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1.0 '-:7SU1\4MARY

_ “I'his report describes the effort of the LTV Aerospace Corporation
_‘Vought Missiles and Space Company, Texas Division under Task 1.1.2 of NASA
" Contract NAS 9-10810. ‘The purpose of this effort was to extend the, vupabilitv
. of an existing system of computer routines," ‘the. Radiator Design System (RDS),
~described in Reference l “t6 ‘produce an Advanced Radiator De51gn System - (ARDS).:

The ARDS. cons1sts of three separate routlnes which are (1) thé'steady

. state design routlne, version-2 (SSDR-2),.(2) the Transient Performance Routine

‘1ﬁpVer51on 2(TPR-2) and’ (3) the. Computer Inc1dent Heat Data Routine (CIHR)
- o ,
' ‘The SSDR determines a weight optlmized radiator (or set. of radiator
»panels) and low load control technlque ‘which satisfy user 1nput requlrements

' for maximum and minimum heat rejection, number and type of radiator panels,

"'_area limitatlons, structural support weight penalties, fluid ‘properties,’

- radiator mater1al propertles, micrometeor01d protectlon requirements, pressure

- drop (and associated pumping power penalty), minimum allowable fluid. temperature,f_":"

~ and use of supplemental expendable heat. sink devices (such as water’ boilers
‘or sublimators). ‘It optimizes the radiator(s)-control technique combination
by variation of tube diameter, - tube spaclng, fin. thickness and flow path-
arrangement . within 1imits specified by the user. "It then outputs a definition

-fg of all panel and control technlque configurations (1nclud1ng regenerator weight‘

"j,proved over the prev1ous verslon.,,k<

': if- appllcable) withln ten’ percent of a- minimum weight des1gn.» The latest -7 -
version (SSDR-2) can be:used to de31gn solar absorbers as well ‘as’ radiators.

- In addition, the. characterizations of two—dimen31onal f1ns, fluid-heat. transfer ;‘5-'

'coeff1c1ents, frlctlon factor and welght calculatlons ~are 31gnificantly 1m—n 73?4

By use of the TPR the user may select a SSDR design and quickly ,
determlne its transient- performance ‘in a. radiator subsystem consisting of :the.
" radiator and: heatload control” valv1ng, subsystem piping and/or a: regeneratlve
- heat - exchanger . The results of the TPR can be. used to Judge the: adequacy of

u_':effectlve env1ronments ‘and - effectlve heat loads used for the initlal steadw

state’ de81gn.‘ The SSDR and TPR can: be - run sequentially to. 1terate on a weight -
optimum. subsystem deslgn which satisfies transient . requirements. The -TPR"
‘includes automatic output plotting,vinterruption and- restart capabillty, -pro-
fvisions for use of input data from magnetlc tapes which can be edited to .in- .
corporate des1gn changes, or changes for parametric performance studies. The ...~ °
TPR is. fac1litated by. SUBANS -and SUBRAD' which generate nodal lumped parameter

- TPR 1nput dats - from a user speclficatlon of overall radlator panel dimen81ons,
-fluid flow path geometry, number of flow paths, and speclflcatlon of zones

t';l for discrete £ime varlant 1nc1dent heat values.y SUBANS div1des one dimensional

panels and SUBRAD d1v1des radial panels.

’

With these two subroutlnes, the user may also automatlcally generate

'”,nodal models 'with varylng degrees: of: fineness to establish accuracy requ1re-~

;ments con51stent w1th preliminary des1gn objectives and minlmizatlon of
”computer t1me used : S B : y RN EA




The CIHR permits the user to specify the vehicle orbit and
orientation and obtain the incident heat curves on punched cards in TPR.
format with the minimum number of points. No change was made to the CIHR -
under this contract.. © ' o
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2.0 INTRODUCTION

The projected trends of future long duration space vehicles
indicate the need for minimum weight space radiator subsystems which can
operate over heat load ranges that are much wider than the capabilities

.of current subsystem design. The upward trend in maximum heat rejection

requirements of low temperature radiators required for environmental con-
trol systems necessitates increases in radiator panel area to the extent
that deployed radiator panels in addition to multiple panels which are

~integral:with the spaCe»vehicle'structure may be required. However, during

period of dormant or low activity operation, reduced space vehicle heat
loads may cause complete radiator fluid stagnation or freezing due to the
heat rejection capacity of large radiator areas. The limit of radiator low
heat load operation (minimum of the heat load range) is established by the
coolant fluid freezing point and by the heat load control method employed
on the radiator panels (e. g., flow stoppage in a portion of the radiator
tubes) and in the radiator subsystem (e.g., fluid bypass. or regeneration).
The use of mechanical shuttering devices to block the radiator view of

the space enviromment is not considered practical for large area systems
because of excessive weight and system complexity. The weight of large
area integral and deployed panels must be minimized during design since the
radiators become a significant portion of the overall spacecraft weight.

Experience with previous radiator systéms has shown that transient
performance is a key factor which must be considered during conceptual and
prellmlnary spacecraft design phases to avoid defining excessive radiator

area or over complicating low heat load radiator control techniques. The

set of radiator de51gn programs summarized herein were developed to provide
the analyst with a capablllty to generate optlmum weight radiator panels

or sets of panels from practical design considerations, including transient
performance. In addition, modifications to existing detailed transient
radiator’ analy51s programs to 1mprove capablllty and user convenience were

S _1mp1emented




3.0 STEADY STATE DESIGN ROUTINE

The Steady State De51gn Routine Version 2 (SSDR-2) written to
determine the optimum weight design of radiator or absorber panels is
described in this section of the report. - The SSDR is capable of steady state
design.of weight optimized radiator or solar absorber panels consistent with
given space vehicle operational.characteristics,and constraints. The panels
designed with SSDR-2 can be easily analyzed with the Transient Performance
Routine (TPR) ‘described in Section 4.0 to establish transient performance in
a radiator subsystem (consisting of the radiator and heat load control
valving and/or a regenerative heat exchanger). The analyst can use TPR results
to iteratively rerun SSDR with modified design constraints in order to establish
a weight optimized design which yields desired radiator subsystem transient
response characteristics.

3.1 GENERAL ROUTINE DESCRIPTION-*

The SSDR-2- radlator or absorber design requlrements are input into
the routine by the user and 1nc1ude the maximum heat load, minimum heat load
the inlet temperature at maximum heat load, the required system éxit tempera-
ture (mix temperature), panel area availability, panel thermal propertles,'
and the effective thermal environment at max1mum and minimum heat load. The
design requirements- at maximum- heat load are used to s1ze the- system for the
various panel geometrles con51dered

" The SSDR-2 optlmlzes the system weight at maximum heat.. load by
varlatlon of the tube diameter,. tube spacing (number -of tubes), panel flow
path connection (serles and/or serpentine tube connections), and panel fin -

- thickness. - Each of these parameters are varied:- independently within 1limits.
imposed by the program or .input by the userl - The system- conflguratlon must
then meet or exceed the minimum heat load de51gn requlrements 1n ‘order for it

"~ to be considered an optimum des1gn

: In addltlon to the- sat1sfy1ng of the’ above design requirements,
the radiator or absorber system optimized by the SSDR-2 nmust also meet or
.consider the following operational constraints: the system panel pressure
drop. must not exceed the ‘maximum allowed, the transport. fluid temperature at
-minimum- heat load must not. be less than a spec1f1ed input -valued and the .panel
area used for heat rejectlon ‘cannot exceed the maximum available.

If the panel pressure drop exceeds ‘the maximum allowed the
particular panel configuration analyzed is not considered for the optimum
design. The maximum allowable pressure drop constraint is input data and may
be deleted by the user. In this case the SSDR-2 utilizes a pumplng power

penalty (user input) to account for the 1nfluence of- pressure “drop in’ determining -
.an optlmum welght panel or set of panels

1 System de51gns using prev1ously developed radlator or absorber panel con- 7

- figurations can be analyzed by user- spec1f1cat10n of one or all of these
variable parameters The spec1f1ed parameter- overrldes the instructions
within the routine for 1ts variation. :

-2 fFor solar absorbers, the fluid temperature at the mlnlmum heat load must
'not ‘be more than a spec1f1ed value.



. The minimum allowable fluid temperature (user 1nput) will force
-the SSDR-2 to reject all heat load control methods that result in radiator
exit temperatures at minimum heat load operation which are less than the
minimum allowed. ‘

~ If the radiators cannot reject the maximum heat load with given
radiator panel area, the routine assumes that an expendable heat rejection
system is in the system to dissipate ‘the excess heat. The excess heat dissi-
pation with a boiler/sublimator is optional and may be deleted by the user.

3.2 * ANALYTICAL METHODS

3.2.1 A Groundrules and Assumptlons

Fifteen general SSDR-2 groundrules are tabulated in Table -3-1.
_The most significant of these is use of a ‘pair of eftrective thermal environ-
ments for steady state design at maximum and minimum heat load conditions.
For many spacecraft missions the system heat load and thermal environment
may be in transient modes for a majority of the mission duration. Thus the
SSDR user must estimate a maximum effective absorbed heat (for example in the
sunlit portion of a planet orbit) which will not result in oversized panel
area. This is requlred becdause the peanel will not reach.equilibrium
operatlng conditions at the peak environmen.al neat absorption point in the
orbit. Similarly in the shadowed portion of the orbit the radiator will not
be at steady state conditions as it views the actual minimum environmental
heat flux for a short period, leadlng to a need for an effective minimum
. absorbed heat input to SSDR-2.  If a.short duration minimum environmental
heat absorption is used an overly. complex low heat load contrul method may
be specified by the SSDR 2. '

" The tran51ent nature of the radiator heat loads (rejection require-
ments) should also be considered when using the SSDR-2. Specification. of
- equilibrium heat loads which will not be realized during the mission can
' 51mllarly lead to unnecessary complication of radlator de51gn requlrements.

If a panel is to be de51gned to satisfy such transient mission .- .

" requirements, the user can estimate effective absorbed heats and heat loads
initially, run SSDR_2,.and use the routine design in TPR:to evaluate the

' reasonableness of his estlmate. ‘The two programs can thus be run. sequentially

to iterate on an optlmum radiator subsystem design.

Multiple panel systems may be designed by the SSDR-2.

~ These systems may consist of panels which are identical to each other or
panels which may be of different ‘geometries (width, tube diameter, fin
thickness). The panels may be flowed connected in series or in parallel
depending on user specification. The effective thermal env1ronment may be

different for each panel. A detailed descrlptlon of the constraints of
multiple panel systems follows.

Panels may be connected"forfparallel»flow‘wifhithe following
"conditions: s ’ '




TABLE 3-1
GENERAL GROUNDRULES
a. The SSDR~2 utilizes a. palr of effective absorbed heat fluxes to establlsh

the radiator design under ‘maximum ‘and minimum environmental heat influx
‘conditions. -

b. The radiator ar absorber system cons1sts of f1n—tube panels and heat load
control methods o :

c¢. The panels may be connected in seriés or in parallel as des-
- cribed in Sectlon 3.2.2.

d. The panels are fln tube surfaces w1th 51mple rectangular fins
and round tubes.

"e. The panel edgeSJare_adiabatic.

ft Heat.transfer reslstance of the surfaee‘coatings is assumed negligible.
'g. _Steady state.operatian df the'systemlls'assumed. |

h. _The tube temperature‘is:assumed eonstant'aroundgthe tube perlpheryl.

i. The tube edge: of radlatlng f1n segments are assumed to have unlform
o 1ong1tud1nal temperature ' : i : '

-J. The temperature across the fin thickness is assumed uniform.
k. The fln mldpplnt between flow1ng tubes is adlabatlc

1. The absorbed heat- (or equ1valent sink temperature)lls uniform for a
" radiator panel. - ' o

m. Longitudinal eonduction in the fin, tube, and fluid is:neglected.

n. The radlant 1nterchange ‘between the panel fins and tubes is
assumed to be zero

o. The tubes and fins of all panels are of a unlform materlal
The material propertles are evaluated at ‘the panel ‘base temperature




t

a. Parallel flow systems are llmlted to two panels- flowed
in parallel.

b. Parallel panels are of identical design.
c. The absorbed heat mey be different for each panel.

d. The coolant flow is equally divided between the panels
unless the sink temperature is greater than thevinletb
temperature for one panel. If the sink temperature is
greater than the inlet temperature for one panel the flow
_bypasses that panel

Flgure 3-1(a) shows a typical radiator or absorber system with
the panels connected for parallel flow. :

o meele;may l:u_‘s. eannentien 1 geries with the f@lléw-ing
conditions: : :

.. a. Panels connected in series are limited to 10 panels.

b. Panels may be of two different types. Panels of the
' same type are identical to each other for all the variables
' -belng considered (e g. fin thickness, tube spacing, etc. ).

c. .All panels of the same type must be sequentlally arranged.
d. The absorbed heat may be d1fferent for each panel

Figure‘B—l(b) shows & typlcal system‘w1th the panels connected
for series flow. .

Fourteen heat load control methods considered by the SSDR-2 to
assure adequate system performance at minimum heat load wre described in
‘Table 3-2. The control methods consist of bypass, regenerative, valve
‘stagnation, and various combinations of all three of these. The control
methods are in many instances combined with panel tube patterns to yield
wide range. heat load radiators. By inputting a zero for the minimum heat load
the SSDR-2 will calculate, as an option, the minimum possible heat load
for the optimum gystem design for each of the control methods.

This routine option .s ‘useful for aes1gn problems in which the system m1n1mum
" heat load is not‘deflned, The control methods are, in many instances,
integrated with panel flow patterns and as shown in Table 3-2 are

generally in order .of increasing heat load range and control method com-

plexity. The def1n1t1ons of the seven Table 3-2 headlngs are presented
in Table 3-3.

_ The two—d1mens1onal panel characterlzatlon used in. SSDR -is |
vshown in Figure 3-2." The method of characterization assumes a ‘triangular
panel for panel de31gns where :the requ1red area is less.than.one-half the
;avallable area. Two tr1angular panels are assumed for requlred area greater
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TABLE 3-2

PANEL/SYSTEM HEAT LOAD CONTROL
(See Table 3-3 For Definition of Headings)

Panel Flow _
System : Heat Load Control
_ : A Valve| 1-D Tube| 2-D Tube
Conﬁggration Series Parallel Bypass Regen. Stag. Patter_n Patterfx Notes
1. _ | x ) x ' X
2 | = . X x
3 X X x x 1
4 x x X
5 X X X
6 x x x x 1
7 x b & x
8 X X | b 2
9 x x x x
10 ‘ x | x x A X v 2
11 : x ‘ x x - x
12 % - x X x 2
13 X .  x X X x 3
14 x x x X ' - | x 3,2
-1 The Bypass Regeneratlve control method will be considered only if

Bypass control and Regeneratwe control methods are not feasible.

- 2. Two dimensional tube pattern r‘adiator panels will be considered only
if one d1men51ona1 tube pattern panels are not feasible for this control °
method.

- 3. The Bypass-Regenerative-Stagnation control method will be considered
only if Bypass-Stagnation control and Regeneratlve Stagnation control
methods are not feasible. : ‘




TABLE 3-3-

HEAT LOAD CONTliOL AND PANEL FLOW PATTERNb

PARALLEL/SERIES
FLOW PATTERNS

. PARALLEL FLOW

C

D
,J:A.

SERIES SERPENTINE FLOW

‘Parallel Flow Paths may be joined by large

. low velocity headers or central flow distribu-

tion manifolds depending upon the type of fluid

‘used and the method of heat load control.

- BYPASS AND

REGENERATIVE HEAT
LOAD CONTROL ‘

" seNsoR

= NI e
7 N
b
4
o

- -
BYPASS VALVE

. BYPASS CONTROL

- .

REGENERATOR

REGENERATIVE CONTROL *

RADIATOR

i3
[
[ = SENSORS

-
VALVE

REGENERATOR

COMBINED BYPASS AND REGENERATIVE CONTROL .

‘de__slgn limit.

At low load, flu’id_is_b'yp'assed around the

~panel to reduce average radiator temperature,
thereby reducing the heat rejection. The
‘de51gn limit is reached when the fluid outlet

temperature nears 1ts freezmg p01nt

- At low 1oad, the-temperatu_re of the fluid at

the radiator inlet is reduced to achieve a lower
average rad{ator temperature as the fluid outlet
.temperature nears its freez1ng point at the
"This provides wider heat load
control than bypass control but adds another
system component which can become quite

“heavy. System pressure drop with full flow
' .through the radlator at low load also limits this

design.

A combination of regene ration and fluid bypass
w1th two valves may be utilized to decrease the
size of the regenerator and 1mprove pressure
loss at low load, but log1c to transfer control
from the bypass valve to the regenerator flow

' .control valve must be provided in the. system.




TABLE :'3--3A(Continued)

"HEAT LOAD C"ON"TROL,AND PANEL FLOW PATTERNS

STAGNATION HEAT . An automatic or manually operated valve can

LOAD CONTROL - be used to shut-off flow in.a bank of tubes to
: ' _ decrease radiating fin effectiveness. The
Haouator . " "design may allow for fluid freezing in the
vaLve . non-flowing tubes if necessary to achieve a
' 4 sufficiently wide variation of radiator heat
e ' rejection. The warm tube(s) on the panel can
e TG ‘l’;"/,”//, be used to provide heat to the frozen tubes for
Zrzz ' resumption of full flow. This valve stagnation
A ‘method can be used in addition to system bypass
vavesTAGMATION and regenerative heat load control.
EFFECT OF TUBE . " Parallel tubes which flow in one direction
PATTERN.ON HEAT . on a rectangular panel yield a low load

LOAD CONTROL . . ~ stagnated flow temperature profile which

o - can be approximated by one dimensionalfin
theory to calculate low load performance using
'L as the fin half width. A limiting low load

FLOWING TuBE - . -t
AT LOW LOAD : . : A

L I fin éffectiveness is reached as a result of . .
: “weiews e, limitations on panel thickness and the speed with
o~ 'thlch full flow for high load. heat reJectxon must
ONE nmzns}oﬁ@(nm}nncrmv: o be re- establlshed ’

R Parallel tubes in which flow tiix;hs at 90° on a
oo T aaaaan - panel will yield a deeper low load stagnated flow
e ‘ ' temperature profile which can be approximated
'by radial fin theory.  For similar overall panel
‘ geometrles the radial fin will provide twice the

114

- ‘,.,,o,,“-w;,‘m“;ommm . .heatload control range. These tube patterns
' L - can be used w1th any of the methods descr1bed
above ‘

11
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_than one-half the available area as shown in Figure 3-2. With this procedure, -
the tube spacing remains constant for the entire radiator panel.

3.2.2 - Description of Calculation Methods

A brief descr1pt10n of the analytlcal techniques and calculation
methods are presented in this sectlon.

The internal convective heat transfer coefficient: is calculated
"assuming fully developed flow conditions for the two flow regimes: transi-
tion and turbulent. For the laminar flow regimes an average value of heat
~ transfer coefficient is used which includes that for the entry length region
of flow for each panel. Assumlng constant temperature per un1t length
the convectlon coeff1c1ent is given by :

h = [Nu]
Wh _ere H

b - ‘the internal flow convection coefficient

k = fluid thermal conductivity
Nu = DNusselts Number -
D = the hydraulic diameter of the flow tube

The commonly used equations for determining the turbulent and
transition flow Nusselt Numbers are used in the computer routines. For
the laminar flow regime a curve fit has been made for the mean Nusselt
Number ‘which includes’' the effect of entry length (Ref.?2 ).. The fluid pro-
perties used are the effectlve fluld propertles as deflned 1n Section 3.2.3.

For Reynolds Numbers less than 1900 the curve f1t for the
mean Nusselt Numbers used:

, - 0668 (D/X) RePr
T+ oh[(D/x)RePr] 2/3-

Nu = 3. 65 +

For Reynolds Numbers greater than 6h00 the Dlttus-Boelter
'equatlon for turbulent flow is used:

Nu = 0.023 R_ -8 Prl/3

For Reynolds Numbers between 1900 and 6400, a modlfled H Hausen
expre331on for flow 1n the tran51t10n region is used:

"

SN o= 0. l66[R 2/3. 125] prt/3
where:.
Nu = ,NusSelts Number
g vl
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X = ‘the distance from flow ehtrahcei

""Re = Revmﬂds Number

= b g
: #P
m = mass flow rate -
W= zviscosity‘of the-fluid.7h.~
Pft="wetted perlmeter'
Pr,:i Prandtl Number
- KOG
: k-
Loy = "'épéci‘fig;i: fﬁeaﬂ 61fj;'fc'h'é flidia

In many 1nstances, panels with stagnation control technlques
require the prime flow tube (that rad1ator tube with the. highest flow during
- low load stagnation) to have a 1arger diameter than the other tubes for optlmum
- design. This occurs because pressure drop constraints at low:load often
" requires a 1arger diameter than the optimum.for the remalnder of the. panel. _
- -In SSDR the. user. has the option to’ specify elther that all tubes be 1dent1ca1
or that all tubes except the prlme tube are 1dent1cal

The radiator panel pressure loss is calculated by the Fannlng
equatlon for a- single phase incompre531ble fluid. The fluld properties
-used 'in the. pressure drop equation are the effective fluid properties as
- . ‘defined in Sectionq3 2.3. ‘_The,pressure drop for.each panel ispcalculated
o by ST ’ [;*‘; ﬁf,"“_ﬁ_. S

AP fL/Dp.V/2g

» The SSDR calculates the friction factor for lamlnar flow by ‘the
-,relatiou;' . ~ : :

Rel L

. For turbulent flow the fr1ction factor is calculated by
ool 0. 316

o
| <R )1/“

Re > Re

For the tran81t10n reglon ‘a polynomlnal curve f1t is used to remove any
"discontinuities from the friction factor curve R

o ,jif‘i_=.' A Re3 + B Re2 # ¢ Re + D -

Y T



‘The eOnstants, A, B, C, and D“can be determined from the four conditions:

(1) = £, at Re = Re (beginnihg of ‘the ﬁraneitiehvregion)
(2) f4= f; 'et Re = Ret (end of the transition reéien)‘
(3) %%é = -6h.(ReL)-? at Re ="R'eL
ar_ -.0 _
®) FRe T (Re)71925 at Re = Rey
wherer

f = friction factor
L =.'§anel flow length

D = fube.diameter

Pe = effective fluid density

V= fluid velocity

' Rev = Rejnoldé Number
RéL‘=.;lam1nar end of transition region

i_Ret =::turbulent end of tran51t10n region o

The radlator fin effectiveness is deflned as the ratio of the
_heat rejected by the actual fin to the heat which would be rejected if the
fin were at the fin base temperature._ Fin effectiveness is dependent on
- the fin geometry (length, thickness), the fin material properties, the
base temperature, and thermal environment. Values of fin effectiveness
have been. obtained (and preSented in the literature) by numerically

',.1ntegrat1ng the non-linear fin heat flux differential equations. Curve fits

of fin effectiveness. for. flat rectangular f1ns were obtained in Reference
(3) and are employed for the SSDR effectiveness calculatlons

The characterization of a heat absorbing fin is included in the
SSDR. The differential equation describing the heat flow in a one-dimensional
radiating fin was integrated for a reasonable range of boundary conditions
to obtain effectiveness for values of sink temperature greatér than the fin
base temperature. A curve fit of ‘the information was performed and the-
results programmed into SSDR. An equation was derlved that results in
effectiveness values with a +l% degree of accuracy: for sink to base tempera-
ture ratlos under a prescrlbed ‘boundary. For a detall discussion of heat
absorbing f1n characterlzatlon see Appendix B. :

15



The rectangular fin effectlveness equations are a functlon of
the 51nk-to-base temperature ratio and the rectangulal fin- palameter:

I

.= (TS/TB)
Xv‘ = Xg géinB
K2 e
_where:

T. = eink to'base'temperature‘retid-

Av =irectanéular fin pareﬁeter

Y - = fin length -
e = thérmal eﬁisSiGity ) - .
e :53=-Stefan}— Beltzmann eenstaﬁt

'Tb E =1fin tase temperatﬁre,;PR. |

K r?;,iherﬁal cendﬁctirity, BTU/hr ft°R

Z o -',e,fln thlckness, ft. '

N urf ,'é.number of.flnbradlatlng surfacesv(i.drfé)
Ts _ ='effeet1ve sink temperature, bﬁ

Circular fin effectiveness theory is used for radiator panels
operating at minimum heat load and employing two dimensional tube pattern -
- stagnation heat load control methods (see Table 3-3). Values of circular

‘fin effectiveness were obtained by numerically integrating the non-linear
- heat'flux differential equations. - Curve fits were made and . included in SSDR
effectiveness calculatlons. ‘Circular fin effectlveness determlnatlon is
presented in detall in Appendlx A.

. The f*n effectlveness equatlons for c1rcular flns are a functlon
-of” the f1n parameter and the radius- ratlo

Ae = (ro - rs) ééT
KZ W, ff*
R =To
R =0,
. r,
' 1
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Ac =-circuler fin parameter

' Rr ‘= radius ratio’
r = radius of fin outer edge
r, = radius of fin inner edge-

Micrometeoroid protection requirements for the radiator panel "
tubes are considered in radiator weight calculations by the use.of a tube
thickness equation. 'The tube thickness is a function of the probability of
‘penetration, the exposed tube area, and the mission duratlon. The thickness
~equation will thus calculate the tube wall thickness necessary for radiator
systen compatlblllty with the mission definition. The user may specify a

" minimum tube thickness (which overrides the calculated ‘thickness) to be
considered in the event that the mlcrometeor01d protection requirement is .
not as severe as the requlred panel manufacturing constraints. The equation
o - for. the calculation of the requlred tube thlckness is- glven below:

ﬁtt WPTl x (Tlme x AV‘WPT2 (3.1)
' wheref
. by =. tube thickness - ft:
' Time = mission duration - days
Aé_‘ =_t6tai'tpbe projected-area'-‘”ft2

: WPTl WPT2 equation constants

The radlator area requlred to reject the design’ maximum heat
load is calculated by iterating on the area and heat balance between the
"fluid, tube, and panel until the required heat. rejection and temperature
performance is obtained. The base temperature. is calculated: by equatlng the
- heat radiated by the panel to heat lost from the fluid .through an iterative ‘
process . For the conditions where the required heat. rejection cannot be met
due to area llmltatlons, the excess heat not rejected by the system is assumed
~to be rejected by a water b01ler/sub11mator The heat balance equatlons
used 1n the 1terat1ve process is glven below :

_' Panel —Q,R = nA[ SrJTBh - QA] -
'F}uld-—_QRﬂ='.ﬁ{C§(Tin ?.Tout)
- QR = hA(?f - Tp)
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where:

QR = heat rejected
'n = fin effectiueness
e = thermal emissivity
o = Stefan.— Boltzmam constant
TB ='base temperatufe
QA' é'heat absorbed by panel
é = system flow- rate
"_'cp : =7fluidispecificfﬁéat : -
Ti# #‘panel iulet temperatume
out = penel outlet temperatume '
~l'hA = heatAtfausfer coefflciemt
Tf" = Tln';;Tout

'iFor.control methods where a regenerator is used the heat rejected by the-
regenerator is calculated as shown below.

QREGN - @C P Tmlx f'Tout)

3.2.3 Determlnatlon of.Fluid'and Metal Properties

g Fluid‘Properties'
. Thermal Conductivity '

The fluld thermal conduct1v1ty 1s calculated by

in(T) KFO + KFl X T + KF2 X T? +. KF3 X T3 (Equatlon 3. 2)

where:

| —
Kf(T) thermal conduct1v1ty hr % 1t x

OR

temperature - °R

o

KFO, KF1, KF2, KF3 ~ equation constants

18



The effective fluid thermal conductivity for a radiator panel is

M_ 1 o To , _
Ke =-——To_ Ti f _ _Kf'(T) dT
- T, '
R
Density
The fluid density is calculated by: ‘
Pr(T) = DFO + DFL x T + DF2 x 1 + DF3 x T° (3.3)
where:
pr(T) = fluld den51ty - 1b /ft
T = temperature —-°R
DFO DFl DF2 DF3 - equatlon constants
The effectlve fluid den51ty for a radiator panel is
. _ . _
Y R P ° -
Pe = i f pplm) ar
‘ . . T, :
~ Spec1f1c Heat
The' fluld spe01f1c heat is calculated by :
_ Cp(T) = CPO + CPL x T + CP2 X T + CP3 x T3 . : (3.4)
o - e CPh X Th : | |
.where:
c () é-specific heat - BIU/1b_
T ='tempefatufe = °R

" cPO, CP1, CP2, CP3, CPL - equatlon constants ‘

The effective spec1f1c heat for a radlator panel 1s
T . :

IS —' . . .
Cpe - T ‘./' p(T) ar
. B ° T. .
1,
Dynamic Viscosity

_ The}fluid'viscosity‘islcelcnlated by :

i



10, ) = Omonen/z e B8 4B .

where:

where:

- where:

f 3;2.h_

Cm(T)

T

- Metal bepérties :
'Km(T)r

K (1)

LT

'The metal density is calculated by:

i.bﬁ(T? 

T

MU2 |, M3, MU MUS
2 a3

fluid viécoéifyA-;lbm/fchr

teﬁperatuie'— °R

MUO, MUl, MU2 - equation constants

' The effective fluid viscosity fbr'a radiator panel is:

L0 - Lop ¥ - i', _ %ﬁ_ N 1,_:,.;,, -

The metal conduﬁti%ity,is calculated by:

MO 4 KMI X T+ KM xTE+ M3 x 0 (3.6)

-thermal conductivity - BTU/hr-ft-°R _[7’

teﬁperaturé - °R

KMO, KM;,{KM2, KM3 - equation constants

2 +‘DM3'x;_'I,‘3

DMO + DML x T + DM2 x T (3.7)

e (1) metal density - lbm/ft3

températﬁféA- °R
DMO, DM1, DM2,_DM3 - equation constants

Weight.Penélty EQuatioﬂs

The weight associated With a raéiafor or absorber system consists of

the tubes, manifolds, interdonnecting tubing, fluid, radiating fins, contvol
valves, regenerator, panel support structure, weight due to pumpin
power, and excess heat penalty due to water boiling requirgments ag high

heat load.

The equations used in SSDR-2 to calculate radiator system weight are

' presented in this section. -

]2Q



Radiator Tube Weight:

= N 3 ‘ ADUNP ‘
W, | Nx pyxLx m X ty (DT + t,T)'(RI*_]UNI +1) . wr (3.8)
‘Manifold Weight:
'WM = .NMANT X ‘)M xYxnmx tM(DM + tM) (REDUNP + 1) (3.9)

IﬁterconnectingﬁTube Weight:

Wy Py * XL x mx £, (D +t) (R@UNP ;) , (3.10)
Tube Fluid Weight: -
= - ; + : :

Ve = Nx P xLxmxDy (REDUNP + 1) | (3.11)

Manifold Fluid Weight:
= . + ; .
Wy .NMANT X p ox Y xmx Dy (‘RE].DU_NP +1) (3.12)
T |
Connecting Tube Fluid Weight:
. =g : P +1) i .
Wp =Pe X XLLxmx D (REDUNP +'1)° - B (3.13)
where: : ‘

"WT» = weight of tubes per paﬁel-— lbm'A
WM A s wéight:of manifolds per panel - lbﬁ
W " = weight of cbhnécting.lines ;‘lbm":
WTF E é.W?lght_Qf_?lUld in tubes - lbm'
'WMF .é:welght.Of-fluld in manifolds - lbm -
W = weight of fluid in connecting lines - 1b_
N = number of tﬁbes~of panel
NMANT = rumber of manifolds per panel -
PM _ ='dehsity;of metal — lbﬁ/ft?
P = effective fluid density - 1b_/ft>

Cer -




wWhere:

L = length of tubes - ft

Y ~‘eawidth of banel - ft

"XLL A‘=.coqnecting line length upstream of panei - £t
. té eftube.thicknessn- ft | |
"ty =/menifold thickness - ft

_tL '=tconnect1ng line thlckness_--ft

ﬁf; . =Atube 1n51de dlameter - ft

DM - _ = manifold~inside diameter,— ft

DL 1é¥e§ngectingilipe¥insideﬁdiageter -t

'REDUNP =1ﬁﬁmber'ef redundant fluid systems

‘Radiating Fih.Weightf (See Figure 3-3)

Wfin = 'pm.x X x ZxY o , -fv | (3.14)
-:wfin A% welght of radlatlng fln - lb
P = density of metal - lbm/ft
.X := length of fln - ft
Z ; fin thlckness-— ft
'ZY : '_% width of fin' - ft, [Y ?anei'Q}N(D:;.Q té)j-

»Control Valve Welght

"W, = NVT x WPV x (REDUNP + 1) o (3.15)
WV4 -?-ﬁeight of valves per panel ¥:lbm

NVT ivﬁumber of valves per panel

WPV - = welght per valve - lb

REDUNP =.

number of redundant f1u1d systems

'Regenerator Welght

=Q‘R'XWPR.' S 13
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where:

" where:

where:

where:

" WPR

.regenerator weight - lb

heat transfer across regenerator - BTU/hr )

regenerator welght penalty constant - lb /(BTU/hr)

Radlator Structural Support Weight:-

Ys

Ys

A

WPS1l, WPS2, WPS3. - structural welght penalty constants.

2

= WPSl'+ WPS2 x A + WPS3 x A

‘structural weight - 1o

panel area - ft2

Pump Power Welght Penaltx

Yp

wtot

"WPPP

e

] it I

WPPP x Awa /p x 1Lk

pump power weight ,—.1bm
preseure'drop - psi

total coolant weight flow - lbm/hr

_pump power weight penalty -‘lbﬁ/(fteltf/hr)'

effective coolant density — lb'm/ft3

Excess Heat Rejection Weight Penalty:

weh

eh
WPEH

Time

“nax

rej'

= VPBH x Time x (q, - Q)

rej

excess heat reJectlon Welght - lb

A.welght penalty - 1b /(BTU/hr) - days

‘mission duration - days

required heat rejection - BTU/hr

actual heat rejection - BTU/hr

ol

- (3.17)

(3.18)

(3.19)



3.3 ROUTINE OPERATION

The calcuietion procedures and the overall operational flow of
the Steady State Design Routine are presented in this portion of the report.

The SSDR can be conveniently partitioned into ten major sections
which are functionally independent. These major sections are defined as:
(1) input, (2) initialization calculations, (3) panel geometry
estimate, (4) system area estimate, (5) low heat load feasibility
determination, (6) maximum heat load performance and area determination,
(7) weight calculations, (8) system low load performance calculations,
(9) optimum design and off design parameter storage, and (10) output.

The SSDR program operational flow chart, showing the relationship between
the major sections, is presented in Figure 3-4. The calculation procedures
and operations of each major. program section. shown in Flgure 3-4 are sum-
marized below.

(100)* Input -~ Reads the data input from cards, checks for input errors,
and writes diagnostic messages for any errors. The data card input required
is described in Section 3.4.4, and a resume of input errors (fatal and non-
fatal) is presented in Sectlon 3. 4.5,

- (200) Inltlallzatlon falculations - Limits for the parameters varied
.during radiator system optimization are set,_s1nk temperatures and average
environments are calculated, .and the input units are converted to the FPH
system. The fluid properties curve coefficients are called from the pro-
perties library or from the input data. The flow rate at maximum heat load
and the system inlet temperature at minimum heat load are calculated. The
limits of radiator panel fluid temperature and flow rate at minimum heat load
are also set for each of the various control methods.

(300) Panel Geometry Estimate - The tube diameter, number of tubes, and
the number of panel flow paths are estimated for each panel type for use in
the system are estimate. The average of. the parameter limits is used to
determine the diameter and the number of tubes. If either or both of these
variables has been specified in the input, the specified input value is

used. The number of flow paths is set equal to the number of tubes (parallel
flow). The préssure. drop is calculated using the chosen geometry and the
total radiator area available. If the panel pressure drop design requirement
is exceeded, ‘the number of tubes and/or the tube diameter is increased until
the pressure drop requirement is satisfied.

(4oo) - System Area Estimate - The radiator system area is estimated
for use in determining the feasibility of the various low heat load control
methods. The -above panel geometry, the average thermal env1ronment, an
average radiator panel fin effectiveness, the fluid to tube-heat transfer,
and the limits of panel f1n thlckness are used to 1terat1vely calculate the
radiator panel ares. :

* 'Numbers'refer to the.statement_numbers in the Program and on Figure 3-H.'
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*Numbers refer to
- Statement numbers in

200

Linah/atlon Calculatwnsj

Repeat for -

Additional
Fluids and
. Metals -

880

0 i S
|Panel Geometry Estimate]

400 | System Area Estimate |

50 Low Heat Load Control Method
R Feas1b111ty Determination

" The Program

600 . = . »
- | High Heat Load Performance : Variables
And Aréa’ Determmatmn . | Incrimented
; '1. tube diameter
2. fin thickness
3. number of tubes
700]_Welght Calculatmnj 4, number of flow paths.
5. control method
. Design NO” J
' Wlthln Specified Percentage ‘ -
e Of OPTIMU'M - -
735 1 : :
|Low Load Performancel
" Low Load | ;
Design NOT MET .
equirement
_ - met o ,
840rpt1mum or Off" Des1gn Parameter Storage] 4 ﬁ.J

r

Output of Design and Off Design Data a
. — ” o |

_ FIGURE 3-4 SSDR PROGRAM FLOW CHART |
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- (500) " Low Heat Load Control Method Feasibility Determination - The

feasibility of each of the eleven low heat load control methods is determined
using, Lhe.eutimuted'nyuLem aren - geomelry, the conbrol method temperabure

and f'low limlte, and the minimum thermal environment. The radiator system
performance must meet the'mihimum heat load requirement and pressure drop
requirement if the cohtrol method is to be considered feasible and is to

be used during the welght optimization procedures that follow. Unless
specified by input, the combination control methods (i.e. bypass - regenerative)

will not be considered if the less complex control methods are feasible

(see Table 3-2).

The subsequent sections of the program begin the radiator system
optimization process. As shown in the flow chart of Figure 3-U, the
weight optimization is accomplished by: calculating the required radiator
area and performance at maximum heat load for a given set of geometry para-

" meters and heat load control method (600); determining the system weight

(700); and, if the system is optimum or within the.specified percentage of
the previous optimum, calculating the minimum heat load performance (T35).

If the system then meets all the performance requirements, the design is
stored within the program for later printout (840). 'The optimization process
‘above is performed parametrically by systematically varying the panel geometry
parameters of tube diameter, fin thickness, number of tubes (tube spac1ng),
and the number of flow: paths. Details of these five program sections are

described below.

(600)  ° High Heat Load Performence and Area Determination - The radiator

_ area required to reject the design maximum heat load is calculated (in this

section) by iterating on the areas and heat balance between the fluid, tube,
and panel until the required heat rejection and temperature performance is
obtained. If the pressure drop limitation is not met in the performance
calculations, the parameter variables are incremented and the procedures
are repeated again. For the conditions where the requlred heat rejection
cannot be met due to area. llmltatlons, the -excess heat not rejected by the

vsystem is assumed to be rejected by 8 water b01ler/sub11mator.

(700) Weight Calculations - The system weight due to the radiator
panel fins, tubes, fluid, manlfold, interconnecting tubing, control valves,
supportlng structure, pump power weight penalty, and excess heat weight
penalty is calculated using the equatlons of Section 3.2.h4.

The ratlo of heat rejectlon to weight is calculated. If this
ratlo 'is greater than the optimum or within a specified percentage of. .
the optimum (off design. condition), the program proceeds with the low heat
load performance calculations. If the ratio is not within the specified
percentage of the optimum, the parameter variables are incremented and the
routine returns to the high heat load section for additional calculations.

(735) Low_Load Performance - The minimum heat load radietor perfor-
mance is determined by iterating on radiator panel fluid temperatures or
panel flow rate'(depending on the heat load control method) until the heat -
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balance between the fluid, tube, and radiating panel is obtained. The
calculated performance must meet the design heat rejection requirement,
within the minimum fluid temperature limitation, and must also meet the
.'panel pressure drop requireménts if the radiator system is to be considered
an optimum or an "off" design system. If these requlrements are not. met,
the parameter varlables are incremented and the routlne returns to the high,
heat load calculatlons

For the routine option which calculates the mlnlmum heat load-

A pos31ble by the system, the program iterates on fluid temperature or flow
rate, and heat load until the heat balances are obtained. The pressure ‘
drop requirement at the minimum heat load is not considered for the m1n1mum
heat load determlnatlon option. :

(840) Optimum or Off Design Parameter Storage - After the optimum

or off design radiator system has been configured and has met the low heat
load performance requlrements, the ares requirements, geometry parameters
(fin thickness, tube _diameter, etc. ) ~and maximum and minimum heat load
performance predictions are stored in. data arrays (for each control method
"and panel type) for later output If a new optimum system is calculated
during the systematlc parameter variation, the old optlmum and each of the
off design systems are checked to make sure that they are within the specified
‘percentage of the new system heat to weight ratio. If'they are not, the old
‘designs are purged from the off: des1gn storage arrays. Up to fifty off '
designs can be stored in the routlne. :

- (880) Output of Design and. Off Design Data - The output of the optimum
‘radiator system-and the off design systems” for each control method 1s ‘accom-
pllshed in this part of the rout1ne S :

3.4 @ . USER'S MANUAL

4 The Steady State Design Routine" (SSDR): was written in FORTRAN V

for use on the NASA-MSC Univac 1108 computer. A descrlptlon of the Unlvac
1108 computer requlrements, an explanatlon of the ‘input data requlred and
a SSDR run failure analy51s are presented in the sectlons that follow.

341 Unlvac 1108 Subroutlne Requlrements

, : The follow1ng is a llst of the -Univac 1108, FORTRAN v,. system
subrOutlnes Wthh are requlred for use with . the SSDR

1. mmMyw S _1&,DmmH
2. NEXP6$ - . - : 1k, NFMTS
3. Nxpar$ - '15. NIER$
. NXPAX$ oo 16. NTNPTH
LR 3 U . ®1T. FLOATX
%6, ALOG . 18. NEXPEX
7. NouT$ - : - 19.  CONVTX.
8. 'NTAB$ - - S 20. NININ$
9. NFTV$ : ¥21. SQRT
10. NIOIN$ . ' %22, TANH.
© 11. NOTIN$ : 23. NSTOP$
12. VFPACK$
.

These flve subroutlnes are necessary regardless of” the system
.on Wthh the program is run :
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3.2 ~ MSC Run Submission Requirements

: , For operation on the MSC Univac 1108 system (FORTRAN V), the
SSDR program is stored on ‘magnetic tape and the data deck. with the appropriate
monitor controls are submltted on punched cards. The order . pf punched card
data deck and control card set up is as follows

'$ JOB
' g“- ASG - A'= XXXXX (Program Tape Number)

T - Xqr - CuR

—--TRW-A

--IN-A
. 7-'TRi -A

g'— XQT - DECK 1

DATA CARDS (See Section 3.k.L)
:
g = EOF

: "A" is the tape on which the SSDR program is stored and is always
an input tape. (The number of the "A" tape should be punched immediately
following the equal sign w1thout skipping any spaces )

_ The data ‘deck and control card set up must be accompanled by
‘a MSC Form 588 run request card. . The input tape number and- the problem run
. time requlred are de51gnated on thls run request card. :

3.4.3 - Run Time and Output Estlmatlon

.  The run time for the SSDR may be estlmated for thé Univac 1108
-by u51ng the follow1ng equation:

[DMAX—DMIN]

RTIME 0. 6 x NFLUID x NMETAL D

[mwm-ﬂﬂN]X_ 1
Dz STMIN -

where:
'4RTIME‘- - computer run.time, minutes

‘NFLUIDjZ = number of fluids considered



NMETAL = number.of metals congldered
DMAX | ="n‘uauci.niluvm_tube dtameter oonsidereo, iuf

- DMIN ;Aminimum'tube diameter'considered,;iﬁ‘o
DD'_A =4diaueter:increuent, in
ZMAX .=‘meximum peuei:thiokness considered,vin'
ZMIN _f;='minimum oanel_thickness consideredflin,
DZ T o= panei thiokneeezihorement,'iu
STMIN = uinimum tube epacing, iu

‘ --= - - For the cases using the-maximum and minimum- values for tube
dlameter, panel thickness, and tube space stored within the SSDR the run
time may be estimated from '

RTIME = 10 0 x NFLUID x NMETAL
The expressions for run time estimation are appfox1mat10ns since
the amount of time spent ‘during. convergence for high heat load panel optimi-

zation and on low heat:load performance calculation may vary con51derably from
' de31gn to design.

The prlnted output from the SSDR may be estlmated by

NPAGES ?'7 x NCON x NFLUID x NMETAL x NPT + 3

-.wherei
NPAGES =" number of pages of printed output
NCON f e'number of low heat load control methods to be
: R considered ,
NFﬁUID“-ﬁinumber»of fluids to be considered
_ NMETALl': humber of metals.to be oonsidered B
NPT f.uumber of éauel types”to'bevoousidered{

fThe number of pages of printed output may be somewhat less
than ‘estimated from: the above equation. dependlng on how many designs are
within the spec1f;ed percentage of the weight of the ‘optimum design.
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3.4 SSDR . Data Card Preparation

An explanation of the input data required by the SSDR is
_presented in this section  of the report. The flow chart of Figure 3-5,
showing the data card order and requirements, is intended to supplement
the 1nput description of the following paragraphs.

Floating point data input is designated by the format specifica-
tion "F". The decimal point for this data may be written in any column of
the field and its position will override the indicated position in the
format specificatlon Interger data input, as de51gnated by - the Format
"I, must be right adjusted within the spec1f1ed fleld

o Fortran o S
Columns Format ‘ Nomenclature R . Description
Card 1 (Title Card)
- 1-75 15A5 . TITLE - - - Any T5 alphameric-charssters to
- o o be used for page heading.
Card 2
1-10" - F10.0° . QMAX Design maximum heat load, BTU/hr.
T : " . QMAX > O for radiator:systems.
QMAX £ O for solar absorber systems.
11-20 F10.0 jf QuIN . Design minimum heat load, BTU/hr.
' ' - If blank, progream will calculate the
minimum heat -load possible.
QMIN > O for radiator systems.
QMIN <« O for solar absorber systems.
21-30 =~ F10.0 . TINF . Radiator system inlet temperature
.o e *~ - at design maximum heat load, °F.
31-ko ' F10.0 TMIXF .  Radiator system mixed outlet temp-
) ' erature, °F. - - -
41-50 F10.0 ‘DPMAX © Maximum allowable radiator system
S T pressure drop, PSI. If blank, the
system pressure drop constraint is
not considered. : .
51-60 = F10.0'  TIME  Mission duration, days. Used in
: ' tube thickness Equation (3.1) and
excess heat Equation (3.12).
61-T0 F10.0-: ,RET. . ' Reynolds number at which flow becomes

turbulent~(pressure drop equations).
. If blank, program sets RET = 4000.
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. 32

l'_:]

Dots indicate
multiple cards
may be required




Fortran'

Columns - Format Nomenclature ' Description
T1-80 - F10.0 g REL = - Reynolds number at whlth flow goes
: - : . from- lJu\.uunlnul to t}u\tlrunql(1<un

- reglon (pxouaurv dxop “equutiona).
If blank, program set REL = 2000.

~ Card 3 (Constants, Welght Penalty Equatlons)

" 1-10 F10. 0 " WPPP S Constant, pumping power weight
: . penalty Equation (3.11) '
1by/(ft-1bg/hr) ‘
If WPPP 4 0 the program sets
- 'WPPP = 0.005. -

11-29Q F10.0 . WPR Constant, regenerator weight -

S SR _penalty Equation (3.9), 1b,/BTU/hr).
- If WPR£ 0, ‘the program sets '

-~ WPR = o 002.

21—30 _ . F10.0 ~ WPT1 - ' Constants, tube thlckness Equation
' : ‘ (3. l) :
31-40 -F10.0  WPT2 - If WPTl.A.O the Brogram sets .
; - s e WPT1 = 9.16. x 1077, and WPT2 =
0.351.
bi-s50 = F10.0 . TTMIN 'Mlnlmum tube . thlckness to be con-.

‘ 51dered,_1nches.»'
Overrides value, from the tube
thickness equation if less. than ‘TTMIN.
. I TTMIN 4 0, the program assumes
"TTMIN 0. 035 '

51-60 - - F10.0 WPEH 'Constant, excess heat rejection
- - -weight .penalty Equation. (3 12),
1by/ (BTU/hr) /Day .
If WPEH 4 O, the program assumes
-WPEH 0. 008
- If WPEH = 0, the program assumes:.
WPEH = o© .

61-70 . 'F10.0 . . WPV - S Constant; valve weight-penalty
: o S ©  Equation (3.8), 1b / valve. If
WPV £ O, the program sets WPV = 1.0.

71-80  F10.0 - REDUNP' = Humber of redundant’ fluid systems.
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: : " Fortran _ L
Columns Format . Nomenclature DeScriptien

Card  (Constants, Weigﬁt Penalty Equations)

1-10 - F10.0 . _.TOLCD- Welght percent from. optlmum considered
: " program prlntout off designs. .
If TOLOD £ 0, the program sets TOLOD = 10.

-11-20 F10.0- WPSI-(l) ' Constants,’ structural weight penalty
_ o Equation (3.8), panels of type 1.
21-30 F10.0 'WPS2 (1) "~ If wpsl (1) 2 O, the program sets
S o . Wwpsl (1) = 2.0, '

31-4o F10.0 WPS3 (1); - wps2 (1) = 0.2,
o - WPs3 (1) = o.
L1-50 = F10.0 _"WPSl_'-(2) ' Constants, structural weight
- - _ e : penalty Equatlon (3 10), panels of
51-60 ° F10.0 - "wpsS2 (2) T I type 2.
: S T If WPS1 (2)4.0 the program sets
61-70 - -F10.0 . WPS3 (2) WPS1. (2) = 2 0,
- o S wPs2(2) = 0.2,
WPS3 (2) =
Card 5
1-10 "~ F10.0 © . DMINT ' Minimum tube dlameter to be con31dered
S : : o - inches. . . .
If DMINI £ O, the program will set

DMINI 0. 125

11-20  F10.0 .  DMAXI ' Meximum tube diameter to be con31dered
, ' - - - " inches. :
If DMAXI'L'O , the program sets
CDMAXT = 1.0,
21-30 = .'F10.0 ° DD’ . . Tube diameter increment, inches. If
I o - ' DD £ 0, the program sets DD = 0.125. |
31-ko F10.0- - STMIN ‘ Mlnlmum tube spaclng to be cons1dered
B - - . inches. - '
If STMIN 0, the program sets
- STMIN = L4, O
41-50 F10.0 -~ STMAX . Maximum tube spac1ng to be con51dered ‘”
' _ CL o ‘incheés : '
If STMAX <& O the progra.m sets
_STMAX - -36 0. - . .

S




_'dolumns

Format

‘Fortran

15

Nomenclature -
'51-60 - F10.0 - ZMINI
C61-170 100 T ZMAXT
71-80 - F10.0  DZ -
 Card 6
1-5 15 - NP
6-10 . I5 NST (1)
S11-15 (15 . NST (2)
©16-20 15 - IRUMP
- 21-25. IS5 IPRID
26-30 15 NFLUID
31-35 15 - NMETAL
36-40 ™e

Description-

‘Minimum fin thickness to be con51dered

inches .

If ZMINI £ O, the program sets
CZMINT = 0.010. :

Mewx L mum in th( knvnn Lo he (unnidorcd
inches.

If ZMAXI < 0, the program sets -
ZMAXI = 0.10,.

- Fin'thickness,increment,»inches.

If DZ £0, the program sets
DZ = 0.0L. ' ‘

“Radiator panel system index.
NP = 1, radiator panels are in series.

NP = 2, radlator panels are in parallel.

_.:Number of panels of type l.
"If NP = 2, the program sets
CNST (1) =

’ﬁ_‘Number of panels of type 2.
"If NP-= 2, the program. sets

NST (2) =~o.-

-, Pump po&er penalty indeX{

IPUMP =:0, penalty calculated at maximum
. . heat load - ‘ '
IPUMP = 1, penalty calculated a low
' o "heat load
IPUMP = 2, penalty calculated at average
: _ heat load .

’ Prime,tube dlameter'lndex."

IPRID > O, prime tube diameter is calcu-
' lated

- IPRID £ 0, all tuhes.ate,Of same diameter

Number of radiator coolant fluids
to be considered. Maximum

limit 'is NFLUID = 10.

Number.of radiator metals to be
considered. Maximumﬁlimit is
NMETAL = 10. - ‘

= 0, all heat load control methods
. “are to be considered.
=1, heat load control methods
are spec1f1ed on Card 7
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oo . 'Fortran. ST .-
':Columns , Format : Ncmenclature : "_1‘J'>;' Descrlptlon

' 1 (Heat Load Control Method Speciflcatlon)(Omlt thls card for IMC )

) Iconf(ij,}l'7gY;Control Index :
o LT 0, do. not consider .
l, con51der -

- ;fi;s'l_ . ~-"“IS:-_' o ﬂICOﬁi(l)_jA_L "\Bypass control index

f‘éflo_: 11}:xi5‘ .1}f"fICQN5(2)V'J'T’f Regenerative_control~;ndex. _'7

"-_,11;15' oI5 >7ICON (3) ’Z?’;B&paas;ﬂegenerative controi index-n

»‘!f3316;20fjvf:fiisif"ﬁ{fT}ideﬁ(ﬁflfffjftﬂStagnatlon control 1ndex, one S

”dimen81onal tube pattern ;, .
_V_-21+25' 1‘"AIS"l':V:_11C0ﬁ1(5)ﬂ355L:7kstagnat10n control index, two_i
[ S e “g'f~.:;d1men51onal tube pattern :
| =g26¥30{,v f"IS;Q??75gEiQ§ﬁj(6)f'5:1{2*Bypass-Stagnat10n control 1ndex,' e
T R D '"one dimen31onal tube pattern -
.31;35'f=:fi_15_>u - ‘ICON:tT)f:i_‘?ﬁ“Bypass-Stagnatlon control 1ndex,"ff17' |
T e e two d1mens1onal tube pattern '
';.36;h0“‘ . IS -Lbl‘. ICON'(Q)f},; ﬂ;:Regeneratlve-Stagnatlon control S
T R S o ran . 4'-:*3_index, one dlmensional tube pattern'iﬁf
. h1-ks o as j”fICON*(9j:':l7"]}Regeneratlve-Stagnation control - :
R SN '”index two dimensional tube patternnu

:bb;nf§6%50jixgif‘Isﬁﬁ'ti .;Iéoﬁﬁ(id);é;hai:Bypass-Regenerat1ve-Stagnation:f:;l"'1 R

: "1“Card 8 (Panel Type Data Card)ff7??*t’””l

”jlcontrol index -one dimensional tubeﬂi"p
"pattern'~"' , . .

51+5§jfn-f:fiS4rfggvp;iébﬁ'(llj;gpx_,“Bypass-Regeneratlve-Stagnatlon ‘_ e
e Tl e T control index two dimensional tubep.-*‘
o pattern cL - '

. Panel Type 1 -

t'lfloxu o ‘F1040;73'bAMAX}(1)¢'5'293‘Maximum area avallable each s
ST ' o IR L panel ft2 : SPPTRC

©11-20 - F10.0- _1,YPf(i)a;_‘;.f;f Panel’ width ft

12;43O'f5:A1>F10;0?’b;;E (l) ':‘;'.iPanel thermal em1381v1ty

- 31-b0 - F10.0 - FT (l) @;"ﬁ.‘Panel tube em1531ve factor.?ff
T v T - (FT (l) '=.1.0 for “tube proJected
-,  -area as’ the effectlve radlating
© . area.) .If blank, program R
‘*‘;’will set FT (1) = 1 o e

u‘,;Specified tube dlameter, inches.\
S I blank, program will optimlze
~’;tube diameter ’ ‘ .

CMebs. o Fsi0 D8 (1)




Fortran

. 76-80

Répeat Card 8 for.panei type_2

 Card
mell
1-h

5-10

11-20

. 21-30 -

A6

"F10.0

F10.0 .

Columns Format - -'Nomenclature
46-50 _F5.0 . Z8 (1)
51-54 I NSURF (1)
55-58 Ik NTS (1)
59-60 12 NFPS (1)

61-65 F5.0 'DLL (1)
66-T0 F5.0  DMAN (1)
T1-75 F5.0 TN (1)

F5.0,

- ZMINS (1)

(Panel Data Card)

PANEL (1)

QAMAX (1) ,

qamIi (1)

.- (NST

Description

Specified fin thickness,inches. -
If blank, program will optimize fin
thickness.

_ Number of panel surfaces radiating.

Specified number of tubes. If

“blank, progream will optlmlze the

number of tubes.

Specified number of parallel flow
‘paths on the panel. :
= 0, program will optimize the
number of. flow paths
-1, program will consider
all tubes connected in parallel.
1, program will only consider
serpentine panel flow

=1, -1, 0, NFPS (1) should divide

into NTS (1) evenly;

leameter of panel flu1d connectlng
llnes, 1nches. :

_.‘Manlfold diameter of cyllndrlcal
. manlfold, inches °

Manifold material thickﬁess, inches;'

Fin thlckness not attrlbutable to
radiator panel. (No weight penalty

- for radiator system), inches.

(2), Card 6, must bejpositive,)

Blank

Panel name, any six alphameric
characters

'Heat absorbed by panelAfrom
environment at maximum heat load,
BTU/hr-ft .2

~'.Heat absorbed by panel from env1ron—

‘ment at minimum heat load
BTU/hr f£2..
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: : ’ " ‘Fortran. A . oo S
- Columns Format Nomenclature 'Descrigtion

31-ko ~ F10.0  FP (1) : _ Panel emissive factor. I FP (1L )

is blank, program scts FP (1) = 1.0

41-50 "F10.0 XLL (1) . Fluid connecting line length upstream
. ‘ o - of the panel, feet. The first panel
line length should include the return

1%@h@mn%mm)ﬁmtml%t

panel.
- 51-55 . I NMAN (1) Npmber of manifolds on this panel.
A56—60. - Is ‘b' NV (1) _ Number of valves on this panel.

o Repeat Card 9 for . each panel Total number of cards needed = NST (1) +
NST (2) )

Card 10 (Fluid.Data Card)

1-10 110 CIFLUID (1) Index of fluid number 1. (See Table 3-
: : . 4 for list of index numbers.)
11-20. '~ F10.0 - TMINF (1) - = Fluid 1, minimum* allowsable
L : o ' - . temperature, °F, o :
21-30 - 110 - IFLUID (2) Ihdex of fluid 2.
: 31-40 F10.0 TMiN? (2)_' Fluid 2 minimum* allowable
: ‘ - ' temperature, °F
41-50 . 110  IFLUID (3) Index of fluid 3.
51<60. ©  F10.0 - TMINF (3) -  Fluid 3 minimum* allowable
, o . temperature, °F.
61-70 © 110 IFLUID (4) Index of fluia k.
71-80. ©  F10.0  TMINF (¥) Fluid b minimum* allowable

temperature, °F.

,Repeat Card lO as many tlmes as needed to supply IFLUID and TMINF for each
fluid. , ,

- % For solar absorbers, this:is the maximum allowable fluid'ﬁeﬁperature, °F.
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TABLE 3 h

INDFX NUMBERQ FOR .THE SSDR
“FLUIDS AND METALS

FLUID | | . PROGRAM 'POUR POINT*

INDEX FLUID NAME : : NOMENCLATURE TEMP. °F
1 .. RS89-A - - . ~ RS89-A S 6.
2 . Msc-198 . B © MSD198 a =1k40.
3 - 60/40 Propylene Glycol - - PRO-GL - =T6.
4 " Freon 21 , o F-21 S =211,
5 FC-43 S ~'v FC-43 . =58.
6  FC-T5 o - FC-T5 g -135.
T Freon E-3 . ~ E-3 . -160.
8 Water - ~ WATER _ L 32.
9 80/20 Methanol—Water o - ME-H20 - : - =65.

. METAL : ~ , PROGRAM

INDEX - METAL NAME S . NOMENCLATURE
1 Aluminum, 75S-T6 o ' 758-T6
2 Magnesium, AN—M—29 - ' o AN-M29
3 Berrylium ° - ©  _BE .

b Stainless Steel, SS301. .. . 8s-301.

.5

Aluminum, 6061 T6 | - 606176
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Fortran.

Columns

Cards 11 A, B, C, and D

‘Format

" Nomenclature

>DeSCriQtion

(Fiuid'Properties Data)

* Cards 11A, 11B, 11C, and llD'are needed only for those fluids whose properties -

- are not included in the program
O on Card 10.

IFLUID =

Card 11A

1-6

Card 11B

: 1;10‘

~ilf2b:, 

21-30.
31-ko
41-50
- 51-60 -

61-70
‘.71580;-

Card 11C

1-10

A;l-zo'
- 21-30
 31QhQ
.Ll-so.
51-60
.61-70
- 71-80

Y

F10.
F10.
F10.
F10.

'F10.

‘F10.
F10.

F10.

" F10. :

~ F10.
F10.
© F10.
F10.

F10.0

F10.0

Fl0.

:  FLUID~(ij'f¥

 KF3.

DFO T
DF1
" DF2 .
DF3 -
CPO . -

CP2

Cards 11A, B, C, and D are needed for each ’

,Fluld name, any 51x alphamerlc .
. characters :

- Curve coefficients for the fluid
-thermal conduct1v1ty Equatlon (3.2).

: Curve coeff1c1ents for the fluld
den51ty Equatlon (3. 3

Curve coefficients for the fluld
specific heat Equation (3.4).

© Curve coefficients for the fluid

dynamic viscosity Equation (3.5).

4o .



Fortran

Columns - . Format - Nomenclature ' Deécription
Card 11D
1-10 F10.0 - - MU3 ‘. Curve coefficients for dynamic
I viscosity Equation (3.5).
(continued) '
11-20 F10.0 - MUk
21-30 - F10.0 = MUS

Card 12 (Metal Data Card)

1-5 ' I5  IMETAL (1) . Index'v of metal 'ﬂuinbelr 1, (See
: : R - Table 3-4 for list of metal index
numbers . ) - - '
5-101_ ’-i' 5 _'IMEfAL (2) Index éf metal numﬁer.2.
11-15- 15 | iMETAL (B)g':'- Indéx of-métal nutiber 3.
16-20 - 15 ‘DMETAL (4)  Index of metal number k..
21-25 oI5 ' iMETAL (5) Indeﬁ of metal numberVS;'
.26—3§: | 15 . IMETAL (6) indéx of metal number 6.
31-35 15 iMETAL (7 | Tndex of‘metal-numbgr_Y.
36-40 15 IMETAL (8) © Index of métel number 8.
h1-bs 15 IMETAL (9) Index of metal numbe{"rl9.._.- -
§6;50 IS5 VIMﬁTAL_(lO) ~Index of;metal numbér'loa-

Cards 13A and B - (Metal Properties Data)

Cards 13A and 13B are_ﬁeeded only for thbSevmetals whose propefties_are
not included in the program. Cards 13A and 13B are needed for each
IMETAL = ) on Card 12. ' : : .

A



- Columns

Card 13A

1-6

Card 13B

. 1-10

~11-20

| - 21-30.

31—hQ
41-50
51L66
61-70
71480}

Fortran

Format » Nomenclaturev
A6 METAL (1)

Flo.o'_;AAKMo

F10.0 = iKﬁl‘ 

F10.0 CKM2 |

F10.0 _‘_KM3
‘Fid.O_’foDMd S

F10.0 . DML'

F10.0  DM2

Fl0.0  .DM3

Description

Metal name, any six alphameric
characters.

Curve coefficients for the metal

“thermal conductivity Equation (3.6).

Cﬁr#efcoéfficients:for=the;metalt.~
density Equation (3.7). =

)



3.4.5 Run Failure Analysis

A resume of the fatal and nonfatal errors detected during the
data card input will be printed by the SSDR., Fatal errors will cause the
SSDR to end further data processing while nonfatal errors will cause
certain input data to be ignored. The diagnostic message printed by the
SSDR for the fatal and/or nonfatal errors will contain the name of the
_1nput variable and the card number on Wthh the variable is located.

: The fatal errors in the 1nput data that w1ll cause program
termination are:

card 2:° QMAX =0

Card 6: NST(1) > 10
NST(2) > 10
- “NST(1). + NST(2) > 10
NFLUID > 10
NMETAL > 10

Card 8: AMAX (IT) < 0.
. YP(IT) £ O
E(IT) < O

Nonfatal errorstpossible'ih the input_of data.are:

card 10: -IFLUID'(I) >9

Card 12: IMETAL (1) > 5

The data for each nonfatal error w1ll be 1gnored by the SSDR.

In addltlon to the 1nput data errors, the routine may fail to
de51gn a radiator system due-to design constraints imposed by the program
user.. These constraints cons1st_of pressure drop limitation and radiator
area - excess heat weight penalty availability. ' '

If the radiator system cannot be designed at high heat load for
the pressure drop limitation imposed (DPMAX, Card 2), the program will print
a diagnostic message indicating the minimum pressure drop that can be
- achieved and then terminate-calculations. If the radiator system cannot
be designed to meet -the pressure drop limitation at low heat .load for a
particular control method, the program will print a dlagnostlc message
indicating the minimum pressure drop that can be achieved and omit further
calculations for the control method.

, Under certain conditions the available radiator area for the
required high load heat rejection may not be sufficient (AMAX(IT), Card 8)
and, therefore, a radiator system cannot be designed without the use of
a water sublimator or boiler to reject the excess heat. If this situation
occurs, WPEH on Card 3 of the input must be reasonable to assure meaningful

system design. The program prlnts out of the p0551b111ty of inadequate'
radiator area exists.
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‘4.0 . TRANSIENT PERFORMANCE ROUTINE

) . . This sectlon contains the purpose, analytical methods employed
and user' S 1nstruct10ns for the Transient Performance Routine (TPR).-

h;l ' _PURPOSE

The TPR was developed to provide rapid, easily obtainable

évaluation of the thermal response of radiators and solar sbsorbers de51gned

by the SSDR. The TPR results can be interpreted to provide- new inputs to the
SSDR to iterate on the initial steady state radiator design. The TPR utilizes a
time varying environmental heat flux simulation to determine orbital radiator
and solar absorber performance whereas the SSDR utilizes a:pair of effective
environmental heat fluxes for minimum and maximum design. points. The results

- from TPR can be used to judge the adequacy of the effective environments ini-
tlally used in SSDR. By using TPR results to adJust these environments for sub-
sequent des1gn 1terat10ns ‘with SSDR, an optlmum radlator or absorber whlch satls-‘

‘”fles tran51ent response requlrements can be evolved :ff" T A

b2 ROUTINE DESCRIPTION AND ANALYTICAL METHODS

The TPR utilizes_a‘simplified LVVM25 (Reference 4) data input:
with a predetermined flow system thermal model suited to analysis of any
number of parallel or series flow*radiator panels. The, detailed nodal data
needed for transient finite difference analyses of either one or two-dimen-
sional radiator panels is generated by coupling the TPR with the Automatic
Nodal Subdivision Subroutines (SUBANS and SUBRAD) described in Section hi.3.1.
- The user -may easily ‘generate nodal models of elther rectangular or. circular
,'radlator panels with varying degrees of fineness to establish the number of
"nodes requlred for accurate transient simulation of radlator performance.

" Any desired combination of rectangular and circular panels ‘can be accommodated

by TPR '~ (See Figure U4-1 and 4-2)-with the condition that all parallel flow
panels be located upstream of any series flow panel.

. The predetermlned flow system (Figure 4-1) provides for combina-
tions: of valves and use of a regenerator to simulate -any of. the low load
control methods described in Table 3-3. The TPR includes automatic output
plotting, restart capability, provisions for use of cyclic incident heat
curves and use of data tapes and editing. The program computatlonal speed
.is 51gn1flcantly better than that of. ‘the b351c general purpose LVVM25
‘routlne ‘A detalled descrlptlon 'of the routine is given below. ’

‘h}2.l : 'Groundrules and Assumptiohs

. The - follow1ng are the groundrules whlch were.established by
LTV as guidelines. for-the development of’ the TPR. Several ‘assumptions are
1nherently contained in the routlne because of these groundrules

"(a) Flow paths are written in to. correspond to the skeleton
flow pystem (see Figure L- 1) for -flow rate- and inlet
temperature :

* All optlons apply to. solar absorbers as well as radlators.
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TYPlCAL LOCATION FOR’

BYPASS VALVE SENSORS - @’ TUBE NUMBERS

SYSTEM BYPASS VALVE:
VALVENO.1

f.}\ BYPASS TUBE

A\
sypassTuBe. [ | REGENERATOR’
— - ' {2} — | ~_<RADIATOR PROPORTIONING VALVE
‘ oy _ | i . VALVENG.3 |
o REGENERATOR BYPASS VALVE | _ .
VALVENO.2 ' n |

. ‘ I\STAG
STAGNATION VALVE[ V™" VALVENO. &
VALVENO.4 | \

—_— V&=
—. _SIDE \ sme
| /“vo. 1 NO. 2
o SR A o
SEE FIGURE | | -\ | seE FIomz
L2 ' I \ o _ L2

USUAL LOCATION FOR
R STAGNATION VALVE SENSORS
" FIGURE L-1 TRANSIENT P‘RFORMANCE ROUTINE SYSTEM
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(b) The pressure-flow balance on each radiator panel is per-
formed assuming parallel flow for the panel tubes. (i.e.,
manifold losses between tubes are neglecéted). A minimum
of. 2 tubes must exist on each radiator panel Also, at
least one tube lump and one fluid lump must exist for each
tube. :

(¢) The fluid 1ump number must be identical to the enclos1ng
tube lump number.

(d) There are 5 valves in the system. The valve locations in
the flow paths are written in the routine, but the valve
parameters are input. It is up to the user: to manipulate
the valves (by shutting off, etc.) to obtain the desired
flow'configurations. :

(e) Proportlonlng valve - Programming was performed to give
‘three options for the proportioning valve: - (1) normal
flow proportioning, (2) no proportioning, and (3) locked
one way for single panel operation.

(f) The regenerator is analyzed by a steady state effectiveness
method. The regenerator mass may be approx1mated by adding
1/h of the regenerator thermal .capacitance ‘into each inlet

: lnbc ]nmp and the tube lumps immediately dowhstrean of aneh
,J" '1“”1» . :

(g) A baseline thermal model for the fiow system plumbing and
regenerator is provided so that the user may -concentrate
on the analy51s of the radiator panel de31gn Iif detalls

_ of flow system plumblng and/or regenerator are known, or
if the baseline model is not practical for ‘fluids and flow
rates: under consideration, the user can: replace or alter
the dlmens1ons or number of nodes in the basellne model.

4.2.2 ' Temperature and Flow Analysis

Temperature Analysis - Finite difference approximations of the
differential equations governing the temperatures for transient conditions
are solved using the forward differencing (expllcit)'methodﬁ: These equations
and. the method are descrlbed in detail in Reference h The assumptions that
have been made are: T

(1) The fluid- and metal thermodynamic propertiesaare constant
within any element for a given time 1ncrement but may vary
between elements. : :

(2) Cyllndrlcal surfaces are approx1mated by small rectangular
: )segments :

(3) Radiant interchange is not considered.
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_vhere:

A problem with’ flow1ng fluld is -considered to have three types
of. finite - difference lumps; i.e., fluid lumps , 'structure lumps, and tube
lumps which interface with. the structure ‘and fluid lumps The governing
equatlons for each type of lump are: :

- (1)

~d1scussed in Reference 4 . is not available .in this routine).

Fluid Lump (The optlon to use an average of fluid lump
inlet and outlet temperature with the hA term which is

A ' i T
-1 = T . - -
T, T, + w? [ wcpf (T4, Tp)
‘ , fpf_ 2
+ thf ( N Y] (Equation 4-1)

.a?-welght of the fluid 1n lump f

=,A (P)(L) where pis: the den51ty, L is the lump

length and A 1s the lump cross sect1onal area
1_% spe01flc ‘heat of the fluld 1n lump f o
‘3ﬂtemperature of the flu1d at tlme T
.= temperature of ‘the fluid &t time T+ A\T
f='time increment for ‘next’ calculatlon

= fluid flow rate

= temperature of fluid lump directly upstream of
lump f in the flow path at t1me T

= fluid convectlve heat transfer coeff1c1ent
= area for convection heat ‘transfer.
= temperature‘ef encloéing tube lump at time 7

Tube lump equatlon

Ve Oy

Y 1 o RN
- ’ : - € .

* Z Upg (Tg7 = Ty ) *ah Q. - €oA (T

* he(Ty —Tﬁ] | U (k2)




where:

W =1tube.1unp'weight

L
Sy = apecific heat cf the tube
'Tti = temperature of the tube 1unp at'timeff
.Tti+l.=:temperature of the tube lump at time 1f+ A’If-
Utj A-é the -conductance . betveen tube lump t and adjacent

-~ tube lumps J.

A is the effective conductlon area between tube

lumps t and J

- Y, is that portion of the conduction path length
- between lump t and j which lies in lump t

Y, is that portion of the conduction path length

between lump t and J which lies in lump J

K, is the thermal conductivity of tube lump t

'd'Kg is,the thermal.conductivity of tube lump J
Uts - =-the conductance between tube 1ump t and adjacent fin -
’ or. structure lumps, s - :
- Aec ——;l———
K't Ks
Y, is that portion of the conduction path length .
. between lump t and s which lies in lump t ,
. Ys is that portion of the conduction path 1ength
' between lump t and s which lies in lump s
Tsl' = temperature of adjacent fin or structure Jump s
' at time ¥
Qtl = 1nc1dent heat on tube lump t at’ t1me ’C
A, 5vtube lump external area
a£ ;eabsorptivity of lump t for incident heat flux
€ = emissivity of tube lump, t

ho - -‘ ; | <




h, = fluid convective heat tranafer coefficient
Af = area for fluid convectiVeAheat tranSfer>
Tf1 ‘= fluid lump temperature.at time .

(3) Structure lump7equation

341 : ‘ i ol ot
= - )+ . -
AT S A'z:[ Zu R Al DUyt e h)
' Vs . o d '
+anralo ¢ o A( i)“ ] T -3
. s's’s s s S d :
 where: ' l ' 4
N . . 7;7w§ 7 ”§="eightfof-lump B 7'; e
g ' = spec1flc heat of lump s
_ Tél = temperature of lump s at tlme T
"I_‘s1 1 = temperature’ of lump s at time ’I:’+ T
AT ;=lt1me increment for next step in calculation as
: ' ’determined by convergence criterla :
- Usj .= the conductance between structure lump s and adjacent
: T structure lumps, J
) = A
n} a0 Y Y,
B ]
K K
8 J

where;,5Ys~1s that portion of the conductlon path length
between lump s and j which lies in lump S

-is that portion of the conductlon path 1ength
between lump s and Jj which. lles in lump j

J

‘A is the effective conduction areafbetWeen lumps
s and j '

-Ks is the thermal conduct1v1tv of lump s E

-'ui,tn lhr Lhejmal conduuilvlly ot Iump )
Tj . = temperature of adjacent tube lump J at time
i e ' - L Ry
Q = incident heat flux on lump s at time X
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area of lump s (for radiation)

A =
s .
a = absbrptivity of lump s for incident heat flux
€ = emissivity of lump s
Ut = thé conductance between structure lump s and
s adjacent tube lump 't .
. 1
= Y Y
-Aec S, .t
K
Ks t
The heat transfer coefficient betwéen the fluid and tube is

given in Réference.lL-1 as:

Laminar Entry-Length:bﬁ

he

‘Laminar flow fully déveloped:

he

Turbulent Flow:.

where:

o e o o\L/3 L

R I S e
KL 0.1k4 - o

_3.66 L (B} (b5

SER (_“_) F, (1-5)
B K . 0.1k )

i ) B (1-6)

cqnvectiye'héat tfansfer”cdgfficient
'fluidbcsﬁdﬁétiVityi

léngth from‘tube'entrance;‘;

ﬁube Hydraulic diameter_

flﬁid viscosity-évaluated at'fluia bulk_temperatﬁre
fluid viscésity-évaIUated atftube wall temperatufe
Beynolds,Number

:Prandtl Number
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Fi = entry length heat transfer coefficient factor (data
: 1nput)
F2 = developed‘flou heat transfer coefficient factor

A value of F. of 0.575 and F, of 1.0 was found to fit the Graetz
solution for constant wa}l temperature &S shown in Reference 4-1. These
" methods - of calculating ‘heat transfer coeff1c1ents were: retalned in Transient
Performance Routine. ‘ i '

» Flow and Pressure Drop- Analysis - The pressure drop calculations
- for the Transient - Performance Routine are performed as discussed in Reference
e That is, the pressure drop for each fluid lump is calculated by:

.2
AP = ¥ f(WP) L F3 ub/uw) (h 7)
2pPA
~ A
S - — o ,,C S
where _
W = tube fluid flow rate
p = fluid density
.‘Aé = fluid lump cross sectional area
f . = friction factor
L - ='16/Re for Reynolds numbers less thanLQOCO'and is read - =
- from input for.Reynolds numbers greater -than 2000 :
WP = wetted perimeter
L = fluid lump length
Ky .= fluid viscosity evaluated et fluid bulk. temperature
[T “ = fluid viscosity evaluated at tube well temperature
F3 = pressure factor for non—c1rcular ducts, is 1.0 for :
: circular ducts
K Co= number of fluid dynamic_head losSes~

The pressure drop for each tube is determlned by summlng the
pressure drops of the lumps in the tube. :

. : The system flow: rate-pressure drop balance is determined as
“follows.. For each iteration: - » '
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¢

(1) The new. flow rate entering the system is read from the
‘ . flow rate versus time curve.

(2). New valve positions are determined (as described in 4.2.3).

(3) New flow rates for tubes 2 through 8 are determined as

follows:
4ﬁ2 = Xlwi‘ o Xl = Flow fractions aetermined hf ralve #1
»‘;3"= iy { xé = Flow fractions determined by valve #2
Wh = X5,
i = (1 = X,) W,
. ".'6-= LA |
“}.7_. =a .".-Xl) vy
_ *8 = *l |
(%) The flow rates for w through w (where n is the

“number of’ tubes on egch rad1ator§ are multlplled by the
quantity w P S

- 2 2
S new old

- {5) A’ check is made to see if~ e1ther valve h or 5 changed
position:

(a) If there is a change from stagnation condition to
" parallel flow condition the flow through each of
_the parallel flow tubes is w./n or. w /n depend-
_1ng on whether valve h or vagve 5 changed positions.

(b)y If'the_change was from parallel flow condition to
stagnated flow condltlen Wl3 =-w9 andlwl'3+n ='W10'
(6) Pressure drop per lump is calculated by equation LT
and the pressure drop for all the lumps in a tube are
summed to obtain the pressure drop per tube.

(1) 'K'is-Calculated-for each tube by'
~ _tube

".K-fw
‘tube

(8) For each radiator panel in the parallel flow condition
'(not stagnated) the flow 1s determlned as follows
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(g) " Calculate: APSide 1 s

|
=
\O
L~
g

[}
\

=~

i=13,
_ 13+n-1
AP ige 2 = 10/ Zl/K
. . i=13+n,

13+2n-1
(b) Calculéte-the new flow in each.paréllél'ﬁéth by
YT APpa,nel/ i

(9) Add the pressure drop around each of the two parallel flow
paths, i.e., - «

'A‘P'L’= APg ‘APPi*-APn*' APyp- - -
APp = AP g+ APpy+ AP+ APy
where
AIE; = pressure drop around left path -
APR = pressure drop around right path
' Afb = pressure drop in tube 9 o
: AE&O = pressure drop in tube 10 -
lSPll = pressure drop in tube 11
AP&Q = pressure drop in tube 12 ‘ :
AE’ = pressure drop in left side of proportioning valve
A = pressure drop in right side of proportioning valve

(10) 1f there is flow in both sides of the proportlonlhg valve,
solve for flow around each of the two parallel paths by
(see Proportlonlng Valve under Section 4.2.3).

N b ¥J;2 -4 ac
W

9~ 2a

where:

®
H
o 1
:>:J .
SN
“JH
—

o
o
R
o
3,

of Y
H
=
i



(11)

(12)

(13)

E = proportionality factor

Xl = valve poéition from left
Xe = valve position from-right
-KLT = . AP9+ LPside 1. APll
—
) : . 9
L + A S
o K‘RT = AP10 APside 2 Al:’12
o Y10
Y10 = V2 T ¥y
117 Y
Y12 7 Y10
Flow rates wl3.thrpugh wl3+n—l are multiplied by
w
9new
w
9old
Flow rates Wl3+n through Wl3+2an are multiplied by
Y10
. new
Y10

old

(If flow rate is through one side only, (10) and (11) are not
‘performed )" '

Parallel flow paths are checked fdr.preSSufe drop balance.
If all balance within a specified tolerance, DPTOL in data

" input, calculations are complete.

vaﬁréssure drops are not balanced, the flow rate for each

" tube is averaged with previous flow rate as follows:

w. = aw, o+ (1 - a) w,
1 1new 1old

where:

a is an input quantity, usually 0.5,
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(14) sSteps (6) through (13) are then repeated until a pressure
balance is obtained.

k.2.3 Component Description

The basic model of the TPR shown in Figure lL-1 consists of a
system bypass valve, a regenerator, a regenerator bypass valve, a pro-
portioning valve, two stagnation valves, two radiator panels and connecting
tubing. . This section will describe ‘the assumed characteristics of the
-components which make up the system.

.Sjstem Stegnation and Regenerator Bypass Valves

B For each of the two bypass and two stagnatlon valves (valves
1, 2, 4, and 5) the user has- the option tosspecify either rate limited valves
or polynomial valves

" The rate Ilimited valves are characterized by limiting the rate
of opening or closing by the amount shown in Figure L-3. .The set point,
deadband, dX/d AT and X shown on the figure are input values. The rate
of opening for the valve 1s determined each iteration by. the difference
between the sensor lump temperature and the set point temperature. The amount
of - valve movement for each 1terat10n is then the rate of opening times the
time increment.

The polynomial valve flow distribution at a branch depends on
the temperature of a specified lump (sensor lump) in the problem. The ~
fraction bypassed is determined by & fourth order polynomial of valve posi-

tion versus temperature. The coefficients of the polynomial are input.

Proportioning Valve (Valve 3)-

s - The proportlonlng valve (Valve 3) is designed to respond in

the direction of causing the flow in the two parallel paths. to exhaust at
the same temperature. This arrangement is utilized to provide maxinium

heat rejection when two sides of a radiator system operate in a significantly
~ different.incident heat environment. The equation describing the operation
of the valve is:’ :

= Xprev'ious 4;::[ (Xi - 2$previous)+ valve gain (TRT - TLT)]
.‘Where:rz . | ' - ' ' |
Veive‘geinvis allowedlas an input ceﬁstant in'the data..
AT ﬁVtiﬁe.increment
T ¢ ='valve time constant
Xi = initial valve position
X ‘= present velve{poeitiqn
TRT; Trq %sﬁémpereture:of seheere'in righf'and left'hand tubes

5‘.6>‘ L '-\-, .
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After the position X is determined, it is used to define the pressure drops
in each side of the valve through the relation:

: 2
IR[ RT]
X2

N I
_ LT
AP, =E [Xl ]

D
/.\I.R,P

E = proportionality factor ( = TPARR ; see Parameter

Card D of data preparation) 2 GFACT

W_. s W,

RT LT = right and left flow rates
'Xl = valve positioh from left
X, ;'valve,positidn from rightf: -

The valve pressure drops are. considered together with the
pressure drops in the remainder of the right and left hand flow paths to
determine flow rates which give a pressure balance for both 'sides of the
system Considering the pressure drop of the radiator to be a linear
function of flow rate, such that AP = K¢ , the pressure balance in the
.radiator and valve can be written as:’ ’ '

. ) 2 . ’ ' 2

Kprgr * E[ RT] = K * E[ LT]

» .- X2_ _ Xl

where:

i

KRTV ‘AP of radiator right branch/right side flow rate
Ko

YRT* VLT

L P of radiétor left branch/left side flow rate
= right and left flow rates

.The pressure drop equatlon may be solved for the left side flow rate by

substltutlng Ve = WTOT —.WLT. -
)2

_ . E(w
1 1 TOT . _ . TOT
E [xlE X 2] [KLT Kpp * 22 ] rr = Sr'mort X2
Denoting the coefficient of Wy » of w o by (b), and the constant
term by (c),.the Vi may be pug 1nto the stan ard quadratic form.
o =P +\}b2 -4 ac (Step 10 of ‘the p‘receedin'g flow and

LT 2 a pressure balance description) -

58 -



When X, and X, are d1fferent by less than a specified tolerance (VLVTOL,
' Card D, Columfis 31-40, the value of (a) will be small and the approxima-

tion WIT = c/b is used

Regenerator

In the interest of low computer run times the regenerator
effectlveness is determined using steady state equations. If tube h-is
assumed to be side 1 and tube 2 is. sidée 2, the. effectlveness'is given by

- UA [1 : mcl]A
1 - & imci_]# meo Jd

€ :
e [ ]
'imcig : 1 ,chiz '

or when me, = me,,

UA - .

€ = gch]v' :
1+ ?ﬁé)
1

where: . UA is the overall heat transfer coefficient

(mc),.is the mass flow times specific heat for side 1
(mc)- is the mass flow_times specific heat for side 2

The outlet temperature on 51de 1l of the heat exchanger is calculated based
on the effectiveness as follows:

- T, - €(T -7, )

outy g o in im
where:
T =‘cutlet temperature of side 1
outl , _
T, = inlet temperature on side 1
in, . »
T, = inlet temperature on side 2
in, . - ) '

The outlet temperature on side 2 is determined by
(1) ‘The enthalpy‘on‘side 2 is.determined by:
= h  -w/v, (b " -h )

h
'Aoutz o 1n2 1 2 outl_ 1nl
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where:

the fluid enthalpy at Tou

out2 t2
hout, = thelfluld.enthalpy at Tout
1 1
h, = = the fluid enthalpy at T?

in : in

1 1

*l = fluid flow rate on side 1

'wg = fluid flow rate on side 2

(2)‘ Tout .is then determined by reverse interpolation of the

- - —_ curves of-enthalpy versﬁs'temperature for the fluid.

It should be stressed that this method gives the steady state
outlet temperatures for the given inlet temperatures, overall heat transfer
coefficient, and mc products for sides 1 and 2. However, an approximation
of the regenerator transient performance may be obtained by putting 1/U4 of
the regenerator thermal capacitance into each inlet tube lump and the tube
lump immediately downstream of each outlet lump. '

Radiatbr Panels

The parallel flow radiator panels are each assumed to contain
a bank of parallel tubes with one tube designated a high flow tube as shown
in Figures L-1 and 4-2. Between the high flow tube and the remaining tubes
is a stagnation valve, either rate limited or polynomial, so that the flow
is proportioned between the single high flow tube and the remaining tubes
by the position of the valve. It is required that there exists at least

2 tubes per parallel flow panel, i.e., one tube on each side of ‘the stagna-
tion valve.

The TPR is setup to handle either radiators in parallel or in
series since these are the types of systems which may be generated by the
SSDR. Any combination of recfangular I-D, rectangular 2-D, and ¢éircular penels
in a parallel or .series flow system can be analyzed by the TPR. Both parallel
and serpentine flow radiators can be handled with the condition that all paral-
lel flow panels must be located upstream of any series panels. To analyze a
series flow system containing any number of parallel and series flow radiators
the proportioning valve (Valve No. 3) should be locked by setting the valve of
NOP (Parameter Card c of Users Manual) to 1 which will force all the flow
to side No. 2 (Figure L4-2). The parallel flow panels should be placed up-
stream of the series flow panels and two nodes w1thout external radiating
area used for side 2.
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4 The radiator panel nodal breakdown may be input by one of
two ways. - :

(1) The user may input the nodal information direclly

(2) The user may input overall radiator dimensions and call
on the Automatic Nodal Subdivision Subroutines (SUBANS,SUan
and SUBRAD described in Section 4.3.1) to perform the
nodal breakdown and generate 1nput data automatically

The user may also call on SUBANS,SUB2D or SUBRAD to perform the
nodal breakdown on some panels and manually input the nodal breaskdown
for other panels. Only one run is required on the TPR to perform the
nodal subdivision and the transient performance predictions.

4.3 ROUTINE OPTIONS

4.3.1 Automatic Nodal Subdivision Subroutines (SUBANS, SUB2D, and
'SUBRAD) B |

4.3.1.1 Purpose

The creation of data decks for the LTV.Thermal Analyzer computer
routines usually involves the tedious task of dividing a thermal model into -.
- 1ts component nodes, numbering these nodes, specifying their dimensions
and neighboring node numbers, loading the resulting values on keypunching
sheets, and assembling the decks. The models being analyzed are usually so
varied from node to node that no systematic method can be developed by which
they may be broken into their components; there are, however, exceptions
to this non—unlformity, viz., radiator panel models. Radiators usually
involve large areas requiring many nodes to characterize them; but at the
same time, their makeup is fairly simple, resulting in many nodes whose
physical dimensions are the same, the only real difference béing the unique -

number assigned to each node to distlnguish it from the others.

h 3.1.2 Performance

Three subroutines (SUBANS, SUB2D, and SUBRAD) have therefore been
written which, when supplied with overall radiator panel dimensions and when
given.an indication of .the coarseness or fineness of the desired nodal break-
down, will provide all information necessary to input the model-to the computer
routine. SUBANS is capable of:subdividing a 2-D rectangular panel, either parallel
or serpentine flow,SUB2D handles 2-D rectangular panels and SUBRAD is capable of
performing the nodal breakdown of a circular panel with parallel flow. More speci-
fically the subroutines will divide the radiator panels into nodes, assign lump
and .type numbers to.the nodes; .identify conduction and/or flow: neighbors (account-
ing for-either parallel or serpentine flow),:select the proper incident heat
curves, and provide property curve numbers -- all on tape in the form of card
images compatible with the EDIT subroutine. Thus, a .user may provide nodal sub-
division input cards for one or more radiator panels, .followed.by a data deck
for the remainder of the model; and in one run the radiator panels will be.
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automatically subdivided, the resulting tape will be combined with ‘the
input data deck, and the problem will be run to completion.

)4.3-1-3 Input

As their major input, SUBANS, SUB2D, and SUBRAD require the overall
panel dimensions. For a rectangular panel the. length in the x-direction (see
Figure 4-L4) and the height in the y-direction are required input and for a
circular panel the radius of the panel is a major input item. The panel
thickness is input for both type panels. To keep the grid sizeé flexible
on a rectangular panel, the user specifies the number of nodes in the x-
direction; and in the y-direction, he gives the typical tube lump width,
the number of tubes, and the number of structure lumps between tubes. For
a circular panel the user specifies the number of tubes and has an option
of either spec1fy1ng the number of lumps in each tube or a set of limits
for the length of all tube lumps. Starting with n lumps for the first
(1n51de) tube of a circular panel, each successive tube is required to have
some multiple of n lumps; i.e., 1ln, 2n, 3n, etc. Typical ‘tube lump width -
and number of structure lumps between tubes are also input items for a
circular panel. With reference to this latter number, SUBANS, SUB2D,_and
SUBRAD are restrained to.put. helf as many structure lumps between the outside
tubes-and the panel. edges, thus.the number: is-required to.be even,

Those quantities and numbers which do not enter 1nto nodal sub-
d1v151on calculations but which are required for input into the thermal
analyzer routines are also SUBANS and SUBRAD input items; these include
properties and property curve numbers, initial temperature, heat transfer
and external radiation areas, cross-sectional area, wetted perimeter, and
friction factor coefficient. These items are simply stored until the data
tape is being written, at which time they are output exactly as they appeared
on the input cards; no checks are made for correctness of either the formats
or the values.

M.B;l.h .. One Dimensional Rectangular Model Subdivision -

The performance of SUBANS is best illustrated by showing

- what it will do with a sample data set. Assuming a panel length, x, of
120 inches (Figure L-5); height, y, of 120 inches; and thickness, T, of
3 inches, we shall call for ten nodes in the x-direction, five tubes two
inches wide in the y-direction, and two structure lumps between tubes,
resulting in the nodal breakdown shown in Figure L4-6. Further, we shall
specify four incident heat zones in both the x- and y-directions, from
which SUBANS will set up the zone configuration shown in Figure L4-7.

Tube and Lump Type Numbering

Fof serpentine flow panels, only one tube is created; for
parallel flow panels, n tubes are set up, the lowest numbered tube
. being nearest the top o% P fie panel. The single serpentine_tube or the
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~ first parallel flow tube in each panel will be' numbered one greater_than
- the last tube on the previous panel. For the first panel in the system
the first .tube will be Number 13. '

: For each panel being subdivided only one lump type is required
for fluid and tube nodes. The latter calls for conduction to the structure
lumps above and below, and an input code is provided whereby the user may
call for inclusion of longitudinal conduction between tube lumps. Four
structure lump types are created for each panel,. the lowest type number
being one greater than the last previous type for the system. The first
of these types conducts to the structure lump immediately below (negative
y-direction) and to the structure lump immediately to the right (positive
x~direction); from the example problem, nodes of this type are 11-19,

31-39, 51-59, and T1-T79. The second type conducts only to the structure
lump below it (for our example, lumps 20, 40, 60, and 80); and the third .
type, only to the lump to the right (nodes 1-9, 21-29, h1-Lg, 61-69, 81-89, and

-91-99). Finally, ‘the fourth type conduets to no lumps, examples being
‘lumps 10, 30, 50, 70, 90, and 100. The fluid and tube type numbers.and
the lowest of the structure lump type numbers will each be one greater than

. the last previous type for the system.

Lump Numbering '

SUBANS will divide the panel described above 1nto nodes numbered
as shown in Figure 4-6. From this it may be seen that the total number of
- fluid/tube lumps created per panel is ‘ .

[= 10 x 5 = 50]

fluld/tube =.nx tube

_ uhere ‘n .1s the number of nodes in the x—dlrectlon and n b 1§ the number
of tubes in the y-dlrectlon. Slmllarly, the total number o? structure lumps
is :

structure —;nxnyntubevt =10 x 2 x 5 lOO] -

where n& is the number of structure lumps between tubes
Lump Size
In the x—dlrectlon the s1ze of all lumps will be

s1ze = x/n [=120 1nches/lO 12 1nches]

bwhere x is the panel length In the y-direction, tube lumps are d1mens1oned
"by the input width, size - [ =2 1nches] while the size of .structure
Yiube - S
dimensions is
size . =(y -n_. size- . J/n

structure . tube, E Ytube Y
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[ = 120 inches - 5(2 inches)

o = 11 inches]

where y 1Is the panel height. The thickness of all tube and structure lumps
is set to the same input value of thickness. The cross-sectional area of

the fluid lumps is a direct input 1tem, and as such is not calculated.

Upstream and Downstream Lump Numbers

For serpentine flow radiators, flow will be assumed to go from
left to right in the first tube, to go from right to left in the second tube;

and thence, to alternate in direction from one tube to the next. Accordingly,

fluid upstream and tube downstream lump numbers are typically set up as shown
in Table L4-1.

Incident Heat

To prov1de incident heat information, zones w111 be set up
across the panel, with an incident heat curve number being specified for
each zone. The number of zones in the x- and y-directions are also input;
and to maintain generality, the incident heat zone boundaries need not
coincide with node boundaries. When portions of more than one zone fall
on a node, a single, 1n01dent heat curve is selected accordlng to the method
described below.

The size of the incident heat zones in the x—directien is

sizex = x/n [ = 120 inches/k = 30 inches]
zone zone

where n_ is the number of zones in the x-direetion.- Similarly, in the
zone ' : : :
y-direction

size = y/n [ =120 inehes/h = 30 inches]
zone yzone

These sizes must be as large or larger than the maximum lump dimension
in their respective direction. In the case where all of a tube or structure

BRI o) lias "-.+ln n hArsnAnar 2+ dnlras +la 2 Ammd laand em O Al
ety o e e N U&LA.AA — HVLA\' V\J\AAA\LU:-LJ 9 .LV VCLILT O VLJ.C .I.ll\— J-\J-UJJ-U .u.ca.v \_lJ-L Vc U.L viia v

zone. When most of the area of a lump lies within a single zone boundary,
it too takes the curve number of that zone. When the area of a lump is
split equally between two zones, the following order of precedence is
followed: if the two zones are side by side, the curve number for the

~zone to the left is assigned; if the zones are above and below each other,
the curve for the uppermost zone is used. For a lump whose area is

equally divided among four zones, the zone up and to the left prevails.

As an example of the use of these rules, we shall select several lumps

as follows. Structure lump 1, being entirely in zone 1, is assigned the
incident heat curve number for zone 1. Seventy-two square inches of _
structure lump 21 are in zone 1 and sixty square inches are in zone 5; since
zone 1 predominates, its curve number is chosen. Structure. lump 3 has

€
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TABLEL -1

EXAMPLE (SERPENTINE) PROBLEM -
- TYPICAL UPSTREAM AND DOWNSTREAM LUMP NUMBERS

Flu1d/Tube Lump‘ ] ) Upstre‘am Downstream

I , 0 L
2 S 1 3
9 8 10
io 9. 20
S 12 2l
12 B 13 o 11
19 .20 . - 18
20 A 10 19
21 - S
22 21 23
29 . 28 o 130
30 - L 29 - 40
50 © 49 0

‘For parallel flow rad1ators, flow'is assumed to flow from left to r1ght in
all tubes; a.ccordmgly, fluid upstream and tube downstream lump numbers
_are typ1ca11y set up‘as. shown in Table L - 2 ' :

TABLEN-Z-

EXAMPLE (PARALLEL) PROBLEM
TYPICAL UPSTREAM AND DOWNSTREAM LUMP NUMBERS

F1u1d/Tube Lump o 4 Upstrea.m.;- _Downstream -

PR
3
10 .

L2
9 |
10 -0
1 - o0 12
2. 2 B .
19 18 - ~ 20
20 - 19 s e
21 : : 0 .22
22 21 23
29 . .28 . .30
30 29 -0
41 AN 0 42
2. . 41 43
49 o 48 . 50
50 0. 49 0

OO~ o
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sixty-six square inches in zone 1 and sixty-six square inches in zone 2;
therefore, the curve for the zone to the left -- zone 1 ~- is assigned.
Similarly, the area of tube lump 25 is exactly halved between zone 6 and
10; the former being uppermost, its curve is used. Finally, tube lump 23
has equally portions of its area in zones 5, 6, 9, and 10; the rule is to
choose up and/or to the left, hence zone 5 is selected. i

4.3.1.5 . Circular Model Subdivision

The performance of SUBRAD will be illustrated by showing what
it will do with a sample data set. Assuming a panel radius, R, of 20 inches
(Figure 4-8); and thickness, T, of one inch, we shall call for four tubes

two inches wide in the radial direction and two structure lumps between tubes.

Furthermore we shall set the limits of tube lump length at a maximum of 5,0
and a minimum of 1.9 inches, resulting in the nodal breskdown shown in
Figure 4-9. We shall specify four incident heat zones, from which SUBRAD

will set up the zone configuration shown in Figure 4-10.

7Tube and Lump Type Numbering

) All tubes_om a circular panel are assumed to flow in parallel
with the innermost tube being the lowest numbered. For each panel being
subdivided,the number of fluid and lump types will be equal to the number

of ‘tubes, with types being the same for a given tube. Tube lumps call

for conduction to the structure lumps above and below, and an input code

is provided whereby the user may’call for inclusion of longitudinal con-
duction between tube lumps. The number of structure lump types created for
each panel will be equal to the number of tubes times the number of structure
lumps between tubes. . Each type conducts to the adjoining structure lump

in the negative © direction (See Figure L-8) and to the adjoining lump .

in the outward radial direction. Structure lumps adjacent to and inside the

radius of a tube lump will therefore conduct to only one lump. From the
.example problem; type 1 conducts to only one lump (lumps 1- 8), type 2
conducts to two lumps (9- 16), type 3 conducts to only one lump (17~ 2&), etc.

Lump Numbering

SUBRAD will divide the panel described above'into nodes numbered
as shown in Figure 4-9. From this it may be seen that the total number of
‘fluid/tube. lumps created per panel is:

n ﬂ'= NT‘ e ) .- iv. o - . ‘.
fluid/tube. = %" NL(t) [. =8+ 16+ 16+ 32 = 72]

where NL(t) is equal to the’ number of lumps for tube number t. The values
of NL(t) are either directly input into the program or calculated from a
maximum node léngth specified by the user. The total number of structure
~ lumps can be calculated as follows: ' - h

oy NTL(4 _g _}é_ 16, _32_
IfDIV(l_)'Nle =3 1?’,_f = =F=2 ="
1 . . - ‘m-1 .
r} structupe = MIL(1) {(NS+1) + ,('lls-l)[LDIV'(m)n].'f Z Ns[;DIv(J)]_}
L 3 . . _.J;i+l .
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FIGURE L4-8. CIRCULAR PANEL EXAMPLE 'PROBLEM — COORDINATE '
o SYSTEM AND OVERALL DIMENSIONS ‘
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-='8 {(2+i(1) +-(2-1')(h) + 2 (2+2) } = 120"

where:

i

NTL(i-)
NTL(1)

NS
m

tube -number

number of tube 1umps for tube number i
number of tube lumps for first tube
number of structure lumps between tubes
‘tube number for last tube ~

B (N S TR T O

Lump Size

The size and number of nodes created for a circular panel are
. governed directly by the number of tube lumps in each tube.  With reference
to this latter number there are some basic groundrules for- panel subdivision

_ that SUBRAD follows These 1nclude

(1)

(2)

(L)
- .cide with the theta angle (Figure 4-8) of tube lumps
in the first tube (See Figure L4-9).

- (5)

The number of tube lumps per tube can be spec1f1ed by the
user or calculated by SUBRAD.

User specification; starting with n lumps for the first
(inside) tube, each successive tube is required to have

‘some multiple of n lumps; i.e., In ., 2n , 3 n , etc.

Automatic SUBRAD calculation; the user specifies a set of
limits for tube lump length which SUBRAD will use to determine
the number of lumps per tube,attempting to stay within the
specified limits for each lump, while following the guldellne
as described above. If such a breakdown is not p0851ble
SUBRAD will override the maximum length specified by the

user.

Structure lumps inside the radius of the first tube-coin=

All other structure lumps coincide with the theta angle
of the tube lump adjacent to and nearest the center of the
panel.

Upstream and Downstream Lump Numbere

For circular radiator panels, flow is assumed to flow clockwise
in all tubes; accordingly, fluid upstream and tube downstream lump numbers
are typlcally set up as shown in Table 4-3.

Incident Heat

To provide incident heat information, zones will be set up
across the panel W1th an incident heat curve number being specified for

Th



TABLE‘h-3

. _CTRCUTAR PANEL RXAMPLE PROBLEM o
TYPICAL UPSTREAM AND DOWNSTREAM LUMP NUMBERS.

FLUID/TUBE LUMP - . ° . UPSTREAM " DOWNSTREAM
1 0 2
2 1 3
. 6 8
8 T -0
9 0. 10
10 9 - 11
23 22. 2k
2k 23 .- 0
25 0 26
26 - 25 27
55 5k 56
56 55 0
5T 0 58
58 5T 59
87 86 - 88
88 87 0

7.



each zone. The number of zones on the panel is input; and to maintain
generality, the incident heat zone boundaries need not coincide with node
boundaries. When portions of more than one zone fall on a node, the

zone covering the greatest portion of the area will be assigned to the

node. When the area of a lump is split equally between two zones the

order in which the zones are specified determines which zone is assigned

to the lump. The node will always fall in the zone with the highest order
‘but will never fall -in the last zone. To clarify this point, consider a
panel with 6 zones, the first zone being of order 1 and the last of order 6.
"If & lump is split between zones 3 and 4, 4 will prevail; for a split
between 1 and 6, 1 will prevail; for a spllt between 5 and 6, 5 will prevall.

For c1rcular panels 1nc1dent heat zones are determined by
boundary lines, input by the user, by spe01fy1ng the x and y~-axis intercepts
of the line. If a boundary line goes through the origin of the panel co-
_ordinates, a theta angle (see Figure 4-8) must be specified. Zones may’
~ be specified by any number of boundary lines, yielding the ability to des-

cribe almost. any size, shape or form of zone by proper use of these lines.
Boundary lines are input in sets of one or two along with an incident
heat zone number. A '

SUBRAD's 1nterpretatlon of these boundary lines can best be
described by the groundrules built into the subroutine as listed below:

(1) For a panel with only one ihcidént heat zone, boundary
lines are not required. -

(2) For a zone described by only one boundary line, that
particular zone will be the larger of the two created by’
the boundary. If the panel is split into .two zones of
equal area, the zone which includes the lowest. numbered
node will be a351gned to that particular incident heat
‘curve number. :

(3) For a zone described by two boundary lines, the nodes
falling between the two boundaries will be assigned to
the zone. If the two boundary lines intersect at some
point, the zone described by these boundaries 1s determined
as shown in Figure b 11.

(4) For zones created by more than one set of boundary lines,
~ the following procedure is followed; SUBRAD sets up pre-
liminary zone numbers for the first set of -boundary lines;
any successive set. of boundaries will override a previously
as51gned nodal zone number specified by a. prev1ous set
of ‘boundaries.

(5) Any nodes not falling within the prescribed boundary limits
of any of the incident heat zones are assumed to lie in a
zone with an incident heat curve number: 1nd1cated for the
last zone.
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4,3.1.6 Two-Dlmen51onai Model Subd1v1sion )

As an example of these rules, we will select several nodes as
shown on Figure 4-10 of our example problem and describe how SUBRAD inter-
prets the information supplied by the user. Three sets of boundary lines are
necessary to describe the four incident heat zones on our example panel.

- Table 4-L gives a description of the incident heat zone information supplied

by the user. The first card being of order 1 describes lines AA and BB of
Figure 4-10. All nodes falling between these lines are assigned incident

 heat curve number 10. Structure lumps 51, 81, and 85 do not lie entirely

between the boundaries but over half of their area does, therefore these
lumps are assigned to zone number 10, Boundary lines BB and CC describe zone
number 20 having an order of 2, while CC and DD describe.zone number 30 of
order 3. Even though structure lumps 101 and 117 are split evenly between
zones 20 and 30, both lumps are assigned to zone 30 since its order of 3 is
higher than that of zone 20 whose order is 2. The remaining lumps which do
not fall in any of the above 3 zones are. assigned to the zone specified by
the user as the last incident heat zone. For our example the zone is number
40, but could have been lO 20, 30 or'any number s0 desired by the user.

The performance of SUB2D will be illustrated by showing what it
will do with a sample data set. We shall assume for the example a panel with
four tubes and two structure lumps between tubes, Furthermore we shall set
the number of tube 1umps per tube and let SUB2D divide the model accordingly.

Flgure 4-12 shows how the panel is subdivided into lumps. Lumps
are created by lines originating from a central point and dividing each tube
length into lumps of equal length, Twelve lumps were prescribed for the
first two tubes and 24 lumps for the last two tubes., Subsequent divisions
can be made in order to reduce the lump length for any tube past the first as
in tube number three of the example

Automatic Tube Lquth Option

. The number of lumpe per tube can be‘prescribed by the program
user, but in addition an automatic tube length option exists in SUB2D. This
option allows the program user to specify a set of limits of tube lump length

and SUB2D will automatically subdivide the panel accordingly. For this

automatiec division the user indicates the maximum length for a tube node in
the first (1nnermost) ‘tube whereupon the program sets this length at a value
less than the prescribed value (XMAX1l). An additional limit on node length
(XMAX2) for the rest of the tubes is provided by the user also. XMAX2 is
the maximum length for tube nodes past the first tube., With the divisions
set up by the first tube, the routine checks the value of the tube node

" length for tube number two. If this length is greater than XMAX2, then a

subsequent division is made making twice as many lumps 1n tube 2 as in tube

. 1. This process is contlnued for the entire panel.

For panels with a large number of tubes, the number of lumps can
become excessive if very many subsequent divisions past the first tube are
allowed, For this reason en additional check is mede on the ‘paremeter NDIVA
another user input. This parameter is used to limit the number of lumps per
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panel. This number represents the maximum number of subsequent divisions
allowable past the division in the first tube. If after a test of tube
lump length against XMAX2, another division is necessary, the routine checks
to see if this would exceed the limits set up by NDIVA, If so, no further
division in the panel is allowed. o :

Variable Tube Spacing Option

SUB2D has a variable tube spacing option whereby the tube spacing
for the first tube can be different than that of the other tubes. By setting
TSP1 (Card ANS-1D) to the desired value a unique tube spacing is set up for
the first tube and the remaining tubes are spaced equally. If equal tube
spacing is desired for the entire panel. TSP1 should be set equal to zero or
- just left bvlank.

Tube and Lunmp Type Numbering

) 7 All tubes on a two-dimensional rectangular panel are assumed
to flow in parallel with the innermost tube being the lowest numbered., Tube
lumps call for conduction to the structure lumps above and below, and an
input code is provided whereby the user may call for inclusion of longitudinal
conduction between tube lumps. Each structure lump conducts to the adjoining
structure lump in the outward radial direction and to the adjoining structure
lump in the positive © direction (See Figure L4-12). = Structure lumps adjacent
"to and inside the radius of a tube lump will therefore conduct to no more
than one lump, :

o Lump type numbering can best be understood by referring to
Figure 4-13, Tube lump types start at © = 00 position and increase.
numerically to @ = L5° position whereupon the. type number decreases by one
~ to @ = ° position. The process is then repeated for the rest of the
: Apanel

Structure lump types also start at @ = 0o° position and then in-
crease numerically to © = 90° position. This process is then repeated for
the rest of the panel except for the last lump. Since the last lump does
not conduct to any other lump it is assigned a new type number,

Lump Numbering

SUB2D will divide the panel described above into nodes numbered
as shown in Figure U-1k. Lump numbers start at the 6 = 0° position and
increase numerically around the panel, - Tube lumps and structure lumps. are
- allowed to have’ identical- numbers 31nce the identification of each is known
internally in the program.

Lunp Size

The size and number of nodes created for a two-dimensional
-panel are governed directly by the number of tube lumps in each tube. With
reference to this latter number there are some basic ground rules for panel
subdivision that SUB2D follows. These include: :
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(1) ,-The number of tube lumps per tube can be specified by
.~ the user or calculated by SUB2D. :

5(2) | User specification; starting with n lumps tor the (irst
- . (innermost) tube, each successive tube is required to have
-some | multiple of n lumps; i.e., ln, 2n, 3n, etc,

(3) -Automatic SUB2D calculation; the user specifies a set
.. of limits for tube lump length whereupon SUB2D will deter-
- mine the number of lumps . per tube attempting to stay
within the specified limits for each lump, while following
,the guidelines as described above,

(4). * Structure lumps inside the redius of the first tube -
: " coincide w1th the theta angle of tube 1umps 1n the first
tube.

' 2(5) All other structure lumps coincide with the theta angle = .-
S - of the tube lump adjacent to and nearest the - origin of
~ the panel. '

Upstream and Downstream Lump Numbers .

: For 2-D radiator: panels, flow is assumed to flow counter clock--:
A wise in all tubes; accordingly ‘fluid . upstream and tube downstream lumps
: numbers are “typically set up as shown in Table 4 5 T

Incident Heat'

' Only one incident heat zone is allowed for the entire panel

k.32 0 Plot Options

A p081tive integer punch in column 72 of parameter card 2 will
~ cause the generation of a plot file, This tape will have all of the fluid,
. tube, and structure lump temperatures,plus other 1tems indicated below.
The plot file is generated on tape unit Ir

The format of the plot tape is-

Record No. l -

: Title (from title card 12A6), O, 0, 0, O, 0 O, 1, 0, O, number
- of ‘pressure drops, 1, number of flow rates, number of fluid

temperatures, number of tube temperatures, number of structure
’temperatures. S ' :

Record No. 2

. Time, total pressure drop, tube pressure drops, heat rejection,
flow. rates, fluid temperatures, tube temperatures, structure
Temperatures. : L » _
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S
IWO- DIMENSIONAL PANEL EXAMPLE- PROBLI&M

'I'YPICI\L UPSTREAM ‘AND DOWNSTREAM LUMP. NUMBERS
( REFERENCE FIGURE L-B). -

Fluid/Tubé Lump * . S Upstream " Downstream

.‘,

2
3
8
12
0
1k
15
20
2l
25 o0 26
38
L8
0
50
51
62
72
0



Record No. 3.

Time, etc. as on Record 2
Phe Tnal, record has o nepntive Lime to tndlenle end o oulpul.

L.3.3 Checkout Print

It is possible to obtain a detailed print at each iteration (this .
is usually used in data checkout, and so is called checkout printing).
This can be obtained by putting a "1" punch in column 60 of parameter
card 2.  The checkout print provides a direct, relatively simple check
of the data input consistency, and indicates. the minimum calculation time
increments calculated for each lump. A survey of these time increments
pérmits choice of a minimum time increment which will acaourately character-
ize the transient and override only these lumps which can realistically
be considered at steady state. ' : '

L.3.4 _Restarf

Requested Dump for_ Restarting

Any problem can be dumped and restarted at a later time. This
is achieved by punching a "1" in column 58 on parameter card 2. This
option is useful in data checkout in that a problem can be submitted for
a short transient time, and, after examination of the results, restarted
for a longer transient time.. The computer request card must specify that
the output tape is expected, and the proper set-up card must be included
in the deck. ) : ' ' : ‘ ' .

Restart Procedure

The prbéedﬁre fdr=restarting a pfoblém which has been‘dumped

is;
(1) Fill out the computer request card as.in an initial run,
except specify the previously dumped tape as an input
tape on tape unit J. E
(2) Submit only the first two of the data cards (that is,

parameter cards 1. and 2) with a "1" 'punch in column 62
on Card 2 to indicate that data is to be read from a
restart tape. ' o

4,3.5 EDIT

o The. large number of data cards required for problems run on
~ this routine presents three problems: (1) increased probability of
operator and/or card reader error, (2) increased probability of a card
reader jam, and:(3).significant'extra time required to read in data from
the card redder when problem (2) océurs.. For these reasons a routine
was developed for reading input data from tape with the capability for
modifying the data on read-in. : o

. : The EDIT routine is called by parameter INDATA irput in .
columns 67 and 68 on parameter card 2. Possible inputs are: :

(1) INDATA = O, All data is supplied on éardg.
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- (2)- INDATA = 1,-Al1 data is supplied on cards and the card
. 1mages are written. on tape-on Unit B.
(Should be. specified as an output tape on Job

‘ “card). _
' (3); INDATA = 2, Use -data input on tape on un1t D w1th desired
a S changes on.cards to write a new data tape on
unit: B.. (D is input tape and B is output tape).
(4) INDATA = 3,'Use the data read in’ from unit B. w1thout change.

' - (B is input tape) :

‘d(S) ,INDATA = b, Llst and use data read in from unit B without
‘ S change - (B is 1nput tape)

. (6)‘ INDATA =:5;,Punch and use data read in from un1t B w1thout

change (B is ‘input tape)

. _ For INDATA_ 3, h and 5, parameter cards 1 and 2 are read in
from cards. C

: “When INDATA 2, the deck set-up cons1sts of parameter cards 1
and 2, 'the EDIT control cards (descrlbed below), ‘and the new data cards
(w1th the same format as the- cards be1ng replaced)

o The EDIT control cards, used only when INDATA has a value of -
2, are:

Columns) 'i Format - _ ‘Nomenclature' _ : Descriptlon

1-5 ~I5 . - K3 - . Card number K3 will be either .
. ' ‘ : B, " removed or pushed down depending
' upon the contents of the next two
fields (K4 and K5). If K3 is.

‘greater than the number of cards .

" on the tape plus 10000 no edit.
._w1ll be performed. .

S 6-10 s . - . Ky © Kb must be equal to or greater
SR o e LT ~ than K3 or must be left blank.

If K4 > K3, cards numbered K3

to K4 inclusive will not be _

'transferred to. the new ‘data tape .

on unit B. If left blank no cards .

will be deleted

11-15 - - I5 S K5 o If not blank or;zero; K5 cards,
o S S -+ . which must immediately follow this
edit control card will be inserted
‘ahead of card K3 or in place -of.
cards K3 through Kh

Giving K3 the value of 99999 will cause the contlnulng transfer of card

images from Unit D to Unit B until a card image conta1n1ng bbbl3b {b =
_‘blank) in columns l 6 is found. The Unlt D tape is not altered in any way
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should there be errors in the edit. deck which cause fatal errors in the LTV
program. It is the responsibility of the user to maintain extra copies of
the data tape and/or an up—to-date card deck.

If aUtom&tic_nodal subdivision is used in a run, Unit C must be
substituted for Unit B in the dgbové discussion of the EDIT routine. The data
on cards or Unit C is combined with output on Unit E from. automatic nodal

'~ subdivision and resulting data is placed on Unit B.

4.3.6 Specified Temperature Nodes

Ir the_mess—specific heat product for any node is zero, the

_temperature of that node will remain constant at the initial temperature
~ throughout the duration of the:problem. '

A temperature hlstory may be imposed on either structure or

_tube nodes for the duration of the problem If a node has an imposed

"temperature variation, the prescrlbed temperature curve must be input
.for the node. :
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Cuy

W1

- User's Manuals

Transient Performsﬁce Rcufine (TPR)

The user' s 1nstruct10ns for the Tran31ent Performance Routlne

- are presented in thls sectlon.;

Parameter Cards o

Columns

Parameter

Card 1

1-72 -

Parameter

1086 : :-d'f‘?HEADERf"‘:'

Cerd éﬂ

b6-50

© 5155

_.594601'

61-62

1-10

11-20

21-30

. 31-35.

. 36-4o -
'.hleHS o

56-58

63-6L

Fl0.5 . TIME
F10.5. . TAU

F10.5 . TINCMN

"¥5.0 - ° . DELTAU

F5.0 .. RIIME

F5.0 - . -THETA .-

' F5.0 - . . SSIEST

I2 .~ IDUMP

‘12 NCKOUT

12 ISTART

I2 .- NVLVRS
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‘Fcrmatv;:~:, _”Ncmehclatufe‘

"DeSCfiEtion :

Any 72 alphanumerlc characters

-to be used for page headlng

 Transient start fime, hr.

_Transient stop time, hr.
Time. increment, hr.

Print interval, hr. 1If

" DELTAU < TINCMN, print

F5.0 7 DPTOL . .-

interval = TINCMN.
-_3cbmputér tiﬁehreQuested; minutes;

s;anvergence fectorw Routine sets
to .9 if leftvblank- '

'iParallel flow path pressure drop- -
‘balance tolerance (decimal

fraction).

_ Steady Stefe tolerance, °F.

-No dump tape to be - wrltten
.1, Dump data on UNIT I when

" -either TAU or RTIME is
exceeded. g '

il

- 0, No checkout prlnt
Checkout prlnt.

o
[

'0,.New_data fo;lqws; :
1, Read data from restart tape.

~ . Number. of valves hav1ng parameter'

to be changed on restart.»



: Descripﬁion.

Number of radiator panels to be
divided into nodes.

0,

A1l date supplied on cards.
Write data cards on UNIT B
(UNIT C if NORAD > 0).

Use data on UNIT D plus

edit cards to create data _
on UNIT B (UNIT C if NORAD >0).

.Use data on UNIT B (UNIT C
"if NORAD > 0).

List and use data on UNIT B
(UNIT C.if NORAD > 0).

"Punch on cards and use data

UNIT B (UNIT C if NORAD > 0).

Plot file output will occur

Columns Format Nomenclature
65-66 - 12 ﬁORAb o
- 67-68 12 'iNDATA'
RCEC NPLOT
. P;?amétér Card 3 |
T NTUBE.
6-10 | isi ';-' :, ».NFLTE:‘
11-15 15 - wT
" 16-20 15 ;_33: ~NT
125 15 "!?, NTFL
26-30 15 o
135 15 © 0 §sn
B 36¥A0 ,'. Is . NSl |
Mks 15 wes2

" Paremeter Card 4  (Leave out for NORAD =

-5~ Is . NTYPE(1) .

6-10 IS . - NTYPE(2)

‘every NPLOT iteration on
UNIT I.

%'0,'No plot flle will be generated

- on UNIT I.

Number of tubes.

'Numbér of fluld 1ump types.
. Number of tube lump types
. Number‘of structure Jump types.

Number -of fluid lumps.

Number of tube lumps.

“Number of structure lumps:
: Numberiof'panels'on Side 1.
Number -of panels on side. 2.

0)

1, Rectangulér panel.

2, Circular panel.

3, 2-D Rectangular panel,
Panel type for second panel on
Side 1. or panel on side 2

if only 1 on side 1.



Columns - Format -

11-15 'Y‘Is

16-20 IS
-21-25 15 .

Insert ANS data éards here

Parameter Card 5

1-5 . F5.0
6-10 F5.0
11-15  ¥5.0
16-20 . 15,

Parameter Card=6f

:1-5 15
6-10 - IS
11-15 - IS

" Nomenclature

NTYPE(N). -

- NTYPE(N+1)

" NTYPE(M)

Descripticn

_ 'PanEl'type for,iuﬁt'pnne1 on Hlde

"Panel type'fof first thelroﬁ Side

2.

Panel'type“for l&ét panel on Side
2. ' o .

1ﬁfNORAD_> 0 (Peremeter Cafd'é,lceluﬁns 65-66).

CHIL.

HI2

NCYCLE

KLSDLP

NT1
NT2

NT3

Entry length.heat‘transfer co-

efficient factor. Recommended
value for circular tubes is 0.575.

Fully developed heat transfer
coefficient factor. Recommended

value for circular tube is 1.0.

Fréctioh of new flow rate to use
when averaglng flow rates.
Recommended value is 0.5.

Time dependent curve option.

= 0, Non-cyclic.
= 1,. Cyclic.

Closed loop option

"= 0, Inlet temperature .to tube l.

supplied ‘on curve (Parameter
Card 8, Cols. 31-35)

= 1, Outlet temperature of tube

8 used as inlet temperature
. to ‘tube 1 (Parameter Card 8,.
~ Cols. 31-35 may be left
’ blank)

*Nﬁmbef'of_ﬁubesAih:penel 1.

.'Number,ofttubes:in;panei 2.

Numbef of~tuﬁes'in panel 3.

'Contlnue listing the number of tubes in each panel in flve column fields.

* Set number of tubes to a minus quantity for c1rcular and
two-dimensional panels.- : ~ -
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Parameter Card T

Column. Format - .- Nomenclature - . . Description

-5 . I5 ~ IMPINI- .  Inlet lump for side 1 of the
- : - regenerator.
6-10 15 IMPOT1 Outlet lump for side 1 of the
' ‘ : o - regenerator. - . '
©11-15 15 . IMpINe Inlet lump for sidé 2 of the
‘regenerator.
©16-20 . 15 - IMPOT2 - Outlet lump for side 2 of the
s e T T s s e e " “‘regenerator. ~ ~ T = '
21-30 F10.5 - UA Product of the overall heat
: o : transfer coefficient and the area
e . ' of heat transfer (UA) for the
SN ) S _ regenerator, BTU/hr-°F.-
. Parameter Card 8
1-5 15 . NDENC - - Fluid density curve number.
6100 I5 - NCONC "'Fiuid‘condﬁ¢tivity curve number.
11-15 15 " NSHC = - = Fluid specific heat curve number.
16-20° - I5 . © NVISC: Fluid vischity curve number.

2125 .15 . . . NFFC © Fluid friction factor curve number
: ’ I ‘for turbulent flow. '

26-30 - 1I5 _ ; ~ NFLOW - Inlet flow rate curve number.
31-35. IS 'fi NTEMP »_*Inlet-tempgrature curve numbef. -
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Ten cards are required to specify the valve parameters. Valve
parameters for the radiator bypass valve (valve number 1) and the regenerator
bypass (valve number 2) are specified on two pairs of Card ‘A and Card B.
Valve parameters for the proportioning valve (valve number 3) are specified
on Cards C and D. Valve parameters for. the two. polynomial or rate limit
" stagnation valves' (valve number ‘4 and. valve number. 5) are specified on two
pairs of Card A and Card B.: - Valves do - not need to be in. numerlcal order

[

Card A - Bypass and SﬁagnetionjValves:

Columns  Format :_ - '.jNoﬁehclatufeVV . ,';“Descripﬁion
-3 . I3 . WN .-‘e  Valve numbef.e
5-5 12 A NCP' . . ‘_Operation mode, °

0, valve is operating.

1, valve is locked in 1n1t1a1

: p031t10n.

.2, Valve is not considered, i.e.

- flow is ‘distributed among

", all tubes on panel according
"to pressure’ drops_(for valves
4 and 5 only).

6-10 VIS NSLN. .~ ' Sensor lump number}
'11-20  F10.5 " FRMIN ©- . Minimum fraction allowed through
: - ‘ S . non—bypass tube, : S
51-30. . F10.5 - ' - FRMAN - ‘Maximum fraction allowed through
S ‘ non-bypass tube.:
. 31-40 F10.5 ,fi - FRIN - . }eﬂ‘Inltlal fractlon allowed through
- Co SR S L non—bypass tube
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Format:

1-3

=
|
\n

1 6-10

11-20 -

. 21-30

Columns

Card B -

1-5 15

Ie NTYPE = 1,-1
6-15 'F10.5
16-25  F10.5
26-35 F10.5
36-h5' 'F10.5
If NTYPE = 2,-1
6-15 - Fld.s
16-25 F10.5
26-35-  F10.5
36-45 . F10.5
h6;55 Fio.s_

I3

TN
iy 2y

F10.5

'F10.5

Nomenclature

RFACT

NTYPE

SETPT

DBAND

RLIM

- Card C Proportioning Valve -
© NVN

ANINATD
A A V2

POSMIN

POSMAX

9k

- Description

-1, Bypass valve for solar
absorber. =

1, Rate limit bypass.

2, Polynomial-bypass.

Set point temperature, °F.

- -Dead band, °F.

Rate factor. Units are fraction

- bypass per -second-per °F.-

Rate limit. Uniﬁs are fraction
bypass per second.

COéfficients in fractibn‘bypass.

. - 3 h
X A0+A1T+A2T +A3T +Ah
where T is sensor lump tempera-

’ture (°F)

Valve numbef.

A A

Cpcrut ng mode,

= 0, Valve is' operating.

= 1, All the radiator flow is

' d1rected through side 2.
Blank

‘Minimum allowéble‘lineaf valve

- position from left, milli-inches.

Max1mum allowable linear valve
p051t10n from left mllll-lnches




r;'Cdiﬁmne'

“Format

31-40

F10.5

:"Nomeﬁéleture'lu

POSIN[

‘ Card D - Proportioning Valve

.11-10_

C11-20

.- 21-30.

31-ko

' 5ie66

- Card 1
1-12

13—36

card 3 -

ll—25

26-30 .

31-ho
: h1450l.
" 51-60
61-67
| 65-72

- Fl10. 5

'F10.5

F10.5

“Fl0.5

F10.5

w6

I5

F10.5
FT.5
FS.b

._VFULOPN .
. VLVGAN"
PPARA

- GFACT-

VLVTOL

 mon

‘Fluid Dats Cards

. ALPHA .

NKPDC -

CFLL

csA

FRE-

'Pdnel'parameter.

(A2 '('1,)2 (k-

ke Deseription

- Initial linear valve position from
left, milli-inches (mils).

Max1mum llnear valve p031tion
from left, mils. :

Valve gain, milli-inches/°F.
Enter 2.

Geometry factor.

_GFACT = (2. 92)(10-6)(D%)*
““Where D is valve orifice diameter

in mils. Units are

“hr’ 'mil’ 7000 psi. )

. Null pos1t10n tolerance m11s

'Time constant, seconds.

. Blank

rFLUID b TYPE b DATA bbbbbbbbb
.where b denotes a. blank

© Blank

Dynemlc head loss, K.

Factor. curve number‘(leave blank
if not needed) '

Blank -

 Fluid lump length, in.

Cross-sectional area, sq. in

Wetted perimeter,iin.

Factor for computlng'frlct1on

factor as a function of Reynold's
number. Routine sets to 1.0 if
left blank.

Value ‘for Apollo Block II Env1ronmental Control System Valve
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‘Repeat Card 2 for-eVery_fluidhtype."3

Card 3

Columns x:Format.r' Nomericlature . Description -
SRR T Blank |

13-36 a6 - :  ateEA * FLUID b LUMP b DATA’ bbbbbbbbb

s IR : o ~ where b denotes g'blank.

,Card 4 - |
o Lump number-
-16;10 | I5 :"-*“15 - NLU : Lump upstféam.'.NLU=o for first

_ I _ . <. - . . lump in every tube. ‘

n-1s 15 . NTB Tube .number.

16-20 ~ IS o "NTYP Type number.

p1-30  FlO.5 10 | Initisl temperature, °F.

"Repeat-Card'h for‘evéry_fluid lﬁmp. The lumps must be numbered 1 through
NTFL and must be in numerical order.

Tube Data Cards

Card 1

112 .-  o | Blank

13-36 A6 . ApHA TUBE b TYPE b DATA bbbbbbbbb

: . ' ' where_b denotes a blank.

| Card 2 | A:

1-5 F5.2 . . . DEN o Density, 1b/ft3.

6-10 . I5 o : NCONC Conductivity éurvé number.

1-15. .15 O weme ~ Specific heat curve number.

16-20 IS E_—  NABC ' Absorptivity curve number.
.21;25 I5 o NEMC | Emissiviﬁ& curve number.

26-30 I5 . mper , Number of tube lumps coriducted

_ - _ S g :
31?35 I5 | . :*-1. NFCT - Numbef,éf structure lumps conducted

"to" .

P



Format

Nomenclature -

Columns *

36-40 15 Lcc -
L1-50  F10.5 X1
51-60 F10.5 X2
61-70 - F10.5 X3
Card 3 | »'lu
1-10 F10.5 AHT
11-20  F10.5 BB
21230 F10.5 FAC -
31-35 . F5.5 S

3650 F5.5 Y2
b1-45 - F5.5 B
46-50  F5.5 D
51-55  F5.5 Y1
56-60 F5.5 Y2

© 61-65 F5.5 - B
- 66-T0 F5.5 D. .
If NICT + NFCT > 2, féliow'wifhlbﬁrd'h
'Cérd N
1-10 o
“11-15  F5.5 Y1
16-20 F5.5 Y2
21-25  F5.5 B
26-30 F5.5
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~Dihensions,
T X1/2e =

Description’

0, Lumps of this type have

~ longitudinal. conduction.

1, Lumps of this type do not
have longitudinal conduction.

in. X1-X2-X3 = volume
/2-= longitudinal conduction distance.
X2°X3 = area for longitudinel conduction.

Area for heat:transfer to enclosed

fluid lump, sq. in.

.Surface area for external radia~

tion, sq. in.

Factor for dividing conduction
distances and dimensions. :
Routine sets to 1.0 if left blank.
Use when conduction dimen51ons

do not fit into ‘the five column
fields. - ‘

Conduction distance of this

. type of "from" lump to first "to"

lump.

Conductlon distance for first "to"
lump listed .for this type of
"from “lump. y

:.B x D is éreaffor'conduction.for
first "to" lump for this type of lump.

Conductlon data for second "ol

lump.

Blank -

* Conduction data for third "to"
lump. :



Columns Format L o Nomenclature ‘Description

31-35 F5.5 . Y1 ' Conduction data for fourth "to"
36-40. . FS5.5° - Y2 o . . lump. : : :
bl-bs - F5.5 - ... - B
" 46-50 F5.5 -~ - D

51-55 F5.5 Y1 A Conduction data for fifth "to"
56-60 F5.5 _ Y2 lump.

61-65 F5.5 B

66-T0 F5.5 D

Repeat Card 4 if NTCT. + NFCT >5. °'If NTCT > O, the data for tube lump _
"to" tube lump must.be given before the . data for tube lump "to" structure
Jump. ' : : )

-'*,‘Repeat Cards 2 ‘and 3 (followed by Card h if. needed) for every tube lump

- type: - - - - S o o - ==
Card 5 | | o |
-2 - | :  Blank
4_13-36'_ §A6 - ._f‘d":'vALPHA' - TUBE b LﬁMP.b;DATA Sbbbbbbbb
S ' ST o - where b denotes blank.
"-[ 37-80 N :," . o - © Blank |

N Card 6 (Tube Lump Cards).. (One for. each tube lump. The lumps must be
' numbered 1° through NTML and must be entered in numerical order)

15 IS iu"“i oW Lump number.
6—l0 I5 - .7 NDL Lump number of tube lump down-
o e ' ‘ ‘ stream.

= 0, for last lump in each tube.

_‘ll*l?’A . ,_. | - . Blank
vl6f20r 15 R o NTYPE | fype number of lump
21-30 TR - I - Initial temperature, °F.
'l3l;35-. I5: o ' »4NQIC‘> ' _} A'Iﬁcident heat cdrve number.
'36—h0 - I5 . - NTWC . Prescriﬁed.tempereture curve
. A S © number (may_penlert blank)
‘hl;hs IS5 "4 ' ;.4 NTL1 f'” lFirst lumpVCOndﬁcted "ol
46-50 r'IS ”ldi . : d ﬁTLQ S Second-lump‘cenddcﬁed "to".
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~ Columns Format _ Nomenclature . - * Description .

-51-55" " 15 - . . " NTL3 Etc.

'56-60 15 , . NTLY4 - : The order in which the lumps

el A ‘ conducted "to" are listed will

61-~65 I5 o NTL5 = -~ - depend upon the order in which

. o o ‘ " ‘the conduction data was given on
66-70. I5 .- . NTL6: . - the type cards. The tube lumps
B - e ; L . conducted "to™ (if any) must be

-listed before the structure lumps
conducted "to" (if any). '

._i Card [ (Contlnuatlon of llst of lumps conducted "to". . If the number of
: lumps conducted "to"is. greater than 6 follow Card 6 with Card 7)

'l—S _ lS‘”l o f‘ i, .ﬁTL o d,', Next lump conducted "to"
A6el0 '1e'I5” 'f_l~ﬂtg d:.gﬁTL;.;_i:;L‘ A Next lump conducted "to
. Etc. to’ ‘ - | : . .

66-T0 15 _'h_ :“*hTL':

Repeat Card 7 as needed to llst all lumps

' Repeat Card 6 followed by Card 7 (if requlred) fof:evefy lump. ‘The lumps -
- must be’ given in 1ncreasing numerlcal order J

Structure.Data Cards -
Card 1
: 1;1g: B L ':‘ T 'Blank

13-36  LA6 o " ALPHA -: STRUCTURE b TYPE b ‘DATE bbbbbbbbb
S ' S _:where b denotes a blank

37-80 B SRR "f-;7.'t131agk.

carae | |

1-5  F5.2 :_V-; ”fﬁEN' o . nensity of.flnfmateniel, 1b/ft3;
Aféeld_ 15, :‘l[i’ii B fﬁcoﬁc.". __'Conaﬁctiviﬁyfcurvé’numteﬁu;
n-15 15 fv,7g{dfflf;,nsﬂc"'p ';".‘}Speciflc_heet{cu;ve numbef.
l6—20v4 .415. .:'; tp o NABC &; _ -‘Abeorptiuity éﬁfvé'nﬁﬁtép.

21-25" :5 s - INEMCL-'}d o Emissiﬁitydcurve}numﬁerﬁ
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: Columne Format o Nomenclature Descriptioh

26-30 . 15 ' NFCT - Number of fin lumps conducted

o "to" by lumps of this type.
31-ko. F10.5 X1 . . Dimensions of lump, inches.
41-50 F10.5 o - X2 ‘X1-X2-X3 = Volume.

51-60  F10. 5 : " X3 : X1:X2:= External radiation area.

If NFCT >0, enter Card 3

Card 3
. 1-10  F10.5 - . FAC . . Factor for dividing conduction
: : ) : : ' . distances and dimensions. Routine
sets to 1 if not given, use when
" numbers are too small to fit five
i o ~column field. ’
11-15  F5.5 .- Y1 Data for conduction to first lump
16-20 - F5.5 .- Y2- ... . conducted "to" by this type lump.
21-25 F5.5 ' B : C
26-30 ~ F5.5 . D
' 31—35 F5.5 R Y1 .. o Data for second lump conducted
-36-L0 .F5.5 C Y2 o "o" vy this type lump
- h1-ks F5.5 . B : :
L6-50 F5.5 : D
51-55 F5.5 o Y1 . ’«Dataifor third 1uMp conducted’
56-60 F5.5 Y2 | - "to" by this type lump.
61-65 F5.5 ' B - .

66-70 F5.5 ' D

-If NFCT > 3, repeat Card 3 as'needed. iFAC should be omitted on all
cards which are a repeat of Card 3. : ‘ -

Repeat Card 2 (followed by Card 3 if needed) for every-structure lump type.

Card N

1-12 - - Blank

13-36 4A6 .- ALPHA " STRUCTURE b LUMP b DATA bbbbbbbbb
T - : where b denotes a blank

37-80 o Blank

Card 5 (Stfucture Lump Cards) (One for each structure lump. The lumps
‘must be numbered 1 through NSL and must be entered in numerical
order) '
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Cdiumnéu‘»Format'iil;d :‘.Nomencieture ;"_d Desoription-

‘145 : 5 | :LN _::~" Z:A-Lump}numberu

-f&m'f B:;led‘tiﬂﬁ_ ¢twﬁnMMrmim5

11-20 F10.5 | - TL . . ._ initidl,tempereture of lump, °F.
- 21-25 15 . ~t o NQICd Incident’heat curve number. |

”26430'u,1 iSi' o NTWC . Prescribed temperature .curve
S S N ~ - number (may be left blank).
31-35- 315 . . ~ NTL1 4 :.Eirst lump conducted "to',
36-k0 . -15 - N ~ NTL2 - ..-rg_Second'lunp conducted "to".
b-ks 15 NTL3 Bte. |
46-50 15 - 'f'fldf‘ NTLY . " .The order in which the lumps
51-55 I5 o NTLS  conducted "to" are listed will
56-60. 5. NTL6 - = _depend upon the order in which
61-65 - I5. Y NILT . ' . ° ‘the-conduction data was given

- 66-T0 - IS o NTL8 -~ on the type cards. I

’"Card 6 (Contlnuatlon of . list of lumps conducted "to" CIf the number - of lumpé
~ conducted "to". is greater than 8, follow Card 5 w1th Card 6).

,1;5 o 151 : '_‘ﬁt'-:::tNrLQJ}.' _ ___Nlnth lump conducted "to"

‘ 6-10' - ,Is - dt} 5u>_'vNTLiO ‘:l-d tTenth lump conducted "to

;1—15' B Is ' ‘: f_a;ﬁ.E:ﬁTLiij:..n ru-dEleventhﬁlump conducted "to".
Be. to - -

.66—%6 I§ | :.: _:'. NTLé2  : ' fwenty—second lump conducted "to".
Repeat Card 6 if number of lumps conducted "to is greater than 22. |

' Repeat Card 5 followed by Card 6 (1f requlred) for every 1ump " The lumps“
‘must be entered in 1ncrea51ng numerical order.

'Curve_Data Cards-,
- Card 1
1-12 e . Blank

13-36 © A6 - ALPHA- Curve b Data’ bbbbbbbbbbbbbbb
S ' o "t 7 where b denotes. a blank
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Columns Format = . Nomerclature Descriptibn

" Card 2 (Curve_Header:Cara)

'h;s AIS‘ o KCRV : Kind of curve code. Two curves
: : . may be the same number if kind

of curve is different.

0 . L K curve for pressure drop,
' dimensionless = f(Re x 10~ 3)

1 - _ ' ~ Density of fluid or 11qu1d
. b /ft3 = £(°F).

-(lbm/ft-sgp)(x 103)_= (°F)
R S T3 "‘ff.”:’” T TTT “Frlétlon factor for fluid,
S ‘ £ x 103'= £(Re x 1073).
" (Used when Re  2000). °
oo ' ' Conditctivity, BTU/hr-£4-F = £(°F).
5 - -§: '4ff} o k " gpecific heat,foU/ibm~°F = £(°F)
6 l‘,-'  ":‘ R " Absorptivity, dimensionless = f(°F)v
7 S o : Eﬁiséivity, dimeﬁsionless = f£(°F)
91{- _1 ' ..:l'.‘ C :“ Incidenf he&t,“v.B'i‘ﬂ:/hr'—i‘t.;3 = {'(hours)
10 . _ s 1_ ‘ _>Prescribed‘temperature, °F = f(hours)
11 3 o 'i'_  4 jA ' | 'Total,fioy raﬁe;.lbm/hf = f(hours)
S1l2¢ - _ f‘ _‘ D ' Fluid inlet temperature,lQF.='f(hours)
13 . ;. o ‘This card signals the END OF CURVE
' ' DATA. .
6-10 15, | :’ - NC Curvé number .
11-15 IS5 ' . W . Number of points oh curve.
16-72 o - May bevused for curve title.
Cards 2 through 2 NP/T (Curve Daté'Cards) | |
1-10 FP o X -  Independent variable.
F10.5 '

S 11-20 . S X2
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" Columns Format - = Nomemclature ~ - Description

21;30 _ o , P X3
‘Bte. . :
e de C | vy | 4Dependent varisble.
F10.5 o '
| Y2 .
w3
‘Eté.,

Start 6! in the first field after xNé
Do not wrlte beyond Column 70

If the number of p01nts glven is l the value in Columns 11- 20 will be
used for dependent variable.

h.h.a : Automatlc Nodal-Subdivision (See Section 4.3, 1) Cards'

The Automatlc Nodal Subdivision (ANS) cards are added if NORAD,
 the number of radiator panels to be subdivided, (Parameter Card 2, Columns
-65-66) is not zero. One set of ANS cards are added for each radiator panel
to be subdivided. That is, if NORAD = 1, one set of ANS cards are needed;

- - if NORAD = 2, two sets of ANS cards are.needed. -There are two sets of ANS

cards, one for rectangular panels and one for circular panels Each panel
ta be subdivided must be- represented by the proper set of cards; ANS-R
cards for rectangular panels and ANS-C for circular panels. The location
. of the ANS cards relatlve to the other data cards depends on. the value of
INDATA (Parameter Card 2, Columns 67-68) which indicates where the data is
to be found_and whether it will be edited by the EDIT subroutine. The ANS
" cards for side 1 are placed first followed by the ANS cards for side 2.
The following tabulation descrlbes the location of the ANS cards relative
to the other data for the various values of INDATA and output tape units
requlred for each value of INDATA.

OUTPUT
) _ . LOCATION OF ANS CARDS ... TAPE UNITS
INDATA -~ .~ L l THRU 6 .. REQUIRED
0 . S After Parameter Card 4 . o B
1 L " After 13 cards ' B ,vhﬁ; B:& ¢f
2 After last EDIT cards’ . -B&C
o (99999 Card). BRI
3 thru 5 - TII"After Parameter Card . 2 . B -
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A description of the ANS cards for rectangular and circular panels are
given .below. . :

Rectangular Panels’

" For all rectangular panels (NTYPE(N) = 1, Parameter Card 4) to be sub-
divided by the Automatic Nodal Subdlv151on Routine, six cards are necessary
as described below.

Colﬁmns Fofmat o Noménclature_ ' DescriEtibn
Card ANS-lﬁ
1-10 E10.3 X Panel length, (x) in.
11-20 .~  E10. 3 A' T ' Panel helght (y) in.
21-30 - ElO0. 3 _ T. ' Panel thlckness, in.
31-33 '13 . NX ) Number of nodes in thé x-direction
34-35 12 ~ ."' NTUBE - Number of tubes in the y-direction
. 36-37 12 NY - Number of .structure lumps between
. o : ' ' tubes.. . :
38 Il e CODE = 0, parallel flow
_ - _ . _ = 1, serpentine flow
39-52 ' - , v Blank - Starting lump, type and tube
: numbers furnished by TPR.
'53—5§ - Iz ; : ' NZX » Nﬁmber of incident heat zones in
- : ' the x-direction.
55-56 12 - .. Nz ~ Number of incident heat zones in
' . ' the y—dlrectlon.
57—63 ET7.3 ‘ TCSA¥ ' Tube cross-sectional area, in2.
64-70 ET.3 : TUBWID* Width of tube lumps in the y-
. ' . ' direction, in.
T1-76 A6 - TINIT - Initial temperature of all lumps, °F.
7 - IN2D 1, 2-D panel.

0, 1-D panel.

*.Iﬁﬁal.3¥"fbth these variables allows the user to dlstlngulsh between

- physical tube lump w1dth (TUBWID) and the correspondlng dross-sectlonal
area.
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~ Columns Format  Nomenclature ‘Description

1, ConnectAtoif0110wing panel
-2, Connect to first of this series
of U4 panels.

78 T . . INanC -

1, Disconnect thls panel on the
diagonal. -

790 Il . INepD’
80 ' A Blank
Card ANS—ZR (Informatlon for Fluld Type Card)

"lf25 - ' ‘.},'_* T _ ‘Blank - Fluid property curve numbers’
S L supplied.by TPR.

:_26?3bb | VSAG ;_ : B NKPDC f.->fi_A Dynamic head}oss'factor (K) nunber.
31-50 ‘Blank | o .A o

.51;66 - ‘b S | CSA '»;”. ' Fluia cross-sectional.area, in°.
A61;67 . 3A6, Ah.'":.:‘ ] Wbe . i- WettedA perimeter; in. |

68-12° " FRE ' Friction factor adjusting. co-
’ . .efficient( ' :

fCard ANS—3R (Informatlon for Tube Type Cards)
"1 5 . fﬁ};ﬁn : '-DENM‘ S Den51ty, 1b /ft',
.:'6—10 o . :f7-1' 3 NCQﬁ?» L ,:ngductlvity curve-humber.
.11;15 ka6, Al-:tz* o NSﬁC’_b_ - Specific Heat}curve number .
',16-20-_-'."" :vl’:j" -‘NABC. e ’, | IAbscrptiVity curve nﬁmber.
:r214é5c: .::,- . - ‘st vNﬁMCb‘rff'~  =lﬁnissirity cﬁrvé*humbef.
.3§;hd' 12b' ' 7~b..tC¢';1s:‘v"‘;‘Long1tud1nal conductlon code
L ' o : - - = 0,.lumps in this panel conduct
longltudlnally

i lumps - in. this panel do not
conduct longltudlnally

gCard ANS—hR (More 1nformat10n for tube type cards)

l-lQ Lo S A'f'f, AHT,,3 : , Area for heat transfer to
,3A6, A2 - .. enclosed fluid lump, 1n2,

" 11=20 . ..‘.:3‘ JQ- AE. - o _'f Area of surface for external
: ' : : radlator, 1n2.___ :

21-30 ' £10.3 }'f'_t';?YCTSff_f'f :'1'Conduction dlstance for tube
T o R to structure, in. o
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.Columns

Format

Nomenclature

Description-'

Card ANS-S5R (Informafion for Structure Type Cards).

“1-5

6-10
11-15 4A6, Al .
16-20
21-25
~ Card ANS-6R
1-5 15
610 15
Ete. to
46-50. 15 -

_‘Clrcular Panels'

“DEN

NCONC .

NSHC

'NABC -

NEMC -

D?nSity’.ibm/ftB

Conductivity curve number

‘Specific heat curve. number

Absorptivity curre number

Emissivity curve number

Inc1dent heat curve number fcr

—-first zone aiing =

o Inc1dent heat curve number for
- second zone. ’

Incident heat curve number for
tenth zone.

‘ Repeat Card ANS—6R as many times as necessary to supply an 1nc1dent
fheat curve number. for each zone. :

'Repeat Card ANS—lR through Card ANS -6R for each. rectangular radiator
. panel to be subd1v1ded

For each c1rcular panel (NTYPE(N) = 2 Parameter Card 4) to be subd1v1ded

F5.0

" Card ANS-1C
1-10 | F10.0

T 11-15  F5.0
16-20 F5.0
21-25‘ F5.0°
26—30'

- Radius

. DELTA

DIAMI

© LMAX

LMIN
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by the Automatic Nodal Subd1v131on Routine, six cards are necessary as
descrlbed below. - . .

.Panel radius, in.

Panel thickness, in.
Inside tube'diamefer,,in.

Maximum 1engthyof.bube node
desired, in. (may be left blank)

Mifimum length offtube'node allowed,




Columns

Format ._-ﬂll Ny Nomenclature . -

36-37
38&52 :

53-54

55-56

57-63

6hf79,p_

S T1-T9

80 .

- N

12 CNs
2. - NQL

fro 0 TcsA

Fr.00 . TW

-F9{o~ . DINIT-

Description

.Number 6f tubes on panel.

1~Blankv— Starting lump, type and

'tube'numbers furnished by TPR.

"Number of structure lumps between o

tubes.

. Incident heat curve number for last

zone

: . ORI -
Ny Tube cross~sectional ‘area, in.

Width of tube lumps in radlal
d1rect10n,_1n

"‘Initial:temperature.of"all lumps; °F..

Blank

Card ANS~2C (Needed only if LMAX < 0.0)

15

610

" 11-15 -

_Ete. to -

76-80

15 nmBs(1)

15 7i']'t]“ NTBS(2) -

Number of tube lumps for first tube.

VNﬁmber ofstubeflumps for secohd
‘tube. ' S

Number of ‘tube lumps for third

- tube.

'Number;of.tube lunps,for sixteenth

tube,

_Repeat card ANS-2C as many tlmes as necessary to supply number,efitubes‘
. lumps for each tube . S o A -

Card ANS-3C (Informatlon for Fluid Type Card)

. 1_25.

'.26-30
' 31-50

51-60

15 . NKPDC

F10.0 . . CSA

Blank - Flu1d property curve numbers'

‘ supplled by TPR

-ijynamic heaq.loss'(K):factor-number.

Blank

: .-‘".- - . Lo A -.' 2
Fluid cross-sectional area, in- .
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Columns Format - - Nomenclature "Description

 61-67  FT.0 WP - Wetted perimeter...
68=12  15.0 o I'RE i'riction factor adjusting co-

efficient.

‘Card ANS-LC (Information for Tube Type Cards)

1-5 _F5.0 DENMT Density, 1b_/ft>

6-10 15 _ NCONCT ~ Conductivity curve number.
- 11-15 I5 ' ~ NSHCT - Specific heat curve number.

16-20 15 S NABCT _ Absorptivity curvé_number.
><2i—251— B I WNEMCT - =- — — -Emissiwvity .curve- number.

39=b0 12 o LCC Longitudinal conduction code

. : = 0, lumps. in this panel conduct
longitudinally

= 1, lumps in this panel :do not
conduct longitudinally

Card 'ANS-5C (Information for Structure Type.Cards)

1-5  F5.0  DENS' . Density, lbm/ftB
610 5 | NeONCS Conductivity curve number.
11-15 15 © NSHCS  Specific heat curve number.
16—é0 I ' NABCS' i' _'Absorptifityvcufve numﬁer.
21-25 15 C mNes Emissivity curvé’ﬁumbér.

~ Card ANS-6C . | |
1-10 F10.0 B YICEP1 ~ Y-axis intercept for incident

heat zone boundary line number 1.

11-20 F10.0 s ' XICEP1 X-axis intercept for incident-
. . A heat zone boundary line number 1.
21-30 . Fl10.0 : - BETAl - Angle between incident heat zone
‘ ' ' boundary line and (+) x axis of
panel, degrees, (Needed only if"
YICEP1 = XICEPl = 0.0) ‘

131—35 SIS . o NQCURV . - Incident heat z@ne curve number.
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. Columns

Format.
36:b0 - IS
W1-50 . F10.0
51-60  F10.0
- 61-70- . F10.0
15 11

Nomenclature .

NLINE
© YICEP2*

* XICEP2*

BETA2*'

“<chonE

Description -

" Number of boﬁhdary:lines_défining
. incident heat zone (1 or 2).

Y-axis interc;ept;'foz“ incident heat
zone boundary line. number 2.

X—axislintercept«fqr incident heat

“zone boundary line number 2.

Boundary line angle (degrees).

= 0, Indicates more incident heat.
zone information follows.

= 1, Indicates

zone data

= 2, Indicates
heat zone.

Repeat Cards ANS-6C aé'many times.as_neceséary tolsupply

data-for each zone.

subd1v1ded

* These paraméterS'afe'needed only when NLINE =
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last incident heat

-card.
'only one’ 1nc1dent

for this panel.-

incident heat zone

fRepeat Cards_ANS -1C through ANS—6C for each c1rcu1ar radlator panel to be



Two-Dimensional Rectangular Panels

For each 2-d panel (NTYPE (N) = 3, Parameter Card k4) to be
" subdivided by the Automatic Nodal Subdivision Routine, f1ve cards are necessary
as’ described below, .

Card ANS-1D

Columns  Format 2 o Némenclature Descrigtion

110 Fl010  PANWID . Panel width, in.

1-20  F1010  °  TUBWID Tube width, in.

21-25 F510 ' DELTA " Fin thickness, in.

26-30 .-FSlO | TCSA Tube cross-sectioﬁal'area; in.2
'31:35. V Wfslb_;f” V«:,i ﬁIAﬂ - -,A 1;51de:£ﬁbe d;;ﬁetéfjiln. %

36;240 ~ F510 - . 7gp Tube spacing for first tube (leave
A . blank for equal tube spacing)
hl-&s", 0 Cxmxt  Maximm length of tube nodes for
' : first tube (may be left blank)
b6-50~:"'F510 : ..j - XMAX2 ‘Maximum length of ‘tube nodes in
C ' a remaining tubes (may be left blank)

51-60 F1010 S TINiT . Initial tempefﬁtﬁre of all lumps.
61-65 | 15 - - NT N : Number of tubes ‘on panel
'66-701 15 R - NTRL ' Number of triangles on panel

(Must equal k)

T1-75 s . NDIUA Number of.allowable subsequent
. : ' tube divisions after first tube
(overrides XMAX2 option, may be.

left blank)

76-80 I5 fi : NQZONE Incident heat Zpﬁe‘number

Card ! ANS-2D (Use only when XMAX2 = 0.0)

1-s 15 o Nl Number of tube lumps in First tube.
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" Columns Format - Nomenclature _Description

_'6?10’ 5 3”>:. NTL2:<, f‘i Number of tube lumps in second tube.

76=80 IS -~ - 'NTLA6 - - " - - Number of tube lumps in sixteenth
- : . tube, , .

. Cbntinue on another card-if’NT ':16.
- card. ANS=3D .

1- 5 o 5 < NKPDC 7 Curve number for N*PDC curve
T L :,(Maybe left blank)

6100 - - Blank
111-20 - F1010 - -d-FCSA :'.‘ ‘,_>' Fluid crcsS-Secticnal area,'in.z.
21-30 . F1010 - WP . Wetted perimeter, in.A

3i-l+c- © Fl010 FRE - Friction factor adjusting
: o o ' :coefficient (normally = 1. O)

Card ANS hD (Tube type data) |

1-10 . FlOlO L f ; .'DENT : - Density of tube lumps, b /ft
'ile15~m’ 15 o ijf Ckr N Conductiv1ty curve number
16-20 ‘15 '_'___ :jVCPT ;. e" i Speciflc heat curve number
'”21-25. I5. j_c 'lw'_AﬁpHATbj : Absorptivity curve~number.
. 26;30 ; 15, L ) ,_«EMiéf, o Emissivity curve number
| 3ii3$f.r- 5 *;‘i o LCC  ? | ; Longitudinal conduction code

=0 considered
= 1 not considered )
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~-Card ANS-5D (Structure type data)

Columns. Format - .  Nomenclature ~ Description -
'1-10 F1010 . DENS - Densitg of structure lumps,
. 1b /ft :
ilfIS I5 . KS - Conductivity curve number
16-20 15 o CPS Specific heat curve number
21-25 IS5 . "_ ' ALPHAS - Absorptivity curve number
'26-30 15 . EMISS - . Enissivity curve number
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'h.h;3: o Plot:Pfogram

1, Control Cards

_7/8*Asc A

T/8 ASG I
© 7/8 xqT CUR
Cmn
I A
TRI A .

7/8 XQT PROG

PCF (Program‘tape)f

PLOT .(History tape).

i Parameter cards and data cards, if any

/8 XQT PLOT A

7 Plot‘data'cards‘_3

7/8 EOF

" 2. Data Cards’

-'Columhs'._ Format - = ‘Name
. a. Case Title Card

1-72 . 12A6 - . -TITLEA

 b. Time Card

© 1-10 F10.0 - TA

" 11-20 F10.0 12
S 2-30°  Fl0.0 e

-1‘Descriptioh

_-Tltle to be prlnted at the top of each

grid.

First valile of time to be plotted (hrs)
Last value of time to be plotted (hrs)

Time range for each. grld (hrs)

c. Items Cards (Any quantlty, followed by a blank card).

1-5 15 ImEm

The item number to be plotted Use a
negative value if this item is to start

a new grid. A maximum of four curves

may be plotted on one grid. Insert a
blank card when the number of items exceeds
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Columns Format . Name Description

35,000 divided by the number of poiunts
between TA and TZ. More -item cards may
then follow this blank cdrd if more curves-
are to be plotted '

- 6-T A2 . :  ITYPE A two character item type code. (See 3
- - - for definitions)

11-58 8a6 - . TITLES  Item description to be- printed at the top

: . I ' ' ‘of each grid, along with the plotting
symbol which is generated -and used by the
progrmm. ’

The next two values.are optional on the cards ‘whose item numbers are negatlve_
and are ignored on all other item cards.

61f70 F10.0 Y10 The minimum value of the y-axis.
“71-80 °~ F10.0 . YHI The maximum value on the y axis.

3. Detail Ty'pe and I‘cem Descrlptions

' Type - Ttem . - Description

MP 1 o Pressure drop in system |
PR 1-N Vee:' R nggsure ar6p>of~l through N tubes
BT 1 I - Heatlrejection of sys#em 1
FR 1-N' _. ': Flowrate of 1 through ﬁ tubes

T | 1N | " Fluid temperature of 1 through N lumps
T | 1-N | : | Tube teniperature ofAl'thr.ough N lumps

-~ ’ Structure,t’e’mperatur_e 1 - through N lumps -
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5.0 COMPUTER INCIDENT HEAT ROUTINE

The Computer Incident Heat Data Routine (CIHR) was developed'

to reduce the large amount of user time required to generate incident

heats for use in LTV thermal analyzers for orbital missions. Prior

to the availability of this routine this task consisted of (1) running the
Midwest Research Institute (MRI) Routine to obtain the incident heats, (2)
selecting the number of points required to describe the curves, and (3)

_filling out data sheets for key punching the curves in a format compatible

with LTV routines. Using the CIHR, only the first step is required ‘The

‘remaining steps requlred to obtain the incident curves on cards are per-

formed by the computer including (1) surveying the points to determine the
minimum number needed to define the curvés and (2) punching the cards in a
format compatible to LTV routines. '

The CIHR was created by modifying the Midwest Research

fInstltute s Heat Rate Routine described in-Reference | to: = (1) survey

the data points of each heat rate curve generated by it and‘select only

‘the points necessary to describe the curve for linear interpolation, (2)

punch an output curve generated from the selected points on cards with
the appropriate curve number in LTV curve format, and (3) plot the curve
created by the selected points w1th'or1g1nal curve on the same grid and

-the output curve on another grid.: The method used to.select points along
“with the addltlons to the data preparatlon descrlbed in- Reference 5 ‘are.
. given below : : : : —_— :

Method

Points to describe a heat rate curve are selected from the
points of the curve itself such that the heat rate difference between the
original curve and curve created by the selected points is never greater
than a tolerance. 1In Figure 5- l, p01nts A, B, C, and D are the data
points of the original curve. Points A, C, and D are selected to describe

" the curve. Point B is eliminated because D1.is less than the tolerance

and C is selected: because D2 'is greater than the tolerance
Data Preparation

The data preparatlon for the computer 1nc1dent heat routlne
is glven in Reference 5 except for the following new values on the low’

,altltude planet temperature card and element card.

A 1ist is given on the following pages summariZing the

~various data that might be punched as program input data. For each type
- of card a description is given of all applicable fields. Page numbers

- referencing additional information in this manual are also given. If the
" entry under "Applicability" is blank, the field: in question may pertain

to all kinds of cases. If there is an entry under "Applicability", however,
the field is pertinent only for the type. of case designated.” For all other
types of cases the field is not appl1cable, i.e., it can be left blank.
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Heat Rate

Time |

'FIGURE 5-1  ILLUSTRATION OF METHOD USED TO SELECT POINTS

!
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.Note that the entlre 05 card is not applicable to trajectory. tape missions

and can be omitted in Such cagses., Likewise thc 08 card is nol applicable
to orbital missions. : :

The formats listed are those used by the program; however, for
‘all fields specified as EB.1 it is advisable to punch the number with a
decimal point but with no exponent unless the magnitude of the number is so
large or so small as to require exponents. For example, one (1) in this
format could be punched as "0.1E 01", but fewer errors would be made if it.
* were simply punched as "1.0" anywhere.in the eight-column field. Numbers
‘in I format must be rlght justlfled in thelr approprlate flelds
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'CASE NUMBER AND CONTROL -INFORMATION (01 CARD)

© Columns Format 'Aﬁpli@abiliﬁi
1-2 I2
3-5 13
9-12 4
113-20 E8.1 - Orbital
21-28 . E8.1 - - Orbital -
37-b4 8.1 . Tféj.'fapé"
78 11
o
79 I1
. 80 11

. case.

Description

Card code (=01).
. Case number. .

. Number of elements to. be analy—
'md(anLHmm '

¢o, the initial value for true
anomaly. ' :

fo> the increment of -true
-ancmaly at which heat’
: fluxes are calculated.

.F1rst tlme (m1n ) in whlch pro-
_-gram parameters are to be in-
-stantaneously changed.

Cbnfiguration number  (1-6) if

“Apollo shadow factors stored

on tape are requlred for 'this
(Shadow tape must be
mounted when a valid conflgura—
tion ‘number is used.) Blank

or 0'is used when no shadow’
factors are used. ’

:f,For 0.or blank only ‘absorbed
: heated are prlnted out.

'-~For l, 1nc1dent and absorbed
-heats are printed out.‘ '

For O or blank, fluxes in : -

BTU/hr-ft° are printed out.

For 1, products of flﬁiés and

. element areas in BTU/hr are
~ printed out..

18

Ref. §’

Page
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Format  Applicability

' ORIENTATION AND ROTATION (02 CARD)

‘Coﬁjﬁhns
1-2 12
3-5 13 - Rotating
6-8 13 4-_ :Rotating:
o121
'13-20 E8.1
21-28 ES.1
. 29-36 EB.1
37-hb E8.1
45-52 E8.1 Star-
. Oriented
53-60 E8.1 Star- -
' ' . Oriented
© 61-68 E8.1  Star-
' Oriented .

- DescriptionV

_Cafd‘code (=02).

Q. (°), one of angles déscrib-
ing axis of vehicle rotation.

o A>(°), one of angles déscrib-

ing axis of vehicle rotation.

For 1, vehicle is;plahet orient-
ed. .

‘For 0, vehicle spiﬁs rapidly

- about random-axes: - - = — -

" For -1, vehicle is sun-oriented.

For -2, vehicle is star-orient-
o _ T e

(°), vehicle roll angle.

p(°), vehicle pitch angle.

- Y(°), vehicle yaw angle;

n _(rph), rate of vehicle ro-

- tation. Blank or 0 is used

when vehicle is not rotating.

X-component of a vector pdinting
to orientation star.

Y-component of a vector pointing
to orientation star.

Z-component of a vector pdinting
to orientation star.. -

li9

Ref. §

Page
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" PLANET (03 CARD)

Applicability |

- Columns = Format
12 I2-
3-5. 13-
8 B o
13-20 - E8.1 . Unknown
: o planet
-21-28. E8.1 f=Uhkndwn
: . planet
29-36 ES.1 . Unknown®
. : planet -
3744 E8.1 _ Unknown
' ‘ : planet
bs-52 EB.1 Unknown

 planet’

Ret'. §

Description -._ ' Page
Card code (=03).
For 1 to 9, number is taken as 60

planet code.

0 for constant surface temp.

1 for variable temp.

For 0O or blank, planet data’
are read from columns 13-52.

Dlstance from. planet to sun in
nautlcal mlles

’Planet radius in hautical miles.

Planet slbedo.

GM (ft3/sec2), grav1tat10nal -
coBstant tlmes planet mass.

eAdJusted cold s1de temperature

(°R).
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" MISSION (O4 CARD)

Ref.5

Columns Format ' Agplicability : Description : 'ez>;” - _Page
1-2 - 12 . 7 Card code (=0k).
3-5° . I3 ’ . * For 0 or blank, traJectory tape
: mission is to be run.
For 1, orbltal mission is to be
‘run.;
- 6-8 I3 : Orﬁital_ o Number_of degrees ofntrue anomaly 49
: - . for which program computes. o
9 - - I —=- TTfaj.ftepeﬁ.iPlanet code -of first trajectory
: ’ .. tape planet of reference.*
10 o I1 A Traj. tape Planet cede of second trajecﬁory '
’ : . tape planet of reference.¥ :
- 13-20 . E8.1 ,'nQrbitei.f, ‘Apogee in nautieal>miies,
21-28 © E8.1 " Orbital Perigee in nedticallmiles,

¥ Unless new routlnes are wrltten to manlpulate the traJectory tape (see
Appendlx I of Reference 5 l) the. planet codes are 1. and 2 respectlvely
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SUN POSITION (05 CARD)

7 us-52

Columns = Format Applicébilitx
1-2 12 " Orbital
3-5 I3 -~ Orbital -
6-8 Ij ’ Orbital .
713?20« EB.l" o Orbital =
21-28 © E8.1 - Orbital -
 29-36  E8.1. .~ Orbital |
o 37-hh E8.1 - - Orbital
E8.1. - v 0rbltalt

Description

:Card code (=05).

Aicode to,spécify sun position
input option. Value must be 1,
2, 3 or 5. The code instructs

‘the program how to 1nterpret
~data in 13-76.

For 1, sun-shade points ¢1n and
0 - ¢ &re read from columns 61-T6.

o O%ﬁerw1se they are computed

Angle i(°) 1f'column 5 contains

"lor 5.

-'Angle§:(§)fif column 5 contains -
2.

* Angle .@(°) if column 5 contains
3. | -

4“Angle ul( ) if column 5 contains
n_l or 5. -

Angle B( ) if column. 5 contains'
2 or 3. :

_ Angle ()( if'column 5 contains

_ .1 or 5. RISt
,'Angle 'Y(?)_if columnls contains

- 3. Otherwise blank.

-Angle RA(°). if column'5_containsl

Year 1f column 5 contalns l

Otherw1se blank.

 Angle DEC(°) if column 5 contains

Month if column 5 contalns l
Otherw1se blank. :
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* SUN_POSITION (05 CARD) (Concluded) -

:A : f,,_f 9

Columns  Format App;icability . Deécription
53-60 #8.1 ' Orbital : ‘Day-of:hbhth if column.S contains
' ' T 1. Otherwise blank. :
© . 61-68 E8.1 Orbital - - Hour of day (0. to 23) if column
a7 -5 contains'B. ' - .
, ¢ ( ).if column 8. contalns l
o O%ﬂerw1se blank B
69-16. . E8.1 Orbital . Minute of hour (0. to 60.) if

-column 5 contalns 5

() if. column~8 contalns l

ut0therw1se blank.
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Format

- REDEFINITION (06 CARD)

| Applicebility

'Déscfiption

~(Subcase with 3, b, 5, or 6 in column 12)

Cafd code (=06).‘“

Index of‘fifst table'enffyxon card.

»Index of last table entry on card

deflned

"Codss3 indicates fs>vefSuS't.;

.Codé h.indicates fp véfsus t.

Code 5 1nd1cates g versus 6

“Code 6 1ndicates b versus T

<_ranges from first to’last value.

‘Number of table belng defined

(from 1 to’ 16)

.8, or 9 1n column 12)

Card cods (=Q6);

: ;Material‘éode (from.1 £6316).

_iCorrespondlng table numbers

Coiumns
1-2 - I2
3-5 13
6-8 13
9-12 iu;-'
13-76 © - 8ES.1
T7-78" 12
.(Subcssé witﬁ.7,
o B _
3-5 13
6-8 13
S 9-12° L Ib

(from 1 to 16)

. Code descrlblng type of table
‘ ass1gnment

--Code 7 1nd1cates a531gnment of

fp versus t table

-Code 8 1nd1cates ass1gnment of

f versus t table

Code 9 indicates ass1gnment of

- g versus :§ table ’
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"* REDEFINITION (06 CARD) (Concluded)

~ Columns  Format Aﬁgpiicabilipxr- Descrigcioﬁ ' o Rgié:
' » _({Jupcdsc‘% with 10 1n columns 11 - .'L:;')i |
1-2 o I2 d o Card code (=o6). ‘
9-12 A .Ihv ‘ o ~ Subcode (=10) indicating solar

constant is redefined.:
'13-20 ES.1- . . . .New value of solar constant.
' (Subcase with 11 in columns 11 - 12)

-2 12 card code (=06).

35 13 _ . . Code of first material referenced _
' on this card. ‘ -

6-8 I3 C Code of last materlal referenced
S ' on this card

9-12. ™ Subcode (=11) inaicating'that this .
: : o © card redefines values of a _ for
one or more materials.

13=76 . 8E8.iv T _ Values of (x for materials with
R K codes ranglng from first to last
as shown in columns 3-5 and

6-8.
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LOW ALTITUDE PLANET TEMPERATURE (07 CARD)

' S - : _ Ret'. 5
. Columns Format . Applicability Description S ' Page
. ’ . (or Name) - - o
1-2 1 - Card code (=07).
3-5 13 " NSELC: =0, No output curves requested.
C - T =1, Output curves requested for
specified elements.
9-12 - 'Th  NIOL . Type of tolerance code for CIHR
S o o = 0, Absolute.
= 1, Relative.
1320 E8.1 - . pltitude (n.m.) below which planet
: ' e o temperatures computed by. the pro-
_gram are superseded by temperature
in columns 21-28 of this card.
-For blank or 0. the program always.
uses computed temperatures. This .
altitude is understood to be zero.
" unless an 07 card is’ read to re-
define 1t.
21-28 8.1 - . - Planet temperature (°R) used by the
, ' ’ - .program when the altitude is ‘below
the value in columns 13-20 of this
card. ‘ :
29~36 E8.1°  TOL - . Tolerance for CIHR (BTY/hr if NTOL= .
' ' : e 0 and percent if NTOL = 1).
37~bh E8.1 - - START -~ Staﬁt timé.for‘output>éﬁrves (hr)
45252 EB8.1 STOP Stop time for oufput'curves (hr)
' 53?60 E8.1 TIMADD B fTime:adjustment to théforiginal
- S - o "~ curve (hr) -
61-68 - - EB.1  QADD _© ° Heat rate adjustment to the ori-
' ' : : © ginal curve (BTU/hr).
77-78 I2 . NORBIT - - Number of cycles of ‘selected data
S ‘ Co - +. points to be in output curves.
79“ 1. NPUNCH = O,-No_pUnched output
' = 1, Punch output curve on cards
80 - 11 - NPLOT 0, No plot output

1, Plot output
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If no O7 card is read, no output curves are generated. T1 NSELC cquals
zero, the other variables described above are not used. It STARI is

less than the time of the first data point, the.output curves have zero

' heat rate from START to the first data point. The output curves end

. at STOP or after NORBIT cycles of the selected data points whichever

. 'is greater. If STOP is greater than the time of the last data point, the
:selected data is cycled until STOP is reached.

i;Coiumné

TRAJECTORY CONTINUATION (08 CARD)
S Ref. 5

Format .Agplicability .Description’ _ .1_ ‘ Page

I2 -~ ‘Traj. tape Card codé’(=08),

E8.1 . Traj. tape Cutoff time (min.) for next seg-

o ment of trajectory. When a time
“exceeding this value -is read-from:
the trajectory tape, the case -
will be interrupted to read para-
metérs being instantaneously
changed. :
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. ELEMENT (09 CARD)

. . o o S . _ Ref.ﬁ
Columns ~ lormat ‘Applicability ~ = Description o 4 Page

Sl 120 Card code (=09).

3-5 13 . ) : : . Sequence number of element for
: ' '~ this problem. The number must
be no greater than the number of-
elements to be analyzed. Elements
- to be lumped together require
- adjacent sequence numbers.

6-8.. . I3 - - .. If any of the internally stored. :
o e : - element data are needed, the node
number for the element must be

~ punched. -‘If this field does not

. contain a-valid node number area,
A_ and ) are read from this
ca?d and sﬁadow factors canhot
be referenced : :

9-12 I - This field contains a nonzero
o numerical label which will identify
.the element in the output listing.
If this field is blank or 0 the' o
program uses node’ number: in’
columns 6~ 8 as. label o

13-20 CE8.1 . - o Angle A (° ) for- the 'el'ement in 49
) ' : ST case values from 1nternal tables
are not used. :

21-28 ©  E8.1 a"‘~ L Angle Q ( ) for the element in b9
’ ' S D1 case’ valﬁes from 1nternal tables
_are not used.

'29-36  E8.1 ._"'" _ .~ - Element area (ft2) in case values -
. - "~ from 1nternal tables are not used.

37-44  E8.1 o . For all elements which are to be
T L - lumped with _succeeding elements,
~i. e, with elements hav1ng succeed-
_ 1ng sequenee numbers, .this field
* must contain the same label punched
in columns 9-12 unless ‘they are
blank, in which case it must con-
ta1n the node’ number from columns
6-8. - Note that the format here "
requires a decimal point. .
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.Columns

_ ELEMENT (09 CARD),(Concluded)_

Format  Applicability Description = o Page

h5-52

- 53-60

77-78
79

80

£8.1

 E8.1

E8.1
EB.1 - NCURVE

12

I1

I1

For 1.0 the value of A _ in 13-20

supersedes the value stored in in-

ternal tables.  For blank or O.

the value. from the internal table is
" used if ‘a valid node number is

given. ' ’

For 1.0 the value of ) in 21-28
supersedes the value stOred in in-
ternal tables. For blank or 0. the .
-~ value from the internal -table is
"used if a valid node’ number is

Coowoegivenyc v om0 - e s E oo

For 1.0 the value of area in 29-36
supersedes the value stored inter-
nally. For blank or 0. the value
from internal tables is used if a
valid node number is.given.

0, Curve number of .output curve for
" this ‘element. '

0, No dutput curve for this element.

Note that the format here requires

a8 decimal point.

Coating méterial number.

For 1, shadow factors. for. this node

' are loaded from the shadow tape and
shadow logic is used to find heat

" fluxes. For 0, shadow logic is

" suppressed and factors are not
loaded. A

" For 1, heats will be plotted for

‘this element. - For 0, plots will be
suppressed. S
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©_ COMMENT (10 CARD)
L S Ref. 5
Columns. ~Format Applicability: - . Description - - o Page

-2 . 12 .. . Card code (=10).

- 3-80 .. 13A6 . , f_f e vAlphamericfcémment.;
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APPENDIX A

'DETERMINATION OF RADIAL FIN EFFECTIVENESS
IN A NON-ZERO SINK TEMPERATURE ENVIRONMENT



1.0  SUMMARY AND INTRODUCTION

This Appendix presents the method and results of an analysis
which was conducted to determine the fin effectiveness for circular radiating
fins in a non-zero sink temperature environment. The second order nonlinear
differential equation which describes the heat flow within the fin along with
the associated boundary conditions were derived from the physical laws of
heat transfer. The solution of the governing equation had been determined
prior to this study for a limited range of design parameters, (Ref.1A ), but
had not previously been determined for non-zero sink temperatdres. In this
study a numerical technique was devised wheréby values of radial-fin_ef-
fectiveness could be determined from the governing equation for sink tempera-
tures greater than or equal to zero. A computer program, Radial Fin- Effec-
tiveness Routine (RFER), was written incorporating this numerical technique
and the solution was obtained for a wide range of design parameters with the
use. of a NASA-MSC Univac 1108 computer. -A detailed discussion of the method
- and results is presented below. : e

2.0 DISCUSSION
The governing differential equatlon for a c1rcular radlatlng fin
. can be derived . as follows. <TConsider a heat balance on the surfaces of the

. differential element of a radlal fln shown in FlgureA-l

- On‘surface 1:

6T

Q. = -kA S A= brae
L AT
Q. .K5rdQ_ _ar-
On’surface 2
L a
_Qr+dr Q * 6 (Q ) dr
On'surface:B:'
o .= con (Try A = raoar-ws
rad - 9% s T T N
Q = Ns As 0 rdo ‘dr (’Th‘-T h)
rad . . . 8
where: :
Q = ‘héat flux
- Ns: = number of sides radiating
- €'=  thermal emissivity
8 = fin ‘thickness
K = thermal conductivity
0 = Steffan-Boltzman constants
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" FIGURE A-1- DIFFERENTIAL ELEMENT OF A RADIAL FIN
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Assuming one di’méns’i,orial radial heat flow, a heat balance gives:

Q':i.n - Qoub
Qr - Qx;+df + Qr.adv
Qr+dr - Qr + Qrad'. = 0
aaQ; dr + (o'r._der (T-h—TS)Ns =0
796—r [-k 8.'r‘de ‘—g—f—] ar + cqrd@dr(Th‘-"-Tsh)Ns =0
-K .8 é.n—a—a; [vr"-g—f] dr + 2ng,ar'dr (T_h~ - Tsh) Ns = 0’
o ) .
T rd’ T, . b Y ,
-K.5'[ g—; + -———grgr ] +eor(T - Tg )Ns =0
OT 1 9T - L N ,
B2 v 7 ~gz'N§I§a.(T-'Ts) =0 o Ea.l
If we let: ‘ .
1) e=1/Ti T4 = Temperature at r=ri
2) R Cor-ri. o -
_'_ ro-~ri-
3) 0s = Ts/Ti
by ¢ = Neeo MET)
o K&
I‘i .
5) Y= v
: o o i
6) ¢ = P
“i
r =ri +4R'4(.r0 -r.)
Th = ehTih - ,
bbb (r' - 1" = 16" - )
Tq = QS"lTl :
< Tyl ) =0 a0
(Ef—ri) der-r; ) r T, drR
S r -r '



ar i a0
dr (r = 1v.) dn
SO i’ : .
3°T - Ty g tgg] T " -d(ae)
2 (r -r) dr "dR° (r_-r,) (r_-r;)a(r-r; ) [dR]
' T -1r
o i
"y -
v Ty 2o
o i
ST N - , S T - S
Substituting the above values of dT , r, (T —TS ) and &°T .into
equation 1 gives: ‘ _ _dr ' . ar2
_ B VO U A
: T3 e v [ 1 _Ti 49 NscoTih (e"-6s )
— 7~ ar® r, + R(r T, ) dR . ———
(r ~r. i Vo (r -r,) K§
o i’ . o i
dge .+ s 1 ’ ae Nscchi3(rO—ri)?(9h—Qsh)
24 SIS ~ . - e =
dR ,_.{R 1ri/r0 ri)v dR TS T 0
d29+ 1g_g_ _"é(gHGSh) ;10. - . .2.
dar?." (R +y) aR ~ = o Ea.

Lquatlon 2 is the governing dlfferentlal equation. for the tempera-
ture of a one-dimensional rad1al fin in dimensionless form

Calculation of Q from fin: .

R 2 2 L b Y
Q = 7£¢7Ns m ‘ro —ri.)-(TB -TS ) S .Eq. 3
Calcuiation.of Q-cqnducted from tube:
- (4T - ar S
Q= -Ka () = K& 2 nr.() 1 Eq. L
r=r, r=r, ‘
. i ‘ i
Setting T, = TB
Q:%— 4 3 dg:-l%—rl-‘
B ’ ' B
R = r-r; . dR = ( dr ) - r dr
r -1 r -r. r,
i
(R)r=r. =0
i
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ae _ ait Tol

aK dr T
S
ar, - . m do
L P B
' r=r. - o i° . R=0

. Setting equafion 3 = equation L

h) - K& 2mr. T '_(.@2)

' L2 2y b
neoNsnw (r “-r. %) (T '-T i'B
. y o i B S TN dR R=0
Vo i
(%%. _ - nealsn (r025r12)(r0—r;)(TBh—Tsh)
. R=0 - Ké2ar.T :
- o i’ B
(QQ __. . neolNs(r —r,)2T 3(1—9 l'l)(r +r, ).
dR : ElE S o] 1 B S
- R=0 - - 2K.8ri
@) nla/zev)a-e) T
dR:B_:O : : . y kgL O
I'rom Pq. 2
d“e o ) 1 de
(_— =" ( - - 1 —
2 = ¢ (1-6,7) =)
dRS .5 s (0o+y) "aR'._ .
o - otniel oL@ o
NS T Y R, Eq. 6-

Now with the values of 'd8/dR and d29/dR2 at the fin base, (R=0)
known the differential equation can be integrated in step-wise manner. The
only parameter which is not known is 5 or fin effectiveness. The procedure for
obtaining the correct value of n is outlined in followiﬁg‘secfion.‘



3.0 PROCEDURE FOR CALCULATING RADIAL FIN EFFECTIVENESS

Governing differential equation in dimensionless form:

4“0 1 de : bk o
— - - - = . fhq.
are T ey aR ¢(e'-6_7) =0 a- 7

Boundary Conditions:

3) 8 (1) >0

- . Radlal fin effectiveness is obtalned by a step—w1sé 1ntegratioﬁ of
equatlon T. '

Calculate for each R Ri = 0, 1.

- a0, _ | o
T (dR i V(A;U _ | _ | Eq. 8
s, a0, d% ' :
(aﬁ" = (Eﬁ). + _(aﬁg).-(AI?) - ‘ 'EQ- 9

i+l : i i .
(deé ) = ¢ (e"e ) - 1 (49, | Eq. 10
w2 = -6 ) - | Eq.
dR< "y s (Riyg * V) @&, »
Calculate.constants and 6 ', QO"
1y oy 3y (&
R=0
2) . ¢ , : R
c L) (aﬁg) -
=0

5) Make an initial guess of n and go through equations 8-10.
6) Check d6/dR against zero-at the end of the fin'(R=1).

- 7) If not within small tolerance decrease n and repeat process
until dO/dR approaches zero.



One must be very careful in arriving at the initial guess of 7
-If initial n 1is chosen below the actual value then of course the process
will not converge on the correct answer.

Phere are Pour valuen of N Lhabt will yield o de/di = 0 al K = 1.
The correct value ol -fin elfectiveness will satisfy boundary condition 3
while the other n's yield negative values of 8 at the end of the fin.

A computer routine was written capable of computing values of radial
fin effectiveness for nearly the entire range of design parameters. The numerical
 .technique described above was programmed into the Radial Fin Effectiveness

Routine (RFER) and used to calculate values of 7 over the range shown below:

[

~

[+»]
il

= 0., .5, .6, .T, .8, .9

0.1 - 200.0

N
s
Bl

3) ¢p = 1.5, 2.0,'3.0, 6.0, 10.0, 15.0, 50.0

Curves of the results are shown in Figures A2-A13.

The curves of'redial fin effectiveness were curve fit for addition
into SSDR. The curve fit was based on a modification of the value of n of

a one—dlmenqlonul fin qt the same va]ue of and 8_. This method prOVIdt- n
olmple curve FLL since SSDR a]ready hud 1—D fin ef?evtiveneh. capability.
< ¢ <10 X = -.072k 1n () - .248
1.0< ¢ < b0 X=-.0751n ( ) - .28
4.0 < £ <15.0 - X =-.047861n (¢ ) - 215
15.0< ¢ < 200.0 X=~.05391n ( ) - 33h
nlD = fin effectiveness fof a 1-D fin
' X Py . .
n = nlD(¢h) - Curve fit equation programmed into SSDR.
4.0 REFERENCES
1-A  Chambers, R. L., and Somers, E. V., "Radiation Fin Eff1c1encv For

One-Dimensional Heat Flow in a Clrcular Fin'", Journal .of Heat Transfer,
November 1959
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APPENDIX B

DETERMINATION OF FIN EFFECTIVENESS FOR
A HEAT ABSORBING FIN 4



1.0 ‘ SUMMARY AND INTRODUCTION

"This appendix presents the method and results of an analysis
which was conducted to determine values of fin effectiveness for an

" absorbing fin. The differential equation describing the heat flow in a

one-dimensional radiating fin was integrated for a reasonable range of
boundary conditions to obtain effectiveness for values of sink temperature
greater than the fin base temperature. A curve fit of the information was
performed and the results programmed into SSPR. An equation was derived
that results in effectiveness values with g i}% degree of accuracy for
sink to base temperature ratios under a prescribed boundary.

2.0 ' DISCUSSION
Steady state analysis of a radiating'fin'can be accomplished

by the use of the radiating fin effectlveness where the effectiveness is
deflned by: :

Actual heat radiated

o= Heat radiated at the fin base temperature
:.,A r ) I o - .
o= @A rel O (m 1)
: €0 (Tb - ). .
where: - 7 = radiatlng fin effectlveness

(Q/A)rej heat flux radiated by fin

Tb'= fin base temperature

, Ts.#‘gquiva}gnt sink temperﬁture_of #he'envirdgmgnﬁ s
é'=\émissivity o | |
g =

Stefan-Boltzman constant

For aAheat absorbing fin such as a solar absorber the values
of n are needed for T /T greater than 1.0. The procedure for. obtaining
these is dlscussed below. '

The fundamental differential equation for the temperature
distribution of a radiating one dimensional rectangular fln can be derived
(Ref 1B ) and is given by:

> . ,
a°T - €0 L b
a2 T kb (T -7  (Eq. 2)




where:

T = fin temperature which is a function of x

x = the distance along the fin perpendicular'to the edge
which is at T = Tb'

8 = the fin ﬁhickness

The value of pn can be determined as a functlon of T /T. , and
Ne by integration of the basic differential equation where Nc is given by :

Ne = »Lza_( Tb-3
- K5
L = the length from the fin base to the end of the fin
- . :k érﬁﬁe c;naﬁct;#it§ gfiﬁheﬂfivnAx’I;e:’teria]tj -
5 = the fin thickness

This was aqcompliehed (Ref. 1B.) for values of T/Tb betweem O
and 0.9. An exact solution can be derived for Té/Tb-= 1.0 (Ref. 2B) and is

given by:

'I:" ___ tanh (2 V vNc)v

1.0 2'\/1\?. A _ ' . '. . (Eq 3)

T =\‘/('_a_Q§ veq)/eo

solar abserptance of the fin surface

a =
Qs = incident solar and albedo radiant flux
Q, = incident IR Padiant flux

This equation can be written in the form:

0 _ pm a5 . 5 Yoo, e
o _-\/2/5\/9 - 9y -5(95) (9,‘91'_,)' (Eq. L)

by defining:

[ = T/Tb
- 3
X. = x “t' OTb
k &



8, = TS/T

s b

o, = T, /Ty
Tb. = temperature at x = 0
TL ='tempefature at x =‘L

and one integration.

From equation 1, the fin effectiveness is:

n = (8/a) re

Lk
€ o(Tb - Ts )

Using equation k4, this equation can be reduced to:

. V5
Ve (1 - esh)

s

Vi-o(g) -5’0 -0 (R 5)

where:
' . 3.2
Ne = t'aTb' L

k&

The values of 1 were calculated as a function of Ne, and Qs by -a step wise
integration of equation (L) to determine values of 63 (as a function of
Ne and QS) and substituting these values into equation (5).

If ey, is assumed to equal OS equation (5) reduces to:

n o= Nc'(z/sgﬁy V (bed - sef+1) (Eq. 6)

Equation (6) was found to result in effectiveness values
with a +1% degree of accuracy for sink to base temperature ratios under a
prescribed boundary. This boundary is shown in Figure 1-B along with
values of fin effectiveness.



3.0
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