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Abstract

The petroleum fields suffer from the low efficiency of the jet pump because a smooth inner wall is often necessary for the jet pump during
the mixing of the primary and induced fluids and the transfer of momentum from the primary fluid to the induced fluid. When fluids move over
extremely uneven surfaces, energy is also lost due to friction loss that occurs along the inner pump walls. So, surface roughness has a big effect on
the efficiency of jet pump. Moreover, motive nozzle spacing is considered important factor for controlling motive energy loss that results in low
efficiency. Experimental field data and computational studies in the present work are focused on a water-oil jet pump used to extract crude oil from
petroleum sites. Well productivity is demonstrated to be significantly influenced by the effect of pump roughness. Furthermore, because excessive
roughness can lower a pump’s productivity by 23-27%, it highlights the necessity of optimizing the pump’s roughness. The best efficiency and its
flow rate ratio gradually decrease with increasing pump’s surface roughness. The optimal motive nozzle relative position is determined to be 1.
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Introduction and Literature Survey

When the reservoir’s energy is insufficient to let a well to flow
or when the required rate of production surpasses the reservoir’s
capacity, an artificial lift must be built in the well to boost the
reservoir’s natural energy in order to bring the requisite fluid to the
surface [1]. Ajet pump is considered one method of artificial lift that
is utilized when the bottom hole flowing pressure is smaller than the
tubing pressure difference caused by a fluid with a specific flowing
gradient. Due to its straightforward design and construction, the jet
pump performs effectively in a range of industrial environments.
Jet pump inner wall surface roughness affects oil output because

@ @ This work is licensed under Creative Commons Attribution 4.0 License|O]RAT.MS.ID.000536.

it affects production rate and raises operating expenses when
surface roughness is high. An annular nozzle, a suction chamber,
a suction nozzle, a mixing chamber, a diffuser, and an exit pipe are
the parts of the down-hole annular-jet pump shown in Figure 1. As
the fluid passes through the annular nozzle, it changes from high-
pressure motive fluid to high-kinetic energy fluid. When the low-
pressure (low-velocity) entrained fluid comes into contact with the
motive fluid, it is dragged to greater pressure. A two-phase mixture
is produced at the diffuser’s entrance as a result of the two fluids
mixing together in the mixing chamber.
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Figure 1: Geometric parameters of down-hole annular-jet-pump.
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The diffuser increases the outlet pressure by transforming the
combined fluids’ kinetic energy into pressure energy [2]. Data on
flow description was supplied for annular jet pumps and associated
components by [3,4]. The inner walls of the jet pump have a
considerable surface roughness, which results in significant friction
loss and low efficiency since a smooth surface is required when
the two fluids are going through the pump. The surface roughness
requires to be optimized for each usage of the jet pump in order
to achieve the maximum pump efficiency. Therefore, increasing
the surface roughness of the inner pump wall has an impact on the
performance of jet pumps because it generates friction loss. In order
to obtain a fundamental understanding of how surface roughness
affects jet pump performance, experimental and computational
studies are conducted for various surface roughness values on a
water-oil jet pump used in petroleum oil fields. The validity of the
flow rate ratio is demonstrated by comparing 3D computational
work with experimental field data obtained from PetroGulf Misr
Petroleum company. Then, it is investigated how each roughness
affects the frictional resistance factor along the pump inner wall.

The level of surface smoothness is crucial for an efficient
jet pump operation. Petroleum companies have motivated
manufacturers and researchers to concentrate on improving jet
pump efficiency to decrease the quantity of consumed motive
power. Over the past few years, a growing variety of energy-saving
solutions have been proposed [5,6].

Yamazaki et al. [7] conducted an experimental investigation
to examine the impact of mixing chamber surface roughness and
the position of roughness on the efficiency of a water jet pump.
Their findings showed that roughness has a bigger impact on the
efficiency of the pump. They found that as the relative roughness
increases, the mass flow rate ratio and the optimum efficiency ratio
both fall linearly. Li et al. [8] experimentally studied the impact
of the internal surface roughness of the nozzle on the patterns of
cavitation erosion jets. They came to the conclusion that the high
rough surface caused high energy loss and resulted the jets to split.

Guelich et al. [9] experimentally and analytically studied the effect
of wall roughness on the pump efficiency. Their study revealed that
the hydraulic loss depended on the inner wall roughness. Aldas and
Yapici [10] utilized CFD numerical study to determine the effect of
absolute and relative roughness on efficiency of jet pump. It was
discovered that efficiency greatly increased up to a certain point
under specified absolute roughness. Li and Wang [11] conducted
numerical study to investigate the effect of surface roughness on
the performance of an axial pump. They came to the conclusion
that when surface roughness increases, pump efficiency declines.
Sheha [12] list the important considerations that must be taken
when designing a jet pump. Zhu et al. [13] Carried out numerical
study to model how the performance of axial flow pump would
be affected by the roughness of pump inner walls. They came to
the conclusion that reducing the pump’s surface roughness would
greatly boost head and efficiency. Moreover, changes in inner wall
roughness were more likely to occur with the axial flow pump
due to its efficiency. Pan et al. [14] carried out simulation study
to determine the performance of the axial flow pump under the
influence of various rough walls. They found that the presence
of wall roughness caused a reduction in the pump’s head and
efficiency, with the efficiency reduction being the most pronounced.
Echouchene et al. [15] Carried out numerical study to investigate
the effect of wall roughness on the cavitation of the flow. Their
findings indicates that the length of cavitation is clearly influenced
by pump wall roughness. Sheha et al. [16] carried out numerical
and experimental study to determine the optimum value for nozzle
relative position of the axial water-jet-pump. They concluded that
the optimum value for nozzle relative position is found to be (1).

As a result, the present work focused on roughness effect on
the performance of the water-oil jet pump used to extract crude
oil from petroleum sites. In addition to specifying the optimum
relative position of motive nozzle. The goal of the current study
is accomplished by experimental and computational work.
Experimental work is carried out in one of the Egyptian offshore
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oil fields via using the field data. Computational work is carried
out using ANSYS software, and is validated with a previous
computational and experimental, in addition to the validation with
the field data.

Research Methodology

The jet pump is the most frequently employed artificial lift
technology in Egypt and around the world, so a thorough study of
the surface roughness effect and motive nozzle relative position on
the performance of jet pumps is required to understand how surface
roughness and the wrong motive nozzle relative position affect the
jet pump performance, decreasingly. This goal is mostly focused on
the right selection of the best material and the best nozzle relative
position to optimize down-hole jet pump production. The CFD
commercial code (ANSYS® FLUENT, Release 17.0) was utilized in
a recent study to investigate the surface roughness effect on the
efficiency of water-oil jet pump. In addition to investigating the
effect of motive nozzle spacing for controlling motive energy loss
that result in low efficiency.

The Numerical Model

A finite volume discretization was used in the calculations
using an academic edition of the ANSYS Fluent R 17.0 CFD code.
The numerical simulation is conducted using a three-dimensional
steady-state water flow via the pump. The purpose of the jet
pump benchmark testing was to investigate how axial water-oil
jet pump performance is affected by geometrical and operational
factors. Additionally, simulate how the pump’s flow behaves with
these various geometrical and operational settings. The SST k-w
turbulence model was suggested for the current investigation by
earlier research [12]. A water jet pump’s flow is a mixture of flows
for which there is intricate physics at play.

Because of the rotational symmetry, just half of the axial jet
pump was used as the computational domain, rather than the
entire pump. For the fluid zone, the rotational-symmetry boundary
condition was used. ANSYS Meshing was used to generate hybrid
meshes. It took about 316698 cells for the pump to generate mesh-
independent solutions. To increase the accuracy of the boundary
layer simulation, inflated mesh was employed in the vicinity of the
wall boundaries. Prismatic inflation cell layers were first created
independently in the near-wall region in sets of two to eight during
the inflated meshing process. A first layer height of 45x10”(-3) m
and a growth rate of 1.2 were applied to each layer. A 3D double-

Table 1: Jet pump dimensions used in well «GA-1A».

precision pressure-based solver type was used in order to improve
the turbulent flow field’s resolution. The pressure inlet boundary
condition in this numerical simulation study is set to the total
pressures of the motive flow. For each run, the turbulence strength
and intermittency were utilized to define the turbulence boundary
conditions. The intermittency and turbulence intensity at the jet
pump’s inlets and outlet are adjusted to 1 and 5%, respectively, in
the SST k-w model calculations.

The Field Information of PetroGulf Misr Company

The concession areas are located in a shallow water archipelago
in the southwest inlet of the Gulf of Suez, roughly 80 kilometers
northwest of Hurghada City. The firm operates an offshore oil
field. Tawila West Field and Geisum Field are included in the
concession areas. The company was originally known as Geisum
and was founded as a joint venture between EGPC and Conoco.
The company successfully drilled four wells in South Field during
the partnership’s years of 1985-1987. After Ganope, Pico Gos
Petroleum firm limited, and Kufpec (Egypt) limited established
a joint partnership firm, the Geisum Oil Company was renamed
PetroGulf Misr Company in 2008.

The Description and Input Parameters of Present
Study Well “GA-1A"

The purpose of drilling well “GA-1A” was to extract oil from the
company’s south field located in Egypt near the southwest entrance
of the Gulf of Suez. This was done 37 years ago. The drilling was
finished down to 4715 feet. With a GOR of 180 scf/stb and 97%
water cut via a 4.50-inch (2.99-inch ID) tubing put in a 7-inch casing
with a pump installation, the well produced 22.1 API oil. Gas has a
specific gravity of 0.809 and water has a specific gravity of 1.21.
The reservoir is 140°F, while the wellhead is 123°F. Figure. 2 shows
reverse flow technique configuration. More details can be obtained
from [17] and [18].

The schematic of well “GA-1A" (Well-bore-Sketch), which
produces from the basement layer, is depicted in Figure 3. The top
basement stratum is at ORKB MD, 4704 feet away.

The down-hole jet pump is designed and fabricated from
Tungsten Carbide with smooth inner surface (K_s=20 x 107(-6)
mm). Figure 4 shows the characteristic dimensions of the down-
hole annular-jet-pump that is used for producing oil from well “GA-
1A”. The actual pump dimensions are mentioned in Table 1.

1.902 1.26 | 0.118 | 49.4° 1.031 0.394

0433 | 0.19 | 3.268 0.394 | 4.011 3° 1.181 0.807

All dimensions are in (inch).
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Figure 2: Schematic for reverse flow well.
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Figure 3: Well, “GA-1A” schematic (Well-Bore-Sketch).

Citation: AAA Sheha*, KA Ibrahim, HA Abdalla, Samy M El Behery and IM Sakr. The Impact of Motive Nozzle Spacing and Surface Page 4 of 5
Roughness on The Performance of Axial Water-0il Jet Pumps in an Egyptian Offshore Oil Field: An Experimental and Computational
Investigation. On Journ of Robotics & Autom. 2(3): 2023. OJRAT.MS.ID.000536. DOI: 10.33552/0JRAT.2023.02.000536


http://dx.doi.org/ 10.33552/OJRAT.2023.02.000536

Online Journal of Robotics & Automation Technology Volume 2-Issue 3

( )
a| X, b Lair. la
P — Ptl'l loa dt
< Pumdf — B — — F— — —- B-i.if-_._.._._.‘Pd.g
dw ~ Oy
n
I.-i 'lsn
Figure 4: Characteristic dimensions of the down-hole annular-jet-pump used in well “GA-1A”".
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Conclusion 4. Xiao L, LongX, Yang X (2014) Numerical investigation on the influence of

This study examined how the relative location of the motive
nozzle and the surface roughness of the pump 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) One important aspect affecting the friction term in the
pressure losses is the roughness of the pump.

b)  The findings of this investigation show that the pump’s
ability to produce liquid reduces with increasing roughness.
Liquid production is reduced by 23.126% when the pump’s
roughness is increased to 0.01 inches (compared to its value at
0.0004-inch roughness). This suggests that in order to increase
the pump’s capacity to produce liquid, roughness is a crucial
component that needs to be taken into account.

c) The axial water-oil pump’s roughness is extremely
important and should be taken into account as it might reduce
the pump’s productivity by up to 23-27%.

d) Using values ranging from 0 to 3, the optimization study
is conducted to determine the optimum relative location of the
motive nozzle. The ideal value is found to be 1.

e) Finally, in order to save time and money spent in the actual
oil field, the physics of flow within axial water-oil jet pumps can
be analyzed and the optimization can be easily performed by
using the CFD, 3D technique to predict one or more geometrical
and operational parameters on the pump’s efficiency.
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