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Abstract--Thermal conducliviD' measurements available in the literature, for 23 fluids in their dense 

gaseous and liquid states, have been used to develop the generalized relationship for excess thermal conduc- 
tivRy. Calculated thermal conductivities relating to these 23 substances which include monatomic, diaton]ic 
and Ix~lyatomic fluids and hydrocarbons of all types have been compared with corresponding experimental 
measurements to produce an overall average deviation of 3.87% (1111 points} for all fluid conditions through 
the compressed liquid state. 

I N T R O D U C T I O N  

]7he treatment relating to the thermal conductivity 
of flaids in their dilute gaseous state has been difficult 
tu accommodate in a generalized manner.  This diffi- 
culty also extends to include the behavior of the deuse 
gaseous an.d liquid regions. In this state of aggregali, m 
the predictiun of this transport property is complicated 
by multiple collisions and forces of attraction that are 
complex in nalure. ]n particular, this argument ex- 
tends to liquid systems consisting of polyatonfic 
molecules since no satisfactory statistical solutiui~ is 
yet available Io account for their behavior i~! this del~se 
state of aggregation. In this context, the prediction ul 
thermal conductivity is beset with difficullies because 
lhe individual translational, rotali,.w~al and vibratiCmal 
mu,.les ~,f el:orgy transfer are nol well m~dersl,.,ud 
under  varying temperalure and pressure e~nditiu~s, 

,\Uelupts to treat thermal conductivity in a gel!er- 
alized mat!nor are reported by Gamsor~ i l l  who devel- 
oped. from measurements availahle in Ihe lileralure, a 
corresponding states correlation in which the reduced 
thermal conductivity, K/K, ,  is plotted against reduef.?d 
te,'nperature for parameters of reduced pressure. (,.q u- 
iI!gs and Nathan [2] conlbined the Ensk~,g relali~,i~- 
ships for viscusily and thermal co[)dtJc/ivily tl, obtail! 
an expression for the ratio, K/K*,  ii3 terms of lhe vls- 
cost:> ratio ~/,u" and y, the Ei~skog modulus. In IJ/ei~ 
fma relationship, the effects of the interi~ai degrees ul 
free,.h,m of the molecules was p.eglecled Sliel aml 
Thvd~,s [3] utilized a dimensional ;m.alysis aptm,adl 
v,.hi,-h irwulves Ihe use r the crilical cuustauts aml 

showed that excess thermal conductivity depends u[: 
reduced density and the critical compressibility factor. 
More specifically, they were able to produce a unique 
expression for dep.se gases and liquids relating (K-K*) 
3.Z 5 versus PR for 20 substances vvhich included mon- 
atomic, diatomic and polyatomic molecules and hydro- 
carbons of all types. In this expression, .K = 7~1;6,~,I1~2/ 
P~'~. Their correlation extends up to reduced densities 
of PR = 2.80 and is restricted in application to nonpolar 
substances. However, the generalized behar of 
anomalous thermal conductivity enhancement  ap- 
pearing near the critical point has been separately in- 
vestigated in the previous works [4,5]. 

D I L U T E  G A S E O U S  S T A T E  

For the lfmrrnal conductivity of tile dilute gaseous 
slale of rigid spherical molecules having negligible 
attractive forces of interactiom molecular theory has 
been applied to the development of the relatiul~ship 
[6], 

,/-T/M 
K * =  19. 981 • 10-~ o* ~(2'"' * ", T* ) . (l) 

This relationship predk:ts thermal conductivi ies ac- 
cuateiy for monatomic gases and is consistent wilh like 
simple kil,etic theory which considers only the Ira~,s- 
fer of translational energy of such rigid spherical mole- 
cules. To exter~d Ihe application of themml conducljv- 
ity to polyatonfic gases in their dilule state, Roy a~!d 
Thudos [7] applied a dimensional analysis approach 
and showed thai 
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K~X-~Zf T2 (2) 

�9 '1/6 where the thermal conductMty parameter, X: 7~ 
1 1 2  ' /3 M /F~Z~ . From the analysis uf data available in the 

literature, the',' conchlded that m : 0 and thai K::,t is 
only a function of T R. However> this dependence was 
found to relate uniquely to molecular complexily. 

For the monatomic gases, which possess cmly t rat ~s- 

lational degree's of freedom, t:_:qljali(Jn (2) ',',,as fOtlHd to 
be, 

(K'X) , , , :9 .96 x 10 S[exp (0.0464 T,)  

- exp ( - 0.2412 T,~ ) I (3) 

for temperature up Io 7"R: 2!). Equalion (3) reproduced 
experimental measurements for neon, argon, kryp!~m 
and xenon wil l :  an average deviation uf 2.8% (219 
points). However, in order to take into aceouul the 
transfer of energy between translational and inlerual 
degrees of freedoul in pulyatomic gases, Roy an.d The,- 
dos [7] extended their treatmem beyond monalundc 
gases and presented for diatonlic and trialomic gases 
the relationships, 

(K*X)~=I.I0CK*X)~/'~ {diatomic gases) (4) 

anti 

( K * A i t - - I .  02 (K*A)~  -~ i t r ia tomic gasesi. :5) 

Equation (4) has been used to calculate H~ermal c~m- 
ducli,,'ities for ti~e diatumic gases, nitrogen, carb~,i, 
monoxide, nitric oxide, oxygen, fluorine, hydr~Jgen 
chloride and hydrogen bronlide which, whei! c, Hil- 
pared with c~rresponding experimenl,f l  measu~e- 
nle!!ts, produced air average ~werall devialion ~Jf 4.3')< 
(28:2 points). F~r the triatoulic gases, carhon dioxide. 
sulhir dioxide, nitrous oxide and water ", alx,r, Equa- 
lion (5) reproduced experhttental n~easuremei!ls with 
an ,we!rail average deviaticm uf 461% (2<t2 t)oh~ls) 

For the complex nahire uf hvdrucarl,,Jns that im 
clude nurmat aliphalics and their is~>nl,!rs, ulefiis. 
acetylenes, naphthep.es, and aromalics. R~,v and 'I*hr 
dos [8] ulil ized a group conlril)ulic~n apt mach h~ ac- 
couP, I fur the st,m of the rolalional and vil)~ aliu~ml c~ ,~ ~- 
tribulh~ns uf these substances arm reDreselHed IheH] P, 
the difference belweep, tile total ap.(t translaliul!al c~>i~- 
tribuli~ms. 

i K * X ! -  tK*Z)t  = {K*X!~-- tK*i),,. (6i 

This appruact~ was utilized by Il leni to devehJp a l i lt ' i/t- 
ed for predicting thermal ('c,nductiviiies f~,r 27 ttvd~,, 
cari).ns . f  all degrees of c~mlplexily witl i ale O\el;li i 
average deviation tJf 2.i:% (10!)i)~dnts). Usil!g Ihu 
same arguments, their al)pn~ach was extended 19! i~, 
tile development of a method for the trealmep.t of t,i- 

ganic compounds including alcohols, esters, ketones, 
aldehydes, halides, ainines and cyclics. For 52 organic 
conl[)Oullds, a conlparison between calculated and 
experimental values produced an average devialitm ~f 
3.0% (291 points). 

B A S I C  C O N S I D E R A T I O N  F O R  T H E  N O N -  

D I L U T E  G A S E O U S  S T A T E  

An altempt to account for the excess thermal om-  
ductivky, K-K* ,  of mmpolar fluids of all degrees uf 
molecular complexity was reporled by Stiei and "Ih~,- 
dus [3]. Their approach involve(t the use of a dinlen- 
sk,nal analysis, based on the critical constants of a 
fluid, k) show Ihal 

( K -  K* i XZ~- - [ (pR ] .  i7) 

This depe0.dence was found Io apply to n]tn~.atolnic, 
d iabol ic ,  and lriatolnic fluids and hydrocarl)o~! ~Jf all 
types in Iheir dense gaseous and salurated liquid stales 
h,r temperalures a[)ove Ihe nurnla[ boil ing poil!l, h! 
lheir study, because of the lack of experimental l iquid 
n~easuremetHs, not nluch atteP.tiun was directed It, lit(' 
behavior uf lhermal conductivity for temperatures he- 
h~w their normal boiling point and parlicularly tlnose 
alq)ruachil?g the triple point regitm and als~ hJr r 
diliuus associated with Ihe compressed liquid slale. 

A projectkm to transcend the inability tcJ predicl 
iu geueralized manner thermal conductivifie's in tile 
highly compressed region, and particularly il! lid., 
proximity uf Ihe liquid-solid Irap.sition slate, requires a 
close sc:rulinv uf tile behavior uf this transl)~ ,re [)ropcqly 
will] particular emphasis placed at el:is extreule state ~,f 
liquid aggregation. Exl)eriuwntal nleasllretueI!ls wu 
n,~w becoming available and reporl thermal c<,ndm- 
livities time exteud as low as the tdpie !)t)i[:l aim ,.x Ilich 
also aC<OliHut~di)le lhe compressed liquid regit,n. :\ 
dimeusitmal analysis, based c>n the triple D,iEH \alHu~ 
uf a fluicl. ])resenls an alternalu approach Ihal Hia\ 
hd\e. IIIOIP significant iull)licaliui!s h, the gci!eralizrd 
treatruep, l tJf theHua] cltJl~(ttlcli,,il\ lhiiR has [)\,el! j)HSy>l- 
hie wi lh that using critical ctH!slanls. Titus. lhe c'x<<'~s 
\hernial c<)ndtlctivilv ii iav I;e relaled to leliil)eralll~c' 
al!d \ t JLn i ie  as fo lhJws: 

K =a7 /~A]  ~,.R v . /8) 

I lsiHg mass-h'n,:4th-linie-leniperature tlillieHsiol!~, li 
luihlws fn,lli [-ktuali~q! (~)Ihal. 

: E _  K . . t y = 2  r ,.9) 
oj/ 

wliere ly= , , l / '  ~u [ ,3 /T ,  ' 2. r aR ~ ~, r=  T / T ,  

aH(I r  !) !'p ~t. 
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For this state of liquid aggregation, it is interesting 
to,, draw a parallel line of reasoning between that pro- 
posed by Andrade [10} for viscosity and the present 
study dealing with thermal conductivity. According to 
Andrade, the molecules in l iquids may be regarded as 
executing vibrations just as they do in the solid state. 
The movement of the equi l ibr ium positions of these 
mulecules has been shown to be very siow and need 
i!ol be taken into account if interest is uot direeted to 
such phenomena as self-diffusion and viscosity. Fob 
lowing the procedure outlined by Andrade for viscos- 
it,,, it can be referred that the thermal omductivity vf 
licluids becomes 

4z.u 
K= - -  (10) 

o" 

where x is the Boltzmann COllSlant, ~ is the frequency 
uf vibration at the melting point and o- :-(ct/,~) 1/3, the 
average distance between molecular ce~ters. For the 
frequency of vibratiut!, Andrade presented the expres- 
si{~l) 

/ 2 Z  till u=2 .8" (10  Vkh~ ,~  ' 

O,mbining Equaliuns (]D) arid (l 1)with o" = (v//V) ii3, 
il ,.'ai'~ be showu that 

.K- -T~fT~ 3. I �9 10 ' .  (12) 

The approximaliol~ givel! by Equatiop. (12)applies at 
Ihe triple l)oii~l and is (l~selv related to tile apphcati~,l! 
inv(;lving spherical luok,(ules H~,vceve~. this expres- 
sion {.tanr:c,l be applied h .  {,t~n(filiOllS r(,In{A~ed frolu 
the triple p,.}int regi{,n iu,d alsu fin nul~sj}herical cuui- 
I)IOX nl{.,le{_'Lllt.s. 

DENSE G A S E O U S  A N D  LIQUID STATES 

Expcriu~cutal information relaling tu the behaviur 
,f lhermal col!ductivity in the dense gaseous al,.(l liq- 

uid '-;lares, iS now becoming availahle for a liulitcd 
i~tmbel <4 fluids In this connection, experilnel!hll 
t/t,,r]L~al uonductivities for the dense gaseMJs an d  o,[iI- 
pt,.,ssed liqui(I state of oxygen are repotled by Ruder 
[ l l )  vvhc, alsu il!vestigated the behavior ',;,f propaue il! 
its highly compressed liquid state [12]. Along these 
lines, Menashe and Wakeham [13] repurted therlnal 
c~mduclivily lueasurements for the l iquid state ~,f n- 
heptane and als~t f,or n-nonane and n-und~'caF~e tl4 i. 
each for pressures up h; 500 MPa (4935 atm). Tile re- 
Sllit5 for mheptane are exl)ressed as excess thermal 
cc.~ductivity, (K-K::)fir versus w. lhe density l!ornlal- 
izcd with the liquid density at Ihe trip e l)oild. The 

experimental measurements for oxygen, prupane, n- 
nonane and n-decane exhibited patterns of behavior 
similar to that found for n-heptane. The behavior oI all 
these fluids indicates that thermal conductivity contin- 
ues to be strongly dependent on density, and weakly 
dependent on temperature. 

The dependence of (K-K*)  fir on the both tempera- 
ture and density is consistent with the resuJs ,of the 
dimensional analysis expressed by Equation ,19). How- 
ever, the term, ra lo f ,  is not so straightforward, but 
turns out to be more curnplex in form as depk:ted b-ozu 
actual measurements. A careful courdinalion of both 
temperature and density introduces x, tile single ',ari- 
able combirfint; both of these properties as h)llo,,,.'s: 

x=  co r (13) 

where a and n are constants to be established from 
experimental measurements, tlsing a = 0.08527 and 
,'~ = 1.8158 determined from the nonlinear regression 
analysis, the three isotherms combine to the unique 
dependence of (K-K*) fir versus x. the single densily- 
temperature variable. The app]icatkm of this variable 
using o : 0.08527 arm ,'~ = 1.8158 extends as well to 
ti~e appiicatMn of the data available ft~r cJxygen and the 
normal hydt-ocarbop.s, n-propane, n-nonane and n- 
undecane 10 produce the Ul,.ique, but different rela- 
tionships of (K--K::3 fir versus x for eauh of these fluids. 

Addil ional ,..;ubslances, varying in molecular c~m> 
plexily from monatoinic, diaJ,,lnk: and pcdyatc)mic 
configurations such as cyclohexap.e, benzene and t(~lu- 
ep.e, were included in lifts study. Experimental ther- 
mal conductMties for the dense gaseous at~d liquid 
state of these substances obtained from literature sour,.'- 
es were presented in Table 2, which altogether in- 
{.luded 23 fluid:-; of an essentially nuz~pulat uature. Ex- 
,c,ess thermal cur~.ductivities expressed as (/<.-K") fir 
when related lu :... the combined density-lenlperature 
variable, produced fur each fluid cuntintB)tJs al!d 
unique relationships for the dense gaseous, saturated 
liquid and cumpressed Uquid region,s. The general 
form of these relationships can be expressed by the fob 
Iuwing fun<tiut!al dependence. 

{K- K*', ~/r=exp[ax=q ,Sx" ] - 1 {141 

where ,a, f l ,  m and n are specific .,.',,,q~stal!tS a:ss<~('h:ded 
with this fmu.-liol~al depeuden{e for each suhstanue. 
Table 1 includes the values of these (oustaJzts h,r each 
fluid obtained fronl a nonlinear regressiui~ ;,u!ah.sis. 
"l'l~is table also iHcludes olher bask constants relaled I~, 
d/cse fluids. 

GENERALIZED TREATMENT FOR THE DENSE 
G A S E O U S  A N D  LIQUID STATES 
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Table  2. Basic  p a r a m e t e r s  and dev ia t ions  re su l t ing  from eq. (17) 

Compd. ~ TR. Zc(lit.) Zc(calc'd ) Pts % Dev. Lit. 

Monatomic 

Neon 1.5615 0.5521 0,298 0.298 6 1.58 [16] 

Argon 1.4984 0.5554 0.293 0,"293 169 4.47 [ 17] 
Krypton 1.4985 0.5537 0.292 0.293 147 4.46 [18] 
Xenon 1.4313 0.5569 0.290 0.289 77 4.39 {18] 

Diatomic 

Nitrogen 1.3500 0.5003 0.290 0.289 17 2.13 { 191 
Oxygen 12365 &3517 0.288 0,289 116 1.57 [11 ] 

Hydrocarbons 

Methane 1.4069 0.4758 0,289 0.294 151 8.30 [20] 
Ethylene 1 1283 0.3683 0.276 0.278, 7 0.69 [21] 

[:thane 1.0678 0.2943 0.274 0.276 65 6.06 122] 
Propane 0.9940 0.2310 0.271 0.270 70 1.42 [ 12] 
L'-Butane 1.0140 0.3172 0.274 0.269 6 0.91 [23] 
f,'-Pentane 0.9695 0.3054 0.269 0.265 16 1.29 123] 
r,-Hexane 0.9567 0.3505 0.263 0.261 13 0.64 [23] 
Cyclohexane 1.1380 0.5058 (I.277 0.271 49 3.97 [24] 

Benzene 1.1502 0.4958 (I.271 0.273 12 1.75 [25] 
n-Heptane 0,9480 0.3379 (I.260 0.260 50 3.45 [ 13] 
Toluene 0.9718 0.3011 0.263 0.265 16 0.86 {23] 

n-Octane 0.9 ] 83 0.3804 (t.255 0.256 11 0.31 [23} 
n-Nonane 0.914 t 0.3699 0.250 0.256 64 3.66 [ 14] 
n-Decane 0.8696 0.3943 0.245 0.250 9 0.46 [23] 
n-Undecane 0.8813 0.3876 0.240 0.252 51 3.19 [14] 

Miscellaneous 

Carbon Dioxide 1.4202 0.7119 0.274 0.274 79 1.22 [26] 
Carbon Tetrachloride 1.0685 0.4493 0.272 0.268 9 2.28 [25] 

The n~anlinear relat ionships of (K-K*) ~r versus _x, 
begin from the origin and increase exponentially tu ap- 
proach fl~r each fluid the respective freezing curve, 
where the thermal conductivity remains finite. "f'he 
menatumic fluids, neon, argon, krypk,n and xenon ex- 
hibit the least dependence uf (K-K :') F on x, whereas 
fur the structurally cumplex mulecules, Ibis depend- 
enee increases mute rapidly, as exhibited, by thr 
heavier hydrocarbons, h: general, wit~ increasing 
molecular complexity, the critical cumpr~.,ssibility fac- 
tor. Z,, is found Iu decrease progressive y. Huvve~,er, 
besides Z~, a strung inference exists that al! additiuual 
parameter a]s~ plays a rule in defining lhe (K-K ~)IF 
versus x behavior of each fluid. This addil ional param- 
eter has been taken to represent the volume increase 
as the solid melts at the triple point and has beer,, de- 
signated as a : v J G  t. Thus, the combined  influence uf 

Z~ and ~ bears directly on. the characterizing nalme r 
the fluid and has been defined as. 

where {' can be applied to define the global variable as 
fulk)ws : 

3 7  

g =  - - .  (i6~ .. x " r  

This variable is an all inclusive factor that represenls  
in a combined  manne r  the influence of density al~d 

temperatt, re alc, ng with tile parameters e and Z~ need- 
ed to characterize the physical nature of the fired. 
Based on these premises,  the variable g assumes  a u~i- 

versal significance capable of defin.ing excess thermal 
cunductivity in. a manne r  similar to Equation (14) as 
fullows: 

~K-  K*)  IF:=exp[ag" + bg ~'] - 1 (17) 

where o, b, r/, and v are assumed {<~ be constants appli- 
cable to all fluids. To establish these cunstaI~.ts, the 
fluid characterizing parameter, { ,  and expop.ent, r, 
must firsl be determined individually for ea(h suh- 
stan(e. This approach requires Ihe sinmltaneous soiu- 

Korean J. Ch. E. (Vol. 7, ]No. 3) 
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tions for six unknowns, A nonlinear regression anal- 
ysis ,)f the experimental values (K-K*)  ~', density and 
temperature, for the 23 fluids included in this sludv 
produced for each parameter of Equation (17), the ful.- 
lowing values: 

a::3.5761 q = 0 .  1602 

b := 2.6963 u -  0.9941 

and the value r - 0.13963 needed tu define .g in Equa- 
tiui! [16). ()r~ the other hand. the fluid characteriziuc 
parameter ~" was found to be constap.t and unique tu a 
fluid, but Io vary from substap.ce to subslance. '['l~e 
besl talues of ~ obtaip.ed frulrl this treatm.ep.t are in- 
cluded i~! Table 2 and, in general, decrease with n~ule- 
cular cunlplexity. Tim highest vahte was fuund for 
~eon. ~ 1.561-17 and the lowest for n-decane, 
0.86958 

ESTIMATION OF PARAMETER 

The fluid characlerizing parameter ~ has been as- 
sumed to depend on the critical compressibility father, 
Z~ and ~, the w,lume expansion factor at I1~r Iril)le 
point. Ihn,ugh tile relaliunshil), 

f f : -Ag~ 4 B e  a-- C 7 [ e  ~ (181 

where A, ,:9, C c. cL land g are constants. SMce reliable 
values for volume expansio]~ factors are difficult lu 
obtaiu, a method has been devised fur Ihe ,!'stimafi~,i! 
of this fa~h)r usiI~.g reasonable tflern~odynaulic a~gu- 
tent.'< Tt) predict e the molar volumes ol Ihe st)lid 
and liquid slates at the Iriple poim must be a~,ailable. 
The liquid molar xolume can he calculated by apply- 
mg the Rackelt eqtlatioll [15] at the triple puil!t It, 
yield, 

; I Y R 0 .286  

Tilt' sl ,lid mular ~.ulunie at the triple puint reiales ill!e- 
arl 5 v,'ilh t2, the mudified van der Waals c, wt,luule 
paran eler as follows: 

z'~, = k b (20~ 

where the prupt,t/iunalily cunslanl has beet! futu!d h, 
be k 1.20 a~!d the eovulume i)aramete~ is defi~,'d 
thn,u.gh the ~noctified ',an der Waals equatku! uf slalu, 

,:s a :, : v - / ~ :  = RT" (911 

iI~ which h [(~,' 1)/(n ~l) ]~,  apd n 2 Z , - ~ ,  1. 
Therefure it hdlo;vs that, for the calclllatiup, of paralu- 
eter b. all crilical constants must be available. ~ i l h  
Ihese h!le~h,ckmg relaliu~!ships: e, Iht, volume expal> 
:..;i~,l! facl,m al {lie Iriple point f]~'.,',.' o:-tn lie defir!ed, v, tlh 

the elimination of Q, as ft~llows: 

Z~I T/~ t .~-286 

Through this appruach, e is shown to depend upun the 
two parameters Z~. and Tk. Values of these parameters 
arc presented ip. Table 2 for each fluid included iv. this 
treatment. A nonlinear regression analysis has been 
applied, using values of Z~ and 7~ available in the 
literature, to establish tf~e constants A, B, C c, d , /and  
g of Equation (18). The compromising constants of Ihis 
equations for the 23 fluids were found to be 

A - 5.75907 c = 1.47895 
B =-0.08363 d - 6.53786 
C' 82,06644 f = 4.38948 

g ~ 4.91170 

Sim'e the accurac'y of the triple point paramek'r. 
7~/ is better knuwn than the corresponding Z val- 
ue, the fluid characterizing parameter ~. expressed 
thr,~tlghl Ihe relalionship of Equation (18), t)e('t)nlus 
sm~ngly ii~.fluenced on the accurac\ associated with Z .  
The parameter g associated wi lh a fluid represents a 
COlUpr( f ln isc  (d)lained f ruu l  a l l t lnltK~r t>f [ h e r l n a J  (Xd!- 

ductivity nleasureulPl~ls ranging fn,m h)w h, high (Icl> 
silies, which extel!d h, lhe triple poinl regir aim 
lherefure lhis parameler for a stll)slance is kp.t)w~ bel- 
Ier Ihan ils correspundil!g Z vahle. For the saM. ~,1 
COmF, arison, values of ~ were t.alculated wilh E(ttJa- 
tion (18) al~d its cunlpronlised cui!slants. These cal- 
culaleci ~ ,,alues are it!eluded il~ Table 2, aml, fur I t , '  
mosl parl, are ip. good a.grt-enle]!t vr c,~rrespu~dil~g 
vahles ublai~wd frum [he lilerulure. The grealer depar- 
[tUU uuk'd for Ihe heavier i~orlila] hvtlrocarbt~ns, t~- 
l ! l l H a n e ,  / l - ( ] eca l ]e  /.lnt] l / - n l ] d e c a l ! e  ~, is Llndt~nl)[etl] ' , ,  

due to the ui]certaJi?lies uf h,,)fll tl~erma[ ou]ducli,, ilics 
an(l critical conslanls for these fluids. Values t~Jr I[lu 
global variable 5r correspundil~M lu experinlcl}lal 
e x c e s s  l h e r l l / a l  cunducli:Jfies were calculated LISing 
Eqt,atiun (1,-q) tu estilnale i~ataiueter ~', and density 
a n t i  lel l lpelalt lre [o o[)taiN A. 

CONCLUSIONS 

The pn;cedure outlip.ed through the of Equatium, 
(13), (16), (17) and (18) permitted the calculaliul! ~,f 
excess thermal cunductivities, K-K', which were c~,m- 
?ared v, ilh currespoi~ding experimental nleasure- 
mei~ls f<,r all 27~ fluids imluded in the study. The re- 
:'.;U]tS of [h is C,.~[lll)a~jsol) were summarized in Ta)le 2 
and pn~duced an meral l  average deviation 2,.87'~. 
(1 l l 1 [)oil!Is). This deviatiun includes fluid stales dial 
exteud frum lhe dense gaseutJs slat( into the saltl:.al,ud 
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and compressed liquid region. The individual average 
deviations ranged from 0.31% (11 points)for liquid 
,',,-oclap.e to 8.30% (151 points) for methane in its 
dense gaseous and liquid states. 

ACKNOWLEDGEMENT 

This paper was supported by' NON-DIRECI'ED 
RESEARCH FUND, Korea Research Foundation, lq8!). 

NOMENCLATURE 

g 
K 
K :;= 

M 
P 
P, 
T 
7~ 
T~ 

r, 
U 

[; l 

U II 

{' st 

A 

V 

z, 

global variable 
thermal conductivity [cal/sec cm K] 
themtal conductivity of dilute gaseous stale [cal/ 
sec (m K] 
molecular ,,veight 
pressure iatm] 
critical pressure [ahn] 
leml)erature [K] 
critical temperature [K t  

reduced temperature 
reduced hqUl)eralute at triple point 
triple poinl temperahJre [K] 
molar volume [CIU:I/lUUl] 
criti(al vulume [era:l/moll 
liquid rm,lar volume al Itiple l)uinl [cm:~Im,.,I] 
solid molar volume at triple l)(~il:t [cm:~/mul] 
density-l(,ruperatu re vari~fl)le 
Ensk,)g n~o(lulus 
crilical ctmtpressibility fa(-tor 

Greek  Letters  

A : 

/z : 
,u= : 

P : 

P #  : 

P ie  : 

r : 

r : 

o)  : 

volumetric expap.sion factor fi)r lneltip.g at Iriple 
point 
fluid characterizing parameter 
Bollzmalm omstaul 
thermal omduclivily parameter 
visct~sity g / see  cmj 
viscosity r dilute gaseous state [g/sec cm] 
densiLv [g/crn :~] 
liquid densily al Iril)le poiul [g/cm :~] 
reduced density 
average distance beb.veel, nlulecu[ar (el!tel% 
m)rmalized temperature 
thermal ct~nductivity paramet,,'r 
i~urmalized density 
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