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Prediction of dynamic viscosity of heavy crude oil
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(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)
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Abstract: Dynamic viscosity is an important parameter both in exploitation and pipeline transportation process of heavy ail.
Current estimating of viscosity of heavy oil is often made by using viscosity prediction formulas. However, because most of the

existing formulas are empirical equations based on regional data, they are of good prediction precision only for heavy oil with

specific components in a particular area. In this paper, viscosities of three heavy oil from Suizhong oil field and China National

Offshore Qil Corporation were measured using Hakke RS6000 rotational rheometer. The dynamic viscosity range at 30°C was:
241 mPa-s-5239 mPa-s and the temperature range was. 20°C-70°C. Eleven kinds of viscosity calculation models including Beal,
Hossain et al. and Zhang Chunming et al. were analyzed comparing with the experimental data. Studies had shown that in all of

the eleven models, the prediction accuracy of Zhang Chunming and Hossain was the highest, and Alomair the worst. Besides, a

viscosity prediction equation was developed based on the database including the experiment and other scholars'. This formulais
afunction of temperature and viscosity at 50°C. Since it is derived from several blocks of heavy oil viscosity datain China, it can

better predict the domestic heavy ail viscosity.
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4 20°C
70°C A 966 kg/m’
930 kg/m® B 936 kg/m®
916 kg/m® C 926 kg/m®
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Fig.4 Density-temperature curve of the three heavy ail
Table 1. Common used viscosity equations of heavy ail
7 a
1= 032+ 1.8><:‘I‘.§)3 360 ;
1 Bea 1946 API* T -260 [10]
a= 10(0.43+8.33/AP1)
#=10"-1;
) x=yx (T —460)™%;
2 Beggs and Robinson 1975 [11]
y=107;
z=3.0324-0.02023x API
=(3.141x10") x (T, — 460) *** x[log,,(API)]" ;
3 Glaso 1980 1= (3.141x10%) x (7, — 460)*** x[log,,(4P1)]" ; [12]
a =10.313x[log,, (7. — 460)] — 36.447
_ ] 1 =16x10°xT;**"" x (log,, API)*;
4 Kartoatmodjo and Schmidt 1994 [13]
x=5.7526x%10g,,(7,) — 26.9718
M =antilog,,(x)-1;
5 Elsharkawy and Alikhan 1999 x=antilog,,(y); [14]
y =2.16924-0.02525x API —0.68875xl0g,,(7)
6 Hossain et al. 2005 U= 10(—0.71523><AP1+22.13766) T/»(O.269024><AP1—8.268047) [15]
7 Alomair et al. 2011 4 =30.5149-2.7935xIn(T,) -1.508x[In(4PI)]? [16]
=2.3511x10" X T, ****[log,,(API)]" ;
8 Petrosky and Farshad 1995 # / [10G:o(APT)] [17]
x =4.59388xl0g,,(T,) — 22.82792
=antilo ;
9 Naseri et . 2005 K 90(7) [18]
y=11.2699-4.298x log,,(4PI) — 2.052x10g,,(T,)
109.224
10 L abedi 1992 e 19
I /U AP14A7013 X Tf0.6739 [ ]
1 2005 1 =(0.0148% INT +0.9421) x g, 31613055241 [20]
u mPas APl API T, R T,
F T °C U mPa:s T.=T,+460,

T, =1.87 +32
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Table 2. The averagerelativeerror
of each viscosity equation
A B C
Beal (1946) 551 337 533
Beggs and Robinson (1975) 816 893 653
Glaso (1980) 64.1 463 60.8
Kartoatmodjo and Schmidt (1994) 61.3 456 60.2
Elsharkawy and Alikhan (1999) 684 262 465
Hossain et al. (2005) 355 990 408
Alomair et al. (2011) 9.0 9.3 96.3
Petrosky and Farshad (1995) 764 634 711
Naseri et al. (2005) 839 694 753
Labedi (1992) 629 497 505
(2005) 200 207 151
[21]
[20] [22] 35
T -
50°C s,
[20]
8 50°C iy,

Fig.8 The heavy oil viscosity changing with viscosity of 50°C
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