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Abstract: To elucidate the governing principles of flow distribution within a single-branch pipe under laminar flow, this
paper presents a comprehensive investigation combining theoretical analysis and numerical simulation. Grounded in the
principle assumption of pressure drop equilibrium in parallel pipelines, a theoretical expression for the flow rate ratio
was deduced by integrating the Darcy-Weisbach equation with the laminar flow constitutive relation. This expression
establishes a quantitative correlation, indicating that the flow distribution is proportional to the fourth power of the pipe
diameter and inversely proportional to its length. The robustness of the theoretical model was rigorously examined via
CFD simulations under diverse geometric parameters and injection flow conditions. The results demonstrated a
maximum discrepancy of below 5% between simulated and theoretical values, thereby affirming the model” s practical
utility for engineering applications. Furthermore, it was concluded that the flow distribution ratio is an intrinsic property
dictated exclusively by geometric parameters, showing insensitivity to the injection flow rate. The findings herein offer
a robust theoretical underpinning for the structural optimization of branch wells, and the proposed methodology is

extensible to more complex, multi-branch pipeline networks. Subsequent research will be directed towards turbulent

Wers B EA
E&UWA:

E—1EE:

BIEIEE:

5 AR

2025-07-14; 1&[E H #1 :2025-09-22 DOI:10.12143/j.2tgc.2025.06.006

H I 7 A PR IR T R T A I T R R AR 2 03 S PRI R PR RO B Bl BLEOR B RT T (45 £ 36650000-23-
7C0607-0054)

AR, L, DU, 1999 45 A, T RE UM, MR BRI TR L oll , A0 -, 32 B N 8y AT R Bl 38 T A5 B0 A7 AR SC I 5 AR, db st i B 7
XY Vi 197 45, gaox{6666.sripe@sinopec.com o

MR, 5 DR, 1982 4R /4, s G LRI 38 0 0 2 %l , W b, S A S b AR TF R T iy 26 R 5 A7 A DG 58 A JE st B °F
X VBT S Vb 197 5, linchy953.sripe@sinopec.com .

w AR A, A B AR SR A B A3 C 10 B R 43 BT CED AR ] B R TR, 2025, 52(6) : 52-59.

GAO Xuefei, YANG Peng, WANG Lei, et al. Theoretical analysis and CFD simulation on flow distribution in single-branch pipelines
under laminar flow condition[ J]. Drilling Engineering, 2025,52(6) :52-59.



552445 6 10

o 5 RS )R U R S

Jl

ST B9 BEE 23 M 5 CFD R 53

models and dynamic flow processes to enhance the model’s universality.
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Fig.1 Single-branch pipeline configuration
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Fig.2 Single-branch pipeline simulation model
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Fig.3 Error curve of Simulation results with refined mesh
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Fig.7 Flow velocity distribution in Model 3
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Fig.10 Flow velocity distribution in Model 3 under varying flow rates
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