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Measurementofthermalconductivityofmaterialsusing
single-sideTPStechnique①
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Abstract:Basedonthetraditionalmeasurementtheoryoftransientplanesource(TPS)technique,single-sideTPSmethodis
proposedformeasuringthethermalconductivityofsinglespecimen.Theproblemoftransientheatconductioninasemi-infinite
boundaryconditionisstudiedandthetheoreticalformulaofsingle-sideTPSmethodisdeduced.Duringthemeasurement,the
influenceoftheprobeheatcapacityontheresultsisanalyzedandthecorrespondingmathematicalcompensationmodelis
established,andaseriesofexperimentsondifferentmaterialsareconductedbyhotdiskprobeatnormaltemperatureand
pressure.Theresultsshowthattherelativeerrorwiththesingle-sideTPSmethodislessthan5%andtherelativestandard
deviationisnogreaterthan3%.Thismethodhashighaccuracyandgoodreproducibility,whichprovidesafeasiblemeasuring
methodforsinglematerialthatdoesnotmeettherequirementsofthestandardTPStheory.
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0 Introduction
 Thermalconductivityisoneofthemostimportant
thermalpropertiesof materials,whichisclosely
relatedtotheirstructure,compositionanddensity.
Researchingtheaccuratethermalconductivityhas
greatsignificanceforallwalksoflife.Forexample,
thestudyonthermalconductivityofagricultural
productscan provideeffective guidanceforfood
storage[1];themeasurementsofthermalconductivity
ofbuilding materialsarerelatedtotheirenergy
saving evaluation[2-3];and the tests ofthermal
conductivityofsemiconductormaterialsinintegrated
circuits help to assess the stability of the
components.Therefore,itisnecessarytoobtain
accurate and reliable thermal conductivity of
materials.
 The methods of measuring the thermal
conductivitycanbedividedintotheoreticalmethods
andexperimentalmethods.Theapplicationofthe
theoreticalmethodsisrestrictedbecausetheyneedto
obtainthemicrostructureofthematerial.Therefore,
theexperimentalmethodsaremorewidelyappliedin
practicalengineering.Theseexperimentalmethods
canbedividedintotwocategories,steadymethods
andtransientmethods[4-5].Thesteadymethodsare

widely usedto measurethe materials withlow
thermalconductivityduetotheirhighaccuracyand
easyoperation.However,thesteadymethodssuffer
fromsomedrawbacks.Theyrequirealongtimeto
completethetestandthe measurementrangeis
narrow[6].Incontrast,thetransientmethodshave
the advantages of short measuring time,high
efficiency,widerangeandnon-destructivity[7].As
oneofthe mostpotentialtechniquesamongthe
transientmethods,transienthotdisktechniqueis
proposedbyProfessorGustafssonin1991[8].Itis
developedfromthetransienthotwiremethod.By
bendingthelineheatsourceintotheplaneheat
sourcewithadouble-spiralstructure,thecontact
areabetweentheprobeandthesampleislargely
increased,which makesthe heattransfer more
efficient and the measurement accuracy is
significantlyimproved.Atpresent,thetransient
planesource (TPS) method has developed the
measurement modules for bulk samples, slab
samples, thin film samples and anisotropic
samples[9-10].Thecorrespondingtheoreticalformulas
andmathematicalmodelshavebeenestablishedand
theperformanceofthistechniquehasbeendeeply
studied.
 TheTPStechniqueiswidelyusedtogainthe
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thermalconductivityofmostmaterials.Duringthe
measurement,itrequirestheprobetobesandwiched
betweentwoidenticalsamples.Asforsomespecial
materials,suchaswall,equipmentcomponentsand
othersinglematerials,thismethodisnotsatisfactory
becausethereisonlyonepieceofthe measuring
materialanditcannotbecoveredonbothsidesofthe
probe.Inordertoenrichthemeasurementtheoryof
TPS methodsothatitcan measurethethermal
conductivity ofsinglespecimen,single-side TPS
methodisproposedonthebasisofstandardTPS
theory.Theinfluencingfactorofprobeheatcapacity
isdiscussedthroughacorrectionformula.Andthe
analysisontheaccuracyandreproducibilityofthe
single-side TPS methodareconducted usingthe
experimental materials of black rubber board,
polymethylmethacrylate (PMMA),marble,soap
stone,stainlesssteel,leadandQ235-A.Fsteel.In
thefollowing,thestandardTPStechniqueisbriefly
introducedandthetheoreticalformulaofsingle-side
TPSispresented.Thentheprobeheatcapacityis
corrected.Theexperimentalmaterialsandapparatus
arepreparedandthetestsareconducted.Finally,
some useful conclusions are given through the
discussionoftheresults.

1 Theorybase
1.1 TheoryofTPStechnique

 TheTPStechniquehasbecomeastandardmethod
formeasuringthethermalpropertiesofmaterialsand
itcan obtain thethermalconductivity,thermal
diffusivity and specific heat capacity in one
measurement.Thecoresensorofthismethodisa
hotdiskprobe,asshowninFig.1.Thisprobeis
madeofnickelbecauseithasalargetemperature
coefficientofresistanceinawidetemperaturerange.
Whenconductingtheexperiment,thecurrentcanbe
ledfromoneendtotheothersincethenickelismade
intoashapeofdoublespiral[11].Therearetwo
insulatinglayersofKaptoncoveredonbothsidesof
thesensorandthisdesigncaneffectivelyimprovethe
mechanicalstrengthandservicelifeoftheprobe.

Fig.1 Hotdiskprobe

 Theprobeactsasbothaheatsourceanda
temperaturesensor.Normally,itisplacedbetween
twopiecesofidenticalsampleswithsmoothsurface.
Whenaconstantpowerisappliedtotheprobe,the
temperatureoftheprobeincreasesbecauseofthe
heateffectofthenickelandtheheatistransmittedto
thesamplesoneachsideofprobe.Theincreasing
temperatureofthesampleisreflectedbythechange
oftheproberesistance.Thisrelationshipcanbe
expressedas

R(t)=R0[1+αΔT(t)], (1)

whereR0istheresistanceofthesensorbeforeitis
beingheated;R(t)istheresistanceofthesensorat
timet;αisthetemperaturecoefficientofresistance
ofthesensor;ΔTisthemeantemperatureincrease
ofthesensor.
 Thechangeofproberesistancevaluecan be
measuredinrealtimeusingthehotdiskhardware
measurement system. The increase of the
temperaturemainlyresultsfromtwoparts:Onepart
iscausedbytheheatflowpassingthroughtheprobe
insulatinglayer,the other part represents the
temperatureincreaseofthespecimensurfaceduring
themeasurement.Thisrelationshipcanbegivenby

ΔT(t)=ΔTi+ΔTs(t), (2)

whereΔTiisthetemperaturedifferenceacrossthe
probeinsulatinglayer;ΔTs(t)isthetemperature
increaseofthespecimensurface.Itisimportantto
notethatΔTibecomesconstantafterashorttime
becausetheinsulatinglayeristhinandthepower
outputisconstant.
 Inordertoobtaintheaccuratetemperaturerisein
thesamplesurface,itisnecessarytostudythe
transientheatconductionprobleminasemi-infinite
boundary condition. Assuming that the sample
aroundtheprobeisisotropic material,whenthe
probeisplacedbetweentwosamples,theprobecan
beregardastheheatsourceandtheheatconduction
differentialequationinthesampleisexpressedas

κ∇2T+Q
ρc

=∂T∂t
, (3)

whereκisthethermaldiffusivityofthesample;Qis
theheatprovidedbytheprobe;ρcisthevolumetric
specificheatcapacityofthesample.
 Thehotdiskprobewithadouble-spiralstructure
canbeconsideredasanumberofconcentricand
equallyspacedringsources.AccordingtotheFourier
lawandthefirstlawofthermodynamics,thesolution
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oftheaveragetemperatureriseinEq.(3)canbe
givenby

ΔTs(τ)= P0

π3/2rλD
(τ), (4)

whereP0istheheatingpoweroutputoftheprobe;λ
isthethermalconductivityofthesample;risthe
radiusoftheoutermostringoftheprobe;τisthe
dimensionlesstimeparameteranditcanbedefinedas

τ= κt
r
, (5)

D(τ)isthedimensionlessfunctionanddefinedas

D(τ)= 1
m2(m+1)2×

∫
τ

0 ∑
m

k=1
k∑

m

l=1
le-

k2+l2

4m2σ2  I0 kl
2m2σ2    dσσ2, (6)

where m isthe number ofthe concentricring
sources;σisthevariableofintegration;I0isa
modifiedBesselfunction.
 AccordingtoEq.(6),wecanseethatD(τ)isa
function determined by the dimensionless time
parameterτsincetheprobecirclemisknown.We
can gettherelationship betweent andτ from
Eq.(5).Therefore,itisobviousthattheaverage
temperatureincreaseΔTs(t)versusthefunction
D(τ)isastraightlineandtheslopeofthestraight
lineisP0/(π3/2rλ).Thethermalconductivityofthe
measuredsamplecanbecalculatedfromtheslope.
However,thethermaldiffusivityκis unknown
beforetheexperiment.Inordertoaccuratelyobtain
thethermalconductivityofthesample,theiterative
methodis usually used to solve it. A linear
relationshipbetweenΔTs(τ)andD(τ)isestablished
byaleast-squaresfittingprocedure.Theoptimum
fittingisthethermaldiffusivityofthesample,and
thethermalconductivity ofthe sample can be
obtainedfromtheslopeofbestfittingline.Those
calculationscan be completed by the hot disk
software.

1.2 Theoreticalformulaofsingle-side TPS
technique

 Thesingle-sideTPSmethodisdifferentfromthe
standardTPSmethodsinceitrequiresonlyonepiece
ofsample.Intheprocessofmeasurement,oneside
oftheprobeisthetestingsampleandtheotherside
isthe background material with knownthermal
conductivityandthermaldiffusivity.A schematic
diagramofthemeasurementstructureisdepictedin

Fig.2.

Fig.2 Measurementstructureofsingle-sideTPS

 WhenaconstantpowerP0isappliedtotheprobe,
itbeginstoheatthesamplesonbothsides.Forthe
standardTPS method,theprobeisplacedonthe
centerofthesamplesurfaceandbothsamplesare
identical,andtheheatingpowerappliedtoeach
specimencanbeconsideredasP0/2,asshowin
Fig.3.However,forthesingle-sideTPSmethod,
theheatpowersoftheprobeisnotdistributed
equallytothematerialsonbothsidesofthesensor
duetothe difference ofthethermalproperties
betweenthebackgroundmaterialandthemeasured
sample.Fig.4showsthedifferentpowerflowinginto
thedifferentmaterials.Itisassumedthattheheating
powerappliedtothesampleisPp,AndP0-Ppisthe
powerappliedtothebackgroundmaterial.

Fig.3 Powerdistributionofidenticalsamples

Fig.4 Powerdistributionofdifferentmaterials

 Gustafssonhasstudiedtherelationshipbetween
thetotalpowerandtheheatingpowerappliedto
measuredsamplewhenahot-stripprobeisincontact
withtwodifferentmaterials[12].Andthisexpression
canberepresentedas

Pp = P0

1+λp
λ

κ
κp  

1/2, (7)

where λp is the thermal conductivity of the
backgroundmaterial;Kpisthethermaldiffusivityof
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thebackgroundmaterial.
 Theaboveexpressionisestablishedbasedonthe
assumptionthattheexperimentalsituationcanbe
describedbytheplane-sourcesolution.Therefore,it
isapplicabletothesingle-sideTPScondition[13].And
Eq.(7)shows that the power applied to the
background materialisonlyrelatedtoitsthermal
conductivityandthermaldiffusivity.Supposingthat
heattransferratiowillnotaffectedbytheshapeof
theheatsourcebetweenthetestingsampleandthe
backgroundmaterial,whentheprobeisincontact
withtwodifferentmaterials,theheatingprocesscan
stillberegardedasthetransientheatconduction
probleminasemi-infiniteboundaryconditionaslong
asthesizesofthetwodifferentmaterialsarelarge
enoughtomeettherequirementsofmeasurement.
Accordingto Eq.(4),itispossibletogivethe
averagetemperatureriseinasingle-sidemeasurement
withthefollowingexpressionas

ΔTs(τ)= 2Pp

π3/2rλD
(τ). (8)

 FromEqs.(7)and(8),wecanobtainthesolution
ofthermalconductivityby

λ= 2P0

π3/2 1+λp
λ

κ
κp  

1/2

  
D(τ)
ΔTs(τ)

. (9)

 Thethermalconductivityλpandthermaldiffusivity
κpofthebackgroundmaterialareknownbeforethe
measurement.Similartothesolution processof
standardTPSmethod,wecanseethatΔTs(τ)is
proportionaltoD(τ).Andwecangetthevalueof
ΔTs(τ)fromthehotdiskdataacquisitionsystem.By
aniterativeprocedurewiththermaldiffusivityκ,the
optimumfittingisthethermaldiffusivityofthe
sampleandthethermalconductivityofthesample
canbecalculatedbyEq.(9).

2 Mathematicalcompensationmodelof
probeheatcapacity

 Intheprocessofderivingtheprobetemperature
increasemodelofsingle-sideTPSmeasurement,all
theequationsareproposedbasedontheassumption
thatthe outputpowerofthe probeelementis
constantinthewholeprocessofmeasurementandall
theheatgeneratedbytheoutputpowershouldbe
transferredtothesampleandbackgroundmaterial.
However,theheatcapacityoftheprobecannotbe
ignoredintheactualmeasurements.Apartofthe
heatconsumedbytheprobeinsulatinglayer,which

leadstotheactualtotalheatingpowerbeinglessthan
thesetoutputpoweroftheprobe.Duringthe
measurement.Theexpressionofthepowerapplied
toincreasingthetemperatureoftheprobeitselfcan
begivenas

ΔPprobe(t)=dπr2(ρc)probe
Δ􀭿T(t)

t
, (10)

whereΔPprobeisthepowerconsumedbytheprobe
itself;disthetotalthicknessoftheprobe;(ρc)probeis
thevolumetricspecificheatcapacityoftheprobe;
Δ􀭿T(t)istheprobetemperatureincreaseattimet.
 Supposingthattheinputpoweroftheprobeis
constant,theactualheatingpoweroftheprobeat
timetcanbegivenas

P(t)=P0-ΔPprobe(t)=P0-dπr2(ρc)probe
Δ􀭺T(t)
t .

(11)

 From Eq.(11),wecanseethatpowerlossis
causedbytheexistenceoftheheatcapacityofthe
probe,whichleadstothemeasurementerrorsofthe
results.ByreplacingP0inEq.(9)withinEq.(11),
thethermalconductivity of measured samplein
single-sideTPSmeasurementcanberewrittenas

λ=
2P0-dπr2(ρc)probe

Δ􀭿T(t)
t  

π3/2r1+λp
λ

κ
κp  

1/2

  
D(τ)
ΔTs(τ)

.(12)

3 Measurementpreparations

3.1 Experimentalsamplesand background
material

 Itshouldbenotedthatthesingle-sidetechniqueis
onlyapplicabletoisotropicbulkmaterials.Inorder
toevaluatetheaccuracyandreproducibilityofthis
method,experimentshavebeencarriedoutonseven
differentsinglespecimens,includingblackrubber
board,PMMA,marble,soapstone,stainlesssteel,
leadandQ235-A.Fsteel.Andwechooseextruded
polystyrene(XPS)asthebackgroundmaterialsince
ithaslowheattransferability.
 Basedontheprincipleofsamplepreparation,the
surfaceofthesampleshouldbesmoothenoughandit
helpstoavoidthecontactthermalresistanceduring
theexperiment.Inaddition,thesamplesizeisalso
needtobelargeenoughtosatisfytheassumption
thatthesensorisplacedinansemi-infinitemedium.
Thisassumptionrequiresthatthedistanceofheat
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transferredinsidethesamplemustbesmallerthan
theouterboundariesofthesample.Itdependsonthe
thermaldiffusivityandmeasuringtimeofthetesting
sample[13].Theprobingdepthisexpressedas

Δp =2 κtmax, (13)

whereΔpisthedistanceoftheheatflowintothe
specimen;tmaxisthetotaltimeofexperiment.
 Inorderto makingagood measurement,the
longitudinalsizeofthesampleshouldbegreaterthan
theprobing depth andthetransverse dimension
shouldbelargerthanthesumoftheprobediameter
andtwotimesoftheprobingdepth.Therefore,the
actualwholesizesofthesesamplesareblackrubber
board (100 mm ×100 mm ×30 mm),PMMA
(50mm×50 mm×30 mm),marble (60 mm×
60mm×50mm),soapstone(60mm×60mm×
50mm),stainlesssteel(50mm×50mm×50mm),
lead(50mm×50mm×50mm)andQ235-A.Fsteel
(90mm×90mm×50mm).
 Duringthe measurement,theprobeisplaced
betweenthemeasuredsampleandthebackground
material.Inordertoavoidtheheatfromtheprobe
spreadingthroughtheboundaryofthebackground
materialto the environment,the size of the
backgroundmaterialinthisexperimentis100mm×
100mm×50mm.

3.2 Apparatus

 Basedonthetheoryofsingle-sideTPStechnique,
whentheprobeisplacedbetweenthebackground
materialandthespecimen,aheatpulseintheform
ofastepwisefunctionisproducedbyanelectrical
currentthroughtheprobetogenerateadynamic
temperaturefieldwithinthespecimen.Theprobe
actsasbothaheatsourcetoincreasethesample
temperatureandacomponentthatrecordsthechange
of resistance during the measurement. When
constantheatingpowerappliedtotheprobe,the
proberesistanceincreaseswiththeincreaseofthe
probe surface temperature, which makes the
imbalanceofthebridgetestsystem producethe
potentialchange.
 Fig.5showsthemeasurementapparatusofthehot
disksystem.Theprobeandsamplesareplacedina
thermostatchamber.Theheatingpowerisprovided
bythepowermeterandthevoltagevalueofbridge
systemismeasuredbythedigitalvoltmeter.The
softwareisinstalledonthecomputerandthewhole
measurementprocessisoperatedonthecomputer.In

ordertokeeptheoutputpowerisconstant,thevalue
ofseriesresistanceinbridgesystemshouldbeclose
totheresistanceoftheprobeanditslead.Duringthe
measurement.Theintervaltimeshouldnotbeless
than15minbecauseitisnecessaryto makethe
sampleandprobereturntothethermalcondition
before the measurement. The function of
temperatureincrementwithtimecanbeobtained
throughthemeasurementofelectricalparameters.

Fig.5 Apparatusofsingle-sideTPSmeasurement

4 Resultsanddiscussion
 Thehotdiskthermalanalyzerisusedtomeasure
thethermalconductivityandthermaldiffusivityof
theseven samples based on the standard TPS
technique.TheresultsareshowninTable1.These
measuredvaluesaretakenasthestandardvaluesof
thesesamples.Inordertoevaluatetheperformance
ofthe single-side TPS technique,a series of
validationtestsarecarriedoutonthesevensamples.
Duringthemeasurement,thehotdiskprobeisplaced
betweenthesampleandthebackgroundmaterial,as
showninFig.2.ThebackgroundmaterialXPSisan
insulationmaterialanditsthermalconductivityand
thermaldiffusivityare0.032 W/(m · K)and
0.60mm2/s,respectively.Theheatcapacityofthe
hotdiskprobeusedintheseexperimentsis9.84×
10-3J/Kandtheradiusandthicknessare6.403mm
and60m,respectively.
 Thetemperatureriseresponseontheprobeis
collectedbythehotdiskdataacquisitionsystem
duringthe single-side experiments.Firstly,the
reproducibilitytestsofthermalconductivity have
beenconductedatroomtemperatureandtheinitial
humidityoftheenvironmentisabout40% RH.The
experimentalmaterialisPMMAsinceitisoftenused
asastandardsample.Onthepremiseofchoosingthe
appropriate measurementparameters,thethermal
conductivityofPMMAiscalculatedaccordingtothe
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Eq.(9).MeasurementresultsareshowninFig.6.

Table1 MeasurementresultsofsamplesbyusingaHotdiskthermalanalyzer

Samplematerial
Heatingpower

(W)
Measuringtime

(S)
Thermalconductivity
(W/(m·K))

Thermaldiffusivity
(mm2/S)

Blackrubberboard 0.05 200 0.03710 0.4550
PMMA 0.08 160 0.2003 0.1307
Marble 0.1 40 0.4457 0.3777

Soapstone 0.5 10 1.822 0.8616
Stainlesssteel 1 10 14.58 3.558

Lead 2 3 34.83 26.67
Q235-A.Fsteel 3 1 74.61 21.04

Fig.6 MeasurementresultsofPMMA

 The above data are measured in the same
environmentusingsingle-sideTPSmethod.Andthe
reproducibilityofthistechniqueisevaluatedbythe
parameterofrelativestandarddeviation(RSD).The
RSDis2.3% anditshowsthatsingle-sideTPS

methodhasagoodreproducibility.
 Meanwhile,theverificationexperimentsaboutthe
accuracyofthesingle-sideTPS methodhavebeen
performed.Themeasurementresultsoftheseven
experimentalmaterialsareshownin Table2.In
standardTPSmeasurements,thepowerisequably
appliedtoeachsideoftheprobe.However,during
thesingle-side TPS measurements,the thermal
propertiesofthebackgroundmaterialaredifferent
fromthatofthosemeasuredsamples.Inorderto
ensurethatthepowerdividedintothesamplein
single-sideexperimentsis the same as thatin
standardmeasurements.Thetotaloutputpowerof
thesensorcanbecalculatedbyEq.(7)becausethe
powerisproportionallydistributedtoeachsideofthe
sensorandthedistributionratioisonlyrelatedtothe
thermalproperties ofthetested materials.The
followingresultswithorwithoutcompensationof
heatcapacityarecalculatedbyEqs.(9)and(12).

Table2 Measurementresultsofsingle-sideTPSwithorwithoutcompensationofheatcapacity

Sample
material

Heating
power(W)

Withoutcompensation

Thermalconductivity
(W/(m·K))

Relative
error(%)

Withcompensation

Thermalconductivity
(W/(m·K))

Relative
error(%)

Blackrubberboard 0.0438 0.03862 4.10 0.03813 2.77

PMMA 0.0430 0.2075 3.59 0.2070 3.36

Marble 0.0511 1.891 3.78 1.889 3.68

Soapstone 0.253 6.637 3.48 6.632 3.40

Stainlesssteel 0.503 14.95 2.52 14.94 2.45

Lead 1.006 35.91 3.10 35.89 3.04

Q235-A.Fsteel 1.504 76.77 2.89 76.71 2.82

 FromthemeasurementresultsofTable2,itcan
beseenthattherelativeerrorsofthethermal
conductivityarelessthan5%,whichindicatesthat
thesingle-sideTPSmethodproposedinthispaper
hasagoodmeasurementaccuracyinawiderange(0.
03-70W/(m·K)).Comparedwiththestandard
TPS method,thesingle-sided TPS method only
needssinglespecimen,whichprovidessupportfor

themeasurementofsinglematerials.
 AsshowninFig.7,theexistenceoftheprobeheat
capacitymakesthemeasurementresultslargerthan
theactualvalues.Withthecompensationofthe
probeheatcapacity,themeasurementresultismore
accurate.Amongthesevensamples,therelative
errorsofstainlesssteel(14.58 W/(m·K))isless
thanthatoftheothermaterialsanditmakesthe
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curveshowasuddendowntrend.Thisisbecausethe
surfaceofstainlesssteelcouldbeverysmoothduring
thepreparationprocess.Inaddition,theinfluenceof
probe heatcapacity onthe measurementresults
decreaseswiththeincreaseofthermalconductivity.
Formaterialswithhighthermalconductivity,the
heating power is relatively large and the
correspondingtemperature differenceisrelatively
small.AccordingtoEq.(10),theproportionofthe
powerconsumedbytheprobeheatcapacitycanbe
neglected.Therefore,itcan befoundthatthe
relativeerrors with or withoutcompensationare
almostthesamewhenthematerialshaverelatively
largethermalconductivity.

Fig.7 Relativeerrorswithorwithoutcompensationofheat
capacity

5 Conclusion
 In this paper,single-side TPS method for
measuringthethermalconductivityofsinglematerial
ispresented.Thetheoreticalformulaisgivenandthe
heatcapacityoftheprobeiscompensated.Aseriesof
testexperimentshavebeencarriedouttostudythe
measurement performance of this method. The
resultsindicatethatthesingle-sideTPSmethodhas
highmeasurementaccuracyandgoodreproducibility.
Forthesampleswiththermalconductivityof0.03-
70W/(m·K),theaccuracyofthemethodcanreach
5% and the RSD is less than 3%.For the
compensationoftheprobeheatcapacity,itcan
effectivelyimprovetheaccuracyofmaterialswith
lowerthermalconductivity.Thismethodcanbeused
fortransientmeasurementsofthermalconductivityof
singlematerial.
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TPS单面法测量材料导热系数

孙建强,李艳宁

(天津大学 精密测试技术及仪器国家重点实验室,天津300072)

摘 要: 在传统瞬态平面热源(Transientplanesource,TPS)法测量理论的基础上,提出了一种可用于测量

单试件材料导热系数的TPS单面法。通过研究半无限边界条件下瞬态热传导问题,推导了TPS单面法的理

论公式,分析了测量过程中探头热容对测量结果的影响,建立了相应的数学补偿模型,并在常温常压下利用

hotdisk探头对不同材料开展了一系列实验。结果表明,TPS单面法测量材料导热系数的相对误差小于5%,

相对标准偏差低于3%。该方法具有良好的准确度和重复性,为不满足标准TPS法测试要求的单试件材料

提供了可行的测量手段。

关键词: TPS单面法;导热系数;单试件材料;探头热容
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