A Study on the Performance Analysis of the Micro

Cross-flow Hydro Turbine by CFD and Experiment
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Abstract

Recently, small hydropower attracts attention because of its clean,
renewable and abundant energy resources to develop. However, suitable
turbine type is not determined yet in the range of small hydropower and it
is necessary to study for the effective turbine type. Moreover, relatively high
manufacturing cost by the complex structure of the turbine is the highest
barrier for developing the small hydropower turbine. Therefore, a cross-flow
turbine is adopted because of its simple structure and high possibility of
applying to small hydropower.

The result are summarized as follows;

1) Air layer in the runner is very important factor to improve the turbine
performance. Because of air layer , recirculation flow loss decreases from
14% to 1% in occasion of 1kW class hydro turbine.

2) In 80kW class hydro turbine, the region of Stage 1 produces almost
70% of output power from total output power.



3) Pressure and velocity at the runner blade around gives considerable
effects on the performance of cross-flow hydraulic turbine simultaneously.
Therefore, cross-flow turbine has the characteristics of both impulse turbine

and reaction turbine.



Nomenclature

b : width of nozzle, runner and runner chamber [m]

C : coefficient dependent upon the nozzle [ -]
C, : pressure coefficient(=p— pref/ 2pgH) [ -]
d : diameter of runner [m]

H : effective head [m]

N : unit rotational speed (=nd/ vVH ) [ml/z/s]
Noep : unit rotational speed at the B.E.P. [ml/z/s]
n : rotational speed [s]

P : output power [W]

p . static pressure [Pa]
prer : reference static pressure at draft tube outlet [Pa]

O : volume flow rate [m3/s]
u : absolute velocity [m/s]
v : fluid velocity [m/s]

n : efficiency [ -]



*

01

6°": normalized peripheral blade position at Stage 2

p

(CV I

: normalized peripheral blade position at Stage 1

density of working fluid

angular velocity

Subscripts

0 :

11

12 :

21

22

r .

0 :

optimum value

: inlet of runner Stage 1

outlet of runner Stage 1

: inlet of runner Stage 2

: outlet of runner Stage 2

radial component of velocity

tangential component of velocity
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Fig.2.4 Composite velocity diagram

Fig.2.5 Velocity diagram



Fig.2.7 Curvature of blades
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Fig.3.4 Nozzle shapes along peripheral position of 6,
and Stages 1 and 2 divided by 6 and 6
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Table.3.1 Runner Inlet and Outlet Angle

Case Inlet angle [°] (@) Outlet angle [°] (B)
A 25 87
B 30 87
C 35 87
D 30 80
E 30 100

Table.3.2 The number of runner blade by case

Case Runner blade number

I 15

I 26

I 30




Fig.3.6 Three-dimensional numerical grids for 1kW-class cross-flow turbine
model geometry
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Fig.3.7 Schematic view of 5kW-class cross-flow turbine model
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Fig.4.19 Pressure contours within the flow field
(Case B, N/Nyp=1.0)
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Fig.4.21 Pressure contours within the flow field
(Case D, N/Npp=1.0)
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Fig.4.22 Pressure contours within the flow field
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Table4.1 Output power by the change of blade angle

Output power P(kW)

Case
Stage 1 Stage 2 |Recirculation area| Tatal
A 0.379 0.166 -0.040 0.505
B 0.374 0.187 -0.071 0.490
C 0.382 0.133 -0.050 0.465
D 0.358 0.177 -0.047 0.489
E 0.433 0.124 -0.086 0.470
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Fig.4.27 Velocity vectors within the internal flow field
(Case II, N/Nyp=1.0)
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Fig.4.28 Velocity vectors within the internal flow field
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Fig.4.32 Pressure contours within the flow field
(Case II, N/Nyp=1.0)
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Fig.4.33 Pressure contours within the flow field
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