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ABSTRACT

A control globe valve with multi-stage trim is commonly used to avoid cavitation and choked flow in power plant systems.

This work investigated geometric effects of the multi-stage trim on the hydralic performance of the control valve by using

experimental and numerical analyses. Three-dimensional Reynolds-averaged Navier-Stokes analysis was performed with the

finite volume method, and a grid dependency test and turbulence model test were implemented. Closed-loop experimental

apparatus was constructed to investigate Reynolds number effects on the performance characteristics. Number and thickness of

the orifice stages and vertical distances between orifice holes were selected as the geometric parameters. As the performance

parameters, the pressure loss coefficient, the incipient cavitation coefficient and the pressure recovery factor were selected to

evaluate the performance of the orifice-type anti-cavitation trim.
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Fig. 1 Schematic of cavitation and choked flow
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Fig. 2 Schematic of pressure drop in orifice trim
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Fig. 3 Components of globe valve with orifice-type trim
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Fig. 5 Schematic diagram of experimental system

LA F29 g BYS e ® sto] siAS as)
of +EetA A& Bk

Fig, 4= A% B39 45 Uehdl 2oz, & 37l ©o
2 FAED BE 59 A (@2 30 mmo|H 10 mm FAE
7t & $4 2 Age smm= AREIeH, T 5
A 40 05mm 02 71T o2 Hiseldt Fig 5=
A3 RS skl Ao, eoluazl AAHE W A
(D& 43 mmolH oA 7]& ohet 0,50, 12l &
0.5DRHE ©]AAIXl E3lA(flange) & Al2bste] AUAE A
Asto] @A 5 oFHAeks Skt eejua A
A gtEleAd 24S 98 15A-75.02%0) wheh ojuA 7]
& YFERE 2D, EFERE 6D o|AH SR AYAE
Ao} sl S5kt Y S92 125 mm 9}
oxof| HA|H M2 FEAREE A5 on, FZ el
2LEAAE ARl 2 A1) W, Ao JEE 7]
el =5 S0 A 2AoR o dEE {5
(fully developed flow)S F&3l7] Y&l 22juA HAte]
sl Zo)g F33] Bhraisch

S=FAIHSE =28 M212, M3s, 2018

A Zstet JHH|E 0| E4of njxl= FE

Outlet

Symmetric
condition

Fig. 6 Computational domain and boundary conditions

Fig. 7 Example of grid structure
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Fig. 10 Variations of pressure loss coefficient with Re for 30 mm-3
stage orifice trim
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Table 1 Validation of numerical results with different turbulence models

Standard | Standard RNG k-0

k-0 k-¢ k-¢ SST
K; 6.09 6.59 717 89 886
K> 9.01 9.67 105 125 12.3

Experiment

Table 2 Effects of stage number on performance parameters

Lyd| Lyd| Lyd| Tid | K | o |LFEF
Stagel | - - - | 033|367 33| 15
Stage2 | 025 | - - | 033|745 | 338 | 145
Stage3 | 025 | 025 | - [ 033 | 131 | 312 | 121
Staged | 025 | 025 | 025 | 033 | 165 | 273 | 116
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Table 3 Effects of geometric parameters on performance parameters

Lyd | Lyd | Td | K a | FEF

Reference | 025 | 0.25 0.3 101 | 3.00 1.20

Casel 0.1 0.25 0.3 7.1 3.58 1.28

Case? 0175 | 025 0.3 85 | 342 1.23

Case3 025 | 025 0.3 101 | 3.00 1.20

Case4 032 | 025 0.3 129 | 369 1.17

Caseb 04 0.25 0.3 185 | 342 1.15

Case6 0.25 0.1 0.3 56 | 3.30 1.56

Case7 025 | 0175 0.3 69 | 341 1.32

Case8 025 | 025 0.3 101 | 3.00 1.20

Case9 025 | 0325 0.3 155 | 345 1.15

Casel0 0.25 0.4 0.3 234 | 329 111

Casell 025 | 025 0.2 128 | 348 1.19

Casel2 025 | 025 0.3 101 | 3.00 1.20

Casel3 025 | 025 04 85 | 355 1.23

Casel4 025 | 025 0.5 75 | 29 1.35

Caseld 025 | 025 0.6 6.8 | 3.32 1.45

Casel6 025 | 025 0.7 6.3 | 357 1.53
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Fig. 13 Normalized pressure and velocity vectors distributions on
symmetric plane for different cases

147} Z4+2r 71RF 2R kS 7RIS Solsk 4= Qi)
Fig. 13&
sl tH’"“‘:H.OWi’J ATt Ao TSt | gt et
&% HES e Zelth w7k 94 o 7 e
case 62] ¢ (Fig. 13(b)) 3T 2294 & X= o
glof & R A ol 2 WS WA ghonl, 35
9] A4=3t 85 A Aol HElx] ke AL §]—o]‘§‘=_]—
ok v, BriE gAF 2 K7 7P 2 case 109 A
(Fig. 13(c)), 2-3tF 22T A & Alo]Q] 222]7] 7] _7}§ o]
off S A% -5 W] Walrh wAggith, o]z <l AlE
B FReIA 2 sk} uhe] G| WA, i 4
oA 2 gL WS R BT 5 9tk

=

reference, case 6, case 10, Z12]1l case 149

(o]

‘I)éé

Fig. 14%= reference, case 6, case 10, Z1&]al case 149
el vt 2 2o A BN o BES ulmdt Fo|t),
ol vehd visk o] AN OR okt 5 el

NA & 65 7 G oW, ejmA Fiol| uf
a]— 01' H:\,g7]- /Rl-o]‘o‘} AL §]—O]6‘]— 2= Qlt} =8 5 2 7}11
= case 69} 109] % (Figs. 14(b)9]- 14(c)) QE]A/\ LA
o) Bolq FRAOR 2 'S AL AS AT 4 3

o, ol A F& Avke 59 A HEdd

*

T FA 7} Qe Aoz AlREn) vl P e 6 2 )
A= case 14(Fig, 14 (d))9] 7% case 64 100] B3| W
4



& o
F

\oW e

(a) reference

(b) case 6
4
(c) case 10
/'
’ \
\
(d) case 14

2,2 q,'\ ,L'Lq,b\ qfo "l:\ 'L% q,q n"\ %'1, n)\x n;'c n)’\ n;b

Fig. 14 Incipient cavitation index distributions on flow passage
surface for different cases

2 s A BlF 4 3,

Fig. 15+ reference, case 6, case 10, 12|31l case 149
sl A2 A Frs S== TS} E
£ Hlugk Zojt}, & @AY w2 &% &
o2 24 1‘1’5 ot Bl sfulgoldoez QIgh &4 off
AE AOSZ Bordeni} Friedmann'?o] wWzw & chy
AR e 2 B Q8] ERRY vk
9 g Ao deA Ut

&5 By
s ol

ol
~

[

3T ‘C_‘ E’C_‘
oI5} aabo] AR o g A

i o0

42

(d) case 14

Q 0 \’\ %%\%06
SENA RO LS

Fig.1 5 Normalized velocity distributions on symmetric plane for
different cases
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