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ABSTRACT 

. 
A computer model by which the performance of air-to-air heat pumps 

can be simulated is described. The intended use of the model is to 

evaluate analytically the improvements in performance that can be effected 

by various component improvements. The model is based on a trio of inde- 

pendent simulation programs originated at the Massachusetts Institute of 

Technology Heat Transfer Laboratory. The three programs have been combined 

so that user intervention and decision making between major steps of the 

simulation are unnecessary. The program was further modified by the authors 

by substituting a new compressor model and adding a capillary tube model, 

both of which are described. Performance predicted by the computer model 

is shown to be in reasonable agreement with performance data observed in 

our laboratory. Planned modifications by which the utility of the computer 

model can be enhanced in the future are described. User instructions 

and a FORTRAN listing of the program are included. 





1. INTRODUCTION 

Initial evaluation of possible improvements to a heat pump can be 

performed accurately and expeditiously by mathematical analysis. Such 

analysis should, for the sake of efficiency, precede the more expensive 

and time consuming laboratory testing of changes. Because a change in 

performance of any component of the system will affect the performance 

of all others, it is necessary to analyze the whole system under a variety 

of operating conditions in order to evaluate the worth of a single change 

of component or configuration. Obviously, a repetitious task of this 

magnitude should be undertaken with the aid of computers. Hiller and 

Glicksmanl have provided an elegant trio of computer programs that com- 

prise a sophisticated model of a heat pump. They have also provided a 

good bibliography of the literature relevant to heat pump modeling. 

The study for which Hiller and Glicksman wrote their programs (the 

"MIT model") focused principally on variable-capacity heat pump systems 

and ultimately upon the compressor. Their compressor model is necessarily 

very detailed and calls for design parameters that may not be available 

to most investigators; reasonably enough, some other portions of their 

model are most suited to the specific heat pump in their laboratory. It 

is the intent of the present authors to provide a program that may be 

used more easily to analyze a variety of heatpump configurations. 

Our model retains the structure of the MIT model and makes extensive 

use of its collection of very useful "service routinesW for calculation 

of thermodynamic properties of refrigerants and air, forced convection 

heat transfer, and fluid flow pressure drops. The use of these routines 

dictates that we work in the units (English) employed therein. 

This report of our preliminary version of a heat pump model presents 

a new compressor model which is based on loss parameters that can be 

evaluated in the laboratory. Also reported are variations of the calcula- 

tion of refrigerant pressure and flow balance that allow modeling of 

refrigerant flow control devices other than thermal expansion valves. 

Refinement and generalization of these and other portions of the program 

will be presented in a later report; we believe, however, that this 

preliminary version is a useful tool.in its present form. 

1 
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2. DESCRIPTION OF THE MODEL 

2.1 Organization and Calculational Procedure 

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

Oak Ridge National Laboratory (ORNL) model of an air-to-air heat pump, 

a brief review of the calculatonal procedures common to both models may 

be useful. Methods employed in portions of the MIT program that have 

been retained with little or no change will be described briefly; detailed 

descriptions of new routines are presented in later sections of this 

report. The model is organized in three sections, the first of which 

establishes compressor power consumption, mass-flow rates, pressure 

balances, and thermodynamic states for the refrigerant. The second 

and third sections are detailed models of the condenser and of the 

evaporator; they are used to predict performance by calculating energy 

balances at these heat exchangers. 

Rather than start with indoor and outdoor air temperatures against 

which the heat pump is working, and then iterate over the erltire thermo- 

dynamic cycle, the reverse procedure is used in order to promote 

calculational efficiency. The refrigerant mass-flow rate is established 

from assumed values for evaporating temperature, superheat of the refrig- 

erant reaching the compressor, and the degree of subcooling of refrigerant 

leaving the condenser; dimensions of the interconnecting pipes and the 

metering device, and (for the MIT program) detailed design parameters of 

the compressor are also used. By iteration over the saturation temperature 

in the condenser until a pressure balance is achieved, thermodynamic 

states of the refrigerant at the condenser and evaporator are established. 

The refrigerant states calculated for the condenser entry are used 

as input to the condenser model which calculates an energy balance between 

refrigerant and air to find the heat rejection rate of this heat exchanger 

and to predict the temperature of refrigerant leaving the condenser. This 

temperature is compared with the previously assumed subcooling of the 

refrigerant; iteration over the degree of subcooling is performed until 

agreement is reached. Finally, the evaporator model is used to calculate 

its heat absorption rate for several air temperatures. The saturation 
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1 
temperature and superheat of the refrigerant leaving the evaporator may 

then be compared with those used to calculate the refrigerant flow rate 

. 
in order to determine which air temperature is appropriate for the 

assumed conditions. Both heat exchanger models require detailed dimen- 

sions of the tubing and fins as well as airflow rates and temperatures. 

Refrigerant states and mass-flow rates calculated in the refrigerant flow 

rate routines are the other inputs to these programs. Power consumption 

by air fans or blowers has not been calculated; the MIT program does not 

calculate a coefficient of performance. 

2.2 Refrigerant Flow Balance Model 

As previously mentioned, the refrigerant mass flow is established 

from an assumed evaporating temperature, the superheat of refrigerant 

leaving the evaporator, and the amount of subcooling of refrigerant in 

the condenser. An initial guess of the condensing temperature is pro- 

vided along with diameters and equivalent lengths of the interconnecting 

pipe (including fittings), and' a description of the refrigerant metering 

device. The ORNL model will accommodate a thermal expansion valve (as 

will the MIT) or capillary tubes. The parameters required for the ORNL 

compressor model are displacement, motor speed, and loss parameters, as 

described in Sect. 2.3. 

The thermodynamic cycle being modeled is shown in Fig. 1, a somewhat 

distorted pressure vs enthalpy (p-h) diagram. Thermodynamic states of 

the refrigerant are calculated using subroutines from Kartsounes and Erth2 

as modified by Hiller and G1icksman.l Viscosity, thermal conductivity, 

and specific heat are obtained from subroutines that reproduce plots3y4 

of these properties (as functions of temperature) from curve fitting 

parameters. These routines, as well as the pressure-drop routines, are 

due to Hiller and G1icksman.I Single-phase pressure drops in the con- 

necting pipes are calculated from the standard incompressible flow rela- 

tion and the Moody friction factor; single- and two-phase pressure drops 

in the heat exchangers are calculated by the Lockhart-MartinelliS method. 

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

begins in both the MIT and ORNL models by calling the compressor subroutine. 
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Fig. 1. Pressure vs enthalpy diagram for the heat pump cycle. 
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From the evaporating saturation temperature and superheat of the vapor 

(if evaporation is incomplete, quality is used), i.e., the state repre- 

sented by point la on the diagram, and the estimated condensing temperature, 

the ORNL compressor routine calculates the refrigerant mass-flow rate, 

compressor ,motor power consumption, and the temperature, enthalpy, and 

pressure of the refrigerant at point 1, the compressor suction port, and 

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

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

3, the compressor exit and condenser entrance. 

The pressure drop in the condenser must be calculated as though the 

entire condenser were experiencing two-phase flow because the length of 

condenser tubing occupied by the single-phase desuperheating and subcooling 

regions has not yet been found. Thus, the pressure at point 4 in the p-h 

diagram is known; calculation of the pressure drop in the liquid line 

from condenser to flow metering device yields the pressure at entry to 

that device, point 5. 

If the flow metering device is a capillary tube (ORNL model only), 

refrigerant flow through it is calculated using the pressure just found 

and a routine based on curve fitting parameters that reproduce the ASHRAE 

Guide and Data Book6 correlation. This flow through the capillary tube 

is compared to the flow rate predicted by the compressor routine; if the 

two do not agree, the condensing saturation temperature is adjusted and 

the entire calculation is repeated until the refrigerant mass flow predicted' 

by the compressor model matches that which the capillary tube can 

accommodate. 

If the flow metering device is a thermal expansion valve (TXV) as 

allowed in both models, it is necessary to calculate the pressure drops 

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

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

thermal expansion valve is compared to the pressure drop calculated 

separately for the TXV and distributor nozzles and tubes as explained by 

Hiller and G1icksman.I If these two pressure drops differ, the condensing 

saturation temperature is adjusted and iteration proceeds until a pressure 

balance is achieved. 
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2.3 ORNL Compressor Model 

The objective in formulating the ORNL compressor model was to utilize 

performance parameters that are descriptive of the efficiency of the 

device and for which quantitative values could possibly be derived from 

experimental data. This is in contrast to using design parameters for 

input, as is done for the heat exchanger models used in this simulation. 

The computation or simulation of compressor performance from design param- 

eters is not a well-established art at present, and attempting to do so 

in this study would have led to considerable additional complication and 

risk. Accordingly, we have a model that will predict how changes in 

compressor efficiency affect the heat pump system, but the model cannot 

be used to determine which specific compressor design changes might lead 

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

the simulation. 

2.3.1 Model formulation 

The parameters used to model the compressor are the following: 

Parameter Definition 

Motor efficiency Ratio of shaft work to 
electrical energy input 

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

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

Can heat loss Heat rejection from the 
compressor can surface 

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

In.addition, four operating variables are required as input to the 

compressor subroutine: can inlet pressure and temperature, can outlet 

pressure, and motor speed. Since the compressor is mounted inside a can, 

it is important to distinguish between the state of the refrigerant con- 

ditions at the inlet and outlet of the can and at the compressor suction 

and discharge ports, as they will generally be different. 

Five energy balances are used in the model: one each for the can, 

suction gas, compressor, compressor motor, and discharge gas. Figure 2 

illustrates the energy balance components we used. 

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

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

ril refch 
= 

can outlet -h can inlet) - 4 electrical input +4 can loss 0 , (1) 

where m ref = refrigerant mass flow rate, 

h = specific enthalpy, 

4 = energy flow rate, 

and the subscripts are self-explanatory. This is a combined energy 

balance, the sum of the remaining energy balances. For the suction gas, 

heating by the motor losses and the unavoidable internal heat transfer 

from the discharge are accounted for, as well as heat rejection from the 

can. (The inside of the can is at suction pressure; thus, can losses or 

gains come directly from the suction gas.) Accordingly, 

Ii refch suet port -h can inlet I-- 

. . 
'internal - 'motor cooling +ci = 

can loss 0 . (2) 
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Fig. 2. Compressor can energy balance components. 
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x 
Similarly, for the discharge gas, 

. 
mref(hdisch port - hcan outlet) L %nternal = O ' (3) 

The actual compression work is computed as 

Ah 
Ah =h -h = isentropic 

compressor disch port suet port n. , 
isentropic 

(4) 

where Ah isentropic is obtained from the thermodynamic properties of the 

refrigerant and-n isentropic is the input value of isentropic efficiency. 

The compressor energy balance is satisfied by 

shaft power = fi refAh compressor ' (5) 

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

the discharge gas. The motor power input is 

motor power input = shaft power/nmotor , (6) 

where 'motor is the motor efficiency, and the heat rejected by the motor 

to the suction gas is given by 

Gmotor cooling = (1 - ~motor)hotor power input) . (7) 

Since the suction-gas heating is a function of motor power input, and 

motor power input is in turn a function of the state of the suction gas 

entering the compressor suction port, an iterative computational procedure 

is required. Given the conditions of the gas entering the can and the 

outlet pressure, the iteration is accomplished within the compressor 

subroutine. 

Figure 1 shows the states of the refrigerant gas on a pressure vs 

enthalpy diagram. State 2' represents the ideal isentropic discharge 

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

of volumetric efficiency as 

m ref = J-l volumetricPDN ' 

where '?volumetric = volumetric efficiency, 

P = refrigerant density at suction port, 

D = compressor displacement, 

N = compressor speed. 

2.3.2 Model calibration 

The can heat loss, 4,,, loss, can be computed directly from experimen- 

tal data using Eq. (l), assuming the pressures and temperatures of the 

refrigerant at can inlet and outlet are measured. It is also possible 

to derive estimates of can heat rejection analytically if the airflow 

velocity across the can is known. In the present model, 4can loss is 

entered as input; i.e., the magnitude of this loss is not computed 

within the subroutine. 

It is not possible to determine the internal heat transfer from 

experimental data; however, analytically based estimates can be made. 

Volumetric efficiency cannot be derived directly from experimental 

data for the heat pump system unless the temperature of the suction gas 

at the compressor suction port is measured. Because measurements inside 

the compressor can are difficult to obtain, this has not been done as yet 

in experimental work supporting this modeling effort, A first approxima- 

tion of volumetric efficiency can be derived on the basis of reexpansion 

of the cylinder-clearance-volume gas. This value will be optimistic 

because it will not have accounted for throttling loss through the suction 

valve. It is also possible to compute directly the volumetric efficiency 

of open compressors from catalog data. 

Similarly, isentropic compression efficiency cannot be computed 

directly from hermetic-compressor experimental data unless temperatures 

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

possible to compute this parameter for open compressors from performance 

data. 
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Compressor motor efficiency can be determined by test outside the 

compressor can; also, ideally, manufacturer's data would be available. 

However, motor efficiency cannot be determined directly from heat pump 

system data. 

Specifically for this study, estimates of can heat loss were 

determined both analytically and from experimental data; internal heat 

loss was estimated analytically; and typical values of volumetric, isen- 

tropic, and motor efficiencies were derived from published data. 

Starting with these estimates, parametric studies were made using the 

compressor model to determine which set or sets of parameters will 

produce the experimentally observed performance parameters. 

It would be hoped that a single set of input parameters would 

uniquely duplicate the observed performance, and, for practical purposes, 

this proved to be the case. While precise estimates of the various 

efficiency parameters could not be determined by this procedure, a 

narrow range of the parameters could be selected that produced computed 

performance in reasonable agreement with observed performance. 

2.4 Condenser and Evaporator Models 

The condenser and evaporator models used in the ORAL program are 

unchanged from the MIT program. The models are predicated on the conven- 

tional crossflow configuration and staggered-tube and sheet-fin construc- 

tion; accordingly, other surfaces in use such as spine-fin or bristle-fin 

cannot be accommodated at present. Principal input parameters are 

geometrical constants such as tube diameter and spacing, fin pitch and 

thickness, overall dimensions, number of parallel tube circuits, etc. 

All necessary correlations for fluid thermal properties, heat transfer 

coefficients, and flow friction factors, both air side and refrigerant 

side, are internal to the program. 



12 

2.4.1 Effectiveness-NtU relationship 

Performance calculations are based on the effectiveness-Ntu* method. 

Specifically, both models employ the effectiveness-Ntu relationship for a 

crossflow heat exchanger with both fluids unmixed. Thus, only certain 

refrigerant-side circuiting arrangements can be modeled rigorously, and 

nonequal parallel flow paths cannot be accommodated. In practice, this 

assumption probably does not impose serious restrictions on the validity 

of the model, as the effectiveness of evaporators and condensers in the 

two-phase (refrigerant) regions are relatively insensitive to flow arrange- 

ment. Nevertheless, it is not possible with the 'present program to model 

the variation in coil performance that can be obtained by changing 

refrigerant-side-circuiting. 

The exact equations for computing crossflow (with both fluids unmixed) 

effectiveness as a function of N tu are not in closed form; Hiller and 

Glicksmanl employ an approximate relationship that is in closed form. 

2.4.2 Surface properties 

Heat transfer correlations for single-phase refrigerant flow inside 

tubes and air-side flow are based on data from Kays and London,7 in the 

form of "j" factor (N~~=N~, 2/3) as a function of Reynolds number. The 

correlations for flow inside circular tubes are represented by three 

straight-line segments (in log-log coordinates) corresponding to laminar, 

transition, and turbulent flow. Air-side properties are represented by a 

single straight line (again, on a log-log plot). 

Correlations for condensing coefficient are based on the method by 

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

on work by Tong.g 

*Effectiveness is defined as the ratio of the actual heat transfer 
rate to the maximum possible heat transfer rate as limited by the first 
and second laws of thermodynamics. N tu is the ratio of surface heat 

transfer capacity to fluid heat transfer capacity, expressed as the 
product of heat transfer coefficient and surface area divided by the 
product of fluid flow rate and specific heat. Both are dimensionless 
parameters. Reference 7 presents a detailed explanation of the 
effectiveness-N tu method of heat exchanger analysis. 

. 

. 
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Two-phase flow pressure drop is computed using the Lockhart- 

Martinelli correlation,5 while single-phase pressure drop is calculated by 

conventional pipe-flow methods. 

2.4.3 'Condenser 

In the condenser program, a computation is made to determine whether 

the wall temperature at the condenser entrance is less than the refrigerant 

saturation temperature. If it is not, the fraction of the condenser coil 

required for desuperheating the refrigerant is computed. Otherwise, it is 

assumed that two-phase flow begins at the entrance, even though the bulk 

temperature of the refrigerant may be above saturation. 

The fraction of the coil needed to complete condensation (two-phase) 

is computed next. With the remaining fraction of the coil, the amount of 

refrigerant subcooling is calculated. Outlet air temperatures are then 

determined. 

2.4.4 Evaporatqr 

The model for the evaporator is similar to that for the condenser with 

the additional provision for computing the amount of air dehumidification, 

if any. In the method used, it is assumed that the heat transfer coeffi- 

cient is unaffected by the presence of condensed moisture, and a 

heat-transfer/mass-transfer analogy is used to compute the rate of moisture 

removal. Total heat transfer rate is determined on the basis of enthalpy 

difference. 

Initially, a computation is made to determine the dew point of the 

entering air and whether the wall temperature at the entrance is less 

than the dew point of the air. If it is determined that condensation 

from the air will not occur at the entrance, the fraction of the coil 

used only for sensible heat transfer is computed. (Since the air is 

being cooled in the evaporator while the temperature of the refrigerant 

is essentially constant in the two-phase region, the wall temperature 

will decrease in the direction of airflow and may drop below the dew 

point.) The performance of that section of the evaporator having 
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two-phase evaporation on the refrigerant 

air side is then computed. Finally, the 

heating in the remaining fraction of the 

side and dehumidification on the 

amount of refrigerant super- 

coil is computed with no allowance 

for further dehumidification on the air side. 

The compressor model was calibrated against observed values of 

refrigerant mass flow, compressor motor power consumption, and refrigerant 

temperatures and pressures measured at the inlet and outlet of the 

container housing the motor and compressor. These measurements were 

made under a variety of operating conditions. It was found that a single 

calibration of this preliminary version of the compressor model would not 

suffice for all system operating conditions because we have not yet incorpor- 

ated routines that calculate the variation of efficiencies with changing 

load and pressure ratios. Thus for the case of superheated vapor reaching . 

the compressor, two sets of loss parameters will be needed for this version; 

one set for more than 20°F of superheat, and another that reduces heat 

rejection from the can and internal heat transfer rates when the degree 

of superheat drops below 20°F. The loss parameters and efficiencies must 

all be reduced if the refrigerant reaching the compressor can is wet, 

It is hoped that further elaboration of the program will simplify the 

calibration of the model. 

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

insufficient to completely evaporate the refrigerant. 

3. RESULTS 

Using the compressor calibration obtained from two of the sets of 

laboratory measurements and the accompanying observations of operating 

conditions, we have run the ORNL heat pump model to calculate the 

performance of one of the heat pumps in our laboratory. Calculated values 

of refrigerant mass flow, compressor power consumption, heat exchange 

rates and coefficient of performance are compared in Table 1 to those 

observed in two of the laboratory runs. Inspection of the table reveals 

that agreement is generally good. The largest differences between 

calculated and observed quantities are those for refrigerant temperatures 



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

Compressor and flow balance model 
Refrigerant mass flow rate (lbm/hr) 
Compressor motor power input (kW) 
Refrigerant temperature at compressor 

exit (OF) 
Saturation temperature at evaporator 

exit (OF) 
Saturation temperature at condenser 

entry (OF) 
Refrigerant pressure at capillary tube 

entry (psia) 

Condenser model 
Air temperature, entry (OF) 
Air temperature, exit (OF) 
Refrigerant temperature, entry (OF) 
Refrigerant temperature, exit (OF) 
Refrigerant subcooling (OF) 
Heat rejection rate (Btu/hr) 

Evaporator model 
Air temperature, entry (OF) 
Air temperature, exit (OF) 
Refrigerant temperature, exit (OF) 
Saturation temperature, exit (OF) 
Refrigerant superheat (OF) 
Heat absorption rate (Btu/hr) 

System performance 
Coefficient of performance 

Run 12 Run 13 

Observed Calculated Observed Calculated 

384 383 353 353 
4.66 4.67 4.10 4.14 

260.5 268 238 243 

34.7 28.1 

138 136 130 128 

325 314 295 285 

72.5 
107.5 
233.8 

81.8 
56.2 

39,450 

102.3 
231.2 

87.9 
47.1 

38,790 

70.0 
102.4 
205.5 

79.0 
51.0 

34,950 

97 
211 

83 
45 

35,050 

64.0 66.8 49.9 53 
52.5 55.0 41.5 41.7 
63.2 66.4 49.5 52.4 
34.7 32.6 28.1 25.9 
28.5 33.8 21.4 26.5 

30,790 29,751 28,640 27,278 

2.12 2.13 2.05 2.08 
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at the condenser inlet and outlet (and consequently the amount of 

subcooling which is determined from outlet and saturation temperatures), 

an error that could be introduced by the model's neglect of temperature 

drops along'the interconnecting pipes. However, use of the measured 

temperature drop along the discharge tube (see card 1 of the input data 

to the computer program, Appendix A) fails to eliminate the discrepancy. 

The rather good agreement of calculated and observed heat exchange rates 

and coefficient of performance leads to the conclusion that the model is 

working satisfactorily. Neither the ORNL nor the MIT model has been 

validated for a heat pump operating in the cooling mode. 

4. PLANNED MODIFICATIONS 

The computer model described herein represents a first generation 

simulation program that can be used to predict the system performance 

resulting from many of the possible heat pump system improvements that 

are being contemplated in this study. However, it is planned that addi- 

tional development work will be conducted on the model to improve its 

versatility. The changes that are being considered are described in the 

following paragraphs. 

4.1 Heat Exchanger Configuration 

The present model can accommodate only the conventional staggered- 

tube, sheet-fin heat exchanger geometry. However, other types are in 

use, such as spine-fin and bristle-fin. In addition, the exploration of 

possible advantages of other surface geometries is a valid research 

concern. Accordingly, it is planned that the program will be modified 

to accept surface properties of other types of heat exchanger construction. 

Most likely, this will be handled by making provision for reading in up 

to two additional sets of friction factor and Colburn "j" factor, one 

for the condenser and one for the evaporator. Certain geometrical con- 

stants would be entered as input also. The program would simply be 
modified to use the input surface properties whenever they are entered. 
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A second contemplated revision in the heat exchanger routines is 

the accommodation of variations in tube circuiting. This may require 

that the use of an effectiveness-Ntu relationship be dropped and that 

some form of finite difference computational procedure be substituted. 

This procedure has not yet been formulated. 

4.2 Alternative Refrigerant Metering Device 

The model is presently equipped to compute refrigerant mass-flow 

rate in systems using either a capillary tube or thermostatic expansion 

valve for metering. Because some systems employ a fixed orifice for 

this purpose, it will be desirable to add an orifice model to the program. 

Such a model should be capable of simulating two-phase flow as well as 

the simpler single-phase case. 

4.3 Variation in Compressor Loss and Efficiency Parameters 

In the present model, all compressor loss and efficiency parameters 

must be specified as input to each computer run. It may be desirable 

to compute some of these parameters in the program. For example, motor 

efficiency and speed as a function of load could be modeled within the 

program in nondimensional form with peak efficiency and rated motor power 

as input parameters. With such a scheme, it would not be necessary to 

enter motor parameters for each computer run. However, this approach does 

require that the characteristics of the motor be known either from test 

data or manufacturer's data. Since a strong similarity in the character- 

istics of different motors of a given type can be expected, it may suffice 

to enter "typical" motor curves into the program. The original MIT program 

contained a motor speed and efficiency model for a specific motor. 

It should also be feasible to derive an empirical mathematical 

expression for volumetric efficiency as a function of pressure ratio. 

A change in volumetric efficiency characteristics of a compressor could 

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

efficiency model. 
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At present, it does not appear to be either necessary or feasible 

to predict isentropic compression efficiency on the basis'of operating 

conditions. While it might be possible to devise routines for predicting 

can external heat loss and internal heat transfer, it does not appear 

advantageous to try to do this at present, 

4.4 Refrigerant Mass Inventory 

In this program, no concern is given to the mass of refrigerant 

in the system; rather, it is implicitly assumed that the system is 

charged with exactly the correct amount. This is a satisfactory model 

for heat pump systems having a suction line accumulator; i.e., the 

accumulator is modeled satisfactorily by ignoring it. However, in 

systems that do not employ an accumulator, there can be an excess 

charge under certain operating conditions. Such a system, properly 

charged for the cooling cycle, may contain an excess charge during 

heating operation as a result of the lower system pressures, and the 

excess refrigerant will migrate to the condenser where it can partially 

block some of the heat transfer surface. To correctly model this type 

of system, a refrigerant mass inventory would be necessary as well as 

routines for deciding where the excess refrigerant will accumulate and 

what the effect on the thermodynamic cycle will be. No approach to 

accomplishing this has been formulated, but a study of possible approaches 

is planned. 

4.5 Incomplete Condensation and Evaporation 

The heat exchanger models developed by MIT are set up to print an 

error message if incomplete condensation or evaporation are encountered. 

However, with capillary tube control, heat pump systems will operate with 

liquid refrigerant entering the compressor (incomplete evaporation) under 

low outdoor temperature conditions. It is planned that the program will 

be revised to accommodate both incomplete condensation and evaporation. 

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

handle wet suction gas. 

5. UTILIZATION 

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

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

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

has been incorporated in the calling program. The flow diagram shown in 

Fig. 3 displays the sequence of calculations and the decision points. 

Input parameters for all of the submodels are read in the subroutine 

DATAIN and are listed in Appendix A, along with the values of the 

parameters used to generate the sample output shown in Appendix B. 

The program is written in FORTRAN IV and makes use of standard FORTRAN 

supplied mathematical functions and service subroutines; special sub- 

programs and extended libraries of functions are not required. No tapes 

or other peripheral temporary storage devices are used. Thus, the only 

control cards needed to run the program are those to compile and link 

the program and to execute it. All input is from the card reader. The 

control cards used to run the model on our computers are shown in Appendix 

B. The program occupies 86K bytes of core and typically executes in less 

than 10 set on our IBM 360/91 computer. A complete listing of the program 

is given in Appendix C. 
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compressor 
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Flow 
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determines XMR, POW, 
pressure & temp. at 

condenser inlet 

Calculate flow 
conditions at flow 
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determines heat 
transfer & refrig. 

exit temperature 

XMR = refrigerant mass-flow rate 

P0W = compressor motor power 

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

TSATCI = initial value for saturation 
temp. at condenser 

e = maximum error allowed 

TR@CL = initial value for refrig. 
temp. at condenser exit 

TR0 = calculated value for 
refrigerant temperature 
at condenser exit 

TReEI = initial value for refrig. 
temp. at evaporator exit 

TR@E = calculated value for refrig. 
temp. at evaporator exit 

TAI = air temp. at evaporator inlet 

COP = coefficient of performance 

Fig. 3. Computer program flow diagram. 
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Appendix A 

INPUT PARAMETERS FOR THE ORNL HEAT PUMP SIMULATOR 

Symbol Definition 
Sample 
Valuea 

Card 1 

TLIMIT 

Format (5FlO.O) 

Upper limit for difference between calculated 
subcooling of refrigerant leaving condenser 
and input (assumed) value of subcooling (see 
DTROC below). Used to define convergence 
(F) 10.0 

DELTC 

XMRTI 
32.0 

FANPC 

FANPE 

Card 2 

DLLOC 

Temperature drop in discharge line (F) 

Initial guess of refrigerant mass flow rate. 
Used only to estimate discharge line pressure 
drop for first iteration (lbm/hr) 

Energy consumed by condenser fan (Btu/hr) 

Energy consumed by evaporator fan (Btu/hr) 

353.0 

2014.0 

1703.0 

Format (4F15.5) 

Diameter of liquid line coming from outdoor 
coil (ft) 0.0158 

XLEQLO 
1923.0 

DLLIC 

Equivalent length of liquid line coming from 
outdoor coil (L/D - dimensionless) 

Diameter of liquid line coming from indoor 
coil (ft) 0.0158 

XLEQLI Equivalent length of liquid line coming from 
indoor coil (L/D - dimensionless) 1923.0 

Card 3 

DSL 

XLEQSL 

(4F15.5) 

Diameter of suction line (vapor) (ft) 

Equivalent length of suction line (L/D - 
dimensionless) 

0.0567 

DDL 

XLEQDL 

Diameter of discharge line (vapor) (ft) 

Equivalent length of discharge line (L/D - 
dimensionless) 

145.3 

0.0463 

181.0 

Card 4 (4F15.5) 

DOC Inside diameter of tubes in outdoor coil (ft) 0.0280 

aValues used to produce the output of the program shown 
in Appendix B. 
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Symbol Definition 
Sample 
Valuea 

DZOC 

DIC 

DZIC 

Refrigerant flow length in each parallel flow 
branch in the outdoor coil (ft) 

Inside diameter of tubes in indoor coil (ft) 

Refrigerant flow length in each parallel flow 
branch in the indoor coil (ft) 

Card 5 

DTROC 

(F10.4, 3110) 

NCORH 

NSECTO 

Guess for amount of subcooling of refrigerant 
leaving condenser (F) 

Indicator for cooling or heating mode 
If "NCORH" = 1 - cooling mode 
If "NCORH" = 2 - heating mode 

Number of parallel flow sections in outdoor 
coil 

NSECTI Number of parallel flow sections in indoor 
coil 

Card 6 

TSATE 

TSATCI 

(3F10.2) 

Saturation temp. at exit of evaporator (F) 

Saturation temp., entrance to condenser. 
Initial guess 

SUPER Superheat of vapor leaving evaporator and 
entering the compressor (F) 

Card 7 

RPM 

DISPL 

ETAVOL 

(7F10.2) 

Motor speed (rpm) 

Compressor displacement (all cylinders) (in.3) 

Volumetric efficiency of compressor 
(fraction.Lt.1) 

ETAMOT Compressor motor efficiency 

ETAISN Isentropic efficiency of compressor 

QCAN Heat rejection rate from compressor can (Btu/hr) 

QHILO Heat transfer rate from compressor discharge 
line to inlet gas (Btu/hr) 

64.0 

0.0280 

61.1 

51.0 

2 

4 

3 

28.1 

130.0 

25.1 

3450.0 

4.525 

0.59 

0.65 

0.70 

4500.0 

500.0 . 

aValues used to produce the output of the program shown 
in Appendix B. 
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. Symbol Definition 
Sample 
Valuea 

Y 

Card 8 

IREFC 

NCAP 

CAPFLO 

Card 9 

DEAC 

DERC 

DELTAC 

FPC 

XKFC 

AAFC 

Card 10 

NTC 

NSECTC 

Card 11 

HCONTC 

STC Vertical spacing of tube passes (ft) 

WTC Spacing of tube rows in direction of airflow (ft) 0.07292 

(2F10.4) 

Airflow rate (cfm) 1200.0 

Air temperature entering condenser (F) 70.0 

Card 12 

QAC 

TAIIC 

(15, 5X, 15, 5X, F10.2) 

Indicator for type of refrigerant flow control 
= 1 for thermal expansion valveb 
= 2 for capillary tube(s) 

Number of capillary tubes (omit if IREFC = 1) 

Flow factor for cap. tube. See ASHRAE Guide 
and Data Book, Equipment Vol. (1975), Fig. 41, 
pp. 20.2320.28 (omit if IREFC = 1) 

(6F12.6) Begin Condenser Input 

Outside diameter of tubes (ft) 

Inside diameter of tubes (ft) 

Fin thickness (ft) 

Fin pitch (fins/ft) 

Thermal conductivity of fins (Btu/hr-ft-F) 

Heat exchanger frontal area (ft2) 

(2110) 

Number of tubes in direction of airflow 

Number of parallel circuits in heat exchanger 

(3F15.5) 

Contact conductance between fins and tubes 
(Btu/hr-ft2-F) 

2 

1 

2.25 

0.0333 

0.0280 

0.00053 

168.0 

128.0 

3.1666 

3 

3 

30000. 

0.08333 

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

bparameters for modeling the pressure drop across the TXV must be 
inserted in DATA statements in subroutine FLOBAL. 
Glicksmanl, pp. 59-61. 

See Hiller and 
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Symbol Definition 
Sample 
Valuea 

Card 13 

DEAE 

DERE 

DELTAE 

FPE 

XKFE 

AAFE 

Card 14 

NT% 

NSECTE 

Card 15 (3F15.5) 

HCONTE Contact conductance between fins and tubes 
(Btu/hr-ft2-F) 

STE 

WTE 

Card 16 

QAE 

TAIIE 

INDICE 

TWBIIE 

RHIE 

(6F12.6) Begin Input for Evaporator 

Outside diameter of tubes (ft) 

Inside diameter of tubes (ft) 

Fin thickness (ft) 

Fin pitch (fins/ft) 

Thermal conductivity of fins (Btu/hr-ft-F) 

Heat exchanger frontal area (ft2) 

(2110) 

Number of tubes in direction of airflow 

Number of parallel circuits in heat exchanger 

Vertical spacing of tube passes (ft) 

Spacing of tube rows in direction of airflow (ft) 

(2F10.4, 14, 2F10.4) 

Airflow rate (cfm) 

Air dry bulb temperature entering evaporator (F) 

Input indicator 
If "INDICE" = 1, inputs are TDB, and TWB 
If "INDICE" = 2, inputs are TDB, and RH 

Air wet bulb temperature entering evaporator (F) 

Relative humidity of air entering evaporator 

0.0333 

0.0280 

0.00053 

168.0 

128.0 

5.1944 

3 

4 

30000. 

0.0833 

0.0729 

2162.0 

49.9 

2 

not used 

0.30 

. 

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

SAMPLE OUTPUT FROM HEAT PUMP SIMULATOR 





Appendix B 

SAMPLE OUTPUT FROM HEAT PUMP SIMULATORa 

TLIRIT--FOR CONVERGENCE TEST-- z 5.000’00 

DELTDL--DELTA T IN DISC LINE-- = 32.00000 

XRRTI --TRIAL VALUE FOR REFRIG. BASS FLOW-- = 353-00000 
(USED TO CALC DELTA F IN DISCB LINE) 

FANPC --CONDENSER FAN POWER -- -2014.00000 

FANPE --EVAPORATOR FAN POWER -- =1703.00000 

FLOEAL INPUT ECHO: 

DQC 
DDLOC z 

0,028OO 
0.01580 

DSL = O-05670 
IREFC = 2 
RPH =3450.00000 
ETAVOL := 0.59000 
QCAN 4500.00 
TSATEI f 28.09999 
TSATCI :r- 130.00000 
NSECTO = 4 
SUPER = 25,09999 

DZOC = 64.00000 DIC = 0.02800 
XLEQLO =1923.00000 DDLIC = 0.01580 
XLEQSL = 145.29999 DDL = 0.04630 
NCAP = CAPFLO = 2.25000 

DISPL - Y-525:0 
ETAUOT = 0.65000 ETAISU = 0.70000 
CHILO = 500.00 

NSECTI = 3 
DT60C = 51.00000 

EWD OF FLOBAL INPDT 

DZIC = 61.09999 
XLEQLI =1923.00000 
XLEQDL = 181.00000 

aSee program listing for glossary of symbols. 



CONDENSER INPUT ECRO: 

DEA = 0.03330 DER = 0.02800 
AAF = 3.167 N'I = 3 
HCONT = 30000.0 ST = 0.0833 
QA = 1200.0 'IA11 = 70.00 

DELTA = 0.5303-03 
NSECT = 3 
FIT = 0.0729 

FP = 168.00 XKF = 128.00 

CALCULATBD EXCHANGER CHARACTERISTICS : 

SIGA = 0.547 P = 0.08792 PTBO = 0.10456 
ARPT = 0.615E-03 ARHT = 3.341 ALFAR = 14.469 ALPAA = 303.542 
XLlr = 0.0417 PAR = 0.9484 CAR =187.8796 

END OP CONDENSXR INPUT 

EVAPORATOR INPUT ECHO: K 

DE A = 0.03333 DER = 0.02800 DELTA = 0.500E-03 FP = 168.00 XRP = 128.00 
AAP = 5.194 NT = 3 NSECT = 4 
HCONT = 30000.00 ST = 0.0833 WT = 0.0729 
QA = 2162.0 TAII = 49.90 INDIC = 2 
TWBII = 54.00 REI = 0.300 

CALCULATED EXCHANGER CHARACTERISTICS: 

SIGA = 0.550 P = 0.08792 PTBO m********* 
A9PT =0.6154E-03 AitHT = 4.110 ALFAR = 14.469 ALFAA = 303.556 
XEP = 0.0417 FAR = 0.9480 CAR =198.9131 

EAD OF DATAIN--CALLING FLOBAL 



TOP OF ITERATION LOOP 
.PRESENT SYSTEM VALUES ARE 
TSATE = 28.09999 TSATC = 128.00000 XUR = 352.70605 CXilR = 36 1. U3872 

BOTTOH OF ITERATION LOOP: 

DPDL - 0,18 DELPC = -3.42 DPLL = 15-08 CXtiR = 356.76 
TROC = 88.08 TIC = 243.31 TSATC = 128.00 
TSATE := 28-10 
HIC i= 138.80 HlOE = 114.04 R3 = 35.57 
POC := 285-34 PIG = 303.84 
XMR := 353-25 
POW = 4.135 
DPSYS = 

CAPE: = 27720.U4 CAPC = 36466.04 
VELOCITIES IN RISERS: 
VSR = Oa29679E 05 FT/HR VShCT= 0.786333 66 PT/HR 
QDR = O.al2816E 05 FT/HR PDACT= 0.3599&E 05 FT/AR 

END OF FLOBhL ---CALLING COND 

DATA SENT TO COND: 

XMRI = 353.24707 
TSA = 128.00000 
TRI = 211.31250 



TAI = 70.00 
Qh = 1200.0 
TRI = 211.31 
TSA = 128-00 

BEGINNING OF CALCULATION IN SUBROUTINE BXCR : 

XNTUTP= 0.977 
AOI CP1 ALTAR SEFFX HA ALPAA HRTP 

0.0019 0.2400 14.4690 0.8177 10.4630 303.5415 424.6563 

ETP = 0.6237 

RES = 1.5252 
RRSPV 
94.2661 

TRVDS = 211.3125 

1~~.0000 %.oooo 

BPGDP = 83.6929 
HFG CPRV 
64-5361 0.2299 

XRATP = 1135.1084 
XNR CPA 

117,749o 0.2400 

x3 
0.0 

XC!h ARHT CR 
1797.0574 3.3411 1.0000 

F Xf!lhSP CA RTOT CHIN EXFR EXFS PR 

END OS ITERRTION. RESULT IS : 
1' = 0.0 
Z'TP = 0.632 
I' SC = 0.368 

PS TB ST VA1 



RESULTS FROH EXCH : 

F = 0.0 PIP = 0.632 
QSP = 0.0 CTP = 9854.7578 
IfhOSP = 70.00 TAOTP = 106.17 

'PAI = 70.00 
TAO = 97.09 
TRI = 211.31 
TSA = 128.00 
TRO = 83.38 
SECOOL= 44.62 

OVERALL RESULTS FOR TBIS TAI : 

HA = 10.46 HRV = 94.27 
2C = 35049.53 
AR0 = H3 = Ii4 = 34.135 
PD = -1.33 

TEST FOR CONVERGENCE ON DTROC 

TSTAC = 0.12800E 03 

DTROC = 0.399173 02 

TEST = 0.880833 02 = TSATC - DTISOC 

TRO = 0.83385E 02 FROH SR COND 

FSC’ = 0.368 
QSC = 1828.4192 
TAOSC = 81.51 

ATP = 424.66 RRL = 86.492 

IF (TEST-TRO), 0.469853 01 .LE TLINIT, 0.50000E 01 GO ON. OTHERWISE, GO B&CR TO FLOBAL 



DATA SENT TO EVAPR: 

XNRI = 353.24707 
TSA = 28.09999 
Illi = 34.13484 

TAI = 52.99 
TWBI = 54.00 
RHI = 0.300 
PA = 2162.00 
TSA = 28.10 

REGINNING OF CALCUL'ATION IN SUBROUTINE EVAP: 

TADHI = 16.21 TAOTP = 37.81 
NO MOISTURE REUOVAL OCCURS 

FRACTION OF COIL USED FOR SINGLE-PAASE VAPOR FLOW IS 
F = 0.2949 

RESULTS FROfl SUBROUTINE EVAP: 

PTP = 0.705 F = 0.295 
XMATP = 1768.92 XNASP = 739.84 

EXFR = 0.960 
CTP = 6445.06 QSP = 355.80 
TDB3 = 37.81 TAOSP = 50.99 TWB3 = 0.00 

TAI = 52.99 
TUB1 = 40.81 
TSA = 28.10 
TRO = 52.01 
SUPER = 23.91 

NOTE THAT THESE HEAT AND HASS ELOWS ARE FOR ONE SECTION ONLY 



c * 

EYAPORATOR PERFORKANCB FOR THIS AIR INLET TBMP: 

XHA = 10035.1 XHR = 353.25 
GA = 3515.0 GR = 143493.8 

= 
::OT = 

il.27 HRV = 59.08 HTP = 511.65 
27203.. 5 QLAT = 7730555.0 

PD = -5.35 

PRESSURE DROP THRU EVAPORATOR IS LARGE ENOUGH 
TO DEPRESS SATURATION TEHP. CALCULATION WILL BE REPEATED 
FOR TSA = 25.87 

BEGINNING OF CALCULATION LR SUBROUTINE EVAP: 

TADHI = 19.27 
NC NOISTURE RENOVAL OCCURS 

TAGTP = 36.40 

FRACTION OF COIL USED FOR SINGLE-PHASE VAPOR FLOW IS 
F = 0.3567 

RESULTS FROH SUBROUTINE EVAP: 

FTP = 0.643 P = 0.357 
XUATP = 1613.79 XNASP = 894.98 

EXPR = 0.978 
QTP = 6427.51 QSP = 392.11 
TDB3 = 36.40 TAOSP = 51.17 TWB3 = 0.00 

TAI = 52.99 
THBI = 40.81 
TSA = 25.87 
TRO = 52.41 
SUPER = 26.54 

NOTE THAT THESE HEAT AND f4ASS PLOWS ARE FOR QNE SECTION ONLY 



EVAPORATOR PERFORMANCE PO!3 THIS AIR INLET TEHP: 

XBA = 10035.1 XUR = 353.25 
GA = 3515.0 GR = 143493.8 
HA = 11.27 HRY = 58.82 liTP = 522.59 
2TOl' = 27278.5 QLAT = ?730555.0 
PD = -5.45 

COP = 2.08 

CONTROL CARDS AN0 ARRANGEMENT OF DECK 
FOR RUN ON IW 360/91 COHPUTER 

//ROE13 JOB IS41SS),‘R.O.ELLISON 9104-?’ 
/*ROUTE PRlhT .sEMCtE4 
//‘KLASS CPU91=10S~RCN=270 
;; EXEC FURT~CLC,~A~N.FORT=‘XREF’,~AX~.~O~’O~~~~l’~ 

REGlON.EC=?GOK 
//FURT.SYSIN UD l 

FORTKArl SBL’RCE OECKS 
/* 
//ZO.FTO5FOOt CD * 

INPUT DATA CARDS 
/* 
/I 

‘r I I * 
L . 

._ -- ” . ..,,. r . -- 
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Appendix C 

COMPUTER PROGRAM LISTING 
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Appendix C 

C 
C 
C 
C 
C 
c 
C 
C 
C 

c 

C 

C 

C 

C 

C 

w 

C 

: 
3 

: 

1 

32 

1 
2 
3 

20 

30 

40 

50 

COtlUON/PLOl?BA/ DLLOC,XLEQLO,DLLIC,XLEQLI,DSL,XLEQSL,DDL,XLEQDL, 
DOC,DZOC,CIC,DZIC,DTROC,NCORH,NSECTO,NSECTI,TSATEI,DTE,NE, 
TSATCI,DTC,NC,SQPER,NCAP,CAPPLO,IREPC, 
DISPL,ETAYOL,ETAMOT,l?TAISN,QCAN,QHILO 

COHHON/CONDEN/ NRUNC,DEAC,DERC,DELTAC,FPC,XKFC,AAPC,NTC,NSECTc, 
HCONTC,SIC,WTC.SIGAC,ATBOC,PC,PTBOC,ARPTC,ARHTC,ALFARC,ALPAAC, 

gLFC,PARC,CARC,DXURIC,NXnRC,QAC,TAIIC,DTAC,NTEHPC,QC - 

COMnON/EYAPOR/ NRUNE,DPAE,OERE,DELTAE,FPE,XKFE,AAFE,NTE, 
NSECTE,HCONTE,S'fE,WTE,SIGAE,RTBOE,PE,PTBOE,PE,PTBOE, ARFTE,ARHTE,AIPARS, 

RLFAAE,XLFE,FARE,CARE,DXMRE,NXHRE,QAE,TAIIE, 
DTAE,NT%UPE,INDICE,TWBIIE,DTWBIE,NTWBE,RHIE,TROE 

CO~MON/COflFR/NCYL,VR.VD,SYNC,RPM,RFPIS,DPDI,DPS,DP~RAC, 
SDELAY,P~C,PHT,PHTD,EAD,EAS,X~R,POW,TXC,HIC,HlOE,PIC, 
P10E,T10E,POWEAX,PWRNL,EQAREA,DDELAY,XOIL,EPFNE,DDISL,ELDISL, 
XMRT,DPDI 

COMMON/FPASS/XHRIC,TSAC,TRI~,TSATC,TSATE 
COMtlON/CPASS/ XHRIE,TSAE,H4E,HBO,TRO 

CALL OATAIN 

PRINT 20 
FORfiAT(//////////'OEND OP DATAIN---CALLING PLOBAL',/'l') 

XHRT = XHBTI 
NITR = 0 
CALL FLOBAL 
NITR = NITR + 1 

PRINT 40 
PORMAT(///////////'OEND OF PLOBAL---CALLING COND’,/,‘l’) 

Xt!RIC=XflR 
TSAC=TSATC 
TRIC=TIC - DELTDL 

PRINT 50, XHRIC, TSAC, TRIC 
PORHAT('ODATA SENT TO COND:',/,'OXflRI = ‘,P10.5,/,’ TSA = ‘. 

lP10.5,/,' TRI = ',P10.5) 
CALL COND 

COMPUTER PROGRAM LISTING 

PRELIRINARY VER$ION OF ORAL HEAT PUHP SIRULATOR 

SEE SIJBRODTINE DATAIN POR EXPLANATION OF INPUT PARAUETERS. 

THE PROGRAU HAS NOT BEEN TESTED PO,R COOLING UODE CALCULATIONS. 

COHRON/UPASS/ TLIHIT,DELTDL,XURTI,PANPC,PANPE 

TEST=TSATC-DTROC 
TCl'I=TEST-TN0 

60 
PRINT 60, TSATC.DTROC,TEST,TRO,TNT,TLIRIT 
POE~AT('lfEST FOR CONVERGENCE ON DTBOC',/,'OTSTAC = ',E12.5,/, 
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1'ODTROC = ',XlZ.S,/,'OTEST = ‘,E12.5,’ = TSATC - DTROC'/, 
2'0TRO = '.E12.5,' FROM SR COND'/,'OIF (TEST-TRO), ',E12.5,' 
3 .LE. TLIHIT, ',E12.5,' GO ON. OTHERWISE, GO BACK TO PLOBAL') 

IP(ABS(TEST-TRO).LE.TIZ~IT)GO TO 80 
C 

DTROC = (DTROC+TSATC-TRO)/2. 
PRINT 70,CTROC 

70 FORMAT(///gO****+*+******+*************************** TEST FAILED 
1 *****+f*******************+******+*************~*******~,/,*OSET DT'()C 
2= a ,E12.5,’ AND GO BACK TO FLOBAL'./,'l') 

C 

75 

80 
c 

C 

90 
1 

95 
C 

96 
2 

97 

98 

99 

110 

IF(NITR.LT.6) GO TO 30 
PRINT 75, NITR 
POFiHAT(///' FAILED TO CONVERGE ON TRO AFTER',I3,' ATTEHPTS') 
STOP 75 
CONTINUE 

XMRIE=XRR 
TSAE=TSATE 
H4E=HRO 

PRINT 90, XtlRIE, TSAE, H4E 
PORflAT(/////'ODA'IA SENT TO EVAPR:',/,'OXMRI = ‘,F10.5,/, 

' TSA = ',F10.5,/,' H4 = ',F10.5) 
NITR = 0 
CALL EVAPR 

TEST = TSATE + SUPER 
IF (ABS(TEST-TROE).LE. 1.5) GO TO 97 
NITR = NIT% + 1 
DELTA1 = (TEST - TROE) / 2. 
TAIIE = TAIIE + CELTAX 
IF(NITR.LT.6) GO TO 95 
PRINT 96, NITR 
FORMAT(///'OFAILED TO CONVERGR ON EVAPR TRO AFTER', 13, 

' ATTEHPTS') 
STOP 96 
fF(NCORH.EQ.l) GO TO 9B 
EINDF = FANPC 
EOUTF = FANPE 
GO TO 99 
EINDF = FANPE 
EOUTF = PANPC 
COP = 
PRINT 1':: COP 

+ EIRDP)/(3412.*POU + EIIDF + EOUTF) 

FOEffAT(,,;lOX,'COP = ', P10.2) 
STOP 
END 
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SUBROUTINB DATAIN 
C 
C 
C 
C 
c: 
c 

c 

C 

c 

c 

C 

PURPOSE 
TO READ AND ECHO ALL INPUT FOR THE PROGRAH 

PRELIEINAFY VERSION 

CO?lBON/HPASS/ TLIMIT,DBLTDL,XClRTI,FANPC,FANPB 

COKHON/FLOURA/ DLLOC,XLEQLO,DLLIC,XLEQLI,DSL,XLEQSL,DDL,XLBQDL, 
1 COC.DZOC,DIC,DZIC,DTROC.NCORH,NSECTO,NSECTI,TSATEI,-DTE,NE~~ 
1 TSATCI,DTC,NC,SUPER,NCAP,CAPFLO,IREFC, 
1 DISPL,ETAVOL,ETAKOT,ETAISN,QCAN,QHILO 

1 
COMMON/CONDEN/ NRIJNC,DEAC,DERC,DBLTAC,FPC,XKFC,AAPC,NTC, NSECTC, 

ACONTC,STC,WTC,SIGAC.aTBOC,PC,PC, PTHOC;~ARFTC,ARHTC, ALPAR-C,ALFAAC, 
1 XLFC,FARC,CARC,DXMRIC,NXLIRC,QAC,TAIIC.D'TAC,NTEPIP~,Qi: 

1 
COHMON/EVAPOR/ NRUNB,DEAE,DERE,DELTAE,FPE, XKFE,AAFE,NTB,NSECTE, 

HCONTE,STE,PTE,SIGAE,ATBOE;PE,PTBGE;ARFTE, ARHTE,ALF'ARE,ALFAAB, 
1 XLFE,FARB,CARE,DXNRIE,NXHRE,QAE,TAIIE,DTAE,NTENPE.INDICE, 
1 TiiBIIE,DTWEIE,NTWEE,RHXE,~TRG-E-- ., 

COH~ON/CO~PR/NCYL,VR,VD,SYNC.RP8,EFFIS,DPDI,DPS,DPFRAC, SDELAY, 
1 Pt!C,PHT,PHTD,EAD,BAS,XC!R,POW,TIC,HIC,HlOE,PIC, PlOB,Tl6E;FOdMAX, 
1 PWRHL,EQAREA,DDELAY,XOIL,EFFME,DDISL,ELDISL,XHRT,DPDL 

c44****************************************4**4*****4****444**** 

C 
c INPUT FOR l’lAIl 
C 
c4***4****+4******44*4***********4***4-*4*4******4’***4****4*4**44**** 

READ 100, TLIBYT, DELTDL; XERTI, F-liNPC; Ph'tii'd - ,' 
100 FORBAT(5F10.0) 

IO 
PRINT 10, TLIPIIT. DELTDL, XURTI, FANPC, PANPE 
FORHAT('1 TLIMIT--POP CONVERGENCE TBST-- 

2 '0 DELTDL--DELTA T IN DISC LINE-- 
=',F10.5/ 

3' 
'0 XMRTI 

=',F10.5/ 

8 
--TRIAL VALUE FOR REFRIG. MASS FLOW-- =',PlO.S/ 
(USED TO CALC DELTA P IN DISCH LINE)'/ 

'0 FANPC --CONDENSER FAN POWER -- 
'0 FANPE --EVAPORATOR FAN POWER 

=',FlO.S/ 
es 

C 
=',P10.5) 

~****4****4**44***4*****4****4******4***44*********~~~*~*~*~~**~ 

C 
C FLOBAL INFUT SECTION 
C 
c********4*44***4*******+*************4******4***4*********4**4* 

C 
C EXPLICIT INEUT PARAMETERS 
C DLLOC- DIAMETER OF LIQUID LINE COMING FROM 
C CUTDOOR COIL (FT) 
C XLEQLO- EQUIVALENT LENGTH OF LIQUID LINE COHING 
C 
C DLLIC- 

PRON OUTDGOR COIL (L/D - DINBNSIONLESS) 
DIAMETER OF LIQUID LINE COHXNG-FROH'INDOOR 

C 
C XLEQLI- 

COIL, (FT) 

C 
EQUIVALENT LENGTH OF LIQUID LINE COUING 

E 
DSL - 

FROM INDOOR COIL (L/D - DIMENSIONLESS) 
DIABETEE OFSUCTICN'LIKB"-(VARGRj 

XLEQSL- EQUIVALENTsLENGTH OF SUCTION LINE 
(FT) 

C (L/D - DIHENSIONLESS) 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DDL - 
XLEQDL- 

DOC - 
DZOC - 

DIC - 
DZIC - 

DTROC- 

NCORH- 
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CIAHETBE OF DISCHARGE LINE (VAPOR) (FT) 
EQUIVALENT LENGTH OF DISCHARGE LINE 
(i/D - DXMENSIONLESS) 
INSIDE EIAMETER OF TUBES IN OUTDOOR COIL IFT) 
REFRIGERANT FLOW LENGTH IN EACH PARALLEL _ ' 
FLOW EAANCH IN THE OUTDOOR COIL fFTI 
INSIDE DIAMBTER OF TUBES IN INDOdR COIL (FT) 
REFRIGERANT FLOW LENGTH IN EACH PARALLEL 
FLOW BRANCH IN THE INDOOR CQIL (FT) 
GUESS FOR AHOUNT OF SUBCOOLING OF REFRIGERANT 
LEAVING CONDENSER (F) 
INDICATCR FOR COOLING OR HEATING MODE 
IF 'NCORH' = 1 - COOLING MODE 
IF 'NCORH' = 2 - HEATING MODE 

C 

C 

SUPER- 

NSECTO - 

C 
C 

C NSECTI - 

RPM- 
C 

C 

DISPL- 
C 

TSATE- 
C 

ETAVOL- 
C 

TSATCI - 

ETAMOT- 
C ETAISN- 
C QCAN- 
C QHILO- 
C 
C IRBFC- 
C 
C 
C NCAP- 
C CAPPLO- 
C 
C 
C 
C--.BEGIN INPUT 
C 

SUPERHEiiT OF VAPOR LEAVING EVAPORATOR AND 
ENTERING THE COMPRESSOR (F) 
HOTOR SPEED, REV. PER HIN, 

NUHRER OF PARALLEL FLOW SECTIONS IN OUTDOOR COIL 

COMPRESSOR DISPLACEHENT (SUM FOR ALL CYLINDERS) KU IN) 
VOLUMETRIC EFFICIENCY OF COHPRESSOR (FRACTION.i.T,l) 

NUMBER OF PARALLET FLOW SECTIONS IN INDOOR COIL 

. 
COMPRESSOR MOTOR EFFICIENCY 
ISENTROPIC EFFICIENCY OF COMPRESSOR 
HEAT RE-JBCTION RATE FROR COHPRESSOR CAN (BTU/HR) 
HEAT TRaNSE'ER RATE FRCR COMPRESSOR DISCHARGE LINE 
TO INLET GAS (BTU/HR) 

SATURATION TEMP.AT EXIT OF EVAPORATOR (F) 

INDXCATCR FOR TYPE OF REFRIGERANT FLOW CONTROL DEVICE 

SATURATION TEMP. AT ENTRANCE TO COND. INITIAL GUESS. 

=I FOR THERNAL EXPANSION VALVE 
=2 FOR CAPILLARY TUBE(S) 
NUHBER OF CAP TUBES (OMIT IF IRBFC = 1) 
FLOW FhCTOR FOR CAP TUBE. SEE ASHRAE GUIDE AND DATA 
ROOK, EQUIPMENT VOL. (1972), FIG 40., PG. 227. (OHIT 
IF IREFC = 1) 

READ 10000, DLLOC,XLEQLO,DLLIC,XLEQLI,DSL,XLEQSL,DDL, XLBQDL 
READ 10100. DOC.DZCC,DIC.DZIC 
READ 10200. DTRGC,NCURH,NSECTO,NSECTI 
READ 10300, TSATEI,TSATCX,SUPER 
READ 10450, RPN,DISPL,ETAVOL,ETABOT.BTAISN,QCAN,QHYL0 
READ 10500, IBEFC,NCAP,CAPFLO 

C 
C--ECHO INPUT 
C 

PRINT 10600, DOC,DZOC,DIC,DZIC 
PRINT 107GO. DLLOC,XLEQLO,DLLIC,XLEQLI 
PRINT 10800, DSL,XIEQSL,DDL.XLEQDL 
PRINT 11000, IREFC,NCAP.CAPFLO 
PRINT 11050, RPM,DISPL,ES!AV0L,ETANOT,ETAISN,QCAN,QHILO 
PRINT 11100. TSATEI 
PRINT 11200, TSATCI 
PRINT 11300, NSECTO,NSECTI 
PRINT 11400, SUPER,DTROC 

C 
c***4*******4***4*************44*4**4****4*44******4******4*44 

C44444444444444*44444444 END OF FLOBAL SECTION 444444~44444444444 

~**44*4***4***4*4*******4***************4~**********44**4**** 
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C 
c************************************************************* 
C 
C CONDENSER INPUT SECTION 

~*******t+*******l+*****+***********************************~** 
c 
c 
c 
C 
I” 
c 
C 
C 
c 
C 
C 
c 
C 
C 
c 
4’ I 
(’ d 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
c: 
C 
C 
C 
C 
C 

C 

INPUT DATA PROH CARD READER (DESCRIBED FULLY BELOW) 
DEAC,DERC,DELTAC,FPC,XKFC,AAFC,NTC,NSECTC, 
HCONTC,STC,WTC, 
QAC,TAIIC,DTAC,NTEflPC 

INPUT AEAT EXCHANGER CBARACTERISTI'CS 

DEAC - 
DERC - 
DELTAC - 
FPC - 
XKFC - 
AAFC - 
NTC - 
NSECTC - 
HCONTC - 

OUTSIDE DIAHETBR OF TUBES (FT) 
INSIDE DIAMETER.OF TUBES (PT) 
FIN THICKNESS (FT) 
FIN PITCH (FINS/FT) 

STC - 
WTC - 

THERRAL.CONDUCTIVITY OF FINS (BTU/RR-PT-P) 
HEAT EXCHANGER FRONTAL AREA (SQ FT) 
NORBER OF TUBES IN DIRECTION OF AIR PLOW 
NUMBER OF PARALLEL CIRCUITS IN HEAT EXCHANGER 
CONTACT RESISTANCE BETWEEN PINS AND.T'UBeES -' 

(BTU/HR-SQ FT-P) 
VERTICAL SPACING OF TUBE PASSES (FT) 
SPACING OF TUBE ROWS IN DIR-OF AIR FLOW (FT) 

CALCULATED HEAT EXCHANGER QUANTITIES 

SIGAC - 
ATBOC - 

SIGMA AIR (AIR FLOW AREA/FRONTAL AREA) 

PC 
CROSS-SECTIONAL AREA OCCUPIED 'BY- TUBE (SQ FT)- 

- INSIDE PERIHETER OF TUBES (PT) 
PTBOC - OUTTER PERINETER OF TUBE (PT) 
ARFTC - 
ARRTC - 

CROSS-SECTIONAL FLOW AREA INSIDE TUBES (SQ FT) 

ALFARC - 
TOTAL REPG.SIDE HEAT TRANS. AREA/NSECT (SQ FT) 
ALFHA REFRIGERANT (REFRIGERART‘SIDE~UEAT 

ALFAAC - 
TRANS.AREA/TOTAL VOLURE OF HEAT- EXCHANGER-l/PT) 

ALPRA AIR (AIR SIDE HEAT TRAISFER AREA/TOTAL 

XLFC 
VOLUME OF HEAT EXCHANGER -l/FT) 

- LENGTH OF PINS (FT) 
PARC - RATIO - FIN HEAT TRANS.AREA/TOTAL H.T. AREA 
CARC - RATIO - FIN HEAT TRANS.AREA/CONTACT AREA' 

TO ACCOUNT FOR CONTACT RES1STANCE'BETFI‘EE.N ); 
FIRS AND- TUBES 

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

SIGAC = 
ATBOC = 

(STC-DEAC)*(l.O-DELTAC*FPC)/STC 
3.14*DEAC**2/4.0 

PC = 3,14*DERC 
PTBOC = 3.14*DEAC 
ARFTC = 3.14*DERC**2/4.0 
ARHTC = 
ALFARC = 

FLOAT(NTC)*3.14*DERC*AAFC/(STC*FLOAT(KSECTC)) 
3.14*DERC/(STC*WTCj- 

ALFAAC=(2.O*(STC*W!TC-ATEOC)*FPC +(l.O-DELTAC*FPC)*PTBOC)/(STC*WTC) 
XLFC = STC/2.0 
FA~C=2.O~PPC*(STC*WTC-ATBOC)/(2.O*FPC*(STC*WTC-ATBOC)+PTBOC* (l.O- 

1 PPC*DELTAC)) 
CbRC =2.0*(STC*WTC-3.14*DEAC**2/4.0)/(3.14*DEAC*DELTAC) 
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C 
C END OP REAT EXCHANGER CHARACTERISTICS- 
C 
C INITIAL VALUES FOR AIR AND REFRIGERANT FLOW CONDITIONS 
C 
c QAC - AIR PLOW RATE (CU FT/RIN) 
C TAIIC - AIR TEXFERATURE ENTERING CONDENSER (F) 
C 

READ 12400, QAC,TAIIC 
C 
C--ECHO INPUT 
c 

PRINT 12500, DEAC,CERC,DELTAC,FPC,XKFC,AAFC,NTC,NSECTC 
PRINT 12600, HCONTC,STC,WTC 
PRINT 12800, QAC,TAIIC 
PRINT 12900, SIGAC.PC,PTBOC,ARFTC,ARRTC,ALFARC,ALFAAC,XLFC,FARC , 

1 CARC 
C 
c**********************$********************************* 
(:**+*$**a***+*+*****+* END OF CONDENSER SECTION **************4**+*** 
~:***************************************************~****************** 
C 
c***********************************i**$************************** 
C 
C EVAFORATO6 INPUT SECTION 
(' 
(~*********++*********+***~****************************************** 
(‘ 
( f INPUT DATA FROM CARD READER (DESCRIBED FULLY BELOW) 
C DEAE,DERE,DELTAE,FPE,XKFE,AAFE,NTE,NSECTE, 
C HCONTE,STE,WTE, 
c QAE,TAIIE,INDICE,TWBIIE,RHIE 
(' * 
1: INPUT HEAT EXCUANGER CHARACTERISTXCS 
1’ . 
C DEAE - 
I- - DERE - 
(" I DELTAE - 
r - PPE - . 
r 

XKFE - 
AAFE - 

c NTE - 
C NSECTE - 
C HCONTE - 
C 
C STE - 
C WTE - 
C 

OUTSIDE DIAHETER OF TUBBS (FT) 
INSIDE CIARETER OP TUBES (FT) 
PIN THICKNESS (FT) 
FIN PITCB (PINS/FT) 
THERHAL CONDUCTIVITY OF FINS (BTU/AR-FT-P) 
HEAT EXCHANGER FRONTAL AREA (SQ FT) 
NUUBER OF TUBES IN DIRECTION OF AXR FLOW 
NUMBER OF PARALLEL CIRCUITS IN HEAT EXCHANGER 
CONTACT RESISTANCE BETWEEN FINS AND TUBES 

(BTU/HR-SQ FT-F) 
VERTICAL SPACING OF TUBB PASSES (FT) 
SPACING OF TUBE ROWS IN DIR.OF AIR FLOW (PT) 

C-CALCULATED QUANTITIES 
C 
C SIGAE - STGl¶A AIR (AIR FLOW ARCA/FRONTAL AREA) 
c ATBOE - CSOSS-SECTIONAL AREA OCCUPIED BY TUBE (SQ PT) 
C PE - INSIDE PERIRETER OF TUBES (FT) 
C PTBOE - OUTTER PERIHETER OF TUBE (FT) 
C ARFTE - CROSS-SECTIONAL FLOW AREA XNSIDE TUBES (SQ FT) 
C ARHTE - TOTAL RBPG.SIDE HEAT TRANS. AREA/NSECT (SQ FT) 
C ALFARE - AIEHA REFHPGERANT (REFRIGERANT SIDE BEAT 
C TRANS.AREA/TOTAL VOLUME OF HEAT EXCHANGER-l/FT) 
c ALPAAB - ALPHA AIR (AIR SIDE HEAT TRANSFER AREA/TOTAL 
C VOLUME OF HEAT EXCHANGER -l/FT) 
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C 
” C 

C 
C 
C 

r C 

c 

C 
C 
C 
C 

c 

C 
C 
C 
c 
C 
C 
C 
C 
C 

C 

XLFE - LENGTH OF FINS (PT) 
FARE - RATIO - FIN BEAT TRARS,AREA/TOTAL if-T. AREA 
CARE - RATIO - FIN HEAT TRANS,AREA/CONTACT AREA 

TO ACCOUNT FOR CONTACT RESISTANCE BETWEEN 
FINS AND TUBES 

READ 13100, DEAE,DERE,DELTAE,FPE,XKFE,AAPE,NTE,NSECTE 
READ 13200, HCONTE, STE,UTE 

SIGAB = (STE-DEAE)*(l.O-DELTAE*FPE)/STE 
ATBOE = 3.14*DEAE**2/4.0 
PE = 3.14*DERE 
PTBOE = 3.14*DEAE 
ARPTE = 3.14*DERE*+2/4.0 
ABHTE = FLOAT(NTE)*3.14*DERE*AAFE/(STE*FLOAT(NSECTE)) 
ALPABE = 3.14*DERE/(STE*WTE) 
ALFAAE=(2.0*(STE*WTE-ATBOE)*FPE +( l.O-DELTAE*FPE) *PTBOE)/(STE*WTE) 
XLFE = STE/Z.O 
FARE=2.0*FPE*(STE*UTE-ATBOE)/(2.O*FPE*(STE*WTE-ATBOE)~PTBOE* (l-O- 

1 FPE*DELTAE)) 
CARE=2.0*(STE*WTE-3.14*DEAE**2/4.0)/(3.14~DEAE*DELTAE) 

END OF HEAT EXCRANGER CHARACTERISTICS 

INITIAL'VALUES FOB AIR AND REFRIGERANT FLOW CONDITIONS 

C!AE - AIR FLOW RATE (CO PT/NIN) 
TAIIE - AIR DRY BULB TEUP. ENTERING EVAPORATOR (P) 
INDICE - INPUT INfICATOR 
IP 'INDICE' EQUALS 1, INPUTS ARE TDB, AND TWB 
I?? 'INDICE' EQUALS 2, INPUTS ARE TDB, AND RH 
TWBIIE - AIR WET EULB TEMP. ENTERING EVAP. (P) 
RHIE - RELATIVE HUMIDITY OF AIR ENTERING EVAPORATOR 

READ 13400, QAE,TAIIE,INDICE,TWBIIE,RHIE 

C--EXHO INEUT 
C 

PRINT 13500, DEAE,CBRE,DELTAE,PPB,XKFE,AAPE,NTE,NSECTE 
PRINT 13600, HCONTE.STE.WTE 
PRINT 13800,QAE,TAIIE,INDICE,TWBIIB,RHIE 
PRINT 13900, SIGAE,PE,PTBPE,ARFTE,ARHTE,ALPAREc~PAAE,XLPB,P~RE , 

1 CARE 
C 
C****************$********************************************* 
C+********************** ENI) OF EVAPORATOR SECTION ****************** 
c*+********************+*****$************************************* 
C 

REZURN 
C 
c******************************************~********************* 
C****~******************BEGINNING OF PORnATS*******~********** 
c***********************$**************~************************* 
C 
10000 PORNAT(4P15.5) 
10100 FORNAT(4P15,5) 
10200 FORMAT(PlO.4,3110) 
10300 FORNAT(3F10.2) 
10400 POR~AT(P10.4,Il0,PlO.4) 

. 13450 PORNAT(7F10.2) 
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10500 FOR?lAT(I5,5X,I5,5X,Fl0.0) 
10600 FORHAT(lHl,*PLOBAL INPUT ECHO:'///SX,'DOC =-(, FlO.5,lOX. 

1 'DZOC =',F10.5,lOX,'DXC =',Fl0.5 ,lOX,'DZIC =',t)lO.S) 
10700 PORMAT(5X,'DDLOC =',Pl0.5,lOX,'XLEQLO =',Pl0.5,10X ,'DDLIC =*, 

1 Pl0,5,10X,'XLEQLI =',PlO.5) 
10800 FORClAT(5X,'DSL =',FlO.5,1OX,'XLEQSL =',Pl0,5,10X ,'DDL Z-'), 

1 PlO.S,lOR,'XLEQDL =',F10.5) 
10900 PORIlAT(5X,‘TSATBP =',Pl0.5,l0X,'ICONTR =',14,16X,'CUTOFP =',P10.4) 
11000 PORNAT(5X,'IREPC =',14,16X,'NCAP =',14,16X,'CAPFLO =',PlO.S) 
11050 FORHAT(5X,'RPH =',F10.5,5X,'DISPL -',PlO.S/ 

2 SX,'ETAVOL =',F10.5,5X,'ETAEOT =',Pl0.5,5X,'ETAISN =',PlO.S/ 
3 SX,'CCAN =',F10.2.5X,'QHILO =',PlO.2) 

11100 PORMAT(5X,'TSATEI =',PlO.S) 
11200 PORHAT(5X,'ISATCL =‘,P10.5) 
11300 FORHAT(SX,'NSECTO =',IlO,lOX,'NSECTI =',I10) 
11400 FORNAT(5X,'SQPER =',FlO.S,lOX,'DTROC =',FlO.S/// 

3 'OBND OF FLOBAL INPUT‘) 
11500 
11600 
12000 
12100 
12200 
12400 
12500 

FORNATf2P10.5,It0) . 
PORr'iAT(I10) 
PORMAT(I10) 
FORBAT(6P12..6/2110) 
PORHAT(3P15,5) 
PORMATi2P10.4j 
P0RHAT(1H1,4X,'C0NDBNSER INPUT ECHO:'//lOX,'DEA =',F9,5,8X, 

>’ DER =I 
1 F9.5,8X,:DELTA =',B10.3,7X,'PP =',P8,2,9X,'XKF =fi,P7*2/ 10x. 
1 'AAP =',F8,3,9X,'NT =',14,13X,'NSECT =*,14) 

12600 PORMAT( 10X, 'HCONT =',F9.1,8X,'ST =',F8.4,9X, 'WT =',F8.4) 
12800 FOREAT(lOX,lQA =',P9.1,0X,'TAIX =',P8.2) 
12900 PORblAT(////,4X.'CAKCULATED EXCHANGER CHARACTERISTICS :'// 10X, 

1 'SIGA =',F7.3,lOX,'P =',P9.5,8X,'PTDO =',F9.5/ 10X, 
1 'ARFT =', ElO.3,7X,'ARHT =',F8.3,9X,'ALPAR ='.F8,3,9X, 
1 'ALFAA =',P8.3/lOX,'XLF =*,F8.4,9X,'FAR =',P8.4,9X,'CAR =I, 
1 P8.4,////,'OEND CF CONDENSER INPUT') 

13000 FORMAT(IlO) 
13100 PORHAT(6P12,6/2Il0) 
13200 PORMAT(3F15.5) 
13400 FORNAT(2P10.4,I4,2PlO.4) 
13500 FORMAT(lH1,4X,'EVAEORATOR INPUT ECHO:'// lOX,'DEA =',P9.5,8X, 

>'DER =I 
1 F9.5,8X,'iELTA ='.E10.3,7X,'FP =',P7.2,lOX,'XKF =',F7.2/ 
1 lOX,'AAi =',P8.j,9X,'iT =',14,13X, 'NSECT =',14) 

13600 PORKAT(lOX,'RCONT =',P9.2,8X,'ST =',F8.4,9X,'RT =',F8.4) 
13800 PORHAT(lOX,'QA =',F9.1,8X,'TAXI ="F8.2, 

1 13X,'XNDIC =',I4,l3X/lOX,'TWBII ='.F8.2, 
1 13X,'RHI =',P7,3/) 

13900 PORMAT(lfi0,4X,'CALCULATED EXCHANGER CHARACTERISTICS:'// 10X. 
1 'SIGA =',P7.3,1OX,'P =',P9.5,8X,'PTBO =',P9.5/ IOX, 
1 'ARPT =',El0.4,7X,'ARHT =',P8.3,9X,'ALFAR =‘,P8.3,9x, 
1 'ALFAA =',F8.3/10X,'xLP =',F8,4,9X,'FAR =',F8.4,9X,'CAR =‘ 
1 ,P8.v4) 

BND 
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SUBROUTINE PLOBAL 
c 
C SYSTEH FLCW BALAWCE SUBROUTINE 
C 
C PURPOSE 
c TO DETERHINE THE CONDENSER AND EVAPORATOR CONDITIONS 
C WHICH, WITH GIVYN TBERHAL EXPANSION VALVE EERAVIOR 
C AND A GIVEN COBPRESSOR (EITHER CONVENTIONAL OR 
C CAPACITY CONTROLLED), PILL PRODUCE A l¶ASS FLOW 
C BALANCE IN THE SYSTEM 
C 
c*** ORNL VERSION, *** 
c*** MODIFIED PROB INDEPENDENT CALLING PROGRAM *** 
c*** VRITTEN BY C. Cw HILLER AND L. R. GLICICSHAN, *** 
c*** REEORT NO. 24525-96, *** 
c*** HEAT TRANSFER LABORATORY, *** 
c*** BASSACHUSETTS INSTITUTE OF TECBNOLOGY. *** 
C 
C INPUT DATA CONSTANTS 
C SLPEMV & XINRV - COEFFICIENTS FOR DETERMINING 
C VISCOSITY OF REFRIGERANT VAPOR 
C x11-XH4 - COEFFICIENTS POR DETERBINING 
C VISCOSITY OF REFRIGERANT LIQUID 
C Cl-C3 - COEFFICIENTS FOR DETERtYINING TRE 
C THERUAL EXPANSION VALVE BEHAVIOR 
C 
C NOTE: TRE INPUT DATA CONSTANTS ARE FOR REFRIGERANT 22 ONLY 
C 
C 
C 
C 
C 
C 

t C 
C 
C 
C 

. C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

OUTPUT PARAUETERS 
TSATE AN1: TSATC FOR A REFRIGERANT FLOU BALANCE (P) 
XWR - REF'RIGERANT BASS FLOW RATE AT BALANCE 

CONDITIONS (LB!l/AR) 
POW - TOTAL CCBPRESSOR INPUT POWER AT FLOW 

BALANCE CONDITIONS (KU) 
TIC - TEMPERATURE OF REFRIGERANT ENTERING COND.(P) 

REMARKS 
THIS SUBROUTINE CALLS SUBROUTINE 'SATPRP' TO DETERHYNE 
SATURATICN PROPERTIES OF REFRIGERANTS 
THIS PROGRAH CALLS SUBROUTINE 'COUP TO DETERHYNE 
CCHPRESSOR PERFCRHANCE 
THIS PROGRAH CALLS SUBROUTINE 'DPLINE' TO DETERMINE 
PBESSQRE DROPS IN SINGLE PHASE REGIONS OF 
CONNECTING PIPING 
THIS PROGRAB CALLS SUBROUTINE 'PDROP' TO DETERdINE 
PRESSURE DROPS IN TWO-PHASE FLOP IN TRE REAT EXCA. 
THIS PROGRAM USES FUNCTION SUBPROGRAB 'TSAT' TO 
DETERnINE SATURATION TERPERATURES CORRESPONDING TO 
GIVEN PRESSURES 

C 

C 

COBUON/PLOWBA/ DLLCC,XLEQLO,DLLIC,XLEQLI,DSL,XLRQSL,DDL,XLEQDL, 
1 DOC,DZOC,DIC.DZYC,DTROC,NCORR,NSECTO,NSECTI,TSATEI,DTE,NE, 
1 TSA'ICI,DTC,NC,SUPER,NCAP,CAPFLO,IREFC, 
1 DISPL,ETAVOL,ETAMOT,ETAISN,QCAN,QBILO 

COBl!lON/PPASS/XtlRIC,TSAC,TRIC,TSATC,TSATE ' 

CO~nON/CO~PR/NCYL.VR,VD,SYNC,RPB,EFFIS,DPDI.DPS,DP~RAC, SDELAY, 
1 PHC,PHT,PHTC,RAD,EAS,XRR,POW,TIC,HIC,HlOE,PIC, PlOE,TlOE,POP~AX, 
1 PUANL.EGAREA,3DELAP,XOIL,EFP~E,DDISL,ELDISL,XnBT,DPDL 
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C 
DATA SLPEMV,XINISV/~0000759,.0272/ 
DATA XRl,XB2,XU3,XC4/-5.62SE-O8,l.S25E-O5,-2.982E-O3, .646/ 
DATA Cl,C2,C3/2.128E-03,.2491,9.455/ 
DDXSL = DDL 
ELDISL = XLEQDL 
NR = 22 

C 
C--------LOOP FOR ITERATING ON CONDENSER TEIPERATURE------- 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

ITERATE TO FIND THE CONDENSER TEBPERATURE WRICH 
GIVES A SYSTEH FLOP BALANCE FOR TEE GIVEN TSATE, 
THERMAL EXPANSION VALVE BEHAVIOR, AND CONPRESSOR BEHAVIOR 

TSATC = TSATCI 
TSATE = YSATEI 
DT = 2.0 
TSATC = TSATC - DT 
DO 80 I = 1,20 

TSATC = TSATC + DT 
PRINT 11300 
IF(IREFC,EQ,l) PRINT 11400, TSATE,TSATC,DPSYS;DPACT 
IF (IREPC.EQ.2) PAZNT 11450, TSATE,TSATC,XBR,CXIR 
IF(IREFC.LT.1 .OR. IRRFC.GT.2) CALL ERROR 

CALCULATE THE GUESSED TENP. 'TROC' FOR EXIT TEMP. OF 
REFRIGERANT PROH CONDENSER (THIS RUST BE CHECKED 
BANUALLY YIYH THE CUTPUT OF THE CONDENSER PERFORIANCB 
PROGRAH) 

TROC = TSATC - DTROC 

DETERHINE PROPERTIES OF LYQUID REFRIGERANT LEAVING COND, 

CALL SATPRP(NR,TROC,P,VF,VG,H3,RFG,HG,SF,SG) 
RHO3 = l.O/VP 
XHUL = XBl*TROC**3 + XU2*TROC**2 + X!!3*TROC + X(14 

CALL SUBROUTINE COflP TO DETERHINE TAE COHPRESSOR 
PERPORBANCE AND REFRIGERANT FLOW RATE 'XIR' 

CALL COMP(NB,TSATE,TSATC,SUPER,DISPL,ETAVOL,ETABOT,ETAISU, 
2 QCAN.QHIY.0) 

IF (NCORH.EQ.l) GO TO 10 
IF (NCORH.EQ.2) GO TO 20 

DEPIKE VARIABLES IF OPERATING IN TEE COOLING MODE 

10 DERC = DOC 
GRC = 4.O*XBR/(FLOAT(NSECTO)*3.14*DERC**2) 
DZTPC = DZOC 
DERE = DIC 
GRE = 4.0*XClR/(FLOAT(NSECTI)*3,14*DERE**2) 
DZTPE = DZIC 
DLL = DLLOC 
XLEQLL = XLEQLO 
NSECT = NSECTI 
GO TO 30 
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c DEFINE VARIABLES IF OPERATING IN TRE BEATING BODE 
C 

20 DERC = DIC 
GRC = 4.0*XNR/(FLOAT(NSECTI)*3.14*DERC**2) 
DZTPC = DZXC 
DERE = DOC 
GRE = 4.O*XMR/(FLOAT(NSECTO)*3,14*DERE**2) 
DZTPE = DZOC 
DLL = DLLIC 
XLEQLL = XLECLf 
NSECT = NSECTO 

30 E = 5.OE-06 
C 
C 
c 

DETERI.INE LIQUID LYRE PRESSURE DROP ‘DPLL' (PSI) 

C 
C 
C 

C 

e : 
C 

C 
6 cc 

cc 
cc 
C 
cc 

c” 
C 

C 
C 
C 

C 
C 
C 
C 

. 

CALL Dt?LINE(DLL,XLEQLL,E,XHR,RH03,XlYlJL,DPLL) 

DETERHINE SATURATICN PROPERTIES OF REFRIGERANT IN COND. 

CALL SATPBP(NR,TSATC ,P,VF,VV.HP,HFG,HG,SF,SG) 
RHOL = l.O/VF 
RHOV = l.O/VV 
XUUL = XIIl*TSRTC **3 + XN2*TSATC **2 + XH3*TSATC + XM4 
xnuv = SLPEilVrCSATC + XINRV 

DSTERIIINE PRESSURE DROP IN CONDENSER 'DELPC' (PSI) 
ASSDUING THAT THE TWO-PHASE PRESSURE DROP IS APPROX. 
TRE TOTAL CONDENSER PRESSURE DROP 

CALL FDROP(4,DERC,E,GRC,XUDV,XUUL,RHOV,RHOL,l.O,l.O, DZTPC, 
1 O-O,l.O,VV,O.O,O.O,DELPC) 

DRTERMINE THE ACTUAL VAPOR VELOCITY IN THE DISCHARGE 
RISER 'VDRACT' (FT/HR) 

VDRACT = XClR*4.O/(RHOV*3.14*DDL**2) 

DETERHINE THE PBESSURE DROP 'DPDL' (PSI) OF VAPOR 
IN TBE DISCHARGE LINE 

CALL DPLINE(DDL,XLEQDL,E.Xl!R,RHOV,XUJV,Dl'DL) 

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

CALL SATPRP(NB,TSATC,PSATC,VF,VV,AF,RFG,KG,SF,SG) 
POC = PSATC + DELFC - DPLL 
T = TSAT(NR,FOC) 
IF (T.LE.TROC) WBITE(6.10900) 

ERANCH ON IREFC 

IF(IBEFC.EQ. 1) GO TO 40 

CALCULATE l¶ASS FLOW BATE ' CXMB * OF REFRIGERANT I!? TBE CAP TUBES 
FOR PRESSURE POC AI START OF TUBES 

EXK = 0.4035 4 0.4175*EXP(-O.O4*DTROC) 
80 = 356.0 4 0.641*((ABS(DTROC-31.0)/10.)**3.56) 
CXCR = NCAP*CAPFLO*W0*(POC/l5~~.)**EXK 
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c 
PRINT 10400, DPDL,DELEC,DPLL,CXUR 
PRINT 10050, TROC,TIC,TSATC,TSATE 
PRINT 10150. HIC.HlOE.H3,WC,PIC 
PRINT 10600, XHR, POW 

SET ARGUHENTS FOR TESTING CONVERGENCE 

ARGl = CXUR 
ARG2 = XlfR 
ARG3 = 0.01 * XBB 
GO TO 50 

C 
C 
C 

CALCULATE QUANTITIES NEEDED IF TBERBAL EXPANSION VALVE IS USBD 

DETERHINE SATURATION PBOPEBTIES OF REFRIGERANT IN THE 
EVAPCRATOR 

40 CALL SATPRP(NR.TSATE,P,VF,VV.BLIQ,HFG,HG,SF,SG) 
RHOL = l-O/VP 
RHOV = l.O/VV 
XBUL = Xl'll*YSATE**3 4 XR2*TSATE**2 4 XH3*TSATE 4 X14 
xnuv = SLPENVWSATE 4 XINMV 
XI = (R3-HLI(j)/KFG 

C 
c DETERUINE DRESSURE DROP IN TBE EVAPORATOR 'DELPE' (PSI) 
C ASSUHING THAT THE TWO-PRASE PRESSURE DROP IS APPROX. 
C TEE TOTAL EVAPORATCR PRESSURE DROP 
C 

CALL FDROP(3,DERE,E,GRE,XBUV,XHUL,BHOV,RHOL,l.O,l.O, DZTPE, 
1 l.O,XI,VV,O.O,O.O,DELPE) 

C 
C DETERnINE ACTUAL VAPOB VELOCITY IN SUCTION BISER 
C 'VSBACT' (FT/HR) 
C 

VSRACT = XflR*4..O/(RHOV*3.14*DSL**2) 

c” DETERMINE PBESSDRE DROP OF VAPOR IN SUCTION LINE 'DPSL' 
C w 1) 
C 

CALL DPLINE (DSL,XLEQSL.E,Xl¶R,RHOV,XBUV,DPSL) 
CAP = XHR*(HlOE - 83) 
PIE = PlOE.- DELPE +.DPSL 
CAPPT = CAP/ELOAT(NSECT) 

C 
C DETERMINE PRESSURE DROP THROUGH DISTRIBUTOB NOZZLE 
C AND YUBES 
c 
c 

IF (TBOC.LE.100.0) CORFAC=lO.O**(-.006444*TROC+.6444) 
IF (TROC.GT. 100.0) CORFAC = lO.O**(-.007133*TBOC+.7133) 
TIE = TSAT(NR,PIE) 
IP (NCOBE-EQ. 1) CAPNOZ=10.0**(.004842*TIE+.59162)* 12000.0* 

1 CORFAC 
IF (NCORB.EQ.2) CAPNOZ=1O.O**(.00511*TIE4.944803)* 12000,0* 

1 CORPAC 
IP (NCORH.EQ. 1) CAPTUB=10,0**(.005629*TIE-.183775)* 12000.0* 

1 CORFAC - 
IF (NCORH.EQ.2) CAPTUB = lO.O**(.005291*TIE-.487330)* 

1 12000,0*CORPAC 
IF (NCOBH.EC.1) CAP = CAP*4.0/9.0 
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9 

e 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C J C 
c 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

PCAPN = CAP/CAPNOZ 
PCAPT = CAPP'I/CAP'IUB 
IF (PCAPN.LE. 1.2) DPNOZ = 25.O*PCAPN**1.8384 
IF (PCAPN.GT.l.2) DPNOZ = 29,408*PCAPN**.954735 
DPTUBX = 10.0*PCAPT**1.81217 
DPSYS = EOC - PIE 

TBERBAL EXPANSION VALVE 

DETERUINE THE FLOW AREA COEFFICIENT 'CTXV' FOR EITBER 
CONVENTIONAL OR CAPACITY CONTROLLED SPSTENS 

CTXV = Cl*TSATE**2 + CZ*TSATE + C3 

DETERMINE PRESSURE DROP TAROUGB TXV 'DPTXV'(PS1) 

IF (NCORH.EQ.2) DFTXV = (XDR/CTXV)**2/RB03 
IF (NCORH.EQ. 1) DFTXV=(XNR*4.0/(9.0*1178,1))**2*71.236* 

1 lOO.O/RHO3 

DETERBINE THE ACTUAL PRESSURE DROP 'DPACT' (PSI) 
URICR WOULD EXIST VITA THE GIVEN FLOW RATE 

DPACT = DPTXV + DPNOZ * DPTUBE 
WRITE (6,105OO) CAP,CAPPT,CORFAC,CAPNOZ,CAPTUB,PCAPN,PCAPT 

WRITE(6,10300) DBLPE,DELPC,DPTXV,DPNOZ,, 
1 DPTUEE,DPLL, DPSL,DPDL 

WRITE (6.10000) TRCC,TIE,TIC,TSATE,TSATC 
WRITE(6,lOlOO) HIC,H1OE,A3,POC,PIE,PIC 
URITE(6.10600) XMR,POW,DPSPS,DPACT 

SET ARGORENTS FOR TESTING CONVERGENCE 

ARGl = DPSYS 
ARG2 = DPACT 
ARG3 = 2.0 

DETERMINE CAPACITY ' CAPE ' OF TEE EVAPORATOR, AND 
CAPACITY ' CAFC ' OF THE CONDENSER 

50 CAPE = XMR*(BlOE - H3) 
CAPC = XnR* (RIC - H3) 
URITE(6,10800) CAPE, CAPC 

DETERlINE TBE BINIEUH SUCTION RISE,R.VAPQR,VJ$LOCITY 
"VSR' (FT/HR) REQUIRED FOR OIL ENTRAINHENT 

VSR=60.0*10.0** (-.005875*TSATE+.S*ALOGlO (DSL)+3.4826) 

DETEREINE TBE BINIWUH DISCBARGE BISBR VAPOR V~LQ_~TY 
'VDR (FT/RR) REQUIRED FOR OIL ENTRAINHENT 

VDR=60.0*10.0**(-.00315*TSATC +.5*ALOGlO(DDL)+3.40) 
URITE(6,10700) VSR,VSRACT,VDR,VDRACT,CTXV 

WRITE WARNING HESSAGE IF THERE IS INADEQUATE OIL RETURN 

XF (VSRACT.LI,VSB) WRITE (6.11000) VSRACT,VSR 
IF [VCBACT.LT.VDR) WRITE(6,lllOO) VDRACT,VDR 
IF (TIC.GE.280.0) URITE(6,11200) . 
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C 
C CHECK THE ACTUAL PRESSURE DROP ACROSS THE SYSTEM AT 
C THE GIVEN FLOP RATE 'DPACT' WITH THE AVAILABLE PRESSURE 
C DROP BETUEEN CONSENSER AND EVAPORATOR 'DPSYS'. T0 SEE 
C IF A FLOW BALANCE ACTUALLY EXISTS 
C 

IF (AES(ARG1 - ARG2) .LT.ARGs) GO TO 90 
IF (ARGl - AiiG2) 70,90,60 

60 IF (I.EQ.1) DT = -DT 
IF (DT.LT.O.0) GO TO 80 
TSATC = TSATC - DT 
DT = DT/2.0 
GO TO 80 

70 IF (DT.LT.O.O) TSATC = TSATC - DT 
IF (DT.LT.O.0) DT = DT/2.0 

80 CONTINUE 
C----------------END CONDENSER TEHPERATURE LOOP------------- 

90 CONTINUE 
RETURN 

10000 FORHAT(SX,'TROC =',F9.2,6X,'TxE =',F9.2,6X,'TIC 
1 SX,'TSATE 

=',F9.2/ 
=',F9.2,6X,'TSATC =',F9.2) 

10050 FORMAT(tiX,'TROC =',F9.2,6X,'TIC 
2 SX,*TSATE ='.~9.2) 

=',F9.2.6X,'TSATC ='.F9.2/ 

10100 FORHAT(SX,*HIC- =i,F9.2,6X,'HlOE =',P9,2,6X,'A3 
1 SX,'POC 

=',F9.2/ 
=',F9.2,6X,'PIE =',F9.2,6X,'PIC 

10150 FORilAT(SX,'HIC 
=',F9.2) 

='.F9.2,6X,'HlOE ='.F9.2,6XI'R3 =',F9.2/ 
2 sx,'Poc =',F9.2,6X,'PIC =',F9.2) 

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

10300 FORKAT(///SX,'BOT!fOM OF ITERATION LOOP:'//SX,'DELPE =',F7.2,8X, 
1 'DELPC =',F7.2,8X,'DPTXV =',F8.2,7X,'DPNOZ =',F7.2,8X/5Xe 
1 'DPTUBE =' ,F7,2,8X.'DPLL =',F7.2,8X,'DPSL =',F7.2,8X, 
1 'DPCL =',P7.2) 

10400 FORMAT(///5X,'BOTTOfl OF ITERATION LOOP:'//SX,'DPDL =',F7.2,8X, 
1 'DELPC =',P7.2,8X,'DPLL =' , F8.2,7X, 'CXHR =@.F7.2) 

10500 PORMAT(SX,'CAP =',FlO.l,5X,'CAPPT =',FlO.l,5X,'CORFAC =', 
1 F6.2/5X,'CAPNOZ =',FlO.l,5X,'CAPTUB =',F8,1,7X,'PCAPN =',F6.3, 
1 BX,'PCAPT =',F6.3) 

10600 PORMAT(5X,'XHR =',F9,2/5X,'POW =',F8.3/5X,'DPSYS =‘,F8.2/ 
1 SX,'DPACT =',F8.2//) 

10700 FORtlAT(5X.*VELOCITIES IN RISERS:'/SX,'VSR =',E12.5,' FT/iiR'.SX, 
1 'VSACT=',E12.5,' FT/HR'/5X,'VDR =',E12.5,' FT/HR',SX, 'VDACT=', 
1 E12.5,' FT/HR'//5X,'CTXV=',F9.3/////) 

10800 FORMAT(' CAPE =',F15.2,' CAPC =*,FlS.2) 
10900 FORHAT(' ******FLASHING OCCURS IN LIQUID LINE******') 
11000 FORMAT('*********XNADEQUATE OIL RETURN IN SUCTION' , 

1 ' RISER VSRACT=',F15.5,' VSR=',F15.5,'*********) 
11100 FORMAT(' *************INADEQUATE OIL RETURN IN' 

1 ' DISCHARGE RISER VDRACT=',F15.5,' VDR=',F& 5, @*f*WM**') 
11200 FORMAT(' ************COMPRESSOR DISCHARGE TEMPERATURE , 

1 @ IS EXCESSIVE**********') 
11300 FORMAT('1') 
11400 FORHAT(SX,'TOP OF ITERATION LOOP'/SX,'PRESENT SYSTBM VALUES ARE' 

>/,SX,'TSATE =‘.F10.5, IOX, ‘TSATC =',FlO.S.lOX,'DPSYS =',FlO.5, 
>lOX, 'DPACT =',F10..5) 

11450 FORMAT(SX,'POP OF ITERATION LOOP'/tiX, 'PRESENT SXSTEn VALtlES ARE' 
2 /,SX,'TSATB =',F10.5,10X,'TSATC ='.Fl0.5,10X,'XMR =',FlO.5, 
2 lOX,'CXMR =',Fl0.5) 

FND 

. 
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SUBROUTINE COMP(NR.TSATEX,TSATCI,SUPERI,DISPL,ETAVOL,ETAUOT, 
2 ETAISN.QCAN,QHILO) 

C 

C ORNL BAREBONBS MODEL OF HEAT PUMP COHPRESSOB 
C PRELIMINARY VERSION 
C ALLOWS WET VAPOR AT COMPRESSOR ENTRY 
C 
c 

COHHON/CONPR/NCYL,VR.VD,SPNC,RPM,EFFIS,DPDI,DPS.DPFRAC, 
1SDELAY,PHC,PRT,PHTC,EAD.EAS,XHR,POW,T~C,HIC,HlOR,PIC, 
2PlOE,T1OE,POWNAX,PWENL,EQAREA,DDELAY,XOIL~EFFNE,DDISL,ELDISL~XHRT, 
3CPDL 

c*** 
COHFlON /G/ ERRMSG(5) 
DATA TOLS,TCLH,DELTI /0.0005, 0.05, 5.0/ 
DATA SLPEHV,XINHV,E /.0000753, -0272, 5.0E-06/ 

c*** 
TSATE = TSATEI 
TSATC = TSATCI 
SUPER = SUPER1 
CALL SATPRP(NR,TSATE, PSATE. VFE,VGE,HFE,HFGE,HGE,SFE,SGE) 
CALL SATPRP(NR,TSATCI, PSATC. VF,VG,HF,HFG,HG,SF,SG) 

c*** CALC THE PRESSURE DROP 'DPDL' (PSI) OP VAPOR 
C IN THE DISCHARGE LINE AND 'POCOMP' (PSIA) TIiE 
C PRESSURE AT THE COHPRESSOR EXIT 

XHUV = SLPEMV*TSATC + XINNV 
RHOV = l./VG 
CALL DPLINE(DDISL.ELDISL,E.XHRT,RHOV, XHUV, DPDL) 
POCOMP = PSATC + DPDL 

C 
QUAL = 0. 
IF(SUPER.GE.0.) GO TO 4 

c*** SET QUALITY AND CALC 818 FOR WET VAPOR 
QUAL = -SUPER 
SUPER = 0. 
RlB = HFE + QUAL*BEGE 

4 Tl = TSATE + SUPER 
c**+ IF QUALITY = 0, ASSUUE SUPERHEATED VAPOR AND 
c**+ CALCULATE HlB FOR SUPERHEATED VAPOR 

IF(QUAL.EQ.0) CALL VAPOR(NR,Tl,PSATE,VVAP, BIB, SVAP) 
Xl = HlB 

c*** LOOF ON ENTHALPY AT COHPRESSOR INLET (HI) UNTIL CONVERGED 
6 DO 50 I = 1, 20 

QUALO = QUAL 
IF(Hl.LT.HGE) GO 'IO 10 

c*** VAPOR ENTERING COUPRESSOR IS DRY 
TTRY = Tl - 5. 
TPSAT = TSAT (NR, PSATE) 
IF(TTRY.LT.lFSAT) 'ITRY = TFSAT 
CALL TRIAL(NR,TTRY,CELTI.PSATE, 3, El,TOLH,V.H,S. Tl) 
CALL VAPOR(NR,Tl,PSATE, Vl, Xl, Sl) 
IF(QUALO.EQ.0.) GO TO 20 
QUAL = 0. 
SUPER = Tl - TFSAT 
GO TG 20 

c*** RECALC QUAL FOR NEW Hl< HGE AND 
c*** CALC Sl AND Vl FOR WET VAPOR 

10 QUAL = (Hl-RPE) / HFGE 
Vl = VFE + QUAL*(VGE-VPE) 
Sl = SFE + QtlAL*(SGE-SFE) 

f 

. 
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20 
c*** 

c*** 

c*** 

c*** 
c*** 
C 
C 

50 
c*** 

5s 

c*** 
C 
C 

60 

cc** 
65 

cat** 

c*** 
70 

7s 

RHO1 = l./Vl 
CALCULATE BASS FLOW RATE (LBH/HR) OF RBPRIGERANT 

X!¶R = ETAVOL * RHO1 * 60.*RPR * DISPL/1728. 
CALCULATE ENTHALPY AFTER ISENTROPIC COUPRESSION 

CALL TRIAL(NR,TSATC+5,DELTI,POCOMP, 4, Sl, TOLS, V,H2P, S,T) 
82 = Bl + (H2P-Hl)/ETAISN 

CALCULATE EOWER DELIVERED TO COBPRESSOR SRAFT 
POUCS = XHR* (H2 - 81) 
POU = POUCS / ETAMOT 

RECALCULATE 81 TAKING ACCOUNT OF l4OTOR LOSS TO SUCTIOR GAS 
AND INTERNAL HEAT TRANSFER 

CALL TRIAL(NR,TIC-5,DELTI,PSATC,3,B2,.05,V,H,S, TIC) 
QHILO = CHILO*(TIC - Tl) 

RlOLD = Hl 
81 = 818 + ((POW-POWS)-QCAN+QHILO)/ XIR 
IF(ABS(Hl-RlOLD).LP.O.25) GO TO 60 
CONTlNUE 

FAILED TO CCNVERGE 
PRINT 55, Hl, RlOLD 
FOR8AT('O**+** PAILED TO CONVERGE IN COUP. Hl =',F8.2, 

2 SX,'AlOLD =',F8.2,5X,'*****q) 
RECALC DPDL FROH Xt¶R JUST FbUND. IF IT DIFFERS FBOCI 
DPDL CALC USING XMRT, REPEAT LOOP ON ENTHALPY Al' USING 
NEW DPDL 

XURT = XKR 
CALL DPLINE(DDISL.ELDISL,E,XRR~RHOV,XMJV,DPDLT) 
IF(ABS(DPDL-DPDLT).LE.O.5) GO TO 65 
DPDL = DPDL'I 
POCOHF = PSATC l DPDL 
GO TO 6 

CALC VARIOUS QUANTITIES TO SEND BACK TO PLOBAL 
POW = POP/3412 
IF(Hl.LT.HGE) GO TO 70 

VAPOR ENTERIRG COFIPRESSOR IS DRY 
TTRY = Tl - S 
TFSAT = TSAI(NR, PCATE) 
IF ITTRY.LT.2FSATI TTRY = TFSAT 
CAiL TRIAL(NR,TTiP,DELTI,PSATE, 3. Rl,TOLB.V,H,S, Tl) 
TlOE = Tl 
QUAL = 0. 
GO TO 75 

VAPOR ENTERING COUPRESSOR IS PET 
QUAL = (H1-HFE) / BFGE 
+lOE = TsATE . . 
H2 = A2 - QHILO/X!lR 
CALL TRIAL(NR,TSATC+S.,DELTI,POCOHP,3.H2,TOLH,V,R,S, TIC) 
HIC = H2 
PIG = POCOMP .- DPDL 
PlOE = PSATE 
HlOE = El1 
RETUBN 
END 
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SUBROUTINE COND 

CONDENSER SIUULATION SUBROUTINE 

PURPOSE 
TO CORPUTE CONDENSER PERFORMANCE 
AIR COOLED, PLA'IE-FIN, CROSSFLOW TYPE 

P 

* 

C 
C 
C 
C 
C 
C 
C 
c*:*+ 
c*** 
c*** 
c+** 
c*** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

* C 
C 
C 
C 

* C 
C 
C 
C 
C 

C 

C 

C 
C 
C 

COUBON CPA,HA,SEFFP,HRV,HRL,CPRL,CPRV,XBR,XEA,X3, TRI,HTP,F,FTP, 
1 PSC,QSP,QTP,QSC,TAOSP,TAOTP,TAOSC,TAO, TRO,ARHT 

--------w----w--- INPUT DATA CONSTANTS ----------w--w 

C AIR PROPERTIES 
C PRA - PRANDTL NU%BER OF AIR 
C XMUA - VISCOSITY OF AIR (LB%/HR-FT) 
C RAU 
C 

- UNIVERSAL GAS CONSTANT FOR AIR (FT-LBF/LBH-8) 
PA - ATKOSPHEAIC PRESSURE (PSIA) 

C CPA - SPECIFIC REAT AT CONST-.PRES.OF AIR (BTU/LBfl-R) 

ADAPTED FROU INDEPENDENT CALLING PROGRAR *** 
PRITTEN EP C. C. HILLER-AND I. R. GLICKSMAN, *** 
REPORT NO. 24525-96, *** 
HEAT TRANSFER LABORATORY, *** 
BASSACHUSETTS INSTITUTE OF TECKNOLOGY. *** 

OUTPUT 
QC - TOTAL HEAT TRANSFER RATE (BTU/KR) 
TAO - 
TRO - 

AVERAGE AIR TEIIPERATURE ,LEAVING COND. (F) 
TEMPERATURE OF REFRIGERANT LEAVING COND. (F) 

AR0 - ENTHALPP OF REFRIGERANT LEAVING COND.(BTU/LBH) 

REMARKS 
THIS SUBROUTINE CALLS SUBROUTINE SPHTC TO DETERRINE 
SINGLE PHASE HEAT TRANSFER COEFFICIENTS 
THIS PROGRAR CALLS SUBROUTINE SEFF TO DETERMINE 
SQRPACE EFFICIENCY OF FINNED SURFACE 
THIS PROGRAM CALLS SUBROUTINE SATPRP TO DETERNINE 
SATURATION THEREODYNAUIC PROPERTIES 
TRIS PROGRAM CALLS SUBROUTINE CHTC TO DETERBINE 
THE CONDENSATION TWO-PHASE HEAT TRANSFER COEPFICIENT 
FOR FORCED CONVECTION CONDENSATION INSIDE TUBES 
THIS PROGRAH CAILS SUBROUTINE VAPOR TO DETERMINE 
THERUODYNAEIC PROPERTIES OF SUPERHEATED REFRIGERANT 
VAFOB 
THIS PROGRAM CALLS SUBROUTINE EXCR TO DETERWINE 
THE OVERALL HEAT EXCHANGER PERFORUANCE, HEAT TRANS. 
RATES, AIR TEHPERATURES'ETC. 
THIS PROGRAH CALLS SUBROUTINE PDROP TO DETERRINE 
PRESSURE DROP OF REFRIGERANT FLOWING IN THE COIL 
THIS PROGBAR CALLS FUNCTION SUBPRO-GRAH TSAT T0 
DETERMINE SATURATION TEHPERATURES CORRESPONDING 
TC GIVEN FRESSUfiES 

COUUCJN/CONDEN/ NRUNC,DEAC,DERC,DELTAC,FPC,XKFC,AAFC,NTC, NSECTC, 
1 BCONTC,STC,UTC,SIGAC,ATBOC,PC,PTBOC,A%FTC,ARH~C,ALFA%C,ALF~AC, 
1 XLPC,FARC,CARC,DXERIC,NXBRC,QAC,TAIIC, DTAC,NTE%PC,QC 

COK%ON/FPASS/XERfC,TSAC,TRIC,TSATC,TSATE 
COllHON/CPASS/XMRIE,TSAE,H4E,%RO,TROC 
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DATA PRA,XUUA,RAU.PA/.714,.043,53.34,14.~/ 
CPA = -24 

C 
C REPRIGERANT PROPERTY VARIATION COEFFICIENTS 
C NB - NUKBER OF REFRIGERANT (12,22, OR 502) 
C NREP - NUMBER OF REFRIGERANT (USUALLY SAME AS NR) 
C SLPEUV E XINUV - COEPPICIENTS FOR VISCOSITY OP VAPOR 
C SLPEKV & XINKV - COEFFICIENTS FOR THERHAL 
C CONDUCTIVITY OF VAPOR 
C SLPEKL & XINKL - COEFFICIENTS FOR THERMAL 
C CONDUCTIVITY OF LIQUID 
C Xlll - xn4 - COEFPICIENTS FOR VISCOSITY OP LIQ. 
C CPl & CP2 - COEFPICIENTS FOR SPECIFIC HEAT 
C AT CONST. PRES. OF LIQUID 

NR = 22 
DATA NREP,SLPEUV,XINHV,SLPERV,XINKV,SLPEKL,XINKL /22,.0000759. 

1 .0272..00002..004@2,-.000159,.06299/ 
DATA Xill,Xn2,in3,XW4~-5.625E-b8,1.52~E-05,-2.982E-03, .646/ 
DATA CPl,CP2/2.98E-04,.2575/ 

C ****NOTE - THE ABOVE REFRIGERANT PROPERTY COEFFICIENTS 
C ARE FOR REFRIGERANT 22 CNLY 

: AIR SIDE PLOW CHARACTERISTICS (SAHE FOR BOTH EVAP.&COND. 
C IF THEY ARE OPTBE SAEE TYPE) 
C CIA-C6A - COEFFICIENTS POR EXPRESSING TBE 
C AIR SIDE HEAT TRANSFER COEFFICIENT 
C XLLA - LOUER REYNOLDS NUUBER LIMIT POR LAHINAR 
C PLOW ON AIR SIDE 
C ULA - UPPER REYNOLDS NUBBER LIHIT POR TURBULENT 
C PLOR ON AIR SIDE 

DATA ClA,C2A,C3A,C4A,C5A,C6A,XLLA,ULA /.2243,-.385,,2243,--385, 
1 .2243.-s. 385,1000.0,2000.0/ 

C 
C REPRIGERANT SIDE FLOW CHARACTERISTICS (SAHE FOR BOTH 
C EVAP.G COND. XP THEY ARE OF SAHE TYPE) 
C ClR-C6R - COEPPICIENTS FOR EXPRESSING THE 
C REFRIGER'ANT SYDE SINGLE PHASE HEAT 
C TRANSFER COEFFICIENTS 
C XLLR - LOWER REYNOLDS NUKBER LIRIT FOR LAHINAR 
C FLCW ON REFRIGERANT SIDE (SINGLE PHASE) 
C ULR - UPPER REYNOLDS NUUBER LIKIT FOR TURBULENT 
C FLCW ON REFRIGERANT SIDE (SINGLE PHASE) 

DATA ClR,C2R,C3R,C4R,C5R,C6R,XLLR,ULR /l-164,-.7824,.000054, 
1 ,49985,..00669,-,C897.2400,.3500./ 

C ---------END OF INPUT DATA CONSTANTS ------------- 
C 
C OUTER LOOP FOR HULTIPLE RUNS WHILE VARYING HEAT 
C EXCHANGER CRARACTERISTXCS 
C 

NREP=NREF+O 

CEA=DEAC 
DER=DERC 
DELTA=DELTAC 
PF=FPC 
XKF=XKFC 
AAF=AAPC 
NT=NTC 
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NSECT=NSECTC 
HCONT=HCONTC 
ST=STC 
iiT=UTC 
SIGA-SIGAC 
ATBO=ATBOC 
P=PC 
PTBO-PTBOC 
ARFT=ARFTC 
ARHT=ARHTC 
ALFAR-ALPARC 
ALFAA=ALFAAC 
XLP=XLFC 
PAR=PARC 
CAR=CARC 
XnRI=XfiRIC 
DXRRI=DXRRIC 
NXZ'lR=NXMRC 
TSA=TS AC 
TRI=TRIC 
QA=QAC 
TAII=TAIIC 
DYA=DTAC 

C 
C 

C 

C 
C 

C 
* C 

C 
C 

# C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

TAI = TAII 

PRIRT 10700, TAI,QA,TRI,TSA 

VA = QA*60,0/(SIGA*AAP) 

AOM ,GA 
= VA*PA*144.0/(RAU*(TAI + 460.0)) 
UNIT REPRlGERANT SIDE HEAT TRANSFER AR-EA/ UNIT 

AIR PLOW RATE (SQ PT-HR/LBU DRY AIR) 
AOl4 = FLOAT(NT)*P/(ST*GA*SIGA) 

SUBDIVIDE PLOW IN-TC PARALLEL CIRCUITS AND TREAT EACH 
LIKE A SEPARATE HEAT EXCHANGER - CONVERT BACK TO TOTAL 
FLOW AT THE END 

XnA = 60wO*QA*PA*144.O/(RAU*(TAI + 460.0)*PLOAT(NSECT)) 

DETERHINE AIR SIDE REAT TRANS.COEF.'HA'(BTU/HR-SQ PT-P) 

1 
CALL SPHTC(DEA,GA,C~A,C~A,C~A,C~A,XLLA,IJLA, XUUA, 

CPA.ERA,AEA,HA) 

DETERUINE OVRRALL SURFACE EPFICIENTCY @SEPPX' 

CALL SEPP (XKP,DELTA,HA,XLF,PAR,CAR,HCONT,SEPPX) 
ICNT = 1 

LOOP FOR VARYING REFRIGERANT FLOU RATE 

XUR = XIRX/PLOAT (NSECT) 

DETERIINE SATURATION PROPERTIES OP REFRIGERANT 

10 CALL SATPRP(NR,TSA ,PSAT,VF.VG,HSATL,HPG,HSATV.SP,SG) 
RHOV = l.O/VG 

. 
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C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

RROL = 1 .O/vP 
IF (ICNT.EQ.1) P2 = PSAT 
XRUL = XMl*TSA **3 + X?l2*TSA **2 + Xl¶3*TSA + Xt'l4 
CPRL = CPl*PSAT + CP2 
XKRL = SLFEKL*TSA + XINKL 
XUURV = SLPEMV*TSA + XINMV 
x3 = 0.0 
PRRL = XMIL*CPRL/XKRL 
GR = XMR/BEFT 

DETERMNE CCNDENSATION TUO-PHASE HEAT TRANS.COEP. 'HTP' 
(BTU/RR-SQ FT-P) 

CALL CHTC(DER,GR,X3,PRRL,XKRL,XBURV,XNUL,RHOL,RHOV,BTP) 

DETERHINE SINGLE PHASE LIQUID HEAT TRANSFER COEP. 
'HRL' (BTU/RR-SQ PT-P) 

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

DETERNINE SINGLE PHASE VAPOR PROPERTIES 

CALL VAPOR (NR,TRI,P2,V2I,H2I,S21) 
XHURV = SLPEHV*(TSA + TRI)/2.0 + XINI¶V 
XKRV = SLPEKV*(TSA + TRI)/2.0 + XINKV 
CPRV = (H21-HSATV)/(TRI-TSA ) 
PRRV = XNlJBV*CPRV/XKRV 

DETERBINE SINGLE PHASE VAPOR HEAT TRANSPER COEP. 
'HRV' (BTU/HR-SQ PI-F) 

CALL SPHTC(DER,GR,ClR,C2R,C3R,C4R,C5R.C6R,XLLR,ULR. 
1 XNURV,CERV,PRRV,RERV,HRV) 

USE SUBROUTINE EXCA TO DETERMINE CONDENSER HEAT 
TRANSFER PERFORRANCE AND RETURN ALL RESULTS THROUGH 
COLlClON 

CALL EXCR(4,AOH,ALFAR,ALFAA,TSA,TAI,HPG) 
DZ‘IP=FTP*ARHT/P 
DZV = F*ARHT/P 
DZL = FSC*ARHT/P 
XIC = 1.0 
E = 5.OE-06 

USE SUBROUTINE PDROP TO DETERNINE PRESSURE DROP OP 
REFRIGERANT THROUGB CONDENSER ' PD' (PSI) 

CALL PDROP(4,DER,E,GR,XUURV,XHUL,RHOV,RHOL,RERV, RERL, 
1 DZTP,X3,XIC,V21,DZV,DZLgPD) 

CONVERT BACK TO TOTAL FLOW AND OVERALL PERFORHANCE 
AND PRINT RESULTS 

SBCOOL = TSA - TRO 
QC = QSP + QTP + QSC 
XIYA = XHA+FLOAT(NSECT) 
XIlR = XME*FLOAT(NSECT) 
QC = QC*FLOAT(NSECT) 



61 

C 
C 
C 

CALL SATFEP(NR.TRO.PDUl!HY,VF,VG,HRO,RFG,HG,SF,SG) 
WRXTE(6,lOlOO) 
URITE(6,10200) BA,HRV,FlTP,HRL 
WRITE[6,10300) QC 
URITE(6,10400) HRO 
WRITE(6.10500) PD 

SUBDIVIDE FLOW AGAIN TO PREPARE FOR NEXT LOOP 

Xnll = XilA/FLOAT(NSECT) 
XnR = XNR/FLOAT(NSECT) 
IF (ICNT.NE.1) GO TO 40 

CHECK DROP IN SATURATION TEHPERATURE DUE TO-PRESSURE. 
. ^. . . _. . 

DROP IN COIL - IF THE DROP IN SATURATION TEUPERATURE 
IS GREATER THAN 2 DEGREES F - REPEAT ALL CALCULATIONS, 
USXNG AN AVERAGE VALDE'OF SATURATION TEMPERATURE 

C 
POUT = PSAT + PD 
TSATO = TSAT(NR,POUT) 
IF ((TSA-TSATO).‘LE.2.0) GO TO 50 

c********** 
IF (ABS('ISA-TSATO).GT.(0.2*TSA)) GO TO 20 
TSA = (TSA + TSATO)/P.O 
GO TO 30 

20 TSA = 0.9 *‘ISA 
WRITE(6,lOOOO) 

30 ICNT = 2.0 
c********** 

WRITE(6,10600) TSA 
GO TO 10 

40 TSA = 2.O*TSA - TSATO 
ICNT = 1 

50 CONTINUE 
TROC=TRO 
RETURN 

10000 FORHAT('O********** TSA FORCED TO .9 OF OLD VALUE') 
10100 PORMAT(,'/SX,'OVERAfL RESULTS-FOR'TRISTAX "'tc/i3 
'10200 FORMAT(lOX.'HA ='.F7.2,10XIiHRV =',F7.2,10X,'KTP 

1 lOX,'HRL 
f9.P-f.2, 

=',F7.3) 
10300 FORMAT(lOX,'QC =',F9.2) 
10400 FORnAT(1OX,'HRO = 83 = Ii4 =',F8.3) 
10500 PORNAT(lOX,'PD =',F7.2) 
10600 FORMAT(/SX,'PRESSURE DROP THRU CONDENSER IS GREAT ENOUGH'/ 

1 eTO DEPRESS SATURhTION TEHP. 
l'FOR TSA =',P8.2//) 

CALcuLkYIB~ riILi 'i-iii' HEPEATED*/ 

10700 FORnAT('1',9X,'TAI =',F8.2/10X,'QA 
>F8,2/10X,'TSA 

=',P9.l/10X,'TRI =', 
=',P8.2) 

END 
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C 
C 
C 
C 
C 
C 
c*** 
c*** 
c*** 
c*** 
c+** 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c” 
C 

SUBROUTINE EXCR(U,AOR,ALFAR.ALFAA,TH,TC,BFG) 

PURPOSE 
TO DETERMINE TRE HEAT TRANSFER AND RESULTING 
TEBPERATURES IN THE CONDENSER, GIVEN ALL OP TBE 
NECESSARY COEPFICIENTS AID OTHER DETAILS 

AUTBORS C. C. BILLER AND L. R. GLICKSUAN *** 
THIS SUBPROGRAM APPEARS HERE UNCHANGED *** 
PROH THAT GIVEN IN REPORT NO. 24525-96, *** 
BEAT TRANSFER LABORATORY, *** 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY. **+ 

DESCRIPTION OF PAREBETERS 
INPUTS 

HEAT EXCBANGER GEOBETRP 
AOB - UNIT REPRIGERANT SIDE HEAT TRANSFER 

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

ALFAR - ALPBA REPRIGERANT (REFRIGERANT SIDE 
HEAT TRANSFER AREA/TOTAL VOLUUE OF BEAT 
EXCHANGER-l/FT) 

ALFAA - ALPAA AIR [AIR SIDE HEAT TRANSFER AREA/ 
TOTAL VOLUElE OF HEAT EXCHANGER-l/FT) 

ARHT - TOTAL REPG. SIDE HEAT TRANS. AREA (SO FT) 

HEAT TRANSFER CCEFPICIENTS 
HA - AIR SIDE HEAT TRANS.COEF.(BTfJ/HB-SQ PT-F) 
HRTP - REF. SIDE TWO-PHASE BEAT TRANS. 

COEF. (BTO/HR-SQ FT-F) 
HRSPV - REF. SIDE SINGLE PHASE VAPOR HEAT 

TRANS. COEF. (BTU,'HR-SQ FT-F) 
HRSPL - REP. SIDE SINGLE PHASE LIQUID HEAT 

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

REFRIGERANT PROPERTIES 
TRI - TEBE. OF REFG. ENTERING CONDENSER (P) 
TH - SATURATED CONDENSING TEHP. OF REPG. (F) 
HFG - LATENT ENTHALPY OF VAPORIZATION 

THE REFRIGERANT (BTU/LBB) 
CPRV - SPECIFIC HEAT AT CONSTANT PRESSURE 

OF THE REFRIGERANT VAPOR (BTU/LBB-R) 
CPRL - SPECIFIC HEAT AT CCNSTANT PRESSURE OF 

THE REFRIGERANT LIQUID (BTU/LBB-R) 
x3 - EXIT QUALITY FROM THE CONDENSER 
XMR - ffASS FLOW RATE OF REFRIGERANT (LBH/ER) 

AIR PROPERTIES 
CPA - SPECIFIC HEAT AT CONSTANT PRESSURE OF 

TRE AIR (BTU/LB+R) 
TC - TEMF. OF AIR ENTERING CONDENSER (P) 
XllA - HASS FLOW RATE OF AIR (LBB/HR) 

OTHER INPUTS 
n - AN IIDICATOR (NOT USED HERE) 
SEFFX - SURFACE EFFICIENCY OF FINNED SURFACE 

OUTPUTS 
P - SINGLE PHASE VAPOR FRACTION OF TOTAL 

HEAT EXCHANGER SURFACE 



c 
9 C 

C 
C 
c 

l 
C 

C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
c 
C 
c 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

* 

C 
+ C 

C 
C 

C 
C 
C 
C 

TRVDS = (TB*RES - TC)/(RBS-1.0) 
IP(TRVDS.GE.TRI) TRVDS = TRI 

CALCULATE HPG DOUBLE PRIME 'HFGDP' - TAE EFFECTIVE 
DRIVING ENTHALPY DIFFERENCE IN THE TWO-PHASE REGIOR 

c*s***+**** 

HFGDP = (HFG + CPBV*(TRVDS - TH))* (1.0-X3) 
XflATP = XNR*HFGDP/(ETP*CPA*(TE-TC)) 
ARITE(6.570) XNTUTF . 

c 

FTP - 

PSC - 

QSP - 

QTP - 

QSC - 

TAOSP - 

TAOTP - 

TAOSC - 

TAO - 

TBO - 

TWO-PEASE FRACTION OF TOTht AEAT 
EXCBANGER SURFACE 
SUBCOOLING FRACTION OF TOTAL HEAT 
EXCHANGER SURFACE 
REAT TRANSFER RATE IN SINGLE PHASE 
VAPOR REGION (BTU/HR) 
HEAT TRANSFER RATE IN TUO-PHASE 
REGICN (BTU/HR) 
HEAT TRANSFER RATE IN SUBCOGLING 
REGION (BTU/EiR) 
AIR 'IEMPERATURE OUT OF SINGLE PHASE 
VAPOR REQION (P) 
AIR TEMPERATURE OUT OF TWO-PHASE 
REGICN (P) 
AIR 'IEBPERATURE OUT OF SUBCOOLING 
REGICN (P) 
AVERAGE, MIXED AIR TEEPERATUR‘E L'EAViEti '_ 
THE CONDENSER (P) 
TENP.oF REFRIGERANT LEAVING HEAT EXCE.(P) 

REUARKS 
SUBROUTINE EXF IS CALLED BY THIS PROGRAM To 
DETERBINE THE EFFECTIVENESS IN CROSSPLOW 
(THIS PROGRAB USES THE EFFECTIVENESS-NTU METHOD 
FOR CALCULATING BEAT TRANSFER PERFORUANCE) 

CONEON CPA,BA,SEPFX,HRSPV,BRSPL,CPRL,CPRV,XMR,XEA, 
~~~,~B~.H~TP,F,FTF,~'SC;~~~,QTP,Q~C,TAO~P,TAOTP,TAO'S~, 
~TAO,TRO,ARHT 

DETERHINE NTU AND EFFECTIVENESS FOR TWO-PHASE REGION 

XITUTP=AO~/(CPA*(ALFAR/(SEFPX*dA~ALiAA)+l.O/BRTP)) 
ETP = 1.0 - EXP(-XNTUTP) 
RES = 1.0 + HRSPV*ALPAR/(HA*ALFAA*SEFFX) 

FIND THE REFG.TEHP.'TRVDS' (F) AT THE END OF THE 
DESUPERHEATING OR SINGLE PBASE VAPOR'REGION 

PRINT 900, 
900 PORRAT( 

AOM,CPA,ALFAR,SEFFX,HA,ALFAA,BRTP 
',T8,'AOH',T2l,'CPA',T34,'ALPAR',T47,'SEFPX', 

2 T60,'HA',T73,'ALPAA',T86,'HRTP'/' ',7F13.4) 
PRINT 902, ETP, RES, HRSPV 

902 PORBAT('OETP =’ .P13. U/* ORES ='.F13.4/' ',TS.*HRSPV'/ 
2 ' ',F13.4) 

PRINT 9OU, TRVDS, TH, TC 
904 FORHAT('OTRVDS =',P13.4/' ',TS,'TH',T21,'TC'/' ',2P13.4) 

PRINT 906, HEGDP, EFG, CPRV, X3 
906 PORUAT('OHFGDP =',Pl3.4/' ',T8, 'HFGg,T21,'CPRV',T34,'X3'/ 

2 ’ ’ ,3F13.4) 

I __. ,, .. 
I 



908 
PRINT 908, XHATP, XHR" CPA 
PORMAT('OXEATP =',P13.4/' ',TS,'XnR',T21,'CPA'/' ',2Pl3.4) 

910 
PRINT 910, XUA, AREIT, CR 
PORRAT('0'. T8,'XUA'.T21,'ARIiT',T34,'CRa/' *,3Fl3.4/ 

2 'O',TS,'P',TlY,'XRASP',T28, 'CA',T41,'RT0T',T54,*CE1N',T64,'EXFR1, 
3 T74,'EXFS',T84,'PE',T94,'PS',TlO4,"TEST',Tll4,'VAL1~) 

F = 0.0 
CA = 1.0 
CR = 1.0, 
IF(ABS(TRVDS-TRI).LE.2.0) GO TO 60 
;;(f3.0G;.0.0) GO TO 100 

PR . = PS 
N-O 

64 

C 
C ITERATE TO FIND THE FRACTION OF TOTAL HEAT EXCHAWGER 
C SURFACE USED FOR THE DESUPERREATING OR SIRGLE PHASE 
C VAPOR REGION 
c***********************+******** 
C 

DF = -005 
WRITE(6,510) 
DO 50 I=l,lOO 

5 P = F + DF' 
X?lASP = P*XUA 
CA = XRASP*CPA 
CR = XClR*CPRV 
RTOT = (ALFAR/(SEPPX*HA*ALFAA) + l.O/HRSPV)/(P*ARET) 
CALL EXP(RTOT,CA,CR,CEIN,EXFR) 
EXPS=CR*(TRI-TRVDS)/(CRIN*(TRI-TC)) 
TEST = ABS(EXFR-EXFS) 
VAL = .03*EXFR 
WRITE(6,530) P,XXASP,CA,RTOT,CRIN,EXFR,EXFS,PR,PS,TEST,VAL 
IP(ABS(EXFR-EXFS).LE.(.03*EXFR)) GO TO 60 
IF(I.EQ.1) GO TO 20 
IF((FR-PS)/(EXFR-EXPS)) 60,15,15 

15 IF((ABS(PR-PS) .LT.ABS(EXFR-EXFS)) .AND. (I.EQ.2))GO TO 12 
IP(ABS(PR-PS).LT.AES(EXFR-EXFS)) GO TO 55 
GO TO 20 

12 P = F - 2,0*DP 
c*********** 

PRINT 920 
920 FORMAT{’ GOT TO 12’) 

DP = DF/2-0 
I =l 

=N+l 
~!F(N.GT.~~) GO TO 55 
GO TO 5 

20 PR = EXFR 
PS = EXFS 

50 CONTINUE 
55 WRITE(6,500) !l 

GO TO 250 
60 QSC = 0.0 

WRITE(6,511) P 
CASC = 1.0 
TAOSC = 5000-O 
TRO = 5000.0 

C 
C CALCULATE THE TWO-PHASE AND SUBCOOLING FRACTIONS 

h 

* 
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C OF TOTAL HEAT EXCHANGER SURFACE 
C 
C IF THE SUBCOOLING FRACTION IS LESS THAN ZERO - PRINT 
C AN ERROR MESSAGE BECAUSE CONDENSATION IS INCONPLETE 

100 FTP = XNATP/XUA 
FSC, = l.O-P-PTP 
PRITE(6,550) FTP,PEC 
IPfFSC) 105,120,llO 

105 WRITE(6,595) 
GO TO 250 

110 IF(X3.GT,O,O) GO TO 120 
CRSC = X#R*CPRL 
CASC = PSC*XNA*CPA 
RTOT = (ALPIIR/(SEPPX*HA*ALFAA) +'l,O/NRSPL)/(FSC?tARRT) 
CALL EXF(RTOT,CASC,CRSC,CMIN~EXFR) 

C 
C CALCULATE HEAT TRANSFER R.ATES AND TENPERATURES 
C 

TRO = TH - EXFR*CHIN*(TH-TC)/CRSC 
SBCOOL = TH - TRO 
QSC = CRSC*(TH-TRO) 

120 QSP = CR* (TBi-TRVDS) 
QTP = XNR*HPGDP 
TAOSP = QSP/CA + 'IC 
TAOTP = QTP/(XMATF*CPA) * TC 
TAOSC = QSC(CASC + 'SC 
TAO = (QSC + QSP + QTP)/(XHA*CPA) + TC 
WRITE(6,512) 
WRITE(6.513) F,PTF,FSC 
RRITE(6,514) QSP,CTP,QSC 
WRITE(6,515) TAOSP,TAOTP,TAOSC 
WRITE(6,516) TC,TAC 
WRITE(6.5 17) TRI,TH,TRO,SBCOOL 
BETURN 

250 PSC = O-0 
QSC = O-0 
TRO = TH 
RETURN 

500 PORHAT('O', 10X, 'ITERATION ON VAPOR FRACTIOR OF H.E.' 
1, ,* DOES NCT CONVERGE N='I2) 

510 FORtlAT(lHO,4X,'START OF ITERATION ON DRSUPERHEATXNG REGION') 
511 FORNAT(SX,'END OF ITERATION. RESULT IS :Q/lOX,'P =',P7.3) 
512 PORNAT(lHO,4X,'RESULTS FRON EXCH :') 
513 FORKAT (//lOlI,'P =',F7.3,10X,'FTP =Q,P7.3,10X,'FSC =',P7.3) 
51U FORHAT(lOX,'QSP =',Fl0.4,7X,'QTP =',Pl0.4,7X,'QSC =Q,FlO,4) 
515 PORHAT(lOX,'TAOSP =',F8.2,9X,'TAOTP ='.F8.2,9XIQTAOSC‘ =',P8.2) 
516 FORMAT(lH0,9X,'TAI =Q,F8.2/10X,'TAO =Q,F8,2} 
517 FORflAT(lOX,'TRI =Q,F8.2/lOX,'TSA =',P8.2/lOX, TRO =',F8.2/ 

110X,'S8C00L=',F8.2) 
530 FORHAT(' ',P6.3, 4F13.4, 6F10.4) 

570 FORNAT(///5X,'BEGINNrNG OF CALCULATION IN SUBROUTINE EXCH :'// 
llOX,QXNTUTP=',F8.3) 

590 FORNAT(lOX,'FTP =',F7,3/10X,'PSC =Q,F7.3) 
595 FORNAT('O', Q*+****INCOUPLETE CONDENSATION******') 

END 
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SUBROUTINE CRTC(DE,G,XE,PRL,XRL,XRUV,XRUL,%ROL, 
1RHOV ,HAVG) 

PURPOSE 
TO DETERRINE TRP FORCED CONVECTION CONDENSATION 
TWO-PHASE AEAT TRANS. COEF. FOR FLOW IN TUBES 
(BASED ON CORREXATIONS BY TRAVIS) 

AUTHORS C. C. HILLER AND L. R. GLICKSNAN *** 
TRIS SUBPROGRAM APPEARS HERE UNCHANGED *** 
FRCK THAT GIVEN IN REPORT NO. 24525-96, *** 
HEAT TRANSFER LABORATORY, *** 
RASSACHUSETTS INSTITUTE OF TECHNOLOGY. *** 

DESCRIPTIONS OF PARAMETRRS 
INPUT 

DE - EQUIVALENT DIARETER OF FLOW PASSAGE (FT) 
G - NASS FLCW PER UNIT AREA (LBN/HR-SQ FT) 
XE - EXIT QUALITY 
PRL - FRANDTL NUHBBR OF THE LIQUID PHASE 
XKL - THERHAL COND. OF LIQ. PHASE(BTU/HR-FT-F) 
xrluv - VISCOSITY OF VAPOR PHASE (LBH/HR-FT) 
XHUL - VISCOSITY OP LIQ. PHASE (LBM/HR-FT) 
RROL - CENSITP OF LIQ. PHASE (LBM/CU FT) 
RHOV - CENSITY OF VAPOR PHASE (LBN/CU FT) 

OUTPUT 
HAVG - AVERAGE CONDENSATION TWO-PHASE 
HEAT TRANSFER COEF. (BTU/RR-SQ FT-F) 

INITIAL CONCITXONS 
UP = 5000.0 
HIINT = 0.0 
INTEGRATE FROH QUALITY EQUALS 1 TO QUALITY EQUALS XE 
X = 1.0 
DX = .05 
DO 10 1=1,20 
X = X-DX 
IP(X.LE.XE) GO TO 15 
XTT = (xnuL/xnuv) **.1* (RHov/RHoL)**.s*( (l.o-x)/x)**.9 
FXTT = . lS*(l.O/XTT + 2.85*XTT**(--476)) 
REL = G*DE*(l.O-X)/XHUL 
IF(REL.LT.50.0) F2 = .707*PRL*REL**.5 
IF((REL.GE.50.O).AND. (REL.LE.ll25.0)) F2=5.0*PRL + 5. 

lO*ALOG(l.O+PRL*(.09636*REL**.585-l..O)) 
IP(RBL.GT.ll25.0) F2 = S.O*PRL + 5.0*ALOG(l.O + 5.0* 

lPRL)+2.5*ALCG(.00313*REL**.812) 
IP(FXTT.LE.. 1) GO ‘IO 9 
EVALUATION OF LOCAL HEAT TRANS. COEF. 
IF(FXTT.LT.l.O) HLCC=XKL+PRL*REL**.9*FXTT/fDE*P2) 
IP((FXTT.GE.l.O).AND.(FXTT.LT. 15.0))HLOC=XKL*PRL*REL 

l**.9+FXTT**l.lS/(DE*I?2) 
IF(FXTT.GE. 15.0) GC TO 9 
HINVR = (l.O/HLOC + l.O/RP)/2.0 
HP = HLOC 
HIINT =-DX*HXNVN + BXINT 
GO TO 10 

9 IF(X.GT.19) GO TO 10 
WRITE(6.500) FXTT 

10 CONTINUE 
C INTEGRATED AVERAGE BEAT TRANS. COEP. 

15 HAVG = (XE- 1.0) /HIINT 
RETUBN 

500 PORHAT(*0*, lOX,'PXTT LIRIT EXCEEDED FXTT=',P10.2) 
END 
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SUBROUTINE EVAPR 
EVAPORATOR SINULATION SUBROUTINE 

PURPOSE 
TO COHPUTE EVAPCRATOR PERFORMANCE, INCLUDING 
MOISTURE REHOVAL, FOR AIR IN CROSS FLOW, PLATE-FIN TYPE 

ADAPTED PROM INDEPENDENT CALLING PROGRAIl *** 
NRITTEN BY C. C. AILLER AND L. B. GLICKSCYAN, *** 
REEORT NO. 24525-96, *** 
HEAT TRANSFER LABORATORY, *** 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY. *** 

OUTPUT 
QTOT - TOTAL HEAT TRANSFER RATE (BTU/HR) 
QLAT - LATENT BBAT REMOVAL RATE (BTU/HR) 
TDB3 - AIR DRY BULB TEUP. (F) LEAVING EVAP. 
TRB3 - AIR WET BULB TEMP. (F) LEAVING EVAP. 
TRO - TEMP.OP REFRIGERANT VAPOR LEAVING EVAP.(F) 

REtlARKS 
THIS PROGRAH CALLS SUBROUTINE SPHTC TO DETERNINE 
SINGLE PBASE BEAT TRANSFER COEFFICIENTS 
THIS PROGRAM CALLS SUBROUTINE SEFF TO DETERlINE 
SURPACE BPFICIERCY OF FINNED SURF.ACE. 
THIS PROGRAH CAILS SUBROUTINE SATPRP TO DETERUINE 
SATURATION THEREODYNANIC PROPERTIES 
TAIS PROGRAU CALLS SUBROUTINE EHTC Tb DETERHINE 
THE EVAPCRATION TWO-PHASE HEAT TRANSPER COEFFICIENT 
FOR FORCED CONVECTION EVAPORATION INSIDE TUBES 
THIS PROGRAC! CAILS SUBROUTINE VAPOR TO DETERCIYNE 
THERMODYNAHIC PROPERTXES OF SUPERHEATED REFRIGERANT 
VAFOR 
THIS PROGRAM CALLS SUBROUTINE PDROP TO DETERMINE 
ERESSURE CROP OF REFRIGERANT PLOWING IN THE COIL 
THIS PROGRAM CALLS FUNCTION SUBPROGRAB TSAT TO 
DETERMINE SATURATION TECSPERATURES CO&RESPONDING 
TO GIVEN PRESSURES 
THIS PROGRAH CALLS SUBROUTINE EVAP TO DETERMINE 
THE OVERALL HEAT EXCHANGER PERFORNANCE, HEAT TRANSFER 
RATES, AIR TEHPERATURES, ETC. 

ALL TERPERATURES ARE IN DEGREES F 
ALL HEAT TRANSFER RATES ARE IN BTU/HR 
ALL HASS FLOW RATES ARE IN LBIJ/HR 

COMMON/CPASS/X?IRXE,TSAE,H4E,HRO,TROC 

COUl¶ON/EVAPOR/ NRUNEIDEAE,DERE,DELTAE,FPE,XKFE,AAFE,NTE, NSECTE, 
1 HCONTE,STE,WTE,SIGAE,ATBOE,PE,PTBOE,ARFTE,ARHTE, ALFARE,ALFAAE, 
1 XLFE,PARE,CARE,DXlfRIE,NXHRE,QAE,TAIIE, DTAE, NTEffPE,INDICE, 
1 TWBIXE,DTPEIE,NTNEE,RHIE,TROE 

COUUON CPA,HA,SEFFX,HRV,CPRV,XNR,XNA,X4,HTP,F,FTP,QSP, QTP,TAOSP, 
1 TAOTP,TRO,ARHT,XHH20,TnBI,RHI,RHI,INDIC,PA,J 

----------------- INPUT DATA CONSTANTS -------------- 

C AIR PROPERTIES 
C PRA - FRANDTL NUHBER OF AIR 
C. xnok - VISCOSITY OF AIR (LBfY/HR-PT) 
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C RAW - UNIVERSAL GAS CONSTANT POR AIR (FT-LBF/LBN-R) 
C PA - ATHOSPHERIC PRESSURE (PSIA) 
C CPA - SPECIFIC HEAT AT CONST.PRES.OF AYR (BTU/LBN-R) 

DATA PRA,XilUA,RAIJ/.714,.043,53.34/ 
PA = 14.7 
CPA = -24 

C REFRIGERANT PROPERTY VARIATION COEFFICIENTS 
.C NR - NUMBER OF REFRIGERANT ('l2,22, OR 502) 
C NREF - NUMBER OF REFRIGERANT (USUALLY SAME AS RR) 
C SLPEHV C XINHV - COEFFICIENTS FOR VISCOSITY OF VAPOR 
C SLPEKV & XIRKV - COEFFICIENTS FOR THERHAL 
C CONDtKZTIVITY OF VAPOR 
C SLPEKL E XINKL - COEFFICIENTS FOR THERMAL 
C CONDUCTIVITY OF LIQUID 
C SLPCEV E XINCPV - COEFFICIENTS FOR SPECIFIC HEAT 
C AT CONST.!?RES. OF VAPOR 
C XHl - xas - COEFFICIENTS FOR VISCOSITY OF LIQ. 
C CPl & CP2 - COEFFICIENTS FOR SPECIFIC HEAT 
C AT CONST. PRES. OF LIQUID 
C VISCOSITIES IN LBH/(HR-FT) 
C THERNAL CONCUCTIVITIES IN BTU/(HR-PT-P) 
C SPECIFIC BEATS IN BTU/(LBH-R) 

NR = 22 
DATA NREF,SLPEMV,XINMV,SLPEKV,XINKV,SLPEKL,XINKL /22,.0000759, 

1 .0272,-OOOC2..00482,-.000159,.06299/ 
DATA SLPC??V,XINCPV/.000433,.1394/ 
DATA XMl,X!42,XH3,XM4/-5.625E-O8,1.5252-05,-2.982E-O3, .646/ 
DATA CPl,CPZ/ 2.98E-04,.2575/ 

C*****NOTE - THE ABOVE REFRIGERANT COEFFICIENTS ARE FOR 
C REFRIGERANT 22 ONLY 
C 
C AIR SIDE FLOW CHARACTERISTICS (SAME FOR BOTH EVAP.ECOND. 
C IF THEY ARE OF THE SAUE TYPE) 
C ClA-C6A - COEFFICIENTS FOR EXPRESSING THE 
C AIR SIDE HEAT TRANSFER COEFFICIENT 
r .M XLLA - LONER REYNOLDS NUHBER LINIT FOR LARINAB 
C FLOU ON AIR SIDE 
C ULA - UPPER REYNOLDS NUHBER LIMIT FOR TURBULENT 
C FLOW ON AIR SIDE 

DATA ClA,C2A,C3A,C4A,C5A.C6A,XLLA,ULA /.2243,-.385,.2243,--385, 
1 .2243,-. 385,1OOO.C,2OOO~O/ 

C 
C REFRIGERANT SIDE FLOW CHARACTERISTICS (SAHE FOR BOTH 
C EVAP.& COND. IF THEY ARE OF SAHE TYPE) 
c . CIR-C6R - COEFFICIENTS POR EXPRESSING THE 
C REFRIGERANT SIDE SINGLE PHASE BEAT 
C TRANSFER COEPFICIENTS 
C XLLB - LOWER REYNOLDS NUMBER LINIT FOR LANINAB 
C FLOW ON REFRIGERANT SIDE (SINGLE PHASE) 
C ULR - UPPER REYNOLDS NUHBER LIUIT FOR TURBULENT 
C FLOW ON REFRIGERANT SIDE (SINGLE PHASE) 

DATA ClR,C2R,C3R,C4R,C5R,C6R,XLLR,ULR /1.164,-.7824,.000054, 
1 .49985,,00667,-.0~97,2400.,3500./ 

c 
C ----------END OF INPUT DATA CONSTANTS ------------- 
C 
C OUTER LOOP POR HULTIPLE RUNS WHILE VARYING HEAT 
C EXCHANGER CRARACTERISTICS 
c 
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c 

. 

.X=6 
NREF=NREF+O 

DEA-DEAE 
DER=DERE 
DELTA=DELTAE 
PP=FPE 
XKP=XKPE 
AAF=AAFE 
NT=NTE 
NSECT=NSECTE 
HCONT=HCONTE 
ST=STE 
WT=WTE 
SIGA =SIGAE 
P =PE 
PTBO =PTBOE 
ARFT =ARFTE 
ARHT =ARBTE 
ALFAR =ALFARE 
ALFAA=ALPAAE 
XLF =XLPE 
FAR=FARE 
CAR=CARE 
XBRI=XHRIE 
DXtlRI=DXlRIE 
NXKR=NXHRE 
TSA=TSAE 
H4=H4E 
QA=QAE 
TAII=TAIIE 
DTA=DTAE 
NTEKP=NTEHPE 
IHDIC=INCICE 
TRBII=TWBIIE 
DTWBI=DTUEIE 
NTWB=NTWBE 
RHI=RHIE 

C 
C 

TAI = TAII 
TUB1 = TUB11 

C 

C 

C 
C 

C 
C 
C 
C 
C 

C 
C 
C 

WRITE(6.10600) 

WRITE(6.,10700) TAI,TWBI,RHI,QA,TSA 

VA = QA*60,O/(SIGA*AAF) 
GA = VA*FA*144.O/(RAU*(TAI + 460.0)) 
A08 = FLOAT (NT)*P/ (ST*GA*SIGA) 

SUBDIVIDE FLOP INTC PARALLEL CIRCUITS AND TREAT EACH 
LIKE A SEPARATE HEAT EXCRANGER - CONVERT BACK'TG TOTAL 
PLOY AT THE END 

X~A=60.O*~A*PA*l44.O/(RAU*FLOAT(NSECT)*(TAI+460.0)) 

DETERBXNE AIR SIDE HEAT TRANS.COEF.‘HA’ (BTU/HR-SQ FT-F) 

CALL SPHTC (DEA,GA,CI&,CZA,C~~L,C~A,CSA,C~A,XLLA,ULA, XKUA, 
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1 CPA,PRA,BEA,AA) 

DETERMINE OVERALL SURFACE EFFICIENTCP 'SEFFX' 

CALL SEPF(XKP,DELTA.RA,XLF,FAR,CAR,ACORT,SEFFX) 
ICRT = 1 

XKR = XBRX/FLOAT(NSECT) 

DETERMINE SATURATICR PROPERTIES OF REFRIGERANT 

10 CALL SATPRP(NR,TSA,PSAT,VF,VG,HSATL,EFG,HSATV,SF,SG) 
RHOV = l.O/VG 
RHOL = l-O/VP 
CPRL = CPl*PSAT + CP2 
XMUL = XKl*TSA**3 + XH2*TSA**2 + XI3*TSA + X14 
XKRL = SLPEKL*TSA + XINKL 
XKRV = SLPEKV*TSA + XINKV 
XHURV = SLPEHV*TSA + XINMV 
PRRL = XClUL*CPRL/XKRL 
CPRV = SLPCPV*PSAT + XINCFV 
PRRV = XHURV*CPRV/XKRV 
GR = XKBJARFP 

DETERRXNE SINGLE PBASE VAPOR HEAT TRANSFER COEF- 
'HRV' (BTU/HR-SQ PI-F) 

1 
CALL SPHTC (DER,GR,ClR,C2R,C3R,C4R.C5R,XLLR,XLLR,fJLR, 

XMURV,CPRV,PRRV,RERV,!iRV) 
x4 = (84 - BSATL) /HPG 
IF (X4.LT.0.0) PRITE(J, 10800) X4 

DETEREINE EVAPORATION TWO-PHASE HEAT TRANS. COEF.'HTP' 
(BTU/HR-SQ PT-P) 

CALL EHTC(DER.GR,X4.l.O,PRRL,XKRL.XPlURV,XllUL,RHOL, 
1 RHOV,ATP) 

USE SUBROUTINE EVAP TO DETERMINE EVAPORATOR HEAT 
TRANSFER PERFORMANCE AND RETURN ALL RESULTS THROUGH COtlClON 

CALL EVAP(AOB,ALPAR,ALFAA,TSA,TAI,t?FG) 

RETURN TO TOTAL FLCP RATE REPRESENTATION 

TROE = TRO 
SUPER = TRO - TSA 
QTOT=FLOAT(NSECT)*(QSP+QTP) 
QLAT = FLOAT(NSECT) *Xfi820*1057.0 
XBA=Xt¶A*PLOAT(NSECT) 
XKR=XHR+FLOAT(NSECT) 
DZTP = ETP*ARHT/P 
DZV = F*ARHT/P 
DZL = 0.0 
e = S.OE-06 

USE SUBROUTINE PDRCP TO DETERBXNE PRESSURE DROP OF 
REFR$GERANT THROUGE EVAPORATOR 'PD' (PSI) 

CALL FDROP(3,DER,E,GR,XKURV,Xt¶UL,RHOV,RHOL,RERV, RERL, 
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C 
C 
C 

C 
C 
C 

c 
4" 
E 
C 
C 
c 

1 DZTP.1.O,X4.VG,DXV,DZL,PD) 

PRINT OVERALL RESULTS 

WRITE (6,lOOOO) 
WRITE(6,lOlOO) XUA,XHR 
WRITE (6,10200) GA,GR 
HRITE (6,103OO) RA,HRV,HTP 
WRITE (6,104OO) QTOT,QLAT 
WRXTE(6,lOSOO) PD 

SUBDIVIDE FLOW AGAIN TO PREPARE FOR NEXT LOOP 

XnA = XMA/PLOAT(NSECT) 
XMR=XllR/FLOAT (NSECT) 
IF (ICNT.NE.l) GO TO 20 

CHECK DROP IN SATURATION TEMPERATURE DUE TO PRESSURE 
DROP IN COIL - IF THE DROP IN SATURATION TEKPERATURE 
IS GREATER THAN 2 SEGREES F - REPEAT ALL CALCULATIONS, 
USING AN AVERAGE VALUE OF SATURATION TEUPERATURE 

20 

30 

POUT=PSAT+PD 
TSATO = TSAT(NR,POUT) 
IF (ABS(TSA-TSATO)wLEw2.0) GO TO 30 
TSA = (TSA + TSATO)/2.0 
ICNT = 2 
WRITE (6,109OO) TSA 
GO TO 10 
TSA = 2.0*TSA - TSATO 
ICNT = 1 
CONTINUE 

RETURN 
10000 FORUAT(SX.'EVAPOFATOR PERFORMANCE FOR THIS AIR INLET TEUP:'//) 
10100 PORKAT( 10X,HXHA =',F9.1,8X,'Xl¶R =',F8.2) 
10200 FORtiAT(lOX,'GA =',P9.1,8X,'GR =' ,FlO. 1) 
10300 PORKAT(lOX,'HA =',P8.2,9X,'HRV =',F8.2,9X,‘ATP =',FS.2) 
10400 FORBAT(lOX.'QTOT =',F10,1,7X,'QLAT =',FlO.l) 
10500 FORKAT(lOX,'PD =',P7.2) 
10600 FORKAT(lH1) 
10700 PORMAT(10X,'TAI =',P8.2/10X,'TWBI =',F8.2/10X,'RHI =* , F7.3/ 

1 lOX,'QA =',F9.i/lOX,'TSA =',F8.2) 
10800 FORKAT(' *******X4 IS NEGATIVE - X4=',FlO.5,'*******') 
10900 FORflAT(lHO,4X,'PRESSURE DROP THRU EVAPORATOR IS LARGE ENOUGH'/- 

lSX,'TO DEPRESS SATURATION TERP. CALCULATION WILL BE REPEATED'/ 
lSX,'FOR TSA =',F8.2//) 

END 



72 

C 
C 
C 
C 
C 
C 
C 
c*** 
c*** 
c*** 
c*** 
c*** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c” 
C 
C 
C 

SUBROUTINE EVAP (AO!!!,ALFAR,ALFAA,TSA,TAI,HFG) 

PURPCSE 
TO DETERHINE HEAT TRANSFER, HOISTURE REKOVAL. 
AND RESULTING TEMPERATURES AND HUUIDITIES 
IN THE EVAPORATOR, GIVEN ALL OF THE NECESSARY 
COEPPICIENTS AND OTHER DETAILS 

AUTHORS C. C. HILLER AND L. R. GLICKSHAN i** 
THIS SUBPROGRAU APPEARS HERE UNCHANGED *** 
FRCK THAT GIVEN IN REPORT NO. 24525-96, *** 
HEAT TRANSFER LABORATORP, *** 
KASSACHUSETTS INSTITUTE OF TECHNOLOGY. *** 

DESCRIPTION OF PARLKETERS 
INPUTS 

HEAT EXCHANGER GEOUBTRP 
ALFAR - ALPHA REFRIGERANT (REFRIGERANT SIDE 

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

ALPAA - ALPHA AIR (AIR SIDE HEAT TRANSFER AREA/ 
TOTAL VOLUKE OF HEAT EXCHANGER -l/FT) - 

ARHT - TOTAL REPG. SIDE HEAT TRANS, AREA IS0 FT) 
* AOH - UNIT REFRIGERANT SIDE HEAT TRANSFER - 

AREA/UNIT AIR FLOW RATE 
(SQ PT-HR/LBM DRP AIR) 

BEAT TRANSFER CCEFFICIENTS 
HA - AIR SIDE HEAT TRANS.COEPP.(BTU/HR-SQ FT-F) 
HTP - REF. SIDE TBO-PHASE HEAT TRANS. 

COEP. (BTU/AR-SQ FT-P) 
HRV - REF. SIDE SINGLE PHASE VAPOR HEAT 

TRANS.COEP. (BTU/AR-SQ PT-F) 

REPRIGERANT PROPERTIES 
TSA - REFRIGERANT SATURATION TEKP. (F) 
HPG - LATENT ENTHALPY OP VAPORIZATION OF 

THE REPRIGERANT (BTU/LBM) 
x4 - ‘ENTERING QUALITY OF THE REPRXGERANT 
XUR - fiASS FLOW RATE OF REPRIGERANT (LEll/HR) 
CPRV - SPECIFIC HEAT AT CONSTANT PRESSURE 

OF THE REFRIGERANT VAPOR (BTU/LBM-R) 
AIR PROPERTIES 

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

XHA - tlASS FLOW RATE OF AIR (LBK/HR) 
TAI - DRY EULB TEffP.OF AIR ENTERING EVAP. (F) 
TUB1 - WET EULB TEMP.OF AIR ENTERING EVAP. (F) 
RHI - RELATIVE HUKIDITP OF AIR ENTERING EVAP, 
INDIC - INPUT INDICATOR 
IF 'INDIC' EQUALS 1, INPUTS ARE TAX, AND TWBI 
IF 1INtIC' EQUALS 2, INPUTS ARE TAI, AND RHI 
PA - ATKOSPHERIC PRESSURE (PSIA) 

OTHER INFUTS 
SEPFX - SURFACE EFFICIENCY OF PTNNED SURFACE 

OUTPUTS 
F - SINGLE PHASE VAPOR PRACTION OF TOTAL 

HEAT EXCHANGER SURFACE 
PTP - TWO-PHASE FRACTION OF TOTAL HEAT 

EXCBANGER SURFACE 
QSP - HEAT TRANSFER RATE IN SINGLE PHASE 
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c 
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VAPOR REGION (BTU/ER) 
QTP - HEAT TRANSFER RATE IN TWO-PHASE 

REGION (BTU/HR) 
TRO - TEBP.OF REFRIGERANT LEAVING EVAP. (I') 
XclH20 - RATE OF UOISTURE REBOVAL FROR AIR (LBIJ/RR) 
TAOSP - EXIT AIR TEIlP.FROB SINGLE PHASE REGION-(P) 
TAOTP - 

*xrT, AIR. '~~y~,.~~LB‘.T.E.~~;‘^ zs"g~#~NG~ -L.r 

NO BCISTURE RELIOVAL CCdURS (I') 
TUB3 - WET EULB TEMP. LEAVING EVAP. IF~?lOISTURE' 

REBCVAL OCCURS (F) 
TDB3 - EXIT AIR DRY BULB ZERP.LEAVING MAP., 

ASSURING MOISTURE REMOVAL OCCURS (F) 
REHARKS 

THIS PROGRAH CAYLS SUBROUTINE XUOIST To DETERBINE 
THE HUflIDITY , AND DEHUUIDIFICATION‘BEHAVfiiR 

^.,,. .~ . 

OF THE EVAPORATCB 
TBIS PROGRAM CALLS SUBROUTINE EXF TO DETER-MINE 
TEE EFFECTIVENESS IR CROSS FLOW 
(THIS PROGRAM USES THE EFFECTIVENESS-NTU HETHOD 
OF CALCULATING BEAT TRANSFER PERFORHANCE IF NO 
NOISTURE REUOVAL OCCURS, AND IN THE SINGLE PHASE 
VAPOR REGION. 

COHUCN CPA,RA,SEFPX,HRV,CPRV,XnB,XHA,X$,HTP,P,FTP,QSP, 
lQTP,TAOSP,TAOTP,TRO,ARHT,XRH2O,TWBI,RHI,INDIC.PA,J 

DETERSINE THE REPRESENTATIVE COIL CHARACTERISTIC 'COIL' 

COIL=HA* (ALFAA/(HTP*ALFAR)+l.O/(SEFFX*HA)-l.O/BA)/CPA 
QTP = XHR*(l,O - Xb))*HFG 
WRITE(6,7 14) 

DRTERMINE BULK AIR DRY BULB TEUP.'TADHI' UEEN 
DEHUMIDIPICATION OR tlOISTURE REEOVAL BEGINS 

CALL XBOIST(TAI,TPEI,RBX,INDIC,PA, HAIRI,RSATI,PAIBI, 
1TWALLI) 
TADHI=(HA*TWALLI*(l.0/(SEPFX*HA)+ALFAA/(~TP*~~~A~))~ 

l-TSA)/ (HA*(1.O/(SEPFX*HA)+ALFAA/(HTP*ALFAR))-1.0) 

DETERflINE NTU AND EFFECTIVENESS FOR SENSIBLE HEAT 
TRANSFER IN THE TWC-PHASE REGION, ASSUEING NO BOISTURE 
REHOPAL OCCURS 

XNTUTP=AOM/(CPA*(AlFAR/(SEPFX*HA*ALFAA)+l.O/HTP)) 
ETP=l .O-EXP (-XNTUTE) 
X?lATP=QTP/(ETP*CPA*(TAI-TSA )) 
PTP=XBATP/X!lA 
IP(FTP.GT.1.0) WRITE(J,710) FTP 

DETEREINE TBE EXIT AIR TEUP.'TAOTPi FROM THE TWO-PHASE 
REGION, ASSUBING NO EOISTURE REMOVAL'dC~UR‘S-'*' '*."~ ^_. ,_._I._ . "^ . . . ".. 

TAOTP=TAI-QTP/(XMA'IP*CPA) 
WRITE(J,705) TADHI,TAOTP 

CHECK TO SEE IF MOISTURE REMOVAL ACTUALLY OCCURS 
IF ROISTURE REBOVAL DOES NOT OCCUR, I.E. TADHI IS LESS 
THAN TAOTP, THEN SKIP THE ROISTURE REBOVAL SECTXON 

. 
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IF (TADHI..LT.TAOTP) WRITE(6,706) 
Il?(TADHI.LT.TAOTP) TDB3=TAOTP 
IF(TADHI.LT.TAOTP) GO TO 140 
IF (TADHI.GT.T,AOTP) WRITE(6,641) 

C 
C ---------------MOISTURE REn‘,VAL SECTION---------------- 
C 
C NOTE: IT IS ASSUMED THAT UOISTURE BEMOVAL ONLY OCCURS 
C IN THE TWO-PHASE REGION OF THE COIL 
C 
C IF TADHI IS GREATER THAN THE INITIAL DRY BULB 
C TEMPERATURE 'TAI', THEN MOISTURE REMOVAL BEGINS AT THE 
C LEADING EDGE OF THE COIL - HENCE SKIP TO STEP 36 
C 

IP(TADHI.GT,TAI) GO TO 36 
C 
C DETERMINE THE FRACTION 'FSENS' OF THE LEADING EDGE OF 
C THE COIL SURFACE WHICH IS USED ONLY FOR SENSIBLE 
C HEAT TRANSFER 
C 

FSENS=XHA*CPA*(l.O/(SRFFX*HA)+ALFAA/(HTP*ALFAR))* 
~AL~G((TAI-TSA)~(T~CHI-T~~))/(~RHT*~LF~~/~LF~R) 

IF((FSENS,GT.l.0).OR. (FSENS.LT.O.O))WRXTE(J,720) FSENS 
GO TO 37 

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

36 T = ISA 
DT = 1.0 
WRITE(6,713) 
DO 30 L =.1,30 
'I= I+ DT 
CALL XMOIST(T,T,RH,1,PA,HWALLI,WWALLI,WAIR,TWALLI) 
TS = TSA + (HAIR1 - EWALLI)*COIL 
IF(ABS(T-TS).LE..l) GO TO 35 
IF(T-TS) 30,35,25 

25 T = I-DT 
DT = DT/2.0 

30 CONTINUE 
URITE(6,717) 

35 TWALLI = T 
PSENS = 0.0 
TADHI = TAI 

37 HAIR1 = HAIRI - CPA*(TAI-TADHI) 
FMOIST = 1.0 -FSENS 
NRITE(6.711) TUALLI 

C 
C SPLIT MOISTURE REMOVAL REGION INTO 2 PARTS 
C 
. 
c” ITERATE TO DETERUIXE EXIT AIR ENTHALPY 'HAIR2'. AND 
C WALL TEMP.@IWALL~* aT THE END OF THE FIRST HOISTURE 
C REMOVAL REGION 
C 

I = TSA 
DT = 1.0 
WRITE(6.707) 
DO 50 L = 1,30 
9 =T+DT 
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. 

45 

50 

60 

80 

90 

100 

C 
C 
C 
C 

104 

105 

106 

C 
C 
C 
C 

CALL Xt!OIST(T,T,RH.l,PA,AWALL2,WWALL2,WAIR2~TWALL2) 
HAIR2 = HWALL2 + ('I-TSA )/COIL 
HAIR2S= HAIRl-PnOIST/2,0*ARHT*ALPAA/ALFAR*XA*(TWALLI 

l-TWALL2)/(COIL*XMA*ALOG((TWALLI-TSA)/(TWALL2-TSA))*CPA) 
IF(ABS(HAIRZ-HAIRZS) .LE..OS) GO TO 60 
IF(HAIR2-HAIR2S) 50,60,45 
T T - DT 
DT== DT/2.0 
CONTINUE 
WRITE(J,740) 
TWALL2 = T 
WRITE(6,7C8) HAIR2,TPALLZ 

ITERATE TO DETERMINE EXIT AIR ENTXALPP 'HAIR3', AID 
WALL TEnP.'TWALL3* AT TfiE END OF THE SECOND MOISTURE 
REMOVAL REGION 

'I = TSA 
DT = 1.0 
URITE(6,709) 
DO 90 L = 1,30 

~A~LTX~O~~T(T.T,RA,l,PA,BWA~3,W~ALL3,WA~R3,TWALL3) 
HAIR3 = HWALL3 + ('I - TSA )/COIL 
HAIR3S=~AIR2-FHOXSI/2.O*ARHT*ALFAA/ALFAR*HA*(TWALL2 

l-TWALL3)/(COIL*X~A*ALOG((TWALL2-TSA)/(TWALL3-TSA)) *CPA) 
IP(AES(HAIR3-HAIR3S).LE..OS) GO TO 100 
IF(HAIR3 - BAIR3S) 90.100.80 
'I- I- DT 
DT = DT/2.0 
CORTINUE 
WRITE(J.760) 
'IWALL = T 
WRITE(6,700) BAIR3,TWALL3 

ITERATE TO DETERMINE TBE WET BULB TEMP.'TWB3' LEAVING 
THE EVAPORATOR 

;T==';;O 
WRITE(6,701) 
DO 105 L = 1.30 

:A;LTX;O::T(T,T,RB,l,PA,HAIR3S,WSAT3,WAIR,TWALL) 
IF(ABS(HAIR3S-iiAIR3).LE..O5) GO TO 106 
IF(HAIR3S-HAIR3) 105,106,104 
I 
DT= 

T - DT 
= DT/2.0 

CONTINUR 
PRITE(J,764) 
TWB3 = T 
WRITE(6,702) TWB3 

DETERMINE THE FRACTION 'FTP' OF TEE BEAT EXCBAIGER 
WHICH IS IN TWO-PHASE FLOW 

PTP=QTP/(XHA*(HAIRI-RAIR3)) 
WRITE(6,770) FTP 
IP((l.O-FTP).LT.O.O) GO TO 190 

C 
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c 
m 
: 
C 

110 

120 

130 

c 
C ------------- END OF ROISTURE REflOVAL SECTION ---------- 
C 
C 
C 
C 

140 

C 
C 
C 
C 

145 
150 

C 
C 
C 
C 
C 

C 
C 
C 
C 

190 

DETERMINE FRACTION OF HEAT EXCHANGER 'PC USED PO’3 
SINGLE PHASE VAPOR (SUPERHEATING) REGION 

F = 1.0 - FTP 
URITE (6,790) F 

IP 'F' IS LESS THAN ZERO, INCOHPLETE EVAPORATION OCCURS 
HENCE, PRINT AN ERBOR HFSSAGE 

IF(F) 190,145,150 
P .000001 
X&F = F+Xl'lA 
X!lATP=PTP*XHA 

USE THE EPPECTIVENESS-NTU HETHOD TO DETERMINE HEAT 
TRANSFER IN TAE SINGLE PHASE VAPOR (SUPERHEATING) 
REGION 

CA = XllASP*CPA 
CR = XHR*CPRV 
BTOT = (ALPAR/(SEFPX*BA*ALPAA)+l,O/ARV)((P*ARHT) 
CALL EXF(RTCT,CA,CR.CClIN,EXFR) 

CALCULATE AND PRINT TRE HEAT TRANSFER RATES 
AND TEfiPERATDRES OF INTEREST 

TAOTF=TDB3 
T%O = TSA +EXFR*CIIN*(TN-TSA )/CR 
SUPER = TRO - TSA 
QS? = CR*(TRO-TSA ) 
TAOSE = TAX-QSP/CA 
RRITE(6.629) 
URITE(6,628) FTP,P,XHATP,XHASP,EXPR 
W,RITE(6,626) QTP,QSP,TDB3,TAOSP,TWB3 
WRITE(6,627) TAI,TUBI,TSA,TRO,SUPBR 
RETURN 
RRITE(J,840) FTP 

ITERATE TO CETERBJINI! THE AMOUNT OP WATER REUOVED PRON 
TRE AIR 'X8820 AND TAE FINAL DRY BULB TEMP. 'TDB3* 
LEAVING THE EVAPhRATOR 

i = TUB3 
.50 ' 

kE(6.703) 
DO 120 L = 1,50 
T=T+ DT 
CALL X~OIST(T,TRB3,RH3,1,PA,HAIR,WSAT,WAIR3,TWALL) 
XMH20 = (UAIRI-WAIB3l*FTP*X~A 
HAIR3S=.i4*(T-32.0) iWAIR3*(1060,9 + .444*T) 
IF(ABS(HAIR3S-HAIR3).LE..OS) GO TO 130 
IF(HAIR3S-HAIR3) 110,130,120 
I = 'I- DT 
DT = DT/2.0 
CONTINUE 
HRITE(J,780) 
TDB3 = T 
WRITE(6,704) XBH20,TDB3 
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QSP=O.O 
P--O.0 
XHASP-0.0 
XUH20=(WAIRI-WAIR3)*Xl¶A 
RETURN 

626 PORflAT(lOX,'QTP ='.P9.2,8X,'QSP =',P9.2/ 
11OX,'TDB3 J'.P8-2,9X,'TAOSP ='.F8.2.9X.'TWB3 ~'~F8.2) 

627 PORRAT(li30,9X,'TAI- ='.F8.2/10i,'TWB1 ' =',F8.2/- ' 
llOX,'TSA =',FB.Z/lOX, 'TRO =',F8.2/10X.'SUPER =',F8..2// 
25X,'NOTE THAT THESE HEAT AND t¶ASS PLOWS ARE POR ONE SECTION ONLY' 
3///a 

628 FORMAT(lOX;'FTP =',P6.3,11X,'F =',F6.3/ 
110X. 'XNATP =',F8.2,9X,'XMASP =',P8.2/ 
234X,'EXFR =',P6.3) 

629 F0RfiAT(////6X,'RESllLTS PROU SUBROUTINE EVAP:'/) 
641 YORMAT(5X,'HOISTURE RENOVAL OCCURS'//) 
700 PORUAT (5X,'END OF ITERATION. RESULTS ARE'/ 

1lOX,'HAIR3 =',P8,3,9X,'TWALL3=',P8,2/) 
701 FORMAT(SX,'START OP ITERATION ON EXIT WET BULB TEXP') 
702 PORMAT(SX,'END OF ITERATION. RESULT IS'/ 

1lOX,'TWB3 =',F8,2/) 
703 FORMAT(5X,'START OP ITERATION ON WATER RENOVAL RATE AND PINAL', 

1' AIR TEHF.') 
704 PORHAT(SX,'END OF ITERATION. RESULTS ARE'/ 

11OX.'XIYH20 =',F9,3,8X,'TDB3 =',P8.2/) 
705 FORMAT(lH0,9X,'TADRI =',F8.2,9X.'TAOTP =',P8.2) 
706 PORMAT(SX,'NO MOISTURE REMOVAL OCCURS'//) 
707 PORMAT(5X,'START OF ITERATION ON FIRST fiOISTURE REHOVAL SECTION') 
708 FORUAT(5X,'END OF ITEPATION. RESULTS ARE'/ 

llOX,'HAIR2 =',F8.2,9X,'TWALL2=',F8.2/) 
709 FORUAT(5X.'START OP ITERATION ON SECOND NOXSTURE REHOVAL SECTION') 
710 FORiAT('O****PTP IS LARGER THAN 1 FTP=',PlO.S,'****'/) 
711 FORHAT(5X,'IND OF ITERATION. RESULT IS'/ 

110X.'TWALLI=',F8.2/) 
713 POR#AT(5X,'START CP ITERATION ON WALL TEHP.') 
714 FORnAT{///5X,'BEGINNING OF CALCULATION IN SUBROUTINE EVAP:') 
715 PORMAT(3F10.4,X10,4F12.5) 
717 PORClAT(' *********NO SENSIBLE HEAT REMOVAL' 

1 ' ITERATION DOES NOT CONVERGE*********') 
720 i;)RHAT(' *****FSENS IS IN ERROR PSENS=',PlO.S,'****') 
740 FORHAT(' **********FIRST MOISTURE REUOVAL REGIOU ITER' 

1 'ATION DOES NOT CONVERGE************') 
760 ;;)RMAT(* ********SECOND 'KOISTURE REHOVAL REGION ITER-A' 

1 'TION DOES NOT CCNVERGE+*******') 
764 ;;Rf?AT(' **********ITERATION ON TUB3 DOES NOT ' 

I.,'CCNVERGE *********I) 
770 FORUAT(lA0,4X,'FRACTION OF COIL USED FOR TWO-PRASE PLOW IS'/ 

1 lOX,'FTP =',F8.4/) 
780 FORMAT(' **********EXIT DRY BULB TENP DOES NOT ' 

1 . . 'CCNVERGE +*******'I 
790 i~RUAT(lH0,4X,'PRACTIbN OF COIL USED POR SINGLE-PARSE VAPOR FLOW', 

1' IS'/lOX,'P =',F8.4/) 
840 PORHAT(' *****INCONFLETE EVAPORATION FTP=',PlO.S,'**') 

END 
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SUBROUTINE XBOIST(TDB,TUB,RH.INDIC,PATU,EAIB,USAT, 
1 UAIR,TWALL) 

C 

C 

C 
C 
C 

c 

C 
C 

C 

C 
c 

c 

C 
cy** 
c:*** 
c*** 
c:*** 
c:*** 
c: 

C 

c 
c 
c 
c: 
c 
C 
c: 
c: 
c 
C 
c 
c: 
C 
c 
C 
C 

c DRTERBINING SATURATION PARTIAL PRESSURE 'PS' (PSIA) 
C OF YATER VAEOR AT THR GIVEN TEUPERATURE 

DESCRIPTION OF PRRAHETERS 
INPUT 

TRALL- 

TDB - 

SATURATICN OR 

DRY BULB TENPERATURE (F) 
TRB - 

CORRESPONDING 

PET BULL' TEUFERATURE (P) 
RR - 

THB, OR EH 

RELATIVE HUBIDITY 

R 

INDIC- 

= 0 

INPUT INDICATOR 
IF 'INDIC' = 

1 
&DIC.NE.l) GO TO 30 

1, INPUTS ARE TDB, AND TWB 

T 

IF 'INDIC' = 

= TUB 

2, INPUTS ARE TDB, ARD RH 
PATCl - ATKOSPHERIC PRESSURE (PSIA) 

OUT PUTS 
AAIR - ENTAALPY OF HOIST AIR (BTU/IBM DRY AIR) 
USAT - SATURATION HOHIDITY (LBH UATER/LBH DRY AIR) 

CORRESFONDING TO THE EXISTING RET BULB TEUP. 
UAIR - ACTUAL BUBIDITY (LBM WATER/LBCl DRY AIR) 

CORRESPCNDING TO THE GIVEN DRY BULB TEMP., 
PRES., AND REL.HUHIDITY OR WET BULB TEMP. 

DEW POINT TEMPERATURE (P) 
TO THE GIVEN TDB,PATl¶, AND 

10 IF(T.LE.O.0) PS=.00077*T + ,018s 
IFfT.GT.O.O) PS=.00124*T + .0185 
IF (T.GT.1O.b) PS=. 00196W + -0113 
IP(T.GT.20.0) PS=.00317*T - -0129 
IP(T.GT.32.0) PS= .004145*T - .0441 
IP(T.GT.40.0) PS = .005641*T - .10394 
IF(T.GT.50.0) PS = .007819*T - .21284 
IP(T.GT.60.0) PS = .01068*T - .3845 
IF(T.GT.70.0) PS = .01438*T - -6435 
XF(T.GT.80.0) PS = .01913*T - 1.0235 
IFiT.GTu90.0j @S = .0251*T - 1.5608 
a = 1.004*18.01*PS/f28.967*(PATB-PS)I 

PURPOSE 
TO DETERHINE THE ENTHALPY, SATURATION UOISTURE 
CONTENT. AND ACTUAL WOISTURE CONTENT.OP NOIST AIR, 
ARD ALSi;THE NECESSARY WALL TEMPERATURE TO INDUCE 
HCISTURE REHOVAL, GIVEN DRY BULB TEBPERATURE AND 
EITHER BET BULB TEMPERATURE OR RELATIVE HUNIDITY 
(NOTE - YHIS PRCGRAH ESSENTIALLY REPRODUCES 

PSYCHROMETRIC CHART DATA) 

AUTHORS C. C. HILLER AND L. R. GLICKSBAN *** 
THIS SOBFKOGRAB APPEARS HERE UNCHANGED *** 
FROH THAT GIVEN IN REPORT NO. 24525-96, *** 
HEAT TRANSFER LABORATORY, *** 
CIASSACHUSETTS INSTITUTE OF TECHNOLOGY. *** 

IF(K.NE.0) GO TO 50 ' ' 
- . 

IP(INDIC.EQ.2) GO TO 40 
PF(I,NE. 1) GO TO 20 



79 

I 
. 

/ 
* 

I=2 
VSAT = W 
UAIR = WSAT -.000236*(TDB -T) 
HAIR = .24*(TWB-32.0) + PSAT*(1060.9 + ..444*TWB) 
P=PATH/(1.004*18.01/(28.967*UAIR)+l.O) 
I = YDB 
GO TO 10 

C 
C FINDING THE CORRESPONDYNG RELATIVE AUUXDITY, 
C GIVEN THE UET BULB TEMPERATURE 

20 RH = P/PS 
GO TO 90 

30 T = TDB 
GO TO 10 

40 P = RH*PS 
RAIR = RH*U+(PATE-ES)/(PATH-P) 

C 
C FINDING TRE CORRESFONDING WET BULB TEKPERATURE, 
C GIVEN THE RELATIVE HUUIDITY 

DT = -10.0 
DO 70 K=1,30 
T = T+DT 
GO TO 10 

50 us = ti - .000236*(TDB-T) 
IP(ABS(WS-WAIR).LE..OOOO5) GO TO 80 
IF(WS-WAIR) 60,80,70 

60 T = T-DT 

70 CD;~KTYNUE 
= DT/Z.O 

WRITE(6,lOO) 
80 TWB=T 

PSAT = W 
HAIR = .24*(TRB-32.0) l WSAT*(1060.9 + .444*TUB) 

C 
C DETERBINING THE SATURATION OR DEW POINT TEEP. 'TWALL' 
C CORRESPONDING TO TAE GIVEN PRESSURE, DRY BULB 
C TEUFERATURE, AND RELATIVE HUMIDITY OR WET BULB TEMP. 

90 IP(P.LE..0185) TWALL=IP-.01851/.00077 
IF(P,GT..0185j TWALL =‘ (P-.Olb5)/.00124 
IP(P..GT..0309) YWALL=(P-.0113)/.00196 
IP(P,GT..O505) YUALL=(P+.Ol29)/.00317 
IF(P,GT..O885) TWAZL=(P+.0441)/.004145 
IF(P.GT... 12170) TUALL=(P+.lO394)/.005641 
IF(P.GT.. 17811) TRALL=(P+.21284)/.007819 
IP(P.GTm2563) TWALL=(P+.3845)/.01068 
IP(P,GT..3631) TWALL = (P+.6435)/.01438 
IP(P,GT..5069) TWALL = (P+1.0235)/.01913 
IF(P.GT..6982) TUALL = (P+1.5608)/.0251 

100 PORfiAT(' ***** ITERATION IN XHOIST DOES NOT COAVERGE') 
RETURN 
LND 
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C 
C 
C 
C 
C 
C 
c*** 
c*** 
c*** 

c*** 

c*** 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE EHTC(DB,G.XI,XE.PRL.XKL,XUUV,XUUL~RHOL, 
lRHOV,HTC) 

PURPOSE 
TO DETERMINE THE EVAPORATION TWO-PHASE HEAT TRAWS. 
COEFFICIENT FOR FORCED CONVECTION PLOW 
INSIDE TUBES 

AUTHORS C. C. KILLER AND L. R. GLICKSUAN *** 
THIS SUBEROGRAH APPEARS BERE UNCHANGED *** 
PROU THAT GIVEN IN REPORT NO. 24525-96, *** 
HEAT TRANSFER LABORATORY, 4** 

NASSACHUSETTS INSTITUTE OF TECHNOLOGY. *4* 

DESCRIPTION OF PARAMRTERS 
INPUT 

DE - EQUIVALENT DIANETER OF PLOW PASSAGE (PT) 
G - HASS PLOW PER UNIT AREA (LBfl/HR-SQ PT) 
XI - INITIAL QUALITY 
XE - EXIT QUALITY 
PRL - PRANDTL NUUBER OF THE LIQUID PHASE 
XKL - THERHAL COND. OF LIQ. PHASE (BTU/HR-PT-PI 
xmv - VIscosYYY OF VAPOR PHAsR (LBM/FIR+T) ' 
XCUL - VISCOSITY OP LIQUID PHASE (LBH/HR-FT) 
RHOL - DENSITY OF LIQUID PHASE (LBM/CU PT) 
RHOV - DENSITY OF VAPOR PHASE (LBM/CU FT) 

OUTFUT 
HTC - EVAP.HEAT TRANS. COEF.(BTU/HR-SQ PT-F) 

ETC = .023*.325*2.504XKL*(G/XNUL)44.84DE**(-.2)4PRL** 
l.4*(RHOL/RHOV)4*.3754(XHUV/XtlUL)4*.075*(XE-XI)/ 
2(XE44.325-XI*4.325) 

RETURN 
END 



SUBROUTINE PDROP(N,b,E,G,XHUV,XRUL;Ra~V,186L,~~~;~~~;‘~~'- "-I" 
lDZTP.XP,XI,VV.DZV,DXL,PD) 

C 
C PURPOSE 
C TO DETERUINE BOTH SINGLE PHASE AND'Til'ij~PEASE- , .I '_" ; 
C PRESSURE DROPS FOR FLOU -1N'"PtiBES'= . " eI,."d,. ^, ~ : 
C 
C*** AUTHORS C. C. HILLER AND L. R. GLICKSBAN i** 
c*** THIS SUBPEOGRAU APPEARS BERE tfi?tH-llN*eED: ' *** 
c*** FROH THAT GIVEN IN REPORT NG: 24525-96, **i 
c*** HEAT TRANSFER LABORATORY, *** 
c*** UASSACHUSETTS INSTITUTE OF TECH'NOLGGY. *** 
C 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

DESCRIPTION OF PARAflETERS 
INPUT 

N - INDICATOR (2 OR 3 MEANS EVAPORATOR) 
D 
E 

- EQUIVALEBT DIAUETER OF FLOW PASSAGE (FT) 
- SURFACE ROUGBNESS OF PLOW PASSAGE' ‘CFT) 

G - l¶ASS FLOW PER UNIT AREA (LBMJBR;SQ FT) 
xuuv - VISCOSITY OF VAPOR PBASE (LBH/HR-FT) 
XUUL - VISCOSITY OF LIQ. PHASE (LBE/HR-FT) 
RHOV - CENSITY OF VAPOR PHASE '(LRH/CU FT) 
RHOL - CENSITY OF LIQ. PHASE (LBfl/CU FT) 
REV - REYNOLDS NUMBER OF VAFOR PHASE REQION 
REL - REYNOLDS NUMBER OF LIQUID PHASE REGION 
DZTP - LENGTH CF TWO-PHASE REGION (FT) 
XF - FINAL QUALITY 
XI - INITIAL QUALITY 
vv - EXIT SPECIFIC VOL.OF VAPOR PHASE (CU FT/LBt!) 
DZV - LENGTH OF SINGLE PHASE OAPOR'REGION (FT) 
DEL - LENGTH CF SINGLE PHASE LIQ. REGIGE'(FT) 

OUTFUT 
C DPV - PRES.DROP IN SINGLE PHASE VAPOR REGION (PSI) 
C DfL - 
C 

PRES. DROP IN SINGLE PHASE LIQ. REGIiiN (PSI) 
DPTP - PRES, DROP IN Tuo~pRA.sE~. REc.IGN "(‘p~5fj..'*a.*"~"- 

C PD - TOTAL PRESSURE DROP (PSI) 
C **** CAUTION - WATCB SIGN CONVENTION *********** 

REBARRS 
THIS PROGRAH CALLS SUBROUTINE FRICT, FOR 
D~ER~INxNG TBE‘GENERAL mdb% FRICTION FACT~~R' 
FOR SINGLE PHASE FLOW IN TUBE'S -' 

c” 

C 
C z 

HOBENTUH COHPONENT OF TWO-PHASE PEES. DROP 
DPH =((XF**2-XI**2)*(1.0+RHOV/RHOL -(RHOV/RHOL)*+.333 

1-(RHOV/EHOL)**.667)-(XF-XI)*(2.0*BBOV/RHOL-(RHOV/ 
2RHOL)**.333-(RHOV/REOL)**.667))*G**2/(RHOV*32.2* 
33600~0**2*144.0) 

Cl = (XF-XI)/DZTP 
c2 = .09*XBUV**.2*G**l.8/(C1*RHOV*D**1.2*32.2*3660.9 

1**2*144.0) 
c3 = 2.85*(XHUL/XEUV)**.O523*(RHOV/REOL)**.262' 

FRICTION COMPONENT OF TWO-PHASB PRES. DROP 
DPF =C2*(.357*(XF**2.8-XI**2.8)+2.0*C3*(.429*(XF**2.33 

l-xI**2.33)-. 1U1*(XF**3.33-X1**3.33)-.0287*(XF**4.33 
2-XI**4.33))tC3**2*(.538*(XF**l.86-XI**1.86)-.329*(XF 
3**2.86-XI**2.86))) 

TOTAL TWO-PRASE PRESSURE DROP 
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DPTP = DPN 4 DPF 
CALL PRXCT(REV,E,D,FFV) 
IF((N.EQ.2)..OR.(N.FQ.3)) GO TO 20 

C 
C CONDENSER SINGLE PHASE PRESSURE DROPS 

DPV=G**2*{1.O/RHOV-VV+FFV*DZV*(1.O/RHOV+VV)/D)/ 
?(32.2*3600.0**2+144.0) 

CALL PRICT(REL,E,D,FFL) 
DPL = 2.O*FPL*DZL+G**2/@*RHOL*32.2*3600~0**2*144.Q) 
GO TC 40 

C 
C EVAPORATOR SINGLE EHASE PRESSURE DROPS 

20 DPV=G**2*(VV-1.O/RHOV+FFV*DZV*(VV+l.0/RHOV)/D)/ 
1(32.2*3600.0**2*144.0) 

DPL = 0.0 
C 
C TOTAL PRESSURE CROP 

40 PD= -(DPTP l DPV 4 DPL) 
' RETURN 

AND 

C 
C 
C 
C 
c*** 
c*** 
c*** 
c*** 
c*** 

: 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE DPLfNE(D,XLEQ,E,XNR,RHO,XUU,DPLNE) 

PURPOSE 
TO DETERHINE SINGLE PHASE PRESSURE DROPS 

AUTHORS C, C. HIILER AND L. R. GLICKSNAN *** 
THIS SUBPROGRAN APPEARS HERE UNCHANGED *** 
FROH THAT GIVEN IN REPORT NO. 24525-96, *** 
HEAT TRANSFER LABORATORY, *** 
NASSACHUSETTS INSTITUTE OF TECHNOLOGY. *** 

DESCRIPTICN OF PARIUETERS 
INPUT 

D - EQUIVALEN3 D9 15459 OF FLOW PASSAG5 (FT) 
XLEQ - EQUIVALENT LENGTH (L/D - NON DIMENSIONAL) 
E - SURFACE ROUGHNESS OF FLOW PASSAGE (FT) 
xm - KASS FICW RATE (LBM/HR) 
RHO - DENSITY OF FLUID (LBN/CU FT) 
xna - VISCOSITY OF FLUID (LBM/HR-FT) 

OUTPUT 
DPLNE- SINGLE PHASE PRESSURE DROP (PSI) 

c 
c 

C REKARKS 
C THIS PROGRAU CAILS SUBROUTINE FRICT FOR 
c DETERUINING THE GENERAL HOODY FRICTION FACTOR 
C FOR SINGLE PHASE FLOW IN TUBES 
C 

RE = 4.0*XHR/(3.14*D*XClU) 
CALL FRICT(AE,E,D,FF) 
DPLNE =Y,O*PP*XLEQ*(Y.O*XNR/(3.14*D**2))**2/ 

1(2.0+RH0*32.2*3600.0**2*144.0) 
RETURN 
END 
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SUBROIJTIRE ERICT(RE,E,DI,FP) 
C 
C 
c 
C 
C 
c*** 
c*** 
c*** 
c*** 
c*** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

PURPOSE 
TO DETERHINE THE GENERAL,ROODY-PRYCTIOR"FACTOR 
FOR SINGLE PHASE FLOW IR ‘TU$ES^' -' '-". " 

AUTHORS C. C. HILLER AND L. R. GLICRSHAR *** 
THIS SUBEFOGRAD APPEARS AERE UNCHANGED’ *i* 
PROCl TRAT GIVEN IN'REPORT NO. 24525-96, *** 
HEAT TRANSFER LABORATORY, *** 
NASSACHUSETTS INSTITUTE OF TECRNOLOGY. *** 

DESCRIPTION OF PARAUETERS 
INPUT 

RE - REYNOLDS NUUBER 
E 
DI 

- SURFACE ROUGHNESS OF PLOW PASSAGE (FT) 

OUTPUT 
- EQUIVALENT DIARRTER CF FLOW PXS’SAfSE (FT) 

FF - MOODY FRICTION FACTOR 

LARINAR FLOR REGIHE 
IF(RE.LE.,2300.0) FF = 16.O/RE 
IF(RE.LR.2300.0) GC TO 30 

C TRANSITION AND TUREULENT FLOW REGIMES 
D = DI 
FF = -020 
DF = -,. 005 
DO 20 I = 1,30 
FF = PF + DF 
IF(FP.LE.0.0) FF = .OOOl 
A = -2~O*ALOG10(2.51/(RE*SQRT(~.O*FF)) + E/(3,7*D)) 

= l.O/SQRT(U.O*FP) 
~F(AES(A-B) -LE. (.ool*~)) ~0 TO 30 
IF (A-B) lE,30,20 

15 FF = FF - DF 

20 &TINUR 
= DF/2.0 

WRITE(6.100) 
30 RETURN 

100 FORHAT (' *****FRICTIOR FACTOR FAILS TO CONVERGE*****') 
END 

/ i 
j 
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SUBROUTINE TABLES(WR,I) 
C 
C 
C 
C 
C 
C 
c*** 
c*** 
c*** 
c*** 
c*** 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 
C 

C 

C 
C 
C 
C 
C 

C 

PURPOSE 
TO PROVIDE CORRECT VALUES FOR CONSTANTS IN TEE 
TBERUODYNARIC EROPERTIES SUBPROGRAUS, CORRESPONDIKG 
TO TEE DESIRED REFRIGERANT (12.22. OR 502) 

AUTEORS C. C. BILLER AND L. R. GLICRSMAN *** 
THIS SUBPEOGRAU APPEARS HERE UNCHANGED *** 
FROH THAT GIVEN IN REPORT NO. 24525-96, *** 
HEAT TRANSFER LABORATORY, *** 
MASSACHUSETTS INSTITUTE OF TECBNOLOGY. *** 

DBSCRIPTION OF PARABETERS 
INPUT 

NR - REFRIGERANT NUKBEB (12.22, OR 502) 
OUTFUT 

ALL OF THE CONSTANTS HELD IN COHUON BLOCKS 
THE REFRIGERANT INDICATOR 'I' 

REAL K,LElO,LlOE,J 
DESCRIPTION OF CONSTANTS 

VAPOR PRESSURE CONSTANTS 
COHHON/SAT/AVP,BVP,CVP,DVP,EVP,FVP 

CRITICAL POINT EROPERl!IES TC, PC. VC 
INITIAL APPROXIBATION CONSTANTS A, B 
HISCELLANEOUS CCNSTANTS TFR, LElO 

COBHON/SUPER/ TC.PC,VC,A.B.TFR,LElO 
EQUATION OF STATE CONSTANTS 

COH~ON/STATEQ/R,Bl,A2,B2,C2,A3,B3,C3,A4,B~,C~,A~,B~. 
lC5,A6,B6,C6,K,ALPBA,CPR 

SPECIFIC HEAT AT CONSTANT VOLUHE CONSTANTS 
ACV,BCV,CCV,DCV,ECV,FCV 
ENTHALPY AND ENTROPY OF VAFOR CONSTANTS X, Y 
UISCELLANEOUS CCNSTANTS LlOE, J 

CO?lHON/OTHEE/ACV,ECV,CCV,DCV,ECV,FCV,X,Y,LlUE,J 
IWRITE = 6 
SET REFRIGERANT INLICATOR 'I' 
I = 0 
IP(NR.EQm12) I=1 
IF(NR.EQ-22) I=2 
IF(NR.EQ.502) I=3 
IF(I.EQ.0) GO TO 999 
J=, 185053 
LlOE = - 434294 
LElO = 2-302585 
GO TO(10.20.30) , I _- C CONSTANTS FOR REFRIGERANT 12 

10 AVP = 39.883817 
BVP = -3436.63228 
CVP = -12.491522 
DVP = 4..730442E-03 
EVP = 0.0 
FVP = O-0 
TC = 693.3 
PC = 596.9 
vc = -02870 
A = 120.0 
B = 312-O 

. 
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i l 

! t 

TFR = 459.7 
R- -088734 
Bl = 6.509369E-03 
A2 = -3* 409727 
82 = 1.5943483-03 
c2 = -56.762767 
A3 = 6.0239453-02 
B3 = -l-879618E-05 
c3 = 1.311399 
A4 = -5-4873703-04 
B4 = 0.0 
c4 = 0.0 
A5 = 0.0 
B5 = 3-4668343-09 
c5 = -2.. 5439073-05 
A6 = 0.0 
B6 = 0.0 
c6 = 0.0 
K = 5.475 
ALPHA = 0.0 
CPR = 0.0 
‘ACV = 8-09453-03 
BCV = 3.326623-04 
ccv = -2.4138963-07 
DCV = 6.723633-11 
ECV = o-0 
FCV = o-0 
X = 39-556551 
Y = -1.6537943-02 
RETURN 

C CONSTANTS FOR REFBIGERART 22 
20 AVP = 29.357545 

BVP = -3845.193152 
CVP = - 7.861031 
DVP = 2.190939E-03 
EVP = -445747 
FVP = 686.1 
TC = 664.5 
PC = 721-906 
vc = .030525 

= 120.0 
= 388.0 

TFR = 459.69 
R = -124098 
Bl = .002 
A2 = -4-353547 
B2 = 2.4072523-03 
c2 = -44.066866 
A3 = -.017464 
B3 = 7.627893-05 
c3 = 1.483763 
A4 = 2..310142E-03 
B4 = -3.605723E-06 
cu = O-0 
A5 = -3-7240443-05 
B5 = 5,355465E-08 
cs = -1,845051E-04 
A6 = 1.363367E08 
B6 = -1.672612EOS 
c6 = 0-O 
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K = 4.2 
ALPHA = 548.2 
CPR = o-0 
ACV = 2m812836E-02 
BCV = 2,255408E-04 
ccv = -6.5096073-08 
DCV = o-0 
ECV = o-0 
FCV = 257.341 
X = 62a4009 
Y = -4.53335E-02 
BETURN 

C CONSTANTS FOR REFRIGERART 502 
30 AVP = 10.644955 

BVP = -3671-153813 
CVP = - - 369835 
DVP = -1.746352E-03 
EVP = -816114 
FVP = 654.0 
TC = 639.56 
PC = 591.00 
vc = .028571 
A = 117.0 
B = 279-O 
TFR = 459.67 
R = .096125 
Bl = -00167 
A2 = -3-261334 
B2 = 2.,0576293-03 
c2 = -24-24879 
A3 = 3.4866752-02 
B3 = -a8679133-05 
c3 = .332748 
A4 = -8-5765683-04 
B4 = 7.0240553-07 
c4 = 2.2412373-02 
A5 = 8.8368973-06 
B5 = -7,916t?C9E-09 
c5 = -3.716723P04 
A6 = -3.825373307 
86 = 5-581609304 
c6 = I*537838309 
R = 4.2 
ALP'HA = 609-O 
CPR = 7-E-07 
ACV = 2..04193-02 
BCV = 2..9968023-04 
CCV = -1.409043E-07 
DCV 
ECV 

= 2.210~613-11 
= o-0 

FCV = 64-058511 
X = 35.308 
Y -.07444 
RETURN 

C PRINT ERROR HESSAGP IF 
C 'NR' WES NOT EQUAL 12,22, OR 502 

999 PRITE(IWRITE, 1000) 
1000 FORnAT(' ************ERROR IN SUBROUTINE -TABLES-') 

RETURN 
END 

. 
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FUNCTION TSAT(NR,PSAT) 
C 
C PURPOSE 
C 
C 
C 
C 
c*** 
c*** 
c*** 
c*** 
c*** 
C 
C 
C 
C 
C 
C 

TO EVALUATE THE SATURATION TEHPERATURE 
OF REFRIGERANT 12.22, OR 502 
GIVEN THE SATURATION PRESSURE 

AUTHORS C. C. HILLER AND L. R. GLICKSRAN -. *** 
THIS SUBFROGRAN APPEARS UERE UNCRANGED 
FRCE THAT GIVEN IN REPORT NO. 24525-96, 
HEAT TRANSFER LABORATORY, 
MASSACAUSETTS INSTITUTE OF TECHNOLOGY. 

DESCRIPTION OF PAREUETERS 
INPUT 

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

OUTPUT 

*** 
*** 
*** 
*** 

C TSAT - SATURATION TEMPERATURE (F) 
C BEHARKS 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 

C 
C 
C 
C 

C 

SUBROUTINE TABLES CALLED BY TAIS FUNCTION 
REAL LElO 

CONSTANTS 

VAPOR PRESSURE CONSTANTS 
COEUON/SAT/AVP,BVP,CVPIDVP.EVP,EVP,FVP 

CRITICAL POINT PROPERTIES TC, PC, VC 
INITIAL APPROXIHATION CONSTANTS B 
MISCELLANEOUS CONSTANTS TFR, L& 

COAlRCN/SUPEB/ TC,PC,VC,A,B,TFR,LElO 

IWRITE = 6 

OBTAIN VALUES OF TRE CONSTANTS FOR THE 
DESIRED REFRIGERANT FROK SUBBt)UTINE 'TABLES' 
(THROUGH COHKON) 

CALL TABLES(NR,I) 

C CHECK 'PSAT' 
IF(PSAT.LE.O.0) GO TO 999 

c 
C COUPUTE INITIAL ESTIHATE OF 'TSAT' FROH 
C LINEAR APPROXIUATION 

PLOG = ALOGlO(PSAT) 
TR=A*PLOG + B 
ITER = 0 

C 
C ITERATE TO WITHIN -01 USING NEWTON ITERATION 

1 TRO = TR 
ITER = ITER + 1 
IF(XTER.GT. 30) GO To 998 
c= ALOGlO(ABS(FVP - TRO)) 
F=AVP+BVP/TRO+CVP*ALOG10(TRO)+DVP*TRO~EVP*((PVPJTRO)/ 

1 TROP)*C-PLOG 
FP=-BVP/TRO**2+CVP/(LElO*TRO)+DVP-EVP*(l./(LE10*TRO)+ 

lFVP*C/TRO**2) 
TR=TRO-F/FP 
IF(ABS(TR-TRO).GT..Ol) GO TO 1 
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RRTURN 
c 
C PRINT ERROR MESSAGE IF 
C PSAT IS LESS TBAN OR EQUAL TO ZERO 
C NUMBER OF ITERATIONS IS GREATER THAN 30 

998 TSAT=TR-TFR 
URITE(IWRITE,lOOO) 
RET0 RN 

999 TSA?=O 
RRITE(IWRITE,l000) 

4000 PORRAT(lOX,‘ERROR IN CALLING SUBROUTINE -TSAT- 
RETOGN 
END 

. 

‘I 
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FUNCTION SPVOL(RR,TF,PPSIA) 
C 
C 
C 
C 
C 
C 
c*** 
c*** 
c*** 
c*** 
c*** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 

C 

C 
C 
C 
C 

C 
C 

C 
C 

C 
c 

C 
C 

PURPOSE 
TO EVALUATE THE SPECIFIC VOLUBE OF T'WR VADnF DmlCF 

- --.- 

OF REFRIGERANT 12,22, OR 502 
. .._I.. . ..asYY 

GIVEN THE PRESSURE AND TEMPERATURE 

AUTHORS C. C. HXILER AND L. R. GL.XCKSHAN *** 
THIS SUBPROGRAM APPEARS HERE UNCHANGED *** 
FROM THAT GIVEN IN REFGRT NO. 24525;96; '- *k* 
HEAT TRANSFER LABORATORY, *** 
BASSACHUSETTS INSTITUTE OF TECHNOLOGP. *** 

DESCRIPTION OF PARlUETERS 
INPUT 

NR 
TF 

- REFRIGERANT RUHBER (12,22, OR 502)“ 
- TEHPERATURE (P) 

PPSIA- FRESSURE (PSIA) 
OUTPUT 

SPVOL- SPECIFIC VOLUUE (CO FT/LBf¶j 

REMARKS 
FUNCTION SUBPROGRAM TSAT CALLED BY THIS FUNCTIO-B 
SUBROUTINE TABLES CALLED BY THIS SUBROUTIRB - 

REAL K,LElO 

CONSTANTS 

CRITICAL POINT EROPERTIES TC, PC, VC 
INITIAL APPROXIEATIONeCO-NSTARTS A, B 
UISCELLANEOUS CCNSTARTS‘ TFR, LElO 

COMMON/SUPER/ TC,PC,VC,A,B,TF-R-;LElO 

EQUATION OF STATE CONSTANTS 
COIIZION/STATEQ/R,Bl,A2.B2,C2,A3,B3,C3,84,B4.C4,A5,BS, 

lCS,A6,B6,C6,K,ALPHA,CPR 

IWRITE = 6 

OBTAIN VALUES OF THE CONSTANTS CORRESPONDING TO TBE DES16ED REFRIGERANT FROB suBRoufIN.E~"'.P~~~~~.~~~~~~~.~~~..---"~. jd, _"*. ..",.y . . . -I . a~.. 

(THROUGB COrMON) 
CALL TABLES(NR,X) 

CONVERT 'TF' TO "7.' AND CHECR'VALUE -" ._x_.. - 

T 5 TF + TFR 
IF(T.LEeO.0) GO TO 999 

CALCULATE 'TFSAT' AND COBPARE WITB 'TF' 
TFSAT=TSAT(NR,PPSIA) 
IF(TF.LT.(TFSAT-0.050)) GO TO 999 

CHECK 'PPSXA' 
IF(PPSXA.LE.O.0) GO TO 999 

CALCULATE CONSTANTS 
E.SO = EXP(-K*T/TC) 
ESl=PPSIA 
ES2 = RoT 
ES3=A2+B2*T+C2*ESO 
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ES4=A3+B3*T+C3*ESO 
ES5=84+BY*T+C4*ESO 
ES6=A5+BS*T+C5*ESO 
ES7=A6+Bti*T+C6*ESO 
ES32=2,*ES3 
ES43=3.*ES4 
ES54=4.*ES5 
ES65=5.*ESb 

C 
C COklFtlTE INITIAL ESTIBATB OF ‘V’ PROM IDEAL GAS LAW 

VN=R*T/PP SIA 
ITER = 0 

C 
C CO?l?OTE 'V' TO WITHIN l.OE-06 BY NEWTON ITERATION 

1 XTER = XTER + 1 
IF(ITERaGT.30) GO TO 998 
V = VN 
v2 = v**2 
v3 = v**3 
v4 = v**4 
115 = v**s 
V6 = V**6 

= ALPHA+(V+Bl) 
L(z.GT.I~~,~~ 2=150.0 
EClAV=EXP(-Z) 
GO TO (2,2,3),X 

2 F=ESl-ES2/V-ES3/V2-ES4/03-ES5/V4-ES6/V5-ES7*EHAV 
FV=ES2/V2+ES32/V34ES43/V4+ES54/V5*ES65/V6+ES7*ALPHA*E 

InAV 
GO TO 4 

3 EU2AV = EPIAV**2 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

lAV+CPR) 
FV=ES2/V2+ES32/V3+ESY3/04+ES54/V5+ES65/V6+ES7*ALPHA*E 

l?l2AV*(EllAV+2.*CPR)/(EUAV+CPR)**2 
4 VN=V-i/PV 

._ . 

IF(ABS((VN-V)/V).GT. I. E-06) GO TO 1 
SPVOL = VN+Bl 
RETURN 

C 
C 
C 
C 

998 

999 

9 

PRINT ERROR HESSAGE IF 
TF IS LESS THAN OR EQUAL TO ZERO DEGREE R 
TF IS LESS THAN TFSAT CORRESPONDING TO PSAT = PPSIA 
PPSIA IS LESS THAN OR EQUAL TO ZERO 
BCRE THAN 30 ITERATXONS ARE NEEDED 

SPVOL = VN 4 Bl 
WRITE(IRRITE,9) 
RETURN 
SFVOL=O. 
WRITE(IRRITE,9) 
FORflAT(' *****EBBOR IN CALLING SUBROUTINE -SPVOL-') 
RETURN 
END 
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C 
. c 

C 
C 
C t C 
C 
c*** 
c*** 
cy** 
c*** 
c*** 
C 
C 

C 

C 
C 
C 
C 
C 

c 
C 
c 

* 
C 
C 
C 
C 

C 
C 
C 
C 

C 

C 
C 

C 
C 

C 
C 

D 

SUBROUTINE VAPOR (NR.TF, PPSIA.VVAP,RVAP,SVAP) 

PU9POS5 
TO EVALUATE THE THERBODYNAKTC PROPERTIES 
OF THE SUPERHEATED VAPOR PHASE 
OF REFRIGERANT 12.22, OR 502 
GIVEN THE TEMPERATURE AND PRESSURE 

aUTHORS C. C. HILLEA AND L. R. GLICKSMAN *** 
THIS SUBPROGRAM APPEARS HERE UNCHANGED '*** " 
FROH THAT GIVEN IN REPORT NO. 2W!2‘5;9‘6, -- -*** 
HEAT TRANSFER LABORATORY, *** 
NASSACHUSETTS INSTITUTE OF TECHNOLOGY. __. /> *** 

DESCRIPTION OF PARAMETERS 
INPUT 

NR - REFRIGERANT NUNBER (12.22, OR 502) 
TF - TEUPERATDRE IF) 
Pma- FRESSURE (PSiAj 

OUTPUT 
VPAP - 
HVAP - 

SPECIFIC VOLUHE OF VAPOR (ClJ FT/LBN) 
ENTHALPY OF VAPOR (BTU/LBN) 

SVAP - 
REMARKS 

ENTROPY OF VAPOR (BTU/LBtl - R) 

FUNCTION SUBPROGRAN SPVOL CALLED BY THIS SUBROUTINE‘ 
FUNCTION SUBPROGRAM TSAT CALLED BY THIS SUBROUTINE 
SUBROUTINE TABLES CALLED BY THIS SUBROUTINE 

REaL K,J,KTCTC,LElO,LlOE 

CONSTANTS 
CRITICAL POINT PROPERTIES TC, PC, PC 
INITIAL APPBOXIHATION CONSTANTS a, B (NOT USED) 
NISCELLANEOUS CONSTANTS TFR, LElO 

COtlHON/SUPER/ TC,FC,VC.A,B,TFR,LElO 

EQUATION OF STA'IE CONSTANTS 
COMNCN/STATEQ/%,Bl,A2, B2,C2,A3, B3,C3,AQ, B&.W,a5,B5, 

lC5,A6,86,C6,K,ALPHA,CP% 
SPECIFIC HEAT AT CONSTANT VOLUUE CONSTaNTS 
ACV,BC'?,CCV,DCV,ECV,FCV 
ENTHALPY AND ENTROPY-OF VaPOB CGNSTANT‘S .~>x,' i '.I" nISCELLANEOuS CONSTINIS.~- ."i;ld^E,‘-‘"I^~% ..il. -. 

COMnON/OTHEA/ACV,BCV,CCV,DCV,ECV,ECV,FCV;X,Y,L~~OE;~ 

OBTAIN VALUES OF THE CONSTANTS COR%ESPdND'~~G"Tb'THs.'. ' 
DESIRED REFRIGERANZ FRO% SUBROUTINE TABLES 
{THROUGH COUNON) 
CALL TABLES (NR,I) 

IURITE = 6 

CONVERT ' TF' TO 'T' AND CHECK VALUE 
I = 'IF + TFR 
IF(T,LE,U.O) GO TO 999 

CALCULATE 'IFSAT' AND COMPARE WIT% ‘TF’ 
TPSAT = TSAT (N%,PESIA) 
IP(TF.LT.TFSAT) GO TO 999 

CHECK 'PPSIA' 
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IF(PPSIA,LE.O.O) GO TO 999 
C 
C CALCULATE 'VPAP' 

VVAP = SPVOL (NR,TF,PPSIA) 
C 
C CALCULATE *HVAP' AND ‘SVAP' 

T2 = T**2 
T3 = T**3 
T4 = T**4 
VR = VVAP-El 
VR2 = 2.*VR**2 
VA3 = 3.*VR**3 
VRY = 4.*VR**4 
KTDTC = K*T/TC 
EKTDTC = EXP(-KTDTC) 
2 = ALPHA*VVAP 
IF(ZnGT,150.0) 2 = 150.0 
EBAV = EXP(-Z) 
Hl=ACV*T+BCV*T2/2.+CCV*T3/3.+DCV*T4/4.-FCV/T 
H2 = J*PPSIA*VVAP 
H3=A2/VR+A3/VR2+A4/Va3+AS/V%4 
84=C2/VR+C3/VR2+C4/VR3+C5/VR4 
Sl=ACV*ALOG(T)+BCV~1+CCV*T2/2.+DCV*T3/3.-FCV/(2.*T2) 
s2 = J*R*ALCG(VB) 
S3=B2/VB+B3/VR2+B4/VR3+95/VR4 
S4 = HO 
GO TC(6,4.5),1 

4 fi3= H3+A6/ALPHA*E#AV 
s3 = S3+86/ALPHA*E%AV 
GO TO 6 

5 F$=l./ALPHA*(EBAV-CP%*ALOG(l.+EKAV/CPR)) 
= %3+A6*BO 

R4 = 84 -C6+HO 
53 = S3+B6*AO 
SY = S4-C6*HO 

6 HVAP=Hl+H2+J*H3+J*EKTDTC*(l.+KTDTC)*BU+X 
SVAP=Sl +S2-J*S3+J*EKTDTC*K/TC*S4+1 
RETURN 

C 
C PRINT ERROR BESSAGE IF 
C TF IS LESS THAN OR EQUAL TO ZERO DEGREE R 
C TF IS LESS THAN TFSAT CORRESPONDING TO PSAT = PPSIA 
C PPSIA IS LESS THAN OR EQUAL TO ZERO 

999 WRITE(IRBITE,1000) 
1000 FORMAT(' *******ERROR IN CALLING SUBROUTINE -VAPOR-') 

RETURN 
END 
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SUBROUTINE SATPRP(NR,TF,PSAT,VF,VG,RG.SP,SG) 

DIMENSION AND TYPE STATEMENTS 
DIlENSION AL(3),BL(3),CL(3).DL(3),EL(3) 
REAL J,K,KTDZC,LElC,LlOE 

C 
l 

C 

C t C 
C 
C 
C 
C 
c*** 
c*** 
c*** 
c*** 
c*** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

v C 
c 
C 
C 

* C 
C 
C 
C 

C 
C 
C 
C 

C 
C 

C 
C 
C 
C 
C 

C 
C 

l 

PURPOSE 
TO EVALUATE THE SATURATION THERMODYNAMIC PROPERTIES 
OF REFRIGERANT 12,22, OR 502 
GIVEN THE SATURATION TEKPERATURE 

AUTBORS C. C. HIZIER AND L. R. GLICKSUAN *** 
THIS SUBPBOGRAU APPEARS HERE UNCHANGED *** 
FROH THAT GIVEN IN REPORT NO. 245'2sj-‘6,' *** 
HEAT TRANSFER LABORATORY, *** 
HASSACHUSETTS INSTITUTE OF TECHNOLOGY. *** 

DESCRIPTION OF FARAUETERS 
INPUT 

NR - REFRIGERANT RUKBER (12,22, OR 502) 
TF - TEHPERA'IURE (F) 

OUTPUT 
PSAT - SATURATICN PRESSURE (PSIA) 
VP 
VG 

- SPECIFIC VOLUKE OF SATURATED LIQ-(CU FT/LBIJ) 

HP 
- SPECIFIC VOLUKE OF SATURATED VAP.(CU FT/LBE) 
- ENTHALPY OF SATURATED LIQUID (BTU/LBM) 

RFG - 
KG - 

LATENT ERTHALPY OF VAPORIZATION (BTU/LBH) 
ENTHALPY OF SATURATED VAPOR (BTU/LBH) 

SF - ENTROPY OF SATURATED LIQUID (BTU/LB% - It) 
SG - ENTROPY OF SATURATED VAPOR (BTU/LB!4 - R) 

REBARKS 
FUNCTION SUBPROGRAH SPVOL CALLED BY TAIS SUBROUTINE 
SUBROUTINE TABLES CALLED BY TBIS SUBROUTINE 
FUNCTION SUBPROGBAll TSAT AVAILABLE FOR CALCULATING 
THE SATURATION TEHPERATURE GIVEN THE‘SATU%ATIb% 
PRESSURE 

CONSTANTS 

VAPOR PRESSURE CONSTANTS 
COKUON/SAT/AVP, EVP&VP,DVP,EVP,FVP' 

CRITICAL POINT EROPERTIES TC, PC, VC 
INITIAL APPROXIKATION CONSTANTS A, B (NOT USED) 
KISCELLANEOUS CCNSTANTS TFR, LE10 

COl¶HON/SUPER/ TC.PC,VC,A,B,TFR,LElO 

SPECIFIC HEAT AT CONSTANT VOLUHE CONSTANTS 
ACV,BCV,CCV,DCV,ECV,FCV 
ENTHALPY AND ENTROPY OF VAPOR CONSTANTS X, Y 
%ISCELLANEOUS CCNSTANTS LlOE, J 

COBWON/OTHER/ACV,BCV,CCV,DCV,DCV,ECV,FCV,X,Y,LlOE,J 

LIQUID DENSITY CONSTANTS 
DATA AL,BL,CL,DL,EL/34.84,32.76,35.0,.02696,54.634409 
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1,53.48437,.834921,36.74892,63~864t7,6.02663,-22.29256 
26,-70.08066,-. 655549E-05,20.473289,48..47901/ 

C 
C OBTAIN VALUES OF TAP, CONSTAITS CORRESPONDING TO TAE 
C DESIRED BEPFIGERANT PROK SUBROUTINE TABLES 
C (THROUGH COfllYON) 

CALL TABLES(NR,I) 
c 

IWRITE = 6 
C 
C CONVERT 'TP' TO rT' AND CRECK VALUE 

T = TP + TFR 
IP(T,LE,O.O) GO TO 999 

C 
C CCHFARE 'T' UITH 'TC' 

IP(T.GT,TC) GO TO 999 
C 
C CALCULATE 'PSAT' 

GO TO(lO,ll,ll), I 
10 PSAT=lO,**(AVP+BVP/T+CVP*ALGGtO(T)+DVP*TI 

GO TO 12 
11 PSAT=lO.**(AVP+BVP/T+CVP*ALOG10(T)+DVP*T+EVP*((PVP-T) 

l/T)*ALOGlO(FPP-T)) 
C 
C CALCULATE 'VW 

12 VG= SPVOL(NR,TP,PSAT) 
C 
C CALCULATE 'VP' 

GO TO (1.2,2), I 
1 TCKT = TC-T 

VP=~./(AL(I)~BL(I)*TCHT*CL(I)*TCHT**(~./~.)+DL(~~*TC~ 
lT**(1./3.) +EL(I)*TCRT**2) 
GO TO 3 

2 TRl = 1,-T/K 
VP=l./(AL(I)+BL(X)*TR1**(~./3.)+CL(I)*TR~**(2~/3~~tDL 

1 (I)*TRl+EL(I)*TR1**(4./3.)) 
c 
C CALCULATE 'EPG' BP CLAUSIUS CLAPEYPOR EQUATION 

3 GO TC(31,32,32),X 
31 HPG=(VG-VP) *PSAT*LElO*(-BVP/T+CVP/LElo+DVP*T)*J 

GO Td 33 
32 HPG=(VG-VP)*PSAT*LElO*(-BVP/TtCVP/LE10tDVP*T-EVP*(L1O 

lEtPVP*ALOG10(PVP-T)/T))*J 
33 SPG = HPG/T 

C 
C CALCULATE 'BG' AND 'SG' 

T2 = T**2 
T3 = T*+3 
T4 = T**4 
VR = VG-Bl 
VR2 = 2.*VR**2 
VR3 = 3.*VR**3 
VR4 = 4,*VR**4 
KTDTC = R*T/TC 
EKTDPC = EXP(-KTDTC) 
Z = ALPAA*VG 
IP(Z.nGT,150,0) 2 = 150.6 
EBAV = EXP(-2) 
Hl=ACV*T+BCV*TZ/Z. tCCV*T3/3,tDCV*T4/4.-PCV/T 
R2 = J*PSAT*VG 
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B3=A2/VBtA3jVR2+A4/VB3+A5/VRY 
H4=C2/VR+C3/VR2+C4/VR3*C5/VR4 
Sl=ACV*ALOG(T)*BCV,T+CCV*T2/2.+DCP*T3/3.-FCV/(2.*T2) 
s2 = J*R*ALCG(VA) 
S3=B2/VR+B3/VR2+B4/VR3+BS/VR4 
S4 = H4 
GO TO(6.4,5). I 

4 H3=83+A6/ALPHA*EKAV 
S3=S3+B6/ALEHA*EUAV 
GO TO 6 

5 HO=l./ALPHA+(EKAV-CPR*ALOG(l.+EBAV/CPB)) 
A3=H3+A6*HO 
HU=HY-C6*HO 
s3 = S3*B6*80 

= S4-C6*BO 
6 i:=Hl+H2+J*HJ+J*EKTDTC* (l.+KTDTC)*fi$+X 

SG=Sl+S2,-J*S3+J*EK'IDTC*K/TC*S4+Y 
C 
C CALCULATE 'HP' AND 'SP' 

HP = HG - RFG 
SF = SG-SPG 
RETURN 

cc PRINT ERROR KESSRGE IP 
C TF IS LESS THAN OR EQUAL TO ZERO DEGREE 8 
C TP IS GREATER TRAN THE CRITICAL TEKPERATURE 

999 WRYTE(IURITE,lOOO) 
1000 PORNAT(' *****ERROR IN CALLING SUBROUTINE'-'SATPRP-') 

RETURN 
END 

t 

E 
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C 
C 
C 
C 
C 
c*** 
c*** 
c*** 
c*** 
c*** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

10 

20 
25 
30 

100 

SDBBOUTIKE TRIAL(N6,TI,DTI,P,N,ARG,TOL,V,R,S,T) 

PURPOSE 
TO DETERMINE REHAINING SUPERHEATED VAPOR PROPERTIES, 
GIVEN THE PRESSURE AND ONE OTAER PROPERTY 

AUTHORS C, C. BILLER BND L. R. GLICKSBAN *** 
THIS SUBPROGRAM APPEARS HERE UNCHANGED *** 
PROM THAT GIVEN IN REPORT NO. 24525-96, *** 
HEAT TRANSFER LABORATORY, *** 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY. *** 

DESCRIPTION OF PARLBETERS 
INPUT 

NR - REFRIGERANT NUMBER (12,22, OR 502) 
TI - INITIAL TSHPERATURS GUESS (PI 
DTI - INITIAL STEP SIZE 60R TEHP. ITERATIOI (P) 
P - PRESSURE 'PSIA) 
N - ARGUUENY INDICATOR 
IF N = 2, TRE SECOND KNOWN PROPERTY IS SPECIFIC VOL. 
IF N = 3, THE SECOND KNOWN PROPERTY IS ENTHALPY 
IP N = 4, THE SECOND KNOWN PROPERTY IS ENTROPY 
ARG - THE SECCND KNOWN PROPERTY 
TOL - CONVERGENCE TOLLERANCE 

OUT PUT 
v - SPECIPIC VOLUME OF VAPOR (CU FT/LBH) 
H - ENTHALPP OF VAPOR (BTU/LB?)) 
s - ENTROPY OF VAPOR (BTU/LBK-R) 
T - TEMPERATURE OP VAPOR (P) 

REMARKS 
THIS PROGRAH CALLS SUBROUTINE VAPOR TO DETERHIKE 
THE DESIRED REPRIGERANT PROPERTYES 

T = TI 
DT = DTI 
DO 20 I = 1,40 

:A~L=+V~~OR(NR,T.P,VVAP,AVAP,SVAP) 
Ip(N.EQ.Z)ARGN = VVAP 
IP(NaEQ.3) ARGN = HVAP 
IP(N,EQ"~) ARGN = svap 
IP((N.NE.2) -AND. (N.NE.3),AND.(W.RE.4)) GO TO 25 
IP(DT.LTaO.0) DIPF = ARG - ARGN 
IP(DT.GT..O.O) DIPP = ARGN - ARG 
IP(DT.EQ-0.0) GO TO 25 
IP(ABS(DIPP).LE.TCL) GO TO 30 
IF(DlPF) 20,30,10 

ET==TDT,~~TO 
CONTINUE 
WRITE(6,lOO) N 
v = vvap 
B = HVAP 
S = SVAP 
RETURN 
PORMAT(' *****TRIAL DOES NOT COBVBRGE !?=',I2,' ******'I 
END 
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SUBROUTIIE SPPRT(RR,TP,PPSIA,CV.CP.GAMRA‘;SORIC) - 
* C 

C 
c 

l 
C 

C 

C 
C 
c*** 
c*** 
c*** 
c*** 
c*** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

I C 

C 

* 
C 
C 
C 
C 

C 

C 

.C 
C 

C 
J C 

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

AUTHORS Cm C. HILLER AND L. R. GLICKSRAN ***' 
THIS SUBPROGRAK APPEARS RERE UNCRANGED '_ .*** 
FRCU THAT GIVEN IN REPORT NO. 24525-96, *** 
HEAT TRANSFER LABORATORY, *** 
MASSACHUSETTS INSTITUTE OF TECbNOZdG?. ,. 

*** -' . 

DESCRIPTION OP PARLRETERS 
.,, " ,; 

INPUT 
NR 
TP 

- REFRIGERANT RUBBER (12,22, OR 502) 
- TEHPERAYURE (P) 

PFSIA- PRESSURE (PSXA) 
OUTPUT 

cv - 
CP - 

SPECIFIC HEAT AT CONSTANT VOL.' (BTU/LEiiRj 

GAHMA- 
SPECIPXC REAT AT CONSTANT PRES. (BTU/IBM-R) 
SPECIFIC HEAT RATIO 

SCNIC-' 
REMARKS 

SONIC VELGCXTY-‘(E'i?S)‘ '- 

PONCTION SUBPROGRAH SPVOL CALLED'BY-THIS SUBECiUTIijE"*:" "' _ Z‘ ;_. FUNCTION SUBPROGRAKeTSAY‘dALLED BY THIs"SifBR‘il;ij'Tf~&"~'" vi'^' '-. .~. - ._ ._l II I.. 1 . .."*'""-"fua ." 
SOBROUTINE TABLES CA-LLED BY THIS‘SU-BROUTINE- 

REAL K 
CONSTANTS 

CRITICAL POINT PROPERTIES TC, PC, 'PC 
INITIAL APPROXIBATION CONSTANTS A, B (NOT USED) 
MISCELLANEOUS CCNSTANTS TFR, LElO 

COUClON/SUPER/ TC,PC,VC,A,B,TPR,LElO 
EQUATION OP STATE CORSTANTS" '. , _ 

COnnON/STATEQ/R,B1,A2,B2,C2,A3,B3,C3,A4,B4,C4,AS,B5, 
lCS,A6,B6,C6,K,ALPHA,CPR 

SPECIFIC REAT AT CONSTANT VOLURE CONSTANTS 
ACV,BCV,CCV,CCV,ECV,PCV 

,. 

ENTHALPY AND ENTROPY OF ViPOh CONS;rANTi 
WISCELLANEOUS CCNSTANTS 

'.X,' y 
LIOE, J 

CORClON/OTRER/ACV,BCV,CCV,DCVIFCOIX,P,LlGE,J 

,_ ., . ". i - OBTAIN VALUES OP THE CONSTANTS CORRESPGRDXNG TO.THE .^ " 
DESIRED REFRIGERANT PROR SUBROUTINE TABLES 
(THROUGH COM!ON) 
CALL TABLES(NR,I) 

IWRITE = 6 
CONVERT 'TP' TO 'T' AND CHECK VALUE' 
I = 'IF + TPR 
XP(T.LEmO.0) GO TO 999 
CALCULATE 'IFSAT' AND COMPARE RITH.'TP' 
TPSAT = TSAT(NR,PPSIA) "' 
IF(TP.LT.TFSAT). GO TO 999 

CHECK 'PPSIA' 
IP(PPSIA.LE.0~0) GO TO 999 

CALCULATE 'VVAP' 
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VVAF = SPVOL(NR,TP,PPSIA) 
C 
C CALCULATION OF DERIVATIVES 

Vl = VVAP - Bl 
v2 = v1**2 
V3 = v1**3 
v4 = v1**4 
VS = v1**5 
V6 = V1**6 
EKTTC=EXP(-K*T/TC) 
2 = ALPHA*VVAP 
22 = 2.*2 
23=3.*2 
IP(Z.GT.150.0) Z f 150.0 
IP(Z2.GT.150.0) 22 = 150.0 
If(Z3.GT.150.0) 23=150-o 
GO T0(1,2,3),I 

1 PDPDV=O.O 
PDPDT = 0.0 
GO TO 4 

2 PDPDV=-ALPXA*EXP(-Z)*(A6+B6*T) 
PDPDT=B6*EXP(-2) 
GO TO 4 

3 FDPDV=- (ALPRA*(EXP(-23)+2.*CPB*EXP(-Z2))/(EXP(-Z2) +2. 
l*CPR*EXP(-Z)+CPR**2)) *(A6+86*T+C6*EKTTC) 
PDPDT=(BS-K*C6*EKTTC/TC)*EXP(-Z2)/(SXP(-Z)*CPR) 

4 DPDV=-R*T/V2-2. *(A2+B2*T+C2*EKTTC)/V3-3.*(A3+B3*T+C3* 
1BKTTC) /V4-4. *(A4+B4*TtCY*EKTTC)/V%5.*(A5tB5*TtC5*EKT 
2TC)/V6tFDPDV 

DFDT=R/V1t(B2-K*C2*EKTTC/TC)/V2t(B3-K*C3*BKTTC/TC)/V3 
l+(B4-K*C4*EKTTC/TC)/V4* (B5-K*C5*EKTTC/TC)/V5+FDPDT 

GO T0(5,5,10),1 
5 PCCV = 0.0 

GO TO 15 
10 PCCV=C6*EXP (-Z)/ALPHA-(C6*CPR/ALPHA)*ALOG( l.+EXP(-Z)/ 

1CPR) 
C 
C CALCULATE ‘CV’ 

15 CV=ACVtBCV*T*CCV*T**Z+DCV*T**3+PCV/T**2-(.185053*K**2 
l*T*EKTTC/TCt*2)*(CZ/VltC3/(2.*V2)+C4/(3.*V3)tC5/(4.*V 
24)+FCCV) 

C 
C 

C 
C 

C 
C 

C 
c 
C 
C 
C 

999 
1000 
. 

CALCULATE 'CP' 
CP = cv-. 185053*T*DPDT**2/DPDV 

CALCULATE 'GAMBA' 
GA?ltlA = CP/CV 

CALCULATE 'SONIC' 
SONIC=VVAP*SQRT (857,36091*T*DPDT**2/CV-4633.056*DPDV) 
RETURN 

PRINT ERROR BESSAGE IF 
TP IS LESS TRAN OR EQUAL TO ZERO DEGREE B 
TP IS LESS THAN TFSAT CORRESPCNDING TO PSAT = PPSIA 
PPSIA IS LESS TBAN OR EQUAL TO ZERO 

PRITE(IPRITE,10O0) 
FORflAT (' ***+****EBROR IN CALLING SUBROUTINE -SPFRT-') 
RETURN 
END 
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C 
C 

1 C 
C 
C 
c*** 
c*** 
c*** 
c*** 
c*** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

* C 
C 

$ C 
C 
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SUBROUTINE SPHTC(DE.G,Ci.C2,C3,C4,C5,C6,xLL,UL,XKU, 
WP,PR,RE,ETC) 

PURPOSE 
TO DETERIINE SINGLE. PRASE BEAT TRANSPER 
COEFFICIENTS AND RETNOLDS RUBBERS 
IN LAUINAR,TRANSITION, OR TURBULENT PLOW 

AUTHORS C. C. BILLER AND L. R. GLICKSKAR *** 
TBIS sUBPROGRAB APPEARS REBE UNCHANGED *** 
PRCM THAT GIVEN IN REPoRT NO. 2452'~%, *** 
HEAT TRANSFER LABORATORY, *** 
BASSACHUSETTS INSTITUTE OF TECHNOLOGY. *** 

DESCRIPTION OF EARlHETEAS 
INPUT 

DE 
G 

- EQUIVALENT DIAHETER OF ~L~V*-P~SS~~~E (Iipj -' 
- RASS FLOW PER UNIT AREA (LBM/HR-SQ PT) 

Cl-C6- CONSTANTS ~EscdSBINc'"0"Esic~P;b '%B~T '". ._^, ._ 
TRANSFER COEFFICIENT RELATIoR.‘ 

XLL - ._‘ *v,~~jll.. ".,~~.,J *a,*,* x LOWER REYNOLDS" N6KB‘R-R"'".~~~~~~~~~~~'LAWI'RA R -FLOW 
e *. *., 

UL - UFPER REYNOLDS NUMBER LIBIT FoR'TUdB. FLOW 
XMU - 
CP 

VISCOSIIY OF FLUID (LBM/RR-FT) 
- SPXCIPIC HEAT AT CONSTANT PRES.(BTU/LBH-R) 

PR - PBANDTI NUMBER 
OUTPUT 

BE - REYNOLDS NUBBER 
HTC - SINGLE PHASE BEAT TRARS.COEF.(BTU/HR-SQ FT-F) 

RE = DE*G/XHU 

LAKINAR FLOW REGIBX 
IF(RE.LT.XLL) HTC = Cl*G*CP*PR**(-.667)*RE**C2 

TRANSITION PLOW REGIME 
IF((RE.GE.XLL).AND.(RE.LT.UL)) RTC=C3*G*CP*PR**(-,667 

l)*RE**C4 

TURBULENT FfOW REGIBE 
IP(RE.GE.UL) BTC = CS*G*CP*PR**(-.667)*RE*-*C6 
RETURN 
END 
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C 
C 
C 
C 
C 
C 
c*+* 
c*** 
c*** 
c*** 
c*** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

SUBROUTXNE SEFF(XK,DELTA;HA,XL,FAR,CAR,HCONT,SEFFR) 

PURPOSE 
TO DETERRINE THE SURFACE EFFICIENCY 
FOR A FINNED SURFACE, ACCOUNTING FOR CONTACT 
RESISTANCE BETWIEN FINS AND BASE 

AUTHORS C. C. HILLER AND L. R. GLICKSMAN *** 
THIS SUBPROGBAB APi'EARS HERE UNCHANGED' *** 
PRCU THAT GIVEN IN REPORT Nd. 24525-96, *** 
HEAT TRANSFER LABORATORY, *** 
BASSACHUSETTS INSTITUTE OF TECHNOLOGY. *** 

DESCRIPTION OF PARIIMETERS 
INPUT 

XK - TBERBAL CONDUCTXVITY OF FIN (BTU/HB-FT-P) 
DBLTA- PIN TRICKNESS (FT) 
HA - EXTERNAL HEAT TRANS.COEF.(BTU/HR-SQ PT-P) 
XL - LENGTH CP FIN (FT) 
FAR - RATIO - FIN HEAT TRANS.AREA/TOTAL H.T. AREA 
CAR - RATIO - FIN BEAT TRANS.AREA/CONTACT AREA 
TO ACCOUNT FOR CONTACT RESISTANCE BETWEEN FINS 
AND BASE 
HCONT- CONTACT RESISTANCE (BTU/HR-SQ PT-F) 

OUTPUT 
SEFFR- OVERALL SURFACE EFFICIENCY 

FIN EFFICIENCY 
XB = SQRT(2.0*HA/(XK*DELTA)) 
PINEP = (EXP(Xfl*XL)-EXP(-XM*XL))/((EXP(Xfi*XL)+EXP(-XB 

(*xL))*xH*xL) 

SURFACE EFPXCIENCY 
SEFPR=l.O-PAR*(l.O-1.0/(CAR*BA/HCONT+1.O/PINEF)) 
RETURN 
END 
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IT C 
C 
C 
C 

* C 
c*** 
c*** 
c*** 
c*** 
c** * 
C 

SUBROUTINE EXF(RTOT.CA,CR,CKIN,BXPR) 

PURPOSE 
TO DETERMINE TRE EPPECTIVENESS OP A 'CROSS PLOW 'HEAT' 
EXCHANGER USING THE EFFECTIVENESS-NT0 UETBO-D- 

AUTHORS C. C. RILLER AND L. R. GLICKSNAN *** 
TAIS SUBPBOGRAN APPEARS AERE UNCBANGED *** 
FRCN THAT GIVEN IN REPORT-NO. 24525-96, *** 
REAT TRANSFER LABORATORY, *** 
MASSACBUSETTS INSTITUTE OF TECHNOLOGY. *** 

C DESCRIPTION OF PARLNETERS 
C INPUT 
C R'IOT - TGTAL RESISTANCE'TO BEAT PLOW 
C BETWEEN FLUIDS ((HR-F)/BTU) 
C CA 
C CR 

- TOTAL BEAT CAPACITY OF PLUID A (BTU/R) 

C OUTFUT 
- TOTAL REAT CAPACITY OF FLUID R (BTU/R) 

C 
C 
C 
C 

5 

T 10 

15 
C 5 C 

CHIN - 
EXPR - 

THE SWALLBR OF CA AND CR (BTU/R) 
EPFECTIPENESS OF CROSS FLOP HEAT EXCHANGER 

DETERMINE CNIN AND NTU 
IP(CR/CA.LT..999) GO TO 5 
YF(CA/CR.LT,-999) GO TO 10 
CMIN = CA 
CUAK = CR 
XNTU = l.O/(CNIN*KTOT) 
ECP = XNTU/(l.O + XNTU) 
GO TO 20 
CNIN = CR 
CUAX = CA 
GO TO 15 
CMIN = CA 
CUAX = CR 
XNTU = l.O/(CMIN*BTOT) 

EVALUATE COUNTER PLOW EPPECTIVENESS 
ECF = (l-O-EXP(-XNTU*(l.O-CMIN/CMAX)))/(l.O-CHIN/CNAX 

l*EXP(-XNTU*( 1.0 - CHIN/WAX))) 

APPLY CORRECTION FACTOR TO COUNTER PLON EFFECTIVENESS 
TO OBTAiN CROSS PLCU EFFECTIVENESS 
EXFR= ECF/((l.O + 

l(a036*CMIN/CBAX)) 
-047*CHIN/CUAX)*XNTU** 

RETURN 
END 
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