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Abstract: The formula Q = Qmaxx2000%®™! is used to describe the relationship between the flow rate Q and the valve
opening angle (6/6max-1) in the large disc valve [1], . In this paper, the simplified Navier-Stokes equation [2-4] is applied to
the analysis of flow field in large disc valves. It also includes the use of Bernoulli equation [2-4] to determine the pressure
conditions at both ends of the valve based on the specified flow rate Q of the valve. This is the first time, the universal
formulas and images of flow angles for flow lines that satisfy boundary conditions including both ends, two walls, and disc
surface flow lines are proposed. In this paper, flow rate, flow velocity and pressure are discussed on the basis of streamlines
[2-4]. Because the flow function W for any flow lines is constant [2], setting W to be a two-order polynomial of x and y, then
prove that it satisfies the flow function equation [2], and according to the definition of the flow function, the two components
of the flow velocity, longitudinal and transverse are evaluated as two more simpler polynomial of x and y, for afterwards use.
For the disc valve, the flow rate through any lines that passes two points is equal to the difference of the flow function W
values at these two points [2], which proves that the flow function has nothing to do with the y coordinate at the center line of
the disc valve. The longitudinal flow rate Q along the disc valve is only related to the longitudinal flow velocity v, so v is
obtained according to the flow rate Q at the different valve opening angles 6. Finally, the transverse velocity u in disc valve at
the different valve opening angles is obtained by using the Navier-Stokes equation and the obtained universal formulas of the
flow angles. Finally, analysis of flow field in large disc valves is completed. This is different from the methods [5-9, 11-16] to
be widely used software simulation of flow fields, as there is no need to divide the flow field by grids.

Keywords: Disc Valves, Flow Field, Flow Angle of Flow Lines, Flow Function, Pressure Gradient, Pressure Distribution,
Flow Velocity, Its Vector Distribution
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-0.0127
=0.01 4—-
=-0.01 ('-:

0
yfem 2007%

3
dp/dxN/cm

dpfd&Nlcms

-0 IIl_‘FE
=0.0104
=001 54
~0.0203
=002 5

=0.030+

0

0
y/em BB ofem

B7 AEFFFH0=1v8, 4,13 Ffidp (y. 1) /dx  (N/em®) 1504,
4.3. x[a p(y~ D1

dp/dx AR W4 Al AL . A5 B x=-20Z 0cm A0 2 20cm
b P NS VT = S T
P, (=20,9)+ p;(=20,¥) = p,(20,y) + p;(20,y)? F 72 i 3\
1) (22) 5HInr15:

0 0
9 .
I —:’ dx = I 2bvtan Bdx, 24 Bl NoOOH N,
20 20
93 0
J Pl gy = I 2bvtan Bidx =
Ox
-20 -20

. Hrp2bv=0.02( I, :X.16)
2bvtan 3 J' dx = 2bvtan f3,+20

-20
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pi(r,y) =cosOp,(x,y) =

0
cosé j %dx =-0.02tan f, cos 820
X
-20

5 OmKom o wm JF A e W,

p(r,y) =cos0’ p;(x,y) = p;(x,¥) FAR, FillcosBiir 7E5
R EE AT ) yah DR, RUONB1 BB e Ay RI+1E ,
5xTIR, FINMRSH L. FTRExMx=-20E0cm, Hx
Tk, EARFRMERCLLER S (rv y) > B Fmaple3 )
L)X — AU EI8-2E A~ . [EHEA R

zoa 20
p,(r,y) =cos QI Py dx = cos HI 2bvtan B,dx =
0 Ox 0

20
=-0.02cosftan 3, J. dx =—0.02tan S, cos 820
0

HrcosOth r £ 5 REEPAT My B, Fi14
RO By R R W xFh Mx= 0220cm, K NB2 E L4 HBr
Ay, XARRBER A2, (v y) o p(r,y)
p, (r,y) I A AN EIR-HT . J5 Fias, X #E AR
T 1) o x ] B R 0 93 A o

KIS EH 2~ 40l tH A AN [ F f 6=1v8 . w4, Tv3i)
[0 JEply prigy. riIEER, T, pl. pri/ A
PISE X FR— 8. X BB, Xfpekit, yrHFER, #
REE RS MCE IR, 715 (Fosfiprfa B aso) , X
AH . (=20,9) + p(=20,) = p,(20,y)+ p,(20,y) » [FA—7K
ity b, BRI E 2, BlAp (x£20. y) =0,

p.I'*«l/cm2

-0.02]
-0.04
-0.064
-0.08
-0.10J
-0.124
-0.14]

20

i:':Nfcmn2

-0.05 >

-0.104

-0.154

-0.204

-0.25

220-20 0
r/cm

y/cm

B8 AN[FIFF 16=1v8, Tv4,1v3 CEH 1% ) AR 18 95 (M x ) 1) R AT pl CEE R
pr (fEJ5)  (N/em?®) 43Hiio
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5. AR EXRERR T
51. EERRKEERNLRE

5] 4 259 1) B T B AF R KL 1 )2 ,v=99% vmax ] 3 77 FR
NI THZE BIANA 2], Z AR EETH I EE 2 e SO E R

JERE, G0Es, WHEAK AR 5=0.37100/vo)**, I
JE P .

5/cm“""_"____-____‘_.i:--““xx
. . U
1.5 \

] A |
] -y
:I‘l\ '.-T' T p T-n'-g—v—r’f!g
Ikm\WWfTTfH:H.

v/em

B9 AR EMEESv. LR,

IR 1) 1) 242 20em,  W1=20cm, CLAI/K [)ia Sk
[#n=1.3mPas=1.3x102g/cm$ (10°C) [2]M L5 E K5
FE, WK, A vEUIE.

HE9 v, R4 DT lem/sbL TR, 0572
FIEE A 2K F1.5em. X Fr=20cmP) K BIRE, 247 ff
O NTUS. U4 T3 ML v 23 1) 4-29 « -4.25. -1.19cm/s,
TR R A T B b )30 52 B JEL R LT T S o A IR T )3
JERER (W +v?) =v/cosBsr B N-31.54 -6.0+ -2.3 cm/s,
I 1 THT (1300 2 1) 5 A P 2200

5.2. EERRKEZD A

LHR B LR AR AR, FENDAL, WFRE AR
T 8~0, BEEL AR, D5 )R 15 2T 1
Ko 75 R8Pl U HIE L AT I B 5 U R R A K.

W VR AN R T IARIE R A SL IR TR, 32 B R
WA AR CHSCik2) #50) -

%max=h/r0=(r0—r/ro)=(1—%0)”,

n=1/6~1/10=0.1~0.16, r-r0J2&r i K BETH AL FRho SCHR[2)

i, nfUESHEREReE R, WXl fin. 02
AR, o AT L8 s B BE PR S .

R1n5H il REReK R[2].
Re 4.0x10° 2.3x10* 1.1x10° 1.1x10° >2 x10°
n 1/6.0 1/6.6 1/7.0 1/8.8 1/10

FATTHISEEG R B, %k RaUBR T M T s, 595k
g WK M FF[2] . A ¥ % X AE B 10- )5 BT s,
vmax=29cm/s I , % AL b5 n=0.1~0.16 , i 1E M BE BE |f]

(r0=20cm) A E P T+ £ 29em/s, NMEEH B IHAE .

N T S EEE I AR A A R2] 0=0.371(7/ vo)™? A —
8, AR ARFAMARR: Y =1-(7)" n=40,
Cv Al vmax &8 B 25 %7 /5 ) an B 10- 87 Fras, b B
vmax=v0=29cm/s, # A rn=40~41, FiE M\ EEH (r0=20cm)
W EARE T+ E29em/s, FEH BN ES<2em. HiHH
JZE 5 ) o A T A R v 1 2 ) SR 1R 0 A, 3K 6
247 ) 4 ST A et . BV AR AE B S R E R
MO S R R A, R, WA S R

BE10 FIAR IR v vmax 22 36 24 IR I = ) 0 1) 58 v ) 40 A o
XD E R E, BRI AR EQ

20 20
0= J-Zm’vdr =27, .[ [1 —(%0)40 Jrdr =
0 0

-1.359911125 103 vo ™ + 3140000000 v0 7 1,2

mE11-E .
tn%ﬁ%ﬁﬂﬁ’wmbmﬁvmi’]’jmiﬁ, i

20
jZITrvdr =27, j rdr =3.14v% |2, WE11-A

Fim EBIE]UTJL, éwo B, AR NS L D
1/100cm’/s. It AL A 25 & JdvAlu. dp/dy. dp/dx
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s 30
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r 1999 0
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H

i A Ko BAREO. TR AT A T

350003
.>.|nmué
250003
200003
|,<um§
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50003

B B EE ) - o Ch) Wl i B R QR R .

6. &

A3 i Q = Qmaxx 20007%°™™ SRk i 5
O I% %

IR At 2 BRI R AW B0, AR S DU 2 R R At X
TR R J3EAT 008, BT R AL R QT IE BH 3 2 T oR A
THE, R R A e X, 3B I m v AT Flu
IPHAN 43 B I 2 T AR B o 0 TR IR R, AR
BEEHAMTE - FENRES TET X B S MRLR
WMEEWE M 2, XOFHILmER Sy Lk, TRviEb Ax
F—Mr 2. RO KM AR R SN A isEvE
Ky FRKIEAS R TS 2] Ap=0.4N/ cm’ i AS [T /10
MM EQS v R, WK A/~

AW, KRR A . A BLR I A X
B, =077 F1 B, = Gy eSO T (R I ¥ 2 9 S R
RE IR 16 TR 1) A 0 A 46 F, SUHIMaaple 3 A9 Tl 22 i HY
T AN R TT A OR A2« A5 A 1) A1 BLRIR2 5y eI K &R
Bl. MB1=0 °BB2=0 4y 7 1] 75 A I b 2 THI 14 38 1) F
B1=0F1B2=0F7fEyalr I —/NBLIIEIE X, 1X 5 i 2k 55 1Al
W T i e A 28 e AE y i b — /NBH B X — 3

ML KtanB=u/v. M EREVE, A RIGHERE
e FA P u=v tanB &2 (u*+v?) “*=v/cosPHI4 i K .

RIEATEEF AL, HIR B QW E — & A P T 1 799 i
JE 12 Ap, SR 8740 B 40 4t - W 4T 50 B (Navier-Stokes)
TIRE, B € IR Jikk E dp/dy, Mldp/dx A1 x[E] p(y~ )53,
HAE A — K Py b, BE®EPNLEE D2, BAp
(x=£20cm. y) =0 o SER 7 KB AL T Ria i 2 4,
BF)v. u. dp/dy. p(y~ 1) dp/dx. p(x. 0GR

ZRE TR EREREW, N T SEEHNIARZE
AR 0 =0.371n 1 Ivo)®? FH—BL, $2 H 5 STk i 15 4

FRMGEEAR: V) ==/ )", n=0.1~0.16, &
RS R: Y == ) =40 3HE R, o]

W, Vs MEEEETT (10=20cm) AbHIZERIE T Evmax, A
AR ED R Z6<2cm. Hvmax— L, HEJLTFALE,

BT LA SRS R sy ATu, dp/dy. dp/dx K JE F143 A
(RIS T 208
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