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1.0 SUMMARY

This report presents analytical methods, program description,
semple results and user’s instructions for & digital computer routine
for transient space radiator performance predictions, The routine was
written specifically for analysis of the Apollo Block II Environmental
Control System (ECS) radiators.

Specific equations for a simplified thermal model of the radia-
tors are written directly in the program. All equations necessary to
obtain the radiator outlet temperature, heat rejection and pressure drop
are contained in the routine. The temperature equations for each node
in the thermal model are solved by an implicit finite difference method.
All thermal properties are considered to be constant with the exception
of the radiator coolant viscosity. The routine includes a characteriza-
tion of the flow proportioning and bypass val ves which are contained in
the radiator systems. Provisions are also included for single panel and
redundant loop operation.

Radiator absorbed heat data for four vehicle environments
(two lunar orbit orientations, a translunar thermal cycle and zero
absorbed heat) are contained in thé routine. A mission code determines
which set of absorbed heat flux date is used. Provisions are also
included for inputting absorbed heat data as a function of time. A
cyclic repeat of the heat flux data is utilized allowing multiple
periods to be analyzed with heat flux data supplied for only one period.

Inputs for the first four missions consist of mission code,
print interval, inlet temperature and total flow rate. The input mission
requires mission code, print interval, total mission time and time de-
pendent tables of incident heats, inlet temperature and flow rate.
Output for all the missions includes heat rejection, pressure drop, low load
heater on/off operation, flow rate and outlet fluid temperature printed
at the times defined by the print interval and (following completion of
the mission) maximum, minimum and average values for heat rejection, pressure
drop and fluid outlet temperature and total heat dissipated by the low
load heater.

Computer time required to analyze a 4.08 hour lunar orbit
mission (two orbits) with a calculation and print interval of .02
hours is 25 seconds on the Univac 1108 computer. This represents a
routine run speed of better than 500 times real time. ‘

The Apolle Block II ECS radiator performance predictions obtained
by the computer program described herein have been compared to detailed
thermal model predictions which have been verified by predicting test
results. All of the expected operating modes and environmental conditions
of the Block II ECS radiator were considered. All active controls (bypass
valve, proportioning valve, isolation valve and low load heater) were
exercised. Both the primary and redundant system performance predictions
were compared. It has been determined that the computer routine provides
adequate Block II ECS radiator performance predictions for a wide variety
of conditions with a minimum of computer time required.
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2.0 INTRODUCTION

In the design of thermal control flow systems, whether.it be
that of individual components or overall systems, the ability to determine
a design's adequacy is enhanced by the capability to simulate its performance
while it is subjected to a variety of mission parametess. The space radia-
tors used in the Apollo Block II Environmental Control System (ECS) are
components critical to the operation of the ECS and as such, their response
to various combinations of environmental parameters has bren established.
Computer analysis of these space radiators has required ‘.arge quantities
of computer time for the many missions required for a cumprehensive study.

This report summarizes the creation of a program which computes
approximate radiator performance rapidly enough to permit a large number of
parametric mission analyses with minimum computer time. The work was done
under Contract NAS9-6807, which requires modification of the Block II component
subroutine described in Reference 1. The thermal model of Reference 1 has
been improved and additional analyses have been made to verify the performance
predictions of the program. The revised routine also contains the redundant
loop, the low load heater and provisions for single pan»l operation. In
addition to the four missions built into the parent subroutine, a fifth
mission has been ¢created to permit the card input of time-dependent tables
of incident heats, system fluid inlet temperature, and total flow rate.
Provision is also made for dynamic printout of heat rejection, pressure drop,
flow rate, and outlet fluid temperature at selected intervals for all five
missions., A User's Manual for the program thus formed is included.

The stated objective of the computer routine requires the predic=
tion of suitable radiator performance in any environment and with any heat
load. In order to evaluate the adequacy of the computer routine predictions
it is necessary to establish a baseline to which the predictions can be
compared. No flight data are available and test date are available for only
& limited number of conditions. The approach tsken herein is to use the
results of a detailed computer routine and thermal model as a baseline
for evaluating the results of the simplified computer routine. The detailed
baseline’model has been verified by predicting the results of the Qualifica-
tion Test of the Apollo Block II ECS radiator. Baselines have been established
for a wide variety of conditions using the detailed model.
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3.0 ANALYTICAL METHODS

This section presents the metliods used in the Apollo Block II
ECS radiator computer routine (AB2RAD) for heat transfer and fluid £low
analysis. The equations used in the temperature and pressure drop
calculations are given along with the flow control valve characterizations.

3.1 Heat Transfer Analysis

The temperature of each fluid, tube and structure node in the
thermal model is determined from the general temperature equation below:

nly
J

"

AL 2 L P
T, ~

k

1+ Z Du
Kk Jk

The above equation is derived in Reference 2 and the symbols are defined
in the List of Symbols (page 40) and Table 1.

An implicit backward-difference method is used to determine the
temperature of each node. First the coefficlents in the above equation
are determined for each node. These coefficients are detailed in Table 1.
All coefficients are a function of the computing time increment. The
fluid upstream temperature coefficient is a function of the flow rate
and the tube and structure absorbed heat coefficients are a function of the
incident heat. All other terms in the coefficients given in Table 1 are
determined from the radiator physical characteristics and input as
constants in the routine.

The resulting set of non-linear temperature equations are solved
simultaneously by a modified point-iterative method known as '"successive
overrelaxation (SOR)" to yield the temperature of each lump at the end of
the computing time increment. The method is as follows:

l. Assume an initial temperature matrix called T.
2. Set matrices Ty and Tp to T.

3. Using the values of temperature in Tp, calculate values of
temperature from the general temperature equation above, one
lump at & time. Call this iterate T' for the particular lLump.
The Tp value is determined by the equation To = Ty + ¢ (T'-T1),

@ being the overrelaxation parameter (¢ = 1.3). This procedure
is continved until each lump's equation has been iterated.

S -



TABLE 1 - TEMPERATURE EQUATTON COEFFICIENTS

Type Lump .J Dyx Ty Ey Fj R
Fluid 3@1'- Tou 0 0

M Ty k

WP of
Tube heAp DT Te €10 heyOT A Qtihe  OT

Wi ct Vvt ct Wt ct

Uik OT T

Vg Cf
structure kST g £4T AeyOT SleihegoT 1

wa c’3 wg Cy Vg Cp ‘
The quantities used in Table ) are defined as the following:

ird = Fflow rate in the tube containing fluid lump j. Thie iz a
variable quantity calculated at the beginning of each
calculation time increment.

homic St

| S

AT - calculation time increment. This value is set internally in
the routine as 0.02 hour,

z {
oo ]

v - wveight of lump J. ]
Tey = temperature of fluid lump upstream of lump J. :
he - heat transfer coefficient. hg
Af - internal area for heat transfer.

¢ = specific heat ' wi

2

température. of neighboring lump in communication with lump J. "g

é’.‘) - emissivity of lump J.

Q

Stefan-Boltzmann constant. :
3" incident heat absorbed by lump J. 1

R
O
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Uk = Ac [é;l%;jf-]- conductance between lump j and neighdoring
J 7 k] Jump k.

k = thermal conductivity.
Ac = conduction area between lumps J end k.
Y4,Yx = conduction path lengths.
Subscripte
£ - fluid
t - tube
s = structure (fin)

All temperature calculations in the subroutines are carried out in degrees
Rankin,e. ,




4. The new matrix of Tp thus determined is compared to the Ty
matrix term by term. If |To - Ty|is less than the itera-
tion limit (O = 0.10) the iteration of this particular
equation is temporarily suspended. If |T2 - T1| is less o
than O for each lump, the solution is achieved.

5. The T1 matrix is set to the Tp matrix and the process is {
repeated from step 3. As soon as the last lump satisfies o
the [T2 - T3/ < 6, if all equations were not iterated, .

the process is again begun for each lump from step 3.

The standard ZOR procedure is modified in that those equations
which satisfy the [Tz - ¥1|< @ are not iterated until all equations

have satisfied the relation.

[ ~orsa vy

3.2 Pressure Drop

The pressure drop in the radiators and connecting tubes is
calculated by the following equation and is restricted to Reynolds numbers .

less than 2000. l

APy = Z By AA4 ‘.’J ;’“

i g

The constants, Bj, are obtained from the density and geometry of the fluid .

lump. The dymamic viscosity, A , of each fluid lump i5 determined from j

the fluid lump temperature by table look-up. ' -k
The flow rates in the five parallel tubes of each radiator panel oA
are determined by requiring the pressure drop for each of the parallel N
flow paths to be equal. Therefore defining: , :
KKy = OPy/u,
then the flow rate in tube j is ' | |
vy = (AKy)(%1)/AKy §

"ootar = 2 ¥ N

J .

| 1

The flow rate in tube 1 is .
’ s I

) Wtotal |

wl = . A.Kl Jfl A

1+ & K, | :
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3.3 Bypass Valve Characterizetion

The bypass valve in the Apollo Block II ECS radiator system
controls the heat rejection by regulating the flow through the ruadiator.
The bypass line and valve pressure losses are not calculated since they
are in parallel with the radiator, and their pressure loss will equal the
radiator pressure loss. The valve is programed to route flow through the
radiator such that the mixed temperature is controlled to a nominal 450F
if obtaining this temperature at the end of 2ach computing interval is
within the valve response capability. Tae valve's position (fraction
bypass) is determined according to the difference between the mixed out-
let temperature after each iteration and the desired temperature (45F).
A deadband is included in the valve logic such that the valve is not
activated until the above temperature difference exceeds 0.75°F. The
fraction bypass is characterized in AB2RAD by the equation:

2= ZpreVious + A2
where Z is the fraction bypassed. The term; A Z, is calculated from the
valve response characteristics and computing time increment. The usual
valve response chiaracteristics were altered to desensitize the valve in
order to eliminate problems with the larger time increments used in the
routine. The valve rate factor used in AB2RAD is 0.0003 (fraction of full
travel per OF per second) and the rate limit is 0.0033 (fraction of full
travel per second). The actual valve constants are 0,00258 for the rate
factor and 0.0465 for the rate limit,

3.4 Proportioning Valve

The proportioning of flow through the two parallel radiators
in the Apollo Block II ECS radiator subsystem is controlled by a propor-
tioning valve located at the junction of the inlets to the radiators.
Temperature sensors located near the outlets of the radiators provide
signals for valve control. The valve is designed to respond by increasing
flow to the radiator with the lower outlet temperature. This arrangement
is utilized to provide maximum heat rejection when the two radiator panels
operate in significantly different incident heat environments.

The proportioning valve simulation in the computer routine is
designed to reproduce the characteristics of the actual valve that will
be used in the Apollo Block II subsystem. The basic equation describing
the operation of the valve ‘is:

X ® Xprevious + 4%5; [ (Xi = xprevious) +G (TRT - THT)]

where: L
' G = valve gain
t, = valve time constant
AT = computing time increment
X4 = initial valve position (from left)
Xprevious = valve position at previous iteration
' X = new valve position ,
Try» Trp = temperature of sensors in right and left tubes

-«ﬁ



This eguation is valid only when the computing time increment
is small compared with the valve time constant. The computing time in-
crement used in AB2RAD (0.02 houis) is much greater tham the valve time :
constant (0.000833 howrs) and the valve position is obtained by the -t

equation: , -,
X=2Xi+ G (TRT - TLT)

After the position, X, is determined, it is used to define the * ;
pressure drops in each side of the valve by the relations: .

| Vge)?

iy

AP = H ~
LT X

where: -

. H = proportionality factor for valve pressure drop ~m

WRp, Wrj = right and left side flow rates \

X1 = valve position from left -

Xo = valve position from right e

!

The valve pressure drops are considered together with the A

pressure drops in the remainder of the right and left hand flow paths

to determine flow rates that give a pressure balance for both sides.
Considering the pressure drop of the radiator to be a linear function of
flow rate, such that AP » K w , the pressure balance in the radiator
and valve can be written as:

. WRT . VR =

Kpy Wgp + H ['5;‘2"] = Kyp vpp + 8 [i‘;‘

where: | .
Kgp = AP of radiator right branch/right side flow rate -

Kip = AP of radiator left branch/left side flow rate 'E |

Wgp, Wpp = right and left flow rates :

Substituting wRT = Wpop - Wpp and rearranging yields a solution for wLT
in the standard quadratic form:

1 1 » 2Hw H(Wmeom) :
* 2 r ’ . : )
H[—le - ]wm . [a,.m + Kap + ___g'-‘ii'T._}wLT - [KRT o + Tmon” |
X5 | Xp™

The standard quadratic equation solution is used in the AB2RAD to solve the
above equation for the flow rate in the left branch of the radiator system
as determined by the proportioning valve position. :
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4.0 RADIATOFR, CHARACTERIZATION

The AB2RAD calculates heat rejection and pressure drop as a
function of time. This section describes the thermal model used, the
orientations available and a comparison of predicted results to a de-
talled analysis of the Block II ECS radiator.

4.1 Thermal Model

The thermal model used in AB2RAD consists of two radiator panels
connected in parallel. Each panel is composed of a five flow tube stagna-
tion panel plus a single flow tube in series downstream of the selective
stagnation panel. Figure 1 shows the thermal model for the complete
radiator system including valves as anal zed by AB2RAD.

The thermal model is a coarse breakdown of the actual Apollo
Block II ECS radiator panels. The primary and redundant flow tubes in
the stagnation panel were divided into two equal length isothermal nodes.
This coarse division resulted in twelve tube and fluid nodes and eight
fin nodes per stagnation panel. Each series panel has four fluid and
tube nodes (two each for the primary and redundant loop) and two fin
nodes. The inlet and outlet manifold tubes and other connecting tubes
shown in Figure 1 were considered adiabatic, and therefore did not affect
the thermal balance.

h,2 Absorbed Heat

Heat flux data for two 80 nautical mile ecliptic plane lunar
orbits, a 1.0 RPH translunar thermal cycle and a deep space environment
are contained in AB2RAD. A description of these thermal environments
follows:

1. Lunar Orbit Broadside Orientation - The longitudinal axis of
the vehicle is always parallel to the lunar surface and passes
through the subsolar point. The vehicle orbits with one
radiator panel always facing the Moon while the diametrically
opposed panel alternately sees deep space and the solar flux.

2. Lunar Orbit Nose Down Orientation - The longitudinal axis of
the vehicle is always perpendicular t0 the lunar surface and
the vechicle passes through the subsolar point. The mid-point
of both the leading and lagging radiator panels are in.the
plane of the orbit.

3. Translunar Thermal C&cle - The longitudinal axis of thé
vehicle is perpendicular to the sun's rays. The vehicle
rolls at a rate of one revolution per hour.

k. Deep Space - The radiator panels are positioned so as to

rec<ive zero incident heat.

""‘hi .
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Absorbed heat data for the two lunar orbits above were obtained
by use of the digital computer routine of Reference 3. The solar absorb-

- tivity and emissivity used in this analysis were 0.20 and 0.92 respectively.
1 Figures 2 through 4 show the absorbed heat for the lunar broadside orien-
tation, lunar nose down orientation and a 1.0 RPH thermal cycle respvectively.
The data shown are for a flat plate inclined at an angle of 30° from the
radiator mid point. It was determined that these flat plate values of
absorbed heat represented an average value for the curved radiator surface.

" st

s B S

-
L

The absorbed heat data for each of the above conditions are
written into the routine for cne orbit for the lunar orbits and one vehicle
revolution for the thermal cycle. A cyclic repeat of the curves is pro-
vided to obtain data for four orbits (8.1676 hours of mission time) and
four vehicle revolutions (4.0 hours of mission time). In addition to the
z absorbed heat data contained in the routine, AB2RAD provides for the tabu-

y lar input of any heat flux data desired. Input data requirements and instruc-
tions are given in Section 5.0,

k3 CAPABILITY

The AB2RAD is intended to he suitable for predicting radiator

{ perforiaance in any environment and with any heat load. In order to evaluate
the udequacy of the AB2RAD predictions; comparisons have been made to the
detalled analysis results presented in References 4 and 5 for the Block II
ECS radiator. The baseline model used in Reference U4 has been verified by
predicting the results of the Qualification Test of the Block II ECS radia-
tors (Reference 5). It should be noted that the baseline thermal model and
Qualification Test hardware assumed adisbatic condltions between the radia-
tor supply and return lines and the Service Module structure. Recent tests
of the complete Block II ECS (2TV-1l) and preliminary analyses have indicated
that a significant amount of heat can be added to the radiator outlet line
from the Service Module structure. Since the AB2RAD 1s hased on the ther-
mal model of Reference U4, the effect of the Service Model structure on the
supply and return lines is not included in the results. The baseline model
has & total of 11L4l nodes and yields 2.5 hours of mlssion time for each
hour of computer time as compared to the ABZRAD total of 8l4 nodes and run
speed of better than 500 hours of mission time for each hour of computer
time. Both models were run on the Univac 1108 computer. Performance com-
parisons were made between the vaseline analyses and the AB2RAD results
for the following conditions:

(1) Lunar orbit, broadside orientation, 8500 BTU/hr heat load,
primary system operating. ;

(2) Lunar orbit, broadside orientation, 3470 BTU/hr heat load,
primary system operating.

(3) Lunar orbit, broadside orientation, 5600 BTU/hr heat load,
redundant system and one primary system panel operating.

‘]~' (4) Trenslunar thermal cycle, 2.5 RPH, 6880 BTU/hr heat loed,

| e |

[T

redundant system and one’primary system panel operating.

(5) Barth orbit, broadside orientation, 8800‘BTU/hr heat load,

E | primary system operating.
L 6) ep space transient from a heat load of 4415 BTU/hr to
*: [ ( ) 857% B&lﬁhr. _ & > BIU/ '
A total flow rate of 200 lb/hr was used for both the primary and
i edundant systems with the inlet temperatures computed from the heat load
. or each case.
= 1
.
£y
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1 Flyuras § through 20 present the results ¢f ti.e onilysis for
f each of the above conditions., Comparisons of heat rejeated, pancl
Tlowrate, radiator outlet temperature, and radiator pressure deen are
pregented for the first U eonditions., Only the radiator outlet tomper.
ature and heat rejecetion are compared {or the degp spane transirng
since the vaseline for this condition was taken directly from reterar-a
5 and the ['low rate and pressure drop results were not availaile, A
sumnary of the resulls for the six condibions compared is oxiven in

d Table 2. The average heat rejection errors (Table 2) ars nusod on tee
intepgrated heat rejection rates over the period of an orhit, or a single

. . revolution in the case of translunar thermal cycle., Water Loilinr ratesg
are based on the assumption that the water boiler is "on" when the nroolant

N temperature 1s above LBOF, and that enough water is boiled to reduce the

coolant temperature to 41.59F, These assumptions yield the maximum amount
ol vater which can be boiled based on hardware speclfization limits,

The rsosults indicate that the AB2RAD provides adequate performance
predictions for a variety of environment and heat load conditions. All pre-
dicted performance parameters show a reasonable agreement with the baseline
analysis except for the panel outlet temperatures on Figures6 and 9. The
AB2RAD predicts that the outlet temperature of the panel facing the moon,
during the sunlight portion of the orbit, gets much hotter than predicted
by the baseline analysis. Since the flow rate to the "hot" panel is less
than 10 1b/hr (due to the proportioning valve action) the hotter panel
outlet has very little effect on overall radiator performance. It should
be noted that during the Block II ECS radiator Qualification Test (Reference
5) the "hot'" panel outlet temperatures were measured to be approximately
] A 160°F. The baseline thermal model predicted a maximum of 103°F (Reference
1’ 5) for the test conditions. This can be attributed to the fact that the
explicit finite-difference technique used for temperature caloulatlons in the
- baseline analysis, in combination with a large computing time increment, does
not, provide for the proper propagation of a temperature front in a flowing
- tube. Therazfore, the hot fluid in the radiator panel was not propagated to
the radiator outlet. In the AB2RAD routine, an implicit backward-difference
technique is used to calculate temperatures. This method inherently provides
ig for the propagation of a temperature front. Thus, in this case the AB2RAD
prediction may actually better represent the radiator performance.

[

ind

!

It Figure 12 indicates that the AB2RAD predicted outlet temperatures
for the redundant system are higher than the baseline predictions. During
the baseline analysis, the low load heater was lnadvertantly deactivated,
Wwhen the redundant system outlet falls below L47° F, the heater should be

A activated to increase the inlet temgerature. In the AB2RAD analysis, the
heater controls the outlet to MS 47 F, but the baseline predicted outlet
reaches a minimum of 37.5°F with no heater. This is also reflected in the
heat rejection comparison (Figure 11). The AB2RAD maximum heat rejection is
reduced by the heater increasing the redundant system outlet temperature.

peratures falls below -15°F and the low-load heater is activated. However,
the AB2RAD predictions react much faster to the low-loaé heater than the

|
i During the deep space transient (Figure 20) the panel outlet tem-
i baseline analysis. As the radiator inlet temperature is increased by the

15
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Figure 7 Comparison of Predicted Pressure Drops in
Lunar Orbit; Heat Load = 8500 BTU/hr
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heater the AB2RAD predicts an increase in the outlet temperature;
whereas, the baseline predictions show the outlet temperature being
meintained at approximately -35°F during the minimum heat load ronditions.
The sensitivity of the AB2RAD model to the low-load heater could cause
errors in the predicted heater power consumption. IFf the minimum heat
load conditions had continued for longer than three nours, the AB2RAD
would have predicted that the low-load heater would cycle on and off.
As indicated by Table 2, the AB2RAD predicts 31 per cent less heater
powar consumption than the baseline for a 3.0 hour minimum heat load
condition. The destagnation and transient to the 9275 BTU/hr heat load
condition is adequately predicted by AB2RAD.

The AB2RAD predictions have been compared to detailed thermal
model predictions which have been verified by predicting test results
(Reference 5). Environmental conditions of deep space, solar heating,
and lunar heating with the expected maximum and the minimum heat loads
Tor the Block II ECS radiator have been considered. All active controls
(bypass valve, proportioning valve, isolation valve, and low load
heater) have been exercised. Both the primary and redundant systems
have been operated. In conclusion, the AB2RAD has been shown to provide
adaquate Block II ECS radiator performance predictions for a wide
variety of conditions with a minimum of computer time required. With
the limitations discussed above, and summarized in Table 2, the AB2RAD
can be utilized to predict the performance of the Apollo Block II ECS
radiztor under any combination of heat load and environment.
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5.0 USER'S INSTRUCTIONS

5.1 Program Description

AB2RAD is written in Fortran V for the Univac 1108 digital com-
puter and requires a total of 24,773 words of core storage, including the
required system routines. Table 3 lists the Univac 1108, Fortran V, system
subroutines which are used by AB2RAD. The square root routine (Table 3)
is required regardless of the system on which the program is run. Input
data comprises the majority of the storage requirements. Storage space is
reserved for four incident heat tables, two inlet temperature tables and two
flow * rate tables. Each table is dimensioned for 1000 values of the de-
pendent and independent variables for a total data storage requirement of
16000 words. A complete program listing is given in Appendix A. Appendix
B presents a program flow chart. The major Fortran terms used in the routine
are given in Appendix C.

5.2 Data Preparation

For submitting runs under the NASA Exec II Processor, the con-
figuration of the card deck is as shown in Figure 21 . If the AB2RAD source
deck is submitted with the data the deck arrangement is as shown in Figure
2la, Figure 21b shows the deck configuration when the AB2RAD program is -read

from a magnetic tape.

The datas input consists of a mission parameter card and curve
cards where required. An optional HDG control card may be used for
problem identification if desired (see Figure 20). The mission parameter
card specifies which heat flux date is to be used or if the heat flux
data will be input, the primary and redundant loojp operation code, mission
time if required, print interval, inlet temperature and flow rate. The
curve cards provide for tabular inputs of absorbed heat, flow rates and
inlet temperatures as a functiou of time.

5.2.1 Mission Parameter Card j
Fortran f

Nomen- V ‘ }

Columns clature Format Description |
Card 1 é
1-5 MSSION 15 Mission Code = 1, lunar-oriented
broadside g

= 2, lunar-oriented nose ;

down g

3, translunar broadside =~
1 RPH Thermal Cycle
. @ 4, zero incident heat (Steady
state only) | 1
=.5, mission defined by .
* time dependent curves - 3
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Table 3 System Subroutines Used '

1. EXIT
2. NERR2}
3, NRDU$

I, NIOL$ )
5. NIO2§

6. NWDU$

7. SQRT

8. NERR3$

9. NSTOP$

17, NFIV$ j

1= ate

11, WOTIN$

12. FPACKS

S

13. DEPTH -

14. NERR$

it i
®

15. NIOINg

16. NINPT$

18. NEXP$X , 8

17. FLOATX mi
1%. NTABS §

27. CONVTX

21. NININ$
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Fortran

Nemen-
Columns elatutre
G- KODE
R A K LUSEC
2l-m P
AR PERIOD
3140 PRINT
b)-50 TINLT
51-60 wDoTs
BL-70 TINSEC
T1-89 WDTSEC

Card 1 constitutes the entire data

Format

I3

15

0.9

F10.0

F10.0

F10.0

710.0

F10.0

F10.0

Deceription

Primary System Coce

D, both primary panels on
-1, side 3,4 only cn

1, side 1,2 only on

2, primary system ofl"

%

IO

Redundant Syctem Code
), redundant system cf'f
1, redundant system on

nu

Total mission time, not required for
missions 1 through 4, so may be left
blank for these missions,

Cyclic period for which the time depen-
dent curves will repeat until total mis-
sion time is reached. Required unly for
Mission 5. May be left blank 1f non-cyclic
curves are supplied for entire mission
time. Not reguired for Missions 1 - 4,

so may be left blank for these conditions.

Print interval, hrs. Must bte integral
multiple of calculation iaterval (.02 hr).
For printing every iteration, any value

< .02 (including zero or blank) will
suffice. For Mission 4, a wvalue of 6.0
will print only steady state values.

Primary system inlet fluid temperature,
OF; not required for Mission 5 or if
KODE = &, so may be left blank for
these conditions.,

Primary system total flow rate, 1b/hr;
not required for Mission 5 or if

KODE = 2, so may be left blank for
these conditions.,

Redundant, system inlet fluid temperature,
OF; not required for Mission 5 or if
KODSEC = O, so may be left blank for
these conditions.

Redundant system total flow rate, 1lb/hr;
not required for Mission 5 or if KQODSEC
= 0, so may be left blank for these
conditions.

set for Missions 1 through L; for

Mission 4%, however, curves must be supplied as described below.

AR
§ gt s
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5.2.2 Curve Cards

The following curve sets (curve header card followed by curve
date cards) must be supplied in the order given:

1. Absorbed heat curve for Panel 1, BIU/hr-£t2 s f(hours)
2. Absorbed heat curve for Panel 2, BTU/hr-ft2 = f(hours)
3. Absorbed heat curve for Panel 3, BTU/hr-fﬁ2 = féhours)

., Absorbed heat curve for Panel 4, BTU/hr-£t2 = f(howurs)

N

5, Primary system total flow rate, ib/hr = f£(hours)
6. Primary system inlet fluid temperature, OF = f(hours)
7. Redundant system total flow rate, lb/hr = f(hours)

8. Redundant system inlet fluid temperature, OF = f(hours)

The first six curves must be supplied for all problems, If the
redundant system is not used (KODSEC = 0), curves 7 and 8 must not be included.
For conditions when the primary system is not operating a dummy curve 5 and
6 must be supplied. A minimum of two points must be used for each curve and
the last time point must be equal to or exceed the problem mission time.

Fortran
Nomen-
Columns clature Format Description

Card 1 (Curve Header Card)

1-5 NPTS I5 Number of points on curve, 2 < NPTS% 1000
6-72 ALPHA 11A6,A1 Title

Cards 2 through 2NPTS/7 (Curve Data Cards)

1-10 TIMEL E10.3 Initial time point = O.
11-20 TIME2 E10.3 Second time point, hr.
al-30 TIME3 E10.3 Third time point, hr.

rtc. through last time point, which must be equal to or greater than total
mission time, P3. Then beginning in next ten-column field,

Q, WDITOT, 1£10.3 Initial dependent variable value,
or TIN BTU/hr-ft€, 1b/hr, or OF, respectively.

Etc. through last dependent variable value.
5.3 Output

During simulation of a mission, current values of heat rejection,
pressure drop, flow rate, and fluid outlet temperature will be printed at

38
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times specified by the input print interval. The print interval must be

an integral multiple of the calculation interval (.02 hr) or irregular
print intervals will result. Upon completion of Mission 4 the steady

state values of the output parameters are printed. At the end of all other
missions the maximum, mininum, and average values of the output para-
meters are printed. For Missions 1 through 3, these will represent values
encountered during the last orbit and for Mission 5, values over the entire
mission including the initial conditions.

5.4 Error Diagnostics

If certain errors occur during execution of the program, diagnostic
messages will be printed before execution is terminated. As an aid to error
tracing, these messages are listed below with explanatory remarks,

1. INTERPOLATION IMPOSSIBLE
MERR = x TIME = x.x%
EXECUTION TERMINATED BY PROGRAMMED HALT

‘"he problem time has exceeded the times supplied with one of the
curves, the specifiic curve being indicated by the value of MERR as follows:

Value Curve

Absorbed heat for Panel 1
Absorbed heat for Panel 2 :
Absorbed heat for Panel 3 v
Absorbed heat for Panel 4 ’
Primary system total flow rate .
Primary system inlet fluid temperature

Redundant system total flow rate i
Redundant system inlet fluid temperature

O3 O\ W

2. THE FROBLEM COULD NOT BE SOLVED IN 200 ITERATIONS g

Five hundred relaxation passes through the temperature equations
failed to produce a solution accurate to within 0.002°F,

3. THE TEMPERATURE USED IN FINDING THE VISCOSITY IS GREATER THAN THE
HIGHEST VALUE ON THE CURVE

Fluid temperature has become greater than 3000F at some point
in the system.

4. THE TEMPERATURE USED IN FINDING THE VISCOSITY IS LESS THAN THE LOWEST
TEMPERATURE ON THE CURVE ' | .

Fluid temperature has become less than .-3000F at some point
in the system.

5. _THREE HUNDRED ITERATIONS HAVE FAILED TO PRODUCE A STEADY STATE SOLUTION :

A Mission 4 problem has failed to reach steady state in 300
iterations.
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1 6.0 LIST OF SYMBOLS

:;? Ae Conduction area

}‘ Ag External area for radiation

I Ap Internal area for heat transfer

g AK Ratio of pressure drop in a tube to flow rate in that tube

%1 B Pressure drop constant = %égg%2;%%2?%9%%¥§§§S%EE§§%$§3222?
¢ Specific heat

Hydraulic diameter

D,E,F, Temperature equation coefficlents

G Proportioning valve gain
H Factor for proportioning valve pressure drop
f Friction factor
hp Heat transfer coefficient
| k Thermal conductivity
K Ratio of pressure drop to flow rate
AP Pressure drop
Pr Prandtl Number
Q Incident heat
Re Reynolds number
T Temperature
teo Proportioning valve time constant
9] Thermal conductance
W Weight of lump J
f W Flow rate
} Y Conduction path length
Z“ X Proportioning valve position

4o




-
Z Fraction bypassed 1
= Incident heat absorptivity %
€ Emissivity F
a Stefan-Boltzmann constant !
M Dynamic viscosity
A Calculation time increment
0 Iteration limit |
)] Overrelaxation parameter .
Subscripts %%
i, J, k Indices -r
LT left side %
f | Fluid ﬁi
fu Upstream fluid lump -
RT - Right side R
s Structure (fin) | ~¥ 5
t Tube | L
Superscripts . ;
T Conditions at time, T
" Conditions at time T+ AT

.

f}
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R

}
-F ANALYSIS ROUTINE - BL.K20001
¢ Uk R APOCLO BLOCK: 2 ENG | RONMENTAL '© BLK20002 . |
C CONTROL SYSTEM RADIATORS BLK20003 i
C - BLK20CU4 B
C DEVELOPED BY BLK2G00S =
C BLK20006 o
¢ MISSILES AND SPACE DIVISION - TEXAS BLK20007 iy
C LTV AEROSPACE CORPORATION ULK20008 8
C Pe Oe BOX 6267 - DALLASs TEXAS 75222 BLKZ0009Y .
C BLK20010 .
C FOR BLK20011 I
C : BLK20012 g
C NATIONAL AERONAUTICS AND SPACE ADMINISTRATION BLKR0O13
C MANNED SPACFCRAFT CENTER = HOUSTONs TEXAS BLK20014 .
C UNDER CONTRACT NAS9-6807 BLK20015 &
C ) BLK20016 v
C PROG READS THE DATA AND CALLS SUBROUYINE AB2RAD WHICH DOES BLK20017 !
C THE ACTUAL CALCULATIONS BLK20018 .
C , . B1.K2001Y 5
1 FORMAT(15+13+1247F1040) ' 1BLK20020 o
50 READ(541) MSSIONsKODEKODSECSP3sPERIODIPRINTsTINLY +/WDOTS BLK20021 ;
JTINSECWDTSEC BLK20022 -
CALL AB2RAD{MSSIONs xoos.noocecopaopenlOU.PRﬂNT TINLT oWDOT S, BLK20023 i
1TINSECsWDTSEC) BLK20024 ‘
GO TO 50 | , BLK20025
END BLK20026 =
SUBROUT INE ABZRAD(MSaIONoKODE-KODSEC P3sPERIODSPRINT» TINLT, | BLK20027 L
1WDOTS s TINSECIWDTSEC) BLK20028 ol B
DATA ON/' ON '/2WOFF/' OFF'/ BLK20029 o
DIMENSION AK(12)sBMU(3T)sTF(32)sTFIN(32)yIPPF(32)sTPF(32)¢NFCODE BLKZ20030 P
1032)97T(32) 9 TTIN(32)9TPPY(32)2TPT(32)oNTCODE(I2)9TS(20)sTSIN(20) s BLK20031 S
2TPPS(20) s TRPSI20) sNSCCDE(20)»QABS(4)»0(4000) + TIME(B0OO}»T(33)sTMU BLK20032 a
3(33)9WDOTI10)sDPTI10)sE(5) sALPHAIL2) sNPTS(B) »WDTTOT(L1000) o TIN BLK200733 .
4(1000)»MSTART(8) sWDOTSC(1000) s TINLSC(1000)9sH(10) oF (5) BLK20034 e
. COMMON T»TMU BLK20035 A
503 FORMAT(//50H THE PROBLEM COULD NOT BE SOLVED IN 800 ITERATIONS//) BLK20036 N
SAVEL = PRINT BLK20037 - 1
1QUIT=0 | | | BLK20038 i1
2%08 AAL = 4034 ' _ BLK20039 -
A2 = 32,1 ' : : BLKZ0040 i
AA2 = AAL : . o BLK20041 o
AA3 = 2,355 BLK20042 g
A3A = 1.984 BLK2004 3 =
A5 = o842 s BLK20044 i
AA5 = 2455 . BLK2004% ol
ASA = 2,158 ‘ BLK20046 ,é i
AA6 m AAS . , BLK20047 I
A7 = 4087 L - BLK2004K -y ]
AB = 40519 | BLK20049 ;@ |
A9 = 1432E-10 BLK20050 il
Al = +79E-10 BLKZ00%1 b
All = o4l | 4 BLKZOOY 2 -
Al2 = (0911 BLK200Y 3 i1 I
Al3 = 1e39E~10 BLK200%4 i l
Ald = 1456 . | BLAZ200YY |
Al5 = ,468 : | BLKLOOY6 pr |
Al6 = 1.06 BLKZOGH ! i
Al7 = 4557 | : | BLK200%8 b
Al8 = 40792 | . BLK20059Y TR

Il




¥
1

omad

-
T

5060

A20 » 1,565
A21 = L109])
A22 ~ J0166HE~8
A23 = 4719

B1 = AAL

B3 = A3A

B4y ~ ABA

E{1)re00098T407532
E12)1=e002965444665

E(3)=40N39182373

Fl4)me00N551234489

(
{
{
(

E(H
Fl1)ma0NIN12620)
F(2

F

1=e0NGT30380468

)=e000126421111
(3)=eNND139844253

Fi4)%e000156136337
FI5)=4000178387671

WDOTT=WDOTS
SETPT2504469
DHANDL= 4 75
FLOWMXw]40
FLOWMN= .01
RTIFCTR=40003
RLIMIT=e0033
POSIN = 163
VLVGAN=1.158
POSMIN=«854
POSMAX=32e146
FULOPN = 33,
GFACT=30.
PPARA®2 40
VTOL= 2001
COUNT=De
SOREJ=0s
STOUT=0.0
SDP=0s
TMX=0e 0
TMN=10000000
TMAX=0 4
TMIN=1000000¢
DPMAX=0s0
DPMIN=50060
PCMAX=(040
PCMIN=100000040

IF(KODSECeEQe0) GO TO 35080

SDP2=0.
DPMX®mD o
DPMN=500
TMX2=0e
TMN2=1000000+
STOUTZ2=(0.
XX1sPOSIN
XX2=XX1

TFA21 = 529,69

. TFA23 = 529469

TOUTP = 529,69
M= 0

MM=0

MMM=0

SUM1=0

¢ e e YT N AN ORI ) P
g AR BN R e I ot B S PR 3 R

HLk 0041
BLEK20062
BLK20OKHY
BLK2006N
BLK2006S
BLKZOOAGS
BLK20067
B.K20068
BLK20069
BLK20070
BLK20071
BLKZ200T72
BLK2007Y
BLK20074
BLK2G0TS
BLK20OT76
BLK20077
HLK20078
BLK20079
BLKZ200RO
BLK200A1
BLK20082
ALK200813
BLK200O8A
BLK2008S

BLK20086

BLK200OBT
BLK20088
BLK20089
BLK2009%90
BLK20C9)
BLK20092
BLK20093
BLK20094
BLK200S%3
BLK200%¢&
BLK20097

- BLK20098

BLK20099
BLK20100
BLK20101
BLK20102
BLK20102
BLK20104
BLK20105
BLK20106
BLK20107
BLK20108
BLK20109
BLK20110
BLK20111
BLK20112
B8LK20113
BLK20114
BLK20115

BLK20116

BLK20117
BLK20118
BLK20119
BLK20120

ke wieks sl S b



W prp——TR

P b .

SUM2=( BLK20121 - U
NP5=33 BLK20122
Tt 112159669 BLK20123 l
T( 2)=354469 BLKZ0124
T( 3)=369469 BLK20128
T( 4)2375.69 BLKZ20126
T( 5)%376469 BLKZ20127 l
T( 6)=377469 BLK20128
T( 7)=378469 BLK20129
T( B81»3794609 BLK20130
T( 9)wm381e69 BLK20131 [
T{10)=383469 BLK20132
T(11)=385469 BLK20133
T(12)=387469 BLK20134
T(13)=389469 BLK20135 [
T(14)=394469 BLK20136 '
T(15}7399469 BLK20137
T116)=409¢69 BLK20138 “
TE17)12419669 BLK20139
T(18)%429e69 BLK20140
T(19)=439¢69 BLK20141 .
T(20)=449469 BLK20142
T(21)%=459468 BLK20143 i
T(22)%469469 BLK20144
T(23)7479¢69 BLK20145
T(24)=489¢69 BLK20146 l}
T(25)12499e¢69 BLK20167
T(26)2509069 CBLK20148
T(27)8519469 BLK20149 (f
T(28)e529469 BLK20450 t]
T(29)=539469 BLK20151
T(30)=559469 BLK20152 _
T(31)2609469 BLK201%53
. T(32)=2659469 BLK20154 i
T(33)=759469 BLK20155
ITMU( 1)=12500000040 BLK20156
TMU( 2)=125%000000¢0 BLK20157
TMU( 3)=24000040 BLK20158
TMU( 4)=63000e0 BLK20159
TMU( 5)=2500040 BLK201b60
TMU( 6121175040 BLK20161
TMU( 7)2660040 BLK20162
TMU( 8)=23900.0 BLK20163
TMU( 9)=185040 ' BLK20164
TMU(10)=142060 BLK20165
' OTMU(11)%119040 BLK20166
TMU(12)=100040 Bi.K20167
TMU(13)=87040 B8LK20168
TMU(14)=61040 BLK20169
TMU(15)=42540 BLK20170
TMU(16)%24540 BLK20171
TMU(17)=13540 ‘BLK20172
TMU(18)x80e0 - BLK20173
TMU(19)=5149 BLK20174
‘TMU(20)=34,0 BLK20175
TMU(21)=2445 ‘BLK20176
CTMU(22) 21668 BLK20177

/NMU‘23)112.2
(24 )293
MU(25) =743




E2 T

TMU(26)m5475 BLK20161

TMUL2T ) =465 BLK20182

TMU(28 ) =375 BLK20183

TMU(29)%3405 BLK20184

TMU(30) w2408 BLK20185

TMU(31)elell BLK20186

v TMU(32)=0e625 BLK20187
!E TMU(33)=0e269 BLK20188
: GO TO (1212+13130141601%1991616):MSSION BLK20189
C BLK20190

C . | BLK20191

lz C»®h'nwnsw " BROADSIDE EEE R NEXX BLK20192
' ¢ . BLK20193
C N BLK20194

T 1212 MSTART(1)el BLK20195
L MSTART(2)=19 BLK20196
‘ MSTART (3) =37 BLK20197
’ MSTART (4) =47 BLK20198
2 & PERIOD=2.0419 BLK20199
z P3=8.1676 BLK20200
L NP1=18 BlLLK20201
o NP2=36 BLK20202
: NP3=46 BLK20203

| NP4 e66 BLK20204

| Ql 1)=284419 BLK20205
J Ql 2)=2275461 BLK20206
;[I O 3)=267.04 BLK20207
1 Qf 4)=217.70 BLK20208
3 Q( 5)=142.07 B1.K20209
" Q( 6)=8431 BLK20210
| Ql 7)=8406 BLK20211
: Q( 8)=31,18 "BLK20212
: Ol 9)=1.37 BLK20213
s Q(10)=1437 BLK20214
' Q(11)=31.18 BLK20215
e Q(12)=8.06 BLK20216
Q({13)=8.31 BLK20217

] Q(14)=162.07 BLK20218
Q(15)=217«70 BLK20219

Q161326704 BLK20220

~ Q(17)=275461 - BLK20221
3 'Q(18)=284419 BLK20222
4 Q(19)=284419 BLK20223
¥ ¢ 0Q(20)2275461 BLK20224
[ Q(21)=267.04 BLK20225
1{! Q(22)=217470 BLK20226
y Q(23)=142.07 BLK20227
3 0(24)=B8431 BLK20228
g Ql25)28406 BLK20229
jﬂ Q(26)=31.18 BLK20230
! Q(27)=1437 BLK20231
3 Q(28)=1.37 BLK20232
. Q(29)=31.18 BLK20233
&% Q(30)=8.06 BLK20234
A Q(31)=8431 BLK20235
: Q(32)=142407 BLK20236
oy Q(33)m217.70 BLK20237
ZE 0(34)=267.04 BLK20238
- Q(3%)=275.61 BLK20239
: Q(36)=284019 BLK20240

h.’]




Q(37)=77.48
Qi38)=T7281
Q(39)=59.38
Qla0)=x2Be72
Q(41)=0e0
Qi42)=00
Q(43)m=38e72
Q(44)359,38
Q(45)mT72481
QU4y6)mT7Te48
Q(47)=T7T7e48
Q(48)=T72.81
Q(49)=59.38
Q(50)=38e72
Q(51)=040
Q{52)=040
Q(53)=38e72
Q(54)=59438
Q(55)=72481
Q(56)aTT7e48
TIME( 1)30e0
TIME( 2)=040567
TIME( 3)=0e1135
TIME( 4)=0.2268
TIME( 5)=0e3403
TIME( 6)=0e5105
TIME( 7)20.5388
TIME( B8)=0e6401
TIME( 9)=20e6411
TIME(10)=1e4020
TIME(11)=144030
TIME(L2)=145031
TIME(13)2145314
TIME(14)=2147016
TIME(15)=1,8151
TIME(16)=1e69284
TIME(17)a5e9853
TIME(18)m2e0419
TIME(19)=0.0 .
TIME(20)=2040567
TIME(21)=0s1135
TLME(22)20e2268

TAME (23) =00 3403

TTME(24)=045105
TIME(25)=045388
TIME(26) 3066401
TIME(27)30,6411
TIME(28)=144020
TIME (29)=1.4030
TFIME(30)%1.5031
TIME(31)%145314

TIME(32)=1.7016

TIME (33)=1.8151
TIME(34)=1.9284
ME(35)=1,9853
ME(36)22,0419
E(37)2040

BLK20241
BLK20242

BLK20243

BLK20244
BLK20245
BLK20246
BLK20247
BLK20248
BLK20249
BLK20250
BLK20251
BLK20252
BLK20253
BLK20254
BLK20255
BLK20256
BLK20257
BLKZ202%8
BLK20259
BLK20260
BILK20261
BLK20262
B-K20263
BLK20264
BLKZ20265
BLK20266
BLK20267
BLK20268
BLK20269
BLK20270
BLK20271
BLK20272
BLK20273
BLK20274
BLK20275
BLK20276

"BLK20277

BLK20278
BLK20279
BLK20280
BLK2028]

BLK20282

Bil:K20283
BLK20284
Bl 20285
BLK20286
8L.K20287
;m«KZOZBB
BLK20289
BLK20290
BLK20291

BLK20292

@h«zoz93
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e

TIME(41)=0s5105
TIME/42)2145314
TIME(43)=1,7016
TIME(44)m),8151
TIME(4%5)=149284
TIME(46)%2.0419
TIME(47)=040
TIME(48)=04113%
TIME(49)=0.2268
TIME(50)=04340)3
TIME(S51)="0¢510%
TIME(52)2145314
TIME(%3)®1,7G16
TIME(54)m=1,8151
TIME(5%)=1,9284
, JIME(56)22,0419
GO 7O 1111

¥
2 BN B X BE BE B

MSTART(1)=1
MSTART(2)=15%
MSTART (3)=29
MSTART (4)=43
PERIOD=2.0419
P3=8.1676
NP1=l4
NP2=28
NP3=42
NP4=5§

Qi 1)=100e43
Ql 2)=123.613
Ql 3)=129e¢74
Q( 4)=131s92
Q( 5)=130.11
Q( 6)=124430
Q( 7)=108.87
Q( 8)=77.11
Q( 9)=71,.18
Q(10)=0e49
Q(l1)=0.49
Q(12)=T71.2%
Qil3)=91,33
Q(l4)m=1004643
Q(15)=100.43
Q(l6)=123463
Qi17)=129474

. Q(18)=131.92

Q(19)=130.11
Q(20)=124430
Q(21)=108.87
Q(22)=77411
0(23)=71,18
Q24120449
Q(2%)2049
Q(26)=71425
0(27)=91433
Q(28)=100+43

LUNAR 'DIRECT - NOSE DOWN

fiv)

* 6 @ 08 0o s o0

BLK20301
BLKZ0302
BLK20303
BLK20304
BLK2030%

BLK20306 -

BLK20307
BLK20308
BLK20309
8LK20310
BLK20311
BLK20312
BLK20313
BLK20314
BLK20315
BLK20316
BLK20317
BLK20318
BLK20319
BLK20320
BLK20321
BLK20322
BLK20323
BLK20324
BLK20325
BLK20326
BLK20327
BLK20328
BLK20329
BLK20330
BLK20331
BLK20332
BLK20333
BLK202334
BLK20335%
BLKZ0336
BLK20337
BLK 20338
BLK20839
BLK20340
BLK20341
BLK20342
BLK2G343
BLK20344
BLK20345
BLK20346
BLK20347
BLK20348
BLK20349
BLK20350
BLK20351
BLK20352
BLK20353
BLK20354
BLK20355%

- BLK20356

B8LK20357
BLKZ20358
BLK20359
BLK20360

»
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R




Q(29)w100+43
Q(30)9]1433
Q(31)m71e28
Q(32)=0e49
Q(33)m0e49
Q(34)=T71.18
Q(35)=77.11
Q(36)%108.87
Q(37)m124430
Q(38)»130.11
Q(39)=131,%2
Q(40)=12974
Q(41)m)23+63
Q(42)%100e43
Q(431%100e43
Q(44)=91433
Qi45)=T71.25
D(46)=0e49
QU4T)=0e49
Q{48)=T71.18
Q(49)=T7Te11
Qi{50)=108.87
Q{51)=124+30
Q(52)=130.11
Q(53)=x131.92
RIS4)u129e74
Q(55)m)123e63
Q(56)=100e43
TIME( 1)=0.0
TIME( 2)=0¢1138%
TIME( 3)=0.1702
TIME( 4)=0+2268
TIME( 5)=062837
TIME( 6)=043403
TIME{( T7)=0e4253
TIME( 8)~0.5388
TIME( 9)=0.6401
TIME(10)=0e6411
TIME(11)21.5598
TIME(12)=168151
TIME(13)=149284
TIME(14)=2.0419
TIME(15)=20e0

TIME(16)=0e1135

TIME(17)1=041702
TIME(18)20e2268
TIME(19)=0.2837
TIME(20)1204+3403
TIME(21)=0.4253
TIME(22)=0.5388
TIME(23)m=0.6401
TIME(24)=046411
TIME(25)m1,5598
TIME(26)=148151
TIME(27)=1+9284
TIME(2B)=2.0419
TIME(29)8040

 TIME m(

LD v

BLK20361
BLK20362
BLK20363
BLK20364
BLK20365
BLK20366
BLK20367
BLK20368
BLK20369
BLK20370
BLK20371
BLK20372
BLK20373
BLK20374
BLK20375
BLK20376
BLK20377
BLK20378
BLK20379
BLK20380
BLK20381
BLK20382
BLK20383
BLK20384
BLK20385
BLK20386
BLK20387
BLK 20388
BLK20389

' BLK20390

BLK20391
BLK20392
BLK203393
BLK20394
BLK20395
BLK20396
BLK20397
BLK20398
BLK20399
BLK20400
BLK20401
BLK20402
BLK20403
BLK20404
BLK20405
BLK20406
BLK20407
BLK20408
BLK20409
BLK20410
BLK20411
BLK20412
BLK20413
BLK20414
BLK20419
BLK20416
BLK20417
BLK20418
BLK20419
BLK20420
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TIME(33)® 144020
TIME(34)=)¢4030
TIME(35)=145031
TIME(36)®)1e6164
TIMEI37)=147016
TIME(38)=1,7583
TIME(39)®148151
TIME(40)= 148718
TIME(41)=1,9284
TIME(42)%2.0419
TIME(43) =040
TIME (44)=041128
TIME(45)%042260
TIMF(46)m0e4B822
TIME(47)%144020
TIME(4B8)=1.4030
TIME(49)=14%031
TIME(50)w1e6164
TIME(51)=147016
TIME(52)=147583
TIME(53)=1,8151
TIME(54)=1.8718
TIME(5%)®1.9284
TIME(56)=240419
GO 70 1111

L B I JE N R

MSTART(1)s=]
MSTART (2) =14
MSTART(3)=27
MSTART (4 ) =40
PERIOD=140
P3x440
NP1=113
NP2=26
NP3=39
NP4=52

Q( 1)=7645
Q( 2imT77e6
Q( 3)=B8T40
Q( 4)mBBe6
Q( 5)=8740
Ql 6)'7706
Qt 7)m60e6
Q( B8)m4245
G( 9)= 0.0
Q(10)= 040
0(11)m42.5%
Q(12)860e6
Q{l13)m7665
Q(14)mT76e9%
Q(15)=60e6
Qi16)=4245
Q(17)= 0.0
Q(18)= DeO
0(19"4205
Q(20)=60e6
Q(21)87746

TRANSLUNAR

+

51

BLK2042)
BLK20422
BLK2042)3
BLK20424
BLK20425
BLK20426
BLK20427
BLK20428
BLK20429
BLK204230
BLK20431
BLK20432
BLK204233
BLK204%4
BLK2043%
BLK20436
BLK20437
BLK20438
BLK20439
BLK20440
BLK2044)
BLK20442
BLK20443
BLK20444
BLK20445
BLK20446
BLK20447
BLK20448
BLK20449
BLK20450
BLK20451
BLK20452
BLK20453
BLK20454
BLK20455
BLK20456
BLK20457
BLK20458
BLK20459
BLK20460
BLK20461
BLK20462
BLK20463
BLK20464
BLK20465
BLKZ20466

BLK20467
BLK20468
. BLK20469

BLK20470
BLK20471
BLK20472
BLK20473
BLK20474
BLK20475
BLKZ20476
BLK20477
BLK20478
BLK20479
BLK20480

?"'""{"



Q(22)w8740
Q{23)=8846
Q{24)wB7.0
RI25)wTTeb
Q(26)mT76e5
Q(27)= 040
Q(28)= 060
Q(29)=4245
Q(30)%6026
Q(31)m77e6
Q(32)=870
Q(33)=B8B8s6
9‘3“)'8700
0(35"770§
Q(26)260e6
0(37"“205
Q(38)= Qa0
Q(39)= 040
Q(“O)' 00
Q(41)= 060
Q(42)m4245
Q44)%TT7e6
Q(45)=8740
Q(46)=BBeb
Q(47)u8740
Q(48)2T7T46
Q(49)26046
Q(50)=42e5
Q(51)= Qa0
Q(52)= 0a0
TIME( 1)=040
TIME( 2)=0.0078
TIME( 3)=0.0578
TIME( 4)20,0856
TIME( 5)=0e1134
TIME( 6)w0.1638
TIME( 7)= 4219
TIME( 8)=0e258
TIME(9) = 4333
TIME({101=048360
TIME(11)=0e911
TIME(12)=204952
TIME(IQ)-I.O
TIME(14)%040
TIME(165)w040478
TIME(16)=040884
TIME(17)=04.1660
TIME(18)=04666
TIME(19) = 4747
TIME(20)=0e781
TIME(21)=0.837
TIME(22)=0.888
TIME(23)20e914
TIME(24)200942
TIME(25)%04991
TIME(26)%140
TIME(27)=040

BLK2048)
BLK20482
BLK2048)
BLK20484
BLK20485
BLK20486
BLK20487
BLK20488
BLK20489
BLK20490
BLK20491
BLK20492
BLK20493
BLK20494
BLK2049%
BLK20496
BLK20497
BLK20498
BLK20499
BLK20500
BLK20501
BLK20502
BLK20503
BLK20504
BLKZ20505
BLK20506
BLK20507
BLK20508
BILK20509
BLK20510
BLK20511
BLK20S)12
BLK20513
BLK20514
BLEK2051S
BLK20516
BLK20517
BLK20518 .
BLK20519
BLK20520
BLK20521
BLK20522
BLK20523
BLK20524
BLK20525
BLK20526
BLK20527
BLK20528
BLK20529
BLK20530
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TIME(31)%04507
TIME(32)%04557
TIME(33)=0.586
TIME(34)%04613
TIME(2%)=004664
TIME(36)m04719
TIME(37)%04758
TIME(38)=04835
TIME(39)s1.s0 °
TIME(40)%040
TIME(41)=001642
TIME(42)200242
TIME (431904281
TIME(44)n04337
TIME (45)%0¢387
TIME(46)%044)%
TIME(47) 200442
YIME(48)=04493
TIME(49)%0e54¢
TIME(50)%04587

C TIME(51)%0e664

TIME(52)=140
GO TO 1111

I R N

MSTART(l)=]
MSTART (2)=3
MSTART (3 ) =5
MSTART (4)»7
PERIQOD=140
P3'60
QREJ1=]1000000.
NP1m2 ’
NP 2=y

NP3=6

NP4 =8

Q( 1)=040

Q‘ 2)m060

Q( 3)=0.0

Q( 4)m0.0

QO 5)=0e0
Q(6)=040
Q(7)=040

Q( 8)%040°
TIME( 1)=0.0
TIME( 2)=140
JIME( 3)wm0.0
TIME( 4)=140
TIME( 85)=0.0
TIME( 6)=1.0
TIME( 7)=0.0
TIME( 8)=140
GO TO 1111
NEXT=1
LAST=0

DO 1629 [=],8

READ(591620) NPTS(]1)sALPHA

ZERO.

BLK2054])
BLK20542
BLK20543
BLK20544
BLK20545
BLK20546
BLK20547
BLK20548
BLK20549
BLK20550
BLK20551
BLK20552
BLK20553
BLK20554
BLK20555%
BLK20556
BLK20557
BLK20558
BLK20559
BLK20560
81L.K20561
BLK20562
BLK20563
BLK20564
BLKZ20565
BLK20566
BLK20567
BLK20568
BLK20569
BLK20570
BLK20571
BLK20572
BLX20573
BLK20574
BLK20575
BLK20Y76
8LK205717
BLK20578,
BLK20579
BLK20580
BLK20581
BLK20%382
BLK20583
BLK2058¢4
BLK20585
BLK20586 ;5
BLK20587 E
BLK20588
BLK20589
BLK205%0
BLK20591
BLK206592
BLX20593
BLK20594
BLK20595
BLK20596 Y
BLK20597
BLKZ20598
BLK20599
B8LK20500
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1620 FORMAT(15+11A60A1) BLK20601

NOPTS=NPTS(1) BLK20602
WRITE(601621) NPTS(1)sALPHA BLK20603

1621 FORMAT(1H0/15911A60A1/) BLK20604
LAST=LAST+NPTS(]) BLK20605
GO TO (1622+1622+162201622+16259116269162091631) 1| BLK20606

1622 READ(591623) (TIME(II) o ITwNEXToLAST) o (Q(I1) o IIuNEXTLAST) BLK20607

1623 FORMAT(TE1043). BLK20608
WRITE(691624) (ATIMECIL) o LINNEXToLAST) o (Q(IT) o II=NEXTILAST) BLK20609

1624 FORMAT(10X1P7G10e4) BLK20610
GO TO 1628 BLK20611

1625 READ(591623) (TIME(LL)oIIwNEXTILAST) o (WOTYOT(II)y11wl,NOPTS) BLK20612
WRITE(691624) (TIME(IE) o1 ImNEXToLAST) o (WOTTOT(II)oklm14NGPTS) . BLK20613
GO TO 1628 BLK20614

1626 READ(5+1623) (TIME(TT) oI ImNEXToLAST) o (TIN(IT)o1Im),;NOPTS) BLK20615
WRITE(691624) (TIME(IT) o1ImNEXToLAST)p(TIN(II)o11®]14NOPTS) BLK20616
PO 1627 !1I=1,NOPTS BLK20617

1627 TIN(II)=TIN(II) 4459469 BLK20618
IF {KODSEC«EQe0}) GO TO 1633 BLK20619
GO TO 1628 BLK2062C

1630 READ(591623) (TIME(I!) o [T@NEXTsLAST) s (WOOVSC(II)yIlm1loNOPTS) BLK20621
WRITE(6+1624) (TIME(LI) oI I=NEXToLAST) o (WDOTSC(IL)o1Im)yNOPTS) BLK20622
GO TO 1628 BLK20622

163) READ(591623) (TIMEGIT) o I1aNEXToLAST) o (TINLSCUII)o11®1oNOPTS) "BLK20624
WRITE(691624) (TIMECIL) ol ImNEXToLAST) o TINLSC(II)oll=]1yNOPTS) BLLK20625
DO 1632 11=1,NOPTS BLK20626

1632 TINLSCUII)=TINLSCULL)+4%9469 BLK20627 .

1628 NEXTENEXT+NPTS(T) BLK20628

1629 CONTINUE BLK20629 -~ =

1633 IF(sNOTWPERIOD«GTe0w) PER10DSP BLK20630 |
TINLT=TIN(1) BLK20631 -+
WDOTS=WDTTOT (1) BLK20632 |
WDOTT=WDOTS BLK20633 1
MSTART (1) =1 BLK20634 ﬁ ,
NPI=NPTS(1) BLK20635 -
MSTART(2)eNP1+1 BLK20636 |
NP2=NP1+NPTS(2) BLK2063T7 "
MSTART (3 )=NP2+1 BLK20638 i
NP3=NP2+NPTS(3) BLK20639 ;
MSTART (4)=NP3+1 BLK20640 ..
NP4=NP3+NPTS(4) B.K20641  §
MSTART (5) =NP4+1 BLK20642 Mj ;
MWs=1 BLK20643 ;
NP5B=NPTS(5) BLK20644 .,
NPSA=NP4+NPSB BLK20645 [
MSTART (6)=NP5A+] BLK20646 . |
MT=1 ; BLK20647 ;
NP6B=NPTS(6) BLK20648  ~p
NP6ARNPS5A+NP6B BLK20649
IF(KODSEC<EQ.0) GO TO 1112 BLK20650 |
TINSEC=TINLSC(1) BLK20651 ;
WOTSEC=WDOTSC(1) BLK20652 ]
MSTART (T)sNP6A+1 BLK20653 (]
MWSECw1 BLK20654 ~* |
NP T7T=NP6A+NPTS(7) BLK20655 ;
MSTART (8)=NPT7+1 BLK20656 1
MTSECs] BLK20657 1} |
NPB=NPT+NPTS(7) BLK20658 -~
GO TO 1112 BLK20659 ) ‘

1111 TXNLT-TINLT+459.69 BLK20660 i f

st v
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1112
605

606

436

425
426

i

427

428

429

INSECRTINSEC+455469 . BLK20661
;LTBP = TINLT BLK20662
TLINS « VINSEC BLK20663
DO 605 I=1420 BLK20664
TFIN(T)=529+69 BLKZ20665
TTIN(1)=529469 BLK20666
TSIN(I)=x529.69 BLK?O@O?
DO 606 [=21,932 BLK20668
TFIN(1)=529469 BLKZOQ&?
TTIN{I)=2529.69 BLKZ20&670
WDOTT1wWDOT5/2 BLKRG67]
WDOTT2=WDOTT1 8L.K20672
FLOWPC=1, BLK20673
WRITE(69436) BLK20674
FORMAT (119 ///716X ! 88w m—— -~ ~PRIMARY SYSTEM --------- ——————tt B K20675
Y1 J U RrpuNDANT SYSTEM =m0 e i s cm o ~—t@ RETOTAL®®Y/ BLK20676

218X 'HEAT 15X 1PRESSURE ' 4X'FLOW? SX'OUILET'QX‘INLINE'BX HEAT'S5X*PRESSUBLK20677
BREV4XVFLOWISXPYOUTLET 16X INLINEY6X ' HEAT ¢ /OX I TIME'3X'REJECTION'4X 'DRBLK206T8
4OP'6X'RATE'3X' TEMPERATURE HEATER REJECTIONY4X'DROPI6X'RATE*IX ' TEMPBLK2067Y

5ERATURE'3X'HEATER'4X'REJECTION? /10TX*STAGE STAGE?/]109X*]193X02¢/)
TAU = 0402

SAVE= 0.02

IF(TAU~PERIOD) 431443149426
TAU=TAU=-PERIOD

GO TO (427+64289429943096008) sMSSION
MSTART(1)=1

MSTART(2)=19

MSTART (3 ) =37

MSTART (4) =47

GO TO 431

MSTART (1) =1

MSTART(2)=15

MSTART (3) =29

MSTART (4) =43

GO TO 431

MSTART (1) =]

MSTART(2)=14

MSTART (3) =27

- MSTART (4) =40

430

431

432

GO TO 431 .

MSTART (1) =1

MSTART(2)=3

MSTART (3)=5

MSTART (4) =7

GO TO 431

MSTART (1 )=l
MSTART(2)aNP1+1
MSTART (3 )=NP2+1

MSTART (4)=NP3+1]

MSTART (5)wNP4+1

MSTART (6)=sNP5A+]
IF(KODSECEQeO) GO TO 431
MSTART (7)aNP6A+]

MSTART (B8)aNPT+1

DO 35 Kmlsé

GO TO (432+43394340435) 9k
KK=MSTART(1)

. JJ=NP1

433

GO TO 32
KKsMSTART(2)

BLK20680
BLK2068),
BLK20682
BLK20683
BLK206B4
BL.K20685
BLK20686
BLK20687
BLK20688
BLK20G689

BLK20690
BLK20691

BLK206Y2
BLK20693
BLK20694
BLK20695
BLK20696
8LK20697
BLK20698
BLK20699
BLK20700
8LK20701
BLK20702
BLK20703
BLK20704
8LK20705
BLK20706
BLK20707
BLK20708
HLK20709

BLK20710

BLK20T711
HLK20712
HLKZ207123
BLK20T14
BLK20715
BLK20T16
BLK20717
BLK20718
HLK20719
BLK20720




434

438
32

40

36

37

35

s012

1660

1650

1651

1652
1653

1664
1654

2000
2001

1658

JJuNP2

GO TO 32

KK=MSTARY(3)

JJsp 3

GO TO 32

KK=MSTART {4)

JJuNP &

DO 40 I=KKoeJJ

Jm |

IF{TAU~TIME(1)) 3643740
CONTINUE

MERR=K

GO TO 2000
TEMP=TAU~TIME (J=1)
TINT=TIMEL{J)~TIME(J~1)
TEMPQ=Q(J)=Q{J~1)
QABS(K)=Q(J=1)+TEMP/TINT#TEMPQ
MSTART(K)=J=1

GO TO 35

QABS(K)=Q(J)

MSTART (K)wJ

CONTINUE

IFIMSSION «EGe 5) GO TO 5012
IF(KODSEC +EQse 0) GG TO 2507
GO TO 5013

KK = MSTART(5)

DO 1650 I=KKsNPSA

Ju ]

IF(TAU~TIME(L)) 1651,165291660
MWaMW+1

CONTINUE

MERR=S

GG TO 2000

TEMP=TAU=TIME(J=1)
TINT=TIME(J)=TIME(J=1)
TEMPW=WDTTOT{MW)=WDTTOT(MW=1)
WDOTS=WDTTOT (MW~ 1)+TEMP/TINT'TEMPN
MW =MW~ 1

MSTART (5 )=J~1]

GO TO 1653

WDOTS=WDTTOT(MW)

MSTART (5)=sJ

KK=MSTART(6)

DO 1654 [=KKsNPGA

Ju |

IF(TAU-TIME(I)) 1655+1656+1664
MT=MT+1

CONTINUE

MERR=6

WRITE(692001) MERR,TAU

FORMAT ( 1HO10X24HINTERPOLATION IMPOSSIBLE/15XSHMERR=IS/
110X5HTIME=F10. ZI/IIOXQOHEXECUTION TERMINATED BY PROGRAMMED MHALT.)

CALL EXIT

TEMP=TAU~TIME (J~1)
TINT=TIME(J)=TiME(J=1)
TEMPT=TIN(MT)=TIN(MT~1)
TINLT=TIN(MT=1)+TEMP/TINT#TEMPT
MTeMT -1

MSTART (6)mJ~1

GO TO 38

VR

BLK2072. .

BLK20722
BLK20723

BLK20724

BLK20725%

BLK207:6 .
BLK20T727 .

BLK20728
BLK206729
BLK20730
BLK20731
BLK20732

BLK20733 .

BLK20734

BI.X20735 _

BLK20736

BLK20737 -

BLK20738

BLK20739
BLK20740

BLK20741 -

BLK20742

BLKZ20743

BLK20744
BLK20745
BLK20746
BLK20747

BLK20748

HBLK2074¢

BLK20750-

BLK20751
BLKZ0752
BLK20753
BLK20754
BLK20755
BLK20756
BLK20757
BLK20758
BLK20759
BLK20760
BLK20761
BLK20762
BLK20763

BLK20764 .~

BLK20765
BLK20766
BLK20767
BLK20768
BLK20769
BLK20770
BLK20T771
B8LK20772
BLK20773
BLK20774
BLK20775

BLK20776

BLK20777

BLK20778:
BLK20779

BLK20780
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1656
38

2300

2%01

2502

2503

2504

2%05%

2506

5015
5013

5002

5000
5003

%5006
800%
85007
2507
5008

TINLT=TIN(MT)

MSTART (6)=J

TULINP = TINLT

IF(KODSEC +EQe 0) GO YO 2507
KK«MSTART(7)

DO 24500 I=KKoNP?

NLE

IF(TAU=TIME(T)) 250192502
MWSEC=MWSECH+]

CONTINUE

MERR=T

GO TO 2000

TEMP=TAU=~TIME(J~1)
TINT=TIME(J)=TIME!J=-1)

TEMPWS =WDOTSC(MWSEC) ~WDOTSCIMWSEC~1)
WDTSEC=WDOTSCIMWSEC=1)+TEMP/TINT#*TEMPWS
MWSEC = MWSEC - 1

MSTART (7)=J=1

GO 70 2503

WDTSEC=WDOTSC{MWSFC)

MSTART(T)=J

KK=MSTART(8)

DO 2504 I=KKysNPB

Jw |

IF(TAU=TIME(])) 250542506
MTSFC=MTSECH+]

CONTINUE

MERR=8

GO T0 2000

TEMP=TAU~TIME(J~1)
TINT=TIME(J)=TIME(J=1)
TEMPTS=TINLSC(MTSEC)~TINLSCI(MYSEC~1)
TINSEC=TINLSC(MTSEC=1)+TEMP/TINT®TEMPTS
MTSEC=MTSEC~1

MSTART (8)=J=1

GO TO 5015

TINSEC=TINLSC(MTSEC)

MSTART (8) =J

TLINS = TINSEC

IF(M «EQel) GO TC 5002

IF{TFIN(32) = 804+69) 5000+5000,2%07
IF(TFIN(32)eLTe506469) GO TO 5003
TINSEC=TLINS

M=0

MM=0

GO 7O 2507 '
M= ] '

IF(MMeEQWsl) GO TO 8004 _
IF(TFIN(32)eLT¢%03469) GO TO 5007
TINSEC=TLINS+2130¢/WDTSEC
SUM2aSUM2+3047

GO TO 2507

IF{TFIN(22)~-505+69) 5007+»5007+5006
TINSECwTLINS+4260¢/WDTSEC
SUM2sSUM2461 44

IF (MMM «EQe 1) GO TO 5008
IFITOUTP=444469) 5009+5009+5010
IF(TOUTPeLTe449.69) GO TO 5011
TINLTsTLINP

MMM=0

BLK20781
BLK.20782
BLK20783
BLK20764
BLK20785
BLX20786
BLK20787
BLK20768
BLK20789
BLK20790
BLK20791
BLK20792
BLK20763
BLK20794
BLK20795
BLK20796
BLK20T797
BLK207908
BLK20799
BLK20800
BLK20801
BLK20802
BLK20B03
BLK20804
BLK20B0S
BLK20806
BLK20807
BLK20808

- BLKZ20809
. BLK20810

BLK20811
BLK20812
BLK20813
BLK20814
BLK20815
BLK20816
BLK20817
BLK20818
BLK20819
BLK20820
BLKZ20821
BLK20822
BLK20823
BLK20824
BLK208295
BLK20826
BLK20827
BLK20828
BLK20829
BLK20830
BLKZ20431
BLK20832
BLK20833
BLK20834
BLK20835
BLK20836
BLK20837
BLK20838
BLK20839
BLK20840




.
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GO TO 5010

5009 MMM=]
5011 TINLT=TLINP+2130./WDOTY

SUM1=SUM1 #3047

5010 DO 701 I=1,32

NFCODE(1)=0

701 NTCODE(1)=0

DO 94 1=1,20

94 NSCODE(I)=0

DO 50 1I=1410

50 CALL VPOL(TFIN(I)sBMUIT)sINP5}

51 AK(1)=E(T)*BMU(33)+400020)#BMU2%]1~T1)4F (1) *BMU(2%])

CALL VPOLITINLTBMU(33)INPH)
DO 51 I=145

DO 636 I=11420

636 CALL VPOLITFIN(I)+BMUIT)INPS)

637 AK(1)=E(1~5)*BMU(33)+e000201#BMU(2%]~1)+F(]~5) #BMU(2%])
WOOT (1) =WDOTTL/(AKIT)/ZAKI2)+AKITI/AK(3)HAK(Y)/AKI4)+AK(L)/AK (B )+

DO 637 I=6410

114)
DO 52 =225

52 WOOT (1 )=mWDOT(1)®AK (1) /AK(1])

2

WDOT (&) =WDOTT2/(AK(6)/AK(T)+AKIH) ZAKIR) tAK(6) /AKID)+AK(6) /AK(10) +

1le)
DO 53 [=7+10

53 WOOT (] )=WOOT(6)*AK(6)/AK(I)

+

DO 54 [=1+10

84 DPT(1)wAK(I)®WDOTL(I])

2026

1634
1

CALL VPOL(TFA21,BMU(34) sNP5)
CALL VPOL(TFA23yBMU(35)sNP5)
CALL- VPOLITFIN(21) sBMUI21) 9NP5)
CALL VPOL(TFIN(22)9RMU(22) sNP5)
CALL VPOL(TFIN(23)+BMU(23) sNP5)
CALL VPOLI(TFIN(24)sBMU(24) sNP5)
AKIL = 4002675%BMU(33)
AKIS=4001843%BMU(33)
AKS1=40000350%BMU(34 )
AKS2=40000350#BMU( 35 )
AKT21=¢000201%BMU(21)
AKT22=000201#BMU(22)
AKT23=4000201#BMU(23)
AKT24=¢000201%BMU( 24 )
AK(11)=BMU(22)#400017987
CAK(12)28MU(24) #.00027965
DPTS1=WDOTTI¥(AKT21+AKT22+AKST+AK (11)+AKIS)+DPT (1)
DPTS2uWDOTT2¥ (AKT23+AKT24+AKS2+AK(12)+AKIL)+DPT (6)
IF (KODSEC+EQe0) GO TO 1634
DPKAPS = 0s
DO 2026 1=25,32 |
CALL VPOLITFIN(I)sBMULT) 4NP5)
DPKAP = +000201%BMU(I)
DPKAPS = DPKAPS + DPKAP
CONTINUE
CALL VPOL (TINSECsBMU(37) NP5 |

- BLK20877

BLK208¢/
BLK20B4%
BLKZOB&B*
BLK20844 .
BLK20845
BLK20846 -
BLK20847 |
BLK20848 &
BLK20849
BLK20850 -
BLK208S1
BLK20852 -
BLK20852
BLK20854 T
BLK20855 |
BLK20856 -
BLK20857
BLK20B58
BLK20859 |
BLK20K6GO
BLK2086]
ﬁLkzoeaz'[
BLK20867 L
BLK20864
BLK20865 .,
BLK20866 |
BLK20867 L
BLK20B6S
BLK20869= »
BLK2087¢ |
BLK20B71 «~
BLK20872
BLK20873
BLK20874
BLK20875
BLK20876

|
!
el

BLK20878
BLK20879
BLK208BO
BLK20881 7
BLK20BB2 i
BLK20883
BLK20884
BLK20885
BLK20886
BLK20887
BLK20888
BLK20889
BLK20890 -
BLK20891

BLK20892
BLK2p8Y3 11
BLK20894 ~*

—

1

¥

OPTOT = (DPKAPS+.OOOOZ§6*BMU(26)+0001231'8MU(28)#-00002535“BMU¢BO)ﬁLKZOBQS
BLK20896 TE

1++00003863%BMU(32)+¢003B89%BMU(37) ) #WDTSEC
DO 1 [=1432
TPPF(T)=TFIN(I)
~ TPPT(I)=TTINCI)
DO 91 I=1420

BLK2089T
BLK20896 .
BLK20899 §
BLK20900 -
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91 TPPS(I)=TSIN(I)
DO 305 ITER=1,500
LTER=ITER
MCCDE=]

DO 821 I=ly32
TF(1)=TPPF (1)
821 TY(1)=TPPT(])
DO 93 I=1+20
93 TS(I)=TPPS(I)
D0 2 =132
TPY(1)=TTH1)
2 TPF(L)=TF (1)
D0 92 I=1,20
92 TRS(L)=TS(1)

FLUID LUMP TEMPERATURE EQUATIONS

DO 101 Ix14942
Juw(l+1)/2
IF (NFCODE(I)«NE«O) GO TO 101
TFI]) m{TFIN{T)+AAI®WDOT(J)RTINLTH+AASRTT(I))
1 /7(1e+AA3H+AALRWDOT(J))
TPPF(I) = TF(1)
L01 CONTINUE
DO 102 1%1141992
Ju(l41) /72
' IF (NFCODE(1)sNE«0O) GO TO 102
COTFU(L) = (TFINUL)+AA2#WDOT(J)RTINLY +AAIRTT (1))
1 /7(1e+AABHAA2RWDOTII))
TPPF(1) = TF(1)
102 CONTINUE
DO 103 I=2410,2
Jul/2
IF (NFCODE(I1)eNE«O) GO TO 103
TF(1) w(TFINCI)+AALSWOOTIJ)IRTF(I=1)+A3A%TT (1))
1 /{1e+A3A+AALRWDOT(J))
TPPF(I) = TF(I1)
103 CONTINUE
DO 104 1=1242042
Jul/2
IF(NFCODE([)eNEWO) GO TO 104
TF(1) & (TFIN(I)+AA2%WDOT(JI#TF(I=1)4A3A®TT (1))
1 7{1e+A3A+AA2#WDOT(J))
TPPFI1) = TF(1)
104 CONTINUE |
IF (NFCODE(Z21)«NEeD) GO TO 2020
DO 2021 I=1,5
2021 HU1) = =834394+32320TF(2%]1)+40004B6#TF(2#])%%2
H21=WDOT (1) #H{1)+WDOT(2)#H(2)+WDOT (3 ) *H {3 )+WDOT (4 )#H{4)+
1 WDOT(5)#H(S5) :
TFA21 = 247¢43+1879#H21/WOOTTLI~e00155#H214H21/WDOTT1/WOOTT]1
TFL21)w (TFIN(21)4AAL®WDOTTI#TFA21+A3ARTT(21))/
1 (1e + A3A + AALI®WDOTTL)
TPPF(21) = TF{21) |
2020 IF (NFCODE(22)+NEs0) GO TO 2002
TF(22)m (TFIN(22)+AAL#WDOTTI#TF(21)1+4A3A#TT(22))/
1 (le + 23A + AAL®WDOTTL)
TPPF(22) = TF(22)
2002 IF (NFCODE(23)eNEsO) GO TO 2003
DO 2004 1=6,10

BLX20901
BLKA0902
GLK20702
BLK20904
BLR20905
BLKe0906
BLKZ2GSOT
BLK20Y08
BLK20909
3LK20910
BLK20911
BLK20912
BLK20913
BLK20914
BLK20915
BLKZ20916
BLK20917
BLK20918
BLK20919
BLK20920
BLK20921
BLKZ20922
BLK20923
BLK20924
BLK20925
BLK20926
BLK20927
BLK20Y28
BLK20Y29
BLK20Y30
BLK20931
BLK20932
BLK259233
BLK20934
BLK20935
BLK20936
BLK20937
BLKZ0938
BLK20939
BLK20940
B8l.K20941
BLK20942

BLK20943

BLK20944
BLK20945
BLK20946
BLK20947
BLK20948
BLK20949
BLK20950
BLK20951
BLK20952
BLKZ209b53
BLK20954
BLK20Y55
BLK20956
BLK20957
BLK20958
BLK20959
BLK20940
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20046 Hi1) @

w35 JVh S FAPRTEA2H ) +aDO0ABOUTF (2] ) N 22

H2% wWDOY oy AHIA+WDOTITIAHITI+WOUT(8) RHIB ) +WDOT(9)*H(Z) ¢

1 WOOT(I0)RH(10)
TFA23 =
TF(23)
1 (1 + A3A + AAZHWDOTT?Z)
TPPF{23) =» TF(?3)

2003 IF (NFCODE(24)«NFsQ) GO TO 2 Q)
TF{24h)

1 (le + A3A + AAZRWDOTT2)

TPRF (24} = TF(24)

2005 IF (NFCODE(25)«NFan) GO TO 2006
TF(25) =
TPPF(25) = TF(25)

2006 DO 2007 1=26y32
IF (NFCODL({T)14NE«O) 6O TO
TF(]) =
TPPF(])

2007 CONTINUE

2007
= TF(])

TUBE LUMP TEMPFRATURF EQUATIONS

109 IF(NTCODE( 1))11191129111

w (TEFIN(24)+AA2YWDOTTZHTF (23V4ABARTYT(24) )/

24T a0 3% ] ETONNH23/WDOTYZe 00155 %H23%H23/WDOTT2/WDOTT2
= (TFIN(Z3)+AAZNWDOTT 2R TFAZ34ADANYT(23))/

(TFIN(25)+BIAWDTSECHTINGECH+BARTT(25))/(1+B3+B1*WDTSEC)

(TEIN(I)+B1RWOTSECHTF(I=1)+D3%TT(1))/(1e4HI*WOTSEC+B])

112 TT(l)b(TTlN(1)+AIQ*TF(1)+A15“TS(1)4A2‘TT(26)+A7”OABS")'

1 AGXTT (1) *#4)/(1.+A14+A154A2)
TPPT( 1)mTT( 1) |
111 IF(NTCODE( 2))113s114s1172

114 TT(2)=(TTIN(2)+ALE*TF(2)+A15%TS(2)+A2#TT(25) +AT%QABS(2)~

1 ASHTT(2)%%4) /({1 .+A16+AL15+A2)
TPPT( 2)=TT( 2)

113 IF(NTCODE( 3)7115+116+115

116 TT(3)=(TTIN{3)+AAS #TF(3)+A5
1A10 RTT(3)%%4) /(1 e+AAS+2e%A5)
TPPT( 3)=TT( 3)

115 IF(NTCODE( 4))1179118»117

118 TTUG4)=(TTIN(4)+ASA %TF(4)+A5 #TS(2)+AS
1A10 #TTLAI#N G /71 1e4ADA+ZeRAD)
TPPT( 4)=TT( 4) o

117 IF(NTCODE( 5)1119+1209119

120 YT(SHe(TTIN(S)+AAS #TF(5)+A5 #TS(3)+AS
KTT(5)%84)/(1e4+AAS+2e%A5)

5)=TT( 5)

6))1219122+121

*/'S513)+A8

1A10
TPPT(
119 IFU(NTCODE!

122 TTM6) = (TTIN(6)+ABA KTF(6)4A5  RTS(4)+AS
1 AL0 KTT(6)AH4)/(10+ASA+204WAS)
TPPT( 6)=TT( 6)

121 IF(NTCODE( 7))123+124+123

124 TT(T)=(TTIN(TI+AAS #TF(T)+A5  #TS(5)+A5
1A10 RTT(T)#84)/ (1e4AAS+24 #A5 )
TPPT( 7)=TT( 7)

123 IF(NTCODE| 8))125+1269125 -
126 TT(8)=x(TTIN(B)+ASA *TF(B)+AS #TS(6)+AS
1A10 HTT(B)H#4) 7 (1e+A5A+20 A5 )

TPPT( B)wTT( 8)

125 IF(NTCODE( 9111274128127

128 TT(9)=(TTIN(9)+A14 #TF(9)+A1% #TS(T)+A7
1TT(O)##4) /(1e+A14+AL15)
TPPT( 9)=TT:H( ‘9

}gg IFINTCODF YD) 12991309129

TT(10)=(TTIN(10)+A16

BTF(10)+ALS ¥TS(B)+AT

*TS(1)4A8
*TS(4)+ AB
#TS(5)+AB
#TS(6)4+A8
®1S(T7)+AB

“TS(B)*AB

*QABS(1)~
'QABS(Z);
®QABS(1)~-
*QABS(2)~
#QABS(1)~

*QABS(2)~

*QABS(1)~A9#

*QABS(Z)'

BLK20961
BLK20962
BLK20963
BLK20964
BlLK20965
BLK20966
BLK20967
BLK20968
BLK20969
BLK209T0
BLK20971
BLK20972
BLK20973
BLKR0974
BLK209Y75
BLK20276
BLK20YTY
BLKZ20978
BLK20979
BLK20980
BLK2098]
BLK20982
BLK20981
BLK20984
BLE2098H5
BLKZ0YB6
BLK20987
BLK20988
BLKZ0989
BLK20Y90
BLK20991
BLK20992
BLK20993
BLK20994
BLK20995
BLK20996
BLK209Y7
BLK20998
BLK20999
BLK21000
BLK21001
BLK21002
BLK21003
BLK21004
BLK21005
BLK21006
BLK21007
BLK21008
BLK2100Y
BLK21010
BLK21011
BLK21012
BLK21013
BLK21014
BLK21015
BLK21016

BLK21017

BLK21018
RLK21019

BLK21020-
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1A9 %l DYENG)/ () et ALOIALG)
TPPT(10)=TT{

129 IF(NTCODE(11] 219132917]
132 TT(11)=(TTIN

1 AGHTT(1]) ke
TPPT{11)=TT(1

rel
10}
V)1
{11
4)/
1)
131 IF(NTCODE(12)i1%339)34913%
12
V/
2)
)1
13
T

}/{1e4AGHALEIAL)

124 TY(12)=iTTINILIZ)+ALO#TF(12)4A
1 AGETT(12) %8 {1e+A16+A154A2)
TPPT(12)=TT|(
133 IF(NTCODE(1}3
136 TT(13)=(TTIN
1-A10 |
TPPT(13)=TT(13) ,
135 IFINTCODE(14))137+1389137
138 TT(14)=(TTIN(1G)+ASA STF(14)+A5 #TS(10)+AS WTS(12)+A8
10ARS(3)~Al0 BTTI1G4INRG)/(1a+ABA2%AS)
TPPT(14)=TT(14)
137 IF(NTCODE(15))1123991409139
140 TT(15)=(TTIN(LIS)+AAE ¥TFL15)+A5 #T5(11)+A5 #7S({13)+Ap
10ABS(4)=A10 BYTUI5)%84) /(1 e+AAOH244AS)
TPPTI1%)=TT(15)
139 IF(NTCODE(Y6))14614102014)
142 TTO16)=(TTINCLIO)HASA ¥TFL16)+A5 #TS(12)4A5 WT5(14)+A8
1QABS(3)-A)0 WTITULO) ML) /U 1e+ASA+248AD)
TPPT(16)=TT(16)
141 IF(NTCODE(1T)) 143,144,143
144 TTOLIT)=(TTIN(IT)I+AAG #TELL1TI4AS HTS(13)4A% #1S(1%)+AB
10ABS(4)=A1D BTT(LITINN4) /(1 e+AAGH2HAR)
TPPT(17)=TT(1T)
143 IF(NTCODE(18)) 14591464145
106 TTU1B)=(TTIN(1G)+ABA HTF(1B)+AS #TS(14)+A5 u%TS(16)+A8
10ABS(3)~A10 BTTI18)%%4)/7(104A5A424%A%)
TPPT(18)=TT(18)
145 TFINTCODF(19)) 14741485147

36541364135 o
J+AAG WTF(13)+A5 ¥TS(9)+A5 WTS(11)+A8

4
1
)
{
TTUL13)HR4) /(] e +AAG+2e%AS)

148 TT(19)=(TTIN(19)+A14 *TF(L19)+AL5 ¥TS(15)+AT PUABS (&) -
1A9 ®TT(19)%%4)/(1e+AL4+ALS)
TPPT(19)=TT(19)

147 TF(NTCODE(20)) 1495150149

150 TT(20)=(TTIN(20)+A16 *TF(20)+A15 "TS(16)+A7 *QABS(3) -

1A9 # TTL20)%%4)/(1e4A16+A15)
TPPT(20)=TT(20) -
149 IF(NTCODE(?Y)eNE«0Q) GO TO 2008

TT(21)=(TTIN(21)+ASARTF(21)+A200TS(LITI+A2%TT(28) ¢AB%QABS(2)~

1 ATORTT(21)%84) /(1 +ASA+A204A2)
TPPT(21) = JT(21)

- 2008 IF (NTCODE(22)«NEeD) GO TO 2009
TT(ZZ)'(TIIN(ZZ)+A5A*TF(22)+A’0'IS(lﬂ)*AZ'Vl(??)‘AB'QABSGli-

1 AIO*TT(22)**“)/(1-+A5A+A?0+A2)
TPPT(22) = TT1(22)

1

2009 IF (NTCQDE(23)«NE.Q) GO TO 2010
TT(23)m(TTIN(23)4ARARTF(23)+A208TS(19)+4A2#TT(32)4ARRQABS(3)~

1 ALORTT(23)#%4)/(1¢+ASA+A20+A2]
TPPT(23) = T1(23)

2010 IF (NTCODE(24)4NE.0) GO TO 2011 ‘ '
TT(24)=(TTIN(24)+ASARTF(24)+A20%TS(20)+A2%TT(31)+ARRQABS(4)~

1 ALO#TT(24)0%4) /(1e+ABA+A20+A2)
TPPT(24) = TT(24)

2011 IF (NTCODE(25) «NEeO) GO TO 2012

TT(25) = (TTIN(25)#B4RTE(25)4A28TT(2))1/7(Letba+A2)

i't}}

JHALLURTELIL)+ALSRTS(Q)4APST I (30)+ATHQABS(4)~

15KTSIL10)+A2RTT(290) +ATPRABS(3)~

BLK2i021
BLK21022
BLK21023
BLK2)024
BLK21025
BLK21N26
BLK21v27
BLK21028
BLK21029
BLK21030
BLK21031

*QABS(4)BLK21032

BLK21033
BLK21034
BLK21035
BLK21036
BLK21037
BLK21038
BLK21039
BLKZ1040
BLK21041
BLK21042
BLK21043
BLK21044
BLK21045
BLKZ21046
BLK21047
BLK21048
BLK21049
BLK2105¢

- BLK21051

BLK21052
BLK21053
BLK21054
BLK21055
BLK210%6
BLK21057
BLK210%8
BLK21059
BLK21060
BLK21061
BLK21062
BLK21063
BLK21064
BLK21065
BLK21066
BLK21067
BLK21068
BLK21069
BLK21070
BLK2107]
ALK21072
BLK21073
BLK21074
BLK21GTS
BLK2107®
BLK21377
BLK21078
BLK22079
BLK21080




TRPPT(25) = TT(25)
2012 IF (NTCODE{26)eNEvN) GO TO 20123
TT(26) m (TTIN(26)Y4BARTF(26)+4A20TT(}) /() e+B4+A2)
TPPT(26) = TT(26)
2019 IF (NTCODE(27)eNE«O) GO TO 2014
TT(27) w (TTIN(2T)4R4%TF(2T7)+A20TT(22)4AZ0"TS( 181 +A0%QANST) )~
1 ALOWTT(2T)8%4) /7 (1e+BLHAR+A20)
TPPT(27) = TT(27) _
2014 IF (NTCODE(2B)eNE«0O) GO TO 20195
TT(28) w (TTIN(2B)4ASART 12B)+A2%TT(21)¢A20%TS(17)4+ABRQABS(2)~
1 ALO#TT(28)%%4) /11 e+A5A+A24A20)
TPPY(28) =~ TT(28)
2018 IF (NTCODE(29)eNESsQ) GO TO 2016 _
TT(29) = (TTIN(29)4B4WTF{29)4A24TT(12))/(1e+B4+A2)
r TPPT(29) = TT(29)
2016 IF (NTCODE(30)eNE«0Q) GO TO 2017
TT(30) » (TTIN(3O)+B4RTF(30)+A2#TT(11))/(le+BU+A2)
TPPT(30) » TT(30) A ;
IF (NTCODE(31)sNEsO) OGO 70O 2018 ‘
TT(31) w (TTIN(3L)+RGRTF(31)4+A2%TT(24)4A20%TS(20)+AB*QABS(4)~
1 ALO#TT(3L1)##4)/(1e+B4+A2+A20)
TPPT(31) = T1(31)
2018 IF(NTCODE(32)eNE«0Q) GO TO 2019
' TT(32)-(TTIN(32)+BQ*TF(32/+A2'TT(23)*A20!TS(19)*A5¢OABS(!)-
1 ALO®TT(32)#84)/(1e+B4+A24A20)
TPPT(32) = TT(32) !

2017

C
C STRUCTURAL L.UMP TEMPERATURE EQUATIONS
C

2019 DO 155 1w3,742
IFINSCODF(1)) 15591569155
186 TS(I)m(TSINCI)+AL]  #TT(1)+Al1
ITS(II#%4T /711 e42a%AL1)
TPPS(I1)mTS(1)
155 CONTINUE
DO 255 1-1101502
IF(NSCODE(1)) 25592569255
256 TS(I)w(TSINCI)+AL1l #TT(I+2)4A11
1 Al2 #TS(1)#84)/(1es2e#AL1)
TPPS(1)=TS(1)
255 CONTINUE
DO 157 I=44842
IF(NSCODE(I)) 15741584157
158 TS(L)w(TSIN(I)+AL1. *TT(I)+A11
ITS(T)#¥4) 7 (1e424%A11)
CTPPS (1) aTS( 1)
187 CONTINUE
DO 257 I=12416942
IF(NSCODE(1)) 25742580257
258 TS(I)s(TSIN(I)+A11 #TT(1+2)%Al1
1A13 *TS(1)#H4)/(1e+2.%A11)
TPPS(1)eTS(1)
257 CONTINUE
DO 356 I=1,s2
IF (NSCODE(I)) 35643551356
355 TS(1)m(TSINCI)+ALTTT (L) +ALTHTT(142)+A1BRQABS (1) -A19#TS(1) w4 )
1/(1e+24%A17)
TPPS(1)wTS(1) .
356 CONTINUE
IF (NSCODE(9)eNE«O) GO 10 357

BTT(142)+A12 ®QABS())~AlD

STT(I44)+4A12 ®QABS (&)

#TT(1+2)+A12 #QABS(2)=Al30

“TT(I+4)+4A12 %QABS(3)~-

BLK2108]

BLK2108% .

BLK210832
BLK21084

BLK2108%

BLK21086
BLK21087
BLX21086
BLK21089
BLK2X090
BLK2109:
BLK21092
BLK21093
BLK21094
BLK2IQ95
BLKZ1096
BLK21097

BLK21098 '}

BLK21099

BLK211lo0o -

BLK21101

BLK21102 |

BLK21103

BLK21104 °

BLK21105

BLK21106 |
BLk211o7 L

BLK21108

BLK21109 .
BLK2111¢

BLK21111
BLK21112
BLK21113
BLK21114
BLK21)15
BLK21116
BLK21117
BLK21118
BLK21119
BLK21120
BLK21121
BLK21122
BLK21123
BLK 21124
BLK21125
BLK21126
BLK21127
BLK21128
BLK21129
BLK21130
BLK21131
BLK21132
BLK21133
BLK21134
B1,K21135
BLK21136
BLK21137
BLK21138 _
BLK21139-
BLK21140

?
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TS(O)m{TSINGI)YALTHTTLLIL)I#ALTINTT (L3 )+ALURWABS(4)~RL192TS{T)wus)

1/(1e+24#A17)
TPPS(9)sT5(9) |
357 IF (NSCODE(10)«NE«0) GO TO 358

TS(10)m(TSINCIO)VAALTHTTII2)4ALTOTT (14 )+ALBIQARSIY)~ALIRTS(10)*44)

1/7{1e%24%A17)
TPPS(10)=T3(10)
358 CONTINUE ;
IF (NSCODE{)17)sNEeQ) GO TO 2022
TS(17) » (VYSIN(YT)+A2A4TT(21)4+A23%TT(28)+A2)1%QABS(2)~
1 A228#TS(1T7)8K4)/(1e+2e%A23)
TPPSI1T) = TS(1T7:
2022 IF (NSCODE{18)eNEsD) GO TO 2023
TS(18) = (YSIN(1B)+A3RTT(22)4A239TT(27)+A212QABS(]))~
sl AP2UTSIIB)#%4)/(1e42e%A2))
Q(10)=0e49
TPPS(18) » TS5(18)
2023 IF (NSCODE(19)«NED) GO TO 2024 V
TS§(19) = (TSINU19)+A23%TT(23)+A23%TT(32)+A21%QABS(3)~
1 A22#TS(19)%%4)/(1e+2e#A23)
TPPS(19) = TS(19) )
2024 JF (NSCODE(20)eNEe0O) GO TO 2025
TS(20) = (TSIN(20)+A23%TT(24)+A23%TT(3]1)4A21%QABS(4)~
, 1 A22RTS(20)%%4)/(1e42e%A23)
TPPS(20) w TS(20))
2025 CONTINUE
! DO 820 I=]1,32
) TPRPF{S)mTPFLI)+) 3% (TPRF(1)=TPF (]I
820 TPPT(I)wTPT(I)+)e 3% (TPPT(1)=TPT (]
00O 95 I=1920 7
9% TPPS{1)sTPS(I)+1e3%{TPPS(L)~TPS(]))
DO 14 1Iml¢32
IF(INFCODE.l)eNEWO) GO TO 1300
IF(ABS(TPPF(L)=TPFil))=e)) 4002021
20 NFCODE(1)=ITER
GO0 1O 22
21 NFCODE(]I)wQ
MCODE®»0
1300 IF(NTCODE(I)eNE«O) GO TO 14
22 IF(ABS(TPPT(I)=TPT(I)})=el) 23923424
23 NTCODE(])=ITER
GO TO 14
24 NTCODE(1)=0
MCODE=Q
14 CONTINUE
RO 96 1=1,20
1301 IF(NSCODE(])e«NE4O) GO TO 96
IFLABSVTPPS{I)~=TPS(I))=el) 26026927
26 NS5CODE(1)=]TER
GO TO 96
27 NSCODE(1)=0
MCODE=(
96 CONTINUE
IF (MCODE.EGe0) GO YO 3508
DO 306 I=1,20 '
IF (NFCODE(I)eNESITER) GO TO 308
IF (NTCODE(1)«NESITER) GO TO 308
IF (NSCODE(I)«NEWITER) GO TO 308
306 CONTINUE
DO 307 I=1,y32

)
')

BLK2Ll141}
Bi.K2)1142
BLK21143
BLK21144
BLK21145%
BLK21146
BLK21147
BLK21148
BLK21149
BLKR21150
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BLX2115%9
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BLK21167
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BLK211l60
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BLKZ21162
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BLKZ2116%
BLK21166
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BLK21172
BLK2117/3
BLK2LLTH
BLK2117%
BLRECILIT6
BLK21177
BLK21178
BLK21179
BLK21180
BLK21181
BLK211lB2
BLX21183
BLK2118¢4
BLK21185
BLK21186
BLK21187
BLKZ21l88
BLK21189
BLK21100
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307
3208

309

310
30%

28

1635

399

66

98

453
455
434
457
456

458
482

81

IF (NFCODE(I)eNE«ITER) GO TO 308

IF (NFCODE(1)eNFeITFR) GO TO 308

CONTINUE

GO 10 28

DO 309 In1420

NFCODE(1)m0

NTCODE (1) =0

NSCODE (1) w0

CONTINUE

DO 310 Ix=21432

NFCODE(1)=0

NTCODE(1)=0

CONTINUE

CONTINUE

WRITE(64503)

GO TO 399

IF (KODSECCEQe0) GO TO 1635
HINT=83639+6232#TILINS+e000486%TLINS*#H2
HOUT® ~B83¢39+¢242#TF(32)4+e000486MTF (32)#82
QRJTSC = WOTSEC # (HIN = HOUT )

H22 = =B3¢39+e232%TF(22)+e¢0004B6#TF (22)%%2
H24 = ~83¢394e232%TF(24)+e0004BORTF(24) %02
HINLT®=83039442328TLINP+.000486%TLINP##2
HPRI = (WDOTT1%#H22 + WDOTT2%H24)/WDOTT
QRJT = WDOTT # (HINLT = HPRI)

TOUT = 247¢43+1, 879*HPRI-.00155*HPRI'HPRX

HMIX = (WDOTTH#HPRI + (WDOTS-WDOTT)#*HINLT)/WDOTS

TOUTP=TOUT
TMIX = 247434148 79%HMIX=e00155#HMI X#HMIX
CALL VPOL (TOUTBMU(36)+NP5)

"RATE1=WDOTT1

RATEZ2=WDOTTZ
CONTINUE

DO /6 I=14932
TFIN(I)aTPPF (]
TTINCL)Y=STPPTHI
DO 98 1=1420
TSINCL)Y=TPPS(])

TOUTSC = TFIN(32)

SLTEMP = TMIX - |
DELTAT=ABS(SLTEMP-SETPT )~DBAND
ARG2wSLTEMP~SETPT
IF(DELTAT)I45244520453
DELTAT=SIGN(DELTAT»ARG2)
DELTAP=RTFCTR*DELTATY
IF(ABS(DELTAP)~=RLIMIT 454045449455
DELTAP=SIGN(KLIMIT»ARG2)
FLOWPC=FLOWPC+DELTAP#3600e¢%.02
IF(FLOWPC~FLOWMX)4%56+45%24¢47
FLOWPC=FLOWMX

GO TO 45%2
IF(FLOWPC-FLOWMN)«SBoéSZokSZ
FLOWPC=FLOWMN

WOOTT=WDOTS*#FLOWPC

IF(KODE) 73244731

DTEMP=TF(22)~TF(24) ' ,

DX= {POSIN=XX1+VLVGAN®DTEMP)

)
)

XX1aXX1+DX
IFI{XX1~POSMIN) B81s82+82
XX12POSMIN :

f"l'f

IR WWE i
i : a

e

BLK21201
BLK21202
BLK21203%
BLK21204
BLK2120%
BLK21206
BLK21207
BLKZ1208
BLK2120%

. BLKZ1210

BLK2121]
BLK21212
BLK212)3
BLK21214
BLK21215%
BLKZ21216
BLK212}7
BLK21218
BLK21219
BLK21220
BLK2122)
BLK21222
BLK21223
BLK21224
BLK21225
BLK21226
Bl,K21227
BLK21228
BLK21229
BLK21230
BLK21231
BLK21232
BLK21233
BLKZ2123¢4
BLKZ21235
BLK21236
BLK21237
BLK21238
BLK21239

- BLK21240

vLLK21241
BLK21242
BLK21243

. BLKZ21244

BLK21245
BLK21246
BLK21247
BLK21248
BLK21249
BLK21250

BLK21251

BLK21252
BLK21253
BLK21254
BLK21255
BLK21256
BLK21257
BLK21258
BLK21259
BLK21260
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UV

R, sz

apesateAe e

i

a2
83
84

65
86
87

731

733

132

2310

914"

940

188

GO TO 84

IF{XX1=POSMAX) B4+B4483
XX1=POSMAX
XX2=FULOPN=-XX]

BB=DPTS2/WDOTT24DPTS1/WDOTT1+4PPARAR (WOOTT/(GFACT#XX2%#2) )
CCuDPTSI/WDOTTLI#WDOTTHIWDOTT/XX2)"#2/GFACY

AAw (Lo /XX2H#2=14/XX1¥%2)/GFACT
IFLABS (XX1-XX2)=VTOL) B5,854+86
WDOTT2=CC/BB

GO 10 87

WDOTT2a( BB-=SQRT(BB##2~4,#AARCC) )/ 24 /AA

WDOTT1=WDOTT~WDOTT?2
FLOW=WDOTT1

GO TO 2510

IF (KODE<EQe2) GO TO 733
WDOTT1=WDOTT

WDOTT2=0e

FLOW=WDOTT]

GO TO 2510

WDOTT1=0.

WDOTT2=0e

FLOW=0.

GO 10O 2510

WDOTT1=0Qa

WDOTT2=WDOTT

FLOW=WDOTT2
IF(DPTS1elLTeDPTS2) DPTS1aDPTS2

DPPRNT=DPTS14{+005912%BMU(23)+¢00079542%BMLI(36) ) *WDOTY

TOTREJ=wQRJTH+QRJITSC

IF(MSSIONeEQe4 «ORe (MSSIONeLTe4sAND ¢« SAVE+PERIODeLTY«P3)) GO TO 940

COUNT=COUNT+1.

SDP=SDP+DPPRNT
STOUT=STOUT+TOUT
SQREJ=SWREJ+TOTREJ
IF(TOTREJeGT e TMAX) TMAX=TOTREJ
IF(TOTREJeLTeTMIN) TMINSTOTREJ
IF(TOUT «GT«TMX) TMX=TOUT
IF(TOUT«LT«TMN) TMN=TOUT
TEMP=1 o~FLOWPC
IF(TEMP+GT+PCMAX) PCMAX=TEMP

IF(TEMP<LTePCMIN) PCMIN=TEMP

IF(DPPRNT«GTeDPMAX) DPMAX=DPPRNT
IF(DPPRNTeLLTeDPMIN) DPMIN=DPPRNT
IFIKODSEC«EQe0) GO TO 940
SDPZ=50DP24+DPTOT
STOUT2=5TOUT24+TOUTSC
IF(TOUTSCelGToTMX2) TMX2=TOUTSC
IF(TOUTSCeLTaTMN2) TMN2=TOUTSC
IF(DPTOTeGT«DPMX) DPMXsDPTOT
IF(DPTOTeLT«DPMN) DPMN=DPTOT
ITEST=0

IF(SAVE]1l «GTe SAVE+001) GO TO 918
SAVE1=SAVEL+PRINT
TOUT=TOUT=459.69

TOUTSC = TOUTSC = 459069
TF(22)mTF(22)=459469
TF(24)aTF{24)~459469

ITEST=] .

IF(MMM +EQe 0) GO TO 5051
PRHTR=ON

BLK2126)
BLK212672
BLK21263
BLK21264
BLK212&5
BLK212646
BLK21261
BLK21268
BLK21269
BLK21270
BLK21271
BLK21272
BLK21273
BLK21274
BLK21275
BLK21276
BLK21277
BLK21278
BLK21279
BLK21280
BLK212861
BlLLK2"282
BLKZ2128%
BLK21284
BLK21285
BLK21286
BLK21287
BLK21288
BLK21289
BLK21290
BLK21291
BLKR21292

BLK21293

BLK2129¢
BLK21295
BLK21296
BLKZ21297
BLK21298
BLK21299
BLKZ21300
BLK21301
BLK21302
BLK21303
BLK21304
BLKZ21305
BLKZ21306
BLKZ21307
BLK21308
BLK21309
BLK21310
BLK21311
BLK21312
BLK21312
BLK21314
BLK21315
BLK21316

BLK21317
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BLK21320




o

5051
5052

5053
5054
5055

1670

2600

918

787

190

764
920

9001

1097 FORMAT (15X ¢ THREE HUNDRED ITERATIONS HAVE FAILED TO PRODUCE A STEADBLK21353

791

786

789

400

3061

6001
6002

6003

GO TO 5052

PRHTR=OFF

IF(MsEQe0Q) GO TO 5053

SCHTR1=0ON ,
IF(MMeEQa0O) GO TO 5054

SCHTR2=0ON

GO TO 5055

SCHTR1 =OFF

SCHTR2=0OFF

WRITE(6»1670) SAVEsQRJITHOPPRNT oWOOTS e TOUT oPRHTK s QRJITSCoDPTOT
1 WOTSECHTOUTSCoSCHIRLySCHTR29TOTREJ
FORMAT(TXIPG2e39G1)e590G10e590511e59010040A49014e59G10050G1145

1 GlOeh oAU 92XA44G1445)

WRITE(6+2600) RATELeTF(22VyRATE24TF(24)
FORMAT(27X*SIDE 192 '1PGL1e50G10e4/2TX'SIDE 394 tG1l1e50G10e4/)
IF(IQUIT oEQe O «ANDe MSSION «EQe 4) GO TO 787
IF(MSSION +EQe 4) RETURN

IF(IQUIT «EQes 1) GO TO 789

GO TO 920

IF{MSSIONeNE«4) GO TO 920

IF(ABS(TOTREJ=QREJ]Y) oLTe ¢5) GO TO 790
QREJ1=TOTREJ

GO TO 920

WRITE(6+784)

FORMAT (15X STEADY STATE ATTAINEDe'//)

GO TO 791

lF(oNOTo SAVE ol.To P3 -~ +01) GO TQ 9001

SAVE = SAVE + 402 '
TAU=TAU+0+0C?

GO TO 425

IF(MSSION oNEe 4) GO TO 791

WRITE(6+1097)

1Y STATE SOLUTIONG'//15X'LAST VALULS OBTAINED'/)
IQuUIT=1 , :
IF(MSSION «NEe« 4) GO TO 786
IF(ITEST «EQe 1) GO TO 5055

GO TO 788

IFCITEST «EQe 0) GO TO 788
-IF(KODSEC+EQsQ) GO TQ 400
TAVG23STOUT2/COUNT
TMX2=TMX2~459469
TMN2=TMN2-459469
TAVG2sTAVG2-459.69
OPAVG2=S5DP2/COUNT
HAVG=SQREJ/COUNT
DPAVG=SDP/COUNT
TAVGaSTOUT/COUNT

TMX=aTMX~459469

TMN=TMN=-459469
TAVG=TAVG-459.69
PCMAX=100e¢#PCMAX
PCMIN=100e#PCMIN

WRITE(6+6001)

FORMAT (21 752X 'MAXIMUMSX *MINIMUM! 5X VAVERAGE ' /)

-WRITE(636002) TMAX»TMINWHAVG

FORMAT ('O'9X'TOTAL HEAT REJECTION RATEs BTU/HR'8X1P3Gl2e57)
WRITE(636003) DPMAXsDPMINIDPAVG yDPMX s DPMN»DPAVG2 :
FORMAT ('O ¢t9X'PRESSURE DROP» PSI*/15X'PRIMARY SYSTE4'22X1P3G1245/

1 15X 'REDUNDANT SYSTEM120X3Gl2457)

H6

BLK213')3
ALK21322
BLK21323
BLK21324
BLK21325

BLK21326

BLK2132/
BLK21328
BLK21329
BLKZ21330
BLK2133])
BLK21332
BLK21333
BLK21334
BLK21335
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BLK21337
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BLKZ21339
BLKZ21340
BLK21341
BLK21342
BLK21343
BLK21344
BLK21345
BLK21346

BLK21347
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BLK21363
BLK2136¢
BLK21365
BLKZ21366
BLK21367
BLK21364
BLK2136Y
BLK21370
BLK21371
BLK21372
BLK21373
BLK21374
BLK21378
BLK21376
BLK21377
BLKR1378
BLKZ1379
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WRITE(696004) TMXesTMNsTAVG TMXZ29TMN2sTAVG2
6004 FORMAT (109X 'OUTLET TEMPERATUREs DEGe F'/15Y.'PRIMARY SYSTEMt22X
| P3G12e4/ 156X *REDUNDANT SYSTEM120X3G1l2e4/)
WRITE(6+6005) PCMAXsPCMIN
6005 FORMAT('DY'9X'PRIMARY SYSTEM BYPASSy PERCENT'11X1P2G1245/)
WRITE(6+6006) SUM1sSUM2
6006 FORMAT('0'9X*TOTAL INLINE HEATER POWER DISSIPATIONs BTU'/15X
1 IPRIMARY SYSTEM'22X1PGL125/715X'REDUNDANT SYSTEM'20XGlR2e%/)
RETURN
END
SUBROUTINE VPOL(TVIS»BMUYNPI)
TH!S SURROUTINE FIND A FLUID VISCOSITY FOR A GIVEN TEMPERATURE
FROM A CURVE OF TEMPERATURE VSe VISCOSITY
DIMENSION T(33),TMU(33)
COMMON T+ TMU
Jul
IF(TVIS=T(1)}) &4sb07
IF(TVIS=T(NP3)) 1+98
DO 2 I=2¢NP3
Jm ]
IF(TVIS=T(I))3 4492
2 CONTINUE
3 TEMP=«TVIS~=T(J-1)
TINTaT(J)=T(J=1)
TEMPMUSTMU(J)=TMU(J=1)
: BMU=TMUIJ=1)+(TEMP/TINT)*TEMPMU
. RETURN
‘4 BMUSTMU(J)
RETURN
6 WRITE(6+200)
200 FORMAT(//7/7/799H 7
1 LESS THAN THE LOWEST TEMPERATURE ON THE CURVEWL//77) -
CALL EXIT
¢ WRITE(65201) ~ :
20) FORMAT(////7 9TH THE TEMPERMATURE USED IN FINDING THE VISCOSITY 1
1S GREATER THAN THE HIGHEST VALUE ON THE CURVEe////)
CALL EXIT
9 BMUSTMU(NP3)
RETURN
END
01420

[l |

67
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ULTRA-FAST MISSION ANALYSTS ROUTINE H
POR APOLLO BLOOK 2 ENVIRONMENTAL
CONTROL $YSTEM RADIATORS i
DEVELOPED BY i
MISSILES AND SPACE DIVISION - TEXAS o
LTV AZROSPACE CORPORATION i
P. O. BOX 6267 - DALLAS, T®XAS 75222 N
,i N
POR ‘
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MANNED SPACECRAPT CENTER - HOUSTON, TEXAS
UNDER CONTRACT NAS9-6807
PROO RPADS THE DATA AND CALLS SUBROUTINE AB2RAD WHICH DOES 5
THE ACTUAL CALCULATIONS |
N g 4




F
I PORMAT(15,13,12,17P10.0)
¥ 80
]
: A2 -
START | READ READ(5, 1)NM3S10N,KOD3,KODERC, P3, PERIOD, PRINT, TINLT ,VDOTS , TINSEC, VDTSEC |

TRANSFER TO SUBROUTINE
AB2RAD aD 10 50
M3 10N, KODZ, KODSEC, P3, PERIQD, PRINT, T NLT, WDOTS, TINSEC, WDTSEC :

. ! . !‘l_—‘ § — E-

LD 4

—

I




DIMENSIONED VARIABLES g
-
sYMBOL STORACES  SYMAOL STORAGES  SYMBOL STORAGES  SYMPOL, STORAGES  SYMROL STORAES -,

AK 12 B w v 3 ™IN 3 TPPP 3
™ 3 NPOODE 32 ™ 3 TTIN 3z ™ 32 g
T°7 3 NTOE 32 TS 20 T™SIN 20 T2P3 0 .
P8 20 NscODE 20 QABs . @ 4000 TIMe 0000
T » ™ 3 woor 10 per 10 L 5 1
ALPHA 12 NPTS o WTIOT 1000 TIN 1000 MSTART 8

wOTSC 1000 TINLSC 100 H 10 ’ s I

; .
! PR R

v
#
*




g
{
i
s

ey
. i

SUBROUTINE ABZRAD (MSSION,KOD,KODSEC,P3, PERIOD, PRINT, TINLY,

2508
; AALE,034 J AJA=1,904 AABREAAS A10%,T9E-10 Al1421,86
START | SAVELSPRINT | .| A2:=32.1 AS5=,R4% | J ATz, 087 J ALz, 41 A152,460
10UIT=0 1 AAZ=AAL AAD=2,50 T AB=,0010 1 A2z,0018 A16z1,00
AA3=2,355 AGA=2,158 A9=1,32E~-10 A1321,30E-10 A17=,557
A182,0792 A22=,0160E~0 B4=ASA E(4)2,004551234485 P(3)2,00013954425) L_
A1921,2248-10 | A23=.719 | B{1)=,000087407532 P(5)2,004730380465 ) P{4)=,000158136337
A20=1,06% ‘ B1zAA1 B(2)=,002905444665 A F(1)=,00012620) P(8)=,00017838767% ‘
A21=,1091 B3=A3A £(3)=,0039182373 P(2)=,0001206421111 WDOTTzWDOYS
SETPT=504.6% RTPCTR=,0003 | POSMIN= . 854 PPARA=2,0 STOUT=0,0 T™AX=0,
DAAND= .78 J RLIMIT=,0033 | S poswax=az. 148 | JvroL=.0o1 | [ ~ soeso, TMIN21000000, |
PLOWMX=1.0 T POSIN=10.,5 FULOPN=33, COUNT=0., ‘ T™¥=20.,0 't DPMAX=0.0
PLOWMN= , 01 VINMGAN=1, 158 QPACT=30.0 SOREJ=0, T™N21000000,0 DPMIN=500.0
a 10
80es 8060
A ~ '
SDp2=0, XX1=POSIN TOUTP=529.69
+ POMAX=0,0 *I(WSEC.N.O NQ J DPMX=0, | TMN2=1600000, 2 MXZ=KK1 y M=0
POMIN=1000000.0 k A DPMN=500. STOUT2=0. TFA217529,69 MM¥=0
™X2:0, TPA23=529.69 M0
StM1=0 T(2)=354.,69 T(6)=377,69 T(10)=383.69 T(14)=394,69 T(18)=429,69
AUM2=0 T(3)=369,69 T(7)=378.69 A T(11)=2385.69 | 3 T(15)=399.69 | J T(19)=439,69 |
NP5=33 T(4)=375,69 T(8)=379,69 T(12)=387,069 T(16)=2400,69 T(20)=449,69
T(1)=159.69 T(5)=376.69 T(9)=381.69 T(13)=389,.69 T(17)2419,069 T(21)=459.69
T(22)=469.069 T 23)-‘-559.69 T(30)=559.69 TVU(1)2125000000,0 T™™I(5)225000.0
T(23)=479.69 2 T(27)=519.69 T(31)=609,69 | TMU(2)=125000000.0 T™™M)(6)=11750.0 |
T(24)=489.069 T(28)=529.69 T(32)=659.69 T™™U(3)=240000,0 K| T™MU(73%6600.0
T(25)=499.69 T(29) 539,69 T(33)=759.69 T™MJ(4)=63000,0 TRI(8)=3900.0

T™MU(9)=1850.0 | - T™™U(13)=870.0 TARI(17V=135,0 TMU(21)=24,5 ™U(251=27.3 T‘RJ(ZQ);‘-S:OS

TMI(10)=1420.0 i TMJ(14)2610,0 T 1%4)=80.0 TAI(E2)=16.5 | _ T 26)=5,7% TAI(30):=2,08

TMU(11)=1190,0 T™UC15)=425.0 T™(19)251.9 TMK23)=12,2 5 TAI(27)24,65 TARINI=L L

T™MU(12)=1000.0 TMI{161=245.,0 TMI(20)=34,0 TAI(24)=9,3 TMI(28)53,79 | TMI(32)20,62%
72

s aopaty e




§

——

COMPUTED 0O TO
IP THE VALY, TRANSFER 1212 }
OF BN AT MSTART(1)=1 PERIOD=2,0419 NP3z 40
can0.200 bt ; AT vSTART(2)219 | | Pase, 1076 1 Neazss
. | ! v MSTART( 3)=37 NP1=18 Q(1)2284,19
~ MSTART( 4)=47 NP2:36 Q(2)=215.61
3 1414
4 1515 ‘
s 1616
0(3)=267,04 Q(1)=8,06 Q(11)231,18 Q(15)2217.70 Q(19)=284.19 Q(23)=142,07
o(4)=217.70 | fo(8)=31.18 | J 9(12)28,08 | Q(16)=267.04 Q(20)=275.61 024128, 31
1 ai5)=142.01 Q(9)=1,37 013)28.31 | oamr=215.60 [ ] 0t21)=267.04 [ 0(25)25.06
a(8)=8.31 Q110)=1,37 Q(14)2142,07 0(18)2284. 19 Q(22)2211.70 Q(26)=31, 18
Q(27)=1.37 Q(31)28.31 Q(353=275,61 Q(39)259,38 Q(43)238.72 Q(47)277,48
Q(28)=1.37 a(32)=142,07 | Jarasrzzad.10 | Jacao)=as.1z | Jacad)=59.38 Q48)=72,81
Q(29)=31. 14 Q(33)=217.7¢ Q(37)271. 48 Q(41)20.0 Q(45)272.81 Q(49)259.38
! a(30)=8.08 Q(34)2267, 04 Q(38)=72.81 0(42)20.0 Q(46)277.48 Q(50)238,72

‘—r».

‘ 0(81)20.,0 Q(85)=72,8) TIME(3520,1135 TIM2(7)20.5388 TIMZ(11)21,4030
Q{52)=0.0 ) Q(56)=77.48 5 TIM3(4)=0,2268 ¥ TIMI(8)=0,6401 3 TIMB(12)=1.5031
0(53’335.72 TINE(1)=0.0 TIME(S)=0,340) TINVZ(9)=0.08411 TIMNS(13)=21.5314
0(54)=59.38 TIM2(2)=0,0567 TIME(6)=0.5%105 TIME(10)=1,4020 TIVG(14)21,70186
TIMEC15)=1.8151  PIME(19)20,0 TIME(23)50, 3403 TIME(27)20,8411 PIMEC31)EE, 5314
TIME(16)=1.92834 ____* TIME(20)=0.05687 ) TIME(24)=0.5105 *Tlm(23)=l.4020 iTI}E(JZ):lJOIO
TIME(17)=1.0853 TIME(21)=0,1135 TIME(25)=0.5388 TIME(29)=1,4030 TIME(33)=1,.8151
TIME(18)=2,0419 TIME(22)=0,2268 TIME(26)20, 8401 TIME(30)=1,5031 TIME(34)21,9204

[ ]

TIME(35)=1,985)
TIME(36)=2.0419
TIME(3T)=0.0
TIME(38)=0.1123%

h—-—-i

TIME(39)=20,2268
TIME(40)=0.340)

TIME(41)20.5105
TIMI(42)=1,5314

TIMI(43)=1,7010
TIME(44)=1,8151
TIMI(45)=1,9204
TIMI(46)=2,0419

1

TIME(47)=0.0
TIMS(48)70,11235 |
TINE(49)=0,2268
TIME(50)=0,3403

A

TIME(51)=0,5105
TIMH(52)=1,5314 |
TIMI(53)=1.7016

TIM(54)=1.4151

In

TIME(55)=1.9284
TiM(56)=2.0419

——-4(1)10 1

T

'
gy




i

1313
MSTART( )51 PERIOD=2,0419 NP3z42 Q(3)2129.74 Q(7)2108,87 0(11)20,49
MiTART(2)215 | 1 P328,1670 NPAZ50 Jocozanez | a1 | ) ac12)=11.28 |
MSTART{ 3)229 NP1Z14 0(1)100.43 [ [ 0(5)%130, 1) Q(9)=71.18 0(13)291.3)
MBTART( 4) 243 NP2:28  0(2)2123.83 0(6)%124.30 Q(10)20,49 0(14)2100,43
0(15)7100, 43 Q(19)7130.11 Q(23)211.18 Q(27)291,33 Q(31)=71,25 Q(38)517.11
a(16)2123.03 | I a(20)=124.30 Q(24)20,49 0(28)100.43 40(32“0,‘9 0(36)2108.87
G(11)=129.74 [} 0(21)=108,87 0(25)20,49 [~ 0(20)2100.43 [~ a(33)=0.49 Q(37)7124. 130
0(18)131 .92 a(22)=11.11 Q(28)=11,26 a(30)291,33 0(34)=71,18 Q(38)=130. 11
I Q(39)=131.92 Q(43)=100.43 (47120 ,49 0(51)=124,30 Q(83)=123.63 TiME(3)20,1702
; Q(40)=129.74 a(a01z01,33 | ocasr=maae | Jocsz)=130.00 | o(se)100.43 | ) TIME(4)=0.2268
0(41)=123.63 Stamet s [ atemrartits [ Yaisnz1an.0z2 [~ miMei1)z0.0 [T Time(5)20.2637
0(42)2100. 43 (4820, 49 Q(80)%108, 87 0(84)%120,74 TIME(2)20.1135 TIME(8)20,3403
TIME(7)20, 4253 TIME(11)=1,5598 TIME(18)20.0 TIMZ(19)20, 2637 TIM2(23)20,6401
TIME(8)=0,5369 TiMeEGz)zn, o181 | TIME1)=0.1138 | I TiME20020.3403 | ] TiMic24)20.0411 |
A rimecodzo.ea01 [ | TIME(13)=1.0284 TIME(17)20.1702 [ | TIME(21)%0. 4253 TIME(25)21,5598
TIME(10)20.6411 TIME(14)=2.,0419 TIME(18)=0. 2208 TIME(22)20.5308 TIME(26)=1,818)
8 3 , ”
* TIME(27)=1.9284 TIME(31 )=0,2268 TIME(35)=1.5031 TIME(39) 21,8151 TIME(43)20,0
- TIME(28)=2,0419 TINE(32)50,4822 | ] TIME(36)%1.6184 TIME(40)=1.8718 TIME(44)20,1138
T TIME(20)=0.0 [ TIME(33)=1.4020 [ | TIME(3TI=1. 7018 [ TINE(A1)=1.9284 [ ] TIME(45)=0, 2268
| TiME(30)20.1135 TIMZ(34)=1.,4030 TIMB(38)21,758) TIME(42)22.0419 TIME(48)=0, 4822
| o 1418
- TIME(47)=1. 4020 TIME(S1)=1,7018 — MSTART(1)=1 PER100=1.0
TIME(48)=1,4030 | | TIME(52)=1,7583 TIM3(55)=1,9284 " MSTART{2)714 P3=4.0
' TIMI(49)=1.503) TIME(53)=1.8151 TIME(56)22,0419 1] ssmarnaaz2r [T aei=a
| TIME(30)=1.6104 TIME(84)=1,8718 | MSTART(4)=40 NP2:26
1 | wpa=ae 0(3)287,0 0(7)260.6 0(11)=42.5 0(15)260.6 Q(19)=42.5 Qt23)=8.6
I ] wpazse 0(4)=88.8 ore)zaz.8 | Joni2)z60.6 | Joc163z42.5 | 0c20)260.8 Q(24)207.0
0(1)=16.8 [~ | c(8)=87.0 [ 0(8)=0,0 0(13)=18.5 0(1m1=0,0 [ aczir=11.8 [T aizsr=11.8 [
: 0(2)=11.6 018)=11.8 0(10)23.0 014)=76.5 | | O¢i8)=0.0 Q(22)=81.0 026):76.8




; WRITE(N, 1821 INPTS( 1), ALPHA | 3

AT LASTYNPTSC )

.
(21120, 0 Q(31)=17,8 Q(35)=77,6 Q(39)%0,0 Q(44)517,6 Q(48)577.0
Q(28120.0 | Q(32)=87,0 Q(30)260.6 0(49)=0.,0 Q(45)207,0 0(49)260.6 |
0(29)z42.5 [ aca3r=00,6 Aaiatrzaz.s [ acarzo.o [~ oc40)z80.6 1 Q(50)242.8 _"1
0(30)=60.6 0(74)287,0 Q(38)£0,0 Q(42)742,5 Q(47)287,0 Q(51)20,0
Q(52)20,0 TIMI(4)=0,0856 TIME(§)=0,258 TIME(12)20.952 TIM3(16)%0,0884
J rivecn=o.0 TIMZ(5)0,1134 | TINE(9)2,33) TIMZ(13)21,0 TINZ(17)20,1660
TIME(2)20.0078 [ ] TIN2(8)=0,1638 [ A 11M2(10) 20,8360 TINZ(14)20.0 TIVE(18)0.666
TIME(3)=0,0578 TIVZ(7)2,219 TIMZ(11)30, 911 TIMZ(18)20.,0478 TIM2(19)7,747
TIM2(20)=0.781 PIME(24)20,042 TINZ(28)%. .33 TIMZ(32)z0.857 ‘Nﬁ( 36)20.719
Jriveczi=0.007 TINZ(25)20.991 | J TIME(20)=.418 TIMZ(33)20,586 J TING(37)=0, 758
TIME(22)=0.688 [ TIMZ(26)21.0 | 7] TIMZ(30)=.459 [ TIMZ(34)20.613 [ 7] TIM2(38)20.835
TINE(23)20,914 TINZ(27)20,0 TINZ(31)20.507 TIME(35)30,604 TIME(39)%1,0
1515
TIME(40)20,0 TIME(44)20,331 TIME(48)=0,493 MSTART(1)=1
~JriMece1)=0,1042 TIMZ(45)0.367 TIM(49)20.540 | 7 MSTART(2) =%
TIME(42)20.242 [ TIMI(48)20. 415 Tivo(sor=0. 881 [ TIEGB2I=1 .0 —f @0 T 111 MSTART(3)=5
TIM2(43)=0,2681 TIME(47)50., 442 | TiME(81)20.604 MSTART(4)37
PER[OD=1,0 :92:4 0(2)=0,0 ©(6)=0.0 TIME(2)21,0 we«s:.-ﬁa o o
I ] pae. paze Q(330.0 | Gi1)20.0 | TiME(3)20.0 143(6121.0
QRBJ121000000, | wpaze [ Foa=z0.0 [ aerzo.0 [ Tiveca)zi.o [ }:{g:;;:‘:'g - "'4 ® 10 1
NPAZ2 Q(1=0.0 0(5)20.0 TIM2(1)20,0 TIME(5)20.0 TIME(8)=1, |
B n—— oo “
1816 ‘
REPEAT TO 1629 A
NexT=1 | POR 2 READ(S,1620)NPTS( 1) ,ALPHA | Bl
LAST=0 120 ,1%5,...,8 READ NOPTS=NPTS( 1) WRITY
A ings, 3
. g

{
& o

—itd

e

e ed




COMPUPED GO 70
IP THE VALUE  TRANSFER
or 10 ;
1 STATENENT 1022
1622 1622
hz ,
loaz READ A READ(5,1623) (TIMECI 1) , [ =NEXT, LAST) , (Q(11), 11zNEXT, LAST) |——)
1622
1625
1826
1630
1631

DO RPN =W -

| ' WRITE(E, 1624) (TIME( 1), [ 15NEXT,LAST) , (Q(1 1), FI=NEXT, LAST) ——4 o TO 1628

1623
READ(S,1623) CPIMB( 11), 11=NEXT,LAST) , (WDTTOT(11), 121 yNOPTS)

*

1 L7

WRITE(G,1624)(TIMECII), I {=2NFXT, LAST) , (WDTTOT( ll),ll=l.fl0!'l‘8) * a0 TO 1628

1626
=-{RBAD(5. 1623)(TIMECII), 11aNEXT,LAST) , (TINCII), [ 121 ,NOPTS) |

r——l

.

- REPEAT TO 1627 1627
WRITE(E,1624) (TIMECIT), [ IZHEXT, LASTY, (TINCLT), 1§21 ,NOPTS) | FOR TINCEDETINCIT) +459,69 f—=-—>

1121,1¢+1,...,NOPTS

B e g -~



¥
»

F
Rt
® T0 ‘ i
1933 1630 2l
AN 1630
A2 ] ) -
Ko0sEC. B30 L0 3 a0 10 1629 READ READ(S5,1623) (TIME( 11), [1=NEXT, LAST) , (WDOTSC(11) , 1121, NOPTS) g
“h
i
L
B -
WIS »-{wmm(o.uzmﬂmm.u:um.usn.(mrscun.n=n.Nons» "
1631 i
READ( S ,1623) (TIMEC11) , 1 ISNEXT,LAST) , (TINLSC(L1) , k121 ,NOPTS) |
)
M“‘"«
REPEAT TO 1632 [
“RITE(G,1624) (TIMECI1), I [=NEXT,LAST) , CPINLSC(I 1), 1 1=1,NOPTS) | FOR i
| : ' — L 1121,1¢1,...,NOPTS / el
‘ ) [ 163z ] 1028 [T1e20 | [e3a | -
——-{rmwc«m:rmtsc«muso.es ‘—-{immzxrmm'sm ———* CONTINUE —-)lmmuw —-1 .
'3 : : , -
;
NO ‘ , : -7
AN ‘ TINLT=TINC1) NP1=NPTS( 1} NP3=NP2+NPTS(3) A
| NOT.PERICD.OT.0. WDOTS=WDTTOT( 1) MSTART(2)=NP1 +1 MSTART( 4)=NP3+1 A
- * PERIOD=P3 WDOTT=WDOTS | NP2=NPLeNPTS(2) [ )] NP4=NP3+NPTS( 4) 1
MSTART(1)=1 | MSTART(3)=NP2e1 | | MSTART(5)=NPds1 -
1112 ¥
) YES - —/ u
Mw=1 o - | TINSEC=TINLSC(1) NPTZNPBASNPTS (1) |
NPSB=NPTS(5) | M= KODSEC. £, 0 Lag_J woTsEC=wnoTsce1) | | MSTART(8)=NPTo1 |
NPsA=NPAsNPSE | oo ' | MSTART(T)=NP6A+1 MPSEC=1 ? "
MSTART(6 ) =NP5A+1 ‘ : MWSEC=1 NPBZNPTNPTS(T) ;
‘,.5.
3
77 :




PR
8o
e

;B A 1t TS
' TINLT=TINLT+459., 69 REPEAT TO 605 80s
TINSEC=TIHNSECr459, 60 POR TFIN(1)=529, 69 ,

. ® 70 1112 TLINPSTINLT 121,141, ...,20 TPINC1)=529.69 TSIN(1)=520.60 [—

| TLINS=TINSEC

[

“ 506
REPE ,p O 308 \ TTIN(1)=529.69 o 425

) TPIN(1)=520, 69 j—y) ¥DOTTL=WDOTS /2, et e ebea —-)i CONTINLE
l=2l.lhl...‘.32 wngrra-;gclrm SAVE=0.02 ‘

i '; @® 10
if8 m COMPUTED GO TO :
; IP THE VALUE  TRANSFER L
8 420 o lnssxm ATEENT MSTART(1) =1 .
AU-PERIOO Lt rAu=TAU-PERIGS i : st a21 MSTART(2)=19 0 TO 431
i i MSTART(3)=37

1
: P | MoTART(4) =47
1 , 4 430 ‘
1_ , @ "N s €008
iy ) ‘3l
o
i [ aze | 429 430
MSTART(1)=1 | MSTART(1)=1 | MSTART(1)=1
- MSTART(2)=15 | | MSTART(2)=14 MSTART(2)=3 |
i MSTART(3)=29 * @ 10 4 MSTAR(3)=27 | *m To 431 MSTART( 3) =5 *m 70 4
AL MSTART(4)=43 — MSTART(4)=40 MSTARY( 4)=7
'T,',
gl ; : @ TO
‘ r a1 \
6008 | :
= . YES 431
hk MSTART(1)=1 ‘ REPEAT TO 35
4, | mstarT(2)=NPIAL MSTART{5)=NP4+1 | KODSEC. £0. 0 MSTART(7)=NPBA1 | FOR
MSTART(3)=NP2+1 MSTART(8 ) =NP5A+1 ‘ MSTART(8)=NPT 1 K21, 040,000, 4
MBTART(4)=NP3+1
.
il
i

T e

RS



COMPUTED G0 TO
1P THE VALLE TRANSFER 432 433 434
o K 10 .
18 STATEMENT KK=M3TART( 1) KK=MSTART( 2) KK=MZTART(3) |
1 432 Ji=Ney | "'l ® 10 32 JJ=NP2 ® 70 32 JJ=NP3
2 433
3 a4
4 435
® 10
. 36
435 iz - p
— REPEAT TO 40 \
@ 10 32 KK=MSTART(4) FOR a[.m 1{'I'Au-'nmm _.z..;{ CONTINUE -——{HBRR:K |
JJ=NP4 |=n<.nm......ly = )
_ , ‘%
® 10
n
@
)
g 3
TEMP=TAU-TIME(J-1)
TINT=TIME(J) -TINZ(J-1) — QABS(K)=Q(J)
@ TO 2000 TEMPQ=Q(J)-Q(J-1) "'"1 MSTART(K)=J-1 "'* @ TO 35 MSTART(K)=J
QABS(K)=Q(J-1) +TEVP/TINTHTEMPQ

® ™ ® 1
8012 2507
N AN
= A 3012 REPEAT TO 1650\
{mmw ‘_4:58!0‘1.&).5 .un_toossc.m.o ..m_{g) 10 5013 KK=MSTART(S) | FOR
. 1=KK,KK*1,.,, ,NP3A

a TO0
1651 1651 |
- 1650
A 1660 IMP=TAU-TIMA(J-1)

CONTINUE
“MERR=S »-——)l @ TO 2000

__{mwﬂm‘ D bty my=mwer

TEMPW=WOTTOT( W) ~WITTOT( W=-1)

TINTTIMNS) -TIME(I-1)

P
0
a 7O
1682

WDOTSsWDTTOT( MW=1) ¢ TEMP/ T IENTXTEPW

ot Qoo b

T
¥

{23

3
fo e

|

O Rt



PR
J e

i

! 1en2 1653
MITART(S)=d-1 ‘E:::m ke "m: MSTART(5)=J ‘_—’{”‘:”“"TMT‘“ 4TS ncoi.....umm k|

|
- @® 10
‘3 1655
d. A 1664 1854 2000
: TAU-TIMZ(1) | - CQONTINUE | ; ! TRANSFER TO SUBROUTINE
- MT=MT+ !, MERR=6 WRITE(6, 2001 )MERR, TAU | exIT
. [7
- 0
® 10
pea ‘.56 ’
gl
1655 :
: — 1656
' TEMP=TAU-TIME(J-1) , i 38
: TINT=TIME(J)-TIME(J-1) | MP=MT-1 | - TINLT=TIN(MT) | _
' TEMPT=TIN(MT) ~TIN(MT-1) MSTART(6)=J-1 —'1 @ TO 38 MSTART(8)=J —-4 TLINP=TINLT
E; TINLT=TIN(MT-1 ) s TEMP/TINTATEMPT ~ '
s ® TO | @ T0
: { 2507 2501

, REPEAT TO 2500 —
KODSEC. EQ. 0 .m_memm(n FOR { Jz 1 po {TAU-TI-‘EH) —*—-{mssc:.wsscn
k 12KC,KK# 1 ¢ . . . NPT -
, / ~h
@ 10
2502

1

| P ey

i

P

2501 |

- TEMP=TAU-TIME(J-1)
- TINT=TIME(J)-TIME(J-1) ,| WHSEC= WSFC-1 ~
, { @ TO 2000 | TEMPWS=WDOTSC(M¥SEC) ~WDOTSC( "WSEC-1) MSTART(T)=J-1 ’l o 10 2503 |

WDTSEC=WDOTSC(MWSEC-1 ) +TEMP/TINTHTEMPWS




@® 10
25053 wu

>

2502
2503 REPEAT TO 2504

. 1\
WDTSEC=VDOTSC(MYSEC) - , FOR =1 ;___,[ TAU-TINE(1) |t C=MTSECe| |
MSTARTCT )20 ——)I KK=NSTART(8) K K NP J i MTSE

<

@ 70 ' !
2500 !

Tas0s |

TEMP=TAU-TIME(J=1)

| : TINT=TIMZ(J) =~TINE(J~1) | MPSEC=MTSEC-1 |
"—* P TO 2000 TEMPTS=TINLSC(MTSEC) ~TINLSC(MISEC-1) MSTART(8)=J~1 "_* @ TO 5015 |

TINSEC=TINLSC(MISEC=1) +TEVMP/TINTHTEMPTS

L ]
@ 10 @ T 4
, 8002 8000
Peenmt s, jom——
2508 5015 5013 N A Y
ﬂnse::&ﬁﬁ%rsac» .._.i TLINS=TINSEC _.i OONTINUE | M.EQ.1 TPIN(32)-504.89 4,..:_{(;) 10 2507 l
' \F,
Yo -
@ T 1
8000 .
T
g008 @ 10 A
5003 5004
(P—— ¢ M s
8002 A{Es 5000 5003 N T
TINSEC=TLINS |
CONTINUE -——a‘ TPIN(32).LT.506.69 |80y =0 [— a0 TO 2807 1 — covrine ‘——{""'-“”-‘
, ’ - M¥=0 4
a 10 , , @ 71O
5007 ' ‘ 8007 ;
A‘\'ES 3008 5004 M } ‘
TPIN(32).LT.503.69 TINSEC=TLINS+2130 , /WDTSEC ___.4 . TRINC3Z)~505,69 =
SUM2=SUM2+30. 7 a0 TO 2507 CONT INUK: — |
\VA
¢ H
® T =
3006




I s
Lo

b3
=}

|

1

e

® T0 @ 70
8008 | s009
= 2501 AN ;r«-\: 5008
TINSEC=TLINS+4260 , /SDTSEC = .00 1 YR ‘
BUMZzSIM2461 . 4 — TN —— -"-“—{ Hm 0 5010 CONTINUE
\%
@ 70
8009
@ 10
5011 ‘
N 8009 sout 210
' REPEAT 10 101
‘__err.m.«o.co TINLT=TLINP __* ® 10 8010 | | Mot | TINLT=TLINP+2130 , /¥DOTT POR
M40 SUMI=SUM1+30.7 Iz1,1¢1,,,.,32

Yot REPEAT TO 94
NPCQDE( 1) 20 -——{zmmem:o FOR
1=1,1+1,...,20

V——

94

NSCQU& 1)=0

REPEA‘I‘NS
i l"".---.lo

ZRANSFER TO SUBROUTINE

VPOL,
TPINCI) B 1) ,NPS

vPOL
TINLT,BW(33) ,NPS

TRANSFER TO SUBROUTINE

REPEAT TO 51

FOR

1=1,1¢1,...,%

81

AKCT)ZECTYRB(33) +, 000201 %BMUC 2% =1) +F( I ) BMU(2%1) |

REPEAT TO 636

l=ll;ll."'---.zo

FOR

638

VPOL

TRANSFER TO SURROUTINE

TPINCI) BRI 1) ,NPS

REPEAT TO 637
POR
l=°|°.‘ [T ] |lo

837

, AKCE)ZEC(1=5)4BMU(33)+.00020) 4B 281 ~1) +F( [-5)xRMJ( 2k 1)
WDOT( 1 )=WDOTT1 /(AK( 1) /AK(2) ¢AK( 1) 7AK(3) ¢ AKC) ) 7AKC 4D 2 A4 1D ZAK(5) #1 L)

By

RFPPA’I‘ TO 52

‘ 2 2’|'~'o|‘

>_*

o

UL S



"
|
;
52 b
‘ ) aapmv 0 53
{ WDOT'( 1) 2WDOT( 1 J¥AK( 1) /AKC 1) o
| WDOT(8)=WDOTT2/CAK( 6) /AK(T) +AK(0) /AK(8) $AIK(6) ZK( D) +AK(G) 7AK(10) 1, ) 1=1 1.,,,,,,.0
s
3 ﬂEPEAT TO 84 TRANSFER TO SUBROUTINE
. WDOT( [ ) =WDOT( 8 ) #AK(6) /AK( I) | DPT( 1)=AK{ § )#WDOT( [ ) prmerms VPOL -
=1, m.....lo TPA21 ,BMU(34) ,NPS A
TRANSFER TO SUBROUTINE TRANSFER TO SUBROUTINE TRANSPER TO SUBROUTINE (TRANSFER TO SUBROUTINE b
VPOL VPOL VPOL VPOL
TPA23, BMU( 38) ,NPS TPIN(21),BMU(21) ,NPS TPIN(22) ,BMU(22) ,NPS TPIN(23) ,BMU(23) ,NP5
fran UBROUT AKIL=,0026T5%BYAX 33) AKT21=,00020 1%BMU( 21)
P 320154 OUTING AKIS=,001843%EMU(33) | AKT22=.,000201%BMJ( 22)
TPIN(24)  BA24) ,NPS AKSi=.00003504EMU(34) [ 7] AK123=,00020 L%EMU(23*
’ ' AKS2=,00003504%BMU( 35) AKT24=,000201%BMU( 24) ‘
@ TO
1634 i

DPTS2:=WDOTT2k(AKT23 +AKTZ 4 +AKS2+AK(12) +AKIL) +DPT(8)

; ' : YES ,
AK(11)=BMU(22)%, 90017987 /é\ nvpmr 10 2026
AK(12)=BWI(24)%, 00027985 ___{Kmsgc,m,o m_r . '
X DPTS1=WDOTT1 k(AKT21 +AKT22 +AKS1 +AK(11) +AKIS) +DPT(1) A DPKAPS=0, " [1=2s, zsn.....az

- 2026 -

TRANSFER TO SUBROUTINE DPRAPS . 00020 14BN 1) TRANSFER TO SUBROUT INE .

vy DPKAPS=DPKAPS+DPKAP | OONTINLE | VoL, i

TPINCI) ,BVUCT) NP5 TINSEC, AMU(37) ,NPS ;

f -
1034 |

RFPhAT ™1
DPTOT= (DPKAPS +,0000254%BU(26 )+, 001231 4xBVAJ(28) +.00002535%BMJ(30)+.00003863%AN}

(32)+.0038894BM( 37) )IWDTSEC i=1, ..,._”.32

l

I3
ey

‘—:—u['rpm‘mw'mn — ‘




! REPEAT 10 91 o REPEAT TO 305 —
TPPT(1)=TTINCI) | - FOR PPS(I)=TSINCD) FOR il
) " l=l)‘9‘)a”;20 T ITER'-'I,IOI..”.MO o}
REPEAT T3 821 221 REPEAT 10 93 -
FOR TPCLZTPPP(D) TR D =TPPT( 1) FOR TS(1)2TPPS( 1)
|3l.l0‘;ooop33 |=‘,“l.....39/
‘ : 2 )
REPEAT 'I0 2 . REPEAT TO 92
. POR TPTCD =TT ——{mm:wur FOR TPS(1)2TS(1) |
l'-‘l.l’l....ﬁz . “l"".ooo"o
@ T0
101
YES
REPEAT TO 101 A
POR A Jz(1+25/2 NFOODE( 1) .NE.O
154,192, ... ,9 ! i[
, ‘ , 101 REPEAT TO 102
J TPO1)=CTPINCI) sAALSWDOT(J ) ¥TINLT+AAKTT( 1)) /(1. +AA+AALAWDOT(I)) | *MIM FOR
TPPP(1)=TF( L) , 1211,1002,...,19

“h

———{;(IOI)IZ

TPPP( l)"TP( {}]

_NQ_{TP( D=(TRINC I)OMZWNP(J)WINUIWM:!WN 1)) 701, +AAJ+AASWDOT(J))

B

N'.PBA'I‘ TO 103
J21/2 P
l-‘ 2‘2.;...!

i



v

A

o

a 10 -
103 wh

YES

A 103 k
00EC 1) .NE,0 |20 4TF(I)=(TPIN(l)oAAti\‘fDOl‘(J)ﬂP(l-thAm(l))/(,l.oAM»MlWDm‘(J'H1 * . T

NF (1,880 TPPP(1)2TR(1) CONT | NLG ] |

T
@ 1
104
YES
aepe.ar TO 104 A

J=1/2 _.imm.ns.o

1=12, 1202.. Y |

@ 1
2020

_ios A

TP(1)=(TPINC) $AAZ#WDOT( S DATF( [-1) bAZARTT( 1)) /(1. $A3A+AAZIWDOT(J) ) | TR
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DICTIONARY OF FORTRAN TERMS




AAL
AA2
AA3
AA5
AA6

AK

AKTL
AKIS
AKS
AKS2

AKT21

- AKT22

AKT23
AKT2L
ALPHA

ARG2

AlO

All

Pressure drop in fluid node 23 divided by flow rate

‘Pressure drop in fluid node 24 divided by flow rate

Squared coefficient in quadratic equation used to solve
proportioning valve flow distribution

Upstream fluld temperature coefficient, fluid nodes 1, 3,
5, 7 and 9

Upstream fluid temperature coefficient; fluid nodes 11,
13, 15, 17 and 19

E]
[ADUUSVER W RS DN

Fluid to tube convection temperature ccefficient, fluid
nodes 1, 3, 5, 7 and 9

Tube to fluid convection temperature coefficient; tube
nodes 3, 5, 7, 21 and 22

Tube to fluid convection temperature coefficient;
tube nodes 13, 15 and 17

Pressure drop divided by flow; AP/w

Pressure drop from proportioning valve to panel 3-4 inlet
manifold divided by flow rate

Pressure drop from proportioning valve to panel 1-2 inlet
manifold divided by flow rate

Pressure drop from selective stagnation panel 1-2 outlet
manifold to series panel divided by flow rate

Pressure drop from selective stagnation panel 3-4 outlet
manifold to series panel divided by flow rate

Pressure drop in fluid node 21 divided by flow rate

Pressure drop in fluid node 22 divided by flow rate

bieed Lt

Curve title

Difference between radiator mixed outlet temperature and
bypass valve set point

Radiation temperature coefficient; tube nodes 3 through 8, 13
through 18 and 21 through 32

Structure to tube conductance temperature coefficient;
structure nodes 3 through 8 and 11 through 1€
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A12
Al3
AlL
Al5
Al6
AL7

518
Al9

A2
A20

A2l

A22
A23
A3A
A5
hsh
AT

A8

Absorbed heat coefficient; structure nodes 3 through 8 and
11 through 16

Radiation temperature coefficient; structure nodes 3 through
8 and 11 through 16

Tube to fluid convection temperature coefficient; tube nodes
1l, 9, 11 and 19

Tube to structure conductance temperature coefficient; tube
nodes 1, 2, 9, 10, 11, 12, 19 and 20

Tube to fluid convection temperature coefficient; tube nodes
2, 10, 12 and 20

Structure to tube conductance temperature coefficient;
structure nodes 1, 2, 9 and 10

Absorbed heat coefficient; structure nodes 1, 2, 9 and 10

Rediation temperature coefficient; structure nodes 1, 2,
9 and 10

Tube to tube conduction temperature coefficient; tube nodes
1, 2, 11, 12 and 21 through 32

Tube to structure conduction temperature coefficient; tube
nodes 21 through 24, 27, 28, 31 and 32

Absorbed heat coefficient; structure nodes 17 through 20

Radiation temperature coefficient; structure nodes 17 through
20

Structure to tube conduction temperature coefficient;
structure nodes 17, 18, 19 and 20

Upstream fluid temperature coefficient, fluid nodes 2, k4, 6,
8, 10, 12, 14, 16, 18 and 20

Tube to structure conductance temperature coefficient, tube
nodes 3, 4, 5, 6, 7, 8, 13, 14, 15, 16, 17 and 18

Tube to fluid convectlon temperature coefficient; tube
nodes 4, 6, 8, 1k, 16, 18, 21, 22, 23 and 2k

Absorbed heat coefficient; tube nodes l, 2, 9, 10, 11, 12, .
19 and 20 ' i

Absorbed heat! coefficient; tube nodes 3 through 8, 13 through
18 and 21 through 32

B 1




A9
BB

BMU
Bl

B3
Bl
cc

COUNT
DBAND
DELTA
DELTAP
DELTAT

DPKAP

-DPKAPS

DPPRNT
DPT

DPTOT

DPTS1
DPTS2

DTEMP

Radiation temperature coefficient; tube nodes 1, 2, 9, 10,
1l, 12, 19 and 20

Linear coefficient in quadratic equation used to solve
proportioning valve flow distribution

Radiator fluid viscosity

Upstream fluid temperature coefficient; fluid nodes 25
through 32

Fluid to tube convection temperature coefficient; fluid
nodes 25 through 32

Tube to fluid convection temperature coefficient; tube
nodes 25, 26, 27, 29, 30, 31 and 32

Constant in quadratic equation used to solve proportioning
valve flow distribution

Number of calculation intervals

Bypass valve deadband

Difference between maximum and minimum heat rejection
Bypass velve movement rate

Temperature difference used in calculating bypass valve
movement rate

Pressure drop divided by flow rate ror secondary system nodes

Sum of pressure drop divided by flow rate for secondary
system nodes

Total primary system pressure drop

Pressure drop in individual tubes on the selective stagnation
panels

Secondary system total pressure drop

Pressure drop for panel 1-2 loop from proportioning valve to
bypass line mix junction

Pressure drop for panel 3-4 loop from proportioning valve
to bypass line mix junction

Difference in panel outlet temperatures used to determine
proportioning valve position '

10




DX Change in proportioning valve position

Pressure drop coefficient for inlet end of selective
stagnation panels

F Pressure drop coefficient for outlet end of selective
stagnation panels
FLOW giOW'rate used in calculating total primary system pressure
op
FLOWMN Minimum fraction of total flow through the radiator
FLOWMX Meyimum fraction of total flow through the radiator
FLOWPC Frection total flow through the radiator as determined by

the bypass valve
FULOPN Proportioning valve maximum possible position from the lef$

b3

GFACT Proportioning valve geometry factor

=

Fluild enthapy

F HIN Fluid enthalpy for redundant system inlet

¥ HINLT Fluid enthelpy for primary system inlet

3 HMIX Fluid enthalpy downstream of primary system bypass valve

i | HOUT Fluid enthalpy for redundant system outlet

; HPRI " Fluid enthalpy upstream of primsry system bypass valve

" Hel Fluid enthalpy out of selective stagnation p}mel 1-2

§ Hde2 Fluid enthalpy out of series panel 1-2

; H23 - Fluid entahlpy out of selective stagnation panel 3k

| H2lb Fluid enthalpy out of series panel 3-4

ﬂ ITER Iteration counter

; LAST Used for curve read in; indicates location of last variable
ﬂ LTER . Iteration counter

;‘ M On/off code for first stage rediundant system inline heater
E MCODE Code which indicates whether or not further iterations are
f required

s
*._4
&)
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§

MERR Error code which indicates which curve limits were exceeded ‘*3
MM on/off code for second stage redundant system inline heater 4
MMM On/off code for primary system inline heater :E
MSTART Address of first time point on each curve to be considered

during an iteration
mr Address of first dependent variasble on primary system inlet

temperature curve to be considered during an iteration
MTSE Address of first dependent variable on secondary system

inlet temperature curve to be considered during an iteration
MW Address of first dependent variable on primary system flow

rate curve to be considered during an iteration
MWSEC Address of first dependent varieble on secondary system flow

rate curve
NEXT Used for curve read in; indicates location of first varieble n[
NFCODE Flvid lump code for suspending temperature iteration ‘j
NOPTS Number of points on flow rate and inlet temperature curves ;ﬁ
NPTS B Number of points on time dependent curves wE '
NP1 Address of last time point for absorbed heat curve for panel 1 4
NP2 Address of last time point for absorbed heat curve for panel 2
NP3 Address of last time point for absorbed heat curve for panel 3
NP4 Address of last time point for absorbed heat curve for panel L :E :
NP5 | Number of points on viscosity versus temperature curve 5 |
NP5A Address of last time point for primary system flow rate curve ié
NP5B Number of points on primary system flow rate curve f%
NPOA Address of last time point for primary system inlet temperature ;

curve ’

NPGB - Number of points on primery system inlet temperatureycurve

curve

NP7 Address of last time point for secondary system flow rate Ei




e —

NP8

NSCODE
NTCODE
PCBYPS
PERTOD
POSTIN
POSMAY,
POSMIN
PPARA
Q

QABS
QRJT
QRJTSC
RATEL
RATE2

RLIMIT

'RTFCTR

SAVE
SAVEl
SDP
SETPT
SLTEMP

STOUT
SuML

Address of last time point for secondary system inlet
temperature curve

Structure _ump code for suspending temperature iteration
Tube lump code for suspending temperature iteration
Flow rate through bypass line

Total mission time

Initial proportioning valve pogition from left
Proportioning valve maximum allowahle position from left
Proportioning valve minimum allowable position from left
Panel parsmeter used in proportioniang valve calculations
Dependent values f'or absorbed heat curves

Absorbed heat for each panel

Primary system heat rejection rate

Redundant system heat rejection rate

Flow rate in panel 1-2

Flow rate in‘panei 3-L

Bypess valve rate limit, fraction bypass per time interval

Bypag; valve rate factor, fraction bypass per time interval
per : '

Mission time

Print intervel indicator

Sum of system pressure drop

Bypass valve control point température
Temperature downstream of bypass valve
Sum of total ﬁeaﬁ iejection

Sum of'radiator outlet temperatures

Total primary system inline heatér heat output
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SUM2

TAU
TEMP

TEMPQ
TEMPT
TEMPTS
TEMMW
TEMEWS

TR
TFA21
TFA23
TFIN
TIME
TIN
TINLSC

TINT
TMIX
™J

TOTREJ

TOUT

TOUTSC

P
pet

Tot.al redundant system inline heater heat output
Indepvvient veriable for viscosity curve
Miseion time

Difference in mission time and time on time-dependent curves
used for interpolation

Differernce in adjacent absorbed heat values on absorbed
heat curve; used for interpolation

Difference in adjacent inlet temperatures values on primary
inlet tewperature curve; used for interpolation

Difference in sdjecent inlet temperature values on secondary
inlet temperature curve; used for interpolation -

Difference in adjacent flow rate values on primary flow rate
curve, used for interpolaticn

Difference in adjacent flow rate values on secondary flow
rate curve; used for interpolation

Fluid lump temperatures

Inlet temperature for panel l1l-2 series panel

Inlet temperature for panel 3-L series panel

Fluid lump temperatures calculated iast iteration
Independent variablé for time-dependent cuirves

Dependent velues for primary system inlet temperature curve
Dependent‘values for secondary system inlet temperature curve

Difference in adjacent'time values on time dependent curve;
used for interpolation

Temperature downstream of bypass valve
Lependent variable for viscosity curve

Total heat rejection rate for both primary and secohdary
systems ' '

Primary system outlet temperature

Redundant system outlet temperature

:%
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TPF
TPFF
TPPS
TP?T
TPS‘
TPD
TS
TSIN
T
TTIME
DTIN
VLVGAN
VTOL

- WDOT

WICTSC
WDOTT

WDOTT1
WDOTT2
WDITOT

XX1n

Lk

Used for checking flujid lump temperatures

Fluid lump temperatures calculated this iteration
Structure lump temperatures calculated this iteration
Tube lump temperatures calcylated this iteration
Used fér checking structure lump temperatures

Used for checkihg tube lump temperatures

Structure lump temperatures

Structure lump temperatures celculated lastc iteration
Tube lump temperatures

Time for mission Y |

Tube-luhp temperstures calculatedilast iteration
Proportioning vealve gain |

Proportioning valve null position tolerance

Flow rate in & tube

Dependent values for secondary system flow rate curve

Primary system fiow_through radiator panels
Primary system flow rate to penel 1-2
Primary system flow rate to panel 3-4

Dependent values for primery system flow rate curve

Proportioning valve position from left

Proporticuing valve position from right

11k
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s | Radiator, Temperature, Fluid Flow
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CARD NUMBER

ELITE MARGIN [ PICA MARGIN -

ABSTRACT I ’

COLUMN 14

07

e L n-uw—J e 1 6 e =N o rasve]

_This computer routine provides for rapid perfbrmance

predictions of the Apollo Biock II ECS radiator. Specific |

08
e

equations for a simplified thermal model of the radiators are

10

- reas

each node in thg*mggrmal model are solved by zn implicit finite

written directly in the program. ghe temperature equations fo;{m

13

t.o..h__ ldifference method,. ,A_shamcm:iz;mgnﬂ.@x the. flow bronortionimzi

12

valv. .yal; low _load heater are included in the

13

routine, Provisions are 8180 included fbr Bingle penel and

edundant system operation.

Two lunar orbital and a frenéluner thermal eycle

.__”;-“J_“

rediator environments are contained in the routine. Time de-

H
T

pendent values may also be input for any radiator environment,

inlet temperature and flow rate. The routine outputs radiator

heat rejection, pressure drop, low load heater on/off Qperatlon;

flow rate, and outlet fluid temperature at times specified by

| the user.

Following completion of the problem,maximum, minimum

and averasge values for heat rejection, pressure drop and fluid

outlet temperature snd totel heat diqswpated by _the low load

heater are also output. -

Computer time required to analyze a 4.08 hour lunar

P R e e B Y

lorbit mission (two orxbits) with a calculation snd print interval

(of .02 hours is 53 seconds on the Univac 1108 computer. This

Rt St

represents a routine run speed of bettﬂr than 250 times real
time.
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