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Non-Newtonian fluid pipeline flow equation and its approximate solution
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2. State Key Laboratory of High-Efficient Mining and Safety of Metal Mines ( University of Science and
Technology Beijing) , Ministry of Education, Beijing 100083, China)

Abstract; To accurately calculate the filling flow rate and on-way resistance of non-Newtonian fluid filling slurry in
different working conditions and to guide filling engineering practice, the flow behavior of non-Newtonian fluid
filling slurry in pipeline was studied. Firstly, according to rheology and fluid mechanics theory, the flow state of
filling slurry in the pipeline was analyzed, and the critical condition of laminar flow in non-Newtonian fluid pipeline
transportation was determined. Then, the approximate pipe flow equation was deduced, which greatly reduced the
amount of calculation and simplified the calculation process. Finally, the non-Newtonian fluid filling slurry with
mass concentration of 71% and cement content of 11% was prepared from the total tailings of copper concentrator
and 325 Portland cement. Loop test was carried out based on the established non-Newtonian fluid pipeline flow
equation and approximate pipeline flow equation, and the yield stress 7, consistency coefficient K, and power
exponent n were calculated by the exact solution and approximate solution, respectively. Results show that when R
was 0.75 m, L was 26 m, and AP were 152 376, 132 219, and 109 576 Pa, then Q were 119.6, 73.1, and
24.3 m’/h. The 7, solved by the exact solution in the loop test was 128.098 3 Pa, K was 0.450 6, and n was
1.109 7, while the 7, value solved by the approximate solution was 138.965 2 Pa, K was 1.244 4, and n was
0.905 7. The comparison of 3D images drawn by equation visualization method demonstrates that the values of
pipeline flow obtained by the exact solution and the approximate solution were basically the same and had similar
variations, indicating the accuracy of the approximate pipeline flow equation. Therefore, the flow equation of non-
Newtonian fluid pipeline is suitable for the engineering practice of non-Newtonian fluid pipeline transportation and is
a strong supplement to Buckingham flow equation and Poiseuille law.
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Fig.1 Research route of this paper
2 EFFVRAETEERRY TR

2.1 RESHHIE
FUSFUBL ) AS e RS Y SR FH AT R 5 406 R 22 B0k UL
JE LR R 0 A
du

T=TB+K($) .

AT BN 57 MR AS S B R IR T K
RS B R G IR SR R
R du/dr S BB E.
FH R AR A 1 7 AT A
T—Tg
%%z( K ) ' (D
TRRTE— 8 e 226 N R4 18 NI BY I 1 0 A
K 2 frs.

F—L—

TW
R
P r | P-AP

2 REEEERMEN S

Fig.2 Shear stress distribution of fluid in a circular tube
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Fig.3 Laminarflow of fluid in a circular tube
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Tab.1 Basic physical properties of filling slurry
FfkpE  FEARR I KB IR
I % SB/ % /(kg.mTP) B/ % A2/ wm

71.8 48.81 1 862 11 64.2
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Fig.6 Layout of loop test equipment system
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Tab.2 Test data measured in pipeline test
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0.075 26 132 219 73.1
0.075 26 109 576 24.3
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Tab.3 Rheological parameters of test slurry
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