A Correlation of the Viscosity and Thermal Conductivity Data of Gaseous and
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Data for the viscosity and thermal conductivity coefficient of gaseous and liquid ethyl-
ene have been evaluated and represented by an empirical function, developed in previous
work. Tables of values are presented for the range 110-500 K for pressures to 50 MPa
(=500 atm). Both the viscosity and thermal conductivity coefficients are estimated to have
uncertainties of about + 5% increasing to 10% in the dense liquid. It is stressed that the
data base could 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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A4, critical region excess viscosity

Jji{i=VLT7),E viscosity equation parameters

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

Ao dilute gas thermal conductivity

Ay - thermal conductivity first density correlation
AL excess thermal conductivity

AAr’ dense gas and liquid thermal conductivity
A4, critical region excess thermal conductivity

ki = 1,7),D thermal conductivity equation parameters
GT ()i = 1,9) dilute gas thermal conductivity equation pa-

~ameters
M molecular weight
N, Avogadro constant

1. Introduction

We have published several papers in this journal on the
viscosity and thermal conductivity of pure fluids including
ethane' and propane.? The purpose of this paper is to corre-
late the available viscosity (77) and thermal conductivity (4 )
coefficient data of ethylene and to present tables of values of
arange of pressure (P ) and temperature (7" ): specifically, pres-
sures to 50 MPa and temperatures between 110 and 500 K.

Ethylene is a common and industrially important fluid.
‘Thereisaneed for a correlation Since previous work general-
1y covers only a limited experimental range and/or discusses
only one of the coefficients.> Also the equation of state and
the thermodynamic properties of ethylene have recently
been studied in depth® so a transport correlation is a timely
adjunct to this latter work. Unfortunately, as is so often the
case for all but the simplest fluids, data that are both reliable
and cover a wide range of experimental conditions are not
available. Several authors have pointed out that new mea-
surement techniques have led to a renewed interest in trans-
port properties but much of the data for ethylene is old and,
although data should not be judged solely on their age, can-
nol in general be considered authoritative by the standards
of the last ten years or so.

The viewpoint of this work is to examine the available -

transport data and correlate them based on our experience
with previous fluids. The procedure and the correlating
functions introduced in Ref. 5 will be used. The tables are
presented with the reservation that they will have to be re-
vised -when more accurate and wide-ranged data become
available and that the functions themselves should be reexa-
mined. (We do remark, however, that it is convenient for a
user to have a given set of functions applicable L0 many
fluids, even at the risk of some overfitting of the data.) The
discussion here is abbreviated since it follows that of Refs. 1
and 2 very closely, and we refer to Ref. 5 for details of the
criteria applied to evaluate the data critically.

2. Correlating Equations

The correlation for ethylene was based on the behavior®
of the transport coefficients with respect to temperature (T)
and density (p) according to the equations
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k Boltzmann constant
L4 intermolecular pair potential
m,y’,0,r,,,d,€ potential parameters

A,B,C.F first density correction equation parameters

o viscosity and thermal conductivity equation
variable

* reduced variable superscript

c critical point variable subscript

xo5.E 1, E,,8,y scaling parameters for the compressibility in
the critical region

R length parameter in the critical point equa-
tion

alsox, yr, B, I, £, &y, v, h (x), AT *, Ap*,
Egs. (10}19) for the critical enhancement.

T.,p., Fusedin

7, T) =no(T) + (T )p + A9'(p,T) + A7n.(p,T), (1)
Ap,T) = AT) + A4(T)o + A4 '(6,T) + A2 (p:T), (2)

for the viscosity and thermal conductivity, respectively. In
these equations, 747"} and A4(T') are the dilute gas values;
7:(T) and A,(T') represent first density corrections for the
moderately dense gas; while A7’(p,T’) and 44 '(p,T’) are re-
mainders. The term 77,(7’) is given by the empirical expres-
sion

W) =4+ B[C—In(T/F) 3
and similarly for A,(T’). The coefficients 4, B, C, and Fcan be
found from a fit of data, but we set F = e/k, where € is the
energy parameter of the ethylene pair potential function (see
Sec. 3.1) and k is Boltzmann’s constant.

The terms A%'(p, T ) and AA '(p,T') are expressed empiri-
cally by the relations

A7, T) = E expl jy +j/ T 1{explp®(jo + i/ T*?)

+ 6p°(js +Jjo/ T +j./T?]1 — 1.0}, 4
and
AL '(p,T) =D explk, + ko/T ]{explp®'(k, + ks/T>7)

+ 6p°?ks + ko/T + k;/T*] — 1.04. (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 p, :

6=(P"Pc)/Pc- (6)
The coefficients, E, D, j,, ..., j, ky, ..., k,, are obtained from
experimental data.

Finally, Eqgs. (1) and (2) include the terms 47.(p,T") and
4A, (p,T), respectively, to account for the known enhance-
ment of the coefficients in the vicinity of the critical point
{although A7, will be set equal to zero in this work).

2.1. The Equation of State

As discussed in our previous work, the Egs. (1)}-{6) in-
troduce the density: the data are thus correlated as a function
of temperature and densily rather than the perhaps more
convenient variables temperature and pressure. The equa-
tion of state is an integral part of the correlation and that
used here is the recent modified Benedict—-Wehb—Rubin
(MBWR) discussed in full in Refs. 4 and 7. The form of the
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MBWR and values for its parameters are given in the appen-
dix. :

3. Data

A search of the literature yielded the (oHowing refer-
ences which reported experimental data; excluding some
fragmentary or very incomplete results they are Refs. 8-32
for the viscosity and Refs. 33-52 for the thermal conductiv-
ity. The papers were evaluated by the procedure discussed in
Ref. 5, namely, we relied strongly on the following: a check
of the density (if it is reported) via the MBWR equation of
state given the pressure and temperatuie; an €xtrapolation of
dense gas and liquid data to the dilute gas limit and a subse-
quent comparison with selected dilute gas data {see Sec. 3.1);
a plot of the excess functions 47(p,T’) and 44 (p,T") versus
density. The excess function is defined by Anlp.T)

= 7(p,T’) — 9o(T) and similarly for the thermal conductiv-
ity. It has been shown to be a significant quantity in that it
reveals discrepancies between authors and discrepancies
within a given data set, and provides a check on the antici-
pated temperature and density dependence of the coeffi-
cients. We also relied on subjective criteria based on our
experience with fluids other than ethylene: (1) how the au-

thor compares with modern data, (2) how our functional

forms Egs. (3}—(5) fit the data. Since these forms have worked
for many fluids, it would be expected that they would also
work for ethylene, and (3} if the author’s estimate of accuracy
was consistent with ours. Of course the bias in this argument
is realized but we feel it is a workable procedure until further
data become available.

Asin our previous work, we consider the dilute gas, the
dense gas and liquid, and the critical region separately.

3.1. The Dilute Gas

The data of Kestin ez al.%*> are considered authoritative
and are estimated to have an accuracy of + 0.3% and
formed the basis of the dilute viscosity fit. They cover the
range 296-477 K but we have extended this range slightly by
including adjusted data of Trautz er al.'®' following the
procedure of Ref. 5. The data, Table 1, were then fitted to the
functional form

No=GV()T~* + GV QT ~#* + GV (3T 1

TABLE 1. Selected references for ethylene

Approximate
experimental range

Viscosity—Dilute gas

Kestin et al. (Refs. 8 and 13)
Trautz et al. (Refs. 10-12)

296-477TK
194-525 K

Viscosity—Dense gas and liquid

Comings et al. {Refs. 21 and 22)

- Felsing and Blankenship (Ref; 23)

Golubev et al. (Refs. 14 and 25)
Neduzhii and Khmara (Ref. 15)
Rudenko (Ref. 31)

Gerf and Galkav (Refs. 27 and 28)

303-368 K

Pressures to 17.3 MPa
303-323 K"

Pressures to 18.6 MPa
297423 K

Pressures to 81.1 MPa
193-297 K

Pressures to 3.9 MPa
111-168 K

Saturated liquid
105252 K

Saturated Liguid

Thermal conductivity—Dilute gas

Several authors (Refs. 33-49)

186673 K

Thermal conductivity—Dense gas and liquid

Lenoir and Comings (Ref. 43)
Keyes (Ref. 44)

Neduzhii ef al. (Ref. 46)
Kolomiets (Ref. 47)

Borovik (Ref. 51)

Borovik {Ref. 50)

314-340 K

Pressures t0 22.9 MPa
345426 K

Pressures to 1.5 MPa
250400 K

Pressures to 4.0 MPa
180480 K

Pressures to 50.0 MPa
171K

Pressures to 5.3 MPa
113-273K

Saturated liquid

where GV{1), ..., GV (9) are empirical coefficients. A devi-
ation plot is shown in Fig. 1, where in this figure (and else-
where) we give the percent deviation as

+ GV (4) + GV (ST + GV (6)T* nlexp) — p(eale) ®)
+ GV (T + GV ®IT* + GV (9)T*", ) 7(exP) ‘
g o '
E i 4
- %a - ° ’
g o T * f E ¢
- i x O 4 "
E - Dilute Gas Viscosity
g = ' '
& 300 400 500
o

TEMPERATURE, K

x [8], 4 (101, + 1], 0 [12], @ [13]

FIGURE 1. Deviation plot between dilute gas viscosity data and values calculated from

Eq. (7).
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FIGURE 2. Deviation plot between dilute gas thermal conductivity data and values calculated from Eq. (9).

To ensure that the function form can be extrapolated to rea-
sonable values, several theoretical points from 150 to 258 K
and from 600 to 1200 K were included in the fit. These theo-
retical points were obtained from kinetic theory with the m-
6-8 potential function and were considered only to ensure
that the function (7) is well behaved outside the data range.
The-m-6-8-potentialis-given-by-the-expression

D(r¥)

) _ 1 642 yd sy
€ m—©6

R e I
m—=6

where d = r,,/0 and r* = r/o. The distance parameters o
and r,,, and the energy parameter, ¢, are defined by the rela-
tionships @ (r,,) = — eand & (¢) = O while ¢ is a parameter
representing inverse eighth attraction in the potential. Pa-
rameter values are in Table 4. One observes the fit of Fig. 1 is
to within about 4+ 0.5%. '

Several authors have reported dilute gas thermal con-
ductivity data but no one set can be considered definitely
superior. Consequently data from Refs. 33—49 were used and
fitted with equal weight to the equation corresponding to
equation (7):

Ao=GT()T ™'+ GT2)T > + GT3)T '

+ GT(#) + GT (5T + GT(6)T??
+ GT ()T + GT(8)T*? + GT(9)T*"?, (9)

TABLE 2. Parameters for the dilute gas Eqs. (7) and (9). The units are tem-
perature in K, viscosity in 10~7 Pa-s, and thermal conductivity in
mW/(m-K)

GV(l)= —3.509 822501 8X10° GT(1)= —2.903 423528 0% 10°

GV(2)= 25008406184x10° GT(2)=  4.680 624 9520% 10°
GV (3)= —5.8365540744X10° GT(3)= — 1.895478 3215X10°
GV{4)= 4.5549146583X10° GT(4)= —4.8262235392X10°
GV(5)= 228381683403X10* GT(5)= 2.2434093720x10°
GV(6)= —4.7318682077X10° GT{6)= — 6.620 635481810’
GV()= 45022249258X10>° GT(7)= 8.993 771707 8X 10°
GV (8)= —2.149 068 808 810" GT(8)= — 6.055914 371 8 10’
GV(9)= 4.1649263233X10™! GT(9)= 1.6370306422

J. Phys. Chem. Ref. Data, Vol. 12, No. 4, 1983

The deviation curve is given in Fig. 2 and differences
between Eq. (9) and experiment are generally within + 4%.
Notice, however, that data from several sets show systematic
temperature deviations and generally are imprecise to

+ 2%. We used the Euken expression to estimate semiem-
pirically points between 120 and 200 K to ensure that the
funetion-(9)-was-well-behaved.-The-data-selected-are sum-
marized in Table 1 and the coefficients of Egs. (7) and (9)
listed in Table 2.

3.2. The Dense Gas and Liquid

Given 73, and A, and the equation of state, excess-den-
sity plots of the dense gas and liquid data were constructed.®

1200 . . ,

{
°-
|

1000

800 -

' Pa-s

AM, 10
<

600 o -

400

T
-]
°

1

200

T

o
&
I

o 5 10 15 20

DENSITY, mol/L
A [231, o [24], v [25], o [14], o [30]

FIGURE 3. Plot of the excess viscosity coefficient vs density.
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200 . T T ; I TABLE 4. Critical point parameters, m-6-8 potential function parameters,
® and parameters for Eq. (16) for ethylene
°
[
160 @o N Critical point constants
o
v} o T, =28234K
é g p.  =0215g/cm® (7.66 mol/L)
< 120 » N P, =15,039 MPa (49.73 atm)
~
¥ M =28054
%_ v S
80} o0p - m-6-8 parameters
- o
‘ ©
a A e/k =269K
<8 B o =368X10"""m
40— o v w = 7, EAI0X107m
o & 00" ' Y =30
e m =11
ober?® Ll 1 i 1 I
[+ 4 8 12 16 20 24 Parameters for Eq. (16)
DENSITY, mol/L E =217
E, =0.287
© [45], v [461, @ [48), w [49] Xo =0.168 .
. B =035
FIGURE 4. Plot of the excess thermal conductivity coeflicient vs density. y =119
Note the apparent anomaly around the critical density. Convec-
tion may play a role here, however. ’
n T T - 1
. Saturated Liquid Viscosity
Representative points are shown in Figs. 3and 4. Wehave - 101 ' ol
excluded points which are clearly erroneous and some points o :
around the critical region. The curves show clearly the dis- : | ¢ 4
crepancies between the data of the various authors. Using s . .
the criteria mentioned at the beginning of Sec. 3, we selected lg . . .
the data listed in Table 1 for fitting. The temperature and - o v >
. A
pressure ranges are shown for convenience. z Loa
The resulting values of the coefficients for Egs. (3), (4), o L - . 4
& -
o. N
—10% -4
I | I
15 20 25

TABLE 3. Parameters for Eqgs. (3)5). Units: Temperature in K, viscosity in
1077 Pa:s, and thermal conductivity in mW/(m-K)

Viscosity
Eq. (3) A=B=C=00,F=3589
Eq. (4) E=10
Ji= —4.8544486732
jo= 1.3033585236x10'
Jy= 2.780892 890 8 10°
Ji= — 1.824 1971308 X 10°
Js= 15913024509
Jo= —2.0513573927x 10?
Jr= —3.947 845470 8x 10*
Thermal conductivity
Eq.(3) A=B=C=00,F=3589
Eq. (5) D=10

k= — 1.304 503 323 0 10}
k,= 1.8214616599x10'

ky=—  9.903 022196 03 10*
k= 7.4205216310x10°
ks= —3.008 327193310~
k= 9.645 606 882 9 10"
k,= 1350256962 0x 10*

DENSITY, mol/L
® [27], a[28], e [31]
FIGURE 5. Deviation plot for the viscosity coefficient at saturated liquid

boundary.
z T T
o .
10 }—
'>' Saturated Liquid Thermal Conductivity
w
a L
|—
-4 [
[ ] L )

oo .
m ®
w
o I '

10 15 20

DENSITY, mol/L
e [503

FIGURE 6. Deviation plot for the thermal conductivity coefficient at satu-

rated liquid boundary.

J. Phys. Chem. Ref. Data, Vol. 12, No. 4, 1983



922 HOLLAND, EATON, AND HANLEY

2 T T o
a
a [s]
o A
v o 4 °

Z - n'n'u v L8 8
o o
= M Viscosity
E -4 v © 323K ]
o i
a -6 1 L 1

4 T T T
E 1 v )
3 2l Yo o o -
m v v O
[11] o

e A 4
n. v

Yoo 3]
-2 L © Viscosity o, ~
v , approx. 370K o
-4 ° 1 1 1
(4] 5 10 15 20

DENSITY, mol/L
v [221, & [231, o [14]

FIGURE 7. Deviation plots for the viscosity coefficient: top, 323 K data;
 bottom, approximately 370 K data.
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2 Thermal Conductivity -
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FIGURE 8. Deviation plots for the thermal conductivity coefficient: top,
approximately 340 K data; bottom, approximately 460 K data.
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and (5) are shown in Table 3 with the value of p, given in
Table 4. Deviation plots for the saturated liquid are shown in
Figs. 5 and 6 with similar plots for the dense gas at various

. temperatures given in Figs. 7 and 8. Qualitatively, the data

chosen seem to be reasonable with no serious discrepancies
between the selected data sets. However it should be pointed
out that at temperatures below about 200 K and at pressures
greater than about 20 MPa the data of only a few authors are
represented. In addition below 200 K most of the selected
data are more than 40 years old.

3.3. The Critical Region

As remarked earlier, Eqs. (1) and (2) contain contribu-
tions due to the enhancement of the viscosity and thermal
conductivity in the region of the critical point. The anoma- -
lies are well established>® but one can argue that the viscosity
enhancement is small unless the fluid is very close to critical
and can be neglected for practical purposes for all but the
most authoritative correlation of precise data. We do indeed
neglect it here and refer to the paper of Basu and Sengers®*
for a discussion and prescription on the evaluation of A7,.
The thermal conductivity enhancement is included but we
prefer to estimate it by calculation, as in previous publica-
tions, since the ethylene data in the critical region are sparce
and most probably affected by convection.*® First, an outline
sf sonre background is ecessary.

The critical region is associated with large spontaneous
fluctuations in the density which are responsible for the spe-

_ cial behavior of a fluid around the critical point and these

fluctuations can be described in terms of a distance param-
eter £ which is the range of the pair correlation function: £
approaches infinity as the critical point is approached. Mod-
ern theory rests on the results that £ is much larger than the
effective range of the intermolecular forces and hence details
of the latter do not affect the nature of the critical anomalies.
The principle of three scale factor universality, discussed by

" Sengers and co-workers,?>>° states that the equation of state

in the critical region is completely determined by universal
quantities, except for the system dependent scale factors B,
T, and &,. These are related, respectively, to the variation of
density with temperature at coexistence, with the compress-
ibility along the critical isochore, and with length. Defining

A,,*=(£_-_Pc_) AT*=(T—Tc )
Pe ’ T,

and

X =pKrP./pl, (10)
where K is the isothermal compressibility, one has for pa-
rameter B:

Ap*= + B|AT*® or B=x,7% - (11)
wherein general x = |AT*|/|4p*|Pandx = — x,at coex-
istence. The parameter I" is defined via

Xr=Tr|AT* 77, (12)
and the length parameter by '

§=ElAT*| ~"=bx3/T)"". (13)

The exponents /3 and ¥ are universal with values 8 = 0.355
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and y=1.19 [v is not independent and defined by
v=08 + /3l

Further, Sengers and Moldover> argue that the three
scale factors can be reduced to two according to the inter-
relation

&olBp./TKT, ) =R, (14)

where R is a universal constant ~0.69.

One further remark is required: an analytical equation
of state such as the MBWR used here cannot represent the
_compressibility correctly close to the critical point. Accord-
ingly if |4p*|<0.25 and |AT*|<0.025 we switch to the
'scaled equation

et = 1A ) — ) (15)

whereh '(x) = dh (x)/dx with x defined via Eq. (11). The equa-
tion for the function 4 (x) is that of Vicentini e al.>%;

h(x)—p(_"_ﬂ)[1+E(x+xo )26][(7—1)/2,9]
N X T x ’
(16)

where E, is a universal constant of value 0.287. Hence the
scalefactors B, I', and §, follow: B from Eq.(11),/” from Egs.
(12) and (15) which gives

' =xy/[E,\E,"— V2], (17)
Having B and T, the length parameter £, can be evaluated
from Eq. (14).

3.3.a. Thermal Conductivity
The equation for A4, is as before:

m_ \” kT AL -
= —— } (K F(AT *,4p%),
44, (pNAkT) o (5 ) KnPAT* 4"
(18)

and we refer to Refs. 53 and 57 for details on its derivation.
F{A4T*,4p*)is afactor to ensure A4, damps smoothly from
the critical point®™:

F(AT *,4p*) = exp( — 18.664T **)exp( — 4.254p*), (19)

where the constants come from our earlier work.>” We as-
sume they are universal but more recent studies indicate they
are a weak characteristic of the fluid.>* ’

200 T T T

-
[+
(=]

-
N
Q

A\ , mW/(mK)
-}
[=]

Y
o.

O

16

DENSITY, mol/L

FIGURE 9. Plot of the calculated critical enhancement to the thermal con-
ductivity coefficient for three isotherms. We have plotted the
excess A4 (p,T') = A (p,T') — A(T') using Eqs. (2) and (18).

To illustrate graphically the effect of the critical point
on the conductivity, we constructed Fig. 9 giving three sam-
pleisotherms, 282.6, 285, and 400 K for the excess A4 calcu-
lated from Eq. (2) incorporating Eq. (18). This figure also
illustrates the (JA4 /3T'), appears to be negative at high den-
sities. This observation was unexpected and is contrary to
the behavior observed for the fluids previously studied.®

4. Tables of Values

. The viscosity and thermal conductivity coefficients of
ethylene have been calculated for 110-500 K for pressures
up 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.
Blanks in the tables indicate that the P-T"points correspond
to densities exceeding 23.3 mol/L, the upper density limit
for the data for temperatures less than 300 K, or 15.1 mol/L
for the higher temperatures. For convenience, saturated lig-
uid values have been listed separately as Table 7 and dilute
gas valucs as Table 8. (The tables contain more significant
figures than the accuracy of the data warrant. The extra fig-
ures are given to facilitate reproduction and interpolation of
the tables.)
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Table 5. Viscosity of ethylene. Units: 1077 pa.s

HOLLAND, EATON, AND HANLEY

\\‘E:MPa o .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
T,K
110.0  5660.5 5645.9 5627.6 5609.4 5591.3 5573.2 5555.1 5537.0 5519.0 5501.0  5483.1
115.0  4918.5 4907.7 4894.3 4880.8 4867.4 4854.1 4840.8 4827.5 4814.3  4801.1 4787.9
120.0  4307.2 4298.9 4286.7 4278.4 4268.2 4258.1 4247.9 4237.8 4227.8 4217.8 4207.8
125.0 3807.8 3801.3 3793.4 3785.4 3777.5 - 3769.6 3761.7 3753.9 3746.1 3738.4 3730.6
130.0  3398.3 3393.3 3387.0 3380.8 3374.6 3368.4 3362.2 3356.1 3349.9 3343.9 3337.8
135.0  3059.7° 3055.8 3050.8 3045.9 3041.0 3036.2 3031.3 %026.5 3021.7 3016.9 30121
140.0 2776.8  2773.6 2769.8 2765.9 2762.1 2758.3 2754.4 2750.7 2746.9 2743.1  2739.4
145.0  2537.4  2535.0 2532.0 2529.1 2526.1 2523.1 25202 2517.2 25143 2511.4  2508.5
150,0  2332.7 2330.9 2328.6 2326.4 2324.1 2521.9 2319.7 2317.4  2315.2 2313.1 2310.9
155.0  2155.4  2154.1 2152.5 2150.9 2149.3  2147.7 2146.1 2144.5 21429 2141.3  2139.8
1600 20003  1999.5 1998.4  1997.4  1996.3  1995.2 1994.2 1993.1 199241 1991.1  1990.0
165.0  1863.2  1862.7 1862.2 1861.6 1861.0 1860.5 1859.9 1859.4 1858.8 1858.2  1857.7
170.0 60,5 1740.6 1740.5 1740.4 - 1740.3 1740.2 1740.1 1740.0 1739.9 1739.8  1739.6
175.0  62.2 1630.7 1631.0 1631.4  1631.7. 1632.0 1632.3 1632.6 1632.8 1633.1 1633.4
180.0  63.8  1530.9 1531.6 1532.3 1533.0 1533.7 1534.4 1535.1 1535.8 1536.4  1537.0
185.0  65.4  1439.6  1440.7 1441.8  1442.9 1444.0 1445.0 1446.0 1447.1 1448.1  1449.0
190.0  67.0 1355.6 1357.1 1358.5 1350.9 1361.4 1362.8 1364.1 1365.5 1366.8 1368.1
195.0  68.6 1277.7 1279.5 1281.3  1283.1 1284.9 1286.6 1288.3 1290,0 1291.7  1293.3
20050~ 7052~ 120551 120753 120934 121156 121357 V2157 VZVT.B 1219:8 1ZZT.8 1223.7
205.0 . 71.8  73.1  1139.5 1142.0 1144.5 1146.9 1149.4 1151.7 1154.1 1156.4 1158.6
210.0 754 74.6 107345 1078.4 108143 1084.1 1086.9 108946 1092.2 1094,9 10975
2150  75.0 76,2 1014.8 1018.1 1021.3 10245 1027.7 1030.7 1033.8  1036.7  1039.7
220.0 76,7  T7.8  956.6  960.4  964.1  967.7  9T1.3  974.7  978.1  981.5  984.7
225.0  78.4  79.4 818 9049  909.1 913.2  917.2  921.1  924.9  928.6  932.3
230.0  80.1  Bl.1  83.2  B851.1  B855.9  860.5  865.0 869.4  873.6 877.8  881.9
235.0 81,7 827  84.7  88.0  803.8  809.1  814.2  819.1  823.9  828.6  833.2
240.0  85.4  B4.4 86,3  89.2  752.3  758.4  764.3  769.9 . 775.4  780.6  785.8
245.0  85.1  86.0  87.8  90.6 - 94.8  707.9 7147 7212 7215  733.5  739.3
250.0 86,8  87.7  89.4  91.9  95.7  656.6 664.8 6725 679.8  686.7  693.3
255.0 88,5  89.4  91.0  93.4 96,7  101.9  613.5  622.8 6315  639.7  647.4
260.0 90,2 91.1 92,7 948  97.9  102.3  109.5 570.9  581.8  591.7  600.9
265.0  91.9  92.8 943 964  99.2  103.0  108.8  514.1  528.8  541.5  552.9
270.0  93.6  94.5  95.9  97.9  100.5  108.0  108.9  116.6  468.2  486.7  502.0
275.0 953 96,2 976 99.5  101.9  105.0  109.3  115.4  125.8  419.8  444.5
280.0  97.C  97.9  99.2  101.0  103.3  106.2  110.0  115.2  122.8  137.0  365.4
285.0  98.7  99.6  100.9  102.6  104.8  107.5  110.9  115.4  121.5  131.0  149.8
290.0  100.4  101.2  102.6  104.2 106.3  108.8  111.9  115.9  121.1  128.4  139.€
295.0  102.1  102.9  104.2  105.8  107.8 1101  113.0  116.6  121.2  127.2  135.%
300.0  103.8  104.6  105.9 1093  11.5 1142 117.5  121.6 126,77  133.4
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Table 5. Viscosity of ethylene. Units: 1077 pa: s--Continued
~\\5\\ 640 7.0 8.0 9.0 10,0 15.0 20,0 25.0 3040 40.0 50.0
T
110.0  5447.3 5411.6 5376.1 5340.6  5305.3
115.0  4761.7 4735.6 4709.7 4683.9 4658.3 .4532.0 4408.7 4287.9
120.0  4187.9 4168.2 4148.5 4129.1 4109.7 4014.8 3922.7 3833.2 374640
125.0 3715.2 370060 36084.8 366947 36548 358147 3511.1 3442.8 337645 3249.5 3120.8
130.0  3325.7 3313.8  3301.9 3290.2 32785 3221.5 3166.5 3113.4  3062.1 2964.2 2871.8
135.0 3002.6 2993.2 2983.9 2974.7  2965.5 2920.7 2877.7 2836.2 2796¢1 2719.9  2648.0
180.0  2732.0 272446  2717.3  2710.1 2702.9 2667.6 2634s2 2601.7 2570.4 2510.8 2454.9
145.0  2502.8 2497.1 2491.4 2485.8 2480.3 2453.1 2427.0 .2401.9 2377.6 2331.4 2286.0
150.0 2306.5 2302.2 2298.0 2293.7 2289.5 2269.0 2249.2 2230.1 2211.6 - 2176.4 2143.2
155.0 213646 2133.5 2130.4 2127.4 2124.3 2109.4 2095.0 2081.0 2067.4 2041.5 2016.8
160.0  1988.0 1985.9 1983.8 1981.8 1979.8 1969.8 1960.0  1950.4  1941.1 1923.1  1905.8
165.0  1856.6 1855.4  1854.3 1853.2 1852,0 1846.4  1840,7 1835.1 1829.5 1818.3  1807.4
170.0  1739.4  1739.1  1738.8  1738.5 1738.2 1736.4 1738.4 1732.2  1729.9 1725.0  1719.7
175.0  1633.9  1634.4 1634.9  1635.3  1635.7 1637.5 1638.9  1639.9  1640.5 1641.1  1640.9
180.0 1538.3 15309.5 1540.7 1541.8 1542.9 1548.0 1552.4 1556.3 1559.7V 1565.3 1569.6
185.0  1451.0 145249  1454.7  1456.5 1458.2 1466.4 1473.6 1480.1 1486.0 1496.2  1504.8
190.0  1370.7  1373.3  1375.7 1378.1 1380.5 1391.5 1401.3  1410.3. 1418.5 1433.0  1445.5
195.0  1296.5 1299.7 1302.8 1305.7 1308.7 1322.4 1334.7 1346.0 1356.3 1374.8  1390.8
20050~ 122756 -1231sF  1235.0 1238+5 1242500 —1258:3° 127350° 128694 12988 132059  1340+3
205.0  1163.1  1167.4 1171.7  1175.8  1179.8  1198.6  1215.5 1231.0 1245.3 1270.9  1293.4
210.0  1102.5 1107.5 11123 111649 1121e5  1142.7 11618  1179.3  1195.3  1224.2  1249.7
215.0  1045.4 10509  1056.3  1061.5 106646 10902  1111.4  1130.8 114846  1180.5 1208.8
220.0  991.1  997.3  1003.3  1009.1 1014.7 1040.7 1064.0 1085.1 11046 1139.5 1170.4
225.0  935.4  946.2 9528  959.2  965.4  993.9 1019.2 10421 1063.1 1100.8  1134.2
230.0  889.8  897.3  904.6  911.6  918.4  949.4  976.7 1001.4 1023.9 1064.3  1100.0
235.0  841.9  B50.3  858.3  866.0  B873.4  907.0  936.4  962.7  986.7 1029.7 1067.7
240.0  795.5  804.8  B813.6  822.0  830.1 86645  897.9  925.9 9514  996.9  1037.0
245,0  750.2  760.5  770.3  779.5  788.3  827.6  861.1  890.9  917.8  965.7 1007.8
250.0  705.7  717.2  728.0  738.2  747.8  790.2  825.9  857.3  885.7  935.9 - 980.1
255.0  661.6  674.6 68646  697.8  708.4  758.1 792.1  825.2  855.0 907.5  953.6
260,0  617.4  632.3  645.8  658.2  669.8  719.2  759.5  7194.4  825.6  860.3  928.2
265.0  572.8 59040  605.3 6192  632.0  685.4  728.2  764.8  797.4  854.3  904.0
270.0  526.8  547.3  568.9  560.6 4.8 652.6  697.9  736.3  TI0.3  829.4  880.8
275.0  478.4  503.6 52442  542.1  558.0  620.7  668.7  708.9  744.2  805.4  858.5
280.0  425.0  458.1  483.0  503.7  521.6  569.8  640.4  682.4  719.1  782.3  B837.0
285.0  358.8  409.1  440.6  465.0  485.4  559.6  613.1  656.9  694.9  760.2  816.4
290.0  244.6  353.3  396.3  425.8  449,3  530.4  566.7  632.3  671.6  T3B.8 79646
295.0  172.9  284.9  348.8  385.9  413.3  502.0  561.2  608.5  649.1  718.2  777.5
30060 15645 21943 297.7  345.0  377.4  474.5  536.6  585.7  627.5  698.4  759.0
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Table 5. Viscosity of ethylene. Units: 1077 pPa.s--Continued

\\41\ ol .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
T
300.0  103.8  104.6  105.9  107.4 1093  111.5  114.2 - 117.5 1216  126.7  133.4
310,0  107.2  108.0  109.2  110.7  112.4  114.4  116.8  119.6  123.0  127.0  131.9
320.0 110.5  111.3 1125 1139 115.5  117.4 - 119.5 122.0  124.9  128.2  132.2
330.0  113.8 11446 115.8  117.1  118.6  120.4  122.4  124.6  127.1 . 130.0  133.3
340,071 11709 119.0 120.3  121.8  123.4  125.2  127.3  129.6 1321  135.0
3500 1203 121.1  122.2  123.5 1249  126.4  128.2  130.1  132.2 1345  137.0
360.0 1235  124.3  125.4  126.7  128.0  129.5  131.1 1329  134.8  137.0  139.3
370.0 1267  127.5  128.6  129.8 1311 132.5  134.1  135.7  137.6 1395  141.7
380.0  129.8  130.7  131.7  132.9  134.2  135.5  137.0  138.6  140.3  142.2  144.2
390.0 1329 133.8  134.8  136.0  137.2  138.6  140.0 1415  143.1 1449  146.7
400.0  136.0 1368  137.9° 139.0  140.3  141.5  142.9  144,4  145.9  147.6  149.3
410.0  139.1  139.9  141.0  142.1  143.3  144,5  145.9  147.3  148.8  150.3  152.0
420.0  142.1  142.9  184.0  145.1  146.2  147.5  14B.8  150.1  151.6  153.1  154.7
430.0  145.0  145.9  147.0  148.1  149.2  150.4  151.7  153.0  154.4  155.8  157.4
440.0  148.0  148.9  149.9  151,0  152.1  153.3  154.6  155.8 1572 15846  160.1
450,0  150.9  151.8  152,8  153.9  155.0  156.2 - 157.4  158.7  160.0 1613  162.8
460.0  153.8  154.7  155.7 15648 15749  159.1  160.3 1615  162.8 16441  165.5
470.0  156.7  157.6 15846  159.7  160.8 1619 - 163.1  164.3  165.5 16648  168.2
480,0  159.5  160.4  161.5  162.5- 163.6- 164,7  165:9  167<+ 1683 16956 1709
490.0  162.3  163.2 1643  165.3  166.4  167.5  168.7  169.8  171.1 1723 173.6
500,0  165.1  166.0  167.1  168.1  169.2  170.3  171.4  172.6  173.8  175.0  176.2
P 6.0 7.0 8.0 9.0 10.0 15.0 20.0  30.0 40.0 50,0
Y~ |
300.0  156.5 . 219.3  297.7  345.0  377.4  474.5 53646
31040 145.8 170.1% 213.7 265.6 307.3 422,5 490.2 586.6
320.0 142.4  157.3 - 180.0  212.4  249.0  375.0  447.7  54B.8
330,0  141.5 15244 167.3  187.5  212.8  333.1  409.3 51441 593.7
340.0 141.9 1250+6 161.7 1760 195.6 2978 31542 48245 5658
350,0  143,0  150.3  159.3  170s2  183.4  270.0  345.6 <453.6 53642 60646
360.0  144.6 15049  15Be4 1674  177.9  249.1  320.4  427.7  510.9  582.2
370.0 146.5  152.1  158.6  166.2-  174.9  234.1  299.5  404.7  487.8  559.7
380.0  148.6  153.6  159.4  166.0  173.5  223.6  282.6  384.4  466.9  538.8
390.0  150.8  155.8  160.7  166.5  173.1 21644 269.2  366.5  447.9 51946
400,0  153.2  157.4 16242 - 167.5 1734  211.4  258,7  351.0  430.8  502.0
410.0 - 155.6  159.6  164.0  168.9  174.2 = 2081  250.6  337.7  415.5  485.9
420.0 158.1 161.8 166.0 170.5 175.4 205.9 244.5 326.2 401.8 471.2
430.0  160.6  164s2 16841 1723  176.8  204.7  239.8 31645  389.6  457.8
440,0  163.2 16646 170.2 17442 178.4  204.2  236.4  308.3  378.9  445.6
45040 165.8 16940 17245 17642 1002 20402 233.9 301.4 369.4 434.6
460.0  168.4 1715 174.8 17844 18242 20446 ~ 232,2 2957  361.0  424.7
470.0 171.0  174.0  .177.2  180.6  184.2  205.3  231.1  291.0  353.7  415.8
480.0  173.6  176.5  179.6  182.8 18643  206.2  230.5  287.1  347.3  407.7
490.0  176.2  179.0  182.0  185.1  188.4  207.4  230.3  283.9 . 341.8  400.5
500.0  178.8 18146  184.4  187.5  190.6  208.8  230.5  281.4  337.0  394.1
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Table 6. Thermal conductivity of ethylene. Units: mW/(m.K)

YMPa ol " o5 1.0 1e5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
T,K )

110.0  261.77 262,32 263,01 263.70 264,39 265.09 265,78 266.48 267.19 267.89  268.60
115.0 253,82 254.31 254,93 255.56 256.18 256.80 257.43 258.05 258.68 259.31 259.94
120.0 246,97 247.44 248.02 248,60 249.18 249.76 250.34 250.93 251,51 252,09 252.68
125.0 240.61 241.05 241.60 242,16 242,71  243.26 243.82 244,37 244.93 245,48 246.03
130.0 234,43 234.86 255.40 235,93 236.47 237.00 237.54 238.07 238,60 239.13 239.67
135.0 228,32 228.74 229.26 229.78 230.31 230,83 231.35 231.87 232,38 232,90 233.42
180.0  222.22  222.65 225.18  223.66 224.17  224.68  225.19  225.70 226421 226471 227.22
145.0 216,11 216,52 217,03 217.53 218.04 218,55 219,05 219,55 220.05 220.55 221.05
150.0 210,01 210,42 210.92 211.43 211.93  212.43 212,93 213,43 213,92 214,42 214.91
155.0 203.94 204.34 204,85 205.35 205.85 206.35 206.84 207.34 207.83 208.32 208.81
160.0  197.91 198.32 198.82 199,32 199.82 200.32 200.81 201.31 201,80 202.29 202.78
165.0  191.95 192.36 192.86 193,37  193.87 194.37 194.86 195.36 195.85 196,34  196.83
170.0 9.71 ‘186.48 186.99 187.50 188.00 188,50 189.00 189.50 190,00 190.49  190.98
175.0 9.96 180.71 181.23 181,74 182.25 182,75 183.25 183,76 184.25 184,75 185.24
180.0  10.21 175,05 175.58  176.09 176.61 177.12 177,63 178.13 178.63 179.13 179.63
185.0  10.46 169.51 170,04 170,57 171.09 171.61 172,12 172,63 173.14 173.64 174.15
190.0  10.72 164.08 164.62 165.16 165.69 166.22 166.74 167.26 167.78 168.29 168.80
195.0  10.99 158.77 159.32 159,87 160.42 160,96 161.49 162.02 162,55 163.07. 163,59
20000 11227  153.56 158413 454,69 155.25  155.81 156.36 156590 157s44- 157598 158:50-
205.0 11,56  12.19 149,03 149,62 150.20 150,77 151.34 151,90 * 152,45 153.00 153.54
210.0  11.87  12.47 144,01 144,62 145,23 .145.83 146,41 146,99 147,57 148.14 148.70
215.0 12,20 12,78  139.05 139.70 140,33  140.96 141,57 142,18 142,78  143.37  143.95
220.0.  12.54  13.10 134.13 134,81 135,48 136415 136,79 137.43 138,06 138.68 139.29
225.0 12,90  13.44 14,25 129,94 130.66 131.36 132,06 132,73  133.40 134,05 134.69
230.0  13.28 13,80 14,57 125.03 125.82 126,58 127.33 128,05 128,76 129.46 130.14
235.0 13,68  14.19 14,92 15,89 120,92 121.76 122,57 123,36 124,13 124.88  125.61
240.0 14,10 14,59 15,29 16,20 115,91 116.85 117.76 118,63  119.47 120,29  121.08
245.0  14.54 15,01 15.69  16.54  17.73 11181 112,83  113.81 114,74 115.65 116.52
250.0 15.00 15.45% 16.10 16.91 17.99 106.59 107.76 108.87 109.03 110.94 t11.90
255.0  15.48 15,92 16,54  17.31 18431 19.75 102,57 103.84 105.03 106.16 107.24
260.0 15,97 16,40  17.00 17,73  18.66. 19.94 22,07 98.80 100.14 101.40 102.60
265.0 16.49 16490 1748 18.18 19.05 20620 21,93 93495 95.44 96.82 98611
270.0  17.02  17.42  17.98 18,65  19.47 20,53 22,00 24.49 . 91.16  92.64 94,01
275.0 17,57 17.96  18.50  19.14  19.92 20,90 22,20  24.16 27,98  88.92  90.37
280.0  18.14  18.51 19,04 19,65  20.39 21,30 22,48  24.12 26,78  32.80  86.91
285.0 18,72  19.09  19.59  20.19  20.89 21,74  22.81  24.24 26,34  29.93  38.84
290.0  19.32  19.67 20416 20,73  21.41 22,21 23,20 24,47  26.22  28.85  33.47
295.0  19.93 20427 20,75 21,30 21.94 22,70 23.62 24,77  26.28  28.38  31.58
300.0  20.56  20.89  21.35  21.88  22.50  23.22  24.08  25.13 26,46 28,23  30.69
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Table 6. Thermal conductivity of ethylene. Units: mW/(m.K)--Continued

P 6.0
B

110.0 270,02 271.46 272,90 . 274.36 275.83

~115.0 261421  262.47 263.75 265.03 266.31 272.83 279.50 286.36
120.0  253.84 255.02 256419 257.36 258.54 264.46 270.45 276.52 282.68
125.0 247.14 248,25 249.35 250.46 251.57 257.11 262.66 268.23 273.82 285.13 -296.66
130.0 240,73 241.79 242.85 243.91 244.97 250.24 255.49 260.72 265.93 276.35 286.80
135.0 234,45 235.48  236.51 237.53 238456 243.63 248,66 253.64 258,58 268436 278406

7.0 8.0 9.0 10.0 15.0 20.0 25.0 30.0 40.0 50.0

180,0  228.25 229.24 230,28 231.24  232.24 237.17  242.05 246,82  251.55 .260.85 270.00
145.0 222,04  223.03 224,02 225.00 225.98 230.80 . 235.53 240,17 244,74 253.68  262.39
150.0  215.89  216.87 217.84 218.81 21977 224.51 229.14 233,67 238,12 246,76  255.13
155.0  209.79 210,76 211.72 212.68 213.63 21831 222.87 227.31 231,64 240.05 248.15
160.0 203.75 204,72 205.67 206.63 207.57 212,21 216,70 221.07 225.33 233.54  241.41
165.0 197,80 198.76 199,72 200.67 20161 20621 210,66 214.98 219,16 227.22 - 234.90
170.0 191,95 192,91 193.87 194.82 195.76 200,34 204.76 209.03 - 213.16 221.08  228.60
175.0  186.22 187.18  188.14  189.09  190.03  194.61 199.01 203.24 207.33 215.14 222.52
180.0  180.61 181.58 182,55 183.50 184.44 189,03  193.41 197.62 201.67 209.38 216465
185.0  175.14 176412  177.09 178.05 179.00 183.60 187.97 192.16 196,19 203.83  210.99
190.0  169.81 170.80 171,78 172,75  173.71 178.32 182.71 186.89 190.89  198.46  205.54
195.0 168,61 165.62 166.61 167.59 168456 173.22 177.61 181,79  185.78 193.30  200.30
200.0— 159,55 160458 —16+s59- 162556~ 16356 —168+27 172:68 176.87 18085 18835  195.27
205.0 154,62  155.67 156470 157,71  158.71  163.47 167,93 17212 176410  183.55 = 190.43
210.0  149.80 150.88 151.94  152.98  153.99 158.84 163.33 167.55 171.54  178.96  185.80
215.0 145,09 146421 147.30 148,36  149.41 154,35 158.89 163.14 167.14  174.55 181.35
220.0 140,48  141.64 142,77  143.87  144.94  149.99  154.61 158,90 162,91 170.33 177,10
225.0  135.94  137.15  138.33  139.47 140,58 145,77  150.47 154,81 158,85 166,28 173,02
230.0  131.46 132,74  133.97 135,16  136.32 141.68 146,47 150.87 154,95 162.39 169,12
235,0  127.03  128.38 129468 130,93  132.14  137.69 142.61 147.07 151,19 158467  165.39
240.0 122,60 124.05 125.44 126.76 128.04 133.81  135.86 143.40 147,58 155.10  161.62
245.0 118,18 119.74 121,22 122,64  123.99  130.03  135.23  139.87 144,10 151.68  158.41
250.0 113.73 115.43 117.03 118.54 119.98 126.33% 131.71 136.45 140.75% 148.40 155.15
255.0 109,26 111412 112.85 114,48 116,02 122,71 128,28 133,15 137,53  145.25 152,03
260s0  104.81 106483  108B.71 110,46 112.10 119.16 124.96 129.96 138,42 142,23 149,04
265.0 10050 102466 104,606 10652 108026 115.70 121.72 126487 121.42 139.34 146. 18
270.0 96,50  98.75 100.82 102,76 104.57 112,33 118,58 123.88 128,53 136.56  143.45
275.0 92,97  95.26  97.34  99.30 101.13 109,08  115.53 120,98 125,74 133,89  140.83
280.0 89,78 92.22 94,32 96,24 98,05 106.01 11260 118,19 123,05 131.32  138.32
285.0  85.83  89.26  91.63  93.59  95.37 103.17  109.81 115,50 120,46 128.86  135.92
290.0  73.39  85.16 88,75 91,10  92.99 100,60 107.17 112,93  117.97 126,50  133.63
205.0  48.14  76.93  B4.65  88.25  90.59 98,31  104.73 110,48 115,59  124.23  131.43
300.0  40.25  62.46  77.92  84.19  B7.67  96.26 102,49 108,18 113,31 122,05 129.32
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Table 6. Thermal conductivity of ethylene. Units: mW/(m.XK)--Continued

‘ o .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
T

300.0 20.56 20.89 21,35 21.88 22,50 23.22 24,08 25.13 26.46 28.23 30.69
310.0 21.85 22,16 22,59 23.09 23,66 24.31 25,08 25.98 -27.07 28.41 30.12
320.0 23.18 23.47 23.88 24.34 24.87 25.47 26.16 26.95 27.88 28.98 30.30
330.0 24.54 24,82 25.21  25.64 26.14 26,69 27.32 28403 28.84 29,77 © 30.85
340.0 25.94 26.21 26457 26.98 27.44 27.96 28,53 29.17 29.90 30.71 31.63
350.0 27,57 27.62  27.96 28,35 2878 29.26  29.79 30.38 31,03 3175 32.56
360.0 28.81- 29.05 29.38 29.74 30.15 30.60 31.09 31.63 . 32.23 32.88 33.60
370.0 30.27 30.50 30.81 31.15 31.54 31496 32.42 32.92 33.47 34.07 . 34,71
38040 31.74 31.96 32.25 32.58 32.94 33.34 33.77 34.24 34.75 35.30 35.89
390.0 33.22 33.42 33.71 34,02 34.36 34.74 35.15 35.59 36406 36.57 37.12
400.0 34.70 34,90 35.17 35.47 35.80 36.15 36.54 36495 37.39 37.87 38.38 .
410.0 36.19 36.38 36.64 - 36,93 37.24 37.57 37.94 38.33 38,75 39.19 39,67
"420,0 37.69 37.87 38.12 38439 38468 39,01 39.35 39.72 40.12 40,53 40,98
430.0 39.19 39.36 39.60 39.86 40,14 40.45 40.77 41,12 41,50 41.89 42.31
440.0 40469 40.86 41,08 4133 41.60 41.90 42421 42,54 424,50 43,27 43,67
450.0 42.20 42,36 42,58 42.82 43,08 43,36 43,65 43.97 44,31 44,66 45,04
460.0 43,72 43,87 44,08 44,31 44,56 44.83 45,11 45.41 45.73 46.07 46.43
470.0 45.25 45,40 45,60 45,82 46.06 46431 46.59 46.87 47.18 47.50 47.84
"480,0° 46.79  46.94 AT.13 47,34 47,57 47.82 48,08  48.36 48,65 48,95 49,28
490.0 48436 48.50 48.69 48.89 49.11 49.34 49,59 49.86 50,14 50.43 50.74
50040 49,95 50.08 50426 50.46 50.67 50.90 51.14 51.39 51.66 51494 52.23

~\\2\. 6.0 7.0 8.0 9.0 10.0 15.0 20.0 30.0 40.0 50.0
T

300.0 40.25 62.46 77;92 84,19 87.67 96.26  102.49

310.0 35¢35 44.82 58.92 71.00 18455 YZa31 98256 109.10

320.0 33.89 39.39 47.46 57.26 66430 87.49  94.98 105,37

330.0 33459 37.40 42,58 49.13 56438 81.30 91.13  102.03 110.87

340.0 33.86 36.76 40.47 45.06 50.38 74.52 86.71 98.91 107.81

350.0 34.45 36479 39.66 43.11 47.10 68435 81497 95.85 105.00 112.69
360.0 35.24 37.21 39.56 42,30 45.43 63.49 77.40 92.79  102.39 110.18
370.0 36.18 37.89 39.88 42.16 44,72 59.99 73.42 89.81 99.94  107.88
380.0 37.22 38.74 40.47 42.42 44,59 57.66 70.22 - 87.02 97.64 105.77
390.0 38.33 39.70 41.24 42.96 44 .85 56.20 67.78 84.54 05.52 103.84
400.0 39.49 40.75 42.14 43.68 45.36 55.38 65.99 82.43 93.60 -102.08
410.0 40.70 41.86 43.13 44,53 46.04 55.02 64.75 80.68 91.92  100.50
420.0 41.95 43.02 44.19 45.48 46.86 54.98 63.93 79.27 90.47 99.09
430.0 43.22 44,22 45.31 46.50 47.77 55.20 63.46 78.16 89.25 97.87
440.0 44,52 45.46 46.48 47.58 48475 55.60 63.25 77.30 88.21 96.81
450.0 45.84 46,72 47.68 48.71 49.80 56415 63.27 76467 87.37 95.91
460.0 47.19 48.02 48.92 49.89 50.91 56.82 63.47 76425 86.71 95.16
470.0 48.56 49,35 50.20 51.11 52.07 57.60 63.83 76.01 86421 94.56
480.0 49,96 50.71 51.51 52.37 53428 58.46 64.32 75493 85.87 94.09
490.0 51.40 52.10 52.66 53.68 54.53 59.42 64.95 76.01 85467 93.77
500.0 52.86 53453 54.26 55.03 - 55.84 60.45 65.66 76.24 85.62 93.57
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TABLE 8. Viscosity (77) and thermal conductivity (1 ) of dilute gaseous ethyl-
ene. Units: viscosity 107 Pa-s, thermal conductivity, nW/(m-K).
Reported viscosity values for temperatures greater than 550 K
(marked by the asterisk) are extrapolated beyond the range of the

TABLE 7. Density (p), viscosity (17), and thermal conductivity (1 ) of saturated
liquid ethylene. Units: density in mol/L, viscosity in 10~7 Pa-s,
thermal conductivity in mW/(m-K)

T, p 7 A data
105.0 23.297 6601.3 270.0 TX 7 a
110.0 23.072 5625.2 263.1
115.0 22.846 4865.4 256.3 180.0 63.6 10.0
120.0 22.617 4262.8 249.5 190.0 66.8 10.5
125.0 22.388 3777.1 242.7 200.0 70.0 11.1
1300 22.156 3379.4 236.0 210.0 733 117
135.0 21.922 3049.3 229.4 2200 76.6 12.4
140.0 21.686 2771.8 2229 230.0 79.9 13.1
145.0 21.448 2535.6. 2164 240.0-. 833 14.0—
150.0 21.206 23324 210.1 250.0 86.6 149
155.0 20.962 2155.7 203.9 260.0 90.0 15.8
160.0 20.715 2000.7 197.7 270.0 93.4 16.9
165.0 20.463 1863.4 191.8 280.0 96.8 18.0
170.0 20.208 1740.7 185.9 290.0 100.2 19.2
175.0 19.949 1630.4 180.2 300.0 103.6 20.5
180.0 19.685 1530.2 174.6 310.0 107.0 21.8
185.0 19.416 1438.8 169.1 320.0 110.3 23.1
100.0 19.141 1354.7 163.8 330.0 113.6 24.5
195.0 18.860 1270.0 158.5 340.0 116.8 25.9
200.0 18.571 1204.6 153.4 350.0 120.1 27.3
2050 18.275 1136.8 148.4 360.0 123.3 28.7
210.0 17.971 1073.0 143.5 370.0 126.4 30.2
215.0 17.656 1012.7 138.7 380.0 129.6 317
220.0 17.331 955.4 1339 390.0 132.7 332
225.0 16.993 900.6 129.2 400.0 135.7 34.6
230.0 16.641 848.0 124.5 4100 138.8 36.1
235.0 16.271 797.2 119.9 4200 141.8 37.6
240.0- 15.882 7480~ 1152~ 3300 1448 39.1
245.0 15.468 699.9 110.6 440.0 147.7 40.6
250.0 15.025 652.6 106.0 450.0 150.6 422
255.0 14.544 605.7 101.5 460.0 153.5 43.7
260.0 14.012 558.6 97.3 470.0 156.4 45.2
265.0 13.409 510.4 93.6 480.0 159.2 46.8
270.0 12.694 459.7 90.6 490.0 162.0 48.3
275.0 11.780 403.3 88.3 500.0 164.8 49.9
510.0 167.5 515
5200 170.3 53.2
530.0 173.0 54.9
540.0 175.7 56.6
550.0 178.4* 584
; 560.0 181.0 60.3
4.1. Uncertainty of t_he Tables 5700 1837 22
The uncertainty of the tabulated valucs can be judged ~ 580.0 186.3 4.3
from our estimate of accuracy of the input data, and the %00 188.9 664
. . . 600.0 191.5 68.6
deviation plots, Figs. 1, 2, and 5-8. We also attempted to ¢ 194.1 70.9
evaluate the data using the criteria of Ref. 5 but thiswasnot  620.0 196.6 734
always possible: lack of experimental details was a principal ~ 630.0 199.1 76.0
drawback. In short, our estimate of uncertainty of the tables g‘;g'g ggi; 3«75
is somewhat subjective in that it is influenced by our exper- 4 p 2067 46
ience of evaluating similar data for fluids which have abetter 6700 209.1 87.8
data base. Overall, we judge both the viscosity and thermal  680.0 211.6 912

conductivity coefficients to have an uncertainty of about
=+ 5% increasing to 10% in the dense liquid.

5. Conclusion

As in our previous work, a general empirical equation
has been used to represent the viscosity and thermal conduc-
tivity coefficients of ethylene from the dilute gas to the dense
liquid. Tablcs of calculatcd 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' and propane,? it

_J. Phys. Chem. Ref. Data, Vol. 12, No. 4, 1983

would be helpful if the more recent experimental techniques
devised to measure the transport coefficients could be ap-
plied to cthylenc. It would be especially uscful to have rcli-
able transport data below 200 XK since most of the available
data in this range are more than 40 years old. Additional
transport data for pressures greater than 20 MPa would also
be useful.
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Appendix. Ethylene Equation of State

The equation of state used in the work is that reported
by McCarty in Ref. 4. The form of the equation, and its
parameters are reproduced in this appendix.”

The equation of state is given by the following func-
tional form: :
P=pRT + p*(N\T + N,T"*> + N; + N/T + N/T?)
+ (NI + Ny + No/T 4 No/T7)
+P4(N10T+ Ny + Ny /T) +P5(N13)
+ P Wi/ T+ Nys/T?) + p'(N1o/T)
+p N1/ T+ Nig/T?) + p°(N1o/T?)
+P2(Noo/T? + Ny / T)exp( — 7p°)
+ P°(N22/ T? + Nps/ T *Jexp( — 7p7)
+ p'(N2o/T? + Nys/T3jexp( — 1p°)
+ P°(Na6/T? + Noo/ T *Jexp( — 707)
+ P (Nae/T? + Nao/ T)exp( — ¥0%)
+pP(N3o/T? + N3/ TJexp( — 1p?)
+ pP(Ns3o/ T Jexp( — vp7).
To be consistent with Refs. 4 and 7, Pis in atmospheres,
pisinmol/L, and T'is in kelvins. Further, the critical density
used in Ref. 4 in p, = 7.65 mol/L.

The coefficients are

—0.2118612747775E — 01

Nl =
N, = 0.1768007621548E + 01
N, = —0.3627254482043E + 02
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N, = 0.3658701144504E + 04
— 0.3156459478617E + 06

0.5733412064872E — 03
N, = —0.7792322551097E + 00
'0.1133600173536E + 03
N, = 0.2678287322174E + 06
— 0.8534048180713E — 04
Ny = 0.1596572678396E + 00
Ny, = —0.2695808039744E + 02

= R
[

=
I

5
Il

N5 = —0.2637338901020E =02

Ny, = — 0.4690235708848E — 01
Nys= —0.6173834045119E + 02
Nie= 0.4516392760359E — 02
Ny, = — 0.7436308185857E — 04
Nig= 0.1616750044124E + 0U
Ny = — 0.3516497153457E — 02
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N,o = — 0.1809031120819E + 06
Ny = —0.1781469735983E + 08
Ny, = —0:4731890371452E + 04
Nyy=  0.3485761929393E -+ 08
Nyy = — 0.2529060981155E + 02
Nys= 0.1030652112797E + 04
Ny = — 0.1673134333737E + 00
Ny; = — 0.1687968640472E + 04
Ny = — 0.2027253355413E — 03
Nyo= 0.6639584275017E — 01
N3 = — 0.1536805727439E — 05
Na = —0.1213732776785E — 03
Ny=  0.4178954787637E — 03
y = 00172

R = 0.08205616



