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Abstract
HtfwasfjustfrecentlyfdiscoveredfthatfdustyfkpreWzplanetaryfbodiesTfnonfuniformlyfheatedTfeffectivelyftransportf
gasf throughf theirfporesf [ö]Jf7sfVnudsenfcompressorf thermalfcreepfefficientlyfpumpsfgasf fromfcoolerf tof
hotterfdustflayersf[G]Jf7ppliedftofprotoplanetaryfdisksTfthisfgasfflowfcanfactfasfanfenginefandfcontributeftof
theftransportfoffprezplanetaryfmatterfwhichfisfheatedfonefwayforfthefotherfkradioactivefdecayTfradiationTJJJWJf
Wef carriedf outf firstf laboratoryf experimentsf tof quantifyf thesef gasf flowsJf Wef measuredf thef pressuref
differencesfinftwofchambersfconnectedfbyfafdustffilledftubeJfThefdustfisfheatedfatfonefsidefbyfradiationJf
Wefprobedfdifferentfsizefdistributionsf inf thefmicrometerf rangefandfvariedf thefambientfpressureJf7sfdustf
samplesfwefusedfthefmartianfanaloguefmaterialfYS6fMarsfö7fandfsphericalfglassfparticlesJ
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Experimental Setup
Twof vacuumf chambersf öf andf Gf withf volumesf V1f andf V2f aref
connectedfbyfafUzformedf tubef kdiameter/f:Mfmm>f lenght/fGMcmWJf7f
halogenflampfabovefthefdustfsurfacefatfonefsidefofftheftubefprovidesf
radiationfk~fG4MMfWCmGWfwhichf inducesfaf temperaturfgradientfwithinf
thefdustJf8ueftoftheftemperaturefdifferencefonfthefinletfandfoutletfoff
thef dustf thermalf creepf flowf isf activef andf gasf isf pumpedf fromf thef
colderf tof thef warmerf chamberJf Thef pressuresf p1f andf p2f inf bothf
chambersf aref measuredf overf af timef periodf off ~f Gf hoursJf Thef
absolutefstartingfpressurefisfvariedffromfMJöfmbarfupftof4MfmbarJfTof
realizef anf almostf constantf pressuref duringf thef measurementsf inf
chamberföTf itf isfconnectedfwithfaf largefchamberfwithfvolumefV3QQf  
V1J

Hnftheoryf[U]fthefmaximumfpressurefdifferencefΔpmaxfisfgivenfbyf

wherefΔTf =f Thotf zf  Tcoldf isf thef temperaturef differencef andf Tavgf thef
averageftemperaturefbetweenfthefhotfdustfsurfacefinfchamberföfandf
thef coldf inf chamberf GJf pavgf isf thef averagef pressuref kambientf
pressureWfandfQTCQPfcoefficientsfoffthermalfcreepfandfbackfflowJ
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Thef threef figuresf onf thef leftf sidef showf thef maximumf pressuref differencef Δpmaxf
reachedf throughf thefVnudsenfcompressorf forfsphericalfglassfparticlesfwithfdifferentf
sizef distributionsf andf YS6f Marsf ö7f dustJf Thef blackf dottedf linesf representf thef fitf
functionf9qJf köWfwithfThotfasf freef fitfparameterJfTofgetfafmorefrealisticf fitf functionfanf
additionalf particlef sizef analysisf wasf madef forf everyf dustf sampleJf Twof sizef
distributionsfarefshownfbelowJ
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PlanetfOormationfandf9volution VielfGMö:

Measurements
Onf thef rightf sidef isfanfexamplef forf afpressuref
measurementfwithfYS6fMarsfö7fatfanfambientf
pressuref off öMf mbarJf Thef darkf linef showsf thef
pressuref off chamberf öTf thef lightf grayf linef off
chamberf GJf Htf isf clearlyf visiblef thatf duringf thef
firstföMMMfsecondsfthefpressureffallsfinfchamberf
Gf andf risesf inf chamberf öf becausef off thef
pumpingfprocessJ

Shownf onf thef rightf isf thef pressuref differencef
betweenf chamberf öf andf GJf 7fterf aboutf ö4MMf
secondsf thef maximumf pressuref differencef
accordingftof9qJfköWf isfreachedfandfstaysfatf thef
sameflevelfuntilfthefendfoffthefmeasurementJ

Hnfourfexperimentalfsetupfthefmaximumfpressuref
changef isf atf MJM0fPaCsTfwhichf correspondsf tofaf
massfflowfratefoffaboutff~f×föMz;fkgCksfmGWJ
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Ourfmeasurementsfarefinfaccordancefwithftheftheoreticalfpressuresffromf9qJfköWJfThotf
revealsfthatftheftemperaturefstronglyfdependsfonfthefusedfdustfsampleJfThefsurfacef
temperaturefisfatf~fU;:fVfforfthefglassfparticlesfandf~f0G0fVfforfthefYS6fMarsfö7fkforf
thefsameflightfintensityWJ
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7fporousfbodyf infafprotoplanetaryfdiscf
isf heatedf onf onef sidef byf thef radiationf
offthefstarTfwhichfinducedfthefVnudsenf
enginef gasf flowf throughf itsf poresf andf
pushesfitfinfaffartherforbitJ

movement

Overpressuref insidef af porousf bodyf
leadsf tof explosionf andf totalf
destructionfktimestepftf=fGfmsWJ
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