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Improving the efficiency of the jet pump used in the oil fields
by studying the effect of various design and operational
parameters on the pump performance, experimentally and

numerically
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= INTRODUCTION

 Jet pump has come important rule in the oil production of the
petroleum field. Also, it has come Into widespread use in many
branches of engineering.

 Jet pump is a non-conventional pump used widely in many
applications to convey a wide range of liquids and bulk solids.

* Hundreds of jet pump systems have been installed In
Industry all over the world since the early 70 years.

* |n recent years, the jet pump (also known as eductor, suction
nozzle and injector) has been increasing in popularity as a
fluid and and bulk solids transportation system.



d The types of artificial lifts (AL) which supplement energy to
lift the fluid from the wells can be expressed as the following:

Artificial lifts
v
\ 4 v v
Gas lift Hydraulic Pumps
v
v
Reciprocating pump
v v
v 2
Continuous || Intermittent Kinetiq| Positive
flow flow ‘ isplacement
Centrifugal (ESP) *
4 v
Reciprocating || Rotary
v v

SRP | |Screw pump (PCP)




 The several criteria that used for selecting any artificial lifts
(AL) can be expressed as the following:

Parameters for selection of artificial l1ift

Y
¥ L J L 4
Well Well fluid Well
parameters parameters location
4 4
e Number of wells | [» Fluid viscosity
e Production rate e Water cut
e Well depth e Corrosive fluid
e Casing size e Sand production
e Well inclination |[e Gas oil ratio
e Dogleg severity | [ Vapour liquid
e Temperature e Contaminants
e Safety barriers treatment
e Flowing pressure
» Reservoir access | |» Electrical power
e Completion » Space <
e Stability » Well service
® recovery e accessibility




» Jet Pump Main Components

1)- Motive Line

2)- Motive Nozzle
3)- Suction Chamber
4)- Suction Nozzle
5)- Mixing Chamber
6)- Diffuser

7)- Motive Flow
8)- Entrained Flow

9)- Total (Mixed) Flow




» The Advantages of Jet Pump

1)- Simplicity and Reliability (No moving parts).
2)- No Water Leakage.

3)- Low Capital Cost and Little or no Requirement of
Maintenance.

4)- Minimum Attrition of Material to be conveyed (Do not
suffer from shearing, smearing or degradation problems).

5)- High Temperature Applications (Due to lack of
moving parts).



» The Dis-advantages of Jet Pump
1)- Low Efficiency.

» The Applications of Jet Pump

1)- Petroleum Production.

2)- Chemical Industry (Stainless-Steel).




3)- Slurry Systems Marine.
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5)- Petrochemicals.




6)- Marine Applications
(Jet Propulsion Pump).

7)- Construction Industry.

8)- Aquariums.
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= Problem Statement in My Field

1 The cost of petroleum production in my company Is Very High,
due to the following reasons:-

» The Low oll Production due to the low efficiency of Jet pump.

» The High Capital Cost due to purchasing jet pump from
foreign vendor.

» The High Running Cost due to purchasing jet pump spare
parts from foreign vendor.

» The High Running Cost due to engineering consults from
foreign experts.



» Literature review
- Covers the period (1852-2020).

» MAIN CONCLUSIONS FROM REVIEW
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Procedures of the current research

J Validating the computational model with the available previous
experimental and computational data from the literature.

d Performing computational study to investigate the effects of
different parameters on the performance of axial-water jet pump

as following:

Effect of d
Effect of t
Effect of t

Iffuser angle, (64ir).

ne mixing chamber length, (lt).ﬂ

- ..|:>Pdt.§"

ne area ratio,(A.= A, /A,).

Effect of t

ne driving nozzle position, (Z).




 Performing computations to estimate different parameters that
cannot be simply measured In the laboratory such as streamline
contours at different locations along the axial-water jet pump.

1 Designing and fabricating the optimum design axial-water jet pump
tested model.

J Constructing experimental test rig including the optimum design
axial-water jet pump tested model and testing the effect of the
operational parameters and different nozzle relative positions (Z = 0,
1 and 2) on the performance of axial-water jet pump.

1 Verification of the experimental model results by validation with
the computational model results.






» Model selection ?

1 Specify domain physics

v Water flow in motive.
v" Water flow in suction.
v Water flow in pump outlet.

Total Flow



» Internal flow modelling-continue

d Model assumptions

* The flow within the jet pump is steady:.

* The flow within the jet pump is incompressible; both the motive
fluid and suction (entrained) fluid is water.

« There is no heat transfer between water and surroundings; so
energy equation is not needed.

« The surface roughness is taken as zero (K = 0).

« The effect of buoyancy is ignored.

« The flow model is considered as a two dimensional water single-
phase flow, steady and turbulent flow.
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» Numerical Technique

The finite volume method Is used.

The SIMPLE Algorithm for pressure velocity coupling Is used.

For internal flow, the second order upwind is used
for discretization of all equations.

The 2D double-precision is used for a better resolution of the
turbulent flow field.

The Transition SST-Turbulence model is used.



>PHYSICAL DOMIAN ( Geometry )

®* |nternal flow domian

1)- Water Inlet (Motive Flow)
2)- Water Inlet (Suction Flow)

3)- Water outet (Total Flow) 050

75.00 225.00




»Boundary condition

JInlet Boundary Conditions

 Motive Flow (Inlet Pressure)
e Suction Flow (Inlet Pressure)

(JdOutlet Boundary Conditions

* Total Flow (Outlet Pressure)

ASymmetry at symmetry axis

o ":>Pdt

dg |




= Structured mesh is used.
= Total number of cells = 22000 cells.
= Max. Aspect ratio = 2.8011

= Min. Aspect ratio = 1.0002




» Computational domian cont.

" Inflated mesh is used near the wall boundaries
to improve accuracy.

" For inflation a first layer height of 45 mm and a
growth rate of 1.2 are used.




Dimensionless Parameters That Characterize the
Operation Mode of Jet Pump

»Area Ratio (A,)

The ratio of the motive nozzle outlet area to that of mixing

chamber is given as: A,
A, = ==
A,

» Mass Flow Ratio (M,.)

The ratio of the entrained fluid mass flow rate to that of
motive fluid is given as:




» Pressure Ratio (B.)

The ratio of the increase in total pressure of entrained fluid to
the decrease in total pressure of motive fluid is given as:

. (Pd_Ps)
Pr B (Pm_Pd)

> Efficiency (n7)

The jet pump efficiency is found by multiplying mass flow ratio by
pressure ratio.

n=M,.P,






= Mesh or grid independence study is carried out to determine this
optimum point where a fairly accurate solution for the problem is
found at the expense of least computational resources.

= Mesh independent solution = Layers inflation independent

solution
40 40
&) Exp. [52]
m— « « « 5000 Cells
4= + - 10000 Cells .. -
= =« == 15000 Cells
©
= - 4
= =
> >
Q (2]
§207 § 20
£ £
L w -
: @  Exp.[52]
10 10 — - . - 2 layers
— - = 3 layers
20000 Cells - = =4 layers
— 22000 Cells 5 layers
----- 25000 Cells = === =6 layers
u L l | I’ L} u L} I ] I
0 1 2 3 0 1 2 3

Flow Ratio, (Mr) Flow Ratio, (My)






= The numerical, 2D code is validated with the

experimental and numerical, 3D data of Aldas and
Yapici [2014] in case of single phase flow (water
flow in axial jet pump) at the same geometry and
the same boundary conditions.

® The dimensions
of the model
used in validation

- Pmt:ﬂ. —
m

of=DPa T

110

152.4

60

60

15

270

36.5

315

7.6°

100

80

All Dimensions Are in (mm).




= Comparison between numerical, 2D results and
(experimental — numerical, 3D) data; Aldas and Yapici [2014].

" The efficiency curve =" The head ratio curve
40 0.4
® i 5o
EZD— E 0.2 —
iy 33 2
" R . : 2 3

Flow Ratio, (M) Flow Ratio ,(My)



= Comparison for pressure and velocity between numerical, 2D
results and numerical, 3D data; Aldas and Yapici [2014].

" The pressure curve a
long C.L of the pump

e — 1

Pressure, (KPa)

il gop
250
_: l«— Suction chamber MI’ =1.62
—»| [&— Suctionnozzle @ ====— @ |seeee 3D
200 -~ 2D
150 =
100 — Mixing
chambe Diffus
50 =
0 - 1&/"/—"_'—
<0 L T T
0 0.2 0.4 0.6 0.8
X (m)

" The velocity curve a
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Optimization
Results




JEFFECTS OF GEOMETRICAL AND OPERATIONAL PARAMETERS
ON THE PERFORMANCE OF JET PUMP

1)- Effect of The Diffuser Angle

= Constant area ratio (A, = 0.169), constant mixing
chamber length (L.= 270 mm), diffusers inlet diameter
(d; = 36.5 mm), diffusers outlet diameter (d; = 80 mm)
and constant nozzle relative position (Z = 1.87) are used.

" seven diffuser angles in values of 2.5°, 3°, 4°, 5°, 7.6°, 8° and
9° are selected in the current study at the lengths of 950,
800, 600, 485, 315, 299 and 270 mm respectively.



" The diffuser angle of (5°) showed the highest efficiency.

" The efficiency curve
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" Pressure and velocity variations along centerline (C.L) and

pressure variation along the outer wall (0.W) of jet pump.

= The pressure variation
a long C.L of jet pump

Pressure, (KPa)

120 -~

o
=)
1

I
=)
|

\

Mixing

chamber

««— Suction chamber

l«— Suction nozzle

Diffuser

e wBa=25
— o Oar. =3
-+ == Our=4
e i, = 5
_ Oair. = 7.6
e Odir. = 8
- o == Oar=9

1%

0

l lJ
0.2 0.

4 06 08
X (m)

" The velocity variation a
long C.L of jet pump

Velocity, (m/s)

16
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= The pressure variation a
long O.W of jet pump

Pressure, (KPa)

40 -
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30 — V7=
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Diffuser Oucnd
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2)- Effect of The Mixing Chamber Length

" Constant area ratio (A, = 0.169), constant diffuser length
(Lgir = 485 mm), constant diffuser angle (04:;f = 5°) and
constant nozzle relative position (Z = 1.87) are used.

= seven mixing chambers/tubes in lengths of 121 mm, 170
mm, 190 mm, 200 mm, 230 mm, 250 mm and 270 mm are
selected in the current study.

" The relative length of the mixing chamber L is defined as
the ratio of its length to its diameter (I, /d.).



" The mixing chamber relative length of (L = 5.48) showed the
highest efficiency.

" The efficiency curve " The head ratio curve
40 0.4
----- L =3.32
L =466
— - L=521
30 = 0.3 — t:g;ﬂ
" S .. L=685
= ) L=7.4
220— %ng_
10 = * 0.1 =—
0 | I | | 0 | I |
0 1 2 3 4 0 1 2 3 4

Flow Ratio, (My) Flow Ratio, (My)



" Pressure and velocity variations along centerline (C.L) and
pressure variation along the outer wall (0.W) of jet pump.

* The pressure variation = The velocity variationa = The pressure variation a
a long C.L of jet pump long C.L of jet pump long O.W of jet pump

_l._.n]J. ....... L e — . L_L J._.J}j. ....... 1 ]__I_ _l._.h]_l ....... L e ]__L
200 20 40
—> Suction chamber @ |« = « « = L=332 f ----- L=3.32 —>» «— Suctionnozzle
¥ — = L=4.66 — — L=4.66 S
160 — — - L=521 B
L=5.48 16 — L=548
— L=6.3 L K 20 - __
120 - s+ L=6.85 — s+ L=6.85 -qy
s - - L=74 @ - & i
X g 127 3
S 80— 2 g 0~
? Q 7
» o 0
e [} 8 — 9
o 40 — > a
20 -
7 -
0 — . . + - L=63
J [¢— Suction nozzle L . V- ) — e« L=6.85
—»| |«— Suction nozzle — l¢e— Suction chamber —> l¢«—  Suction chamber - oL=74
-40 L] ' v l L] ' L) ' L] 0 T ' T l 1 l 1 ' 1 .40 ' L) l L) l L} ' L] '
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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3)- Effect of The Area Ratio

= Using the optimum values.

* Constant mixing chamber relative length of (L = 5.48),
constant diffuser length (L4 = 485 mm), constant angle
of diffuser of (04, = 5°), and constant nozzle relative
position (Z = 1.87) are used.

= Five area ratios of 0.108, 0.169, 0.217, 0.271 and 0.331
are used.



" The area ratio of (A= 0.271) showed the highest
efficiency.

" The efficiency curve " The head ratio curve
1
L e K R Ar=0.108
‘. . — . . A,=0.169
LN 0.8 =\ -« =A=0217
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= \ T
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" Pressure and velocity variations along centerline (C.L) and
pressure variation along the outer wall (0.W) of jet pump.

* The pressure variation = The velocity variationa = The pressure variation a
a long C.L of jet pump long C.L of jet pump long O.W of jet pump

Pressure, (KPa)
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200 - @ o .100 - -
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200 | L R — | -300 | | | I
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4)- Effect of The Driving Nozzle Position

= Using the optimum values.

* Constant mixing chamber relative length of ( ),
constant diffuser length ( ), constant angle
of diffuser of ( and area ratio ( ) are
used.

" Three nozzle relative positions of Z=0, 1 and 2 are used.

_" Xn‘ |

Pjiee=pp d;
« Where, Z=x, /d,. Ve T

o— X




" The nozzle relative position of Z = 1 showed the
highest efficiency.
" The efficiency curve = The head ratio curve

0.
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" Pressure and velocity variations along centerline (C.L) and
pressure variation along the outer wall (0.W) of jet pump.

= The pressure variation
a long C.L of jet pump
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600
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" The velocity variation a
long C.L of jet pump
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= The pressure variation a

long O.W of jet pump
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dThe flow field within the pump is viewed by utilizing the
outstanding visualization ability of CFD at const. (M,.= 1.19)
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» Aim of Experimental Work

1)- Investigating the effect of the major controlling
parameters that have direct effects on the axial jet pump
performance. These parameters are: the inflow motive

pressure and nozzle spacing.
2)- provide experimental data for extensive model validation

and optimum model verification.
» Test rig was constructed in the advanced fluid mechanics
laboratory.
» The optimum model obtained from numerical investigation
is used.



»Photograph of experimental manufactured optimum model

Trestle

Motive Line Suction Chamber Mixing Diffuser
& & Chamber (26 tabs)
Motive Nozzle Suction nozzle (9 tabs)



» The dimensions of experimental manufactured
model

_)‘ X, I 0 Laif. T la _‘
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All Dimensions are in (mm).




»Schematic view of the experimental test rig
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» Experimental Test Rig
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1. Main tank
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7. Motive line

10. Jet-pump
model
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2. Suction
line

5. Flexible
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8. Control
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14.
Calibrated
tank

3. Orifice-
meter

6. Motive
pump

9. Make-up
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12. Multi-
tube
manometer

15. Total-
flow line



Experimental Results
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» A comparison is held between calculated experimental
efficiency curve and numerical efficiency curve calculated
numerically for the same model dimensions

» A comparison is held between the measured experimental
pressure values and numerical pressure values calculated
numerically at the same geometry and the same operating
conditions.



1)- At Nozzle Relative Position of (Z = 0)

" The efficiency curve " The head ratio curve
) . o e otm

=
(Y
|

Hum. (55T)
® & @&Exp.

| 1 | 1 | 1 0 1
0 0.4 0.8 1.2 1.6 ] 0.4 0.8
Flow Ratio, My Flow Ratio, Mr

» The comparison showed that there is reasonable agreement
between exp. efficiency curve and num. efficiency.

1.2 1.6



»The comparison between the measured experimental
pressure values and numerical pressure values at (Z = 0).

il yop— Y

120

Pressure (KPa)
o

-40 =

-80

4«— Suction chamber

Diffuser

»The comparison showed that
there is reasonable agreement
between the exp. Pressure
values and num. Pressure
values.



2)- At Nozzle Relative Position of (Z = 1)

" The efficiency curve " The head ratio curve
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» The comparison showed that there is reasonable agreement
between exp. efficiency curve and num. efficiency.




»The comparison between the measured experimental
pressure values and numerical pressure values at (Z = 1).

—p li«—  Suction chamber

Diffuser

Y

Suction [¢

» The comparison showed that
there is reasonable agreement
between the exp. Pressure
values and num. Pressure
values.
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3)- At Nozzle Relative Position of (Z = 2)
" The head ratio curve

0.8

" The efficiency curve
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» The comparison showed that there is reasonable agreement
between exp. efficiency curve and num. efficiency.



»The comparison between the measured experimental
pressure values and numerical pressure values at (Z = 2).
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there is reasonable agreement
between the exp. Pressure
values and num. Pressure
values.



JdGeneral Comparison between three Nozzle Relative
Positions of (Z=0, 1 and 2)
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» The comparison showed that there is reasonable agreement
between exp. efficiency curve and num. efficiency.



JThe Relationship between Theoretical Efficiency
and Experimental Efficiency

40

» After Calculating coefficient
of determination

»The equation is:

n Experimental

NExperimental = 0.97785 * Nyumerical




JExperimental Uncertainty of Jet Pump Performance

Percentage uncertainty (x %o)
Parameter
Min. uncertainty Max. uncertainty
Total discharge of jet pump
(Q,) 0.571 1.01
Motive discharge for jet pump
(Q.) 0.613 1.12
Efficiency of jet pump
() 0.145 0.698

» Uncertainty in the Manometer Head (Length): The uncertainty in the length is + 0.5 mm.

» Uncertainty in the Pressure: The uncertainty in the pressure is + 0.1 kPa.

» Uncertainty in the time: The uncertainty in the time is * 0.5 second.
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