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ABSTRACT

The variations of pressure amplitude , static thrust, heat flux,
operating frequency, wall and gas temperatures with fuel Sflow rates are
determined experimentally for a propane-fuelled SNECMA- Lockwood
valveless pulsed combustors . Wall and gas temperatures , static thrust,
pressure amplitude, and heat flux in the combustors increased with fuel
flow rate. The valves of gas temperaiure and thrust produced show th at
this combustor Is suitable for melting and heal treatment furnaces,
Despite the high convective heat transfer in the puise combustor, ¢
about 10% of the heat generated is lost through the wall-the rest &
available in the exhaust jets for heating in the furnace.

INTRODUCTION

Pulsed combustors have been used in domestic heating uni
propulsive devices and in gas turbine applications.
dzvclopingd\istypeofcombumrsd\atcanmnontln‘ ified petro
gas available in Nigeria , to scrve as hot gas generator in dryin
heating application (1).

A lot of interest has been shown in this type of combustor
their advantage such as enhanced heat transfer through the a
flow pulsations, high combustion intensities , low NOy emissio
knpmmmlmwaﬁdmyofmmbhophnm to sta
pressurc gain (2,3,4 and 5). .

A pulsed combustor has three major parts, namely:
combustion chamber , and a tail pipe (Fig.1). The inlet may

S48

.t



———

I A Olorunmaiye

with valves or it may be valveless, the infet being designed in that case to
function as an acrodynamic valve,

A U-shaped valveless pulsed combustor was developed for use in
a fruits and vegetable dehydration unit (6), It was proved experimentally
that a U-shaped valveless pulsedoombusto:couldbcnsodlopower
vertical take-off and landing (VTOL) aircraft (7).

A pressure gain of 4% was reported with a propanc-fuelled
SNECMA-Lockwood pulsed combustor fitted to a CUSSONS P9000
smyll, educational gas generator (5).

. Thcworkrepomdhemisapmlimimry study of the SNECMA-
Lockwood valveless pulsed combustor aimed at assessing its possible use
in heat treatment and melting furmnaces,

Toprodaoeasmndcasting,molmmmnlofdwriguwmpaamn
mabepmducedbyushgappropﬁncﬁnmaceequipmmn Many types of
mehhgﬁxmacesudnasmelﬂmnh, rotary and crucible fumace can be

'loulu(AMALjettypclMIOOINoJOOorSOO.depandingon

of couﬁtiom).
lhﬁcmm,lmﬂux.mwwauwaammm

ire ugix‘mhbelledl{ (Fig. 1). A photograph of the
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to Model 504A KISTLER charged amplifiers and the output were
recorded with model 15088 HONEYWELL Visicorder.
The external wall surfapcandmcnmgaszrc

measurcments. Precantions were taken 1o maximise the thermal cohtracts
of the beads svith the wall surfuem‘kmi:ﬁmishcdnhw'\om at the
beads and through the leads.

ofthcqmdtwcm\\mtendonFLUKEdigiulmnm. :
dﬂuxthmstsutbc,inlet(mctoﬂowmm;punofﬂnewb)
andatﬂwuﬂpipcah‘wemnumndushg‘thmﬂpldemw
330mﬁomdscnﬂpipcu\dinldaits.ﬁachdwstmu
681mx487mﬂatplmweldedwahoriwmlbuwhidlkhﬂ«f

with two chains in a frame.

RESULTS AND DISCUSSION

(Prax ~ Prmin)P0! where Py = maximum pressure, Ppin =
pmsumandPo=w1biaupmw.Thcwlmlimdmnim

fuel Mf=mp‘/(l’odz),wbcmnq=ms flow rate of “‘ ) = SPH
soundinmbieﬂair,andd=diunauo(eanhuﬁ¢q_“"' -

i)
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simuiation of the pulsed combustor for air/fuel ratio at different fuel flow
rates are <hown in Table I (8).

The total rate of heat loss through the wall of the combustor, the
peicentage of the heat gencrated by combustion lost through the wall, and
the mass flow rate of exhaust gas at various fucl flow rates are shown in
Table IV. The values in the last column are estimated from Table 111

The thrust producing performance of the combustor operating
with self-induced airflow in a laboratory at an altitude of 1096 m above
sca level, and ambient pressure and temperature of 88 kPa and 298 K
respectively is shown (Fig. §).

Pressure amplitude, wall and gas temperatures gencrally
increased with fuel flow rate at each port as expected (Figs 3 (a) and (b),
Tables I and I1).

The shape of the operating frequency versus fuel flow rate is
somewhat similar to a variation of flame temperature with equivalence
ratio of a fuel-air mixture. The plot of frequency versus equivalance ratio
in a Helmholtz pulsed combustor is also similar to Figure 4 (9). This
means that this self-aspirating valveless pulsed combustor inhales fresh
air in such a way that the equivalance ratio of the fuel-air mixture varies
automatically with fuel flow rate.

The heat fluxes measured using HY-CAL transducers differed
from those calculated since the low surface temperature of the water-
cooled transducer and its higher absorptivity caused it to absorb higher
heat flux. The heat fluxes measured with the transducers serve as useful
check on the calculated values. The trends as regards heat flux variation
at a port with fuel flow rate as well as heat flux vanation from port to
port at a given fuel flow rate for the measured and calculated values agree
remarkably well as can be seen (Fig. 6 and 7).

- The static thrust generated at the inlet (due to flow reversal) and
_~|lilpo¢unmmlhﬁselﬂowme The static thrust generated is
of the ability of the combustor to pump its own air against a
pressure and also induce large flow of secondary air when it is
with thrust sugmenters.

There are several advantages in using a fumace fired with pulsed
. It is cheaper than the conventional steady flow blower and
system to which it is equivalent. The pulsed cmbustor is only a
tube which aspirates its own air required for combustor by means

551




——_

Experimental Investigation of Vaivelesy Pulsed Combustors

ofmmmmm.mmmmmmm«
heat-treated is enhanced due to the pulsations in the flow.
mmlydindvmgemiaedwiththcm.ofpulsed
mmuasmmwmw.umm
oomecwdwﬂwtailpipeexitwillaaasamddampwgiviQa

CONCLUSION

mwpndsaimampﬁmde.walludwwmm,m
hmtﬂmﬁundtchotgu(odwwanwal!yhawewid:ﬁwlﬂw
rate in the SNECMA-Lockwood pulsed combustor.

mapplicaﬁonofvalvelcsspnlsodcombuminmdﬁnsorlw
mmmuwwmmmmmm
umﬂhﬂwﬁxmwidllbcudvammbwaphdandopeuﬁngm
whencompawdwithwuvendoulbumandblowmmedinm-ﬁnd
furnaces.
Abmtw%ofbwwmdwwlwdmbumrisavﬁhbb
ﬁnlmﬁnainduemehhuﬁsmaecwhcrwover%oﬂhehqnw
is available for heat treatment furnace.

Thistypoofmbcdcanbuﬂmwhichhmmyhidnmi
Misnmmiubleasahot;uwdnnnm immersion
heater.
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Table I: Corrected Gas Tempersture

Fuel flow Gas Temperature, K
Rate, kg/h Portl Port2 Port3 Portd PortS Porté

287 499 1365 1106 895 804 791
457 627 1500 1319 M21 984 940

5.97 660 1559 16 1195 088 957
7.24 666 1599 1482 1249 1107 964
8.50 689 1630 1541 1310 1154 958
9.80 713 I638  [585 1356 1200 949
o3 31 1630 1617 1408 1243 939

Table I:  Wall Tempersture

Fuel flow Wall Temperature, K » .
Rate, kg/h Port1 Port2 Port3 Yortd PortS Porté
287 563 1011 836 827 713
4.57 674 1053 %1 995 890 826
597 e 1060 1008 1036 932 852
724 742 1066 1031 1066 967 863
8.50 76; 1068 1052 1100 1004 372
9.80 ) 1068 1061 132 1047 899
880
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Fig 4: Variation of frequency
with fuel flow rate.
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Table IV: Variation of Heat Loss Rate, Pecentage of Energy Loss Through the

Wall and Exhaust Gas Flow Rate from the Combustorr with Flow Rate of Fuel in
the Combustor
Fuel Flow Rate of Heat Percentage of Heat Flow Rate of
rate, kg/h Loss Through  Generated Lost Exhaust Gas,
the Wall, kW Through the Wall, % kg/h

287 470 127 792

4.57 7.46 12.7 1072

597 B.a6 1.0 123.2

724 9.25 9.9 137.1

8.50 10,07 92 147.3

9.80 11.04 88 156 4
.00 11.36 80 161.4
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Fig. 6: Calculated heat flux at the external surface of the combustor at the six
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