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ABSTRACT

In this paper presents the 3D modelling and Computational Fluent Analysis (CFA) of hydraulic parts of the
submersible centrifugal pump unit has been considered. For this study a rotor with impeller, diffuser and return
channel has been taken. The CAD models of submersible centrifugal pump unit consists of rotor with impeller,
diffuser and return channel were created with the help of CATIA V5 software and Fluent Analysis is also carried
out to create fluid domain with the help of numerical computations and flow non-uniformities are identified in
return channels to reduce the bouncing, stability and improve the efficiency of guide vane geometry with rotor of
centrifugal pump.
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1. Introduction

Multi stage centrifugal pump one of the key device for fluid transport, has been widely used in many industry fields
such as chemical engineering, thermal power and petroleum. The safe and smooth running of coupled rotor system
with guide a vane directly influences the stability and increases the efficiency of multistage centrifugal pump
unit[1-2].evaluated stiffness and damping coefficients of mechanical seals, bearings, throttle seals and wear rings
for to reduce the resonance conditions[3]. Investigated the range and magnitude of energy losses in the multistage
centrifugal pump were analysed in the guide vanes area [4].studied 1D numerical model of EPFL technical
platform can be utilized to identify the transient responses of the Hydro power plant machineries [5].studied about
the centrifugal pump type impeller performance in terms of von misses stresses, strains, deformation and natural
frequency and mode shapes for different materials taken into consideration[6] studied the CFD analysis of
centrifugal pump in terms of volute flow and impeller-volute interactions for improvement of the pump
performance[7] investigated the dynamic behaviour of multistage centrifugal pump rotor system in terms of
efficient or accurate range of critical speed determined by using Monte Carlo method [8] discussed the differences
between the traditional and compact machines influences on dynamic characteristics of efficiency stages [9] studied
the analytical solutions of two different bearings (Rigid and flexible) in the form of lateral vibration characteristics

by using Dunkerley’s method[10]. Investigated amplitude- frequency characteristics of rotor have been determined
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by using the Lanczos Method [11]. Based on the exhaustive literature survey no author has been to design and
fluent analysis of multistage centrifugal pump unit of petroleum, chemical Engg and oil refineries. Finally in this
paper to calculate carried out to create fluid domain with the help of numerical computations and flow non-

uniformities are identified in return channels to reduce the bouncing, stability and improve the efficiency of guide
vane geometry with rotor of centrifugal pump.

2. CAD Models of Impeller and Guide Vanes

Then, impeller blades and guide vanes which were designed by manufacturer are extracted from filled bodies
(Figure 2.1(a), 2.1(b) and assembled in the way that fluid can travel as in Figure 2.1 (d). Additionally, two
extension pipes whose lengths are 3D and 6D are attached to inlet and outlet respectively. These pipes are
crucial in order to diminish the boundary condition effects and obtain accurate results. The computational
domainof 5-stage pump is shown in Figure 2.1(c).

Figure 2.1 Fluid domain models of impeller (a) Top view of impeller zone, (b) Top view of guidevane
zone, (c) Isometric view of five stages with extension pipes
(d) flow through impeller and guide vane channels.
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3. Meshing

Mesh network can be seen in Figure 3.1(a). The size difference between zones is resulted from different size
functions. The average mesh sizes of stages and extensionpipes are adjusted as 2mm and 5mm respectively. In
Figure 3.1(b), the difference is seen more detailed. Elements are formed smaller in vaned areas due to the

proximity function.

(a)

Fig. 3.1 Computational domain mesh

Since the near wall region of the boundary layer will be modeled by a wall function, first cell
should not be in this layer. Therefore, in this study mesh value is takenas 30 and therefore, the first cell

height became 0.1 mm as shown in Fig.3.2

Fig 3. 2 Boundary layer mesh near impeller blades.

Fig 3.3 shows the boundaries of the computational model and conditions are defined based on
assumptions and pump characteristics. It is assumed that the pump operates in ditch water at fluid level, so it is
accepted that the total pressure at the inlet boundary is 0 Pa. When defining the outlet boundary conditions,
pump capacity at the best efficient point is based on and 8 tons/h which is 2,222 kg/s of outlet flow is accepted
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Inlet Boundary Wall Conditions

Conditions

Fig.3. 3 Demonstration of boundary conditions on fluid domain

4. Results and Discussions

A typical total pressure development along a 5-stage pump is shown in Fig. 4.1. It indicates that the flow
development is in the desired manner. It is inferred clearly from the color changes, total pressure of the fluid
increases through stages. The bar chart in Fig.4.2 shows the contribution of each stage with respect to the total

pressure gain. There is not any significant difference between stages, this means each stage affect the pressure rise

equally as it should be.
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Fig.4.1 Pressure generation through stages
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Fig.4.2 Pressure generation of each stage

In Fig.4.3, velocity streamlines at impeller section are shown. It can be seen that, the relatively uniform flow is
seen between the impeller blades is not similarly observed between guide vanes. Small, but important, swirls
occurring at pressure sides on the guide vanes can clearly see in the Fig 4.4 As it is understood from the
locations of the swirls, the main reason of this is the sharp curved geometry of the guide vanes. Apart from the

streamline visuals, the performance parameters for best efficient point of 5-stage model are shown in Table 4.1

Table 4.1 Performance parameters of original design

Total head (m) 21.6
Hydraulic efficiency 0.63
Loss coefficient 0.92

Fig. 4.3 Velocity streamlines of original design at impeller section
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Fig. 4.4 Velocity streamlines of original design at guide vane section
5. Conclusions

In this paper presented to simulate a multistage submersible pump flow and reduce observed inefficiencies.

» Simulation results indicated that there are recirculation regions in the flowpassages of stationary parts which
reduce the efficiency of the pump. It is considered that these recirculations are arisen from return channel
blade geometry and several modifications were made to remove undesirable flow behaviour.

> It was expected that entrance shocks occur when the flow travels through stages in vaned areas. Therefore,
blade angles were adjusted based on the flow angle at impeller exit to minimize losses.

> Additionally, when the flow with high kinetic energy encounters a sharp turn, flow separations are shown up.
Blade geometry was designed in the manner that there should not be any rapid changes in blade curvature, so
as to prevent recirculation occurrence.

> All these modifications considered, pump head at best efficiency point increased 14%, pump efficiency
increased 12%, and loss coefficient decreased 50% for fivestages of the pump.
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