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Numerical Simulation of Bottomhole Flow Field of PDC Bit with Orientation Nozzle

Huang Yingyong.Li Gensheng,Song Xianzhi,Fu Jiasheng

(State Key Laboratory of Petroleum Resources and Prospecting (China University of Petroleum) ,
Beijing 102249 ,China)

Abstract; In order to improve bottom hole cleaning efficiency of PDC bit with orientation nozzle and to
prevent bit balling farthest,a physical model of PDC bit with orientation nozzle was established,and the pa-
rameters of physical model were confirmed. The characteristics of bottom flow field of PDC bit and its ori-
entation nozzle were analyzed using computational hydromechanics theory and numerical simulation. The
results indicate that the diameter combination of two fluid-channels and the obliquity of the lateral channel
are main factors for flow rate distribution in the structural parameters of orientation nozzle. When the incli-
nation angle of lateral nozzle is 45°, the requirement of flow distribution of bit nozzle is satisfied and bit
nozzle is easy to manufacture. The jet flow of lateral nozzle restricts the backflow in the upper impact zone
and reduces the area of bottom vortex. Combined cross flow layer with impact zone can compensate the loss
of energy. The low velocity zone at blade wing was reduced, which can give positive effects for cleaning bot-
tomhole and restrain bit balling. Orientation nozzles coupled with conventional hydraulic structure can pre-
vent or eliminate PDC bit balling and increase the penetration rate.
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Fig. 1 The orientation nozzle of PDC bit
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Fig. 2 The structure of orientation nozzle
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Fig. 3 The arrangement diagram of nozzles(PDC bit plan)
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Fig. 4 The geometric model of PDC bit with orientation

nozzles
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Fig. 5 The isoline of orientation nozzle dynamic head in

the center section
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Fig. 6 The comparison of the isoline of lateral flow speed in nozzles in the center section



%39 K% 6 F 3 FF.PDC 4k 3k & @ "R R R 3 AL AL B « 103 -

2) 5 52 11 B 6925 K0 2 0P« S 0 1 7241 FT . 1991,1665) 513,25,
%5@-!“ fﬂ ‘{Jlﬁbjﬁ E,(J ﬂf)ﬁ% %%ﬁ ﬂﬁ ﬁ?}ﬁ EI:% ﬁE E(J jzg % , Zhang Yun, Lu Bo,Wang Qiuju. The action mechanism and ap-

plication effect of slant nozzle[J]. Oil Drilling & Production

SR TR S ) WS AR TR R Y G B A . U 1 Hh 4%
. . . . Technology,1994,16(5) .8-13,28.
%%jj 45 ETJ‘IE}IE ttiﬁ%ﬁ%1ﬁ% I HT‘[‘ HE ﬁjz’fﬁﬁ%i‘[ﬁ [6] Dickey Winton B. Side port nozzle in a PDC bit; Europe,

L[| IR = G a L O EP0959224 A2[ P]. 1999-11-24.
3) 8 [n) Mt M O] [r) 5 3 B [l 3 RR A A B o o (X (7] 45 X728, WREERR 25, PDC 4 3k 4 5 15 155 W f8 o 50 o7
(9 F 75 4 R e X B S /N, 5 18 R 1 B T kb IR G W BUER LT, A0 K24 25 B A BHAE I, 1995, 19
(5):30-35.

T HCRERR AR L T BT H A A R X AR AR ) X
JE T AR B B 9 1 T A R 400 8 £ A4 T B A

Guan Zhichuan, Liu Xisheng, Chen Tinggen, et al. Numerical

simulation on the bottomhole flow of axisymmetric impinging

Z%% o jets for PDC bits[J]. Journal of the University of Petroleum,
4) % [a] W WE 5 w0 K S g5 M A e A T LA China: Edition of Natural Science,1995,19(5) ; 30-35.
TE T FE RS PDC 4 3k e 40 5 1 & 1876 FH - 35 31 42 [8] Hyaksh. W, 24235, 45, W) T4k Sk B8 W 742 X R IR O 4 1 % i
EULMAS S B . AR ﬁf’ﬂaﬁ‘%ﬂ%ﬁgoogsg(@ :17-19.
Huang Zhiqiang,Zhou Yi,Li Qin, et al. Study on the effect of
,2% % Sl | the nozzle of drag bits on bottom hole flow field[ J]. Oil Field
References Equipment,2009,38(3) :17-19.
[9] Chorine A J. A numerical method of solving incompressible vis-
[1] Watson G R,Barton N A, Hargrave G K. Using new computa- cous flow problems[J]. Journal of Computational Physics,
tional fluid dynamic techniques to improve PDC bit perform- 1997,135(2) :118-125.
ance[ R]. SPE/TIADC 37580,1997 [10] Chorine A J. Numerical solution of the nervier-stokes equations
[2] RfRS. 75 PDC &k Rk 7 1 B G 12 MU BT T ). 73 i [J7]. Mathematics of Computation, 1968,22(104) ; 745-762.
Bk T ¥,1995,17(6) :19-24. L1 EFBNL AR, X5 SC, 55, PDC B Sk 1508 55 0 19 I i 3
Gao Zhenguo, Dong Jie. Computer simulating hydraulics of SrARREPELT ] A B R R . 1996,24(3) 1 32-34.
PDC bit on bottom of hole[ 7. Oil Drilling & Production Tech- Guan Zhichuan.,Zhou Guangchen, Liu Ruiwen.et al. Flow dis-
nology,1995,17(6) :19-24. tribution characteristics of PDC bit inclined jet on the bottom-
(3] IR, v S 5. el P 25 0k S ol oAt 3 B (B A 00 L0 0. A il K% hole[J]. Petroleum Drilling Techniques »1996.24(3) : 32-34.
S HARBE ML . 1995,19(2) :48-51. (12] EHEN AW BRI 2 B o 55 0 i 3 0 B0 B LT 5
Li Zhaomin, Shen Zhonghou. Numerical simulation for turbu- LI, A 24, 1998,19(2) : 117-121.
lent axisymmetric jet f{lowfield[J]. Journal of the University of Guan Zhichuan, Li Chunshan, Yuan Mingshun. An numerical
Petroleum, China: Edition of Natural Science, 1995, 19 (2): study on flow fields of multi-jets impinging on the bottomhole
48-51. [J7]. Acta Petrolei Sinica,1998,19(2):117-121.
C4] Bhhl. =ML s 54 X0 i i 5 3 e R BF 5 L0 0. A i 4 [13] Bl A s il , 4. & 1) W PDC 4 Sk I % U 3 45
R T,2005,27(1) :16-19. WEFELT]. M BR T2, 2010,32(2) : 15-18.
Yi Can, Li Gensheng. Study of the influence of the nozzle struc- Hou Cheng, Li Gensheng, Huang Zhongwei, et al. Research
ture on waterjet characteristics[J]. Oil Drilling & Production on characteristics of bottomhole flow field of PDC bit with
Technology,2005,27(1) :16-19. side nozzles[ J]. Oil Drilling & Production Technology,2010,
C51 2% Bl Bk 4. ROV A0 f1 FTBLA B T CT. 7 h 8 52(2) 1 15-18.

RIFERER B = 0 B B R & M I B R B

St B YRR R 43 SR A W B T R R 5 | RS T S M 6 )2 48 114 ] 8, Baker Hughes 23w JF &
— T LR R TR AR 2 2 00 TR ARl VB TC TR TG A 0 2 v e R e R T . R T A LR (M1
il A il ) 3T I 1 R0 R PN S A R AL, BB )5 A 10. 0 %0 A5 MILIER +-2. 0 V0 R THI & M R 0. 206 N R
JE T o 2B TR B T R O S0 I e R ARG, Y R R R Sk DS B R R R 5 A 2 P I R R K A O
A pH TS JF 7 A Ca™"  Mg® 55 A B A2l 3R 18T PR 0 040 K e A B O TR R
o B T R AN AT DABRAICUE 2R i 1 LA R TS A S . RS2 S . PN R AR o SRR
T J5E » JEL 280 AR AV o DAL 52 B8040 A R S e 2 52 BT - b e 11 40 5

(& pm Z2k fHiFH SPE135166,2010 |



