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New hydraulic tank design based on phase change composites

ZHANG Lie, LI Liang, FENG Yongbao, HE Zhenxin, HAN Xiaoxia

(School of Missile Engineering, Rocket Force University of Engineering, Xi’ an 710025, China)

Abstract: In view of the contradiction of “difficult low temperature start-up” and “low high temperature
heat dissipation efficiency” in the hydraulic system, the overall improvement of the performance of
hydraulic system equipment is affected. A new hydraulic tank structure constructed by phase change
composite material was designed, and ANSYS software was used to model and simulate a new type of tank
with composite phase change material successively, and simulation cloud maps such as radial heat transfer
and transient heat transfer were obtained, and the changes of heat transfer gradients were analyzed and
compared. The simulation results confirm that the phase change composite material can quickly absorb the
heat of the oil, so that the heat dissipation effect is higher than that of ordinary oil tanks. The simulation
results show that using the high energy storage and high thermal conductivity characteristics of phase
change composites, the hydraulic oil can be quickly and uniformly heated in the tank and efficiently
dissipated under high temperature conditions, improve the heat exchange efficiency of the oil tank, reduce
the volume of the oil tank, and make it have the advantages of “small volume, fast heat conduction, large

heat exchange area, uniform oil heating, and strong adaptability to extreme temperature conditions”. It is
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of great significance to extend the service life of hydraulic oil and hydraulic components, and improve the

working reliability and viability of hydraulic system equipment.

Key words: phase change composites; hydraulic tank; heat transfer efficiency; transient heat transfer;

numerical simulation
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Table 1 Q235 steel material properties

Ex 4 kil

W4 iR E/C 20

%/ (kg'm ™) 7 850
W/ (J- (kg-K) ™) 460
FHAB/ (W (m-K) ™) 49.8
BFMAHK/ (W (m-K) ") 7.67

i Inventor = ZE ST EF EE ST AR AR Y
MR L3R AR BT BRI, SR FHRT L IR 926 mm x
572 mm KL 1 5 926 mm x 354 mm, lHZ 2 5 572 mm x
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Fig. 1 Three-dimensional diagram of hydraulic tank
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Fig. 2 Temperature cloud map
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Table 2 Parameters and calculation results

E X3 E i X4 HA4

HT I 1.00
LB1 49. 80 MAXLAYER 0.00

TO 20.00 T1 70.00
HT35 -0.148 HEAT —-211993.2

3.2 BREHERBHESN

WEZS S BT 4] 43 A BRESZS A3T—#F AR 13k 2L R ah
A5 5 400 s B PO AR 1) 2218 (N 4 i ) RASOAS [l st
(] AR = L AL 5 BT R

I | ]
28.9332 35.6905 42.4479 49.2083 55.9627
32.3119 39.0692 45.8266 52.584 59.3414
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Py
e
e
28935
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#21%)/mm x10°

(b)

H4 =BEEREGHE
Fig. 4 Cloud plots and radial curves
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Fig. 5 Temperature clouds at different times
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Fig. 6 Temperature curves at different time nodes
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Table 3 Properties of phase change composites

B HAf

B E/C 20
ZE/(kgom ™) 889
e/ (- (kg-K) 1) 1.55
FHAH/ (W (m-K) ") 8.01
BFEHAE/ (W-(m-K)™") 6.07

BT hihfRe AR
Fig. 7 Tank radial meshing
AHAR A PR i RS (B A2 A TT LLSE i Fluent 19075 2 b 44 2]
(3% 4 )  SEFUAT A ASRERHI I AR 388 = P A A
fa] T £ 1 &l 8 Bz

k4 AEMAE
Table 4 Enthalpy value of phase change material

BE/C O BE/(K-kg)  BE/C O BE/ (K kg)
20 0 41 35.7 x10°
42 37.4 x10° 70 43.8

(@)
21.134
21.133 [
21.132
21.131 |
21.130 |
21.129 |
21.128 F
iy e
O N P DD DD D
NN \Q AN ’1;\,\.} PN N NN PN
DIST Xx10
(b)

A8 MEMMBHEA

Fig. 8 Phase change material tank cloud diagram
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Fig. 10 Plate temperature line chart
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Fig. 9 Heat transfer in plates of different materials
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Fig. 11 The effect of the initial temperature on
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Fig. 13 The effect of load temperature on the

temperature field
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Fig. 14 Temperature profiles of different load nodes

5) Pitkikit

TS AR PO AR GT S  F BRI 3 5038 i 1 B
3 RPN AR TE S5 400 s BFREAT RS 0 HT (s 15
R K B E BT R 16,

IIHEEGE R T Lo #r 2 I 25 2 B S, A PR 1 0
TR I AR IR, P AR ] R A AR AR A S, T LU R
IR, B o0, B4 FT LLBEAR A6 7E 5 400 s
I 14 AR (LR A TR I AN K, Max 19 S5 7E 3 C 224,
Min 5050 3 C 22 AT, A WLASHR I BE X6 Miin 45 0 3L 38 5% i 2
K HEINEIAEL H I A BEAA R0 Pl BEARIR I, B4A 2 AT 1Y
BALE AL T3 i, 2 S vil 6 R RRAR K0 T DA o 430 45 22 11
PR,

B 15 A RIHATEE 4%
Fig. 15 There is no effect of baffles on the temperature field
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Fig. 16 There is a temperature curve with or without
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Fig. 17 Effect of material thickness on temperature field
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Fig. 18 Material thickness node temperature curve
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