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In literature there is a series of works devoted to the study
of the viscosity of liquid and gaseous isobutane, The com-
parison of experimental findings given in these works showed
that they differed from one another substantially, therefore
a study was made of the viscosity of liquid and gaseous iso-
butane (including the line of saturation and the area close
to the critical point) in the interval of pressures from 1 to
700 kg/cm(superscipt 2) and temperatures of 0-275 degrees C,

s e

A o~

T s




LR daed e

3

. W

X
i
Yy B
X Y
3 -
=
3
v X
B
't
s
i
.
A\

G ot o

CuEL a8 s

ST LR U T

B :'\v?,..,« AT Aopz:,.,.,/(n 1 o Courity e = e e o
) R " T TRH - % T s RES e e s

FID"MI' 24-1605-71

EDITED MACHINE TRANSLATION

THE VISCOSITY OF ISOBUTANE AT HIGH PRESSURES

By: N. A. Agayev and A. D. Yusibova

English pages: 5§

Source: Gazovaya Promyshlennost'

s Industry),

4
\

Vol. 14, No. 3, 1539, pp. 41~43.

This document is a SYSTRAN machine alded trans-~
lation, post-edited for technical accuracy by:

Charles T. Ostertag.

Approved for public release;

UR/0492-69-014-003%

distribution unlimited.

THIS TRANSLATION IS A RENDITION OF THE ORIGI-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL. COMMENT, STATEMENTS OR THEORIES
ADVOCATEDORIMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION
OR OPINION OF THE FOREIGN TECHNOLOGY DI-

YISION.

PREPARED 8Y:

TRANSLATION DIVISION
FOREIGN TECHNOLOGY DIVISION
WP.AFD, OHIO.

FTD-MT- 2!-1605-72

Date 21 Janl9 72

o ey s

P

‘31

it

o Talie, T BN e e




ST M A At il ke e R e B L U i A NSRS AT S e i e B S A e A s g |

s AR RO RV IR O

5
i

k|

U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italiec Transliteration :

A a A a A, a P p P R, r. :

B 6 5 & B; b C ¢ C ¢ S, 8 i

B » B s v, v T ¢ T m T, t

rr r s G, & vy y Y y U, u

o a e D, d ¢ ¢ ® ¢ F, ]

E o E ¢ Ye, ye; E, e* X x X x kh, kh

M m X 2 Zh, zh U u U y Ts, ts

3 3 Z, 2 Y 4 ¥ w Ch, ¢h i

H o« H u I, 1 w w & w Sh, sh 3

A # A a Y, ¥ W w W w Sheh, shch !

K x K x K, k D » D » " ;

) B | J1 & L, 1l H N H u Y, Yy H

M x M u M, m b » 5 » ' )

H x H x N, n 3 o 8 E, e :

0 o 0 o 0, o 0 © O » Yu, yu i

na mn P, P A = A a Ya, ya :
}

* ye initially, after vowels, and after %, b; & elsewhere,

en written as 8 in Russian, transliterate as y¥ or &.
The use of diacriticel marks is preferred, but such marks-
may be omitted when expediency dictates. i

PRS2 e i o S

FTD-MT-24-1605-71 i




TR IS iR A A N AEv . T T Rge a1 ~Lpw B e o Nem R eeiTated e YRR eame TR Mt poem e 6 e SRS R T T T
K AT e T g T LAkl TRy g

THE VISCOSITY OF ISOBUTANE AT HIGH PRESSURES

N. A. Agayev and A. D. Yusibova

In literature there is a series of works devoted to the study of
the viscosity of liquid and gaseous isobutane [3-7]. The comparison
of experimental findings given in these works showed that they
differed from one ancther substantially, therefore a study was made
of the viscosity of liquid and gaseous isobutane (including the line
of saturation and the area close to the critical point) in the
interval of pressures from 1 to 700 kg/cm2 and temperatures of 0-275°C.

Unlike the procedure applied earlier [1] in this investigation
liquid thermostatic control was used [8]. The temperature of the
experiment was measured by a model resistance thermometer to within
0.02°C, pressure was measured by manometers of the type MP-60 and
PM-600, class 0.05. The timing of escape was conducted automatically
with a P-30 electric timer to within 0.1 s.

The main unit of the installation - a capillary viscometer — was
made from "Supromaks" brand glass and it had the following geometric
dimensions: diameter of capillary 4, = 0.008818 cm, length of
capillary ZH = 5,170 ecm, volume of the measuring balloon VH = 1,133 cm3,
the drop in the level of mercury in the viscometer AHH = 5,743 cm3.

Chromatographic analy.is of the substance investlgated by us showed
that it contained 99.87% isobutane, 0.005% propane, and 0.08% n-butane.
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Experiments were conducted based on isotherms with the temperature
interval after every 10-25°, and in the area close to the critical

point after 0.5-2.0°.

The step of pressure measurement in the beginning cf every
isotherm comprised 5-10 kg/emz, at a pressure above 100 kg/cm2 the
step was changed after every 50-100 kg/cmz. In the area close to the
eritical point pressure on isotherms was changed wlth a step of
0.5-1.0 kg/cm°.

The viscosity of isobutane was measured on the following
isotherms: 0, 10, 25, 50, 75, 100, 111.67, 125, 130, 132.6, 134.68,
137, 140, 150, 175, 200, 225, 250, and 275. Here the limit of pressure
measurement comprised 1-700 kg/cmg. For the determination of the
viscosity of liquid 1sobutane on the line of saturation and in the
area close to the critical point measurements were made at pressures
up to 50 kg/cm2 on isotherms 131.2, 132.6, 133.3, 134.0, 134.5, and
135.5.

At the assigned temperature and pressure the measurements werc
made at each point 2-3 times; here thz reproduclbility of the ex-
periments did not exceed 0.2%. A control measurement was conducted
on the isobar 50 kg/cm2. The 1sobar data coinclded with measurements

on the isotherms with an accuracy of 0.2-3%.

The adjusted values of the viscosity coefficients of lsobutane
are given in Tables 1-3. The possible error of the experimental
findings is estimated at t1%.

The diagram deplcts the dependence of the excess viscosity
(np,T""T) of lsobutane on the density p for the limits of temperatures
and pressures indicated in Tables 1-3. The values of denslty hae
been taken from works [9-10]}. Values ("p,T’“T) at all temperatures
and pressures are arranged in one general curve; deviation does not
exceed +1.0%.
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values), 1072 N's/m2.

Table 1. Viscosity of isobutane (adjusted
~~ -

3 o Teuepstype, °C

&y 1)

: o [ 78 g00 | g0 | 128 | 330 [134.98) 137

{
1 | 060 072 0751 081] 0,88] 0.924] 0,947 0.980] 0.691| 1.0024 1.007 1,036 1902
5 |19:8247.80115.20 0.83| 0:88| 0,344] 0.066| 1.000{ 1.012! 1,023) 1,027 1,056] 1.112
10 |49.95/17,93] 15.33|11,28| 0.90] 0.964| 0,988 :.020} 1.531] 3,043 1,043 1,077] 1,143
15 |20,08| 1805} 15.46] 11,91 | 9.09] 0.992] 1.015{ 1.0481 1.059) 1.070! 1.075 1104| 1,458
20 |20.22]148,19145.58] 42104 | 9.27] 6.725] 1,054 1.084] 4.005( 4.404} 1,109 14351 1,187
25 |20.35(183215.7] 12:16| 2:42] 6:951] 5.922] 1.145| 1,152} 4.159] 1.462 1.181] 1,226
30 |20,50]18.46| 15.82| 12,20 | 9,58| 7.449| 6.160| 1.273| 1.264] 1,257] 1,255 1.248] 1,272
35 |20.62] 18:57| 45.94] 1238 9,71} 7,320 841 4.431) 4.514| 1,482 363] 1
38.5120,85| 18.:63] 15,981 1243 | 9,76 | 7:390! 6.455| 4.950| 4,361} 2.360] 1654 1424
40 |20.24} 48.70] 16,06| 12,50 9,85 7.496] 6.583| 5200 4,690} 3.984] 3,660 1,500( 1,422
50 |21.01]18'97] 16:31] 1276 | 1041 | 7.810] 6,947} 5.605| 5,209| 4.875| 4.689 3221 1,735
60 |21.27)19.23] 16.56( 12:99 | 10,33 8:100| 7.252] 6,410| 5,730| 5.362] 5,233 4.499] 2.
70 |21'52] 19,46} 16.81| 13,20 | 10,57 | 8:350 7,533} 8,444| €.102( 5,771| 5.844 4393 3407
80 |21,78| 1073} 17.04| 1344 | 10,78 | 8.594[ 7.801) £.740] 6,410] 6.136{ 5,969 5,103) 3.615
100 |22:32]20,23]17:53143.89| 4120 9,053! 8,322} 7.260] 6.983) 6,675 6.560 4,508
120 |22.82] 20.70{ 17:98] 14.31 | 4166 | 9.470( 8.773] 7,750] 7.470] 7.180] 7,005 8.321] 5,075
150 123,59 21,45] 18:64! 14.94 | 12.20 [10,050( 9,400 8:410] 84501 7.850f 7,730 7,030] 5,846
200 |24.:88| 22,66 19.76] 1598 | 43.3|10.970(10.270| 9,374 9,094| 8,827 8,710 8.032| 6,822
250 |26.20] 23,851 20,84 1695 | 14.03[14,840( — [10,220] 9.900] 0,653| 9.524( 9,376 £,818] 7,654
300 |2748]25.03)21.93] 1792 {44.92(12.700] — [10,990]10,650}10.420[10,300 9,603 8415
400 {30,06]27:42) 26,10} 1980|1663 [14320] — |12.450]12,150]11.910}11,750(11,580111,040] 9,784
500 |32166)29.71] 26.26] 21.63 | 18:25 |15.760] — [13.800{13.480}13,180}3.040 12.320/10,990
600 |35.32| 32,06} 28,40| 23.45| 19,80 17.050] — [15.050}14.70014,380}14.250{14.080112.40012,120/10,940 9,870 9,450
700 |37,05|34.35| 3052|2532 | 21,31 [18.370] — |16,200{45,820]15.48015.350]15.150]14,550/13,150]11,850)10.820{10,070

(1) Temperature, °C; p, kg/cma.

FTD-MT-24-1605-71

Table 2. Viscosity of isobutane
- 2
(adjusted values) 10 > Nes/m°.
(2) (1) Teuneparyps, %
P, vl /en?
1st.2 ] 32,0 1330 I.N.O| 134, | 1353
25 laoss{amslasw| - | - | -
3% |%100{3965 ]30350 ~ | —
362 4430130651383} 35251330 -
37 | 4225 | 41405 | 3910 | 3.725 | 3585 | 3.900
375 | 4282 ] 4180 | 4015 | 3.815 | 2,700 | 3,350
k 4345 | 4,230 | 4.080 1 3200 { 3,790 | 3,560
39 | 4450 { 4,310 { 4.20° | 4,030 | 3040 [ 3730
20 asis] 4435 4300 [ 4445 | 4070 | 3
& | 4915 | 4830 | 5725 | 4615 | 4570 | 4455
0 15200 {5130 | 50% | 4955 | 4910 | 4825
KEY: (1) Temperature, °C;

(2) p, kg/cmg.




Table 3. Viscosity of isobutane
on the line of saturation (adjusted

values) 1072 N s/m3 .

H
1, g 'l}(l) % L?)
v fee "'33’“ (maakocs) ik
0 3 19,700 0.6%
10 2213 {1720 0,735
20 3039 16,009 0.751
0 4013 14400 0,718
40 1298)
50 €927 11,700 083%
%0 10.58) 0.506
70 11,08 2.5 0,000
0 11 8530 U037
] 1870 7503 0,970
1100 2033 o721 1,03
¢ 110 2438 5,800 $. 4w
P40 2897 4952 126 |
( 125 3138 I H 132 !
130 3113 3.8% 1405
) 432 2525 3575 1,615
l 135 an 2360 230 l

KEY: (1) (liquid); (2) {gas)y
(3) P> kg/cm2.
ty,20) #'eont (1)

ot | '
[T 23
M)
a=-23
-3
2 v-73
N
o-115
o0 P
" :"!,‘;” 1 Figure: Dependence of
o-ig (np,T'“T) on density for

) f isobutane.,
'5 0-??5 LN 2

b F KEY: (1) s/m<;
[ (2) saturation line;
) (2) . (3) g/cm.

Pt
¢ (3)

o
Y Qrfe 03 G 03 G5 pasm

Data found in the literature for the gaseous state at atmospheric
pressure [4] and data given in work [3] for liquid isobutane on the
saturation line are respectively 2 and 9% higher than that obtained
by us. It should be noted that the ccmparative analysis of the data
on the viscosity of liquild saturated hydrocarbons of a rnormal series
and their isomers at atmospherilc pressure showed that the viscosity
of isomers as a rule it less. And only the data given in work (3]

FTD-MT-2U4-1605-71 Y
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f; are an exception. The latter gives grounds to doubt their reliability.
P

‘E The comparison of data on the viscosity of isobutane at increased
23. . temperatures and pressures shows that the data of the authors of work
g [6) are 8% lower than ours. The divergences of our data and data of

3 ) work [7] on all isotherms do not exceed 2.5%.

4

The sufficiently satisfactory coincidence of our data with the
3 data of work [7], obtained by the capillary method, and the large
divergence with the data obtained by the method of the rolled ball

p [6]), again confirms the inadequacy of the method of the rolled ball,

% h which was already indicated earlier [1, 11].
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