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Study on measurement of flame equivalence ratio by
color method based on Abel inverse transform
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[ Abstract] In response to the " dual carbon" target proposed in China, the equivalent ratio can be monitored to achieve efficient
combustion of the fuel. The study shows that the equivalent ratio of hydrocarbon flame is closely related to the flame radicals during
the combustion, and the ratio of B layer to G layer and the ratio of CH" to C,” in the flame image also have a similar trend.
Therefore, the soft measurement of equivalent ratio can be realized by using the relationship between B/G — CH" /C," — equivalent
ratio. Since the “color thickness” in the image edge region will affect the soft sensor model, Abel inverse transform is used to
eliminate the color thickness.By studying propane flame and methane flame under different working conditions, it is preliminarily
concluded that Abel inverse transform has more significant optimization effect on B/G equivalent ratio soft sensor model for the fuel
with low carbon content. In addition, six different Abel inverse transform methods are selected for experimental comparison, and the
optimization effect of direct method is proved to be the best in soft sensor model.

[ Key words] premixed flame; equivalence ratio; Abel inverse transform; soft measurement; image processing

R bl AT X 25 LRI 2845+ I, H
AU KR 5 LU R BT RO WEOR . 2
TSRO i I AR H b R A

0 51 &
KT R IR E AN, 2020 AFEE EIRIEL T

“2030 ik, 2060 i A Hix, 51, HETAE
P RETRAE S P 5 HE I 80% 3k F AL A SRR
Bl Gl BRBE R WA S Y HETR, — B LA
SRR 2 PR Sy S W™ E A T A0 U A O A
P RTE MBI —

T S BRES WB AR W] A SO = RE R A R 7
BRBIZWTTR Y i T (@) A2 1T R S MR R %
M—AEESE ) SR B TR b i R A I

g FOR ORI EE IR AT T ST, BAROLES
WrR AR FEAR o, (R B8 52 2%, A e | T X 4%
PRI i T AR B AR M B e MR B 7 v
K25 R FEAE 0] R I 2 AR I 0 19 D A
UNNAINENIE vy & S e DN D P B A
R GNCEEFFITFE T [R5 S I TR et BB O S
JCAR R T AT 25 i 1 o 2 5 Ok 2 L B
Z 4R RTR AN [ 5 P 9 LU (R SRAE AN B 2

ESTIR . SMERH AR RS (BB AR 201811030) 5 S5NE HE T RIHREA (B4 KY £[2021]012) ,
TEERIA: (MO0 (1996-) , 2 - os A, EEWF5E 5 ] LA R A ; AR SE (1988-) , Lo, -1, O, = BRI 55 Oy 1) . KR /07 5
& 30(1996-) , B WG A, EEAFETT AL AR IR ; iR (1987-) 5 Wi RIS, FEMR 7 1) HLE L SE A

THA RGPS WEA
BIEE . HiER
WFs B 2022-07-14

Email ; jsyang3@ gzu.edu.cn

o iR Tk £ F % A KRS




124 B o /5 M5 MM

12 %

Ft. Kojima 25 A0V 3 it X A [] 24 5 HE T A9 45 Fh ok
JGHHRENR KB CH /¢ WS Sa b2 1
AR P AH CHE |

Bifi 5 AL 25 L0 AR B PR e i, R B B AR L
FEAL 2R R eI A5 2 )3z N, VR 22 4 e
FEh E KA B 5 A2 I O BRSNS KA Ik
PRSI, Huang 5 7SR F 87 B (650 M
PR S B EUR AT LA 5T, 45 R R A K
JaEEAE RGB B B )2 ES ¢ EHER
FAE AT FHSR & CH™ /€ M98, Yang 25 A
B J5 et TR BN G BRI & CH FC, Y
D7, ST A A I A E AN ] Y TR
WR MR CH™ /¢, A& H Y s, BT
R AS ARG, FEAC BRI 2 Tl Rz oRS B 22k | H 5
YERTE , 5 2k s BB H T Tl RIS W 4

T G R = ez ) 19 K a7 ke —
A EGT- T BGE , KIATSE W 2% X3k il T KA
AR I T BOIAEI SR KO L X S
B2, 1R, Xl K IEss &N A 1)
P JELJE T B8 23 X0 3 T HIL A LG A I o 7 2 i e
M), AHFFERIT, Abel 33572 46 (AT 50 8 2 A 6 FROG)
G0 " HERY R S ) R Akt A = s ) rh i 2
AR, ERAEAE N SR Abel 1645 b R X
LSRG B TR B IR BE A AT T 5T, WF 55 3 B Abel
T AR T T R I A B AR 3 0 B A R AR
o HTFARSCHFGE B A A IO TR RE A X FR 4
A B Abel 39648 35 1 25 TH BR O 01 % B0 (0 )R 5 4
BETAMRE, ErESE UM Bk RO R
H Abel 38 28 48 2 B K JA B TH R B, IF 8 UE T Abel
AR Ty N A KK b RS T R

A DR wiRaE o )
23 SRS

iERery  JRNFR WERE ORI MR

B1 AREAETEER

Fig. 1 Schematic diagram of propane premixed flame
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Fig. 2 Experimental platform structure diagram
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Fig. 3 Experimental process block diagram
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