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A Correlation of the Viscosity and Thermal Conductivity

Data of Gaseous and Liquid Propane

P. M. Holland* and H. J. M. Hanley
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School of Chemical Engineering, Olin Hall, Cornell University, Ithaca, New York 14853

and

J. M. Haile

Department of Chemical Engineering, Clemson University, Clemson, South Carolina 29631

Data for the viscosity and thermal conductivity of gaseous and liquid propane have been evalu-
ated and represented by empirical functions developed in previous work. Tables of values are pre-
sented for the range 140-500 K for pressures 10 50 MPa (=500 aum). The viscusitics arc estimated
to have uncertainties of about 5%, with corresponding uncertainties of the thermal conductivities
of about £8%. It is stressed that the data base should be improved. As in our work with other
fluids, the anomalous contribution to the thermal conductivity in the vicinity of the critical point

is included.
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temperature, K
pressure, MPa
mass density

T compressibility
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7 viscosity, ug/(cme®s)?

Mo dilute gas viscosity

m viscosity first density correlation
Ay excess viscosity

An’ dense gas and liquid viscosity
Ane critical region excess viscosity

ji (i=1,7),E viscosity equation parameters

GV (i) (i=1,9) dilute gas viscosity equation parameters

A thermal conductivity, mW/ (m-X)

Ao ' dilute gas thermal conductivity

A thermal conductivity first density correc-
tion

AX excess thermal conductivity

AN dense gas and liquid thermal conductivity

AX, critical region excess thermal conductivity

ki(i=1,7),D thermal conductivity equation parameters

GT (i) (i=1,9) dilute gas thermal conductivity equation
parameters

M molecnlar weight

Avogadro constant

Boltzmann constant

intermolecular pair potential

+¥'s 0, Tm, d,¢ potential parameters

yl
2 B’

S I

L F first density correction equation param-
eters

1 To convert from g/(cmes) to Paes, multiply by 10-1,
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560 HOLLAND ET AL.

e viscosity and thermal conductivity equa-
tion variable

* reduced variable superscript
c critical point variable subscript
%o, B, Ey, Es, scaling parameters for the compressibility
3,y in the critical region
R length parameter in the critical point
equation
w chemical potential

1. Introduction

This work is part of a series of papers, published in this
Journal, on the transport properties of pure fluids. We have
discussed argon (with krypton and xenon), oxygen and
nitrogen [1],? methane [2] and ethane [3]. Propane is now
included ‘and tables of the viscosity (%) and the thermal
conductivity () are presented.

The evaluation and correlation of the experimental data
for propane followed closely the procedure described in
reference [3] for ethane. The data base for these fluids is
similar; several authors report measurements for both
fluids. However, as for ethane, the data are not always sat-
isfactory by present day measurement standards. Neverthe-
less, we thought it worthwhile to present tables for both the
viscosity and thermal conductivity over a wide range of
experimental conditions with the reservation that the tables
will probably have to be revised when more’ accurate data
become available, particularly for the thermal conductivity.
Other correlations are in the literature [4], but they are
most often restricted to one of the coefficients and/or cover
a limited experimental range. There are also quite large
discrepancies between corresponding tabulated values from
the various correlated sets.

Since we repeated essentially the procedure of reference
[3], the discussion-in this paper is ahhreviated. Further,
we refer to reference [1] for details on our criteria for the
critical evaluation of transport data.

2. Correlating Equations

The correlation for propane was based on the behavior
of the transport properties with respect to temperature (7'}
and density (p) according to the equations

7(p, TY =9o(T) +0:(T)p+ Ay’ (p, T) + Aqe(p, T} (1)

AMp T) =xo(T) +0:(T) p+ AN (p, T) +82e(p, T) - (2)
for the viscosity and thermal conductivity, respectively. In
these equations, 70(T) and A,(T') are the dilute gas values;
7:(T) and A (T) represent first density corrections for the
moderately dense gas; while Ay'(p, T) and AN (p, T) are
remainders. The term #,(T) is given by the empirical ex-
pression

m(T)=4+B[C—In (T/F)]? (3)

2 Figures in brackets indicate the literature references.
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and similarly for A,(T). The coefficients 4, B, C, and F
can be found from a fit of data, but we set F=¢/k where
¢ is the energy parameter of the propane pair potential
function and k is Boltzmann’s constant.

The terms Aqy’(p,T) and AA'(p, T') are expressed em-
pirically by the relations

Ay’ (p, T) =E explja+ju/T] {expp® (o jo/ T*?)
+0p% (s +jo/ T+ ju/ T?) 1—1.0Y (4)

and

AN (p, T} =D exp [ki+ko/T] {exp[p°* (ko +ka/ T,
+6p%% (ks +ke/T+k:/T?) ] —1.0). (5)

The parameter O is included to account specifically for the
high density behavior of the transport coefficients and is a
function of the density with respect to the critical density,
pe:

0= (p—pe) /pe- ~(6)

The coefficients, E, D, j; .
from experimental data.

Finally, equations (1) and (2) include the terms Asn.
(p,T) and Ax.(p,T), respectively, to account for the
known enhancement of the coefficients in the vicinity of the
critical point (although A7, will be set equal to zero in this
work).

<+ ju ki . .. ki, are obtained

2.1. The Equation of State

We have argued that the transport properties should be
correlated in terms of temperature and density. A thermo-
dynamic equation of state is thus an integral part of the
correlation scheme. The equation of state used for propane
was that proposed by Gaodwin and reported in reference

[5].
3. Data

The following references which reported experimental
data were examined: viscosity, references [6-35]; and
thermal conductivity, references [17, 36-48]. The literature
data were evaluated as far as possible by the same criteria
discussed in reference [1]. _

As indicated by the form of equations (1) and (2), we
find it convenient to consider the dilnte gas, the dense gas
and liquid, and the critical region separately.

3.1. The Dilute Gaus

Following our usual procedure, the dilute gas viscosity
and thermal conductivity data were fitted by least squares
to the expansions

o=CV (1) T=1+GV (2)T—*/*+ GV (3) T2 +GV (4)

+GV () T3 +GV (6)T*/*+GV(T)T
+GV(8)T**+GV (9)T5/3, (7)
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Ao=CGT ()T +GT(2)T-2*+GT(3)T~/3+GT(4)
+CT(B)T*+GT (6)T*+GT(T)T
+GT(8) T+/*+GT(9) T*?, (8)

respectively. GV (1) ... GV (9) and GT'(1) ... GT(Y)
are empirical coefficients. References for the data selected
for the fits are shown in table 1 together with the tempera-
ture range and our estimate of the accuracy. Coefficients
for equations (7) and (8) are given in table 2.

The data base for the dilute gas viscosity is satisfactory
over a limited temperature range: the modern data from
references [18] and [19] cover 296-478 K and we have
extended this range slightly by including adjusted data
from references [14] and [15]. As discussed in reference
[1], there are strong arguments that the data from these
references are subject to a small systematic error, but that
this error can be accounted for. See, also figure 1 of refex-
ence [49].

The fit was weighted slightly to the data of references
[18] and [19]. Theoretical points at 150 K and at 1200 K
were included in the fit. These theoretical points were ob-
tained from kinetic theory with the m-6-8 potential func-
tion (see below) and were considered only to ensure that
the function (7) is well behaved outside the data range.

Figure 1 shows the deviation plot, where percent devin-
tion, here and in the other figures, is given by

n(exp) —q(cale) |
- ey 100. (9)

One observes the fit is to within +0.5%.

In contrast, the dilute gas thermal conductivity data sit-
uation is not very good. The data are often not internally
consistent and different data sets differ by up to 8% at
corresponding temperatures. We assessed the data to =6%
accuracy and fitted all the data listed in table 1 giving
equal weight to all points. The deviation curve is shown
in figure 2 and is self-explanatory.?

‘Fit of the m-6-8 potential to the viscosity data.

The utility of statistical mechanical expressions, with a
realistic intermolecular potential function, to represent the
propertics of a dilute gas has been emphasized hy ns and
by other authors. We have had considerable success with
the m-6-8 potential [1, 49].

3 Reference [36] reports experimental dilute gas thermal conductivities from 300
to 1000 K represented by an empirical function. We included the values at 1000 K
to ensure the function was well behaved at this temperature. Our correlation agrees
to within 2% of this data set, overall,

Table 1. Selected data for propane

VISCOSITY °
References temperature range pressure estimated
limit accuracy
K MPa %
Dilute gas
[14], [15] 291 - 548 - 1.25%
(18], {19] 296 - 478 - 0.3
{201 293 - 371 - 1.5
Dense gas and liquid
[E3 173 - 273 34 3
[12] 324 - 408 54 5
129} 89 - 511 T 13 5
{30] 278 - 478 34 5
£31] 278 - 378 54 3
THERMAL CONDUCTIVITY
Dilute gas
[17], {38-40], [42-48] 233 ~ 505 - 6
Dense gas and liquid
[38) 323 - 413 28 3
[39] 212 - 412 50 7
1407+ 278 - 478 34 5
[41] 93 - 223 sat, liquid 6

a,
These data were

adjusted, see text.

J. Phys. Chom. Mef. thetn, Vol
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Table 2.

Dilute Gas Parameters for Equations (7) and (8).

Units - Temperature in K, Viscosity in pg/{cm*s) and

Thermal Conductivity in mW/{(m<K).

PERCENT DEVIATION

CU(1)--.1122608333E+07
GVIZ)= LEWH55728%8E406
GV(3)==.2314345388E406
GVIL)= , 2089338530540
GVIG)= 269325751064 04
GV(h)==,870942363654+03
GVI7)= ,9216623121E+02
GV(3)==, 4553654804540
GY(9)= ,9088758027E~01
GFe1)=~,1089381103E407
GT(2) = ,8343237829F406
GTE31=2+,22709027365+06
GFLal= L 1667R6E3RBE+ DS
GT(S)s (430LT320565E+404
GY(6)==, 1177734671540l
GT(71= ,12154t25833E+03

GT(A)==,H60L0596G21E401

GT¢9Y= ,1207323681E+00D

HOLLAND ET AL

The m-6-8 potential is given by the expression

[6+25] (d/r*)"‘—-—n—s_——g

[m—y (m~8)1(d/r*)s —y'(d/r*)5.

e(r*) 1
e m—6

(10)
where d=r,,/¢ and r*=r/c. The distance parameters (o
and r,) and the energy parameter (e), are defined by the
relationships ®(7,,) = —¢ and &(a) =0 4 is a parameter
which represents inverse-eighth power attraction in the po-
tential.

The dilute gas viscosity data were used to obtain m-6-8
parameters via the standard kinetic theory expression for
e Values of the m-6-8 parameters are given in table 3.
The potential is used specifically in the study to extend the
effective temperature range of the dilute gas data, and to
caleulate the thermal conductivity in the vicinity of the
critical point (section 3.3).

3.2. The Dense Gas and Liquid

Having values for 5,(T) and setting Ay.(p, T) equal to
zero, dense gas and liquid data were fitted by the method
of least squares [1] to the terms [9:(T)p+Avn (p, T)] of
equation (1).

References for the data selected are given in table 1.
Qualitatively, the data seem very reasonable and no serious
discrepancies exist between the selected data sets. Equal
weight was given to all data, and an accuracy of 5% was
assigned. The experimental range covered is fairly exten-
sive except that data for the moderately dense gas (densi-

2 -
1+ -
o -~
0 ?} '—d il 8 DO O
é% A = . a o a a —‘*
A —
-
2 ]
I [ | | | |
250 300 350 400 450 500 550 600
TEMPERATURE, K
0O (14,1515 0 [18,19); & [20]

Ficure 1. Dilute gas viscosity: deviations between experimental data and values from equation (7).
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= ° g_o .°
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| | | | L |

-6
200 250 300 350 400 450 500 550
TEMPERATURE, K

M [461: 0 1391: M [457: @ [42]: @ (4713 © [46]; O [38]; W (17); @ [48]; & [43]

Ficure 2. Dilute gas thermal conductivity: deviations between experimental data and values from
equation (8).

Table 3. <Critical point constants, parameters for the
m-6-8 potential [equation (10)], and parameters

for the conductivity equation (11).

Critical point constantsb

T, = 369.82 X

o, = 0.221 g/em® (5.0M1 mol/L)
P, .= 4.3569 MPa (43.037 atm)
M= 44,10

Parameters for equation (10)

e/k = 1358.9 K

o = 4.700 x 1070 ¢
r = 5283100,
n

Y o= 3.0

m = 11

Parameters for equations (14) and (16)

El = 1.83
E2 = 0.287

x = 0.137
©

g = 0.355

Y = 1.190
§ = 4.352

bThese values differ slightly from the values reporteéd in reference [5]. They

were selected to be consistent with equations (14) and (16).

563
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564 HOLLAND ET AL.

Table 4.

Parameters for Equations (3)-(5).

Units - Temperature in K,

Viscosity in ug/(cm*s) and Thermal Conductivity in mW/(m<K).

VISCOSITY

EQUATION 3 83040
Bx0.0
Cx1.12
F=358.9

FOUATTON & Fzi1.0

J12=1496346267E402

J2z ,2179858583E402

J3==,2566988314E+05

Ju= ,1527903946E+04

J5=~,2112678461E+00

J6* .2127695261E+403

J7= .5515987919E+05

THERMAL CONDUCTIVITY

EQUATION 3 Az=1.14981313%
8= ,78353122¢
C=1.12
F=358.9
EQUATION 5 D=1.0

Ki=~y20924649464E402

K2= ,1480622080E+402

K3=-,187L097856E+05

Kb= 4126970951uE+0¢

KS=w,9598486495E-01

Kb= ,1383026749E+4D3

K72 4255L581508E40%

ties less than 24 p., where p. is the critical density) are
relatively sparse and scattered. Because of their scarcity in
this region we found that the data were best fitted if the
term », (T') was set equal to zero.

Values of the coefficients 4{=0), B(=0), C, F, and ],
... J; are given in table 4.

Representative deviation curves are shown as figures
3-5. It is seen that these data points are fitted to within
about *2%, which is inside our error estimate for the
data themselves.

Figure 6 gives the plot of the excess thermal conduc-
tivity coefficient, AX, versus density for some of the data
noted in table 1. The excess is defined by AM(p, T) =
Xp.T) —Ao(T), ie, A{p,T), the experimental value, less
the corresponding value of the dilute gas.

J. Phys. Chem. Ref. Data, Vol. 8, Neo. 2, 1979

For the temperature ranges reported (although not in
general) a plot of A\ versus p should be essentially a
smooth curve, independent of temperature, This observa-
tion is based on the experimental behavior of simple fluids
(N, 0., CH,, etc.) [1]. From the plot, therefore, one ob-
tains an idea of the internal consistency of the data from
a particular author, and the differences between authors
which, in this case, are quite large, even ignoring the
scatter of the data around the critical density.

The scaiter around the critical density represents points
close to the critical temperature. This scatter is of interest
since it demonstrates qualitatively the anomalous increase
in the thermal conductivity coefficient, A, in this region.
Propane was one of the first fluids for which this phenom-
enon was noticed. However, here it is clear that the anom-
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aly is only crudely represented and these data points were
not included in the fit.

As for the viscosity, the contribution A,(T) was ex-
tracted from the selected data which were then fitted to
the terms [A(T)p+Aar(p,T)}] of equation (2). Slight
weight was given to the data of reference [40]. The co-
efficients for the fit are given in table 4. Sample deviation
plots are given in figures 7-9 and one sees that the data
are fitted to within the experimental accuracy.

3.3. The Critical Region

Following the precedent set in our previous work [1-3],
we feel confident in neglecting the propane thermal con-
ductivity data in the vicinity of the critical point and esti-
mating Arc(p, T') by calculation. This approach has been
reinforced recently since we have shown that the calcula-
tion procedure can represent the anomaly AX. for methane
to within about +15% extremely close to the critical point
(to T—~T.=10"%K at the critical isochore [501). The
procedure is discussed in Section 3.2 of reference [1] and
in reference [51].

According to reference [51],

oP)?

M \V2 kT
A)\C(Pa T)=( ) 677]R —_a_T~ 0

pNET
(Kr)/? exp (—18.66 AT?) exp (—4.25 Ap%), (11)

where

AT= 'T—TC‘/TC;.Z;)=lP"’Pcl_/pc. (12)
‘In equation (11) N is Avogadro’s constant, Kp=p—*
(9p/0P) ¢ (the compressibility), R is a length parameter
and M is the molecular weight. R is given by:

N 1/2 —_ _ 7 q1/2
R=rm5/2(T_£) (231) [ﬁ#l-}-—é—] , (13)

where T*=T/(¢/k), m, v, rn and /k are the m-6-8 pa-
rameters of equation (10).

One can see that the calculation of A\, at a given den-
sity and temperature requires the viscosity, the derivative
(2P/3T) p, and Ky. The viscosity is obtained from our cor-
relation, and (9P/37T)p and Kp can be obtained from the
equation of state [5]. However, it turns out that, while the
determination of (9P/9T) p presents no real difficulty, the
determination of K, does: it is now well-known that the
classical, analytical equations of state cannot describe cor-
rectly the large compressibilities in the critical region. The
equation of Goodwin used here, however, is nonanalytic
and could, in principle, be used for K. Nevertheless, we
prefer to be consistent with our previous work and intro-
duce the scaled equation of state:

garaitdin Lo L INIE

565
where h'(x) =dh(x)/dx. The derivation of equation (14)

is based on the observation that the asymptotic behavior of
various thermodynamic properties can be described in
terms of power laws when the critical point is approached
along specific paths in the AT — Ap plane. For example, the

density alonig the gas and liquid branch of the coexistence

16 T I T T T T T
° VISCOSITY
- o _
o
0.8 o B -
)
o] [e]
= )
< o O o
u>.x 0 o A
[ bl A ]
% ] AA Py o A |
E . AD DQ A
08> ° oo
A o
4
18 I I l ! L1
0.50 0.52 0.54 0.56 0.58
DENSITY, g/cm®
0 [(301; 0 [31]; & [29)

Ficure 3. Deviation plot for liquid viscosities at approximately

280 K.
2.0 1 T T T ] T 1 1 T4
- VISCOSITY -1
12 — ) o S
- C o —
o
5 0.4 — o, & —
S 0 L
e N
o-04 %ég —
= | & o |
5 o 5#
£ 12 - a _
o. * A
Q
L °0 _
201 , ' —
- —
7% S I U I S N N I R B
0.1 0.2 0.3 0.4 0.5 0.6
DENSITY, g/cm®
L [24]5 0 [31]; 0O [30]

Ficure 4. Deviation plot for liquid viscosities at approximately
344 K.
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; s L0 ° o o
(T8}
c 0 X Q 2
= s (e} fe)
= o © RS
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g [° 00
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0 0.1 0.2 0.3 0.4 0.5 0.6
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& (291 0 (31]; D 2]

Ficure 5. Deviation for gaseous propane viscasities at approximately

380 K.

curve varies asymptotically as [Z‘ipl o« IZXTIB; the chemical
potential u(p, T) =along the critical isotherm varies as
(o T) — plpes Te) o |3p]5; the compressibility K, and
specific heat C, at constant pressure vary along the critical
isochore as 1&T| —7. The quantity x is given by the ratio:

w= AT/ | Ap| /5, (15)

and h(x) is a function:

h(=) =EI(M) [1+E2(":"°)2B]”_MB. (16)

ﬁ’0 o

This equation contains the critical parameters p. and T,
(through the definition of %), two critical exponents 8

and y[=8(8—1)], and three constants x,, E, and E,.

Values of the constants and exponents are listed in table 3.

To illustrate the influence of the critical point, we have
plotted in figure 10 the calculated excess thermal conduc-
tivity coefficient AXx versus density at three temperatures;
369.95, 371.0, and 380.0 K. The conductivity in the ab-
sence of the anomaly is that from equation (2) [AA.=0],
while A\, was obtained as described from equation (11).

Alternative calculation of AX,: alternative for R

It should be remarked that an alternative and more sys-
tematic procedure to calculate the length parameter R has
been introduced by Sengers [52]. We will not discuss this
further here, however, beyond pointing out that the Sen-

J. Phys. Chem. Ref. Data, Vol. 8, No. 2, 1979
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gers procedure has been compared with that used here
[50]. Numerical differences in R at corresponding tem-
peratures and densities turn out to be small (about 10%
or less).

200 h
180 [~

160 |- ¢

140
120 |- .

100 |~

AN, nW/(m-K)
®

80 - )
60 |-
40 |~ . o

20 o O

0 01 02 0.3 04 0.5 06 07
DENSITY, g/cm3

O {38); O [40]; O (41]; @ [39)

Ficugre 6. Plot of the excess thermal conductivity versus density.

0.8 T T 7 T | L ] I
o]
L o ]
o
0 O.n ~—o

» ° .
-0.8 — o —
16 =

PERCENT DEVIATION

24 1

THERMAL CONDUCTIVITY

3.2 —
L o
4.0 S N T SN (RN NNUUN MU RN R S
055 056 057 058 053 060 0.6

DENSITY, g/cm®

Ficure 7. Deviation plot for the thermal conductivity at 253 K,
data from reference [39].
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Ficure 8. Deviation plot for the thermal conductivity at approxi-
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F1cure 10. The excess thermal conductivity of propane showing the
enhancement at three temperatures.

Alternative calculation of A),: from corresponding states
If two-parameter corresponding states is obeyed, one

can write AX.(p, T') for a given fluid in terms of equiva-
lent values from a reference fluid, superscript o:

")

(3 /2
Ahelps T) = A% (o' T')(—]]‘,ﬂ Y (%
Pe

 where

r—f P o . ;= l) o
b (Pc)pc, r = (4.) 7 (18)

The concept of two-parameter corresponding states is sen-
sible in this context since it implies that the critical be-
havior of fluids is not too dependent on the nature of the
fluid. Figure 11 shows the excess thermal conductivity of
propane {solid line) at 369.9 K plotted versus the reduced
density p/p.. The points were obtained from equation (17)
with methane as the reference substance. The agreement is
+15% or better, which is excellent in this context.

Viscosity

It is known that the viscosity also displays anomalous
behavior in the critical region, but that this anomaly is
much less pronounced than its counterpart for the thermal
conductivity. As in our previous work, this is not consid-
ered in the correlation.

J. Phys. Chem. Ref. Data, Vol. 8, No. 2, 1979
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Ficure 11. Plot of the critical point enhancement in the thermal
conductivity calculated at 369.9 K from equation (11)
(line). Also shown (points) are equivalent values ob-
tained via the corresponding states equation (17).

4. Tables of Values

The viscosity and thermal conductivity coefficients of

propane have been calculated for 140-500 K for pressures

np to 50 MPa (=500 atm). Tabular values are presented
as tables 5 and 6. We ensured that an entry in the table
would not require an extrapolation much beyond the range
of data. Gaps in the tables indicate that the P-T points cor-
respend to densities exceeding 0.71 g/em?, the upper den-
sity limit for the data for temperatures less than 300 K, or

J. Phys. Chem. Ref. Dala, Vol. 8, No. 2, 1979
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0.26 g/cm® for the higher temperatures. For convenience
saturated liquid values have been listed separately as table
7 and dilute gas values as table 8. (The tables contain
more significant figures than the accuracy of the data
warrant. The extra figures are given to facilitate repro-
duction and interpolation of the tables.)

4.1. Uncertainty of the Tables

The uncertainty of the tabulated values can be judged
from our estimate of accuracy of the input data, and the
deviation plots, figures 1-5, 6-8. We attempted to evaluate
the data using the criteria of reference [1] but this was
not always possible: lack of experimental details was the
principal drawback. In short, an estimate of uncertainty
of the tables has to be somewhat subjective in that it is
influenced by our cxperience of evaluating similar data for
fluids which have a better data base. Overall, we judge the
viscosity coefficient to have an uncertainty of £5%, and
the thermal conductivity to have an uncertainty of *8%.
In the critical region, this latter estimate should be in-
creased to +15%.

5. Conclusion

As in our previous work, a general empirical equation
has been used to represent the viscosity and thermal con-
ductivity coefficients of propane from the dilute gas to
the dense liquid. Tables of calculated values are presented.

As pointed out in the Introduction, the tables have to be
considered somewhat tentative since the data base from
which they were constructed could be improved. To repeat
the remark made with respect to ethane [3], it would be
helpful if the more recent experimental techniques devised
to measure the transport coefficients could be applied to
propane. It would be especially useful to have reliable vis-
cosity data for the dilute gas outside the range reported
here. Viscosity data for the moderately dense gas are also
scarce.
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Table 5. Viscosity of Propane, ug/(cmes).
R MFPg
T, K o1 .5 1.0 1.5 240 2.5 3.0 3.5 be0 5.0
140, 842145 8457, 0 850145 854640 853046 8635,.1 8679.7 8724als R769.1 ARSR.H
©150. | 657744 6604.7 £638,7 667248 670649 674141 6775.2 6809.4 BBU43.6 6912.0
160, | 5320.5 536244 53697 539740 542443 5451,6 5478,9 5506,2 5533.5 5588,2
170. 441669 45437.0 L459%. 6 L, 2.2 450445 4527.5 '-556.1 he72.7 L59%.3 LELD.G
180 | 374540 376044 3779.7 379§.u 3818,3 3837,5 3856, 7 387640 3895.2 3933.6
190. | 3224.1 3237.6 32504 3271.2 328840 330448 3321.5 3338.3 3355.0 338%.6
200, 28101 282241 2837.1 285241 286740 2881.9 2896.8 291146 2926.5 2956.1
2100 | 2473.3 2484,2 2697.7 2511.3 252448 253843 2551.7 256541 257845 2605.3
220. ] 2193.% 2203.6 221641 222846 224140 225344 2265.7 2278.0 2290.3 231448
230 19573 19667 19703 19099 Z001le9 ZO013.0 ZO0Z4e 5 Z030.0 TO04LTen TO70e7
240, 6646 176343 177448 178543 179643 180742 181840 1828,8 1839.6 1861.0
250, 69.3 158643 159649 160745 161840 1628 44 163848 1649,1 16594 167943
260. 71.9 1430.3 144046 1450.8 1461.0 147141 1481.2 1491,2 150141 152048
270, 7446 1290.8 1’301.0 131141 132142 1331.1 1361.0 135048 1360,5 1379.8
280, 772 7849 117449 1185.1 119541 1205.0 121449 122446 1234,3 125343
290, 79.9 81.5 10594 1069.8 108040 1090.1 110041 1109.9 1119,6 1139.8
P, MPa
T K 6.0 7,0 8.0 9.0 10.0 15,0 2040 3040 4040 50.9
140 | 894L8.3 9038.2 9128,2 9218, 4 3308.8 9763.5 10222, 11152.9 12099.7 1706241
150+ | 6980.6 7049.2 7T117.9 7186.7 7255.6 7601.2 794848 8650, 1 9359,3 100763
160. 564249 5697« 0 ST52+3 56071 S58ble9 H13Hed B411.5 b69bh,. 0 7519.5 B078.0
170. | 4685,6 4730.8 477640 uB21.1 486642 $091.8 5317.1 576747 6218.1 hREBA, A
180. | 3972.0 401043 4048.6 40€6.8 4125,0 4315.6 4505, 4 488341 525847 SR32,7
190, | 3u21.7 3455.0 348842 352144 355445 3719.2 388248 420647 4527.1 WANL, 6
200s | 2985.7 301541 3040e5 3073.8 3103.1 326R.2 3391,8 367540 3653,% Lppa, 2
210. | 2631.,9 265844 268449 271142 2737.5 2867.6 299%.8 324743 3497.3 AT
220, | 2339.2 236344 238746 2411.6 243546 25538 2669.9 289645 3116.9 1eyr.s
230, | 209248 2115.3 213746 2159.9 218240 2290.9 23974 260640 2803, 0 LI
2404 | 1882.3 150344 192444 1945.2 1965.8 2067.4 216641 235646 2510, Hrang
Z50e 170040 172042 17399 1/5Y9e7 17792 187449 1967.4 21448 2X1h,1 EEEL NN
260. | 154043 1559.6 157846 1597.5 161642 1707.3 1794, 9 196146 Prtnaa [ESE TR
270. | 1398.8 1417.5 1436,.0 145443 1672, 156040 1643, 6 1801.4 1R, EEEIN]
280, 127241 129045 130847 132646 1344.2 1429.2 1509.7 1660.0 PRy, e [ET PN
290. | 1157.5 1175.9 1193.¢ 1211.6 122941 1312.4 1320.5 15353 XTI Py
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Table 5. Viscosity of Propane, ug/(cm. s)--Continued

P, MPa
T, K o1 .5 1.0 1.5 2.0 2.5 3.0 3.5 40 5.0
300, 82,6 Blat 95240 96248 973.5 984,.0 994, 3 10064 10146 1033.9
320. 87.9 89,3 91.5 4.6 777.2 789.5 801, b 813.0 82442 845.9
340, 93,2 .5 96l 99,1 102.8 599.9 61742 633.2 64841 67,5
360, 98,5 99,6 101.6 103.7 10647 110.8 117,90 13040 45247 60349
380, 103.8 104.8 106.3 1084 110.9 1141 118, 4 124,2 133,3 21048
400, 109.0 109.9 111.3 1131 115.3 11840 121.3 125.5 130.9 1484k
420, 11441 11649 11642 117.8 119.8 12241 124,9 128,2 132.3 16304
440, 119,2 1199 12141 12246 12443 12643 128.8 131,6 13448 1432
460, 124.2 124.9 126.0 12743 128.8 130.7 132.8 135,2 138.0 14,7
480, 129.2 129.8 130.8 132.0 133.4 135.0 136.9 139,0 16l T2
500, 134.1 134.6 135.5 136.6 137.9 1394 14141 163.0 145,1° 15041

P, MPa

T, K 640 7.0 8.0 3.0 10.0 15.0 20.0 3040 40,0 50,0
300. | 1052.9 1071.5
320. 866,5 88640 905.5 92440 941.9 1024,.7
sS4y, 700.5 723.6 74542 76546 78541 A71.7 946, 6 107641
360 5415 57247 599.9 624,k 64740 761.2 818.1 95,8 1053.9
380, 35948 419.8 461.1 4941 522.3 629.0 709.2 83644 41,0 1032.6
400, 1874 256.9 322.5 37140 408.5 532.5 61648 T44,2 BUS . B 933.5
520, 160.8 188.,7 2275 270.5 311.2 u50.4 538.7 66642 765.2 849,04
(Y18 154,8 17049 192.6 219.3 248.9 38245 473.2 600.3 69647 777.7
460, 153.6 16540 179.4 19741 21745 329.4 41849 5uL.6 638.3 71643
480, 156,3 163.2 17640 18648 201.7 29141 374,.8 497.5 58845 6634F
500, 156,41 16344 172.0 182.0 133.5 265,2 339,9 457.8 545,8 61842

J. Phys. Chem. Ref. Data, Vol. 8, No. 2, 1979
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Table 6. Thermal Conductivity of Propane, mW/(m*K).
P, MPa ]
T, K o1 «5 1.0 1.5 2.0 2.5 3.0 3.5 4a0 540
140 198.21 198.64 199.18 199,72 200425 200.79 201433 © 201.86 202439 203,45
150, 1§D.QB 191.';0 191.91 192443 192,94 193445 193,96 194y h7 . 194,98 196,00
160, 183,02 183,41 183.90 184440 184.89 185,38 185487 186436 186485 187.82
170 174473 17511 175459 17Ce 0G 17654 177,01 177.48 177.95 178401 179,75
180, 166043 166479 167425 167.71 168417 168,62 169.07 169,53 163,98 170, A%
190, 158.28 158,63 159.08 159.52 159.97 160, 41 160,85 161.29 16172 162459
200, 1500 40 150475 151419 15202 132405 1524 48 152492 15334 15376 154+ 61
210, 142,87 143,21 143,64 144,07 thb, 49 144,91 145433 145,75 146417 146499
220. 135.71 136.05 136447 136489 137.31 137,72 138414 138455 138496 139.78
230, 128492 129.26 129.68 130,10 130.51 130,93 131.34 131,75 132416 132.97
Zhn.v 12.52 122.84 123426 123468 124410 124,52 124,93 125,34 S 125.74 126.55
250, 13.40 116476 117.19 117.62 118,04 118446 . “B.Eé 119,29 119.70 120.52
260, 14e 34 111,01 111.45 111.89 112,32 112.75 113.17 113,59 114401 114,84
270, 15. 31 105.53 105.99 1064 b4 106,89 107.33 107.77 108,21 103».66 109,48
280. 16433 17.29 100,77 101.2% 101.72 102.18 102.64 103.09 103450 10442
290. 17.37 18,29 95,75 964 26 96,76 37.2% 97,74 98,22 98469 99.51
P, MPa

T, K 6.0 7.0 8,0 9.0 10.0 15.0 200 30.0 4040 5040
140. 204452 205.58 206,64 207.70 208,75 213.97 219,12 229,25 239.16 PLRLAT
1504 197.01 198402 199.03 200403 201,03 20%.99 210.87 220442 22972 238.79
160, 106479 10979 190471 19167 1924 be 197635 ZUleYb 210,99 219.74 22R.24
170. 180427 181.20 182.12 183,03 183494 188, 44 192.85 201440 209.h6 ?217.6%
180. 171.77 172.66 173.54 174,42 175,30 179,60 183.81 191.95 199.77 207.31
190 1634 40 164e31 165417 1B6e02 1b 6.8k 171.01 175.04 182484 198,24 197.3%
200. 1554 45 156428 157,11 167,93 158.7% 162476 166.64 t7u.10 181419 187.96
210. 147.82 148,63 149,44 150. 2% 151, 0% 154493 158469 165.87 172466 179.12
220 140458 141.38 142418 142496 143,74 147454 151420 158414 164.67 170,85
230. 133.76 134456 135,34 136014 136,88 140.61 164,19 150,93 157423 163417
240, 127.35 128,14 128.91 129.68 130, 44 134413 137464 1l 22 150433 156,06
2%0. 123432 122¢11 122489 123,65 124,41 128,07 131,54 137.99 143494 1694 4R
260, 115,65 116444 117.23 118,00 118477 122,42 125,86 132,22 138,03 163041
270, 110431 111.42 111.92 112,71 113448 117416 120.59 126.88 132.57 137.82
280, 105 27 106,11 106,93 107.73 108.52 112.25 115.69 121,96 127450 132.57
290. 101,37 102,22 193, 0% 103.86 107.66 111,14 117.37 122.91 12794
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Table 6. Thermal Conductivity of Propane, mW/(m-.K)--Continued
P, MPa
T, K o1 .5 1.0 1.5 2.0 245 3.0 3.5 40 5.0
300, 18,44 19,32 90,85 91,41 91.95 92,49 93,01 93,53 o4,03 95.01
320. 20466 21,46 22.38 23,49 82,47 83,16 83,83 84,47 85,09 R6. 28
340, 22.96 23.69 24.52 25,40 26466 73.40 TH.40 75.33 76420 77.88
360, 25,34 26400 26475 27,56 28.52 29.81 31,93 37.93 67449 69.69
380, 27.79 28.39 29407 29,78 30459 31.56 32.84 34,70 37481 58465
400, 30430 30.85 31067 32440 32.80 33,59 34,53 35,71 37,26 42430
420, 32.87 33.37 33.94 36451 35.12 35.78 36.54 37,41 38445 41,25
w40, 35.50 35,96 36048 36499 37454 38411 38,74 39,44 40,22 42,13
460, 38.18 38.61 33,09 39,56 40,04 40,56 41410 41.68 42432 L3.76
480, 40.93 41,32 41.76 42.19 82,64 u3.10 43,58 44,08 Lla62 45.80
500, 43,73 46,09 4450 44,90 45,31 45,72 46416 46,61 47,08 18,08
. P, MPa
T,K 6.0 7.0 8.0 9.0 10.0 15. 0 20.0 30.0 40,0 50.0
300, 95, 96 96.88
320, 87440 88447 89448 90446 91439 95,63
3n0, 79,24 80.58 81.82 82,98 84,07 88.83 092.78 99,33
360, 71,57 73.24 Tha76 76415 77444 82,86 87415 93,98 29,47
380, 54499 67431 69410 70465 72404 77483 82,40 89.51 95,07 99,74
600, 50.78 E8.4h1 63.04 65.79 67,74 Tu.04 78.62 85.87 21,48 06.12
w28, us.28 50,21 54,96 5¢,09 62434 71,01 75,80 83,01 88,63 93,25
40, hha 6y 47.62 50493 54,20 57427 67,97 73456 80488 86,45 91.02
LE60. LE, 64 57.56 49,85 52.27 564,71 €5. 09 72.54 70,32 B4,.86 rQ,. 37
480, 47415 48,68 50437 52,19 Su.08 63,13 69.87 78418 83,77 88.23
500, 49,20 50,42 51476 53419 54470 52436 68,82 77,02 83.12 87455

J. Phys. Chem. Ref. Dato, Vol. 8, Ne. 2, 1979
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Viscosity and Thermal Conductivity Coefficients of

Saturated Liquid Propane.

Table 7.

TEMPERATURE DENSITY
KELVIN not/L
140.0 15,375
150.0 15,10k
16U.U 14,910
1768.0 144676
180.0 14,438
190,80 14,138
200.0 13,954
21040 13.707
2200 13,454
236-0 13.196
240.0 12.93¢0
25040 12,657
260.0 12.373
27040 12.078
28040 11,769
290.0 11,442
308.0 11.095
31040 10.721
320.0 10. 312
330,0 9,857
34040 9,333
35040 8.697
360.0 7.831

PRESSURE

MPA

«7697E-D4

«2741€E-03

+B220E~D3

«2139E-02

1 4945€=-02

+»1035E~01

+1993E-01

«3574E-01

«6031€-01

+9661E-01

«14B80E+0Q0

«2182E+010

+3112E+00

+«4312E+00

58286400

«7T0BE+0D

+«99G97E+00

«1275E+01

«1603E+401

«1988E+01

«2436E401

«2956E+01

«3555E401

VISCOSITY THERMAL CONDUCTIVITY

ug/ (cm*s) mW/ (m*X)
8412,.,6 198.1
557046 190, 9
531561 182.9
U145 17446
3I741,3 16643
3221.1 15842
2807.7 150, 7
2L471.5 142.8
2192.6 135,7
1957,2 128.9
1755.5 122.5
15803 116.5
142643 110.8
1289.4 105,.,5
1166, 4 100. 4
1054, 6 95,5
952. 1 90.8
85647 863
76741 81.9
68144 77.5
59745 7341
512.3 69l
418.2 bk

J. Phys. Chem. Ref. Dota, Vol. 8, No. 2, 1979
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Table 8. Viscosity and Thermal Conductivity Coefficients of Dilute

Gaseous Propane.

TEMPERATURE VISCOSITY THERMAL CONDUCTIVITY
KELVIN rg/lcmes) W/ (m+K)
149,08 39,9 642
160640 45.5 608
180.0 . 5046 7.5
200.0 5547 8.7
22040 6048 1044
26048 8641 1148 -
260.0 71,6 13.7
28040 7648 15.8
300.0 8242 1840
32040 87.6 20.2
340.9 9249 22.6
36640 98.3 25,0
300.0 1028 27.%
46049 108.8 30.0
42040 113.9 3246
44040 11940 3543
66040 126.1 3848
480, 0 12940 4.7
50040 133.9 L3

J. Phys. Chem. Ref. Data, Vol. 8, No. 2, 1979
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