Journal of Siberian Federal University. Engineering & Technologies 2025 18(1): 102—114

EDN: NTIZNI

Engineering
MawuHoBepeHue

YIK 621.671:620.268:004.45

Corrosive Fluid Effects on Volute Surface Roughness

in Centrifugal Pumps: A Computational Study

Kashif Abbas?®, Afaque Ahmed Bhutto"*,

Abdulhalim Musa Abubakar¢, Isa Umaru Usman¢,
Zakiyyu Muhammad Sarkinbaka®, Tahiru Saka?,
Mazen Abdul-Jabbar Alhodalif and Mohamed Ellouze?
“Xian Jiaotong University

Shaanxi, People’s Republic of China

bUniversity of Engineering, Science and Technology (QUEST)
Larkana, Islamic Republic of Pakistan

“‘Modibbo Adama University (MAU)

Adamawa State, Federal Republic of Nigeria

dUniversity of Maiduguri (UNIMAID)

Maiduguri, Borno State, Federal Republic of Nigeria
¢Federal University Wukari (FUW)

Wukari, Taraba State, Federal Republic of Nigeria

/Yemen LNG Company

Balhaf, Republic of Yemen

gUniversity of Sfax

Sfax, Republic of Tunisia

Received 31.05.2024, received in revised form 25.11.2024, accepted 20.12.2024

Abstract. Corrosive fluids, namely, hydrogen peroxide (H,0,), hydrochloric acid (HCI) and sulfuric
acid (H,SO,) can be used as a working fluid for volute surface roughness to study its impact on an
existing H47 centrifugal pump. To analyse the effects of volute surface roughness, ANSYS student
version 2023 software was used — wherein; head rise (H), pump speed (N), discharge rate (Q), inlet
pressure and roughness height (h) of 20—40 m, 2000 rpm, 144 m*h, 0 atm and 0.5 m, were respectively
specified as initial and boundary conditions in the computational fluid dynamics (CFD) tool. CFD of
volute roughness were respectively simulated for all corrosive fluids to obtain pressure and velocity
distribution and profile plots of the analysis using fluid constant properties. The presence of volute wall
roughness was observed to increase hydraulic losses in the volute when using corrosive fluids. The
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hydraulic loss in the volute due to wall roughness is influenced by the viscosity of the respective fluids.
Denser fluids, like HC1 and H,SO, required more input power for the same flow rate, highlighting the
viscosity-dependent nature of hydraulic losses. Smoothing and refining the volute wall may lead to a
significant increase in pump performance without compromising impeller flow conditions. Exploring
the effects of smoothing and roughening the volute wall on pump performance should be investigated.
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AnnoTtanusa. Koppo3noHHasie KUIKOCTH, a IMEHHO nepekuck Bogopozaa (H,0,), consras kucnora
(HCI) u cepnas kucmnota (H,SO,4), MOTYT OBITH HCTIOTB30BaHBI B Ka4eCTBE paboUeil >KHAKOCTH IS
ONpE/EIICHNS IEPOXOBATOCTH MTOBEPXHOCTH CITHPAIIH C LIENIBIO U3yUCHHUS €€ BIUSHUS Ha CYIIECTBYIOMNH
neHTpoOexxHbI Hacoc H47. [lns aHanwu3a BIUSHUS MIEPOXOBATOCTH IMOBEPXHOCTH CIHUPATH
HCITONIB30BaJIOCh mporpamMmmHoe obecnieueHne ANSY'S student Bepcuu 2023, B KOTOPOM B Ka4eCcTBE
HauYaJbHBIX U TPAHUYHBIX YCIOBUI B HHCTPYMEHTE BeIuuCInTeNbHON ruapoauHaMuky (CFD) Obimn
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3amansl nogbeM Haropa (H), ckopocTs Bpamenus Hacoca (N), ckopocts HarHeTaHus (Q), TaBieHne
Ha BXoJie 1 BbicoTa epoxoBaTocT (h) 20—40 m, 2000 06/MuH, 144 M3/4, 0 at™ 1 0,5 M COOTBETCTBEHHO.
CFD miepoxoBaToOCTH BOPOHKH OBLIM COOTBETCTBEHHO CMOJICIMPOBAHBI JIJIs1 BCEX KOPPO3HOHHBIX
KHUIKOCTEH, YTOOBI ONYUUTh TPadUKK PACIIPEICIICHUS JIABICHHS U CKOPOCTH U MPOQUIIN aHAIIN3a
C MCIOJIb30BAHUEM ITOCTOSIHHBIX CBOMCTB JKUKOCTHU. BbLIO 3aMeUeHO, 4TO HAIMYUE [IEPOXOBATOCTH
CTEHOK CIUPAJH YBEIUYNBACT FUIPABIMYCCKUE TOTEPH B CIIUPAIIH IIPH HCTIOIb30BAHUU KOPPOZHOHHBIX
KUAKOCTEH. ['uapaBinyeckue moTepy B CIIUPAIH H3-32 HIEPOXOBATOCTH CTEHOK 3aBHUCAT OT BSI3KOCTH
COOTBETCTBYIOMIUX XUIAKOCTeH. bonee mmotHbIe xuakoctH, Takue kak HCl u H,SOy4, TpeOyroT
0O0JIbIIIEH MOIHOCTH TP OJJAHAKOBOM PACXO/IE, YTO MOAUYEPKUBACT 3aBUCUMOCTD I'HIPABINICCKUX
noreps oT BsizkocTu. CriakuBaHue 1 10paboTKa CTEHOK CIIUPATU MOXKET IPUBECTH K 3HAYUTEIIBHOMY
YBEIMYEHHUIO TPOU3BOIUTEIBLHOCTH Hacoca 0e3 yXyALICH S YCIOBHI 00Tekanus pabovero Koeca.
Heo0x0muMo n3y4uTh BIMSHHUE CTIAXHBAHUS U IEPOXOBATOCTH CTEHOK CITMPAJIH HA TPOU3BOUTEIBHOCTh
Hacoca.

KuroueBble cJjioBa: BositoTa paboyero Koneca, EHTPOOESIKHBII HaCOC, KOPPO3UOHHBIE XKHUAKOCTH,
ANSYS, mepoxoBaToCTh MTOBEPXHOCTH.

Iurupopanune: Kamnd A66ac. BiusHue KOppo3HOHHOM KUAKOCTH Ha IIEPOXOBATOCTH TOBEPXHOCTH KeN00a B IIEHTPOOEKHBIX
Hacocax: pacueTHoe uccienoBanne / Kamnd A66ac, Adake Axmen bxyrro, Adnynxamum Myca AGybaxap, Mica Ymapy Yeman,
3axuto Myxammaj Capkunbaka, Taxupy Caka, Mazen Aoxyn-/lxxa66ap Anxonann, Moxamen Diio3 // XKypa. Cub. denep.
yH-Ta. Texuuka u rexnosxoruu, 2025, 18(1). C. 102—114. EDN: NTIZNI

Introduction

Volutes are commonly employed as collectors in centrifugal pumps. A volute, the wetted section
encircling the impeller within a pump, serves the pivotal function of transforming the kinetic energy
inherent in fluid into potential energy. Pumps have great applications in industrial applications. The
washing tower circulating pump, as a centrifugal pump, would transport water mixed with corrosive
media during the work process, and corrosion is an important reason for increasing the roughness of
the wall surface. The wall roughness has an important influence on the pump performance (efficiency).
Therefore, surface treatments of the pump are particularly important. Now-a-days centrifugal pump
either as single stage or multistage is extensively used in upstream, midstream and downstream oil
industries. For example, the upstream oil industry uses it to lift fluid from the wellbore, to deliver fluid
in the separation system, etc. Performance characteristics of a pump greatly depend on geometry and
surface property of an impeller and its volute. Again, the viscosity which can be defined as resistance
to flow has significant impact on head, efficiency and power consumption of the pump [8]. If any
centrifugal pump works for a longer period, the surface gets deteriorated because of fouling, cavitation
or erosion. The oil industry typically handles multi-phase flow and the phases are oil, water gas and
sand. There may be some corrosive gasses also, such as H,S. The acidic gas or H,S reacts with water
and forms sulphuric acid (H,SO4) which is highly reactive to the metal. Similarly, CO, or Cl gives ion
for corrosion of metal. These corrosive gasses along with sand-jetting effect, accelerate the erosion. A
small amount of sand can initiate pitting on the surface and the new surface is attacked by the reactive
gasses or acids. Hence, the pump handling fluid from the well bore or at the surface production operations
or at the downstream petroleum processing industries will develop micro-pitting and as a result there
will be surface roughness [2, 3]. The main role of the volute is to receive the liquid coming with high
velocity from impeller to direct it, then to slow it by reducing the perturbations and thus transforming
into pressure an important quantity of its kinetic energy. Due to this fact, the volute is subjected to severe

solicitations that can lead to severe damages that make the pump unusable. It is known that the drawing
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elements which determine the characteristics of the volute are the form of the section, the volute angle,
the width of the input section and the diameter of its base circle.

Previously, a study that involves the design and numerical simulation of impeller models featuring
varying blade inlet and outlet angles (35° — 47°, 38° — 5° and 41° — 53°) using vista CPD in the ANSYS-
CFX software, was conducted [6, 7, 10, 11]. Experimental processes encompassed pre-processing, solver,
and post-processing stages, utilizing both corrosive fluids (saline water, hydrochloric acid, methanol) and
non-corrosive fluids (water at 100 °C, gasoline & kerosene). Idris & Kois [5] simulated the efficiency of
the centrifugal pump using Computational Fluid Dynamics (CFD) code and compared with experimental
studies to validate the results. The pump was designed to operate within specified constraints, pumping
at a flow rate of 0.04 m%s and a head of 55-70m. Following design calculations, the pump system was
modelled and drafted in SOLIDWORKS, aligning with the predetermined design specifications and
parameters utilizing materials available in the software library and local materials. Experiments for
different surface roughness values were conducted by [12], but his study did not include volute roughness,
the fluid flow and its effects. Fard & Boyaghchi [4] studied the influence of various blade exit angles to
handle viscous fluids by computational and experimental methods without including the roughness of
wet wall. Li et al. [9] reported effect of exit blade angle, viscosity and roughness by CFD simulations,
but the effect of inlet and outlet blade angle on roughness was not included. Previously, combined effect
of blade angles and surface roughness on impeller performance by numerical simulation for crude oil,
kerosene, gasoline, saline-water, and water at different flow rates was investigated. The flow mechanism,
nature and distribution of velocity and pressure in the pump at design and off-design point were reported,
excluding the impeller volute roughness and its effects. Influence of surface roughness on the pump
performance by varying working condition, rotational speed and effecting location of surface roughness
was also investigated, where a new way to improve the performance of multistage centrifugal pump
was studied. Thus, the purpose of the present study is to analyse the impeller volute using numerical
simulation (CFD) to determine the surface roughness and its effects using corrosive fluids. Doing this
may help solve several problems. Viz., if the volute is subjected to severe solicitations that can lead to
severe damages, it renders the pump unusable thereby causing the volute surface to deteriorate because

of fouling, cavitation or erosion associated with conveying the corrosive fluids.

2. Material and methods
2.1. Software and Fluids

In this study, ANSYS Software (Student version, 2023) was employed. Corrosive fluids (Table
1) used were hydrogen peroxide (H,0,), sulfuric acid (H,SO,) and hydrochloric acid (HCI).

Table 1. Properties of the Fluids

S/No. Fluids P (g/cm3) Cp (J/kg/K) u (Cp) MW (g/mol)
H,0, 1.450 2617 1.254 34.00
2. HCl 1.169 4400 2.3cP 36.46
3. H,SO, 1.8302 1340 26.7 at 20°C 98.07
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Head rise (H), volumetric flowrate (Q) and rotation speed (N) specification of the H47 centrifugal

pump used is shown in Table 2.

2.2. Volute Impeller and Centrifugal Pump Characteristics

The specified parameters in Table 2 with other volute impeller features specified in Table 3.

Table 2. Centrifugal Pump Specification

Pump Type H (m) Q (m3/hr) N (rpm)

H47 centrifugal pump 20 - 40 144 2000

Table 3. Features of the Volute Impeller Employed

S/No. Parameters Values (mm)
1. Shaft diameter, D, 40
2 Eye diameter, D, 124
3. Hub diameter, D, 106
4. Inlet diameter, D, 125
5 Outlet diameter,D, 310

2.3. Assumptions and ANSYS Utilization

The simulation of flow inside the centrifugal pump was done on the basis of the following basic
assumptions, namely steady state condition, constant fluid properties, corrosive fluid flow and an assumed
rough wall. Hence, any disturbances in flow due to roughness of the surface were acknowledged. For
this study, the model construction and flow simulation were conducted using ANSYS Workbench and
ANSYS CFX, respectively. The impeller volute was created using Vista CPD (Centrifugal Pump Design)
in ANSYS software design toolbox. The model was created by employing the volute specification given
in the Vista CPD. The mesh was auto generated in ANSYS Meshing using the platform in the ANSYS
Workbench CFX which produced the most appropriate mesh for the analysis. The Mesh was transferred
to the CFX Pre solver for the simulation. The flow simulations were done in CFX-Solver within 100
iterations and all of the simulations were converged within 100 iterations. Hence, the results were viewed
in CFD post (Turbo post). Final results were obtained in CFD post per boundary conditions of input and
output of the volute at steady state which gives accurate results of the analysis. The standard roughness
height of 0.5m was chosen. The software calculator in CFD post gives the results of the parameters
such as pressure and velocity. Specifications for the volute design and meshed model are respectively
displayed in Tables 4 and 5.
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Table 4. Computed Volute Information from the Model

S/No. Variables Values
1. Inlet width 43.9 mm
2. Base circle radius 150.4 mm
3. Cutwater clearance 14.8 mm
4. Cutwater thickness 5.7 mm
5. Exit area 5431 mm?
6. Exit hyd diameter 82.3 mm
7. Length 150.4 mm
8. Cone angle 6.4°

Table 5. Mesh Details

S/No. Parameters Action
1. Element order Linear
2. Mesh metric Skewness
3. Element size 16.10
4. Node 145214
5. Elements 393134
6. Mesh tolerance 0

2.4. Simulation

ANSYS Workbench Vista CPD was used to design the impeller volute geometry and ANSYS CFX
was used to simulate the flow. A hybrid initialization was utilized to conduct the simulation and get the
desired outcomes. The pressure contour and vector velocity were the research parameters of interest
of the simulations. The software provided the results after the study was completed and the simulation
had reached convergence. In this experiment, different corrosive liquids (which includes H,SO,4, H,O,,
and HCI) were the fluid chosen at a rotation speed of 2000 rpm. The CFD post program was used to
obtain the simulation results base on the boundary condition. The results from 3 different corrosive

fluids were then compared with respect to the objective of the study.

3. Results and discussion
3.1. Volute Model and Boundary Conditions

In Fig. 1, the designed volute model produced by the software is showcased.

Boundary conditions displayed in Fig. 2, are the set of conditions specified for the behaviour of
the solution to a set of differential equations at the boundary of its domain. Mathematical solutions are
determined with the help of boundary conditions to many physical problems. These conditions specify
the flow and thermal variables on the boundaries of a physical model. The pump volute has various
components inlet and outlet. The pump volute inlet was defined as a total pressure of 1 atm boundary
condition and a mass flow rate at the pump outlet. The other surfaces were given as wall boundary

conditions. The internal system considered as wall and rough wall condition is applied.
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The wall roughness of the volute had the greatest influence on the performance of the centrifugal
pump. To study the influence mechanism of the wall roughness of the volute on the performance of the
centrifugal pump, the presented study compared and analysed the internal flow of volute between the
rough wall using different corrosive fluids as per the boundary condition of the volute.

3.2. Pressure Distribution

Fig. 3-5 is the total pressure contours of the central section of the volute across the corrosive fluids;
H,0,, HCI and H,SO,.

Fig. 3—5 shows that the maximum total pressure contours of the fluids moving across the rough
wall volute of the pump. They are respectively, —280.6 kPa for H,O,, —2325 kPa for HCI and 3188 kPa
for H,SO4. Whereas the minimum is —4188, —52360 and —77540 kPa, respectively. Analysis of the
working fluid flowing through the rough wall volute reveals distinct characteristics. For instance, the

minimum total pressure contours, depicted in Fig. 3-5, highlights the energy state of the fluids. For

0.00 100.00 {rrrm)
L S

50.00 00 [F]
(a) Designed Volute Model (b) Volute Meshed Model

Fig. 1. Volute Model

Fig. 2. Boundary Condition
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Fig. 3. Total Pressure of H,O, Flowing Across the Volute

0 o
L EE— ESS—
0.050

Fig. 4. Total Pressure of HCI Flowing Across the Volute

H,0,, the minimum pressure is denoting the least energy state within the system. In contrast, HCI]
exhibits a significantly lower minimum pressure, indicative of more challenging conditions for this
fluid. On the other hand, H,SO,, with a minimum total pressure contour of —77540 kPa, is the most
demanding conditions among the three. The design impeller volute with Q = 144 m*h has contours
of static pressure and liquid flow velocity. The presence of roughness on the volute wall enhanced the
hydraulic loss of the volute while employing corrosive fluids, however this was dependent on the fluids'
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Fig. 5. Total Pressure of H,SO, Flowing Across the Volute

viscosity. Now, comparing the pressure distributions in Fig. 3-5, reveals that both the minimum and
maximum pressure of HO, remain consistent while those of HC1 and H,SO, vary in both cases.

3.3. Velocity Distribution

Fig. 6-8 represents the velocity contours of the corrosive fluids.
Fig. 68 shows that the minimum velocity contours of the fluids moving across the rough wall
volute of the pump, which are equally 0 m/s and maximums of 77.8, 252.1 and 245.0 m/s for H,O,, HCI

0.200 (m)

0.050 0.150

Fig. 6. Velocity Dispersion of H,O, Across the Volute System
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0.200 (m)

0.050 0.150

Fig. 7. Velocity Dispersion of HCI Across the Volute Scheme

0 0.100 0.200 (m) e l
[ EEaa— ES—
0.050 0.150 X

Fig. 8. Velocity Dispersion of H,SO4 Across the Volute Structure

and H,SOy, respectively. The diagrams illuminate crucial details regarding the velocity profiles of fluids
coursing through the rough wall volute, highlighting the behaviour of H,O,, HCI and H,SO, corrosive
substances. Examining the minimum velocity contours, all 3 substances share a commonality with
values reaching 0.00 m/s, indicating areas where fluid motion comes to a complete halt. Contrarywise,
digging into the maximum velocity values offers a contrasting perspective, shedding light on areas
of heightened fluid dynamics within the volute. It was found that H,O, reveals a maximum velocity
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indicating localized zones of increased fluid motion despite being the lowest among the substances.
On the other hand, H,SO,, showcases considerably more dynamic flow with a maximum velocity
suggesting the presence of vigorous and accelerated fluid movements within specific regions of the
volute. Surpassing both substances, HCI exhibits the highest maximum velocity signifying areas
characterized by intense and rapid fluid flow within the intricate passages of the rough wall volute and
the properties of the fluids. This comprehensive analysis of minimum and maximum velocity contours
provides a nuanced understanding of the diverse fluid dynamics exhibited by H,O,, HCI and H,SO,
as they traverse through the volute, offering valuable insights for optimizing design parameters and

ensuring efficient and effective operation across a spectrum of conditions.

3.4. Distributions Profile Curve

The pressure and velocity of each corrosive fluid traveling across the rough wall volute are
displayed at the inlet and outlet in Fig. 9.
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Fig. 9. (a) Pressure and (b) Velocity Distribution Curve/Profile
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Fig. 9a displays the pressure distribution curve for various corrosive fluids through the volute's
inlet and outlet. It is evident that the line of the volute that used H,O, as its working fluid relatively
decreases while that of HCI and H,SO, sharply decline with relative distance in between, which is due
to different fluid constant properties that highly affect the fluid transportation through the centrifugal
pumps. This suggests that the presence of roughness on the volute wall increased the hydraulic loss
of the volute that uses corrosive fluids, although the amount of loss depends on the viscosity of the
corresponding fluids. Which is the same case for the velocity section of the volute. The impeller volute's
efficiency was computed using various mass flowrates for the fluids that were used at 2000 rpm. Denser
fluids require more input power for the same flow rate and discharge angle, according to Bellary &
Samad [3]. This indicates that the hydraulic loss of the volute when employing corrosive fluids was
enhanced by the roughness in the volute wall, however the precise amount of loss is dependent on the
fluid's viscosity. Therefore, the roughness of the volute wall increased the frictional resistance loss
caused by the fluid flow in the volute and it could be inferred that part to part would not affect each
other by the wall roughness. The pump's performance might be significantly increased without having
to worry about the impeller's flow condition if the volute wall were smoothed and roughened down.
For different fluids at varying mass flow rates, this means that the pressure distribution at the inlet is
less and slopes more, while the pressure distribution at the outlet increases with an increase in the
blade outlet angle, as reported by Idris & Usman [7]. Velocity profile in volute rough wall of various
mass flowrate for various fluid is shown in Fig. 9b. The tangentiall velocity is shown to decrease as
the flow progresses through the volute’s route, due to corrosiveness of the working fluids. It is evident
that as the fluids moves through the volute wall from its input to its outlet, its velocity increases. As
the fluids enters the volute, its velocity appears to diminish, reaching its minimum at the volute’s exit.
Furthermore, it is evident that as the cross-sectional area rises, the velocity magnitude in the volute

tends to decrease [1].

Conclusion

Presence of volute wall roughness was observed to increase hydraulic losses in the volute
when using corrosive fluids. This is evident from the lower total pressure at the outlet for HCI and
H,SO, compared to H,O,. It is observed that the hydraulic loss in the volute due to wall roughness
is influenced by the viscosity of the respective fluids. Denser fluids, like HCl and H,SO,, required
more input power for the same flow rate, highlighting the viscosity-dependent nature of hydraulic
losses. For HCI and H,SOy, the significant drop in pressure at the outlet suggests a potential risk of
cavitation in the pump due to vapor pressure. This underscores the importance of considering fluid
properties and their interaction with rough surfaces in pump design. Smoothing and refining the volute
wall may lead to a significant increase in pump performance without compromising impeller flow
conditions. This suggests a promising avenue for optimization in pump design. Researchers should
conduct research to explore the optimal level of volute wall roughness that minimizes hydraulic losses
without compromising impeller performance. Investigate different surface treatments or coatings to

mitigate frictional resistance in the volute.
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