - TAG.;,FI IC .FT TSO6FI.WF ,EATAl ETA I4 GLROUT 3
COMM(l;!/TVAL /COpC]l(ln),VT]Cl( IO) ,CF1(10) ,PWR (10), GLROUT 4

* C'OPCPfln),VT1C?(10),hCF?(10),PWR?(10), GLROUT 5
* VFTH(ln),VTlFTH(lO),CFF(10),tPWRF(10) GLROUT 6

COMJON/CONTn/NISTAPT,NCASFs.MlCOPC1 .ICOPCPTITLE(50), GLROUT 7
* NCOPC, >,ICnPC ?IFTH, IFTHrNFXT,NCF1, GLROUT 8

MFF CF 2 HCrE GLROUT 9
COMiMON /S V AL GCL/X ' JNP E l AGF I .rFT A t, FTAn TV ·MO I AG PC T * GI.ROUT 10

** nTA P. CFMl ,rSCFMVI .F7 IF 1(7),SV(10) GLROUT 11
+* SO I (1) ,SCFMt'VFPSV GLROUT 12

CO'MM ON/FL. E C / \/F v lF _- rnFT, r XM SHP. TPK4W,. XNMGL D, F X PK W, GLROUT 13
4 ,rIl.FI rs. XMrKW PI IPF.IFW GCFi NFW fLROUT 14
COMt(10N/CALC/K,014 01 ,01 2 .013. l ,l; ,034, X, TSHP,03:,Oq, GLROUT 15

* S.01 ] i o ,C ,C?.FTIl.n7.ACCPWRAINPWRl, RLROUT 16
+ PCP'P. T 1 , S(-F!,F'f FCMA E x.n0?4,RTORTMOl?M, GLROUT 17
+ G 1/.I, ( I ;I , i,! q S'",GCLROUT 18
C0o'("Ol/l l/Fl COnF1 .F? CrnIl *', F cnnfl?.F ?nl\i,F 3CrONjlF rcor13, ROUT 19

I
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I
COIMO(J/CrIF AC/re 1 F AC ,Cc?rAC ,CFrAC .f)AYo· IOIJRNO Fl.. AG GLROUT 21
COMMO(N/ I O)F V/ T i, f(UIT GLROUT 2 '
COMM'ON/XNI OAD/XNPFI I·XNPC .XNPT AC I:AC2 AFTH·NDUAL. GL8OUT 23

+ IJ·RrV XJXPHS S XIPnFL , XNPRI. XKOA , XNPRB GLROUT 24
* " XNI'NR ,· .oA, xRnl r),GCFE · FCF ,DRATE GLROUT 25

COIHON/SCAI C/T33,T:34 TTo.I73,1174·RUM»84,A73»A74/A+3,AR4A -r G(LOUT 26
+ C7.(-;P.TWR,D'T·T71 T73.Tnl ·T72,TR8?»T833DTARTI GCLROUT 27
COMPON/S?rAlC/KFI.AGX3_r)gX ,DnOTOI D,DnOTM,RNRtETAD GI.ROUT 28
COIM()N/s3CAI C/GI A14.UI14.,TI?.H34ArO ----. GLROUT 29
INTEGER D)AYNJn,O.OIRPNO,OtJT GLROUT 30

C WRITE HFAPING, GLROlT 31
'4RITE(OuIT.1n0) (TTI.F(I) T=-150) CGLROUT 3?

C WRITE OUT COOrTPOl INMF)ORMATTOnJ GLROUT 33
WR I TF (ni T, ) 1 0 )TART,rN: A ;F ;.crnPCl , TCOPC1 NCOPC? ICOPC? NF TH, GLOUT 34

.+ IFTH,MnIA(;,NFXTT GLBOUT .- - 35
C WRITE SINGI.F VAI.IIEI) GLORAL PARAMFTERS GLROUT 36

WRITE(O(,T,120) XNP, XNPC1.XNPC?,XNPT.GCFECF DRATE t GLAOUT 37
+ OnTM]014MH,ETAGFN.FTAM.ETAIEFTAG GLROUT T 38

WRITE (OUT, 122) T 1 1 · A 14 l14,A74 1J74 A84 U4, A73, U73 A83, UB3016 GLROUT 39
* + ,NR GLBOUT 40

WRITE (OIT .'4 00) ETACON.FTAMM.FTAGG·FI MC.FLWF.FLTS -. - ....- - .---. GLBOUT-..---- 41
WRITE-(OUT.125) FTAR,T.TOTG7,GlR,TV,FPSVDTAIR»PCTtAINPWR GLROIJT 42

U| C WRITE LIMTTING VALUES GLROUT 43
M|j~ ~ WRITE(OUTI100) (TITLE (I),T=150) ....- GLBOUT. 44'

WRI TE (OIT I30)SCFMVI. SC FMO|,FCMAX GI.ROUT 45
C WRITE PARASITIC ELECTRIC LOAD CONTROlS GLROUT 46

WRITE (OUT.230) ..... .GLBOUT-...--47
DO 5 1=1.7 GLROUT 48
IFE(IE(I).EO.O)GO TO 30 GLBOUT 49
WRITE(O0JT?3-) T .GLROUT- - - 50
GO TO 5 GLROUT 51

30 CONTINUE GLROUT 52
WRITE(OJUT.500) I . ..... GLROUT -- 535 CONTIN UI GLROUT 54

C WRITE COPCI CUIRVF GLROUT 55
WRITl (OuTT.140) COPC1 .-. - .GLBOUT 56
WRITE(nOUTlcO)(COPC1(I),I=I.NCOPCI) GLROUT 57
WRITE(OUJT.160) (VT1C1 (T) .=1.NCOPCI) GLROUT 58

C WRITE COPC2 CtURVE GLROUT--- .. 59
WRITF(OilT,170) TICOr? GLAOUT 60
WRITE(OIT.linP) (COPC(i) .=lI.NCOPC?) GLROUT 61
WRITE(OIUT.190) (VTIC2(T)IT=.INCOPC?) I- GLBOUT 62

C WRITE ETATH CURVE GLBOUT 63
WRITE(OUT,2nO) IFTH GLROUT 64
WRITE (01T.?10) (VFTH( I) .I =1 NFTH)) . . --- GLROUT -- 65
WRITEr (1|T ,??nf) (VTIETH( ) 1 = 1 · .NETH) GLFOUT 66

C WRITE CORFECTTnD, FACTOR FOP COPCi GLBOUT 67
WRITE(UOJT.?40) TCOPCI GLOUT - 68
WRITE(OIIT·,?O)(CF1()T,=1»NF 1) GILROUT 69
WRITE(OIUT,?O) (PWRI (),1=,N1CF1) GLROUT 70

C WRITE OUT COC.PFCTION FACTOR FOR CrPC? GI.ROUT 71
WRITE(O)IT,?70) ICOPC? GLROUT 72
WRITF(Ol)T,?PnO) (CF?(T) ,T= ,NCFP) GLBOUT 73
WPIrITE (OUT p290) (TWP2 (), I=TI 1NC1 ?) GILROUT 74

C WRITE COPPFCTTOII FACTOR FOR FTATH GLROUT 75
WRITL(OUT.300) TFTU GLROUT 76
WRITE(OiIT·10) (CF'E (T) .=] ,JCFE ) GLBOUT 77
WRITE (01T·3l?0) (PV'PE (I) ,1=l NCFFE) GLROUT 7f

C FORMA TS GLROUT 79
100 FOqM AT(IH I ,0X·OAl,/ 20X. O(.Id-) ) GLROUT 80
110 FORMA T(10.CO)r"0|O../YfR()II-),/0 GLROUT 81

» I lEC,, IHCAAIAF pI W)F'I ................ ·IS,/, GLROUT R2
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I

Z IS",I H`i| I IoF VAPI)ATIONrS 1F 1 I01 (J7 .... " 15 /, iLOUIT '3
3 15X,"'IIMIP[R nF VAl UIFS FORn OPC1 CUIRVF,..". 15,/, GLROUT 84
4 lCX,"COPC] CIIPVF IIjMl FP ............... '..". ,1 5 /GL OUT 85
5 15X."NIMJMFP OF vAIUFS FOR COPC2 CURVE.,..",.IS/, --- FLROUT- 86
6 15X,*"COPCP CIIRVF MUJMnrFP ................. l / GLBOUT 87
7 15X.,"NUflulf' OF VA-IJES FOR FTATH CUPVE ... ",15/,9 GLROUT 88
A 15X."ETAT14 CIIRVE NUMRFP............. .... " I5 /, - GLPOUT R9
1 1x.n"ODTAGcO'iTIC CONTROI ................. "915t/, GLROUT 90
9 15X,"NFXT CASE T1IDICATOR ................ ". I5/) GLHOUT 91

120 FOR'AT ( InX,"GLOPAL PARAMFTFPISl,/,1 Xl17(1H-)/9 --..6LLROUT 92
1 15X' INAMFPI ATE COOl TIMN .............".. F10.1,"TONS"t/t GLBOUT 93

15IX,"NAMEPI ATE COMPRFSSOPR I.......... ",F10O.1,"HP ,/, GLROUT 94
* l9X,"NAMFPI) .TE COMPRFSSOR 2 ........ " 1 ,FO..1 "HP I /t GLROUT 95
* 15X, r MF" ATPI ATE TIIPF TNE ............. ",FIO.1 "HP "./, GL380UT 96
* SX,"GAS ('nST FACTOR ................ I. , F10.2,"RPFR MRTl1U"/ fGLROUT 97
«+ 15X,"ELFCTRlICITY COST FACTORP....... ".F10.7 "PFR KWHR"9/, .-- GLBOUT 98
+ 1x."EFLFCrPIC r)FMAmN RATF............."FIO0.79"PFR KWHRl"/v GLBOUT 99
+ )5X,"COOLTI!G TOWEP nDFSTG N 1.-AO.....". Fi. 1. "BTU/HR",/ GiLROUT 100
*+ 15X,"CHTLIFPF EVAP. DFS.l GN F OA..., 'tF1o.r "BTU/H "t/t fGLROUT 101
+* 15 x,"FTACC ...................... ,O F 10.4, "FRACTION"./. GLROUT 102

+ 15X,."ETART ...... .................. F 10.4,"FPRACTION",/. GLBOUT 103
+ 1X II"FTA ..... ..................... . F ,F10.4FRACTION,/. G- LBOUT 104
+ 15X."ETAG...... .. ................ F 10. 4, "FRACT ION") GLBOUT 105

122 FORMAT( GLROUT 106
* 15X."SIPPLY TFMP TO CH1I'ER SYSTFM.",1FIO.1./ .GLROUT 107
-+ iSX."WATER FLOW - CHTLIER SYSTEFM...".FIO10.I9/ GLROUT 108
+ 15X.,HX AREA - RFI FVAPORATOR.......".F10.1,/, GLROUT 109
+* 15X,"HX O/A (I - PFF FVAPOPATOR.e',,",F10.1,/, .. ----- GLBOUT --- 110
+ 15X,"HX ARFA - REF CON HFAT SYSTFM."F10.1]9/, GLROUT 111
+ 15X,"HX O/A If - PrF CON HEAT SYS..."F10O.1/» GLROUT 112
* 15X."HX AREFA - RFF- CON COO1 TOWER..."1.FIOI/ GLROUT 113
+ t 15X.'HIX O/A It - PEF CON COOL TOWER.I'.FlO .1/. GLBOUT 114I + ' 15X,"HX ARFA - RA4KK CON HFAT SYS.o..»FI10.19/. GLROUT 115
+ ] 15X,*HX O/A I J -INNK CON HFIEAT SYS.!,,!F10.1,/, .---- GLBOUT--- 116
* 15X."HX AREA - PANK CON COOL TOWERP..",F0.1]/ GLBOUT 117
+ 15X,"HX O/A 0I - RANK CON COOl TOWER".F10.1,/, GLROUT 118
*+ lSx,"O J6. . . .. ....... .. ,FLO 10.1,/,l GLROUT 119
+ 1SX,"FRFON R F RIG FRAT ................ 7Xt"R"»I?>) GLBOUT 120

400 FORMAT(15X,"ETACON .. .................. , F10.4,/. GLROUT 121
+ 1X R, 'TAMM,.. .. , .. ... , ... , , F10.4 /, - - - -...GLROUT- ----122
* 15X."ETAGG ....................... 1E0.4F./ GLBOUT 123
*+ 15X,"FIX LOSSES MOTOR * COMP....."..F10.4,/, GLROUT 124

{*~I * ° 15X,"FIX LOSSES WINn + FPRCTTON...." ,FI0.4,/, GLROUT 125
1+ 15X,"FIX LOSSES TIRPHTNF SHIAFT......l 0,4) GLROUT 126

125 FORMAT( GLROUT 127
+ IFX."ETAR.. ·.... .... ·o ... .. *,",FlO.4."FRACTION"9/ -- -LqOUT 128

_I + 15X,"COOLITNR TOWER APPROACH TEMP....",F10.4./, GLROUT 129
* 5X,"SUPF'I Y TEMP rO HEAT SYSTEM....".F.0.4./.G LROTUT 130

* l5X,."W'TFP FLOW - HEAT SYSTFM........",F.0.4,/, ROUT 131
* 15X."WATEP FLOW - COOLINJG TOWER....",1FIO.4,/, GLROUT 132
5 IX,".TV .,......,............. ..., I"10.4,/, GrLBOUT 133
6 )5X, "FPsV. ............. X.. ... .. F",10.4./. · 61.ROUT 134
7 15X,"CHANCiF III ATR TFMP ............ ",F104,/, GLIOUT 135
8 15X,"O8 TOI. FEANF CE............... ...... "10 0.4/, GLROUT 136
* 15X."TIMPJT A' CFSS.ORY POWFR .......... ,F .10.4) GLROUT 137

130 FnOWMT ( Inx,"LI [ 1,ITI`,- VAI.F l",/,10x,1 '(1H-) / GiLROUT 138
I 1X ,'"MAX s;CFM VI . ... ...... ..... ..... " ,E O,10.4,/, GLROUT 139
2 15X."MAX SCF!MO1.. ............ ....... .",FIn.4,/. GLROUT 140
3 15X."1, 'AX F CO OMti 7f R................. ".F10.4/) GLROUT 141

140 FORMAT(10X,"lCOPC1 CIJRVF IlJt1RFE",TS.,/,10X,?(1H-)) GLROUT 142
150 FOR<AAT(I?X,"COPC,, I OF6.'l/) GLROUT 143
160 FORMAT ( IX .VT 1C I " * I (OF. 1* /) GLROUT 144
170 F(RMAT (/, nx ,"C'orC C! 'VF t MllMHFI;, It/ OX?3 ( 1H-)) fGLROUT 145

I
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180 FORF04AT (IX, "CIOPC",lOFF '.I,/) Il1UU 4 I4
190 FO9MAT (1P?,"VTl C",l0F.1 ) GLTOUT 147

200 FORM4AT(/,] nx."FTATH ClJ'VF mNIMUflFPl I./,1 OX ,23(lH-)) CGLOUT 148

210 FOR!TAT ( ?XFTATI", 1 OFh.3) -- - GLROUT 149

220 FORMAT(1?X,"VT1ETH"-,]OF16.1 GLrOUT 150
230 FORMAT(lOX, I.OAr) COnTPOLS'",/,IOX13 (1lH-) /) GLB.OUT 151
235 FORMA ( 1SX," IFCTPTC I.)OA SIIPprLIEFl- nY SYSTEM.." "tF(.I1","l)l"/) GLROUT 152
500 FORMAT ( lXtLFCTPlIC lOAn PIIprC-HASFf) .,. ..... ."..."F(" ,I ,l")",/) GLAOUT 153
240 FORMAT(/.lnxi,"COPCr CORQFCTTT )N FACTOR CIRVE NUMRER"lt'iS, /,OXq GLBOUT 154

1 41(H-)) - GLROUT -- 155
250 FORMA1 (12X,"CFl1"l10Fh.3) GL8OUT 156
260 FORMAT (l?X."PWPrl"lnFr.n) GLROUT 157
270 FORMAT(/Olnx,"cnl'r CORRFCTION FACTOR CURVE NUMRER'"lS5/lIOXi GLROUT 158

1 41(IH-)) GLROUT 159
280 FOPMAT (l?x,"CF?", 10F6.3) GLBOUT 160
290 FORMAT (12X."PWR2", IF6.0) ---.. ..GLROUT --. 161
300 FORMAT(/ ,Inxr"FrAlI COPRFCITON FACTOR CURVE NUMRFR",j5,/, 1OXt GLROUT 162

1 41 IH-)) GLROUT 163
310 FOPrMAT(2X."CFF-",f I 06.) GLROUT 164
320 FORMAT (12X, 'PW,'E",1OF6.0) GLBOUT 165

RFTUPN GLROUT 166
END . . ..-... GLROUT .... 167
SUBROUITI iF CASOUT CASOUT 2
COMMON/TGCM/FTAC(-)N,FTAMH,FTAGC,FILMC,FLTS»Q16,FLWF.ETA1tETAGT14 CASOUT 3
COMMON/TVAL/COPCI(10),VT1CI(10),CF1 (10),PWRI.1tO), CASOUT 4
*+ *'COPCZ(O),VT1C2(10) ,CF?(10) ,PWR?(10) CASOUT 5
* VETH( 1O) VTIFTtI(iO) .CFF (10) PWRF(10) CASOUT 6

COMMON/CONTR/NSTAT ,NCASES NCOPC 1, ICPC 1 TITLE(SO) -...-.... CASOUT .---- 7
* NCOPC7,ICOPC?,NFTHIFTH.NEXT«NCFl» CASOUT 8

4~* NCF?,t.CFF CASOUT 9
COMMON/SVALGL/XNP, ETAGEN. FTAM E TA, TVMDnAG.PCT --.... CASOUT .- -10

* DTAIR.SCFO ;CFMOFMVI F7,IE(7) SV(10) , CASOUT 11
* SOFO(lO) *CCFMVFPSV CASOUT 12

COMMON/ELEC/SFVErN, LAflFD TXNSHP TEXPXNMGLDEXPKW ----. CASOUT.__---13
·* EtILrF ) : XMPKWPUPNFW,(;FNNFW CASOUT 14
COMIMON/CAIC/KOI4,Q01 ,010 913015,l34,XTSHP,033,Q9 CASOUT 15
·* 05,011 Q,Cl .CC ETH,07.ACCPWRPAINPWR . CASOUT 16
* PCr'l .'P1,T1 ,SCFMFCECMAXQP?40eBTQTTMQ012Mc CASOUT 17
* QO4M,S5MNSPM CASOUT 18

COMMON/SU/F 1 CON I, F PCON1,PI .lF?2ON?.2ECON3,E3CON 1E3CON3, . .- CASOUT -- - 19
* F4COnJl.FSCOHN F5CON?.F6CONltSCFMOIT,F(7) CASOUT 20

COMMON/CORFAC/C FAC C?ACCFFCFFACr)AYKIO HOURNO FLAG CASOUT 21
COHMON/I' O)FV/IM ,t(.T . CASOUT - 22

COMMO)N*/Xil.OAD/xNJPC ,XNPC?,XNPTACl ,AC2,AETHiNDUAL, CASOUT 23
* NRFVXNIPRNs.XNPri ,XNPRH.,XKOAXNPR. CASOUT 24
* xNPNnR nlIoAnl, XRI.D,GC.FCFFF RATE -- CASOUT --- 25

COMMON/SCCAl C/T 3T,34, T T1173,U74,UR83,UR4, A73, A74,A83 A84, CASOUT 26
* 4, 77,GRTWrlTT7 lT7,73TR T72,TA2»T83.DTR2T81 CASOUT 27
COlMON/c;2CAI C/KFI (AGX3'Ln,X1,nOTOI-r)nOTMoRNRtFTAr CASOUT 28
COMI()MOI/CAl C/Gl .A14,U1 4,Tl ?.H34An CASOUT 29
INTEGER DAYNOHOIH01POOpllT CASOUT 30

DIMENSION FP(7) CASOUT 31
C---CURI=HEATIMG COPCI CIIPVF CASOUT 32
C---CIJRE=THFUrlAl. FFFICIFMCY C'PIVE CASOUT 33
C---CUR2=COOLlHG COPr.2 CIJPVF CASOUT 34
C---09E=HEAT I-NPIT TO STFAM GCFNFRATOR)(TF)RFCT STEAM AUGMFNTATION ONLY) CASOUT 35
C---QIl=TOTAI rGAS IINPUT ENEF RGY CASOUT 36
C---Q 19=HEAT IMNPI-RANK.IMF CYCIF CASOUT 37

WRI TF (OlT, In P)!AYtn, HOI.WI CASOUT 38
IF(FILAG.FO.2?.) WTTF (OUT ,OO0 ) K; APT CASOUT 39
IF(FIAG.En.'.)oW'tT1F(n oIT nn)NSTAPIT CASOUT 40
IF (Fl.A( .F .. . ) I.P I TF (COIT 70) ISTAP [ CASOUT 41
IF (FLAGc.F c.r;. ) wl TF (0(I IT, () t)lISTA:) r CASOUT 42
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I

7=SIJMF(?.) CASUUT
DO 39 1=1,7 CASOUT 44
EP(I)=F(T) CASOUT 45

39 CONTINIJF CASOUT 46
Z=S!F (I .) CASOLIT 47
NFLAG=O CASOUT 48
IF(NFLAG,.FO.l) GO TO 49 CASOUT 49
CMP1=0l:]/(Cl4'?;45.) CASOUT 50
CMP=014O/'(C?z*?,4c;.) CASOUT 51
GO TO s9 CASOUT 52

49 CALL TLU(RLnOAD.lOPIRl,CFl ,NCF1) CASOUT 53
O14R=014M*nlOAF)-i(XtIPR/(XrNpn.NPNn))i/1o. CASOUT 54
CMPI3=O1'4R/( qlAC?*'545.) CASOUT 55
CALL TLtII(XNILO.R D?,PWRlCF1,NCF1) CASOUT 56
CMPN=(Q14-q14H) / (nR?AC?*254s. CASOUT 57

59 CONTINUIF CASOUT 58
COOL=Ol*F1THeFTAHfiETAM/(X-1413./ETAGFN) CASOUT 59
CUIR1=CI/CIFAC CASOUT 60
CIJRE=FTH/CFFAC CASOUT 61
CUP?=C?/CFAC CASOUT 62
09F=09/ETAR CASOUT 63
0119=011-(q9/FTAP) CASOUT 64
0711=07/011 CASOUT 65
WPITF(01IT,11l)TlJ,0107O.1i CASOUT 66
WRITEF(OIJT,1?0) SORTCFMFC, SFHVt13.SCFMOUTQI2 -- CASOUT 67
WRITF(OUT,1310) (04,03.3,0119i,9 CASOUT 68
WRITF-I(OUT,140)0oFrO11 CASOUT 69
IF(NF.AG.FO.0) WPITE(OIlT,I)O} AINPWRCMPlCMP?,TSHPxNP - CASOUT 70
IF(NFIAG.FO.l)1 WPTTF(OIIT,2SO) ATNPWP.CMPRf,CPNTSHPXNP CASOUT 71
WPITE(OLIT,?15) XMSHP,XMPKWTPFXPFXKWGENLD CASOUT 72
WRITE(OUT,170) FTAFFTAM CASOUT 73
WRITE(OIT. 160 )CUPFCFFAC,ETH CASOUT 74
IF(NFlAG.FO.O) tWRITF(0oHTlRn)CUP?,CFAC C2 CASOUT 75
IF(NFI.Ar,.Fo.l) WRITE(OIIT,P30) AC2,XKOAC2 - --- CASOUT ----- 76
IF(FFI.AG.FO.O) WPITF(OIIT.200) CURICIFACC1 CASOUT 77
IF(NFrAG.FEO.I) WRPTF(OIJT.*40) XNPHPLOAOXNPNBRXNpLD CASOUT 78
WRI rE(OllT?10) (I.F(I) .[P(I) ,T=1 7) CASOUT 79
WR ITE ((OT,??0 ) SUMF (1 . SIJMF(?.) CASOUT 80
WRITF (OT,?60) G(iFNNFWPIJDNFW CASOUT 81
TF(MnTAtG.NF.60) GO TO 50 -- CASOUT -- 82
W.IrF(OJT,.?70) T71,T7?,T73TfTRlTfl?7T83.TWBT33,T34.Tl4 CASOUT 3
WRITE (lJTl ?PO) X 'nt.nnoToL D. .x.noTM, R ETADOH34ADQO 4 CASOUT 84

500 CONTINUF CASOUT 8S
C CASOUT 86
C FOPMATF, CASOUT 87
C CASOUT 88
10 FORMAT(49X, 10HDAy NIJMRFRq3X I5t/,49X,11HHOUP NUMBFR7X 15/) CASOUT 89
50 FORMAT(12X.lIHTOWFI? L.0AnD,?7XqHCAcSF NO.SX,T5,//) CASOUT 90
70 FORMAT()?x,12HnlRFCT STEAM,?5%XRHCASE NO.,5X,15,//) CASOUT 91
80 FORMAT(1;?XIHnMlTSTDEF FVAPOPATOR.19X,8HCASE NO.,5XtI5t//) CASOUT 92
90 FORMAT(I?X,gHVFNT LOAn.?2RXRPHCASF NO.,5X15,//) CASOUT 93
110 FORMAT(I?,34HAMRTFNT TFMIPFRATIURF...............,F1.1,3X,5HDEG F,-CASOUT 94

* /, CASOUT 95
1 12X,34HPFOIlIlPF CnOL ING I-O ............... F12.0O3X,6HBTU/HR./t CASOUT 96
2 12X,34HPFOI)TPlrRI-) HEATITG I OA) .. ............ F12. 0e,3x,6HTITU/HR/, CASOUT 97
* 12X.341HFCrNoF('I7F CoOLTNr I OAn............F12.0,3X.6HRTU/HR) CASOUT 98

120 FOPMAT(1?X,34HC0OO|ITNG TOIFr 1 OAO. ..................... ,F?..3X6HRTU/HR CASOUT 99
· < t

*~ ,,
/ ~'/*~ ~CASOUT 100

*+ 1 Xt 34H'CF rAF.C 4C ,F........................ .. ,Fl?.0 3x,4HSCFM,/, CASOUT 101
1 12 x t4HSCF'lpFC ............................ F2-.0 3x 4HSCFM /t CASOUT 102
7 1?2X,'4HVFNTTI ATInN I OAn ................ F12.0 3x ,6HRTII/HRQ/, CASOUT 103
3 1?x 34HlsrCF'0l T ............................ F1.O .3x4HSCFM,/t CASOUT 104
* 1?X, 4O4liT T l) T ATP I O(A^ .................. Fl;?.0 3x,6HRTU/HR) CASOUIT 105
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130 FOHR,,IAT( Ix,34' IH e FTPGEQRAT CONnFNSFRI Hr.AT LOAD... F7.o),3X. CASOUT r l(:

1 hHilHII/HP,/, CASOUT 107
1 12x,34HPANKINJF CnNDENSER HFAT ILnAn ........ Fl12.0o3X,6HBTU/HRP,/ CASOUT 108
2 12X,34HHFAT INPUT TO S;TFAM GfNFRATOR ,/ CASOUT- 109
3 1?X,34H (PAKINET (:YCLF Ont Y) .......... ,F 1 '1?.0, 3X,6HRTU/HRP/, CASOUT 110
* lX14Hf)IpFCT STFAM AIIG*4FNTATION..........F..1?.0,3x,6HRTU/HR CASOUT 111

140 FORMTAT(1?X,34HHFAT INPllT TO STFAM Gr'NIFATOR , /, -CASOUT 112
1 12X,34H (niPlFCr STFAH AUGMFNTATION ONLY) ,F112.0,3X,6HRTIJ/HRP/» CASOUT 113
* 12X*4HTOTAI GAS INPI)T FNFRGY............. ?.0O3X,6HRTU/HR) CASOUT 114

150 FORMAT(12X,34HPARASITIC SHAFT POWFR ............ F12.2,3X,6HHP .- CASOUT --- 115
',/, CASOUT 116
1 12X,34/HCI SHAFT POWFR. ..................... F12.2.3X.6HHP */' CASOUT 117
1 12X,34HC2 SHAFT POWFR ..................... F12.23X,6HHP ,/J CASOUT 118
1 12X,34HTlIRRINF SHAFT POWFR ...................... F12.?.3X.SHHP ,/* CASOUT 119
* 12XX.+HNAMFPLATF COOLING. ................ ,ef 12.0n3X6HTONS ) CASOUT 120

160 FOPMAT(12X,34HTHFRMAL FFFICUICY / - -- . CASOUT--- 121
1 12X ,51-(HlRVF ,FS.;'?.X, I7HCOnPFrTION FACTORFS .22X 6HACTUAL,F7.4 CASOUT 122
*) CASOUT 123

170 FORMAT(I?X,l4HqTFAM GFNIFRATnR EFFICiFNCY ......... F12.2,/. CASOUT 124
* 1?X,3/4MFClIIArICAL FFFICTFNCY ............. eF1 2,2) CASOUT 125

180 FORMAT(12X,34HCOOI ING COPC .................... / CASOUT 126
1 12x,5HCUIRVFFS.F5.??X,17HCOPRFCTION FACTnRJF;.2,2X,6HACTUAL, - - -... CASOUT..--- 127
* F7.3) CASOUT 128

200 FORMAT(l2,34/IHHFAl'TlNr CnPCj EXCLUDING FLFCTRIC 9/, CASOUT 129
1 12XHlCt)RVF.rF.?.?X,9 17HrORRFCTION FACTORFS.2?,?X,6HACTUAL - CASOUT -130
3 F7.3,/) CASOUT 131

210 FORMAT(12X,?HE(,I],34H)=FAN COII.S OR COOLING TOWER FAN..,F1?.5S CASOUT 13?
+ 3X,?HKW.5XFl?2.53X,2HKW, / ..-- --- CASOUT. --133
1 1?X,?HF(.I,34H)=:VARIARHIF AIR VOL SYS........... ,F12.5,3X,2HKW, CASOUT 134
* 5xF12.S,3X.?HKIW/, CASOUT 135
2 12X,?HF(,I134H)=:CONTPOIS AND ACCFES.....,2...............3X. HKW.- CASOUT ---136
* 5,F1?. ., 3X.?HKlW,/, CASOUT 137
3 12X,?r ( I1 34H)=WATFR CIPRCILATORS. ... .. e.. ,F12.5,3X,2HKW, CASOUT 138
* SX9F12S.,3X,?HW,/, ......... ..... -CASOUT ...... 139-
+ 12X,?HF (,I .34H)-PFTIIRN/FEXHAUST FAAN ............... F2.5I3Xt2HKW CASOUT 140
+ SXFI?.5S,3X .?HKi-,/. CASOUT 141
s 12X,?HF (.ll34H)=01TnOR R AR COIrl . ......... F.. 25...... ,3X,2HK - CASOUT 142
+ , X,FI? .5.X,?HKW.,/ CASOUT 143
+12X?HE(,Il,34H)=frnILFR FFFn + I URPF PUMP.......... F12..5,3X.2HKW CASOUT 144
+ ,5XFIl.53X.?HKW) ..----- CASOUT---- -145

215 FOPMAT( <1X,34HH)OT)R SHAFT POWFR ..... ........ .... F12.2.o3X,2HHP*/ CASOUT 146
* 7?X,34HM(TnR PIRCHASED PWFR .. ... F....F..... 2.2,3X,2HKW /, CASOUT 147
* l?2.34HfTOTAl. PIIPCHASFn POWEFR............. F1?.2 .3X.2HKW./. CASOUT 148
* 12X.34HFXPORTPE. POWFR ........ ........... F2.23XHKW*, CSUK/, CASOUT 149
+ 12X,34HrFEFRATOR InnAD....... ..... ,,.. . . F12.23X.2HKW) CASOUT IS0

220 FORMAT(1?X,:4H ,21H---------.. .-- CASOUT 151
.------ ,.3X.18H------------------,/ CASOUT 152

+ 12X,37HTOTAI FL.FC7RIC POWER GENFPATED ....... , F12.s53X2HKWt CASOUT 153
*+ SXF ?. S.1X ]2HPI)RCHASFn KW,/) CASOUT 154

230 FORIAT(1?2.?5U11iUL COMPRFSSOP OPFPATION,/t CASOUT 155
* l?X,3lHCP.F5.2?,?X.?]Ho/A COPPECTION FACTORFS5.?Z2X, CASOUT 156
* fHACTtIAI ,FS.?) CASOUT -157

240 FOPVAT(1?X.2411RASF CnmPFrSqSnP RATINlC,..,F5.lIX,14HPFRCENT LOAD.. CASOUT 158
+ F5.1 */I CASOUT 159
+* l12X,)4HJNnM-llASEr COUP. RATTNGn..F5.1IlX,14HPFRCENT LOAD... CASOUT 160
+ F5S. ,/.) CASOUT 161

250 FORMAT(l?X,34HPARA'TTIC SHAFT POWFR,.............. CASOUT 162
+ F1?.?,3x,?HHP,/, CASOUT 163

* 1?XI4l A o'F COmPPFMSP(/n SHAFT POWFT ...... ,. F12.?,3X,2HHP,/, CASOUT 164
* l?.X,4HFnfi-H ASF ro:noPPFESR SHAFT POWFR. .. ,F1l?.?,3X,2HHP,/, CASOUT 165

+ 1?X.-4HTUJr)HINF SHAFT PWF. .............. ,F1 ?.?,3X,2HHPJ/, CASOUT 166
+* 1?2X3/Ht. 1 FPl ATF CnOl TMr, .................. Fl?.2,3X,4HTONS) CASOUT 167

260 F014A I( l?Xt . 37lfr ) STR PIn)TFr) F.I-CT'^TC C POWFF ..o . .. .. .. CASOUT 168
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+ F2.5, 3x,'.ll, XF1?P.S,3X, ?HPULCHASE KW,/) CASOUT l'.
270 FORMAT(4H0O *"T71 ",hX "T7?"8 hX "T713" hX"TR l",6X "TR?" 6X CASOUT 170

* "TR'1,6X , TWRH" ,X T"T3q" 6X "T34',6X "T14" / CASOUT 171
4 I0(F7,,(7. X)) CASOUT 172

280 FORMAT(4+O ,"XYO"7X,"v7,DTo",7Xo"X3 'I,7X,"DO", 7X," R I, CASOUT 173
+ 7X,"FTD" 7X,"34D" ,/7(F8.?.2X) " Q14,"tF12.2) CASOUT 174
RETURN CASOUT 175
END CASOUT 176
FUINCTTO!I SlM4E (A) SUME 2
COMMON/T(;CM/ETACO ,FTAMMFTAGGFltMC FLTS.16,FLWFETAEE TAGTT14 - SIME -- 3

C---SIJMMATIOh( OF ELFCTPTCAl. I.ADS SLIME 4
COMMON/TVA /COPCI(I0),VTICI (1).CFI(10) PWRI(IO) S'JME 5

COPC? (I) ,vIC (10) ,CF? ( 10) PWR ?(10) - SUME 6
+ VFTH ( l)) ,VrlFTTH(10) ,CFF (10) ,PWRF (10) SUME 7

COMMON/CONTP/NSTARTNrCA;SFS ,COPC1 ICOPC1 TITLF (S0) SLUME 8
+ NCOPC COP; I C?,NFTH IFTH NEXT NCF1- --SUME --- 9
+ NCF ?, NCFF SUME 10

COMMON//SVAI.GL/XNPFTAGFN, F rAlFTAR TV MOIAG FCT. SUME 11
4 T ITA r, SCFMOL SCFMVI.,F7 IE (7) SV (10 ) SLME - 12
* f(l OFt(0),SCFMV,FPSV SUME 13

COMMON/F.F C/SFVFN *IOADFIIT,XMSHPTPKWXNMGLOEXPKW SLIME 14
+ GENI n. (MPKWPtflNFWrFENrF w -SUME 15

COMMOlI/CALC/KO 4.l), ,O1 ollO1,0159034X, TSHPQ,33,09, SlIME 16
+ Q O5.l ,r)118,CCl lr .CTHi,7,ACCPWRAINPWR» SUME 17
* PCPWPTrl,SCFMFCFCMAXO?4,QRTOQTMO12M SUME - 18
+n 1 4M, Oc;H, NSPP) SUME 19

COMMh'/SII/F C(N 1 TCON i ,rCONI fPF2COM?2E?CON3 E3CON1,E3CON3 SUME 20

+ F4CON1 ,F5;CONl ,FSCON?2 F6Cfo)NI SCFMOU1t E (7) . - SLME -- 21
COMMO()/COPF' C/C IFAC, CFACCFFAC, fAYNOHOURNO FLAG SUME 22
COMMON/IODFV/INOUl' SUME 23
COMMON/XNtLAD/XNPC] ,XNPC?,XHPT,AC),AC2,AAETHNlr)IALt SIJME 24

* RF V ,EVXNPRS XNPRL , XNPR.-IXXKOAXNPR SUME 25
4 XNPNFIPLnADo)XNRLDGCFFCFFRATE: SIME 26

COMMON/SCALC/T3-i*.T14,TOTJ73tU74 UR3,ll804A73»A74.A83tAA4 ---SUME -- -- 27
*+ G7,GAR TWPRT,T71 T73,TRP1T72»T82»T83.DTRT81 SUME 28
COMMON/Sq?CAI.C/KFLAi.X3nLr), X3DOTOID nfOTM R NF!FTAD SUME 29
COMtIOrI/S3CAI C/G1 ,A14U14,TI?,H34An S.UME 30

C SLUME 31
C---A=I - (,FNFPATFD SUME 32
C---A=2 - PIIlCHASFO -- -- -UME ---- --- 33

IF(A.NF.(2.)) GO TO R SUME 34
Dn 5 I=1.7 Sl)ME 35
IF(I)=IARS(IE(T)-1) SIJME 36

5 CONTTIrIF SUME 37
8 CON ] INIJF' S'JME 38

IF(NSPM.FO.) GO.n Tn 10 -- SI)ME----- - 39
C SUME 40
C---NON-SYS PFPF -rODF CAI.C SUIME 41

E(l)=F lCO-ll (0?+Of7 lF) ( I SUME 42
E (?) =F:2COl * (XtP/F PCON?* (?./3.)"*01/1 000.) *IE (2) SUME 43
E (3) = (F3CON 1 *XFPF31COMl1 T OI ) *IF (3) SIME 44
E(4)=F4CO nN1 ((014/10) (cS/?;))TF(4) SUME - 45
E (5) =FSCOfNl (SCFftVL +FCMAX- CFItFC) *IF (5) SIJME 46
E(6) =FhCOMI "SCFMOIl*IF (6) SIJME 47
E(7)=F7*lF(7) SUME 48
GO Tn ?n SOIME 49

10 CONTINUF SIUME 50
C SIIME 51
C---SYS PFEIF M.4I)F CAI C SUME 52

EIlA=F1C()Nlfl(7 SUME S3
El)=E1nCOJ1* (n.-+*n.7 OPT/nR T) *aOPTM SIIME 54
IF(CftT.Frn. (I.) ) Fr I=O.n SUME 55
F (l)=(F: rA1ii) n'F ( S1UME 56

I
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I

E(2)=F2COnI *(Xf'f'/r?r-ON?+ I?./3.)*1i/10?on.)*IE(?) SOME 57
E (3) = (E3CON( 1 *XmXP+ICO( 3* lI) TF (3) SOME SR
E4A=.0ono07* (0.4+0.6*014/J)14M) 014M SUME 59
E4B=. OOonnRo2 (.4+0.6*oS/05/OM) SM SUME ... 60
IF(014.lT.(.1)) F4A=0.0 SUME 61
IF(05.FO. (.)) F4P=n.n SUIME 62
E(4) = (E4A+*F4H) *IF () SUME. - 63
E(5)=E5CONI*(SCFMVI LECMAX-SCFMFC)TF (5) SIME 64
IF(012.EO.(0.)) F(6)=n.O SUME 65
IF(Q1?.GT.(0.)) . .....- -SUME .--..- 66

+ E(h)=F6Cn l*(0.3+*1.7*SCFMOtJUT/SCrFMOI. ) SCFMOL'IIE(6) SIIME 67
E(7)=F7*IE(7) SUME 68

20 CONTINUF SIJME 69
SMJIE=F (1) F (2) *F(3) .F (4) *F(5) *F(6) F (7) SUME 70
IF(A.NE.(?.)) ,O TO 90 SUIME 71
DO 6 1=1.7 ... ....... .. SUME .. --- 72
IE(I) =IS A T ( I)-1) SUME 73

6 CONTINUF SUME 74
99 RETUR . SUME .. 75

END SUME 76
SUBROUTINE TLU(ARCD,N) TLU 2

C LINEAR INTERPOLATION ROUTINE ..... . .....TLU .- 3
C A= INDEPENnFNT VAPIAtRI. TLU 4
C B= OFPENinErT VARIARIE (ANSWFR) TLU 5
C C= INDEPENDENT TBLF ....... TLU. .. 6
C D= DEPENDENT TABLE TLU 7
C N= NUMBEP OF POINTS IN TARLF TLU 8
C INDEPENDENT TABLE MUST BE SORTED. EITHER ASCENDING. OR DESCENDING ..- TLU----- -- 9

DIMENSION C(l),D(1) TLU 10
IF(N-1)1,?,3 TLU 11

1 B=0. . . TLU - .12
GO TO 100 TLU 13

2 B=D(1) TLU 14
GO TO 100 . . ... TLU -.---- 15

3 ML=1 TLU 16
MU=N TLIJ 17

8 IF(MU-MI-1) 15,1S. 9 TLU . A18
9 M=(-U+MML)/2 TLU 19

IF(C(1)-C(2))11,2.10 TLU 20
10 IF(C(M)-A)13 ,12,14 ---- . . .. .. ---- TLU-- -...-.- 21
11 IF(A-C('))13,1?.14 TLU 22
12 B=) (M) TLU 23

GO TO 100 TLU 24
13 MU=M TLU 25

GO TO 8 TLU 26
14 ML=M --TLU - -27

GO TO A TLU 28
15 B=D(Ml.) +((M ()-D (MI.))( (A-C (M_ ) /(C(MIJ)-C(Mi)) ) TLU 29

100 RETURN TLU - 30
END TLU 31

I
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ATTACHMENT E

5 CLEVELAND OFFICE BUILDING COOLING AND HEATING LOADS
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Cooling Heating Cooling Heating
Ambient Load Load Ambient Load Load

Hours Temp. °F Btu/hr Btu/hr Hours Temp. °F Btu/hr Btu/hr

1 -5 0. 7:1.4000. i :.;I.' 1.3t:) ) il''.r .

3 -5 0. 999600. 1 45 .1 49940YY0. 1421:100.

.27 5 0. 428400, 8 45 0. 48400.

1 5 357000. 428400. 1 45 0 /1 4000.

2 5 499)00. 42:840 O0. 745 0 .142800.

4 5 642600. 428400. :1 1 '5 71400. 14 200.

, 7 5 0. 71.4000. .1 1 .5 2:1 4:!00 14 2800.

1 5 785400. 714000. 1. 8 !5 700. 142100.

1 5 928200. 7:1. 4000. 3 499:00 . 142800.

1 5 1071000. 7:1.4000. 13'9 .;5 642600. 142100.
1 :1 5 0 .'999600 . 139 5 /540 14200.

3 5 0. :1. 285200, 822 Y ; 928200. 1 42f800(.

174 1.5 0. 428400. 38 5 :1.071000. 142100.

2 1.5 /1400. 42::8400. 2 '1 2:1.31:00' . 1421O0.

3 :L15 21.4200 . 428400. 4 5 :13. 36600. .1420(0.

:18 :1. '57000, 428400. 5 55 :1 499'rI 0. 142:00.

34 1.5 4998 00 428400. 1 6 /1400. 0.
30 1.5 642600(. 42840(0. 465 . :1. 420.0.

6 :1. 5 7115400. 428400. 9 6 :7000. 0.
1 :1. 5 928200 428400. :1. 65 '9 ( .

90 1.5 0 7:1.4000 3.6 6' 6i260O. 0.

2 :15 0 9996-00. 96 65 /0400 0

2 1.5 0, 1285200.926I '800. 0.

803 25 0 428400. 6 61. 10)/00>. 0

9 25 71400, 428400. 6 6'5 I '300. O.

2 25 2:1. 4200. 428400. 
5 65':1. 3 00. 0.

: 35 1 25 357000. 44284000. ·:i 3 63 440. . 0.
:165 25 499800 - 42840 0. 4
61 2!5 642600. 428400. 4 6 4'00. 1428400.

36 25 /85400. 428400. 142100.

*9 25 928200. 428400.
1 :510/1000: 42840(00 26 *64 65 49 60(0. 142800.

1 2 5 :1. 2:1.3800 428400 1 65 7000. 142800JH3~ ~ ~ ~~~4:8 0*6 65 926000 1428:00.

39 2'5 65 7:1.400000 142800.
0. 99 9,,( 0 30 65 7 0/1000. 142800.

.1.7 99971600 . 428400 . 0 .
U.7 :15 40 . 42845200. 3 65 1213800. 142800.

8 63 91 .6600.2 142800.
91:1.3 35 6 00. 428400.76 65 :1 . 142800.

1'7 3!5 71400 . 428400.
401 /5 2.1. 420( 0.

33 3 5 921 200. 428400..;:"'
J

, , '
'd) a . 8 /5 35/O000. 0.

28 35 1357000. 428400.
/

1 4·9
0:

164 35 4990 :1. 4284/00.
1:1.6 3 15 61260o 428400.:1, . /1 64600 0
1 .5 :1 ,56640. 0.

33 3 1:1Y.0() 428400 6 / 92820

*17 15 ',' o1 100 *) 4

I 35 :1.3000 * 4 1840(1
/ 4 6- I. :.. 00 . 0

3'0. 71 00400.
2 3 999604 ,) :34 / . 490040(

1)7 75 2F1:,12200 O.

/0 4 ) 1 428100. u39 4992:8200. 0.
19 :1 4 0.1060. 0 .

29 :. 1 70 4 1"100. 96200 0.

48 ,, ' ) /6 1159 :1. 4176:00 0.

2.1 .~4 ,' 37 zo' 78': 9 5 75400 0.

2 ,5 754090 4:5 94) O0.

' 9. -, O0 1COP f(T0.

20 4, )e,-")O. 111,2. : ., :, 10/ 00o0

I '5 I. 4'): 00 '.

I7: lo 10(). 1 t 44 000
3 9! 75 :1.499400. 0.

"1 I El',5 3':.:i 7000 ,, 0I ·

MECHAN Il EAL0-. o2
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REVISIONS ZSIZE REV.1~ svu REVISIONS B 12 3 023 A
a a

"SYM. _ _ __ DESCRIPTION DATE APPROVAL

A O i A AScgArai. EevIsio.- om 4/4/7s A .JaN-sI
STATE PRES. TEMP FLOW STATE PRES. TEMP. FLOW
POINTS MEDIA PSIA OF o/HR GPM POINTS MEDIA PSIA F t/HR CPM

STATE PRES. TEMP. FLOW
1 N0 2 2.0 125 490 1 32 LUBE OIL 45 135 15 POINTS MEDIA PSIA 

0
F *

1
,'HR GPM

2 HO 20 125 490 1
2772 N 0 105.2 229
3 H2 17.5 100 490 1 2 10 9

HO 15.0 274 490 1 2 -
0 0 2

2 74
5 H20 911 274 490 1

2 75
6 HO 872 607 490 1

76

77
8 h20 815 1050 490 1

78
9 H20 75 658 4502

79
10 H20 67.5 1050 450

2 80
11 H20 2.4 483 490

12 H20 2.0 150 490 
8

2 310

13 H20/2/ 2.0 125 3.0 CFM 70F 822
2+H 2 0 (Cap Free DrV Air) 83 HO - 92.7 310
2 2.0 125

14 H2O 25.0 50 882 1.8

15 H20 55.0 50 980 2

20 H20 - 56 - 250

NOTE: REFERENCE DRAWINGS 612E030 AND 612D031 FOR LOCATION OF STATE POINTS
24 H20 - 44 - 250

UNLESS OTHERWISE SPECIFIED DAWN H Jdf$ 3/,/7 9
25 R-12 141 105 519.6 DIMENSIONS ARE IN INCHES

TOLERANCES ON: T. Igy 1 p.t.d
26 R-12 43 30 519.6 DECIMALS FRACTIONS ANGLES V Mchncl Tcnoly Incor d

27 R-12 141 - 519.6 XXXt ± TITLE
J ± ALL SURFACES V YnC^M.L T CN SCHItYTlIC

I' 28 BREAK SHARP CORNERS
nS=~~~~~~~ 29 Ano~~~~~~~~AND REMOVE BURRS UATRIALS

29 MATERIAL Z7--7-. T N r r o1NTS
S 30 LUBE OIL 14.7 155 15.0 £N E .

Po.. (ooR. CODE IDENT NO. SIZE
31 LUBE OIL 65 155 15.0 TREATMENT - _26741 1 2' B B 023

z
IUU D | TALI~8 AfCT.--f-

801628
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i ! /
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