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Tue REVIEW OF PIIYSICAI CUE]rtarRY OF JAPAR, VoE. 44. No. 2, 1974

EVALUATION AND CORRELATION OF VISCOSITY DATA

The Most Probable Values of 

      Ethane and

the Viscosity of 

Ethylene

Gaseous

[IV TADASHI \fAKITA*, Yosatvrrt TA~AAA* 

         A\D Ar:IRA ~AnASaIAfA**

   The critical evaluations of the viscosity data of gaseous ethane and ethylene have 

been tarried out based on the eaperimentai data available in the lileratures. All the 

experimental measurements under high pressure were critically evaluated in view of 

[heir reliability, and the data mere corretated with temperature and pressure. The most 

probable values of the viscosity are presented in the form of numerical tables covering 
the range of temperature from 298.1> to 473.13 K and [hat of pressure up to 700x lOs Pa 

for ethane, and from 297.15 to 313.15 K and up to 800x lOs Pa (or ethylene. The esti-

mated uncertainties of [he tabulated values are also given in the table. The relation 

between residual viscosity and density has been also examined over the whole range of 

temperature and pressure.

Introduction

   In the previous paped}, we reported the results of the evaluation and correlation of the viscosity 

data of methane under high pressures. The present work is one of the successive programs of "High 

Pressure Data Center of Japan" organized in the Society of Material Science. Japan, with the sponsor 

ship of the Agency of Science and Technology. The following members attended several meetings for 

the discussion concerning this work: 

   J. Osugi, ]'. Takezaki (Kyoto Univ.); H. Iwasaki. S. Takahashi, K. Date (Tohoku Univ.); 
   I. Tanishita (Nippon Univ.); K. R'atanabe (Keio Univ.) 

to whom the authors wish to express sincere gratitude for their valuable suggestions and discussions.

Survey and EvaluDTion of Viscosity Data

   There exist five and seven different measurements oa the viscosity of gaseous ethane and ethylene 

under high pressures, respectively. In Table 1, the First author's names, methods of measurements, 

temperature ranges, and maximum pressures are listed in the order of the publishing year. 

    (Received Seyteruber 20, 7974) 
     * Department of Chemicul Engineering. Kobe University 

    ** Department of bfechanical Engineering, Keio University 
     1) T. hlakita, 1'. Taoaka and A. Nagashima, TGis Journal. 43, 54 (197))
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Table 1 \Ieasuremen is of the

and Correlation of Viscosity Data 

viscosity of ethane and ethylene under high pressures

99

First Author 1"ear \lethod
Temp. Range \Sas. Press. 

   (Ii) (105 Pa)
Rei. 
\o.

Etbane 

 Smith 

 1leshcberyakov 

 Baron 

 Eakin 

 Carm ichael 

Ethylene 

 Jlason 

 Comings 

 Comings 

 Fclsing 

 Gonikberg 

 Goluhev 

 I~eduzhii

1943 

195a 

1959 

19fi2 

1963

1940 

1941 

1944 

1944 

194i 

1913 

1968

Rolling Ball 

Transpiration 
"I'ranxpiratian 

Transpiration 

Rotating cylinder

Oscillating disk 

Transpiration 
'Pranspiration 

Oscillating disk 

Oscillating disk 

Transpiration 

Transpiration

188-473 

258-523 

324-408 

298-444 

299-47i

28I-299 

 313 

303-368 

303-323 

 t9i 

297-423 

193-29i

345 

gla 

551 

552 

359

 50 

135 

lfi9 

186 

1013 

8Il 

 41

z 

3 

A 

S 

s

8 

9 

10 

1l 

12 

f3

   The original papers were carefully read through and examined from the view point of the reliabi-

lity of the reported data 6y the operations similar to the previous urork for methane, 

   The final evaluation was performed by the Committee members and several researchers in this 

field as described shove. As [he results, the high pressure data of ethane reported Ay Eakin of also 

were considered to be the most reliable and given the highest weight. The weight second to the above 

was given to both sets of data b}• Carmichael et also and A4eshcheryakov et al.a~ .\'o weight was given 

to [he remaindersz ~~ in the present analysis. For ethylene the two sets of data by Comings et al.9t 

and Golubev el alJz> were considered to be the most reliable and given the highest weight. The second 

to the above was given to the other three sets of datato. u. tai. \o weight was given to the two earlier 

works~• s~.

2) 
3) 
3) 
i) 
6) 
i) 
8) 
9) 

10) 
t1) 
12) 
13)

A. S Smith and G. Bron~a, /nd, Enq. Chern. Ind. Ed.. 35(6), 705 (1943) 
N. V. ~leshcheryakov and I. E Golubev, Tnedy.G/dP, Nos. 3-4 (1954) 

J. D. Baron, L G. Roof and F. W. Wells. J. CAem. Eng. Data. 4, 283 (1959) 
B. E. Eakin, K. E. Starling, J. P. Dolan and R_T. Ellington J. Chem. Eng, Data, 7, 33 (1962) 
L. T. Carmichael and B. H. Sage, J. Chem. Eng. Dala, 8. 94 (1963) 
S. G. hfason and O. lfaass, Canad. !. Res., 18 B, t28 (1990) 
E. W. Comings and A. S. Egly, lrcd. Eng. Chem.. 33. 1224 (1941) 
E. R'. Comings, B. J. Diayland and R. S. Egly. Univ. of Illinois, Eag. Ecpt. Sta. Bull., \0.354 (1944) 
W. A. Felsing and F. Blankenship. P~oc. Okla. Acad. Sci., 24, 90 (1944) 
M. G. Gonikberg and L. F. Vereshchagin, Cornpl. Rercd. dcnd. Sri. CRSS, 55, 801 (1947) 
1. P. Golubev and V, 9. Petrov, Trudy G/AP. No. 2, 5 (1953) 
L A. Neduzhii and 1'u. L Khmara, Teylofiz. Aharakrer. Yeshehesty, 1, l53 (1968)' Israef P.ogram Jq 
Scientific Tranrlmions, J¢rasatem, TT 69-55091, 153 (1970)
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                         Me}hod and Results of Correlation 

    The original experimental data were extracted and Che values of temperature, pressure and vis-
cosity were reduced to the SI units as follows: 

                       temperature, T, in K 

                       pressure, P, in lOs Pa (=lbar=0.9869 atm) 
                         viscosity, :,. in 10_B Pa•s (=t0-r poise) 

   The method of the correlation is the same as used in our previous correlation. The viscosity t•alues 

at the common grid-points of temperature and pressure were obtained from the original data reported 

in every work. 11'hen the data reported were not at one of the common grid-points specified, the inter-
polation procedures were carried out along an isotherm or an isobar on a digital computer using the 
method of least squares. In this procedure the special precaution was paid in order to keep up the 

experimental accuracy for each original work. The mean value at each grid-point was calculated with 

the weights determined in the critical evaluation. The standard deviations were also calculated by the 

following equation: 

                                   ?~ ~I•(n-t) 

where, ~I=the weight given, 

       ri=the viscosity in the original work, 
       i;~=the weighted mean value, 

       n=the number of data. 

On the other hand, since thirteen and twenty-one setr of experimental data at the atmospheric pressure 

are available for the viscosity of gaseous ethane and ethylene respectively, another correlation was 

carried out using several sets of experimental viscosity data a[ [be normal pressure independently of 

the high pressure data. The viscosity values a-ere fitted to the following quartic equations as a function 

of temperature: 

ethane: 

                  ;0=4.929126 X 10'- 2.087i4i T + 2.09401 3 X I0-8 T= 
                      -3 .665728x 10_s T'} 2.196923 X lo-o T' (2 ) 

ethylene 

                  ro=4.246821 x 10=- 2.187278 T + 2. )15949 x 10-9 T= 
                      -5 .494674X10-s Ts}3.773645x 10'e T' (3) 

where ro is given in 10-e Pa•s (IO_r poise) and T the temperature in K. Eq. (2) is found [o fit [he 

experimental data for ethane between 220R and 520K with [he standard deviation of 0.87% and the 

maximum of L9%~ Eq. (3) also reproduces the data hetween 170K and 470K with [he standard 
deviation of 1.05 and the maximum o f 2.6% for ethylene. The departures of the original data and several
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correlated values from the above equations are plotted in Pigs. 1 and 2. The x~eighted mean values at 

1.01 X 10' Pa have been compared x•i[h the correlated values obtained and are found to fit them with 

the mean deviation of 0.54% and the maximum of Ll8% for ethane, and with the mean deviation of 

0.77% and the maximum of L40% for ethylene. Therefore the weighted mean values at low pressures

+4

u 
  }2 

u ~ 
Q 

A a 
V 

Q ~1

-a

-- _. 1C.,,.~.IF~T~;~ !° fi e$.

ETHANE

e~ !A ~ h

0

  ~ j 

E

->o~ o ®° ®o v o 
       `']

o a

Fig. 1 

D 

0 

O

300 350 400 

    Temperature, K

450

Departure plots of viscosity values of ethane a[ [he atmospheric pressure

in literatures 
:(3). 
~(5). 

~(s), 

(14), 

(15).

(is). 

(~7). 
(18). 

(19). 

(20),

(21), 
(22). 

(231, 

(24 ), 
(25 ).

500

  }4 

c   f2 

0 

`
n 
a 

G -2

. ~ 
.. 

ag 

  ~ 'w-~a.. 

        

,~ 

          ~~ 

   ~ o 

G

-1_

c c e o ~~  G 
I .f

ETHYLENE

-3h

O

O

0 0

FIQ• 1

7 

t.

300 350       400 

Temperature, F:
450

Departure plots of viscosity values of ethylene a[ the atmospheric

in literatures 

: (8). 

:(9). 

: (10) , 
: (12). 

: (13), 

 (21),

c 

0 

x

(zz), 

(zs), 

(z~), 

(zs), 
(29), 
(30),

c 

0 

0

(all, 
(32), 

(33), 

(34), 

(35), 
(37),

5~ 

~~.

;oo

c pressure 

(38), 

(391. 

(25), 

(401, 

(4ll.



The Review of Physical Chemistry of Japan Vol. 44 No. 2 (1974)

T. :lfakita, Y. Tanaka and A. NaRash imn101

/.

i

o¢ v '~ ~ ~ ~ - C O
_ - O O N 

- ~ m ... r x -
P P aC S T O¢ 
n O ^Y ~O P ~

     O• ~ ~D n m C Y~ b - N N 'n M m M •n .p .n •n .n v ,v

    h M O v P 2 m m m O T f P 
  NV a- m 1~ O N PV Q b O h Y O 

T T T T T •/1 b d b h Zl P N T /~

           2/ J ~D T N N O L N O T N !.I 
          _ N N_ N_ N_ N_ N_ N N_ ? T T_ T T_ T 

O P N h O 1 O T O [C •n V Y. N N y M tC 1~ M m t~             N y N 
V7 T O• T t0 P 

             T •O J r` 2 O N M P T h n O N S.. 
       - ~ - - ~ ~ ~ - - - N N N N N M •n T T T •n N •n an

       N ~ P O O P O O P N P N Y 2 N T v' ,ry S 
                                                           _ N_ N •~. ~p •_D V' •_O ~DJ T 

~D MV O T N p V' O P T P V' 
t0 P O N N P M :O P d M N •n •n J T O •O h 4 1~ P P mV •O 
N N M M T T •O h M 1~ M N (p T h O •1 

                                       N N N N M M T T T M •n J~ .'] .p

       P 4 T T T - O •n .p C C O 
_ i.                                                      _ N_ m ~p .p r 

O Q O M m N v O ~: O N N G P- O 
N N O Y N P •1 N m L N V' 
N N N N N TJ O •O fO J' O O •1 V 

                                    N N PI N M M Y Y N N •P •SI •JU ~.

V - O b ~n .O 
  b n O N N 

N 
o -r a ~ , rn 
O M O 

.O O ew -
v7v] d ~ ~ n

         _ - - - _ _ - - ... -. z 

  ¢ ¢ m .D o ~ a .p D c V .~   .n ~ ~ r a m o z ... a c c c 
                  N .n t ~o 'c v '¢ ~

~ t~ P d - N -
.O P P ^'~ '~ Y' 

    _ N _ 
N T 
O O ~ S   S P

    N P d i 2 
         T .n -- t J ~ ~ ~ ~ Z

W r0 J• rv - 2 O P v^ 0~ 4 ~ •n O_ O O O S O G S C 

                                 N rv m~ •+~ t T ~n •n ~

P N 'n n N T- n m ~O •O ~O .D P N m M P 
cC 4' P O N ! T T n O N 

        _ N_ N N N_ M_ ti_1 
~O t0 ~D N P R T C- t0 P- O- T C` 
P N C N O J N ~D N T tG ~O N b P N T O ~ P ~G 
N n1 M T T T ~I~ N ~ ~. v f\ n tp 'JL 'b _ ~

v c m m m m

m N x N T N C M-
O - N N O C- O O O O O O

- T b-

   N a i s - - _ a _ c+ _ __ _ - i 
  ~n P O T v O N V

_ h N ~p .n              _ N_ N_ N_ N N_ 
  M O n. h C m T O N TJ t0 M A O N T 

P P N ^ ~n T O Ih ~O - - 1~ O ~ O 4' - fG 
P r ~D P J .. T ~D ~O O T h ttl en T T T n .n ~n .n .p ~O .D h h y p P P P O C O

~.Ti v ~ c v o 
P P P P O N

- o 
m o 
n N

~ h 
T

O 

N

N 
P -

  °a

~ ~ 

T

..< o

P "~

- ,.. O o c o 0 0 0 o c c o 0 0 0 0 o c o 0 0 0 0 0 0 
      - N m T .n .~ r x~ O N T .O m O .n O N O .n O .n O .n O 
                                                          N N m m T T .n .n ~ ~,,, r

1

0

U 

a 

0 e 

o_ 

e v 
`o 

r .? 

m `
o 

u n 

v 
E 
9 v 

s m .~ 

3

U 

L



The Review of Physical Chemistry of Japan Vol. 44 No. 2 (1974)

103Fvalualioo and Correlation of Viscosity na[a

G 

E 

A 

C .~ 

 `2 
C

 !. r 

n 

L 
t 

Y ~~ 

~' `c e L 
E 

z z

r

P PV O N N tp P N T N P N N O 
O N P T N N .n tp -- O 1~ i~ N O 
N /~ P N O T W- N m- enV P N 
N N N T T T T N N N b ~O V' ~ A

N N T- e. N M O O O T P- N 

P N N T N P m~ 0< m O M b P 
rv m m T T T N N ~D .C u] ~ ~ n n

=
_ a n z   N_ N _ 
tC - N 
V N n 
.O A P N

- P N n N N - T T M N 
P - ~ 
T N .Nn ~p ~p ~G

  V c0 ~O ~O N W T O 
- N 

_ N_ cp 

^ N P ~O N O O   M O O ~ P ~O ~O 
          V m rv N

0

T T N .O P

n e .~ ~ 
,o n ~ x 
N N N N

.~ m e ~c .: 
- ? P O O n 
M M .n < N

- a o r 
c rn -

T m~ l~ ~N M O `D -~ A N T                - N en P -

- o w c .+. ~ T- m .n m m -_ .i c     ~nV P m O O m N V m T V 
                     M1 P r~ ¢ O

  - P rvV m t0 - P O OJ - m N 
N
_ O P N- N O 1~ O N N- O- m   T ~D N n- ~p P T - T c6 - T 
T T T N N ~p ~O .p 1~ M1 © tp 2` P p.

O M1 P-~ O m Iv N 'JO P- V P O 

N lO ~~ ry N O T V M1 ~n S N T 1~ 
T T N .q VJ M1 M1 M1 S C 5 G\ P (1.

N M T V~ B O O 
N_ T -_ 1~ T 
P M1 O Y- P 
T .PO P m m n M1

1~ T M T O

T P N N T N 
~ ~ N O 

N ~ n r e

T 

P

V' - S - - ~D T Y 
u'1 N 2' N P~ T 

O O O O -

m T 1~ T W m N VV N n 
  M1 N V c0 P O O ~'t t0 V 

_ -_ N_ N_ N _N T_ m_ m m T 
N m N T N N nV ~^. 'JO -
N to O P 1` T O V rv T T ~O O c0 N ~D O ~n /~ O 
~D t~ M1 © a0 P P P O O

p. n y N O N Y 
n y .~. NJ ~ O 
O O

   O O T

T N t~ N O< C 
N wl t+~ M N. 1

V P ~n N V O P 

~ N ~ ? N S O 
M R Q< 1 N V'

n1 fO N P N 

M ~ 1` en V'

T G P

N N - ~ V' P 
N <V N O 
O O O C- N

O
n

m 
M

O

ONi

O

O

N
P

u .g 

O 
N h 

.ti 

O 

.
~ 
C 
N 

T a 
v 
`a 

T 

O 
.' 

1 O 

J 

A

ei 
V 
E

9 V 

L N ~u 

ro 
V 

A 
F

- N O N m O O O O O O O O O O O O O O O O O O O O O O O ^ 
    - T ~O W Q. O N TV M O N O O N O O O O 

                                                  N N T~ T T N .p v^J 1~ j.'

~~

a 
~-



The Review of Physical Chemistry of Japan Vol. 44 No. 2 (1974)

T. Jlakita, S' . Tanaka and 9. Nagash ima104

0 0 0 0 0 0 ~o 0 0 0 o c o 0 0 0 0 0 0 0 0 0 0 0 0

X X X ~C X X X X X x x X x X X x X X X X X x X x X

p N r C .O ~. N N p .n b- b m n N S p P 0 0 0 P-r M O ~n O r - aC r C ~/. O M b O O M b M p O OO~ N- P O O p ~D ~O Y' ~n C N m m m N L~ p O O ~pM tD b cC P N V' P ~O vn O .n O~ O p T t~ b [~ p an O
eJ N p O b N b n n P N [O M^ N-- O. N .O cp p N- m m O N ~O ~O O O - p P M _ N M m O v1 G
N M N D O. -< M er~ C h N R N M

O O O O O C O O C O O G O O'O O O O O O O O O O

x x X x X x x X X X X x X x X X X x x x x x x x

U- b M M O Z S T /~ b p p P N M P - P p b
O~ MV p m M p. N- O m m .D ^ (D N O. f0 - -` P- N b
P M O P J1 ~n /~ T O b O h M M h h V - N- N '-0M p C M V O P N b M p p N h M T N N p (.1 h-- .1
P h C p T b b p Q~ O b N N N b P p- (D 2 M b h<-
O N O~ M O n N !~ M T M- P m b M b N b p - !~ ~p N M
~riV r1 b ~n p- b-- p IV N r N M - M N

O O O O O O O O O O O C O O O O O O O O O O O O

% X X X X. x x x x x X x x%% X X X .`( X X X x X

h b b ~C 1~ b O O m (n. O~ N V M O- P - O- b-
- b M y N O- O C O P N O b S b C N r O M ~p

G t0 b V'I P - p~ .~ O P V p b ~ Nr .n Q, m b r b C -p T W M O. M Z- p 9 C P O. r m b m rv
M h< M- ~n .O - b n b M- .p N N b N P O p O p O
b Q~ ~n - N y Q- P N- M N N M- M N - -

O O O O O O O O O O O O O O O O O O_ O_ O_ O_ O_ O_ O

x X K x x K x x X X x x x x x X K x x X X x X x

N M h L ft N N M M M N ID p ry m M M N O N O N ~ C
C - N N - m - .n N P M m b p O~ O N T
Q. b M O O N N p N O - N T T N 'O N - ID MV
N ~O m ~O - N- P M 2M' m N T M ~. P M .n O h M-r1 b N p p N N `D T 4~ tD N `O N b N OJ P T< N O N
N P h O- N f N- O f-- O N b O O P N O- - N P - m fV N < 1` T - m - 1` tV N e~ nj N

m

W

6̂3

a

i

2

I.

a

L

N
i
G

.~

i 1

7
N

G

Y

S I

G

U:

S.`.~

a .~ 

W 0 

u 
0 U 

v 
m 

a 
n 

F



The Review of Physical Chemistry of Japan Vol. 44 No. 2 (1974)

                        Evaluation and Correlation of Viscosity Da[a 105 

(l, i and lOX 10s Pa) were slightly adjusted on the basis of [be correlated values at the normal pressure 
by the graphical method so that the weighted mean values and Che Correlated values should be consistent 

with each other. 

   The final weighted mean values are tabulated in Table 2 for ethane and Table 3 for ethylene, 

respectively. The standard deviations are also given in the parentheses except for the adjusted values 

near [he normal pressure and the single point value= of ethylene. In this procedure every tabulated 

value under pressures was determined quite indepzndently of the adjacent values. However the 

smoothness and the Consistency among the values have been found rather fair for ethane, but not quite 

satisfactory for ethylene.

                          Recommended Viscosity Values 

   The weighted mean values obtained above were smoothed using [he following appropriate em-

pirical equation, in which the viscosity is expressed as a function of both temperature and pressure: 

                                                a ~ 

        r1=_' BAIT'+(`~ Bu/T')P+(~' Be,lr')P''+(~' Bat/rt)P'+(`~ B,tIThP' (4 )                       .-a ,.o r-~ r-a ,-~~ 

Since the viscosity values . of gaseous ethane and ethylene increase rather rapidly with pressure near 

the critical pointx, it was found to be impossible Lofit the whole values to a single equation. Therefore 

the evaluated values for each gas were divided into two regions by appropriate pressures, namely the 

moderate pressure region (1~about 110x IOs Pa) and the high pressure region (about 110~800x 10° 

Pa). The boundary pressure varies slightly with temperature between IODx 10° Pa and 120x 10' Pa. 

The 25 empirical coefficients of Eq. (4) were determined for each region by the least squares method. 

The coefficients determined are given in Table 4. For Eq. (4) r is the viscosity given in 10-" Pa-s. T 

the temperature in K and P the pressure in lOs Pa (=bar). I[ has been found that the equation is able 

to reproduce the w•eigh[ed mean values within the percentage standard deviations oa as follows: 

                      Os=100 n ~j [(T-7/cetc)/7Jcac]s 

where r~=weighted mean values at grid-points. 

      iJoae=calculated values of the viscosity 6y Eq. (4), 

      n=number of data points. 

                 ivloderate pressure region High pressure region 

                   (I~110x IO'Pa) (I10~-SOOx 105 Pa) 

   Ethane D.31 0.42 

   Ethylene 0.58 0.65 

The values of percentage standard deviation for each se[ of original data are summarized in 'Fable 5. 

For some of the original data and the correlated values, [he percentage departures from Eq. (4) were 

calculated 6y the following equation
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Table

  "1'
. hlakita, A". Tanaka and A. Nagashima 

5 Percentage standard deviation from Equation (4)

First .Author i moderate pressure region
Number of data 

points mmDared

Standard deviation 
     percent

       High pressure region

Ethane 

 Carmichael 

 Enkin 

 Baron 
 hfeshchcryal-ov 

 Smith 

Etbylepe 

 Neduzhii 

 Golubev 

 Comings (1944) 

 Comings (1941) 
 Felsing 

 Gonikberg

41 

75 

II 

44 

81 

6 

li 

36 

8 

3

 1.08 

 1.14 

 7.4i 

 3.82 

3.96 

0.8 i 

 1.04 

 1,40 

 2.33 

 2.33 

362

lumber of data 
wipts compared

Sb 

72 

23 

Si 

JO

27 

5 

I 

6 

1

Standard deviation 
    percent

1.74 

198 

2,55 

4.35 

10.7

2.3fi 

2.67 

L50 

0.95 

3.72

                             departure percent=>)11e-rea` x 100 
                                                      Tj~aa 

where ~m is the original viscosity data. The results are plotted as a function of pressure in Figs. 3 

and 4. The final recommended viscosity values for gaseous ethane and ethylene have been generated 

by Eq. (4) and given in Tables 6 and 7. covering the temperatures from 300 to 475 K and pressures 

between 1 and 700x 10' Pa for ethane, and the temperatures from 300 to 3808 and pressures between 

t and SOOx lOs Pa for ethylene, respectively. Eq. (4) is not adequate to reproduce the ~°iscosity values 

precisely near the critical point as shown by the blanks of the recommended values- in Tables 6 and 7.

                          Residual Viscosity Correlation 

   r1s another trial, the residual viscosity r-rt was correlated with density by a simple polynomial 

equation as iolloa~s: 

                              _ ~ 

                                   rl -'~u "•Ci P1 (5) 7 

where r=weighted mean value of viscosity in 10-" Pa•s. 

      ro=viscosity in ]0's Pa•s calculated by equation (2) for ethane and (3) for ethylene. 

      p=density in g•tm '. 

The values of density were calculated by modified BR'R equations of state<n. 't'he empirical co-

eff~cienls C/ determined are listed in 'f'able 8. As shown in Pigs. 5 and 6 these correlations can be 

used in the range of density below 2p,. (p~ is the critical density) except for narrow regions near the 

critical point with Che estimated error of about 1.5/ (or ethane and 2/ for ethylene.
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        Evsluation and Correlation of Viscosity Data 

Table 6 Recommended values of the viscosity of gaseous ethane 
        in 10_e Pa•s (10'~poise)

t09

I'ressn rc 

I Os l'si La r i

10 

?o 

30 

au 

Su 

60 

70 

8U 
~/n

ino 

I ~a 

iaa 

160 

180 

2UU 

250 

300 

350 

a00

a50 

i00 

Si0 

600 

650 

700

'Pemoernuu'e
~

300 325 350 375 aoo x25 asa a7i

93a 

97a 

995 

IOa9 

12111

..' ~ ~

5 i35'~ 

  581a 

  6071 

  63?? 

  65i7 

  71(11 

  75A3 

   BDaI 

   AaGO 

  AA53 

   9>a9 

  963? 

  9973 

  103x1 

  10697

loia 

lo3z 

lose 

Iloz 

Ilas 

1330 

I i65

J 144 

4105 

x826 

5116

5383 

5952 

6420 

6836 

723A

7614 

8033 

B41B 

B82i 

9161

945

1087 

1101 

1127 

I IGi 

1220 

1300 

Tall 

I iG7 

17A0 

mGI

2436 

3020 

341A 

3774 

409i 

43RD 

-1999 

i 490 

i90G 

6290

GG59 

701fi 

7403 

7804 

8123 

8418

I IiJ 

1172 

1196 

1230 

1274 

1331 

1401 

14AR 

159A 

1732

1902 

2340 

2711 

3050 

3360

3644 

42i3 

4750 

i 172 

i ii3

590J 

6210 

G 587 

6943 

7254 

7577

122i 

1241 

12Gi 

1296 

I33i 

13A1 

143i 

I SOI 

1579 

I GG4

1767 

2009 

2318 

2603 

2872

3126 

3687 

41 G8 

4587 

4961

53ii 

5631 

i925 

6267 

6530 

6890

1291 

1309 

1333 

1362 

1396 

1436 

14A2 

153i 

I i9A 

I GGS

17x2 

I A9G 

2126 

2310 

2566 

2774 

3272 

3717 

4118 

J JAG

4820 

ill? 

i 39(, 

iG90 

598? 

6277

354 

376 

i01 

i27 

Jib

ago 

528 

i71 

623 

GiA

1737 

I A73 

20}~ 

2207 

23i9

2ii0 

?973 

33i2 

3747 

J092

x418 

1704 

J97J 

5249 

i 504 

5779

415 

443 

4GA 

491 

Sli

s42 

573 

610 

Gig 

(,99

I lit 

I BJA 

1941 

2114 

22ii

239A 

275A 

3110 

3ii3 

3774

407A 

4357 

4615 

4883 

i IJ9

i JOi

               # 'I'Lr ealues enclosed Ly dotted liixs nrr of liyuid plcrsr. 

s The critical constants are as follows; 
       Ethane T,-303A3 R. P. =46.SOx IOs Pa, 14-148cma•mal't 

       Ethylene T,:-282.368. P,:-30.32x fOS Pa, Y4-129 cma•mol_t 
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Tahle 7 Recommended values of the viscosity of gaseous ethylene 

  in 10_s Pa ~ s (10 % poise)

Pressure

10' !'aUrarl

io 

?o 

30 

ao 

so 

60 

70 

80 

90

100 

120 

Ia0 

160 

I80 

200 

2S0 

300 

350 

a00

a50 

500 

i50 

600 

6i0 

700 

7i0 

BDO

Temperature, h

300 310 320 330 340 350 360 370 380

1030 

I OSi 

107a 

1109 

1196 

1370 

1672

4110 

4443 

a75a 

i0a4 

i312 

5908 

balb 

6863 

7276

76ii 

8037 

8408 

8732 

9099 

9451 

9776 

10016

1067 

I OBi 

1107 

1143 

1203 

1304 

1473 

1731 

2104

3 ia8 

3906 

x232 

4533 

4804 

5390 

1819 

6301 

6691

7068 

743i 

7804 

8163 

8542 

8906 

9216 

94ifi

1103 

1122 

I lag 

1184 

1231 

130a 

1410 

I ibb 

178i 

2092

3070 

3456 

380i 

4118 

4402 

4997 

1481 

5894 

fi27J

6636 

7016 

7408 

7809 

821i 

8654 

8979 

9259

1136 

1157 

118a 

1214 

1257 

1316 

1399 

1510 

1660 

1860

2122 

?679 

308a 

3aa5 

3769 

4056 

466i 

5148 

i53a 

5926

6280 

6641 

7069 

7458 

7889 

A291 

8635 

8957

1167 

IIB7 

1210 

1238 

1215 

1326 

1398 

1491 

1607 

1757

1939 

2373 

2777 

3139 

3 aG3 

3755 

4359 

48aa 

iza2 

5605

59x8 

6308 

6690 

7043 

7x58 

186a 

8171 

8401

1196 

1213 

1231 

1254 

1287 

1331 

1398 

1483 

1579 

1698

1835 

2153 

2540 

2886 

3202 

3484 

4080 

4556 

49ii 

5313

5644 

5978 

6325 

6651 

6996 

1331 

7581 

7771

1225 

Iz3e 

1253 

1272 

1303 

13x6 

140i 

1479 

1 ib2 

1662

1764 

2022 

2369 

2688 

2979 

32x3 

3623 

4297 

47Dz 

SOfia

5389 

5706 

6006 

6273 

6600 

6870 

7095 

7213

1257 

1265 

12A0 

1302 

1333 

1378 

1429 

1497 

1570 

1659

1759 

1979 

2270 

2543 

2801 

3046 

3597 

4081 

4505 

4883

i222 

5536 

5830 

6100 

6360 

6615 

6887 

7104

1292 

1297 

1319 

1351 

1391 

1x36 

1490 

l 5ia 

1628 

172fi

1853 

2023 

2242 

2460 

2680 

2896 

3422 

3921 

x381 

4A03

1177 

5521 

5837 

6139 

6436 

6784 

7177 

7625

Table 8 Coefficients of equation (5)

Etbane Ethylene

C, 

Cz 

~3 

C~

 1.31666 x 105 

 3.34167 x 10+ 
-9 .66667 x40+ 

 2.08333 x 105

 1.2 t667x 1W 

 3.11667 x t0+ 

-9.16667 x I0+ 

 1.83333 x l05
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Evaluation an d Correlation of Viscosity Data I11
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