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Abstract: Considering the numerical calculation of remote infrared signal emitted by solid wall and
hot combustion gas of jet aircraft’s transonic exhaust system, the existing multi-scale multi-group wide-
band k-distribution model (MSMGWB) was expanded from 3—5 um wave band to 2—2.5, 3.7—4.8,
7.7—9.7 pym and 8—14 pm wave bands. Moreover, the method of finding best combination of
wavenumber subinterval grouping results and Gauss integral schemes was improved. The calculation
results of 56 1D cases and a 3D real-structure transonic exhaust system remote infrared imaging case

indicated that the optimized MSMGWB model significantly improved computation accuracy and
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efficiency compared with fictitious gas-based statistical narrow-band model, especially under 3—5 um and

3.7—4.8 um wave bands, the comprehensive calculation accuracy was nearly doubled, and the calculation

efficiency was increased by 4 times and 1.5 times, respectively. At the same time, the optimized

MSMGWB model’s comprehensive calculation accuracy was improved more significantly, and calculation

efficiency was improved by about an order of magnitude compared with the domestic mainstream

calculation method of target remote infrared signals.

Keywords: gas radiation; k-distribution; wide-band model; multi-scale multi-group;

infrared imaging
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Table 2 f and theoretical computational costs of each model under various wave bands

MSMGWB SNBFG NB
e B/um
M, M, To/K f RTE 4%k f RTE B3 f RTE B4 #%i/em™
2~2.5 15 5 300 17.35 123 5421 280 1813.4 800 5.0
3.7~4.8 5 10 1300 13.33 87 130.9 217 371.0 496 5.0
3~5 5 10 1900 5.59 70
216.1 350 424.0 800 6.7
3~500 2 10 750 23.17 134
7.7~9.7 11 2 200 16.72 61 24.23 70 1489.9 200 5.36
8~14 10 10 1900 7.01 95 12.86 140 1213.4 428 5.0
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Fig. 8 Transonic exhaust system’s internal and external flow field and temperature distributions of primary nozzle and its heat shield
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Table 3 Thermodynamic state parameters in the 0—7 km atmosphere

iR /km F H1/Pa T EE /K x(H,0)/10° x(C0O,)/10™ x(C0)/107
6~7 45829.30 258.13 1.278 3.299 1.268
5~6 52243.17 264.36 1.884 3.296 1.294
4~5 59305.52 270.35 3.052 3.292 1.304
3~4 67127.81 27635 4.930 3.286 1.325
2~3 75851.90 282.35 7.863 3276 1.365
1~2 85477.77 287.56 11.70 3.263 1.410
0~1 96 056.10 292.06 16.13 3.248 1.453

I/(W/(m®-Sr))

(b)3.7~4.8 pm, 100 km [ 200

(a) 2~2.5 um, 70 km

(c) 3~5um, 100 km (d) 7.7~9.7 um, 40 km

[ 30
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e i
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Fig. 9 Remote infrared imaging of exhaust system under
different wave bands under environment

excluding aerosol
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Fig. 10 Spectral extinction coefficients of sea salt aerosols at various altitudes, and 20 km remote infrared imaging of exhaust system

Error/%

under different wave bands under environment containing sea salt acrosol

-15-13-11 -9 -7 =5 -3 -1 1

11 13

-E@—;

2~2.5 pm, 70 km

3~5 pum, 100 km

Error/%

3.7~4.8 um, 100 km

0 — )

7.7~9.7 pm, 40 km

]

8~14 um, 100 km
(a) KR

-15-13-11 -9 -7 =5 -3 -1 1

11 13

_0-9]

2~2.5 um

3.7~4.8 um

— ¢ ]

3~5 um 7.7~9.7 pm
8~14 pm
(b) A

El 11

Fig. 11

TSI REIE R 1) MSMGWB R FRLT S %3t

R

Error distributions of MSMGWB model in calculation

of remote infrared imaging under environment

containing and excluding aerosol

x4 =HEF MSMGWB HELZRA MR GRKITEIRE
Table 4 Maximum calculation error of MSMGWB model
in the 3D case

) ST RIRE %
B /um —
R SRR B TSR
2~25 —8.0~+10.2(L:20 km) —12.2~+11.6(L=70 km)
3.7~48 —43~+48(L=20km) —1.3~+3.9(L=100 km)
3~5 ~7.5~+3.7(L=20km)  —8.3~+0.3(L=100 km)
7.7~9.7 —9.1~+25(L=20km)  —13.8~+3.5(L=40 km)
8~14  —74~+51(L=20km) —14.8~+3.8(L=100 km)
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Table A1 Calculation parameters of 56 1D cases
= X(]] PURAUZ BIRRZ WRER

11

14

L,=50 cm, p=101 325 Pa, 7=800 K,
x(H,0)=0.10, x(CO,)=0.10

L,=50 cm, p=101 325 Pa, 7=600 K,
x(H,0)=0.10, x(CO,)=0.10

L,=50 cm, p=101 325 Pa, 7=800 K,
x(H,0)=0.10, x(CO,)=0.10

L,=80 cm, p=151987.5 Pa, 7=1 300 K,
x(H,0)=0.10, x(CO,)=0.10

L,=80 cm, p=101 325 Pa, =1 300 K,
x(H,0)=0.10, x(C0O,)=0.10

L,=80 cm, p=202 650 Pa, 7=1 300 K,
x(H,0)=0.10, x(CO,)=0.10

L,=80 cm, p=101 325 Pa, =1 300 K,
x(H,0)=0.10, x(C0O,)=0.10

L,=80 cm, p=101 325 Pa, T=400 K,
x(H,0)=0.11, x(CO,)=0.11

L,=80 cm, p=101 325 Pa, T=1 600 K,
x(H,0)=0.11, x(CO,)=0.11

L,=80 cm, p=202 650 Pa, =1 600 K,
x(H,0)=0.11, x(CO,)=0.11

L,=80 cm, p=101 325 Pa, 7=1 900 K,
x(H,0)=0.12, x(CO,)=0.12

L,=80 cm, p=151987.5 Pa, T=1 900 K,
x(H,0)=0.12, x(CO,)=0.12

1,=80 cm, p=151987.5 Pa, T=1 900 K,
x(H,0)=0.12, x(CO,)=0.12

L,=70 cm, p=162 120 Pa, T=1 800 K,
x(H,0)=0.14, x(CO,)=0.12

L,=60 cm, p=101 325 Pa, T=1 050 K,
x(H,0)=0.10, x(CO,)=0.10

L,=0.3~40 km, p=101 325 Pa, T=308.15 K,
x(H,0)=0.057 24, x(C0O,)=3.23 x 10,
x(CO)=1.47x 107

L=0.3~40 km, p=101 325 Pa, 7=288.15 K,
x(H,0)=0.001 84, x(CO,)=3.23 x 107,
x(CO)=147x 107’

L,=0.3~40 km, p=101 325 Pa, T=288.15 K,
x(H,0)=0.001 84, x(CO,)=3.23 x 107",
x(CO)=1.47x 107

L;=0.3~100 km, p=91 192.5 Pa, 7=298.15
K, x(H,0)=0.032 26, x(CO,)=3.23 x 107,
x(C0)=1.47 x 107(7.7~9.7 pm H
L,=0.3~60 km)

L,=0.3~100 km, p=101 325 Pa, 7=298.15 K,
x(H,0)=0.032 26, x(C0O,)=3.23 x 10°*,
x(C0)=1.47 x 107(7.7~9.7 um I}
L,=0.3~60 km)

L,=0.3~100 km, p=81 060 Pa, I=285.2 K,
x(H,0)=0.009 59, x(C0O,)=3.27 x 10°*,
x(C0O)=1.39x 107(7.7~9.7 pum A}
L,;=0.3~60 km)

L,=0.3~100 km, p=101 325 Pa, 7=298.15 K,
x(H,0)=0.003 226, x(C0O,)=3.23 x 107,
x(C0O)=1.47 x 107(7.7~9.7 pm A}
L.=0.3~60 km)

L,=0.3~40 km, p=101 325 Pa, =300 K,
x(H,0)=0.032 3, x(CO,)=3.23 x 10°*,
x(CO)=147x107

L,;=0.3~100 km, p=101 325 Pa, T=300 K,
x(H,0)=0.0323, x(CO,)=3.23 x 107*,
x(CO)=1.47 x 107(7.7~9.7 pm i}
L,=0.3~60 km)

L,=0.3~100 km, p=91 192.5 Pa, T=300 K,
x(H,0)=0.032 3, x(C0O,)=3.23 x 10,
x(C0)=1.47 x 107(7.7~9.7 um i}
L,=0.3~60 km)

L,=0.3~100 km, p=101 325 Pa, T=300 K,
x(H,0)=0.032 3, x(CO,)=3.23 x 10,
x(C0)=1.47 x 107(7.7~9.7 um I}
L,=0.3~60 km)

L,=0.3~100 km, p=91 192.5 Pa, T=300 K,
x(H,0)=0.032 3, x(C0O,)=3.23 x 10°*,
x(C0O)=1.47 x 107(7.7~9.7 pm A}
L,=0.3~60 km)

L,=0.3~100 km, p=91 192.5 Pa, T=294.2 K,
x(H,0)=0.018 4, x(C0O,)=3.23 x 107,
x(CO)=1.47 x 107(7.7~9.7 pm I
L,=0.3~60 km)

L,=0.3~100 km, p=81 060 Pa, 7=300 K,
x(H,0)=0.03, x(CO,)=3.23 x 107,
x(C0O)=1.47 x 107(7.7~9.7 pum A}
L,=0.3~60 km)

L,;=0.3~80 km, p=101 325 Pa, T=294.2 K,
x(H,0)=0.018 4, x(C0O,)=3.23 x 10™*,
x(C0)=1.47 x 107(7.7~9.7 um K}
L,=0.3~60 km)
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L,=0.3~80 km, p=91 192.5 Pa, T=294.2 K,
16 L,=60 cm, p=202 650 Pa, T=1 050 K, x(H,0)=0.018 4, x(C0O,)=3.23 x 107,
x(H,0)=0.10, x(C0O,)=0.10 x(C0O)=1.47 x 107(7.7~9.7 um A}
L;=0.3~60 km)
L,=0.3~80 km, p=101 325 Pa, T=294.2 K,
17 L,=60 cm, p=202 650 Pa, T=1 050 K, x(H,0)=0.018 4, x(CO,)=3.23 x 107,
x(H,0)=0.10, x(CO,)=0.10 x(CO)=1.47 x 107(7.7~9.7 um I}
L;=0.3~60 km)
L.=0.3~80 km, p=70 927.5 Pa, T=279.2 K,
8 L,=60 cm, p=202 650 Pa, T=1 050 K, x(H,0)=0.005 95, x(CO,)=3.28 x 107,
x(H,0)=0.10, x(C0O,)=0.10 x(C0O)=1.34 x 107(7.7~9.7 pm H}
L,=0.3~60 km)
L,;=0.3~200 km, p=42 556.5 Pa, T=254.7 K,
19 L,=100 cm, p=42 556.5 Pa, T=1 500 K, x(H,0)=0.001 02, x(CO,)=3.3 x 107,
x(H,0)=0.08, x(CO,)=0.08 x(CO)=1.25%x107(7.7~9.7 pm f}
L,=0.3~60 km)
L,=0.3~200 km, p=17 934.53 Pa, T=215.8
20 L,=100 cm, p=17 934.53 Pa, T=1 800 K, K, x(H,0)=8.01 x 10, x(C0O,)=3.3 x 107,
x(H,0)=0.10, x(CO,)=0.10 x(C0)=6.38 x 1078(7.7~9.7 um i}
L,=0.3~60 km)
L,=0.3~100 km, p=91 192.5 Pa, =300 K,
)1 L,=50 cm, p=101325 Pa, T=1 500 K,  L=150 cm, p=101 325 Pa, T=550 K, x(H,0)=0.032 3, x(CO,)=3.23 x 107,
T,=900 K, x(H,0)=0.10, x(CO,)=0.10 x(H,0)=0.05, x(CO,)=0.05 x(CO)=1.47 x 107(7.7~9.7 um H}
L;=0.3~60 km)
L,=0.3~100 km, p=91 192.5 Pa, T=300 K,
o~ L,=50 cm, p=101325 Pa, 7=1 500 K,  L~=150 cm, p=101325 Pa, T=550 K, x(H,0)=0.032 3, x(CO,)=3.23 x 107,
T,=450 K, x(H,0)=0.10, x(C0O,)=0.10 x(H,0)=0.05, x(CO,)=0.05 x(CO)=1.47 x 107(7.7~9.7 um I}
L;=0.3~60 km)
L,=0.3~100 km, p=91 192.5 Pa, =300 K,
23 L,=50 cm, p=202 650 Pa, T=1 500 K,  L=150 cm, p=101 325 Pa, T=550 K, x(H,0)=0.032 3, x(C0O,)=3.23 x 107,
T,,=450 K, x(H,0)=0.10, x(C0O,)=0.10 x(H,0)=0.05, x(CO,)=0.05 x(C0O)=1.47x 107(7.7~9.7 pm H}
L;=0.3~60 km)
L,=0.3~200 km, p=62 821.5 Pa, T=273.2 K,
24 L,=50 cm, p=253312.5 Pa, T=1 700 K,  L.=300 cm, p=101 325 Pa, T=550 K, x(H,0)=0.003 8, x(CO,)=3.29 x 107*,
T,=650 K, x(H,0)=0.10, x(C0O,)=0.10 x(H,0)=0.05, x(CO,)=0.05 x(CO)=1.31 x 107(7.7~9.7 pm A}
L,=0.3~60 km)
L,=0.3~200 km, p=62 821.5 Pa, T=273.2 K,
55 L,=50 cm, p=151987.5Pa, T=1700 K,  L=300 cm, p=101 325 Pa, =550 K, x(H,0)=0.003 8, x(CO,)=3.29 x 107",
T,=650 K, x(H,0)=0.10, x(CO,)=0.10 x(H,0)=0.05, x(CO,)=0.05 x(CO)=1.31x 107(7.7~9.7 um i}
L,=0.3~60 km)
L,=0.3~200 km, p=62 821.5 Pa, T=273.2 K,
26 L,=50 cm, p=253312.5Pa, T=1700 K,  L=100 cm, p=101 325 Pa, T=550 K, x(H,0)=0.003 8, x(CO,)=3.29 x 107,
T,=650 K, x(H,0)=0.10, x(CO,)=0.10 x(H,0)=0.05, x(CO,)=0.05 x(CO)=1.31x107(7.7~9.7 um H}
L;=0.3~60 km)
L,=0.3~200 km, p=62 821.5 Pa, T=273.2 K,
” L,=50 cm, p=253312.5 Pa, T=1400 K,  L=300 cm, p=101 325 Pa, T=550 K, x(H,0)=0.003 8, x(CO,)=3.29 x 107,
T,=450 K, x(H,0)=0.10, x(C0O,)=0.10 x(H,0)=0.05, x(CO,)=0.05 x(CO)=1.31x 107(7.7~9.7 um I}
L;=0.3~60 km)
L,=0.3~200 km, p=32 424 Pa, T=241.7 K,
28 L,=50 cm, p=72 954 Pa, T=1 800 K, L=150 cm, p=48 636 Pa, T=550 K, x(H,0)=0.000413, x(CO,)=3.3 x 107*,
7,,=500 K, x(H,0)=0.12, x(CO,)=0.12 x(H,0)=0.1, x(CO,)=0.1 x(C0O)=1.09 x 107(7.7~9.7 pm H}
L;=0.3~60 km)
L=0.3~40 km, p=101 325 Pa, T=308.15 K,
— — —4
£,-50 cm, p=101 325 Pa, 7-800 K. x(HZ_O)—O.057 g74, x(COz)—3.23f 1074,
29 x(CO)=1.47 x 107, sand aerosol, d=0.4 um,
x(H,0)=0.10, x(C0O,)=0.10 N=60 000 cm *(2~2.5 um fif
L;=0.3~20 km)
L,=0.3~40 km, p=101 325 Pa, T=288.15 K,
30 L,=50 cm, p=101 325 Pa, T=600 K, x(H,0)=0.001 84, x(CO,)=3.23 x 107,

x(H,0)=0.10, x(CO,)=0.10

x(CO)=1.47 x 10" ,sand aerosol, d=0.4 pm,
N=6000 cm®
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L,=50 cm, p=101 325 Pa, 7=800 K,

31 *(H,0)=0.10, x(C0,)=0.10

1 L,=80 cm, p=101 325 Pa, 7=1 300 K,
©(H,0)=0.10, x(C0O,)=0.10

i LeS0cm, p=101325 Pa, 7=1 300 K,
+(H,0)=0.10, x(C0O,)=0.10

14 LeS0cm, p=101325 Pa, 7=1 300 K,
©(H,0)=0.10, x(C0O,)=0.10

s LiS0cm, p=101325 Pa, =400 K,
©(H,0)=0.11, x(CO,)=0.11

o LeS0cm, p=202650 Pa, T=1 600 K,
©(H,0)=0.11, x(CO,)=0.14

s, Li2em pe162120 Pa, T=1 800K,
©(H,0)=0.14, x(C0O,)=0.12

g L=60cm, p=101325 Pa, 7=1 050 K,
©(H,0)=0.10, x(C0O,)=0.10

o  Li=60cm, p=202650 Pa, T=1 050 K,
+(H,0)=0.10, x(C0,)=0.10

s Le100cm, p42 5565 Pa, =1 S00K,
©(H,0)=0.08, x(C0,)=0.08

4 Lim100 cm, p=17934.53 Pa, 71 800 K,
+(H,0)=0.10, x(CO,)=0.10

5o LS0cm p=101325Pa, 71 500K,  L150 cm, p=101325 Pa, T=550 K,

T,2900 K, x(H,0)=0.10, x(C0O,)=0.10 +(H,0)=0.05, x(C0,)=0.05

“ Li=15 cm, p=81 060 Pa, T=650 K,
©(H,0)=0.10, x(C0O,)=0.10

s L,=5 om, p=101 325 Pa, T=750 K,

x(H,0)=0.10, x(CO,)=0.10

L,=0.3~40 km, p=101 325 Pa, 7=288.15 K,
x(H,0)=0.001 84, x(CO,)=3.23 x 107*,
x(C0O)=1.47 x 1077, sand aerosol, d=0.4 pm,
N=40 000 cm >(2~2.5 pum i}
1,=0.3~20 km)

L,=0.3~100 km, p=101 325 Pa, T=298.15 K,
x(H,0)=0.032 26, x(CO,)=3.23 x 107",
x(CO)=1.47 x 1077, sand aerosol, d=4.0 pm,
N=0.3 cm*(7.7~9.7 um B} L,=0.3~60 km)

L,=0.3~100 km, p=101 325 Pa, 7=298.15 K,
x(H,0)=0.003 226, x(C0O,)=3.23 x 10°*,
x(CO)=1.47 x 107", sand aerosol, d=4.0 um,
N=0.3 cm>(7.7~9.7 pm i} L,=0.3~60 km)

L,=0.3~30 km, p=101 325 Pa, 7=298.15 K,
x(H,0)=0.032 26, x(CO,)=3.23 x 107*,
x(CO)=1.47 x 1077, sand aerosol, d=4.0 pm,
N=3.0cm™

L,=0.3~40 km, p=101 325 Pa, 7=300 K,
x(H,0)=0.032 3, x(C0O,)=3.23 x 10°*,
x(CO)=1.47 x 107, sand aerosol, @=10.0 um,
N=0.2 em(2~2.5 pm i} L,=0.3~20 km)

L,=0.3~60 km, p=91192.5Pa, 7=300 K,
x(H,0)=0.032 3, x(CO,)=3.23 x 10°*,
x(C0O)=1.47 x 1077, sand aerosol, @=10.0 um,
N=0.1cm™

L,=0.3~20 km, p=81 060 Pa, 7=300 K,
x(H,0)=0.024, x(CO,)=3.23 x 107,
x(CO)=1.47 x 107, sand aerosol, @=10.0 um,
N=0.4 cm™

L,=0.3~80 km, p=101 325 Pa, 7=294.2 K,
x(H,0)=0.018 4, x(CO,)=3.23 x 107*,
x(CO)=1.47 x 107", soot aerosol, d=0.8 pum,
N=70 cm3(2~2.5 pm B L,=0.3~40 km,
7.7~9.7 um B L,=0.3~60 km)

L,=0.3~80 km, p=91 192.5 Pa, 7=294.2 K,
x(H,0)=0.018 4, x(C0O,)=3.23 x 107,
x(CO)=1.47 x 107", soot aerosol, d=0.8 pum,
N=70 cm3(2~2.5 um A L,=0.3~40 km,
7.7~9.7 um B} L,=0.3~60 km)

L,=0.3~200 km, p=42 556.5 Pa, 7=254.7 K,
x(H,0)=0.001 02, x(CO,)=3.3x 10*,
x(C0O)=1.25 x 107", soot aerosol, d=0.8 pum,
N=10 cm 3(7.7~9.7 ym i L,=0.3~60 km)

L,=0.3~200 km, p=17 934.53 Pa, T=215.8

K, x(H,0)=8.01 x 10, x(C0O,)=3.3 x 107,
x(C0)=6.38 x 10%, soot aerosol, d=0.8 um,
N=4.0 cm™(7.7~9.7 um I} £,=0.3~60 km)

L,=0.3~100 km, p=91 192.5 Pa, T=300 K,
x(H,0)=0.032 3, x(CO,)=3.23 x 10,
x(C0O)=1.47 x 107", soot aerosol, d=0.8 pum,
N=200 cm>(2~2.5 pm Hf L,=0.3~20 km,
7.7~9.7 um i} L,=0.3~60 km)

L,=0.3~100 km, p=81 060 Pa, T=283.15 K,
x(H,0)=0.005, x(C0O,)=3.23 x 10°*,
x(CO)=1.47 x 107(7.7~9.7 um A}

L,=0.3~60 km)

L,=0.3~100 km, p=81 060 Pa, T=288.15 K,
x(H,0)=0.01, x(C0O,)=3.23 x 107*,
x(CO)=1.47 x 107(7.7~9.7 um I
L,=0.3~60 km)
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L,=0.3~120 km, p=50 662.5 Pa, T=263.15 K,
45 L,=5 cm, p=50 662.5 Pa, =900 K, x(H,0)=0.002, x(CO,)=3.23 x 107",
x(H,0)=0.12, x(C0O,)=0.10 x(CO)=1.47 x 107(7.7~9.7 um I}
L,=0.3~60 km)
L,=10 em, p=50 662.5 Pa, T=500 K, L0340 km, p=101 323 Pa, 7229315 K,
46 (FL0)=0.10. £(C0.)=0.10 x(H,0)=0.015, x(CO,)=3.23 x 10°*,
2 Y 2 x(CO)=1.47 x 107
L,=0.3~100 km, p=60 795 Pa, T=273.15 K,
. L,=10 cm, p=101 325 Pa, T=550 K, x(H,0)=0.004, x(CO,)=3.23 x 107",
x(H,0)=0.12, x(C0O,)=0.10 x(CO)=1.47 x 107(7.7~9.7 pm I}
L,=0.3~60 km)
L,=0.3~80 km, p=101 325 Pa, T=300 K,
43 L,=10 cm, p=101 325 Pa, T=500 K, x(H,0)=0.012, x(CO,)=3.23 x 107",
x(H,0)=0.10, x(CO,)=0.12 x(CO)=1.47 x 107 (7.7~9.7 um F
L,=0.3~60 km)
L,=0.3~100 km, p=81 060 Pa, 7=288.15 K,
19 L,=150 cm, p=253 312.5 Pa, T=1 600 K, x(H,0)=0.015, x(CO,)=3.23 x 107,
x(H,0)=0.10, x(C0O,)=0.10 x(C0O)=1.47x 107 (7.7~9.7 um I}
L,=0.3~60km)
L=0.3~120 km, p=91 192.5 Pa, T=293.15
50 L,=10 cm, p=50 662.5 Pa, T=1 500 K, K, x(H,0)=0.02, x(C0O,)=3.23 x 107*,
x(H,0)=0.13, x(CO,)=0.10 x(CO)=1.47x 107 (7.7~9.7 um H}
L,=0.3~60 km)
B B y L,=0.3~120 km, p=60 795 Pa, =260 K,
5 L=70cm, p=101325 Pa, 7=1 400K, L°Z3H° (1;25’63101 (3(323 1;21’0]; 03(?2 4K’ x(H,0)=0.001 5, x(C0,)=3.3 x 10°*,
T,=400 K, x(H,0)=0.12, x(CO,)=0.12 e <c'0)1x1 47 2 1’0;7 ’ x(CO)=1.31x 107 (7.7~9.7 um K}
MED)=Lalx L,=0.3~60 km)
_ _ _ L=10 km, p=60 795 Pa, T=260 K, L,=0.3~40 km, p=101 325 Pa, T=300 K,
52 TLh: 61)%012%& 20)1%51?; (T cgg)goKfz x(H,0)=0.001 5, x(CO,)=0.000 33, x(H;0)=0.03,x(CO,)=3.4x 10*,
v R o v x(CO)=1.31x 10" x(CO)=147x 107
L,=0.3~100 km, p=91 192.5 Pa, 7=300 K,
53 L,=80 cm, p=202 650 Pa, T=1 600 K, x(H,0)=0.032 3, x(CO,)=3.23 x 10,
x(H,0)=0.11, x(CO,)=0.14 x(C0)=1.47 x 107 (7.7~9.7 pm A
L,=0.3~60 km)
L,=0.3~40 km, p=101 325 Pa, T=300 K,
L,=20 cm, p=303 975 Pa, T=1 800 K, B 8 _ x(H,0)=0.03, x(C0O,)=3.23 x 10°*,
54 T, =1000 K, x(H,0)=0.12, L0 czn},lp(;)lfé ?875(31())8,)5(_)11400 K x(co)=147x 1077, soot aerosol, @=0.8 um,
x(C0,)=0.12 PRI L, 70, N=150 cm ™ (2~2.5 pm Hif
L,=0.3~20km)
_ § _ L,=0.3~30 km, p=101 325 Pa, T=300 K,
55 L“_; e f(l 2(61(_’1 1:;’3 r 0 g(;o K L=5 em, p=81 060 Pa, 7=500 K, x(H,0)=0.02, x(CO,)=3.23 x 10°%,
v x(CC’) ):é 05 o x(H,0)=0.02, x(CO,)=0.02 x(CO)=1.47 x 107" sand aerosol,
v d=4.0 pm, N=2.0 cm™
L=0.3~40 km, p=101 325 Pa, T=288 K,
L,=3 cm, p=81 060 Pa, =350 K, B 3 _ x(H,0)=0.01, x(C0O,)=3.23 x 107*,
56 T,=450 K, x(H,0)=0.05, L.=5 cm, p=81 060 Pa, T=400 K, (()=1 47 x 107, sand aerosol, d=0.4 um,

x(C0,)=0.05

x(H,0)=0.02, x(CO,)=0.02

N=20000 cm (2~2.5 um F
L,=0.3~20 km)
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