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Numerical Simulation of Flow and Heat Transfer of Heat Pipe

Used for Stator Cooling of Motorized Spindle

SHI Xiaojun, WANG Yinzhao, CHEN Gangqing, ZHANG Xiaodong, MEI Xuesong
(School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: High-speed motorized spindle is the main heat source of CNC machine tools, which
seriously affects machining accuracy. Compared with the traditional stator water jacket, applying
the heat pipe to the stator of the electric spindle to dissipate heat has the advantages of higher
efficiency and no pump power consumption. The loop thermosyphon with special structure is
proposed for high-speed motorized spindle stator cooling in this paper. A numerical calculation
method for the vapor-liquid two-phase flow and phase change heat transfer in the heat pipe tube is
established, the proposed method is verified through experimental results, and this method is
used to study the influence of different working fluids (n-pentane, ethanol, water) and heating
power on flow and heat transfer performance of heat pipe. The results show that the numerical
simulation method can accurately capture the gas-liquid two-phase flow pattern and phase change
thermal process in the tube, which is in good agreement with the experimental data. A
condensate film is formed in the condensation section when the working fluid is n-pentane and
ethanol, and the liquid film thickness of ethanol is about 20 pm smaller than that of n-pentane
under the same working conditions. Droplets are formed in the condensation section when the

working fluid is water, which leads to higher heat transfer coefficient. The thermal resistance of
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the heat pipe with water as the working fluid under the heating power of 90 W is about 35.2%

and 11% lower than that of n-pentane and ethanol, respectively.

Keywords: motorized spindle cooling; loop thermosyphon; numerical simulation; flow and heat

transfer
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Fig. 1 Heat pipe structure for motorized spindle stator cooling
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Fig. 2 Grid of single loop thermosyphon
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Table 1 Different meshing methods
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ﬁ[/ 2,1 2 Ze2 Ze2 Ze3 Ze3
Vil /mm /mm /mm /mm /mm /mm

3.9 0.02 0. 005 0.01 0.001 0.005 0.000 2
5.8 0.02 0. 005 0.01 0.001 0.005 0.000 2
9.1 0.02 0. 005 0.01 0.001 0.005 0.000 2




%10 W SR A T i R A Ve A BV I Bl 5 R B AR AL 63
320|— F 2 FIRIE AR E AL T DU A i RS
P 5/10° Table 2 Numerical simulation conditions and boundary
315F s
—e—5238 conditions of single loop thermosyphon
I —a—91
§310 2,=0.01 mm, z,=0.001 mm TR R A SHCRBUE
% 305} I#5 S b I i
T ke - K s LB
300f
A1 7 5 BHE
2% 50 100 150 200 250 T/ N 30
y/mm AR B % /W 30,60,90
[l 3 AN [m) o A 5 Ao A B IR B 4 2R 4 B BN Tl e B R B 650
Fig. 3 Calculation results of heat pipe wall temperature J(Wem™?«K™)
under different grid numbers g /K 293
Hefil /O 25 CIE k) 45 (KD ,15( 2 )

z,,~=0.005 mm
2,=0.002 mm

2,=0.010 mm
2,=0.001 mm

2,=0.020 mm
z,=0.005 mm

4 R [EnE Jr T B 23 A

Fig. 4 Gas liquid two phase distribution in the pipe under

different densification methods
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