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1.2 FHi&

SCER S VSR ARG IS E TRABE A AT 1 m AL, A
AU VR B W A T 1 5 3k 5 MR B 5 KT X 5 o U T 2 KA
AT 30 min, FEIARERE T . #% CS, B AR BEAS . ok
BT AE T IR o AR R AT SR T) I A I B I 1) AN T
PLEAL s R S HE AR E B B, HEAT S I 4 .

L.2.1 KRig&akign &

MG RE IS, B VSR ZLAMG 3% {UBE Sk vt X i kI
FOHEATINE . TR TE I B RO 0 v . R TR 4 30
W R HOT- S H . 7200 52 AN (] 498 958 1 A1 A O 35 5008
AU A BB (B] 10 s O T HER AR A3 KM OGRS, IR I TR
We IRl AT . AR AR fE KSR . SRS E 24k 305 K, [A] i,
T A 5T 5 B8 516 35 AR A R
1.2.2 KOGk R E N F

KIGEER o3 T d 0 . WIETIANE . JOE TR E .0 ) Sb
YATZ W T AME R BT T T O WA . fETF
¥ I JE B HOR B A R, A #GR Sk B T KB AN
T K IE KB I FETE . KB IME AL 5 SRR 22 R AR,
SE U DA A 0 00 5 A TR B o AR S B [ P S AN () 67 AL b
YA . IR SR 10 W, BOEHE.

1.2.3 KK = ha s s

B TE E T Iah O W B R SR . e
JERMET A RE T, SR MR E, B ER
BBV AT M5 BT AR R S AR 2 43 & SR AT
i, EEWE T 5 om RETFARBRBEN R AY CS, KAAREBR
FENA Gy . BRI R D 10 s,

1.3 CS, NGRS

K2 REbRIG 5 em RUBETN#REE 20 s B9 CS, KRGS
25 HITRAN 8 2 Al 00, 2.5 1 2.7 pum b 45 4E 14
H, O 4 F &K 4H%; 2.7 1 4.3 pm AL 4RAE 0 CO, 2 F % 4t
W5 4.05, 7.4 1 8. 51 pm ALHERAEWE Ky SO, 1Y & 5H16 ., 18 5~
14 pm A —E WRARGES, PR KRAHN 9.5 pm, 4R



674 ik 56 4

#
B

{3 % 78 TR0 B M A SR D 305 Ko XUl T 5 pm ZHT R
ARG S BRBE T A vt R T A 2R A PRI T A S 08
Peas R MRS . TEEENZ, CS 4Tk HoLE.
E R BEAR 27 H, O 43 F o Wil CS, #REBE O e 1 B AT
e KHEHRA HO 201, B ATEBOR, ATHEN A 7E CS,
BRBEIS o H A RIS 4 W2 P K 4 11 BARTE
B R B JOH R A CO MRS T AE MG G P 50 B
WE CO MFHE. M IR B ™= CO & ik d, 57
Prp CO, MILLRCT Mo, gcHalias . SEERNAET CO By
.

0.030

=
o
0
W

0.020

0.015

0.010

o
=]
S
W

Spectral radiance/(W/cm? pum)

2 4 6 8 10 12 14
Wavelength/pm
2 CS2 #R¥% 20 s RO N IAEIE
Fig. 2 CS2 flame spectrum after burning for 20 s

(=}

1.4 NEHBRER

1.4.1 kB EMNELR
TR EE I 7 AT Sy S5 S A S AR AR R S SR
W5 em REET CS, KAAMIREE . 76 SO IR BEI P & 30
T RIAAE F KBRS KIS IR B AS 1B A8 6 X
ARWCERREOE . Bk SRR R X R 2 800~1 300 K, 4N
3 . AL 3 FIHL, KM IR B I Ao 5 B JHS T R
X5 IR B & KRR B B B4y D ke kR T B B
T SR8 I B O WU K B B o A W AR BE b i 2D, RECHA
B, IR BEBAR. B S REHR B B W K, ok
AR RN b =T G g W NI Y S Y B 15 AR Y -3
B Z FEAR
1800
1600
1400
1200
£ 1000
800 o
600 |
400
200

Tempera

10 20 30 40 50 60 70 80 90 100110120
Time from ignition/s

3 CS, KIGREES em RETHEWL

Fig. 3 Variation of CS, flame temperature at S cm scale

1.4.2 KPR RESHarmssR

) S0 7 AU BE be 7= W A 43 2R 4T 7 I, R KA
A SO, CO. 1 CO SRS T . Bl 4 2K SO, 4 F WY ¥ BE o
L ATH SO, 43 5 et B 25 88 e Bk [A] 3% 1A 25 b 34k S 3
G 5 KRR BUA 5%, 1R KR SR B Be s SRR
Fett/b, BRberm W & i, B fER R AR Boh . %
BHER b B TG O, BB A B 2 R . R R IR
KB B, RBEAS R BRORHA Be i i b R BT
Bl 2 BEAR . 940, M 4 RN, FERRBEIT E] 40 A1 100 s A7
TETAN S8 A, HEW S 7E 3R B B AR I AR K KA

Wk3h, ORI IR SRR R 2 .
500
4501
400
gsso-
§300<
5 250 -
?,zoo-
§150-
100
50

10 20 30 40 50 60 70 80 90 100110120
Time from ignition/s

B4 Z£5cm RET SO, iKEZK

Fig. 4 The SO, molecular concentration at 5 cm scale

14,3 REVRE R AT 69 Kk k3%
K5 5 CS, KM SO 43 T7E 7. 4 o K075 5 56 2 B 35
PR T H] 1 A5 AL IS 00 . MAIEL 5 T B . B R ] Y 4
1w SO, 43 76 S 588 J3E S 30 Ji5 5 . 7E 60 s I K B f ik
BT OME RS AR SRR B (O B Ak (H R R
FEG IR 2 R EROE R .
0.040

O Calculated from measured spectral data
Least square curve fit

= 0.035

e
1=
w
S

“

0.025
0.020
0.015
0.010

Spectral radiance/(W/cm*mm

g
=3
S
W

O
10 20 30 40 50 60 70 80 90 100110120
Time from ignition/s

5 ESem RET7.4pmil SO, FH 2 ERMENETL

Fig. 5 The variation of SO, radiation intensity at

7.4 pm with burning time at 5 cm scale

1.4.4 RERETH CS, X¥k#E

STEGIEE 5, 10 M1 20 em ZFORE R E T B CS, KM
T 60 s 2 AT AP E I I O6 s . JFaE A, B W iEE
RBGEAT T bR, Z5RWE 6 Fin. NE 6 hafLLEH, R



%3

R CS, PREE K T e S A5 20 A4 ) 3t 5 A 5 2 7™ ) Uk JE S T 7 675

FIABEREET . CS, MG 6% il 2R R A S A — 305 Bl 5 R be
FUBE RGN KK ST e S SR L B 2 B . 7E 4.3 R0 7. 35
pern T AL O T S 5 B G KR W, R 3 MBS RUEAE
4.3 pm ALY CO, BHAEIERT 7. 35 pm AL B SO, HHAE 16 1Y 55 5
SREEHEAT . B 6 4 B AT LA HH BE A e )R A b 4 S
JEE B T R 0L TR . AR 7. 35 pm I BV O O 4R 4T R
B okexd SO, e B R AT BT

0.071

-~ Sem
0.061 . xm
0.05 1

o
(=}
X
©n

10 15 20
Buring scale/cm

Spectral radiance/(W/cm?*-mm)

0.03 1 b
0.02 - ¢
0.01 1
0 A e e Sromememe e eccisssans
0 4 6 8 10 12 14
Wavelength/um

6 TREIRER CS, Mk

Fig. 6 CS, flame spectrum at different scales
2 iR

2.1 RIBESGTRIEREME
CS, KIA I GRS F 2ok [ MR TG, WA KB
FRAT. B E R ARG AN R, B R R 4 G e
NSy TGS % BRI AE . Liv S8 T A K88
TR IR I HEAT TSRO, R TR T A M A 0L T SR
R IEE . BR CS, SO R 561 1S Bk S0 R S
T H AT B0 5 5 5 — 2, ik, 3 TR SR
KAGIETERE AT R S Ay T ARG PR S
B, MARRE SR BANWE . BT SR
S5, BITTRY A CS, O OGN A G R R, BB 3 B R
J/(IR
SRR X=X (D R
Rad = I, (v, T)a(v) (D
KO, T, FFERE v B T A0 19 5 S8 4 A 4 59 58 3
a HEIRTFHIR SR,
FH A - G 2R A A R 0 3 T R
7 = exp[— d,.PZk,»(v)X;] (2)
KO, d, WK FBEBREMMOTKE, P RHEMR, &GO
HULGy  FEW Ly AL PRBCR B, o WAL i R
FHY 5 AR G T, IO A AR, MR I R e
SETFHEE, MARGRKERS L HRZMET 1, Wik
SR RS AN () TR
a) =1—n =1—exp[— LP >k (y] (3)
SRR IR R BT A 4R HITRAN 3048 PSR 1180, %500
BT SRS TIES B BB WA S8 L R
XD R

ki (v) = Jl Sy fr 4)

KO, SRR FIERE T W RS LmE; £ Ak
L. X BIEERRA.
2.2 HREIRE

F TR SRR T BT T B OG 1E A JR e R E AR . RLIE
i B T R 23 B SR O1 B A5 Hh A 45 98 N RE BT T I R
I O G T B 22 L T 5 R AT A58 14 I T >4 i 1) 28 JR R
KIGAE T RS BREIBR . B O P A% 4 IR A5 R
ARTR] o T AE S T 38 R v 9 T 19 2 K TR e AR 1) 3L 2 1
B> KO FP 28 A0 A TR 1) 0L BE X F S8 R W AR S s PR AR S 22
I CHE B R R BICRE KO PR 2 S TR o X 4
— R X3 N B By 2 A DA BIE S M DX i) SF 29
P DRI, R AR AF 2 BOR O XSRS 3 2 5 A
FI HAPLARIC HITRAN B RO F 26T python #K
P2 5 DG T SRR T AR I S 56 O X A S 1 KO D i
A A B AT R

Pl 7 Ay ey el AR DL 5 S 6 0 A B A X e . e T
T, ZARALEE SO, CO, F1 H, O Z-F R AE I B AL (i #E 41
{H 5 L3 I it AT AR A o 1805 o 7E 5~ 10 pom 957 B i A 00K
59 EEA 2200 . W BRI TR, 5~10 pm P B h o2
06 00 0 R A R R e A R o B PR S T R
BT CS, SO A TR AT . N LS O % U B
PRI 5 S A TR R 22 o 4% b Tk . 148 780 T AR 47 ol A6
W CS, By KHELIE SR 5T

0.025

=== Calculation result
— Experiment data

0.020
0.015
0.010

0.005

0.000 1_M

Spectral radiance/(W/cm?-mm)

Wavelength/um
B7 RBAAEESIEILMENLER
Fig. 7 Comparison of calculated values of the

model with experimental measured value

2.3 BRER4FGET=9 SO, MRE Ri&E

A3 Al A, 4o e E R HDOE IS R S
AN T} 20 43 e 6T 7 P S T Gt R S R TR R, T
8 S o B AL M 5 4 43k BE 2 I R G R KRR R R A
) SO, 1 He BE AT I AFSE . B CS, KOG S5 56 10 45t {8 v
B, CS, 78 7.4 pm ALY & SHUEFE RN B . PRI, A9 2 38 F
FIRFET SO, 40 FFE Sem JRBER B TLE 7.4 pm B BEAL 19 58
BoEi%, LA 20, 40, 60 A1 80 s At B ol % S 06 I (B o 5k
e I BT EER CS, 46 Gt S ik A5 B A7 O o8 . AR R
T A RS Wy KO T R SR R bR



676 ik 56 4

842 %

WERSE. B8 K5 cm ] FHRBRARAE P24 SO, e i ) i
1B 5 52 560 2 1 79 6 LR AS B0 . fh 1B 8Ca—dD AT AL, 7E 20, 40,
60 1 80 s Hf, SO, Jz Ji e BEAE 4> %~ 0.15%, 0.23%,
0.42% A1 0.32% . 552 B{EAH L, 20, 40, 60 A1 80 s A
SO, JZ 18 ¥R JE (1K B 43 ) ik 3 89.5%, 82.5% . 85.6% Al
86.5% ., N CS, kI &k 2 T &/ thy, CO, 4y FIE 2.7

=20
0.0251 s
(a) === 0.15% SO, calculation result
Experiment data at 20 s
0.020
0.015

0.010

Spectral radiance/(W/cm?mm)

0.005

0.000 T r T . T v T T v "
50 55 6.0 65 7.0 75 8.0 85 9.0 9.5 10.0
Wavelength/um
7=60 s
0.05 4
(©) === 0.42% SO calculation result
E Experiment data at 60 s
g 0.04 -
2 0.031 iixg)
= 1y
= 1
T 0.021 \
= |
|
o 4
& 0.01 |Il
\
1
\

e N O

0.00 T T T v T g T T v ]
50 55 6.0 65 7.0 7.5 80 85 9.0 9.5 10.0
Wavelength/um

M43 pm P BRI, Ho O 40 T4E 2.5 Ml 2. 7 pm P BY
FRAE WD ], G R AT RA#EYT CO, B, HLO SRR
WA (HRIPWBAFLE CO, #1 H, O, HAEZW B LT
AR B O T R A o o 0 2 R O — B B T . B AE SR B
KI P T HAT R R G B — B

T=40s
0.030
(b) === 0.23% SO, calculation result
0.025 Experiment data at 40 s
0.020

0.015

0.010

Spectral radiance/(W/cm*mm)

0.005

0.000 T v T / T Y T v T \
50 55 60 65 7.0 7.5 80 85 9.0 9.5 10.0
Wavelength/um
7=80s
0.040
(d) === 0.32% SO, calculation result

,é\ 0.035 Experiment data at 80 s
£ 0030
g
o
§ 0.025
8 0020
=
§ 0015
=
§ 0.010
&

0.005

0.000 v - : - v + r - y "

50 55 6.0 65 7.0 7.5 80 85 9.0 9.5 10.0

Wavelength/um

8 5SemRETSO, REREBEESXREMLE
(a): 20 s; (b): 40 s; (¢): 60 s; (d): 80 s

Fig. 8 Comparison of SO, concentration inversion values and experimental values at 5 cm scale
(a): 20 s; (b): 40 s; (¢): 60 s; (d): 80 s

345 ®

FE 5 cm MUABE R BE RN T CS, RIMRBEE B . KB
PR BRBEAL AW B DL R IR A6 TE . J#ENL T CS, KA
R R ST AEAL, I MG SO, - F & EENE . SR I
ZERFW], CS, B A &4 SO,, CO,, H,O f1 CO S jk
ST B SO, . CO, Fl H,O H A B 60 % 1% 4% 5 45
PE, KA B 800 ~1 300 K, CS, #A48 K 44 1Y FFAE ™ 4
SO, A3 F WAL 43 5] 9 4.05, 7.4 1 8.51 ym, Hith 7.4

References

pen Y B 1) B A 9 R AIE B R

(1) 3 3 A 1 CS, K M a5 i 4SS A0 5 A1) FASC D3t T
5 cem R B KIEETESEAT T30 0F, A8 08 3¢ 4r s B B CS,
KIGICHE 3T K AG TS S PG R AR (S B

(2) NIB AR A B A AT A CS, kL% 4R
SRR R A KO YOG R AE S SO, 55 5 Y ST . B A )
720, 40, 60 F1 80 s i, 5 cm R BT SO, ¥ B 2 845 & 4
K 89.5%, 82.5% . 85. 6% F0 86. 5% . S I 1) 45 S v A 1k
B s RE A S B 3 R Ut T G Ak ) K T A B T TS
W20 53 O o 25 S

[ 1] Abdollahi M, Hosseini A. Encyclopedia of Toxicology, 2014, 108(3): 678.

[ 2] Rosner D. Bulletin of the History of Medicine, 2018, 92 (2): 387.

[3] GuS, WenZY, Qian R, et al. ACS Applied Materials & Interfaces, 2016, 8(50) . 34379.



%3 Il A CS, #ARE SO B e AR Y B A S R AE T e 7 W R PO AT A 677

N
pait

[ 4] McGuirk C M, Rebecca L. S, Drisdell W S, et al. Nature Communications, 2018, 9(1); 5133.

[ 5] Raj P K. Journal of Hazardous Materials, 2008, 159(1); 61.

[ 6] Yilmaz A. Dissertations & Theses-Gradworks. 2009, 9. 922.

[ 7] HsuP S, Daniel L, Naibo J, et al. Applied Optics, 2017, 56(21): 6029.

[ 8] Salvagni R G, Felipe R C, Maria L S, et al. Journal of Hazardous Materials, 2019, 368: 560.

[ 9] Johnson A D. Institution of Chemical Engineers Symposium Series, 1992, 130 507.

[10] LiuQ, Chen Z L, Liu H T, et al. Journal of Loss Prevention in the Process Industries, 2017, 49 427.

[11] Zeng Z. Combustion and Flame, 2019, 210 413.

[12] NING Jia-lian, TANG Jin, HU Tian-you, et alC"FH 2, & B, # K4, %). Spectroscopy and Spectral Analysis %% 2% 5 5% i 4
). 2020, 40(5): 1377.

[13] Karlovets E V, Gordon I E, Hashemi R, et al. Journal of Quantitative Spectroscopy Radiative Transfer, 2021, 258 107275.

[14] Chalansonnet M, Maria C P, Thomas V. et al. Neuro Toxicology, 2018, 67: 270.

[15] Gordon I E, Rothman L S, Hill C, et al. Journal of Quantitative Spectroscopy and Radiative Transfer, 2017, 203 3.

[16] Kochanov R V, Gordon I E, Rothman L. S, et al. Journal of Quantitative Spectroscopy and Radiative Transfer, 2016, 177 15.

Construction of CS, Combustion Flame Spectral Radiation Model and
Inversion of Characteristic Pollution Product Concentration

PENG Wu-di', NING Jia-lian* , CHEN Zhi-li"* , TANG Jin', LIU Li-xi', CHEN Lin'
1. College of Environmental Science and Engineering, Guilin University of Technology, Guilin 541006, China

2. South China Institute of Environmental Sciences, Ministry of Ecology and Environment, Guangzhou 510000, China

Abstract CS, plays an important role in today’s chemical industry and other fields, while CS, fire pollution accidents are
extremely harmful. It is necessary to study the fire pollution characteristics of CS, by studying the spectral radiation of CS,
combustion flame. Has set up a platform CS, combustion flame spectrum test, this paper adopts from a complete set of VSR
instrument calibration blackbody radiation sources, through infrared spectrum radiometer VSR test 5 cm, to 10 cm, 20 cm three
scales CS, combustion flame spectrum, and through the thermocouple tested the whole combustion flame temperature under
different combustion period, and installed over the flame to monitor the quality of flame in the combustion product concentration
of flue gas analyzer. The flame temperature during the whole combustion period of CS;, the flame spectrum and the composition
information of combustion products at different combustion times and scales were measured. The test results show that the CS,
flame mainly contains high temperature gases such as SO, , CO,, CO and H,O, and the concentration of characteristic pollution
product SO, is obtained. Due to the limited measurement resolution of existing spectrometers and the limited flame scale
measured in laboratory experiments, to achieve online fire monitoring, it is necessary to establish a flame spectral radiation model
to retrieve the pollutant concentration-related information in CS, fire. Based on the HITRAN database is near 2. 7 pm for high
temperature and water vapor emission peak, 4. 2 ym for CO, emission peak, around 4.7 pm is CO faint emission peak, near 7.4
pm for SO, emission peak. We have gained CS,, SO,, CO,, CO and H,O gas in the absorption coefficient of the same
temperature and calculate mixed gas transmittance and the emissivity, Combined with the gas radiation transfer equation and gas
absorption coefficient equation, the flame spectral radiation model of CS, combustion is established. The spectral radiation model
was used to invert the characteristic pollutant SO, under different combustion times and compared with the experimental data.
The results show that this model has high accuracy and can to invert the concentration of combustion products quantitatively.
The accuracy of inversion of SO, concentration at the time of 20, 40, 60 and 80 s is 89.5% ., 82.5% ., 85.6% and 86.5%,
respectively. It lays a foundation for remote sensing monitoring and inversion of the concentration of combustion products in CS,

large-scale fire.
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