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H     N H U I,  i UI Ui w Ui Sh,   sh 
n A a a Y, y UI ut UI >H Shch,   shch 
K     K K K K,  k "b * h » ti 

Jl   n n A L,   1 bl u bl y Y, y 
M      M M M M, m b h b' k i 

H      M H H N,  n 3 $ 3 $ E",   e 
0   o 0 0 0, o 10 » K) 10 Yu,  yu n   n n n P,  P H n fi M Ya,  ya 

* ^e_  initially, after vowels, and after t,, hi  *£ elsewhere. 
Wnen wrltt-en as 8 in Russ.ian, transliterate as yS or 8. 
The use o " dJacritical markc is pr^ftrreJ, but such marks 
may be omitted when expediency dictates. 

PTD-HT-23-lW-7i 1V/ 

K*M 



•• 

, 

DOC ... MT COMTIOL DATA • I & D 
••••,._ -• ..... ~.,.....,. ·-• •• e 

EXPERDH•:NTAL RESEARCH ON THE VIS CC'(H'l'Y OF META-XYLENE 
AT HIGH PRESS~ Aim TEHPERATURE:J 

A. M. ; Akhundov, T. s. ; and Tairov, A. D • -., . .,." ........... . .... . ., ... .,. 
6 8 ............ ., ............. ., ....... .. 

.. ...,.u .... F-3615-71-C-1182 
( 71 Jan 01) 

e. 

for public releRse; digtrlbu~ion unlimited. 

Foreign Technology Division 
Wright--Patterson· AFB, Ohio 

'rhe viscosity of m-xyJ.cne wam detd. at given interwJls by 
t.he c: :J d lla ry n1ethod. 'l'he exptl. untt conuisted o 1' a 
ca J:-llltu·.r viscometer made ,)f refr<.4ct ory glass ancl hou&ed 
l.n <• :dr;h- r't'P :3 Stlre chamber. The latt t~r WIJ s conne cted 
dit' 1 ·1! t.l:\ t.; ~J ot. · ~ end of & U-tube, the other end be ing ._!oined 
t .() th(· Jf'~'"sur .~ system. The c!1amb~r was :'.itted '!lith a Cu 
.j~cke1 . t.c . ~.:: qual:ize the t emp~ . ins ide it. r~mps. \t.ff~re 
measured d. It plus or rr!'l.nus 0 .02-0 . ')) ··Ie g:r . .::e s wit h :·: Pt 
r .... ~; .i :: t:mc f; tt .c r mornet er, :,tnd 3 c h r otn · l -al Ulrlt· l therm cc.:ouplee 
r r· rul:1ted t J,(: Lnmps. al.on;.-.J tne leng ttj o f t·~ , ._ .jac.' ~t. 1'he 
dirur .• o r l:lh · c :qd.llar.v \·Ja:J Jetd. u :::; inf.' :!:iV !r mate rla2. ·tnd 
Wrif·~r. The !~jv . n valu , ·;; (-H?£ de4 t .. : .) , ;~~· . grap t ically de
pi c t .~ d. CoH.fJttrison of tlles e w1t1·1 t h ·.! :J.va11 r:thl ~~ g iven 

. valw?t: :;.t :Jt.rn. pre ns ure and dift\:-r .. :n t t,emp ~· . showe u a max. 
di vergt.!llCI! of 1. r:: pet:c ent. 
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EXPERIMENTAL RESEARCH ON THE VISCOSITY 
OF META-XYLENE AT HIGH PRESSURES AND 
TEMPERATURES 

A. M. Mamedov, T. S. Akhundov, and 
A. D. Talrov 

Azerbaydzhan Institute of Petroleum 
and Chemistry Im. M. Azlzbekov 

Analysis conducted on the fundamental methods of measuring 

the viscosity of hydrocarbon fluids shows that for the stated 

purpose, I.e., the study of the Influence of pressure and tempera- 

ture on viscosity, the capillary method Is the most suitable. 

|Thls method Is the most highly developed and most soundly based 

^theoretically [1, 2]. 

To Investigate the viscosity cf hydrocarbons, we erected an 

experimental device according to a procedure developed by I. F. 

Golubev and N. A. Agayev [1, 2]. The setup of the experimental 

device Is given In Fig. 1. 

i 

Vlscometer 1, made of "supromaks" brand refractory glass, 

lar placed Into high-pressure Jar 2, which by means of a tube Is 

cönttöcted with U-shaped elbow k  that separates the fluid and the 

■oil." The other end of the U-shaped elbow connects with sample 7 

arid MP-600 5 and MP-60 6 dead-weight pits ton gages of class 0.05, 

used to create and measure pressure In the device. 

FTD-HTr23-1^74-7i 
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i Fig.   1. 

To equalize the temperature Tjeld along the length of Jar 2, 

copper Jacket 3 Is placed over It and hot-fitted. The temperature 

was measured by a sample platinum resistance thermometer with 
;+0.02-0.03oC accuracy. To equalize the temperature along the 

whole length of Jar 2, three chromel-alumel thermocouples were 

placed in copper Jacket 3. 

Electrical heaters, regulated according to the readings of a 

differential thermocouple were mounted on half-axles 11 to avoid 

dissipation of heat over them. 

The time of outflow of the mercury between the contacts of 

the viscometer was measured by automatic electrical timer 10 with 

amplifier 9. The contacts of the viscometer were led out through 

special device 8 with a conical seal. The operating principle 

and description of the viscometer are given in detail in works 

[1, 2, 33. 

> — The geometric dimensions of the viscometer used for the given 

Btudy were determined with the help of a KM-6 cathetometer and an 

Mifi-2- telescope. 

FTD-HT-23-i:'7^-7i n 
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The volumes of the measuring and preliminary 

bottles were repeatedly determined by the mercury, 

and calculation was carried out in terms of the 

average value. 

A schematic or the viscometer is given in 

Fig. 2. 

The diameter of the viscometer capillary 

was determined by the relative method, by 

conducting experiments on well-studied materials. 

The materials «-heptane and common water were 

selected as agents for determining the diameter 

of the capillary ik,  5, 6].  The results of two 

meaaurementü showed good agreement; the 

divergence doet: not  exceed 0.0156.  On the given 

Pig« 2. device the viscosity was measured with weight 

concentrations of 99^%  meta-xylene on 11 

isotherms: 22.2, 50.13, 7^.78, 99-97, 125.01, 1^9-99, 175-00, 

200.02,  225.00, 250.01,  275-00, and with pressures of up to il00 
bars. 

,    The 0.60!? Impurity contained 0.31%  ortho-xylene, 0.26$ 

"para-xylene, and 0.03$ ethyl benzene, which was determined on a 

Chromatograph with a "lame-ionizatlon detector. 

In all, 186 experimental values on the viscosity of m-xylene 

were obtained. To check the reproducibility of the experimental 

findings, the outflow time in the experiment in each equilibrium 

state was measured several times. A more accurate equation for 

calculating the coefficient of dynamic viscosity of a fluid 

includes a number of corrections caused by the procedural and 

structural peculiarities of the device [2] and has the form 

(l) 

l-'TD-HT-Vj-]:^-?! 
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where 

(2) 

(3) 

CO 

In formulas (2), (3), (4) 

2.31^^= 

, Lin + Lla 
2 

(5) 

(6) 

where r - the radius of the capillary, equal to 0.007^325 cm; 

I    - the length of the capjilary, equal to 5.280 cm; V,  - the 
M X H 

volume of the measuring ^as bottle,  equal to 1.02550 cm3; VOLJ - 
the volume of the preliminary gas bottle,  equal to 0.79876 

3 cm ; H, - the difference In the mercury levels in the vlscometer 

at the beginning of outflow, equal to 6.9939 cm; HD - the 

difference in the mercury levels in the vlscometer at the end of 

outflow, equal to 3.7515 cm; h - the helgit of the mercury level 

in the lower gas bottle, equal to ^4.6705 cm; L-, • - the height of 

the mercury column in the vlscometer at the beginning of outflow, 

equal to 10.279^ cm; L2 - the height of the mercury column in the 

vlscometer at the end of outflow, equal to 7.9881 cm. 

Table 1. 

i.*c 
P, bar '    30 M 1C0 150 300 350 27» 

i 0.6« 19 0,84(6 0,79(.7 0.7474 m _ 
0.6T35   ! so 0.»>-84 0,8447 0.8U2« 0.7S5I 0,7025 0,6438 

m 0.»7I8 0,8407 ÜK074 0.7623 0,7132 0,6612 0.6169   J 
150 0,6752 0.8026 0,8125 0769.> 0,7229 0,<)759 0,6557 
..IX) 0,f7B5 0.85Ü3 0.8171 0,77rA 0,7316 0,6886 0.6708 . 
a» 0.8*1« 0,8599 0,8218 0.7815 0,7398 06^99 0,6844 
J00 U,8H7 0.8634 0.821.2 0.7871 0,7483 0,7101 0,6964 ' 
.150 Ü.H!»77 0,8668 0.8304 0.7W8 0.7543 0,7195 0,7073 
400 o,8yuo o,8;ui 0,8345 0,7977 0,7809 0,7281 0,7173 

FTD-HT-;.M-i:j^-/I 
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Table 2. The viscosity of «-heptane (10 

g'Cin" -s" ). 

-6 

P       hot 
1 I.X 

r)   Da] 
22,21 S0,13| 74.781 99,97 ;i.'5.0l 1149.991178.00,200,021325,00 350.01 375,00 

I 5939 4317 3434 2832 ^ — ^ „ _ ^ . 
S.I9 3433 _ 1733 1479 _ _ . 
9.83 _ mm _ _ 2036 134S _ .* 

I3.10 _ mm wm _ .. mm _ ~m 1069 mm 

•UJM 6098 4422 3ÄI7 2903 2477 2073 176.1 1513 1384 1(164 918 
50.01 6183 4SI5 3599 2978 rv« 21.'6 I816 1561 1334 1139 073 
74.63 6310 4m 3(.76 3048 2591 2179 1NC8 161« 1384 1194 1030 
»y.os Ü4I0 4713 3748 3116 2«47 2233 19/1 im 1433 1349 il«8 

I'AM fM 47Ü6 3817 3189 2706 •im 1973 1707 1480 1399 1133 
148.«« 6651 48*8 .MN8 32.'i8 I 27bA 2343 3025 1752 1539 134« 1180 
172.« 6778 4979 3<H» 3328 t 2x20 2.i97 2075 1800 1478 1387 1333 
197.11 6837 5061 4041 33U9 ' 2876 2150 2122 1845 1621 1428 1367 
221.63 7024 5159 4113 34.rJ 2931 •ma 2169 1889 I8»5 1409 1308 
^6.15 7146 5259 4I9S .■)5:»i 2983 2554 2217 1914 I7<i9 1810 134« 
370.66 7i76 5144 42.7 35!« 3035 2fi04 2261 1975 1750 1851 1388 
295.18 7401 .7113 4346 3^43 3087 «iM 2311 2C08 1792 1501 1433 
.1I«J.70 7^1 i'M 4115 3710 3139 2705 2158 3000 1833 I6J0 1457 
3M.2I 7Ü68 SttO vm 3776 3191 2755 241« 2102 1874 1870 1494 
3(i8.70 7HI8 5745 4.)7I 3840 d'.'IO 2805 2153 3145 1918 1710 1531 
393.4 7952 5838 4847 3908 3295 285G 2499 3188 195» 1760 1587 

The values of density p of meta- 

xylene at various temperatures and 

pressures that were obtained In the 

laboratory of the Azerbaydzhan Institute 

of Petroleum and Chemistry by A. M. 

Mamedov, T. S. Akhundov and N. N. 

Asadullayeva are given In Table 1.  On  ,' 

the basis of the general theory of errors, 

we estimated the error of the obtained 

experimental findings for viscosity for 

the fluid state to be 1.2%. 

The experimental findings on the 

viscosity of the studied m-xylene are 

presented In Table 2 and In Fig. 3 In the ' 

n-P diagram. 

• As Is apparent from Table 2 and Fig. 3, a sufficient amount 

of experimental values for viscosity were determined on each " 

Isotherm. 
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Fig.   ^.       0 - findings 
of the authors;  A - 
findings of [7]. 

A 
The valueo which we obtained on 

tho viscosity of meta-xylene were compared 

with the only data avftilable in the 

literature:  at atmospheric pressure and 

various temperatures [7» 8],  As is 

evident a]so In Fig. 4, the findings 

[7, 8] have a certain spread. The 

maximum deviation is 1.51. 
i 

i 

One should note that the m-xylene 

viscosities which we measured are 

unique. 
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