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Multi-Objective Optimization for Throttling Characteristics of V-Notch
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Abstract: Several parameters to evaluate the throttling characterization at the V- throtile outlet are presented here, including the
slope dy, of the equivalent hydraulic diameter curve D,,, pressure drop distribution coefficient k at the valve outlet, 0 yy, and
O on1ax Of throttling index curveo,—X. The orthogonal experiment is designed to establish structural parameters of samples, and
Jfuzzy membership analysis is employed to obtain optimum structural parameter combinations for throttle opening. Compared
with the original structure of throttle opening, dy, improves up to 177.19%, k increases 149.98%, which releases the exceeding
Jocus of pressure drop at the notch. Also, Oy, and Gagi reduce 031% and 14.99%, respectively. Consequently, the cavitation
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decreases to some degree at the V— throttle notch.
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Fig.1 Geometric Structure in V Throttling Port
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Fig.3 Equivalent Hydraulic Diameters
Dy, and D, in V Throttling Port
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Tab.1 V Port Structural Parameters Factors

KT BEARZEREE i
L/mm H/mm o/

1 4 0.5 70

2 5 1 80

3 6 1.5 90

4 7 2 100
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Tab.2 V. Port Structural Parameters Orthogonal Design
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A L/mm H/mm or
1 4 0.5 70
2 4 1 80
3 4 15 90
4 4 2 100
5 5 05 80
6 5 1 920
7 5 15 100
8 5 2 70
9 6 05 90
10 6 1 100
11 6 15 70
12 6 2 80
13 7 05 100
14 7 1 70
15 7 1.5 80
16 7 2 90
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Tab.3 V Groove Throttling Indexes under
Different Structural Factors and Levels
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1 4 0.5 70 00911 0.1268 09827 0.9601
2 4 1 80  0.1956 02536 09821 09232
3 ‘4 15 90 03107 03804 09809 0.8675
4 4 2 100 04338 05072 09794 0.7996
5 5 0.5 80 00783 0.1014 009828 0.9647
6 5 1 90  0.1657 - 02029 09824 09406
7 5 1.5 100 02603 03043 09817 09028
8 5 2 70 02916 04058 09807 0.8547
9 6 05 90 00690 0.0845 009828 09672
10 6 1 100 01446 0.1691 09826 09502
11 6 15 70 0.1823 0.2536 09821 0.9232
12 6 2 80 02609 03382 09814 0.8878
13 7 0.5 100 00620 00725 09829 09687
14 7 1 70 01041 0.1449 09827 09562
15 7 15 80  0.1677 02174 09828 0.9359
16 7 2 90 02367 02899 09818 0.9089
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Tab.4 Initial Structure and Optimal Structure’s
Throttling Performance Indexes in V Groove

HEANR dv: ko Tottin O st tous
LsH 0y 0.1565 02029 0.9824 0.9406
LHBw 0.4338 0.5072 09794 0.7996

iR +177.19% +149.98% -031% ~14.99%

(DM VBT RSt &, 3018 T RAET R O3
FREERHRDR, 2 B EBOK 1 BRI D, IR dy; B 1 R
SERE b, RS IEEUER o X FIE 04, 1T o

(0¥ V BYVT R T T ARSI IEAT di kL 0y, 1 O
YS9 V AR 3 WAL 45 S PAR 54T R IEAC R i 5
T VESTRE D 16 HIEHA, FRE T EAR 0 45HMS 58N

G)FI AR BEEMBE TS RIS i
18 OGS HE LH 0100 SHIERITT R O S5HA LA, Howb d,
X VIR SR T 177.19%; WO ERS RS kBT
149.98% , {18 O Felfst 73 SR S B T 0 s 2 AL R A, B
IERZEIER 00 i 10010 ST FRET 031%71 14.99%, BiZE—
ERELRET VEATREONSARER,

S 3Tk

(1] 5%, BRI, X HZE R ER 0 R F L L HE R TR,
2012,30(6):716-720.

(Yuan Shi-hao, Yin Chen—bo, Liu Shi-hao.Study on properties of valve
port two-stage throttling[ J ] Journal of Drainage and Irrigation Machinery
Engineering,2012,30(6):716-720)

[21 3% 3Ral3F , AT B IR TR O MR E R K] 2MET
KE2£4],2010,36(3):47-50.

(Ji Hong, Zhang Ji-huan, Wang Dong-shengFlow coefficient of rectangular
notch throttle orifice in spool valve [J]Journal of Lanzhou University of
Technology,2010,36(3):47-50.)

(312K, ERF, XVNF IR0 O B e (1] RLbIR
24%,2009,40(1):198-202.

(Ji Hong, Wang Dong-sheng, Liu Xiao—ping.Flow control characteristic of
the orifice in spool valve with notches [J].Transactions of the Chinese
Society for Agricultural Machinery,2009,40(1): 198-202.)

(4] Li Z,Jing L, Yuan R B.The CFD analysis of twin flapper—nozzle valve in
pure water hydraulic] J ]. Procedia Engineering,2012(31):220-227.

5] Fu X,Du X W,Zou ].Simulation and experiment of bubbly flow inside
throttling groove [J].Chinese Journal of Mechanical Engineering,2007,
20(5):37-41.

[6] Masjedian J, Rahimzadeh H.Waveform analysis of cavitation in a globe
valve[ J].Ultrasonics, 2009(49) : 577-582.

[7] Catania A E,Ferrari A,Spessa E.Temperature variations in the simulation
of high ~pressure injection —system transient flows under cavitation [J].
International Journal of Heat and Mass Transfer, 2008(51):2090-2107,

[ 8] Dasgupta K, Karmakar R. Modeling and dynamics of single-stage pressure
relief valve with directional damping [J].Simulation Modeling Practice
and Theory,2002(10):51-67.

[9] Choi in-Keun, Jayaprakash A,Georges LScaling of cavitation erosion
progression with cavitation intensity and cavitation source[ J ]. Wear,2012

(279):53-61.





