
Accepted Manuscript

A Study of the Flow Field of an Axial Flow Hydraulic Turbine with a Collection 
Device in an Open Channel

Yasuyuki Nishi, Genki Sato, Daishi Shiohara, Terumi Inagaki, Norio Kikuchi

PII: S0960-1481(18)30780-8

DOI: 10.1016/j.renene.2018.06.114

Reference: RENE 10270

To appear in: Renewable Energy

Received Date: 15 September 2017

Accepted Date: 30 June 2018

Please cite this article as: Yasuyuki Nishi, Genki Sato, Daishi Shiohara, Terumi Inagaki, Norio 
Kikuchi, A Study of the Flow Field of an Axial Flow Hydraulic Turbine with a Collection Device in an 
Open Channel,  (2018), doi: 10.1016/j.renene.2018.06.114Renewable Energy

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.



ACCEPTED MANUSCRIPT

1

1 A Study of the Flow Field of an Axial Flow Hydraulic Turbine with a Collection Device in an Open 
2 Channel

3 Yasuyuki NISHI,1 Genki SATO,2 Daishi SHIOHARA,2 Terumi INAGAKI,3 and Norio KIKUCHI4

4 1 Department of Mechanical Engineering, Ibaraki University, 4-12-1 Nakanarusawa-cho, Hitachi-shi, Ibaraki, 316-8511, J
5 apan
6 Corresponding author, Tel: +81-294-38-5048, E-mail address: yasuyuki.nishi.fe@vc.ibaraki.ac.jp
7 2 Graduate School of Science and Engineering, Ibaraki University, 4-12-1 Nakanarusawa-cho, Hitachi-shi, Ibaraki, 316-85
8 11, Japan
9 3 Department of Mechanical Engineering, Ibaraki University, 4-12-1 Nakanarusawa-cho, Hitachi-shi, Ibaraki, 316-8511, J

10 apan
11 4 Ibasei, Ltd., 4-7-10 Kamine-cho, Hitachi-shi, Ibaraki, 317-0064, Japan
12
13 Abstract
14
15 Axial flow hydraulic turbine with a collection device aims to improve the output using an open channel and concentrating/increasing 
16 the volume and velocity of flow. The flow field of this turbine is extremely complex because it has a free surface, and its internal and 
17 external flows are mixed. Several such hydraulic turbines are occasionally placed in series against a flow. Thus, it is of utmost 
18 importance to elucidate the flow structure downstream of the hydraulic turbine. The proposed study aims to elucidate the flow field of 
19 this hydraulic turbine in a shallow open channel by the means of PIV measurement, multiphase flow analysis considering the free 
20 surface, and single-phase flow analysis considering uniform flow as the premise. As a result, the characteristics of the flow field of 
21 the hydraulic turbine considered herein in an open channel are clarified. Especially, in terms of the slipstream characteristics, it is 
22 clarified that due to the influence of free surface and channel bottom, the type of vortexes that occur downstream of the hydraulic 
23 turbine are different, and the process and distance of velocity recovery differ depending on the vortex.
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25 1. Introduction
26 In recent years, there has been an increase in the environmental and energy problems. From the viewpoint of reducing carbon 
27 dioxide emissions, further utilization of renewable energy is expected. In particular, hydraulic energy is the most powerful renewable 
28 energy source, and by 2035, it is predicted that the usage capacity of hydraulic energy will exceed 1400 GW [1]. To realize this goal, 
29 active usage of hydraulic energy, which has been overlooked due to its low output and difficulty in use, is important. Among hydraulic 
30 turbines, those with open channels [2, 3] require little incidental equipment to supply water and are able to generate electricity with a 
31 relatively low-pressure head. In recent years, the number of available construction sites with sufficient head and low impact on the 
32 surrounding ecosystem has been decreasing; thus, attention has increased in regard to hydraulic turbines for open channels. However, 
33 many hydraulic turbines in open channels require an intake weir and have low rotational speeds; this increases the size of a practical 
34 turbine. Therefore, open-channel hydraulic turbines are fixed to the site, meaning that the installation sites are limited. In recent years, a 
35 hydraulic turbine [4-6] capable of generate electricity by simply being installed in the flow water of an open channel has been 
36 developed, but the turbine output per water-receiving area is small.
37 Under such circumstances, the authors developed a new portable hydraulic turbine for open channels, such as rivers and canals, that 
38 does not require an intake weir and can utilize the flow of an open channel without modification [7, 8]. This hydraulic turbine uses the 
39 principle of brimmed-diffuser wind turbines [9, 10] and includes a collection device with a constant-height diffuser on the axial flow 
40 runner. Therefore, the outer diameter of the runner can be increased to the same size as the water depth, and by collecting and 
41 accelerating the flow, this collection device increases the turbine output. Moreover, as it employs a high-speed rotational axial flow 
42 runner, its size and weight is smaller than that of common open channel hydraulic turbines, which helps it match better with generators. 
43 In previous studies, the performance characteristics and flow field of this hydraulic turbine were studied using single-phase flow 
44 analysis, in which constant flow was used as the premise without considering the free surface [7, 8, 11], and its performance was 
45 improved [12]. In addition, its effectiveness was examined by conducting a verification test [8, 12]. Furthermore, the performance 
46 characteristics of this hydraulic turbine in an open channel were clarified by conducting a model experiment in an open circulating 
47 water tank using a scale model and multiphase flow analysis considering the free surface [13].
48 The flow field associated with the present hydraulic turbine has mixed internal and external flows and both strongly impact the 
49 performance of the hydraulic turbine. Furthermore, considering that several of these hydraulic turbines can be operated in series in the 
50 channel, the structure of the flow downstream of the hydraulic turbine must be understood. Although several studies have examined the 
51 downstream flow field of a brimmed-diffuser wind turbine via numerical analysis and particle image velocimetry (PIV) measurements 
52 [14, 15], none have examined a model with diffusers that spread in the direction of the width, as they do in this hydraulic turbine. 
53 Furthermore, the flow field of the present hydraulic turbine installed in an open channel is strongly impacted by the free surface and the 
54 bottom and side surfaces of the channel; thus, it would likely differ dramatically from the flow field of a brimmed-diffuser wind turbine. 
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