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Effect of discrete spectral resolution on cal culation of theé
infrared characteristics of engine plume

LIU Youwhong

(Schoeol of JetPropulsion,
Beijing University of Aeronautics and A-stronautics, Beijing 100083, China)

Abstract: . Finite, volume method (FVM) model and its solution procedure were estab-
lished. A'nd corresponding\ FORTRAN-program was developed to simulate the plume infra-
red characteristics, in 2~ 5 Bm, of astandard example engine that flies in atmosphere. T his
study focuses on the effect of the discrete spectral resolution in FVM on the infrared calcula-
tion precision.The result shows that the source directional spectral radiative intensity be-
comes, after\absorption along a 0. 88 km horizontal sea level path, gradually independent of
the discrete wavelength when the discrete spectral resolution increases. When the number of
discrete equal intervals of the infrared wavelength of 2~ 5 Pm in FVM is more than 150, the

infrared spectral radiative intensity emitted from the plume is independent of the discrete

spectral resolution.

Key words: aerospace propulsion system; discrete spectral resolution; plume; infrared;
finite volume method (FVM)
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1 50 % 20x% 36
Table 1 Plume flow field data Nox Ne= 18x 36
, 2~ 5Hm
Jom fem : 30, 60, 100, 150, 300
55 110 220 440 1100 (9)~ (13)
/K ’
0 1960 300 300 0 0 i,
400 1990 1250 400 0 0 )
1010 2230 1600 660 370 0 I = ZA‘JL-M = cos OM (17)
1250 2240 1600 79 410 305 W
na , A ja
2470 1760 1400 900 49 320 9
3700 1250 1120 860 550 350
5760 820 790 710 550 360
12200 480 480 470 450 390 7
H,0 o
0 0.46 0.0l 0.0l 0 0 1= j;h (18)
400 0.46 0.12 0.0l 0 0 nx
1010 0.4 017 004 0.0l 0
1250 0.37 017 005 0.0 0 4
2470 0.19 0.12  0.06  0.02 0.002 3 4 FVM~ , 2~ 5HUm
3700 0.1  0.09  0.05—0.02 ~0.003 : 30, 60, 100, 150, 300
5760 0.05  0.05 0.04 _ 0.02 0.005 ’
12200 002  0.02% 0,02 0.0l —0.005 3 2~ 5 bm
) 150
0 0.0 0 0801 0\000 )} 0 0 [2] ARC(Aerodyne radiation code)
400 0.08 0.03 0/003 0 0
1010 0.09_—0.04 0.0 0002 0 b
1250 0.08 “0.04 0.008 0.002 0.000 3 ol — Spec.Space=0.10 jum
2470 0.05 0.03 0.0l  0.006 0.000 8 = :;::::::::::::::8::}2 b
3700 0.03  0.02 0.0l  0.005 0.002 £
5760  0.01 0.0l 0.0l 0.005 0.002 E °
12200  0.004 0.004 0.004 0.004 0.002 S: ¢
co £
0 0.040.000 1 0.0001 0 0 90 25 30 35 40 45 50
400 0.04 0.0001 0.0001 0 0 Mm
1010 0.013 0.002 0.00001 0 0 3 4A=010.005.0 03Hm
1250 0.005 0.0001 0 0 0 Fig.3 Source normal spectral radiative intensity
2470 0.0001 0.0001 0 0 0 of the plume for AA= 0 10,0 05,0. 03 Hm
3700 0 0 0 0 0
5760 0 0 0 0 0 ’
12 200 0 0 0 0 0 ’ 3 ’
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Fig.4 Source normal spectral radiative intensity

of the plume for AA= 0 03,0 02,0. 01 Hm
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Fig. 5 Comparison of normal spectral radiative
intensity of the plume between present

paper and the A RC\program
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Table 2 Maximum spectral radiative intensity for
different discrete spectral resolution
( Unit: W/ (Mm* sr))

/Pm 100 150 300 ! %

2.02 596 390 659 010 659 010 0.0
2.48 882 600 882 600 882 600 0.0
2.64 261 950 392 410 392 410 0.0
2.98 990 710 993 790 993 790 0.0
4.16 520 550 520 550 520 550 0.0

4.52 534 800 534 800 534 800 0.0

, 3 4 ,
2. 48 Hm, 2. 98

5 , 2~ Sim
, FVM ARC
FVM ARC

2

2~ 5 Hm
30, 60, 100, 150, 300
LOWTAN7.0
0. 88 km ,

LOWTAN7.0 0. 88 km
2~ 5 Hm

300 . 6 ,
CO2 2.7¥m 4.3 Pm |

2~ 5 Um ,
0. 88 km
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6 LOWTRANT7.0
Fig.6 Atmospheric transmission calculated by
LOWTRANTY. O for a path length
of 0. 88 km in the sea level
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Table 3 Maximum spectral radiative intensity for
different discrete spectral resolution transmitted
by the atmosphere ( Unit: W/ (HFm* sr))
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Fig. 7 _Normal spectral radiative intensity transmit ted

by the-atmosphere for AA= 0 10,0 05,0. 03t m
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Fig. 8 Normal spectral radiative intensity transmit ted

by the atmosphere for AA= 0 03,0 02,0. 01 Hm

/Pm 100 150 300 | %
2.03 537 943 525 895 537 943 2.2
2.46 491 740 550 628 550 628 0.0
3.00 554 302 529 049 554 302 4.5
3.14 414 166 463 765 463 765 0.0
4.16 155 384 400 198 400 198 0.0
4.58 397 450 367 975 378 585 2.8
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Fig. 9 Comparison of normal spectral radiative

intensity transmitted by the at mosphere betw een

present paper and the ARC program
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