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The Viscosity and Thermal Conductivity Coefficients for 

Dense Gaseous and liquid Methane 

H. J. M. Hanley, W. M. Haynes, and R. D. McCarty 

Cryogenics Division, Institute for Basic Standards, National Bureau of Standards, Boulder, Colorado 80302 

Data for the viscosity and thermal conductivity coefficients of dense gaseous and liquid methane 
have been evaluated. Selected data were fitted to a function derived in our previous work and 
tables of values were generated for temperatures from 95 to 500 K and for pressures up to 50 
MPa (,....., 500 atm). The uncertainties of the tabular values are estimated to be approximately 
3% and 5,% for the viscosity ~nd thermal conductivity coefficients, respectively. The contribution 
for the thermal conductivity enhancement in the critical region is included in the tables. Care 
has been taken to ensure that the calculated values are consistent with reliable equation.of·state 
data and also with dilute gas transport coefficients determined previously. 

Key words: Correlation; critical point anomaly; methane; tables; thermal conductivity coefficient; 
viscosity coefficient. 

1. Introduction 

The viscosity coefficient ('1]) and the thermal conduc­
tivity coefficient (A) of several fluids-argon. krypton. 
xenon, oxygen, and nitrogen----;have been correlated over a 
wide range of experimental conditions [1)1. The correla­
tion was recently extended to methane [2]. The object of 
this paper is to expand on reference [2] hy presenting 
tables and to give some further details of the correlation. 
We will follow closely the outline of referenc~ [1] in which 
criteria for evaluating systematically literature data were 
discussed and in which an equation for the viscosity and 
thermal conductivity coefficients was proposed. The criteria 
and equations will be. used here with only minimal com­
ments. 

2. Correlating Equations 

The correlations are based on the behavior of the trans­
port coefficients with respect to temperature (T) and 
density (p) according to the equations 

1](p,T) = '1]o(T) + 1]1(T)p + D..,,' (p,T) , (1) 

for the viscosity and thermal conductivity' coefficients, 
rp.~pp.r.tjvely_ Tn these eq1J~tions, 'rlo(T) and Ao(T) are the 

dilute gas values, '1]1 (T) and Al (T) represent first density 
corrections for the moderately dense gas, while D.r/ (p,T) 

1 Numbers in brackets indicate literature references. 
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and d)..'(p,T) are remainders. The term "ll(T) is given 
by the empirical expression 

'1)1 (T) = A + B [C - In (T / F) )2 • (3) 

and similarly for Al (T). The coefficients A, B, C, and F 
can be found from a fit of data but we set F = Elk where 
E is the energy parameter of the methane pair potential 
function and k is Boltzmann's constant. See section 3. 

The terms .6.'1]' (p,T) and D.A' (p,T) are expressed empiric­
ally by the relations 

+ OpO.5 (jf> + j6/T + j7/T2)] - l.O}, (4) 

and 

AA'(p, T) 

(5) 

The parameter () 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, 
pc~ 

(6) 

The coefficients, E, D, h ... j7' kl ... k7' are all to be 
determined from experimental data 
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598 HANLEY, HAYNES, AND McCARTY 

One sees that equations (I) and (2) are of the same struc­
ture 2 except that equation (2) includes the term AA~(p,T). 
This is included to take into account the known en­
hancement of the thermal conductivity coefficient in the 
neighborhood of the critical point [3]. (The viscosity 
coeffici~nt also shows anomalous behavior close to the criti­
cal point [4]. The anomaly is small, however, and is not 
included in the calculated values.) 

We have remarked in reference [I] that the form of 
equations (4) and (5) was independent of the nature of 
the fluids considered. The behavior of methane [2] is 
consistent with this characteristic. This apparent generality 
is a useful feature of the equations but, since they are 
empirical, each fluid should be treated on its merits with­
out prior prejudice. 

Equation of State 

The maj ority of transport coefficient data in the litera­
ture is reported in temperature-pressure coordinates but we 
emphasized [1] that a correlation of the coefficients should 
be preferably in terms of density rather than pressure. An 
accurate equation or'state is, therefore, essential to our pro­
cedure. The equation of state used here for methane is a 
modified Benedict-Webb-Rubin (BWR), which was intro­
duced and discussed in reference (5]. The equation is, in 
turn, based on the methane correlation of Goodwin [6]. 
The form of the BWR and values for its parameters are 
given in the appendix of the present paper. 

3. The Dilute Gas 

The dilute gas coefficients appear separately in equations 
(1) and (2). We have discussed the calculation of these 
quantities from statistical mechanics [7, 8, 9] and have 
shown, in particular, that statistical mechanics can give a 
cOllsistent representation of the transport prop~rties and 

the thermodynamic properties for a simple gas. 
Dilute gas transport coefficient data for methane have 

been listed and evaluated in reference [10]. Calculated 
values were obtained via the standard kinetic theory equa­
tions [9] using the m-6-8 pair potential function of 
Klein and Hanley [10]. This potential has the form 

4>(r) = m~6 [6 + 27'1 em r 
__ E_. [m _ -Y'(m-8)] (rm)6 _ "I' (rm)8, 
m-6r r 

(7) 

where r is; the intermolecular separation, € the maximum 

well-depth of the potential, and r m is defined according to 
the relation <p(rm ) = -E. Repulsive forces between mole-

Equation includes a contribution proportional to 8. unlike the corre-
)Iponding equation (equation (9) ) in reference [1]. In our earlier work with oxygen. 
nitrogen. and the rare gases. however, the data were either not sufficiently precise, 
or extensive to justify seven k coefficients. 
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cules are represented by a 1/ rm contribution, while attrac­
tive forces are represented by -1/r6 and -l/rs contribu­
tions; y' depicts the strength of the latter. Since we have 
discussed the application of kinetic theory to methane in 
reference [10] , details of the calculation procedure are 
omitted here. m-6-8 methane parameters are given in 
table 1. The dilute gas data were fitted to within their 

TABLE 1. Potential function parameters (equation (7» and critical 
point parameters for, methane. 

m 11 
y' 3.0 
Tm 4.101 X 1O-1Q ill (0" = 3.68 X 10-10 m) 

Elk =. 168.0 K 
Tc 190.55 K 
Pc = 4.5988 MPa (45.387 atm) 
pc = 0.1628 gl gm3 (10.15 mol II) 
molecular weight = 16.043 

estimated accuracy (approximately ± 2% for the viscosity 
coefficient and approximately ± 5 % for the thermal con­
ductivity coefficient). Recent work [53] has suggested, 
however, that the m-6-8 potential can . lead to small syste­
matic differences between theory and experiment at very 
low temperatures [T/(Elk) < 0.8] and at very high 
temperature [TI(E/k) > 20]. Accordingly we revise our 
estimate of accuracy for the dilute gas transport coefficients 
of methane for temperatures less than 150 K to 3 % and 
6% for the viscosity and thermal conductivity coefficient, 
respectively. Ely and Hanley have further discussed [9] the 
approximations introduced when a nonspherical molecule, 
such as methane, is regarded as spherical from the view. 
point of the pair potential. For methane, we have verified 
that thi5 assumption docs not effect the correlation of a 

single property (e.g., the viscosity) but effects slightly 
the consistency between calculated values of different prop­
erties. 

For computational convenience we fitted the calculated 
1]0 and Ao to a polynomial in temperature 

1]0 = GV(l)T-l + GV(2)T-2/a + GV(3)T-l/3 + GV(4) 

+ GV(5) Tl/3 + GV(6)T2/3 + GV(7)T +GV(8)T4/3 

+ GV(9)T5/3 (8) 

and similarly for '\.u, hut with coefficients GT (i) (i = 1 - - . 

9) replacing GV(i) in equation (8). Values of the coeffi­
cients are listed in table 2. 

4. Calculation of the Thermal Conductivity 

Coefficient in the Critical Region 

The quantity .~Ac appears as a separate term in equation 
(2) and represents the anomalous behavior of the thermal 
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TABLE 2. Parameters for the dilute gas equation (8). The uuit:; 
are: Temperature in K, viscosity in ,jlgj (cm . s), and 
thermal conductivity in m W j (m . K). 

GV(I) -2.090975 X 105 GT(I) -2.147621 X 105 

GV(2) 2.647269 X 105 GT(2) 2.190461 X 105 

GV(3) -1.472818 X 105 GT(3) -8.618097 X 1()4 
GV(4) 4.716740 X 1()4 GT(4) 1.496099 X 1()4 
GV(5) -9.491872 X 103 GT(5) -4.730660 X 102 

GV(6) 1.219979 X 103 GT(6) -2.331178 X 102 

GV(7) -9.627993 X 101 GT(7) 3.778439 X 101 

GV(8) 4.274152 GT(8) -2.320481 
GV(9) -8.141531 X 10-2 GT(9) 5.311764 X 10-2 

conductivity coefficient in the neighborhood of the critical 
point [3]. There is no doubt that AAc can contribute sig-

TABLE. 3. Selected references for ITlcthane. 

Estimated 
Approximate accuracy 

Authors experimental ,range ± % 

Viscosity 

Haynes [12] Saturated liquid 2% 
95-190K 

Giddings et al. [13] 283-410 K 2% 
Pressu'res to 54 MPa 

Barua et al. [14] 223-423 K 2% 
Pressures to 17 MPa 

Kestin and Leidenfrost [15] --296 K 1% 
Pressures to 15 MPa 

Boon and Thomaes [16] Saturated liquid 3% 
91-114 K 

nificantly to the value of the thermal conductivity coeffi- Thermal conductivity 

cient and has to be included in a correlation [1]. Conduc­
tivity data, however, in the critical region for methane 
are scarce and we prefer to obtain AAc by calculation. 

The calculation follows a procedure suggested by 
Senge.rs [3] anrl ~yp:m(Jp'(J hy Hanley, Sengers. and 
Ely [11] . Details are given in reference [11] , in 
section 3.2 of reference [1], and in reference [2], Our 
application to methane is given in appendix. C of reference 
[2]. 

5. Data Selection and Correlation 

Since the dilute gas coefficients, 'YJ:o and A.o, have been 
calculated previously [10], we considered here data for 
the dense gas and liquid regions only. A comprehensive 
search of the world's literature through 1975 turned up 
reference [12] t- [37] for the viscosity coefficient and 
references [38] - [49] for the thermal conductivity. Much 
of the data prior to 1970 are summarized in references 
[50] - [52]. The data reported in these papers were exam­
ined according to the criteria set out in section 2 of refer­
ence [1] . The data used for correlation purposes were 
chosen on, the basis of the procedure described in section 
2.3 of refere~ce [1], and table 3 gives the final choices with 
our accuracy assessments. 

We have shown that it is essential to have reliable data 
close to the saturated liquid boundary and for at least one 
high temperature (about 2 Tc) isotherm if equations (1) 
to (5) are to give a reliable correlation. Such data are 
available for methane. (Conversely, if data are available 
for the saLuraLt:u liquid Lounual'y and for one high tem­
perature isotherm only, equations (1) to (5) are excellent 
interpolatiQn functions.) 

The experimental coverage for the thermal conductivity 
coefficient of methane is perhaps the most extensive of any 
fluid due to the measurements of Mani [39], using a 
transient hot wire technique, and to those of Le Neindre 
[38], using a concentric cylinder apparatus. In the region 
of overlap, data from these two authors differ systemati-

Le Neindre [38] 298-723 K 4% 
Pressures to 100 MPa 

Mani [39] 139-400 K 3.5% 
Pressures to 60 MPa 

Ikenberry and Rice [40] 98-235 K 5% 
Prp.!;!;1lrp.s to 50 MPa 

cally by about two percent, which is within their estimated 
uncertainties. 

5.1. Parameters for Equations (3)-(5) 

The parameters for equations (3 ) - (5) were estimated 
by the least squares procedure outlined in section 3.1 of 
reference [1], using the selected data from. table 3, and are 
given, in table 4. As remarked, however, thermal conduc­
tivity data close to the critical point (from references [39] 
and [40]) were excluded from the fit; rather AAc was 
obtained by calculation [2]. 

5.2. Deviation Curves 

Representative deviation curves are shown as figures 
1-4. In every example the percent deviation has been 
defined as 

percent deviation = -=----=---~ X 100. 
expt. 

(9) 

The figures are self-explanatory and show that we have 
been able to fit the data. to within the estimated experi­
mental uncertainties w iLh· uut: po:s:siLle exception: namely, 
the calculated viscosity coefficient appears too low close to 
the critical point, see figure 1. Although it is possible that 
experimental error and/or incorrect density values con­
tribute to the deviation, it is more likely that the deviation 
is the result of a small enhancement in the viscosity close 
to the critical point [4], which is excluded from the corre­
lating equation.· This feature was also observed in our 
previous work [1]. 

J. Phys. Chern. Ref. Data, Vol. 6, No.2, 1911 
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TABLE 4. Parameters for equations (3)-(5). The units are: Density 
in g/cm3, temperature in K, viscosity in ~g/(cm' s), 
thermal conductivity in m W I (m . K). 

Viscosity 

A . 1.6%985927 
B - 0.133372346 
C 1.4 
F 168.0 

Equation ( 4) E 1.0 
it - 1.035060586 X 101 

h 1. 7571599671 X 101 

is - 3.0193918656 X 103 

j4 1.8873011594 X 102 

j5 4.2903609488 X 10-2 

j6 1.4529023444 X 102 

- U.2;'276292 

0.33432859 
1.12 

168.0 

Equation (5) D 1.0 
kl -7.0403639907 
ka 12.319512908 
k2 - 8.8525979933 X 102 

k4 72.835897919 
k5 0.74421462902 
k6 - 2.9706914540 
k7 2.2209758501 X 103 

VISCOSITY: Sntu,.oted Liquid 
6 • [12J 

z • o [16J 0 
i= 4 
<t 

> • W 0 Q 2 • 0 
f-
Z 0 
W • <.) 

0 0::: 
UJ 
a.. 

-2 
.1 .2 .3 .4 .5 

DENSITY,. 9 /cm3 

FrI'!TTRF. 1. Deviations between experiment and calculation for the 

viscosity of saturated liquid methane. 

6. Construction of Tables 

We constructed tables of values for the viscosity coeffi­
cient (table 5) and the thermal conductivity coefficient 
(table 6) from equations (1)-(5) with the parameters of 
table 4 using the equation of state in the appen~ix. The 

J. Phys. Chem. Ref. Data, Vol. 6, No.2, 1977 

VISCOSITY: 223K [14] 
2 

• 
0 

• • 
-2 

Z 0 .1 .2 .3 
0 

[13] 
~ 

283K • 
« 2 294K 0 [15] 
> • LaJ 
0 • 
t-
Z 
IJJ 
(,) 
0:: 
tJJ -2 a.. 0 .I .2 .3 

344K [13] 
2 

0 

-2~--~--~--~--~--~~ 
o .I .2 .3 

DENSITY, g / em3 

FIGURE 2. Viscosity deviations at several representative tempera­
tures. 

temperature range is 95 to 500 K. The pressures extend to 
50 MPa for temperatures less than 205 K, and to 75 MPa 
for temperatures between 205 and 500 K. These ranges 
sometimes correspond to a slight extrapolation of the data. 
The correlations, however, are based on the temperature­
density hehavior of the transport coefficients. Density is the 
Iiniiting variable. We therefore assured that a P·T entry 
in the table did not correspond to a density exceeding 
U.445 g/cm3 (27.S mole/l), which was the upper experi­
mental limit. 

For convenience we constructed table 7 which presents 
value:) fm the ~aturated liquid. 

6.1 Uncertainty of· the Tables and Extrapolation 

Our assessment of the correlating procedure of reference 
[1] led to the conclusion that the correlation does not give 
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THERMAL CONDUCTIVITY: 
120 K • [39] 

4 125 K [J , [40J 

[J 0 0 0 
'00 0 

0 

• I • 
, 

~ -~40 !t2 .44 
I- 4 ~ 140K [39] 
> w 
0 

0 
l- I z 
w 
() 

ffi -4.38 .40 .42 .44 
0.. 

175K CJ t4~1 
4 ISOK. 39 

o 0 
0) 

0 
, O. 

• 
-4 

.25 .30 .35 .40 
DENSITY, g/cm3 

1t5 

THERMAL CONDUCTIVITY: 
4 725 K [38J 

z -4
0 o 4 

I-
c:t 
> 

• • 

.I 

••• 
.2 

340K [39] 

~ o~----~----~~---.~----~ 
I-
Z 
~, - 4 ~---II_---L ___ --L.. ___ """" __ --" 

a:: 0 
~ 4 

.I .2 .3 .4 

300K [39] 

-4~~--~----~~----~------~ 
o I .2 .3 .4 

DENSITY 1 g/cm3 

FIGURE 4. Thermal conductivity deviations at representative tem­
peratures above 300 K. 

FIGURE 3. Thermal conductivity deviations at low temperature. 7. Conclusion 

rise to significant systematic deviations between calculated 
and experimental values of the transport coefficients. This 
conclusion is reinforced from this, work with methane. 
Hence, an estimate of the uncertainty of the tabulated 
values is essentially the e.stiInate of the uncertainty of the 
input data. (We note that the percentage of uncertainty 
given in table 3 and mentioned here is an assessment of 
inaccuracy.) For temperatures below 260 K, we assign an 
uncertainty of :t: 3 % to the tabulated viscosity values, 
± 5% to the tabulated thermal conductivity values. For 
temperatures above 200 K, the uncertainties are felt to be 
slightly less: ± 2% and ± 4%, rcapcctivcly. Cloae to the 
critical point, our viscosity values are probably too low by 
about 5% and our values forthe thermal conductivity have. 
an uncertainty of 150/0. Extrapolation of thp. tahlp.s is not 
recommended. 

A general equation, identical in form for both transport 
coefficients (excluding the critical point enhancement for 
the thermal conductivity coefficient), has been used to 
represent selected viscosity and. thermal conductivity data 
of methane from the dilute gas to the dense liquid. Param­
eters for the equation were determined by fitting experi. 
mental data. Comprehensive tables of transport coefficients 
are presented. 
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~ TABLE 5. Tabulated values for the viscosity coefficient of methane. The units for the viscosity are ,u.gj (cm's) 00 
'D 0 
':I" ~ 

~ 
P, MPa n 

::r 
1.0 1.5 2.i) 2.5 3.0 3.5 ~.o 5.0 (II T, K 0.1 J.5 ? 

;la 
~5 1793.2 ~ 

100 1563.7 1570.3 1578.4 1586.6 159!.t.8 1&:)3.0 1611.2 1& 19.4 1627.6 164~.1 
0 

105 1377.2 1333.2 1330.6 1398.1 l1t05.6 lit 13.1 1420.6 1428.0 1435.5 11+50.5 Q 

~ 110 1222.9 1?Z8 .. ~ 1235.~ 12~2.3 124q.2 125&.1 1263.0 1269.9 1276.8 1290 .5 
< 115 46.0 1G'Hl.4 110'+.9 1111.4 1117.9 1124+'.3 1130.8 1137.2 1143.6 1156.4 
~ 120 47.9 9a7.7 933.8 1000.0 100'>.1 1012.2 1018.3 10 24." 1030.5 1042.5 
~O< 125 ~9.8 f'92.0 897.9 903.8 90 9.7 915.6 921 ... 927.3 933.1 9 ..... 6 
z 130 51.6 808.3 81ft.l 819.9 825.& 831.3 837.0 842.& 848.3 859.1+ 
? 135 53.7 734.1 733.9 745.6 751.3 756.9 762.5 768.1 773.6 784.5 ....., 

1'+0 55.6 56.9 673.3 679.1 081+.8 630.5 696.1 701.6 707.1 717.9 
~ 1~5 57.5 'i8.8 512.9 618.8 &24.7 & 3 a.~ 636.1 &~1.7 6~7 .2 &58.1. 
..... 150 59.4 60.7 62.6 563.4 56~.5 575.5 581.4 587.1 592.8 603.9 ..... 

155 61.3 62.6 O~.~ 511.7 51'i.2 52~.5 530.7 536.7 542.1 554.1 
1&0 63.2 64.4 &6.2 68.5 469.5 ,+7&.4 483.1 '+89.5 495.9 508.0 ::E: 
105 65.1 66.3 O~.O 70.1 .22.0 429.9 '+37.4 "'+4.6 ~51.5 464.5 l> 
170 67.0 68.2 69.6 11.7 7~.4 383.4 392.3 '+00.6 408.4 '+23.0 Z 
175 68.9 7 L • 0 71.6 73.4 75.8 79.2 3'+5.5 355.9 365.4 382.'+ .... 

m 
180 70.8 71.9 73.3 75.1 77.3 8~.2 6~.5 306.6 319.8 3'+1.3 .:< 
185 72.6 73.7 75.1 76.8 78.9 /H .5 6~.9 90.3 263.0 297.2 ::E: 
190 7'+.5 75.5 70.9 78.& 8 i). 5 82.8 85.8 89.9 96.5 240.9 » 
195 76.3 77.3 76.7 80.3 82.1 8'+.3 67.0 90.'+ 95.1 121.0 -< 
200 78.l 7g.2 80.5 82.0 83.7 85.8 88.2 91.2 95.0 108.2 Z 

m 
!" 

P, MPa l> 
T, K 6.0 7.0 8.0 9.0 10.0 15.0 20.0 30. U ~O.O 50.0 

Z 
0 

95 ;: 
n 

lilO 1660.5 1617.0 1&93.5 1710.0 n 
105 1465.'+ 1"~O.4 1495.3 1510.3 1525.2 1599.7 » .,., 
l1i) 130'+.3 1318.0 1331.7 1345.4 1359.1 1'+27.0 1494.'+ -t 
115 11&9.2 11,'2.0 1.19C..7 1207.3 122tl.O 126Z.7 1344.4 1.65.2 -< 
120 105'+.0 1066.5 1078.5 1090.3 1102.1 11&0.5 1217.7 13 29.1 1436.1 
125 956.0 9&7.,+ 978.7 989.9 10 01.1 1056.0 1109.5 1213.1 1312.2 1'+ 07.1 
130 87C. '+ 8ft1.4 892.2 903.0 913.6 965.8 1016.3 1113.3 1205.1 1294.0 
135 795.2 805.9 61&. '+ 826.6 637.1 887.1 935.2 102&.8 1113.6 1196.2 
140 728.5 739.0 7'+9.3 159.5 769.5 818.0 S64.1 951.3 1033.2 1111.0 
145 &61i.8 o7g.2 689.4 699.5 709.3 756.1 SOl.3 88'+.8 962.7 1036.3 
150 &1~.7 f,25.2 635.4 645.5 &55.3 10Z.0 7'+5.5 62&.0 900.4 970.4 
155 5&5.2 516.0 580.4 59&.5 :,O~.,.. &SZ .8 695.5 773.& S'+5.1 912.0 
1&0 519.5 5.1G • 7 5'+1.4 551.1 561.7 oJ5.3 650.5 726.6 195.7 859.9 
105 '+76.9 488.5 '+93.7 510.4 520.7 551.8 &09.7 :, 8'+.4 751.3 813.2 
170 '+36.'+ 448.9 460.7 411.9 !t82.6 530.6 .572.& &46.1 711.3 771.2 
175 397.5 411.2 423.9 435.7 4'+ 7.0 49& .3 536.6 :, 11.4 67.5.1 733.2 
180 359.1 374.6 '386.6 401.'+ '+13.4 "6~.6 507.3 579.& 642.1 696.7 
185 320~Q 338.5 35,+.3 368.5 381.4 435.0 '+78.4 550.5 612.0 6&7.3 
190 277.9 301.6 32).4 336.5 350.7 407.3 1t51.6 523.8 584.5 638.6 
1~5 226.3 262.3 28&.1 304.') 320.9 381.3 '+26.7 499.1 559.1 612.2 
20 a 157.2 21t1.1 250.5 273.4 291.8 356.8 403.5 '+76.2 535.7 568.0 



TABLE 5. Tabulated values for the viscosity coefficient of methane. The units for -the viscosity are p.gj (em"s)-Continued 

P, MPa 

1, K 0.1 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 :, • 0 

20 :J 78.2 7'1.2 80.5 82.0 8 J. 7 gS.8 88.2 cH.Z '15.0 108.2 
205 80.0 fU.O 82.2 83.7 65.4 87.3 89.; 92.2 ClS.S 10 5.2 
210 81.8 1:\2.7 8~.O 85.4 67.0 ~8.6 90.3 93.4 96.3 104.2 
215 83.6 64.5 85.7 R 7.1 8'\ .6 ~O.4 92.3 ':14.& 97.2 104.1 
220 65.4 66.3 87.5 88.8 9).3 ~1.9 93.6 ':15.9 98.3 104&4 
225 87.2 86.1 69.2 90.5 ':11.9 33.5 95.3 97.3 99.5 105.0 
230 89.0 ~9.8 90.9 92.2 93.0 ~5.1 90.8 98.7 100.8 10 5.8 
235 ge.7 91.b 92.7 93.9 95.2 36.7 98.3 100.1 10 2.0 106.7 
240 92.5 <J3.3 94.4 95.5 96.B 38.2 99.8 101.5 103.4 107.7 
245 94.2 95.0 95.1 97.2 9 iJ. 5 ~g .8 101.3 102.9 104.7 108.8 
250 95.9 9&.7 ':17.7 98.9 10) .1 11l 1.4 102.8 104.4 106.1 109.<3 
255 '17.1 ql\.4 99.4 100.5 101.7 103.0 104.1+ 105.9 107.5 111.1 
2&1l ':19.4 lJ C • 1 101.1 102.1 10 3.3 lil4.5 105.9 101.3' 108.'1 112.4 .... 

::a 
265 101.1 11)1.8 102.7 103.6 10'+.9 106.1 107.4 106.8 110.3 113.& » 
270 102.7 103.5 104.4 105.4 10 0.5 107.7 108.9 110.3 111.7 114.9 Z 

CA 275 104.4 105.1 105.0 107.0 1 a 8.1 109.2 110.4 111.7 113.1 11&.2 "til 
280 106.1 10 0.8 '107.6 108.6 10g.7 11 0.8 111.9 113.2 114.6 117.5 0 
285 107.7 108.4 109.3 110.2 111.2 112.3 113.5 114.7 116.0 118.8 ::a .... 
290 109. ,. 11 0.0 110.9 111.8 112.8 113.8 115.0 11& .2 117.4 120.2 "til 
295 111.0 111.6 112.5 113.4 114.3 11'3.4 11& .5 117.6 118.9 121.5 ::a 
300 112.6 113.2 114.1 114.9 11'5.9 116.9 118.0 119.1 120.3 122.9 0 
310 115.8 116.,4 117.2 118.1 111.0 11 '1.9 120.9 122.0 123.1 125~& 

"til 
m 

320 119.0 119.5 120.3 121.1 122.0 122.9 123.9 124.9 12& .0 12R.3 ::a .... 
330 122.1 lZ2.6 123.4 124.2 125.0 12'3. ~ 126.8 127.6 128.8 131.0 iii 
34iJ 125.1- 125.7 126.4 127.2 128.0 128.8 129.7 130.& 131.6 133.7 CIt 

3'30 128.2 121\.7 129.4 130.1 130.9 131.7 132.0 133.5 134.4 13&.4 ." 

360 131.2 111.7 132.4 133.1 133.8 134.6 135.4 13&.3 137.2 139.1 0 ::a 
370 134.1 114.7 135.3 136.0 13;;.7 137.5, 138.2 139.1 139.'1 141.7 

~ 380 137.1 117.6 136.2 138.8 13 g.5 140.3 141.0 141.6 142.6 144.4 m 390 140.0 lr.0.4 141.0 141.7 142.1.t l!+3.1 143.8 144.6 145.3 147.0 -I 
L. 0 tl 142.8 1"3.3 143.9 144.5 14:; .1 145.8 146.5 147.3 148.0 14<3.& :x:: » £.10 145.6 146.1 145.7 147.3 147.9 1!t8.& 149.2 150.0 150.7 152.2 Z 
420 148." 1ft-8.9 149.4 150.0 15 tl.6 151.3 151.9 152.& 153.3 154.8 m 

~ ~30 151.2 151.€) 152.2 152.7 153.3 153.9 154.:; 155.3 155.<3 157.4 
"'U 440 153.9 154.3 15 •• 9 155.4 156.0 156.6 157.2 157.<3 158.5 159.9 
:7' 

450 156.& 157.0 157.5 156.1 15~. 6 159.2 159.~ 1&0.5 161.1 162.5 ~ 
4&0 15':1.3 lS9.7 1&0.2 160.7 1 & 1.3 1:' 1.8 162.1t 16,3.0 163.7 165.0 ("'I 
470 161.9 162.3 162.8 163.3 1&1.9 104.4 165.~ 165.6 16&.2 167.5 :r 

(II 

? 480 164.& 1&4.9 165.4 165.9 1 &5.4 151. a 167.5 168.1 168.7 169.9 
::Ill ~90 167.1 1&7.5 1&8.0 168.5 169. tl 15 9'.5 170.0 170. & 171.2 172.4 
(II 

500 169.7 ITC .1 In.5 171.0 171.5 17'2.0 172.5 173.1 173.6 174.8 :'" 

CI 
!! 
~ 

< 
~ 
~Oo 

Z 
~ 

~~ 

;0, 0-
0 

"I W 
~ 



~ TABLE 5. Tabulated values for the viscosity coefficient of methane. The units for the viscosity are ,pg/ (cm's}-Continued 0\ 
0 

." ". :I'" 

~ P, NPa 
n 
:I'" 

T, K &.0 1.J 3.0 9.0 10. a 1S.0 20.0 30.0 50.0 75.0 III 

~ 
;:ttl 2uu 157.2 21~.1 2,0.5 273.it 291.8 356.8 III 
:to 

20S 12&.1 11'2.5 2L3.9 2Ctl.9 26"3.3 333.6 
tJ 210 117.7 143.9 HO.5 211.3 235.9 311.6 361.5 a 
~ 21S 114.3 131.1 157.1 185.~ 21 J.9 2'31.4 342.5 
< 220 112.6 llS.2 1:'3.5 16&.& 18 g.g 272.4 324.8 
!?-- 225 112.2 122.1 135.9 153.~ '1 7~.6 255.1 306.3 
~ 230 112.2 1~O.5 131.6 145.7 162.2 239.5 293.1 369.1 
z 235 112.5 119.7 129.0 140.S 154.2 225.8 219.2 355.2 
~ 2 '+0 113.0 119.5 H7.5 131.2 148.7 213.9 266.5 342.3 
.~ 2lt5 113.7 11Q.o 126. & 135.0 144.9 203.9 255.0 330.3 
:0 2Sa 114.5 119.9 12&.2 133.7 142.3 1~5.5 244.6 319.2 
.... 255 115. It llC.4 120.2 132.9 14 J.5 186.6 235.7 308.9 .... 

260 116.4 1~1.0 1~&. '+ 132.5 139.4 182.9 227.7 299.4 
265 117.4 121.6 12&.6 132.1t 138.7 178.3 220.7 290.7 :r: 
27a 118.5 122.7 127.3 132.5 138.3 174.6 214.5 282.& 382.5 l> 
275 119.7 1l3.6 127.9 132 .~ 138.1 171.& 209.2 275.3 .373.8 Z 
2Sa 120.8 lZ4.5 126.7 133.2 138.2 159.2 204.& 268.& 365.6 ... 

m 
2aS 122.0 125.6 129.5 133.S 13 ~.5 1 & 7.3 200.7 2&2.5 358.0 ... -< 
291) 123.2 126.0 130.3 134.1t 13 ~.S 105.8 197.3 256.9 350.8 :r: 
295 124.5 127.7 131.3 135.1 13Q.3 1&4.6 194.4 251.9 344.0 » 
300 125.7 128.8 132.2 135.3 13'3.'3 163.8 191.9 247.3 337.7 -< 
310 128.2 131.1 134.2 137.& 141.3 1&2.7 188.0 239.4 32& .• 2 Z 

m 32,) 130.8 1l3.5 136. '+ 139.~ 142.6 152.3 185.3 233.0 316.1 Y' 
33J 133.3 IJ5.9 138.6 141.~ 144.6 152.5 163.5 227.8 307.3 388.3 » 340 135.9 136.3 1ttu.9 143.& 146.5 153.0 182.3 223.6 299.5 378.4 Z 
350 138.5 IltO.8 I1t3.2 145.7 148.4 163.9 181.7 220.3 292.8 369.5 0 
36) 141.1 1'+3.2 1+5.5 1'+7 .~ 150.5 164.9 161.5 217.7 286.9 361.5 

~ 37 a 143.7 145.7 147.9 150.2 152.6 1&6.1 181.7 215.7 281.8 354.2 n 
380 146.2 146.2 150.3 152.5 154.7 1&7.5 182.2 214.1 277.4 347.7 n 
39) 148.8 1liO.7 1~2. 7 154.7 156.9 1&9.0 182.8 213.1 273.6 341.8 » 

" 40) 151~3 11:)3.1 155. a 157. D 15 ~.1 170.6 183.7 212.3 Z 7 0.3 336.5 -I 

41l 15:!.9 IS5.6 157.4 159.3 161.3 172.3 184.7 211.9 267.5 331.7 -< 
42u 15E.4 158.1 159.8 161.7 1630& 174.1 165.9 211.6 Z6S .1 327.4 
43~ 15e .'9 160.5 162.2 1&4.0 1&~.8 1.75.9 187.1 211.9 263.1 323.5 
44) 161.4 163. () 164.6 166.3 1 E) 8.Q 177.7 188.5 21Z.1 261.4 320.1 
45~ 1&3.9 165.4 167.0 168.6 17J.3 . 119.6 189.9 212.6 260.0 317.0 
46~ 1&6.3 107.8 103.3 170.9 172.5 Id 1.5 191.,+ 213.2 258.9 314.2 
47~ 1&B.6 170.2 171.7 173.2 174.8 1'33.4 lQ3.0 213.9 258.0 311.8 
48~ 171.2 172.6 17'+.0 175.5 177.0 185.3 194.6 214.7 251.3 309.6 
490 173. & 175.0 17&.3 177.S 179.2 187.3 196.2 215.& 256.9 307.7 
sao 176.0 11703 178.7 180.0 161.5 1 'l9. 3 197.9 216.7 256.5 30 &.0 



TABLE 6. Tabulated values for the thermal conductivity coefficient of methane. The units are roW / (ro' K) 

P, MPa 
T, K 0.1 0.5 1.0 1.5 Z.c 2.5 3.0 3.5 't.O 5.0 

95 215.51 
UO ~O&.19 20&.02 207.16 207.69 208.23 208.76 209.29 209.82 210.35 211.'t1 
105 197.31 191.75 196.30 198.86 199.40 199.95 200.50 201.04 201.59 202.67 
110 188.60 lelJ.25 189.82 190.39 1~ O. q5 191.52 192.08 192.6't 193.19 19't.30 
115 13.58 11'1.0& 181.64 182.23 182.81 183.,40 183.97 184.55 185.12 186 ~ 26 
120 14.14 173.11 173.72 17't.33 17 't. 94 175.54 176.1't 176.74 177.l3 178.51 
125 1't.70 1f)'.36 16&.01 1&6.65 1&7.28 1;7.<]1 166.53 16<].16 169.77 170.99 
13C 15.26 157.77 158.1t5 15<].13 159.60 1&0.1t& 1&1.12 161.77 162.1t1 163.69 
135 15.82 150.29 151.02 151.74 152.45 153.15 153.85 154.54 155.22 156.56 
140 1&.38 17.66 1,.3.65 144.43 145.19 145.95 146.69 1,. 7.43 148.15 149.58 
145 16.94 18.17 13&.29 137.1" 137.<]8 136.80 139.60 140.40 141.18 142.70 
150 17.49 18.& 8 20.10 129.83 130.75 131. &5 132.54 133.40 134.25 135.90 

ooot 155 18.05 1<1.20 20.5" 122.38 1!1."3 121+.45 125.43 1'2&.39 127.33 129.14 ~ 
160 18.60 19.72 21.00 22'.51 115.92 117.09 118.21 119.30 120.35 122.36 » 
105 1<] .15 29.24 21.4& 22.85 108.07 10~."6 110.78 112. D3 113.24 115.52 Z 

'" 170 19.70 20.16 21.91t 23.23 Z4.<]1 101.42 103.02 10,..52 105.93 108.56 "'D 
115 20.25 21.28 22.41 23.63 2 5 .13 27.38 94.92 ~6. 74 98.43 101.48 0 

~ 180 20.80 21.61 22.90 2,..05 25.42 27.28 30.,.7 88.92 <] 0 .91 94.4,. .... 
185 21.35 22.33 23.39 24.1t9 25.75 27.3& 29.73 3,..24 84. 04 87.80 "'D 
lc}O 21.<]0 22.86 23.86 24.93 2&.11 27.54 2<].47 32.47 38.2<] 82.03 ~ 

195 22.45 23.39 24.38 25.39 26.49 27.78 29.43 31.72 35.28 59.45 0 
"'D ZOO 23.01 2J.92 24.88 25.85 26.88 28.01 29.51 31.38 33.98 44.24 m 
~ 

P, MPa in 
'" T, K &.0 7.0 8.0 9.0 10.0 15.0 20.0 30.D 40.0 50.0 "'II 
0 

95 ~ 

100 212.46 211.51 214.5& 215.59 ~ 105 203.74 204.81 205.86 206.<]4 207.')Q 213.16 m 
110 195.40 196.50 197.58 198.66 199.74 205.00 210.09 

.... 
% 

115 181.39 18S .51 189.63 190.73 1~1.63 197.18 202.3" 212.10 » 
120 179.67 180.83 161.97 163.10 184.22 189.68 1<]4.91 204.78 213.92 Z 
1Z5 172.20 173.39 174.57 175.14 176.89 182.47 187.79 197.77 206.9<] 215.52 

m 
!-
-a 130 164.95 166.1<] 167.ltl 168.61 1& 9.80 175.53 180.96 191.Q7 200.35 208.94 :r 135 157.88 15'i.17 1&0.45 161.70 1&2.93 loS.84 17't.38 184.6" 194.01 202.66 ~ 140 150.97 152.33 153.66 15,..97 156.26 1&2.37 168.05 178.,.8 187.94 196.65 n 145 144.18 14'i.63 147.03 148.41 149.76 15 &.11 1&1.96 172.57 182.14 190.91 :r 
CD 150 137.49 139.04 1,.0.53 141.99 143.41 150.04 156.07 166.<]0 176.58 185.42 a 

155 130.87 132.53 13,. .13 135.69 137.19 144.1,. 150.39 161.46 171.27 180.16 :ICI 
100 124.26 126.08 .127.81 129.48 131.09 138.41 14,..89 15&.23 166.17 175.16 CD 

:"" 

0 
1&5 117.&4 l1q.64 121.53 123.34 125.07 132.83 139.57 151.21 1& 1. 30 170.37 

CI 170 110.96 113.1<] 115.28 117.25 11 <] .12 127.38 13,..41 11+6.37 156.62 1&5.78 '1 175 104.23 106.73 109.04 111.21 113.21+ 122.06 129.42 141.72 152.1,. 1&1.40 < 180 97.53 100.32 102.87 105.24 107.1t5 11 &.87 124.57 137.25 147.85 157.20 0 
:- 165 91.17 q4.18 9&.<]2 99.45 101.82 111.82 119.88 132.94 143.13 153.18 !J' UO 85.43 "8.58 91.42 9,..05 90.50 10 &. 94 115.34 128.79 139.78 149.34 z 195 7<].82 83.46 8&.50 89.18 91.00 102.31 110.<]8 124.61 135.99 1lt5.65 fJ 200 68.45 77.54 81.&0 84.09 87.28 97.<]9 106.82 120.'98 132.36 142.13 .!" 

~ 0-
0 ..... 
\II ..... 



~ TABLE 6. Tabulated values for the thermal conductivity coefficient of methane. The units are m W / (m' K) -Continued 0-
0 

~ ----- --~----~-.. 0-
:r 
~ 
n P, MPa 
:r 

0.1 0.5 1.0 1 .. 5 2.j 2.5 3.0 3.5 4.0 5.0 ID T, K ? 
::ICI 200 23.01 21.g2 24.88 25.a5 26.88 26.07 29.51 31.38 33.<)8 44.24 ID ... 

2u5 23.56 2".46 25.39 26.32 27.30 2 S.40 29.68 31.27 33.32 40.01 
c 210 24.12 25.00 25.91 26.S0 27.73 28.75 29.91 31.29 32.99 37.94 Q 

1 215 24.6~ 2,.54 26.42 27.Z6 28.17 ? ~.12 30.19 31.41 32.86 30.78 
< 221l 25.25 26.09 20.95 27.78 28.62 29.52 30.51 31.61 32.87 30.10 
~ 225 25.62 26.oCt 27.46 28.l8 29.09 29.9" 30.86 31.86 32.98 35.73 
!'" 230 2 fie 4 0 21.20 26.02 26. T9 29.57 30.38 31.24 32.16 33.17 35.56 
z 235 20.98 27.77 28.5& 29.32 30.07 30.84 31.64 32.50 33 •• 3 35.55 
!> 240 27.56 28.33 29.11 29.35 30.57 31.31 32.08 32.88 33. T .. 35.65 
~t.) 245 28.15 Z~.91 29.&1 30.38 31.09 31.60 32.53 33.29 34.09 35.84 
:0 250 28.75 ZQ.49 30.24 30.93 31.61 32.30 33.00 33.72 .34.48 36.10 

" 255 29.35 30 .. 06 30.81 31 •• 9 32.15 32.82 33.49 34.18 34.89 36.42 .... 
2&11 29.9& 30-.66 31.39 32.06 32.70 33.31t 33.99 34.66 35.34 36.78 
2&5 30.51 31.28 31.96 32.63 33.26 33.66 34.51 35.15 35.81 37.17 X 
270 31.19 31.69 32.56 33.l1 33.83 34.44 35.05 35.66 36.Z9 37.60 » 
'275 31.62 3Z.5Q 33.16 33.80 31t .40 35.00 35.59 36.19 3&. SO 38.06 Z 

r-
260 32.45 33.13 33.79 31t.ItO 34.99 35.57 36.15 36.73 31.32 36.53 m 
265 33.09 3l.76 34.41 35.01 35.59 35.15 36.72 37.28 37.46 39.03 .:< 
29::1 33.74. 34.40 35.04 35.63 36.19 36.75 37.30 37.85 38.H 39.54 :s: 
295 34.40 35.04 35.68 36.l5 36.81 37.35 37.89 36.43 3 6 .~1 40.07 » 
JilO 35.0& 35.69 36.32 36.49 37.43 37.96 38.49 39. Ql 39.54 1t0.61 -< 
310 3&.40 31.0Z 37.63 38.18 38.70 39.21 39.i2 40.22 40.72 41.71t Z 

m 
320 37.18 38.38 36.97 39.~O ItO.D1 1t0.50 1t0.98 1t1.47 41.95 42.92 Y' 
330 39.18 3<).77 40.34 40.&5 1t1.34 '+1.82 42.29 42.75 43.22 '+4.11t » 
3ltO 40.61 41.18 41.74 '+Z.Z4 '+2.72 1t3.18 43.63 44.08 4'+.52 45.41 Z 
350 '+2.07 42 •. &3 ,+3.17 43.6& 41t.12 44.57 1t5.00 1t5.44 45.87 46.12 C 
360 "3.55 4ft.10 44.63 45.11 45.56 '+5.99 46.41 It6.63 47.2·5 46.01 ~ 37D 45.07 45.61 40.12 1t6.S8 1+7.02 1t7.44 '+7.85 48.26 48. &6 Itg.4& n 
380 .. 6.&1 "1.14 47.64 "8.39 1t8.52 ·1t8.93 1t9.33 49.72 50.11 50.88 n » 39iJ 48.18 48.70 49.19 1t9.63 50.04 50.44 50.81 51.21 51.59 52.34 "" 400 49.76 50.28 50.76 51.19 51.60 51.99 52.36 52.74 53.10 53.83 ~ 

-< Itl0 51.40 51.89 52.36 52.18 53.1S 53~56 53.93 54.29 54.64 55.35 
r.ZO 53.0" 53.52 53.99 54.40 5'+.78 55.15 55.51 55.81 50.Z2 56.90 
r.30 54.71 55.18 55.64 56. ae. 56.42 5&.78 57.13 57.47 51.&1 58.lt8 
Itlt&) 56.1t0 56.87 57.31 57."'0 56.07 56.43 56.77 59.11 59."4 60.09 
450 58.11 55.57 59.01 59.39 59.75 50.10 60.C.,. 60.17 61.89 61.72 
.. 60 59.85 60.30 60.72 61.10 61.46 S1.80 62.13 62.45 62.76 63.38 
+70 61.60 6Z.04 &2.46 62.a4 r,3.18 63.52 53.8" 64.15 64.it6 65.07 
c.80 63.37 61.61 64.22 64.59 &4.91 &5.26 65.57 &5.68 &6.18 66.77 
'+90 65.17 &15.60 66.00 66.36 6&.70 57.02 67.32 67.63 67.92 68.50 
500 66.98 61.40 67.80 68.15 68.48 66.79 &9.10 09.39 69.68 70.Z5 



TABLE 6. Tabulated values for the thermal conductivity coefficient of methane. The units are mW /(m·K)-Continued 

P, MPa 
T, K t.O 1.0 6.0 q. J 10.0 15.0 20.0 30.a 5 0.0 75.0 

200 68.45 77.1J 4 81.66 64.&9 87.28 97.99 
205 53.48 6~.J6 75.53 79. ~5 82.98 94.02 
21Q 46.33 56.03 67.51 73. ~2 78.09 90.33 99.22 
215 42.12 51. J 3 59.18 &6.34 72.3& 80.15 15.73 
220 40.&4 4n.73 53.81 &0.S7 6b.38 83.09 92.51 
225 39.36 44. e 6 49.63 550 .. 6 30.99 79.27 69.34 
230 le.58 4l.34 46.80 51.57 56.59 15.35 80.20 101.42 
235 3f:l.12 41.24 '+4.89 48.94 53.20 71.53 83.06 96.69 
240 37.90 40.55 43.61 47 .~2 50.b8 66.00 SO.Cz 96.0S 
245 3i.65 4D • it; 42.78 45.70 48. R6 0:".90 77.08 93.58 
250 37.92 3ea.97 42.27 44. ~2 47.57 52.27 74.36 91.19 
255 38.09 31.'15 42.00 44.25 4&.69 6J .11 71.qa 88.92 
260 3~.J3 4D.04 r,.1.90 43.93 !t6.11 5~.37 &9.74 86.78 -t 

;Q 
265 3S.64 40.22 41.93 43.78 45.76 56.99 67 .. 87 84.79 » 
270 38.99 4il.41 42.06 43.71 45.58 55.92 60.26 82.96 106.47 Z 

en 275 3lii.36 40.78 "2.27 43 .,~6 45.54 5;.11 &1t.9,+ 61.29 104.75 ." 
260 3<3. &-0 41.13 42.5'+ 4'+. )3 '+5.bO 5'+.50 &3.83 79.79 103.14 0 
285 40.Z4 41.52 "2.86 1t4.27 1+5.75 54.01 &2.ql 76.44 101.62 ::a .... 
290 '+0.71 itt.C)4 43.21 44.55 45.q5 53.78 62.16 77.21t 100.19 ." 
295 41.20 42.38 43.61 44.a8 !t6.21 53.60 &1.5& 76.18 98.80 ;Q 

30a 41.71 4Z.~5 44.02 45.25 46.C:;2 53.52 61.()9 75.24 91.62 0 
310 42.76 43.84 1t4.94 46. a7 1+7.23 53.59 60.47 73.71 95.41 

-a 
m 

320 43.90 44.q C 45.93 4&.99 48.01 53. qO 00.20 72.56 93.53 ;Q .... 
330 45.06 46.03 47.00 41.99 r.q .ca 5tt.4Q &0.20 71.79 91. q6 112.50 1ft 
3'+0 46.30 41.21 1+6.13 49.0& 50.02 55.05 6Q.4'+ ., 1. 30 90. &1 110.83 en 
350 '+7.58 48.44 49.31 50.20 51.10 55.83 60.65 71.0& 89.66 109.39 ." 

3&0 '+8.69 4g.12 50.56 51.~O :; 2.26' 56.72 51.43 71.04 88.88 108.17 0 
;Q 

370 50.25 51.1i 4 51.84 52.65 53.47 57.70 &2.13 71.22 88. J2 107.14 
~ 380 51.64 52.41 53.18 53.95 54.73 58.7& &2.9& 71.5& 87. q7 10&.31 m 330 53.08 53.61 54.56 55.30 ; 6.05 ; 9. 89 &3.68 72.05 87.30 105.6& .... 

400 5Lt.51t 55.2& 55.97 56.&9 57.41 61.09 64.89 72.66 87.79 105.17 :::z: » 1+10 5E.04 5&.73 57.43 58.12 56.81 &2.34 &5.97 73.40 81. q4 10'+.84 Z 
'+20 51.51 55.25 58 .. 91 59.58 &0.26 63.65 &7.13 74.24 86.23 104.66 m 

~ 430 59.11t e;q.79 60.44 &1.09 61.73 65.01 68.35 75.16 68.6'+ 104.62 
"'I: 440 60.73 61.36 61.99 62.62 &3.25 0&.42 &9.63 76.16 89.17 104.71 ::7' 

~ 450 62.35 GZ.<:l6 &3.58 64.1.9 :, '+.80 & 7.80 70.97 71.26 Sg. SO 104.91 
(i 

!tOO 63.99 64.59 &5.19 65. rs 66.38 59.35 72.35 76. '+2 90.53 105 .23 
:r 47Q 65.66 66.25 66.83 67 .~1 & 7.98 70.P.7 73.77 7 g. &4 91.35 105.65 CD 

P 480 61.35 67.93 68.49 69.0& 69.62 12.42 75.24 80.91 92.26 106.11 
JIll 490 6«3.0-1 f':t<J.63 70.~8 70.73 71.28 74.01 76.14 62.24 93.23 106.78 
CD 500 10.S1 71.35 71.90 72.1t3 72.97 7:1.63 78.28 83.61 94.28 107.47 =" 
ICI a 
.? 
< 
~ 
~o. 

z 
!:I 
~ 

=0 
C)I 
0 .., 
...... .., 
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TABLE 7. Transport coeffidt:l1l:; uf :;aluraLt:d. liquid. methane. 

95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 

. Density, 
mol/l 

27.789 
27.367 
26.934 
26.491 
26.035 
25.566 
25.081 
24.578 
24.055 
23.508 
22.932 
22.322 
21.672 
20.971 
20.206 
19.356 
18.386 
17.226 

'15.690 
12.485 

I 

Viscosity, 
JLg/(cm . s) 

1792 
1563 
1377 
1223 
1094 
984 
889 
807 
734 
669 
611 
558 
509 
464 
421 
380 
340 
300 
256 
187 
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TRANSPORT PROPERTIES FOR METHANE 

Appendix 

Methane Equation of State 

The equation of state used in the work is that reported 
by McCarty it:! referenc~ [5]. The form of the equation. 
and its parameters are reproduced in this appendix. 

The equation of state is given by the following functional 
form: 

P = pRT + p2 (NIT + NzT'h + N3 + N4/T + NsT2) 
+ p3 (N6T + N7 + N8/T + N9/T2 ) 
+ p4 (NlOT + Nll + NiZ/T) + P5 (N13 ) 
+ p6 (N14/T + N15/f2 ) + p7 (Nlf'.T) 
+ p8 (N17/T + NI8/TZ ) + p9 (NI9T2) 
+ p3(Nzo/T2 + N,21iT3) exp (_yp2) 
+ ps (Nzz/T2 + N'23/1'4) exp ( - yp:':) 

+ p7 (N24/T2 + N2S/T3) exp ( - yp2) 
+ p9 (N26/T2 + NZ7/T4) exp (_yp2) 
+ pH (NZ8/T2 + N'29/T fl.) exp ( yp2) 

+ pi3 (N30/T2 + Ns1/Ta + NS2/T4) exp (_yp2) 

where, to he consistent with refeTp.nr.e [5], P is in atmos­
pheres, p is in mol/l; and T is in kelvins. 

The coefficients are 

Nl ~ 1.8439486666 X 10-2 

N2 1.0510162064 
Na -1.6057820303 X 10 
N4 8.4844027562 X 102 

'Ns 
N6 
N1 
N8 
N9 
NlO = 
Nll = 

NI2 = 
Nia = 

'N14 = 
NIS = 
NI6 = 
NI1 = 
NI8 = 
NI9 = 
Nzo = 

N21 = 

NZ2 

N23 = 

NZ4 -

Nzs = 

NZ6 
N27 = 
NZ8 = 
NZ9 = 

Nao = 

Na1 = 

Naz = 

y 
R = 

609 

-4.2738409106 X 104 

7.6565285254 X 10-4 

- 4.8360724197 X 10-1 

8.5195473835 X 10 
-1.6607434721 X 104 

-3.7521074532 X 10-5 

2.8616309259 X 10-2 

- 2.8685285973 
1.1906973942 X 10-4 

- 8.5315715699 X 10-3 

3.8365063841 
2.4986828379 X 10-s 
5.797453-1455 X lQ-6 

-7.1648329297 X 10-3 

1.2577853784 X 10-4 
2.2240102466 X 104 

- 1.4800512328 X 106 

5.0498054887 X 10 
1.6428375992 X 106 

2.1325387196 >< 10-1 

3.7791273422 X 10 
1.1857016815 X 10-5 

- 3.1630780767 X 10 
-4.1006782941 X 10-6 

1.4870043284 X 10-3 

3.1512261532 X 10-9 

-2.1670774745 X 10-6 
2.4000551079 X 10-5 

0.0096 
0.08205616 
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