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Thermal insulation—Determination of steady-
state thermal resistance and related

properties—Guarded hot plate apparatus
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C 1
C : 2
C PROGRAM TO CALCULATE MAXIMUM SPECIMEN THICKNESS ALLOWED FOR VARIOUS 3
C PERCENTAGE ERRORS (0.1, 0.2, 0.5, 1.0, 2.0, 5.0) ¢
C 5
C MAXIMUM THICKNESSES ARE CALCULATED FOR THREE GUARD WIDTHS:1/6PLATE 6
C WIDTH, 1/4 PLATE WIDTH, 1/3 PLATE WIDTH. 7
C ' 8
C INPUT (CONSISTS OF :E =FRACTION OF TEMPERATURE DIEFERENCE BETWEEN PLATES 9
c AT SPECIMEN EDGE. | 10
C RATIOT =RATIO OF GAP TEMPERATURE DIFFERENCE TO 11
c SPECIMEN TEMPERATURE DIFFERENCE. - 12
C RATIOK =RATIO OF THERMAL CONDUCTIVITY OF 13
C LEADS ACROSS GAP TO THERMAL CONDUCTIVITY OF SPECIMEN. 4
C KCU=THERMAL CONDUCTIVITY OF T/C ACROSS GAP 15
C RELATIVE TO THERMAL CO NDUCTIVITY OF COPPER. 16
C D=GAP WIDTH. | 17
C WPLATE=PLATE WIDTH. _ | 18
C 19
C NO.OF T/C ACROSS GAP IS BASED ON ASTM FORMULA (NO.=1/8+SQRT (ARE A PLATE)) 20
C WITH A MINIMUM OF 2 BEING ASSUMED IF NO. =2 OR LESS. 21
C ONE COPPER LEAD (0.0002 SQ.IN.) WAS ALSO ASSUMED ACROSS THE GAP 22
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C AND FOUR DIFFERENTIAL T/C, OF THE SAME MATERIAL AS THE TEST AREA T/C,
C WERE ASSUMED ACROSS THE GAP.

C

1000

72

73

DIMENSION G (5), ER (10), ANS @0), GM 10}, ANSN (1)
REAL L, KCU |

INTEGER CARD

" COMMON WPLATE, E, RATIOT, RATIOK, AC, WGUARD, ERR, D, L

CARD =1
LP=3

K =1

ER (1) =0.1
ER (2) =0.2
ER (3) =0.5
ER (4) =1.0
ER (5) =2.0
ER (8) =5.0
EPS =0.000 01
IEND = 20

READ (CARD, 200) WPLATE

[F (WPLATE) 1, 99,2 |

READ (CARD, 100 E, RATIOT, RATIOK, KCU, D
DM=0D/0,393 700 79

WPLATE = -WPLATE

IF (K)73, 72,73

WRITE (LP, 900)

WRITE (LP, 901) |

WR ITE (LP, 700) E, RATIOT, RATIOK, KCU, DM
WRITE (L P, 500) |

WRITE (IP, 600) (ER (1), 1=1,86)

G (1) =WPLATE/6o
G (2)=WPLATE/4.,
G (3 =WPLATE/3,
K=0 '

WPLATM =WPLATE/0.393 700 79

WRITE (LP, 400 WPLATM
DO 40 1=1,3
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m

L=WPLATE/2.-G (I) 63
WGUARD =G () B4
GM (I) =G 1) /0.393 700 79 65
C 66
X=L:4. | 67
[ X=X 68
IF (X~1X)4,4,3 o 69
3 IX=1X+1 | 70
4 IF AX~1)5,5,6 | 71
5 [X=2 72
6 AC= (I X+4.)+0.,000 078 94+« KCU + 0.000 2 73
C 74
H! = 0.0001«WPLATE 75
DO 30 J =1, 6 . | 76
ERR=ER ) 77
7 H2 =2.+H1 ‘ . 78
IF (FCT (H1)+FCT H2))9, 9, 8 ' 79
8 Hi = H2 . 80
GO TO 7 81
9 CALL RTMIX (ANSH, ANSE, FCT, Hl, H2, EPS, IEND, IER) 82
[F (IER) 10, 20, 10 83
10 ANS (J) =0.0 | 84
GO TO 30 85
20 ANS (J) = ANSH 86
ANSM (J) = ANS (J) /0.393 700 79 87
30 CONTINUE 88
IF (I-2)70, 71, 70 | | 89
71 WRITE (LP, 400) WPLATE : 80
70 WRITE (LP, 301)GM(I>, CANSM (), JI=1, §) 91
40 CONTINUE .
WRITE (LP, 200) - 93
GO TO 1000 : | 94
99 WRITE (LP, 900) | 95
WRITE (LP, 901) : 96
WRITE (LP, 999) ‘ 97
STOP 98
100 FORMAT 4.2, F6.4, F86, F4.2, F6.4) 99
200 FORMAT (F6.2) ' 100
300 FORMAT (32X, "0, F5.2, ") ", 8X, 6 (' (*, F6.3,”) ")) 101
301 FORMAT (33X, F5.2, 7X, 6 (1X,F7.1)) 102
400 FORMAT (¢ -", 16X, (", F5.2, ") ") 103 -
401 FORMAT ( -’, 16X, F6.2) 104
500 FORMAT (18X, 'PLATE’, 10X, ' GUAR D", 26X, "MAX. THICKNESS’ ) 105
600 FORMAT (44X, " %ERR’, 2X, F3.1 , 5 (5X, F3.1)/) 106
700 FORMAT (’t', 19X,’E =’, F4.2,4X,”RATIO T=",F6.4, 4¢X,” RATIO K=’,F7.1, 4X 107
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1, 'T/C K=", F4.2, ¢X, "GAP=", F5.3,//) o 108
900  FORMAT (/, 32X, NOTE, 1) TERMS NOT BRACKETED MEASURED IN CENTIMETER 109
1S.7) 110
901 FORMAT (38X, “2) BRACKETED. TERMS MEASURED IN INCHES.’) 111
999 FORMAT (17) 112
END . 113
SUBROUTINE RTMI (X, F, FCT, XLI, XRI, EPS, 1END, I ER) 1
IER =0 2
XL=XLI 3
XR =XRI 1
X = XL 5
TOL=X 6
F=FCT (TOL) 7
IF (F) 1,16, “
1 FL=F 9
X = XR | 10
TOL=X 11
" F=FCT (TOL) * 12
IF (F)z2, 186, 2 - ' 13
2 FR=F 14
IF (EL»FR) 3, 25, 25 15
C | 16
3 I=0 | 17
TOLF=100. »EPS 18-
C 19
4 [=1+1 . 20
C 21
DO 13 K=1, IEND | | 22
X =.5¢ (XI + XR) | 23
TOL=X 24
F=FCT (TOL) 25
IF(F)5,16,5 26
5 IF(FsFR)6, 7,7 - 27
C | | | ' . 28
§ TOL = XL | 29
XL = XR 30
XR = TOL ) _ 31
TOL =FL | . 32
FL=FR | 33
FR =TOL | .34
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TOL=F-F L
A=F»TOL
A=A+A

IF (A-FR+« (FR-FL))8,9,9

XR =X
FR=F

TOL=EPS

A= ABS (XR)

IF (A-1.) 11, 11, 10
TOL =TOL~* A

I1F (ABS (XR -XL) ~-TOL) 12, 12, 13
IF (ABS (FR -FL) -TOLF) 14, 14, 13

CONTINUE

[ER =1

[F (ABS (FR) -ABS (FL)) 16, 16, 15

X=XL
F=FL
RETURN

A=FR -F

DX= (X-XL)*FL# (1.+F+ (A-TOL) / (As (FR-FL))) /TOL

XM =X
FM=F

 X=XL-DX

TOL =X
F=FCT (TOL)
IF (F) 18, 18, 18

TOL = EPS
A=ABS (X)
IF (A-1.) 20, 20, 19

TOL=TOL=* A

IF (ABS (F) ~TOLF) 1s, 16, 22

IF (F*FL) 23, 23, 24
XR =X

FR =F

GO TO 14

XL=X

FL=F

XR =XM
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FR=FM
GO TO 14

IER=2
RETURN
END

FUNCTION FCT (D
REAL NUM, L, LC

COMMON WPLATE, E, RATIOT, RATIOK, AC, WGUARD, ERR, D, L.

Pl =3.141 5926535
CONST=16.*ALOG (4.) /PI

LC=D

VARIAL1 =1.-EXP (-2.+PI+D/H)

TERM1 = RATIOK+AC/ (LC+L)

TERM3 =16.+« ALOG (VARLAL) /PI

EPSIG= H+*RATIOT+ (TERM1 + CONST- TERM3) /' (8.+L)

TERM4 =COSH (PI+ (WGUARD +L) , I
TERM5 =COSH (PI* WGUARD/H)

TERMg =ALOG(TERM4 +1.) / (TERM5 +1.))
TERM7 = ALOG(TERM4 -1.) / (TERM5-1.))
NUM=E« TERM6+ ¢.-E)+ TERM?

EPSIL = ( (NUM+H) / (PIsL) ) ++2 -]

FCT=ERR/100.-ABS (EPSIG+ EPSIL)

RETURN
END
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