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A New Calculating Method of Emissive Power
of Nonisothermal Gas

Hiroshi TANIGUCHI
Combustion Engineering division, Faculty of Engineering

Abstract

Many papers have been published on the calculating methods of emissive power from
isothermal gas. However, on nonisothermal gas only one report by Cohen and few other
related reports may be seen, not withstanding the fact that almost all erfgineering problems
in this field are nonisothermal in nature.

A new method is proposed in this paper for the calculation on nonisothermal gas
which is bounded by two parallel black walls and has a one dimensional temperature
distribution perpendicular to the walls. The gas slab is subdivided into m segments of
small slabs, each of which is parallel to the walls and is approximated as a uniform
temperature. The emissive power from one of the segments to one side of the walls is
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Accordingly, the total emissive power to one of the walls is

calculated by
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All examples in this paper were calculated by an electronic digital computer inasmuch
as a considerable amount of calculation was required to obtain good results.

The author also attempted to use several simpler formulas which were led from ex-
periments instead of the prescribed formula, and it was shown- that the majority of these
simpler formulas were not suitable for this purpose.

In the prescribed formula the author defines “Ideal Gas” to be that which radiates
the emissive power only in a certain region of wave length and the emissivity of which
is the function of p//T" (i.e. the founction of the number of molecules). -For:ideal gas the
calculated emissive power from one of the segments in a nonisothermal gas, d

the same results as indicated in Cohen’s method in which he assumed that the total gas
slab is the same temperature as one of the segments. However, for a gray <gas,~1n which
the emissivity is the function of p/ only, both calculations give the same result.
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5 ERADEBOND,
P 1 _18]’171:_: '\/%ig . —18pl,, 'JE:Z:S
AE,, — K, <1+0026~ " ) . S -
100 273 273
18pLL1\/ 18 pl, N
f- (1+18p2, \/273> ieni x*/ff /273
gL TN _,_,{ Lo (46)
[i_ < - [273 ) ~1eptg_ 22 1 273
(1= (L4 28ps ) € zj/ T,
Eup = K, (140031 <2 )( 0.6 1 e, 0.6 LT
AdEs, = 2< +-0. n_> . — U, e
100 273 \/ 273
115 pz,l_w/ T 115 plon]
—15pL,, 2[_T§ <“° 6150)1977; 1 ~115plny/i§ -<140+%2)Pln
+ 0.4 [ 6—5—'06 1000 '4 e 6508 1000,
Pl <14o+ o 273> pzn(140+ 7 — 115 \/ 273)
1000 1000
<1+115plz 1\/ 273) S i
0.6 —
115 \/"273
ﬁ 7‘1‘ 1 - . _
S (1 1sple 217,3) o\,
0.6

115 \/ 273



14 7 O @ 14

S— v 650 3
1+115pl-, \/BZ?L e‘“mt—x*/%~<1+ <14o+ 650 ) pli_,>e—.<“°+E> s
Ti—l 3;)00 g 1000
+04
650 _ 573
140+ 77> —115 \/Ti_,
1000 J
(14 115pte-s o 213 Yo orte- Vi (14 (1404 o el Jer (o Ee) e
1000,
1000
+0.4 1
650 «/ 273
—11
140+ <5 e
1000 J
f \/ 273 < \/ 273 650 >1
06-115 4(115 +1404 o2
l Ty T T“ I
f 273 273 15)5(2)0 “n
L06- 115J <115\/ +140+ =7~ >}
1000
1__6—321;!”_‘ l_e-—szpln
dE., — Ka( e ) (48)
AE, = AE,,+ dE,,+ 4E;, (49)

BFHEB 0 /7 a2 cBL TR, FRoE»kk K, K, K, z#RdT 5%
Ebs, K, K, K, AR E L TCROFEREZZ S, TORMAEBTFHERERNBLIE
SREEORDI,

5 .
log. K, = ay,+ § ai; (loge T') (50)
5
log. K, = az+ i§ az (log. Ty (51)
log, K, = a,+ ¢§ as; (log, T') (52)

22 ay, = 1133076253
ay; = 5.356064462
a,; = —1.781720121

s = 0.415322074
1« = —2.038079382
s = 1.63287448
az = 1.204646184
ag = 3.422000723
az, = —1.468207792
2 = 0.6055943726
a;, = —0.2263588253
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(46) 7,

BEATAET 24 2 Db { HEEOTHTE

ays = 0.07779973036
a, = 0.1814566777
a,, = 1.573800955
—0.3726032841
0.1692194844
a,, = —0.01154830254
ay; = —0.02911521766

4n=x, =,

)
g
Il

&
l

(49) 5, (50)

X, GNN, GDRCIVEFHFIHK T2 s T

SRR LT,

1) BFHAE#RTIOISLA7A-FP—F

50 SUB_ No.!
TSL = Lo& (15000

L2 A - B PN

Akt = EXPE(TAK-TSL)
Az= EXPE(ZAK. TSLY)
AVS = EXPE (ZAK TSLN )

I
xix I8pLS J2m3 /TS
X2{= 0§ PLS [I73/TS

X3=FIPLS

x22=(140 +§¥o000 /TSI PLS

A4 vrTassa

ReAD ff, DP(), PL(D), T(T) ¢

PL(Z) = TOP(3)- pL(E)

PLS= PLLY
T3 = TUY

50 SUB wo,!

%
El()=Es!
E2(1)x Es2
3 =53
pry=1
r20=J
P3(y=1

SVB NoO, |

El(x)=ES|
E2(r)=Esz
€3 () =Es3 {

¢ 533

E51=AK! (|+o.oz =

23} =AK1(H'0-OJI T‘,',,:,q’ ) (\— o.sti:&,f_(‘_xi'_).-g,‘, EPEC
- = ExPE(-x3)
Es3 « Ay (1~ AEREEL22)Y

)(l _ l—Eﬁi:Fl('xO

X22-X2

xa1) = EAPE(-x22)

HHEFH-

XY= \BPLS [Z9I/TS
1= 115203 /s
Xzr= X21PLS

X13= {40t $¥o000/T5
K24 =x323PLS

o (o) exPEEXD
Psi= %

(X2 EAPRC-X2D) (X 2)ERPF (- X22)= (13 %24 ) EXPE(-X24)
P52 2.6 %31 & X37-%21

0%+ 0.4 (X2] +X23)

PLS = PLCI-1)
$=T(x-1

22
EN(D)=Ei(T)~E5|
Ea(x) =E1(X)-E52
B3(x) = E3(X) - By

PLs = pL{x -]
s = T(1~1)

PL(D)= PSI
2.1}~ BS2

[{

Cs= PLCE
= T(z

31
PH(X) = PICT-DPICE) /P51
Pa(D) = Pr(F-) PAD /P52
13(x) =p3(3=1)

33

EM=E1(z) +Er (D) 1EF(X)

L N =B1(3)- IR+ F2(x)- Pa(X) +E3(2) - PI (D)

bEHN = EM-EN

4o
[x¥re PL(?,TM,EH. En,DEHN]

ETM =ZENM
ETN=SEN
PETHN = ETH-ETN

[TYPe €™, BTN, DETHN |
41

PAUSE
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(2)

BEFRERTIOIS L, ANF—4, BHYX b

»
#.
.

11 bo

12
13

=

bt

2

o

2

-

2

X3

3

a

34
‘32

33 ETM=

4

=

A

PROGRAM/NEV CALCULATING METHOD VOP %

NXSSIVE OUER OF NONISOTHERMAL

RRRAY D¢ 0mn DL ¢ 5081 1300}

Al P {508, 00,
e B3 65000 EACH 3"

(5«03 s:sw
mssxss Lmrfp t) o;ip

TYPE 1000
READ zoos,n m,m ;
TIPE 1002,1Y,1M,10 i

mn zm,mm,um,xcn,p o,

n.m:npdmr.ﬁn
IF¢Mal)

12 1=2
rm>=m5.mnpm-oun ‘
pLS=pLC : b
TS=T¢1)
S0 T0 SUBRQUTINE S0

Ll
&~
~
-
-
é
it

p3Cii=1 e 0
u'm.n "33 33 »20 it
Do.32.3=2,4 "

)’LS@L(H

TS=T¢I)

80 To SUBRQUTINE 50

Ef(I)=ES1

{
PLS’—'PL(I—-U
TS=T(¢1)
6o TO SUFROUTINE 50
Ei(1)=E1(I)~ES?
E2 ES2

G0 TO SUBROUTINE €0
PLCII=PICI-1)api(1/PSE
P2(1)=p2(I-1)ep2( 13/pS2
p3(13=v3(1_1>

TM=0e

ETN=
Dp 40 I=1,M

EM=E$¢13+82¢ 134 E3 (T
m—n(ntpiuwﬁtInpzclumnhﬂtn

m&:mmzn

ETN=ETN+EN

TYPE 1oo‘,1§l.cn STC13 EM EN DEMN
N

. DETMI=ETM..

41

TYPE 1007,ETH,ETN DETMN
PAU 1

SMFDRMAT(‘HINEU CALCIVLAT ING METHOD OF

mosFoRMﬂBl‘)

1002FORMAT (SHDATE 15,13 ,xsl/n
1003FORMAT( 14}

1004FORMAT(3E159)

100SFORMAT( IX anpx. 146, 10T, mx ZH‘})E

SIVE pONER OF NONISOTRERMAL GAS)

12x; et

xoocponmuaas.s 4:12-9)
10 7FORMAT(E 1%,3816.9//7)

AN — 4

1965
2

1eEQ 5eE.3 §2E2

1«ED S+E.3 1+2E3
1eEQ S#E.3 14253
4+E0 S«E.3 1253
1250 SeE.3 1283
1eEQ 5sE.3 142E3 °

10EQ 5¢E-3 1+2E3
14EQ SeE-3 1253
.50 5eE.3 1s«2E3.
{sEQ S<E3 1:2E3
1.50 5.E.3 1283

_ §eEQ SeE-3 6+E2
1+E0 5+E.3 €vE2
1s50 5+E.3 €sE2
10EQ 5eE.3 €aE2

1sE0 5053 6.E2

P

5%

BY ReTaAN IGUC! 1 ‘;& J!’.Y 1964

H

&50

O ww

=1l - T N

SUBPROGRAM NOe :lrokmn.A 406 BY
AeSCHACK 6 JULY
SUBROUT INE
TSL=LOGEF (15/ 10003
AK11=1 133076253
AK 12=50356 06 4462
AK$3=_1.78172 0421
AK 14=004 15322074
AK15=.2. 038079382
AK16=1+6328 7448 «
AK {=EXPEF CAK 1 1+ AK 12T SL+4K 130T5L s 244K 160
TSLg3+AK15eTSL j4+AK 16 4TS ¢ 5)e 100D
AKi1=1e2 04646 15‘3«

AK 1406055945726

AK 152 92263 585255

AK 16=0+ 07779973 036

AK2=EXpEF (AK $14+AK 120 TSL+AK 130T SL 1 24AK 14u
TSL p34+4K 158 TSL g 4+ AK 16 TSL 1 5) #4000

AK11=04 1514566777

AK 1210575800955

AK 3= 93726 032841

AK 1420+ 1692 194844

AK 152000115423 0254

AK16=_0402911521766

AK3=EXPEF (K 1 1+AK 128 TSL4AK 13 TSLy 244K Lhu
TSLy3+AK 158TSL  4+AK 16 4TSL 2 5)% 1000«

Xi=$8+spLSeSQRTF(273+/T5) i

X21=115+wpLSsSQRTF (273 +/18)

X22=( 14 0st6 50000»/1'5} *pLS .

X3=32.pL5

ES1=AK fa.( 1040 026a(TS-275+ :/wo-).
Clo( 1.w£xpxr(~xn X1

ES2=aK2m(1e mu-os 1.(1’5_275. 3/100¢)%
(1omQebm{ 1o EXPEF (. X21))/X21_0vhs
CEXPEF (X2 1)-EXpEF (.X22) )/ (X22..X21))

;:ss:sxs-u-_( 1o EXPEF (. X3))/ X3}

ETURN -

SUBPROGRAM N0+2/FORMULA 406 BY
A+SCHACK ,6 JULY 1964

SUBROUTINE
Xi=18eapLSwSQRIF (2753 /TS)
XZ!-il.utSﬂRTF(Z?J-/TS) .

X22:X2 1apLS

XZS—IAQ-»‘soooo-/xS

X24=X239pLS
Pm:(:--(i.dndmzn_m))/xl»z
PS2=(Qs6a(ien( ia+X22)EXpEF (. X225/

X214 0elim(( 104 X22 Y0 EXPEF (L X22)( Lo4-X24)
EXPEF(—EQ) >/(xzs_xzu;/(o-c.xz I+0elinm( X2 1+223 ))

RETURN -
Bpez2,2 2)

al i -
#

Eweniil

Onhen Cx3itm
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