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       EVALUATION AND CORRELATION OF VISCOSITY DATA 

          The Most Probable Values of the Viscosity of Gaseous 

                      Propane and Propylene 

                      BY ~ OSHI\'CI:1 TA SAFd ANn TADASHI MAKIIA 

           The critical cvaluation of the viscosity data of gaseous propane and propylene has 
        heed carried out based on the experimental data available in literature. The most 

         probable slues of the viscosity of propane are presented in the form of numerical 
         hrhles covering the range of temperatures from 298.15 to 523.15 K and that of pressures 
        up to 550 x IPs Pa. The estimated uncertainties of the tabulated values are also given. 

         Sinn: there exist only three sets of experimental data available in literature for 
         propylene, the smoothed values are generated on the basis of these data covering the 
        range of temperatures from 300/0 525 K and that of pressures up to SOOx IOS Pa. 

                                  Introduction 

   In the precious papers the results of the evaluation and correlation of the viscosity data of 

gaseous methane[>, ethane and ethylenezl under high pressure were already- reported. The present 
work on propane and propylene is another successive program of "High Pressure Data Center of 

Japan" orgsnized in the Society of Jlaterials Science, Japan, w•i[h the sponsorship o(the Agency of 
Science and Technology. The following members attended several meetings for [he discussion and 

the final evaluation: ' 

   J. Osugi, 1'. "fakezaki (Syoto Univ.); H. Iwasaki, 5. Takahashi, K. Date (Tohoku Univ.): 

   I. Tanishita (\ippon Unic.) and R. 1i'atanabe (Iieio UnivJ 

to whom the authors wish to express sincere gratitude for their .•aluable suggestions and cooperation. 

                      Survey and Evaluation of Vistozity Data 

   There exist nine and three original measurements of the viscosity of gaseous propane and 

propylene under high pressure, respectively. In Tshle 1, the authors, the temperature and pressure 
ranges, and numbers of isotherms are listed in the order of the publication. The original papers 

were carefully read through and examined from the viewpoint of the reliability of the reported daza 

in the similar manner to the previous workst•ZI. The final evaluation was performed by the Com-

mittee members described above. 

    (Received October 22, 1975) 
     1) T. Dlakita, Y. Tanaka and A. Nagashima, Thir Journal 43, 34 (1913) 

     2) T. ilfakita, 1'. Tanaka and A. NaRashima, ibid., 44, 98 (1914)
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1 \feasuremeots of the viscosity of gaseous propane and propylene under high pressure

First Author Sear ~lelhod Temp. Range Press. Range \o, ai 
   (li) (IOsPa) isotherms

Ref.

Propane 

 Sage 

 Smith 

 Bicker 

 Comings 

 Golubev 

 Baron 

 Starling 

 Carmichae] 

 Giddiags 

Propylene 

 Golubev 

 Neduzhii 

 Naziev

1938 

1943 

1943 

1944 

1953 

1959 

1960

1964 

1966

1953 

1967 

1972

Rolling Ball 

Rolling IIall 

Rolling Ball 

Transpiration 

Transpiration 

Transpiration 

Transpiration 

Rotating Cylinder 

Transpiration 

Transpiration 

Transpiration 

Transpiration

311-378 

295-463 

293-498 

303-378 

298-523 

325-408 

294-511 

311-422 

278-478 

178-378

291-513 

210-310 

300-474

  1- 133 

  7- 34i 

  1- 34i 

  I- 42.3 

  1- 810 

 i- iit 

  1- 552 

621-1379 

 1- 345 

  1- 531

1- 910 

1- 7.8 

1- 9.2

5 

8 

5 

6 

8 

4 

11 

8 

i

6 

fi

37 

4J 

5) 
6) 

i) 

8) 

9)

10) 

11)

7) 
12) 

13j

   As the results for propane, three sets of data presented by Starling et also, Carmichael et aLiol 

and Giddings et a(.tt] were evaluated to be the most reliable and given the highest weight. The 

weight second to the ahoce was given to three sets of data reported by Comings et als>, Golubev 

e! al.i7, and Baron et aLe> ]o weight nas given [o the earlier worksa-s] using the rolling-ball method. 

   For propylene, there exist only three sets of experimental data which include the viscosity 

values in the gas phase under high pressure. Among them, Neduzhii et a/.rz> and Naziev et nl.ta) 

failed to cover the wide range of pressures. while Golubev eE al.i> covered the pressure range up to 

S10x IOs Pa (=bar} Therefore only the smoothed values were generated on the basis of these data 

weighted equally.

Method and Results of Correlation

 Propane 

   (i) Viscosity at the atmospherfc pressure For the viscosity of gaseous propane at the 
atmospheric pressure there exist 5f[een sets of experimental data available in literature. Therefore a 

correlation between viscosity and temperature was carried out on the basis of several sets of these 

data quite independently of the high pressure data. The viscosity at the atmospheric pressure was 

     3) B. H. Sage aad R'. N. Lacey, Ind. Eng. Chem., 30. 829 (1938) 
    4) A. S. Smith aad G. G. Browa, ibid., 35, i05 (1943) 

    S) L. B. Bicher. Jr, and D. L. Ratz, ibid., 35, 754 (1943) 
     6) E. R'. Comings. B. J. btayland and R. 5. Egly, tiaiv. of Illinois. Engs. Exp. Sta., Bull. Series No. 

      354 (1944) 
    7) I. F. Golubev and V. A. 1?etro.•, Trudy GIdP, No. 2, 5 (1953) 

     8) J. D.Baroa, J. G. Root aad F. W. R'ells, !. Chem. Eng. IMIa, 4, 283 (1959)
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fitted to the follon•ing quartic equation as a function of temperature 

       ~o=-G.32i414 X lOt~f-9.039817T-2.2944D7 x 10-'T' 

          t 3.GSIGi9X 10-aT-2.30323Gx 10-°T' (1 ) 

where ro is the viscosity at the normal pressure in !0-' Pa•s (=10-' poise) and T Lhe temperature 

in K. Eq. (I) is found [o fit the experimental data for propane between 278 and 5496 with the 

standard deviation of O.i8,5 and the maximum of 2.0°5. The deviations of the original data from the 

above equation arc plotted in Pig. 1.

V 

v 

J .~

z.o

~a

0

_,_a

a

0 

0

O

O

O PROP_\\E

®ec 

~O

e

c ®~ ® ~ 
`" 

o 
   ~a

0

''~ e 

0

eo 0 e

0

                         ~ ~ ~ ~ ~ 
               ;~ 3so aao aso sao sso                                           "1'emperaturc/K 

            Fig.] Departure plots of original viscosity data for propane at the normal 
                   pressure in literature 

               ): fls). O: (lb). ®: (u). •: (]g). 1 : (19). ~: (20). C: (zq. 

   (ii) Viscosity at high pressures: The method of the correlatio¢ is quite same as used in our 

previous papers]•=~14>. The weighted mean value of the viscosity- at each grid-point teas calculated 
with [he relative weight determined in the critical evaluation. The standard deviations were also 

calculated by the following equation: 

            error •(n-?) 

where, an=the weight given, 

     9) S. E. Starling, B. E. Eakin and R. T. Ellington, A. 1. Ch, E. lournd, 6. 438 (1960) 
    ]0) L, T. Carmichael. V, \1. Bern a¢d B. IL Sage, J, Chem. Eng. Dalu, 9. 411 (196x) 

    ll) J. G Giddings, J. T. F. Kao and R. Kohayashi, L Chcnr. Phyr., 45, 578 (1966) 
    12) I. A. Keduzhii and Vu. I. Khmaca. Kiev Technological Institute oC Light Industry Publishing 

       House, p. t8 (L96i) 
    13) T"a. i•L \aziec, S. O. Gusejno~~ and A. K. akhmedov, l •. 1 ynh, L'cbeb. Za.ed., .\'efl Gac., IS (5), 65 

      (1972) 
    li) Y. Takezaki,"Proceedings of the First 9'echnical Meeting on the Evaluation oC Physical Properties 

       oC Pluids under Pressures" (Edited by T, 6fakita). p. 8 (1971) 
    ti) T. Titani, Bull. Chem. Soc. Japan. 5. 98 (1930)
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       ri=the viscosity in the original work, 

        r =the e~eighted mean value. 
        n =the number of data. 

   The weighted mean values at 1.01 x lOs Pa determined by the grid-point method were found 

to deviate a little from Eq. (I). Therefore the weighted mean values at low pressures (1, i and lOX 

IO' Pa) were slightly adjusted using the correlated values generated by Eq. (1) so that the weighted 

mean values at high pressure should be consistent with the correlated values throughout the range of tem-

perature of this correlation. The final weighted mean values are tabulated in Table 2 together with

Table 2 Weishted mean values of the riscozia• of propane Poisel

~ T(F)('C) 298.11 

25

323.15 

i0

348.15

75

373.15 

100

398.15 

125

423.li 

150

448.1 i 

li5

4i 3.15 

200

498.15 

225

523.15 
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s 

to 
zo 
30 

4Q 
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8304(14) 
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the values of standard deviations given in the parentheses except the adjusted values near the 

normal pressure. In this procedure. every tabulated value was determined independently of the 
adjacent values. However the smoothness and the consistency among the values are very good except 

the values with an asterisk, which mere determined from only one experimental data available. 

 Propylene 

   (f) Viscosity at tke atmospAeric pressure: For the viscosity of gaseous propylene at the 
atmospheric presure there exist ten sets of experimental data available in literature. The correlation 

of viscosity and temperature was performed on the basis of several sets of these data. The viscosity 

data were fitted to the following quartic equation of temperature 

       ro=-Z.488096X10°}4.974698T-G.18.3878X IO-'7" 

          +8.022894 X 10''T'-4.572703 X 10-'T' (3 ) 

Eq. (3) reproduces the original data between 280 and 523K with the standard deviation of 0.42 gS 

and the maximum of IA°S. The deviations of the original data from the above equation are plotted 

in Fig. 2.
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    Fig. 2 Departure plots of original viscosity data for propylene at the normal 

           pressure in literature 
        •: (7 ). 0: (12), •: (13). J: (13). •: OS). ®t (20). ~: (22). 

Jt. Trautz and F. Kurz, Ann. Physik. 9, 981 (1931) 
M. Trautz and K. G. Sorg, ibid., 10, 81 (1931) 
H. Adzumi, Bull. Chem. Soc. lapun, 12, 199 11937) 
R. N'obser and Fr. \iuller, 6olloid-BcikeJle, 52, 165 (1941) 
J. D. Lamber[, K.J. Cotton, \I. N'. Pail[horpe, A. Di, Robinson, L Scrivios, R'. R.F. 
k'oung, Proc. Roy. Sor. (London), 237 A, 280 11955) 

J. Kestin, S. T. Ro and \\'. A. Wakeham, Traat. Faraday. Soc., 6/, 2308 (1971) 
\I. Trautz and I. Husselo i, Ann. Pkyrik, 20, 121 (1934)
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   (iij Viscosity ar higb pressures: There esis[ only three sets of eeperimental data as shown 
in Table 1. The data of Aeduzhii et al. and \aziev et al. cover only the lower pressure range below 

lOx l0a Pa. Thus the sources of data are very xaree and it is impossible to adopt the usual grid-

poinf. method for propylene. Therefore only the smoothed values were generated by empirical 

equations on the basis of availahle data. It was also found impossible to fit the whole data to a single 

empirical equation since the viscosity o[ propylene increases sharply with temperature and pressure 

near the critical point*. The original data were divided into tao groups in terms of the values of 

temperature and pressure. 

               Tahla 3 Smoothed viscosity values of propylene in 10-rPa•s QO_s poise)

~, T(P) 
P (bar) ~

io 

zo 

30 

40 

50 

60 

70 

80 

90 

100 

I20 

l40 

160 

180 

200 

250 
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350 
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500 
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aoo
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   91.0 

i 

  1010
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1040 
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1330 

1400 
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Ii 20

1590 

16i0 

Ul0 

I7i0 
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1880 
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94.1 

98.0

i88 

806 

823 

840 

Sii 

Sii 

904 

93i 
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993 
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1150 
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1330 
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1440 

1490 

l ii0 
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Ii00

i
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93i 
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1 I00 
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1190 

1240 
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1320
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ltl 
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15i

4I3 
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bli 

688 

i49 

802 
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942 
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1080 
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1160 

1200
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I49 

168 
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25i

312 

378 

424 

463 

i99 

532 

60i 
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i19 

766

811 

855 

896 
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1060 
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I37 
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Ii5 
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247 
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592 
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737 
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94i 
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13i 
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2G7 
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525 
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795 
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19i
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352 
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524 
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660 

i03 
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149 
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I71 
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18i 
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389 
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i78 
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733 

i64 
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The values enclosed by dotted lines are of liquid phase. 

  s 'fhe critical constants of propylene are as follows: 

     T~ =.ibS.O P. P,: =46.2 x I Os Pa.
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    [n the lower pressure region below about 90x 10° I'a, the smoothed viscosiq• values were 

generated employing the following Eq. (4) nn the basis of 56 equally weighted data extracted from 

the three references and correlated values at the normal pressure. 

           4 3          O(CBhITI)!l (4) 
            i=0i=0 

Eq. (4) fits the original data with the standard deviation of 0.54 o and the maximum of 2.2 •S. The 

smoothed values obtained were partly adjusted with the aid of the residual viscosity versus density 

correlation as described later. 

   Above about IOOx 10s Pa, i6 data extruted from Golubev et af. were smoothed out by the 

following form of equation. 

            a a 

             j=D i=D 

The empirical coefficients of the abo.•e equation were determined by the least squares method. Eq. 

(5) reproduces the original viscosity values with the standard deviation of 0.69% and the maximum 

of 2.6y. The final smoothed viscosity values for propylene are tabulated in Table 3. The tabu-

lated values are found to agree with [he correlated values of \'a;hchenko et al.~l with the mean 

deviation of 1.5/ and the maximum of 5.3% at 300. 350, 400 and 4501:.

                     Recommended Viscosity Values of Propone 

    The weighted mean values given in Table 2, except the supplementary values with an asterisk. 

were divided into two groups by appropriate values of temperature and pressure taking the sharp 

increase of viscosity near the critical point'" into consideration, namely the moderate pressure region 

and the high pressure region. In these nvo regions the boundary pressure increases from 20x IOs Ya 

at 298.15E to 120X IOs Pa at 498.liK gradually with temperature. Several source data near the 

boundary were selected duplicately both in the moderate and the high pressure regions in order to 

keep smoothness of the data beyond the boundan•. Each region has 69 and 143 weighted mean 

values respecticel}•. 

   The weighted mean values n-ere correlated employing the following form of equation. . 

           ~ ~ a 
      r=-°BoiiT"t( ~~BtilT')P-( ~~B2ilTl)1't 

             i'D i=U i=0 
            S 4 

              i=0 i=D 

     w 'The critical constants of propane are as follo~cs: T,~ X369.6?F, P, -42.30x lOS Pa, 
    23) A. B. van Cleave and O. lfaass, Curr. !. Research. 13B, 140 (1931) 

    24) P. }I. Craven and J. D. Lambert, Pea. Roy. Sar., (London), AZOS. 439 (1951) 
    23) H. Senftleben, L, mrgc-m. Physik, 5, 33 (1953) 

    26) ll. Jf. \'ashchenko. el al., "Thermodynamic and Transport Properties oC Ethylene and Propylene" 

       (Translated from the Russian as published by the State Committee of Standards of the Sovic[ 
        }finistn•, L'. S. S, R.), National Bureau of Standards. L', S. Department of Commerce, R•ashinglon, 

       D. C. (19/2)
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Table 4 Coefficients of Eq. (6) for propane

Coefficient iltoderale pressure region

R~ 

Roa 

Rq 

Roa 

Ra

Baa 

Raa 

Raa 

Bu 

Rae

Rp 

R21 

Ry 

RW 

R~ 

Ral 

Rae 

Raa 

Ray

Raa 

R„ 

Bra 

R.a 

Ru

i
t 

i

-4 .111477 x IW 

 1.061704 x lD7 

-G .Gfi9444 x LOs 

 1.746888 x lOtz 

-1,669861 x 101< 

 2.291204 x l07 

-3 .181194 x 10° 

 2.088323 X 109 

- 5.362933 x LD11 

 1.123134 x IO'3 

-IS44116x10z 

 2.482730 x 105 

- L489082 x 10° 

 3.946486 x 1010 

-3.891836 x lOlz 

  1.381320 

-2 .131811 x lW 

  1.207138 x lOs 

-2,927795 x 10° 

  2.113950 x l0~° 

  5.300374 x 1D-5 

-1.322413 x 10 

  1.138365 x IM 

-4 .231683 x 10s 

  i.i8fi893 x lOs

High pressure region

 6.906818 x 105 
-9 .723551 x 108 

 5.016717 x 1011 

-1 .129728 x 10~< 

 9.476435 x 105 

-5.605149 x 1W 

 1.660571 x 108 

-3 .825664 x 109 

 8.3fi 1822 x 1011 

-6. i 82749 x 1018 

  1.667698 x 10 

-2 .198261 x 108 

  1.054318 x IOr 

-2 .205222 X 109 

  Li 10478 x 1011 

-2 .222342x 10'r 

  2.822039 x l0 

-1.294671 x 1M 

  2.582008 x 108 

-1 .913313 x 105 

  1.010817 x 10"5 

-1.202900 x IO"= 

  1.057963 

-9 .065694 x IOZ 

  5-970682 x 10+

where r is the viscosity given in IO'8 Pa•s. T the temperature in Ii and P the pressure in 105 Pa. 

The coefficients are given in Table 4. I[ is found that the equations are able to reproduce the weighted 

mean values within [be standazd deviation of 0.55% and the maximum of 2.1% for the moderate 

pressure region, and the standard deviation of 0.4iy. and the maximum of 1.6°6 for the high pres-
sure region. respectively. The percentage standard deviation as is defined as follows: 

where q =weighted mean values at grid-points. 

      roar=calculated values of [he viscosin~ by Eq. (6). 
       n =number of data points. 

The values of percentage standard deviations of original data from Eq. (6) are summarized in Table 

5. For some of original data [he percentage departures were calculated by the following equation 

and illustrated in Figs. 3 through 6 as a funttior. of pressure,
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Fig. 3 Percentage departures of the original viscosity 
     data from Eq. (b) for propane under high 

     pressures near 310 K 
/:3I0.93K,(3), x:313.45 K,(4), ®:198.1aR,(3), 
~: 310.85 K, (6 ), r:: 297.65 R, (7 ), ): 310.93 K, (9 ), 
~: 310.93 K, (10), ~: 310.93 K, (11),
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Pig. 4 Percentage departures of the original viscosity 
     data trom Eq. (6) for propane under Ligh 

     pressures near 34S K 
/: 344.26 K, (3 ), ®: 350,31 K, (4 ), ®: 3#8.15 K, (i ), 
~: 344.25K, (6 ), ~: 3S2.i9K, (8 ), ;):344.26 K, (9 ), 
~: 344.26 K, (IO), p: 344.26 h, (11 ).
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Fig. 5 Percentage departures of the original viscosity 
     data from Eq. (6) for propane under high 

     pressures near 373 K 
/: 3i 7.39 K, (3 ), ~: 368.15 R, (4 ), Q: 37 i.63 K, (6 ), 
Q: 373.95 K, (i ), ~: 380.37 K, (8 ), ".~: 377.35 K, (9 ), 
~:37i.39 K, (10), p:3i i.39 K, (17).
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Fig. 6 Percentage departures of the original viscosity 
     data from Eq. (6) far propane under high 

     pressures near 423 K 
®:423.15 ]i, (4 ), G: 424.13 R, (7 ), .): 410.95I{, (9 ),

   percentage departure= gOt-r`°" x 100 ( S )                               Tcalc 

where r7m is the original viscosity data. The final recommended viscosity values for propane have 

been generated by the above Eq. (6) and given in Table 6, covering the temperatures from 300 to 

SOOK and pressures betweee I and 550 x lOs Pa. Eq. (6) is not adequate to reproduce the viscosit}• 

values precisely near the critical point as shown by the blanks of the recommended values table.
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Table 5 Percentage

      V. Tanaka and T. 

standard deviations of the

3lakita 

original data from Eq. (6) for propane

Author

Giddiggs 

Carmichael 

Starling 

Baron 

Golubev 

Comings 

Smith 

Bicher 

Sage

     Moderate pressure region 

Vumber of data Standard deviation 
points compared ^o

I
11 

24 

i6 

28 

25 

3i 

li 

33

0.59 

0.8fi 

0.91 

1.d8 

 t,",0 

2.03 

3.13 

i..2 

12..

      High pressure region 

dumber o[ data Standard deviation 
points campated 7b

43 

ii

l29

31 

i8

57 

29 

3i

o.7z 

0.69 

0.57 

2.94 

2.50 

5.92 

3.83 

1.83

Table 6 Recommended values of the visrosl h' of propane in 10-"Pas (10_s poise)

T (K7 300 325 350. 375 400 i25 450 4i5 500
P (bar)

1 

10 

20 

30 

40 

i0 

60 

i0 

BO 

90 

100 

120 

140 

160 

160 

200 

230 

300 

350 

400 

450 

500 

550

i 82,1

I

975 

993 

1010

1030 

1050 

1060 

1030 

1100

1110 

I I50 

1180 

1210 

1240 

1270 

1350 

1420 

1480 

lii0

1600 

1660 

1720

89.2 

90.2 

729 

iil 

iii

i 9fi 

81fi 

836 

8ii 

874

892 

926 

959 

990 

1020

1050 

1120 

1180 

1250 

1310

1360 

1430 

1490

95.3 

98.3 

103 

534 

563 

i90 

616 

640 

664 

686 

707 

746 

781 

8i+ 

8+5

873 

939 

1000 

1060 

1 I20 

1180 

1240 

1280

101 

l0i 

110 

il9

463 

i92 

518

543 

i89 

630 

obi 

700

s30 

%97 

858 

917 

914

1U30 

LO80 

1130

108 

ltl 

115 

121 

132 

152

347 

iii

405 

45i 

502 

543 

579 

611 

682 

743 

800 

855 

91U 

961 

1000

114 

Ill 

!20 

125 

13? 

l43 

160 

1S5 

22l

299 

353 

400 

443 

480 

il4 

587 

648 

704 

i58 

SLL 

862 

006

t20 

122 

l25 

130 

136

l44 

155 

169 

186 

t08

234 

28l 

326 

36i 

404

437 

509 

570 

625 

6i8

7L9 

778 

822

126 

I28 

I31 

l35 

I40

I45 

134 

l67 

li9 

194

210 

245 

2i9 

316 

348

378 

445 

504 

Sii 

608

656 

i0.i 

745

131 

134 

136 

138 

142

146 

]33 

162 

Li3 

l87

201 

234 

262 

288 

312

336 

394 

44i 

498 

545

590 

632 

671

The values enclosed 6c dotted lines are of liquid phase.
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                          Residual Viscosity Correlation 

   The residual viscosity ~-ro was correlated with density p by a simple polynomial equation as 

follows 

propane 
        -ro=2 .256634 X 10°p }6.046793 x 103p4t 1.025224 X lOsps 

           - 3S 13343 X 10°p'+ 5.031422 x l Osp' (9 ) 

propylene: 

       r,-ra=1.799455x t0'p+2.144507 X 10'p=+9.993000x 10'p' 
           - 1. i 34859 x 10sp' } 3.364024 X 10sp' (10) 

where 

        p =weighted mean value or smoothed value of viscosity in 10_s Pa•s, 

       ,u=viscosit}• at the normal pressure in 30_s Pa•s calculated by Eq. (1) for propane and Eq. 

         (3) for propylene. 

        p =density in g•tm'a. 
The values of density were calculated from the recommended values of the compressibility factor 

presented by this Committee'?n previously. These correlations can be used in the range o[ density 
between about 0.05 and OS3 g•cm-s with the estimated mean deviations of 2% for propane and 4% 

for propylene eetept narron• regions near the critical point. 

   The computation was done by FACO11 230/35 System a[ the Computation Center of Kobe 

University. The authors wish to thank 6tiss. N. Konishi and Miss R. Hamaoka for their help in data 

processing. 
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