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Fig. 5.1 Lean premixed combustion burner of aresidential gas water heater
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Fig. 5.2 Velocity and concentration fluctuation at the burner-port
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Table5.1 Burner-port shape with the same area
length mm side mm diameter mm perimeter mm
9 8.00 - 34.00
11 6.55 - 35.09
12 6.00 - 36.00
13 5.54 - 37.08
14 5.14 - 38.29
- - 9.57 30.08
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Fig. 5.3 Distribution of velocity fluctuation at burner port with various aspect ratios
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Fig. 5.4 Effect of perimeter of burner-port on the turbulent energy E¢

and the sound pressure level
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Fig. 5.5 Experimental apparatus
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Fig. 5.6 Suppression of combustion noise by flame cooling
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Fig. 5.7 Experimental burner
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Fig. 5.8 Flame surface area fluctuation
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Fig. 5.9 Measuredfrequencies of combustion oscillation with the experimental combustor
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Frequency Hz

Frequency Hz

Table5.2 Experimental burner plate
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Fig. 5.10 Effect of burner port arrangement on combustion oscillation
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Fig. 5.11 Effect of burner port arrangement with the same total burner port area
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Frequency Hz

Combustion rate = 4.07 kW, Excess air ratio= 1.0
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Fig. 5.13 Effect of burner port arrangement on combustion oscillation
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Sound pressure level dB(C)
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Fig. 5.14 Experimental set-up with commercial ceramic burner
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Fig. 5.15 Combustion oscillation with experimental combustor

111



Sound pressure level dB(C)
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Fig. 5.17 Effect of excess air ratio distribution on combustion oscillation

112



Rayleigh
Rayleigh
1.1 90 deg.
180 T I T I T I T I T T I T 008
AW =|pl[e]cos(, ) :
8‘ O Phase difference deg] : o
© . . . . . .
o I W N | T ! I _
Il I A S S A S B
SN
1 1 1 1 1
o é 1 1 1 1
g oled o L4 2
g o S N P -
2 B s
1 1 1 1 1 1
§ i i i i A i
2 BEEERR
D90 [ e g = -1 -0.04
§ Frequency = 120 Hz : :
T Combustion rate =58 kW é .
<. Dev. of A =0.00 : :
-180 ' ' ' ' ' . -0.08
0.95 1 105 11 115 12 125 13

Excess air ratio
(a) St. Dev. of A =0.0

Ex

113

- 90deg. <f <90deg.

1.17
180 S CAC A e
! @%ﬁ 0B0Sp | |
§?Ei o Al i
5% & 4 i @ A N
S QA Loy A :
o 135 N A x
S a8 PN
o o |
g 24 |
1 1
E;g 9 ! ?Mq;-—— +
[} "0 A Frequency = 550 Hz
g i %). Combustion rate = 58 kW
b L | Total excessair ratio = 1.12
o i S
8 o | ' ; ;
i o O  St.Dev.ofA =0.04
T A A StDev.ofA =0.06
. Al . . . .
0 : ; : : ; 1
1 1.05 11 1.15 12 1.25 13

Local excessair ratio
(b) St.Dev. ofA =0.04 and 0.06

Fig. 5.18 Distribution of phase difference of the heat release to sound pressure

NOXx



(1) W. C. Strahle, J. Fluid Mech., vol. 49, p.399-414, 1971
(2) H. A. Hassan, J. Fluid Mech., vol. 66, p.445-453, 1974

114



