DOI 10.16076/j.cnki.cjhd.2016.02.003

b 2 2

, 100190, Email: xujingyu@imech.ac.cn

Haake
RS6000

0359+.1 A

| nvestigation on rheological properties and
flow characteristics of heavy crude oils

ZHANG Dong, ZHANG Jian, LIU Shuo, XU Jing-yu
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: In this paper, the thixotropy, yield stress and viscoelasticity of three different kinds of heavy crude oils were
investigated. Haake RS6000 rheometer was used to measure the rheological characteristics. The results show that the values of
viscosity, thixotropy and yield stress are kept in decreasing by exponent rule with increasing of the temperature. Heavy crude oil
performs the obvious viscoelastic characteristic and will be changed from viscosity dominant to elastic dominant with the freque-
ncy increasing. By considering the influence factors of temperature and velocity, the law of start-up stress and the rule of flow
were investigated in the experiments of pipeline transportation, respectively. A comparison between the pipe flow measurements
and the rheological measurements indicated that the parameters of rheology under the low shear rates obtained by rheometer can
apply successfully to the pipe-flow with the high shear rates.
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1.1
Haake RS6000

5 CR cs
0.05 UNm—200 uNm
0—100°C

2.5 mm
7 8 mm 30.8 ml

0 300s!
0 10 min

Chhabra

0.1—100 Hz
o 20—70°C

A V104
B V102 C
1

1 T=30°C P=0.1MPa
Table 1. The physical parameters of crude

Haake RS6000 oil (T=30°C, P=0.1MPa)

3 1

/kg'm /mPa-s
Crude oil A 955 5239
Crude oil B 916 241
Crude oil C 933 334
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Fig.1 Schematic diagram of the pipe flow loop
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47 mm
3051TG

3051CD
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0—300 s !
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0.15%
0.15%
A
30—80°C
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Rosemount
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Fig.2 The curves of thixotropic characteristic of

2.2

crude oil A at different temperatures

23

3 T =30°C
Fig.3 Effect of shear rate or start-up rate on the yield
stress for three crude oils (7' =30°C)

4
Fig.4 Effect of temperature on the yield
stress for three crude oils

5 G G
Fig.5 Effect of temperature on the G’ and G”
at the region of linear viscoelasticity
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6
Fig.6 The result of frequency scan in the test of linear viscoelasticity for three crude oils at different temperatures
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flow with those measured in the rheometer
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Fig.8 Comparison of the constitutive relation between the direct
measurement by Rheometer and the calculation from
pipe flow at different temperatures
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