Accepted Manuscript =

Renewable Energy

AN INTERNATIONAL JOURNAL

Unsteady Flow Characteristics Regarding Hump Instability in the First Stage of a
Multistage Pump-Turbine in Pump Mode

Jun Yang, Giorgio Pavesi, Xiaohua Liu, Tian Xie, Jun Liu

PII: S0960-1481(18)30477-4

DOI: 10.1016/j.renene.2018.04.069
Reference: RENE 10027

To appear in: Renewable Energy

Received Date: 06 November 2017

Revised Date: 12 April 2018

Accepted Date: 24 April 2018

Please cite this article as: Jun Yang, Giorgio Pavesi, Xiaohua Liu, Tian Xie, Jun Liu, Unsteady Flow
Characteristics Regarding Hump Instability in the First Stage of a Multistage Pump-Turbine in
Pump Mode, Renewable Energy (2018), doi: 10.1016/j.renene.2018.04.069

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.



(98]

O 0 9 N L b~

10

11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30

31

32
33
34
35
36
37

Unsteady Flow Characteristics Regarding Hump Instability in the

First Stage of a Multistage Pump-Turbine in Pump Mode

Jun Yang!'", Giorgio Pavesi 2, Xiaohua Liu?, Tian Xie!, and Jun Liul.

ISchool of Energy and Power Engineering, University of Shanghai for Science and Technology,
Jungong Road 516, Shanghai, 200093, China
2 Department of Industrial Engineering, University of PADOVA, Via Venezia 1, Padova, 35131,
Italy
3School of Aeronautics and Astronautics, Shanghai Jiao Tong University, No. 500 Donchuan
Road, Shanghai 200240, China

Abstract: This article reports the fluid-dynamical analyses of unsteady flow in the first stage of a
multistage pump-turbine where hump instability occurs. This stage can be seen as a centrifugal pump
with multistage guide vanes in pump mode. Experimental and numerical approaches are adopted to
contribute the understanding of the highly complex flow regime inner the test pump. In the experimental
test, both dynamic pressure measurement and flow visualization techniques are adopted. A commercial
code with detached eddy simulation (DES) model is used to compute the flow regime. The frequency
analysis indicates that two unsteady flow patterns with a constant frequency occur in the hump instability
region. The numerical and experimental unsteady flow fields are analysed to study the fluid-dynamical
features of these unsteady patterns, in order to investigate the origin and reveal their contributions to the
hump instability.
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1. Introduction

With the development of variable renewable energy power generation and the demand of improving
the stability of power grid, the pumped hydro energy storage (PHES) is increasingly playing an important
role in power system worldwide [I], Due to the intermittent nature of renewable energy power
generation, reversible pump-turbines, as the key device of PHES, are supposed to change their operating
condition quickly and frequently in order to meet the fluctuations of the power load. In such case, pump-
turbines should have better flexibility of the operating, and wider operating rangel]. Hump instability in
pump mode and S-shaped characteristic in turbine mode, as unique instabilities in pump turbines, are

becoming more severe to restrict the flexibility and stable operating range.

In pump mode, hump instability presents a positive slope at the head-flow curve (%/,>0), and

energy transferred to the fluid does not contribute to the head rise, but dissipates and gives a rise of

unsteady flow patterns such as vortices, rotating stall and so on. This instability not only affects the start-

up and operation of pump turbines under high head conditions, but also leads to strong vibration and

noise, affecting the safe and stable operation of the unit [®]. The results show that the backflow regimes

at the impeller inlet, which is called part-load whirl (PLW), may lead to hump instability on the

performance curve under part load condition. Furthermore, for the centrifugal pump with vaned diffuser
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