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Influence of DC Electric Field on Methane/ Ammonia/Air
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(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to explore the influence of DC electric field on combustion characteristics of
ammonia/hydrocarbon mixed fuel, the influence of positive or negative DC electric field on flame
propagation characteristics of methane/ammonia/air premixed laminar flow is studied on a
constant volume combustion bomb bench. The experiment is divided into two parts: under
normal temperature and pressure, the excess air coefficient is kept constant, the mixing ratio of
ammonia in methane/ammonia mixture is changed, and the methane/ammonia/air mixture with
different proportions is loaded with positive or negative direct current fields, respectively; the
mixing ratio of ammonia in methane/ammonia mixture is kept constant, and the methane/
ammonia/air mixtures with different excess air coefficients are loaded with positive or negative
DC electric fields, respectively. After processing the experimental results, the flame propagation

development image, the average flame propagation speed, the speed improvement rate, the
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complete combustion time and the complete combustion time advance rate are obtained under
various conditions. The results show that the promotion effect of negative DC electric field is
slightly stronger than that of positive DC electric field. The stretching effect of negative DC
electric field on flame is approximately a rounded rectangle, while that of positive DC electric field
is approximately fusiform, and the stretching effect increases with the increase of the ammonia
mixing ratio and the excess air coefficient. The positive or negative DC electric fields can
accelerate flame propagation speed and shorten the complete combustion time, and the promotion
effect increases with the increase of voltage value. On the other hand, the promotion effects of
both electric fields will increase with the increase of ammonia mixing ratio and excess air
coefficient. This experiment shows that the high voltage DC electric field can obviously promote
the lean combustion of ammonia/hydrocarbon fuel mixture.

Keywords: methane; ammonia; premixed flame; direct current field; combustion characteristics;
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Fig. 1 An experimental setup diagram
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Fig. 2 Constant volume incendiary bomb and its related

device

http: // zkxb. xjtu. edu. cn

B R AR RG] R b i B b Y s ) B . 2
R GER AR E KB TN TR A R BUR J2 I JE IR
PR . S8 b Bt B R AXA an ke 1 PR .

A1 FHATAMNE
Table 1 Instruments used in the experiment
LHAL G Uik 24 i g
B2 ML Redlake HG-100K Wi & /fps 5 000
Kistler7061B
JE A

T 07 A% I Ay £ J1/MPa 0~25

10~

+999 000
BRI HAKET DL750 SREESIR/kHz 20

ok sy Kistler5011 %Y

F far / pC

1.2 ZWHE

TGSy R R R R A AR
AN 2 AR FEMBIRL o H 10%.20% A
30 Y0 W H ot /4 /a3 OB A ARl o =5, £ 10
KV BB 58 A R TE o B 200 AR
XAk 1.0.1.2 1.4 iRA S mERHE KR £5,
10 kV WY LU L . 3 5 43 55 56 v AR AR X
FEIE T AN A5 B L 0 S i LA R, R e/
25 SR A AR 2T R e R R an = (D) iR

(1—a)CH, +aNH; + (2 —0. 750) 0, =

(1—a)CO, +aNO+ (2— 0.5 H,0 (1)

AR YRS 1 e A i (D R T o o AR
A/ M BERTRIR A AT I B ., AR E K
i R A 3l 2o R ) AR AR IR A TR AR R #
B 3 min, fFAMIRA A T IF IR N 48 5
Yt sk

2GR

2.1 HEIHEM

A SCHH Ansoft Maxwell 15. 0 % f4 % n#% &
TR B £5. 10 kV B, 25 38 Py 38 0 B 37 08
JE O3 A A DU AT T BB AL AR B KR T ) b
SJCH R ) PR AR P B 22 T 1 R 3 50 B 4 A 1 1 L
SR R TR AL E S O AR HL AR Oy 35, &L 3 i
N. B3 AT AR —HUE TR OE B
it KN B3 A B AR (6] HLAE G A R IR
e BT 37 5 A8 A A8 A8 O FL T S R, AR A B B
BEZ 3G K. X BT O R TR AE K AR R R AR
H A B0 30T A2 #3752 e SN BH S KOk 7S A TR 2
Wi e ] B ok dE TR AR N BRUE o
2.2 NIEREBER

s AR A N L2 0, Ph/&/ 283




55 10 3]

IR 5 B AL I X T e/ R/ 2 TR AL A Y B 167

2 ) o o
= n =) n
T T 1

HUAARAE/(10°V « m )

=
=]
T

154
W

K3 KR 2R T 17 5 03 AR

Fig. 3 Field strength distribution in horizontal axis direction
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Fig. 5 Development of premixed flame under electric field

under partical working conditions
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Fig. 6 Varation of flame propagation distance changing with

time
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Table 2 Variation of average flame propagation speed and speed increase rate with change of voltage under different mixing

ratios when A=1. 2

—5kV

10 kV —10 kV

v/(mes ) @,/ %

v/(mes ) /%  w/(mes ) o/%

0 kV 5 kV
a/ %%
o/(mes ) /%  w/(mes ) /%
0 2.035 2.118 4.079 2.234
10 1. 562 1. 795 14.917
20 1. 315 1. 537 16. 882
30 0. 990 1. 258 27.071

9.779 2.478 21.769 2.503 22.998
19. 718 2. 044 30. 858 2.160 38. 284
23. 194 1. 897 44. 259 1.989 51. 255
30. 808 1. 449 46. 343 1. 533 54. 848
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Table 3 Variation of average flame propagation speed and speed increase rate with change of voltage under different excess air

coefficients when «=20%

0 kV 5 kV —5kV 10 kV —10 kV

! o/(mes ) /% w/(mes ) o/% wo/mes ) /% w/(mes ) o/%  w/(mes ) o/%

1.0 1. 992 2.193 10. 090 2. 269 13.906 2.429 21.938 2.495 25.251

1.2 1. 315 1. 537 16. 882 1. 620 23.194 1. 897 44. 259 1. 989 51.255

1.4 0.722 0. 884 22.438 0.956 32.410 1.178 63.158 1. 233 70.776
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Fig. 7 Variation of average {lame propagation velocity with

change of ammonia mixing ratio at A=1. 2
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Table 4 Variation of complete combustion time and time advance rate with change of voltage under different mixing ratio when

A=1.2
o 0 kV +5 kV —5kV +10 kV —10 kV
a/ N

t/ms @/ % t/ms o/ % ¢/ms o/ % t/ms o/ % ¢/ms o/%
10 106. 2 103. 6 2. 401 102. 4 3.531 101.9 4. 048 100. 8 5.038
20 137.5 128. 8 6.327 127.7 7.090 123. 4 10. 250 121. 4 11. 670
30 173.1 160. 4 7.281 158. 6 8. 350 153.0 11.590 150. 6 12. 970
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Fig. 10 Complete combustion time and time advance rate

under various working conditions when A=1. 2
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Table 5 Variation of complete combustion time and time advance rate with change of voltage under different excess air

coefficients at a=20%

0 kV +5 kV —5kV +10 kV —10 kV
)\ t/ms o/ % t/ms o/% t/ms o/ % t/ms o/ % t/ms o/ %
1.0 87.7 84.6 3.535 83.9 4. 333 83.2 5.131 82.0 6. 499
1.2 137.5 128. 8 6.327 127.7 7.090 123.4 10. 250 121. 4 11. 670
1.4 265. 2 231.2 12. 821 228.0 14.027 220. 2 16. 968 215.6 18.703
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