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Combustiondynamicsis a centralproblemin many practicalapplications.This is the case,

for example,in high performancerocketengines.The instability involvesa strongcouplingbe-

tweencombustionandacousticmodesof thechamberwhich leadto high amplitudeoscillations.

In liquid propellantrocketenginesthe mostunstablemotionsare found in the high frequency

rangeandthey arecoupledby tangentialor radial modes(seefor example[1]). The transverse

modeproducesa sloshingmotion of the multiple jets originatingfrom the chamberbackplane.

Neighbouringjets of reactantscaninteractvery effectively andtherebyproducelocalizedsharp

combustionfluctuations[2]. In typical geometriesthe reactive jets arecloselypackedandone

can imaginethat a mechanismof collective interactionmay constitutethe sourceof instability.

Thetransverseacousticmodecausesmodulationof themultiple injectorswhichwill responddif-

ferentiallybecauseof their differentpositionswith respectto the acousticmodalstructure.The
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reactantjetsoften featurea low speedinnercorewhich behaveslike a wake.Thesejetsor com-

poundjet/wakeflows interactwith oneanotherandgeneratespotsof combustionfluctuations.If

theseperturbationsin reactionrateoccurin phaseandarewell-localizedwith respectto theacous-

tic mode,theRayleighcriterionwill besatisfiedandacombustioninstabilitywill beinduced[3,4].

This paperaimsto give someexperimentalresultson the latter process.Systematicexperi-

mentshave beencarriedout on a new Multiple InjectorCryogenicCombustor(MIC Combustor)

mountedon theMascottecryogeniccombustionfacility [5] at a meanpressurearound � MPa. A

schematicview of theMIC togetherwith theexperimentalconfigurationis representedin figure1.

The injectionbackplaneof the testchambercomprisesthreecoaxial ���	��
�	��� injectorswhich

arecloseenoughto allow interactionsbetweenadjacentjet flameswhendestabilizedby themod-

ulation. TheMIC is alsoequippedwith two lateralquartzwindows allowing naturalOH radical

emissionimagingof thereactive flow aswell asimagingby backlighting.Two intensifiedCCD

camerasareusedto thispurpose.Thecombustoris equippedwith a modulatornozzle.Thethroat

of this device is periodicallyblockedby a toothedwheelgeneratingcyclic perturbationsin the

chamber. Four pressureprobesareflushmountedon thechamberupperandlower walls andde-

tectacousticsignalsin twoaxialsectionsof thecombustor. Thesignalfrom aphotodiodemounted

on themodulationwheelcanbeusedto triggerthetwo CCDcamerasto getphase-lockedimages

of theflameregion.

A preliminaryacousticcharacterizationof thechamberunderhotfire conditionsis carriedout.

The modulationsignaldeliveredto the wheel is rampedup beginning at ��� Hz, and endingat

��� ��� Hz. The frequency is increasedlinearly over a time periodof ����� s. A short time Fourier

transformanalysisof thepressuresignalexhibits threeresonantpeaks.Thefirst tangentialmode

is foundat
����� � Hz. This is closeto thefrequency determinedtheoretically.

It is thenpossibleto excite the MIC on its first tangentialmodeby ajustingthe rotationfre-
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quency of the modulatednozzlewheel. Figure2 shows the time averagedradicalOH emission

imagesin theunexcitedcaseandin theexcited caseat
����� � Hz. Onenoticesa changeof flame

shapesbetweensituationswherethemodulationis on or off. Whenexcited the threeflamesare

shorterandlocalizedspotsof heatreleaseareformedin thedownstreamregion. Phaseconditioned

emissionandbacklightingimageswill beusedto analysethecouplingbetweencombustionand

thetransverseacousticfield.
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Figure1: Experimentalsetup.

(a)Unexcitedcase. (b) Modulationat ������� Hz.

Figure2: Time averagednatural�	� radicalemissionimagesof thewholecombustionchamber.
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