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A Study on Stability and Performance Characteristics

in Aero — Valved Pulsating Combustion System

K. R.Lim
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Abstract

The experimental study was carried out to investigate the stability and the performance
characteristics of the aero - valved pulsating combustion system with maximum operating
capacity of 60KW.

The effect of geometry of combustion system on the stable condition,the flammability limit,
the total pressure oscillation amplitude ,and the operating frequency can be identified, and the
maximum turn - down - ratio is obtained up to 3.3.

The total pressure oscillation amplitude can be controlled by tunning the length of the air
inlet pipe. The empirical equation with which the operating frequency can be approximated is
proposed and the discrepancy is within 5 %.

The volumetric efficiency is identified to be one of the important parameters determining the
upper flammability limit and the maximum value of which is approximately 22 %.
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1. Air Inlet Pipe
2. Combustion Chamber
3. Combustion Chamber Rear Section
4. Extension Sleeve
5. Tailpipe
6. Fuel Nozzle
7. Pressure Tap
8. Spark Plug 1. Air Inlet Pipe
9. Step Up Transformer 2. Back Flow Guide
10. Fuel Cushion Tank 3. Surge Tank
11. Gas Meter 4. Rubber Plate
12. Pressure Regulator 5. Laminar Air Flow Meter
13. Fuel Bomb 6. Differential Pressure Transducer
14. Fan 7. Differential Pressure Amplifier
8. X Y Recorder

Fig.1 Schematic diagram of the aero ' valved

pulse combustion system Fig.3 Measuring system of air inflow rate
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Fig.4 Schematic diagram of a thrust meter
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Fig.2 Measuring system of pressure fluctuation
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Table 1 Stability and flammability limit for the aero valved pulsating combustor

J

Geometric o N Flé{mmability limit ‘
<8(;??lt:1?§) irr:;)s:w; Lower‘ Limit Upper Limit \ T.D.R , Comments
FFR ¢ FFR , ¢ |
: DT =30 DI =20 B A : ’ Unrstabrlew 77777
iEiéi’i DI =29 C 0.93 0.41 2.03 0.65 22 Stable |
P mous A 0.71 0.51 2.30 074 | a2 LT 7
Lt =127 DI-28 D 0.81 0.37 2.30 074 28 - i
DI =31 E Unstable
DI=35 F Slightly Unstable
DT 7 :;0 'LI:IIO G 0.81 245 3.0 Stable 7 :
pI1=29 LI-125 H 0.71 2.30 32 o
Sl Li-1a0 A om 0.51 2.30 074 | 32 s |
LC1=127 1 e 1 071 2.30 32 ” |
Li=170  d 0.71 2.30 32 .
o kK om 203 25 .
LI:“2707() - VL 0.81 1.53 1.9 v
Li=215 M 093 1.43 15 ” |
T T Lo o
DI=25 jPTZZO o N . No Combustion
ﬁ% g?g DT-25 O 0.71 2.30 32 Stable
gljlio DT=30 ,f\, 7 0.71 . 0.51 2.30 0.74 3.2 o
LC1=127 r_3s p 071 2.03 32
DI-25 iLE,; 65 | é , { :L,T,“,,Stabl“
252-7;38013 ‘[Llr?g/ o R,, o ! Slightly Unstable
231113127 LT1=180 S ‘ 071 . 0.60 2.03 0.69 2497 A‘Stable B
LTi-295 . A . 071 0.51 2.30 0.74 3.2 "
3ITT;550 T om 047 2.30 0.75 3.2 ”
: L’]'i i 8454 18) . ‘ Slightly Unstal;lé
LTI - 1i63 ' v 'Unstable
DI=;5 Drese W 0.81 1.0 12 Stable
I]j;r:lligg irD'T;:735 X 081 1.0 12
Lel=127 " Ty 1.0 169 LT
Dr-se 7L01;97 R 185 | '2.76'" i : : 7 7 B
3221%30813 Lc1,,713, oA e © 230 | T
I?F::I%% LC1=162 | ZL 0.81 : 2.70 J 3.3 L )
* Fixed condmon : DC ——72.3mm, LC2+-38mm * F. F R : Fuel flow rafe(Nm"/h)

*T. D. R. : Turn down ratio( ==
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Upper limit F. F. R./Lower limit F. F. R.)
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Table 2 Performance summary

K[ Combustor r Combustor Maximum EMax.gmssfuel} Min. spec. fuel | ‘ Maximum com-
Combustor ‘ length | volume thrust * consumption | consumption ; bustorloadmg
e : P Core [T — ]
‘ mm mm* < 10° i Newton ! Nm’h | Nm'h - N kealh - m' < 10F
Pornsiponge : : \‘ | i
. . | 1422 15.4 12 | 2.1 ! 0.14 | 9.17
(single inlet) ; | # !
Fernando : » :
. 871 12.1 13 1.7 0.12 33.73
(four inlets)
Hiller f
. . 1174 20.0 44 7.3 0.17 i 87.22
(single inlet) !
Marzouk ‘
1294 24.7 47 64 0.13 61.86
(slngle mlet) ;
- i
Sadlg
1057 214 39 4.5 0.11 50.64
(four inlets)
Rehman ‘
. 940 18.1 34 : 4.1 0.10 ! 53.76
(four inlets) ‘ |
| Typical steady flow o
P . Y , 508 25.0 4.1 33.8
gas turbine combustor ; | ;
|l L i | -
Present(single inlet)
1413 20.3 14 2.3 0.16 26.9
(A type)
Present(single inlet} : ‘
J 1443 20.4 21 2.3 0.10 26.8
type)
I (Hz) Vc._ \___Lél ﬂﬁ(m‘)olﬂ} 24
) A O Dt:28mm LT1363mm
Fig.12 of] of 2] 7}#] 7] &} 8t A & A} o] L‘st}] A1(2) : 3:,2,:‘: t:: - T-TYPE s oo o ®
o olef AE AHEES ebih vt BEE 2 a0, am
a a
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BRRC w7 Rel ekl olak 36 S5 0 P es 33 %4
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F3ito] v AA W3y 7] w) Folabya A7hE ol k| 12 4 ® Dl:25mm (1= . A-TYPE
- ® Ol:22mm (T: » C-Type
WA G&o LE A7 E doll chall 17 22% A A Dl:2Bmm LT:993mm
- 10k A Dl:=25mm LT= « S$-TYPE
S84 KISl AN NS e (Y
e ooy - ] i§] 1% 17 70 73
& go] B dsv]o] 1/3 @E.O")Oi] el 22 F FUEL FLOR RATE (Na'/h)
718 AR e g a] oe 18%9 Ao v Fig. 12 Volumetric efficiency
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