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Preface

The work described in this report was performed by the Engineering Mechanics
Division of the Jet Propulsion Laboratory.
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Abstract

A computer program (Thermal Analysis System I) was written to calculate
steady-state temperatures for a radiation-conduction-coupled constant-property
thermal model. A two-region spectral analysis is provided for the radiation portion
of the computation. The “script & technique is used for infrared heat transfer and
the radiosity technique is used for solar heat input. The program is designed for
maximum ease of use from the user’s standpoint. The rules for order and placement
of user input data to the program are almost free-form. The output is formatted
for ease of user understanding and diagnosis of errors. Some user control of output
is provided.
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Thermal Analysis System |: User’s Manual

i. Infroduction

Development of a temperature control system to main-
tain the various subsystems of a space vehicle within the
proper temperature limits requires an understanding of
the thermal properties of the components, the thermal
coupling between the components themselves, and the
coupling from the components to the surrounding en-
vironment. The Thermal Analysis System I (TAS I) is
designed as an easy-to-use digital computer program for
thermal design analysis. It fills the gap between “back of
the envelope calculations” and computer codes that re-
quire complex user input and is useful in two ways: (1) it
may be used when a problem does not justify, or time
does not permit, an analysis requiring a complex computer
program; or (2) it may serve as a stepping-stone to more
complex thermal analysis programs. The thermal analyst
who is accustomed to working with complex thermal
analysis programs and their input formats probably would
not save much time by using TAS I. It is intended mainly
for use as a design tool by the temperature control engi-
neer who performs thermal analysis for system design,
and should be helpful for this purpose because the pro-
gram coding is simplified and the input rules are easy to
use and remember. The output is formatted for ease of
user understanding and diagnosis of errors.

The program is written in FORTRAN IV and is opera-
tional on the IBM 7094, IBM 360.6, IBM 360,65, UNIVAC

JPL TECHNICAL REPORT 32-1416

1108 (EXEC 2), UNIVAC 1108 (EXEC 3), and CDC 6400.
The code is written so that no changes are necessary in
the FORTRAN statements when switching from one
machine to another. The executive control cards must, of
course, be changed from one computer installation to
another, but this should offer no difficulty because con-
versions from the IBM 7094 to other machines have been
easily accomplished by users without the aid of the
author. Although some character recognition is used in
the program, it is done in such a manner that the program
remains word-length-independent. The TAS I physical
program has been submitted to COSMIC,* the NASA
agency for general distribution. A listing of the source
program is given in the Appendix.

Il. Analytic Procedures

The Thermal Analysis System I (TAS I) combines a
thermal analysis program with subprograms to compute
the infrared conductance, or &, and the heat input due
to solar heating.

The spectral analysis formulation is developed for two
regions: (1) a solar region in which solar properties apply

*Computer Software Management and Information Center, Com-
puter Center, University of Georgia, Athens, Georgia, 30601,
telephone (404) 542-3265.



and (2) an infrared region in which the IR properties apply. This separation is possible because there are two widely dif-
ferent temperature levels being considered: the high solar temperature and the much lower spacecraft temperature.
The energy in the solar region due to the IR radiation is negligible in comparison with the solar energy itself. This
widely used assumption makes it possible to compute the heat inputs in the solar region separately from the IR heat
transfer. Thus, the heat inputs in the solar region are not a function of the spacecraft temperature. The problem solu-
tion is therefore reduced to that of finding the spacecraft temperature distribution for a single wavelength region
without the iteration procedures that would be necessary if multiple regions had to be considered.

lll. Some Basic Relationships for Rodiant Transfer in an Enclosure

Any real radiant-transfer system in an enclosure of arbitrary spatial distribution of boundary temperature, surface
emissivity, and initial irradiation may be approximated or idealized by a finite set of discrete surfaces, each of which
exhibits uniform temperature, radiant properties, and irradiation. The radiosity of discrete surface A(1) in an enclo-
sure represented by N discrete surfaces is given by the conservation relationship

LH=L0OL)+p([FQLLHLA)+F(,2)L2)+ - - +F(1,N)L(N)] 1)
where
L (1) = radiosity or flux density streaming from A(1) into the enclosure
L (01) = flux density entering the system at A(1l) for thermal excitation equal to EIR(1)eT*(1)

p(1) =1—EIR(1) or 1 — ESOL (1), the gray reflectance of A(1) in some finite wavelength interval, dimen-
sionless

F(1,1), F(1,2) = the form factors that describe the direct flux transfer between the discrete surfaces, dimensionless

Relationships of the form of Eq. (1) may be written in the following matrix relationship for each discrete surface that
defines the space:

- p(MFLYI—p()F(L2) —  —p)FLN) L) L (01)
P @F RN +[1—p@QF 2] —p@FEN) e |_|Ltoe @

—pMFMN,)—pMFN,2) — - +[-pMFEN] Lz ] (Lo

Transfer matrix Response  Excitation

vector vector
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Equation (2) may be multiplied by the inverse of the transfer matrix to produce

- "LLY) LL2  LANT [
L) L(l) L(02)  L(ON) L(o1)
L1l L2  LEN)
L@ LoD L(02 . (ON) L.(02) 3)
LN,) L(N2  L®O,N)
LM [ Tey Toy  Tom ) LEOY)

Inverse of transfer matrix

The elements of the inverse transfer matrix represent transfer functions for unit excitation of the system at one sur-
face only. For example, [L(1,2)/L (02)] is the radiosity L (1,2) of surface A (1) that results from single excitation of
the system at A (2), relative to the excitation radiosity L (02). For thermal excitation at A (2), the transfer function is
[L(L1,2)/EIR (2) oT%(2)]. Note that each element of the inverse transfer matrix is a function of the entire array of form
factors and radiant surface properties that define the space.

Several useful conservation and reciprocity relationships exist between the elements of the inverse transfer matrix or
the transfer functions. In any enclosure defined by N discrete surfaces the total radiosity of surface A (1) is

L(1)=L{1,1)+L{1,2)+ --- +L(1,N) (4)
In a uniform temperature enclosure or blackbody cavity, the total radiosity of surface A (1) is

L(1) = oT*(1) ()
and

TH)=T@Q= - =T(N)=T (6)

With the substitution of Egs. (5) and (6) in Eq. (4),

LY L(L,2) L(LN) oT*
) et T T @

Now multiplying each term on the left side of Eq. (7) by the emissivity ratios results in

EIR(1) L(1,1) EIR(2) L(L2)
EIR (1) oT*(1) @ EIR(2) oT*(2)

EIR(N) L(LN)
T EIR(N) o (N) ®

Note that the denominator of each term is simply the flux density generated at or initially streaming into the enclosure
at each surface. In terms of the notation defined in Eq. (1),

L(1,1)
L (01)

L(1,2)
L (02)

L(LN) _

EIR (1) TN

+ EIR(2) + - - + EIR(N) 1 (9)
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If the conservation equation (9) applies in the case of a uniform temperature enclosure or uniform excitation vector, it
must also apply for any excitation distribution because the transfer functions depend only on the geometry and radiant-
property transfer matrix that is postulated to be independent of the excitation vector.

Consider now the net radiant-flux transfer from discrete area A (1) expressed verbally as

O (L NET) = [ﬂux entering space at A (1)] . [ﬂux absorbed at A (1) ] (10)

after any self-absorption from all other surfaces

Equation (10) may also be expressed verbally as

Q(1,NET) _ | total flux density _ | total flux density incident at A (1), (10a)
A1) streaming from A (1) including all multiple reflections
Equation (10a) is expressed in terms of radiosity and irradiation as
QLNET) _ ;o G +2+43- - +N,1) (10b)
A(l)
where
G(1+2+3+ -+ 4+ N,1) = the irradiation at A (1) from discrete surfaces A (1),A(2), - - - ,A(N)
and
G(l+2+3+ - +N,)=FQLLA) +F(L2L@)+ - - +F,N)L(N) (10c)

Now substituting in Eq. (10b) for L (2) the right-hand side of Eq. (1) and for G(1+2+3 + - - - + N, 1) the right-
hand side of Eq. (10c) results in

Q(1,NET)

A~ LOD+pMFLYLA) +pMFLALE + - +p()F (LN LEN) —FLLLD)

—F(L2 L@ — - —F(,N)L(N) (10d)
Then combining terms in Eq. (10d) gives

Q(1,NET)

AT =L(01)— EIR()[F(L,HLQ) +F@L2LEQ) + - +F(,N)L(N)] (10e)

Expressed verbally, Eq. (10e) reads as

Q(LNET) _ [total flux density } . [ total flux density ] (10f)

A(1) | generated at A (1) absorbed at A (1)

Verbal equations (10), (10a) and (10f) are all identical concepts.

4 JPL TECHNICAL REPORT 32-1416



Now Eq. (10e) may be expanded in terms of the transfer functions defined by the matrix equation (3) as follows:

Q(1,NET) _ L(L1) L(1) L(N,1)
Ao = Loy - EIR(I)I:F(l )7y L) + F(L2) T LoD + +F(LN) 7 o L (0)
+F(1,1) 2((1622)) L(02) + F(1,2) ((2022)) L2+ - - +F(LN) Lz,%z)) L(02)
+F(@1,1) LL((IO’;) L(03) + F(L2) ngf;’) L(03)+ --- +F(L N)—L%g;i)euos)
+ - +F@Q1) li((l(;zs?oL(ON) +F(1,2)%V%°L(ON) + - (1 N) L(?(T)Z\Z,\)’) L(ON):l
(10g)
Combining terms with similar excitation yields
O g;ET) L (0l) — EIR (1)L(01)|:F(1, 1) IL((I(;I? +F(L2) II’J((zo’ll)) + -« +F(LN) %VO—S—)]
—EIR(l)L(02)[F(1, 1) I;J((léj)) +F(1,2) LL((Q(;;) + - +F@,N) L(Z(\é;))]
— EIR (l)L(OS)[F(l, 1) IL((I&?)) +F(1,2) IL((Z(;;) + - +F(1,N) L(Z(\(I)S“;’)}
+ - -+ + EIR(1) L(ON) [F(l, 1) Ii((l(;g)) +F(L2) L((zm\z;;) + F(1,N) LL%’Z\Z]\?] (10h)
For an enclosure with the excitation at A(1), A(2), - - + , A(N) only, Eq. (1) becomes
L(L1)=L0l)+p()[F(LYLLL+FQLDLEL + - + F(1,N)L(N,1)]
L(L,2) = p()FILDL(LL) +F(L,2)L(22) + - - +F(Q,N)L(N,2)]
L(L,N) = p()IF(LYL(LN) +F(LLEN) + - +F(LN)L(N,N)] (10)
Equations (10i) can be rearranged as
L(L1)—LOY) [ L(1,1) L(21) ' L(N,1)
cmnon | FOVTen TFLATen o TFLNTER }
L2 T L(L,2) L29) , L(N,2)
PLEn  [FE Ty ATy T F RN T ]
L(LNy T L(LN) L(2,N) L(N,N) ‘
;LM A0 Tom PFOATem T TEFAN) L(ON)] (10}
Now substituting the left-hand parts of Eq. (10j) into (10h) results in
O (1, NET) EIR (1) L(L1) EIR(1) (L2)]_ ERQ) (1,3)
e Rt L ol Bt L] ol e ] e o I
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The first two terms to the right of the equality sign of Eq. (10k) may be combined, and Eq. (10k) then reduces to
Eq. (11).

Equation (10b) can be cast in yet another form by noting that the term in brackets on the right-hand side of Eq. (1)

is the total irradiation of A (1) from all regions that can be viewed from A (1). That is, the irradiation term of Eq. (10c)
may be substituted into Eq. (1) to give

L(L)=L0O0l)+p(1)G1+2+3+ ---+N,1) (101
Now the irradiation in Eq. (101) may be expressed in terms of the radiosities and the reflectance as

[L(1) — L(O1)]

G1+2+4+3+ - 4+N,1)= N (10m)
Substituting the right-hand side of Eq. (10m) into Eq. (10b) yields
Q(1,NET) _ LQ)—L(ODT _LOL [(1—p(1)
YOl R e B il el £ (10
With the notation that L (01) = EIR(1)¢ T*(1) and (1 — p(1)) = EIR(1), Eq. (10n) takes the form of
Q(LNET) L(01) EIR(l) EIR(L) .-
AW e e MW= KO- LA (100)
Now substitute L (1) in terms of the transfer functions of Eq. (3) and substitute in Eq. (100) to give
Q(LNET) _L(0l) EIR(l) [L(L1) . LALN).
AT m e LEED O+ gy Lo ] (100)
Combining terms in Eq. (10p) results in
O (1, NET) B L(LDTL@©) (L2) L(02) |  , L(LN) L(ON)
dw - [ ER ey | S Er e [T S Tew ] 09

Equation (10q) is identical to Eqs. (10k) and (11).

In terms of the quantities defined in Eq. (3), verbal equation (10) becomes

Q (1, NET) [1 — EIR(1) L(t ;)] L (01)

L(L,2 L(02)  L(L,3)L(03), LN L(ON)
AQ) AOM ) (1)[ * oo ]

L(02) »(1) = L(03) p(1) L(ON) (1)
(11)

Equation (11) is divided by A (1) so that the equation is in terms of flux density or Btu/hr-ft2. The two terms on the
right side of Eq. (11) correspond to the verbal equation (10). Note that each of the terms such as

represents an irradiation at A (1). That is, L (1,2)/p (1) is the flux density of radiation onto A (1) when A (2) is the only
source.

] JPL TECHNICAL REPORT 32-1416



Equation (9) may be rearranged in the form

L(1,N
[1 — EIR(1) L((lml))] EIR(2) LL((IO’;)) + -+ 4+ EIR(N) L((ION)) (12)
Now substitute the left-hand side of Eq. (12) in Eq. (11) to obtain
Q(1,NET) L(1,2) o L(l, N) L(Ol) _ L (1,2) L{(02)
AT EROT G+ PR G | Sw ~ BRO T 6y
_ L(L3) L(03) _ L(1,N) L(ON)
RO S0 HROTom 1

Now arranging Eq. (13) in doublets results in

L(1,2) L(01) L(1,2) L(02) L(1,3) L(01) L(1,3) L(03)
[Em(z) L) p RO ) p<1>] [E’R<3) Lo3) »@ TEOTes) S >]

O (1, NET)
AQD)

L(1,N) L(01)
L(ON) p(1)

+ o -l—[EIR(N)

_EIR(l)L(l ,N) L(ON)]

LON) »() (19

For thermal excitation, L (ON) = EIR (N) ¢ T*(N) and Eq. (14) can be written in terms of the discrete surface tempera-
tures as follows:

Q(1,NET) _ EIR(1)EIR(2) L(1,2)
A1) p(1) L(02)

EIR(1)EIR(3) L(1,3)
p(1) L(03)

[oT* (1) — oT*(2)] + [oT*(1) — oT* (3)]

EIR (1) EIR(N) L(1,N)
p(1) L (ON)

Professor H. C. Hottel (Ref. 1) of MIT has suggested the following notation for Eq. (15):

o+ [6T*(1) — oT* (N)] (15)

Q(,NET) _
A1)

(L1 [eT4 (1) — oT+(1)] + &(1,2) [oeT* (1) — oT*(2)] + §(1,3) [¢T* (1) — ¢T*(2)]
-+ &(1,N)[eT* (1) ~ oT*(N)] (16)
Combining Egs. (15) and (16) leads to

EIR (1) L(L2) L(L3) L(LN)] _ o
0 [EIR(z) Ton T ERO) L + EIR(N) % (ON)] G(L,2) + G(L3) + + &(1,N)

(17)

A conservation relationship for the Hottel terms, obtained from the net transfer relationship at A (1), takes the form

O (1, NET)
A(D)

=L(01)— EIR(1)[F(L,1)L(1) + F(L,2)L(2)+ - -+ + F(1,N)L(N)] (18)

In a uniform temperature enclosure, the net transfer is zero and L (1) = L(2) = L (N) = o T*. For this uniform tem-
perature enclosure, Eq. (18) becomes

Q (1, NET)

A O EIR([eT* = oT*(F(LY) + F(L9)+ - -+ + F(LN)] (19)
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Because the sum of the form factors is unity, Eq. (19) becomes simply

Q(1,NET)

2@ = 0= EIR([eT* —oT']

For a uniform temperature enclosure, Eq. (16) becomes

Q (1 NET) _

A 0=[5L1)+g1,2+F13)+ - + F(,N)][oT* — oT*]

A conservation relationship, obtained by equating Egs. (20) and (21), takes the form
FLH+&1L2) +&(1,3)+ - -+ + &(1,N)=EIR(1)
Equation (22) may be rearranged as
EIR(1)-&(L )= +&(13)+ - - + F(,N)

Now substitute the left-hand side of Eq. (23) and the left-hand side of Eq. (12) into Eq. (17) to obtain

EIR (1)
p(1)

L(1,1)
L (01)

[l—EIR(l) ]=E1R(l)~—§(l,1)

Solving for & (1,1) in Eq. (24) results in

_[EIR(WI°TL(Q,Y)
oy =00 [T 1
From Egs. (15) and (16) we have
_EIR(L)EIR(2) [L(1,2)
o0, =S T
and
o (v, M) — EIR () EIR (M) L(N, M)

o) L (0M)

Another useful form of Eq. (25), obtained from Eq. (1) when A (1) is the only source, is
L(LL)=LO)+,p)[FOLHLML)+F(1,2LE1)+ - +F(1,N)L(N,1)]

Now divide Eq. (28) through by L (01) and rearrange terms to get

[L((léll)) —1=5p(1) [F(l, 1) LL((léll))' +F(1,2) IL% 1)) +oe e AFLN) T

Substituting the right-hand side of Eq. (29) into Eq. (25) gives

F(1,1) = EIR: (1) [F(l, 1)%)— +F(L,2)

L(21)
L (01)

+ -+ +F(,N) LL((A(Z)’&)}

(20)

(22)

(24)

(27)

(28)

(30)

& JPL TECHNICAL REPORT 32-1416



Similarly,

L(1,2)

G(1,2) = EIR (1) EIR(2)[F(1, DT

IV. Solution Scheme

+F(1,2)

L(,2)
L(02)

4+ -+ +F(,N) LL(Z(\(I)’Z?)] (31)

The Hottel &-factor and the heat input due to the solar flux are calculated first for each set of conditions. The solu-

tion for temperatures then follows.

The elements of the matrix equation for calculation of & are of the form

L(11)
L (01)

&(1,1) = EIR* (1) [F (1,1)

L(1,2)
L (02)

&(1,2) = EIR(1) EIR (2) [F (1,1)

A. Calculation of S-Factor

The calculation of & is performed in the following
steps:

Step 1. A mairix is formed with elements of the form
A(L])=8(L])— (1~ EIR(D)F ()
where

8(1,]), the Kronecker delta, = 1 iflI=]
=0 if1=£4]

A printout of this matrix can be obtained by setting*
PRINT (26) = 1
Step 2. The matrix is next inverted to become
[B] = [A]"
A printout of this matrix can be obtained by setting
PRINT (27) =1

Step 3. The matrix is now multiplied by the shape fac-
tor matrix to give elements of the form

C{L])=2F(LK) B(K.J)

*See Table 2, Section V, for values for PRINT vector

JPL TECHNICAL REPORT 32-1416

+F(1,2)

Ly, L(N,1)
zopn ~ 0 TEFLN) L(Ol)]

L(N
F(1,9) ————~LL((2622)) 4 +F(LN) L( (0’2‘9;)}

A printout of this matrix can be obtained by setting
PRINT (28) =1

Step 4. The matrix is now multiplied by the appropriate
IR emittances to give a matrix with elements of the form

&(L,])=EIR()EIR(])C(L])

This is the script & matrix and its printout may be re-
quested by setting

PRINT (29) = 1

Step 5. The script & matrix is now multiplied by the
area to give “the area times the script & matrix.” A print-
out of this matrix may be requested by setting

PRINT (30) = 1

The elements of this matrix are also displayed in the de-
tailed output in the fifth column (ASCRIPTFIR) of the
tabular data for each node.

Step 6. Finally, a printout of the Stefan-Boltzmann con-
stant multiplied by the area script & matrix may be re-
quested by setting

PRINT (31) = 1



B. Calculation of Radiosity

The radiosity calculations necessary to determine the
heat input from the solar flux are performed in the follow-
ing steps:

Step 1. The elements of the excitation vector are of the
form

L*(I) = SOLCON X ILUM (I)
X (1— ESOL (I)) X cos (THETA (I))

These values may be printed by setting
PRINT (21) =1

Step 2. The solar transfer matrix before inversion is
found. Its elements are of the same form as used in the
script & calculations, except solar emittances are used
instead of IR emittances:

A(L])=8(LJ) — (1 — ESOL (I)) X F(L,])

Step 3. The solar transfer matrix is computed in the
form

[B] = [A]™
This matrix may be printed by setting
PRINT (23) =1

Step 4. Along with the matrix inversion process, the
solar response vector L*(I) is computed. Its value may be
printed by setting

PRINT (24) = 1
Step 5. Finally, the solar QNET vector is computed. Its
values are of the form
ONET (I) = —A(I) X SOLCON X ILUM (I)
X cos (THETA(I)) + 2 (3(L,])
J

— F(L])) X A(I) X L*(J)

€. NMumerical Techniques

To demonstrate the numerical techniques used in the
calculations, it is necessary to develop the governing
equations in matrix notation. The heat flow from node I to
node J due to conduction or convection is

QU =CELNTI—-TWI)

10

where
Q(I,]) = heat flow from node I to node J
C (1,]) = conductance from node I to node J

T (I), T (J) = temperatures of nodes I and J, respectively
The heat flow from node I to node J, due to radiation, is
QL1 = o (L1) X AD) X (T*(I) — T (1)

where

Q(I,]) = heat flow from node I to node J
o = Stefan-Boltzmann constant
G (I,]) = script & from node I to node J
T (I), T (J) = temperatures of nodes I and J, respectively
Since the rate of energy in steady state entering a node

is equal to the rate of energy leaving a node, the energy
balance may be written as follows:

Q (CONDUCTION) + Q (RADIATION)
— P (DISSIPATION + SOLAR INPUT) = 0

When a mathematical thermal model is devised for a
real spacecraft system for engineering purposes, it con-
sists of conduction and irradiation terms connecting the
various discrete elements with power in the form of elec-
trical energy being dissipated in the node. Thus, the
steady-state energy equation is

Q (1, ]) (CONDUCTION) + Q (I, ]) (RADIATION)
— P (DISSIPATION + SOLAR INPUT) =0

where the sign convention for power is negative for
energy per unit time in and positive for energy per unit
time out. In terms of actual discrete elements, the energy
per unit time into node I due to conduction is

Q (CONDUCTION) =3 C(L)(T(I) — T())
J
where
C(1,]) = conductance from node I to node J; I denotes
the node under consideration; J denotes all

nodes except node I

The energy per unit into node I due to radiation is

Q(RADIATION) =S e X A(I) X F(I,])
' X (T*(I) = T*(]))

JPL TECHNICAL REPORT 32-1416



where
o = Stefan-Boltzmann constant
A = area of node I

&(1,]) = script & from node I to node J (where node I
and ] have the same meaning as above)

The energy balance for node I may now be written in
terms of the discrete thermal elements in the form

S(CELH X (TM)—TW)
+ S oA G LI (T () =T () ~ P(1) =0

The energy balance written for all the nodes under con-
sideration may be written in matrix form as follows:

[CI[T] + [R][T¢] — [P]=0

where

C = the symmetric conduction matrix whose
elements are C (I, ])

R = the symmetric conduction matrix whose
elements are ¢ A (I) (L, ])

T and T* = the temperature vectors whose elements are
T (I)and T*(J)

P = the power vector, which includes not only
the electrical power dissipation, but also
the energy per unit time input from the
solar radiosity

The solution of this matrix equation follows the
Newton-Raphson iteration method described by Hilde-
brand (Ref. 2). For simplicity, the method is shown for
two independent variables. The solution may then be ex-
tended for N unknowns.

Given two functions f (x,y) and g (x, y), which are simul-
taneous nonlinear algebraic equations, recurrence for-
mulas of the following form may be written:

(xer — %) fo (% Y) + (Yror — y) Foy (o, Ur) = —F (30, Y1)
(%krr — Yr) o (%, Yr) + (Yrr — Yr) 8y (%n, Yu) = — & (X, Yi)

This may be written in matrix form as

[fx fy] [Axk} _ [f(xk,yw}
2 gl Ay g (%, Y1)
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where
AXy = Xpwr — Xk
AYr = Yrer — Yi
The square matrix is recognized as having the elements
of the Jacobian determinant. The corrections A x; and A y

are added to x; and ys, respectively, to yield the following
iteration.

The radiation-conduction matrix equation for steady-
state constant properties may be brought into the form
suggested above in the following manner.

We want the result in the form

[S1[T] = [A]

where [S] is a square matrix and T and A are vectors.
Furthermore, we want [S] to have the elements of the
Jacobian determinant.

A typical off-diagonal element is of the form
S(LI)=C(,]) +4cA()F(I,]) T*(])
and a diagonal element is of the form
S(LT)=S(I,I) — C(I,]) — 4cA (I) F (L, ]) T2 (I)
The vector A then has the form

A(I) = P(I) — Q (SOLAR NET) (I)
— 30A(I)F (L 1) (T*(I) — T* (1))

This formulation allows the matrix equation to be solved
for T. The imbalance in the equation is computed and
if it is not within the required limits, the resulting values
of T are used to generate a new S matrix and a new A
vector for the next iteration,

Although the actual method used differs somewhat
from that described in Ref. 2, the number of iterations
required for solution remains the same for several sets
of conditions that were tested. The method described
here was used because it results directly in the required
temperatures.

V. Program Input

Data input is prepared on four types of cards: comment
cards, title cards, data cards, and control cards.
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A. Comment Cords

A comment card is designated by the letter C in
column 1. Comments are placed in successive columns.
A comment card is printed in the output listing of the
data deck. The comments serve as notes to the user and
are not used by the program. Any number of comments
may be used in the data. Once the program recognizes
the C in column 1, the card is printed out and the pro-
gram continues to process the next card. The COMMENT
CARD field is COL 2-72.

B. Title Cards

A title card is designated by the letter T in column 1.
A maximum of 10 title cards may be used. Title cards may
be placed in basic data, case data, or a combination of
both. The total number of title cards for any one case
data block and the basic data block may not exceed 10.
If the maximum number of title cards is exceeded, the
title cards in excess of 10 will be printed as comment cards
and only the first 10 title cards will be used as title cards.
Title cards are printed at the top of each output state-
ment. The TITLE CARD field is COL 2-72.

€. Dota Cards

A data card is designated by a blank in column 1. Any
number of data cards may be used to prescribe a problem
that lies within the capacity of the machine. The DATA
CARD field is COL 2-72.

Data cards are of three types: matrix, vector, and sin-
gle value. A single value such as the solar constant is
entered as

SOLCON = 430.
A vector value such as power is entered as
P (10) = —10.
A matrix value such as a view factor is entered as
F(2,3) =05

The data input used in the program is actually a modi-
fied FORTRAN NAMELIST. The first column must be
blank. Data must not be entered in columns 73-80; they
must be left blank or used for sequence identification. The
information in columns 73-80 will be printed with the
card image. The program automatically inserts the begin-
ning and ending characters required for NAMELIST.
It also inserts a comma at the end of each card image
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if it is not present. Some of the convenience features of
NAMELIST that may be used are as follows:

Variables with a single subscript (i.e., vectors) may be
entered in sequence as

A(l)=1,153.,4.

which is the same as

AQ) =1
A@Q) =15
A@3)=3.
Ad) =4

Variables with a double index (i.e., matrices) may be
entered in sequence. Instead of entering each variable
separately as

F(2,1)=05
F(3,1) =02
F(4,1) =03

we may enter them as

F(2,1) =05,0.2,0.3

It can be seen that the first index rotates most rapidly.
Floating-point exponential notation may be employed for
data as

A(29) = 1.76D + 12
BOLTZ = 0.1714D — 08

A list of the input variables for data cards is given in
Table 1. Definitions of the symbols in Table 1 and ex-
amples of their use are listed as follows:

Symbol

N Number of nodes. Nodes must be numbered
sequentially so that N is the largest node
number. Although the nodes must be num-
bered so that no node numbers are omitted,
the data in a particular data block may be
entered in any order.

Definition and use

Example: 10-node problem
Data input: N = 10 (integer)
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Table ¥. Llist of input variables for data curds

Symbol Unspecified initial values
N 0

C(t, 3 0.0

F(1, 5 0.0

FA(l, J} 0.0

FAUSED (]

ESOL(l) 0.0

EIR(I) 0.0

ILUM(I) 1.0

THETA() 90.0

CT{l) —500.0

T(1) 68.0

P(1) 0.0

SOLCON 442.0

RELTOL 1.0 — 05
TNOTSP 68.0

BOLTZ 0.1714D — 08
PRINT{K) 0

ABSCYN 460,

NITER 15

F(L])

FA(L])

FAUSED

C{ELD Conductance from node I to node J.
Example: Conductance of 4.5 from node 5

to node 10
Data input: C(5,10) =45

A must also be entered.

Example: View factor of 0.5 from node 4 to

node 9
Data input: F (4,9) = 0.5

from node I to node J.

Example: FA = 19.5 from node 3 to node 8;
area of node 3 is 20; area of node

81is 30

Data input: FA(3,8) = 195
A (3) = 20.
A (8) = 30.

the value to be 0 unless 1 is input.

Example: It is desired to use FA elements

in the input data.
Data input: FAUSED = 1 (integer)

Example: It is desired to use F elements in

the input data,
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Shape factor from node I to node J. The area

FA product. The area A must also be entered

Equals 1 if FA elements are input; equals 0
if F' elements are used. The program assumes

EIR (I)

ESOL (I)

ILUM (1)

Data input: No entry is necessary, and the
program will automatically as-
sume that the input will be F
elements.

Either F or FA elements may be input;
in either case, the area A (I) must also be
entered so that the F elements, whose matrix
is not symmetrical, may be calculated. If both
sides of the matrix are symmetrical, the pro-
gram will print an error message, pick one of
the values as the correct value, calculate the
other value, and proceed with the case. The
data input must be either all F elements or
all FA elements; F elements and FA elements
cannot be used in the same problem.

Infrared emittance.
Example: IR emittance for node 5 is 0.85.
Data input: EIR (5) = 0.85

Solar emittance.
Example: Solar emittance for node 6 is 0.5.
Data input: ESOL (6) = 0.5

Fraction of the node exposed to direct solar
flux. If a node is only partially exposed to the
sun, ILUM would be used to reduce the node
area in the shape factor calculation to that
area exposed to solar flux. Normally this input
would not be used because the user would
usually define two nodes, one of which would
be totally in the solar flux and the other
totally in the shade. If no input is given for

ILUM, the program assumes values as fol-

lows: If the theta value of the node is not

equal to 90 deg, a value of 1.0 will be inferred.

If the theta value of the node is 90 deg, there

is no direct solar flux and the program enters

0 for the ILUM value.

Example: Node 10 is 25% exposed to direct
solar flux and therefore 75% shad-
owed or not exposed to direct
solar flux,

Data input: ILUM (10) = 0.25

Example: Node 11 is completely conduc-
tion-dependent and receives no
radiant input.

Data input: No ILUM entry is necessary; the
program will enter a value of 0.0.
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THETA (1)

CT(I)

i4

Example: Node 12 is 100% exposed to direct

solar flux.

Data input: No ILUM entry is necessary; the
program will enter a value of 1.0
when the theta value for node 12
is less than 90 deg.

Angle from the normal to the surface to the
sun. If THETA equals 90 deg, no direct solar
energy is received at the surface. It is neces-
sary to enter a THETA value only if a node
receives direct solar flux.

Node 10 has a 0-deg angle from
the normal of its surface to the
sun.

Data input: THETA (10) = 0.

Example:

Example: Node 11 has a 30-deg angle from
the normal of its surface to the
sun.

Data input: THETA (11) = 30.

Example: Node 20 is a conduction-only

node and has no radiation ex-
change.

Data input: No THETA entry is required,
and the program automatically
enters a THETA value of 0.

Constant-temperature or boundary node. All
problems require at least one constant-
temperature node. In space applications, this
is the space temperature.

Node 15 is a boundary node at a
constant temperature of 200°F.

Data input: CT (15) = 200.

Example:

Starting temperature. If the user has intuitive
insight into a problemn, a starting temperature
for a particular node may be specified. This
will result in a slight saving in computer
running time. The final answer will be the
same whether or not a user-supplied starting
temperature is specified.

Example: User has prior knowledge that
the resulting temperature of
node 9—which is not a constant-
temperature node—will be ap-
proximately 150°F.,

Data input: T (9) = 150.

P(I)

SOLCON

RELTOL

TNOTSP

Power input. The sign of the power input is
determined by the convention “energy per
unit time in is negative, and energy per unit
time out is positive.”

Example: Node 15 represents an electronic

module where 10 Btu/h of elec-
trical power is being dissipated.

Data input: P (15) = —10.

Solar constant. If no value is input, a value of
442, is automatically used by the program.

A run is being made in which the
solar flux density is 420. Btu/h-ft2.

Data input: SOLCON = 420.
Example:

Example:

A run is being made in which the
solar flux density is 442. Btu/h-ft2.

Data input: No entry is necessary, as the pro-
gram will insert a value of 442. if
no SOLCON is specified.

Relaxation tolerance of nodal flux. If the user
does not specify a value, the program will
automatically enter a value of 1 X 102,
User wants the heat balance
solved to better than 1 X 10-°
Btu/h on every node that is not
a constant-temperature node.
Data input: RELTOL = 1.D — 06
(Note that the exponent is de-
noted by D, not E. This is be-
cause double precision is being

used.)

Example:

Temperature not specified value. If no value
is specified, the program will use 68 as the
starting temperature for the iterations. This
temperature is used on all nodes that are not
constant-temperature nodes or that have not
already been specified by T (I).

Example: User expects the majority of tem-
peratures in a particular problem
to be about 150°F.
Data input: TNOTSP = 150.
(One or two iterations may be
saved by judicious use of this pa-
rameter, but in general the com-
puter time saving is insignificant.)
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BOLTZ Stefan-Boltzmann constant. If the user does
not specify a value, the program enters a
value of 0.1714 X 10-5.
Example: User wants to use a Stefan-
Boltzmann constant of 0.1713
X 10-% Btu/h-ft*-deg R*.
Data input: BOLTZ = 0.1713D — 08
(The exponent is denoted by D,
not E, because the program is
written in double precision.)
ABSCVN The value added to T that results in the abso-
lute temperature. If the user does not specify
a value, the program uses a value of 460.
Example: Tt is desired to have the program
print out temperatures in de-
grees C.
Data input: ABSCVN = 273.
(It is also necessary to specify the
proper BOLTZ and SOLCON.)
Table 2. Values for PRINT vecior
Data input Printout
PRINT(10) = 1 Prints N, BOLTZ, SOLCON, RELTOL
PRINT(11) = 1 Prints THE SYMMETRIC CONDUCTION MATRIX
PRINT(12} = 1 Prints THE SYMMETRIC FA MATRIX
PRINT(13} = 1 Prints THE F MATRIX
PRINT(14} = 1 Prints THE AREAS
PRINT(15) = 1 Prints THE INFRARED EMITTANCES
PRINT(16} = 1 Prints THE SOLAR EMITTANCES
PRINT(17} = 1 Prints THE ILLUMINATIONS
PRINT(18) = 1 Prints THE ANGLES THETA TO THE SUN
PRINT(19) = 1 Prints THE CONSTANT TEMPERATURE NODES
TEMPERATURE
PRINT(20) = 1 Prints THE POWERS
PRINT(21) = 1 Prints THE EXCITATION VECTOR
PRINT(22) = 1 Prints THE SOLAR TRANSFER MATRIX BEFORE
INVERSION
PRINT(23) = 1 Prints THE SOLAR TRANSFER MATRIX AFTER
INVERSION
PRINT(24) = 1 Prints THE SOLAR RESPONSE VECTOR
PRINT(25) = 1 Prints THE SOLAR Q NET VECTOR
PRINT(26) = 1 Prints STEP 1 OF THE SCRIPT F MATRIX
PRINT(27) = 1 Prints STEP 2 OF THE SCRIPT F MATRIX
PRINT(28) = 1 Prints STEP 3 OF THE SCRIPT F MATRIX
PRINT(29) = 1 Prints THE SCRIPT F MATRIX
PRINT(30} = 1 Prints THE AREA TIMES THE SCRIPT F MATRIX
PRINT(31) = 1 Prints THE BOLTZ TIMES THE AREA SCRIPT F MATRIX
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1t is desired to have the program
print out absolute temperatures.

Data input: ABSCVN = 0.

Example:

PRINT(X) The various values, vectors, and matrices
printed at user request are listed in Table 2.

NITER Maximum number of iterations to be used in

the solution.

D. Control Cards

A control card is a special card used to control the flow
and execution of data into the machine under control of
the stored program. The following control cards are used:

END OF BASIC DATA

As this card indicates, it is used to designate the end of a
basic data block.

END OF CASE

As this card indicates, it is used to designate the end of
a particular case data block.

END OF PROBLEM

As this card indicates, it is used to designate the end of
problem.

Following the END OF PROBLEM card the pro-
gram will accept a new basic data block. All parameters
are returned to their initial value by the program. For
instance, if the user enters a solar constant, the program
will not return it to its program set value of 442. The
initial value will be set to the value as indicated in
Table 1. If no data follow the end of problem card, the
program will attempt to read a card, at which point the
system will terminate the job. It is important that the con-
trol cards appear exactly as listed with a blank between
each word, with the first word starting in column 1. If
there is an error in the entered card, the message card
error will appear to the right of the card image on the
output and it will be ignored. The run will continue, with
the probability that the results will be incorrect. The pur-
pose for continuing the run is mainly to uncover other
crrors in the data.

¥, Program Qutput

The program output is arranged so that the user may
determine that data input is correct and check that the
heat balance is valid.



A one-line heading that gives the case number is in-
cluded before a data input block and before each new
block of output.

A history of all input cards is included with the output.
This listing is used to locate errors and to facilitate identi-
fication if several runs have been made. To the right of
each card image, the card name is printed (title card, com-
ment card, data card, or control card).

The detailed nodal output is the minimum output from
the program. The detail of each node includes all the
input information about that node and information con-
cerning the calculation of the heat balance around that
node. The temperature, area, IR emittance, solar emit-
tance, illumination factor, and theta angle (the angle from
the normal to the surface to the sun) are listed.

A detailed listing of the heat balance follows. The head-
ings refer to the columns that follow. The first column
(NODE) lists the nodes that contribute to the heat bal-
ance. The second column (CONDUCTANCE) lists the
conductance between the nodes listed in column 1 and
the node under question. The third column (Q COMP)
lists the Q-component contribution due to conduction
and/or convection in the heat balance. Its value for a
node is

Q (CONDUCTION) = C (L, ]) (T () — T (J))

Its sign will be negative if heat is being conducted into
the node and positive if heat is being transferiad by con-
duction from the node.

The fourth column (F) lists the shape factor from the
nodes listed in column 1 and the node under question.
The fifth column (ASCRIPTFIR) lists the area times
script & for the IR region from the nodes listed in
column 1 to the node under question. It is possible to
have an A (I) & (I, ]) term between two nodes even though
there is a zero shape factor between the nodes due to
multiple diffuse reflections. The sixth column (Q COMP)
lists the Q-component contribution to the heat balance
due to the infrared heat transfer. The Q-component value
for a node I is

Q (IR RADIATION) = oA (I) & (I, I)(T* (I) — T*(]))
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The seventh column (Q COMP) lists the Q-component
contribution to the heat balance from the solar input. The
value for a node I is

Q (SOLAR RADIATION) = A (I) (1 — F(I,])) L* (I)
— A(J) X SOLCON X ILUM (I) X cos THETA (I)

where

L*(I) = solar radiosity
SOLCON = solar constant
ILUM (I) = fraction of the surface exposed to the sun

The Q-component value for anode I £ J is

Q (SOLAR RADIATION) = —A (I) (&(L, ]) X L*(]))

If the term —A(I) X SOLCON X ILUM (I) X cos
THETA (I) is not zero, it is listed immediately below the
tabular listings with the comment DIRECT SOLAR. Its
value appears in the Q COMP column for solar input and
the comment DIRECT SOLAR appears on the same line
to the left of the value.

The eighth column (TOTAL) lists the total contribu-
tion from each node listed in column 1 to the node under
question. Of course, POWER and DIRECT SOLAR are
also listed, since they contribute to the heat balance. If
power is present it is listed in the next-to-the-last row in
the tabular information and its value is listed in column 8.

The last row in the tabular information lists the
totals for the various columns where appropriate. The
Q-components due to conduction and convection, IR radi-
ation, and solar flux are summed.

The totals of the contributions from various nodes are
listed in the bottom row of the eighth columm. This is the
value of the heat balance. Its value for nonconstant-
temperature nodes should be smaller than the relaxation
tolerance (RELTOL) set by the program. The program
initializes RELTOL to 1. X 10-% and the user may change
this value if desired.

The temperature of a constant-temperature node is not
changed by the program and its heat balance will prob-
ably not be zero. Its value represents the amount of
energy per unit time passing through that particular
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boundary. A constant-temperature node is recognized by
the line THIS IS A CONSTANT TEMPERATURE
NODE that appears immediately above the headings for
the tabular data.

If special print outputs are requested, their titles cor-
respond to those in Table 2. By requesting special print
outputs, the user can verify the various computational
steps in the infrared flux calculation and the solar radiosity
calculation.

Vii. Sample Problem

The sample problem chosen to illustrate the use of the
program is that of an L-shape as shown in Fig. 1. The
L-shape is infinite in the direction normal to the X-Y
plane.

The solution of this problem has previously been dis-
cussed in Refs. 3 and 4. This problem, which was chosen
because a reference solution is available, illustrates the
method of using TAS I to obtain a temperature distribu-
tion for a particular geometry in which it is necessary to
consider energy transfer in the infrared region and the
solar region. The problem also requires the calculation of
heat-transfer rate in the solar region due to direct solar
flux and reflected solar energy. Conduction is not con-
sidered so that the computer solution may be compared
with the analytic solution. However, the effect of conduc-
tion may be accounted for by the addition of the neces-
sary data cards.

The assumptions made in the solution of the L-shape
are (Ref. 3):

(1) The surfaces are semigray opaque with solar prop-
erties ESOL and long-wave or infrared properties
of EIR.

(2) The surfaces emit and reflect diffusely.

(3) The shape factors describe the direct view coupling
between the discrete areas.

(4) The discrete area or nodes are isothermal.

(5) The surfaces are insulated from the rear.

A(3) = F(3,6) =

T SOLAR FLUX

IR

1"

10

— 13, SPACE

l'—PX
1 2 3 4

Fig. 1. Temperature distribution of an L-shape

(6) There is no coupling with the solar source (i.e., the
form factor to the sun is zero).

(7) The surroundings are black and at absolute zero.

The discrete nodes and those associated with solar flux
are shown in Fig. 1. Node 13 is the space node.

Since the L-shape is of infinite extent in one direction,
the method outlined by Hottel (Ref. 1) (sometimes known
as the method of crossed-uncrossed strings) may be used
to calculate the view factors (FA). For example, the view
factor A(3) = F(3,6) for an L-shape with X = 1 and Y = 2
may be computed as follows:

(length of crossed strings — length of uncrossed strings)

2.0

_ (VOF T 05 + Y025 1 075°) ~ (V 05 + 095 + \ 05 + 0.75°)

F(3,6) = 0.7454/unit length
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The other view factors may be computed in a similar way.
If shape factors are required for geometries that are not
infinite in one dimension, a numerical technique such as
that used in the computer program CONFAC II (Ref. 5)
must be used.

An example of handwritten data input listing for TAS I
is shown in Table 3. The data input listing starts with a
number of comment cards. These comment cards are used
for notes or comments on the input data and they will
appear in the output.

The first data card is
N = 13 (integer)

This indicates the number of nodes (four along the
X-axis, eight along the Y-axis, and one for space).

Next, the shape factors in F elements are listed. Again,
the order of entry in a particular data block is unimpor-
tant. Any grouping most convenient to the user is accept-
able. The comment cards with a “C” in column 1, but
otherwise blank, are used for clarity in the input. Their
use is completely optional. Title cards with a “T” in
column 1 appear on the output that follows.

Next, the areas are listed. For this particular problem,
the areas of the nodes on the L-shape are set equal to 1,
while the area of space is equal to the distance from
Y =2 to X = 1. The areas have been entered separately,
one to a data card. However, they could have been
entered as follows:

A(1)=1,1,1,1,1,1,1,1,1,1., 11,8944

If one data card cannot contain all of the areas with
columns 2 through 72, the user may put A (1) through
A (10) on one card and A (11) through A (13) on the sec-
ond card. Then the two data cards would appear as
follows:

AQ=1,1,1,1.,1,1, 1,1, 1,1,
A1) =1, 1., 8944
The areas of all nodes involved in radiant transfer must

be listed. The first character on each data card must
always be a variable name.

The data cards following the areas are the angles theta
to the solar input. Since nodes 1 through 4, which lie in
the X-Z plane are normal to the sun, their angles are
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zero. Because the sun is located at the zenith position,
nodes 5 through 12 receive no direct sunlight, so their
angles are 90 deg. The computer program assumes that
a node receives no direct solar input and automatically
sets all theta values equal to 90 deg. It is therefore neces-
sary to enter a theta value for each node that receives
direct solar energy. The comment concerning multiple
entries on a data card also apply for angles theta.

The data cards following the angles theta list the long-
wave or infrared emittance (EIR). Every node with a
shape factor or a view factor must have an infrared emit-
tance. If no emittance value is input, a zero value will be
assumed and used in the calculation. This means that
there will be no infrared heat transfer to or from this
node. The comments concerning multiple entries on a
data card also apply for emittances.

The next set of data cards describes the solar emittance
or solar absorptance (ESOL). Every node with a form
factor that receives solar energy either directly or through
solar reflection requires a solar emittance value for the
calculation. As for infrared emittance, if no value of solar
emittance is specified, the computer program uses the
initalized value of zero in the calculation.

Finally, the space temperature is defined. A value of
~—459. is entered as a constant-temperature node (CT).
Since this is a constant-temperature node, its temperature
will remain as defined and it is not dependent on any of
its properties. However, its properties affect the tempera-
ture of other nonconstant-temperature nodes with which
it has energy exchange. At least one node in every prob-
lem must be a constant-temperature node. If this require-
ment is not met, the program will be unable to find a
unique solution because none exists.

The last card in a data block is always a control card.
Because this first block contains the basic data, an END
OF BASIC DATA card is used. All subsequent cases will
use the data contained in the basic data block and any
case data in a case data block.

The data cards unique to the first case follow next. Any
number of comment cards may again be used. The num-
ber of title cards is limited to a total of 10 between the
basic data card and the case being processed. The maxi-
mum of 10 title cards apportioned between the basic data
and the case data is arbitrary so long as the maximum
limit is not exceeded. If the limit is exceeded, the excess
title cards will be printed as comment cards and process-
ing will continue. The first case in the sample problem
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contains no data card, only comment cards. The tempera-
tures listed are the results of the first case. They are
shown as comment cards so that the card deck will be
complete with answers from the first case to be used as a
check case. The last card in the first-case data block is an
END OF CASE control card. Therefore, the first case
consists of the data in the basic data block and the data in
the first-case data block.

The second case consists of only one data card. This
card requests all of the additional output information to
be printed. This is done by using the sequential method of
entering data on a single card. Thus PRINT (10) through
PRINT (31) (see Table 2) are all set equal to 1. If only
certain additional outputs are required, they can be re-
quested by separate cards. If we had wanted only those
outputs requested by PRINT (10), PRINT (12), and
PRINT (15), we could have requested them in several
ways. The first method would be input

PRINT (10)
PRINT (12)
PRINT (15)

[l

1
1
1

Another method would be to write
PRINT (10) = 1, PRINT (12) = 1, PRINT (15) = 1
or, finally,
PRINT (10) = 1,0,1,0,0,1

The second-case data block is entered with an END OF
CASE control card. The second case is processed by the

JPL TECHNICAL REPCORT 32-1416

program initializing itself, the basic data, and finally
reading the second-case data block. Any basic data
which were overwritten in the first-case data block will
be re-stored for subsequent case runs and the user is not
required to re-enter the basic data values.

The third case involves changes in the EIR and ESOL
values for the L-shape. This then gives the results for
Case b discussed by Bobco (Refs. 3, 4). The third data
block is also ended with an END OF CASE control card.

The fourth and final case illustrates the method by
which the system of units may be changed. This fourth
data block is also ended with an END OF CASE con-
trol card.

Finally, an END OF PROBLEM control card follows
the last END OF CASE control card. Its purpose is to
signal the program that a new basic data block may fol-
low. The sample problem consists of only one problem
with four cases. Therefore, when the program expects to
find a new basic data block and none is present, control
is returned to the computer executive system and the job
is terminated.

The output for the sample problem is given in Table 4.
The format of the output is described in Sect. VI. Note
that all the shape factors sum to 1 as they should for any
node with radiation exchange. Also note that only nodes 1
through 4 receive direct solar input as indicated by a
THETA value not equal to 90 deg and also indicated in
the solar portion of the tabulated output.
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Table 4. Computer printout of sample problem: femperature disribution of an L-shape

TAS Iy MAY 6, 1969 VERSION, JAH X2777, CASE NUMBER 0

T TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY TITLE CARD
T STEP RISER=Y, STEP TREAD=X TITLE CARD
4 COMMENT CARD
c LOCAL RADIATION EQUILIBRIUM TEMPERATURES IN SEMIGRAY ENCLOSURES. CDMMENT CARD
[+ BOBCOsR.P.y ALLENY,GeEsy AND OTHMER,PsWes COMMENT CARD
4 AERDSPACE TECHNOLOGY RESEARCH REPORT, COMMENT CARD
[ SSD 60475R REPORT NUMBER 17 DECEMBER 1966 COMMENT CARD
4 HUGHES AIRCRAFT COMPANY COMMENT CARD
4 SPACE SYSTEMS DIVISION COMMENT CARD
[4 LOSANGELES, CALIFORNIA COMMENT CARD
4 COMMENT CARD
4 REF. 3, BOBCOs ReP.s RADIATION FROM A DIRECTIONAL SOURCE, BEAM COMMENT CARD
4 DIVERGENCE IN SOLAR SIMULATORS, J. ENGR. FOR POWER, TRANS.ASME, COMMENT CARD
C SER.Ay VOL.87s NO 3, 1965, PP.259-269. COMMENT CARD
[ COMMENT CARD
4 FIGURE 1. TEMPERATURE DISTRIBUTION OF AN L-SHAPE, Y=2X COMMENT CARD
[ 2 3 4 5 6 T COMMENT CARD
£23456789012345678901234567890123456789012345678901234567890123456789012 COMMENT CARD
=13 DATA CARD
«29289 DATA CARD
«08907 DATA CARD
-03689 DATA CARD
«-01959 DATA CARD
«01204 DATA CARD
+00813 DATA CARD
F{1411)=.00585 DATA CARD
F{1412)=.00441 DATA CARD
F{1,13)=.53113 DATA CARD
c COMMENT CARD
F{2+5)= .08907 DATA CARD

Fl2,6)= .11475 DATA CARD
Fl257)= 07454 DATA CARD
F(248)= .04712 DATA CARD
F(2,9)= 03144 DATA CARD
F(2,10)=.02218 DATA CARD
F(2,11)=.01638 DATA CARD
F(2,12)=.01254 DATA CARD
F{24131=,59198 DATA CARD

c COMMENT CARD
F(3,5)= .03689 DATA CARD
F(3:6)= .07454 DATA CARD
F(3,7)= .07002 DATA CARD
F{3,8)= .05461 DATA CARD
F(3,9)= ,04104 DATA CARD
F(3,10)=. DATA CARD
F(3,11)=,02399 DATA CARD
F(3,12)=.01894 DATA CARD
F(3,13)=,64890 DATA CARD

c COMMENT CARD
Fl435)= .01959 DATA CARD
Fl4,6)= 04712 DATA CARD
Fl4,7)= 05461 DATA CARD
Fl4,8)= ,05025 DATA CARD
Fl4,9)= .04234 DATA CARD
Fl4y10)=.03464 DATA CARD
Fl4,11)=.02821 DATA CARD
F{4,12)=.02311 DATA CARD
F(4,13)=.70013 DATA CARD

c COMMENT CARD
F(5,13)=.56156 DATA CARD
Fl6,13)=,67452 DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
F112,13)=.94100 DATA CARD

[4 COMMENT CARD
Al1)=1.0 ATA CARD
Al2)=1.0 DATA CARD
4{3)=1.0 DATA CARD
Al4)=1.0 DATA CARD
Al5)=1.0 DATA CARD
Al6)=1.0 DATA CARD
AlT)=1.0 DATA CARD
Al8)=1.0 DATA CARD
A{9)=1.0 DATA CARD
A(10)=1.0 DATA CARD
Al11)=1.0 DATA CARD
Al12)=1.0 DATA CARD
Al131=8.944272 DATA CARD

4 COMMENT CARD

c COMMENT CARD

c COMMENT CARD
THETAL1)=0,0 DATA CARD
THETA(2)=0.0 DATA CARD
THETA(3)=0.0 DATA CARD
THETA(4)=0.0 DATA CARD

c COMMENT CARD
EIR{1}=0.90 TA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
—=novarveew SIGNIFIES THE EXTENT OF THE DATA CARD
ORIGINAL COMPUTER PAGE DATA CARD
DATA CARD
EIR(10)=0.90 DATA CARD
EIR{111=0.90 DATA CARD
EIR(12 DATA CARD
EIR(13)=1.0 DATA CARD

JPL TECHNICAL REPORT 32-14i16



Table 4 (conid)

COMMENT CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
OATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CAR

D
CONTROL CARD

AP A AR mAAAAAIASEALALEEARRALARS BAKLRRE
emEamsssmerzmenzeavan

CASE NUMBER 1
STEP CAVITY

A CONSTANT TEMPERATURE NODE

TIYLE CARD

COMMENT CARD
COMMENT CARD
COMMENT CARD
COMMENT CARD
COMMENT CARD
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
CONTROL

e T Ty I A L R ]

c

ESOL(1})=0.18

ESOL(13)=1.

CT(13)=-459.0

END OF BASIC DATA
TAS I MAY 6, 1969 VERSION, JAH X2777,

TEMPERATURE DISTRIBUTION OF AN L-SHAPE

STEP RISER=Y, STEP TREAD=X
T CASE 1, Y=2X AND WHITE PAINT SURFACE
C
c THE RESULTING TEMPERATURES ARE
4 CASE 1 CASE 4
c DEG F DEG C
4 T} 664,24 19.02
c T{2) 49.20 9.56
[ T(3) 39.89 4.38
[ T(4) 34,11 1.17
C T(5) 12.79 ~10.67
4 -32.89
4 -52.73
C ~70e20
c ~85425
[4 ~98.05
c ~108.96
C -118.29
[ T(13) -459.00 ~272.78
[

END OF CASE
TAS I, MAY 6, 1969 VERSION, JAH X2777, CASE

TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP

STEP RISER=Y,

CASE 1,
THE RESIDUES ARE
1 = -0.22356963D 02
6 = 0.60359433D 02
11 = 0.10641417D 03
THE TEMPERATURES ARE
1 = 0.680000000 G2
6 = 0.68000000D 02
11 = 0.68000000D 02

THE RESIDUES ARE
~0.42535637D0 O}
0.11852708D 02

1
6
1 0.311983920 02

[

1

THE TEMPERATURES ARE
04662527340 02
=0.44045546D Q1

1
6
1 -0.50983662D 02

]

1
T RESIDUES ARE
-0.416923350 00
0.80322014D 00
0.75428049D 01

ey
i

i
6

11
THE TEMPERATURES ARE

1l = 0.66243994D 02 2

6 = =0.25540004D 02 7
1 = -0.125237070 03 12

[

1
THE RESIDUES ARE

= -0.249537170-01 2
6 = 0.258150700-02 7
11 = 0.10330691D 01 12 =

THE TEMPERATURES ARE
1 = 0.662439930 02 2
6 = -0.27184151D 02
11 = -0.15785632D 03

THE RESIDUES ARE

1l = -0.536455890-03
6 = ~0.50258155D-04
1t = 0.307370260-01

THE TEMPERATURES ARE
1 0.66243993D 02
-0.27193567D 02
-0.16392980D 03

[
11

-
~
"

THE RESIDUES ARE

-0.826459830-06 2

~0.801065060-07 7
0.29882002D-04 12

(R

1
&
1

1

THE TEMPERATURES ARE
1 = 0.662439930 02

6 = ~0,27193567D 02
1=

1 ~0.16412184D_ 03

= -0.11339817D

STEP TREAD=X
¥=2X AND WHITE PAINT SURFACE

02
02
03

0.76932599D
0.10921168D

0.68000000D
0.680000000
0.68000000D

02
02
02

-0453402384D
0.18124068D
0432559117D

o1
02
02

0.501810270
-0.21773576D
-0.536971660

02
02
02

~0.88136062D
0.21214549D
0.83465184D

00
01
o1

0.49203445D
~0e57473399D
=0.13266244D

02
02
03

-0.65915772D-01
0.404537320-01
0.136412860 01

0.49200623D 02
-0.,62802984D 02
-0.171258300 03

~0.14946159D-02
-0.251392600-04
0.637453090-01

0.49200623D0 02
~0.62912181D 02
~0.18044526D 03

-0.23339067D~05
-0.679912750~07
0.16159605D-03

0.49200623D 02
=0.62912226D 02
-0.1803918210 03

NUMBER 1
CAVITY

[

[

=

[

= =0.,47119868D

-0.28987155D
0.88744152D
-0.24151977D

01
02
04

0.68000000D
0.68000000D
-0.45900000D

02
02
a3

o1
02
04

0.23077140D
-0.19278998D

0.42055845D
=0.33645471D
=0.45900000D

g2
02
03

~0.10501660D
0.37119108D
~0.17989688D

01
[123
04

0.399035690
-0.82582336D
=0.45900000D

02
02
03

-0.90541760D-01
0.16201837D 00
-0.17714033D 04

0.39889590D 02
~0.93825735D 02
=0.45900000D 03

-0.218871890-02
0.327552440-03
-0.176810190 04

0.39889589D0 02
-0.94365023D 02
-0.459000000 03

~0.34953383D-05
-0.51168017D-07
~0.176800020 04

0.39889589D 02
~0.94366218D 02
~0,459000000 03

-3 © - o+ ¥y ° > o> o -y -
" "o 0o n

-3

o8

"o

u

"

B

0.40090641D
0.968912370

1} 5
02

0680000000
0.680000000

02 5
02

-0.367269240
0.267183710

ol 5
02

0.372391380
-0.41688388D

02 5
02

-0.105912430
0.52309571D

[138 5
o1

0.34143775D
-0.10139868D

02 5
03

-0.10092641D
0.38961431D

00 5
00

04341144470
-0.,11982981D

02 5
03

-0.25823931D-02 5
0.27365911D-02

0034114444D 02 5
-0.12143819D 03

-0.42252475D-05 5
0.10056181p-06

0.34114444D 02
~0.12144972D 03
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CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

=

o

W

0.38734681D
0.10249620D

02
03

0.68000000D
0.680000000

02
0z

0.502199290
0.29326499D

01
02

0.20859498D
~0.47171089D

02
02

0.10412061D
0.65153729D

00
o1

0.12988041D
-0.115169820

02
03

=0.176622670-02
0.695552390 00

0.127871590 02
=0.14096276D 03

~0.42157859D0-04
0.112761390-01

0.12787031D 02
-0.14443804D 03

~0.661659240-07
0.30962271D-05

0.12787031D 02
~0.14449629D 03



Tuble 4 (contd)

THE RESIDUES ARE

1 = -0.45901061D-11 2
6 = -0.422772930-12 7
11 = 0.282094350-10 12 =

-0.12477130D0~-10
~0.41922021D-12
0.104655220~08

~0,.1B793855D-10
-0.38014036D-12
~0.17680000D 04

-0.22687630D-10 S5 = -0.38014036D~12
~0.24691360D-12 10 = 0.48849813D-13

THE TEMPERATURES ARE
1=

30

=  0.66243993D 02 2 = 04492006230 02 3 = 0.39889589D 02 4 = 0434114444D 02 5 = 0.12787031D 02
6 = -0.27193567D 02 7 -0.629122260 02 8 ~0.94366218D 02 9 = -0,12144972D 03 10 = —0.14449631D 03
11 = -0.164122020 03 12 -0.18091942D0 03 13 = -0.45900000D 03
TAS I, MAY 6y 1969 VERSION, JAH X2777, CASE NUMBER 1
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X
CASE 1, Y=2X AND WHITE PAINT SURFACE
ENERGY PER UNMIT TIME IN 1S NEGATIVE AND ENERGY PER UNIT TIME OUT IS POSITIVE
DETAIL OF NODE 1 TEMPERATURE 66024 AREA = 0.1000D 01
IR EMITTANCE 0,9000 SOLAR EMITTANCE = 0.1800
1Lum = 0.10000 O1 THETA = 0.00000D-38
NODE CONDUCTANCE Q comp F ASCRIPTFTIR Q Comp Q CoMpP TOTAL
DIRECT SOLAR -0.4420D0 03 -0.4420D 03
1 0.0000D0-38 §.0000D-38 0.0000D-38 0.77630-02 ~0.0000D0-38 0.4087D 03 0.4087D 03
2 0.0000D0-38 0.0000D-38 0.00000~38 0.33010-02 0.5354D-01 —0.00000-38 0.5354D-01
3 0.0000D-38 0.00000-38 0.0000D0-38 0.1790D-02 0.4372D-01 -0.0000D-38 0.43720-01
4 0.00000-38 0.00000-38 0.0000D0-38 0.1135D0-02 0.3324D0-01 -0.0000D0-38 0.3324p-01
5 0.0000D-38 0.0000D~-38 0.29290 00 0.23750 00 0.1088p 02 -0,4229D 02 ~0.3141D 02
6 0.00000-38 0.00000~38 0.89070-01 0.72270-01 0.5153D 01 -0.9325D 01 -0.4171D Ol
7 0.00000-38 0.0000D-38 0.36890~-01 0.29950~-01 0,26610 Ol ~0.27740 01 -0.1128D GO
8 0.00000-38 0.0000D-38 0.1959D-01 0.1591D-01 0.1604D 01 -0.1066D 01 0.5387D 00
9 0.00000-38 0.0000D-38 0.1204D-01 0.9784D-02 0.1066D 0l -0.4831D 00 0.58270 00
10 0.0000D-38 0©0.0000D-38 0.8130D-02 0.6608D-02 0.7564D 00 —0.24650 00 0.5099D 00
11 0.0000D-38 0.0000D0-38 0.58500-02 0.47560~02 0.56270 00 -0.13740 00 0.42530 00
12 0.00000-38 0.0000D-38 0.4410D-02 0.3586D-02 0.43410 00 -0.8205D0-01 0.3520D 00
13 0.00000-38 ©0.00000~38 0.53110 00 0.5056D 00 0.6646D 02 -0.0000D-38 0.6646D 02
TOTALS 0.0000D-38 0.1000D 01 0.8971D 02 -0.8971D 02 -0.4583D-11
DETAIL OF NODE 2 TEMPERATURE = 49.20 AREA = 0.1000D 01
IR EMITTANCE G.9000 SOLAR EMITTANCE = 0.1800
TLUM = 0.1000D 01 THETA = 0,000000-38
NODE CONDUCTANCE Q comp F ASCRIPTFTIR Q coMpP Q comp TOTAL
DIRECT SOLAR ~0.44200 03 ~0,44200 03
1 0.00000-38 -0.0000D~38 0.0000D-38 0.3301D~02 ~0.5354D~01 —0.0000D0-38 ~0.5354D-01
2 0.0000D-38 0.0000D-38 0.0000D-38 0.24960-02 —-0.00000~38 0.39160 03 0.3916D 03
3 0.0000D-38 0,00000-38 0.00000-38 0.1803D-02 0.1479D~01 -0.0000D0~38 0.14790~01
4 0.0000D-38 0.0000D-38 0.0C000-38 0.1333D-02 0.1741D~01 -0.0000D0-38 0.17410-01
5 0.0000D-38 0.00000-38 0.8907D0-0%1 0.7227D-01 0.2139D 01 ~0.12860 02 ~0.1072D 02
6 0.0000D-38 0.0000D-38 0.1147D 00 0.9303D~01 0.51240 01 -0.1201D 02 -0.6889D 01
7 0.0000D-38 0.0000D0-38 0.7454D-01 0.6043D-01 0.4388D 01 ~0.56050 01 -0.1217D0 01
8 0.0000D~-38 0.00000-38 0.4712D-01 0.3820D~01 0.32320 01 ~0.2563D 01 0.6685D 00
9 0.00000-38 0.00000-38 0.3144D-01 0.2549D-01 0.2363D Ol -0.1261D 01 0.1102D 01
10 0.00000-38 0.00000-38 0.2218D~01 0.1798D-01 0.1767D 01 —~0.6726D 00 0.10%4D Ol
11 0.00000-38 0.0000D-38 0.16380-01 0.13280-01 0.13560 01 ~0.38470D 00 0.9713D 00
12 0.0000D0-38 0.0000D-38 0.1254D-01 0.10170-01 0.1066D 01 ~0.2333D 00 0.83270 00
13 0.00000-38 0.0000D-38 0.59200 00 0.5602D 00 0.6455D 02 —-0.0000D-38 (0.6455D 02
TOTALS 0.0000D-38 0.10000 01 0.8597D 02 ~0.8597D 02 —0.1246D-10
DETAIL OF NODE 3 TEMPERATURE 39.89 AREA = §.1000D Q1
IR EMITTANCE 0.9000 SOLAR EMITTANCE = 0.1800
ILUM = 0.10000 01 THETA = 0.000000-38
NODE CONDUCTANCE Q cOMP F ASCRIPTFTIR Q comp Q COoMpP TOTAL
DIRECT SOLAR —0.4420D0 03 ~-0.4420D 03
1 0.0000D0-38 ~0.00000-38 0.00000-38 0.1790D~02 -0.4372D-01 —~0.00000-38 ~0.4372D-01
2 0.0000D-38 ~0.0000D-38 0.0C00D~38 0.1803D-02 -0,1479D0-01 -0.0000D-38 -~0,14790-01
3 0.00000-38,, 0,0000D-38 _ 0.0000D-38 .0, 14910702,20,0000D-38, . 038280, 03 0.38280 03
4 0.00000-38 0.00000-38 0.00000-38 0.1194D-02 0.5805D-02 ~0.00000-38 0.58050-02
5 0.0000D0~38 0.0000D-38 0.3689D-01 0.29960-01 0.6408D 00 —0.53270 01 -0.4686D 01
&6 0.0000D-38 0.00000~38 0.7454D-01 0.6043D~01 0,2833D 01 -0.78030 01 —-0.4970D O1
7 0.00000~38 0.00000-38 0.7002D-01 0.5675D-01 0.36560 01 -0.5265D 01 -0.1609D 01
8 0.00000-38 0.0000D-38 0.54610-01 0.44260-01 0433810 01 -0.29710 01 0.4107D OO
9 0.0000D-38 Q©.0000D0-38 0.4104D-01 0.3326D-01 0.2811D 01 -0.16470 01 0.1164D 01
10 0.0000p~38 0.00000-38 0.32078~01 0.2518D-01 0.22670 01 =0.94220 00 0.1325p Ol
11 0.00000-38 €.0000D-38 0.2399D-01 0.1944D-01 0.1826D 01 -0,5634D 00 0.1252D0 01
12 0.0000D-38 0.0000D-38 0.1894D-01 0.1535D-01 0.1483D 0! -0.35240 00 0.1131D 01
13 0.0000p0-38 ©.0000D0-38 0.64890 00 0.6091D 00 0.56519D 02 -0.0000D-38 0.6519p 02
TOTALS 0.0000D-38 0.1000D 01 0.8404D 02 —0,8404D 02 -0.1876D~10
DETAIL OF NODE 4 TEMPERATURE 34411 AREA = 0,10000 01
IR EMITTANCE 0.9000 SOLAR EMITTANCE = 0.1800
UM = 0.1000D 01 THETA = 0.000000~38
NODE CONDUCTANCE Q CcoMpP F ASCRIPTFTIR Q CompP Q cowMe TOTAL
DIRECT SOLAR —0.4420D 03 -0.44200 03
1 0.0000D-38 ~0.00000-38 0.,0000D0-38 0.11350-02 -0.3324D-01 —-0.00000-38 -0.33240-01
2 0.0000D-38 —-0.0000D-38 0.00000-38 0.13330-02 -0.i741D-01 —-0.00000-38 -0.1741D-01
3 0.0000D-38 -0.0000D-38 0.0000D0~38 0.1194D-02 ~0.5805D-02 ~0.0000D-38 -0.5805D-02
4 0.0000p-38 0.00000-38 0.00000-38 0.1008D-02 ~0.0000D-38 0.37760 03 0.37760 03
5 0.00000-38 0.0000D-38 0.1959D-01 0.1592D-01 0.2632D 00 —0.2829D 01 ~0.25660 01
6 0.0000D~38 0.0000D0-38 0.4712D-01 0.38210-01 0.16060 01 -0.4933D 01l ~0.3327D 0Ol
7 0.0000D~38 0.0000D-38 0.5461D-01 0.4426D-01 0.2636D 01 ~0.41060 01 ~0.1470D Ol
8 0.00000-38 0.0000D0-38 0,5025D-01 0.4072D-01 0.29130 01 -0.27330 01 0.1796D0 0O
9 0.,0000D0-38 0.0000D-38 0.4234D~01 0.3431D-01 0.2733D 01 ~0.16990 01 0.1034D 01
10 0.0000D~38 0.0000D0-38 0.3464D-01 0.2807D-01 0©.239iD 01 ~0.10500 Gl 0.1341D 01
11 0.0000D-38 0.00000-38 0.2821D-01 0.2286D-01 0.20350 01 -0.6625D 00 0.13730 o1
12 0.0000D-38 0.00000~38 0.,23110-01 0.1873D0-01 Q.17190 01 -0.43000 00 0.1289D Ol
13 0,.0000D~38 0.0000D0-38 0.7001D 00 0.6523D 00 0.6664D 02 -0.0000D0-38 0.6664D 02
TOTALS 0.0000D~38 0.1000D 01 0.8288D 02 -0.8288D 02 -0.2270D-10
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DETAIL OF NODE 5

NODE CONDUCTANCE
0.0000D-38

2 0.00000-38

3 0.0000D-38

4 0.0000D-38

5 0.00000-38

6 0.00000-38

7 0.00000-38

8 0.00000-38

9 0.00000-38

10 0.0000D-38
11 0.00000-38
12 0.0000D-38
13 0.00000-38

TOTALS

DETAIL OF NODE o

NODE CONDUCTANCE
0.0000D-38
0.0000D-38
0.00000-38
0.0000D-38
0.0000D~38
0.0000D0-38
0,00000-38
0.0000D-38
0.0000D0-38
10 0.0000D-38
11 0.0000D-38
12 0.0000D-38
13 0.0000D-38
TaTALS

CENOWH BN

DETAIL OF NODE 7

NODE CONDUCTANCE
0.0000D-38
0.0000D~38
0.0000D~38
0.0000D-38
0.0000D0-38
0.0000D~38
0.0000D~38
0.0000D-38
0.00005-38
0.0000D-38
0.0000D~38
0.0000D-38
0,0000D~38

o s o
WNF QOO NV P WN -

1
TOTALS

DETAIL OF NODE 8

NODE CONDUCTANCE

0.00000-38

2 0.0000D-38

3  0.0000D-38

4 0.0000D-38

5 0.00000-38

6 0.0000D-38

7 0.0000D-38

8 0.0000D-38

9 0.0000D-38

10 ©0.0000D-38

11 0.00000-38

12 0.0000D-38

13 0.0000D-38
TOTALS

DETAIL OF NODE 9

NODE CONDUCTANCE
¢,0000D-38

2 0.00000-38

3 0.0000D-38

4 0.0000D-38

5 0.0000D-38

6 0,0000D-38

7 0.0000D-38

8
9

0.0000D-38_

0.00000-38

10 0.00000-38

11 0.0000D-38

12 0.0000D-38

13 0,00000-38
TOTALS
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TEMPERATURE
IR EMITTANCE
ILUM

Q caomp
-0.0000D-38
+00000-38
-0000D-38
-0000D-38
0.0000D-38
0.0000D0-38
0.0000D-38
0.00000-38
0.00000~38
0.0000D-38
0.0000D-38
0.0000D0~38
0.0000D~-38
0.00000-38

TEMPERATURE
IR EMITTANCE
TLUM
Q coMp
~0.0000D~38
-0,0000D-38
-0.0000D-38
-0.0000D-38
~0.0000D-38
6.00000-38
0.0000D-38
0.0000D-38
0.00000-38
0.0000D-38
0.0000D-38
0.00000-38
0.0000D-38
0.0000D-38

TEMPERATURE
IR EMITTANCE
1LUM
Q COMP
~0.0000D-38
~0.0000D0-38
-0.0000D-38
~0.0000D~38
-0.00000-38
~0.0000D-38
0.00000~38
0.00000~-38
0.0000D-38
0.00000-38
0.00000-38
0,.,0000D~-38
¢.00000~38
0.0000D-38

TEMPERATURE
IR EMITTANCE
ILuM
Q camp

=0.0000D-38
-0.00000-38
-0.00000-38
-0.0000D-38
~0.0000D0-38
-0.0000D~38
—0.0000D-38
0.0000D-38
0.0000D-38
0.00000-38
0.0000D-38
0.0000D-38
G.0000D-38
0.0000D-38

TEMPERATURE
IR EMITTANCE
LuM

Q comMp
—0.0000D-38
-0.0000D~38
-0.0000D0-38
-0.00000-38
-0.0000D-38
~0,00000-38
-0.00000-38

~03+00000-38_0,0000D-28 _0.49330-03 ~0.50040-02 =00/
0.00000-38" 0400 0.4

0.0000D-38
0.0000D-38
0.0000D-38
00000038
0.0000D-38

Table 4 (conid)

= 12.79 AREA = 0

= 0.9000 SOLAR EMITTANCE = 0

= 0.0000D0-38 THETA = 0
F ASCRIPTFTIR Q camp

0.29290 00 0.2375D0 00 -0.1088D 02
0.89070-01 0.72270-01 -0.2139D O1
0.36890~01 0.2996D-01 -0.6408D 00
0.19590-01 0.1592D-01 -0.2632D 00
0.00000-38 0.77420-02 -0.00000~38
0.00000-38 0Q.3243D-02 0.82690-01
0.0000p-38 0.1712D-02 0.7364D-01
0.0000D~38 0.1049D0-02 0.5772D~01
0.0000D-38 0.70350-03 0.4441D-01
0.0C00D-38 0,5016D-03 043444D-01
0.0000D0-38 0.3741D-03 0.2712D-01
0.00000-38 0.28890-03 0.2174D-01
0.5616D0 00 0.52870 00 0.4528D 02

0.1000D 01 0.31700 02

-27.19 AREA = O

¢.9000 SDLAR EMITTANCE = 0

= 0.0000D-38 THETA = 0
£ ASCRIPTFTIR Q Comp

0.8907D-01 ©,7227D-01 ~0.51530 01
0.1147D 00 0.93030-01 ~0.5124D 01
0.7454D-01 0.6043D-01
0.4712D-01 0.3821D~01
0,0C00D-38  0.32430-02
"6.86060-38 " "0,23420=d2
0.00000-38 0.15920-02 0.2790D-01
0.0000D0~38 0.11020-02 0.3252D-01
0.0000D-38 0.7893D-03 0.2970p-01
0.00000-38 0.58520-03 0.2526D-01
0.0000D~38 0.4474D-03 0.2103D-01
0.0000D~38 0.35130-03 0.17470-01
0.6745D 00 0.6256D 00 0.3763D 02

«82690-0

0.10000 01 Q.22980 02
=62.91 AREA = 0
0.9000 SOLAR EMITTANCE = Q
= 0.0000D-38 =0
F ASCRIPTFTIR
0.36890-01 0.2995D-01 01
0.7454D-01 0.6043D-01 01
0.7C02D~01 0.5675D-01 01
045461D-01 0.4426D-01 01

0.0000D0-38 0.1712D-02 ~0.738640~01
0.0000D-38 0.15920-02 -0.27900-01
0.0000D-38 0.12000-02 -0.0000D-38
0.0000D-38 0.87580-03 0.10490-01
0.0000D-38 0.6464D-03 0.1299D-01
0.0000D-38 0.4880D-03 0.1251D0-01
0.0000D0-38 0.37750-03 0.1113D-01
0.0000D-38 0.2988D-03 0.96250-02
0.76390 00 0.7014D 00 0.2989D 02

0.10000 01 0.1650D0 02

~94,37 AREA = 0

0.9000 SOLAR EMITTANCE = O

= 0.0000D-38 THETA = O
F ASCRIPTFTIR Q COMP

0.1959D0-01 0.1591D-01 -0.1604D 01
0.4712D-01  0.3820D-01 -0.32320 01
0.5461D-01 0.44260-01 ~0.33810 01
0.50250-01 0.4072D~01 -0.2913D 01
0.00000-38 0.1049D-02 ~0.57720-01
0.0000D-38 0.1102D-02 -0.32520-01
0.00000-38 0.87580-03 -0.10490-01
0.0000D0~38 0.6575D-03 -0.0000D~38
0.0000D0~38 ©.4933D-03 0.4004D-02
0.00000-38 0.3762D-03 0.5136D-02
0.0000D-38 0.2929D-03 0.5126D-~02
0.00600D-38 0.23290-03 0.4712D0-02
0.8284D 00 0.7558D 00 0.2315D0 02

0.1000D 01 0.1194D 02
~121.45 AREA = 0
0.9000 SOLAR EMITTANCE = 0

= 0.0000D-38 THETA = 0

F ASCRIPTFTIR Q COmP

0.1204D-01 0.9784D-02 -0.1066D 01
0.3144D-01 0.2549D0-01 -0.2363D 01
0.41040-01 0.33260-01 -0.28110 01
0.4234D~01 0.34310-01 -0.2733D 01
0.0000D0~38 0.70350-03 —0.4441D-01
0.00000~-38 0.7893D-03 -0.2970D0~01
0.0000D-38 0.6464D-03 —0.1299D0~01

000-38  0.37370-03 —0.00000~38
0.0000D0-38 0,2867D-03 0.15860-02
0.0000D-38 0.2241D-03 0.2102D-02
0.0000D-38 0.1786D-03 0.2164D-02
0.8731D 00 0.7935D 00 0.1787D 02
0410000 01 0.8808D 01

-1000D 01

+.1800

«300000 02

Q Cowp TOTAL

~0.11970 03 -0.13060 03
—0.34880 02 -0.3702D 02
-0.1412D 02 -0.1476D 02
-0.73960 01 -0.7660D 01

0.1444D 03 0.1444D 03
~0.00000~38 0.,82690~01
=-0,00000-38 0.7364D-01
~0,00000~38 0.5772D-01
-0,00000-38 0.4441D-01
=0.00000-38 0.3444D-01
-0,0000D-38 0.,27120-01
~0.,0000D0-38 0.2174D-01
-0.0000D-38 0.45280 02

=0.3170D 02 -0.37660D-12
-10000 01

«1800

+90000D 02

Q CoMp TOTAL

-0.36400 02 -0.4156D 02
=0.4494D 02 -0.5006D 02
-0.2854D 02 -0.3137D 02
-0.1779D 02 -0.1940D 02
~0.00000-38 -0.8269D~01

1
28700000738 " BI040 65 " 0. 1047D 03

-0.0000D-38 0.2790D-01
-0.,00000-38 0.3252D-01
—0,00000-38 0.29700-01
-0.00000-38 0.25260-01
-0.00000-38 0.2103D-01
-0.00000-38 0.1747D-01
=0.00000~38 0.3763D 02
-0.22980 02 -0.43340-12

«1000D Gi
«1800
900000 02
Q cowmp TOTAL
-0.1508D 02 -0.1774D 02
~0.29190 02 ~0.3358D 02
=0.2681D 02 -0.3046D 02
=0.2062D 02 -0.2325D 02
—0,00000-38 -0.7364D0-01
~0,0000D~38 -0.2790D~01
0.7519D 02 0.7519D 02
-0.00000-38 0.10490-01
~0,0000D-38 0.1299D-01
~0.00000-38 0.12510-01
-0.0000D-38 0.1113D-01
~0.0000D0-38 0.9625D~-02
-0,0000D0-38 0.2989D 02

~0.16500 02 ~0.4157D~12
+-1000D 01

+1800

+»90000D 02

Q Comp TOTAL

-0.8006D 01 -0.9611D Ol
—0.1845D 02 -0.2169D 02
~042091D 02 -0.2429D 02
-0.18970 02 ~0.2189D 02
-0.Q0000D-38 ~0.5772D-01
=0.00000~38 ~0.32520-01
~0.0000D~38 -0,1049D-01

0.54400 02 0.54400 02
-0.00000~38 0.4004D-02
-0.00000-38 0.5136D-02
-0.00000-38 0.5126D-02
~0.0000D~38 0.4712D-02
-0.00000-38 0.2315D 02

~0.1194D 02 -0.3677D-12
«10000 01

«1800

+900000 02

Q comp TOTAL

-0.4921D 01 -0.5987D 01
-0.1231D 02 -0.1468D 02
-0.1571D 02 -0.18520 02
-0.15990 02 -0.18720 02
~0.00000-38 ~0.4441D-01
-0.00000-38 ~0.29700-01
~0.00000~38 ~0.12990-01
8 =0.4004D-02
2770.4012D 02
-0.00000-38 0.1586D-02
-0.0000p-38 0.21020-02
-0.00000-38 0.2164D-02
-0.00000-38  0,1787D 02
-0.88080 01 -0.2451D-12

31
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DETAIL OF NODE 10 TEMPERATURE
IR EMITTANCE
ILUM
NDDE CONDUCTANCE Q Comp
0.00000-38 ~0.0000D~-38
2 0.0000D~-38 -0.0000D-38
3 0.00000~38 ~0.00000~38
4 0.0000D~38 —~0.0000D-38
5 0.00000-38 -0.00000-38
6 0.0000D-38 -0.00000-38
7 0.00000~38 —-0.0000D~38
8 0.00000-38 -0.00000-38
9 0.00000~38 -0.0000D-38
10 0.00000-38 0.00000-38
11 0.00000-38 0.0000D-38
12 0,0000D-38 0.0000D-38
13 0.00000-38 0.0000D-38
TOTALS 0.0000D-38

DETAIL OF NODE 11 TEMPERATURE
IR EMITTANCE
ILUM
NODE CONDUCTANCE Q coMp
0.0000D~38 -0.0000D~38
0.0000D~-38 -0.0000D-38
0.0000D~-38 ~0.0000D~38
0.00000~-38 -0.0000D-38
0.00000-38 —~0.00000~38
0.00000-38 -0.00000-38
0.0000D-38 ~0.0000D~38
0.0000D-38 -0.0000D-38
0.0000D~-38 ~0.0000D-38
lo 0.00000-38 ~0.00000~38
11 0.0000D-38 0.0000D-38
12 0.0000D-38 0.0000D-38
13 0.00000-38 0.00000-38
TOTALS 0.0000D-38

VRNV HWN

DETAIL OF NODE 12 TEMPERATURE
IR EMITTANCE
1LUM

NODE CONDUCTANCE @ COMP

0.0000D~38 -0.0000D-38

2 0.0000D~38 -0.0000D~38

3 0.0000D-38 -0.0000D-38

4 0.00000-38 —0,0000D-38

5 0.0000D-38 ~0.00000~-38

6 0.0000D-38 —0,0000D-38

7 ©.0000D-38 -0.0000D-38

8 0.00000-38 -0.00000-38

9 0.0000D-38 —0.0000D-38

10 0.0000D-38 -0.00000-38
11 0.00000-38 -0.0000D<38 0,

12 0.00000-38""0:36600-38

13 0.00000-38 0.0000D-38
TOTALS 0.0000D-38

DETAIL OF NODE 13 TEMPERATURE
IR EMITTANCE
ILUM

THIS IS A CONSTANT TEMPERATURE NODE
Q C

NODE CONDUCTANCE
0.0000D-38 -0. 00000—38
2 0.0000p-38 -0.0000D-38
3  0.0000D-38 -0.00000~38
4 0.0000D~38 -0.00000~38
5 0.0000D-38 -0.00000-38
& 0.0000D-38 -0.00000-38
7 0.00000-38 -0.0000D~38
8 0.00000~38 -0.00000-38
9 0.0000D-38 -0.0000D-38
10 0.0000D-38 ~0.0000D~38
11 0,00000-38 ~0.0000D-38
12 0.0000D~38 -0.00000-38
13 0.0000D-38 0.0000D-38
TOTALS 0.00000-38

Table 4 {conid)

—144,50
0.9000

= 0.00000-38

0.8130D-02
0.2218D-01
0.3107D~01
0e3464D-01
0.0000D-38
0.00000-38
0.0000D-38
0.0000D-38
0.0C00D-38
0.0000D~-38
0.0000D-38
0.0000D~38
0.90400 00
0.1000D 01

= ~164412
= 0.9000

0. ODOOD—3B

(23 58500 02
0.1638D-01
042399D-01
0.2821D-01
0.0000D-38
0.0000D-38
0.00000-38
0.0000D-38
0.0000D-38
0.0000D-38
0,0000D-38
0.0000D~38
0.9256D 00
0.1600D 01

= ~180.92
0.9000

ASCRIPTFTIR
0.6608D-02
0.1798D-01
0.2518D~01

0.2807D~

01

0.5016D~03

0.5852D—

03

0.4880D~-03
G.3762D-03

0.2867D~

03

0.22070-03
0,1729D-03
0.1380D~03

0.8194D

oo

ASCRIPTFTIR

0a 47560~

-02

0.1328p-01

0419440~

01

0.22856p~01
0.3741D-03
0.44T4D-03
0.3775D-03
0.2929D-03

042241D-1

03

0.1729D~03
0.1357D~03
0.1084D~03

0.8375D

AREA
SOLAR EMITTANCE

= 0. OOOOD 38
ASCRIPTFTIR
0.35860-02
0.1017D~01
0.1535D-01

-44100—02
0.1254D~01
0.1894D~01
0+23110-01
0.0C00D-38
0.00000-38
0.00000-38
0.0000D-38
0.0000D~38
0.0C00D~38
0.0000D~-38

6.00000~38""

0.1000D 01

-459,00
1.0000

0.+1873D-
0.2889D-1

(V)

01
03

0.3513D-03
0.29880~-03
0.2329D0-03
0.1786D-03
0.1380D-03
0,10840-03
0.8668D~04
0.9410D0 00 0.8505D 00 0.8843D 01

AREA
SOLAR EMITTANCE

= 0.00000-38

F
0.5938p-01
0.66190-01
0.72550-01
0.7828D0-01
0.6278D-01
0.7541D-01
0.8541p-01
0.9262D0-01
0.97620-01
0.1011D 00
0.1035D0 00
0.1052D 00
0.0000D-38
0.1000D 01

ASCRIPTFTIR

0.5056D
0+5602D
0.6091D
0.6523D
0.5287D
0462560
0.7014D
0.7558D
0.7935D
0.8194D
0.8375D0
G.8505D
0.7047D

a0
00
60
00
0
00
[e1v]
00
00
00
oo
00
00

AREA = 0.
SOLAR EMITTANCE = 0.

THETA
Q COoMP
=0.75640 00
=0.1767D 01
~02267D 01
~0.2391D 01
~0+3444D-01
—0.25260-01
-0.1251D-01
-0.5136D-02
-0.15860-02
-0.0000D~38
0.6653D0-03
0.9091D-03
0.1392D 02
0.66570 01

AREA

Q comp
~-0.5627D 0O
~0.1356D 01
~0.1826D 01
~0.2035D 01
-0.2712D-01
-0.2103D-01
-0.11130-01
~0.5126D-02
-0.21020-02
~0.66530~03
~0+0000D0~-38

0.2969D-03
0.311000 02
0.51550 01

Howon

HETA

Q camp
~0.4341D 00
=0.1066D 0}
~G.1483D 01
-0.17190 01
—042174D-01
-0.1747D-01
~0.9625D-02
-0.4712D-02
-0,2164D~02
~0. 90910-03
2+2969D-03

'-o“ooooﬁ 34"

0.4084D0 01

THETA

Q comp
-0.6646D 02
~0.6455D 02
-0.6519D 02
—0.6664D 02
-0.4528D 02
~0.3763D 02
-0.2989D0 02
-0.23150 02
-0.1787D 062
-0.1392D 02
-0.11000 02
~0.8843D 01
-0.0000D0-38
-0.4504D 03

= 0.
SOLAR EMITTANCE = 0.
THETA = 0.90000D 02

0.
0.
0.90000D 02

10000 ot
1800

0,900000 02
Q

comp
-0.33230
~0eB8686D
-0.1189D
-0.1308D

01
01
02
02

-0.0000D-38

-0.00000-
=0.0000D-:

38
38

-0.00000-38
-0.0000D~38

0.3033D

=0.0000D-

02
38

-0.0000D-38
-0.00000-38

-0.66570

10000 01
1800

Q ComMpP
-0.2391D
—0+6415D
~0.91840
~0+1065D

01

0l
[
0l
02

~0.00000-38
-0.00000-33

=0.0000D-
-0.0000D-

38
38

-0.00000-38
=0.00000-38

0.23490

02

-0.0000D-38
-0,00000-38

-0.51550

1000D 01
1800

Q comp
-0.18020
-0.49110
=0,72510
~0+8725D

133

01
0l
01
01

=0.0000D-38
-~0.0000D-38
~0.00000-38
=-0.0000D-38

00000-38

=0.00000-38

618610

00000~ 38

-0. 00000—38

-0.40840

0.8944D 01
le
0.90000D 02

0000

Q coMP
-0.21710
-0.23180
~042484D
~0+26430D
~0.81090
~0,7061D
~0e5744D
~0.45060
-0.35030
-0.2741D
~0.2174D
=0.1751D

-0.1318D

ol

02
62
02
02
0.0000p-38

04

TAS I, MAY 6, 1969 VERSION,

STEP RISER=Y, STEP TREAD=X
T CASE 2, SAME CONDITIONS AS

JAH X2777, CASE NUMBER
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY

CASE 1, BUT DETAILED PRINTOUT REQRESTED

[ 1 2 3 & 5
C23456789012345678901234567890123456789012345678901234567890123456789012
PRINT{10)=1s1s1plylslelslolelolololrlololelelyolslel,l

END OF CASE

TOTAL
-0.4079D0 01
-0.1045D 02
-0.1416D0 02
-0.1547D 02
~0+34440-01
25260~01
-0+1251D-01
~0.5136D~02
-0.15860~02

0,3033D 02
0.6653D-03
0.,90910-03
0.1392D0 02
0.5684D-13

TOTAL
~0.2954D 01
0.7771D 01
+1101D 02
+1269D 02
«27120-01
«2103D-01
~0.1113D-01
=0.51260-02
=0.2102D-02
—0.6653D0-03

0.2349D 02
0.2969D-03
0.1100D0 02
0.2822D~10

TOTAL
-0.2236D 01

Sl it

"*8.1861D 02
0.8843D 01
0.10470-08

TOTAL
-0.2835D 03
~0.2964D 03
-0.3136D 03
-0.3310D 03
-0.12640 03
«~1082D0 03
«8733D 02
-0.6822D0 02
—0+5290D0 02
~0.4133D 02
-043274D 02
~0.26350 02

0.0000D-38
-0.1768D 04

TITLE CARD
COMMENT CARD
COMMENT CARD
DATA CARD
CONTROL CARD

SNAMEZ

N = 13,

BOLTZ = 0.1714000000000000D-08y
SOLCON = 044419999999999999D 03,
RELTOL = 0.99999999999999970~05,
ABSCVN = 0.4599999999999999D 03,
NITER = 15y

3 END
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TAS I, MAY 6,

1969 VERSION,

Table 4 (contd)

JAH X2777, CASE NUMBER 2

TEMPERATURE DISTRIBUTION OF AN L~SHAPE STEP CAVITY

STEP RISER=Y,

STEP TREAD=X
CASE 2, SAME CONDITIONS AS CASE 1, BUT DETAILED PRINTOUT REQRESTED

THE SYMMETRIC CONDUCTION MATRIX IS

1
0.00000000D~38
0.000000000~38
G. 00060000D-38

2
= 0.000000000-38
0.000000000-38
0.00000000D-38

ROW 3

0.00000000D-38
0.000000000~-38
0.00000000D-38

4
=  0.00000000D-38
0.000000000-38
0.00000000D-38

ROW 5

i 0.000000000~38
0.000000000-38
0.000000000-38

6
=  0.00000000D~38
0.0600000000-38
0.00000000D~38

ROW 7

1 = 0.000000000-38
0.000000000-38
0.000000000~38

ROW 8

1 0.00000000D-38
0.00000000D-38
0.000000000-38

ROW 9

1 = 0.000000000-38
[ 0.000000000-38
Il = 0.0006000000-38
ROW 10

1= 0.000000000~38
6 0.00000000D-38
11 = ©0.00000000D-38
ROW 11

1 = 0.000000000-38

& 0.000000000-38
11 = 0.00000000D-38

ROW 12

1= 0.000000000-38 "

0.000000000-38
0.00000000D-38

ROW 13

0.000000000~38
0.000000000~38
0.00000000D-38

: [ "o "o wowon W [ Wouon Wonon o 0owon oo

4 hoa

0,000CCC00D-38
0.00000000D-38
0.00000000D-38

0.000000000-38
0.00000000D-38
0.00000000D~38

0.000000000~38
0.06000000D-38
0.00000000D~38

0.00000000D-38
0.00000000D-38
0.0000C000D-38

0.000000000-38
0.00000000D-38
0.00000000D~38

0.00000000D~38
0.000000000~38
0.00000600D~38

0.00000000D-38
0.000000000~38
0.00000000D~38

0.00000G00D-38
0.00000000D-38
0.00000000D-38

0.00000000D-38
0.000G60000D~-38
0.000060000-38

0.00000000D-38
0.00000000D-38
0.00000000D-38

0.00000000D-38
0.000000000~38
0.000000000-38

" 0.0000C000D-38

0.0000C000D-38
0.000000000-38

0.0000C0000-38
0.00000000D-38
0.000000000-38

1

nonon [ Honon [ wHon [ [ [ wonon

[}

0.00000000D-38
0,000000000~38
0.00000000D-38

0.000000000-38
0.00000000D~38
0,00000000D~-38

0,000000000-38
0, 00000000D-38
0.000000000-38

0.00000000D-38
0.00000000D-38
0.00000000D-38

0.30000000D-38
©.00000000D-38
0.000000000-38

0.00000000D-38
0.000000000-38
8.00000000D-38

0.000000000~38
0.000000000-38
0,00000000D~38

0.00000000D0-38
0.000000000-38
0.00000000D-38

0,00000000D~38
0.000000000-38
0.00000000D~38

0.00000000D0-38
0.00000000D-38
0.000000000~38

0.00000000D~38
0.00000000D~38
0.000000000~38

§.666000000-38" "

0.000000000-38
0.000000000-38

0.000000000-38
0.000000000-38
0.000000000-38

o

0P

4
9

"

now

%
9

4
9

[

=

=

=

TAS I,

MAY 6, 1969 VERSION,

JAH X277Ts CASE NUMBER 2

TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X

CASE 2y

THE SYMMETRIC FA MATRIX IS

ROW
= 0.00000000D-38
6 = 0.890700000~01
11 = 0.58500000D~02
ROW 2
1 = 0.00000000D-38
6 = 0.114750000 00
11 = 0.163800000-01
ROW 3
1 = 0.000000000-38
6 = 0.74540000D-01
11 = 0.239%00000-01
ROH 4
1 = ©.000000000-38
6 =  0.,47120000D-01
11 = 0.28210000D0~01
ROW 5
1 = 0.292890000 00
6 = 0.000000000-38
11 = 0.00000000D-38
ROH
1 = 0.89070000D-01
6 =  0.00000000D-38
11 = 0.00000000D-38

JPL TECHMNICAL REPORY 32-1416

('] Hon o wowon HoHw " H W

0,00000000D-38
0.368900000-01
0.441000000~02

0.00000000D~38
0.745400000~01
0.12540000D-01

0.00000000D~38
0.70020000D-01
0.18940000D-01

0.000000000-38
0.54610000D-01
0,23110000D-0%1

0.89070000D-01
0.00000000D-38
0.00000000D-38

0.114750000 00
0.00000000D-38
0.00000000D-38

0.00000000D-38
0.1959000600-01
0.531130000 00

0.00000000D~38
0.471200000-01
0.59198000D 00

0.000000000-38
0254610000001
0.64830000D 00

0.00000000D-38
0.502500000-01
0.70013000D0 00

0.368900000-01
0.00000000D-38
0.56156000D 00

0. 745400000-01
0.000000000-38
0.674520000 00

-3 0
"

o

"o

o P

)

O

SAME CONDITIONS AS CASE i, BUT DETAILED PRINTOUT REQRESTED

=

0.00000000D-38
0.00000000D-38

0.00000000D-38
0.000000000-38

0.00000000D~38
0.00000000D-38

0.00000000D-38
0.000000000-38

0.00000000D-38
0.00000000D-38

0.00000000D-38
0.00000000D-38

0.00006000D~38
0.00000000D-38

0.000000000-38
0.00000000D~38

€.00000000D-38
0.00000000D-38

0.00000000D-38
0.00000000D-38

0.00000000D~38
0.000000000~38

" 3.00000000D-38

©.00000000D-38

0.000000000-38
0.000000000-38

-
@\

-
owu

5
10

-
ow

™
ow

5
10

[}

"on

"

[N}

0.00000G00D~38
0.000000000~-38

0.000000000~38
0.00000000D-38

0.00000000D-38
0.00000000D~38

0.00000000D-38
0.00000000D~38

0.00000000D-38
0.00000000D-38

0.000000000-38
0.00000000D~38

0.00000000D-38
0.00000000D-38

0.00000000D-38
0.00000000p-38

0.00000000D-38
0.00000000D~38

0.00000000D~38
0.00000060D~38

0.00000000D-38
0.00000000D-38

0.00000090D-38
0.00000000D-38

0.00000000D~38
0.00000000D~38

0.00000000D-38
0,120400000-01

0.00000000D0~38
0.31440000D-01

0.000000000~38
0.41040000D-01

0.00000000D-38
0.423400000-01

0.195900000~-01
0.00000000D~38

0+471200000-01
0.000000000-38

I

-

-

-

—

own ow ow ow
"ou

oW

W

0o

0.29289000D 00
¢.813000000-02

0.89070000D-01
0.221800000-01

0.368960000-01
0.31070000D-01

0.195900000-01
0.346400000~01

0.00000000D-38
0.000000000-38

0.00000000D~38
0.000000000~38

33
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ROW 7
1 = 0.368900000-01

6 = 0.000000000-38

11 = 0.00000000D-38
ROW 8

1 = 0.195900000~01

6 = 0.00000000D~38

11 = 0.000000000-38 1
ROW 9

1= 0.120400000-01

6 = 0.000000000~38

11 = 0.000000000-38
ROW 10

1= 0.813000000-02

6 = 0.00000000D~38

11 = 0.000000000~38
ROW 11

1= 0.585000000-02

6 = 0.00000000D~38

11 = 0.00000000D~38
ROW 12 v
1= 0.441000000~02

6 = 0.00000000D-38

11 = 0.00000000D-38
ROW 13

1 = 0.53113000D0 00
6 =  0.67452000D 00
1 = 0.925570000 GO

i2

0.74540000D-01
0.000000000-38
0.00000000D-38

0.471200000-0L
0.000000000-38
0.0000C000D~38

0.314400000-01
0.000000000-38
0.00000000D-38

0.221800000-01
6.00000000D-38
0.000000000~-38

0.16380000D~-01
0.000000000~38
0.00000000D-38

e mn s
0.125460000-01
0.00000000D-38
0.00CCC000D-38

0.59198000D 00
0.76394000D0 00
0.941000000 00

Table 4 (contd)

3 = 0.700200000-01 4
8 = 0.00000000D~38 9
13 = 0.763940000 0Q

3 = 0.546100000-01 4
8 = 0.000000000-38 9
13 = 0.82843000D 0C

3. = 0.410400000-01 4
8 = 0.00000000D-38 9
13 = 0.87314000D0 00

3 = 0.31070000D0-01 4
8 = 0.00000000D-38 9
13 = 0,90398000D 00

3 = 0.23990000D~01 4
8 = 0.000000000-38 9
13 = 0.92557000D 00
3727 6.1185400bbb-01 T4
8 = 0.00000000D-38 9
13 = 0.9410600000 00

3 0.64890000D0 00 4

8 = 0.82843000D0 00 9
13 = 0.000000000-38

TAS I,

MAY 6, 1969 VERSION,

JAH X2777,

CASE NUMBER 2

TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X

CASE 2, SAME CONDITIONS AS CASE 1.

THE £ MATRIX IS

1
0+000000000~38
0.89070000D0-01
0.585000000-02

ROW 2
1 0-00000000D-38

6 = 0.11475000D 00
i1 = ©.163800000-01
ROW 3

1 = 0.00000000D0-38

& 0. 74540000001
11 = 0.239900000-01
ROW 4

1 0.00000000D-38

6 0,471200000-01

11 = 0,282100000-01
ROW S
1 = 0,292830000 00

6 0.000000000~-38
i1 = 0.00000000D-38

ROW 6

1 0.890700000-01
6 0.000000000~38
11 = 0,000000000-38
ROW 7

1 = 0.363900000~01
6 0.000000000-38
Il = 0.000000000-38

ROW 8
1 = 0.195900000-01

6 0.000000000-38
11 = 0.000000000-38
ROW

1 = 0.120400000-01

6 0.000000000-38

i1 = 0.000000000-38

ROW 10

1 = 0.813000000-02
6 0.000000000~38
11 = 0.00000000D-38

ROW 11

1 = 0.58500000p-02
6 0.000000000-38
11 = 0.00000000D-38

ROW 12 —
=  0.44100000D0-02

0.,00000000D-38

0.000000000~-38

11 =

ROW 13
1 = 0.593821390-01
L] 0.75413628p-01

il = 0.10348187D 00

0.54610000D-01
0.000000000-38

0.502500000-01
0.000000000~-38

0.423400000-01
0.00000000D~38

uoa

=  0+346400000~01
= 0.00G00000D-38

0.282100000-01
0.000000000-38

= 0.700130000 00
=  0.873140000 00

5
10

= 0.000000000-38
= 0.000000000-38

5 = 0.000000000-38
10 = 0.000000000-38

5 = 0.000000000-38
10 = 0.00000000D-38
5 = 0.000000000-38
10 = 0.000000000-38
5 = 0.000000000-38
1¢ = 0.000000000-38

" 0.006000000-38
= 0.00000000D~38

0.561560000 00
0.90398000D 00

BUT DETAILED PRINTOUT REQRESTED

2 = ©0.00000000D-38 3 = 0.000000000-38 4 = 0.00000000D-38 5 = 0.29289000D0 00
7 = 0.368900000-01 8 = 0.,19590000D0~01 9 = 0.120400000-01 10 = 0.813000000~02
12 = 0.441000000-02 13 = 0.531130000 00
2 = 0.000000000-38 3 = 0.00000000D-38 4 = 0.00000000D-38 5 = 0.890700000~01
7 = 0e745400000-01 8 = 0.471200000-01 9 = 0.315400000-01 10 = 0.22180000D-01
12 = 0.125400000-01 13 = 0.59193000D 00
0.00060000D-38 3 = 0.000000000-38 4 = 0.00000000D~38 5 = 0.36890000D0-01
0.700200000-01 8 = (.54610000D0-01 9 = 0.410400000-01 10 = 0.310700000-01
12 = 0.189400000-01 13 = 0.648900000 0O
0.00000000D~38 3 = 0.000000000-38 4 = 0.000000000-38 5 = 04195900000-01
0+54610000D-01 8 = 0.50250000D-01 9 = 0.423400000-G1 10 = 0.346400000-01
0.2311€000D-01 13 = 0,70013000D 00
0.89070000D0-01 3 = 0.36890000D-01 4 = 0,19590000D-01 5 = 0.000000000-38
0.000000000-38 8 = 0.,00000000D-38 9 = 0,000000000-38 10 = 0.00000000D-38
0.00600000D-38 13 = 0.561560000 00
0.11475000D0 00 =  0.74540000D-01 0.471200000-01 5 0.,00000000D-38
0.00000000D-38 8 = 0.,000000000~-38 0.000000000-38 10 0.00000000D-38
12 = 0.000000000-38 13 = 0.,674520000 00
0.74540000D-01 = 0.700200000-01 4 =  0.54610000D0-01 5 = 0.080000000D-38
0.00000000D~38 8 = 0.000000000-38 9 = 0.00000000D-38 10 = 0.000000000-38
0.000000000-38 13 = 0,763940000 00
2 = 0.471200000-01 3 = 0.546100000~01 4 = 0.50250000D-01 5 = 0.00000000D-38
7 = ©0.000000000-38 8 = 0.000000000-38 9 = 0.000000000-38 10 = 0,000000000-38
12 = 0.00000000D-38 13 = 0,828430000 00
0.31440000D-01 =  0410400000-01 4 = 0.423400000-01 5 = 0.,000000000-38
0.00000000D-38 8 = 0.000000000-38 9 = 0,00000000D-38 10 = 0,000000000~38
0.00000000D-38 13 = 0.87314000D 00
2 = 0.221800000-01 3 = 0.310700000-01 4 =  0.346400000-01 5 = 0.00000000D-38
7 = 0.000000000-38 8 = 0.00000000D-38 9 = 0.00000000D-38 10 = 0.00000000D0-38
12 = 0.00000000D-38 13 = 0.90398000D 00
2 = 0.16330000D-01 3 = 0.239900000-01 4 = D.28210000D-01 5 0,00000000D~-38
7 = ©0.00000000D0-38 8 = 0.00000000D~38 9 = 0.000000000-38 10 0.00000000D~38
12 = 0.00000000D-38 13 = 0.92557000D 00
e e
2 = 0a125400000-01 = 0.183400000-0L 4 = 0.,23110000D0-01 5 = {.000000000-38
7 = 0,00000000D-38 8 = 0.000000000-38 9 = 0.00000000D0-38 10 = 0.000000000-38
2 = 0.000000000-38 13 = 0.941060000p 00
2 = 0.66185375D-01 3 = 0.725492250-01 4 = 0,78276913D-01 5 = 0.62784316D0-01
7 = 0.85411088D-01 8 = 0.926212890-01 9 = 0.97620019D-01 10 = 0.10106804D 00
12 = 0.105207000 00 13 = 0.000000000-38
. - v
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Table 4 (contd)

TAS I MAY 6, 1969 VERSION, JAH X2777, CASE NUMBER 2
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY

STEP RISER=Y, STEP TREAD=X

CASE 2, SAME CONDITIONS AS CASE 1, BUT DETAILED PRINTOUT REQRESTED

THE AREAS ARE

0.100000000 Ot 2 0.100CC000D 01
0.100000000 01 7 0.1000C000D 01
04100000000 01 12 = 0.10000000D0 01

[
it

nonon

THE IR EMITTANCES ARE

0.900606000D 00 2 = 0.9000C0000 00
0.90000000D 00 7 0.9000C0000 00
04900000000 00 12 = 0.9000C000D 00

&
11

nowon

THE SDLAR EMITTANCES ARE

1= 0.180000000 00 2 0.18000000D 00
6 0.18000000D 00 7 0.18000000D 00
11 0.18000000D 00 12 = 0.18000000D0 00

THE ILLUMINATIONS ARE
1 0.10000000D O1 2 0.1000000GD O1
0.000000000-38 7 0.00000000D-38
0.000000000-38 12 = 0.00000000D-38

6
11

[}

0.000000000-38 0.00000000D~38
0.900000000 02 7 0.9000C000D 02
0.90000000D0 02 12 = 0.90000000D 02

THE ANGLES THETA TO THE SUN ARE
1= -

6 =

1=

THE CONSTANT TEMPERATURE NODES ARE

= -0.500000000 03 2 = -0.50000000D 03
~0.50000000D 03 7 -0.500000000 03
11 = -0.50000000D 03 12 = -0.500C00000 03

THE POKRERS ARE

= 0.00000000D~-38 2 0.00000000D~38
0.00000000D-38 7 0.00000000D~38

= 0.000000000-38 12 = 0.00000000D-38

1
6
1

1

8
13

Hoow W

woan

0.16000000D 01
0.10000000D0 01
0.89442720D0 01

0,90000000D 00
0.900000000 00
0.10000000D 01

0.18000000D 00
0.180000000 00
0.100000000 01

0.10000000D0 01
0.00000000D-38
0.000000000~-38

0.00000000D-38
0.90000000D 02
0.90000000D 02

-0.500000000 03
-0.50000000D0 03
«+45900000D 03

0.000000000-38
0.00000000D-38
0.000000000-38

%4
9

0

[

o ©°
(W}

L3

0.10000000D 01
0.10000000D 01

0.90000000D 00
0.90000000D 00

0.18000000D 00
0.180000000 00

0.100000000 01
0.00000000D-38

0.00000000D~38
0.90000000D 02

-0.50000000D 03
—0.50000000D 03

0.000000060-38
0.000000000D~38

10

10

ow

L

5
10

w ow
[ [

w
[

0.100000000 01
0.10000000D 0L

0.90000000D Q0
0.900000000 00

0.18000000D 00
0.18000000D 00

0.000000000~-38
0,.00000000D~38

= 0.90000000D0 02
=  0.,90000000D0 02

= =0.500000000 03
= -0.500000000 03

00000000D-38
000000000-38

[-¥-3
b

TAS I, MAY 6, 1969 VERSION, JAH X2777, CASE NUMBER 2
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY

STEP RISER=Y, STEP TREAD=X

CASE 2+ SAME CONDITIONS AS CASE 1, BUT DETAILED PRINTOUY REQRESTED

THE EXCITATION VECTOR lS
04362440000 03
0.000000000-38 7
0.000000000-38 12

0.36244000D 03
0.00000000D-38

0.00000000D-38 13 =

0.362440000 03
0.000000000~38
0.00000000D0-38

4
9

0.36244000D0 03
0.00000000D~38

5
10

= 0.00000000D-38
= 0,00000000D-38

TAS 1, MAY 6, 1969 VERSION, JAH X2777,
STEP RISER=Y, STEP TREAD=X

CASE NUMBER 2
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY

CASE 24 SAME CONDITIONS AS CASE 1, BUT DETAILED PRINTOUT REQRESTED

THE SOLAR TRANSFER MATRIX BEFORE INVERSION

ROW 1
i 0.100000000 01
-0.73037400D-01

-0.00000000D~38
~0.302498000-01

NN

11 =0.479700000-02 12 = -0.36162000D0-02
ROK 2
= -0,00000000D-38 0.100000000 01
& = ~0.94095000D-01 -0.61122800D-01
11 = -0.134316000-01 -0.10282800D-01
ROW 3
1 = -0.000000000-38 -0.006000000-38
6 = ~0.,611228000-01 =0.574164000-01
11 = -0.196718000-01 —0.15530800D-01
ROW 4
1 = -0.00000000D-38 =0.000000000-38
6 = —0.386384000~01 ~0+44780200D-01
11 = -0.231322000-01 -0.,18950200D-01
ROW 5
1 = ~0.24016980D 00 =0.73037400D0-01
6 = -0.00000000D-38 ~0,00000000D-38
11 = -0.000000000-38 -0.00000000D~38
ROW 6
= —0.73037400D-01 ~0.940950000-01
6 = 0.10600000D 01 =0.00000000D-38
11 = -0,00000000D-38 ~0.00000000D-38
ROW 7
1 = -0.302498000-01 —0.611228000-01
6 = —0.000000000-38 0.100000000 01
11 = -0.00000000D-38 -0.00000000D~38
ROW
1 = -0.16063800D0~01 -0.38638400D-01
6 = -0.00000000D-38 =0.00000000D~38
1] = -0,00000000D-38 ~0.00000000D~38
ROW 9
1 = -0.98728000D-02 =0.25780800D-01
6 = -0.000000000-38 -0.00000000D-38
11 = -0,00000000D-38 -0.00000000D~-38
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1

wuoa

-0.00000000D~38
—0.16063800D~01
-0.43552660D0 00

=0.000000000-38
=0.386384000-01
-0.48542360D 00

0.10000000D 01
~0+44780200D-01
-0.53209800D 0C

~0+00000000D-38
~0.412050000-01
-0.57410660D0 00

=0.302498000-01
=0.00000000D-38
-0.46047920D 00

=0.611228000-01
~0.00000000D-38
-0.55310640D0 00

= -0.57416400D-01

~0.000000000-38
-0.6264%3080D 00

-0.44780200D-01
0.10000000D 01
-0.67931260D0 00

~0.336528000-01
-0.,00000000D-38
=0.71597480D 00

o &

L2

"o

-

[

[

)

-0.00006000D~-38
-0.987280000-02

=0.00000000D-38
-0,25780800D-01

~0.+00000000D-38
-0.336528000-01

0.10000000D 01
=0.34718800D0-01

-0,160638000-01
-0.00000000D-38

-0.38638400D-01
~0.00000000D-38

~0.447802000-01
~C.00000000D-38

=0.412050000-01
=0.000000000-38

-0.34718800D-01
0.10000000D 0}

~0.24016980D 00
=0.666660000-02

(]

=0.73037400D-01
~0.18187600D~01

=0.30249800D-01
~0.254774000-01

W

-0.16063800D-01
~0.28404800D-01

"

0.10000000D Oi
-0.000000000~38

-0.00000000D-38
~0.000000000-38

"o

= =0.00000000D-38
= -0,00000000D0-38

~0.000000000-38
-0,06000000D-38

~0.000000000-38
=0.000000000-38

35



Table 4 (ton

ROW 10
1 = -0.66666000D0-02 2
6 -0.000000000-38 7
11 = -0.00000000D0-38 12

-0.00000000D-38
0.100000000 01

—0+254774000-01 4 = ~0.28404800D~01 5
=0.00000000D-38 9 = -0.000000000-38 10
—0.74126360D 00

~0.,18187600D0—-01 3
~0.00000000D~38 8
-0.0000C000D-38 13

[

[
[

ROW 11

1 = -0.473970000D~02 2 = -0.134316000-01 3
& -0.000006000D-38 7 ~0.000000000-38 8
11 = 0.10000000D0 01 12 = -0.00000000D-38 13

~0+23132200D0~-01 5
~0.000000000-38 10

-0.00000000D~38
-0.000000000-38

—0.196718000~01 4
~0.00000000D-38 9
~0.75896740D 00

"o

[

ROW 12 sexsesmsranssetanennan
1 = -0.361620000~02 2 ~0.10282800D-01
6 -0.000000000~38 7 -0,0000€000D-38 8

11 = -0.00000000D-38 2 = 0.100€00000 01 13

~0.189502000-01 5
-0.000000000-38 10

0.000000000-38
=0.000000000-38

20.155308000-01" " &
~0.000000000-38 9
~0.77162000D 00

0oHon,

ROW 13
1 = -0.00000000D-38 2
6 ~0.000000000-38 7
11 = -0.00000000D0-328 12

—0.00000000D-38 4 = ~0.000000000-38 5
-0.000000000-38 9 = -0.000000000~38 10
0.10000000D 01

~0.,00000000D-38
~0.00000000D-38

=0.0000£000D-38 3
-0.000000000~38 8
-0,000000000-38 13

"ouon

TAS Iy MAY 6, 1969 VERSION, JAH X2777, CASE NUMBER 2
TEMPERATURE DISTRIBUTION OF AN L-~SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X
CASE 2, SAME CONDITIONS AS CASE 1, BUT DETAILED PRINTOUT REQRESTED

THE SOLAR TRANSFER MATRIX AFTER INVERSION IS

ROW 1
1 = 0.10700515D Ol 2 = 04302707820-01 3 = 0.16641565D-01 4 = 0.106558610-01 5 = 0.25987954D 00
6 0.82431015D-01 7 = 0.356517500~01 8 = 0.19542996D-01 9 = 0.122748040-01 10 = 0.84108198D-02
11 = 0.611234852D-02 12 = 0.464117620-02 13 = 0.71981824D 00
ROW 2
1 = 0.302707820-01 2 = 0.102236100 01 0.16054686D-01 4 = 0.11845446D-01 0.826166490~-01
& 0.99848952D-01 T = 0.648574940~01 0.41195680D-01 9 = 0.27607686D-01 0.19541595D-01
11 = 0.14466988D-01 12 = 0.11096014D-01 0.74048267D 00
ROW 3
1 = 0.16641565D0-01 2 = 0.160546850-01 3 = 0.10131153D 01 4 = 0.10456724p-01 5 = 0.35983910D-01
0+650546100~01 7 = 0.60122411D0-01 B = 0.46686038D-01 9 = 0.35035420D0-01 10 = 0.265115090-01
0.20467162D-01 12 = 0.16157918b-01 13 = 0.75478826D 00
0.10655861D0-01 2 = 0.11845446D-01 3 = 0.10456724D-01 4 = 0.100876860D 01 5 = 0.19945348D-01
0.41509223D-01 T = 0.46819613D-01 8 = 0.42663428D-01 9 = 0.357857220~01 10 = 0.292067600-01
0.23750960D-01 12 = 0.19439107D-01 13 = 0.76584757D 00
5
= 0.25987954D 00 2 = 0,82616649D-01 3 = 0.359839100-01 4 = 0.199453480-01 5 = 0.106985820 01
0.29724833D0-01 7 = 0.15870288D-01 8 = 0.98000428D-02 9 = 0.65990999D-02 10 = 0.471843160-02
0.352556400-02 12 = 0.27261341p-02 13 = 0,722575350 00

0.824310150-01 2
0.10209960p 01 7
0.397649370-02 12

0.998489520-01 3
G+14190562D~01 8
0.31217721D-02 13

0.65054610D-01
G.980570510-02
0.751081670 00

0.415092230-01
0,701843100~02

0.297248330-01
0.52020309D-02

"oun
BN

0.60122411D-01
0.77001881D-02
0.77109756D 00

0.35651750D0~01 2
0.141905620~01 T
0.33079180D-02 12

0+64857494D-01 3
0.10105913D 01 8
0.26168307D-02 13

= 0446819613D-01 5
= 0.56728689D-02 10

0.158702880-01
0.42789426D-02

4 =
9

ROW 8

0.195429960-01 2 = 0.41195680D-01 3 = 0.45686038D-01 4 = 0.42663428D-01 5 = 0.98000428D-02
0.98057051D-02 7 = 0.77001881D-02 8 = 0.10057542D 01 9 = 0.43073406D~02 10 = 0.32808209D-02
0.255236900-02 12 = 0.202783030~02 13 = 0.784843000 00
ROW 9
1 = 0.12274804D-01 2 = 0.276076860-01 3 = 0.35035420D-01 4 = 0.35785722D0-01 5 = 0.659909990-02
6 0.701843100-02 T = 0.56728689D-02 8 = 0.43073406D-02 9 = 0.10032544D 0F 10 = 0.24930464D-02
11 = 0.194670990-02 12 = 0.155054720-02 13 = 0.79416170D 00
ROW 10
1 = 0.84108198D-02 2 = 0419541595D0-01 3 = 0.26511509D-01 4 = 0.29206760D-01 5 = 0.47184316D0-02
-] 0.52020309D-02 T = 0.427894260-02 8 = 0.32808209D-02 9 = 0.24930464D-02 10 = 0.10019165D 01
11 = 0.14999673D-02 12 = 0.11965764D-02 13 = 0.80051373D 00
ROW 11
1 = 0.611348520-02 2 = 0.14466988D-01 3 = 0.20467162D-01 4 = D.23750960D~01 5 = 0.35255640D0-02
6 0.39764937D-02 7 = 0.330791800-02 8 = 0.25523690D~02 9 = 0.194670990-02 10 = 0.14999673p-02
11 = 0.10011757D Ol 12 = 0.93882557D-03 13 = 0.804930020 00
ROW 12

1= 0.464117620-02 2
6 = 0.312177210~02 7
11 = 0.93882557D-03 12

0.11096614D-01 3
0.26168307D-02 8
0.100075020 01 13

0.1561579180-01
0.20278303D-02
0.80807267D 00

0.19439107D-01 5 = 0.272613410-02
0.155054720-02 10 = 0.119657640-02

Woaw
woww
R
"

ROW 13
1 = 0.00000000D-38 2 0.00000000D~38 3
0.00000000D~38 7 0,00000000D-38 0.00000000D-38

8
11 = 0.000000000-38 12 0.00000000D~28 13 0.10000000D 01

T Y X IR B T R TR TR W W o Y A T R T e

0.000000000-38 5

= 0.00000000D-38
= 0.000000000-38 10

0.000000000-38 4
9 0.00000000D-38

'
[l

TAS I, MAY 6, 1969 VERSION, JAH X2777s CASE NUMBER 2
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X
CASE 2, SAME CONDITIONS AS CASE 1, BUT DETAILED PRINTOUT REQRESTED

THE RESPONSE VECTOR 1S
1

= 0.40869450D 03 2 = 0.39162798D 03 0.38283395D 03 4 = (.37756341D 03 5 = 0.14440532D 03
6 0.10468855D 03 7 = 0.,75188637D 02 0.54397946D 02 9 = 0.40123424D 02 10 = 0.303256020 02
11 = 0.234856030 02 12 = 0,18605573D 02 0.000000000~38
THE SOLAR QNET VECTOR IS
1 = -0.89713426D 02 2 = =0.85967117D 02 -0.84036720D0 02 4 = -0.82879773D 02 5 = -0.31698728D 02
6 = ~0.229804130D 02 7 = -0.165048230 02 =0.11941013D 02 9 = -0.88075809D 01 10 = -0.66568396D 01

11 —0.515537630 01 12

=0.40841501D 01 13 = ~0.131757400 04

JPL TECHNICAL REPORT 32-1416



TAS I,

MAY 6, 1969 VERSION,

Table 4 (conid)

JAH X2777+ CASE NUMBER 2

TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X
CASE 2, SAME CONDITIONS AS CASE 1, BUY DETAILED PRINTOUT REQRESTED

STEP 1L OF THE SCRIPT F

ROW 1

1.= 0.100000000 01
~0.89070000D-02
~0,585000000-03

2

-0.00000000D-38
-0.114750000~01
~0.163800000-02

-0,000000000-38
-0.745400000-02
-0.23990000D~-02

4
= -0.000000000~38
~0.47120000D0-02
= -0.28210000D0-02

ROW 5
1 = -0.292890000-01
6 = -0.000000000-38
il = -0.000000000~38

6
= ~0.,890700000-02
0.100000000 O1
-0.00000000D-38

-0.368900000-02
-0.00000000D~38
-0.00000000D-38

ROW 8

=0.+195900000-02
«00000000D-38
11 = -0.000000000-38

9

= ~0,12040000D-02
-0.000000000-38
~0.000000000-38

10
= -0,81300000D0-03
-0.00000000D-38
-0.00000000D-38

7
12

MATRIX IS

nowo [ ] 0w oa 0onon [

]

s

WoHow

ROW 11

1 ~0+58500000D0-03
6 = =0.000000000-38
11 = 0.10000000D 01
ROW 12

1 = -0.44100000D0~03
& -0.00000000D-38
11 = -0.000000000-38
ROW 13

1 = ~0.00000000D-38
6 = -0.000000000-38
11 = -0.00000000D-38
TAS Iy

4
T
12

2
7
12

nonon

[

MAY 6y 1969 VERSION,

~0,00000000D-38
~-0.368300000-02
~0+44100000D-03

0.10000000D O1
~0+745400000-02
~0+125400000-02

—0.00000000D-38
—0.70020000D~02
-0.18948000D~02

~0.00000000D-38
~Qe«54610000D~02
-0.231100000-02

-0.890700000-02
~0.00000000D-38
~0.00000000D-38

~0114750000-01
~0.00000000D-38
-0.000000000-38

~0+74540000D-02
0.1000€000D 01
=0.000006000D-38

-0.471200000-02
-0,00000000D-38
~-0.000000000-38

~0«314400000-02
—0.00000000D-38
~0.00000000D-38

-0.22180000D-02
~0.00000000D-38
-0.00000000D-38

~-0.163800000-02
~0.00000000D-38
-0.,00006000D~38

-0.12540000D-02

-0.00000000D-38
0.10000000D 01

-0.000000000-38
-0.00000000D-38
~0.000000000-38

JAH X27774

8
13

CASE

TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP
STEP RISER=Yy STEP TREAD=X

CASE 2, SAME CONDITIONS AS CASE 1,

STEP 2 OF THE SCRIPT F

ROW 1
1 = 0.10009584D 01
6 = 0.89225209D-02
11 = 0.58715386D0-03
RON
= 0.407501060-03
& = 0.114846010~01
11 = 0.16397416D-02
ROW 3
1 = 0.22103768p-03
& =  0.74605839D0-02
11 = 0.24003513D-02
ROW 4
LI = 0.14017104D-03
6 = 0.471682220-02
11 = 0.28220562D-02
ROW
= 0.293217910-01
6 = 0,40038743D-03
11 = 0.46185632D-04
ROW &
1 = 0.89225209D-02
6 = 0.10002891D 01
11 = 0.55235562D0~04
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NN

2
T
2

NN

NN
[

NN

[

M,

ATRIX IS

0.40750106D-03
0.36978863D-02
0.44267625D-03

0.100030820 01
0.74602581D-02
0.125536820-02

0.22264030D-03
0,70065685D~02
0.18950659D-02

0.16457769D0-03
0.54644556D-02
0.231183500-02

0.89228239D-02
0.21130801D-03
0.35666892D-04

0.11484601D-01
0.196519010-03
0.43367455D-04

~0+00000000D-38
-0.195900000-02
~0.531130000-01

W

~0.000000000-38
~0.471200000-02
-0.591980000-01

oo

0.100000000 01
-0.546100000-02
-0.648900000~01

[

-0.00000000D-38
~0.502500000-02
=0.700130000-01

-0.36890000D0-02
-0.00000000D~38
~0.56156000D-01

[

-0.745400000-02
~0.00000000D-38
=0.674520000-01

—-0.70020000D-02
-0.000000000-38
—0.76394000D0-01

~0.54610000D-02
04100000000 01
~0.828430000-01

-0.410400000-~02
-0.00000000D~38
-0.873140000-01

o0

~0.310700000-02
-0.000000000-38
~0,90398000D-01

-0.23990000D-02
-0.000000000-38
~0.925570000-01

-0.18940000D-02
~-0.00000000D-38
= «0.94100000D-01

-0.000000000~38
-0.000000000-38
= 0.100000000 01

0
]

P
"

4 =
9 =

©° >

o &
H

-3 F ¥ -
u 0w 0o

0P
"N

4 =
9

"

4
9

NUMBER 2
CAVITY

0.221037680-03
0.196470910-02
0.56181103D~01

0.22264030D-03
0.47162932D-02
=  0.62245608D-01

0.100018400 01
0.54642278D-02
0.67676097D~01

0.14742601D-03
0.50274804D-02
= 0.724727870-01

0.36984247D~02
0.129558760~03
0.58747541D0-01

0.746058990-02
0.136038970-03
0.695126230-01

BUT DETATLED PRINTOUT REQRESTED

LR
"

o

[l

4
9

~0.00000000D-38 5
-0.120400000-02 10

~0.000000000-38 5
~0.314400000-02 10

-0,000000000~38 5

-0.410400000-02 10 =

0.100000000 01 5
=0.423400000-02 10

-0.195900000-02 5
-0.000000000-38 10

=0.471200000-02 5
~0.000000000-38 10

~0+546100000-02 5
~0.000000000-38 10

~0.502500000-02 5
-0.000000000~-38 10

-0.42340000D~02 5
0.10000000D0 0 10

-0.346400000-02 5
-0.00000000D-38 10

-0.28210000D-02 E]
-0.00000000D-38 10

-0.231100000-02 5
-0.00000000D-38 10

-0.00000000D~38 5
~0.000000000~38 10

0.14017104D-03 5
0.120793580-02 10

0.164577690-03 5
0.314707010-02 10

0414742601003 5
0.410634550-02 10

0.10001244D 01 5
0.42358180D-02 10

0.19653590D-02 5
0.868564590~04 10

047168222002 5
0.974395870-04 10

~0.29289000D0-01
-0.81300000D0-03

~0.89070000D-02
~0.22180000D-02

=0.368900000~02
-0.310700000-02

-0.19590000D0~02
~0.346400000-02

0.10000000D 01
-0.00000000D-38

-0.000000000~-38
-0.00000000D-38

-0.00000000D-38
-0.00000000D-38

~0.,000000000~38
-0.00000000p~38

-0.000000000~38
-0.000000000-38

-0.00000000D~38
0.100000000 01

-0.00000000D~38
~0.00000000D-38

-0.00000000D0-38
~0.000000000-38

-0.00000000D-38
-0.00000000D-38

0.,29321791D-01
0.81585535D~03

0.89228239D-02
0.22202767D~02

0.36984247D~02
0.310875590-02

0.196535900-02
0.34653680D-02

0.10009558D 01
0.61928448D-04

0,400387430~03
0.72245979D-04

37



Table 4 (conid)

ROW 7
= 0.36978863D-02 2 0.746025810-02 0.700656850-02 4 = (.546445560-02 5 = 0.21130801D-03
6 = 0.19651901b-03 7 0.10001482D 01 0.10811866D-03 9 = 0.79798769D-04 10 = 0.602515170~04
11 = 0.466071530-04 12 = 0.368847290-04 0,779348730-01
ROH 8
1 = 0.19647091D-02 2 0.47162932D-02 3 = 0.546422780-02 4 = 0,50274804D-02 5 = 0.129558760-03
& = 0.136038970-03 7 0.10811866D-Q3 8 = 0.100008120 01 9 = 0.60905079D-04 10 = 0.46450595D-04
11 = 0.361658480-04 12 0.28748423D~04 13 = 0.83980115D-01
ROW 9
= 0.12079358D-02 2 = 0.314707010-02 3 = 0.410634550-02 4 = 0+42358180D-02 5 = 0.86856459D-04
6 = 0.97439587D-04 7 = 0.797987690-04 8 = 0.60905079D-04 9 = 0.10000461D0 01 10 = 0.35393542D-04
11 = 0.27661909D-04 12 = 0.220455190~04 13 = 0.881619350-01
ROW 10
1 = 0.81585535p-03 0.22202767D-02 3 = 0.31087559D-02 4 = 0+34653680D~02 5 = 0.619284480-04
6 = 0.722459790-04 0.602515170-04 8 = 0.46450595D-04 9 = 0.353935420-04 10 = 0.10000273D O}
11 = 0.21347797D~04 0.17040468D0~04 13 = 0.910430510-01
ROW 11
1 = 0.587153860-03 2 0.163974160-02 3 0.24003513D-02

= 0.28220562D-02

= 0.461856320-04
0.276613090-04 10 =

0.213477970-04

4 5
0.36165848D-04 9 ]
0.93058625D~01

[ 0.552355620-04 7 Q+466Q7153D-04 8
11 = 0.10000167D 01 12 = 0.13383208D-04 13

W

ROW 12
1 = 0.442676250-03 2 = 0.125536820-02 3 = 0.18950659D-~02 4 = 0.23118350D-02 5 = 0.35666892D-04
3 0.43367455D-04 T 0.36884729D~04 8 = 0,28748423D-04 9 = 0.22045519D~04 0 = 0.17040468D-04
11 = 0.13383208p-04 12 = 0.10000107D 01 13 = 0.94498495D-01
ROW 13
1 = 0.000000000-38 2 = 0.00000000D-38 3 = 0.000 38 4 = 0000 38 5 = 0.000000000-38
& 0.00000000D-38 7 = 0.00000000D0-38 8 = 0.00000000D0~38 9 = 0.000000000-38 10 = 0.000000000-38

11 = 0.000000000-38 12 0.00000000D-38 13 = 0.100000000 01

TAS 14 MAY 6, 1969 VERSION, JAH X2777, CASE NUMBER 2
TEMPERATURE DISTRIBUTION OF AN L-SHAPE SYEP CAVITY
STEP RISER=Y, STEP TREAD=X
CASE 2, SAME CONDITIONS AS CASE 1, BUT DETAILED PRINTOUT REQRESTED

STEP 3 OF THE SCRIPT F MATRIX IS

ROW 1
1 = 0,95842555D~02 = 0.40750106D-02 0.22103768D-02 4 = 0,140171040-02 5 0.29321791D 00
6 = 0.892252090-01 = 0.36978863D-01 0.196470910-01 9 = 0.,12079358D~01 10 0.81585535D-02
11 = 0,587153860-02 = 0.44267625D-02 0.56181103D Q0
ROW 2
= 0.407501086D-02 0.308172420~02 = 0422264030D-02 0.164577690-02 5 = 0.89228239D-01
6 = 0.11484601D 00 0. T4602581D~01 = 0.471629320-01 0.314707010~01 10 = 0.22202767D-01
11 = 0.163974160-01 0.12553682D-01 = 0.622456080 00
ROK
1 = 0.22103768D-02 = 0.,222640300-02 0.184013910-02 4 = 0.14742601D-02 5 0.369842470~01
6 = 0.746058990-01 =  0.70065685D-01 0.546422780-01 9 = 0.410634550-01 10 0.310875590~01
11 = 0.24003513D-01 = 0.189506590-01 0.676760970 Q0
RGW &
1 = 0.14017104D-02 = 0.16457769D~-02 0,147426010-02 4 = 0.12442265D-02 5 0.19653590D-01
6 = 0.47168222D-01 =  0.546445560-01 0.50274804D-01 9 = 0.42358180D0-01 10 0,346536800-01
11 = 0.282205620-01 = 0.23118350D-01 0,72472787D 00
ROW
1= 0.293217910 00 = 0.89228239D-01 0.36984247D-01 4 = 0.19653590D-01 5 0.95577515D-02
6 = 0.,400387430-02 = 0.211308010-02 0.12955876D-02 9 = 0.86856459D-03 10 0.61928448D-03
11 = 0.46185632D-03 = 0.356668920-03 0.58747541D 00
ROW 6
1 = 0.892252090-01 = 0.114846010 00 0.746058990-01 4 = 0.471682220-01 5 0.40038743D~02
6 = 0.289095590-02 = 0.19651901D-02 0.13603897D-02 9 = 0.97439587p-03 10 0.72245979D-03
11 = 0.552355620~03 = 0.43367455D~03 0.69512623D 00
ROW 7
1 = 0.369788630-01 = 0.74602581D-01 =  0.700656850-01 4 = 0.54644556D~01 5 0.21130801D-02
6 = 0.19651901D-02 = 0.14815165D-02 = 0,10811866D-02 9 = 0.79798769D0-03 10 0.602515170-03
11 = 0.46607153D-03 = 0.368847290-03 = 0.77934873D 00
ROW 8
1 = 0.19647091D-01 0.47162932D-01 0.54642278D~01 4 = 0.50274804D-01 5 0.12955876D~02
& = 0.136038970-02 0.10811866D~02 0.81175276D-03 9 = 0.609050790-03 10 0.464505950-03
11 = 0.36165848D-03 0.28748423D-03 0. 839801150 00
ROW 9
1 = 0.12079358D-01 0431470701001 0.41063455D-01 4 = 0.423581800-01 5 0,86856459D-03
6 = 0.97439587D-03 0.797987690-03 0.609050790-03 9 = 0.461356380-03 10 0.353935420-03
11 = 0.276619090-03 0.22045519D-03 0.88161935D 00
RO# 10
1 = 0.81585535D-02 0.22202767D-01 0.31087559D-01 4 = 0,346536800-01 5 0+619284480-03
6 = 0,722459790-03 0.602515170-03 0.46450595D0-03 9 = 0.353935420-03 10 0.27250804D-03
11 = 0.213477970-03 0.17040468D-03 0.91043051D 00
RON 11
1= 0.587153860-02 0-16397416D-01 0,24003513D-01 4 = D0.28220562D-01 5 = 0.46185632D~03
6 = 0.552355620-03 0.466071530-03 0.36165848D-03 9 = 0.27661909D0~03 10 = 0.21347797D-03
11 = 0.16748845D-D3 0.13383208D-03 0.93058625D 00
ROW 12
1 =  0.442676250-02 0.125536820-01 0.189506590~01 4 = 0.23118350D-01 5 = 0.35666892D~03
6 =  0.43367455D-03 0.36884729D-03 0.287484230-03 9 = 0.22045519D0-03 10 = 0.17040468D~03
11 = 0.133832080-03 0.107013579-03 04944984950 00
ROW 13
1 = 0.62812382D-01 0.695927050-01 075664176001 4 = 0,810270390~01 5 0.656817470-01
6 = 0.T7717474D-01 0.87133836D~01 0.938926220-01 9 = 0.985680390-01 10 0.101789220 00
11 = 0.10404270D 00 = 04105652530 00 0.787838650-01

JPL
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TAS I, MAY 6y

1969 VERSION,

Table 4 (conid)

JAH X2777, CASE NUMBER 2

TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X
CASE 2, SAME CONDITIONS AS CASE 1, BUT DETAILED PRINTOUT REQRESTED

THE SCRIPT F MATRIX IS

ROW 1
1 = 0.,776324690~02
& = 0.72272419D-01
11 = 0.47559462D-02
ROW 2
1 = 0.330075860-02
6 = 0.93025268D-01
11 = 0,.13281907D-01
ROW 3
1 = 0.179040520-02
6 = 0.60430778D-01
11 = 0.194428460-01
ROW 4
1 = 0.11353854D-02
6 = 0.382062600-01
il = 0.22858656D-01
ROW 5
1 = 0.23750651D 00
6 = 0.32431381D-02
11 = 0.37410362D-03
ROW
= 0.722724190-01
6 = 0.234167430-02
11 = 0.44740805D-03
ROW T
=  0.29952879D-01
6 = 0,159180400~02
11 = 0.37751794D-03
ROW 8
1 = 0.15914144D-01
6 = 0.110191570~-02
11 = 0.29294337D-03
ROW 9
= 0.97842796D~02
6 = 0.78926065D-03
11 =  0.22406146D~03
ROW 10
1 0+66084284D-02

6 = 0.58519243D-03
= 0.172917160-03

1

= 0.475594620-02

6 = 0,44740805D-03
= 0.135665650~03

= 0.35856T76D~02
6 = 0.351276380-03
= 0.l0840399D-03

= 0.56531143D0-01
& = 0.699457270-01
= 093638434001

TAS 1,

12

NN

1

N~

1

NN

nouon

1

12

INENEN)

1

NN

1

NN

"o

1

12

NN

noun

1

2
7
12

2

2

7
12

[

]

Wonon

MAY 64 1969 VERSION,

0,330075860-02
0.29952879D-01
0.35856776D-02

0,24961966D-02
0.60428090D0-01
0.101684820-01

0.,18033864D0-02
0.56753205D~01
0.153500340-01

0.13330793Dp-02
0.44262090D0-01
0.18725863D0-01

0.72274874D-01
0.171159490-02
0.28890182D-03

0.93025268D-01
0.15918040D-02
0.35127638D-03

0.60428090D~01
0.12000284D-02
0,298766310~03

0.382019750-01
0.87576111D-03
0.23286223D-03

0.25491268D-01
0.64637003D0~03
0.17856871D-03

0,179842410~01
0.488037280-03
0.13802779D-03

0.13281907D-01
0.377517940-03
0.10840399D-03

0.10168482D-01
0.29876631D-03
0.,866809940~04

0.626334350-01
0,78420452D-01
0.95087275D-01

JAH X2777s

13

3
8
13

3
8
3

0.179040520-02
0a15914144D-01
0+505629920 00

0.18033864D-02
0.382019750~01
0.56021047D 00

0.149051270-02
0.44260245D-01
0.609084880 00

0.119415070~02
0.407225910-01
0.65225509D0 00

0.299572400-01
0.10494260D-02
0.528727870 00

0.604307780-01
0.11019157D-02
0.62561361D 00

0+56753205D0-01
0.87576111D-03
0.70141385D0 00

0.442602450-01
0.65751974D~03
0.75582104D 00

0.33261399D-01
0.49333114D-03
0.79345741D 00

0.251809230-01
0.376249820-03
0.81938746D 00

0.19442846D-01
0.29294337D-03
0.837527620 00

0.15350034D-01
0.232862230-03
0.85048645D 00

0.68097759D~01
0.845033600-01
0.787838650-01

CASE NUMBER 2

TEMPERATURE DISTRIBUTEON OF AN L-SHAPE STEP CAVITY

STEP RISER=Y,
CASE 2,

STEP TREAD=X
SAME CONDITIONS AS CASE 1.

THE AREA SCRIPT F MATRIX IS

ROW 1

1= 0.77632469D0-02
& = 0.722724190-0%
11 = 0.47559462D-02
ROW 2

1 = 0.33007586D~02
6 = 0.930252680-01
11 = 0.13281907D-01
ROW 3

1 0+179040520~02

& = 0.60430778D~01

11 0.194428460-01
ROW 4
1 0.113538540-02

6 = 0.382062600~01

11 0.228586560-01
ROW 5

1= 0.23750651D 00
6 = 0.324313810-02
11 = 0.37410362D0-03
ROW 6

1 = 0.722724190-01
6 = 0.23416743D0-02
11 = 0.44740805D-03

JPL TECHNICAL REPORY 32-1416

0.33007586D-02
0.29952879D-01
0.35856776D-02

0.24961966D-02
0« 560428090D-01
0.10168482D-01

0.18033864D-02
0.567532050-01
0.15350034D-01

0.13330793D~02
0.44262090D0~01
0.187258630-01

0.72274874D-01
0.17115949D-02
0.288901820-03

0.93025268D-01
0.15918040D-02
0+351276380-03

L

1

1

wow

W w

0.179040520-02
0.15914144D-01
0.505629920 Q0

0.18033864D-02
0.38201975D-01
0.560210470 00

0.14905127D-02
0+442602450-01
0.60908488D 00

0.119415079-02
0.407225910~01
0.652255090 00

0.299572400-01
0.104942600-02
0.52872787D 00

0.60430778D~01
0+110191570-02
0.625613561D 00

=

[

4
9

- o P - O P -

o

BUT DETAILED PRINTOUT REQRESTED

"o

0.11353854D-02 5
0.97842796D-02 10

0.13330793D~02 5
0.25491268D-01 10

0.11941507D-02 5
0.332613990-01 10

«10078218D-02 5
+34310126D0-01 10

oo

+15919408D~01 5
«703537320-03 10

oo

+382062600-01 5
«78926065D~03 10

co

0.44262090D-01 5
0.646370030-03 10

0.407225910-01 5
0.49333114D0~03 10

0.34310126D-01
0.373698670-03 L

0.28069481D~01 5
0.28668769D-03 10

+22858656D-01 5
«22406146D0-03 10

=X~}

0.18725863D-01 5
0.17856871D0-03 10

0.72924335D~01
0.887112350-01 1

0.113538540-02 5
0.978427960-02 10

0.133307930-02 5
0.254912680-01 10

0.119415070-02 5
0.332613990-01 10

0.100782180-02 5
0.343101260-01 10

0.159194080-01 5
0.703537320-03 10

0.382062600-01 5
0.789260650-03 10

(]

0.237506510 00
0.66084284D-02

0.722748740-01
0.17984241D-01

0.299572400~01
0.25180923D-01

0.15919408D-01
0.28069481D-01

0.77417787D-02
0.501620430-03

0+32431381D-02
0.58519243D-03

0,17115949D-02
0.488037280-03

0.10494260D-02
0.376249820-03

5 = 0.70353732D-03
0= 0,

28668769003

0.50162043D~03
0.220731510-03

0.37410362D-03
0.172917160-03

0.28890182Dp~03
0.138027790-03

0.591135730-01
0.91610302D-01

0.23750651D 00
0.66084284D-02

0.72274874D-01
0.179842410-01

0.29957240D-01
0.25180923D-01

0.159194080-01
0.280694810~01

0.774177870-02
0.501620430~-03

0.324313810-02
0.585192430-03

39
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Table 4 (contd)

ROW 7

= 0.29952879D0-01 2
0,159180400~02 7
11 = 0.37751794D-03 12

0.60428090D-01 3
0.12000284D-02 8
0.29876631D-03 13

0.567532050-01 4
0.87576111D-03 9
= 0.701413850 0O

()

ROW 8
1 0+15914144D-01 2
& 0,11019157D0-02 T

11 = 0.29294337D-03 12

0.38201975D-01
0+87576111D0~03
0.232862230~03

0.442602450-01 4 =
0.65751974D-03 9 =
0.75582104D G0

By

ROW 9

1 = 0.978427960-02 2
6 0.789260650-03 7
11 = 0.224061460-03 12

0.25491268D-01
0.64637003D-03
017856871003

0.33261399D~01 4 =
0.49333114D~03 9=
0.79345T410 00

ROW 10
1 = 0.560842840-02 2
[ 0.585192430-03 7

11 = 0.17291716D~03 12

0.17984241D-01 3
0.488037280-03 8
0,138027790-03 13

0.251809230-01 4
0.37624982D-03 9
0.81938746D 00

nowon
[

ROW 11
1 = 0.47559462D-02 2 = 0.132819070-01 3 = 0.194428460-01 4 =
6 0.44740805D-03 T = 0.,377517940-03 8 = 0.292943370-03 9 =
11 = 0.13566565D-03 12 = 0.10840399D-03 13 = 0.83752762D 00
ROW 12 cerersaas
1 = 0.35856776D-02 2 = 0.101684820-01 0.15350034D-01 4 =
& 0.35127638D-03 7 = 0.298766310-03 0.23286223D-03 9 =

11 = 0.10840399D0-03 12 0.86680994b-04 0.85048645D 00

0.50562992D 00 2
0.62561361D 00 7
0.83752762D 00 12

0.56021047D 00 3
0.70141385D0 00
0.85048645D 00 13

0.609084880 00 4
0.75582104D 00 9
0.704664320 00

[0
Wi

[

TAS I, MAY 6, 1969 VERSION, JAH X2777, CASE NUMBER 2
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X
CASE 2y SAME CONDITIONS AS CASE 1, BUT DETAILED PRINTOUT REQRESTED

THE BOLTZ TIMES THE AREA SCRIPT F MATRIX [S

ROW 1
1 0.13306205D0-10 2 = 0.56575003D-11 3 = 0.30687545D-11 4 =
6 0.12387493D-09 T = 0.51339235D-10 8 = 0.27276843D-10 9 =
11 = 0.815169190-11 12 = 0.61458515D-11 13 = 0.86664969D-09
2
= 0,56575003D-11 2 = 0.42784809D-11 3 = 0.309100430~11 4 =
0,159445310~09 7 = 0.10357375D-09 8 = 0.654781860-10 9 =
0.22765188D~10 12 = 0.17428779D0-10 13 = 0.96020075D~09
ROW 3
1 = 0.30687545D-11 2 = 0.30910043D-11 3 = 0.25547387D-11 4 =
6 = 0.103578350~09 7 = 0.97274993D-10 8 = (.75862060D0~10 9 =
11 = 0.333250380~10 12 = 0.26309958D-10 13 = 0.10439715D-08
ROW 4
1 = 0.194605060~11 2 0.22848980D-11

0.654855300-10 7
0.39179736D~10 12

[

0.206467743D-11 4 =
0.697985210-10 9
0.11179652D-08

3
0.75865223D0~10 8
0.32096129D0-10 13

nowon

ROW 5
0.40708615D~09 2 = 0.12387913D-09 0.513467090-10 4 =
0.555873880-11 7 = 0.29336736D-11 0.17987161D~11 9=
0.641213600-12 12 = 0.495177730-12 0.906239570-09
ROW 6
1 = 0.12387493p~-09 2 = 0159445310-09 0.10357835D-09 4 =
6 = 0.40136297D-11 7 = 0.272835200-11 0.18886835D~11 9 =
11 = 0.766857400-12 12 = 0.602087720~12 01072301 70-08

ROW 7

=  04513392350-10 2
0.272835200-11 7
0.647065750-12 12

0.10357375D-09 3
0.20568486D-11 8
0.51208545D-12 13

0.97274993D-10 4 =
0.150105450~11 9
0.120222330~08

nuon
o

ROW

1 = 0.27276843D~10 2 = 0.65478186D-10 0.75862060D~-10 4 =
6 = 0.18886835D~11 7 = 0.15010545D-11 0.11269888D~11 9 =
Il = 0.502104930~12 12 = 0.39912586D-12 0.12954773D-08
ROW 9

1= 0.167702550-10 2 = 0.43692033D0-10 0.57010037D~10 4 =
& = 0.13527928D~11 7 = 0.11078782D~11 0.84556957D~12 g =
11 = 0.38404134D-12 12 = 0.30606676D~12 0.135998600-08
ROW 10

1 = 0.11326846D-10 2 = 0.308249890-10 0.431601020-10 4 =
6 = 0.10030198D~11 7 = 0.83649591D-12 0.64489219D~12 9 =
11 = 0.296380010-12 12 = 0.23657964D-12 0.140443010-08
RO¥ 11

1l = 0.81516919D-11 2 = 0,22765188D-10 0.333250380~10 4 =
& 0.766857400~12 7 = 0.64706575D-12 0.50210493D~12 9 =
11 = 0.23253092D0-12 12 = 0.18580443D~12 0.14355223p~08

0.44262090D-01 5
0.64637003D-03 10

0.407225910-01 5
0.49333114D-03 10

0.34310126D-01 5
0.37369867D~03 10

0.280694810~01 5
0.28668769D-03 10

0.22858656D~01 5
0.224061460-03 10

0.187258630-01 5
0.178568710-03 10

0.65225509D 00 5
0.79345741D 00 10

0.19460506D-11 5

nou

Won

0.167702550~10 10 =

0.22848980D-11 5
0.436920330-10 10

0.20467743D-11
0.570100370-10 1

0.17274066D~11

5
0.58807556D-10 10

0.272858650~10

=

5 =
0.120586300-11 10 =

0+654855300-10 5
0.13527928D0-11 10

0.75865223D0~10

=

5 =
0.11078782D0-11 10 =

0.69798521D~10

5 =
0.84556957D-12 10 =

0.58807556D-10 5
0.64051952D~12 10

0.48111091D-10 S
0.49138271D~12 10

0+39179736D-10 5
0.38404134D-12 10

=

5= 0.
0 = 0.

0.171159490-02
0.48803728D-03

0.104942600~-02
0.376249820-03

0.703537320-03
0.28668769D-03

0.50162043D-03
0.220731510-03

0.,374103620-03
0.17291716D-03

0.288%01820-03
06.13802779D-03

0.528727870 00
0.81938746D 00

0.40708615D-09
0.11326846D-10

0.12387913D0-09
0.,30824989D-10

513467090-10
431601020-10

0.27285865D-10
0.48111091D~10

0.132694090-10
0.859777420-12

0.555873880~11
0.100301980-11

0.29336736D-11
0.83649591D-12

0.17987161D~11
0.64489219D-12

0.12058630D-11
0.49138271D~12

0.859777420~12
0.37833381D0~12

0.64121360D~12
G.29638001D-12

ROW 12
1l = 0.614585150-11 2
3 0.60208772D-12 7

11 = 0.18580443Db-12 12

0.17428779D-10 3
0.51208545D-12 8
0.14857122D~12 13

0.263099580-10
0.399125860-12
0.14577338D-08

]
nonou

ROW 13

1 = 0.86664969D~09 2
& 0.107230170-08 7
11 = 0.143552230-08 12

0.960200750-09 3=
0.12022233p-08 8
0.14577338D-08 13

0.10439715D-08
0.12954773D-08
0.12077946D-08

4
9

Honon

0+3209561290-10 5
0.306066760-12 10

0.11179652D-08 5
0.135998600-08 10

0.49517773D-12
0.23657964D-12

0.90623957D-09
0.14044301D-08
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Tubie 4 (conid)

TAS 1, MAY 6y 1969 VERSION, JAH X2777s CASE NUMBER 2
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X
CASE 2, SAME CONDITIONS AS CASE 1, BUT DETAILED PRINTOUT REQRESTED

THE RESIUDUES ARE

1 = «0.45901061D-11 2 = -0,12477130D0~10 3 = -0.18793855D-10 4 = ~0.22687630D-10 5 = -0.38014036D-12
6 = ~0.42277293D-12 7 = -0.41922021D-12 8.= -0.38014036D-12 9 = —0a24691360D-12 10 = 0.48849813D-13
11 = 0.282094350~10 12 = 0.10465522D-08 13 = -0.17680000D 04

THE TEMPERATURES ARE

1 = 0.66243993D 02 2 = 0.49200623D Q2 3 = 0.39889589D 02 4 = 04341144440 02 5 = 0.12787031D 02
6 = ~0,271935670 02 7 = -0.62912226D 02 = ~0.94366218D 02 9 = -0.12144972D 03 10 = ~0.14449631D 03

8
11 = -0.16412202D 03 12 = -0.18091942D 03 13 -0.45%000000 03

n

TAS I, MAY 6, 1969 VERSION, JAH X2777, CASE NUMBER 2
TEMPERATURE DISTRIBUTION OF AN L~SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X
CASE 25 SAME CONDITIONS AS CASE 1, BUT DETAILED PRINTOUT REQRESTED

ENERGY PER UNIT TIME IN IS NEGATIVE AND ENERGY PER UNIT TIME OUT IS POSITIVE

DETAIL OF NODE 1  TEMPERATURE = 66.24 AREA = 0,10000 01
IR EMITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800
ILum = C.1000D0 01 THETA = 0.00000D-38

NODE CONDUCTANCE Q COMP F ASCRIPTFTIR ¢ comp Q CONP TOTAL
DIRECT SOLAR -0.4420D0 03 -0.44200 03
0,00000~38 0.00000-38 0.0000D-38 0.7763D-02 ~0,0000D-38 0.4087D 03 0.40870 03
0.0000D-38 0.00000-38 0.0000D-38 0.3301D-02 0.53540-01 ~0.0000D0-38 0.5354D~01
0.00000-38 0.00000-38 0.00000-38 0.1790D-02 0.43720-01 -0.00000-38 0.43720~01
0.0000p-38 0.00000~38 0.00000-38 0.1135D0-02 0.3324D-01 ~0.0000D~38 0.3324D-01
0.00000~38 0.0000D-38 0.2929D 00 0.2375D 00 0.1088D 02 -0.4229D 02 -0.3141D 02
0.0000D-38 0.0000D-38 0.8907D~01 0.7227D-01 0.51530 01 -0.9325D0 01 -~0.41710 01
0.00000-38 0.0000D~38 0.3689D-01 0.2995D-01 0.2661D 01 -0.2774p 01 -0.1128D0 00
0.0000D-38 (¢.0000D~38 0.1959D0-01 0.1591p~01 0.15604D 01 -0.1066D 01 0.53870 00
0.00000-38 0.0000D~38 0.1204D0-01 0.9784D-02 0.10660 Ol -0.4831D 00 0.5827D 00
10 0.00000-38 0.0000D~38 0.8130D0-02 0.6608D~02 0.7564D 00 -0.2465D0 00 0.50990 00
11 0.00000~38 0.00000~38 0.58500-02 0.4756D-02 0.56270 00 -0.1374D 00 0.4253D 00
12 0.0000D-38 ©.0000D~38 0.4410D-02 0.3586D-02 0.4341D 00 -0.8205D-01 0.35200 00
13 0.00000-38 0.0000D~38 0.53110 00 0.5056D 00 0.6646D 02 -0.00000-38 Q.566460 02
TOTALS 0.00000~38 0.1000D0 01 0.8971D0 02 -0.8971D 02 ~0.4583D-11

R R O

DETAIL OF NODE 2 TEMPERATURE = 49,20 AREA = 0.10000 01
IR EMITTANCE = 0.9000 SOLAR EMITTANCE 0.1800
ILUM = 0,1000D0 01 THETA = 0.000000-38
NODE CONDUCTANCE Q comp F ASCRIPTFTIR Q COmMP Q coMp TOTAL

DIRECT SOLAR -0.44200 03 ~0.4420D 03
0.00000~38 -0.00000-38 0.00000-38 0.33010-02 -0.5354D-01 -0,00000-38 ~0.5354D-01
0.0000D-38 0.0000D-38 0.0000D-38 0.24960~02 —0.0000D0-38 (0.3916D 03 0.39156D 03
0.0000D-38 0.0000D~38 ©.00000-38 0.18030-02 0.14790-01 -0.00000-38 0.14790-01
0.0000D-38 0.0000D-38 0.0000D-38 0.1333D-02 0.17410-01 -0.00000-38 0Q.1741D-01
0.0000D-38 ©.0000D-38 0.8907D-01 0.7227D-01 0.2139D 0l -0.1286D 02 -0.10720 02
0.00000-38 0.00000-38 0.1147D 00 0.9303D-01 0.5124D 01 ~0.1201D 02 -0.6889D 01
0.0000D-38 0.0000D-38 0.7454D-01 0.6043D-01 0.4388D0 01 -0.56050 01 ~0.1217D 01
0.00000-38 0.00000~38 0.4712D-01 0.38200-01 0,3232D 01 -0.2563D 01 0.66850 00
0.00000~38 0.0000D-38 0.3144D-01 0.2549D-01 0.2363D 01 -0.1261D 01 0.11020 01

10 0.0000D~38 0.0000D-38 0.2218D-01 0.17980-01 0,1767D Ol -0.6726D 00 0.10940 01
i1 0.0000D-38 0.0000D-38 0.16380-01 0.13280-01 0.,1356D 01 -0.3847D0 00 0.97130 00
12 0.00000-38 0.0000D-38 0.1254D-01 0.10170-01 0.1066D 01 -0.23330 00 0.83270 00
13 0.00000~38 0.0000D-38 0.5920D 00 0.5602D 00 0.6455D 02 -0.00000-38 0.64550 02
TOTALS 0.00000-38 0.1000D 01 0.8597D 02 -0.8597D 02 -0.12460~10

DVONG WP LN

DETAIL OF NODE 3 TEMPERATURE 39.89 AREA = 0.10000 01
IR EMITTANCE 0.9000 SOLAR EMITTANCE G.1800
ILUM = 0.1000D OL THETA = 0.00000D~38
NODE CONDUCTANCE Q Comp F ASCRIPTFTIR Q comp Q comp TATAL

DIRECT SOLAR —-0.4420D 03 -0.44200 03
0.0000D-38 ~0.0000D~38 0.0000D-38 0.1790D-02 -0.43720~01 -0.00000-38 ~0.43720-01
0.0000D-38 +0000D-38 0.0000D~38 0.18030-02 -0.14790-01 -0.00000-38 -0.14790~01
0.00000-38 »00000-38 0.00000-38 0.1491D0-02 -0.00000~38 0.3828D0 03 0.38280 03
0-00000-35_0.00000-28. 0,00000-35  QIL34D-02 . 3.38050-02 ~0-00000-30. 03003002
0.0000D-38 ¢.00000-38 689D-01 0.2996D-01 00 ~0. 3270 01 -0.4686D
0.0000D-38 0.0000D-38 0.74560—01 0+6043D-01 0-26330 01 -~0.7803D 01 —-0.4970D 01
0.00000-38 0.0000D-38 0.70020-01 0.56750-01 0.3656D 01 -0.5265D 0} -0.16090 01
0.00000-38 0.00000-38 0.5461D-01 0.4426D0-01 0.3381D 01 —0.2971D 01 0.4107D GO
0.00000-38 ©0.0000D-38 0.41040-01 0.3326D-01 0.28110 01l ~0.1647D Ol 0.1164Dp 01

10 0.00000-38 0G.00000-38 0.31070-01 0.2518D-01 0.2267D 0l -0.9422D 00 0.1325D 01
11 0.0000D0-38 0.0000D-38 0.2399D-01 0.19440-01 0.18260 01 -0.5634D 00 0.12620 01
12 0.0000D-38 0.00000-38 0.1894D-01 0.15350~01 0.1483D0 g1 -0.35240 00 @.1131D 01
13 0,00000-38 0.00000-38 0.6489D 00 0.6091D 00 0.65190 02 -0.0000D-38 0.6519D 02
TOTALS 0.00000-38 0.1000D O1 0.8404D 02 ~0.8404D 02 ~0.1876D~10

N Y

DETAIL OF NODE 4 TEMPERATURE 34.11 AREA = 0.1000D 01
IR EMITYANCE 0.9000 SOLAR EMITTANCE = 0.1800
ILuM = 0.1000D 01 THETA = 0.00000D-38
NODE CONDUCTANCE Q COMp F ASCRIPTFTIR qQ camp Q CaMp TOTAL

DIRECT SOLAR -0.4420D 03 ~0.4420D 03
0.0000D0~38 -0.0000D-38 0.00000-38 0.11350-02 ~0.3324D~01 -0.0000D0-38 -0.3324D-01
0.0000D-38 -0.00000-38 0.00000-38 0.13330-02 -0.17410~01 ~0.00000-38 -0.1741D-01
0.0G00D~38 —0.00000-38 0.0000D-38 0.1194D-02 -0.5805D~02 -0.0000D-38 ~0.58050-02
0.00000~38 0.,0000D-38 0.00000-38 0.10080-02 —0.0000D~38 0.3776D 03 0.3776D 03
0.00000~38 0.0000D-38 0.1959D0-01 0.15920-01 0.2632D0 00 -0.2829D0 01 -0.2566D 01
0.0000D0-38 ©0.00000-38 0.47120-01 0.38210-01 0.1606D 01 ~0.4933D0 01 -0.33270 01
0,0000D-38 0.0000D-38 0.5461D-01 0.4426D-01 0.26360 01 -0.4106D 01 -0.1470D0 Ol
0.0000D-38 0.0000D-38 0.50250-01 0.40720-01 0.2913D 01 -0.2733D 01 0.1796p 00
0.00000-38 0.0000D-38 0.4234D-01 0.34310-01 ©.2733D 01 -0.1699D0 01 0.1034D 01

10 0.00000-38 0.0000D-38 0.34640-01 0.28070-01 0.23910 01 -0.10500 01 0.1341D 01
i1 0.0000D-38 0.0000D-38 0.28210-01 0.2286D-01 0.20350 01 -0.66250 00 0.1373D 01
12 0.00000-38 0.0000p-38 0.2311D0-01 ©.18730-01 0.1719D 01 -0.43000 00 0.1289D 01
13 0.00000-38 0.0000D0-38 0.7001D 00 0.65230 00 0.6664D 02 —-0.00000-38 0.6664D 02
TOTALS 0,0000D~38 0410000 01 0.8288D 02 -0.82880 02 -0.227QD~10

N N
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Table 4 (contd)

DETAIL OF NOUE 5 TEMPERATURE 12.79 AREA = 0.1000D 01
IR EMITTANCE 9000 SOLAR EMITTANCE = 0.1800
ILUM 0000D-38 THETA = 0.90000D 02
NODE CONDUCTANCE Q comp F ASCRIPTFTIR Q comp Q CoMp TOTAL

0.0000D0-38 ~0.00000-38 0.29290 00 0.23750 00 -0.1088D 02 -0.1197D 03 -0.1306D 03
0.00000-38 —0.00000~38 0.8907D-01 0.72270-01 ~0.2139D0 Ol -0.34880 02 -0.37020 02
0.00000-38 -0.00000-38 0.3689D-01 (.2996D-01 ~0.6408D 00 -0.1412D 02 ~0.1476D 02
0.00000-38 -0,00000-38 0.1959D~01 0.1592p~01 -0.26320 00 -0.73960 01 -0.7660D 01
0.0000D—-38 0,0000D-38 0.0000D0-38 0.7742D~02 ~0.0000D~38 0.1444D 03 0.1444D 03
0.00000-38 0.0C0000-38 0.0C00D-38 0.3243D-02 0.8269D-01 -0.00000-38 0.82690-01
0.00000-38 0.00000-38 0.0000D-38 0.1712D~02 0.7364D-01 -0.00000-38 0.73640-01
0.00000-38 0,00000-38 0.00600D0-38 0.1049D-02 0.57720-01 -0.0000D0~38 0.57720-01
0.00000-38 0.00000-38 0.000Q00-38 0.70359-03 0,44410-01 ~0.00008-38 0.4441D-01

10 0.00000-38 0.0000D-38 0,0000D-38 0.5016D0~03 0.3444D-01 -0.0000D-38 0.3444D-01

11 0.0000D0-38 0.00000-38 0.00000-38 0.3741D~03 0.27120-01 -0.00000~38 0.2712D0-01

12 0.00000-38 0.00000-38 0.0000D0-38 0.28890~03 0.2174D-01 -0.00000-38 0.2174D-01

13 0.00000-38 0.00000-38 0.5616D 00 0.5287D 00 0.4528D 02 -0.00000-38 0.4528D 02
TOTALS 0.0000D-38 0.1600D 01 0.3170D0 02 -0.3170D 02 -0.37660-12

W OO NN

DETAIL OF NODE & TEMPERATURE = -27.19 AREA = 0.1000D 01
IR EMITTANCE G.9000 SOLAR EMITTANCE = 0.1800
ILUM = 0.00000-38 THETA = G.90000D 02
NODE CONDUCTANCE Q Cowp F ASCRIPTFTIR Q comp Q Comp TOTAL

0.0000D-38 —0.0000D-38 0.8907D-01 0.7227D-01 ~0.51530 Ol -0.36400 02 ~0.4156D 02
0.00000-38 —0.0000D-38 0.11470 00 0.9303D-01 -0.5124D 01 ~0.4494D 02 ~0.5006D 02
0.0000D-38 -0.0000D-38 0.7454D-01 0.60430-01 -0.2833D 01 -0.2854D 02 -0.31370 02
0.00000-38 ~0.0000D-38 0.4712D-01 0.3821D-01 ~0.16060 01 -0.1779D 02 ~0.1940D 02
0.0000D~38 —0.0000D-38 0.0000D-38 0.3243D-02 —0.8269D-01 ~0.00000-38 —-0.8269D-01
0.0000D-38 , 0,000 3
0.0000D-38" "02 060! H
0.0000D~38 0.00000-38 0.0000D-38 0.11020-02 0.32520-01 -0.00000-38 0.32520-01
©0.0000D-38 0.0000D-38 0.0000D-38 0.7893D-03 0.29700-01 -0.00000-38 0.2970D-01
10 0.0000D0~38 0.00000-38 0.0000D-38 0.,58520-03 0.2526D-01 -0.00000-38 0.25260-01
11 0.0000D-38 0.0000D-38 0.00000-38 0.4474D-03 0.2103D-01 ~0.00000-38 0.2103D-01
12 0.0000D-38 0.0000D-38° 0.0000D-38 0,35130-03 0.1747D-01 ~0.00000-38 0.17470~01
13 0.00000-38 0.0000D0-38 0.6745D 00 0,6256D 00 0.3763p 02 ~0.00000-38 0.3763D 02
TOTALS 0.00000-38 0.1000D 01 0.2298D 02 -0.2298D 02 ~0.4334D-12

OO T H W

DETAIL OF NODE 7 TEMPERATURE = -62.91 AREA = 0.10000 01
IR EMITTANCE 0.9000 SOLAR EMITTANCE = 0.1800
ILUH = 0.0000D-38 THETA = 0.300000 02
NODE CONDUCTANCE Q ComMp £ ASCRIPTFTIR Q compP Q comp TOTAL

0.00000-38 ~0.0000D~38 0.3689D-01 0.2995D0-01 —0.2661D 0L ~0.1508D 02 -0Q.17740 G2

2 0.0000D-38 —-0.00000~38 0a.7454D-01 0.6043D-01 ~0.4388D Ol ~0.29190 02 ~0.33580 02
3 0.00000~38 ~0.0000D-38 0.7002D0-01 0.56750-01 -0.3656D 01 -0.2681D 02 ~0.3046D 02
4 0,00000~38 -0.00000-38 0.5461D-01 0.4426D0-01 ~0.2636D Ol -0.2062D 02 -0.2325D 02
5 0.00000~38 -0,00000-38 0.0000p-38 0.17120-02 -0.7364D-01 -0.00000-38 ~0.7364D-01
6 0.00000~38 -0.00000-38 0.0000D0-38 0.1592D0-02 -0.27900-01 -0.00000-38 -0.27900-01
7 0.0000D-38 0.0000D-38 0.00000-38 0.1200D-02 ~0.0000D~38 0.75190 02 0.7519D 02
8 0.0000p-38 0.0000D-38 0.00000-38 0.87580-03 0.10490-01 ~0.00000~38 G.10490-01
S 0.00000~38 0.00000-38 0.0000D-38 0.6464D-03 0.12990-01 -0.00000-38 0.12990-01
10 0.00000-38 0.00000-38 0.0000D-38 0.4880D-03 0.12510~01 ~0.0000D0~-38 0.1251D-01
11 0.0000D-38 0.0000D-38 0.0000p-38 0.3775D-03 0.11130-01 -0.00000-38 0.1113D-01
12 0.0000D~38 0.00000-38 0.0000D0-38 0.2988D-03 0.9625D-02 -0.0000D0-38 0.9625D~02
13 0.0000D-38 0.0000D-38 0.7639D 00 0.7014D 00 0.2989D 02 -0.0000D-38 0.2989D 02
TOTALS 0.00000-38 0.1000D 01 0.1650D 02 -0.1650D 02 -0.4157D-12

DETAIL OF NODE 8 TEMPERATURE ~94 437 AREA = 0.1000D 0L
IR EMITTANCE 0.9000 SOLAR EMITTANCE = 0.1800
ILuM = 0.0000D-38 THETA = 0.90000D G2
NODE CONDUCTANCE Q comp F ASCRIPTFTIR Q comp Q coup TOTAL
1 0.0000D-38 —0.0000D-38 0.1959D-01 0.1591D-01 -0.1604D 01 ~0.8006D 01 -~0.9611D 01

2 0.0000D-38 -G.0000D~38 0.47120~01 0.38200-01 -0.3232D 01 -0.1845D 02

3 0.0000D-38 -0,00000-38 0.54610-01 0.4426D-01 -0.3381D 01 -0.2091D 02

4 0,0000D-38 ~0.0000D0-38 0.50250-01 (.40720~01 -0.29130 01 -0.1897D 02 -0.21890 02
5 0.0000D0-38 -0.0000D~38 0.0000D-38 0.1049D-02 ~0.57720-01 -0.00000-38 -0.5772D-01
6
7
8
9

0.00000-38 -0.0000D-38 0.0000D-38 0.1102D-02 -0.3252D0-01 -0.00000-38 ~0.3252D-01
0.00000-38 -0.0000D-38 0.0000D~38 (.87580~03 -0,10490-01 -0.00000-38 -0.1049D-01
0.0000D0-38 0,0000D-38 §.0000D~38 0.6575D-03 -0.0000D-38 0.5440D 02 0.54400 02
0.00000-38 (.0000D-38 0.00000~38 0.4933D-03 0.4004D-02 -0.0000D-38 0.40040-02

10 0.00000-38 0.00000-38 0.0000D-38 0.37620-03 0.5136D-02 ~0.00000-38 0,51360-02

11 0.0000D0-38 0.00000-38 0.00000~-38 0.29290-03 0.51260-02 ~0.0000D-38 0.5126D-02

12 0.00000-38 0.0000D-38 0.00000~38 0.23290-03 0.4712D-02 ~0.00000-38 0.4712D-02

13 0.00000-38 0.00000-38 0.8284D 00 0.7558D0 00 0.2315D 02 -0.00000-38 0.2315D 02
TOTALS 0.0000D0-38 0.1C00D O1 0.1194D 02 -0,1194D 02 -0.3677D-12

DETAIL OF NOBE 9 TEMPERATURE = ~121.45 AREA = 0.1000D 01
IR EMITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800
ILuM = 0.0000D-38 THETA = 0.900000 02
NODE CONDUCTANCE Q Comp F ASCRIPTFTIR Q Comnp Q comp TOTAL

0.0000D-38 ~0.00000-38 0.1204D~01 0.9784D-02 -0.1066D 01 ~0.4921D 01 -0.5987D 01
2 0.0000D-38 -0.0000D-38 0.31440~01 0.2549D-01 -0.2363D 01 -0.12310 02
3 0.00000-38 ~0.0000D~38 0.4104D~01 0.3326D-01 -0.28110 01 -0.1571D 02
4 0.0000D-38 -0.00000-38 0.4234D-01 0.34310-01 -0.2733D 01 ~0.15990 02
5 0.00000-38 ~0.0000D-38 (.0000D-38 0.7035D0-03 =-0.4441D-01 —-0.00000~38
& 0.00000-38 —-0.0000D-38 0.00000-38 0.78930-03 -0.29700-01 -0.00000-38 -0.29700~01
7
8
9

0.0000D~38 -0.0000D-38 0.00000-38 0.6464D-03 -0.1299D-Cl ~0.00000-38 ~0.12930-01
0.00000-38 -0.00000-38 0.00000-38 0.4933D-03 —-0.4004D-02 —-0.0000p~38 —-0,4004D-02
0.00000-38__0,0000D~38__0.0000D~38 _0,37370-03 -0.00000-38 _0,4012D 02 0.4012p 02
10 0.00000~38" 0.0000D~38  0.0000D-38 ~0.2867D-03  0.1586D-02 ~0.0000D=38 ~ 0. 1566D-02
11 0.0000D~38 0.00000-38 0.00000-38 0.2241D-03 0.21020-02 -0.0000D-38 0.2102D-02
12 0.0000D-38 0.0000D~38 0.00000-38 0.1786D-03 0.2164D-02 -0.00000-38 0.2164D-02
13 0.0000D-38 0.00000-38 0.8731p 00 0.7935D 00 0.1767D 02 -0.0000D-38 0.1787D 02
TOTALS 0.00000-38 0.1G000 01 0.8808p OL —0,8808D 01 -0.2451D-12
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Table 4 (conid)

DETAIL OF NODE 10 TEMPERATURE
IR EMITTANCE

~144.50
0.9000

TLUM = 0.0000D-3
F

NODE CONDUCTANCE Q comp
0.0000D-38 ~0,0000D-38 (0.8130D-02
2 0.00000-38 -0.00000-38 0.22180-01
3 0.0000D-38 -0.00000-38 0.31070-01
4  0.00000-38 —0.0000D-38 0.3464D-01
5 0.00000-38 -0.00000-38 0.0000D-38
6 0.0000D-38 -0.00000-38 0.0000D-38
7 0.0000D0-38 -0.0000D-38 0.0000D-38
8 0.00000-38 -0.0000D-38 0.00000-38
9 0.00000-38 —0.0000D-38 0.0000D-38
10 0.0000D-38 0.0000D-38 0.00000-38
11 0.0000D~38 0.0000D-38 0.0000D-38
12 0.0000D0-38 0.00000-38 0.0000D-38
13 0.00000-38 0.0000D-38 0.5040D GO
TOTALS 0.0000D-38 0.1000D 01

DETAIL OF NODE 11 TEMPERATURE = -164.12

IR EMITTANCE = 0.9000

UM =
NODE CONDUCTANCE Q COMP

0.0000D-38 -0.0000D-38 0.5850D-02
2 0.00000-38 -0.00000-38 0.1638D-01
3  0.00000-38 -0.0000D-38 0.2399D-01
4 0.0000D-38 -0.00000-38 0.2821D-01
5 0.00000-38 -0,00000-38 0.00000~38
6 0.00000-38 -0.0000D-38 0.0000D-38
7 ©.0000D-38 -0.0000D-38 0.00000-38
8 0.0000D-38 -0.0000D-38 0.0000D-38
9 0.00000-38 ~0,0000D0-38 0.00000-38
10 0.00000-38 ~0.00000-38 0.00000-38
11 0.0000D-38 0.00000-38 0.0000D-38
12 0.0000D0-38 0.00000-38 0.0000D-38
13 0.00000-38 0.00000-38 -0.9256D 00
TOTALS 0.0000D-38 0.1C000 01

DETAIL OF NODE 12 TEMPERATURE = -180.92
IR EMITTANCE = 0.9000
1LUM =

NODE CONDUCTANCE ~ Q COMP £

0.0000D-38 -0.0000D-38 0.4410D-02

2 0.00000-38 -0.0000D-38 0.1254D~01

3 0.0000D0-38 -0.00000~38 0.18940~01

4 0.00000-38 —0.0000D0~38 0.23110-01

5 0.0000D-38 -0.0000D-38 0.0000D-38

6 0.00000-38 -0.0000D-38 0.0000D-38

7 0.00000-38 -0.00000-38 0.0C00D-38

8 0.00000-38 -0.0000D~38 0.0000D-38

9  0.00000-38 ~0.00000~38 0.0000D~38

10 0.0000D-38 -0.0000D~38 0.0000D-38
11  0.0000D-38 -0.0000D~38 0.00000-38
12 0.00000-38,
13 0.00000~38

TOTALS

DETAIL OF NODE 13 TEMPERATURE =
IR EMITTANCE = 1.0000
JERiL] =
THIS IS A CONSTANT TEMPERATURE NODE
NODE CONDUCTANCE Q come
0.0000D-38 -0.00000-38 0.5938p~-01
2 0.00000-38 ~0.0Q0000-38 0.65190-01
3 0.0000D-38 -~0.0000D-38 0,7255D~01
4  0.0000D~38 ~0.0000D-38 0.7828D-01
5 0.0000D-38 -0.00000-38 0.6278D-01
6  0.00000-38 -0.00000-38 0.75410~-01
7 0.0000D-38 ~0.0000D-38 0.8541D-01
8 0.0000D-38 ~0.0000D-38 0.9262D-01
9 0.0000D-38 -0.0000D-38 0.97620-01
10 0.0000D~38 -0.0000D-38 0.1011D 00
11 0.0000D-38 -0.0000D-38 0.10350 00
12 0.0000D0-38 -0.00000~-38 0.1052p 00
13 0.00000-38 0.0000D-38 0.0000D-38
TOTALS 0.0000D-38 0.1000D 01

AREA
SOLAR EMITTANCE

8

ASCRIPTFTIR
0.6608D-02
0.1798D-01

0.25180-
0.28070—

01
0l

0.5016D-03
0.5852D-03

0.48800-
0.37620—

03
03

0.2867D~03
0.2207D-03
0.1729D-03

0013800~

0.8194D

SOLAR EMITTANCE
0.0000D-38

03
00

ASCRIPTFTIR

Qo 4T56D-1
0.13280-

02
01

0e1944D-01

0.2286D-
043741D-

ol
03

0. 44T74D-03
0.37750-03
0.2929D-03
0.2241D~03

0.17290-
G.1357D~
0+10840-

0.8375D

SOLAR EMITTANCE
0.0000D-38

03
03
03
00

ASCRIPTFTIR
0.3586D~02
0.1017D-01
0.1535D~01
0.18730-01
0.2889D-03
0.3513D-03
0.29880-03
0.23290-03

0.1786D-

03

0.13800-03
0.1084D-03

AREA
SOLAR EMITTANCE

04,

o

L

ASCRIPTFTIR

0.5056D
0.56020
0.6091D
0.6523D
0.5287D
0.6256D
0.7014D
0.7558D
0.79350
0.81940
0+83750
0,8505D
0« 7047D

00
00
00
a0
[
00
00
[ol¢]
00
00
00
00
00

1]
[

"o

THETA

Q camp
~0.75640 00
~0.17670 01
~0.2267D OL
~0+2391D 01
~0.+3444D-01
~0.2526D~01
~-0.1251D~01
~0.5136D0-02
~0.15860-02
~0.0000D0-38
0.6653D~03
0.9091D~03
0,1392D 02
0.6657D0 01

AREA = O
0
THETA = ©

Q COMP
=0.56279 00
-0.,1356D OL
-0.1826D 01
-0.20350 01
~-0.27120-01
~042103D-01
~0.11130-01
~0.51260-02
~0.2102D-02
~0.6653D-03
~0.00000-38
0.29690-03
0.11000 02
0.51550 01

AREA = O
[]

THETA =

Q comp
-0.4341D 00
~0.1066D 01
~0.1483D0 01
-0.1719p 01
~0,2174D~01
~0.1747D-01
=3.96250-02
=0.4712D-02
~0.2164D-02
-0.,90910-03
-0.2969D~03
+0000D-38

8843D 01
0.40840 01

=0
1

THETA =

Q comp
-0.6646D 02
~0e6455D 02
-0.65190 02
~0.6664D 02
-0.4528D 02
-0.3763D 02
-0.2989D 02
-0.2315D 02
~0.1787D 02
~0.1392D 02
-0.11000 02
-0.8843D 01
-0.0000D-38
-0.45040 03

«~1000D 01
«1800

06.90000D 02

Q comp
-0.33230
~3.86860
-0.1189p
-0.1308D
~0.00000-
~0+0000D-
=0.0Q00D-
=0.0000D~
=0.00000-.
G.3033D
=0.00000-.
=0.00000—.
-0.0000D~
-0.66570

+1000D 01
«1800
+~90000D 02
q coMp
~0423910
~0.6415D
=0.9184D
-0.1065D
-0.0000D-
~0.0000D-
~0,0000D-
~G.00000~!
~D+00000~.
~0.0000D~
0.2349D
-0.00000~!
-0.00000~
-0.5155D

«10000 01
«1800

0.90000D0 02

Q cowmp
~0.18020
~0«4911D
-0.7251D
-0.8725D
=0.00000~
—0+0000D~

» 00000~
-00000~

~0+0000D-

-0.00000-

+0000D-

+89440 01
»0000
+920000D 02

Q comp
~0.2171D
~0.23180
~0.2484D
=0.26430
-0.810%D
~0+70610
~0w57440D
~0.45060
=0.35030
=0+2741D
=0+2174D
~0417510

ol
oL
a2
02
38
38
38
38
38
02
38
38
38
01

01
o1
01
02
38
38
38
38
38
38
G2
38
38
01

(31
o1
o1
ol
38
38
38
38
38
38
38

03
03
03
a3
02
02
G2
0z
0z
02
02
02

0.0000D-38

-G.13180

04

14160 02
~0.15470 02
-0.3444D~01
-0.2526D~01
-0.1251D~01
~0.51360-02
~0.1586D~02
0.3033D 02
0.6653D~03
0.90910~03
0.13320 02
C.56840~13

TOTAL
-0.2954D 01
-0.7771D 01
~0.1101D 02
-0.1269D 02
~0.27120~01
~0.21030-01
-041113D-01
-0.51260-02
~0.2102D-02
-0.6653D-03

0.2349D G2
042969003
0.11000 02
0.2822D0-10

TOTAL
-0.2236D 01
-0.5977D 01
-0.8734D 01
-0.1044D @2
=0.21740-01
-0.1747D0~01
~0e 9625002
~0.47120-02
-0.2164D-02
-0.90910-03
~0,2969D0-03

0.1047D-08

TOTAL
-0.28350 03
-0.2964D 03
-0.31360 03
-0.33100 03
=0.1264D 03
~0.1082D0 03
-0.87330 02
~0.6822D0 02
=0.5290D 02
-0.41330 G2
-0.3274D 02
~0.2635D 02

0.0000D-38
=0.1768D 04
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Table 4 (conid)

TAS I, MAY 6, 1969 VERSION, JAH X2777, CASE NUMBER 3
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X
T CASE 3, Y=2X AND ALUMINUM SURFACE

c 1 2 3 4 5 6 7
€23456789012345678901234567890123456789012345678901234567890123456789012

EIR{1}=0.10

EIR{2)=0.10

EIR({3)=0.E0

EIR(4)=0.10

EIR(5)=0.10

EIR(6)=0.,10

EIR({T}=0.10

EIR{8)=0.10

EIR(9)=0.10

EIR(12)=0.10

ESOL{1)=

ESOL(12)=0.20
END OF CASE

TAS Iy MAY &, 1969 VERSION, JAH X2777, CASE
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP
STEP RISER=Y, STEP TREAD=X
CASE 3y Y=2X AND ALUMINUM SURFACE

NUMBER 3
CAVITY

THE RESIDUES ARE

= ~0.86526077D 02 2 = —~0.B39818720 02 3 -0.82658641D 02 4 =
6 = ~0.192827550 02 7 = -0.13900313D 02 8 ~0.100741030 Q2 9 =
11 = —0.43572739D 01 12 = -0.345267360 01 13 = -0.13424805D 04
THE TEMPERATURES ARE
=  0.66243993D 02 0.49200623D 02 ©0,398895890 02 6 =
6 = —0 271935670 02 -0.62912226D 02 ~0.943662180 02 9 =
11 = -0.164122020 03 12 = -0.18091942D 03 -0.459000000 03
THE RESIDUES ARE
1= 0,58202905D 03 0.66537534D 03 3 0.72021534D 03 4 =
6 = 0.317206180 02 0.232502360 02 8 0.16982015D 02 9 =
11 = 0.74050850D0 01 0.58737235D0 01 13 = -0.46429556D 04
THE TEMPERATURES ARE
1= 0.9611601%90 03 0.99686659D 03 0.10196238D 04 4 =
6 = 0.37974657D 03 0.31563566D 03 0.25648755D 03 9 =
11 = 0.12177L07D 03 0.889795770 02 -0.,45900000D 03
THE RESIDUES ARE
1 = 0.161315690 03 0.18817337p 03 3 0.205790510 03 4 =
6 = D.56057697D 01 0.41470478D 01 8 0.304195220 01 9 =
il = 0,13323183D 01 04105737710 01 13 = -0.25676435D 04
THE TEMPERATURES ARE
1 = 0.65798741D 03 2 0.67854883D 03 0.69231843D 03 4 =
6 = 0.24033818D 03 7 0.18584038D 03 0.13614069D 03 9 =
11 = 0.23667210D 02 12 = -0.36405066D 01 13 = -0,459000000 03
THE RESIDUES ARE
1 = 0.33679545D 02 0.41837164D 02 3 0+472520920 02 4 =
6 = ~0,16774066D 00 -0.11805885D 00 8 -0.84590897D~01 9 =
11l = -0.361638560-01 ~0«286154680-01 13 = -0,19410130D0 04
THE TEMPERATURES ARE
1 = 0.485543850 03 2 = 0490074310 03 3 0.494427430 03 4 =
6 = 0.18683988D 03 7 04135437850 03 8 0.89145995D 02 9 =
11 = —0.14867147D 02 12 = -0.40047792D 02 13 = ~0.,45900000D 03
THE RESIDUES ARE
= 0.30412155D 01 0.45260307D 01 0.56146263D 01 4 =
6 = ~0.144054240 00 ~0.11136674D 00 -0.83404266D0-01 9 =
11 = ~0,373436870-01 =0+29720394D-01 -0.17869151D 04
THE TEMPERATURES ARE
1 = 0.42611407D 03 0.41805224D 03 3 0.41454381D 03 4 =
6 = 0.17944824D 03 0.12829293D 03 8 0.82403016D 02 9 =
1l = ~0.204672300 02 12 = -0.45347279D 02 13 = -0.45900000D 03
THE RESIDUES ARE
=  0.330894460-01 2 = 0.756301940-01 = 0.1176669%0 GO 4 =
6 = ~0.303754660-02 T = «0.25299244D-02 ~0.196136180-02 9 =
11 = -0.910583620~03 12 = -0.72800976D-03 -0.17683660D 04
THE TEMPERATURES ARE
1 = 0.41958724D 03 2 = 0.40819189D 03 0.40221988D 03 4 =
6z 017931809003 _7.c 0:128160640.03. .. 0:02¢15182D 0293
11 = ~0.205760820 02 12 = —0.454506140 02 0.459000000 03
THE RESIDUES ARE
1 = 0.38805058D-05 2 0.22178038D~04 0.55134681D-04 4 =
6 = ~0.12639403D-05 7 -0.11655499D-05 ~0+94964522D0-06 9 =
11 = —0,464341830-06 12 = -0.37368497D~06 -D.17680002D0 04
THE TEMPERATURES ARE
=  (.419513870 Q3 0,408021360 03 3 0.401950590 03 4 =
6 = 0.17931805D 03 0.12816060D 03 8 0.82275137D 02 9 =
11 = -0.,20576123D 02 12 = ~0.45450653D 02 13 = -0.459000000 03

44

TITLE CARD

COMMENT CARD
COMMENT CARD

DAYA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CAR

COMMENT CARD

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

CONTROL CARD

~0.818614320 02 5
—0.74374763D 01 10
03411446440 02 5
~0.121449720 03 10
0.75825648D 03 5
0.12589775D 02 10
” 0.10350234D 04 5
0.204567340 03 10
0.217991450 03 5
0.,226029280 01 10
0.70186266D 03 5
0.92716685D 02 10
0.51023918D 02 5
=0.620763440~01 10
0.49788455¢p 03 5
0.48908508p 02 10
0.64143513D 01 S
~0.62673124D-01 10
0.412753400 03 5
0.425816100 02 10
8.154304580 Q0 5
-0.15014131D~02 10

0.39861821D 03

(3]

"ou

"

=0.26362534D
-0.56243660D

02
o1

0.12787031D
=0.14449631D

02
03

0.41714133D
0.95438471D

02
o1

0.44313700D
0.159960120

03
03

0.721193010
0.171570420

o1
01

0.29604816D
0.55494068D

03
0z

=0.23569690D 00
~0.467811400-01

0.24117723D 03
0.14506164D. 02

~0.16467004D 00
-0.47888881D-01

0.23404454D 03
0.85638754D 01

~0+282094510-02
~0.11597614D-02

0.23393307D 03

5
-0+424601230 02 10 =, 0844891540 01

0.962375050-04
—0.74642371D~06

5
10

0.398261450 03
0.42460079D 02

5
10

JPL

-0.868637660~06
~0.58562216D-06

0.233933050 03
0.84488731D 01

TECHNICAL REPORT 32-1416



Table 4 (conid)

THE RESIDUES ARE

1 -0.38369308D~12 2 = 0.147792890-11 3 0.117594820-10 4 = 0.37310599D-10 5 = —0.2T7T711167D-12
6 = «40145665D-12 T = -0.39257486D~12 8 -0.33395509D-12 9 = —0.269118060-12 10 = -0.21582736D~12
11 = -0.157651670-12 12 = -0,13278267D-12 13 = -0.17680000D 04

THE TEMPERATURES ARE

1 = 0.419513860 03 2 = 04408021310 03 3 0.401950460 03 4 = 04398261230 03 5 = 0.23393305D 03
6 0.17931805D) 03 7 = 0.12816060D0 03 8 0.82275137D 02 9 = 0.42460079D 02 10 = 0.84488731D 01

11 = -0.20576123D 02 12 -0.454506530 02 13 ~0.45900000D 03

TAS Iy MAY 6, 1969 VERSION, JAH X2777, CASE NUMBER 3
TEMPERATURE DISTRIBUTION OF AN L~SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X
CASE 3, Y=2X AND ALUMINUM SURFACE

ENERGY PER UNIT TIME IN IS NEGATIVE AND ENERGY PER UNIT TIME OUT IS POSITIVE

DETAIL OF NODE 1 TEMPERATURE = 419,51 AREA = 0.1000D 01
IR EMITTANCE = 0.1000 SOLAR EMITTANCE = 0.2000
TLUM = 0.10000 01 THETA = 0.00000D~38
NODE CONDUCLTANCE Q comp F ASCRIPTFTIR Q camp Q comMp TOTAL

DIRECT SOLAR -0.4420D 03 -0.4420D 03

1 0.0000D-38 0.0000D-38 0.0000D~38 0.9550D-03 ~0.00000-38 0.3963D 03 0.3963D 03
2 0.00000-38 0.0000D-38 0.0000D~38 0.4141D~03 0.2177D-01 -0.0000D-38 0.21770-01
3 0.0000D-38 0.0000D-38 0.00D00D-38 0.2283D-03 0.1815D-01 -0.00000-38 0.1815D-01
4 0.0000D-38 0.0000D0-38 0.00000-38 0.1465D-03 0.14000-01 -0.0000D-38 0.1400D-01
5 0.,00000-38 0.0000D-328 0.2929D0 00 0.3224D-02 0.20250 01 -0.40050 02 -0.38020 02
6 0.00000-38 0.0000D0-38 0.8907D-01 0.1032D~02 0.76260 00 ~0.88400 01 —-0.8077D Ol
7 0.00000-38 G(.0000D-38 0.3689D-01 0.4500D-03 0.36920 00 -0.2631D 01 -0.2262D 01
8 0.0000D-38 0.0000D-38 0.1959D-01 0.2481D-03 0.21770 00 -0.1011D 01 -0.7933D 00
9 0.0000D-38 0.0000D0-38 0.1204D-01 0.1565D-03 0.1434D 00 -0.45840 00 +3150D 00
10 0.00000-38 0.00000-38 0.8130D~02 0.1075D0-03 0.1014D 00 -0.2339D 00 -0.1326D 00
11 0.00000-38 0.0000D-38 0.5850D-02 0.78280-04 0.75280-01 ~0.13040 00 -0.5509D~01
12 0.00000-38 0.0000D-38 0.4410D-02 0.59500-04 0.5801D-01 -0.77860-01 -0.1985D0-01
i3 0.0000D-38 0.0000D0-38 0.53110 00 0.9290D-01 0.9528D0 02 -0.00Q0D-38 0.9528D 02
TOTALS 0.00000~38 0.1000D 01 0.9909D 02 ~0.99090 02 -0.3482D-12

DETAIL OF NODE 2 TEMPERATURE = 408.02

AREA 0.1000D 01
0.1000 SOLAR EMITTANCE

IR EMITTANCE 0.2000
ILUM = 0. IODOD a1 THETA = 0.000000-38
NODE CONDUCTANCE Q Comp ASCRIPTFTIR Q COowup Q comp TOTAL

DIRECT SOLAR -0.44200 03 -0.44200 03

0.0000D-38 -0.0000D-38 0.0000D0~38 0.4141D0~03 ~0.21770-01 -0.00000-38 -0.21770-01
0.0000D-38 0.0000D-38 0.00000-38 0.30440-03 ~0.00000-38 (.38060 03 0.38060 03
0.00000-38 0.0000D-38 0,00000-38 0.21820-03 0.5879D-02 —-0.00000-38 0.58730~02
0.0000D~38 0.00000-38 0.00000-38 0.16090-03 0.6926D-02 -0.00000-38 0.6926D~02
0.0000D0-38 0.0000D~38 0.8907D~01 0.1034D~02 0.5954D 00 -0.1218D 02 -0.1158D 02
0.00000-38 0.0000D~38 0.1147D 00 0.1234D-02 0.8471D 00 ~0.1139D0 02 -0.1054D 02
0.00000-38 0.00000-38 0.7454D-01 0.8012D-03 0.6153D 00 -0.5316D 01 -0.47010 01
0.0000D0-38 0.00000-38 0.47120-01 0.5094D-03 0.4202D0 00 -0.2432D 01 -0.20120 01
0.0000D~38 0.00000-38 0.3144D-01 0.3417D-03 0.29520 00 -0.11970 01 -0.90180 00
10 0.00000-38 0.0000D-38 0.2218D-01 0.24200-03 0.2155D 00 -0.6382D G0 -0.4227D 00

11 0.00000-38 0.0000D-38 0.16380-01 0.1793D0-03 0.1630D 00 -0.3650D 00 -0.2021D 00

12 0.0000D-38 0.00000-38 0.12540-01 0.1375D-03 0.1269D0 00 ~0.2214D 00 -0.94530-01

13 0.00000-38 0.0000D-38 0.5920D 00 0.94420-01 0.91880 02 -0.00600-38 0.9188D 02
TOTALS 0.00000-38 0.1600D 01 0.95150 02 -0.9515D 02 0.1513D-11

VOO BWN

DETAIL OF NODE 3 TEMPERATURE = 401.95 AREA
IR EMITTANCE = 0.1000 SOLAR EMITTANCE
= 0.1000D 01 THETA

NODE CONDUCTANCE Q Comp F ASCRIPTFTIR Q coup Q comp TOTAL

DIRECT SOLAR —0.4420D 03 -0.44200 03

0.0000D-38 —0.0000D-38 0.0000D-38 0.2283D~03 —0.1815D-01 -0.00000-38 -0.18150-01

0.00000~38 -0.00000-38 0.00000-38 0,21820-03 —0.5879D-02 -0.00000-38 -0.5879D-02

0.0000p-38 0.0000D-38 0.00000~38 0.1778D-03 —0.00000-38 0.37250 03 0.3725D 03

0.00000-38,  0:00000:38 . .0:00000-38. , 0r}#160-03. . 0:22799:02. -0 oouon-aa 0422790 oz
0.

0.0000D-38"" 0.00000-38 ~~0.3689D0-01  0.45500-03 0" =0.50640 01 <0.47950"0
0-0000D-38 0.0000D-38 0.7454D-01 0.8042p-03 O. 53060 00 =0e 73980 0l -0.6867D 01
0.00000-38 0.0000D0-38 0.7002D-01 0.7406D-03 0.5488D 00 -0.4994D 01 —~0.4445D 01
0.0000D0-38 0.00000-38 0.54610~01 0.5745D-03 0.4584D 00 ~0.2818D 01 -0.23600 01
0.00000-38 0.00000-38 0.4104D~01 0.4310D-03 0.3507D0 00 ~0.1562D 01 -0.1202D Ol
10 0.00000-38 0.00000-38 0.31070-01 0.3261D-03 0.28160 00 -0.8941D 00 -0.6124D 00
il 0.00000-38 0.00000-38 0.23990-01 0.2518D-03 0.2221D 00 -0.53460 00 ~0.31250 00
12 0.00000-38 0.0000D-38 0.1894D~01 0.19870-03 0.1780D0 00 -0.3344D 00 -0.1564D 0O
13 0.00000-38 0.0000D-38 0.64890 00 0.95450~01 0.9031D 02 -0.00000-38 0.9031D G2
TOTALS 0.00000-38 0.10000 Gl 0.9312D 02 -0.9312D 02 0.1180D~10

VRNV DWN

DETAIL OF NODE 4 TEMPERATURE = 398,26 AREA = 0.10000 01
IR EMITTARCE = 0.1000 SOLAR EMITTANCE 0.2000
1LUM = 0.1000D 01 THETA = 0,000000-38
NODE CONDUCTANCE  Q COMP £ ASCRIPTFTIR q Comp Q COMP TOTAL

DIRECT SOLAR -0.4420D 03 -0.44200 03
0.0000D-38 ~0.00000-38 0,00000-38 0.1465D0-03 —0.14000-01 -0.0000D0~38 -0.1400D-01
0.0000D-38 -0.00000-38 0.0000D-38 0.1609D-03 -0.6926D-02 ~0.00000-38 -0.6926D-02
0.0000D0-38 ~0.00000~38 0.00000-38 0.1416D-03 -0.2279D-02 -0.00000~38 —0.2279D0-02
0.0000D-38 0.00000-38 0.0000D-38 0.11860-03 —-0.0000D-38 0.3676D 03 0.3676D 03
0.00000-38 0.00000-38 0.19590-01 0.2542D~03 0.1354D 00 ~0.26790 01 ~0.2543D 01
0.00000~-38 0.0000D-38 0.47120-01 0.51410-03 0.33090 00 ~0.46770 01 -0.43460 OL
0.0000D-38 0.0000D0-38 0.5461D-01 0.57650-03 0.41790 00 —0.3895D 01 ~0.3477D 01
0.0000D-38 0.0000D-38 0.50250-01 0.52420~03 0.4098D 00 ~0.25930 01 -0.2183D 01
0.0000D-38 0.0000D0-38 0,4234D-01 0.4393D-03 0.3606D0 00 ~0,1612D0 01 -0.1251D 01

10 0.00000~38 0.0000D~38 0.3464D~01 0.35830-03 0.3037D 00 ~0.99680 00 -0.69310 00
11 0.0000D-38 0.0000D-38 0.2821p-01 0.29130-03 0.25230 00 -0.62870 00 -0.3764D 00
12 0.0000D-38 0.00000-38 0.2311D-01 0.2384D-03 0.20960 00 -0.4080D 00 —0.1984D 00
13 0.00000-38 0.0000D~38 0.70010 00 ©.96240-01 0.89500 02 -0.00000-38 0.8950D 02
TOTALS 0.0000D-38 0.1000D 01 0.9190D0 02 -0.9190D 02 0.3733D-10

W N DWW
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DETAIL

NODE

1
TOTALS

DETAIL

1
TOVALS

DETAIL

1
TOTALS

DETAIL

1
TOTALS

OF NODE 5

CONDUCTANCE
0.00000-38
4.00000~38
0.0000D~38
0.00000-38
0.0000D-38
0.00000-38
0.00000-38
0.00000-38
£.0000D-38
0.0000D-38
0.0000D-38
0.00000-38
0.0000D~38

OF NODE 6

CONDUCTANCE
0.0000D-38
0.0000D~38
0.00000-38
0.0000D-38
0.00000-38

0.00000-38, .0

0.0000D~38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.00000-38
0.00000-38

QF NODE 7

CONDUCTANCE
0.00060~38
0.00000-38
0.0000D~38
0.0000D0-38
0.0000D-38
0.0000D-38
0.0000D~38
0.00000~38
0.00000-38
0.0000D~38
0.00000~38
0.00000-38
0.0000D-38

OF NODE 8

CONDUCTANCE
0.0000D~38
0.0000D-38
0.0000D-38
0.0000D-38
0.00000-38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.00000-38
6.0000D~38
G-0000D-38

OF NODE 9

CONDUCTANCE
0.00000-38
0.0000D-38
0.00000~38
0.0000D-38
0.00000-38
0.0000D~38
©0.0000D~38
0.0000D-38
0.00000~38
0.00000-38
0.0000D-38
0.0000D-38
0.00000~38

TEMPERATURE
IR EMITTANCE
ILUM
Q comp
~0.,0000D-338
-0.00000~38
—0.0000D-38
-0.0000D~38
0.0000D~-38
0.00000-38
0.00000~38
0.0000D~38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D~38
0.0000D-38

TEMPERATURE
IR EMITTANCE
ILUM

Q coMeP
-0.0000D-38
-0.00000-38
-0.0000D~38
-0.00000-38
~0.,0000D-38
:0000D738,
0.0000D~38
0.0000D-38
0.0000D-38
0.0000D-38
0.00000-38
0.0000D-38
0.0000D-38
0.00000-38

TEMPERATURE
IR EMITTANCE
ILUM
Q CoMP
-0.30000~-38
~0.0000D-38
-0.0000D-38
-0.0000D-38
~0.0000D~38
~0.00000-38
0.00000~38
0.0000D~-38
0.0000D-38
0.0000D-38
0.0000D0~38
0.0000D-38
0.0000D-38
0.0000D0~38

TEMPERATURE
IR EMITTANCE
ILUM

Q comMp
-0.0000D~-38
~0.0000D-38
-0.0000D-38
-0.0000D-38
~0.00000~38
~0+0000D-38
-0.0000D-38

0.0000D-38
0.0000D-38
0.0000D-38

0.00000-38
0.00000~-38
0.0000D~38
0.00000-38

TEMPERATURE
IR EMITTANCE
ILUM

Q camp
-0.00000~38
-0.0000D~38
-0.0000D~38
~0.00000~38
~0.0000D~38
-0.0000D-38
-0.0000D-38
-0.00000~38

3 ,.00000D=38 _

0-00000-38

0.00000-38

0.00000-38

0.0000D-38

©0.0000D-38

Table 4 (conid)

233.93 AREA = 0.10000 01
0.1000 SOLAR EMITTANCE = 0.2000
= 0.00000-38 THETA = 0.90000D 02
£ ASCRIPTFTIR Q cowp Q camp

0.2929D 00 0.32240-02
0.89070-01 0.10340-02
0.3689D-01 0.45500-03
0.19590-01 0.2542D-03
0.00000-38 0.95232D-03
0.0000D~38 0.4066D~03
0.0C000-38 0.,2176D-03
0.00000-38 0.1346D~03
0.00000-38 0.90690-04
0.00000-38 0.6488D-04
0.00000-38 0.4850D-04
0.00000-38 0.37510-04
0.56160 00 0.9308D-01
0.1000D 01

-0.2025D 01 ~0.11610 03
-0.59540 00 ~0.3390D 02
~0424960 00 ~0.1374D 02
=0.1354D 00 -0.7201D Ol
=0.00000-38 0.13670 03
0.45170~01 ~0.0000D-38
0.4185D0-01 ~-0.00000D-38
0.33540-01 —-0.0000D-38
0.2614D-01 -0.0000D~38
0.2043D~01 -0.0000D-38
0.1618D-01 ~0.00000~38
0.13010-01 ~0.00000-38
G.36990 02 ~-0.00000~38
0.34190 02 ~0.3419D 02

179.32 AREA = 0.1000D 01
6.1000 SOLAR EMITTANCE = 0.2000
= G 00000—33 THETA = 6.90000D0 02

ASCRIPTFTIR
0. 89070 01 0.1032D-02
0.11470 00 0.12340-02
0.74540-01 0.8042D-03
0.4712D~-01 0.5141D-03
0.00000-38 0.40660-03
.0.0C00D<38_  0.2858D-

0.1529D~ 03
0.0G00D-38 0.13330-03
0.0000D-38 0.9538D-04
0.0000D-38 0.7069D-04
0.0000D~38 0.5403D~04
0.0000D-38 0.4242D-04
0.67450 00 0.95140-01
0.1000D 01

=3

Q comP Q camp
~0.76260 00 -0.35300 02
~0.8471D 00 -0.4367D G2
-0.5306D 00 -0.2776D0 02
~0.3309D 00 ~0.17320 02
-0.4517D-01 -0.00000-38

0. 1347001 "<6.66660-38

0.18410-01 -0.00000-38
0.1689D-01 -0.00000~38
0.14410~01 -0.00000~38
0.12020-01 -0.00000-38
0.99980-02 —0.0000D-38
0.2724D 02 -0.0000D-38
0.2481D 02 ~0.2481D 02

= 128.186 AREA 0.10000 01
= 0.1000 SOLAR EMITTANCE 0.2000
= 0.00000-38 T = 0.90000D 02

ASCRIPTFTIR
0.36895-01 0.45000-03
0.7454D-01 0.8012D-03
0.70020-01 0.7406D-03
0.5461D-01 0.5765D~-03
0.0000D0-38 (0.2176D-03
0.00000-38 0.19290-03
0.0000D-38 0.1437D-03
0.0000D~38 0.1044D-03
0.0000D-38 0.7687D0-04
0.00000-38 0.5797D-04
0.0000D-38 0.4481D-04
0.0000D-38 0.35440-04
0.7639D 00 0.9656D-01
0.1000D 01

Q CompP Q coMP
~0.3692D 00 -0.1462D 02
-0.6153D 00 -0.2837D 02
=0.54880 00 -0.2608D 02
~0.41790 00 ~0.2007D 02
-0.41850-01 -0.00000-38
~0.15670-01 ~0.00000-38
=0.00000-38 0.7132D 02

0.5939D-02 ~0.0000D-38
0.73690-02 ~0.0000D-38
0.7106D-02 -0.0000D-38
0.63270-02 -0.00000-38
0.5476D-02 -0.00000-38
0.1981D 02 -0.00000-38
0.1783D0 02 -0.17830 02

= 8228 AREA = 0.10000 ol

= 0.1000 SOLAR EMITTANCE 0.2000

= 0,00000-38 THETA = 0.90000D 02
ASCRIPTFTIR Q COomMp Q came

0.1959D-01 0.24810-03
0.4712D-01 0.5094D-03
0.5461D-01 0.5745D-03
0.50250-01 0.5242D0-03
0.0000D-38 0.13460-03
0.0000D0-38 0.13330-03
0.00000~38 0.1044D-03
0.00000-38 0.7792D-04
6.0000D~38 ©0,5830D~04
0.00000-38 0.44390~04
0.00000-38 0.34530~04
0.00000-38 0.2743D-04
0.8284D0 00 0.97530-01
0.10000 01

= 42446
= 0.1000
= 0.00000-38
¥ ASCRIPTFTIR
0.1204D-01 0.1565D0-03
0.3144D-01 0.3417D0-03
0.41040-01 0.43100~03
0.4234D-01 0.4393D0-03
0.0000D-38 0.9069D-04
0.0000D~38 0.9538D-04
0.00000-38 0. 7687D-04
0.0C00D0-38 0.5830D-04

0,0000D-38 0.4402D-04

T6.00000-38 0.33710-04

0.00000-38 0.2632D~04
0.0C00D-38 0.2096D~04
0.8731D 00 0.9819D-01
0.1000D O1

ARE
SOLAR EMITTANCE

~0.2177D 00 -Q.7764D 01
-0.42020 00 -0.1793D 02
—0.45840 00 -0.2034D 02
~0.40980 00 -~0.1847D 02
~0+3354D0-01 -0.00000-38
-0.18410-01 ~0,0000D-38
=0.5939D-02 -0.00000-38
-0.0000D~38 0.5161D 02
0.2272D-02 -0.0000D-38
0.2916D-02 -0.00000-38
0.2911D-02 ~0,00000-38
0.26770-02 ~0.00000-38
0.1446D0 02 -0.0000D~38
0-12900 02 ~0.12900 02

A = 0.10000 O1
0.2000

THETA = 0.900000 02

Q COme Q COMP
-0.1434D 00 -0.4772D 01
-0.2952D 00 -0.1197D 02
~0.3607D 00 -0.1529D 02
=0.3606D 00 ~0.15560 02
-0.2614D~0) ~0.0000D~38
=0.1689D0~01 -0.00000~38
~0.7369D-02 -0.0000D~38
=0,2272D-02 -0.00000-38

~0.00000-38 0.38070 02 0O

0.90050-03 ~6.000GD-38 0.
0.11930-02 -0.00000-38
041229002 -0.00000-38
0.10730 02 -0.00000-38
0.95170 01 ~0.9517D 01

-0

2, 70:09000-38 .0.99290 02,

TOTAL

-0.1181D 03
-0.3449D 02

«+13990 02

-D«7336D 01

0.1367D 03
0.45170-01
0.41850-01
0.3354D-01
0.2614D-01
0.20430-01
0.16180-01
0.13010-01
0.36990 02

~0.2665D-12

TOTAL
36070 02

«17650 02

0.1689D-01
0.1441D-01
0.12020-01
0.9998D-02
0.2724D 02

~043944D-12

TOTAL

-0.1499D 02
-0,2898D 02
-0.26630 02
-0.2049D 02
~0.41850~01
~0.1567D-01

0.7132D 02
0.5939D-02
0.7369D-02
0.71060-02
0.63270~02
0.5476D-02
0.1981D 02

-0.38900-12

TOTAL

~0.7982D 01
-0.1835D 02
-0.20800 02
~0.1888D0 02
~0.3354D~01
~0.1841D-01
-0.59390-02

0.5161D 02
0.2272p-02
0.2916D-02
0.2911D0-02
0.26770-02
0. 1446D 02

-0.32860-12

TOTAL

-0.49150 01
~0.1226D 02
-0.15650 02
-0.1592D 02
-0.2614D-01
-0.1689p-01
~0.73690-02
-0.2272D-02

0.3807p_02
0.90050-03
0.11930-02
0.12290-02
0.1073D 02

-0.2682p-12
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Table 4 (conid)

DETAIL OF NODE 10 TVEMPERATURE = 8445 AREA 0.10000 01
IR EMITTANCE = 0.1000 SOLAR EMITTANCE 6.2000
ILUM = 0.0000D-38 THETA = 0.90000D 02
NODE CONDUCTANCE Q COoMP F ASCRIPTFTIR Q comp Q CoMp TOTAL
1 0.00000-38 -0.00000-38 0.81300-02 0.10750-03 ~0.1014D 00 -0.32220 01 -0.3324D 0L

0.0000D-38 ~0.0000D-38 0.2218D0-01 0.24200-03
0.0000D~38 -0.00000-38 0.3107D-0% 0.3261D-03
0.00000-38 ~0.0000D-38 0.3464D-01 0.35830-03
0.00000-38 -0.00000-38 0.0000D~38 .0.64880-04
0.0000D-38 -0.0000D~38 0.0000D-38 0.7063D-04
0.0000D-38 ~0.0000D-38 0.0000D0-38 0.5797D-04%
0.00000~38 ~0.00000-38 0.0000D0-38 0.4439D-04
0.00000-38 ~0.0000D-38 0.0000D-38 0.3371D-04
10 0.00000~38 0.0000D-38 0.00000-38 0.25910~04
i1 0.0000D0-38 0.00000-38 0.00000~38 0.2027D-04
12 0.00000-38 0.0000D-38 0.0000D0-38 0.16170-04
13 0.0000D0-38 0.00000-38 0.9040D 00 0.9863D-01
TOTALS 0.0000D~38 0.10000 01

VO NP RN

~0.2155D 00 ~0.84410 01 -0.8657D 01
28160 00 —- 1570 02 -0.1185D 02
—0+30370 00 -0.12730 02 ~0.1304D 02
~0+20430-01 -0.0000D-38 ~0.20430-01
=0.1441D-01 -0.00000-38 ~0.1441D-01
-0.7106D~02 ~0.00000~38 ~0.7106D-02

=0429160-02 +00000~38 ~0.2916D-02
-0.9005D0-03 +0000D-38 -0.90050-03
~0.00000-38 «2878D 02 0.2878D 02
0.3777D-03 +0000D-38 0.3777D-03
0.5162D-03 «00000-38 0.51620~03
0.81410 01 «0000D~-38 0.8141D 01

0.7194D 01 -0.71940 01 -0.2061p-12

DETAIL OF NODE 11 TEMPERATURE = -20.58 AREA 0.1000D 01
IR EMITTANCE = 0.1000 SOLAR EMITTANCE 0.2000
ILUM = 0.0000D-38 THETA = 0.90000D 02
NODE CONDUCTANCE Q Ccamp F ASCRIPTFTIR Q comMp Q COMP TOTAL
0.0000D-38 -0.0000D-38 0.5850D-02 0.7828D-04 -0.7528D0-01 -0.23190 01 -0.2394D 01
0.0000D~38 -0.0000D-38 0.1638D-01 0.1793D0-03 -0.1630p 00 -0.63970 o1
0.00000-38 -0.00000-38 0.2399D-01 0.2518D-03 -0.2221D 00 -0.9158D 01

2

3
4 0.0000D-38 -0.00000-38 0.28210-01 0.2913D-03
5 0.00000-38 ~-0.0000D-38 0.0000D0-38 0.48500-04
6 0.00000-38 -0.00000-38 0.0000D~38 0.5403D-04
7 0.00000~38 ~0.00000-38 0.00000-38 0.4481D-04
8 0.00000-38 ~0.0000D-38 0.0000D-38 0.3453D-04
9 0.0000D-38 -0.0000D0-38 0,0000D-38 0.26320-04
10 0.0000D-38 -0.00000-38 0.00000-38 0.20270~04
ii 0.00000-38 0.0000D0-38 0.0000D-38 0.1589D~04
12 0.0000b-38 0.00000-38 0.0C00D-38 0.1268D0-04
13 0.00000-38 0.00000-38 0.9256D 00 0.9894D-01
TOTALS 0.00000-38 ©.10000 0)

=0.2523p 00 ~0.1037D 02 -0.1062D 02
~0+16180-01 -0.0000D0~38 -0,.1618D0-01
-0.12020-01 -0.00000-38 -0.1202D-01
—0.6327D-02 -0.0000D-38 -0.6327D-02
-0.29110-02 -0.0000D0-38 ~0.2911D-02
=0.11930-02 -0.0000D0-38 ~0.1193D-02
~0.37770-03 -0.00000-38 -0.37770-03
~0.0000D-38 0.22290 02 0.2229D 02
0.1685D0-03 -0.0000D-38 0.1685D-03
0.6323D 01 -0.00000-38 0.6323D 01
0.5572D 01 -0.5572D 01 ~0.15100~12

DETAIL OF NODE 12 TEMPERATURE = -45.45 AREA 0,10000 01
iR EMITTANCE = 0.1000 SOLAR EMITTANCE 0.2000
ILUM = 0.0000D-38 THETA = 0.90000D 02
NODE CONDUCTANCE @ COMP F ASCRIPTFTIR G comp Q coMp TOTAL

0.0000D0-38 ~0.00000-38 0,4410D-02 0.59500-04
2 0.00000-38 -0.00000-38 0.1254D-01 0.1375D-03
3 0.00000-38 -0.0000D-38 0.1894D-01 0.19870-03
4 0.00000-38 -0.00000-38 0.23110-01 0.23840-03
5 0.00000-38 ~0.0000D-38 0.00000-38 0.3751D-04
6 0.,00000~-38 -~0.0000D-38 0.0600D-38 0,42420-0%
7 0.00000-38 -0.0000D-38 0.0000D-38 0.3544D-04
8 0.0000D0-38 -0.0000D-38 0.,0000D0-38 0.2743D-04
9 0.00000~38 ~0.0000D0-38 0.00000-38 0.2096D-04
10 0.0000D-38 -0.0000D-38 0.0000D-38 0.1617D~04
11 0.0000D-38 -0.00000-38 0.0000D-38 0.1268D-04

-0+5801D-01 -0.1748D 01 ~0.18060 01
~0e1269D 00 -0.4773D 01 ~0.4899D 01
=0.1780D 00 -0.7054D 01 -0.7232D 01
-0.2096D 00 —0.8495D 01 -0.8705D 01
~0.130iD-01 -0.00000-38 -0.13010-0)
=-0.9998D-02 -0.0000D0-38 -0.99980~02
~0.5476D-02 -0.0000D-38 -0,54760-02
~0.2677D-02 -0.,00000~38 -0.2677D-02
~-0.1229D-02 -0.0000D-38 ~0.1229D-02
=0.5162D-03 ~0.00000-38 -0.5162D-03
-0.1685D-03 -0.00000-38 -0.16850~03

12 0.0600D-38  0,00000-38  0,00000-38, L0:1766D,02,,0,17660 02
13 0.0000D-387"0.00000-38""0.3410b 60 <0000D=-38""0.5020D" 01
TOTALS 6.0000D-38 0.1€00D 01 0.4414D 01 —0.44140 01 -0.1297D~-12
DETAIL OF NODE 13 TEMPERATURE = =459,00 AREA = 0.8944D 01
IR EMITTANCE = 1.0000 SOLAR EMITTANCE = 1.0000
ILUM = 0,0000D0-38 THETA = 0.90000D 02
THIS IS A CONSTANT TEMPERATURE NODE
NODE CONDUCTANCE  Q COMP F ASCRIPTETIR  Q COMP  Q COMP TOTAL

0.00000-38 -0.0000D0-38 0.59380-01 0.9290D-01
0.00000-38 ~0.00000~38 0.66190-01 0.9442D-01
0.0000D-38 -0.00000-38 0.7255D~01 0.9545D-01
0.0000D0-38 -0.00000-38 0.7828D-01 0.9624D-01
0.0000D-38 ~0.0000D0-38 0.6278D-01 0.9308D~01
0.00000-38 ~0.0000D-38 0.7541D~01 0.9514D-01
0.00000~38 ~0.00000-38 0.8541D0-01 0.9656D-01
0.0000D~38 ~0.00000-38 0.92620-01 0.97530-01
0.0000D-38 ~0.0000D~38 0.9762D-01 0.9819D0~01
10 0.0000D-38 -0.0000D~38 0.1011D 00 0.9863D~01
11 0.0000D-38 -0.0000D~38 0.1035D 00 0.9894D-01
12 0.00000-38 ~0.00000-38 0.10520 00 0.99160-01
i3 0.0000D-38 0,00000-38 ©.00000-38 0.77880 01
TOTALS 0.0000D-38 0.1C00D 01

B T

TAS 1, MAY 6, 1969 VERSION, JAH X2777, CASE NUMBER
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY
STEP RISER=Y, STEP TREAD=X

SAME AS CASE ONE BUT WITH DIFFERENT UNITS, (WATTS,
BOLTZ=.56759388351D-11

ABSCVN=273,3333333333

SOLCON=,1394309344

NITER=20

CT(13)5-272. 7777777777
PRINT{10}=1

END OF CASE

-0.95280 02 -0.2105D 03 -0.3058D 03
~0.91880 02 -0.2253D 03 -0.3172D 03
9031D 02 -0.24170 03 -0.3320D 03
+8950D0 02 -0.2574D 03 -0.3469D 03
~0.3699D0 02 -0.7679D 02 ~0.1138D 03
-042724D 02 -0.6694D 02 -0.94190 02
-0.1981D 02 -0.5448D 02 ~0.7429D 02
~0e1446D 02 -0.4275D 02 ~0.57210 02
~0.1073D 02 -0.3324D 02 ~0.4397D 02
=0,8141D 01 ~0.26010 02 -0.3415D 02
-0.6323D 01 ~0.2063D 02 -0.2695D 02
=0.5G20D0 01 ~0.16610 02 -0.2163D 02
-0.0000D-38 (.0000D0-38 0,0000D0-38
~044557D 03 -0.12720 04 -0.1768D 04

CMy DEG C1} TITLE CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
CONTROL CARD
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Table 4 (tonid)

S$NAME2

N = 13,

BOLTZ = 0.5675938835099998D~11,
SOLCON = 0.1394309344000000D 00,
RELTOL = 0+99999999999999970-05,
ABSCVN = 0.27333333333329990 03,
NITER = 20,

$ END

TAS I, MAY 64 1969 VERSION, JAH X2777,

CASE NUMBER 4

TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY

STEP RISER=Y,

STEP TREAD=X

SAME AS CASE ONE BUT WITH DIFFERENT UN1TS, (WATYS, LM, DEG C)

THE RESIDUES ARE

6 =
11 =

THE TEMPERATURES ARE
1

6
11

Wono#

04256604280 01
~0.14777369D-01
~0.291814070-02

0.419513860 03
0.17931805D 03
-0.20576123D 02

THE RESIDUES ARE

1
6
11

wowon

0.804563620 00
~0.65244674D-02
-0.133839130-02

THE TEMPERATURES ARE
2 =

&
193

0.38898661D 03
0.20935317D 03
0.58385620D 02

THE RESIDUES ARE

6
1

THE TEMPERATURES ARE

6 =
11 =

0.24734570D 00
-0.381169180-02
-0.81641663D-03

0.229692920 03
0.961122370 02
~0.19543892D 02

THE RESIDUES ARE

1
6
1

1

THE TEMPERATURES ARE

11 =

0.714237190~01
~0.266012300-02
~0.58716726D-03

0.118285520 03
0.203227870 02
-0.71825708D 02

2
7
2

2=

1

7T
12 =

0.25821159D 01
-0.99680178D-02
~0.23017583D~02

0.40802131D 03
0.128160600 03
-0.45450653D 02

0.80995493D 00
-0.,44822995D-02
~0,10571246D-02

0.38013067D 03
0.170697220 03
04396065450 02

0,24934938D 00
-0.26747265D~02
~0.64579734D~03

0.222502400 03
0.664528620 02
—0.33914466D 02

0.72330693D-01
~0,189495630-02
~0.464917630~03

0.111677320 03
~0.34005724D 01
~0+83242456D 02

UNDRFLOW AT 24413 IN AC AND MQ.

6 =
11 =

THE TEMPERATURES ARE

6 =
11 =

THE RESIDUES ARE
1=

0.168741220-01
~0.16068320D~02
-0.362788200-03

0.50790206D 02
-0.20091721p 02
~0.998963880 02

12 =

12 =

0.17357954D-01
-0.11578381D-02
~0.28746278D~-03

0.43478185D 02
=0.40779412D 02
-0.10973298D 03

UNDRFLOW AT 24413 IN AC AND MQ.

THE RESIDUES ARE

6
11

[
11

0.21207607D-02

-0.441273600~03 ,

~0,103342710-03

THE TEMPERATURES ARE
1

04233966170 02
-0.31948069D 02
-0.10827112D 03

7 =

12

80D-02
870~ 04
0.14625691D 02

-0.51839129D 02
~0.117640530 03

UNDRFLOW AT 24413 IN AL AND MQ.

THE RESIDUES ARE

6
11

oo

THE TEMPERATURES ARE

11

0.47316018D-04
~0.16572862D-04
-0.41845825D~05

0.19120128D 02
-0.328798710 02
-0.10895242D 03

2
7
12 =

0.60190231D-04
=0412645058D~04
~0.33274290D-05

0968822460 01
-0.527236660 02
-0.11828453D 03

UNDRFLOW AT 24413 IN AC AND MQ.

THE RESIDUES ARE

@
Woaw

11

THE TEMPERATURES ARE

6
11 =

0.23378691D-07
=0.133743300-07
-0.38709647D-08

0.19024488D 02
-0.328853150 02
-0.10895668D 03

7
12 =

0+42464981D-07

~0.10948750D-07

~0+30911260D-08

0.95559943D 01
=0.52729014D 02
-0.11828857D 03

0.25903876D 01
~0.699142290-02
=0.10822454D 02

0.401950460 03
0.822751370 02
= -0.272777780 03

W w

0.81272998D 00
-0.317335120-02
-0.37688072D 01

0.37545171D 03
0.13604219D 03
= =0,272777780 03

oW

0.25038185D 0O
-0.191365530-02
-0.153793390 01

0,218701030 03
0.399022780 02
= =0.27277778D 03

wow

0.72800828D~01
-0.13656432D-02
-0.83488567D 00

0.10817662D 03
—0.24557515D 02
= =0.,27277778D 03

wew

0.17614785D0-01
-0.83895882D-03
= -0.61980222D 00

woow

0.395802510 02
-0.59106841D 02
= -0.27277778D 03

wow

3 = 0.24079626D0-02

0.230392
0323959920~ 9§1.1.1F 0023619899003
0.815304

o . o8 - -y ©° o
[ won

o

°

o &

4
9,

=  0.259534160 OL
= ~0.506924170-02

0.39826123D 03
0.424600790 02

= 0.81439213D0 00
= ~0.23129965D-02

0.372608030 03
0.10597798D 03

0.25100064D 00
-0.14029584D-02

0.216389900 03
= 0.16882801D 02

4

0.730835390~01
-0.10051642D-02

= 0.106045800 03
= =0.42872174D 02

= 0.17771316D-01
= ~0.619314160-03

0.37199013D g2
-0.74928134D 02

=  0.24738629D~02

2.173626270703,

T ISraRiSETESE vor

3 = 0.98888744D 01

8 = —0.693706600 02

13 = ~0.27277778D 03
=  0.68649971D-04

8 = -0.94101368D~05

13 = -0.55789621D 00
3 = 0.45415807D Ot

8 = -0.70198368D 02

13 = —=0.272777780 03
3 = 0.589727370-07

8 = ~0.84159177D~08

13 = -0.55772387D 00
3 = 0.43832405D 01

8 = -0.70203454D 02

13 = ~0,27277778D 03

L

LRl B 0
[

[

0.69726184D 01
~0.84471961D @2

= 0.744829980-04
= ~0.704659380~05

= 0.13521124D 01
= -0.85245052D 02

0.72362081D-07
~0.64120106D-08

04117486300 01
-0.85249844D 02

5 = -0.23339704D-01

10 ~0.37925260D~02
5 = 0.233933050 03
10 = 0.844887310 01

5 = ~0.99326272D~02

10 ~0.17359201D~02
5 = 0.,25067735D 03
10 = 0.80298842D 02
5 = =0,554560610-02
10 = ~0.,10565801D-02
S = 0,12794442D 03
10 = -0.27732434D 01
5 = =0.37401061D~02
10 = -0,758769310-03

5 = 0.46040202D0 02
10 = -0.58498746D 02

5 = ~0.21981908D~02
10 = -0.46830645D-03

5 = 0.27239380D 01
10 = -0,88408587D 02
5 = ~0.57651447D-03

10 = -0.133169200-03

5 = =0.972969830 01
10 = -0.973248410 02

5 =0.19609358D-04
10 = ~0.53732533D-05

5
10

—0.106688110 02
-0.98048993D0 02

5 = ~0,12978270D-07
10 = -0.49390433D-08

5
10

~0.106738720 02
-0.98053505D 02
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Table

TAS I, MAY 6, 1969 VERSION, JAH %2777,
TEMPERATURE DISTRIBUTION OF AN L~SHAPE
STEP RISER=Y, STEP TREAD=X
SAME AS CASE ONE BUT WITH DIFFERENT UNI

ENERGY PER UNIT TIME IN IS NEGATIVE AND El

DETAIL OF NODE 1 TEMPERATURE = 19.02
IR EMITTANCE = 0.9000

0.10000 01

NODE CONDUCTANCE Q camMp F

0.0000D-38 0.0000D-38 0.0000D-38
0,0000D-38 0.0000D-38 0.0C00D-38
0.00000-38 06.0000D-38 0.0000D-38
0.0000D0-38 0.00000-38 0.0000D-38
0.0000D~-38 0.0000D-38 0.2929D0 00
0.0000D-38 0.00000-38 0.8907D-01
0.00000-38 0.0000D0-38 0.3689D-01
0.00000-38 0.00000-38 0.1959D-01
0.0000D-38 0.00000~38 0.,1204D-01
0.0000D-38 0.0000D-38 0.8130D-02
0.0000D-38 0.00000-38 0.5850D0-02
0.0000D-38 0.00000-38 0.,44100-02

13 0.0000D-38 0.0000D-38 0.5311D 00
TOTALS 0.00000-38 0.1000D0 01

-
HOV® =W HWN -

]
~

DETAIL OF NODE 2 TEMPERATURE = 9456
IR EMITTANCE = 0.9000
ILuM = 0.1000D

NODE CONDUCTANCE Q comp F

0.00000-38 -0.0000D~38 0.0000D-38
0.0000D0-38 0.0000D-38 0.0000D-38
0.0000D-38 0,00000-38 0.0000D-38
0.00000-38 0.0000D0-38 0.0000D-38
0.00000-38 0.0000D-38 0.8907D-01
0.00000-38 0.0000D~38 0.1147D 00
0.00000-38 0.0000D-38 0.7454D~01
0.00000-38 0.0000D-38 0.4712D-01
0.00000-38 0.0000D-38 0.3144D-01

10 0.00000-38 0.00000-38 0.2218D~0}1

11 0.00000-38 0.0000D-38 0.1638D-01

12 0.0000D~38 0.0000D-38 0.12540-01

13 0.0000D-38 0.00000-38 0.5920D 00
TOTALS 0.000060-38 0.1000D 01

VDNV P W N

DETAIL OF NODE 3 TEMPERATURE = 4438
IR EMITTANCE = 0.9000
ILuM = 0.10000 O

NODE CONDUCTANCE Q coMp F

0.0000D-38 —0.00000-38 0.06000-38
0.0000D-38 -0.00000-38 0.0000D-38
0.00000-38__0,00000-38 , 0.00000-38
0.00000-38""0.5000b~38 '¢.'0000D~ 38
0.0000D-38 0.0000D-38 0.36890-01
0.0000D0~38 0.0000D~38 0.74540-01
0.0000D-38 0.0000D-38 0.70020-01
0.0000D-38 0.0000D-38 0.5461D0-01
0.0000D~38 0.00000~38 0.4104D-01
10 0.00000-38 0.60000-38 0.3107D-01
11 0.0000D-38 0.0000D-38 0.2399D~01
12 0.0000D0~38 0.00000-38 0.1894D-01
13 0.0000D-38 0.0000D-38 0.6489D 00
TOTALS 0.0000D0-38 0.1000D 01

VR NE N DB

DETAI1 OF NODE 4 TEMPERATURE = 1.17
IR EMITTANCE = 0.9000
ILUM = 010000 O
NODE CONDUCTANCE Q compP F

0.0000D-38 ~0.00000-38 0.0C00D~38
0.00000-38
0.0000D-38
0.00000~38 0.0000D-38 0.00000~38
0.0000D-38 0.00000-38 0.19590-01
0.00000~38 0.0000D-38 0.4712D-01
0.00000-38 0.0000D0~38 0.54610-01
0.0000D~38 0.0000D-38 0.5025D-01
0.00000-38 0.00000-38 0.4234D-01

10 0.0000D-38 0.0000D-38 0.3464D-01

11 0.0000D0-38 0.0000D-38 0.2821D-01

12 0.00000-38 0.00000-38 0.2311D-01

13 0.0000D0~38 0.0000D-38 0.70010 00
TOTALS 0.00000~38 0.1C00D 01

Y N

JPL TECHNICAL REPORY 32-14i6

4 (conid)

CASE NUMBER 4
STEP CAVITY

TS, (WATTS, CM, DEG C)

NERGY PER UNIT TIME QUT

AREA = O
SOLAR EMITTANCE = ¢
THETA =
ASCRIPTFTIR Q CcomMp
DIRECT SOLAR

0. 7763002 -0.0000D-38
0.3301D-02 0.16890-04
0.1790D-02 0.1379D-04
0.11350-02 0.1049D-04
0.2375D 00 0.3432D-02
0.72270-01 0.16260-02
0.2995D0-01 0.8394D-03
0.1591D-01 0.5061D-03
0.9784D-02 0.3362D-03
0.6608D-02 0.2386D-03
0.4756D-02 0.17750-03
0.35860-02 0.1369D-03
0.5056D 00 0.2097D-01
0.28300-01

AREA o
SOLAR EMITVANCE 0
THETA = 0

a1
ASCRIPTFTIR Q comnp

DIRECT SOLAR
0433010-02 ~0.1689D-04
0.2496D-02 -0.0000D~38
0.1803D-02 0.46650-05
0.13330-02 0.54920-05
0.7227D-01 0.6747D-03
0.93030~-01 0.1617D-02
0.6043D-01 0.1384D-02
0.3820D-01 0.10190-02
0.25490-01 0.74550-03
0.1798D-01 0.5574D0~03
0.1328D-01 0.4278D~03
0.10170-01 0.3363D-03
0.56020 00 0.2036D-01

0.27120-01

AREA = O

SOLAR EMITTANCE o

1 THETA = 0
ASCRIPTFTIR Q comp

DIRECT SOLAR

0.1790D-02 -0.1379D-04

0.1803D-02 -0.46650-05

0.1491D~02 -0.0000D<38

601154562 "6, 1831605 "=

0.2996D~01 0.2022D-03
0.6043D-01 0.8938D-03
0.5675D-01 0.1153D~02
0.4426D-01 0.1067D-02
0.3326D-01 0.8868D-~03
0.2518D-01 0.7153D-03
0.1944D~01 0.57590-03
0.15350-01 0.46790-03
0.6091D 00 0.2056D-01

0.2651D-01

AREA = O

SOLAR EMITTANCE 0

1 ETA = 0

TH

ASCRIPTFTIR Q COMP
DIRECT SOLAR
0.11350-02 -0.1049D~04
0+1333D-02 -0.5492D0~05
041184D-02 ~0.1831D-05
0.1008D~-02 -0.0000D-38
0.1592D-01 0.83010-04
0.3821D0-01 0.50650-03
0.4426D-01 0.83160-03
0.4072D~01 0.9190D-03
0.34310-01 0.8621D~03
0.28070-01 0.7543D-03
0.2286D-01 0.64200-03
0.1873D0-01 (.5421D-03
0.6523D 00 0.2102D0-01
0.2614D~01

1S POSITIVE

+1000D 01
+1800

6.0000G60-38

Q ComMp
-0.1394D 00
0.12890 00
~0.00000~38
~0.0000D-38
-0.00000-38
-0.1334D~01
-0.29410-02
~0.8750D-03
-0.3362D-03
~0.15240-03
-0.7777D-04
~0+4334D-04
~0+2588D0-04
~0.0000D-38
=0.28300-01

«1000D 01
+1800
«00000D-38
Q COmp
-0.13940 00
-0.0000D-38
0.1235D 00
~0.0000D-38
-0.0000D-38
~0+4057D-02
-0.3790D~02
-0.17680-02
~0.8086D-03
-0.3979D-03
~0.2122D-03
~0.1214D-03
=0.73600~04
~0.00000-38
=0.27120-01

10000 01
1800
+00000D-38
¢ COMp
~01394D 00
-0.0000D~38
-0.00000-38
9+1208D_00,

-0.16800-02
~0424620-02
~0.1661D-02
—0.93710-03
=0.51940-03
~0.29720-03
=0.17770-03
-0.1112p-03
~0.0000D-38
=0.26510-01

-1000D 01
«1800
«000000-38
Q CoMp
-0.13940 00
~0.00000-38
~0+0000D-38
—0.0000D-38
0.11910 00
~0.8924D~03
—0+1556D-02
~0+12950-02
-0.86230-03
~0+5359D-03
—0.3314D-03
=0.20900~03
~0.13560-03
~0.00000~38
~0.2614D-01

TOTAL
~0.13940 00
0.12890 00
0.1689D-04
0.13790-04
0.1049D-04
~0.99100-02
~0,1316D-02
~0.35590-04
0.1700D-03
0.18380-03
0.16080-03
0.1342D-03
0.1110D0~03
0.2097D0-01
0.2338D-07

TOTAL
-0.1394D 00
-0.1689D0-04

0.1235D 00
0.4665D0-05
0.5492D-05
-0.3383D-02
-0.2173D-02
~0.3838D-03
0.21090-03
0.3476D~03
0.34520-03
0.30640-03
0,26270-03
0.2036D~01
0.42460~07

TOTAL
~0.1394D GO
~0.1379D0-04
-0+4665D-05

-0.1478D-02
-0.15680-02
-0.5075D0-03
0.1296D-03
03673003
0.4181D-03
0.39820p-03
0.3568D~03
0.2056D-01
0.5897D-07

TOTAL
-0.13940 00
-041049D-04
-0.5492D-05
-0.1831D~05

0.1191D0 00
~0.8094D-03
~0.1050D-02
-D.46370-03

0.5667D~04
0.3262D-03

0.42290-03

0.4330D0-03
0.4065D-03

0.21020-01

0.72360-07

49



50

DETATL

13
TOTALS

DETAIL

TOTALS

DETAIL

1
TOTALS

DETAIL

NODE

CINO WD W

13
TOTALS

DETAIL

o
W OO@LTWHWN -

TOTALS

OF NODE 5

CONDUCTANCE
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D~38
0.,00000~-38
0.00000-38
0.00000~38
0.0000D0-38
0.0000D-38
0.00000-38
0.0000D-38
0.0000D-38

OF NODE ]

CONDUCTANCE
0.00000~38
0.00000-38
0.0000D-38
0.00000-38
0.00000-38 ,
0.0000D-38
0.0000D-38
0.00000~38
0.00000-38
0.00000~38
0.0000D-38
0.0000D-38
0.00000-38

OF NODE 7

CONDUCTANCE
0.0000D0~38
0.00000-38
0.0000D-38
0.00000-38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.00000-38
0.00000-38
0.0000D-38
0.00000-38
0.0000D~38

OF NODE 8

CONDUCTANCE
0.00000-38
0.00000-38
0.0000D-38
0.0000D-38
0.00000-38
0.0000D~-38
0.0000D-38
0.0000D-38
0.0000D-38
0+0000D0-38
0.00000-38
0.00000-38
0.00000-38

OF NODE 9

CONDUCTANCE
0.00000-38
0.00000~38
0.00000-38
0.0000D-38
0.0000D-38
0.00000-38
0.0000D~38
0.00000-38

TEMPERATURE
IR EMITTANCE
ILUM

Q CONP
-0.0000D-38
-0.0000D-38
~0.0000D-38
-0.0000D-38

0.0000p-38

0.00000-38

0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38

0.00000-38
0.0000D-38
0.0000D—-38

TEMPERATURE
IR EMITTANCE
LUK

Q COMP
~0.00000-38
-0.0000D~-38
~0.00000-38
-0.00000-38
~0.00000-38

Table 4 (contd)

~10467
0.9000

= 0.0000D-3

[

0.29290 00
0.8907D-01
0.3689D-01
0.19590~01
0.0¢00D-38
0.0000D-38
0.00000-38
0.0000D-38
0.00000-38
0.0000D-38
0.00000~38
0.0C00D-38
0.5616D 00
0410000 01

= -32.89
0.9000

= 0.00000-3

£

0.8907D-01
0.1147D 00
0.7454D-01
0.47120-01
0,00000-38

076660638 "0.66000-38"

0.0000D-38
0.0000D-38
0.0000D-38
0.00000-38
0.0000D-38
0400000-38
0.0000D-38
0.0000D-38

TEMPERATURE
IR EMITTANCE
LUK
Q@ comp
-0.0000D~38
-0,00000-38
~0,00000-38
~0.00000~-38
-0.0000D-38
—0.0000D~38
0.0000D-38
0.0000D-38
0.0000D-38
0.00000-38
0.0000D-38
0.0000D-38
0.00000~38
0.0000D-38

TEMPERATURE
IR EMITTANCE
ILUM
Q camep
-0.0000D-38
~0.0000D-38
-0.00000-38
~0.0000D-38
-0.00000-38
-0.0000D-38
~0.00000-38
0.0000D-38
0.0000D~38
0.0000D-38
$+0000D~-38
0.00000-38
0.0000D-38
0.0000D-38

TEMPERATURE
IR EMITTANCE
ILUM

Q Comp
-0.0000D~38
-0.0000D-38

~0.0000D0-38

0.0000p~38
0.00000-38
0.0000D~38
0.0000D-38
0.0000D-38
0.0000D~38
0.6745D 00
0.100600 01

-52.73

0.9000

= 0.00000-3
F

0.36890-01
0.7454D-01
0.70020~01
0.54610-01
0.00000~38
0.00000~38
0.00000-38
0.0000D~-38
0.0C00D-38
0.0000D-38
0.0C00D~38
0.0C00D-38
0.7639D 00
0.1000D O1

~70.20
0.9000
= 0.0000D-3

0.19590-01
0.47120~01
0.54610-01
0+5025D~01
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.8284D 00
0.1000D 01

= -B5.25

€.9000

= 0.0000D-3
F

0.1204D-01
0.3144D-01
0.4104D-01
0.4234D-01
0.06000-38
0.0000D-38
0.0000D-38
0.00000~-38

8
ASCRIPTFTIR
0.23750 00
0.7227D~01
0.2996D-01
0.15920-01
0.7742D-02
0.3243D-02
0.17120-02
0.10490-02
0.7035D-03
0.5016D-03
0.3741D~-03
0.2889D-03
0.5287D0 0C

8
ASCRIPTFTIR
0.72270D-01
0.93030-01
0.6043D-01
0.3821D~-01
1

0.7893D-03
0.5852D-03
0.4474D-03
0.35130-03
0. 6256D 00

SOLAR EMITTANCE

8

ASCRIPTFTIR
0.2995D-01
0.6043D-01
0.5675D~01
0.4426D-01
0.1712D-02
Ge1592D-02
0.1200D-02
0.87580-03
0. 6464D-03
0.4880D-03
0+37750-03
0.2988D-03
0.7014D 00

8
ASCRIPTFTIR
0.1591D-01
0.3820D0-01
0a4426D-01
0.4072D-01
0.10490-02
0+11020~02
0.8758D-03
0.6575D-03
0.49330-03
0.37620-03
0.2929D0-03
0.23290-03
C.75580 00

8
ASCRIPTFTIR
0.9784D~02
0.25490-01
0.3326D~01
0.34310~01
0.70350-03
0.78930~03
0.6464D-03
0+49330-03

0.0000D-38
0.0000D-38
0.0000D-38
0.0000D~38
0.0000D~-38

6.00665-38
0.0000D-38
0.0000D-38
0.0000D-38
0.00000-38
0.00000-38

0.00000-38
0.0C000-38
0.0000D-38
0.0000D-38
0.87310 00
0.1C00D 01

0.3737D-03
0.2867D~03
0.2241D~03
0.17860-03
0.79350 00

AREA $.1000D 01

SOLAR EMITTANCE = 0.1800
THETA =

0.90000D 02

Q COMP Q cagmp TOTAL
~0434320-02 -0.37760-01 ~0.4119D-01
~0.67470-03 -0.11000-01 -0.11680-01
=0.20220-03 -0.4455D-02 ~0.4657D-02
=0.8301D-04 -0.2333D-02 ~0.2416D-02
~0.00000-38 0.45550-01 0.45550-01
0.2608D-04 -0.0000D0-38 0.26080-04
042323D0-04 -0.00000-38 0.2323D~04
0.1821D-04 -0.0000D-38 0.18210-04
0.1401D-04 -0.00000-38 0.14010~04
G.1086D-04 -0.00000-38 0.10860-04
0.8556D~05 ~0.00000-38 0.8556D-05
0.6857D-05 -0.00000~38 0.68570~05
0.14280-01 -0.00000-38 0.14280-01
0.99990-02 ~0.1000D0-01 ~0.1298D-07

AREA 0.1000D 01

SOLAR EMITTANCE = 0.1800
THETA =

0.90000D 02

Q comp Q comp TOTAL
~0.16260-02 -0.1148D~01 ~-0.1311D-01
«16170-02 -0.1418D~01 ~0.15790-01
«B938D-03 —~0.9002D-02 ~0.98960-02
«5065D-03 ~0.56120~02 ~-0.6119D-02

6080-04 00000038 0+26080-04
D-38 0.3302B-01 0.33020-01
0.8802D~05 -0.00000-38 0.8802P-05
0«1026D-04 -0.00000~38 0.1026D-04
0+.9368D-05 -0.00000-38 0.9368D-05
0.7967D0-05 ~0.0000D-38 0.7967D~05
0.6634D-05 ~0,0000D-38 0.6634D-05
0.5512D0-05 ~0.0000D-38 0.5512D-05
0.1187D-01 -0.00000-38 0.1187D~01
0.7249D-02 -0.7249D~02 -0.13370-07

0.10000 01
0.1800
THETA 0.900000 02
Q comp Q CoMp TOTAL
~048394D-03 ~0.47560-02 ~0.5595D0~02
~0.1384D~02 -0.92090-02 ~0.10590-01
«11530-02 -0.8456D-02 ~0.9609D-02
+8316D~03 -04+6504D0-02 -0+7336D-02
«2323D-04 -0.0000D-38 -0.2323D-04
»8802D-05 -0.0000D-38 -0.8802D~05
~0.0000D~38 0,23720-01 0.23720-01
0.3310D~05 ~0.0000D~38 0.33100-05
0.4098D-05 ~0.00000-38 0.40980-05
0.3946D-05 ~0.0000D0-38 0.39460-05
0.3511D0-05 -0.00000-38 0.3511D-05
0.3036D~05 ~0.00000-38 0.3036D-05
0.94290-02 ~0.00000~38 0.9429D0-02
0.5207D-02 ~0.52070-02 ~0.10950-07

AREA 0.1000D 01

=
SOLAR EMITTANCE = 0.1800
THETA =

0.900000 02

Q caMp Q COMP TOTAL

+5061D0-03 -0.2526D-02 -0.30320-02
+1019D-02 -0.5821D-02 ~0.6841D~02
«1067D~02 -0.65950-02 ~0.7662D-02
+9190D-03 -0.59850-02 -0.6904D~02
«18210-04 ~0.00000-38 -0.18210~04
+10260-04 -0.00000-38 -0.10260-04
+33100-05 —-0.00000-38 -0.3310D-05
+0000D-38 0.17160-01 0.1716D~01
0.1263D-05 -0.00000-38 0.12630-05
0.1620D-05 ~0.0000D-38 0.16200~05
0416170~05 -0.00000-38 0.1617D-05
0+1486D-05 -0.0000D~38 0.1486D-05
0.7304D-02 ~0.0000D-38 0.7304D~02
0.37670-02 -0.3767D-02 ~0.8416D-08

AREA 0.10000 01

SOLAR EMITTANCE = 0.1800

THETA = 0.900000 02
Q COMP Q@ CONP TOTAL
~043362D-03 -0.1552D-02 -0.1888D-02
«7455D-03 -0.3884D-02 ~0+46300~02
-0.8668D-03 —0.4956D~02 —0.58430-02
.86210-03 ~0.50430-02 —0.5905D-02
-0.1401p-04 ~0.00000-38 ~0.1401D-04
~0.9368D-05 —0.0000D~38 —0.9368D-05
-0.4098D-05 ~0.00000-38 —0.40980-05
0212630-05 -0,00000-38 -0.12630-05
—o.oooogzaa 3?126651%1 0-12%60—01
0.5004D-06 ~0.00000~38 0.5004D-06
0.6630D-06 ~0.00000-38 0.6630D-06
0.6827D-06 -0.00000-38 0.6827D-06
0.5636D~02 ~0.00000-38 0.5636D-02
0.2778D-02 —0.27780-02 —0.6412D-08
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DETAIL

1
TOTALS

DETAIL

TOTALS

DETAIL

NODE

OCENC VL WNE

13
TOTALS

DETAIL

THIS IS A CONSTANT

NODE

13
TOTALS

TAS Iy

OF NODE 10

CONDUCTANCE
0.0000D~38
0.0000D-38
0.0000D0-38
0.00000-38
0.0000D-38
0.0000D-38
0.0000D0-38
0.0000D-38
0.00000-38
0.0000D-38
0.0000D-38
0.00000-38
0.00000-38

OF NODE 11

CONDUCTANCE
0.0000D-38
0.0000D-38
0.0000D~38
0.0000D-38
0.00000-38
0.00000-38
0.00000-38
0.00000-38
0.00000-38
0.0000D-38
0.0000D-38
0.00000~38
0.0000D-38

0OF NQDE 12

CONDUCTANCE
0.00000-38
0.0000D-38
0.0000D-38
0.0000D-38
0.00000~38
0.00000~38
0.00000-38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D~38

TEMPERATURE
IR EMITTANCE
ILUM

Q comMpP
-0,0000D-38
-0.0000D~-38
-0.0000D-38
-0.0000D~38
-0.00000-38
-0.0000D0-38
~0.00000-38
-0.0000D-38
-0.0000D-38

0.0000D-38
0.0000D-38
0.0000D-38
0.0000D~38
0.0000D-38

TEMPERATURE
IR EMITTANCE
ILUM
Q COoMp
-0.0000D~-38
~0.0000D-38
-0.00000-38
~3.0000D-38
~0.0000D-38
=0+00000~38
-0.00000~-38
-0.00000-38
-0,00000-38
-0.0000D~38
0.0000D—38
040000D-38
0.0000D-38
0.0000D-38

TEMPERATUR
IR EMITTANC
ILuM

Q coMp
-0.0000D-38

E
E

Table 4 (contd)

= -98,05
= 0.9000
F

0.81300-02
0.22180-01
0.3107D-01
0.3464D-01
0.0C00D-38
0.0000D-38
0.0200D~38
0.0000D-38
0.0000D-38
0-0000D~38
0.0000D-38
0.0000D-38
0.9040D 00
0.1000D 01

-108.96
0.9000

0+58500-02
0.1638D~01
0.2399D-01
0.2821D0-01
0.0C00D-38
0.0000D-38
0.00000-38
0.0000D-38
0.0000D-38
0.0C00D-38
0.00000-38
0.00000-38
0.9256D 00
0.10000 01

~118.29
0.9000

0+4410D0-02

0.00000-38

«00000-38 0.1254D-01
-0.00000~38 0.1894D-01
-0.0000D-38 0.23110-01

-0.,0000D-38 0.0000D-38
-0.0000D-38 0.0000D0-38
-0.0000D0-38 0.0C00D-38

-0.00000-38
-0,0000D~-38

0.00000-38""6.00000-38

0.0000D-38
020000D-38
6.060066+38

SOLAR EMITTANCE
0.00000-38

ASCRIPTFTIR
0.66080-02
0.1798D-01
0,2518D-01
0.28070~01
0.50160~03
0.5852p~03
0.4880D-03
0,3762D-03
0,2867D-03
0.2207D-03
0.1729D0-03
0.1380D-03
0.8194D 00

AREA
SOLAR EMITTANCE
¢.0000D-38

ASCRIPTFTIR
0.4756D~02
0.13280-01
0.1944D-01
0.2286D-01
0.37410-03
0.4474D-03
0.37750-03
0.2929D0~03
0.2241D-03
041729D0-03
0.1357D0-03
0.1084D-03
0.8375D 00

ASCRIPTFTIR
0.3586D-02
0.1017D-01
0.15350-01
0.18730-01
0.2889D-03
0.35130-03
0.29880-~03
0.2329D-03
0.1786D-03
0.1380D~03
0,1084D-03

" 086680204

AR
SOLAR EMITTAN
TH

AREA 0
0

a

THETA

Q comp
-0.2386D-03
~0.5574D0-03
—0.7153D~03
=0.75430-03
=0.10860-04
-0.7967D-05
~0.3946D-05
=0.16200-05
=0.5004D-06
~0.0000D-38
0.20990-06
0.2868D~06
0.4390D~02
0.2100D0-02

1]
0
0

THETA

Q COMP
~0.17750-03
~0,4278D-03
~0.57590~-03
-0.6420D0~03
—0.8556D-05
~046634p-05
~0.3511D0-05
-0.16170-05
-0.6630D-06
=0+20990-06
-0.0000D-38
0.93650-07
0.3471D-02
0.16260~02

EA 0
CE ]
ETA

Q comp
=0.13690-03
=0.3363D-03
-0.4679D-03
-0.54210~03
=0.6857D-05
~0.5512D-05
-0.30360-05
~0.14860~05
-0+6827D-06
~0.2868D-06
93650-07,

=

«0000D-38

0.0000D0-38 0.00000-38 0.9410D0 00 0.8505D 00 0.27900-02

OF NODE

CONDUCTANCE
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.0000D-38
0.00000~38
0.00000~38
0.00000-38
0.00000~-38
0.0000D-38
0.00000-38
0.00000~38
0.0000D-38

MAY 64

0.00000-38

13 TEMPERATURE

IR EMITTANCE
1L

Q comp
-0.0000D-38
~0.0000D-38
-0.00000~38
~0.00000-38
-0.0000D-38
-0.00000-38
~0.0000D-38
-0.0000D-38
~0.0000D-38
~0.0000D-38
-0.0000D~38
-0.00000-38

0.0000D-38
9109000738,

1969 VERSION,

TEMPERATURE DISTRIBUTION OF

STEP RISER=Y,

END OF PROBLEM

dPL TECHMICAL REPORY 32-1416

STEP TREAD=X

UM
TEMPERATUR

0.1000D 01

0.1000D 01

= -272.78
= 1.0000
E NODE

E
0.5938D-01
0.6619D-01
0.72550-01
0.78280-01
0.6278D~01
0.75410-01
0.8541D-01
0.9262D~01
0.9762D-01
0.10110 00
0.1035D0 00
0.10520 00
0.00000-38

SOLAR EMITTANCE
0,00000~38

ASCRIPTFTIR
0.5056D
0.5602D0
0.6091D
0.6523D
0.5287D
0.6256D
0.7014D
0.7558D
0.7935D
0.8194D
0.8375D
0.85050
0470470

0.1288D-02

REA 0
1

o]

THETA
Q CoMP

00 -0.2097D-01

«73040-02
+56360-02
«4390D~02
»3471D~02
-27900-02
- 0000p-38
-0.1421D 00

JAH X2777, CASE NUMBER 5

AN L-SHAPE

STEP CAVITY

650707500999

«10000 01
.1800
.300000 02
Q cownP
-0.1048D-02
-27400-02
~0.3752D-02
~0.41260-02
~0.0000D~38
~0.0000D~38
-0.0000D~38
~0.00000-38
~0.00000-38
0.9566D~-02
-0.0000D-38
-0.0000D-38
-0.0000D-38
=0.21000-02

«10006D 01
«1800
«90000D 02
Q CoMP
~0.75420-03
~0.2024D-02
-0.2897p-02
-0.33600-02
-0.00000-38
~0.00000-38
~0.0000D~38
-0.0000D-38
~0.0000D-38
~0.,00000-38
0.74090-02
-0.0000D-38
-0.00000-38
~0.16260-02

+1000D 0%
«1800

0.90000D 02

Q comP

-0.56860-03
-041549D0-02
-0.2287D-02
=0.27520-02
-0.00000-38
-0.0000D~38
-0.0000D-38
-0.00000-38
-0.00000-38
~0.00000-38
nI3e
0.58690-02
-0.0000D~38
-0.1288D0~02

«89440D 01
«0000
+90000D 02

Q comMp
-0.6848D-01
-0.73130-01
-0.78370-01
-0.83390-01
—0.25580-01
~0.22280-01
-0.1812p-01
~Q0.14220-01
-0.11050-01
~0+86480-02
~0.68570-02
-0.55230-02
0.00000~38
-0.4156Q_qq

TOTAL
~0.1287D-02
-0.3298D-02
-0.4468D-02
-0.4880D-02
~0.10860-04
=0.7967D-05
~0.3946D-05
-0.1620D0~05
-0.5004b-06

0.9566D-02
0.20990-06
0.2868D-06
0.43900-02
-0+4939D-08

TOTAL
-0,93170~03
~0.2451p-02
=0.34730-02
-0.4002D-02
-0.8556D-05
=0.6634D~05
-0.3511p~05
=0.16170-05
-0.66300-06
~0.20990-06

0.7409D~02
0«93650-07
0.3471D-02
-0.3871D~08

TOTAL
-D.7055D-03
-0.18850-02
~0.2755D-02
-0.32950-02
-0.6857D-05
-0.5512D-05
~0+3036D-05
-0.1486D-05
-0.6827D~06
-0.2868D-06
=9:93¢50507

0.2790D-02
-0.30910-08

TOTAL
-0.8944D-01
~0.9350D-01
~0.9893D0-01
~0.1044D 00
-0.39860-01
=0434150-01
~0.27550-01
-0.2152D0-01
~0+16690-01
-0.1304p-01
-0+1033D0-01
~G.83120-02

0.0000D-38

19:53770,00
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$J0B  JAH»5693000552400-0,381325A 1C 559000 TAS 1 HULTBERG
SASSIGN SYSCK1
SASSIGN SYSUT6
SASSIGN SYSUT9
3IBJOB TAS I GOsDLOGIC,MAPSFILES»SOURCE,ALTIO
$IBFTC L0UOVA
C
C JOHN A. HULTBERG
C JET PROPULSION LABORATORY
C 4800 OAK GROVE DRIVE
C PASADENAs CALIFORNIA 91103
< PHONE  (213) 354-2777
C
C LOGICAL TAPE UNIT 5 1$ USED FOR INPUT
14 LOGICAL TAPE UNIT 6 1S USED FCR OUTPUT
C LOGICAL TAPE UNIT 3 1S5 USED AS A SCRATCH TAPE
C LOGICAL TAPE UNIT 9 IS USED AS A SCRATCH TAPE
C LOGICAL TAPE UNIT 13 IS USED AS A SCRATCH TAPE
C LOGICAL TAPE UNIT 1&4 IS USED AS A SCRATCH TAPE
(d
DOUBLE PRECISIGN F,FAsCsAMATsBMAT,SMATsESOLsPsAsQNET sQTOTAL s
1ALPHA» ILUM»ToTF s THETAsLsCT»TSTART 3EIRs S2 s BUFFER
1TNOTSPsDETIRsQIR>QIRT sGNTOT»BOLTZ ,RELTOL s ABSCVN»QSOL»QCT »GHOLT 5
1SOLCONSQCF T 5DUMMY
INTEGER 80CDCT980TICT
INTEGER FAUSED
INTEGER CARD
COMMON F
DIMENSION NTITLE (7251u}
DIMENSION F (8u»8V)
DIMENSION FA (86580}
DIMENSION € (80+80)
DIMENSION AMAT  (80,80)
DIMENSION BMAT (80580}
DIMENSION SMAT (80380}
EQUIVALENCE (FsFA)
EQUIVALENCE (F»C)
EQUIVALENCE (F»AMAT)
EQUIVALENCE (F»BMAT)
EQUIVALENCE (F»SMAT)
DIMENSION ESOL (80)
DIMENSION P 180}
DIMENSION A (80)
DIMENSION GNET (80)
DIMENSION QTOTAL (80}
DIMENSION ALPHA (80)
DIMENSION ILUM (80)
DIMENSION T (80)
DIMENSION TF (80}
DIMENSION THETA (80)
DIMENSION L (801
DIMENSION CT (801
DIMENSION TSTART(80)
DIMENSION EIR  (80)
INTEGER S1
DIMENSION S1 (240)
DIMENSION S2 (80)
DIMENSION BUFFER(240)
EQUIVALENCE (BUFFER,S1)
DIMENSION CARD{89)
INTEGER PRINT
DIMENSION PRINT (50)
<
NAMELIST /INPUT/NsBOLTZ5SOLCONSFASCsA»EIRSESOLsILUM, THETASCT 5P 3F5R
1ELTOL s TNOTSP sABSCYN TSTART s FAUSED s PRINT » DUMMY sNITER
NAMELIST /NAME2/NsBOLTZ>SOLCONSRELTOL s ABSCVNsNITER
«
<
NDIM=8u
NEOBD=0
99 CALL EDITA (NEOBDsBDCDCTsCARDSNTITLS»BOTICT sNCASEsNTITLE)
C
C SET INITIAL VALUES
<
BOLTZ = +1714D-08
SOLCON=4424D0
RELTOL=.00001D¢
ABSCVN=4604DU
NITER=15
TNOTSP=684D0
DO 101 I=1,NDIM
At1)=0.D0
EIR(1}=04D0
ESOL(1)=G+DO
P(F)=usD0O
ILUM(T)=1sD0
THETA{1)=9C+DO
L(1)=0.D0
CT(1)=~5000D0
TSTART(1)=-5004D0
101 QNET(1)=0eDY
4
DO 98 1=1s40
98 PRINT(I)=C
C
4
REWIND 13

READ (13,INPUT}
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108

10

=

112

114

116
118
120

Ax2=N#2"

NX3=N*3

MAKE ILUM ZERG FOR THETA EQUAL TU OR GREATER THAN 90 DEGREES
DO 105 I=1sN

IF {DABS{THETA{I))«GE+SCD0} ILUNM{I)=0.D0

CONTINUE

REWIND 14

DO 1(7 I=1sN

WRITE (14) {(BUFFER{J)»J=1sNX3)
CONTINUE

IF (PRINT(10}+EQe1) WRITE (6,NAME2}

CALL CEDIT (MNDIM,NsCARDsNCASESNTITLSSNTITLES
1PRINT(11)»

1 60H{(/54H THE SYMMETRIC CONDUCTION MATRIX IS 3)

CALL WRIT14 (NDIM»CsNsNX2sNX3,14BUFFER)

CALL FEDIT (NDIMsNsAsCARDsNCASEsNTITLSNTITLE,

IPRINT(12)»

1 60H(/54H THE SYMMETRIC FA MATRIX IS 1
IPRINT(13)»

1 60H(/34H THE F MATRIX 1S 1)

CALL WRIT14 (NDIM,FsNsNX2sNX3+24BUFFER)
SELECT THE PROPER TEMPERATURES

DO 120 I=1,N

IF (CT(I)eGEsDaDO) GO TO 116

IF ((CTUI14499¢D0)eGT«0.D0) GO TO 116

IF {NCASE«GT«1) GO TO 120

IF (TSTART{I)+GT40.D0} GO TO 114

IF ((TSTART(1)+499.DU}+GTs0eDG) GO TO 114
FLOW TO THIS PCINT INDICATES A TEMPERATURE NCT SPECIFIED
TF{1)=TNOTSP

GO TC 118

TF{I)=TSTART(I)

GO TO 118

TF{I}=CT(I)

T(I)=TF(1}+ABSCVN

CONTINUE

IF ((PRINT{14)+PRINT(15}+PRINT(16)+PRINT(17)
1 +PRINT{18)+PRINT{19)+PRINT{20)}«NE4O)
1CALL TITLE (NCASESNTITLSSNTITLE)

IF (PRINT(14).EQ41)
1CALL VECPRT {NDIMsA sNo»
1 60H(/54H THE AREAS ARE 1)

IF (PRINT{15)+EQe1}
1CALL VECPRT (NDIM,EIR

1 60QH(/54H THE IR EMITTANCEb ARE }
IF (PRINT(16)4EQsl)

1CALL VECPRT (NDIM,ESOL sNs

1 6OH{/54H THE SOLAR EMITTANCES ARE 3
IF (PRINT{17)«EQe1)

1CALL VECPRT (NDIM,ILUM N,

1 60H(/54H THE ILLUMINATIONS ARE }

IF {PRINT(18)+EQel)
1CALL VECPRT (NDIMsTHETA sNs

1 60HU(/54H THE ANGLE> THETA TO THE SuN ARE 1)
IF (PRINT{19)+EQ.1)

ICALL VECPRT (NDIM,CT N>

1 60H(/54H THE CONSTANT TEMPERATURE NODES ARE IR
IF {PRINT{20)+EQ.1)

1CALL VECPRT (NDIMsP 2N»

1 60H(/54H THE POWERS ARE n

COMPUTE THE EXCITATION VECTOR
DO 199 I=1,N

199 L{1)=SOLCON*ILUM(I)*(1.DVU-ESOL{I}1*DCOS(VaulT745329D0%THETA(L))

CALL RADIOS (NDIMsFsNsESOLsLyLsDETIR»51252s NCASESNTITLSSNTITLES

IPRINT(21}s

1 60H(/54H THE EXCITATION VECTOR IS5 Vs

IPRINT(22)»

1 60H{/54H THE SOLAR TRANSFER MATRIX BEFORE INVERSION IS is

1IPRINT(23)»

1 6GH{/54H THE SOLAR TRANSFER MATRIX AFTER INVERSION IS te
53



1PRINT(24) 5

1 6CH{(/54H THE RESPONSE VECTOR 13

an

RESTORE THE F MATRIX
CALL READL4 (NDIMsFsNsNX2sNX352sBUFFER)

DO 21U I=1sN
QNET(1)=~A{I}*S0LCON*¥ILUMIT)*DCOS(0,u1T45329DU*THETALL) )
DO 21U J=1,N
IF (T4EQeJ} QSOL=({1Dv=~F{IsJ)}*A(T)*L(J)
IF {I.NEWJ) QSOL==F (1) *A{I}*L{U)

210 GNET{I)=QNET(I}+QSCL

IF {(PRINT{25)«EQel}
1CALL VECPRT (NDIMsQHNET sNs
1 60H{/54H THE SOLAR QNET VECTOR 13

CALL SCRPTF (NDIMsFsNsEIR»A2BOLTZS
1DETIR»513552sNX2sNX3 s 3UFFERS NCASESNTITLosNTITLE,
IPRINT(26)
1 6CH{/54H
IPRINT(27)s
1 6CH(/54H
1PRINT (28}
1 60H(/54H
1PRINT(29}»
1 60H(/54H
LPRINT(30)
1 6GH{/54H
1PRINT{31}>s
1 60H(/54H

STEP 1 OF THE SCRIPT F MATRIX IS

STEP 2 OF THE SCRIPT F MATRIX IS

STEP 3 OF THE SCRIPT F MATRIX 15

THE SCRIPT F MATRIX Id

THE AREA SCRIPT F MATRIX IS

THE BOLTZ TIMES THE AREA SCRIPT F MATRIX 13
CALL TITLE (NCASEsNTITLSsNTITLE)

DO 5G9 INDEX=1sNITER
REWIND 14

IF (INDEXeEQel) GO TO 499
CALL DINVRT (NDIMs3SMAT  sNyALPHAS1sDETIRsS1s52)
DO 508 I=1,N
TF{1}=ALPHA{T)-ABSCVN
508 T (1}=ALPHA{I)

IEND=1

DO 500 I=1,N
DO 50U J=1,N
500 SMAT{I»JI=C.DC

499

©

DO 5C1 I=1sN
ALPHA(I)=P(I}-DABS(QGNET(I))

D3 503 I=1,N

IF (CTUI}eLTa(~499400)1}
DC 5C2 J=1sN
SMAT{IsJ)=CaDU
SMATI(I»1)=1.DU
ALPHA(I}=CT{I)+ABSCVN

GO TO 503

5C

]

ut
o
w

CCNTINUE

DO 51y I=1.N
READ {14) (BUFFERL1J) »J=13NX3)
DO 504 J=1,N
IF (CTLI)+GTa(-499.D0))
IF (I.EQeJ) GO TO 504
J3=J+NX2
C ADU TCO DIAGONAL ELEMENT )
SMAT{1s1)=SMAT(I» 1) -BUFFER(J}~BOLTZ*BUFFER(JZ)I#4.DO¥{T{1)%%3)
ADD TO OFF DIAGONAL ELEMENT
ADD TO PCWER TERM
SMAT(1sJ)= BUFFER(J)+BOLTZ¥BUFFER{J3) %4 ,DO¥{T(J)*#3)
ALPHA(I)=ALPHA(1)-30LTZ*¥BUFFER(J3)#34DO¥ ({TII}*¥4)=~(T{J)%¥%4))
504 CONTINUE

GG TO 5us4

nn

COMPUTE AND PRINT UNBALLANCE

ano

QTOTAL(I)=P(13-DABSIGNET(I})
DO 506 J=1,N
J3=J+NXZ
IF ((DABS(BUFFER(J))+DABS(BUFFER(J3)))+GT+0D0)
GO TO 506

505 QC=BUFFER (J)*((T(1} )1=(T{J) 1)
GIR=BUFFER(J3)*¥((T{1)%%4)—{T(J}#%4))*BOLTZ
QTOTALL1)=QTOTAL (1) +WC+QIR

506 CONTINJE

GO TO 505

nn

1S THE RESIDUE IN TOLERENCE

IF (CTHI}eGT.(~499.D0)) GO TO 510

IF (DABS{QTCTALII})+GTRELTOL) IEND=0
510 CONTINUE

507 CALL VECPRT (NDIM,QTETAL,N,
1 60H(/34H THE RESIDUES ARE

CALL VECPRT
1 6O0H(/54H

(NDIM,TF N
THE TEMPEZRATURES ARE

IF (IEND«EQs1} GO TO 3ul

[a¥a)

509 CONTINVE

54

8900

<

<

9000
elio
9200
9380

9405
95CC
9550

9600
2700

9800

360

304

305
306

FORMAT (///30H ITERATIONS DIC RNOT COMVERGE
WRITE {(62830v)

FORMAT {/ 91HQ ENERGY PER UNIT TIME IN 1S5 NEGATIVE AND ENERGY PE
IR UNIT TIMZ OUT Is POSITIVE }

FORMAT ( /// 16H DETAIL OF NCDEaI4515H TEMPERATURE = »FB8.2,3X,
120H AREA =,D11.4)

FORMAT ( 2uXs 18R IR EMITTARCD =sT Te4s4Rs
120H SCLAR EMITTANCE =,F7.4)

FORMAT ( 20X» ioe ILue =3D11l.4 >
1204 THETA =5012.5)

FORMAT { 4CH THIS IS A CONSTANT TEMPERATURE RODE }

FOURMAT ( 11ulH NODE CONDUCTANCE @ COMP ASCRIPTF
iTIR @ COMP Q compP TOTAL /)
FORMAT (56Xs12HDIRECT SOLAR»201244)

FORMAT (18,2D12445D124454D1244)

FORMAT (8H POWER» 72XsD12,4)

FCRMAT (8H TOTALS»12X52D12.4512XsD1244, 2D124%4)

CALL TITLE (NCASESnTITLSsNTITLE)

REWIND 14

WRITE 1659CCL)
DD 306 I=1,N

WRITE (65910C) IsTF{I},A(I1}
WRITE (65920C) EIR{I)sESCL(I)
WRITE (659300) ILUM(I),THETALD)

IF (CT{I)eGT+—499.D0)
WRITE (659500)
QCT=L.00

FT=0.D0

GIRT=0.DO

QSOLT  =—A{I1)*SCLCON¥ILUM(I)*DCOS(UL01745329D0%THETALL))
QTOTAL(])=QSOLT

IF {(DABS(GSOLT) . GT«04DU}

WRITE (659400}

WRITE (659550) QSOLT»QSOLT

READ (14) (BUFFER(J)»J=1,NX3)
DO 304 J=1sN

J2=J+N

J3=J+NX2

QC  =BUFFER(W*((T(I} 1=(TLd) 1)
QIR=BUFFER(J3 ) *{{T{I)¥%4)~(T(J)¥%4})¥BOLTZ

IF {T+EQeJ} GSOL={1.DO-BUFFERIJ2)1*AL{T}*L(J)

IF (T«NE.J} QSOL=-BUFFER(JZ2)*ALT)*L(J)

QCT=GCT+GC

FT=FT+BUFFER(J2)

QIRT=QIRT+QIR

QSOLT=QSOLT+QSOL

GNTOT= QC+QIR+QSOL

QTOTAL(I)=QTOTAL{I)+QNTOT

IF ((DABS(BUFFER(J)}+DABS(QC)+DABS(SUFFER{J2))+DABS{BUFFER(J3))
1+DABS{QIR}+DABS(QSOL)+DABS(QNTOT) ) #GT2 04 0D0)
IWRITE (659600} JsBUFFER({J)sQCsBUFFER{J2}sBUFFER{J3)sQIR>QSCLuNTOT
CONTINUE

IF (DABS(P{11)«GT40400Q)
QTOTAL{I1=QTOTALIII+P(])
WRITE (65980C) QCTsFTH>QIRT,QASOLTSQTOTALLI)
CONTINUE

GO TO 99

END

WRITE (6,9700) PLI}

SIBFTC 100CwB

SUBROUTINE TITLE (NCASESNTITLS>NTITLE}
DIMENSION NTITLE (72510)
1000 FORMAT (57H1 TA5 Is  MAY 6» 1969 VERSION, JAH X2777, CASE NUMBE
1R »12)
1001 FORMAT {72Al}
WRITE (6510C0) NCASE
1F (NTITLS4NEe0) WRITE (651001) (INTITLE(I5J)s1=1572)5J=1,NTITLS)
RETURN
END
SIBFTC 10000C
SUBROUTINE CEDIT (NDIM3sNyCARDsNCASEsNTITLS)NTITLESPRTLyFMTL)
DOUBLE PRECISION C»DUMMY
INTEGER CARDALPHAAALPHAB, ALPHAC
COMMON €
CIMENSION NTITLE (72,10}
DIMENSION FMT1(24)
INTEGER PRTL
DIMENSION C(80580)
DIMENSION CARD(89}
DIMENSION ALPHAA(2)
DIMENSION ALPHAB(1)
DIMENSION ALPHAC(4)
DATA ALPHAA/1HCs1HT/
DATA ALPHAB/1HC/
DATA ALPHAC/1HSs1HE» 1HN,1HD/
NAMEL1ST /INPUT/C,DUMMY
c
REWIND 3
REWIND 13
REWIND 14
c
4 WRITE SINPUT ON SCRATCH TAPE 3
1001 FORMAT (20H SINPUT  DUMMY=1.D0,,80X)
WRITE (351001)
4
[ READ A CARD IMAGE FRuUM THE INPUT SCRATCH TAPE
1002 FORMAT (8CAl)
1 READ (13,1632} CARD
C
4 TEST FOR CT

JPL TECHNICAL REPORT 32-1416
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CALL MATCH (CARDsALPHAA,2351sJ)
GO TO (5352)J
GO T0 1

TEST FOR C
CALL MATCH (CARDs»ALPHAB,1515J}
GO TO (693)sJ

WRITE (3s10U2) CARD

GO.TC 1

TEST FOR SEND

CALL MATCH (CARD3ALPHAC,4s19J)

GC TQ (Ts1)sJ
WRITE (352002) CARD

FLOW TO THIS POINT INDICATES ALL CARD IMAGES HAVE BEEN PROCESoED

ZERO THE € MATRIX
DO 4 I=1sN
DO 4 J=1,N
ClIsJ)=0.DC

REWIND 3
READ (34INPUT)

CALL MATPUS (NDIMsC s

CALL MATSYM (NDIMsC »N)

PRINT C MATRIX IF REQUESTED

IF (PRTle£Qel) CALL MATPRT (NDIMs>CoNsNCASESNTITLOsNTITLESFMIL)
RETURN

END

$IBFTC 100G6UD

Ia¥a¥aRNal

s}
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SUBROUTINE MATCH{CARD3NAME s NAMDIMsK,yL)
INTEGER CARDsBLANK

DIMENSION CARD{80)

DIMENSION MAME(NAMDIM)

DATA BLANK/1H /

L
J

(=R

DO 1 1=1,72

K=1

SKIP BLANKS

IF (CARD(I)«EQeBLANK) GO TO 1

LOOK FOR COLUMN MATCH

IF (CARD{I1)<NEeNAME(J}) GO TO 2

FLOW TO THIS POINT INDICATES A SUCCESSFUL COLUMN MATCH
MAKE A SUCCESSFUL RETURN IF THE ENTIRE NAME HAS BEEN SCANNED
1 CONTAINS THE COLUMN NUMBER OF THE LAST CHARACTER

IF (JEQNAMDIM) RETURN

INCREMENT THE NAME COLUMN INDEX BY ONE

J=J+l

CONTINUE

FLOW TO THIS PUGINT INDICATES AN UNSUCCESSFUL COLUMIL MATCH
L=2

RETURN

END

$IBFTC 10000E

<
1

c

C

C
100¢C
8

<
6
9

C
1002

SUBROUTINE EDITA (NEOBD,BDCDCTsCARDSNTITLSsBDTICTyNCASESNTITLE)
INTEGER 8DCDCTsBDTICT

INTEGER CARDsALPHA

DIMEMSION NTITLE (72410}

DIMENSION CARD(80)

DIMENSION ALPHA (35)

DIMENSICON NAMEA(14)

DIMENSION NAMEB(9)

DIMENSION NAMEC(12}

DIMENSICN NAMEG(6)

DATA ALPHA/1HAs1HBs1HC»1HD» IHEs1HF » 1HG s 1HHs IHI» 1HU s 1HK s 1HL » 1HM » IHN
151HOs 1HP s 1HQs IHR s 1HS s ITHT » IHU» IHY > 1HW» THX s 1HY s 1HZ s 1H >3IH{5>1H) s 1Hs 1

1H+9 IH~s 1H#* 5 JH. s IHS/

DATA NAMEA/1HEs 1HN3s1HD s 1HO s IHF > 1HBs1HA 3 1HS» IHI 5 IHC» 1HD s 1HA» 1HT s 1HA

1/

DATA NAMEE/1HE» 1HN» 1HD s 1HOs 1HF s 1HC 2 1HA s 1HS s LHE/
DATA NAMEC/IHEs1HNs1HDs1HO» 1HF s THP s 1HR s 1HO s 1HB» 1HL 9 1HE » 1HM/
DATA NAMEE/IHC/

DATA NAMEF/1HT/

DATA NAMEG/1H$»s 1HI s IHNs 1HP s 1HUs IHT/

REWIND THE INPUT SCRATCH TAPE

REWIND 13

IS THIS A NEW PROBLEM

IF {NEOBD) EQUALS ZERO IT IS A NEW PROBLEM

IF (NEOBD«EQ.Q) GO TO 9

IF THIS 1S A CASE SPACE OUT THE SCRATCH INPUT TAPE
FORMAT {BOA1)

00 8 I=1,BDCDCT

READ (13,1000) CARD

NTITLS=BDTICT

INCREASE THE CASE NUMBER BY ONE

NCASE=NCASE+]1

CALL TITLE (NCASESNTITLSHNTITLE)
GO TC 10

NCASE=C

NTITLS=0

BOCDCT=1

BDOTICT=0

WRITE SINPUT ON THE INPUT SCRATCH TAPE
FORMAT (204 SINPUT DUMMY=1,D0s:80X}
WRITE (13,1002}

CALL * TITLE (NCASESNTITLSsNTITLE)

JPL TECHMNICAL REPORT 32-1416
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53

428

120

READ AN INPUT CARD FROM THE INPUT TAPE

READ (5,1000) CARD

TEST FOR SINPUT
CALL MATCH(CARDSNAMEG:5,15J)
GO TO (505970)sJ

FLOW TO THIS POINT INDICATZS A $INPUT CARD

FORMAT (1H ,8CA1,20H DATA CARD
WRITE (6:1003) CARD

BLANK THE SINPUT

CARDUI )=ALPHA(27)
CARDIT~1)=ALPHA(27)
CARDUT=2)=ALPHAI2T)
CARD{T-3)=ALPHA(27)
CARD{I-4)=ALPHA(27)
CARD{T=5}=ALPHAI2T}

TEST FOR
IF (CARD{1).NE«NAMEE) GO TC 91C

FLOW TO THIS POINT INDICATES A COMMENT CARD

FORMAT (1H ,80A1,20H COMMENT CARD
WRITE (651004) CARD
G0 70 10

TEST FOR T
IF (CARD(1}«NEJNAMEF) GO TO 4UC

FLOW TC THIS POINT INDICATES A TITLE CARD
IF THE TITLE ARRAY IS FULLs PRINT THE TITLE

IF (NTITLS.EG.101GO TO 200
FORMAT (1IH s80A1,20H TITLE CARD
WRITE {651005) CARD

INCREASE THE BASIC DATA TITLE COUNTER BY ONE

IF (NEOBD+EQ.0) BDTICT=BDTICT+1

INCREASE THE TITLE COUNTER (NTITLS) BY ONE

NTITLS=NTITLS+1

BLANK THE FIRST CHARACTER FOR LATER PRINTOUT

CARD(LI)=ALPHAL27)

LOAD INTO THE TITLE ARRAY (NTITLE
D0 31v I=1,72

NTITLE(ISNTITLS)= CARDI(I)

co T 12

15 THIS AN END OF BASIC DATA CARD
CALL MATCH(CARDsNAMEAs14s15J)

GO TO 1515810)50

WRITE IT ON THE QUTPUT TAPE

FORMAT (1H »80A1,20H CONTROL CARD
WRITE (651006) CARD

SET NEOBD NOT EQUAL TO ZERO TO SHOW THAT AN END OF BASIC DATA

CARD HAS BEEN READ
NEOBD=1
G0 TO 6

15 THIS AN END OF CASE CARD

CALL MATCH{CARDsNAMEB»9sIsJ)

GO TO (525420)5J

WRITE IT ON THE OUTPUT TAPE

WRITE (651006) CARD

WRITE THE DUMMY CARD IMAGE ON THE INPUT
FORMAT (5H SENDs75X)

#RITE (13,10C7)

RETURN

IS THIS AW END OF PRCBLEM CARD
CALL MATCH{CARD ,MAMEC>12519J)
G0 TO (535425)s53

WRITE IT ON THE QUTPUT TAPE
WRITE (651006} CARD

WRITE THE DUMMY CARD IMAGE ON THE INPUT GSCRATCH TAPE

WRITE (13,1307)

IF (NEOSD+EQ.0) RETURN
NEOBD=C

GO TO 1

TEST FOR BLANK

IF (CARD(1)+NEsALPHA(27)) GO TO 430

FLOW TO THIS POINT INDICATES A DATA CARD
WRITE {651003) CARD

BLANK IDENTIFICATION

DO 110 I=72,80

CARD(I}=ALPHAL2T)

SEARCH FOR THE LAST CHARACTER STARTING IN COL 72

DC 122 J4=1,72

REVERSE THE INDEX
1=73-J

TEST FCR BLANKs FLOW TO NEXT COLUMN IF PRESENT

IF {(CARD(I)sNCeALPHA{27)) CO TO 120
GO0 To 122

TEST FOR COMMA
IF (CARDI{1).NEsALPHA{30)) GO TO 121

CARD AS A COMMENT CARD

55



GO TO 124
C
C TEST FOR DOLLAR SIGN» REPLACE WITH A COMMA IF PRESENT
121 1F (CARD(1).NE.ALPHA(35)) GO TO 123
CARD{1)=ALPHA(3C)
GO TO 124
C
122 CONTINUE
C FLOw TO THIS PGINT INDICATES A BLANK CARD
GO TO 124
C FLOW TO THIS POINT INDICATES A COMMA IS5 NOT PRESENT, INSERT ONE
123 CARD(I+1)=ALPHA(2G)
C
c
124 WRITE (1351000)  CARD
C COUNT THE CARDS FOR A POSSIBLE CASE RUN
C INCREASE THE BASIC DATA CARD COUNT 3Y ONE
1F (NEOBD+EQ.0) BDCLLT=BDCDCT+1
GO TO 10
c
c FLOW TO THIS POINT INDICATES A CARD ERROR
1001 FORMAT (1H »80A1,20H CARD ERROR }
430 WRITE (651001}  CARD
C WRITE THE DUMMY CARD IMAGE ON THE INPUT SCRATCH TAPE
WRITE (1351607)
RETURM
END

$IBFTC 1C00CF

SUBROUTINE RADIOS (NDIMsFsNsEsXsRsDETERM»S1352>
INCASESNTITLS,NTITLEsPRT1sFi4T1sPRT25FMT25PRTZsFMT3sPRT4sFMT4)
DOUBLE PRECISICN FsXsRsS2+E+sDETERM

DIMENSION F{805s8C)

DIMENSION X{8C)

DIMENSION R{80)

INTEGER S1

DIMENSION 51 {240)
DIMENSION §2 (80)
DIMENSION E (80}

DIMENSION NTITLE (72,10)
DIMENSION FMT1(24)
DIMENSION FMT2(24)
DIMENSION FMT3(24)
DIMENSION FMT4(24)

INTEGER PRT1sPRTZ2,PRT3,PRT4

[a¥a¥a}

PRINT THE EXCITATION VECTOR IF REQUESTED
IF (PRT1.EQ.3) GO TO 1

CALL TITLE (NCASE,NTITLSSNTITLE)

CALL VECPRT (NDIMsXsNsFMT1)

DO 4 I=1sN

DO 3 J=I»N

FlIsJ)=={1.DO-E(1))*F(IsJ)
F{IsI)=1eDO+F(Is1)

Pw

neo

PRINT THE TRANSFER MATRIX BEFORE INVERSION [F REQUESTED
IF [PRT24EQe1) CALL MATPRT (NDIMsFsNsMCASEsNTITLSsNTITLESFMT2)

DO 6 I=1,N
R(I)=X(I1)

)
o

CALL DINVRT (NDIMsFsNsRs1sDETERMsS15S2)

PRINT THE TRANSFER MATRIX AFTER INVERSION IF REQUESTED
IF {PRT3.EQe1l} CALL MATPRT (NDIMsFsNsNCASEsNTITLS,NTITLEFMT3)

laNa iR a¥al

PRINT THE RESPONSE VECIOR IF REQUESTED
IF (PRT4,EQs O) RETURN

CALL TITLE (NCASESNTITLSSsNTITLE}

CALL VECPRT (NDIMsRsNsFMT4)

RETURN

END
$IBFTC 1000CG
SUBROUTINE MATSYM (NDIMsFsN)
DOUBLE PRECISION F
DIMENSION F{NDIMyNDIM)
9001 FORMAT (15HUMATRIX ELEMENTsI3s1Hs513519H AND MATRIX ELEMENT»I3s1H»
15135 12HBOTH DEFINED)
DO 6 I=1,4N
DC 6 J=1sN
IF (JeLEWI} GO 70 &
IF (DABSIF(I5J))+GT404D0) GC 1O 1
G0 TO 5
1 IF (DABS(F(Js1))4GT404D0) GC TO 2
GO TO. 3
WRITE (659001)15J5J51
FlJsIV=F(I,J)
GO TC 6

w N

Fll,d)=F{J,1)

CONTINUE

RETURN

END

SIBFTC 10CCULH

SUBROUTINE MATPOS (NDIMsAsN)

oW

56

Douie PRECISLUN A
DIMENSION A(NDIMsSNDIM)
G001 FORMAT {15HUMATRIA ELEMENT»1351Hs»12,3%4 15 NEGATIVI, IT HAS BEEN
IMADE PGSITIVE)
DO 1 I=1sN
oC 1 J=1sN
IF {(A{15J))4GLa{LLDG)) GO TO 1
WRITE (65903111sd
AllsJ)=DALS(ALLJ))
CONTINUE
RETURN

-

END
SIBFTC 10000I
SUBROUTINE SCRPTF {NDIMsFsNsEsAsSOLTZsDETERMs 5102 s NXZ3NX3sSUFFERS
1 NCASEsNTITULSsNTITLESPRT1,FMUTLPRT2sFidT2ZsPRT3sFiT3sPRT4FMT4,
1PRT5,FMT5sPRTEsFMTE)
DOUBLE PRECISION FsL»A>BOLTZsDETERMs &2 BUFFER
DIMENSICN NTITLE (72s1u)
DIMENSIGN F(8U»80)

DIMENSIQN & (80
DIMENSION A (8u;
INTEGER S1

DIMEKSION S1 (240)

CIMENSION Sz {8u)

SIMENSION BUFFER(2%u)

DIMENSION FMT1(z4)

LCIMENSION FMT2{24)

DIMENSION FMT3{24)

DIMENSION FMT4(24)

DIMENSION FMT5(24)

DIMENSION FMT6(24)

INTEGER PRT1sPRT2,PRT3sPRT45PRT5:PRTH

D0 2 I=1sN

(1eDC~ELI)I*F(I4J)
2 FL1s1)=1a00+F(1s1)

<
C PRINT THE MATRIX SEFORE INVERSION IF REQUESTED
IF (PRTleE£Ge1} CALL MATPRT (WOI1#sFaNaNCASEsNTITLSsNTITLESFMTL)
C
3 CALL DINVRT (NDIMsFsN»E»usDETERMSS1952)
C
IF (PRT2¢EQs1) CALL MATPRT (NDIMsFsNsNCASEsNTITLSSNTITLESFMT2)
<
C
C THE F MATRIX I> STGRED BY ROWS ON TAPE 14
REwWIND 14
REWIND 9
C
5 DO 8 I=1,N
< READ A ROW OF THE F MATRIX FROM SCRATCH TAPE 14
READ (14) (BUFFER(J)sJ=15NX3)
<
c PERFORM THE ELEMENT SUM AND »RITE IT sY RuwS OnN TAPE §
D0 7 J=IsN
$2(J1=0.D0
DO 7 K=1si
K2=K+N
S2(J)=52{J)+BUFFERIKZI*F(K»J)
7 CONTINUE
WRITE (9) (S2(J)sJ=1sN)
8 CONTINUE
REWIND 9

DO 10U I=1sN
READ {9) (52(J)»J=1sN)
DO 10u J=1,N
FllsJ)=52(J)

100 CONTINUE

IF (PRT34EQe1) CALL MATPRT (NDIMsFsNsNCASEsNTITLSsNTITLE>FMT3)
10 DO 11 I=1sN

DO 11 J=1sN
1L FUIsJ)=E(LI*E(JI%F{IsJ)

<
1F (PRT44EQe1l) CALL MATPRT (NDIMsFyNsNCASEsNTITLSsNTITLEsFMT4)
C
13 DO 14 I=1sN
DO 14 J=1sN
14 F(I»J)=AL{1)*F(1,J)
<
IF (PRT5¢EGs1) CALL MATPRT (NDIM>FsNoNCASEsNTITLSsNTITLESFMT5)
C
CALL WRIT14 (NDIM»FsNsNX235NX353sBUFFER)
C
16 DO 17 I=1sN
DO 17 J=1sN
17 FUI9J)=BOLTZ#F(IsJ)
IF (PRT6.EQe1l} CALL MATPRT (NDIMsFsNsNCASEsNTITLS,NTITLEsFMT6)
RETURN
END
$IBFTC 1000vy
SUBROUTINE FEDIT {NDIM»>N»AsCARDsNCASEsNTITLSSNTITLES
1PRT1sFMT1sPRT25sFMT2)

INTEGER ALPHAAALPHABs ALPHACALPHADSCARD
DOUBLE PRECISION FyFAsA,DUMMY
DIMENSION At8V)
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1001

[aXa}

1002

COMMON F

DIMENSION F (80280}
DIMENSION FA (8Us8L)
EQUIVALENCE (FsFA)
INTEGER FAUSED

OIMENSION NTITLE (72,10)
DIMENSION FMT14{24)
DIMENSION FMT2(24)
INTEGER PRT1sPRT2
DIMENSION ALPHAALZ)
OIMENSION ALPHABLL)
DIMENSION ALPHAC(6)
DIMENSION ALPHAD(4)

DATA ALPHAA/1HFs1HA/
CATA ALPHAB/1HF/

DATA ALPHAC/1MFs1HAy1HUs1HSs1HEs LHD/

DATA ALPHAD/1H$3s1HEs1HN,1AD/
DIMENSION CARDI&U)

NAMELIST /INPUT/FsFAsFAUSED DUMMY

REWIND 3
REWIND 13
REWIND 14

WRITE $INPUT ON SCRATCH TAPE 3
FORMAT {20H $INPUT DUMMY=1.D0»5>80X)
WRITE (351001)

READ A CARD IMAGE FROM THE INPUT SCRATCH TAPE
FORMAT (80AL)

1 READ (1351502) CARD

na

[a¥al
~

1

[a¥a]
w =

12

N oNnnA Ia¥a}
+

()

~ o

nn

nn

s 0®

[a¥al

TEST FOR FA

CALL MATCH (CARD»ALPHAA»Z»Isd)
GO TO (1052)sJ

WRITE (3,1002) CARD

TEST FOR F

CALL MATCH {(CARD»ALPHABs151,J)
GO TO (11s3}sd

WRITE (3,1002) CARD

TEST FOR FAUSED

CALL MATCH (CARD»ALPHAC»6315J)
GO TO (1254)4J

WRITE {351002) CARD

TEST FOR SEMD

CALL MATCH (CARDsALPHADs&s15J)
GO TO (1351)d

WRITE (351C02} CARD

FLOW TO THIS POINT INDICATES ALL CARD IMAGES HAVE BEEN PROCESSED

FAUSED=0
ZERO THE F MATRIX

FllsJ1=3.00

REWIND 3
READ (3,INPUT}

IF (FAUSED.EQel) GO TU 7
CALL MATPOS (WNDIMsF N}
DO 6 I=1sN

DO & J=1sN
FA{L»J)=AL]}%F{IsJ)

CALL MATPUS (NDIMsFAsN)
CALL MATSYM (NDIM»FAsN)

PRINT FA MATRIX IF REQUESTED
IF (PRT14EQel} CALL MATPRT (NDIMsFAsNsNCASE>NTITLSsNTITLEsFMTL)

CONVERT FA MATRIX TO F MATRIX
DO 14 [=1»sN

IF (DABS(A(I))sGTaUaDU) GO TO 8
GO TO 14

DO 9 J=1sN

FllsJy= FALLIsJ)/AL])

CONTINUE

PRINT F MATRIX IF REQUESTED
IF (PRT2.EQel) CALL MATPRT (NDIMsFsNsNCASEsNTITLS,NTITLEsFMT2)

RETURN

END
$IBFTC 10000K

SUBRCUTINE WRIT14 (NDIMsMATRIXsNsNX2sNX32MATNOsBUFFER)
DOUBLE PRECISION MATRIXsBUFFER

DIMENSION MATRIX (80,80}

DIMENSICN BUFFER(240)

REWIND 9

JPL TECHNICAL REPORT 32-1416
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REWIND 14

DO 7 1=1,N

READ (14) (BUFFER(J)sJ=15NX3)
GO TO {152+3)sMATNO

DO 4 J=1sN
BUFFER(J )}=MATRIX(1,J}
GG TO 65

DO 5 J=1sN

J2=J+N
BUFFER(J2)=MATRIX{1,J}
GO TO 65

DO &6 J=1sN
J3=J+NX2
BUFFER(J3)=MATRIX{I,J)

WRITE (9) (BUFFER(J)sJ=1sNX3)
CONTINUE

REWIND §
REWIND 14
DO 8 I=1,N
READ (9) (BUFFER(J}sJ=1,NX3)
WRITE (143 (BUFFER{J}»J=1,NX3)
CONTINUE
RETURN
END

1G0QuL
SUBROUTINE READ14 (NDIMsMATRIXsNsNX2sNX3sMATNOsBUFFER)
DOUBLE PRECISION MATRIXsBUFFER
DIMENSION MATRIX (80+80)
DIMENSION BUFFER{240)

REWIND 14

DC 7 I=1sN

RCAD (14} (SUFFER(J)sJ=13NX3}
GO TO (12295, 5MATNO

DC & J=1,N
MATRIX{IsJ)=BUFFER(J }

G0 TO 7

DO 5 J=1sN

J2=J+N
MATRIX(IsJ)=BUFFER{J2)
GO 10 7

D0 6 J=1sN

J3=J+NK2
MATRIX(I1sJ)=BUFFER(J3)
CONTINUE

RETURN

END
$IBFTC 1GOUUM

1001

RS

3

$IBFTC

1000

1001

SRR

3

SUBROUTINE VECPRTINDIMsAsNsFMTT)
DOUBLE PRECISION A
DIMENSION A(NDIM)
DIMENSION FMTT(24)
WRITE (6sFMTT)
0O 3 J=1sN,5
K=J
KK=J+4
IF (KRebLbeN) GG TO 3
KK=n
FORMAT (1H [4s2H D168y
1452H Dl6.8»s
14s2H D1648>
1452H = D1643s
1492H = D16.8)
WRITE (651001)(KsA(K)9K=J2KK)
RETURN
END
1000UN
SUBROUTINE MATPRT (NDIMsA»NsNCASE sNTITLSsNTITLESFMTT)
DOUBLE PRECISION A
REAL NTITLE
DIMENSION NTITLE (725100
DIMENSION A(NDIMsNDIM)
DIMENSION FMTT(24)
CALL TITLE (NCASEsNTITLSSNTITLE)
WRITE (65FMTT)
DO 3 I=1sN
FORMAT (6HO ROW,13)
WRITE (65100001
DO 3 J=1sN»5
K=dJ
KK=J+4
IF {KKsLEsN} GO TO 3

KK=N

FORMAT (1H 14924
14s2H
145 2H
I4s2H
I4s2H .= D1648)

WRITE {651001) (KsA(12K)sK=J»KK)

RETURN

END

D1648s
D1648>
D1648,
D168

SIBFTC 100QUu0

SUBRCUTINE DINVRT (NDIMsA»>NORDERsBsMORDERSDETERMsS1s52)
DOUBLE PRECISION AsBsDETERM»S29AMAXsTsSWAP
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non

130
140
150
160
170
200
205
210
220
230
250
260
2790
210
320

[a¥aXal

330
340
350
355
360
370

[a¥al

380
390
400
429Q
430
450
455
460
5Q0
550

[a¥akal

6ul
610
611

6l2 Le

620
639
640
650
660
670
700
705
71

140

SDATA
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MATRIX IAVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EWUATIUNS

DIMENSICN A{NDIMsNDIM)sBINDIM»2)

PIVOT=52

IPIVOT=S1

INDEX (Nsl) =S1U(R+1)-(2N)}
DIMENSION $1(2)532(2)
INTEGER 21,22,51

EQUIVALENCE (IROwW,JROW}, (ICOLUMsJCOLUM)»

INITIALIZATION

DETERM=1.0DC
N=NORDER
M=MORDER

DO 20 J=1sN
S1tJ)=0

DO 550 I=1sN
Z1=1+N
22=21+N

SEARCH FOR PIVOT CLEMENT

AMAX=UsQDC

LC 1u5 J=1sN

IF 1S11J).EQs1) GO TO 105
D0 100 K=1,N

IF {S1(K)~1) 80,100,740
IF {ABS(AMAX)—ABS(A{JsK))} B5s 1C0,
IRQW=y

IcoLum=K

AMAX=ALJsK)

CONTINUE

CONTINVE
SL{ICOLUM)=S1(ICOLUMI+1

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

IF [IROW.EQ.ICOLUM} GO TO 260
DETERM=-DETERM

DO 2¢L L=1sN
SWAP=A(IROWsL)
A{IROW»L}=A(ICOLUMaL)
ALICOLUMsL)=SWAP

IF (MeLEsC) GO TO 260
DO 250 L=1, M
SWAP=B{IROW,L)
BIROWsLI=B(ICOLUMsL)
B{ICOLUMsL ) =SWAP
$1121)=1ROW
$1(22)=I1COLUM
S2({1)=A(I1COLUM,ICOLUM)
DETERM=DETERM*S2(1I)

DIVIDE PIVOT ROW BY PIVOT ELEMENT

A(ICOLUMs ICOLUM)=1,0D0

DO 350 L=1,N
A{ICOLUMsL)=ALICCLUML)/S2(D)
IF (MJsLEsQ) GO TO 380

DO 370 L=1,M
B(ICOLUMsL)=B(ICOLUMsL)/S211)

REDUCE NON-PIVOT RCWS

DO 55u L1=1sN

IF {L1,EQ.ICOLUM} GO TO 550
T=A(L1,1C0LUM)
ALLL»ICOLUMI=0Wu

DO 45u L=1,N
A{L1sL)=A(LLsL}-ACICOLUMsLI*T
IF (MJLE«Q)} GO TC 550

DO 500 L=1»M
BL1sL1=B{L1sL)-B{ICOLUM,LI*T
CONTINUE

INTERCHANGE COLUMNS

DO 71u I=1sN

L=N+1-1

Li=L+N

=L1+N

IF (S1(L1)sEQeS1(L2)) GO TO 710
JROW=SL (LY
JCOLUM=$1(L2)

DO 7U5 K=1laN
SWAP=A(KsJROW)

ALKs JROW) =A(K>JCOLUM)
ALK JCOLUM) =SWAP
CONTINUE

CONTINVE

RETURN

END

feXaralatakakakeXatakaXatakakaXaloRul
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TEMPERATURE DISTRIBUTION CF AN L-SHAPE STEP CAVITY
STEP RISER=Ys STEP TREAD=X

LOCAL RADIATION EGUILIBRIUM TEMPERATURES IN SEMICRAY ENCLOSWRES,
BOBCOsRePes» ALLENYsGeEas AND OTHMERsPawes

AEROSPACE TECHNOLOGY RESEARCH REPORTS

55D 6u475R  REPORT NUMBER 17 DECEMBER 1966

HUGHES AIRCRAFT COMPANY

3PACE 5YLTEMS DIvialOn
LOSANGELES» CALIFORNIA

REF. 3s BCBCOs RePes RADIATION FROM A DXRECTXONAL SOURCE s BEAM
DIVERGENCE IN SOLAR SIMULATCRSs Je ENG FOR PUWER> TRANS«ASME,

SEReAs VOL487» HO 3»

1965 PP-259-269.

FIGURE 1« TEMPERATURE DXQTRXBUTXON OF AN L'SHAPE, Y=2X

F{ls5}= 429289
F{ls6)= 408927
F{ls7)= 03689
Fl1s8)= 401559
F{ls9)= 401204
F(1s10)=400813
F{1s11)=,00585
F{1s12)=e00441
F{1»13)=,53113

F(235)= «089G7
F{2:6)= #11475

$UT454
Q4712
03144
«G2218
F(2511)=.01638
Fl2s12)=401254
F{2:13)=.59198

F{395)= 03689

F(3s13}1=464890

Fl&s5)= 401959
Flasb)= 404712
Flas7)= .05461
F{4s8)= ,C5025
Fl429)
Flaslu
Flasll
Flas12
Fl4s13)=476013

F(5:13)%456156

F{10s13)=,90398
F{11513)=.92557
F(12513)=.94100

Ally=1.0

Al10)=1,0
Alll)=1.C
Al12)=1,0
Al131=8.944272

THETA(1}=0,u
THETA(2)=0.0
THETA(3)=0.,0
THETA[4}=0,0

EIR(1)=3.90
EIR(2)=0.90
EIR(3)=0,90

EIR(4)=0490
EIR(5)=0e50
EIR(6)=0490

1 6 7
234567890‘2345678901234567890125496759;1234 6789012345676931234567890;2
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EIR(TI=Ca90
EIR(8})=0e50C

C
ESOL{11)=0.18
£50L{12)=0.18
CS0L{13)=1.¢C
CT(13)=-459.+C
END OF BASIC DATA
7 CASE 1» Y=2Xx AND WHITE PAINT SURFACE
<
C THE RESULTING TEMPERATURES ARE
[« CASE 1 CASE 4
C DEG F DEG C
C T{1) 66424 194v2
C Ti2) 49,20 9456
C Ti3) 39489 4438
C Ti4) 34611 1.17
C T{5} 12479
C T(6) -27.19
C T(7) ~62+91
C T(8) ~94437
C 79 ~121.45
C T(10) ~-144.50
C T(11) -164.12
< Ti12) -180.92
C TL13) -459.00 ~272.78 A CONSTANT TEAFERATURE NCDE
C
END OF CASE
T CASE 2, SAME CONDITIONS A CASE 1, BuT DETAILED PRINTOUT REURESTED
5 6 7

C 1 2 3 & ]
C2345678901234567890123456789012345678901234567890123456785u1234567385u1
PRINTI1U)I=1o15151515153,1925151s1slsis1lsislsladalslyl
END OF CASE

T CASE 35 Y=2X AND ALuMINGM GURFACE
C 1 2 3 4 5 6 7
C224567890123456789012345678951234567890123456789u1234567890123456789ul2
EIR{1)=0410
EIR(2)=0.10C
OelU
19
EIR(5)=0s1y
EIR(6)=Cely

EIR(7)=0s1y

EIR{B)I=U, 10U
EIR(9)=0,10
EIR{1v}) v
EIR({11)=0.10
EIR(12)=0410

ES0L(1)=0e20
ESOL(2)=Ve2u
ESOL{3)=0+20
ESOL{4)=De20

ESCL(81=Gs20
ESOL(9)=0420

ESOL{12)=0420
END CF CASE

T SAME AS CASE ONE BUT wiITH CIFFERENT UNITos (wAT1S, CMs DEG C)
BOLTZ=4567593885510~11
ABSCVN=273,3333333333
SOLCON=,1394309344
NITER=20
CT{131=~272.7777777777
PRINT{1C)=1
END CF CASE
END OF PROBLEM

TEOF
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ElIR, ¢
ESOL, a

Nomenclature

area L radiosity or flux density streaming away
. . f
infrared emittance from a surface
solar emittance, equal to the solar P power or electrical dissipation
absorptance Q radiant flux
form £
orm tactor SOLCON, S solar constant
total radiation conductance, including
multiple reflections T temperature
angle from the normal of a surface to p reflectance equal to 1 minus the
the sun emittance
radiant flux per unit area on a surface o Stefan-Boltzmann constant
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