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Abstract. Reducing the Bottom Hole Di�erential Pressure (BHDP) to reduce the cutting
hold-down e�ects can signi�cantly improve the Rate Of Penetration (ROP). This paper
analyzes the pressure drawdown mechanism of the jet pump bit, and then designs a novel
annular jet pump bit. Using the hybrid grid method, key factors a�ecting the pressure
drawdown capacity of the bit are discussed. The back
ow below the reverse nozzle outlet
is the main reason for the pressure drawdown capacity of the jet pump bit being reduced.
The design principle of the jet pump bit is given. The axial and radial angles are 150�-180�
and 60�-75�, respectively, and the bit clearance should be kept below 3 mm, preferably
using the vortex-jet 
ow combination pressure drawdown theory, to reduce the bottom
hole pressure. The bit rotation speed should be as large as possible, all of which provides
the theoretical guide for its development.
© 2015 Sharif University of Technology. All rights reserved.

1. Introduction

The BHDP is the bottom-hole hydrostatic pressure
minus the formation pore pressure, which is an impor-
tant factor a�ecting the ROP. Laboratory tests and
�eld applications show that reducing the BHDP can
signi�cantly improve the ROP. This mainly results
from two reasons: Firstly, decrease of the cuttings hold-
down e�ect, and the cuttings being made to leave the
well bottom in time to avoid repeated fragmentation,
and secondly, reducing the rock crushing strength and
plasticity, and improving the stress conditions of the
bottom-hole to realize rock failure under tensile stress
instead of under impact and shear stress.

In the drilling processes, the bottom-hole can
realize near balanced or underbalanced conditions by
reducing the Equivalent Circulation Density (ECD) of
the drilling 
uid. Thus, the cuttings hold-down e�ect
is reduced and the stress condition of the bottom-hole
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is improved. Reducing the BHDP is usually realized by
reducing the ECD of the drilling 
uid. However, the
ECD must meet the requirements of safe drilling. In
recent years, scholars worldwide have undertaken much
research into \how to reduce the BHDP" [1-11]. They
have designed many tools, such as the vortex tool, the
JHPDT, and pulsed jet tools, to reduce the BHDP,
while maintaining the wellbore hydrostatic pressure.
In this way, the wall of the wellbore is stable, and the
bottom-hole di�erential pressure is reduced.

The vortex tools reduce the BHDP through the

uid vortex made from high speed rotating parts. The
returning 
uid from the bottom-hole is a mixture of
drilling 
uid and hard cuttings with di�erent shapes.
In order to increase the life of the tools, the impact
resistance and wear resistance of the rotation parts
must be improved, and the sealing packer needs to be
good enough to prevent the cuttings from coming into
its annular space, the production casing or the wall of
the well bore. Using a turbine motor to drive a multi-
stage pump, Bern et al. developed an ECD reduction
tool that can reduce the BHDP by 2 MPa [1]. Yang et
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al. used reverse nozzles to develop a pressure drawdown
joint which improves the ROP by 12% [2], and the joint
developed by Du can improve the ROP by 20% [3]. Zhu
et al. proposed a vortex bit to reduce the BHDP, and
the reasonable axial angle, radial angle, reverse 
ow
ratio, rotation speed, and distance between the reverse
nozzle outlet and the bottom-hole surface of the vortex
bit are given [4,5].

The pulsed jet tools create a cycled negative
pulsed hydraulic jet to reduce the BHDP, which re-
quires no high speed rotation parts. Because of this,
it has developed quickly in recent years due to its
good performance. The hydroPulseTM drilling system
developed by Koll�e [6], the low-pressure pulse jet
developed by Yang et al. [7], the suction-pulse tool
used in the Shengli Oil�eld [8], the hydraulic pulsed
cavitating jet developed by Li [9] and the suck-in pulsed
jet [10] etc. are commonly used.

The JHPDT uses the jet pump to reduce the
BHDP and pump the bottom-hole mixture, needing
no high speed rotation parts, but the individual power

uid is needed to drive the jet pump [11]. This paper
mainly analyzes the pressure drawdown theory and
structure features of the jet pump bit, studies the key
points which a�ect its pressure drawdown capacity,
and establishes its design principle, all of which o�er
theoretical guidance for its development.

2. Pressure drawdown mechanism of the jet
pump bit

The jet pump bit reduces the hole-down pressure of
the drilling 
uid and increases the cutting carriage by
the center jet pump designed at the bit center. The
center jet pump consists of a reverse nozzle, suction
pipe, throat and di�user (Figure 1). Low pressure
power 
uid jets from the reverse nozzle and sucks the
drilling 
uid mixed with cuttings into the throat. The

Figure 1. Pressure drawdown mechanism of the jet
pump.

power 
uid and the drilling 
uid containing cuttings
mixed together thoroughly in the throat, and exchange
momentum. The drilling 
uid and the cuttings, with
a very high velocity and dynamic energy, at the end
of the throat 
ow into the di�user. The di�user
decelerates this high speed mixture, and converts part
of the dynamic energy into pressure potential energy
that forces the mixture upward through the annulus.
The pressure of the drilling 
uid jetted by the reverse
nozzle is lower. The drilling 
uid and the cuttings
can be carried out from the bottom hole in time. So,
the pressure of the bottom hole is kept at a low level
and, thus, the hole-down pressure is reduced. Song et
al. [12] undertook much research into the basic theory
of jet pumps used in oil�elds. Fan et al. [13] paid much
attention to the peripheral nozzle jet pump, etc. In this
paper, we do not discuss the performance equation of
the jet pump.

2.1. Sun Weiliang bit
The sun bit [14] has four jet nozzles used for carrying
cuttings and the cooling bit, and four reverse nozzles
used for actuating the jet pump (Figure 2). The
outside of the bit body is an 8 1=200 cylinder that is
arranged with many gauge teeth. The reverse and jet
nozzles connect with the main 
ow path of the bit,
and the reverse drilling 
uid is determined by closing
a certain number of jet nozzles. Numerical calculation
and laboratory tests show that the optimal ratio of the
throat diameter divided by the jet nozzle diameter is
1.8 to 2.5, which can obtain the maximum pressure
drawdown value, and the maximum pressure reduced
by the jet pump bit is 1.86 MPa. When the con�ning
pressure is 10 MPa, 
ow rate is 30 L/s, bit clearance
is 1 mm, the throat diameter is 15 mm and the reverse
nozzle diameter is 8 mm. The smaller the distance
is between the reverse nozzle outlet and bottom-hole
surface, the better the pressure drawdown capacity.
The con�ning pressure has little e�ect on the pressure

Figure 2. The structure of Sun Weiliang bit.
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Figure 3. Underbalanced jet pump bit.

drawdown capacity. When the ratio of the reverse

ow rate divided by the downward 
ow rate increases,
the pressure drawdown value increases. Bit clearance
is the major factor to a�ect the pressure drawdown
capacity. For example, when the bit clearance is 2 mm,
the BHDP is reduced by 1.22 MPa, and when the bit
clearance is zero, the BHDP is reduced by 2.6 MPa.

2.2. Underbalanced jet pump bit
The underbalanced jet pump bit designed by
Mueller [15] has a single jet pump which is concentric
with the bit (Figure 3). The drilling 
uid mixed with
cuttings in the cavity is pumped into the jet pump
cavity by the jet pump, then its pressure increases.
The cuttings are separated by the helix ba�e, and
along with some of the higher pressure, they 
ow into
the discharge ports and go out to the surface. The
remaining parts of higher pressure 
ow downwardly
through the pressure drawdown nozzle to clean the
bottom-hole and carry the cuttings to the cavity. So,
the reduced pressure drilling 
uid can always 
ow back
to the drilling surface. However, this bit is only in the
conceptual design stage and needs further study.

2.3. Concentric nozzle jet pump bit
The external structure of the concentric nozzle jet
pump bit is like a conventional three blade PDC bit
or a conventional tricone bit [16] (Figure 4). This
bit has three vertical cylindrical nozzles. The upper
port of each nozzle is used as a reverse nozzle, while
the lower port is used as a jet nozzle. The vertical

Figure 4. Concentric nozzle jet pump bit.

nozzle is concentric with, and has a smaller diameter
than, the annular chamber. Drilling 
uid 
ows through
the inlet conduit into the vertical cylinder, then,
part of the 
uid 
ows upwardly through the upper
port to actuate the jet pump. The remaining 
uid

ows downwardly through the lower port to clean the
bottom-hole surface. The upper port and the annular
chamber form a jet pump to pump the bottom-hole
mixed 
uid through the annulus between the lower port
and the annular chamber.

2.4. Discussion
A jet hydraulic pressure drawdown tool consists of a
wellbore UBD jet pump, a jet pump joint and a jet
pump bit. A casing �xing wellbore UBD jet pump
uses an inner casing to provide a 
ow passage for
the power 
uid, a packer to seal the annulus between
the inner casing and the production casing, and a
jet pump or a helix venturi pipe to reduce the well
bore pressure (Figure 5) [17-21]. A rotating wellbore
UBD jet pump rotates with the drill string, while its
packer needs to rotate and move vertically along the
inner wall of the production casing. So, the perfor-
mance of the packer is the greatest design di�culty
(Figure 6) [22-26]. The jet pump joint installed on
the top of the bit rotates passages for the power

uid and mixed 
uid, respectively, so its structure
is very complicated. Moreover, due to dimensional
restrictions, the complicated stress conditions make it
di�cult to design. Based on a conventional bit, the jet
pump bit uses inner jet pumps to reduce the BHDP. It
avoids overpressure strengthening of the drill face and
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Figure 5. Casing �xing wellbore UBD jet pump.

Figure 6. Rotating wellbore UBD jet pump.

underpressure damage to the wellbore. The bit does
not need an auxiliary assembly or trip tools, and its
structure is simple.

Table 1 shows that a casing �xing wellbore UBD
jet pump does not rotate with with the drill string, and
does not a�ect the normal work of the bit and bottom-
hole assembly (Figure 7) [27-29]. However, it has at
least two 
ow drill string, but needs an inner casing
to actuate it. The pressure drawdown capacity of the
JHPDT is a wellbore UBD jet pump >> jet pump

joint. The pressure drawdown capacity of the jet pump
bit is still unknown, and requires further study.

3. Key in
uencing factors of the jet pump bit

3.1. The computation model of the 
ow 
uid
of the jet pump

1. Physical model. Currently, all jet pump bits
adopt the center jet pump structure. This structure
has its disadvantages: Large amounts of cutting will
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Table 1. Speci�cations of the JHPDT.

Tools Rotating Structure
characteristic

Pressure drawdown
capacity

Research

Wellbore
UBD jet
pump

Casing
�xing

No
Inner casing, �xing
packer, jet pump or
helix venturi pipe

UBD drilling for
reservoir pressure as
low as 0.48 g/cm3 ECD

Structure design
and methods
discussion

Rotating Yes

Moving and rotating
packer, moving packer
and rolling bearing,
jet pump

Unknown Structure design

Jet pump
joint

Muti-circulation Yes
Jet pump or peripheral
nozzle jet pump, 
uid
diverter

Unknown Structure design

Normal circulation Yes Jet pump, 
uid diverter
0.45 MPa
(installed directly
on bit)

Laboratory water
test

Sun Weiliang Yes Jet pump, jet nozzle Unknown
Laboratory water
test

Jet pump
bit

Underbalanced jet
pump bit

Yes Jet pump, helix ba�e Unknown Structure design

Concentric nozzle
jet pump bit

Yes
Jet pump, vertical
cylindrical nozzle

Unknown Structure design

Figure 7. Jet pump joint.

block the jet pump nozzles, throats and suction
pipes. Especially, bit balling occurs much more
easily when the formation is mud shale, which has
a high hydration expansion property. So, this kind
of jet pump bit is still not used in the drilling
industry, and the peripheral nozzle jet pump is

Figure 8. Peripheral nozzle jet pump bit.

taken into consideration (Figure 8). The suction
pipes, throats and di�users of the peripheral nozzle
jet pump have the same axis. Several peripheral
nozzles are installed at the end of the suction pipes,
and there is no 
ow diversion of the ejecting 
uid in
the jet pump, which makes it particularly suitable
for sucking drilling 
uid with bigger solid particles.
Because the 
ow area of the peripheral nozzle jet
pump is larger than the center jet pump, a novel
peripheral nozzle jet pump bit is developed. The
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Figure 9. Mesh model of the peripheral nozzle jet pump bit.

jet pump is located at the outward range of the
bit. It is easier to arrange the nozzles which are
close to the drill side and it is more di�cult to
arrange the nozzles on the outside edge of the
bit. In order to simplify the internal structure
of the bit, a single-nozzle peripheral jet pump bit
is introduced (Figure 9). This bit consists of 4
blades, 4 peripheral jet pumps, 4 reverse nozzles
and the main 
ow path. To decrease the mesh
number and improve the computation speed, a
hybrid grid method is adopted to mesh the bottom
hole 
ow �eld. The mesh process is as follows:
A tetrahedral mesh is applied to the bit body
(Figure 9(a) and (b)), and then, the main 
ow path
and the annulus are meshed with the hexahedral
grid. Finally, these two kinds of mesh are merged
at their interface (Figure 9(c)), so that the 
uid
in these two kinds of mesh can pass through each
other.

2. Mathematical model. It is supposed that the
leakage of drilling 
uid into the formation does not
occur. The jet nozzle is not included in this bit,
which means that all drilling 
uid 
ows through
the reverse nozzle. The diameter of the throat is
15 mm, and the diameter of the reverse nozzle is
6 mm. The axis equations of the reverse nozzle are
expressed by the Cartesian coordinates of points A
and B (Figure 10). The coordinate of point A is
expressed as:8>>>>>>>>>><>>>>>>>>>>:

x = Rd cos(�B + �)
� 2 [500; 750]

y = Rd sin(�B + �)
@ 2 [1350; 1800]

Z = Zmin + cot @
p
R2
d +R2

h � 2RdRh cos �
� = �A � �B

(1)

The coordinate of point B is expressed as:8><>:x = Rh cos �B
y = Rh sin �B
Z = Zmin

(2)

Figure 10. Reverse nozzle axis.

where @ is the axial angle between the reverse nozzle
axis and the bit axis; � is the radial angle between
the reverse nozzle axis and the rotation direction;
Rd is the radius of the reverse nozzle outlet; Rh is
the radius of the main 
ow path of the bit; Zmin is
the axial coordinate of the reverse nozzle inlet; �B is
the radial angle of the reverse nozzle inlet, and �A is
the radial angle of the reverse nozzle outlet. In this
design, @ is 150�, and � is 60�, con�ning pressure is
30 MPa, 
ow rate of drilling 
uid is 33 L/s, and bit
rotation speed is 150 rpm.

The drilling 
uid streamline curvature is very
big for the opposite direction of the inlet 
ow and
the out 
ow of the reverse nozzle. The 
uid vortex
strength is stronger for the bit rotation and the
existence of the radius angle � than a conventional
jet bit, so, the k-" turbulence model may produce
larger errors [30] in calculating the bottom-hole

ow �eld of the peripheral nozzle jet pump bit. A
renormalization group (RNG) method yields both
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scaling relations and the amplitudes of inertial-
range correlation functions [31]. This makes the
RNG k-" an e�ective tool for turbulence modeling
and simulations of the peripheral nozzle jet pump
bit [32-33]. So, we adopt the RNG k-" model as
the turbulence model with the control equations as
shown [34]:

@ui
@xi

= 0; (3)

@ui
@t

+
@(uiuj)
@xj

=fi � 1
�
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@xj

�
u0iu0j

�
; (4)

where, � is the 
uid density, kg/m3; p is the 
uid
pressure, Pa; ui is the velocity in the i direction,
m/s; �gi is the volume force in the i direction
generated by the gravity, N/m3; � = �C�k2=" is
dynamic viscosity, kg/(m.s), C� = 0:09; " is the
rate of 
uid turbulent dissipation, m2/s3; and k is
the 
uid dynamic energy, m2/s2.
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where, c1" = 1:44; c"2 = 1:92; �k and �" are the
Prandt1 numbers of k and ", respectively, and their
values are 1.0 and 1.3, respectively. The above
equations form the closed equations to solve the

ow �eld of the peripheral nozzle jet pump bit.

3.2. The 
ow �eld of jet pump bit
As shown in Figure 11, the velocity �eld of the
longitudinal section can be divided into several zones:
back 
ow, cross 
ow, stagnation, suction and well at-
tachment up 
ow. In Figure 11, the criteria for dividing
the 
ow �eld into sections are the 
uid direction and

uid functions in di�erent positions of the jet pump bit.
Drilling 
uid mixed with cuttings 
ows back from the
left side of the annulus between the bit and borehole.
This creates a thicker radial cross 
ow layer that is
pumped by the peripheral nozzle jet pump when it

ows below the pump, which creates a suction zone.

Figure 11. Velocity vector diagram of the bottom hole
longitudinal section.

The 
uid partially stagnates below the right side of
the annulus and, on the right annulus, the 
uid 
ows
upwardly to the surface. The left and right sides
of the annulus of conventional jet bit are both wall-
attachment up 
ow zones [35] and no down 
ow zone,
which shows that the wall-attachment up 
ow area
is harmful for cuttings removing. The back
ow zone
is mainly caused by horizontal velocity, so, the axis
slope angle of the upward nozzle should be increased
as much as possible. Drilling 
uid 
ows through the
drilling pipe down into the main 
ow path, and its

ow direction changes by angle @ after 
owing into the
upward nozzle, which leads to a considerable pressure
loss. Bigger @ angle means more pressure loss, and a
smaller @ angle increases the back
ow zone. Compared
to pressure loss, the in
uence of back
ow is much
more harmful for the BHDP, so, a bigger @ angle is
recommended. The acceptable range is 150�-180�; 180�
being the optimum according to simulations.

3.3. The in
uence of radial angle of reverse
nozzle on the BHDP

When the rotation speed is 300 rpm, the maximum
negative value of the BHDP is proportional to the
value of angle �, as shown in Figure 12. When �
is smaller than 60� the BHDP increases more slowly.

Figure 12. The BHDP and the radial angle.
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Figure 13. The BHDP and the rotation speed.

Figure 14. The BHDP of the annulus.

When it is bigger than 60� the BHDP increases rapidly.
This is consistent with the recommendation value of
Lamin [29].

3.4. The in
uence of rotation speed on the
BHDP

The BHDP has a proportional relationship with the
rotation speed (Figure 13), which, nevertheless, is not
quadratic to the bottom negative pressure. As the
rotation speed increases, the BHDP becomes much
bigger.

3.5. The in
uence of bit clearance on annulus
pressure

Figure 14 shows that when the bit clearance (the
distance between the bit face and the wellbore face)
is below 6 mm, the annulus pressure increases grad-
ually to con�ning pressure, 30 MPa, and the velocity
decreases rapidly by increasing the bit clearance. The
larger the bit clearance is, the higher is the annulus
pressure. When the bit clearance is above 9 mm the
annulus pressure decreases gradually. The velocity
tends to be unchangeable with the increasing of the
bit clearance. The larger the bit clearance is, the
lower the annulus pressure is, which is caused by the
vortex e�ect of the annulus 
uid. The pressure and
velocity increase dramatically when the 
uid 
ows into
the annulus corresponding to the di�user outlet.

Figure 15. Bit clearance and the BHDP.

3.6. The in
uence of bit clearance on BHDP
Figure 15 shows that the BHDP decreases rapidly while
the bit clearance increases. When the bit clearance in-
creases from 0 mm to 3 mm, the BHDP decreases from
10.23 MPa to 0.49 MPa. With the continuing increase
of the bit clearance, the BHDP decreases slowly. When
the bit clearance is above 9 mm, the BHDP keeps at
about 0.2 MPa. The numerical simulation agrees with
the results of the experiments conducted by Sun very
well [14]. So, sealing the bit clearance is a critical
point in improving the performance of the jet pump
bit. When the bit clearance increases, the 
uid 
ows
into the bit clearance until the 
ow resistance is lower
than the jet pump. So, 
uid 
ows through the throat,
which greatly decreases the venturi e�ect; the BHDP
is mainly decreased by vortex.

3.7. Discussion
The average diameter of the drilling particles is about
2 � 3 mm for a peripheral nozzle jet pump bit. The
diameter of the drilling particles is not a critical factor
of bit balling. The shale content of the breaking
rock, the drilling 
uid properties and the volume are
responsible for bit balling (Figure 16). If the shale
content is high, the properties of the drilling 
uid are
poorer and the 
uid volume is smaller, the bit is most
probability balling. So, the jet-pump bit is preferable
for drilling in rock with lower shale content.

Drilling practices show that the well-hole enlarge-
ment rate is usually 10%-15% caused by bit jump, whirl
or deviate. For an 8 1=200 bit, the wellbore enlargement
value is 21.6 mm - 32.4 mm [36,37]. Jet pump bit
numerical calculation results show that when the bit
clearance is above 9 mm, that is, above 8.8% well-hole
enlargement rate, the pressure drawdown value is kept
at about 0.2 MPa (Figure 17). So, in order to put the
jet pump bit in use, the critical point is how to seal the
bit clearance. For the anisotropy of the formation and
the complex movement of the bit, the bit clearance is
always changing and is hard to be controlled, which is
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Figure 16. PDC bit balling by shale.

Figure 17. Pressure distribution of the bottom hole
longitudinal section.

the main factor behind restriction of the jet pump bit
development.

Combining the 
uid vortex and jet pump pressure
drawdown method can eliminate the single peripheral
nozzle jet pump bit from hindering the bit clearance.
Part of the high speed drilling 
uid ejected from the
upward nozzle rotates with the drill bit and creates
a high speed swirl, which realizes negative pressure.
The remaining 
uid still 
ows through the throat of
the jet pump and generates negative pressure due
to the venturi e�ect. According to this method, a
novel vortex and jet pump combination bit can be
designed by keeping the blades, upward nozzle and
other structures like the single peripheral nozzle jet
pump (Figure 18). The throat of the jet pump is
enlarged to interlink the distributary 
ow passage and
the bit annulus.

Figure 19 shows that the back
ow phenomenon
of the bit 
ow �eld is weakened. The bottom-hole 
ow
�eld of bits with di�erent kinds of distance between
throat and bit axes is calculated when the bit clearance
is 9 mm. Figure 20 shows that the BHDP is almost
axisymmetrical along the radial direction and that

Figure 18. The vortex and jet pump combination bit.

Figure 19. Pressure distribution of the bit longitudinal
section.

the pressure of the left side increases slightly for the
back 
ow of the drilling 
uid. When the distance
increases from 94 mm to 106 mm, the BHDP changes
from �0:45 MPa to �0:88 MPa, which shows that
when the 
ow area of the throat decreases, the venturi
e�ect increases, and, so, the BHDP increases. When
the distance increases to 110 mm, the BHDP drops
to �0:4 MPa, which shows that when the distance
increases to a certain value, the BHDP is caused only
by a strong vortex brought about by the high speed
rotation of the drilling 
uid. So, an optimal parameter
exists. For example, the BHDP has a maximum
that is �0:88 MPa when the distance is 106 mm.
In this case, the BHDP varies from �0:45 MPa to
�0:88 MPa, that is, 3-4 times of the jet pump bit, which
shows that the 
uid vortex and jet pump combination
pressure drawdown method is feasible for reducing the
BHDP.
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Figure 20. The BHDP along the radial direction.

4. The design principle of jet pump bit

1. The back
ow zone at the bottom hole circulates
downwardly with the cuttings, which leads to the
precipitation of cuttings, and reduces the jet and
vortex pressure drawdown e�ects of the upward

uid. So, reducing the back
ow zone is the key
point in increasing the pressure drawdown e�ect of
the jet pump bit. The back
ow zone is contributed
to by the horizontal water jet, due to the axis slope
angle. We recommend a bigger axis slope angle
of the reverse nozzle, and the optimal @ value is
suggested as 150� to 180�. To reduce the back
ow
area of the 
uid, the bit clearance should be smaller
than 3 mm.

2. Greater angle � enhances the strength of the vortex
generated by the reverse nozzle at the bottom
hole, and, thus, increases the BHDP. However, the
velocity of the drilling 
uid in the axial direction is
smaller, which is detrimental to cuttings carriage.
So the recommended range is 60�-75�.

3. With the permission of the drilling situation, the
rotation speed of the jet pump bit should be
improved as much as possible.

4. The pressure drawdown e�ects of the vortex and
jet pump combination bit vary with the distance
between the axis of the throat and the drill axial.
The optimal distance is 106 mm for the simulation
situations of this paper. During the design of other
di�erent-size bits, this optimal distance needs to be
further optimized.

5. Conclusion

When all the drilling 
uid comes upwardly through the
reverse nozzle and the Well-hole enlargement increases
from 0 to 8.8%, the BHDP decreases from 10.35 MPa
to 0.2 MPa. If the well-hole enlargement is larger than
8.8%, the BHDP keeps at about �0:2 MPa. Therefore,
sealing the bit clearance and avoiding back 
ow is a
critical point in improving the performance of the jet

pump bit. The 
uid vortex and jet pump combination
pressure drawdown method has the potential to reduce
the BHDP. The established design principle of the jet
pump bit can be used for the design guidance of the jet
pump bit.

Acknowledgments

This work was supported by Open Fund (OGE2014) of
the Key Laboratory of Oil & Gas Equipment, Ministry
of Education (Southwest Petroleum University). This
work was also supported by the Search Foundation of
Sichuan Province under Grant No. 14ZA0036, the 973
Program of China under Grant No. 2014CB239205 and
the SWPU Academic Fund.

Con
ict of interest

The authors declare that there is no con
ict of interest
regarding the publication of this article.

References

1. Bern, P.A., Armagost, W.K. and Bansal, R.K. \Man-
aged pressure drilling with the ECD reduction tool",
SPE Annual Technical Conference and Exhibition, pp.
26-29 (2004).

2. Yang, Y.Y., Niu, S.C. and Xu, X.Q. \Experimental
study of combined-jet PDC bit", Petroleum Drilling
Techniques, 40(05), pp. 100-105 (2012).

3. Du, J., Theory and Experiment Study of Well Bottom
Vortex Machine, SouthWest Petroleum University Si
Chuan, Chengdu (2005) (In Chinese).

4. Hai-Yan Zhu, Jin-Gen Deng and Jing-Ying Zhao
\Vortex methods reducing the bottom-hole di�erential
pressure", Journal of Mines, Metals & Fuels, 60(5),
pp. 81-90 (2012).

5. Hai-Yan Zhu, Qing-You Liu and Teng Wang \Reducing
the bottom-hole di�erential pressure by vortex and
hydraulic jet methods", Journal of Vibroengineering,
16(5), pp. 2224-2249 (2014).

6. Koll�e, J. and Mark, M. \Hydropulses increase drilling
penetration rates", Oil & Gas Journal (1999).

7. Yang, Y., Wu, Z.J., Shen, Z.H., Wang, R.H. and Wang,
R.H. \Modulation mechanism of low-pressure pulse jet
pump and modulator working simulation", Journal of
the University of Petroleum, China, 27(3), pp. 40-42
(2003) (in Chinese).

8. Wang, Z. \Discussion on theory & methodology of
suction-pulse drilling technique", Oil Drilling & Pro-
duction Technolog., 27(6), pp. 13-15 (2005) (in Chi-
nese).

9. Li, G., Shi, H., Liao, H., Shen, Z., Niu, J., Huang, Z.
and Luo, H. \Hydraulic pulsed cavitating jet-assisted



802 H.-Y. Zhu and Q.-Y. Liu/Scientia Iranica, Transactions B: Mechanical Engineering 22 (2015) 792{803

drilling", Petroleum Science and Technology, 27(2),
pp. 197-207 (2009).

10. Wang, R., Du, Y., Ni, H. and Ma, L. \Hydrodynamic
analysis of suck-in pulsed jet in well drilling", Journal
of Hydrodynamics, 23(1), pp. 34-41 (2011).

11. Zhu Hai-yan, Deng Jin-gen, Xie Yu-hong, Huang Kai-
wen, Liao Jianhua, Zhao Jing-ying, Chen Zheng-rong
\Hydraulic jet reducing the bottom-hole di�erential
pressure", Journal of China University of Petroleum,
37(2), pp. 1-7 (2013) (in Chinese).

12. Song, X.-G., Park, J.-H., Kim, S.-G., and Park, Y.-C.
\Performance comparison and erosion prediction of jet
pumps by using a numerical method", Mathematical
and Computer Modelling, 57, pp. 245-253 (2013).

13. Fan, J., Eves, J., Thompson, H.M., Toropov, V.V.,
Kapur, N., Copley, D., and Mincher, A. \Computa-
tional 
uid dynamic analysis and design optimization
of jet pumps", Computers & Fluids, 46(1), pp. 212-217
(2011).

14. Sun, W., Mechanism Study on the Bottomhole Pres-
sure Reduction by Drilling Fluid Shunt on Bit, China
University of Petroleum (East China), Shandong,
Dongying (2010) (In Chinese).

15. Mueller, M.D. and Jacobson, W.O. \Underbalance jet
pump drilling method", US 5355967 (1994).

16. Lott, W.G. \Jet pump drilling apparatus and
method", US 5775443 (1998).

17. Hughes, W.J. and Renfro, J.J. \Down hole drilling
assembly with independent jet pump", EP 1288434
(2003a).

18. Hughes, W.J. and Renfro, J.J. \Down hole drilling as-
sembly with independent jet pump", US 20030042048
(2003b).

19. Hughes, W.J. and Renfro, J.J. \Down hole drilling
assembly with independent jet pump", US 6877571
(2005a).

20. Suryanarayana, P.V., Hasan, ABM. K. and Hughes,
W.J. \Technical feasibility and applicability of a
concentric jet pump in underbalanced drilling",
SPE/IADC Underbalanced Technology Conference and
Exhibition, Houston, Texas, pp. 11-12 (2004).

21. Hughes, W.J. and Renfro, J.J. \Down hole drilling
assembly with concentric casing actuated jet pump",
US6899188 (2005b).

22. David, H., Bansal, R.K. and Moyes, P.B. \Apparatus
and method to reduce 
uid pressure in a wellbore",
GB2406116 (2005a).

23. David, H., Bansal, R.K. and Moyes, P.B. \Apparatus
and method to reduce 
uid pressure in a wellbore",
US6837313 (2005b).

24. David, H., Bansal, R.K. and Moyes, P.B. \Apparatus
and method to reduce 
uid pressure in a wellbore",
US7395877 (2008).

25. Barry, H. \Underbalance drilling tool and method",
WO 014649 (2002).

26. Barry, H. \Underbalanced drilling tool and method",
CA 2315969 (2008).

27. Association de Recherche sur les Techniques
d'Exploitation du Petrol (ARTEP). \Unique tool
speeds diamond bit drilling", World Oil, 187(5), p.
74 (1978).

28. Hooper, D.W. \Annulus bypass peripheral nozzle jet
pump pressure di�erential drilling tool and method for
well drilling", US4630691 (1986).

29. Zheng, F., Yu, S., Li, G., Luo, H. and Huang, Z. \Ex-
perimental study of jet hydraulic pressure drawdown",
China Petroleum Machinery, 36(7), pp. 4-6 (2008) (in
Chinese).

30. Akin, J.E., Dove, N.R., Smith, S.K. and Perrin, V.P.
\New nozzle hydraulics increase ROP for PDC and
rock bits", SPE/IADC Drilling Conference, Amster-
dam, Netherlands (1997).

31. Zhou, Y. \Renormalization group theory for 
uid and
plasma turbulence", Physics Reports, 488(1), pp. 1-49
(2010).

32. Dong, Y., Duan, X., Feng, S. and Shao, Z. \Numerical
simulation of the overall 
ow �eld for underwater
vehicle with pump jet thruster", Procedia Engineering,
31, pp. 769-774 (2012).

33. El Gazzar, M., Meakhail, T. and Mikhail, S. \Numeri-
cal study of 
ow inside an annular jet pump", Journal
of Thermophysics and Heat Transfer, 20(4), pp. 930-
932 (2006).

34. Wang, G.R., Zhu, H.Y., Liu, Q.Y. and He, C. \Three
dimensional numerical simulation of 
uid-thermal cou-
pling in air hammer bit", Journal of Huazhong Uni-
versity of Science and Technology (Nature Science
Edition), 3, pp. 16-19 (2010) (in Chinese).

35. Watson, G.R., Barton, N.A. and Hargrave, G.K.
\Using new computation 
uid dynamics techniques to
improve PDC bit performance", SPE/IADC Drilling
Conference (March 4-6, 1997).

36. Zhu, X.H., Tang, L.P. and Tong, H. \E�ects of high-
frequency torsional impacts on rock drilling", Rock
Mechanics and Rock Engineering, 47(3), pp. 1345-1354
(2013). DOI: 10.1007/s00603-013-0461-0

37. Zhu, X.H., Li, J.N. and Tong, H. \Mechanism analysis
and process optimization of sand and plug removal
with rotating jet in horizontal well", Journal of Central
South University of Technology, 20, pp. 1631-1637
(2013).

Biographies

Hai-Yan Zhu graduated in Oil Field Equipment from
Southwest Petroleum University, China, in 2009. He
worked for the Kingdream Public Limited Company



H.-Y. Zhu and Q.-Y. Liu/Scientia Iranica, Transactions B: Mechanical Engineering 22 (2015) 792{803 803

of the Jianghan oil�eld as a drilling engineer from
2009 to 2010, and completed his PhD degree in Rock
Mechanics in Oil & Gas Drilling and Completion
from the China University of Petroleum (Beijing), in
2013. He is currently lecturer in Oil and Gas Drilling
and Completion at Southwest Petroleum University
in China. His research interests include fast drilling
techniques, hydraulic fracturing, wellbore stability and
their related numerical simulation methods.

Qing-You Liu received an MS degree from Chongqing
University, China, in 1992, and a PhD degree in
Mechanical Engineering from Southwest Petroleum
University in China, in 1997. He is currently Pro-
fessor in the Southwest Petroleum University and
Chair Professor of the \Cheung Kong Scholar". His
research interests include mechanical design and op-
timization of oil and gas drilling bits and related
equipment.




