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Numerical simulation of flow and heat transfer characteristics of drilling
fluid in a plate heat exchanger
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Drilling and Exploitation Technology, Ministry of Natural Resources, Changchun Jilin 130026, China; 4. Institute of
Geologic and Mineral Resources Exploration and Design of Jilin Province, Changchun Jilin 130021, China)

Abstract: In deep oil, gas, and geothermal drilling, elevated bottom-hole temperatures degrade drilling fluid
performance, posing a severe threat to operational safety and efficiency. As the core equipment of the drilling fluid
cooling system, the plate heat exchanger (PHE) has internal flow and heat transfer characteristics that critically
determine overall system performance. In this study, a high-temperatureresistant water-based drilling fluid was
investigated via conjugate heat transfer numerical simulations using ANSYS Fluent, with model validation performed
with laboratory cooling experiments. The evolution of flow field non-uniformity, pressure drop, Nusselt number
(Nu) , thermal resistance distribution, and comprehensive performance index was systematically analyzed over a wide
Reynolds number range (17<<Re,<1700). The results demonstrate that flow separation induced as the drilling fluid

flows past plate contact points generates low-velocity vortex zones, which are identified as high-risk regions for fouling
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deposition. Both flow field non-uniformity and pressure drop exhibit piecewise nonlinear variations with increasing Re,,,

clearly delineating the transition from laminar to turbulent flow, with Re,=50 identified as the laminar-to-transitional

critical threshold. As Re,, increases, Nu increases substantially, yet its growth rate declines through four distinct stages.

The dominant thermal resistance shifts from the drilling fluid side to the water side when Re,”>560. The

comprehensive performance index decreases continuously with increasing Re,,, indicating that the heat transfer gain per

unit increase in flow velocity grows more slowly than the accompanying rise in flow resistance, leading to sustained

degradation in overall energy efficiency. This study elucidates the trade-off mechanism between heat transfer

enhancement and flow resistance for high-viscosity drilling fluids, providing theoretical support for the optimal design

and operational regulation of high-temperature drilling fluid cooling systems.

Key words: plate heat exchanger; drilling fluid cooling; flow characteristics; heat transfer performance; numerical

simulation; thermal resistance; comprehensive performance; ultra-deep well
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Table 1 Thermal-physical properties parameters of the

cyclic medium
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B H 333 1.400 15.7 0.58 3742
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heat exchanger
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Table 4 Technical parameters of the experimental
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Fig.4 Schematic of the drilling fluid cooling PN GRS 1X4

experimental setup and heat exchanger unit
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Table 5 Test results of the drilling fluid cooling experiment
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4.2 JShERE

421 WLIE N L TR ) B W A
B I 5 K A M g S AR G R P

T 1 3 2 2 PR R ) = PN BT 6 i 7 , Bl (R
7)) 5K CA TR ) 3 8h i 8 b A dROR i 55 R
e s o s BT R T AR T e X, H e S i AT



50 BRER TR

2026 9 H

Rif 2 SF- 35 3 B 19 2526 ~30 %6 , 2 18 IAE X2 ik o508 I
DX sl B R R AR RO AZ L SR o S5 OKR B B IR

DUREPE R 1 oK, B 53 35 K i 8 oy 7, OF P BB 35
AE TR FE AL, = BB i 5 e TR X D

(OEFRIIEwIPN]

(C)7R MUk 2 4] (AR ET) Z 4]

6 WMABAB/TEANBEUER (BMAD 0.3 m/s)
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