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Temperature Distribution of Radiant Gas

—The Existence of Two Kinds of Gases with Different
Absorption Coefficients—
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Abstract

It is recognized that a combustion condition in furnace is affected by the cooling
rate of its surface and that the heat transfer between radiant gas and the surface is
strongly influenced by radiation.

Various papers have been published on radiative transfer in furnaces. In general, a
simplified condition of the same absorption coefficient is applied for a whole gas layer
in furnace. However this condition may not be applied in the case of a luminous flame
which exists in a usual furnace, inasmuch as the absorption coefficient of a luminous
flame is greater than that of combustion gas. Furthermore, it is recognized that the gas
radiates an emissive power in some regions of wave length and its absorption coefficient
is affected by temperature.

The authors made an attempt to analyze the temperature distribution of radiant gas
in a case where two kinds of gases with different absorption coefficients existed between
two parallel infinite surfaces. It was shown that the analysis was also applicable to the
case where the gases radiated emissive power in certain regions of wave length and that
these absorption coefficients were affected by temperature. The calculations were con-
ducted by the Monte Carlo method and programmed for electronic digital computation.

All examples in this paper were calculated by a computer. Reference data were

used to compare the difference of analytical results between gray gas and real gases.
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PROGRAM OF MONTE CARLO SOLUTION OF RADIANT HEAT TRAUSFER THROUGH

FLAME AND GAS BETWEEN PARALLEL GRAY WALLS

PROGRAMMED AND CODED BY H. TANIGUCHI , 20 JAN, 1967

DIMENSION T(100) LUCIL00),FG100),UL(100),RI(2),R(2),
SG{1U0)Y,Sy(2)

10 READ (5,11) N,M,MF,IS81

11
13

14
20

30

36
40

4

43
60

71
72

30
90

9

100

110

120

121
122

130
140
150

WRITE (6,12) N,M,MF, 181
READ (5,13) AKP,AKF,R1,R?
WRITE (6,14) AKP.AKF,R1,R?
READ (5.13) BP.BF
WRITE (6,14) BP,8fF

READ  (5,13) AL.U,DUE
WRITE (6,14) AL.0,DUE
READ (5.13) DJ»TU»E
WRITE (6.,14) DJU,TJU.E
WRITE (6,452)
FORMAT(5115)

FORMAT{1H 5115)
FORMAT(5E15.7)
FORMAT(1H 5E15.7)

152=0

NRAN=5249347

S=4,96E-8
DL=AL/FLOAT(M)
ALF=DL*FLOAT(MF)
ALT=AL+DJ*2,

CALL SUB100(TJ,R1,R2,F)
TJ=F #ExSHT Jwnd

QM= (QeALF+TJ22 ) /aLT
[ M=MF)/2+1
MZ=M1+MF-1

0=0/0M

TJ=TJ/0M/DJ

IF(ML1-1) 31,31,33

Do 32 I=1.H
U(T)=AKF=DL

G0 TO 40

DO 34 [=1,M1-1
UCT)=aKP=DL

D0 35 IzM1,M2

U =AKF=DL

DO 36 1=M2+1,HM

Ul =AKP®DL

NT=0

00 41 [=1,H4

SG(1)=0

Do 43 J=1.2

SJtyr=0.

IF(NT-N) 70,310,310
NTaNT+1

CALL SUBYOO0(NRAN.RAN)
X=ALT#RAN

CALL SUBQOD{(NRAN,RAN)
IF(X-nJ) 90,116,110
X=DJ

i=1

J=2

ab=7y

SJJ)1=SJ0J)+0D
COSY=SORT(RAN)

DLG=DL

GO0 To 220

1F(X-AL-DJ) 120,120,180
I=IFIX((X-DJ 3/pLa+l
IF(1-M1) 60,121,121
IF(I-M2) 122,122:60
Q0=0

SG(J)=8SG{11+QD
CUSY=1.-2.%RAN
1F(COSY) 150,160,170
J=1
DLO=X-(DL#FLOAT(I-1)+Du)
GO 10O 220

™

E—13a W

OTFOU100
QTFEULUS
GTFOU110
QTFOU115
QTFUViZe
0TFO0U125
QTFaUL30
ATFUU135
GTFOU140
ATFOUL45
QTFOU150
0TFOU155
GTFOU160
GTFoUZUC
QTFou2us
QTFOU2U6
QTFOY210
QTFUURL5
QTFOU220
0TFyuz25
QTFOu230
0TFOU235
0TFOU240
QTFU245
UTFgURs0
QTFOU255
QTFau260
QTFQU3U0
QTFOU3US
OTFOU310
QTFYU315
OTFOu320
OTFOU325
QTFOV330
OTFOU33S
QTFou 340
QTFOU345
QTFHU3SE
GTFUU355
QTFuU360
OTFOu4U0
GYFOU405
GTFOU410
GTFOU41S
GTFou429
QTFY425
GTFQuaso
0TFOU435
QTFQU440
UTFOU445
GTFOU450
aTFOL455
ATFyuasl
QTFNUS00
GTFOUSUS
QTFNUS10
GTFOUS1L
QTFO0515
GTFOUS20
OTFOU525
GTFOUS35
QTFOUS40
GTFOUS45
QTFOUs50
GTFOUS55
QTFOUS560
QTFOUe00
QTFOUEUS
OUTFOue10
GTFoU6LS
TFOuUs20
OTFOUe630
QTFOY&35

O

CE WOV D e

H
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fofE L, NSILIX): A Td b ol S vy IXGT I X it = 4 v 30
160 SG(I1)=SG(1}+0D QTFQUe40 75
CALL SUB9Y0OU(NRAN,RAN) RTFOU64S 76
GO To 130 uTFQuese 77
170 J=2 UTFQués1 78
DLO=DL*FLOATCI) *Dy=X OTFGUESS 79
GO TO 220 GTFOUes0 B
180 X=AL+DJ WIFgu7L0 81
1=M GIFOL7VUL 82
Jm1 . GTFou7U5 83
GO TO 91 LTFQu/710 84
220 CALL SUBSO0(NRAN,GOSY,DL.DLOLU, DU, E, AL, 1, J, M, X) GTFOU715 85
230 IF(1) 240,240,270 GTFOuU720 8o
240 SJLI=5J(I)-GD uTFpu72s 87
GO TO 60 QTFQu736 A3
270 SG(I)=SG(1)+aD OTFQU735 8y
CALL SUB900(NRAN,RAN) OTFou740 90
GO TO 130 UTFBu745 91
310 DO 311 1=1,M uTFOou74e 92
311 FGCI)=ALT/(DLAFLOAT(N) ) =8G(1? QTFOU750 94
320 DO 321 J=1,2 QTFOU755 95
321 RJCIIZALT/LDISFLOAT(NY I=S0C) GTFOU760 97
330 1F(1S2) 340,340,360 OTFaURLD 98
340 WRITE (6,341) QTFUURLS 99
WRITE (6,342)N GTFOURI0 100
HRITE (6,343) GTFuyUELs 101
WRITE (6,344)0M GTFGUR20 102
HRITE (6,345) aTFOUE25 103
WRITE (6,346)(FGL1), 1=1,M) GTFUUB30 104
WRITE (6,347) GTFOUB3S 108
WRITE (6,348)1(RJ(J),J=1,2) OTFOUA40 109
341 FORMAT(1H 14X, 1HN) UTFOUB45 113
342 FORMAT(1H ,8X,17) QTFQUss0 114
345 FORMAT(LH ,13X,2HOM) aTFEuess 115
344 FORMAT(1H ,E15.7) UTFOUKRGD 116
345 FORMAT(LH ,10X,5HFG(I)) GTFOUSU0 117
346 FORMAT(IH ,5E15.7) 0TFOUYUS 118
347 FORMAT(1H ,10X,5HRJ(J)) GTFOUGL0 11y
348 FORMAT(1H ,2E15.7) GTFQU915 120
350 1FC1S?) 360,360,390 0TFQu920 121
360 DO 361 1=1,#4 0TFOUY2S 122
361 ULCD)=UCT) WTFQUISD 124
367 CALL SUBBOC(DL,U,FG,0M,S,AKP, AKF,R1,R2.BP,BF ,BUE, M, M1, M2, T) QTFUL1000 125
370 DO 371 J=1,2 TFU10US 126
371 ROJ) =RJ(JI2QMaDY GTFUL1010 128
380 IF{ISP) 390,390,420 OTFO161% 129
390 WRITE (6,391) GTF01020 130
HRITE (6,392)(T(1),1=1,M4) GTF01025 131
HRITE (6,393 GTF31030 135
HRITE (6,392 (UL, 1=1.M) GTFNL1035 136
HRITE (6,394) GTFHL040 140
WRITE (6,395)(R(J),J=1.2) GUTFO1045 141
393 FORMAT(1H ,11X,44T(1)) WTFU10%0 145
392 FORMAT(1H ,5E1%.7) GTFOL055 140
395 FORMAT(UH + 11X, 4HUC1)) UTFOL1U60 14/
394 FORMAT(1H ,11X,4HR(J)) GTFa1106 148
395 FORMAT(1H ,2815.7) aTFN11US 149
396 IFLIS1) 450,450,400 QTFN1110 150
400 1FCIS2) 410,410,450 GTFO1115 151
410 182=1 GTFO1120 152
420 S$DU=0, 0TFN1125 153
DO 423 (=1.4 0TFQ1130 154
423 SDU=SPU+ABS((UC)I-UL (1) )/u(1d) LTFO1135 156
SDU=SNU/FLOAT (1) QTFN1140 15/
430 IF(SDU-DUF) 340,340,440 GTFO1145 158
440 DO 441 1=1,M4 QTFB1150 159
441 UG =(UCLI+ULET) /2. GTFO1155 161
NRAN=5249347 QTFu1160 162
GO TO 40 QTFH1200 163
450 WRITE(6,4511 QTFQ12US 164
451 FORMAT(1H1} QTF01210 165
452 FORMAT(1H ) QTFOL320 166
G0 T0 10 UTFD1325 167
END UTFD1830 168
7 I Ve 7 EN
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SUBPRNOGRAM OF CALCULATION OF ARSORBING LENGTH ALFOUTUD
PROGRAMMED AND CODED BY H. TANIGUCHI , 20 JAN. 1967 ALFGUIUS

500 SUBROUTINE SUB500 (NRAN,COSY,DL,DLO,U,DI,E. 4L, T, 004,00 ALFGU120
DIMENSION U(100) ALFOU115

510 CALL SUB900(NRAN,RAN) ALFODUL120
511 SUSABS(COSY)*ALOG(RAN) ALFOU125
DLL=-DL#*SU/UC]) ALFQUL30

512 [F(DLL-DLO) 68C,680,530 ALFOU13S
530 SU=SU+U(I1)#DLO/DL ALFOU1S5
IF(J-1) 531,531,532 ALFOU160

531 X=X-DLO ALFOU2UD
GO TO 540 ALFOURUS

532 X=X+DLO ALFpUZ10
540 1F(J-1) 550,550,570 ALFOUZ1S
550 i=1-1 ALFNU220
560 I[F(1) 620,620,660 ALFQUZ25
570 I=1+1 ALFQU230
580 [F(1-M) 660,660,620 ALF QU235
620 CALL SUB9CGO(NRAN,RAN? ALFOUZ40
621 IF(RAN-E) 630,630,640 ALFQU245
630 1=0 ALFOU250
60 TOo 730 ALFOUR55

640 CALL SUBYOD{(NRAN,RAN) ALFOU260
642 COSYX=SGRT(RAN) ALFQU3U0
SU=SUABS(COSYX/CASY! ALFOU3YUS

650 COSY=COSYX ALFQUS10
[F{J-1) 651,651,652 ALFOU31D

651 g=2 ALFOU320
1=1 ALFOU325
ALFOU325

ALFOU330

ALFOU33S

ALFOU336

XzAL+DJ ALFOU240

660 DLL=-DL*SUZUCD) ALFOUZ50
670 IF(DLL-DL) 680,680,720 ALFOU355
680 1F{J-1) 700,700,710 ALFOU360
700 X=X-DLL ALFOU4U0
GO TO 730 ALFOU4US

710 X=X+DLL ALFOU410
GO TO 730 ALFOU415

720 Su=su+UCD) ALF 00420
IF(J=-1) 721,721,722 ALFQU425

721 X=X-DL ALFQU430
GO To 540 ALFOU435

722 X=X+DL ALFQUa40
GO TO 540 ALFQUa4s

730 RETURN ALFQU450
END ALFQUADS
SUBPROGRAM OF CALCULATION OF GAS TEMPERATURE AND OPTICAL THICKNESSTOF00100
PROGRAMMED AND CODED BY H.TANIGUCHI TOFQU105

800 SUBROUTINE SUBBOO0(DL.U,FG,QM,S,AKP,AKF,R1,R2,8P,8F,DUE, M, ML, 42, T) TOFQUL1O
DIMENSION T(100),U¢100),FR¢100),ux(100),F(100) FX(100) TOFQU120

801 DO 802 I=1,H TOFQU125
FX(1)=1. TOFOU130

802 UX(I)=U(D) TOFOU135
810 DO 815 I1=1.M TOFOU140
815 TCI)=(FG(I)=QM&DL/ (4. #FX(1)»UX([)2S))*x0.25 TOF QU145
SOF=0. TOFOU150

BO 816 I1=1-M TOF0U15%
TI=T(1) TOFQU160
CALL SUBL10O(TI,R1,R2,F[) TOFQU205
FOly=F1 TOFOU205

816 SDF=SDF+ABS((FC(II-FX(11)/F(1)) TOFQU210
SDF=SDF/FLOAT (M) TOFQU215
IF(SDF-DUE} 820,820,817/ TOFQU220

817 DO 818 I=1,M TOF QU225
818 FX(I)=(FUII+FXCI))/2. TOFQU230
GO TO 810 TOFOU235

820 TM=0. TOFOUR40
DO 823 i=1.M TOFOU245

823 TM=TM+T(D) TOFOU250
TH=TM/FLOAT (M) TOF0U255

830 IfF(M1-1) 831,831,833 TOFOU260
831 DO B32 [=1,M TOFQU3U0
832 UC1)=AKF*DL*(T(1)/TM) #xBF TOFQU3US
G0 TO 840 TOFOU310

833 0O 834 I=1,M1-1 TOFQU315
834 UCI)=AKP=DL*(TC[}/TH)*#8P TOFOU320
DO 835 1=M1,M2 TOFOU325

835 UC1)=AKF*DL*(T(1)/TH)#BF TOFQU330
DO 836 [=M2+1,M TOFOU335

836 UCLY=AKP*DLY(TUI)/THI»=BP TOFQU340
840 SDU=0. TOFOU345
DO 843 [=1,M TOFQU350

843 SDU=SDU+ABS((ULIY-UXCI)Y/uci)) TOFQU355
SDU=SDU/FLOAT (M) TOFOU360

850 IF(SbU-DUE) 870,870,860 TOFQU400
860 DO 861 [=1,M TOFO0U4US
861 UX(T)=(U(II+UX(I))/2. TOFOU410
GO To 810 TOFOU415

870 RETURN TOFoU4a20
END TOFQu425
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SUBPROGRAM OF CALCULATION NF SPECTRAL FACTOR FOR EMISSIVITY

PROGRAMMED AND CONED By H., TANIGUCHI , 20 JAN, 1067

SURROUTINE SUB1BO(TI,R1,R2.F 1}

T1=71%R1/10000.

IF(T1.LE.0-097) GO TO 1040

IF(T1.6E6.10.) GO T0 1060

T1=ALOG(T1)

F1z-0,08979023+0.2243122471-0,2619683%T1 %42
+0.1858129#T1ee3-0.0384632832T14n4d
+0.0219086#T1##5-1,593N0h1~3T %26
~8.44199BE-4#T1%#7+4 ,8A5161F-5T1 %5
+6.000257E-5+T1##9-9,.61758E-6nT1ex10n

F1=EXP(F1)

G0 1O 1020

Fi=1.

GO 70 1020

Fi=0.

T2=T1%R2/10060.

IF(T2.LE.0.097) GO YO 1040

IF(T2.6E.10.) GO TO 1040

T2=AL0G(T2)

F2=-0.08979023+0.2245172+T2-0,2619683#T2%22
+0.1858129#T2%%3-0,08463283#T2xs4
+0.0219086#T2+45-1,093006F-32T2%e4
~B.441998E-42T24*7+2 BAS1OTIE-53T2w*x
+6.000257E-5#T2%89-9,61758E-62720210

F2=FXP(F2)

G0 7O 1050

F2=1.

GO TO 1050

F2=0.

Fl=F2-F1

RETURN

END

SUBPROGRAM OF GENERATION OF RANDOM NUMBER , RFVISED
CODED BY H. TANIGUCHI , 24 NOVEMAER 1945

SUBRDUTINE SUBSODINRAN,RAN)
NRAN=MOD(23*NRAN,10000001)

RANSFLOAT (NRAN)#1,.E-7

RETURN

END
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