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The Thermal Conductivity of Propane 

R. C. Prasad, 2 G. Wang,  3 and J. E. S. Venart 3 

This paper presents thermal conductivity measurements of propane over the 
temperature range of 192-320 K, at pressures to 70 MPa, and densities to 15 
mol.L 1, using a transient line-source instrument. The precision and 
reproducibility of the instrument are within +0.5%. The measurements are 
estimated to be accurate to + 1.5 %. A correlation of the present data, together 
with other available data in the range 110-580 K up to 70 MPa, including the 
anomalous critical region, is presented. This correlation of the over 800 data 
points is estimated to be accurate within _+ 7.5 %. 
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1. I N T R O D U C T I O N  

In this paper, absolute measurements  of the thermal  conductivi ty of 
p ropane  are reported in the range of 193-300 K at pressures to 70 MPa.  

These data, together with those from other sources [1 5] in the range 

120-580 K at pressures to 70 MPa,  including the anomalous  critical region, 

are correlated within + 7.5 %. 
Previous work on the measurement  and correlat ion of the thermal  

conduct ivi ty  of p ropane  include that reported in the temperature  range 
111-300 K [1, 2]  and  that reported by Tufeu and Le Neindre [3]  in the 

range of 300-480 K. The max imum pressure in the above cases was limited 

to abou t  70 MPa.  
Hol land  et al. [6 ]  present a correlat ion in the range of 140-500 K 

from 1 to 50 MPa.  This correlation, however, has a large uncertainty,  due 

i Paper presented at the Tenth Symposium on Thermophysical Properties, June 20-23, 1988, 
Gaithersburg, Maryland, U.S.A. 
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primarily to the lack of reliable data available at the time it was made. The 
present work, therefore, permits comparison of the latest experimental 
measurements and provides a correlation of the data over a wider range of 
temperature than earlier studies. 

The precision and reproducibility of the instrument used for the 
thermal conductivity measurement are estimated to be _+0.5% and the 
measurements are estimated to be accurate within _+ 1.5 % [-7]. 

2. E X P E R I M E N T A L  

The investigation was carried out with a transient hot-wire instrument 
of the compensating type [7].  The calibration coefficients and length and 
diameter of the wires used are given in Table I. The principle of the 
measurement, as well as various components of the apparatus (e.g., the 
conductivity cell, the thermostat, the pressurizing system, the measurement 

Table I. Calibration Coefficients and Specifications of the Wire and Test Fluid 

(a) Calibration equation 

R=ao+a I T+a2TZ+bP 
T (~ P (MPa) 

(b) Wire specification and calibration coefficients 

Long wire Short wire 

Purity (%) 99.999 99.999 
Length (m) 8 .661E-02  4 .6816E-02  
Diameter/~m) 12.7 12.7 
a 0 68.39340 36.67749 
a 1 0.265132 0.142398 
a 2 - 3 .95057E- 05 -- 2.021200E--05 
b - 1.22823E- 03 -- 6 .62392E- 04 

(c) Specification of the test fluid 

Test fluid Propane 

Purity 

TTp 
Tot 
Pcr 
,Ocr 
M 

99.99 % pure 
85.47 K 
369.80 K 
4.24204 M Pa  
4.96 mol .  L - I  (0.2187 g .  cm-3)  
44.097 
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system, and the uncertainty in the results) are described in detail elsewhere 
ET, 8]. 

A hot wire immersed vertically in the fluid, initially in thermal equi- 
librium, is subjected to a step voltage at t = 0. The transient temperature 
rise (ATw) of the wire is obtained by the solution of Fourier's equation 

[93: 

QI ln[  -4~t ] 
AT 4foR(p, T) L a ~ J  (1) 

fro = To + �89 [-A T(tl) + A T(t2)3 (2) 

J r = A r w + Z 6 r i  (3) 

where A Tw is the experimentally measured temperature rise of the hot 
wire. 4 The corrections, ~Ti, are described in detail elsewhere [9, 10]. 

A straight line is fitted to the AT~ ln(t) data by linear regression over 
selected ranges of time. The thermal conductivity is calculated from the 
slope of this line and the applied power, using Eq. (1). The applied power, 
which decreases by up to 2 % for a 5 K temperature rise of the hot wire, 
is determined from simultaneous measurements of the current and the out- 
of-balance voltage across the wires. These measurements arc also used to 
evaluate the temperature rise of each wire. 

Experimental runs obtained with low-pressure propane vapor show 
the expected linear AT~ln(t) behavior at large times; at shorter times, the 
effect of thermal accommodation can be seen [ 113- Results obtained with 
liquid propane are linear over the period 200-1000 ms. 

3. RESULTS 

The thermal conductivity of propane was measured along six 
isotherms at nominal temperatures of 193, 209, 220, 229, 252, and 261 K 
at pressures up to 70 MPa. In all, 129 measurements are reported covering 
the density range 0.01 < p  < 15 mol.  L ~. 

In addition to the temperature (To;K),  pressure (P;kPa) ,  and 
thermal conductivity (2; mW.  m -~ �9 K -1), the fluid density (p; mol �9 L -~) is 
also tabulated in Table II. The density of propane was obtained from 
Ref. 12. 

The accuracy of the present measurement can, in part, be inferred 

4 Definitions of terms are given under Nomenclature, below. 
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Fig. 1. Deviation in measurements of the thermal conductivity of 
propane obtained with various power levels. 

from measurements made over a range of power levels as shown in Fig. 1. 
These measurements can be adjusted to a mean reference value within a 
maximum variation of • 0.7 % and +_ 1.2 % for the liquid and vapor states, 
respectively. There appears to be no systematic variation with power for 
both states. As shown later, the present measurements for liquid propane 
are found to be within +_ 1.2 % of the available reliable overlapping data 
[1, 2].  The accuracy of the present measurement is, therefore, estimated to 
be better than • 1.5 %. 

The propane sample purity was certified to be 99.99 %. The ciritcal 
properties of propane were obtained from Ref. 12 and are listed in Table I. 

4. COMPARISON OF THE PRESENT DATA 

The measurements reported (Table II) for the liquid fall within the 
experimental range covered by Refs. 1 and 2. The measurements were, 
therefore, compared with the correlation used by them [6] .  It is seen that 
the measurements on liquid propane are generally lower, but within 1% of 
the correlation (Fig. 2). At low densities, in the vapor state, the present 
measurements are about 4 to 6% lower. The dilute-gas correlation 
employed in Refs. 1 and 2, however, was that recommended by Holland et 
al. [-6] and had an estimated uncertainty of about • 8 %. Figure 3 shows 
the deviation of the thermal conductivity at low densities (p < 1.13 tool- L-1)  
reported here (Table II) as well as that for data reported by others [4, 5, 
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13, 14] at similar densities. It is seen that all these measurements are con- 
sistently lower, by up to 8 %, than those obtained with the correlation of 
Eq. (6), indicating the need for increased data and improved correlation in 
this region. 

5. CORRELATION 

5.1. General Correlation 

A correlation of the present data together with those of others [1-5] 
was attempted using the model suggested by Sengers et al. [ 15]. 

,~(p, T) = 2bg(P, T) q- Z~2cr(P, T) (4) 

&~(p, T) = &(T) + A2o(p, T) (5) 

5.2. Thermal Conductivity for the Dilute Vapor 

The available thermal conductivity data for propane in the low- 
density region are inconsistent as shown in Ref. 6 as well as Fig. 3. A new 
correlation for 2o based on our measurements was, therefore, not 
attempted and the expression recommended by Holland et al. [6] and 
employed by Roder and his co-worker [1, 2] was used: 

2o(T) = al T 1 + a 2 T 2/3 ..[_ a3 T 1/3 + a4 -t- as T 1/3 + a6 T 2/3 

+ a7 T +  a8 T 4/3 "}- a9 T 5/3 (6) 

The empirical coefficients an (n= 1 to 9) are given in Ref. 6 and 
Table III. Below 150 K the correlation is unreliable since both correlations 
severely diverge from the low temperature behavior expected of a low- 
density vapor theoretically and empirically. 

5.3. The Excess Thermal Conductivity, Ake 

Measurements in the high-density region indicate an increase in the 
excess thermal conductivity, A2e, with an increase in density along any 
isotherm. The data of Tufeu and Le Neindre [3] show the critical-point 
thermal conductivity enhancement along isotherms in the range 357-388 K. 
On the basis of preliminary analyses, measurements showing the 
anomalous critical-region increase and near the liquid vapor saturation 
line were excluded for the correlation of the excess thermal conductivity, 
A)~e. In this low-density region (p < 1 mol .  L- l ) ,  five data points from 
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Ref. 4, two f rom Ref. 5, a n d  one  f rom Ref. 14, showing  dev ia t ions  greater  

t h a n  1 0 % ,  were also excluded.  

The  excess t h e rma l  conduc t iv i ty ,  A2e, was first cor re la ted  with dens i ty  

a lone  us ing  the mode l :  

A 2 e ( p ) =  ~ bn(Ap*) n (7) 
n = O  

Regress ion  ana lys i s  of  the d a t a  was pe r fo rmed  wi th  m = 3 to 7. Based 

o n  the m a x i m u m  d ev i a t i o n  a n d  the  n a t u r e  of the p lo t  f rom the resu l t ing  
cor re la t ion ,  a co r re l a t ion  model ,  g iven by  Eq. (7), with m = 6 was deter-  

m i n e d  to represen t  the d a t a  best. Leas t - squares  es t imates  of the co r re l a t ion  
coefficients b ,  (n = 0 to 6) are l isted in T a b l e  I lL C o r r e l a t i o n  of  the da t a  

was to wi th in  + 7 . 5 %  (Fig. 4). 

Table II1. Empirical Coefficients for Correlation 
of the Thermal Conductivity of Propane 

(a) Correlation coefficient for 20 [1, 6] 

al=-O.lO89381103E+04 
az=0.8343297829E+03 
a 3 =-0.2270902736E+03 
aa=0.1667866368E+02 
as=0.4347320565E+01 
a 6 = -0.1177734671E+01 
a7=0.1215425833E+00 
a 8 = -0,6040596921E-02 
a 9 =0.1207373681E-03 

(b) Correlation coefficient for A~. e 

b o =0.01888627 
b1=0.02582971 
b 2 = 0.00462271 
b 3 =-0.00229670 
b 4 = 0.00663134 
b 5 = 0.00467437 
b6= -0.00236672 

(c) Correlation coefficient for 3 2 ,  

c 1 = 0.00004432 
c2 = 0.00142564 
c3 = -- 0.01972275 
c4 = 2.75975351 
n = 0  

840/10/'5-8 
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duc t iv i ty  (A2e) for  p r o p a n e .  

A correlat ion of the excess thermal  conductivi ty in terms of density 
and tempera ture  was next a t tempted  with 

i = O  j ~ O  

using m = 5 and n = 4. This correlation, as well as others with lower values 
of m and n, did not result in a lower m a x i m u m  deviation; Eq. (7) was, 
therefore, preferred over  Eq. (8). 

5.4. The Anomalous Thermal Conductivity, AZc~ 

The anomalous  thermal  conductivity,  A,~cr, was est imated by subtract-  
ing the background  conductivity,  2bg [Eqs. (5 ) - (7 ) ] ,  f rom the experimental  
da ta  in the anomalous  region. A correlat ion of A2~r in terms of density and 
tempera ture  was a t tempted  with the model  [-16, 17]. 

with 

A2cr(p, T) = Ae -x2 (9) 

A = C , / [ ( A T * )  2 + C2] (10) 

X = C4[Ap* -- C3(A T*)"  ] (11 ) 

This model  is similar to the one r ecommended  by Roder  [16] ;  however,  
the expression for the ampli tude term A [Eqs. (9) and (10)] has been 
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modified [17] to ensure maximum enhancement along the critical 
isotherm. Correlation to within about _+8% (Fig. 5) was obtained with 
n = 0 in Eq. (11). The estimates of the empirical coefficients Cn (n = 1 to 4) 
are listed in Table III. 

6. DISCUSSION AND CONCLUSIONS 

In summary, the thermal conductivity of propane in the range 
192-320 K and up to 70 MPa was measured experimentally with a transient 
hot-wire instrument. These measurements are in excellent agreement 
( +  1.2%) with other reliable measurement [1, 2] and are estimated to be 
accurate within _+ 1.5 %. 

The present measurements and data from other sources [1-5]  were 
employed to present a correlation in the range 110-480 K and up to 
70 MPa including the critical region. 

The present correlation expressed by Eqs. (9)-(11) for the anomalous 
thermal conductivity is based on the data of Tufeu and Le Neindre [3]  in 
the critical region, including some data at AT*=0 .01  [15]. It is recom- 
mended that the method suggested by Sengers et al. [15] be employed for 
AT* <0.01 for this region. 

The uncertainty in the correlation presented is estimated to be about 
_+8%. 
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N O M E N C L A T U R E  

an, b U, bn, cn 
C 
P 
Pc~ 
QI 
t 
T 
Tcr 
To 
T~o 
Tr 
TTp 

Parameters of regression model 
Euler's constant ( = 1.781 ) 
Pressure, MPa (kPa) 
Critical pressure, MPa 
Heat flux per unit length, W.  m 
time, s 
Temperature, K 
Critical temperature, K 
Equilibrium temperature, K 
Reference temperature, K 
Reduced temperature = T/T~ 
Triple-point temperature, K 

Greek symbols 

Gr 

~T~ 
AT 
ATw 

AT* 
tory 

A2cr 
A2o 
Ap* 
2 

2bg 
20 
P 
Per 
Pre 
Pr 

Thermal diffusivity, m 2- s -1 
Temperature corrections, K 
Temperature difference, K 
Temperature rise of wire between time tl and 

time t2, K 
Reduced temperature difference (T-Tcr)/Tcr 
Thermal conductivity value from correlation, 

W .m -1 .K  -1 

Thermal conductivity anomaly, W.  m t .  K-1 
Excess thermal conductivity, W - m  -~- K -1 
Reduced density difference 
Thermal conductivity, W-1 .  m 1. K - l ,  

m W . m - l . K - 1  
Background thermal conductivity, W.  m -1. K 
Zero-density thermal conductivity, W - m  -1. K 1 
Density, mol .  L-1 
Critical density, mol.  L -1 
Reference density, tool. L -I 
Reduced density 
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