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Fig. 1 Structure diagram of the direct proportional relief valve
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Fig. 2 Axial forces of the valve spool
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Tab.1 Valve opening under the different valve seat cone angles and same valve flow area

B/ &/mm B/ (D) &/mm B/ (D) x/mm B/ (D) &/mm B/ (D &/mm
25.0 0.543 32.5 0.427 37.5 0.377 42.5 0. 339 47.5 0. 310
27.5 0.498 35.0 0. 400 40.0 0.356 45.0 0.323 50.0 0.298
30.0 0. 460
2) RS A ot A 1 3 o 1 AL oA
A(z) = masin B+ (D, — %sin 2. (5)

76 C A H 8 AN 3 mm?”, RS E A g pO s O T L B (5) AT A I BT o BT 50 B

iTtsin‘[}- sin 28r” — xD,sin Br +3 = 0. (6)

2
ph 58 C6) T 5 A 7 05 A6 X 1 19 080 11 9 5. SC o S UL HLAse s Ok 0 0 5 L W6 2 o
AR 1.2 0 BB K2 Pro/ B 0005 R 4 A5 17 = 5 A B R
Fil CFD R F4PE Gambic 347 904 10500 40 J% 00 58 4 P 10 . P A0 15 5 B 0 9 30° B 11 1 A
4 P 3
F 2 TRl RN AR A [ AR AR T i o R

Tab. 2 Valve opening under the different valve spool cone angles and same valve flow area

B/ 27.5 30.0 32.5 35.0 37.5 42.5
z/mm 0. 546 0.503 0. 466 0.435 0. 409 0. 366
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Fig. 3 Mesh section graph
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Fig. 4 Simulation pressure charts of proportional relief valve
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Fig.5 Steady-state flow forces comparison chart of the valve spool
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Steady-State Flow Force Analysis of the Direct
Relief Valve Under Different Cone Angles

CAI Chaoying, LIN Tianliang, MIAO Cheng, REN Haoling

(College of Mechanical Engineering and Automation, Huaqiao University, Xiamen 361021, China)

Abstract: In order to reduce the impact of the steady-state flow force on the performance of proportional relief valve,
two kinds of basic structures which the seat and the spool with cone angle are analyzed. PRO/E is utilized to build the
channel model of these two structures under different cone angles. Computational fluid dynamics (CFD) flow field simula-
tion software is employed to simulate the flow field under different seats and spools cone angles and the pressure flow field
distribution of the valves under different cone angles is analyzed. The steady-state flow force of different structures and
different cone angles are compared. The results show that the steady-state flow force is reduced by 35%-60% when the
seat with cone angle compared with the spool with cone angle. And the minimum steady-state flow forces are obtained
when the half cone angle of the seat is 32. 5° and that of the spool is 30°.

Keywords: proportional relief valve; steady-state flow force; slide cone valve; flow field simulation
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