International Journal of Fluid Dynamics k37722, 2024, 12(4), 78-87 Hans X
Published Online December 2024 in Hans. https://www.hanspub.org/journal/ijfd
https://doi.org/10.12677/ijfd.2024.124008

ERR VEHEIMW REENHEFERN
BN B EFRE 54

L R, %k ', NIZH
Je s R A 2E b, db

Weks H . 20244F11 60 FHER: 20244F11 190 & A HI: 20244F12 H27H

HE

JEMVE R BRI RRIEAREE B, EHEAE. Tk, RVESHEE ZIMA, FHikEm0TERE
FroEtn. AT REAMWREEEOR), RAMTERFEMATETMRSMERRNEAFEER L. &
SCERVE T #AK TSR b 3 P BB R R S A R . ARGEFR Wl IR AR 2 K MR, ESEE R R M AT
ERBRTAAITRE; BT ER R MR Xl RE N RS RAER,; BRRAFRED TERET
FRTENBUER, 2T TR RAKERE Tw. HH R B BB o APl = PR R in DU K R
BENXTRE QIR BIL T A i R AR E IR i K B T7 R

XK ia
R, RARERE, REOBE, BFRESFIE

Analysis of Flow and Thermal Fluid Solid
Coupling of Heavy Crude Oil in a Circular
Tube Caused by Variable Pressure Gradient

Yuan Ma, Yan Zhang*, Mengqi Liu

School of Science, Beijing University of Civil Engineering and Architecture, Beijing

Received: Nov. 6, 2024; accepted: Nov. 19", 2024; published: Dec. 27, 2024

Abstract

As an important energy and strategic resource, crude oil has a wide range of applications in daily
life, industry, agriculture and other fields, so the demand for crude oil continues to increase. It is of
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great significance to conduct in-depth research on the flow and heat transfer of heavy crude oil in
pipelines in order to improve oil recovery (EOR). This article explores the flow and heat transfer of
heavy crude oil in the oil pump during hot water extraction. According to the rheological experimental
data of heavy oil, it is confirmed that heavy crude oil conforms to the power-law fluid constitutive
equation; A flow and heat transfer model for heavy crude oil in a rod pump was established; For the
first time, the finite difference method was used to solve the numerical solution of the power-law
equation. The effects of the thermal recovery temperature Tw of the rod pump, the thickness c of the
pump wall, the number of strokes n: of the rod pump, and the power-law exponent n on the flow
rate Q were analyzed, and the optimal scheme for thermal recovery of heavy crude oil by the rod
pump was established.
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Figure 1. Physical model of rod pump
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Table 1. Values of relevant parameters for oil pump
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Figure 2. Shear stress-shear rate curve of heavy crude oil
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Table 2. Dynamic viscosity of heavy crude oil at different temperatures
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Figure 3. Impact of stroke times n1 on speed u of heavy crude oil
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Figure 4. Impact of power-law index n on speed u of heavy crude oil
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