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Physical Properties

of Hydrocarbons

Part 9—Thermal Conductivity of C, to C, Hydrocarbons

Robert W. Gallant
The Dow Chemical Co., Plaguemine, La.

Tris arricre presents thermal conductivity data for
the G, to C,; straicht chain h}'drm'm'lu'm‘; covered n

¢ Warts 1-1 of this series of physical propertics. The -

portance of thermal conductivity in heat transler ealeu-
lations has resulted in extensive experimental work by
many investicators over the vears. However, the tll”ltll[{‘\
of oht; uning steady state Unltllllnm and minimizing radia-
formidable task for these
investigators, and only in reeent years have they been
able to desion equipment which sives reliable and ve-
producible results at high temperatures. Much of the
data available in the standard handbooks is of ques-
tionable value, because it is based on data eathered
before 1940,

For those interested in an in=depth review of thermal
conductivity, MeclLaughlin' has presented an excellent
review of both the present status of the theory, and also
an analysis of the problems involved in experimentally
measuring  thermal  conductivity. Coates and  Sakiadis
have also been active in this arca and have numerous
publications on experimental apparatus,®® literature sur-
veys of available data on liquid thermal conductivity,”?
and estimation methods.™ " The past 15 years have scen
aajor progress made in all arcas of thermal conductivity
rescarch but there remain major gaps in high tempera-
ture and hizh pressure thermal conductivity measurement.

Because of the limited amount of experimental data
over wide temperature ranges, it has been necessary to
use estimation methocls <rxtl'nsi\'<'ly. In ]Past articles ref-
erence has been made to several good reviews on estima-
tion methods®* and no attempt has been made to explain
the methods in depth. However, hoth these reviews were
published before 1960 and do not include the newer
cstimation methods developed in the carly 1960s by
Thodos'™ 112 for vapor thermal conductivity and by
Robbins and Kingrea for liquid thermal conductivity.
While the reader is referred to the original articles for
the thorough explanation of the methods and their
derivation, the methods will be discussed here to illus-

tion losses has presented, s

- trate their use and limitations.

LiQI:Iid Thermal Conductivity. There is almost no data
available on the liquid thermal conductivities of the
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G-y hydrocarbons. Hence, Figures 9-1, 9-2, 9-3 and
9-4, which present the liquid thermal conductivities of
the hydrocarbons from —200°C to just below their
critical point, were all derived by using the estimation
method of Robbins and Kingrea. For the C,-C, straight
chain hydrocarbons,

c () 9755

where

k = thermal conductivity at temperature T, in Btu/hr-
ft-°F

A = a caleulated constant for cach hydrocarbon

€, = liquid heat capacity at temperature T, in Btu/Ib® F

1" == temperature, in degrees Rankine

[t is obvious that the accuracy of the calculated
thermal conductivity is directly (l(‘pt,nclcnt upon the accu-
racy ol the liquid heat capacity and density. The data
on these properties were presented in Parts 1-4 of this
series. Densities are accurate to 2= 1 percent, whether de-
termined experimentally or by estimation methods. Liquid
heat capacities were largely estimated by the method of
Schiff; which gives an error of 5-10 percent. The con-
stant A is evaluated [rom the cquation

00473 T,
(S)(M)s

where

T, = critical temperature, in degrees Rankine
8§ = a calculated constant for each hydrocarbon

M = molecular weight
S = {‘(—"- -4 4.56 log firBZ
1 h 1 b
where

H, = heat of vaporization at the normal boiling point,
in Btu/lb-mole
Ty, = normal boiling peint, in degrees Rankine

Since the ¢ritical temperature, boiling point, and heat
of vaporization are accurately known for these hydro-
carbons, the error will be largely dependent upon the
accuracy of the liquid heat capacity. Thus, the calculated
results should be accurate to == 10 percent. In the mod-
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Fig. 9-1—Gives liguid thermal conductivity for C,-C, alkanes.
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Fig. 9-1A—Shows pressure effect on liquid thermal conductivity of methane.

114 . T1IvprocarsoN ProcEssiNG




R i SRR, I SRS SN [ e s S (SRR Wl G W G “-f%
e

B

)

CAL/CM=-SEC-°C. X I0-4

TTCITLTITIIITIY

T

SIB0:T,. <80 | 400 . G 40 80 120 160 200
° CENTIGRADE
Fig. 9-2—Gives liquid thermal conductivity of C.-C, olefins.
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Fig. 9-3—Gives liquid thermal conductivity of C.-C, alkynes.
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Fig. 9-4—Gives liquid thermal conductivity of propadiene and butadienes.
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Fig. 9-5—Gives vapor thermal conductivity of C-C, alkanes at 14.7 psia.
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Fig. 9-56A—Shows pressure effect on vapor thermal conductivity of methane.
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Fig, 9-5B—Shows pressure effect on vapor thermal conductivity of ethane.
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Fig. 9-5C—Shows pressure eflect on vapor thermal conductivity of 'propane. n
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Fig. 9-5D—Shows pressure efleet on vapor thermal conductivity of butane. ,
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Figg. 9-6—Gives vapor thermal conductivity of C,-C, olefins at 14.7 psia.
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Fig. 9-6A—Gives vapor thermal conductivity of 2-butenes at 14.7 psia,
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Fig. 9-6B—Shows pressure effect on vapor thermal conductivity of cthylene, :
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Fig, 0-7—Gives vapor thermal conductivity of C,-C, alkynes at 14.7 psia.

crate temperature range where liquid heat capacity s
well known, Robbins and Kingrea report an avernee
error of 2.7 percent, and a maximum error of 5.0 per-
cent, for 25 experimental points for straight chain hydro-
carbons, "The author compared the ealeulated values with

experimental methane data and  found  the followine
results:

pLe- Experimental  Estimaied Error

— 98 20 25.0 B.O%%

-——148 39.8 190 205

171 149.5 50,0 1.0%

The agreement is excellent except in the eritical tempera-
ture range. Robbins and Kingrea also found poor re-
sults near the eritical point and reconnnend the method
only for the reduced temperature range of 0.4-0.9,

Graph 9-1A shows the effeet of pressure on the licpuid
thermal conductivity of methane. Tor practical pur-
poses, the effect of pressure can be ignored up to 500
psia, since it only increases the thermal conductivity a
few pereent.

Owens and Thodos have developed reduced thermal
conductivity charts for methane'™ and cthylene.® While
these are designed predominantly for determining the
vapor thermal conductivity at various temperatures and
pressures, the charts do include a saturated liquic thermal
conductivity plot,

Vapor Thermal Conductivity. Extensive experimental
work has been done on ‘the vapor thermal conductivities
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of hydrocarbons. However, the temperature range has
generally been 0-200°C. Consequently, Figures 9-5, 9-6,
9-6A, 9-7 and 9-8, which present the thermal conductiv-
ity at atmospheric pressure, have been largely determined
by the estimation method proposed by Misic and Thodos.
For all straight chain hydrocarbons (except methane,
which is treated separately)

_ G, X 109 (14,52 T,

5.14)2/4
b= A

where

€, = vapor heal capacity, cal/g-mole-"C
A=a calculated constant for each hydrocarbon
(M) 1/2 (j{‘_ﬂ)x,ﬁ:
iy _'_[-p")'-j}'::_' i
M = molecular weight
T, = eritical temperature, in degrees Kelvin

P, = critical pressure, in atmospheres

The aceuracy of the equation depends on the reli-
ability of the vapor heat capacities and the critical con-
stants. Tor these hydrocarbons, the vapor heat capacities
can be estimated within 2 percent. The critical proper-
ties are also known to within a few percent. Thus, we
would expect the accuracy for the calculated vapor
thermal conductivities to be ==3 percent. Misic and
Thodos report an average error of 2.4 percent for 154
experimental points, The author found an average error
of 1.7 percent, and a maximum error of 5.2 percent for
23 experimental points for eight of the hydrocarbons.
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Fig. 9-8—Gives vapor thermal conductivity of propadienc-butadiene at 14.7 psia,

With its excellent accuracy aned wide temperature range
reduced
miethod

is recommended for use
0.6-3.01. this
vield data

(the method
temperature range of
will alimost
search.
The method have one major
applicable only to low pressure svstems, For vapor thermal
conductivity, there is very little change in thermal con-
ductivity up to 200 psia, Many attempts have been made
1o corrclate the chanoe with
such propertics as reduced pressuve, but the resolts have

over i
estintion
than o hterature

always bhetter

does liitation. Ty is

thermal  conductivity
senerally been disappointing. Consequently, experimental
data are the only reliable souree Tor hich pressure systems,

Fieures 9-3A, 9-5B, 9-5CG and 9-51) present experi-
mental data for methane,™ "% ethane,'™ propane,™ and
butane® at high pressures. The sudden changes in the
slopes of the curves can be attributed o the transition
from the vapor state to the liguid state, The source of
the propane data also includes the thermal conduetivity
of the saturated liguid from 509 10 100°C,

The data for Figure 9-68 were taken largely from the
reduced  thermal  conductivity-reduced  temperature-re-
dueced pressure chart prepared by Owens and Thodos.'"
The data were supplemented by the experimiental data
of Lenoir'™ and Keyes, '

While not used directly in plotting the graphs, the
experimental data of Lambert®! for cight of the hydro-
carbons at 66°C were used to compare results with the
estimation method of Owens and Thodoes, Likewise, other
experimenters have covered methane,”® and  methane,

122

propane, and butane™ over a narrow lemperature range,
It is also the author’s understanding that Svehla® has
authored a govermment report on the high temperature
waseous thermal conductivity of over 100 orgdnic and
inorganic cormpounds,
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