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Linear Design of Pressure-control Throttle Valve Based on Variable-
diameter Profile Optimization
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Abstract: To improve pressure control accuracy in managed-pressure-drilling for deep and ultra-deep
wells, this paper proposes a linear design method for multiple-type throttle valves based on variable-
diameter profile optimization. A dynamic mapping relationship between valve core stroke and throttling
area was established, incorporating the viscous-fluid total-flow Bernoulli equation, Leibniz theorem, and
kinetic energy and area correction mechanisms. Using this approach, the profiles of cylindrical and wedge-
shaped valve cores were optimized. Experimental results demonstrate that the linear correlation coefficients
of pressure drop for the cylindrical valve and wedge-shaped valve reach 0. 9932 and 0. 9919, respectively,
within the 0-100% effective stroke range. These findings confirm that the proposed method enables full-
stroke linear pressure control of throttle valves.

Key words: linear pressure-drop response; variablediameter profile optimization; valve core design;
throttle valve; managed-pressure-drilling
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Fig.1 The working principle of the commonly used

throttle valve in managed pressure drilling
1.2 @ERue
fA] 2 1R 88 5 B 1005 2 O HE TR 1 2R A JL i)
T A= 28 A0, HAT AR B9 P AR U AR & D O o F 52
+ 1596 -

e g e (B 5B ) B9 4 TR AE 0 . MR8
UL TR Y AR DB ) 4 T BE ) IO T R
S5, JCH I IR 5 1 A ) A e /N AR . R
[Fi) 245 g ) 1 S0 5 g DA T ) e /0N 95 3 T ARUAS ] A
WM 5 A ST AT R TR S R AR TR RS Y i /0N 3 3 T R
FAE 5 A+ LA IR R 2 S A 3 T Y
LIESE

I L 7 A i 1) 32 8% I BT IR 1 A0 AR JE 1R 1
AN R T IR A K AR 2 IR AECYD B Rl A7
3 27 A B0 Fe /N T R TR AR (T 158 0 X0 o 3 A
22 (V) U A PR A 1 S 3 44 7R 0 T ) e /0N 1 7 TR
FRAS by 3 25 JLAT 2 200 5 Ty 3l 285740 0 1 ) 23
AL S .

R RAT S B e /N O R ALE L it T
2 JIT 7 B AR A% B B AT IR MR B8 . T 1
A9 S BT AR 2 HE LA B 2 TR R R
B 5 BCMN £ il i AL (& 2b) o B 1RE Y
R AT AR 2 B JLART S5 A T DD e A R R Y
I52] fE 1 00 1 AR NBE . BIF 5 S BLH RUAR IR 1Y 3 I
F18 AR 2 A 9 4 ke e T T - T ER 45 AL 1 JL AT 24
W SR BA T AR AR A 2R A 1 (1] 2e
HR AR B8] I T A W8S ) N JHG = 2 L AR 285 nT i it
IE A BEE TT L BT AT - OOXY 1 £ 82 o 4R
T 1 1 fi /N 19 3L T AR T NBF THU 5 E 1Y 26
SRR PR A X A 2b TR s @ OXZF T
Fei T I B R AR B 5 A A5 A L A
2d 7R . S IR OE B GBS HOL K L5 5% 0 b
Y5 RS ATRR y AR IEAR G . I 2, R AL
AR O IR R A A5 B S R ATl 2 A BE S L o
O RSB AT ) A s TR £ 17 B L 11 A g e
DA AN 55 RIS R 88 B 3% £, L2 g IOt AE 4
fiE i BA Y UIZE . 223 ik 1) FRT R 18 R HE 1
BB AN RE I Y U IR A4 O B 5 e S R G
ERB 7N O SR D =T JE T
1.3 HE7R 35 B = M A )

TE AN 5 J& T 1) 45 K 3 3 2l 52 i) 4 B3ARUAR 285
AR B I A R 55 A O AR A S AT A )
AR AT R 47 AR E WL 3 1 I A - TR R R T
R RN TR B R G A TR 2
L WD R ) T A T 9 A S A I B
THT LS B 3L BN R PR B ST R I AN T = AR A
TE b SR 0 A RE IXBRZE BN R B
A 3 R T T DX R R v BT AT T g
PREIFIZ RS 5 1RO SR A S50 T s A 2 J 35 ik
ANTE T 0 TR B . T DL AL T LA 25 4
S R R AU Bl AR 2 B J T IAL s A E Y 2 A



BT AR AR B R0 T O A TR O I R BT —— BRI

TR #WE¥EN

/ /
E
,fg

S

/ R

4

() YRR A EEAR G BT IREDC (b) YL IR e N 90 T AR A

() ETB RS R IL S T iR &
2

Q

() IR IR 8 1T AE OXZ 1 I3 56 (A-A)

() BUB RIS WiHin

BEEMBESTRARTE

Fig.2 Structural characteristics of the valve core and schematic illustration of the throttling area
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Fig.3 The secondary flow generated at the corner of

the pipe

A7 AR T AR 5 AR /N 1 DX 9 A AR AT ] 1Y e
555l $R R 5 L 3 8l 5 1) A W L AR
TR B G R R ) 2251 R
A TR Ak e S B 0 A i 3 B0 s A 3 T
R AR . aniEl 3 i s o 48 T8 I 3 1 ALY BEIE
{0 AW R TSR A 8 00D 22 2 UL SR
i T2 B R RIAT 280 AL RE 7 B T SR W Y O T
URNCR )

EIRB G R G E TL A S B R R
Vg DA ¥ A 3 88 3 A1 Jrd 8 T E 4 A K% AT 280 I 16 T
o Ay TR f 0 3 1 R PN S DA ) O B R O 4
71819 U R Y Bl A T LB L AT A ] A BB IE
FRORANE TE i R R P 7 7

2 HAFTRREEETEEREIHEE

B EER
168 T 18 5 /0N 5 i TR R ) SRR AiE 7 7R R
Av=n(R+7r)Jd?+(R—r) (1)

A AL R R RS 5 EE 2 [ B B /AN T T TR
Shy TSt AR 1T 1 1) ) 0 i TR P B 1 B

SR ALIE 18] 5 /0N 19 i TR0 ) T8 R e I B, SR HH
ity 238 i AR B 43k e 5 HAT LA [ 38 AR A Ot
BB BERY . AN 4 BT L % R W i sh D 2k
J7 16 = 8 R T AR AL iR LA O E AL A,
(BB X3 8 B, 4 i T AR AL i O R T ot
AR AL X3 & 3R 1S , BAR AT 2R

h—R

A,XNQ’COSﬂZ/\k:ZCcosﬁj VR*— 2 dx (2)
=1 R

2.1

S O T U TE AR T T S5/ 15 U BB S
AT 284075 A ) B 22 Gl 3o 3 0 K0 I 2 e Dl D128 21 )
AR TR T 8T B A, HEAT 45 9 19 B 435 15 50 19 55
A BT s h=r.

A5 1 U S g 4 O - R 2 T U
o SE BT B T R 2k I Y AR T B Bk 1
AT y 5 R R 22 Ap Z E] A H AR G

- 1597 -



hE LM T AR 2837 B 2 7 2026 4F 7 H

[ gt =
| -
\
N Y B
Ny N B
S ~— A\ T \
Am»/' i ~\N _/0 F

B4 TRERSSHEERBRTIEE

Fig.4 Diagram showing the throttling area and the arc-

shaped area micro-section
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Fig.5 The envelope line of the valve core’s variable

diameter profile
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Tab.1 Drilling operation working condition parameters
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