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Theauthorpreviouslymeasuredthethermalconductivitiesofliquidhydrocarbonsand

alcoholsandtheirmixturesunderatmosphericpressurebyuseofarelativehorizontal

parallel-platemethod(steady-statetype).

AcorrelationmethodpreviouslyproposedwasfoundtobesuccessfUl forthebinary

mixtures.Togiveamoregeneralizedcorrelation,potentialparameterswerereevaluatedby

selectingbenzeneasareferencesubstance.Toapplythismodeltovariousbinarymixtures,

thelocalmolefractionconceptwasintroducedforthecalculationofmixtureparameter

becausetheinteractionsbetweenhydrocarbonandalcoholmoleculesarecomplex.

Introduction heptane),andbinaryalcoholmixtures(1-butanol

-2-butanol, 1-propanol-2-butanol, ethanol-2-

butanol, and ethanol-1-pentanol) were

measured.5,7)Further,additionalthermalconduc-

tivitydatawerereportedat25.0and40.0｡Cfor

fourbinaryhydrocarbon-alcoholmixtures(tolu-

ene-ethanol, "-heptane-1-heptanol,benzene-

2-butanol,andtoluene-1-heptanol).8)

Theauthorhasproposedthecorrelation

modeltorepresentthethermalconductivitiesof

nonpolarandpolarpureliquidonthebasisofthe

holetheoryconceptandthelatticemodel of

HorrocksandMcLaughlin.3) Toapplythese

modeltobinarymixtures,thelocalmolefraction

conceptisintroducedforthecalculationofmix-

tureparameters. Basedonthetwo-Huidmodel,

thepresentmodel isappliedtobinarymixtures

byintroducingtwobinarycharacteristicparame-

ters.

Thethermal conductivityof liquidsisan

important transportpropertyrequired inthe

designandanalysisofvariousheat transfer

process.Therefore,thethermalconductivitiesof

manysubstanceshavebeenmeasuredbyseveral

workersandwerecompiledbyTouloukianet

al.'') But,therearefewdataforliquidmixtures

althoughanumberofthermalconductivitydata

havebeenreportedforpureliquids.Thediscrep-

anciesamongthedatareportedbydifferent

workersarenotnegligible.

Thepurposesoftheauthor'sworkareto

measurethethermalconductivitiesofhydrocar-

bons, alcohols, andtheirmixturesandalsoto

establishthecorrelationmethod. Theauthor

measuredpreviouslythethermalconductivities

of sevenhydrocarbons (benzene, toluene,,-

xylene, "-heptane, "-octane, "-nonane, and"-

decane) andtenalcohols (ethanol, 1-propanol,

2-propanol, 1-butanol, 2-butanol, 2-methyl-1-

propanol, 1.pentanol, 2-methyl-1-butano1, 1-

hexanol,andl-heptanol)attemperaturesfrom20

to70｡Cunderatmosphericpressurebyuseofa

relativehorizontalparallel-platemethod(steady-

statetype). Then, thethermalconductivitiesof

binaryhydrocarbonmixtures ("-decane-〃‐

heptane, benzene-P-xylene, andbenzene-〃‐

1． ExperimentalApparatus

Theexperimentalapparatusandprocedure

usedinthepresentstudywerealmostthesameas

described inthepreviouspapers､5,7) Abrief

descriptionoftheapparatusandprocedure is

givenbelow・AsshowninFig､1,theapparatusis

ofarelativehorizontal parallel-plate, steady-

statetype. Aglassplate(260×260×10mm),G,
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sample,andl｡and"arethethermalconductiv-

ityandthicknessofthestandardglassplate,

respectively. cI isthethicknessoftheliquid

sample.

Thereproducibilityofthethermalconductiv-

itybythismethodwaswithinl%,andthemaxi-

mumuncertaintyofthepresentthermalconduc-

tivityfinallyobtainedwasestimatedtobewithin

2％、

Hydrocarbonsandalcoholsused inthis

studywereguaranteedreagents・ Theirpurities,

determinedbygaschromatography,weremore

than98.6%.
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Fig. 1 Schematicdiagramoftheexperimentalappa-

ratus:A,constant-temperatureairbath;C,

copperplate;I,insulatingmaterial ;J,jacket;

L, liquidlayer;LI, liquidinlet;P,circulating

pump;S, siliconerubber;W, constant-tem-

peraturewaterbath.

2． CorrelationofThermalConductivities

2.1 CorrelationofThermalConductivitiesof

PureLiquidS8)

Thestructureof liquid isapproximately

assumedtobeaface-centeredcubiclattice.As

heatconductioninliquidcanbeconsideredtobe

causedmainlybythevibrationsofmolecules,the

followingequationhasbeenproposedtopredict

thethermalconductivityofliquid.3,5)

入="(I/b/V)Cv"/tzM (2)

where l/bdenotessolidmolarvolumeatthe

meltingpoint,Visliquidmolarvolume,"isthe

distancebetweenamoleculeanditsneighbor,CI,

istheconstant-volumeheatcapacity, "isthe

frequencyofmolecularvibration, andMis

Avogadro'snumber.

Assumingharmonicoscillationofcentral

molecule inthecell, thefrequency Iノ canbe

derivedas7)

［〃, {禦一加(,)I" (3)
l ｢2zE(T)II(y) (､__,_,11'/'

y＝2兀研7所

wasusedasastandardmaterial・ Thethermal

conductivityof thestandardglassplatewas

calibratedwithdistilledwater.Thevalueofthe

thermal conductivityofdistilledwaterrecom-

mendedbyTouloukianetal.'')wasadoptedin

thisstudy・Aliquidsample,L,washeldbetween

standardglassplatesandthedimensionofliquid

layerwas220×220×4.84mm.Copper-constantan

thermocouples(0.07mmindiameter)werepro-

vided tomeasure the temperaturegradients

acrosstheliquidlayerandthestandardglass

plates. Thesethermocoupleswerefastenedto

bothsidesoftheglassplateswithasmallquan-

tityofepoxyadhesive. Thesethermocouples

wereusedinordertoascertainwhetherthetem-

peratureoneachsurfaceoftheglassplateswas

uniform.

Bycirculatingwaterofaconstanttempera-

ture(controlledwithin±0.01｡C)throughjackets,

J,atemperaturegradientwasestablishedinthe

testHuidaroundthedesiredexperimental tem-

perature. High-temperaturewaterwascirculat-

edthroughtheupperjacket,andheatfluxwas

directeddownwardinordertominimizeheat

transferbyconvection. Thethermalconductiv-

ityofliquidsample,入,wasobtainedas

入＝入｡("/ch)(△乳/AT) (1)

whereATb andATare the temperature

differencesofthestandardglassplateandliquid

where

/(y)=(1+12y+25.2y2+12y3+y4)(1_y)-10_1

"z(y)=(1+y)(1-y)-4-1

(4)

(5)

and

y=("/")2

"*=J/b/{o(T)}3M

γ＝｛a－Co(T)}/2

α＝21ﾉ6(I/b/M)!ﾉ3

z=12(J/b/V)

I/b=1.48W

（6）

（7）

（8）

（9）

(10)

(11）
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Inthepresentstudy,thesolidmolarvolume

atmeltingpoint I/b iscorrelatedwithvander

WaalsvolumeI/i, inEq.(11).ThevanderWaals

volumeWcanbeobtainedbyBondi'smethod.')

ThevalueofCvaregivenbythegroupcontribu-

tionmethodproposedinthepreviouswork.6)To

calculatethefreqUency, thetemperaturedepen-

dent potential parameters E(T) andO(T)

containedintheLennard-Jones (12-6)potential

areneeded. Theyhavebeenapproximatedas

followingequations.7)

E(T)=eO(1+"/T)2 （12）

"(T)="o(1+"/T)-]ﾉ6 （13）

Further,aproportionalityconstantCinEq. (8)

introducedinthepreviousworks5'7) toestimate

themolecularcontactlengthrequiredforenergy

transfershouldbeevaluatedas

C=Co(1+),) (14)

wherePand),aretheempiricalparametersfor

polareffect. ValesofPandyarezerofor

nonpolarliquids・ Inthepresentstudy,theauthor

hasattemptedtoobtainageneralizedcorrelation

forparameters(Eo,coandCo)selectingbenzene

asreferencesubstancebecausebenzenemolecule

seemsrelativelysphericalandnonpolar. These

parametersweredeterminedtogivethebestfit

withthethermalconductivityobtainedprevious-

lyfornonpolarhydrocarbons5)usingtheSimplex

method. TheycouldbecorrelatedwithPitzer's

acentricfactorQ),9)andthefollowingexpressions

wereobtained.8)

eo/"1g=0.7260+0.2415(の-0.212) (15)

("o)3JVA/Vb=0.2205-0.2316(の-0.212)

+0.2907(の-0.212)2 (16)

Co=1.00-0.8755(G)-0.212) (17)

ThevalueofQ) ofbenzeneisO.212. Further,

parameters"andyaregivenasfollowsonthe

basisofthermalconductivitydataofalcohols.7)

Theauthorcorrelated"andywiththeStiel's

polarfactor%,2) andhadtoseparatenormal

alcoholsfrombranchedalcoholstoperformthe

correlation.

Normalalcohol:

"/T1c=0.05703+0.5116x+3.2373%2 (18)

(1+y)RⅣ△H"α'=0.1129+0.02398%-0.5049%2 (19)
Branchedalcohol:

"/mg=0.05768+0.5364%+5.0973%2 (20)

(1+7)IM/AH""=0.1856+2.1983%+14.949%2 (21)

Byusingtheabovecorrelation, thethermal

conductivitiesofhydrocarbonsandalcoholscan

becalculatedwithinaveragedeviationof2.6%.

2.2 CorrelationofThermalConductivitiesof

LiquidMixtures

Equation(2)canbereadilyextendedtoa

mixturebyadoptingthemixingrules. Namely,

Eq. (2)becomes

X="(Pb/r)Cv"/aM (22)
～ ～ ～

wherel/b,V,Cv,Z,,and"areaveragevaluesfor

aliquidmixturewithagivencomposition. On

thebasisoftheconceptofthetwo-fluidmodel,'0)

thefrequencyofaliquidmixtureisgivenas

〃=2%i'42)
～

イ

(23）

where

l ｢22b(T)(" 禦一伽('） I"［〃｛ （24）吻＝2"ｲ卿瓦

Thefunctionsノ(") andw@(") arethesameas

Eqs. (4)and(5),respectively.Thevaluesof"are

obtainedby

jﾉー（ﾃ/")2 （25）
～

～

"=2'ﾉ6(V/M)'/3 （26）
～ ～

2=12(I/b/V) （27）

[″_亭亭鋤{C@(T)}"}/, (28)
～

γ＝二

Pb=亭亭跳{1/b}" (29)

'*=w[亭亭恥{"(T)｡" (30)

▽＝(亭伽i)/戸 （31）
InEqs. (25)to(30),thecross-termsaregiven

as

{Cb(T)}"=(1－〃 io(T)"Qo(T)ヵ (32）

{V6}ij=(1-/")fﾜ雨▽面 (33)

{o(T)}"=(1－ん)"~rｱﾌｰ;万(了)77 (34)

whereノガisthebinarycharacteristicparameter

betweenmoleculeiandノ. Thevaluesofjfj in

Eqs. (32)to(34)areassumedtobeequal.

Thevaluesofe(T)(2)areapproximatedby

E(T)(f)=Z蝋,)E(T)" （35）
ノ

whereXj(2) denotesthe localmolefractionof

一
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3． CorrelationoftheBinaryCharacteristic

Parameters .

moleculeノsurroundingamoleculei.According

toWilson,'2) theauthoradoptedthefollowing

express10ns.

坊(i)=Xjexp(")/[xi+Xjexp(zW")] (36)

where

zji={E(T)j#－E(T)"}/"T （37）

E(T)"=(1－〃ヵ)ｲを~(T)~rZ『ァ)77 (38)

たヵisthebinarycharacteristicparameter.

Theaverageconstant-volumeheatcapacity

isapproximatedby

CI,=Zx#CI,, （39）
i

Thethermalconductivitiesofmixturescan

becalculatedwhen々ヵand/fiareknown. The

optimumvaluesofルヵandノガforbinarymixtures

ofhydrocarbon-hydrocarbonsystems,alcohol-

alcoholsystems,andhydrocarbon-alcoholsys-

temswereevaluatedbyfittingthemodeltothe

experimental resultsbytheSimplexmethod.

Theaveragedeviationsbetweenexperimental

andcalculatedvaluesofthermal conductivity

fromEq. (22)bytheoptimum""and/fjarewithin

1.0％．

Adequatecorrelationbetweenthebinary

characteristicparameters(ルヵandjfj)and(n／

Vb,)/(71,2/Vt2)areobtained. Inbinaryhydrocar-

bonmixturesandbinaryalcoholmixtures, the

liquidwithhigher thermal conductivity is

selectedascomponentl;andinhydrocarbon-

alcoholmixtures,hydrocarboniscomponentl.

Thecharacteristicparameterルヵcanbecor-

relatedbythefollowingequationforbinary

mixtures.

〃,2＝-0.4728＋0.93718-0.19582 （40）

Further, thecharacteristicparameterJ"canbe

expressedasfollows.

Hydrocarbon-hydrocarbonsystems:

ム2=-0.0564+0.07898-0.03782 （41）

AIcohol-alcoholsystems:

h2=-0.0315+0.05088-0.028082 （42）

Hydrocarbon-alcoholsystems:

"2=-0.1354+0.2696β-0.139882 （43）

where

6=(T1gl/Vbl)/(Z112/Vb2) (44)

Thetypicalexamplesofcalculatedthermal

conductivitiesfromEq. (22)withcorrelatedval-
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Fig､2Experimentalandcalculatedthermalconduc-

tivitiesbyEq. (22)usingcorrelatedvaluesof

",2andji2byEqs. (40)and(43)fortoluene-

ethanolbinarymixture.

0.0 0.2 0ム 0.6 0.8 1.O
X!

Fig.3Experimentalandcalculatedthermalconduc-

tivitiesbyEq. (22)usingcorrelatedvaluesof

",2andji2byEqs. (40)and(43)for"-heptane

-1-heptanolbinarymixture.
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Fig、5Experimentalandcalculatedthermalconduc-

tivitiesbyEq. (22)usingcorrelatedvaluesof

",2andji2byEqs. (40)and(43)fortoluene-

1-heptanolbinarymixture.

O.O O.2 0.4 0.60.8 1.O
X'

Fig.4Experimentalandcalculatedthermalconduc-

tivitiesbyEq. (22)usingcorrelatedvaluesof

"12andﾉizbyEqs. (40)and(43)forbenzene-2

-butanolbinarymixture.

uesof",2andﾉi2areshowninFigs.2to5bysolid

lines・Relativelygoodagreementcanbeobtained

forthethermalconductivitiesofbinarymixtures.

Thecomparisonsofthe literaturevalues

withthepresentcorrelationareshowninFig.6.

This isthethermal conductivityofbenzene-

toluenebinarymixtureat50｡Cmeasuredby

Jamiesonetal.4)Thesolidlineisthecalculated

resultbythepresentcorrelationmethod. The

averagedeviationbetweenexperimental and

calculatedresultsiswithin3.4%.
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Fig・SThermal conductivity of benzene-toluene

binarymixturemeasuredbyJamiesonetal.4)

at50｡C.

Conclusions

Ageneralizedcorrelationmethodforcalcu-

latingthermal conductivityofnonpolar and

polarliquidisproposed・ Basedonthetwo-Huid

model, thepresentcorrelationmodel canbe

appliedtobinarymixturesbyintroducingthe

binarycharacteristicparameters",2 and ノi2.

TheseparameterscanbeestimatedbytheT1cand

Vbofpurecomponents.

Nomenclature

fz=distancebetweenamoleculeanditsneighbor

[m]

C=proportionalityconstantinEq. (8) [-]

Cv=constant-volumeheatcapacity

[J･K-'･mol-']

△Hひαp=heatofvaporizationatnormalboiling
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point [J･mol-']

k=Boltzmann'sconstant [J･K-']

た〃=binarycharacteriSticparameterbetween

moleculesiandノ;seeEq.(38) [-]

Aj=binarycharacteristicparameterbetween

moleculesiand/;seeEqs. (32)to(34) [-]

"=molarmass [kg･mol-']

N4=AvogadrOnumber [mol-']

7'=displacementofamoleculefromitsequilib-

riumpositioninacrystal lattice [m]

T=absolutetemperature [K]

V=liquidmolarvolume [m3･mOl~']

I/b=solidmolarvolumeatmeltingpoint

[m3.mol-']

W=vanderWaalsvolume [m3.mol-']

2ﾉ*=reducedsolidmolarvolumeatmelting

point;seeEq. (3) ［－］

x=molefraction ［－］

期(i)=Iocalmolefractionofmolecule/surround-

ingamoleculeofcomponenti ［－］

y=("/")2,definedbyEq. (6) [-]

z=coordinationnumber ［－］

P=empiricalparameterforpolareffect; see

Eqs. (12)and(13) [K]

y=empiricalparameterforpolareffect;seeEq.

（14） [K]

eo=energyparameterofpotentialfunction[J]

入=thermalconductivity [W･m-'･K-']

Iノ=frequencyofmolecularvibration [s-']

p=density [kg.m~3]

oo=collisiondiameterofmolecule [m]

zji={e(T)jZ-E(T)"}/hT,definedbyEq. (37)

［－］

X=Stiel'spolarfactor ［－］

G)=Pitzer'sascentricfactor ［一］

<SubscriptsandSuperscripts>

c=criticalvalue

i,ノ=componentsiandノ
ー

=mixtureproperty

1,2=componentsland2
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