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Analysis of Admittance Measurement Accuracy for ECT System
Used in Flame Imaging
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(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Flame admittance reflects dielectric and conductive properties and can represent the combustion state from
various perspectives. Accurate measurement of flame admittance is crucial for achieving the combustion state. Electri-
cal capacitance tomography (ECT) has been successfully applied in flame detection, and it evolves from measuring a
single parameter of permittivity to measuring the imaginary and real parts of admittance. However, this evolution
also requires high admittance measurement accuracy. This study uses an electric probe to measure the relative permit-
tivity and conductivity of a flame at various spatial locations, based on which a simulation model for the ECT-based
measurement of flame admittance is established. Notably, the difference between the imaginary and real parts of
flame admittance increases with increasing frequency. At an excitation frequency of 500 kHz, which is used in classi-
cal ECT systems, the imaginary part of flame admittance is approximately five orders of magnitude larger than the
real part, thereby making it difficult to accurately measure the flame admittance information. The analysis results of
the difference between flame and air admittances at various frequencies show that the acquisition resolution of the real
part of the admittance should not exceed 0.207 to ensure the measurement accuracy of the system. The resolution of

the real part of the admittance acquired is related to the sampling bit number and excitation frequency of the analog-to-
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digital converter (ADC). With a fixed number of ADC sampling bits, a reduction in the excitation frequency can

result in a small acquisition resolution of the real part of the admittance, thereby increasing the measurement accu-

racy of the system. An excitation frequency less than 26.4 kHz should be used for a 14-bit ADC. For classical ECT

systems with an excitation frequency of 500 kHz, the current-to-voltage (C/V) circuit can be simplified to a model

where the capacitor feedback is the primary factor. To address the issue, wherein the simplified input-output relation-

ship of the C/V circuit of the classical ECT system ceases to hold when the excitation frequency is reduced, the com-

bined effect of feedback capacitance and feedback resistance is considered in the circuit, and accordingly, a front-

end circuit scheme for measuring flame admittance is proposed.

Keywords: flame; electrical capacitance tomography (ECT) ; admittance; measurement accuracy

HL 2% )2 M7 14 (electrical capacitance tomogra-
phy, ECT) HAHER A | ARBIAS A ER 38 )0 5 S
A BB T A RS I 4.

1994 4, He %01 A S MM ECT 3545 1
KA TR AR T R 1% . Waterfall 2515 LT 98/
MDY ECT &40, % | MHz, 3815 T £
ARG VAR =W Pk LN /3 R
SN ECT S23 7 2L 5T rh Bk e | 2 BE XY
KHE L = RIA LRI R AR L FE AT ke
BtiZs A0 i FLBR A R S i AR L. Gut 25t
T3 EHAREE) ECT 142 , SEBl T I —4EK
%, Huang U517 280 ECT 245, MR
JLHIN 75 ~ 600 kHz, FFSEBL T XA AEXT KM 5 G
PRSI R4 EaR TS X SO A i B AT
BA—ZRI

WRBE K HE B FOE , 77 AR TE B - L R AT
T, A JORTE S I A DA, S B e
LG PR 22 R 1 S BOE T 0 T A [ £ 32 T
B A IR BEREE. Hu PRI ECT RG00E KHG
YN, SEEL T KRR A H v ERORT H T R0 A1 Y
F4, ARG AT L BRI L 3 5 MR BE R S
KRR, AR T KA A,

XF HE S/ R L AR IR ECT R 4L, AZ il
ECT RGHAMRIER S ER AL, RS
BT Yang NG ITE. FEZIT R, Wi
K FH U 5 B, (current-to-voltage , C/V) Hi % S B
FENH R, S T IR UER R S A MR C R
RYGLERAEE B3R T 3817, Yang DR
T 500kHz. HI T KHEIERE) BECT RETMIELE 1%
B, 205 ECT RGN MR 75 kHZ,
TEFANI &1 ECT REih, R 098 =4
100 kHZ").

BTSN ALY ECT REEA] N JIAR I At B
TR R L BRSO S0 S
AR R 22 FHAUR , 7EA7 BRI BT 4 4 2% (analog

to digital converter, ADC) i EU%M4F T , FAAE RN T I
SN RN B AH 22 R Y [

A SCM T K IATEA AR 1A o EOR
T3, DU SR, 4387 T ECT M40l B A AR
WA T RGN KRG BE RS20, JR2 ) T4
ECT ZR4¢ e S 400 545 2 e i i LB 7 8.

1 RESHEENERE

KIS A L F AL e, i S:3R o TR 1Y

TR S )
! me, (@’ +y.) Me (@' +7;) 0
qzn()}/m eznl M

T @ 7)) M@ +7)
g NIRRT n, W TROR B 0 HIE
B TR m R TR RE; M O IE B TR 7,
St T SRR 5 7, b I 8 T4 AR A
%, o WM e, JEZS A AL
oty Hly, Y

2

2mkT
) I
2MkT
K p NETT; d PR FIER; T T
B s k B E2E 2R R X () A Q) B, kI
1 BRI H - P 50 2 DA R R [ B 55 g A fRL
BRI T2 2 KOG A HL R ESORT L 30% , BRI IE—
ARG R
KAGEBR A PR S B, W T A AT HLRE
FHE SR s 1 s,
AR AR 28 ¢ R R R IR R T
SNy, T SRR N
1 1

x

Y, =pd
()

Y =pd

+joC o< (0 + jweE,) 3)

X X

b Y N RIS Z, BB o o KBRS



2025 4 4 A

FOME. T AIARLE ECT RSS9 Bt - 389 -

fh 2% (3) AT, o FFLHE S 00 Y, 153 i
AT KL A LA AL

B 1 S
Fig.1 Equivalent model

ECT ARG KGN RmE 2 s, H
Hr, COFI R JFERAY KA RIS 9 Y, , TEBEU) R
FREIEHEIEY, Z )5, W A E AR 1,
23t C/V ARV, , F—23850 ADC %%
B BCFEES v, W TE ECT &G BT IE

SRR R4S v, B IR AEFIARE.

84 il HL A ) H AR
L i
v b
: CR : F evi s
L__?‘ _____ l
Ver v, rfﬂhq]p
| BOF A ] WA A

2 ECT RSB X ES M TR
Fig.2 Process of measuring flame admittance using ECT
system

C/V R — M35 A4 2 i i o B30 R 2 FL 3
A RS S g o Ak kA 3
PR,

=0 []?"

Loy
Ver

B3 RIREBEC/V) BKRENY
Fig.3 Current-to-voltage (C/V) circuit structure
For, T BV, 23 502 o S e A R Y R J I
ML, R, F1 C, 2300 0y St v ELAN S 5t L 25
LG 2 MR 3, AT Y, My, Z e RN
V, [ 1+joR,C,
Y =—lof IR
7 ( R, j (4)
it (4) TUAE H, d RIS 8 v, 7T LASRAS

SPYNRSEERAIEE T , PEMIARAS C, MR,

2 ETHRHHNGETBINSESFENE

21 XWAHEHEIZE

HE IR — R A SR K 1 5, et
et BHATC R S XT KA S 8 FEL T S FUAR A A H B0
M. ASCHEH LCR i R i H BT IR FN
FEOE. FET ARSI KA LI RS 5 s d
B, 4302 LCR 3R HIRER  ARABRBERT . BEHERN
M f. LIRS WA 4 Fin.

1—LCR &5 2—HUIREF; 3—AARBRAS; 4l s—hilgh
E4 ZWRE
Fig.4 Experimental system
fItH LCR 24 Keysight 23 H] ) E4980A %5
WK 2+ 0.05%. HUIREHSS s BAniE 5 By
/. HLRET P R | AL R A0 SR AR A AR A
JZRIAEMSN eI, AR, BRSNS T
Yo, AR [ E ra i, JF A il 5 AN B A o
sediZk. WIS, MR Z AR 1 mm, B
A AL BN A B 2 mm,

B A
ANEMHNE
) g
! q':a
I —
AR HL

B 5 BRHEMTE
Fig.5 Schematic of electric probe structure
BT BT, THR R R o AR A LR
B

o —Re ,1 1 \In[(D-a)/d]
Z-R, Z-R,) 1L

w

€:=1+Im|: 11 }ln[(D—a)/a]

(Z,_Ro) (Z_Ro) wan
(5)
A 27 M EREH A JOGERT BTN ; Z e AN



* 390 - KEFR AR (A SRR 5 TR RR)

58 Al

il ST FIBE BT ; R, A BeRET 1 R BH; D
PR Z (RIS 5 o SHUAR AR L, Ry FAR A
AR

ML B WA 6 FrR. AR gRmi 1 oy
Smm AAKENEE 1, B0 EJ 25mm A E R
BE 2, W50 B 45mm AARENEE 3. BN EE
b B AR A IR P AR LR A B A 4 mm AR E A
51, PRI B A 2 mm AR IS 2,
LR O B VCE IR S 3. 3 NE A 9 Ml
HLFE 5~1000kHz PSCRFEREIN, £ LCR £ Li%
B 126 ANSEERE R BRATRAE, X KG9 AN BT

k=

Ele MEME
Fig.6 Measurement position

22 MELERSHH

FEF A S 56 H i, a2 (5) T L SR A
DS TN G T S RS N L @ |
500kHz . 12.96kHz . 52.76kHz . 100.52kHz .
204.00 kHz , 307.48 kHz , 403.00 kHz . 506.48.00 kHz ,
602.00 kHz . 705.48 kHz . 801.00 kHz . 904.48 kHz #l
1000.00 kHz P45 FARE , =B 1. = BE 2 R B
3 A HL R AR XA H R E s SR & 7 ~ K] 9 PR,

%
1x10 E 110
1.08
RS e
\Z/z 1x107 | 1.06 o
M E =
o N T e e e e 1.04 ?;
i [ Z
I X 4 1.02
s A
110 E "‘V*wfw—W7w—-vfw—w—\! 41.00

0 200 400 600 800 1000
B % /kHz
= AR H R I
—o HDR A R R DA 2
XA oL A, 7 3

e W E
—o— LR I 2
—a— FERR A 3
E7 SEINESEMENTEEH
Fig.7 Conductivity and relative permittivity at height 1

K7~ 109, B ERY 3 4L SR AT
I BESR I BIR B 6 AR R B (T2,
374 3 AN AL E. TEAFIBRSER AT, KGR
SEARFIARR A AR B BAEAFAEZE 5. FFHL, TEIE
AN [7 o 52 DA B [ — g BE Ak A AN () 0 7 8 Py
SR FAHX A o F R A2 57

Ix10°E 1.20

/W’A {1.16
3 : =
s Ix107F & 4112 &
4 s B
g,; L. 4 1.08 f;
o
=2 110" E *. / =

E W 41.04

F T - - — - - —-»
o .‘""1***1—*-1~**1**'*1 41.00
0 200 400 600 800 1000
#i %4/kHz
—=— R MEAEL - AR R R DR

—o— L GR A E2

<, -4 AR LR W R 2
—a— WV 3

T A B 5, Aoz 73

B8 SE2ESEMENATEEH
Fig.8 Conductivity and relative permittivity at height 2

1x10°
1.16
~ &
E {1112 &=
w1
z =
= Ix107F —
45; 1.08 f:
<
e =
1.04
A
1x10° | .‘._'_'_'_”'."»'._*" 11.00

0 200 400 600 800 1000
B %/ kHz
= AR HL R I
—o HDA A R R DA 2
XA FL A, 7 3

—e— W GRS R
—o— HL A A3 D
—a— WL A 3

9 SEINESEMENTEEN
Fig.9 Conductivity and relative permittivity at height 3

P (D) A2 (2) ATRN, O L S AR XA HLU
WS IR AT O, SCHR[20] 2% W 2y , A B
BRI S AGBOR. O T I UE PRSI 5 ] SR
AR HRARTEIR 6 P/ 48 I e o7 %o I EA T il
JE IR, it B e 2 SRy KK L S R AR X A
HLH RO SR 25 R A B S LUK 7 ~ (&1 9 st
A 12.96 kHz [INEESR N B, JOETES A7 B
TR BE M A5 R ANSE 1 B,

HIZR 1 AT, SO AN ) 7 B P L E S v o
AR A FL 5 802 8] B 5% 28 5 SCRR 2014518 — 2L, Ul
AR R ET I A 45 2 T SR 0. AR AR B S IR o ) F
S AU RS A v B0 B 2 S D KOS S Y
ECT {7 AL,



2025 4 4 A

FOME. T AIARLE ECT RSS9 Bt - 391 -

x1 MNERUEBRENEER
Tab.1 Temperature measurement results at various posi-
tions of the flame
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1 694 0.72 1.008
2 2 913 9.91 1.051
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3 2 801 2.67 1.021
3 1050 25.00 1.110
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Tab.2 Real and imaginary parts of flame admittance
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