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Fictitious gas-based model for calculating radiation
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Abstract: The classical Malkmus statistical narrow-band model was extended with a fictitious gas method to
improve the numerical accuracy of the infrared radiation signature of high-temperature gas in aeroengine exhaust
systems. In this study, the accuracy of the extended model and the classical Malkmus statistical narrow-band
model were evaluated. The results show that the numerical accuracy of the classical Malkmus statistical narrow-
band model was improved significantly by the fictitious gas assumption, particularly for nonisothermal and
nonhomogeneous gases. Compared with the line-by-line results, the root mean square error of the classical
Malkmus statistical narrow-band model for the average band transmissivity of CO,-H,0O-N, mixture is 0.018,
while the root mean square error of the fictitious gas-based Malkmus statistical narrow-band model is 0.012,
which is reduced by 33.3% compared with the former.
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Tab.1 Broadening constants and temperature
correction factors """
Species Broadener Yij Mij Yii njj
H,O H,0 0.079 0.5 0.462 1.0
CO, 0.106 0.5
co 0.079 0.5
N, 0.079 0.5
0, 0.036 0.5
CO, H,0 0.1 0.7 0.012 0.7
CO, 0.058 0.7
cO 0.058 0.7
N, 0.058 0.7
0, 0.058 0.7
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Tab.2 Classes of low-state energy for fictitious gases'!

Classes E/em™
Gl 0-1500
G2 1500-3 000
G3 3000-4500
G4 4500-6500
G5 6500-0

CO,-H,O-N, ¥R & UMK Y 385 45 7 438 3 R 45 T
CO, il HyO 5P 3 185 1 R A e .
Ty, (mixture) = 7,,(CO,) - Ty,(H,O) )
W SRS )5, K R, 90 R N B
VST
LTZ (1-1,)-€,,-dn

jﬂz e, dn

m

&
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ELBL

2.1 CO,

LLHMAEIIER 1 TAR B BEA 3~5 pum Al 8~12 pm,
25 R B HL IR U5 S £ AR P AE 3~5 pum s Bl g T
SCHEE T HITEMP2010 £i04i A58 1481 . 2450 %A%
FEHESER . AR5 &84T CO, 78 4.3 pm WLISHT (1800~
2600 cm ™) P IHR ST REE S8, F 5 LBL 115455
AT T Hd . R 3G TANRNREE 500 F SR 1
5] COy [MRMTHR 25k . AESEIR . E¥5T COo, Atk
B =B A . S5, & BESEULER 4.

®3 HiR. 595 co, SEITEEH
Tab.3 Calculation conditions for CO, in isothermal

and homogeneous columns

Case T/K Platm XCo, XH,0 Ny I/em
Cl1 800 1.0 0.04 0 0.96 50
2 1000 1.0 0.04 0 0.96 50
c3 1200 1.0 0.04 0 0.96 50
c4 1500 1.0 0.04 0 0.96 50

&4 R, EH5 COo, SEITERMN

Tab.4 Calculation conditions for CO, in nonisothermal and nonhomogeneous columns

Column T/K Platm Xco, YH0 N, l/em
1 800 1.0 0.01 0 0.99 50
2 1500 1.0 0.06 0 0.94 50
3 2 000 1.0 0.10 0 0.90 50

1 JRAESFI . 51 %4, SNBFG #2781 F1 SNB
BRI AR R T CO, 15 4.3 pm WCHT Y35
FHE RS LBL IR R, Horh, B
T LBL BITFSEEE R, T4t T SNBFG # A
Al SNB A5 70 ) H 5 25 . SCHh LBL TH55 3 Al 58
9 0.01 em™, S E T 5 25 R RO (TR A5 R AT 1
B, ¥ LBL BT 45 RAETE A 98 B Ap= 25 em™' A
FTEUE -

TEAN R 4574, SNBFG 5 51 Fl SNB #5151 )
TSRS LBL i 45 R 2 i 22 5 R B4 b e
2200 cm™' F12400 cm™ B, 40&] 1 7R, #2200 cm™

BRI, SNBFG 55 A1 (14 15 45 SRS /N T LBL (31545
R, T SNB BRI 45 R MAR B o PR AP ASE B 1)
TGS R Z AL 25 50 R 2 PR A5 52 1) SNB AR Y
T 3t A B R OGP Al AR Ak B 73 i 2k 22 1) Y SGEBR
BUONE; T XS T SNBFG A, [a] — R s <Ak i 1y 43 F
T2k Z [HATE SR U T A% e SNB A5 7 1 A G P AR 12
R 200 T R Rl B R SR Y 43 15 4 22 1] 7 DG IR A
N AE 2400 em™ [T, SNBFG £ % Al SNB 45 74
TR AR R T LBL M RAE R . AN [ER B 260
T, SNBFG BRI TR R 22 45 KO 0.11, 77 iR 2
I KN 0.021; SNB BLHY (1) 1 581% 25 e KW 0.04, #4975
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SNBFG 1 B AN REAT AU B AR T R iR 22, L2 &7
— R LRI R

K3 BRI . JE 54T, SNBFG BRI
SNB A5 1) CO, £E 4.3 pm MR SCHT 1) 35 F- 1 3%

#°4-0.07. SNBFG 551 Fl SNB 5 B (i 35 J7 #R 4% 22
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Fig.3 Transmissivity for 4.3 pm band of CO, in nonisothermal and
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BT T IR, 225/ T ARRNRE ST %
IR 5K Hy0 WA &, SR, RN
R H,O th = BESER  WAIR ARG, 2 Bt S 5L 6.

x5 FiR. BAKEK H,0 HERMAF
Tab.5 Calculation conditions for H,O in isothermal

and homogeneous columns

Case T/K Platm Xco, XHy0 N, l/em
w1 800 1.0 0 0.03 0.97 50
w2 1000 1.0 0 0.03 0.97 50
w3 1200 1.0 0 0.03 0.97 50
WA 1500 1.0 0 0.03 0.97 50

%6 FEHR. EHHSE H,0 IHERH
Tab.6 Calculation conditions for H,O0 in

nonisothermal and nonhomogeneous columns

Column /K Platm ~ *CO;  XH;0 N, l/em
1 800 1.0 0 0.01 0.99 50
2 1500 1.0 0 0.06 0.94 50
3 2000 1.0 0 0.10 0.90 50

4 R 5 SR PRS2 2508, SNBFG 4
1 SNB #2838 (9 A [F) i B HoO 7E 6.3 pm MR
HF (1000~2500 cm ™) F12.7 um WREH (2 600~4400 cm ™)
P RE 135 0d %5 LBL TS5 A% L o

7 6.3 um W2 Y, SNBFG &5 B (i1 & 45 B 5
LBL 3145 RIEAAH A, aniEl 4 iR . AS ()il B 45
T, SNBFG 52 A1 1 fie R H3R 22 0 0.02, ¥ J7 AR i
24 KA 0.005, SNB FAF 1B 45 R 5 LBL Yt
AR Z A 22 5 R B A 1500 em™ [k, 4nf&] 4
fis . ARNREE &P, SNB R i KB iR 2%
4 0.06, 477 MR 22 KN 0.006

16 2.7 pm WZ U5 H , SNBFG 7 Fil SNB #57 1) 11
ALY LBL i a5 A A2 5 24 e 3300~
4100 cm™ T, WA S PR . AFRE XU,
SNBFG 8 1) f5e K430 15 22 4 -0.02, fie K 7 AR 1%
54 0.005; SNB 78 iy e K53 25 0 0.02, e Ky
Jr iR 2R 0.006,

TSR Y51 54, HyO 7 6.3 pm Al 2.7 pm
WS N R T R S BB AE R Ar  an &] 6 RN AL 7 P
/Ro fE 6.3 pm Fl 2.7 pm WYy, SNBFG B RS T3

S
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‘3 0 29283228 ,2% 8830080000,
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Fig.4 Transmissivity for 6.3 pm band of H,O in isothermal and

homogeneous column
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Fig.5 Transmissivity for 2.7 um band of H,O in isothermal and

homogeneous column
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Fig.6 Band emissivity for 6.3 pm band of H,O in isothermal and

homogeneous column
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WA 3 - 2 5 5 RS LBL g5 R X e, A
6.3 um W 47, SNBFG 5 A iy 11 550 1% 25 W] b /N T
SNB 5 1 iy 8% 2%, SNBFG U i e KB iR 2%
90.03, B35 MR 2% K 0.010; SNB 455 A B K8 iR
# K 0.06, ¥ MR 2 0.014. 1E 2.7 pm WYL,
SNBFG # B (1) fix K% 22 —0.04, ¥ J5 iR 2
0.010; SNB #5 A (1) fi K% 22 Hy 0.04, B Ir iR 22 4
0.012. &A& BF&, FEARSER . ARSI 50T, X T H,0
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Fig.8 Transmissivity for 6.3 pm band of H,O in nonisothermal and

nonhomogeneous column
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Fig.9 Transmissivity for 2.7 um band of H,O in nonisothermal and

nonhomogeneous column
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2.3 CO,H,0-N,

SCH T HITEMP2010 5048 2115 T CO,-H,0-
Ny IRA AR SR . JE A % T RS 1%
oL AESER . AE ARG R h = BAER . AR
BARRAN, K BSHOLE 7. TR BETLEN 1000~
4400 cm™, 3 T CO, BY 4.3 um W UCHT L & H,0 1Y
6.3 um A1 2.7 um WU o

*7 EER. FEHS CO-H,0-N, BESEITEE Y
Tab.7 Calculation conditions for CO,-H,0-N,

mixture in nonisothermal and nonhomogeneous

columns
Path T/K P/atm XCOo, H,0 ANy l/em
1 2 000 1.0 0.10 0.10 0.8 50
2 1500 1.0 0.06 0.06 0.88 50
3 800 1.0 0.04 0.03 0.93 50
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0018, Bk FFE, FEARSFR . EHSKMET, N T
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28, SNBFG #5221 11515 22 B | /N T SNB 2 7!
MR 22, 5 E R MR 25 W Y 1.5 A% .
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Fig.10 Transmissivity for CO,-H,O-N, mixture in nonisothermal and

nonhomogeneous column
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