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TECHNICAL REPORT INDEX/ABSTRACT

(See instructions on reverse side.)
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UNIT I
PROGRAM ABSTRACT AND HISTORY OF USE

ABSTRACT

Program THNSKN computes the mean heating rate at a
number of thermocouple locations on the surface of
thin skin transient heating rate models. Experi-
mental data, calibrated in engineering units, is
obtained from ABEL tape output of the EHTS03 data
reduction computer program. The program output con-
sists of time history tabulations in an array by
thermocouple locations for each time sample.

PROGRAM HISTORY

The original THNSKN program was written in 1969.

"~ The current version was written in December 1974 as

requested by SCR83-15-30.



UNIT II

. PROGRAM USERS INFORMATION

Title:

Author:

Date:
Installation:
Authorization:

Source Language:

Computer Configuration:

Surface Heating Rate of Thin
Skin Models (THNSKN)

Ja;k D. McBryde
December 1974
JSC, Houston, Texas
Contract NAS 9-12200
~ FORTRAN V =
UNIVAC 1108 or 1110, EXEC 8

DESCRIPTION OF PROGRAM REQUEST

See attachment 8.

USAGE

1. Input Requirements

and Data Descriptions:

The THNSKN input tape is produced by‘the-program
EHTS03. It is a FORTRAN-written binary tape
containing time in floating-point seconds fol-

lowed byvdata in floating point for N channels.

The number of channels (N) is fixed for a given

tape (N < 259).

See attachment 6 for sample input.

2. Lead Card Setup:

See éttachment 1.
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Deck Setup:

See attachment 2.

Tape Assignments:

See attachment 3.

Restrictions:
The following list is a summary of the restrictions:

e The input tape must have the format specified
in section C.1.

e The array of thermocouples must have no more
than 50 rows or columns, and one row or column
must contain at least three thermocouples.

e Each specified time slice must contain at least
three input records.

e The maximum number of points for thermocouples,
which may be used for least squares heat 1loss
computations, is 50.

Diagnostic, Normal-Console, and Standard-Output
Messages:

See attachment 9.

Labels, Save-Tapes, and QOutput Disposition:

There is printer output only.

Output Forméts:

See attachment 7.
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Nonstandard System Requirements:

There are none.

Running Time:

THNSKN processes nine thermocouples for 40 time
points in less than 1/2 minute. ’

D. ANALYSIS

1.

Description of the Relationship of Variables to
the Test Item:

The test item may be considered to be a rectan-

gular plate having, at most, two thicknesses as
shown:

Y —p
LN
d,
N
T1,r T T1x T e T, . T, .
' T T T 1,k+1 1,j-1 1,j
2,1 2,2 2,k T, o1 vee Ty iy Ty
X ) . . 0 ] "J']. Z,J
¢ T, T, see T ’ ) )
i-1,1 ‘ti-1,2 i-1,k .
o\ 1, e 1| [fnaa M1, Tie1;
\ i,1 i,2 ik T. . T. . T. .
_ i,k+1 ij-1 i,Jj

 P— N

e The origin of the x-, y-coordinate system is the
upper left corner.
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e The variables dl and d.2 are the two thick-
nesses. If the test item has only one thickness,

it is represented by d .

e The variable T, 3 is the temperature at a
’
thermocouple in degrees Fahrenheit.

e The variables T, ¥ and T. are tempera-
2

i,k+1
tures adjacent to the thickness difference
junction.

e The variable Y: g is the y-coordinate of the
’
junction at row i in inches.

e Fach row or column is colinear in the X-,
Y-plane so that the coordinates of all the
thermocouples (X, Y) can be expressed using
i-values of X and j-values of Y . Both X
and Y are in inches.

Equations:

Mean temperatures:

The mean temperafure T for each thermocouple is
computed by

N N

= _ 1

T‘ﬁZTz (1)
2=1 '

where N is the number of temperatures read in
~the time interval processed.
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Mean heat flux without conduction correction:

The‘mean heat flux without conduction correction

q is computed by

— pCpd N -1 [N N-1 .1 2 )
. . = T) .+ T +~ -.T, . - T2 .
ql',J 24(tN - tl) N - ) < 1,) 1,] 1,] 1,]
(2)

where

t1 = the timé for the first
scan of data in the interval
in seconds.

tN =, the time for the last scan
of data in the interval in
seconds.

1 2 N-1 N _ .

i,j’ Ti,j’ Ti,j’ Ti,j = the first, second, next to
the last, and last tempera-
tures of the thermocouple in

~row i and column j.
o = mass density in 1b/ft3.
Cp = specific heat in BTU/1b°F.
d = thickness of test material

in inches.

If the test item has two thicknesses, then d = di ,
for j £ k (see the figure) and d = d2 for
ik
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2.3 Mean lateral heat loss in the X-direction:

2.

The mean lateral heat loss in the X-direction qx
is computed by

X . _24Kd T R O U5 R £5 35 e W5 1

1,3 X - X0\ K7 X ivl ~ X4
(3)

where

K = thermal conductivity in BTU/ft sec®F.

d = d1 for j < k (see the figure).
d = d2 for j > k .

Mean lateral heat loss in the Y-direction:

The mean lateral heat loss in the Y-direction q’7
may be computed by one of three equations,
depending on whether the test material has one or
two thicknesses and the position of the thermo-
couple relative to thégjunction between the
thicknesses.

Case 1: The variable qy when the material has

~one thickness or where it has two and all three

thermocouples are the same side of the junction.

7 - . 24Kd Tag = Tiyg1 . Tigger = Wi
i,j _Yj+1 - Yj-l' Yj - Yj-l | : Yj+l - Yj

(4)
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where
d
d

d1 when j + 1 <k .

d2 when j - 1> k .

—

Case 2: The variable qy when the material has

two thicknesses and j = k (see the figure).

24Kd
T G
1,3 Yy - Y
Tix - Tix-1 dy(Ty we1 - Ti 1)
Ye = Yx-1 g - Y ddy + Oy - Ygldy
(5)
' where

Yd = the Y-coordinate of the function at row i
(see the figure).

—

Case 3: The variable qy when the material has

two thicknesses and j k +1
qY ) 24Kd2
L, Tiez - %
4y (T3 xe1 - 11,1 CTiie2 T Tikn
(Yq - Ypddy * Upyq - Yg)dy ez 7 Ykel

(6)
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Mean heating rate:

The mean heating rate q is computed from
equations 2, 3, and 4, 5, or 6.

g o= X y
. . =qs 5 +q% « * g%t s .
q193 quJ qlﬁJ qlsj (“‘7)
Special Treatment When the Array Contains Bad
Thermocouples: oy

The variables d, q, qX and qy are not computed
for bad thermocoupies. These values are set to
Zero. |

In computing qx for a c¢olumn centaining one or
more bad thermocouples, temperatures and
x-coordinates of three successive good (but not
necessarily adjacent) thermocouples are used.

The same procedure is used in computing qy

The Variables qx and Y at Row or Column End

Points:

The conduction correction (qX or qy) used at the
end points (first or last good thermocouple) are
the same as those computed for the adjacent
thermocouple in the row or column.

Linear Least Squares Heating Rate and Percent
Standard Error:

The heating rate at each thermocouple Q is com-
puted from the slope M by



Q= 17— M (8)

The slope M is computed by

_ ndt; T, - 306, 20T,
M= 2 7 (9)
nz:ti - (Zti)

where

n = the number of scans.
t = time.

T = temperature.

The percent standard error E is computed by

S, M)
E = M X 100 (10)
2 2112
S, (M) = no (T)i(n - 2)[n§:ti - (z:ti) ] (i1)
o - 1

1/2

g7y - Tty LTy

. 2 ’ N2
n) T. - (Z T.)® -
= ' ORHEERRE

12)

10



If the time slice specified contains more than
n scans, the last time and corresponding

temperatires are used as the first time and

temperatures’ for the next n scans.

FLOW CHART

See attachment 4.

STORAGE REQUIREMENTS

Fcrty-three thousand decimal locations are required.

LIST OF SUBROUTINES

None.

LOCATION OF SOURCE AND BINARY DECKS

The Data Processing Systems Department of Lockheed
Electronics Company, Inc., maintains all source and
binary decks for this program.

PROGRAM LISTING

See attachment 5.

CORRESPONDENCE

See attachment 8.

11
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ATTACHMENT 1

/
LEAD CARD SETUP

© PRECEDING PAGE BLANK m_m |



LEAD CARD SETUP

CARD NO._1
Jos PAGE_1__oF_10
NAME THNSKN PROGRAMMER ___McBryde DATE 12/74
P "l cotien | FORMAT | SYMBOLIC IDENTIFICATION

1 1-72 j12A6 ] TITLE1l ]First title card.

1-1
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" LEAD CARD SETUP

CARD NO._2
Jos PAGE_2___oF_10
NAME THNSKN PROGRAMMER _McBryde DATE_12/74
PPl cotiimys | FormaT | SYMBOLIC IDENTIFICATION

1 {1-72 |12A6 |TITLE2 |Second title card.
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CONSTANTS

LEAD CARD SETUP

CARD NO._3

JOB PAGE_3___or_10
NAME ___ THNSKN PROGRAMMER _MCBryde paTe 12/74
FIELD) CARD | FomuaT [ sTaBoLic IDENTIFICATION

1 j1-10 ElO.S RHO Mass density (p) of test material in
1bm/ft3.

2 {11-20 | F10.3|CP Specific heat (Cp) of test material in
BTU/1bm °F.

3 121-30 | F10.3} BIGK Thermal conductivity (K) of tesf
material in BTU/ft sec °F.

4 131-40 | F10.3]DD(1) Test material thickness (dl) in inches.
If there is only one thickness in the
sample, the next field will be left
blank.

5 |41-50 | F10.3]DD(2) The second test material thickness (D,).
If a second thickness is supplied,
card 5 must appear in the deck.

6 |51-53 {13 NX Number* of x-coordinates: )
1 < NV < 50

7 |54-56 | I3 NY Number* of y-coordinates:

1 < NY < 50
Comment: *A minimum of a 1x3 or 3x1 array of x, y-coordinates 1is

required.

1-3
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MISCELLANEOUS RUN PARAMETERS

LEAD CARD SETUP

cARD No._4
JoB PAGE_4 _of_10
NAME THNSKN PROGRAMMER _MCBTYde paTE 12/74
FIELD] CARD o SYMBOLIC

i0 | coLumns| FORMAT NAME IDENTIFICATION

1 J1-5 15 NCHS Number of data channels on input tape®*.
2 |6-10 |15 NCC Command channel number*.

3 11-15 | IS I0OPT1 0 — Use card 9 to specify start-stop

times.

1 — Use card 9A to specify start-stop

command event levels.

4 16-20 | IS5 NPAR The maximum number of parity error

records per time slice which will be

permitted. If blank, 2 will be used.

Parity error records are skipped.

5 21-25 1 IS5 NOTH If NOTH is blank or zero time, tempera-

ture data for each scan in the time

slice will be printed.

Comment: *The input tape record has a time word preceding the
' data channels. These numbers do not include the time
word.
1-4




Y-COORDINATES OF THICKNESS DIFFERENCE JUNCTION

LEAD CARD SETUP

CARD NO. >
JoB PAGE _S OF 10
NAME THNSKN PROGRAMMER _McBryde paTe 12/74
FIELD] CARD i SYMBOLIC

ELD] CARD | FoRmaT | SYNECL IDENTIFICATION

NOTE: This card will appear in the

deck only if DD(2) on card 3

is used.

1 1-10 F10.3]YDD(1) |The y-coordinate of the junction

between test material thicknesses when

the x-coordinate is xx(1) (see card 6).

2 |11-20 | F10.3|YDD(2) |Same for XX(2).

3 21-30 { F10.3]YDD(3) |Same for XX(3).

4 31-40 | F10.31YDD(4) |Same for XX(4).

5 41-50 | F10.3}YDD(5) |Same for XX(5).

Commént: Use as many cards as required to define NX values.
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X-COORDINATES

LEAD CARD SETUP

CARD NO.__°

Jos PAGE___6 of_10

NAME THNSKN PROGRAMMER _McBryde DATE_12/74

"I | cotumns| FORMAT [ SYRRNE' IDENTIFICATION

1 1-10 ElO.S XX (1) X-axis location of first thermocouple
row in inches.

2 11-20 | F10.31XX(2) X-axis location of second thermocouple
TOoW.

3 21-30 { F10. 3] XX (3) X-axis location of third thermocouplé
TOW.,

4 31-40 | F10.3| XX (4) X-axis location of fourth thermocouple

| TOW.

5 |41-50 [ F10.3}XX(5) |[X-axis location of fifth thermocouple
TOW. | |

Comment: Enter as many cards as needed to define NX locations

(NX < 50).

- 1-6




Y-COORDINATES

LEAD CARD SETUP

CARD NO.__/
Jos ) PAGE_7___oF_10
NAME THNSKN PROGRAMMER _McBryde ____DATE12/74
" Py ®] corumns | FORMAT | SYRROLIC IDENTIFICATION
. 1 1-10 F10.3]YY (1) Y-axis location of first thermocouple

column in inches.

2 11-20 | F10.3}YY(2) Y-axis location of second thermocouple

column.

3 21-30 | F10.3]YY(3) Y-axis location of third thermocouple

column.

4 31-40 [ F10.3]YY(4) Y-axis location of fourth thermocouple

column.

S 41-50 } F10.3]YY(5) Y-axis location of fifth thermocouple

column.

s,
,‘;“\_.f -
i :

Comment: Enter as many cards as required to define NY locations
(NY < 50),

1-7
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THERMOCOUPLE CHANNEL NUMBERS

LEAD CARD SETUP

couple locations.

carp No._8
JOB pace_8 or_ 10
NAME THNSKN PROGRAMMER _MCBTyde paTe 12/74
FIELD] CARD , SYMBOLIC
0 |coLumns| FORMAT NAME IDENTIFICATION
1 1-3 13 IX Row number (X-direction) of
thermocouple.
V2 4-6 |13 1Y Column number (Y-direction) of
thermocouple.
NTCH
3 7-10 14 (IX,IY) Channel number for temperature of
thermocouple located at IX, IY.
4 11-13 | I3 IX
5 14-16 | I3 1Y Second thermocouple.
NTCH
6 |17-20 |14 (IX,IY)
7 21-23 |13 IX
8 24-26 |13 1Y } Third thermocouple.
NTCH :
9 27-30 |14 IX,IY)
10 |31-33 |13 IX )
11 j34-36 I3 1Y } Fourth thermocouple. _
NTCH
12 137-40 |14 IX,IY)
13 |41-43 JI3 IX
14 144-46 |13 IY Fifth thermocouple. ]
NTCH
15 [47-50 |14 (IX,1IY)
Comment: Enter as manyvcards as needed to define NX * NY thermo-

Bad thermocouples should be indicated

with NTCH (IX,IY) = 0 . :

1-8



START-STOP TIMES

LEAD CARD SETUP

CARD NO._°

Jos PAGE___9_ ofF_l10
NAME THNSKN PROGRAMMER _McBryde DATE 12/74
P | cotums| FORMAT | SYRBOLIC IDENTIFICATION

1 1-10 F10.3} TSTRT Computation start time.

2 11-20 | F10.3|TSTOP Computation stop time.

3 21-30 | F10.3|STATME |Start time for least squares curve fit.

No data will be processed outside of

the interval from TSTRT to TSTOP.

4 31-35 | IS NTME The number of points to be curve fit.

If NTIME < 2 , no curve fitting will

be done.

NOTE: This card will be used if IOPT1

on card 4 is zero or blank. Card 9A

will not be used and must not appear

in the deck. As many start-stop time

cards may be used as desired but the

time slices must not overlap; i.e., the

start time for the current time slice

must be > the stop time for the

previous time slice.
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COMMAND EVENT START-STOP

LEAD CARD SETUP

CARD No._SA
JoB PAGE_10 of_10

NAME THNSKN PROGRAMMER _McBryde paTe 12/74

FIELD CARD o SYMBOLIC
iD | coLumns| FORMAT | =" GAME IDENTIFICATION

1 1-10 F10.0} CESTRT |Command event start level.

2 11-20 |{ F10.0| CESTOP |Command event stop level.

3 21-30 | F10.3] STATME |Start time for least squares curve fit.

No curve fit computations will be done

prior to CESTRT or after CESTOP.

4 31-35 | I5 NTME _ |The number of points to be curve fit.

If NTIME < 2 , no curve fitting will

be done.

NOTE: Card 9A will qppeér in the deck

only if IOPT1 on card 4 is 1. {Card 9

must not appear in the decks. As many

event start-stop cards may be used as

required, but intervals requested must

not overlap.

1-10
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ATTACHMENT 2

DECK SETUP
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.

DECK SETUP FOR PROGRAM . THNSKN (EXEC VIII)

PAGE N0.L_OF
(Back of deck)

1

(

(

7
8 PMD, E

(/bne or more card 9A's if IOPT1

on card 4 is 1.

(%ne or more card 9's if IOPTI1

on card 4 is 0.

CARDS 6 — 8

(CARD 5 [Only if DD(2) on card 3 > 0]

r<iHNSKN CARDS 1 - 4

7
(/;XQT . THNSKN/ABS

7 L
r/;MAP,S . THNSKN , THNSKN/ABS
(/7
8PREP

7
(/;COPIN PGMTP, TPF§

7 ,
‘ 8ASG,T 8,8C,XXXXXX (Input tape number)

7
r/;ASG,T PGMTP,8C,V02679

7
8MSG,N TWO TAPE DRIVES

/7
_8RUN

(Front of deck)

21
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RUN REQUEST FORM



[ I,

INSTRUCTIONS FOR CENTRAL COMPUTER COMPLEX COMPUTER RUNS ‘ -
D (DO NGT FILL INSHADED AREAS)
PROBAAMMELN 'S Ci““‘Nl’Sl
'EXEC VIII | '
u'lOGIAW‘E. @ADGE NO. BOX NO. PHONE NO.‘ D.A'rt :I'I~Ol¥:x:s
XXXXXX X XXX XXX XXX XXX
* DIVISION CODE | PHOG. NO PRI, NQ. £ST. TIME MAX, TIME PAGES QUTPUY | SEG, NO.
FDXX 614 | XXXX XX XX XX
NO. NO.
OPERATING SYSTEM TYPE OF RUN T:gés FASER oROM
1108 EXEC ¢ [:] 3200 SCOPE D PROD [:X TEST D FiLes FILES
1108 EXEC ViH J200 5MARTS OTHER IEXFLAIN BELOW!
X]  osmeers [] {2z o 0
1108 cosoL D 3200 OTHER D
INPUT TAPES WORKING OUTPUT TAPES PERMANENT
ricE TAPES P FASTRAND PILES
uNIT | REELNO. NAME unIT REEL NO. Az | save
A PROGRAM TABE s
' s
F XXXXXX s
s
.
$
i X . CAl
2080 D é Nty FILE NO g‘d”’sc?o FEEL ND, NO, CARDS
16 WM :Eju ‘
. aeba $8a NU. PLOTS
CAL comP ACTUAL TIME USAGE
PLOT D ]
SYSVEM NG »
ABNOD AL TR A
Sevha Gn ]
E700 3% 0 PUY ‘ j
Ao Ui L.——j A, autPur
PN v e A L e, -
"o 4L T [-:':] —

[ U PR R LA T N

LG CURM Arad RUy MAY 1Y

W US GUVERNMLWT PRINTING 0:FICE 19/4—<7789507/238

3-1



ATTACHMENT 4

FLOW CHART



THNSKN

Pt ansiin

READ AND PRINT LEAD
‘CARD VALUES APPLICABLE
TO WHOLE RUN

O

READ AND PRINT LEAD
CARD VALUES FOR THIS

YES

STOP TIME FOUND

TIME SLICE

NO
h 4

COMPUTE SUMS FOR EACH
THERMOCOUPLE

‘ PROCESSING :
COMPLETED v

STORE DATA FOR LEAST
SQUARES HEAT FLOW
COMPUTATIONS

Iv

COMPUTE LEAST SQUARES
HEATING RATE AND- ERROR

|

PRINT REPORT

L_/ —

YES

START TIME FOUND

v

COMPUTE LEAST SQUARES
HEATING RATE AND ERROR

|

PRINT REPORT




.

e

COMPUTE ' AVERAGE THERMO-
COUPLE TEMPERATURES

|

PRINT REPORT

COMPUTE HEAT LOSS IN

X ANY DIRECTIONS,
UNCORRECTED HEAT LOSS
AND CORRECTED HEAT LOSS

k

PRINT REPORTS

4-2
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PROGRAM LISTING

o o R R

P



RFORY 1S o THNSKN, s THNSKN

FOR SEIX=12720/74-03302219 (+0)

THMATIN PROGRAM

' STORAGE USED: CODE(1) 0B3717: DATA(D) 0733165

ANK COMMON(Z) 00DOOD

EXTERNAL REFERENCES (BLOCKy NAME)

STORAGE ASSIGNMEMT {BLOCKs TYPE, RELATIVE LOCATION, NAME)

.. DoQ3 extv . . L L
D004 CMERR
- 0005 __ NINTRS o o e N —
0006~ NRDUS
_ 0007 N103s .
0010  N1029
. -...0011  NWOUS L . - —
0012 NIO1S
0013  NERR2S . L ' B L
0014 NRBUS
0015 NSTOPS — -
0016  DSGRT
D017 _ NERRYS ~ . B L i i
0020 NERRIS - T T - . - - T -

. opot 000150 10L . 0Opn - 072335 1n0QF 0000 072336 100lF 0po0 0723%0 1002 000 072341 1093
U7 ‘popo. 072393 1008F ‘0000 072346 1005F 0000 " 0723%50 1007F 0000 © 1008F 000} oo1727 lui!s
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601060 Fie TETTTTNTCLOC - TOTAL NUMBER OF THERMOCOUPLE LOCATIONS INX & NY) - Tt 000000 “““‘qj’ -
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00100 7y4s c NX - NUMBER OF X=COORDINATE LOCATIONS 000000
06100 75’ 7 TNy ~ NUMBER OF Y=-COORDINATE LOCATIONS T T TT Bo0009 "“iES“" o
noion 74 c QDOT - USED FOR MEAN HEATING RATE AND LEAST SQUARES HEATING RATE AT 000000 ) ;
avion FFe T T T DYFFERENT TIMES ~— ’ - 000000 -1:13,»/ -
00100 798 C QDOTMM - THE SUMS (OR AVERAGES) OF THE QDOT VALUES FOR NTSL TIME coouno 3]
66100 " Fee 4 T T SLTCES T T 000000
00100 80e 4 QX - MEAN LATERAL HEAT 1,0SS IN X DIRECTION oooopDd liL
00100 . AT« TTE T TTRY " MEAM LATERAL HEAT (0SS5 IN Y DIRECYION S cmomer T p6Goald T T B
po1o0 82e .c RHO = ‘MASS DENSITY OF TEST MATERIAL (LBM/FTeed) 000000
ooing ‘8i¢ T 7 ¢ " "BSERR ~ - STARDARD ERROR OF "THE SLOPE ’ Tt T T T T 000000 B T
~N01GO 84e ( SIGMA ~ STANDARD DIVIATION SIGMA 0o0oo0
T o100 8Ge Y d SLOPE <« LEAST SQUARE SLOPE OR HEATING RATE 000000
o100 ase < STATME « STARPT TIME FOR _CURVE FIT oo0gpo
ao100 are T ¢ SUM1 - SuM XtideY(l) '~ - N ‘godtoo T
po1on 8ge (« SUM2 - SUM X(1). 000000
00106 p9e C T SUM)3 - SUF YU1) ooGoo00
oo10n 9ne C ' SuM4 - SUM (X(1)ee2)



> O D

D

)

1,

{ ; — e e e - - e e e — — o
otToo 91e c SUMS = SUM (Y([)ee2) - 000000 -
00180 T §2e T C U UUTRUME T = TUSUH XTIy Yee2T T T - T T o T BRI T 1o [+ [+ [ A
noinn 93 T sun? - SUM X(I) » SUM Y(1) 000000

CHaifE T T e e T e TTTTSUNS = MPYTETRUNY TS TSUMET T T T T T T e e e e e ooooa0
00100 95e ¢ °  TEMP « TEMP( 41) CONTAINS SUMMED (OR AVERAGED) TEMPERATURES_ 000000
00100~ TT9EsT T € T T T TEMBUTZY CONTATNS THE YERPERATURES FOR SCAN | T - T 500000
00100 97e c TEMP( 43) CONTAINS THE TEMPERATURES FOR SCAN 2 oooono
00108~ " 9@ e T T TEHP U ,4) CONYATNS YHE TEMPERATURES FOR SCAN NSCN =T~ 77777 ggoopo”  C T T T
00100 99 C TEMP{ ,5) CONTAINS THE TEMPERATURES FOR SCAN NSCN 000000

“poran 100 ¢ . TEWPT ,6) CONTATNS THE TENMPERATURES JUSY READ FROM TAFPE 000000
00100 101e 4 TIM « SAVED TIMES FOR CURVE FIT 000000
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00107 125¢ ¢ ovago!
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00118 127¢ DATA LUIN/B/ 000001
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no11s 129¢ c INPUT SECTION 000001
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T O0ITY TTTTYTe T T READ (B, 1000 TITLEL ™™ T T T o e e 000001 -
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noz21A 157 LEDERR = 1 an0217
00211 -152e . WRITE (6,4003) - ] gooz22y
00213 153 7?0 CONTINUE 000227
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00217 i55e CREAD (5,1005)(YDDII)sI=1eNX) 000233
;00225 IS - WRITE 1652019)(yDpt 1Y pr=dynyky e e .__DDD24¢
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‘00250 163 WRITE (6.2095)(xx«l)-1-1.NX) .000321
00256 1820 ) WRITE (6:2006)(YY(J)sJmloNY) » N 000333
00256 1630 [d READ THERMOCOUPLE CHANNEL NUMBER ~AND 000333
00254 184 ¢ .. CORRESPONDING X=Y COORDINATES » e e 000333
00264 T4Se READ (S,1007) 01X, TY,NYCH{IX, 1Y) Nu] ,NTCLOC) 000348
. 0p27a 1660 ) WRITE{6,2007) o . e e . . _.0p03eS
00276 167e WRITE(6,2022) (JEQ,drImlaNY) 000372
00305 168 DO 40 I=1)NX —— . 000413
00310 169 WRITE (&y2D0BY T, (NTCHIT,J) yJdmisNY) 000413
00317 170e 40 CONTINUE —— ~ L R 000432
00317 1710 c "READ STAKRT STOP TIMES OR EVEMT LEVELS ~ 000432
0032} 172¢ 1OPT = JOPTL + | . L e 000432
00322 173 GD TO (5T,401,10PT 000435
00323 174e S0_READ (5,1003+END=690) TSTRTTSTOPsSTATME'NTHE I 000445
00331 175e IFINTSL<GT 01 WRTTE(6,2021) 000456
en 00334 176e __WRITE (4+2003)TSTRT, TSTOPsSTATHEoNTMF o 0004647
00342 177 60 70 70 000500
o 00343 _178e .60 READ (5,1004,END=,90)CESTRT,CESTOP ySTATME s NTHE i 000502
00351 179+ lF(NTSL-GT o) WRITE14,2021) 000513
00354 180 WRITE {4692004)CESTRTICESTOP,STATME,NTHE 0noS2Y g_g_
f0362 181 70 IF (NTHME<LEZNLS) GO T0 80 000536 -
00364 182e I = NLS e 5 i e . ODOSY42
T 0D03es . 183 7 WRITE (&2400231 e T N 000544 ‘§‘§"
00370 184 LCDERR = 1 000552 =
00371  TTiaGe an CONTINUOE ~ Lo T T - - - “000585 B
00372 185 IF _(LCDERR) 4,730 o 000555 )
00372 a7 T ~ T T T 000585 ;Ef‘
00372 188s  C  INITIALIZE AND DEFIHE CONSTANTS e : . ...0posss o P
00372 189 C 0005855 SIS
00375 190e ' CONG 2 RHO ® CP /24 . 000557
00376 - 191 CONL2 % RHO & Cp /7 17, - T pogsew T RGER—
00377 192 CON24 = BIGK e 24, 000567
640N " T I93e T T T {PAR T e O” T T IS T s e e+ 1,1 1 [ % 2 e
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00402 i95s LYEMP =t {NY*9) / 1D0) & NX & g - i} Topfs74 Tt
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00421 204e __1F_{PD(2)) 110s119, 000442
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00457 220 1E0F = 1 000737
00460 221 GO _TO 400 e e e 00074} o
00461 - 222e 180 CONTINUE ) 000743
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00464 225 170 IEVNT = TEMPINCCy6) + D5 ) . 0007s7
T O0%4T 224 IF (IEVNT=-{TESTRT+21) 180,190C, 120 T 000770
00M72 227 180 IF (JEVNT=(1ESTRT=2)) 120,190,190 000775 o
T opd72 T 228 T T € "STARTING TIME FouNg i i - - 000775
00475 229 190 DO 200 1*1,NCHS . 0ol003
605008 "  230e T T T U TEMPITL 1) = TEMPI1.+4) T T T T . ool010 T T e
_ basot 231 200 TEMP(I22) = TEMP(146) o 001011
00503 232e : TIME(2Y = TIME(T) ’ col01%
D0o504 233 NSCN = ) - B o . oplogé .
00805 234e IFINTMELLE,2 .OR-Tlne(l)-LT.sTATHE) G0 710 330 colo20
‘ 00507 235 NPT = NPT + | 001035
O gosio 234 CYIMORRTY B TISE(y T T e . 001040 -
- 00S11 237 DO 210 131, 001052
00519§ 238 210 TMP(T,,NRTY 3 Ny 601052
_ 00516 239 60 70 330 . . 001054
00817 240e 220 CONTINUE ) 001054
00520 241 L READ (LUIN-ERR-ZJH-ENDUl“O)TlNE(3).(TEMPII )2 Im14NCHSY 001056
T eb%27 T 282 T 77 60 YO 240 001073
_ 00530 243 __230 IPAR = IPAR + o ) o o B 001075
T 00531 244 "WRITE (4540097 00i077
00533 245e _ IF (1PAR=NPAR) 220,220,730 e e __botioY —
‘00536 2460 240 CONTINUE 3 goit12
00537 297 GO TO (250,240),10PT ool
00890 248 T 250 1F (TIME(3VY=TSTOP) 280,280,400 ~ ToTTTmoTm T e T goii21
00543 249 260 TEYNT = TEMPINCCs6) + o5 001126 .
T D054% 250 [F {TEVATSTTESTOP+2) ) 2704270,280 " TTe - T oo1137
nOS47 - 2576 - 270 IF (JEVHNT=CIESTOP-2)) 280,400,400 001144
C 00552 7 282 T 7T 280 TIME(ZY ® TThMEt3y T 0 ¢ T T T e T T mm e B N Y
0psSs) 253 NSCN = HSCN + | ' 001153
T OUSSY T TTZBGE T T UULR INSCHSZY 300, 530G T o e e 0011568
00557 256 DO 290 1=1,NCHS _ 001.165
T 005827 T 2Z5&e T 7 290 TENMPIUT,3) £ TEMPI[VE) T e T T e Tt T T e 0011665,
. 00544 257 300 CONTINIE ao1170
00585 ~ T 258 T DO 3{D I=14CHS “’ T © 001170 —
-pns7Tn 2598 TEMP{I 14) & TEMP(1,5) 001175
-oUsTU 2R " TEMPITZB) = TEMP([4+8) gptize "
__Dos72 241 310 TEMP(I,1) = TEMPULs1) + TEMP(1,6) . . 001200
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00574 262w xrcuTus.Lz.z OR.TIME(2)¢LT,STATME) GO TO 330 e ... OD1204 e .
00876 " 2838 T NPT = NPT + T - o - ol222 .
© 00577 264 DO 320 I®1sNCHS L N 3 e 0pl225
80602 2565 320 THP(T,NPTT = TEMPI1.,67  ~ - - 001235
00604 285 . YIMINPT) = TIME(2) - o . e DOl237 3 .
- 00405 2670 33D CONTINUE ) opl242
00606 268¢ ' - IFINOTH) ’ 1365 o o L e pOl242
60611 249 IF (LINES*LTEMP=-5S) 34p,3%p, 001244
- 6ob14 270 WRITE (692000)TITLELSTITLE? - 001251
‘6o0e2n 271 T LINES = 3 oot26%
. 6062y 272 340 CONTINUE e 001247
" 60622 273 WRITE (492013)TINE(2) 0012647
00625 274 ~ WRITE(4,2023) (JEQsJrJd=1sNY) . ) ) 001303
60634 . 275 LINES = LINES + LTEMP -001323
_ 60635 - 274e DO 3460 I=lNX _ 0013235
00640  277e DO 350 J4=l,NY 091335
_ 00643 27Be . _NN = NTCH(I,J4) e e 001335
00644 279 35p0 WORD(J) = TEMP(NN,6) cat3zeé
00646  280e _WRITE (6.2010)1.(WGRD(J)-J-l,NY) . e onl3s2
00655 2871 360 CONTINUE 001363
00457 282 365 CONTINUE - o L ] . 001363
00657 283 c - 001363
D057 _ . 284s  Cc DO ERROR ANALYSIS IF *NTME’ POINTS HAVE BEEN SAVED - - 001363
00457  285e c . 001343
00660 = 288e .- “1£LNI"E'L5'€:2.~ﬂ TsLTLNTHE) GO TO 220 R . 001363
80662  287e IF (LINES+2«(TEMP-59) 370,370, 001400
.. 00665 288 LINES = 3 _ gole06
00666 289 WRITE (402000)TITLELWTITLER 00t%10
wy P0672 2908 370 WRITE (49201SINPT, TIMU1) s TIMINPT) 001424
} 00677 291 LINES = LINES + 2 & LTEMP o 3 0014)%
~g 20790 292e . CALL ERRFIT(S395) - o e e e 0p1442 —
20700 293 c . onleas2 -
9n700 294e C OUTPUT HEATING RATE = QDOT AND PERCENT ERROR = ERR onies2
90700 295 _ c ’ ' 001442
90701 294e WRITE(6,2002) e . oD1445
90703 297 WRITE(6,2023) (JEQeJsd=ishYy) 001452
90712~ 298e DO 380 I=1yNX: L N o : _ - 001508
0718 299 WRITE (45201001, (qdnT{1,Jdr g2l NY) - 001505
po724 30ne 380 CONTINUE e 001524
080724 301 WRITE (6+2016) 001524
80730 302e WRITE(6,2023) (JEQsJsJd=1sNY) _ e 001531
T on737 - 303 00 390 1=1sNX ) R T 001552 .
00742 304e WRITE (45201001, (ERRUI J)sdmi,NY) ) 001582
00751 305+ 390 CONTINUE e 001572
00753 304 395 CONTINUE 001572 .
TpO7sw 307 YIM(TY = TIMINPYY ~ —~ T T T - 001572
0075s apae DO 396 1 = 1, NCHS . 001606
007647 309 T T 396 THRIT,1T ‘®TTHPUT, NP TY ST o T . T TTTTTTTTTT 601 608 -
00762 .. 310 NPT = | 001610
00763 T 3TTe GO T0 Z207 T oo T - B goie12” - e
;00763 ' 312e (4 : 001612
o076 (D) 4 THE TINE SLTCE HAS REEN TOMPLETED DR m"‘ez‘ TOFF r‘!ts"ENc UNTERED 001612
1 D0763 314¢ c = —— . potet2
00764 TUI{Re T '*@Bﬁ”fﬁﬁ?JNue : ‘ ‘Botetd T
00765 3160 IF(NTMESLE2.0ReNPT.LT43) GO TO 440 ; 001814 °
‘00767 “5t7e IF (LINES+2¢LTEMP-59) 410,, - 001631 - ’
#00772 318e WRITE (AuZﬂUD)TlTLEi:TlTLEZ 0016237
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- 00779____‘_319( ... 410 CONTINUE e e i 001653 _
. 00777 320 WRITE T8 2018V NPT, TIMTTI W T ININPT)” 001653 ~
1004 321 TF (NPTSLT(NTHE) wRITE (64,2017) 001664
o 61004 322¢ € o T 0016649
: 01004 323 c COMPUTE AND PRINT LGsr SQUARES HEATING RATE (QDOT) AND PERCENT o 001664
01004 T 324e T ¢ 7 TTERROR (FRR) T ST o - 001664
. 01007 325+ CALL ERRFIT(S440) - e e, OD1676 e
61010~ 328+ T T 77 TERITE(S,2002y T T oo oo T e o ool701
01012 327 WRITE(6,2023) {JEQegrdelsNY) opl706
- 01021 328 DO 420 I=1,nNX - - o017 41
01024 329 WRITE (6-2010)!.KQDOT(I J)'Jtl NY) ~ L 001741
B IGEE) 330e 420 CONTINUE T ) - 001760
N 01035 331 WRITE (4,2016) ~ ‘ e L 001760
01037 T 332e WRITE(6,2023) (JEQsJoJ=TanyYs ’ 001745
_ 01046 333 DO 430 [=1,NX 002006
- 01051 Iine WRITE (6:2010)1.(ERR(! JFvJeiyNY) 002006
. D1060 33se 430 CONTINUE - i ___002026
01060 334 [4 T ~ 002026
- 01062 337 440 CONTINUE 002026
< T01083 338e IF INSCN=3717880,, ~ 7 7 77T 7 LT T T o0n2026 .
01046 339 NTSL = MTSL + | 002031
~ T 01067 Jufie LINES = 1000 - 002045
0in7n 41e WRITE (4220000 TITLELsTITLE2 0n2047 }
01074 357 WRITE (42200iBINSTN,TINE(TT, TIMET2Y ~ 7~~~ o 002064
-~ 01101 343e WRITE(6,2023) (JEQoJrJd=)sNY) 002074
061110 I4qe DO 460 I1=fy4NX - 002122
01113 345¢ DO 450 Jel,MNY op2122
011164 346 NN = NTCRUTJ) 002122
01117 347e TEMPINN,1) = TEMP(NNy»1) / NSCN 002323
o120 348> G50 WORD(J) = TEMP(NN,1) 0p2127
! ni122 3q9e WRITE (61201001, (WORD(J)sJ=1 NY) o 002131
00 nii31 350 440 CONTINUE ToT T 002155
01131 3ste c ap2155
01131 352e C PROCESS LATERAL HEAT L0SS IN XK=DIRECTION (EQUATION 37 002155
01131 3s3e C o e L N 002155
Te1133 354e DO 4F0 rEIGNX T T T ’ 002155
01138 355 DO 470 J=lNY o o 002155
011491 384 WXCIJ) &g T - oo T 002155
_01142 357 QY(1sJ) = QO ~ 002155 O~
01143 k1 4.7 970 QOOT(IHJY =70, o T 002158 17253
’ 01146  359e B IF (NX=2) 530,530, . o o _ ~ ~ B . DO2164 2 55
o181 380 77 IpD = i cooTmT T T o T 002170 _”‘]S?"a“'
. 01152 - 38ts - DO 510 .J%LaNY o o o B 002175 & 457
01185 “362¢ T 7 1Goob = 0 oo } Tt i T 002175 ‘“"éf""‘
01156 363 1F(JyGT,1YDD) (DD = 2 : 002176.
01160 354 i =70 ) - 002205 j}f“““‘
01161 345e LN 5 B & T B _ o e 002207 >
01182 kT YY) TF (11+2=0x7 7, 78Th DG2211 Gg’ e
1165 367 NNi= NTCH{T1,J) 002215 .
01186 369 TF (NNLITEBO. 48D, — 7 " T T e s e - 602222 *Ql - -
S01171 3490 2 = I PR 002224
01172 379+ 995 12 = 127% 1° T - - T T A TTTTTT@222 T D -
01173 371se IF (12*1-Nx) y1510 onz2231
OTTTE — 373%™ 7 "77TTTT NN2 o NYCAUIZ,g7T -t Jat e o T 6oR23% T -
01177 373 IF (NN2) 490,490, . - -Do242 -
01202 7TXRe TTTTT T f3 s 12 T c 002244 T
01203 375e 5n0 13 = 13 + 1| X 002247
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01344 432s e

002615

. <ropat TR
) nlzne S 2L S | 2 (lJfo‘ 19510 - e R o 0p2251
D1207 T 377 NN3 = NTCH(I3.J) 0p2254
_D121n 378 IF_(NN3) 500,500, . 002262
01213 379 1GooD = 1GODD + | 002264
01219 3s0e QX112,J) = CON24 e DOUIDD) / (xX{13) = xx{y1)) e ®_LITEMPINN2,1) = 002267
ni21y isye . TEMP(NRIL 1) /7 {Xx(g2) = XX{11)) - (TEHP(NNB’II - go2267
. D1218  3B2e e . TEMPANN2,1))/ (XX(I3) = xxgxzuz e e —. 002267
012918 383 QX(I3,0) = QXi12v4) 0n2322
01214 . . 384e 1F(1GOO0DEQel) gxt11sd) = gx(12,J) 002323
nt220 38% ‘IF ({3eNX) ,510,510 ; 002337
ni223 3840 NNl s NNZ . 002343
01224 - 387e “NNZ ® NN3 002345
. 01228 388 11 = 12 ~ 002347
TH1226 . 389 . 127e 13" .0022351
01227 396 GO TO 500 <. 002353
01230 39t 510 CONTINUE 002356
01232 392 WRITE (622009) 002356
‘01234 T 393s T T WRTTE(E,2023) (ijonJ-lvﬂv) 002363
01243 394 DO 520 1w ,NX L L . __.boz2407
O12% 395 T T TWRITE (6-2010)x.(axc!.J:.J-|.~vl 002407
.. 01288 396 520 CONTINUE _ . 002427
01257 397 S30 CONTINUE 002427
01257 3%8s ¢ - o o e 0OD2427
01257 399 c PROCESS LATERAL HEAT UGSS IN Y-DIRECTigN 002427
01287 . %00 _ c - o R 002427
012460 - #0%e IFINY=2) 830,830, . 002427
01243 802s DO 610 I=],NX 002446
812686 403 -~ 1G00D = 0 002446
01267 - 404 .. 10D = § - 002447 _
U1 91270 40%e Ji = 0 002451
q;gzj _A06e . Sup Ji = J] + 1 e 002453
81272 in7e TIF 1Ji+2=NY) 4,610 ; 002455
01278 408 ) NNi = NTCH(IsJ1) : 00246}
D1274 40%e IF (NNI) 5‘90.5‘00. ’ i " 002466
01301 4108 - J2 w JL. e ) - 002470
01302 §11e §5p J2 = J2 ¢ | R . 002473
05303~ 4j2e IF _(J2¢1=NY) 4,610 ) 002475
01366 7 THI3e T T UNNZ Tm NTCHT1U2) T T R e e N 002501
01307 414 IF _(NN2) 550,550, 002506
01312 415e . J3 = gz 002510
031313 Y416 560 J3 & J3 + | e o L 002513
0131y 417 IF 1J3=HY) ,,610 002515 -
01317 418e NN3 = N?CH(I:JJ) 002520
01320 A19e T T IF INN3) T 560,580 T T o 002525
. 01323 42ne 16000 = 1GOOD '+ | 002527 .
BTEYD) §21e TTTTTTIF 1J2-1Y0DT 4,580,670 T 002532 o
01327 4220 : 1F (J3=1YDD) 575,575,580 ] 002536
01337 §23s " T 77 87q IF (02« (TYDD+1)) 6905905 T T T T T e e e e 0025%4 -
01338 4248 . _1F 1J1=1YDD) 590,590, - 002550
TO184D T TuR8e T T ibp e 2 n T ‘ T : : T o D028
woiaqx 426 575 QY{1,J2) = CON24 = DD(IDD) / (YY(J3) = YYigl)} o ({TEMPINNZ,1) = 002557
BE: LY §27e¢ . CTYERPTANT JTTV77 (YYTI2T YY1 1Y = (TENPINNI,T) = T Tooz2ssT - "
"013“1,_m”¢251h i L. TEMPANN2,1)) o/ (YY(J3) - '!}93&11”_,“ S S, 002557
501342 429%" GO To 6006 : L 002612 T )
01943 430e 580 YYD = YDD(I) o 002614
O 344 T T gare T QY1 eJ2) = CoN24 e obtl) 7 LYYLJII=YY(J1)T & ((TEWP(NN2,IT =" . 002815 T
TEMP(NN!.T!) 7 RYYUJ2)=YY(J1)) ~ DDIZ2)a(TEMPUNN3, 1) =
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.~ e B
g et
01344 4338 . renp«nnz 11} / (DD(2Ye(¥YD - YY(J2)) + pD(1)elYy(J3} 002615
01344~ q3ge T T gt g YYDT“T“‘“ T T e - T 0025615
01345 435e GD TO 6NN 002454
) 01344 436 590 YYD = YoO{T? TTTmre T 002656
01347 437 0Y(1sJ2) = CON24 » DD(2) / (YY(JB)-YY(Jl)) ¢ (DD(1)S(TEMP(NNZ2,s])) = 002657
) njiii‘“”‘qsii""*‘“‘““". TTEMPUNNT,, T /(BB ZISIYYD STV (JITY F oD Uiy e VY (J2T s 002657
, . 01347 439e YYD)) - (VEMP(NN3,1) = TEMP(NN2,1)) JotYY(Jdad=YveJ2iy) 002657
" Bi350 44n0e T D0 QY(I-J3) YT, J) . 002717
31351 441 IF{1GOODEQel) QY(I,J1) = gy(1,42) 002726
) 01353 4520 IF (J3=-HY) ,810,610 002743
01354 443e NNI = NN2 oc2747
01357 [T NN2 = NN3 R 002751
031360 4450 Jl = g2 . 002783
01361 488 J2 % J3 = 002785
01362 4q7%e GO YO 560 0027%7
) 01343 Has8e 610 CONTINUE , 002762
01368 459¢ WRITE (642011} 002742
~ o134 e ““‘"‘”'“*"i‘tzri'Yﬁ!ST'lJEq.Jf”‘T”ﬂv) o 00747
y o 01376 451 DO 620 I1=],NX X 0o3oi7 :
GITLTE §52¢ WRITE (& 20T0TT, 1Y (T, 3T sdmT, ,NYT ™ = co¥oi”’
0i%10 53¢ 620 CONTINUE 003037
01412 454 630 CONTINUE 003037
01412 455 c 003037
01412 LI 4 COMPUTE @ (ARRAY ERR IS USED) [F QX AND QY NOT BOYH ZERO 003037
X 01812 5576 4 : v - . 003037
LELE B L1311 FAC & 'CONS 7 (VIRET2T = TIMECIVY & {RSEN=T1 7 (NSCTN=2Z] T00Y037
01414 459¢ DO 450 =] 4NX 033072
0181 LY. 0D = | —o03072
. 01820 H4te DO 450 J'lz“Y 003076
1 OTAZY §67+ FCJ GT-TYDOT (060 = 2 ; 003074
; 1. pye2s 463e NN = NTCHU],J) ’ 003105
! OTHTE LYY ERRUTJ7 & T, 603118
O 01427 4465 IF (NN) 6504450, 003)11}
; 01%32 L 1Y L ERRUT, ) . E "¥) = TERPINN, 2T = oo3TTY
01432 4470 . TEMP(NN»3)) 003188
“OI%3y §8e B I ] ’ Py [ 7 0031 2%
01836 459e IF (QY([sJ)) 64D,6504640 003326
TN ¥70e 646" CONYINUE - T GLE 3 B
01442 471 QDOT(I+d) = ERRII,J) + QKX{[,u) + QY(1,4) 003131 o
. OTERY T RY%e T QDOTYHNTT VI ™™ GOOTHRETIJT ¥ §UOTVI ) 0a31y% {E}:U
T 01448 473e 450 CONTINUE . 003143 ) =
TOTRRY T YRS T TWRITE A 2Z0TY) T T e T [LEYEEN ?g‘
0148 475 WRITE(4,2023) (JEQsJrJdulaNY) 003350
* TTOTHED  §TES T T T OO &0 {#1,AX T e “’ 003171~ ¥
01463 477 WRITE (69201011 ,(eRR(1 UV syml NY) o0M7L . .
01972 478 8§60 CONTINUE : 0a3zi0 ‘8"8—
01474 479e WRITE (42012} 003210
TOTHTETTTTYURGS T T T T WRITETS, 2023 LIEQ Sy IS Ty NYY T T 603215
01505 481 DO 670 I=1,MX 003236 =
TOIS10. T 483 T T T WRITE T (RYZO0I0T 1, (GDDTHT, IT s TEl jNYY T 003234 ‘Ea
: 01517 483e 670 CONTINUE 003256
0182 LI €0 IF (TEOFY 34890 003254
L 01524 4s5e GO TO (50,60),10PT 003260
B e T T R 88 10 Abal o .. e -
01524 4876 ¢ COMPUTE AND PRINT MEANS OF MEAHN HEATING RATESe ~ 0D3260 -
~01829 7T HgAe T T e T T o e - 03240 - o
48%e 490 CONTINUE :

003270




AT e T jl : g ;

L WRITE (69200M)TITLEL:TITLEZ 7 ) o N 003270 o .

ni52s 49ns
D1832 7 T @9fe WRITE (56120200NTSL ~ T T T T T 003302
..n1835 492 WRITE(6,2023) (JEQsJ3JmlanY) ; X 003317
01544 493 IF (NTSL) 730,730, 003337
_D1547 49ae v DO 710 1=} ,NX ; o e 003342
015852 . "498s ~ DO 700 J=1,NY o - T T T 003354
.. D1555 495 700 QDOTMM(IsJ) = QDOTMMUI,J) / NTSL 003354
n1557 497 WRITE (6:+2010711,(Q00THMIT ) susisNY) 003357
01566 . 499e 710 CONTINUE ; 003401
01570 499 - 720 CALL EXIT ' 003401 .
. 01570 500e c . o ) 00340! )
01571, Spte 730 CALL CMERR ) . j 003404
. oisn 502¢ ¢ . T 00340%
01571 " 503e 3 FORMAT STATEMENTS - 00340%
81871 504e c . ) 003404
01572 508 1000 FORNAT (12A%) ' colea?
01873 506 1001 FORMATI(SFI0+3,213) - 003eQ?7
01574 50%e 1002 FORMAT (7157 : : oo3ee7
01878 S508e 1003 FORMAT(3F10e3,15) ° - ' C 003407
01574 "50%¢ T 1004 FORMATUZFIOSO,FIO.3,15) — —~ ’ 003407
-~ 01877 518 1005 FORMAT (5F10,.3) : e . 003407
01400 Site 1007 FORMAY (5(213,14)) ~ o03%07
01601 S512e 1008 FORMAT(1SXAS) o . 003407
01402 ~813% T T Z000 FORMATY (THAI/T6X,12A&47T6X»T2A8) B oo3%o0?
01603 Si4e 2001 FORMAT(1HOs15X,"MASS DENSITY OF TEST MATERIAL (RHO) = ,Fl2.4 003407
T OTE037 TEYseT T T T T TR, VEPECTFIC HEAT OF TEST MATERIAL TCP) @V ,F12.4 - . 003407
_ 01603 5149 . / 16X+ *THERMAL CONDUCTIVITY - (BIGK) = ,F12,.4 ) 003407
‘01603 Sivs . »SXs *THICKNESYS OF TEST MATERTAL (0DT) =¥ ,Fiz,. 9 003%aY
L1 01603 S1ge . / 16X 'THICKNESS OF TEST MATERIAL (DD2) ®*,F12.,4 00407
1 01603 819 T T, 15X YNUNBER OF X<COORDINATES INK)y =v,T12 —_oo3%oY
Pt 01603 5200 ‘ . / 16X3'NUMRER OF Y=-COORDINATES INY) =0,112 003407
s 07603 ~ 527e TR i T oedvay
01404 522e 2002 FORMATI 16X "NUMBER OF CHANNELS ON TAPE (NCHS) ®»v,112 ooisg?
01604 523 . 15Xy "COMMAND CHANNEL NUMBER (NTT) =¥,T12 003407
01604 S24e . / 16Xs*TIME INTERVAL OR EVENT CODE (IOPT1) smsv,112 003%07
01804 528 TN +5Xs "ACCEPTABLE NOs OF PARITIES INPAR) =7,T12 i 003807
014604  S2pe . ./ 16X+*TIME HISTORY TAB OPTION INOTH) =9,112 003807
T oTeOw T T TN LT ’ 003807
01608 528e 2003 FORMAT(IHO 915X s*START TIME 39,F10e3," STOP TIWE w®,Fi0el / 003407
TOTE05 T SI¥S T T T T8N, TLEAST SWUARES START TINE =V F 107" NU OF #OINTS FOR '» 003%07
01405 S3pe « "LEAST SQUARES COMPUTATIONS (NTME) =*,11g) 003%07
"urcnx“”*fssrf"“’“*zunﬁ*ruiixYTTHUTrsx7TtbRHIN§“E7tWT'STIKT“CEVEI“:TTFTZTITEIT?STEF CEVELS 003407 <
01606 532e es? ', F12e84/ o03407
T oT808 T BYIS T T T T T UTEX Sy YLEAST SQUARES STARY TIME #ViFT0.3,Y " NOU OF POTNTS FOR Yo “003%07
01406 534e o 'LEAST SQUARES COMPUTATIONS (NTME) =t,11qg) 003407 .
. N O TES e V(721K TOFTULITT 003807
olée1n S3se 2006 FORMAT (IHO«ISX,*Y=COORDINATES see?®(/2i{X,10F10,3)) 003407
TOTSIT T TTBIYE T 72007 FORMAT (THUGISX, Y [NPUT TAPE CAKNNEL "NUNBERS el T - 003507
01612 S3se 2008 FORMAT (1H ,15X,°1 = *,12,101104(/22X,10110)) 003407
T OTAIY S3I9ETT TTT200Y FORMATUTRUGIOX; YREAN” LATERAC HEAT LOSS TN X=DTRECTTON S+%vF — =" = — -~~~ ppyggyr——— —— ——————
1201614 S4ne 2010 FORMAT (1H 45Xs*1 =%413,10F10e3/012Xy10F10,37)) 003407
fﬁTtTF‘“‘“S#T?‘“—“*'YUTT”?ﬁﬁﬁITTFHUTTUTTTHErH*tTTERTI*Tﬁnﬁ”tﬁSS“Tﬂ_T=vTFEITTUN eeeV) T 003%N07
1001616 542e 2012 FORMAT(]1HOs 10X *MEAN HEATING RATE ¢ee?) ' 003407
01817 Sﬁ!?”“”““”YUTS“?DhRKT"TTHU-TUi.‘?TMG"?“'T?TETI77TT271éUﬁRENT*TEHPERITUHE R N i 1 : L 1 b A
201620 © S4se . 2014 FORMAT(1HO+10X ¢ *MEAN HEAT FLUX WITHOUT CONDUCTION CORRECTION essst?) - ‘003407 -
701621 " 5F5& 777 7015 FORMAT TTROVIOK, "LINEAR COURVE FIT USING ¢3 i3y POINTSe ~TIME =%, — ° "=~ "=~ gg¥gg?" -~ =

501621 S4se _wF10e3,4% TO'4F1043,* SEC')

003407




,}
£ L
01622 547 2014 FORMAT (1HO»10X,*PERCENT STANDARD ERROR s¢,') 003407 .
0623 TUBURY T T 2017 FORMAY TTH¥,TBY,Vees FEWER POINTS THAN REQUESTED ®eé¥) — = = == = = g9%§o7y "~ ——
01624 549 2018 FORMAT(1HO»10X,*TEMPERATURES AVERAGED OVER*,I5,* POINTSe TIME INv 003407 i
01625% BEO# «» VTERVAL PROCESSED " FI0e3,7 TOV ,FI0e3,% SECY)  ~ < 003407
01625 551 2019 FORMAT(IHO»ISX?Y~COORDINATES OF THICKNESS DIFFERENCE JUNCTIONocc* c03so?
016287 "T85 « s (/721X 1OFT0, 37} - 003407
01626 553 2020 FORMAT(IHO 10Xy *MEANS OF MEAN HEATING RATES FOR's13,° TIME PERIOD? 003407
‘016287 55Fe T 3 'Sece V) ’ 003407
01627 5§55 2021 FORMATIIM]) 003407
014630 33 7022 FORMAT oo3«o0?
014630 557e ol 2BX,A3312,5X,A3, lz.Sx.AJ.xz.sx-As.12.5x.A3.12.SX.A3.12.5x.a3nIZ. 003407
01630 558 e5X A T12+15X s A3912,6%1A3,12) [LELT L
01631 559 2023 FORMAT 003407
T 018317 T B5epe T o C 17X,A3:1T2,3% .“AJ‘_““xz-Sx‘:U‘.lz.sx.u.lz.sx.AJ.Iz.SX.AJ.xZ-Sx A3vi2, 003407
01631 Séte eSXaAy1215X9A3912,5X1A3,12) 003407
T 01632 Séde 4001 FORMAT(1X,'0es ERROR = NX OR NY I3 BAD?J GLRETK
01633 5630 4002 FORMAT(1X:"%e¢ ERROR = NTME IS LARGER THAN *s13) 033407
T Y S L MR Y YT 4003 FORMAT(IXs¥%s® ERROR = TOO MANY CTHANNELSY) 003407
01635 565 4004 FORMAT(IHO»INX,%s & & PARITY ERROR RECORD DELETED o * o') 003407 ’
018346 — Saés . T4DDS FORMATTTHUS 10X, YEND OF FILE ENCOUNTERED ON URTY ¥, 72+" PROCESSING? 003407
01636 547 s3? OF ACCUMULATED DATA WILL BE ATTEMPTED.') 003407
01636 S68e [4 003407
014634 549 Cosdosnctanesssstasne (I X XA 2 R A R R R X Y P T T PR T RS Y YT T 7 Y 003407
01836 (37,0 Ce00attteeteesttsiicsitstetsnsividantndssssstataiatedstedonssvtissstosisse T 003407
01636 57%e C 003407
Di&3y7 572 T T SUBROUTTNE ERRFIT(S) — o 003407
01637 573 C 003497
23 L% ¥4 5T¥e C SUSROUT OMP HEA 003807
Ul 01637 575e (4 INTERVAL OF DATA TO A FIRST DEGREE POLYNOMIAL AND TO COMPUTE 003407
) OT837 57&% (4 TRE STANDARD AND PERCENT ERROR OF THIS HEATING RATE. 003807
01637 577 ¢ ) aga3no? .
(\©] : TF TNPYLTESZT GO YO 999 003407
1842 579 4 003407
TOTERY 588 e SUNZ & 0.0 00341%
01645 581 4 SUMY = 0.0 . 003416
- ] TTTTTTTTDO 125 M ® OTLNPTY T T T 003%4é
0144s S83e C SUM x(I) 003446
“OIEST S8%es TSUNZ ® SUMZUEYTRINY T T T o - - 003844
01651 585e c SUM (X{1})ee2) 003446
01652 11.7.1J SUNY & SUMA " F YIR(MY®&2 - - 003451
01453 s8ve 125 CONTINUE . 003456
TOIESY T TSEReT T T UTTUTUUSUM X{T) Fee2” T N T T T T T e e e 603456 i
D36S5 S89e SUME = SUM2ee2 : 003456
T OYESE TR T T T UTTUSUMB & NPT OSUNE = TSUME T T e B e § T+ & Y 11
n1656 591 c 003440 .
TOTESY TR ¥ e T T BR300 ¥ THNX “_' - 00349649
n1642 593 DO 2N0 J = 1,NY N 003513
T OTEEsT L o T T T G35 13 —
014846 595% IF{JeGT+1YDD) 1DD = 2 003515
oT&E7n” TTE¥ge T w TeJ) 7T T T s e e e 101 1-¥ . B
-D1671 597 IF (MNeLE<N) GO To 175 003526
T OY8YY T SYEe T CTJUMT EDLRD O T e T T T ‘0UISIZ
1 01474 5990 SUM3 = Q.0 ) 0035234
wIers” T URpnw e e SUNS ® 1.0 LT T T T e T . T I go3sysT T e
;01676 801 DO 150 M = | NPT : 03545 ‘
S OTEYE TTTRO2E T T ¢ TUUSUM Yilyevy(l) T e o T R - o 063588 T e
01701 403e SUM) = SUMI + TIM(M) » TMP{NNsM?} 003545




s

e i S e - S
DI701__ 604w SUM YT} ' 003545 -
01702 " Tep8e T SUMI = sUnZ & TMR{NN,HY T T LT T o T 003582 7 )
. oir02 bnse SUM (YElles2) o ) s 003552
01703 607+ SUNS & SUME 3 THP(NN,M)ee2 : 003555
DLyn4 ___énBe 150 CONTINUF S A R o 003562 _
n1704 409 QUH X{T) « SUM Y1) 003562
01708 sine SUMT & SUM2 & SyM3 I 003582
0t70s bite SLOPE - 003562
N1707 . 612e SLOPE = (NPY s SUMi = SUM7) / SUMS 003544
01707 6130 SIGMA 003544
01710 é149 SIGMA = 100 / NPT ¢ S_PE_LKL' sq_rgs_- SUM3se2 003573
n1710 415 1 < UNPT 8 'SUNI = §UR7Tew2 7 SURE) 003873
01710 6159 ..__. STANDARD ERROR_ -~ . . - 003573
01711 e17¢ SERR = NPT o SIGHA / SQRTUINAT=2) e SUM8) [TEOIE]
01711 b1ae PERCENT ERROR 003612
01712 19 ERR(1,J) = SERR 7 SLOPE * [00+0 003618
01712 6200 __ ___HEATING RATE o 003619
01713 621 RDOT(15J7 "= CONTZ *» OD(TDOD) & SLOPE 003621
C0171e 6220 GO 7o 200 o 003624
01718 623e 178 ERRT1,J) '# 0.0 003630
01716 4240 QDOTEl+J) = 0o . 003630
T o177 625¢ 200 CONTIRUE . 003636
‘01722 6240 RETURN - 003636
01722 7 827s LT o - 003636
01723 6280 s ERITT 1649999) 003642
T 01725877 E29e 9%y FokERar T (THO, 1ox.?iﬁd'fti“ETNTs““VIiLAsLE FOR CURVE FIT+7) LEYE)
01724 6306 . RETURY 1 o _ 003646
01725 631¢ » 003646
01727 . _432¢ END —— —_ - 003716
u_1 hY
'
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ATTACHMENT 6

SAMPLE INPUT
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(TO BE SUPPLIED LATER)
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ATTACHMENT 7

SAMPLE OUTPUT



(TO BE SUPPLIED LATER)
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JSC COMPUTER PROGRAM ABSTRACT

01 4 0t 7 PROGRAM NO 01 14 DATE (MMDDYY)

HALINMIGAL A8 O3131dWECD 38 L5TTN WHOS SIH.

ISC [ qe14 1-21-75
0120 TITLE OF PROGRAM (62 CHARACYTERS MAXIMUM) 01 72 SYMBDUIC NAME
SURFACE HEATING RATE OF THIN Maxmom e PAROEZN,TGZ,"TOEGS: 'f._,
SKIN MODELS THNSKN CATEGORY PROGRAM NO
02 26 02 27 02 a2 02 37 KEY WORDS (8 MAXIMUM SEPARATED BY COMMAS)
EATny [-aounce|Lavcuace ] Arc Jet, Heat Rate, Thin Skin, Thermocouples
FOR
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WHOM TO CONTACT ABOUT THE PROGRAM 0% 48 STATUS 05 49
A, THIS PROGRAM
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08 heating rate models. Output is printed in tabular |
09 form and consists of time history tabulation of |
10 temperatures, average temperatures, heat los: ]
L without conduction correction, mean heating rate, |
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OPTIONAL FORM NO. 10
MAY 1982 EDITION
@BA FPMR (41 CFR) 101-11.8 C-..

gl oty X _!m ﬁ e
UNITED STATES GOVERNMENT Hon and Anslyds fekion

w4 . -
r.-.:A ELOYIeu r‘3?.c9‘- e d C

o Memorandum B T Tiose

TO ! LEC/Manager, Test Data Reduction DATE: October 27, 1969
Department, 672-10

S.

: In reply refer to:
FROM  : ED5/Acting Chief, Data Processing Branch 11-69-622

SUBJECT: Requirements for a Thin Skin Tran51ent Heating Rate Model
Program

Programing support is required to develop a program to compute
heating rates of thin skin transient heating rate models.

This program will be developed for the Experimental Heat Trans-
fer Section of the Structures and Mechanics Division. The
program will be used to support definition of the aerothermo-
dynamic design of the MSC space shuttle vehicle.

It is necessary that the program, specified by the attached
requirements document, be operation by October 31, 1969. Pre-
liminary requirements have been reviewed by Dr. Carl D. Scott,
project engineer, and forwarded to Mrs. Yvonne Chempinski.
Work on this task should be charged-to project number 4556.

) For further information, please contact Mr. E. 0. Grice,

{ ‘ extension 5533.

Enclosure

ce:
ES56/Dr. C. D. Scott

ED57:E0Grice(LEC:JMRandal) :dde 10-27-69




H
. I
: {

f . - ‘ DATA PROCESSING REQUIREMENTS
/ C for a .
THIN SKIN TRANSIENT HEATING RATE MODEL PROGRAM

i | -

ﬁ Vel

k Prepared by: R / 4// prl o

! ToM, Randal R0 AL7 69

f (EEC Requirements & Analysis

f "

' ” Approved by:

g

-

§

5 ‘ o ' E R O

g Concurrence by: €0 Nwe ¢

3 . E. 0. Grice /o/>3/uv

| CAD Requirements & Analysis

Vs A 7

/ bl i T e
(ol 2
Concurrerce by: ¥ N 2
carl Do Scott - /')'."' ‘:.41 'L';
Experimental Heat Transfer Section
£
e




Seasee

II

PROJECT DISCUSSION ':2

VY
3¢

The Experimental' eat Transfer Section of the Structures and

Mechanics Division has requirements for a digital computer

" program to compute heating rates of thin skin transient heat-

ing rate models. These models will be tested in either the

1.5 Megawatt or the 10 Megawatt Arc-Heater facility. The tests
in which such models will be used will be directly related to
current MSC space shuttle vehicle activities. The program out-
puts'uill be used to support definition of the sercthermodynamic

‘design of the MSC space shuttle vehicle configuration.

TEST CONFIGURATION

The thin skin transient heating rate models will 50 constructed
with & thin metal skin. Thermocouple instrumentation will be
attached to the back side of the skin in rectangular arrays and
used to measure temperature. When these models arw: subjected
to a non-uniform constant heat flux by the arc-heaver equipment,
the surface temperature of the skin will increase sccording to
the laws of heat conduction and capacitance. The skin will be
sufficiently thin so that the temperature gradient normal to
the skin will be negligible, Therefore, it will be assumed
that the thermocouples attached to the back surface actually

measure the temperature of the skin at each locaticn.

The analog signals output by the thermocouple array will be
digitized by use of either the 160 channel data acquisition
system located in Building 222 or the 50 channel data acquisition
located in Building 262. The digital data tape output by either

. of these systems will be compatible with the CAD UNIVAC 1108 digital

computer system. The existing EHTSO3 (Q566) program will be used
to calibrate the experimental data in engineering units and out-
put a data tape for input to the required thin skin transient
heating rate model program. See Figure 1 for a diagram of the
data flow and test configuration.” ’

8-4
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DATA PROCESSING REQUIREMENTS

* The hardware required to accomplish the data processing task

will be the UNIVAC 1108 digital computer. The software re-
quired will be the existing EHTSO3 (Q566) program and the
Thin Skin Transient: Heating Raté Model Program specified in
pppendix A. |

The data proéeSSing‘procodqre will consist of the steps listed

‘below: .

" 1. The project engineer will have the data tape and the
lead card input for the EHTS03 program delivered to
the test data soordinator in Room 228 of Building 12,

2. The data coordinator will issue instructions for
computer proceasing and notify the project engineer
when the processing is complete.

3. The project engineer will review the EHTSO03 data and
provide lead card setups for the thin skin transient
heating rate model program.

L. The data coordinator will issue instructions for

| oompuier processing and notify the project engineer
when the processing is complete.

TECHNICAL REFERENCES

1. Memo: ESS/9—24(9)/249M, Memorandum to: ED/Chief, Computation .
and Analysis Division; from: ES/Chief, Structures and Mechanics
Division; Subject: Requirements for a computer program to

- calculate heating rates using thin skin models.

2. Program Doéumentatioh, Experimental Heat Transfor Data Reduction
. Package #3 (EHTSO3), Program Q566, Project 4556, August 1969,

8-6
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APPENDIX A

PROGRAMING SPECIFICATIQN
for

THIN SKIN TRANSIENT HEATING RATE MODEL PROGRAM

PURPOSE

The purpose of this program will be to compute the heating rate

‘at each of a number of locations on the surface -of thin skin

transient heating rate models. Experimental data, calibrated in

'engineering.units, will be obtained from the ABEL tape output by

the EHTSO3 computer program. The program output will consist of
time history tabulations of computed data with options for input
and intermediate computation tabulations.

INPUT

The program inputs will be the ABEL time history data tape output
by the EHTSO3 program and the lead curd inputs necessary to specify
computationhl constants, input data channels, command channels, op-
tions, and command event levels. The magnetic input data tape will
consist of FORTRAN written data records in a single data file. The
first data word in each record will be the time word.” The remaining
words will be the data channel words ordered by channel number. The

tape will be written with 800 bit per inch density and odd parity using

the UNIVAC 1108 computer.

The lead card inputs will include, but not be limited to, the
following items. The exact card formats will be determined by the
programer.

1. Two cards, each containing &t least sixty column Plphaﬁmneric
entries will beused to idenitify the data contained in the
output tabulation. This input will appear in the title
ofvégch page of the tabulation.



o o
K .
§ :
| R

T

2.

3.

be

5

7.

.'9.

10.
11,
12,

13.

Normally channel 1,

Ooordinite ﬁ6sit1ons.for each thermocouple with a maximum
array of 50x50 positions. The upper left hand position
will be designated Tky = T11 as shown by Table 1 in

‘Section III.

Input tape data channel mmber for each thermocouple in

Q*y array.

Physical locations of each row and column. All

1ocations will be deterpined from the fcw and coiumn

'conp_aining Ty = T1q in inches.

Input tape data channel number for the command channel,

Command channel signal level used to start computations.
Millivolt level.

Command channel signal level used to terminate computations.
Millivolt level, ’

Input tape data channel number for the time channel.

Start computat?on time.

Stop computation time.

Coordinate positions of known erroneous thermocouple data.
Option to tabulate tape input temperatures.

Option to tabulate intermediate computaticn results.

- 8-8
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14. Ccmputationai constants: .
a. Mass density ((!) of the test material in pounds
mass per cubic foot. (lbm/ft3)
b. Specific heat (C)) of the test material in Btu/bm OF
¢. Material thickness (d) in inches
d. Thermal conductivity (K) in Btu/ft sec®F

ABLES

The thermocouple instrumentation used to measure the temperatures

‘on the thin skin transient heating model will be awrayed in the

rectangular coordinate system shown by Table 1. The maximum size of
the array will be 50x50. The minimum array will be 3x1 or 1x3.

Only line, rectangular Or square arrays will be defined. Other array
configurations may be computed if dummy data is input to f£ill out the
array, Even though the thermocouple array will genzrally be rectangular,

- the spacing between rows and columns will not normally be the same.

Therefore, the distance of each row and column from TH1 will be a

- separate card Input. The array will be computed as for a planar

surface regardless of the actual configuration of the model. That
is; the last row will not be adjacent to the first row as in the
case of a olyinderical surface, etc. Spherical and conical surfaces
will not be defined other than as rectangular arrays. . -

0,0 Yooy
T1’1 T1:2 T1.3 —-°—-""T1,max
x|
T1 T2
Tmax,1 Ti,j
TABLE 1 o -

THERMOCOUPLE ARRAY
- 8-9



v COMPUTATIONS

Equation 1 will be the energy balance equation used to describe
the heating applied to the model surface at each coordinate
(xi,yj) for each data time samp}e (tk).

Equation 1:

® c Ti [ 3'd °
Yj = (p$2 )(‘L'i_)t) * (qij) * (qiir.i)
where:

aij: Heating rate to the model surface Ii, Yj

p: Mags density of surface material
d: Material thickness of surfzce material
Cp: Specific heat of surface material

-

‘ (aTi : Derivative computed by the use of equation 2
\adt

a?j): Derivative computed by the use of equation 4

(?;i_) Derivative computed by the use of equati.én 5

i
=



P

Equation 2 will be used to compute the partial derivative of
temperature with respect to time for the thermal mass around
the thermocouple test point for each data time sample (tk).

Equation 2:

T4y -y a0t
'1;17—— k k k

.Where:

bk: Determined by solution of equations 3a, 3b, and 3c
C,: Determined by solution of equations 3a, 3b and 3c
Equations 3a, 3b and 3c will be solved for bk and Gk by the use

of the Gauss-Jordan or other appropriate method for the solutim
of simultaneous equations.

2
Ty (beq) = o + 0y g + G (8 )
2 ‘ .
Tij (tk) =8 + bt + ck(tk) | .

_ 2
Ty g(byeaq)may + Byt + Gy ()

Where: ]
ak,bk,ck ¢ Coefficients of a second degree polynomial
tk—1 ¢ Time of preceeding‘déta sample frorx ABEL input tape
tk  : Time of current data sample
tk+1 -t Time of succeeding data sample



W

3

Equation 4 will be used to compute the lateral heat loss in the
X direction for input to equation 1 for each time sample (tk).

Equation 4:

P
°x 1 ij i-1,3
&, = % kd !
1 X141 = X4 SR
' Ti41,1 = Ty
Ly =%

Where:

k ¢ Thermal conductivity (card input)
d : Material thickness (card input)

X -X

14+1 418 Distance between thermoczouples locat:d on either
' side of Xi thermocouple, etc.
Tij - T1-1j= Input data temperature differsnce between thermocouples.

Equation‘5 will be used in the same manner as equation 4 to determine
the lateral heat loss in the Y direction for each data time sample.

Equation 5:

‘ - T, . T, . - T..
oY \ i, 1-1 i, g1 ij
=2, kd |{; —
4y 3+1 - -1/ AT 01 7 93
8..

12



AR,

e

- .‘

I * .
Equation 1 will be set to zero for the two end points in a test array

’ c?nsisting of a single line of thermocouples. Further, equation 1

will be set to zero for the four corner transducers in a square or
rectanguler array. That is:

2<i< I,
2<j<3-1

vhere: I aﬁd J are defined as the greatest i and j limits, respéctively,

of the transducer array.

Equation 1 will be computed for the test points in the transducer array

that 1ie on the four sides of 3x2, 2x3 or larger arrays. Either
equafidn 4 or equation 5 will be modified as required to prevent
erroneous results due to lack of valid inputs for the transducers
located on.the sides of the test arrey. For test points located on
the upper side of the test point array, equation 6 will be used

instead of equation 4.

’

Equation 6: o ?.

) [/T,.~-T
%, = 2 kd 2 \ XZJ 1
o | xz-x1/ 2~ X

For test points located in the lower side of the array, equation 7
will be used in lieu of equation 4.

. 8-13
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Equation 8:

.Eqpation 9s

Egpatioﬁ 7:

a.Ich = 24 kd oy ) Tﬁ - Tm 1)

Equation 5 will be valid regardless cf whether equations 6 or 7
are used for upper and lower limit test points.

‘For test points located on the left side of the array shown in
.Table 1, equation 8 will be used 'in lieu of equation 5.

T,,-T
o Y 2 i2 i1
Q.1 = 24, kd O S— e
11 - Y, I, - Y,

For test points located on the right side of the array, equation ¢
will be used in lieu of equation‘ﬁ.

Y5 - Y T3 - Yga

qu

Equation 4 will be valid regardless or whether equations 8 or 9

are used for left or right test points. Note that the end points
of a linear array and corner points of a rectanguler array will not
be computed as previously stated.

8-14
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. Card input will be used to specify which 1if any, of the input test

points have invalid tape data input due to hardware malfunction in
the test hardware or the data acquisition system. Computations for
the test points on the'four sides of the invalid points will be made
bj using the input temperature from and the distance to the thermo-
couple on the opposite side of the faunlty point. For example, if

242

for the temperature input and YB—Y for the distance input to

T were faulty (see Table- 1), q2!1would be compufed using T 2,3
H

.equation 5, Note that the program will be designed to salvage data

only for points within the array. A bad point at any edge or corner
of the array will be eliminated by deleting that row or column from
the program input. Substitution of data from a similar point may
also be done by card input. No provision will be uade for computing
data around specified bad input points that are separated by at least
one row or column of good input data.

Computations will be controlled ﬁ& card input star.-stop times or

.by card input command channsi isvels. Either one or the other may

be used,‘but not both. Start.stop times will be input inseconds and
milliseconds. Command Channel start and stop levels will be input at
the seme levels used in the ETHSO3 program. These levels will be
30,35,40,45,50,55,60,65,70,75,80,85,90 and 95 millivolts plus or minus
2.5 millivolts. ‘ ' |



PROGRAM OUTFUT

The program output will consist of tabulations of the input lead
cards, thermocouple array format, computed and input data. No

data tape will be output. Each page of the tabulatea output will
be i&entified by the card input identification title i.. addition

. to any other identification, column hsadings, etc., The tabulations

will include:

1.
2.

3.

. L

A5.

Tabulation of all input card data.

Row by row tabulation of input tape data channels: This
tebulation will stert with the chennel mmber for T, = Ty
and list the input data channels in 10 columns across the
page. See Table 1 for a typical format. Channel numbers
assigned will be set to zero for those channels specified
as erroneous by card input.

Row by row tabulation of ccmputed heatiny: rate (aij) for
each time history slice. The time of each sample will
precede each beginning row of computed data. Time will

be output in seconds and milliseconds, '

Optional row by row tabulation of tape input- data tempera-
tures for each time history slice as tabulated in 3, above.
Optional row by row tabulation of computed X and Y heat
1osses (q 13 and qij) as in 3, above.-

Note that tabulated data outputs for non-computed end points, corner

points and bad data points will set to @sero.
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. NOUSTON AEROSPACE SYSTENS
|ﬁ;rgioﬂ : 16811 EL CAMINO REAL
Sugt HOUSTON, TEXAS 77058
TELEPHONE: {AREA CODE 713) 488-0080

"L OCKHEETD ELECTRONI CS COMPANY
In reply refer to:
TDR#2247
October 31, 1969
TO: ED5/Chief, Data Processing Branch
FROM: LEC/Manager, Test Data Reduction'Department
SUBJECT: Technical Memorandum 11-69-622, October 27, 1969,

Requirements for a Thin Skin Transient Heating
.- Rate Model Program

Subject Technical Memorandum was received by the Test Data Reduction

" Department on October 29, 1969.

Responsibility for the requested programming support has been assigned

‘to Mrs. Yvonne Chempinski. Mrs. Chempinski has been working from pre-

liminary requirements documents. The program has been completed on
schedule with test output delivered to Doctor Scott. Two minor addi-
tions were requested by Doctor Scott and will be completed shortly.

Please direct anJ additional communications regarding this project to
Mrs. Chempinski at HU8-0080, extension 345 or Mr. Len Martin, ext. 336.

Unless otherwise directed, all effort expended on this task will
continue to be charged to Project Number 4556.

/ X//maév/

ohnson

DLJ :JDG:pm

Distribution: J. Fisher/ED57
T, Grice/ED57
J. Randall/C18
; i/B1

L. Martin/Bll

D. Garrett/Bll



R . | : . ly‘
MAY 1982 EDITION l l ﬁ

@SA PPMR (it crm) 1014118 .
UNITED STATES GOVERNMENT Cewpatation and Amalysis Division
NASA Manned Spacecraft Ceater

| Memorandum  Vewss T 1r0ss

TO : LEC/Manager, Test Data Reduction: DATE: November 18, 1969
Department, 672-10

In reply refer to:
FROM : ED5/Chief, Data Processing Branch 11-69~634

SUBJECT: Requirements for modification of the THNSKN (Q614) program

Programing support is required to modify the Thin Skin
Transient Heating Rate Model Program. The modifications
requested by Dr. C. D. Scott of the Experimental Heat Trans-
fer Section of the Structures and Mechanics Division are
listed belcw:

a. Change the card input format for X and Y coordi-
nates from F 5.1 to F 10.3... '

b. Change the data,output print format to F 10.3.

c. Make the tabulation of tape input data temperatures,
X and Y lateral heat losses as standard output rather than
optional.

d. Compute énd point and cornmer point data for the
thermocouple array rather than setting this data to zero.

It is understood that Mrs. Yvonne Chempinski has started
work on these modifications in response to a verbal request
from Dr. Scott. Work on this task should be a continuing ;
charge to project number 4556. For further information, ;
: please contact E. 0. Grice, extension 5533. ”

ed Fulton

cc: .
ES56/Dr. C. D. Scott
EDS57/J. L. Fisher

ED57:E0Grice(LEC:JMRandal):ddec 11-18-69

8-18
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. ROUSTEN At nosPaACE SYSTENS
l';. b :'@ 16811 EL CAMINO REAL

HOUSTON, TEXAS 77058

TELEPHONME: (ARRA CODE 713) 488-0080 .

LOCKHKEED ELECTRONICS COMPANY

In reply refer to:

TDR#2267
November 25, 1969
TO: ED5/Chief, Data Processing Branch
FROM: . LEC/Manager, Test Data Reduction Department
SUBJECT: Technical Memorandum 11-69-634, November 18, 1969
Requirements for Modiflcation of the THNSKN (Q614)
Program

Subject Technical Memorandum was recelved by the Test Data Reduction
Department on November 21, 1969.

Responsibility for maintenance of the THNSKN program has been
asslgned to Mrs. Yvonne Chempinski. The program modifications
specified in the subJect Technical Memorandum have been completed,
and the modified program has been validated.

Please direct any further communications regarding this task to
Mrs. Chempinskl, HU8-0080, extension 345. Lo

As directed, all effort expended on this task will continue to be

charged to Project Number U4556.
47 /% L EAT
Shnson

DLJ :JDG:pm

Distribution: J. L. Fisher/ED57
E. O. Grice/ED57
J. M. Randal/C18
Y, Chempinskl/Bl1l
J. D. Garrett/Bll

A DIV ISION OF LOCKHEED AIRCRAFT COBPOPATICH
8-19 ﬁ



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
' MANNED SPACECRAFT CENTER
HousTon, Texas 77058

IN REPLY REFER To: 11=69-636 2 4 NOV 1969

T0

IEC/Manager, Test Data Reduction Department 672-10
FROM ¢ ED5/Chief, Data Processing Branch '

SUBJECT: Requirements for modification of the THNSKN (Q614) program

Programing support is required to modify the Thin Skin Transient Heating
Rate Model Program. Equations 4 and 5 are to be changed to the form shown

below:
Equation 4: -
R PV | Ty Tty - T - Ty
%Y; X... - X X, - X X,., - X
1417 411 s P 141 T M4
, i L -
{ Bquation 5: - - 7
o X o 1 Tigm T - Tip T
, 1] T - L4 YooY, BN RS
.

Mrs. Yvonne Chempingki has started work on these changes in response to a
Work on this task should be a continuing
For further information, please contact

J

verbal request from Dr. Scott.
charge to project number 4556.
E. 0. Grice, extension 5533.

ce:
ES56:Dr, C. D, Scott

ED57/E0Grice (LEC: JMRandal) s be

11-20-69
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BOUSTEN AEROSPACE SYSTENS
16811 EL CAMINO REAL
HOUSTON, TEXAS 770858
TELEPHONE: {AREA CODE 713) 488-0080

LOCKHEED ELECTRONICS ~ COMPANY

In reply refer to:
TDR#2272

December 1, 1969

TO: ‘ ED5/Chlef, Data Processing Branch

FROM: LEC/Ménager, Test Data Reduction Department
SUBJECT: Technical Memorandum 11-69-636, November 24, 1969
?e%uigements for Modification of the THNSKN Program
Q61

Subject Technical Memorandum was received by the Test Data Reduction

Department on November 28, 1969,

Programming support for the subjJect program has been assigned to
Mrs. Yvonne Chempinskl of the Data Acquisition Systems programming
group. Mrs. Chempinski has completed the requested program modifi-
cations having worked from a verbal request from Doctor Carl Scott.

Please direct any additional communications regarding this project
to Mrs. Chempinski, HU8-0080, extension 345, or to Mr. Len Martin,

thg Engineering Applications Programming team leader, at extension
33

As directed, all work expended on this task will continue to be
charged to Project Number 4556,

6 yie'ﬁ3j§%%%éﬁ%€é/

DLJ :JDG:pm
Distribution: J. L. Fisher/ED5T

E. 0. Grice/ED57

J. M. Randal/C18

Y, Chempi i

L. Martin/Bll

J. D. Garrett/Bll . .
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. /\\0\\.” IO/,
- o ) . . o R T
T NATIONAL ACKONAUTICS AND SPACE ADMINISTRATION T
z LYNDON B. JOHNSON SPACE CENTER SLEy R
N HeusTon, TLYAS 77058 VL AT T
S ‘/3_ R
: 7619710
[FUlE December 23, 1974

Lockheaed Electronics Co. Inc,
Eitn:  Mr. dames Brose

Ml Stoep C-30

311 ET Comino Real

Houston, 174 77058

Shar Mr, Brose:

& software change request was issued by Mr. E. J: Jung and 523'0n
October 23, 1274, to incorporate changes into the thin skin heating
rate data reduction computer program (THNSEM). Ecuation (2) of that
docunent should be '

2))

5 = Ty

The expressions in equations {5) and (6) should be cavrying a negative
sian.

Please incorporate these correcticns into the program,

8-22
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A SUBSIDIARY OF

o
LOSXBEED ELECTRONICS CaRPriy 1EC
AEROCSPACE SYSTEMS DIVISION
EL CAMIND REAL L) HOUSTON, TEXAS 77058 ° TELEFPHONE (AREA CODE N1) 4y .,..~

In reply refer to:
#121-8315-199
J.0, #83-157

¢

December 31, 1974

TO: FD5/Chief, Data Processing Branch
FROM: LEC/Manager, Data Processing Systems Department
SUBJECT: Transmittal of EXEC VIII Version of the THNSKN Program

Transmitted herewith is the EXEC VIII version of THNSKN program
for the Structures anc Mechanics System. This versicn replaces
the EXEC II version. ‘

Results from the validation runs, after being checked for
correctness with the use of LEC generated test data, were sub-
mitted to the customer, Dr. Carl Scott. Upon his acceptance,
the Software Change Recuest was signed by the SIC and NASA
Project Leader. The Software Change Request form is attached
giving the descriptive reason for program modification.

W. N. Fifgpatrick

WNF:JEM:jlb
Attachments

cc: H. Stephenson/FD53
D. L. McCormick/FD52
C. Scott/ES3
E. J. Jung/ES3
C. E. Hutchinson/C30
C. F. Iven

J. Brose/C30

J. E. McFarland/C30
J. 0. File

8-23
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LAESRHERG ELESTROBICS ¢dlipiiy, i
' AERCSPACE SYSTEMS DIVISION
18811 EL CAMIND REAL ° HOUSTOR, TEKAS 77058 ° TELEFHONE (AREA CODE 113) 481 0530

In reply refer to:
#121-8315-199
J.0. #83-157

14

December 31, 1974

TO: FD5/Chief, Data Processing Branch
FROM: LEC/Manager, Data Processing Systems Department

SUBJECT: Transmittal of EXEC VIII Version of the THNSKN Program

Transmitted herewith is the EXEC VIII version of THNSKN program
for the Structures anc Mechanics System This versicn replaces
the EXEC II version.

Results from the validation runs, after being checked for
correctness with the use of LEC generated test data, were sub-
mitted to the customer, Dr. Carl Scott. Upon his acceptance,
the Software Change Reauest was signed by the SIC and NASA
Project Leader. The Software Change Request {form is attached
giving the descriptive reason for program modification.

b‘*z/ Z /
»/ 7 //' Ty eyl

.‘N. Flfzpatrlck

WNF:JEM:jlb
Attachments

cc: H, Stephenson/FD53
D. L. McCormick/FD52
C. Scott/ES3
E. J. Jung/ES3
C. E. Hutchinson/C30
C. F. Iven/C

J. Brose¢/C30
J. E. McFarland/C30
J. 0. File

8-23
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" SOFTWARE CHANGE REQUEST
) To Be Completed By Responsible Organizatiu
nate._ OCt. 23 .19v74 Job Order..83-15 SCR No..83-15-50 _
¢ Program Name THNSKN -
Requester/ |
Organization Program No._ Q614
- Project No 4300 . .

Need Date Dec. 31, 1974 Target Date 12/31/74

REASON FOR CHANGE:

To improve the accuracy and automation of the computer program THNSKN
used to calculate hecat fluxes from temperature time histories |
measured on thin sk1n heat transfer models tested in JSC arc tunnel '
facilities. : '

CHANGE DESCRIPTION (attach extra sheet if necessary):

See the attached description. f

TO B COMPLEYTED BY RESPCHNSIBLE OEGANIZATION %

ESTIMATED RESOURCES: APPR OVALS BY; 4 : :

; . Ce” 2 “/L{égé’-- '-"f.////7f |
X Task’Manager Date |

Man-llours—d>420 g lu’%/’ e i ’if 7/ “’2t/‘f

/ iechai von qx__ 3

Computer Hours_2.Y : ’? =d L;// L4 : //‘é // |

- ~Branch Chl.ef Date 7
CTIANSMUTTAL TO PRCDUCTION: |
Sv'm.t.ed oy.\ - 5, l
: s : i £ 17 7 Operating system
Wc 'T""' =T Date  _ _______New program docks have been sulinitied to profuction |
F Varidatio * AP Transmittal tape replaces current system CUR, PUR

X ‘ i} st appr:w % oy Overlay productivn CUR/PUR with transmittal CUR/F

H 7 ————
e M 4 b k__ * -/ é/ 30 4 —t__Symbolic elements are contained io file number |
= stem ‘n ngr‘jtj At \Qordlna Lor ate et Relocatable elements are contained in file number !
L5 / X ~No changes arc requited in execution deck setup
! o SEE £ o Changes in run instructions are attuched
* I ] . -

SRR R 3 i " A ! Jhgfbetosaten Transmitted program tape number
SN, Project Leadcr Date

o -

TACCLT PANGE BY PRODUCTION:

i ...‘-

‘ ) Date tont 8-24 3

Pt raintieed oo
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| SOI‘TWARE CHANGE RP(\UE 5T
q i To Be Completed By Responsible Organizatici
% nate__ Oct. 23 1074 Job Order_ 83-15 SCR No.-83-15-30

"1"{ zl«g Program Name_THNSKN
Requester/ -
Organization.E. J ung/L.8cott/ISC-ES| Program No._ Q614

Project No 4300

N Need Date Dec. 31, 1974 Target Date 12/31/74

REASON FOR CHANGE:

To improve the accuracy and automation of the cowmputer program THNSKN
used to calculate hcat fluxes from temperature time "histories

measured on thin sL1n heat transfer models tested in JSC arc tunnel
facilities.

CHANGE DESCRIPTION (attach extra sheet if nécess’ary):

See the attached description.

TO BE COMPLETED BY BEDPONJB E OEGANIZATION

ESTIMATED RESOURCES: APPROVALS BY;
) : ( (ff; Z /4(—:,—)4- . /’//‘//7)4
oA / T ag;%danager Bate
Man-lours—— 120 i P4 d///'z } e atL Al 2
. e ec ad nlonlro;c_,. Datc,
Computer Hours_2.U / Ef'ﬁf; Lo gy L1 /;f'//
. /branch Chu,t Date 7

|2l b m———
{ TIGWSMITTAL TO PACDUCTION:
Submitted by,

. e e el [
L, : e . g

2

A ) - R
S ke S €157 7 Operating system
Progroamer Date e New program decks have been suhinitied lo production
. + N o4 ¥ mne 3 p e
. Va 11‘(1:1 tion <1pprm \,, by - Transmittal tape replaces curcant system CUR PUR
I

7 1
, 7 e ,(/ / Qverlay productivir CUR/PUR with transmittal CUR/F
. L /L’ " e AR A 30 ;;V _______._...Sy'“bohc elements are contaited in file number
;5::ru an “L"L ration komalngior Date - Relocatable elements are containad in file number

- - J

e ) - . .__h____uo changes are rm,unred in execution deck setup
i R : },’ R o ," / R — Changes in run instrctions are atluched

' ! oy e b T Pransmitted program tape-number

; JUA, I’roﬂ,ut Leade* pate

}
o - —ete RSN
& t

1

ACCEU T ANGE BY PROVUCTION: ' -

‘ﬁ ! Date test 8-24
STERSpUN Conp

wletede. .,

- Projrct Leadex Date
t . =

" e — s - dmia o




kuwﬁ THIN SKIN PROGRANM ODIFICATION

Code modifications are requived to improve the accuracy and automatioﬁ“h
of tie computer program THNSKN used to calculate heat fluxes frdn
temperature time histories measured on thin skin heat transfer models
tested in the JSC arc tunnel faci]i@ies. The modification described
here will also allow one discontinuity in the skin thickness (in one
divection only) and uses finite difference expressions which are

approximately second order accurate (except at end points) in both the-

space and time derivatives of the heat conduction equation,

The following modifications are required:

1) At present the computer program calculates heat fluxes only

e

during one time pcriod. Modify the program so that the numbey
df time periods that heat f]ﬁxes are calculated during a run
fwnin may be specified in the input.
' 2)  Comput - the average heat fluxés for each time pevfod and print
the 2v .rage for each location.
3) Remove the restriction that if bad thermocouples are at end

points of rows or columns of thermocouples, the computation is
el . o5
- absorbed: Use the next good thermocouple o the end point.

-

' 4) Compute the conduction correction at end points (last good

~thermocouple) using the same conduction correction as at pcints
. “ adjacent to the end point. e.g., & | 2%5 = qJ
he end point. e.g. & G, = U,

5) Allowance for discontinuity in skin thickness— In the input

-

two skin thicknesses, dy and dp, are to be specified along with

T
A,
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6)

the position Y of the junction hotween the two thicknesscs
d=d, for ¥y < yq andd=d2fory>-yd

Use the appropriate thickness d for each location.

Computé the mean heat flux for each time interval using the

formula

q = & X ‘ ,
T e A

Q\mrc_‘
~ Y ecd K N NI ) 2 '
ho= LS B (T Lyt L) @
] NI I ) ) o
— 14 kci ’ :?‘ —::~ * 1 ] :“, PR
‘L‘ """" S ( ST ey I.L‘_‘;,. i {2)
Ko f 7 Neyp V0T Xiey - X
l“‘!
9 - 244 (T LT =\ 4
q’ "' -~ sy 3 T e ———— -t it }"_l — ) ‘;J" ~ k Yy
J TR e et
.)(_;}h *’x.‘; 1~ _.3 e~ Jj‘ , 4{'1‘4 P L’ )

To compute | (")4 at thermocouple locations adjacent to the skin

thickiess jump (yq) use the following formulas for yg<yq<yys+]

instear of & z2X- (4).

. ’ _ — \
gy . k._..,..,f(‘ ./ fm ~ fe do (Ti’ - '{n\} \ free
4 T I TV G P J =i (‘54-. :}k) 4 .;.<,:;Hi.~ de‘(,é /
T“ L sttt \
5“ 24 k-‘iz ( 4 ( “" ’f’*rz., " "z'r:+ '2 45\
: ' - e o I o
U, ‘ — l h
{ oty Yo Y\ (Y- Y) d 41 + Uj*’f’" Ua)e, G S,
8-26
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ogc ol Jor gl clirmilicr

The bars over the T's denote time average of the temperatures
throughout a given in&ervai. The superscripts on the T's 1in
the fifst term denote the first, second, Tast, and nexf'to
last femperatures in the time interval. The number of samples
in a time interval is N, The first time in the interval is t,
and the last is tg. The latter two terms in equations (3) and
(4) are the lateral heat loss terms as used previously except
now they are averages over the time interval, This procedure -

will replace the one currently used in the code.

Output - Print the start and stop times for each time interval,

Print out the number of times N in each interval, the times t
ry

and ‘Pampnwa'l'uv-nc T.: at oarh +inn Ma Tonmey nrint the host
ang temperaiuras 1 &t Qadn uvime, A0 longer print tne neat
!

flux terms at each time since these are no longer calculated,

Print each of the terms in equation (1): G éﬂx Y

b '-J R "5 b L’u

and the net heat flux Eiq . Contin 2 to compute and print the

linear least squares heat flux in tihe revised program, Finally,

Wk
~

print the mean of Lo averaged over the nuiiher of time intervals
)

specified in the input,

Awmend program documentation to reflect these and any previous

changes.
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DIAGNOSTIC MESSAGES
**%*FEWER POINTS THAN REQUESTED**#*

This message occurs at the end of a time slice when the

number of points accumulated for least squares heat flux
computations is less than the requested (NTME). This is
not necessarily abnormal.

*%#*PARITY ERROR RECORD DELETED#**%*
An input record has been skipped because of parity errors.

END OF FILE ENCOUNTERED ON UNIT 8. PROCESSING OF ACCUMULATED
DATA WILL BE ATTEMPTED. B

Normally, stop times or stop event levels should be chosen
so that the end-of-file is never encountered. If at least
three scans of data have been accumulated, processing will
be done.

TOO FEW POINTS AVAILABLE FOR CURVE FIT

Fewer than three data points have been stored so no least
squares heat flux computations can be done.

***ERROR - NX OR NY IS BAD
Either one or both of NX and NY are too large or too small.

Currently, the maximum size for either is 50. Either NX or
NY must have a minimum value of 3.

9-1
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Examples: NX NY

1 Valid

3 "Valid

2 Invalid
1 50 Valid
51 51 Invalid

*%*ERROR - NTME IS LARGER THAN NN

The requested number of points to be used for least squares’
heat flow computations exceeds array dimensions (NN). Cur-
rently NN is 50.

**%*ERROR - TOO MANY CHANNELS
ﬁ ; The number of channels specified for the input tape is too

large for the array dimensions. Currently, the maximum
number of channels which can be processed is 260.
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