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Optimal design and flow resistance analysis of regulating valve spool
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Abstract : In order to solve the problem that type line conventional valve spool design can’t effectively reduce

pressure drop. Optimization of the profile of the orthogonal polynomials for fitting the least squares method was

used to obtain a new curve equation, and then a new curve equation into AutoCAD design type lines was

estracted. Numerical simulation results showed that the flow resistance coefficient of the newly designed molded

lines decreased by 35% than the original ,and import and export reduced pressure dropped,to achieve energy

saving purposes.

0 35

AT IR AR P ] 1, L R A R A A
A PR AR 5% 9 BT BT DR 318 5 30 R 19 37
BT E R, T A R S ]
ST SEOUE BT LA P Db R e .

Wt Tl A H 43 BRACAR, X838 3 1 14 it
SEH TR EOR, G AE. PR IR 1Y BERE it
FEA R AMRBE TR ] 5 4 e 1 ) #2854
RE 5 0 P FL BT B SR A LAt b 28 19 SR AT
IR SR N N B R A L N ES 8 S AN )
PR AR BE AR K, o P (8 R 20 RE R
RORD
B AR /N R A i — S TR T2 1 A AR O B
&L RITTHIBE N BB A B R G B B
GRE LRIy B R ORI R G RE
VeI R T ) aE SR AR B T ), 2
ST PP R 8 PSR — B ZE AT X R 1
AR GEA, IR A4 s A 2 52 ) FE S T G 10 T 22
PUER. [, BH 7 oo R 1] 7= A W s ) J PR 2
—, (R R W T IR N TR PR Bl 5. 22T
TGP 19 5 T8I 2%, W) A BEL ) 2R 0 VBT
AR T 19 BEER DR AN R e, 6 TS B i1
AR 20 A BT RS AN 3 2R GE X019 RE | P IR 22
Raskm s

BEE T EHLEAR TR AR T 27 1 A e
HEL T2 CFD ff AEHUHE, A SCH ICEM
CFD B35 37 18 A5 7R 47 I s o) o i B
SR K RS SO A FLUENT #5144, 26479
TR ER AU, A AU IS B E AT B
INCFEEIB L, AT SR SR A 5 T

LI G RN N h S EREEITES 92 e
L1 A ARES %

IS RO B A o 5 e
FORIXE P B 5T R 22 R R R,

o
cﬁfdéﬂzﬂ”

A Q MATRRAE L AU i, Q. A IR iR
Wi, L B TFE BAT AR, L. N e K I
HITRE.

AREARE I 5 1R 2 10 R 10 S ) TS o, T LA
R AR 20 o [ A I R A A R
P, AR A I R P b Dy AR
SEAERE T | H A L L I 00 72 1.

1.2 @eBEs %

ANTRY B8 3 2 2 2 T 0F B AS ] s 22
2. BRAE R i A EORT Loy S BRI i
Rtk Mk AR R 2 M2
28 A4 1 43 O R 8 4 Pl (L
P 1), 2% HAELUAR A Py 2 R0 B 36 A [ 19
RILER B2k, AR S N7 1) 1R S B 2t 73 o 4 Foft (L
F2). Horr, R 1 36 Rz BRI e P b 4, Y
22 X RN R, T2k 3 XN IR
TRAPERRZR, BIEE 4 XA 20 FUR R 2.
2 TR R A BT
2.1 HZERERMHE

PRk T A ) R AR A9 e
HATERZBAAL AT RPEL A2 IR
BRI R, SO SR 2 X 2 R
AR R AT RS B R i . AR R R

q:



- 08 -

F251 201745 7 324 H3 W

100
90
80
70
60
50
40
30
20 1
10

it i H/ %

0 1(.) 2‘0 3.0 ﬁiO 5.0 6.0 7(.) 8(.) 9‘0 1‘00
A /%
LGP BAFREINZ: 2 P 2
SHPIBREEISE 4.5 1 4 HOTUREREHE 2

Bl #ZAAZTHEHZE

Fig. 1 ldeal flow characteristic curve

B N

M2 mSAE
Fig.2  Spool type line

FETE It s A P — O B AR i Y A2 1k
SIZALE AT R IE G R, BRI
dg =K,d!
P31 [F] I AR 15
g=K,l+C
WHFML=01F,0=0,,;L=L,, 1, 0=0,,.
RIAF HAR IR AR RO R
g= R - ll N 1
R R
2.2 IS BILIRITRETE
M T FIEL 2 ATLLAE Y, 2 i R P Y
I R L SR TR 0 I 1 B 2k Ry i k. AR A
THFE, F Auto CAD 2 RSB ZR O RE S5 il
2, JF HAET o gt A prdh , I A BN )
(A RO IAIVE SN NS X VS 1K 7 o S

AT R 12 8 U 4R e S SR IE 5E
AN N Tk AT AT B — 4
O AN TR AR P A 2 i 2K /Dy AU 5 B dls
€3 iR,

@ /////// 7 423
SN 4.22
s 9% 7
//////// 7 4.86
L, o 4.70
/ 9% 7
NI 3.93
NI
ey L 4.74
// 7
N 5.13
Y 4.89
4.52
X
-9.94-]
—14.21-
—17.46—
—19.71—
2114
22.49—
23.50—
24.21—
24.81——

B3 gD RfKEEKIE/ mm
Fig.3 Least square fitting data

W IE 5 2 W i k™ 4 i Hp— 4
TEASHENE ,

Py(x) =1

P(x) = (v —a,)Py(x)

P,(x) = (v —a,) P, (x) - B,Py(x)
SRR AT LR AU A i 2 40 R A R 5K

10 10

Zyipo(xi) zyi

*

a = = o = 20-985
z‘,[Po(%i)}2
1
10 10
in[PO(xi)]z in
o = 5 = ‘10 = 17.749
Z[Po(xl)y
1
P, (x) =x-17.749
10
Zyipl(xi)
p— _895.196 _ 1624

S [P (x) ]’ ©551.344



x| Z, % R IR IR G AL S A LI O T AT

.99 .

zxi[Pl<xi):|2

z [P (%) ] -
T
10
P ()T
B, = T _ 5511.0344 ~ 55 134
2 [P, (x,)

1

Py(x) = (v -8.417)(x - 17.749) - 55.134 =
X —26. 166x + 94.259

Eljfp (%) 2 696. 464
o = : = 0.087 7

}5 (PL(x) ]’ ~ 30 753. 069 2
JRRUA, BG4 A
y = ay Py(x) +a, P, (x) +oa, P,(x) =
0.087 74> — 0. 684x + 0. 664
FIE 22 23 e /N ik A, 15 201
WA il 2y R E A A] &R, L GOKS B Ok B
0.01 mm, A] LALXT A 1) i 26 - TE 1E.
2.3 @WRBEEZHMRALEITSMI
MR b3 F E A8 2 00 o/ s — 3 12445 3]
(RSB L5 il e R, 1080 AR AR 2 | 4% ol
BT, 3 ST 1 AL bR B3 B2 BCE] AutoCAD
XA DG AR BRI LB IE | 2253 B 1 [ o0 784
2, WE 4 s,
X PRI T 5, 3R A3 T 7 v (i
BN T — 5 WME. {HJ2 7] LUF]H Master Cam
X9 B4 ) CAD BEH 2 B i 1 14 B

B4 30\ E YA LA

Fig.4 Comparison of original and new spool type line

RULE 2t 58 R 22 5 Ve E AN T3R8, 5 %
SEMSES AT RN N L, AT AR B F
HeAF ALY Master Cam 4241 400 Fh LA 19 J5
BANESCH: 3 T A SR R R 4. AR TR
HILPR B0 S B A 2 11 J B A TS, 4 1 1)
NCI 328 AL B 5 8 o] A B AR .

A B IIN T AR R AT LN T 4 22 EAA
BLHEAT IS S A, 85 S A FANUC R 480
FEHLIR , 58 B 1)

INTRIZE AN T
3 VAT R A B

3.1 @®IIBEAREITE

W1 BH 1y 2 R ok w E , Wl — A1
I IFEAN R B2 i 9 BH ) Z ot A — 4. Rk
T TE 105 W 0 Z (8] 9 B A AP/Pa, it
PR p/ (kg - m™)  FAREEE R o/ (m -
s7') B BB K R TC RN B AP = po” K/
2,8

2AP
A2 0

pv

PR , AR ARG I HS BH ) 8 K, R e T
JoAT BIHERA R S R AP.
3.2 REHEEED

HIFH Ansys ICEM CFD 44, %58 ek i 14
R IR AR T AR R 53, SR 5 S A Fluent 3.
TEPERUE k — & AR A i A 2 5 B PEAR 1 BE T
PRES; I N BT R 20 °C YK [T T 1 A
FEAHBS o=1.2 m/s; I TH ORI H
P15k 0.1 MPa; 3% ffl SIMPLE %43 — Byt X
A6 AR g B2 R 7 ARG 5 . SR e iU
XL BT G AL BR, AT LS B A G 1) R
E(ILELS) FEEE = (WA 6) .

T LS Al T, MR T A 1 28] 10N BB A
e R DI, R D AR K TGS 3 A I s DX
JE TN FEA RIS AFAE Jay &8 1 BRI IX
B, A .

H L6 ] AT, 1] i

K=

N BB B S8 Bl A



- 100 -

F251 201745 7 324 H3 W

P/Pa

1.32e405
1.31e405
1.28e+05
1.26e+05
1242405

1.21e+05
1.19e+05
1. 162405
1. 14405
1122405
1.08e+05
III 1.07e+05
1.042405
1.02e+05
9.95e+04
9.70e+04

9.46e+04
0.2%e4d4
5.95e+04
8.74e+04
8.50e+04

HS5 RSFE0%EHEH

Fig.5 Pressure distribution at 60% valve opening

v/ (m-s™t)

8.19eH10
7.78eH10
7.37eH0
6.062400

" B.56e40D
0142400
5.73e400
5328400
4918400
4502400
4102400

H 9.68e+00
3.28e400
2.87e400
2.462400
2052400

1 fide+00
1232400
8.1%2-01
4.10e-01
0.00e+0

H6 WSITE0%RE =R
Fig.6  Speed distribution at 60% valve opening

KA A R O X A T R O — 0.
TRA TR DI B 2 IR A N, U T v AR
Xof HRISES P9 ), A 1) R R GES A £ P . DA
HARFE R, AT 0 Be— E B TR
B TR AR R D A A, A
T X, WA R X, S X FR A3

B RS E S TRIRES T, s A O
AbA TS SN o B, I ELAEAS Bl As s 10 i R A%
PERARDE T A TR R, 5 2] 1 Z 18] 7
JEREAE, L3 1.

R 1 BUE RS 2 0 FERE, A A
KO, /LA BT R 2 K~4. 82.

1 REANOAFRE T ERE
Table 1

Pressure drop of various medium velocity

AL R E/ (m - s™' ) W AALER/Pa JEFE/Pa
1.0 1x10° 2 380.22
1.2 1x10° 3431.72
1.4 1x10° 4 598.20
1.6 1x10° 6 184.46
1.8 1x10° 7 728.13
2.0 1x10° 9 560. 62
4.0 1 x10° 38 152.42

FEBEVEE g v = 1.2 m/s, H 1T
0. 1 MPaltf, 3 37 [H P ot 18] 505 205 ) k47 R R ASE
LA RNGE T ERERE 2 7 P,

120 1
1ot e W
100 |
90
80
70
60 -
50
40
30
20 +
10

—a— WitE

) FEFE/kPa

P

10 .20 . 30. 40. 50. 60. 70.80.90.]00.
&0 TF 1%
BT et e d o E R & E
Fig.7 Import and export pressure drop curve

original and imparased valve
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Table 2 Pressure drop and flow resistance coefficient of

original and improved spool

WIS AT/ (m - s™)  JERE/Pa FHAREL
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Table 3  Regulating valve test results of spool

after improvement

o ATGE b Rl
/(m+s”) /(t-h™") /Pa Xy

1 1.00 18.12 2 310.32 4.63
2 2.00 36.33 9 410.24 4.71
3 3.00 54.42 21 380. 12 4.76
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