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The gaseous thermal conductivity of three CFC alternatives, HFC-134a 
(1,1,1,2-tetrafluoroethane), HCFC-123 (1,1-dichloro-2,2,2-trifluoroethane), and 
HCFC-141b (1,1-dichloro-l-fluoroethane), has been measured in the tem- 
perature ranges 273 363K (HFC-134a) and 313 373 K (HCFC-123, 
HCFC-141b) at pressures up to saturation. The measurements were performed 
with a new improved transient hot-wire apparatus. The uncertainty of the 
experimental data is estimated to be within 1%. The gaseous thermal conduc- 
tivity obtained in this work together with the liquid thermal-conductivity data 
from the literature were correlated with temperature and density by an empirical 
equation based on the excess thermal-conductivity concept. The equation is 
found to represent the experimental results with average deviations of 2.5 % for 
HFC-134a, 0.75% for HCFC-123, and 0.55% for HCFC-141b, respectively. 

KEY WORD: halogenated ethane; HCFC-123; HCFC-141b; HFC-134a; 
thermal conductivity; transient hot-wire method. 

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

As is well-known, halogenated ethanes HFC-134a, HCFC-123, and 
HCFC-141b are expected to be promising CFC alternative refrigerants. 
Accurate knowledge of thermophysical properties are required to use these 
fluids in various energy systems and for other applications. Concerning the 
thermal conductivity, the transient hot-wire method is now widely accepted 
as the most accurate and reliable method for the measurement of the 
thermal conductivity of fluids. Several measurements by the transient 
hot-wire method have been reported for these halogenated ethanes [2-10]. 
However, accurate measurements of the thermal conductivity of dilute 
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gases are quite difficult, because the diameter of platinum wire is required 
to be very thin (less than 10/~m for halogenated ethanes). In this work, the 
transient hot-wire apparatus was improved by the use of a 5-#m-diameter 
platinum wire and recent computerized measuring instruments. 

It is also important to improve the correlating equations to represent 
the thermal conductivity over wide temperature and pressure ranges. We 
also present useful correlations for these fluids on the basis of the excess 
thermal-conductivity concept. 

to Brid~e Circuit 

Fig. 1. The thermal-con- 
ductivity measuring cell. 
(A) Sample inlet. (B) Ther- 
mistor. (C) High-pressure 
vessel (brass, o.d. = 70 mm, 
i.d. = 35 mm, l =  200 mm). 
(D) O-ring. (E) Copper 
spring. (F) Main Pt wire 
( d =  5 #m,  l = 50 mm). (G) 
Compensating Pt wire 
( d = 5 # m ,  l = 2 5 m m ) .  (H) 
Water jacket (stainless 
steel). 
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2. EXPERIMENTAL 
The measurements were performed with a new improved transient 

hot-wire apparatus. The working equation is given by [1] 

~2  4~:t A T = In a2--- ( ( 1 ) 

where A T is the temperature rise of the platinum wire, q is the power input 
per unit length of the platinum wire, 2 is the thermal conductivity and 
is the thermal diffusivity of the sample fluid, a is the radius of the platinum 
wire, and C is the exponential of Euler's constant. 

Accurate measurements of the thermal conductivity of dilute gases are 
difficult because the diameter of platinum wire must be sufficiently thin 
(less than 10/zm for halogenated ethanes). In this work, we use a 5-#m- 
diameter platinum wire to minimize the influence of the heat capacity of 
the wire on the measurements. A cross-sectional view of the cell is shown 
in Fig. t. 

Figure 2 shows the bridge circuit to measure the temperature rise of 
the platinum wire. The main Pt wire and the compensating wire are 
arranged in opposing arms of a bridge circuit to cancel the edge effect of 
the hot wire [-2]. As R1 and R2 increase following initiation of the heating 
cycle, the bridge deviates from the balance point. The out-of-balance 
voltage is amplified and measured at a frequency of 30 kHz using analog- 
digital transfer. In this apparatus, the PC control the measurement cycle 
and calculate the thermal conductivity automatically. The maximum 
uncertainty in the experimental data is estimated to be within 1%. 

I Compensating 
Main l Pt Wire Hg re lay 
Pt Wi I1~ R~, -..... 

- -  " g~. Po~Jer I 
~ S u p p l y ~  

[ Per o~ Compnter I Y  I 

Fig. 2. The bridge circuit. 
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Table I. Thermal Conductivity of Gaseous HFC-134a 

Temperature Pressure Density Thermal conductivity 
(K) (MPa) (kg- m-3)  (mW. m - i .  K - 1) 

273.15 0,10 4.62 10.96 

283.15 0.10 4.44 11.83 

0.20 9.11 11.89 

0.30 14.06 11.95 

0.40 19.35 12.03 

303.15 0.10 4.12 13.43 

0.20 8.41 13.46 

0.30 12.88 13,43 

0.40 17.57 13.58 

0.57 25.85 13.69 

0.72 34.13 13.88 

323.15 0.10 3.85 15.03 

0.30 11.93 15.15 

0.50 20.59 15.20 

0.70 29.95 15.18 

0.90 40.22 15,36 

1.10 51.68 15,57 

1.26 62.24 15,75 

343.15 0.10 3.62 16.44 

0.20 7.33 16,55 

0.30 11.13 16.55 

0.40 15.04 16.54 

0.50 19.06 16.60 

0.60 23.20 16.62 

0.80 31.87 16.80 

1.00 41.17 16.81 

1.20 51.21 16.88 

1.40 62.18 17.16 

1.60 74.37 17.32 

1.80 88.19 17.75 

2.01 105.30 18.28 

363.15 0.56 19.87 18.12 

1.02 38.51 18.35 

1.50 60.55 18.82 

2.00 87.93 19.10 

2.41 115,21 19.98 

2.80 150.08 20.36 

3.05 180.66 21.86 
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Table II. Thermal Conductivity of Gaseous HCFC-123 
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Temperature Pressure Density Thermal conductivity 
(K) (MPa) (kg .m_3) (mW.m-i .K 1) 

313.15 0..10 6.19 10.98 
0.13 8.30 11.01 

333.15 0.10 5.77 11.96 
0.20 11.78 12.09 

353.15 0.10 5.41 12.81 
0.20 10.96 12.98 
0.29 16.25 13.22 
0.44 25.86 13.28 

373.15 0.10 5.10 13.90 
0.25 13.04 13.92 
0.41 22.36 14.30 
0.55 30.45 14.46 
0.72 41.98 14.72 

The sample fluids, HFC-134a,  HCFC-123,  a nd  HCFC-141b,  were 
synthesized and  purified by Da ik in  Industries,  Ltd., with purities better 

than  99.9 %. These fluids were used without  further purification. 

3. R E S U L T S  

The experimental  results for gaseous HFC-134a,  HCFC-123,  and  
HCFC-141b  are listed in Tables I to III. The densities were obta ined  from 

Table IlL Thermal Conductivity of Gaseous HCFC-141b 

Temperature Pressure Density Thermal conductivity 
(K) (MPa) (kg-m 3) (mW.m-1 .K- l )  

313.15 0.10 4.69 1t.27 
0.12 5.68 11.29 

333.15 0.10 4.39 12.08 
0.15 6.58 12.24 
0.21 9.22 12.24 

353.15 0.10 4.12 13.t2 
0.20 8.49 13.16 
0.34 14.62 13.47 

373.15 0.10 3.89 14.33 
0.29 11.58 14.64 
0.37 14.88 14.93 
0.48 19.98 14.95 
0.60 25.45 15.14 
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Table IV. Coefficients in Eq. (2) 

HFC-134a HCFC-123 HCFC-141b 

a 1 1.21874 x 10 -2 2.41609 x 10 -2 2.37350 x 10-2 
a2 1.04545 X 1 0  - 4  3.48548 x 10 -5 3.88592 x 10 -5 

the equa t ions  of states de te rmined  by  P iao  et al. for H F C - 1 3 4 a  [11 ]  and  
by  the Japanese  Assoc ia t ion  of Refr igera t ion and  the J a p a n  F lon  Gas  
Assoc ia t ion  ( J A R - J F G A )  for H C F C - 1 2 3  [4] .  The  densit ies of H C F C - 1 4 1 b  

were ca lcula ted  f rom the S R K  equa t ion  of states using the cri t ical  
parameters ,  Tc = 481.3 K, Pc = 4.256 M P a ,  and  acentr ic  factor  of 0.207. 

3.1. Thermal Conductivity at Atmospheric Pressure 

The gaseous  thermal  conduct iv i ty  of these fluids at  a tmospher i c  
pressure  2 arm is cor re la ted  by a po lynomia l  of temperature .  

2"tin(T) = a l  T +  a 2 T 2 (2) 

with )~atm in m W - m  -1 . K  -1 and T in K. The coefficients in Eq. (2) for 

each fluid are l isted in Table  IV. The val idi ty  of this equa t ion  is 270-380 K 
for H F C - 1 3 4 a  and  300-380 K for H C F C - 1 2 3  and H CFC-141b .  

3.2. Thermal Conductivity of Saturated Vapor 

The sa tu ra t ed  vapor  the rmal  conduc t iv i ty  2 TM was de te rmined  by the 
ex t r apo l a t i on  of exper imenta l  da t a  a long the i so therms to sa tu ra t ion  
pressures.  The  2 TM values ob ta ined  are  cor re la ted  by the fol lowing equa t ion  
as a funct ion of t empera tu re :  

T 
A s a t ( Z ) = b l T n t - b 2 T 2  q-b3 T c - T (3) 

Table V. Coefficients in Eq. (3) 

HFC- 134a HCFC- 123 HCFC-141b 

b 1 -5.0315 x 10 3 1.8005 • 10 -2 2.68954x 10 3 
b2 1.6361 • 1 0  - 4  4.8410 x 10 -5 0 
b 3 9.7271 x 10 -2 2.9985 x 10 -1 1.5092 
T,. 374.30 456.86 481.3 
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at saturation. 

with 2 TM in mW .m - j  .K  1 and T in  K. The coefficients in Eq. (3) for each 
fluid are listed in Table V. The validity of this equation is 270.370 K for 
HFC-134a and 300-380 K for HCFC-123 and HCFC-141b. In Figs. 3-5, 
the saturated vapor thermal conductivity for each fluid is plotted together 
with some literature values as a function of temperature. Good agreements 
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Fig. 5. Thermal conductivity of gaseous HCFC- 
141b at saturation. 

are observed within mutual experimental uncertainties for HFC-134a and 
HCFC-123. There are few reports on the gaseous thermal conductivity of 
HCFC-141b. 

4. CORRELATION 

To correlate the thermal conductivity in a wide range of temperature 
and pressure, it is convenient to divide the thermal conductivity into three 
contributions, namely, the zero-density thermal conductivity 2~ the 
density-dependent excess thermal conductivity 2eX(p), and the critical 
enhancement 2cr(T, p). Since few measurements were performed in the 
critical region for these CFC alternatives, the critical enhancement 2 cr is 
omitted in this work. 

2(T, p) = ~) ( r )  + 2e,(p) (4) 

Figures 6-8 show deviation plot of data used in this correlation relative to 
our correlation. 

4.1. Zero-Density Thermal Conductivity 

The zero-density thermal conductivity )0 of these fluids was deter- 
mined by the extrapolation of experimental data along the isotherms to 
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Fig. 6. Deviation plot of experimental data used in 
this correlation relative to Eq. (4) for HFC-134a. 

zero density. The zero-density thermal conductivity is correlated by the 
following equation as a function of temperature: 

2 ~  = Cl T +  c2 T 2 (5 )  

with 2 o in m W - m  -1 .K  1 and T i n  K. The coefficients in Eq. (5) for each 
fluid are listed in Table VI. The validity of this equation is 270-380 K for 
HFC-134a and 30(~380 K for HCFC-123 and HCFC-141b. 
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4.2. Excess  Thermal Conductivity 

The excess the rmal  conduct iv i ty  ;L ex was deduced  from our  gaseous 
d a t a  toge ther  with l iquid da t a  cited f rom l i terature.  I t  is difficult to separa te  
the excess the rmal  conduct iv i ty  and  the the rmal  conduct iv i ty  crit ical 
enhancement .  Fo r tuna te ly ,  no significant cri t ical  enhancement  was 
observed  in exper imenta l  da t a  used in this cor re la t ion  for H C F C - 1 2 3  and 
H C F C 1 4 1 b .  F o r  HFC-134a ,  exper imenta l  da t a  c lear ly  conta in  cri t ical  
enhancement  near  the cri t ical  tempera ture .  Thus  we did no t  use Laesecke 's  
da t a  of 393 K to de te rmine  2 ex for HFC-134a .  ;L ~x is cor re la ted  by 

} eX(p) = d l  p 3- d2p 2 3- d3p 3 3- d4p 4 (6) 

with 2 ~x in m W  . m  -1 - K  -1 and  p in k g - m  -3. The coefficients in Eq. (6) 
for each fluid are l isted in Table  VII.  The val id i ty  of this equa ion  is 

Table VI. Coefficients in Eq. (5) 

HFC-134a HCFC-123 HCFC-141b 

c I 1.5974 x 10-2 2.4672 x 10 -2 2.2343 x 10 -2 
cz 9.1981 x 10 -5 3.2378 x 10 5 4.1542 x 10 -5 
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Table VII. Coefficients in Eq. (6) 
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HFC-134a HCFC-123 HCFC-141b 

d 1 2.3334x 10 -2 2.1608 x 10 2 3.8267 x 10 -2 
d 2 -8.5451 x 10 6 1.0135 x 10 .5 -2.1368 x 10 -5 
d 3 1.5221 x 10 -8 -3.0192 x 10 .8 --1.1777 x 10 .8 
d 4 1.1350 x 10 -11 2.3559 x 10 -11 3.7871 x 10 -11 

p < 1 5 0 0 k g . m  3 for HFC-134a, p < 1 7 0 0 k g . m  -3 for HCFC-123, and 
p < 1300 kg .m -3 for HCFC-141b. The data sources used in this correla- 
tion are summarized in Table VIII. 

5. C O N C L U S I O N  

The gaseous thermal conductivity of three halogenated ethanes, HFC- 
134a, HCFC-123, and HCFC-141b, has been measured with a new 
improved transient hot-wire apparatus with an estimated uncertainty of 
1%. The thermal conductivities at atmospheric and saturated pressures are 

Table VIII. Data Source Used in this Correlation 

Ethane Property Source(s) 

HFC-134a 2 
Gas This work and Laesecke et al. [6] 
Liquid Laesecke et al. [6] 

P 
Gas and liquid Piao et al. [ 11 ] 

HCFC-123 2 
Gas This work 
Liquid Tanaka et al. [8] and Yata et al. [9] 

P 
Gas and liquid JAR-JFGA [4 ] 

HCFC-141b 2 
Gas This work 
Liquid Yata 1-10] 

P 
Gas SRK eq. (estimation) 
Liquid Yoshimoto [12] 

i 
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correlated as functions of temperature.  Compar isons  of  the data  obtained 
with previous data  f rom the literature show good  agreement within mutual  
experimental uncertainty for HFC-134a  and HCFC-123.  Concerning 
HCFC-141b ,  there are few reports on the gaseous thermal conductivity;  
thus, this paper  provides valuable data. 

The gaseous thermal conductivi ty obtained in this study and the 
liquid thermal conductivi ty cited from the literature were correlated with 
temperature and density by an empirical equat ion based on the excess 
thermal-conduct ivi ty  concept. This equat ion is found to represent the 
experimental results with average deviations of  2.5 % for HFC-134a,  0.75 % 
for HCFC-123,  and 0.55% for HCFC-141b ,  respectively. 
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