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Abstract: In view of the gas turbine being easy to produce combustion instability problems under the condi-
tion of lean burning premixed combustion, the effects of different hydrogen contents on the combustion instability
of hydrogen—methane mixture bluff body flame were researched to obtain control method of combustion instability.
With the help of the flame transfer function to describe the response characteristics of sound field, several devic-
es were adopted to receive flame picture, such as the image intensifier cameras (ICCD) , photomultiplier tubes
(PMT)and cassegrain fixed—point sampling device. Thus the general law of influence under different speed fluctu-
ation of 4 hydrogen contents (0%, 10%,20%,40% ) on the combustion instability was obtained, and the action

mechanism of hydrogen content change on the heat release rate of mixture was analyzed. The experiment results
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show that the combustion instability strengthens with the increasing of velocity fluctuation A. When A is smaller,

amplitude of flame transfer function |H| reduces rapidly.When A is greater than 0.3, the decline of |1HI tends to be

flat, and the flame transfer function reaches saturation. Under the same velocity fluctuation, the opposite conclu-

sion is obtained after studying the flame under the action of 90Hz and 140Hz. When the hydrogen content increas-

es at 90Hz, flame transfer function amplitude |HI increases.The heat release fluctuation is in phase with the veloc-

ity fluctuation phase and the phase difference is close to 0°, and the combustion instability is weakened. At

140Hz, the addition of hydrogen makes |H| decrease while the phase difference is far away from 0°.The following

variation of heat release fluction and velocity fluctuation is poor, the combustion instability is enhanced.

Key words: Bluff-body flame; Combustion instability; Flame transfer functions; Acoustic excitation;

Heat release fluctuation; Velocity fluctuation
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Fig.1 Schematic diagram of experimental system
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Fig.2 Schematic diagram of the P-P method
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Tablel Experimental conditions

Numb Hydrogen content Methane content Equivalence Sound frequency Velocity
fmber /(mL/min) (mL/min) ratio JfIHz fluctuation

1 0 1000

90 0~0.3
2 100 900

0.8

3 200 800

140 0~0.5
4 400 600

Annotation: The velocity fluctuation is the ratio between the pressure amplitude and the average velocity after the amplitude is converted to the

velocity amplitude.

The equivalence ratio stays at 0.8 and the total fuel flow remains unchanged at 1000mL/min
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Fig.3 Amplitude and phase of the flame transfer function

of 90Hz

ok B o128 , 38 B FCIRAS 5 29 A A RIS, & L
B AN [6) 23 (1 HI A& AR 784, O ELIE G S0 5 1 i 35
|H 1) B3 AR 158 B A A0S TIORT > Tt 4 20 1 i 1 7 A
FTBEAG , R BOBR B AN FoE MR AR . AV 3(b) rpral LA
Bl Bl A R B A B AR AR, KO i R BIORE 7 25
Bp/NT 00, Ul W ORI 2h Y 5 TR EE BN, A
PRV 22 KA R RS E BB A S G, A AL
25 B W B 00, 10 B BRORE Ik i 2 okt T RE i 2l Y R
B A% 2%, A B0 0 R AF A% 15 B TE) B T, O X ke
R Bl A 22 KRR RS E R R . X —
FOE PR S B, KA ORIk B R BT kA
e R WK Bl G 1R DRIk ok HRORE R Ik Bl 1 A 7
SRVE J5 T T AR, A — B0 .

1l 4 Ca) BT 0, 140Hz B, Bl & &5 5 3, 11|
PR BN, KA R e M AR 251X 5 90H 2 B AH
BE & A B3 HIVPR R B AR i B 4 (h) A HEFR
140Hz I} K 6 19 A 67 22 24K T 0°, B B 140Hz I I
(14 e 2 MEH 9O0H 2 I 748 22 | KK X f It 1 2 4 82 1Y) o)
IO AR A RAEC, T Bl 04 R E A% B 1 R) A2 A OF HLBEE A
R PRI, A% 3 pR B A 7 22 8RB T 00, I A
BN A5 140 H 2 B KO 10 R B 1 45 31 0%

Bl 5Ca) F(b) 43545 i T 90Hz Al 140Hz 45 R T,
B 7 U Bl A B RS, R KB CH B R 9O
HALE . WTLAE W RS A BB, KOG K AR R ok
JF RS TED A8 9, X U I R AR, M I AN R AR 22



Fak A AN T T 90 8l S A X S - A KR R e A R RE A 1 189
4 T —01 0 S 00100 T 01 0
. Fuel=1000mL/min H,: CH,=0:100,§ ,: CH,=0:100, | H,: CH,=0:100,} H,: CH,=0:100,
\ $=0.8, f~140Hz F90Hz, 4=0 | /=90Hz, A=0.1 | f=90Hz, 4=0.2 | £~90Hz, 4=0.3
3k \ E=H,: CH,=0:100
S\*" +— H,: CH,=10:90
“vw —a— H,: CH,=20:80 P
Y., —v H.CH=40:60 -—
T2 ... 2 4
T vy
Yoy H,: CH,=20:80,] H,: CH,=20:80, | H,: CH,=20:80,| H,: CH,=20:80,
1L et Y F90Hz, 4=0 | ~90Hz, 4=0.1 | f=90Hz, 4=0.2 | £~90Hz, 4=0.3
P
. . )
00 o0l 02 03 04 05 "o - -
4
180° H,: CH,=40:60, | H,: CH,=40:60, | H,: CH,=40:60,] H,: CH,=40:60,
F90Hz, 4=0 | f=90Hz, 4=0.1 | f=90Hz, 4=0.2 | f~90Hz, 4=0.3
120°F
? 600_ ‘ '
= ! -
8 00_ . v
é“‘ Fuel=1000mL/min

[ ®=08,140Hz
~60°F o9 H_: CH,=0:100
—— H,: CH=10:90
~120°F —— H: CH=20:80
—+ H.: CH,=40:60

-180°L— : : - - :
0.0 0.1 0.2 0.3 0.4 0.5
A
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Fig. 7 Local flame transfer function distribution
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