30 5 Vol.30 No.5
2015 9 JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER Sep. 2015

.’(,.+..+..+..+..+‘.+..XX

-t + 1001 —2060( 2015) 05 - 0725 -05
| S P S S

( 550025)
1
; D =
1.0
: : : : 1 o
- TK401 CA
DOI:10.16146/j.cnki.rndigc.2015.05.019 CS20000
C -
. 1-2 .
1
; 3-4 . C - -
; 5-6 N
94.32% .97. 25%  95.98% -
NO,, .
o 99. 995%
1 C,H,0,
a=1.01523 8=3.928084 y =0.05086,
. (1-x) C,Hy O, +xH, +
12015 -06 -01; 12015 -07 - 02
( (2012) 6001) ; ( 2015019)

(1985 -)



* 726 2015
L( 0, +3.762N,) /4. 762 x (
+ ) L s
. S, -8, =L« (3)
| L, LS, —
Tab. 1 Composition of natural gas e
- (). (2) S, a.
CH, 96. 160 U f
C, Hy 1.096 (4) . (5) ’
CyHy 0.136 u, =p,S,/p, (4)
N, 0.001 S=p S =p.w (5)
CO, 2.540 Py VP
0.067 o
® =1,/L 0.6 - " ,
1.4 Ry, o Ly o (6) . (7)
20% 80% . u, = S(S, p./p.) (6)
e w, =p(u, =S,) /(p, —p,) (7)
S—

A 8 2 B 2292
= S=1+12[r1(&) ]-0.15[?‘(Pu) |
VRS BRI P v P

(8)
5— S, =v/u, (v—
)
1 3
Fig. 1 The schematic diagram of the experiment
equipment P, 0.1 MPa, T, 300
K - -
@ (0.6-1.4)
2 Ry, (20%  80%)
’ ru
S, =dr, /dt (1) =5 mm;
T N ° r,<25 mm
« A ; 5
—25 mm.
InA 1 2 dr 2 3.1
a= - =g et



* 727 ¢

5
o 180
. s | —=—R, =20%
.E 168 —— R, =80%
g: 140 r —— T HR[3] RHZ:ZO%
; F |
g
x 100 |
: =1.0 e N
1
60
; D =14 &
&40t
%
20
’ 0.6 0.8 1.0 1.2 1.4
S}
24t 3
g Pf
E Fig. 3 The relationship of unstretched laminar
=
;(\i 6 burning velocity at various equivalence ratios
£ ——D=06 with high low hydrogen blend ratios
X nt —— ®=0.8
—— =10
—v—P=1.2
8r —-—P=14 3.2
0 4 8 12 16 20 4 .
Hsf ] t/ms ®<1.0
(a) B, =20% ° '
s ;@ >1.0
20r o
g
£ 6t
i~
N o
>t
¥
X gl
4r ;
0 1 2 3 4 5
B} 8] t/ms
(b) R, =80%
2 N .
Fig. 2 The relationship of flame radius versus 5 . L,
with time in various equivalence ratios with ) . )
high low hydrogen blend ratios L,
3 N 6 .



* 728 ¢ 2015
41 R, =20%
+R —80%
o E 3 B
£
>
28 B2
- W
g 24} =
\= .}ﬂi
i 7ol
A 20 r
g
% -1 . . . . s
T L6 0.6 0.8 1.0 12 1.4
2 ME P
g; 1.2 +
& 5 N
0.8 1 1 1 1
5 10 15 20 25
KK fmm Fig.5 Markstein length at various equivalence ratios
(a) R, =20% _ _ .
- with low high hydrogen blend ratios
—a—P=0.6
_ 12 1 ——P=0.8
E 10}
&
¥
zg 8r 10.4ms  72ms 122ms 2.6ms _2.6ms
&
g 6r
X
=
B 4T
5 10 15 20 25
Ki@*ﬁérﬂ/mm
(b) R, =80%
4 AY

Fig. 4 Flame speed versus flame radius under various

equivalence ratios with low high

hydrogen blend ratios

P o
b =1.0
; b >1.0

o

d <1.0

442 ms 28.4 ms
=08 ¢&=1.0
R, =20% R, =20%

42.6 ms
$=1.2
Ry, =20%

13.4 ms
$=0.8
R, =80%

11.6 ms
$=1.0
R, =80%

13.8 ms
$=1.2
RH2=80%

Fig. 6 Schlieren photos of flame propagation at

various equivalence ratios with 20vol% and 80vol%

3.3

hydrogen addition



* 729 ¢

1.0

0.16
0.14 1

0.12
0.10 1
0.08
0.06

HGIRRE 5|

0.04
0.02 r

0.00 0:6 O.IS 1|.0 112 1.4 1.6

YR

Fig. 7 Flame thickness at various equivalence ratios

with low high hydrogen blend ratios

08F 0.30
-

Qf 0.7+ 40.25 @
= g
of 06r —=—R,=20% 1020 E
o —+R_=80% =
w 0.5F Hh =
=
R 10.15 ™
M 04} - i
8 do0.10 %
= 0.3 5

ol e ., Joos

: 0.7 0.8 09 10 1.1 1.2 1.3
Efng: A
8 Y

Fig. 8 Maximum combustion pressure at various
equivalence ratios with low high

hydrogen blend ratios

Ma F Li S Zhao ] et al. Effect of compression ratio and spark tim—
ing on the power performance and combustion characteristics of an
HCNG engine J . International Journal of Hydrogen Energy
2012 37(23) :18486 — 18491.
Ma F Deng J Li S et al. Experimental study on combustion and e—
mission characteristics of a hydrogen-enriched com—pressed natural
gas engine under idling condition ] . International Journal of Hy—
drogen Energy 2011 36(20) : 13150 - 13157.
Huang Z Zhang Y Zeng K et al. Measurements of Laminar Burn—
ing Velocities for Natural Gas-Hydrogen-Air Mix—ures J . Com—
bustion and Flame 2006 146( 1/2) :302 -311.
Miao H Jiao Q Huang Z et al. Effect of Initial Pressure on Lami-
nar Combustion Characteristics of Hydrogen Enriched Natural Gas
J . International Journal of Hydrogen Energy 2008 33( 14):
3876 —3885.
Nagalinyam B Duebel F Schmillen K. Performance Study Using
Natural Gas Hydrogen-supplemented Natural Gas and Hydrogen in
AVL Research Engine ] . International Journal of Hydrogen Ener—
gy Britain 1983 8(9) :715 -720.
Hoekstra R L Collier K Mulligan N et al. Experimental study of a
clean burning vehicle fuel J . International Journal of Hydrogen
Energy 1995 20(9) :737 — 745.
Gu X J Haq M Z Lawes M et al. Laminar burning velocity and
Markstein lengths of methane — air mixtures J . Combustion &
Flame 2000 121( 1) :41 — 58.
Kwon O C Rozenchan G Law C K. Cellular instabilities and self—
acceleration of outwardly propagating spherical flames J . Pro—
ceedings of the Combustion Institute 2002 29(2) : 1775 — 1783.
Bradley D Gaskell P H Gu X J. Burning Velocities Markstein
Lengths and Flame Quenching for Spherical Methane-Air Flames:
a Computational Study J . Combustion and Flame 1996 104 ( 1/
2):176 - 198.



5 - 823 -

tion

= Influence of the Equivalent Ratio on the Premixed Combustion
Characteristics of Natural Gas Mixed and Diluted With Hydrogen JIA Liang HE Feng LI Huidin
FAN Xing—guang ( College of Mechanical Engineering Guizhou University Guiyang China Post Code: 550025) //

Journal of Engineering for Thermal Energy & Power. —2015 30(5) . -725 -729

In order to improve the combustion quality of natural gas mixed and diluted with hydrogen in an internal combustion
engine and enhance the power and emission performance of a vehicle by making use of the spheric flame schlieren
images obtained from a constant volume combustion bomb high speed schlieren system in combination with the sphe—
ric flame propagation theory analyzed was the law governing the influence of the fuel/air equivalent ratio on the
premixed combustion characteristics of natural gas mixed and diluted with hydrogen at various proportions of hydro—
gen mixed and diluted. Tt has been found that at a high proportion of hydrogen mixed and diluted a high equivalent
ratio can force the unstretched laminar flow combustion rate to emerge a peak value and can heighten the combus—
tion rate while a high proportion of hydrogen mixed and diluted can make the instability of the flame to be en-
hanced. A high equivalent ratio can contain the instability of the flame and enhance the stability of the flame and
there exists a critical value of the equivalent ratio ¢ =1.0 at which the combustion pressure is biggest and the time
duration required for attaining the maximum combustion pressure is shortest. In addition at a high proportion of hy—
drogen mixed and diluted the maximum combustion pressure is comparatively big. Key words: natural gas hydro—

gen equivalent ratio stability constant volume combustion bomb

= Numerical Study of the Influence of the Air Distribu—
tion Mode of a Burner on the Combustion of Coalbed Gas With a Low Heating Value CHEN Yan-—
rong LI Haogie YANG Zhong—qing ( Education Ministry Key Laboratory on Low Grade Energy Utilization Technolo—
gies Chongqing University Chongging China Post Code: 400030) FAN Hu ( Chongqging Youshui Hydropower De—
velopment Co. Litd. Chongging China Post Code: 409809) //Journal of Engineering for Thermal Energy & Power.

-2015 30(5). -730-735

Numerically simulated were various air distribution modes of a low heating value coalbed gas burner with a gas swir—



