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ABSTRACT

PoroustitaniumfibrematerialswithdifferentstructuralparameterswerepreparedbyvacuＧ
umsinteringmethod．Thethickness,porosityandwirediameterofpreparedmaterialswere
investigatedtounderstandtheeffectsofstructuralparametersonpoolheattransmission
performanceoftitaniumfibreporousmaterial．Asaresult,betterheattransferperformance
isobtainedwhenoverheatingislessthan１０°C．Inaddition, whenthewirediameterissmalＧ
ler,theheattransferisbetter．However, whensuperheatingisabove１０°C, heattransfer
performancecanbeimprovedbyincreasingthewirediameter．Moreover,thicknessinfluＧ
encesthesuperficialareaofthepreparedmaterialandaffectsthethermalresistancewhen
bubblesmoveinsidethematerial;superficialareaandthermalresistancearethetwokey
factorsthatjointlyimpacttheheattransferinrelationtothethicknessofthematerials．ExＧ
perimentalresultsalsoshowthatthematerialsof３mminthicknessexhibitthebestperＧ
formanceforheattransmission．Furthermore,changesinporosityaffectthenucleationsite
densityandtheresistancetobubbledetachment; however,thenucleationsitedensityand
theresistancetobubbledetachmentconflictwitheachother．Insummary,thetitaniumfiＧ
breporousmaterialwitha５０％ porosityexhibitssuitableheattransferperformance．

１．Introduction
　Porousmetalmaterialsareanewkindoffunctional
materialthathasshownexcellentphysicalproperties
andgoodmachinabilityinrecentyears．Duetotheir
lightweightandlargesurfaceareaperunitvolume,
porousmediaexhibitdifferentcharacteristicsinflow
andheattransfer．Theyhavebeenwidelyusedin
heatexchangeandcoolingequipments[１Ｇ４] ．Theheat
transferprocessofporousmediaconsistsofthediＧ
rectcontactbetweensolidskeletons, thethermal
conductionoffluidinthevoids,andtheconvective
heattransferoffluidinthevoids[５,６] ．Huanget
al􀆰[７] studiedtheboilingpropertiesofsinteredcopＧ
perbathswithdifferentporosities．Itwasfoundthat
theinfluenceofporosityonheattransfercoefficient
istheresultoftheinteractiveeffectofthenucleaＧ
tionsitedensityandbubbledisengagementresistＧ
ance whenfibrediameters wereidentical．Zhiet
al􀆰[８] studiedtheinfluenceofthediameterofa
stainlesssteelfibreonheattransferperformance
andfoundthatthepoolboilingheattransferperＧ
formanceoftheporousstainlesssteelfibresurface

doesnotshowasingletrendwiththechangeinfibre
diameter．Arbelaezetal􀆰[９] performedapilotstudy
onFCＧ７２intheporousaluminiumfoamradiatorfor
poolboilingheattransfer．Theresultsshowedthat,
inthelow heatfluxdensityregion, foridentical
poredensities,lowerporositiesledtobetterboiling
heattransfers．Foridenticalporosities, higherpore
densitiesledtobetterpoolboilingheattransfer．
Chenetal􀆰[１０]studiedtheinfluencesofporesize,poＧ
rosity,andporouscopperheightontheheattransＧ
ferperformanceofadirectionallysolidifiedcopper
heatsinkandshowedthatinthelengthwisedirecＧ
tion,theholediameterwas２０ mm, theoriented
porouscopperdiameteroftheheatsinkwas０􀆰１－
０􀆰６ mm, theporosity was３０％ －７０％, andthe
heightoftheheatsink was４ mm withexcellent
heattransferperformance．Sarangietal􀆰[１１] studied
theeffectofparticlesizeonthesurfaceboilingheat
transferperformanceofthesurfacecoating．With
higherheatfluxes,thecoppersurfacecoveredwith
alayerof９０－１０６μmoffreecopperparticleshas
betterboilingheattransferperformancethanthe
smoothcoppersurface．Liuetal􀆰[１２] preparedporＧ
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ousmaterialswithtitaniumfibresofdifferentpoＧ
rositiesandshowedthattheformationandgrowth
ofatitaniumfibreporoussinteringneckdependson
thesinteringtemperatureandsinteringheatpreserＧ
vationtime．
　Inthispaper,porousmaterialswithdifferentpoＧ
rosities, wirediameters,andthicknesseswerepreＧ
paredbyvacuumsintering．TheeffectsofwirediＧ
ameter,porosity,andthicknessontheheattransfer
performanceofporoustitaniumfibreswerestudied．

２．ExperimentalMethodandModel

２􀆰１．Preparationofexperimentalsamples

　Porousmaterialswithdifferentporosities, wire
diameters,andthicknesseswerepreparedbyvacuＧ
umsintering．Fig􀆰１showsanexampleofatitanium
fibreporousmaterial．ThespecificationsandparamＧ
etersofthetestsamplesareshowninTable１．

Fig􀆰１．　PoroussamplefromTifibres．

Table１
ExperimentalparameterofTifibreporoussample

Sample
number

Fibre
diameter/mm

Porosity/
％

Thickness/
mm

１ ７０ ４０ ３
２ ７０ ５０ ３
３ ７０ ６０ ３
４ ７０ ５０ ２
５ １００ ５０ ２
６ １００ ５０ １
７ １２０ ５０ ２
８ １００ ５０ ２
９ １００ ５０ ３

２􀆰２．Heattransfermodel

　Inapoolboilingheattransfersystem,heatisinＧ
troducedintotheuppercoolingzonethroughthe
porousmaterial．TheDarcyＧErgunmodelistakenas

themomentumsourcetermforporousmedia,

０＝－∇p－μ
kv＋ρg－ρC

k
v|v| (１)

where,pisthepressure;kisthepermeabilitycoefＧ
ficient;Cisconstant;μisdynamicviscosity;gis
gravitationalacceleration;ρisthedensityofsteam;
andvistheDarcyvelocity．
　Thelocalthermalimbalancesofliquidandsolidin
theporousregioncanbedescribedusingthetwoenＧ
ergyequationsasfollows．
　Liquidenergyequation
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　Solidenergyequation
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where,εistheporosity;ρfisthedensityofmediＧ
um;cfisthespecificheatcapacityoftheliquid;cs

isthespecificheatcapacitityofthesolid; Kfisthe
liquidthermalconductivity, W/(K􀅰m);TsandTf

arethesaturationtemperatureofthesolidandliqＧ
uid,respectively,°C; KsisthesolidthermalconＧ
ductivity, W/(K􀅰m);kfistheliquidthermalconＧ
ductivity, W/(K􀅰m);hsfisthesurfaceheattransＧ
fercoefficientbetweenthesolidwallandtheliquid;
andasfisthespecificsurfaceareaoftheporousmateＧ
rial, m２．
　Fig􀆰２showstheheatandmasstransferinmedium．

Tfm—Temperatureatthermalsidesurface;
Cfm—Concentrationatthermalsidesurface．

Fig􀆰２．　Heatandmasstransferinmedium．

　Afterassumingtheconvectionheattransferinthe
bubbleperturbationtobeboilingheattransferat
nucleationstate,theRohsenowexperimentalcorreＧ
lationisusedtocalculateboilingheattransfer．
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where,qistheheatfluxdensity, W􀅰m－２;cp１is
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