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Introduction and Literature Survey

When the reservoir’s energy is inadequate to allow a well flow, 
or when the required rate of production exceeds the reservoir’s 
capacity, an artificial lift must be installed in the well to augment 
the reservoir’s natural energy and deliver the requisite fluid to the 
surface [1]. A jet pump is a type of artificial lift that is employed when 
the bottom hole flowing pressure is less than the tubing pressure 
difference created by a fluid with a certain flow gradient. Because 
of its simple design and construction, the jet pump operates well 
in a variety of industrial settings. The exit length of the Jet pump 
motive nozzle influences oil output since it lowers well production 
rate and raises operating costs when this length isn’t appropriate.  

 

Figure 1 illustrates the deep-well annular-jet pump, which consists 
of an annular nozzle, a suction chamber, a suction nozzle, a mixing 
chamber, a diffuser, and an outlet pipe. As the fluid moves through 
the annular nozzle, it transforms from a high-pressure motive fluid 
to a high-kinetic energy fluid. When the low-pressure (low velocity) 
entrained fluid contacts the motive fluid, it is dragged to a higher 
pressure. As the two fluids mix in the mixing chamber, a two-phase 
mixture forms at the diffuser’s entry. The diffuser boosts the outlet 
pressure by converting the combined fluids’ kinetic energy into 
pressure energy [2]. Data on flow description was provided for 
annular jet pumps and related components by [3] and [4]. The
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Abstract 
Petroleum fields suffer from jet pump inefficiency because an ideal exit length of motive nozzle is frequently required for the jet pump during 

primary fluid injection to produce a uniform motive jet, sucking a considerable amount of the secondary fluid. When fluids travel over severely 
uneven motive nozzle’s exit length, energy is lost due to friction loss over the inconsistent length. As a result, the motive nozzle’s exit length has 
a significant impact on the jet pump’s efficiency. Furthermore, motive nozzle’s exit length is regarded as a crucial component for reducing motive 
energy loss, which results in low efficiency. The current work focuses on experimental field data and computational investigations of a water-oil jet 
pump used to produce crude oil from petroleum sites. The effect of the motive nozzle’s exit length on productivity has been found to be considerable. 
Furthermore, the existence of this length can boost pump production by 23.69%, emphasizing the importance of optimizing this length.  The best 
efficiency and flow rate ratio were reduced in the absence of the motive nozzle’s exit length. The optimal motive nozzle’s exit length is 10 mm.
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motive nozzle’s exit length of jet pumps is quite long, resulting 
in significant motive energy waste and low efficiency because 
an optimal length is necessary to produce a high uniform motive 
jet. To get the highest pump efficiency, the motive nozzle’s exit 
length must be optimized for the jet pump. On the other hand, the 
absence of this straight section has an impact on the operation of 
jet pumps since it results in motive power loss due to non-uniform 
motive jet. To gain a fundamental understanding of how motive 

nozzle’s exit length impacts jet pump performance, experimental 
and computational studies are carried out on a water-oil jet pump 
utilized in petroleum oil fields. The validity of the flow rate ratio is 
proved by comparing 3D computational work to experimental field 
data received from the PetroGulf Misr Petroleum firm. The motive 
jet uniformity at the exit of the motive nozzle is next investigated as 
a function of the exit length.

Figure 1: Geometric parameters of deep-well annular-jet-pump.

The motive nozzle’s exit length is critical for effective jet pump 
performance. Petroleum firms have encouraged manufacturers and 
researchers to focus on increasing jet pump efficiency in order to 
reduce the amount of motive power consumed. Over the last few 
years, an increasing number of energy-saving technologies have 
been developed [5] and [6,7] conducted a jet pump experiment 
investigation. They concluded that a ratio of approximately 1.2 was 
the ideal nozzle-to-throat spacing to nozzle diameter. [8] performed 
a numerical prediction to determine the ideal mixing throat length 
for the central jet pump’s drive nozzle position. Using three-
dimensional numerical analysis, they looked into how altering 
the driving nozzle position affected the pressure distribution and 
flow pattern through the pump. They concluded that the ratio of 
nozzle to mixing throat diameters (dn/dt = 0.6) and mixing length 
to mixing diameter (Lt/dt = 3.5) yield the highest efficiency. [9] 
provided experimental findings regarding the operation of a water-
jet pump with two distinct suction designs and configurations. His 
findings demonstrated that, at nozzle spacing of (Z=1.25), the ideal 
motive fluid pressure value is approximately 1.5 bar, and the ideal 
nozzle-to-throat spacing to nozzle diameter ratio is approximately 
1.25. [10] conducted an experimental investigation to look into how 
varied flow rates and motive pressures affected the performance of 
the jet pump in relation to the area ratio, mixing chamber length, 

diffuser angle, and nozzle to throat spacing. Their findings showed 
that around one is the ideal nozzle spacing (Z) value for pumping 
water [11] conducted a numerical simulation investigation on 
an axial jet pump utilizing four different turbulence models: the 
transition SST model, the RSM model, the SST k-ω model, and the 
realizable k-ε model. They contrasted every model result with 
the findings of the experiment. The comparison showed that the 
transition SST model outperformed the other models in terms of 
accuracy. They also found that, for model studies of axial jet pumps, 
CFD seems to be the most suitable tool [12] studied the impact of 
motive nozzle spacing on pump performance both numerically 
and experimentally. They concluded that the pumping liquid is 
susceptible to cavitation when the nozzle to throat separation is 
reduced to zero, and that the greatest efficiency of 25.6% occurs 
at Z = 0.5.  [13] enumerated the crucial factors to be taken into 
account when creating a jet pump [14] carried out experimental 
investigations to find the ideal water jet pump design specifications. 
They revealed that as the area ratio increased the ideal value 
of Z also increased slightly [15] investigated venture ejector 
performance, specifically examining how geometric parameters 
affected ejector performance. According to their findings, the ideal 
ratio of (Lt/dn), or mixing throat length to nozzle diameter, is 
between 2 and 3.5. [16] experimentally examined the jet pump’s 

http://dx.doi.org/ 10.33552/OJRAT.2024.02.000549


Online Journal of Robotics & Automation Technology                                                                                                     Volume 2-Issue 5

Page 3 of 7Citation: AAA Sheha*, KA Ibrahim, H A Abdalla, I M Sakr and Samy M El Behery. Computational and Experimental Study on the Effect 
of Motive Nozzle’s Exit Length of Axial Water-Oil Jet Pumps in an Egyptian Offshore Oil Field. On Journ of Robotics & Autom. 2(5): 
2024. OJRAT.MS.ID.000549. DOI: 10.33552/OJRAT.2024.02.000549

performance under various operating and design conditions. They 
conducted experiments with varying nozzle relative position (Z) to 
obtain the optimum value. 

They discovered that 1.25 is the ideal nozzle relative position 
for water pumping. When pumping a water-sand mixture, the 
value of one is ideal [17] conducted an experimental and numerical 
analysis to find the ideal value for the axial water-jet pump’s nozzle 
relative location. They came to the conclusion that one is the ideal 
value for the nozzle relative location. As a result, the current study 
concentrated on how motive nozzle’s exit length affected the water-
oil jet pump’s ability to extract crude oil from petroleum sites. 
Additionally defining the ideal motive nozzle’s exit length. The 
current study uses both computational and experimental methods 
to achieve this purpose. Using field data, experimental work is 
conducted in one of Egypt’s offshore oil fields. ANSYS software is 
used for computational work, and validation is done not just using 
field data but also with earlier computational and experimental 
results.

Research Methodology

Given that jet pumps are the most widely used artificial lift 
technology in Egypt and the rest of the world, a detailed analysis of 
the impact of motive nozzle’s exit length on jet pump performance is 
necessary to comprehend the relationship between motive nozzle’s 
exit length and jet pump performance. This goal primarily focuses 
on choosing the ideal motive nozzle’s exit length to maximize the 
production of deep-well jet pumps. The impact of motive nozzle 
exit length on the water-oil jet pump’s efficiency was examined in a 
recent study using the CFD commercial package ANSYS® FLUENT, 
Release 17.0. Furthermore, the impact of both motive nozzle’s 
exit length and its absence on motive energy loss leading to low 
efficiency will be examined.

The Numerical Model

An academic edition of the ANSYS Fluent R 17.0 CFD code 
was used for the computations, which included a finite volume 
discretization. Through the use of the pump, a three-dimensional 
steady-state water flow is used in the numerical simulation. The 
aim of the jet pump benchmark testing was to examine the effect 
of motive nozzle’s exit length on the performance of axial water-oil 
jet pumps. Additionally, experiment with this different geometrical 
variable to see how the pump’s flow responds. Previous work [13] 
recommended the SST k-ω turbulence model for the present study. 
The flow of an axial water-oil jet pump is a mixture of flows for 
which complex physics is involved. 

The computational domain was limited to half of the axial jet 
pump instead of the full pump due to the rotational symmetry. The 
boundary condition of rotational symmetry was applied to the fluid 
zone. ANSYS Meshing was used to create hybrid meshes. It took 
about 316698 cells for the pump to provide mesh-independent 
solutions. In the area along the wall boundaries, inflated mesh was 
used to improve the boundary layer simulation’s accuracy. During 
the inflated meshing process, sets of two to eight prismatic inflation 
cell layers were first generated individually in the near-wall region. 
A first layer height of 45×10^ (-3) m and a growth rate of 1.2 were 
applied to each layer.  To enhance the resolution of the turbulent 
flow field, a 3D double-precision pressure-based solver type was 
employed. In this numerical simulation investigation, the total 
pressures of the motive flow are used as the pressure inlet boundary 
condition. To determine the turbulence boundary conditions for 
each run, the turbulence strength and intermittency were used. 
According to the SST k-ω model calculations, the jet pump’s inlets 
and outlet have turbulence intensities and intermittencies set to 
1 and 5%, respectively Figure 2 shows the generated structured 
mesh used in the present study.

Figure 2: Generated structured mesh.
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PetroGulf Misr Company’s Field Information 

Roughly 80 kilometers northwest of Hurghada City, the 
concession lands are situated in a shallow sea archipelago in the 
southwest inlet of the Gulf of Suez. The company is considered 
one of the Egyptian offshore oil fields. Concession areas include 
Geisum Field and Tawila West Field. EGPC and Conoco formed the 
corporation as a joint venture, which was first called Geisum. In 
South Field, the company had effectively drilled four wells between 
1985 and 1987, when the partnership was in place. The Geisum 
Oil Company was renamed PetroGulf Misr Company in 2008 with 
the establishment of a joint partnership firm by Ganope, Pico Gos 
Petroleum firm limited, and Kufpec (Egypt) limited.

The Current Study’s Description and Input 
Parameters for Well “GA-1A”

Drilling well “GA-1A” was done in order to produce oil from 
the company’s south field, which is situated in Egypt close to the 
Gulf of Suez’s southwest entrance. That was thirty-seven years ago. 
The final depth of the drilling was 4715 feet. The well produced 
22.1 API oil with a GOR of 180 scf/stb and 97% water cut through 
a 4.50-inch (2.99-inch ID) tubing placed in a 7-inch casing with a 
pump system. The specific gravity of water is 1.21 and that of gas 
is 0.809. The wellhead is 123°F, while the reservoir is 140°F. The 
reverse flow technique configuration is shown in Figure 3. Further 
information is available from [18], [19] and [20] Figure 4&5.

Figure 3: Schematic for reverse flow well.
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Figure 5: The motive nozzle with and without an exit length.

The deep-well jet pump’s smooth inner surface (K_s=20 × 10^ 
(-6) mm) is the result of its design and fabrication process using 
tungsten carbide. The typical dimensions of the deep-well annular-

jet pump used to produce oil from the “GA-1A” are displayed in 
Figure 6. The actual dimensions of the used pump are mentioned 
in Table 1.

Figure 4: The schematic of well, “GA-1A” (Well-Bore-Sketch).
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Table 1: The dimensions of jet pump used in well «GA-1A».

ls ds land θ
sn

ln lnd dm dn lt dt ldif. θ
dif.

ld dd

1.902 1.26 0.118 49.4° 1.031 0.394 0.433 0.19 3.268 0.394 4.011 3° 1.181 0.807

All dimensions are in (inch).

Figure 6: The characteristic dimensions of the deep-well annular-jet-pump used in well “GA-1A”.

Conclusions

This study examined how the motive nozzle’s exit length 
affected the efficiency of the axial water-oil jet pump, which in turn 
affected oil production. Using experimental field data from real oil 
well and numerical techniques, the optimization study produced 
the following findings:

a) The motive nozzle’s exit length is considered to be an 
essential factor in minimizing motive energy loss, which leads 
to low efficiency, and its optimization is mandatory.

b) It has been discovered that the motive nozzle’s exit length 
has a significant impact on productivity. Additionally, it is 
important to optimize the motive nozzle’s exit length because 
it can increase pump production by 23.69%.

c) The optimal motive nozzle’s exit length is found to be 10 
mm.

d) The physics of flow within axial water-oil jet pumps can be 
studied and the optimization can be easily carried out by using 
the CFD, a 3D technique to predict one or more geometrical 
parameters on the pump efficiency. This will help to save time 
and money spent in the actual oil field.
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