The Review of Physical Chemistry of Japan Vol. 21 No. 1 (1950)

A NEW SIMPLE VISCOMETER FOR COMPRESSED GASES
AND VISCOSITY OF CARBON DIOXIDE.

Py Rvo Kivama and Tapasur Magrrra®.

Although the effect of pressure vpon the viscosity of several gases has been
repotted by many investigators”, their data failed to cover the wide region of the
pressure and temperature of gases. In this investigation, a new viscometer for
compressed gases, which is simple and suitable for rapid measurement, is construc-
ted and the viscosity of caibon dioxide is deteimined at the pressures from 10

to 60 kg/cm® and the temperatures between 30 and 300°C.
New viscometer {or compressed gases.

For the determination of the viscosity of gases, vaiious methods? have been
reported, in which the * rolling-ball method "® js chosen as the most suitable for
the wide region of the pressure and temperature with the following reasons; 1)
the apparatus can be extremely simple, 2) only a small sample is required, 3) the
procedure of measurement is simple and rapid, 4) the system possesses great
flexibility, being capable of changing one or moie of variables: the diameters of
the tube and the ball, the angle of inclination, and the roll distance. Furthermore,
according to the result of the test of the strength of glass-tube®, visual obseiva-
tion of ball 10lling at constant velocity in a glass-tube and the elimination of the

inaccuracy from the accelerated motion of the ball in the steel tube*® are possible,

Details of the viscometer.

Viscometer-tube. In this investigation soda-glass is used ; if necessary. pyrex-
and silica-glass may be used. The tube needs to be circular in the bore, equal
diameter over the whole length, and smooth inner suiface. The worked and an-

nealed glass-tube has no stiain®. These treated tobes, which are 5.6~6.0 mm in
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inside diameter and 8.0~9.0mm in outer diameter, can bear with 240 kg/cm’
of inner pressure. The viscometer-tube is connected with the steel system by the
self-scaling method™.

Viscometer-ball.  The smooth and completely spherical steel-ball correspon-
ding to the diameter of the tube is used. The diameter ratio of the tube to the
ball is betseen 1,015 and 1.025. The ball is brought to a definite position by
means of an clectric magnet.

Thermostat. The viscometer-tube is set in an electrical-heating thermostat,
the temperature of which is regulated within 0.1'C. The window for visual obser-
vation is made over the whole Iength of the thermostat. ‘

Whole connection. For the introduction of gas into the viscometer-tube and
compression of gas, the viscometer
is connected as shown in Fig. 1,

and the whole connection is fixed

on the basc that can be inclined
to any desired angle. Ior opera-
tion, after the system is evacuated

through valve V,, the sample gas

is introduced through the slightly Fig. 1

Schema of high pressure viscometer.
A, Gas reservinr; B, Mercury trap; B/, Mercury
reservinr;  C, Connecting steel cylinder; E, Electric
thermostat; G, Pressure gauge: M, Magnel; R,

. i 5, Viscometer-ube; T, Thermomeler ;
ressure of gas reservior A, the Rolling ball ; b ;
P g Vi Ve, Vaand \." Valves

opened valve V.. In the case of

increasing the pressure above the

gas is also let into the trap B and

compressed by mercury in B’ with the pressure of the oil pump,

Determination of absolute Viscosity.

Viscosity coefficient » has been calculated by the following equation™™7#);

y=Db-Z-sind-(p,— p), (1)

it which Z is the roll time, # is the inclination angle from the horizontal, ¢ and
{o arc the density of gas and ball, respectively, and b is a constant. FEq. 1 is

satisfied only when the flow of gas thiough the crescent space between the tube

and the ball is in the streamline region of flow.
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Hubberd and Brown® showed that if the ball is rolling at uniform velocity,

there is a certain correlation between the following two quantities ;

resistance factor, f=f%r (I—)L_"%- STl 72 ind,
2 ol 14

Reynolds number, Re= Ld” -fh,
D+d 572

in which g is the acceleration of gravity, D and d are the diameters of the tube
and the ball, respectively, and I. is the ro!l distance. 1If f is plotted against Re
on the logarithm scale, a straight line with the slope of — 1.0 is obtained when
the flow is in the streamline region. This line is no longer straight where the
flow is changing from the streamline region to the turbulent one, but curves until
it reaches a certin smaller slope in the turbulent region. This f~Re correlation
is obtained from measuring the roll time of the ball and the inclination angle of
the viscometer using the viscosity-known gases, and is used to compute the vis-

cosities of other gases from the roll time and inclination angle.

Experimental results.

The correlation curve between f and Re is drawn by measuring Z and ¢ of
gases of known viscosity in various conditions, and used for testing this viscometer.
Effect of inclination angle, Changing the inclination angles between
0°35'00" and 3°04'20"”, the atmos-
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Z-sinf=const. (3) Fig. 2

~Re correlation. Effect of inclination "angle between
. . . a — 0°350” and 35427 at 20°C, T (Tube-No. 9)
This relation is satisfied whithin D=06145cm d=06005cm L=12.566cm
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124 except # less than 1°.

Effect of temperature. The effect of temperature is not seen upon the
correlation between f and Re, if D, d, p and g, at the measuring temperature arc
calculated from their coefficients of thermal expansion. At the temperatures
between 20 and 300°C, the air and carbon dioxide* under the atmospheric pres-
sure are used for measurement at various angles between 130" and 37307, The
correlation between f and Re is satisfied within 145 all over temperatures.

Effect of pressure. In order to obtain the correlation between f and Re
with incieasing pressure, catbon dioxide is used at the pressures from I up to
60 kg/cm® and the temperatures of 20, 30 and 40°C, wherc the viscosity of
caibon dioxide is known™ and the values of density are calculated from the com-

pressibility data of Michels'™ and Amagat™. The results obtained are shown in
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/-Re correlation. Efiect of pressure.  (Tube-No. 1)
D=05671 em d=0.5048cm L=99M0cm (20°C)

*  Parity of carbon dioxide used in this report is 99.82%,
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Fig. 3. With increasing pressure of gas, the straight line of slope of —1.0 turns
to a line of slope of —0.73, but the scattering of points is not so remarkable in
the transition 2one between the streamline region to the turbulent flow (maximum
deviation is only 326). The points plotted on curve 1 in Fig. 3 are measured at
a constant angle, #=2°07'02", and the points on curve II show the elfect of in-
clination angles between 1'20’ and 2°30" in the turbulent region. The effect of
pressure upon D, d and p, is negligible within these region of the pressure and
temperature. The viscosity of compressed gases can be ‘measured within the error
of 1.59 except the transition zone-between the strcamline flow and the turbulent

Oll€.

Viscosity of carhon dioxide under pressure.

In several reportson the viscosity of carbon dioxide under pressure, the
maximum tempersture is only 105°C™. 1In this investigation, the viscosity of
catbon dioxide at the tempemt'ures fiom B0 to 300°C and the pressures up to
60 kg/em’ is determined and plotted in Fig. 4, The smoothed values estimated

from Fig. 4 are shown in Table 1.

00 — T T T
u | — _|
g __.29,"_.5.1——-"4"'/"
- -
"] B
5 259' //—
.ssaj—_—_-_r/
»
§ r _ryﬁ—/r/ ]
% :_______’_’4' -
g F L~
,.,J-ég.'f‘/ 7
% F.'—___*__'_,. //,_
Y [ ,,-*"'
50- ’f”&E’)
;/1_./—('3”/‘ .
ﬁor‘i‘] { 1 '
1 ] 5 0 40 0. ®

Aolute  pressure, kp/ g wn

Fig, 4
Viscosity isotherms of carbon dioxide.
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Table 1
Smoothed values of the viscosity of carbon dioxide.

(in Micropoise)

Pressure, (kgfcm?)

Temperature |

b 1 10 20 30 [ 0 | 0 ‘ 80
40 160 163 167 173 180 180 a2
100 182 154 187 191 198 207 218
150 205 206 208 a1 ar 295 235

2 225 ao7 230 933 238 343 Y

250 245 a7 249 253 256 260 264

300 %4 %686 268 a7 274 o7y 231
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