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Long Abstract

Introduction

Pump is one of the most energy consuming devices widely used with general machinery in industrial
applications. The information about the pump efficiency, manufacturing cost and reliability is required
by the end-users before installation decisions are made. Pump manufacturing industry is currently
focused on improving the energy efficiency of pumps while addressing stricter and stricter
manufacturing constraints [1, 2]. This is particularly of interest in deep-well multistage pump design
since it has high head requirement and severe constraints on operating dimensions. In our previous
work [3, 4] we proposed a new type of deep-well centrifugal pump with a three-dimensional surface
return diffuser, which has a compact size and high pressure conversion capability. However,
additional research is needed to expand its application range and to further optimize its hydraulic
performance.
Due to the complex three-dimensional geometries of the impellers and diffusers, their design is a
challenging task. Small changes in the design can result in significant changes in the internal flow
structures affecting the hydraulic performance [5]. Over the years, considerable effort has been
devoted towards the study of flow in impellers and diffusers using both the experimental and
numerical methods [5-9]; the methods include the Particle Image Velocimetry (PIV), Laser Doppler
Velocimetry (LDV), Computational Fluid Dynamics (CFD) and theoretical analysis. For example,
Visser et al. [10] employed the LDV to measure the fluid flow in a low specific speed centrifugal
impeller passage and showed that the core of the blade passage flow field could be described quite
well by the two-dimensional potential theory at design discharge rates. Sinha and Katz [11, 12] used
PIV to identify the unsteady flow structures and turbulence in a transparent centrifugal pump with a
vane diffuser. Wuibaut et al. [13] measured the flow velocities in the impeller and vane-less diffuser of
a radial flow pump with 2D PIV. Pedersen et al. [14] used both PIV and LDV to illustrate and measure
the stall characteristics in the impeller at off-design conditions; both measurement techniques
produced data in close agreement. Wu [15] used PIV to investigate the instantaneous internal flow
field in a centrifugal pump with a volute. Feng et al. [16-18] employed PIV and LDV to study the
unsteady flow in a radial diffuser pump and compared the measurements with CFD results using a
variety of turbulence models. These and other investigations have significantly contributed to the
understanding of the complex three dimensional flow fields in pumps. However, majority of research
have focused on the rotating impellers. It appears from the literature that enough effort has not been
devoted to understand the flow mechanisms inside the diffuser; it is especially true for the compact
return diffusers.
Computational fluid dynamics (CFD) have been became the main method to study the pump inner
flow features. Detached-eddy simulation (DES) is convincingly more capable presently than either
unsteady Reynolds-averaged Navier-Stokes (RANS) or large-eddy simulation (LES) [19]. RANS
models is the foundation of CFD, which have been wildly used to predict the pump performance and
investigate the flow patterns in pump or turbo machinery area, a lots of good agreements by
comparing with experiments results have been presented by many authors. RANS models can be
adjusted to predict boundary layers and their separation well, but not large separation regions. DES
models have been specifically designed to address high Reynolds number wall bounded flows, where

the cost of a near-wall resolving LES would be prohibitive. It is important to understand the difference
and features of different turbulence models. In the present work, both CFD simulations and two
dimensional PIV measurements have been conducted to investigate the internal flow field in a
compact return diffuser. The phase-averaged velocity field obtained by 2D PIV measurements is
compared with the CFD results using different turbulence models.

1.Methods
1.1. Pump Geometry and Test rig
A single-stage pump section is chosen from a multistage deep-well centrifugal pump, the detailed
geometry parameters and characteristics of the model pump are given in our previous paper [3, 20,
21]. In order to reduce the refraction in the PIV measurements, the outside wall is extended to a
square type wall. The diffuser and the entire outside wall are manufactured with transparent plexiglas
as shown in Fig.1 (b).

(a) Axial drawing

(b) Diffuser model in the test rig

Figure 1. Diffuser Geometry and Solid Model

Figs.2 and 3 show the schematic of the test rig and the PIV system, which is also includes the singlestage pump cross-section. The PIV experiment system consists of a laser, a CCD camera, a
synchronizer, a photoelectric encoder and a data processing computer. A variable frequency control
cabinet is used to adjust the motor rotating speed to 2850r/min (pump rated speed). A plane mirror
with central holes is used to refract light; it is placed at 45 deg to the axis of the test rig. The tracing
particles used are Al2O3 powder of approximately 1μm diameter, which flows with the liquid
synchronously and scatter the laser effectively.

Figure 2. Test Rig Schematic

Figure 3. Schematic of Test Rig and PIV System

1.2. Numerical Setup
Transient three-dimensional incompressible simulations are performed using ANSYS-Fluent 14.5
code. The time step in the transient simulation is 5.848×10-5 s, corresponding to 1° of the impeller
rotating speed, so one complete revolution is performed each 360 time steps. Numerical
convergence is set to a maximum of 10-5 and periodicity solution is fulfilled after seven impeller
revolutions. Before the transient simulation, a steady simulation was carried out by using Frozen
Rotor. When achieving the setting convergence, the steady simulation was used as an initial value to
start the transient sliding mesh simulation. Sliding mesh model is a special case of general dynamic
mesh motion wherein the nodes move rigidly in a given dynamic mesh zone.
The computational domain was created based on the actual pump dimensions in PIV systems, as
shown in Fig.4. After modeling in Pro/E, the geometric model was imported to ANSYS-ICEM for
further processing. The entire computational domain was meshed with the high-quality structured grid
based on the Q-type and Y-type block topology. Grid sensitivity analyses for a similar case have been
reported in our previous work [21, 22]. Fig.5 shows a 3D view of the mesh in the impeller and the
diffuser. To be special, the value of y+ was less than 3 in the entire computational domain for DES
and SST k- model with low-Re corrections. For SST k- model, the boundary mesh was reset to
make sure the y+ is around 30. About the boundary conditions, the mass flow inlet associated with the
initial gauge pressure is set at the pump inlet. Pressure outlet boundary conditions are used at the
pump exit. No-slip wall conditions are used at all the physical surfaces.

Figure 4. Computational Domain

(a) Impeller
(b) Diffuser
Figure 5. Sketch of the Structured Grid
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