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A Numerical Study on Flow Characteristics of Turbine Using
Undershot Waterwheel Shape for Micro Hydropower in Water Pipe
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ABSTRACT

As environmental issues have been on the rise recently, the demand for hydropower is increasing. A micro hydropower has
a smaller installation capacity relative to general hydropower and has the advantage having less restrictions on space.
Particularly, micro hydropower in pipes is highly safe and sustainable. Also, most buildings have pipes to supply water, so it
is easy to introduce micro hydropower in water pipes. In this study, a hydroturbine having undershot waterwheel configuration
that can be installed in a water pipe to collect unused energy is proposed. Numerical analysis was conducted to evaluate the
performance and the output power was adopted as an indicator to evaluate the performance. Based on the steady state numerical
analysis, the optimization of the turbine and blade configurations was conducted to improve the performance, which was carried
out by using the design of experiment, the Kriging method, and the genetic algorithm. The transient state numerical analysis
was performed on the optimized models to study the flow characteristics. Also, the effect of cavitation was studied by

conducting the multiphase numerical analysis.
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Fig. 1 Schematic of turbine model with undershot
waterwheel shape

Table 1 Various design parameters of the turbine model

Fixed variables . .
Design variables
Classification Value

Pipe diameter [D] 50 mm Blade diameter [Dy]
Inlet/outlet length [L,] 500 mm Blade length [Ly)
Nozzle outlet width [A,] 10 mm Tip clearance [Li]
Blade thickness [ty] 2 mm Runner width [W,]
Number of blades 18 Nozzle length [L,]

R SR AP A7) uet stolze] 27
mE QA AL glo) AHgE 2 3
B Aokl A8 Sk Fedor a3
forstglom™ Fig. 1o] mAStch AAMS U 1AW
= Table 19]| 7]&3F9 L.

08L
ox rlo

KB 1

> 2o & o

I‘F..a

212 #xA 24

52|34 913 AAAI= ANSYS MeshE o]-8-5}0] A4
—5—]_0:11;} o]z:rL HEo ;ge;iﬁxl_ = 1:11:1_4 31141:11:10 H]
REANE olge) sl T, Blol= 5 o)A
o) Akgee nalr] gfetel v 2 olskm AsIL,

A} A7)0 B2 234 ATe) G4 245t D A
e 98 Ax} o4 AlHe S=aslerh. Figure 19] A
5 welo] ojslo] ARl glo} 71 2718 Ws 7
SA|SA e Sastolon, By A B7) 3
51907 o] A%} Aol we %a ws1E stelshart,
A7) 224 AW AT Fig, 2]
gk AR Eeo) Wsh 24 ohee ;fﬂ‘g¢ olct, e}
A B Aol A oF 15008k Ae] A} Aol sfkals 7]
2 3712 ANAS TAste] SRS Sasigr,

]-rl
E
xR
o
S
12
—
t
o
o

43



s
284  u
< 280}
5
& 216l
272t
T
2638 |

05 1.0 15 20 25 30
Mumber of elements (x107)

Fig. 2 Results of grid dependency test of reference
model

Table 2 Boundary conditions applied in this study

Analysis state Steady state

Interface model Frozen rotor

Turbulence model SST

Working fluid Water at 25 C

Reference pressure 1 atm

Inlet Total pressure (1.5 atm)

Outlet Static pressure (0 atm)

Rotational speed 500 rev/min
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Table 3 Samples of DOE for turbine shape optimization

Dy Ly Ly W: L,

[mm] [mm] [mm] [mm] [mm]
1 117.78 20 2.63 71.19 208.33
2 128.89 29.63 322 64.96 152.78

3 91.111 11.85 6.48 72.22 175
4 122.22 2222 6.19 76.37 213.89
5 95.556 21.48 3.81 52.52 180.56
6 146.67 17.04 7.96 74.30 202.78
7 120 25.93 1.15 58.74 291.67
8 144.44 16.30 4.70 54.59 286.11
9 106.67 11.11 5 77.41 219.44
10 102.22 26.67 8.85 62.89 269.44
11 111.11 2741 2.93 75.33 230.56
12 100 15.56 7.37 57.70 280.56
13 115.56 28.89 5.89 60.82 186.11
14 131.11 18.52 7.67 61.85 25833
15 108.89 14.82 441 70.15 297.22
16 140 20.74 8.26 59.78 163.89
17 137.78 1333 5.30 66 169.44
18 126.67 25.19 1.74 69.11 241.67
19 91.778 19.26 8.56 67.04 263.89
20 93.333 23.70 2.04 73.26 197.22
21 11333 17.78 5.59 63.93 15833
22 142.22 14.07 4.11 56.67 252.78
23 148.89 12.59 2.33 78.44 236.11
24 104.44 10.37 1.44 53.56 191.67
25 133.33 2444 3.52 68.07 24722

26 124.44 28.15 6.78 79.48 275

27 135.56 22.96 7.07 55.63 225
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Table 4 Comparison of prediction and verification points
(turbine shape optimization)
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Dy Ly L W, L, Power
[mm] | [mm] | [mm] | [mm] | [mm] [W]
Prediction 45.903
111.16 | 10.144 | 5.8073 | 79.962 | 298.62
Verification 44.182
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Fig. 4 Variables of the blade for blade shape

optimization

Table 5 Samples of DOE for blade shape optimization

my [mm] P 0v [ ']

1 1.92 0.607 10.5
2 241 0.5 13.5
3 0.58 0.527 -1.5
4 225 0313 255
5 0.75 0.367 45

6 2.92 0.34 10.5
7 2.08 0.66 22.5
8 2.75 0.58 19.5
9 1.25 0.393 7.5

10 1.08 0.553 28.5
11 1.58 0.447 1.5

12 0.92 0.633 -1.5
13 1.75 0.473 4.5

14 2.58 0.687 -13.5
15 1.42 0.42 16.5

Table 6 Comparison of prediction and verification points
(blade shape optimization)

m [mm] | py [] 0,1 | Power [W]
Prediction 96.371
0.68400 29.989
Verification 94.938
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Fig. 5 Results of Kriging method for blade shape

optimization
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Fig. 7 Comparatison of pressure contour between reference
and optimized model
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Fig. 8 Comparison of pressure contour and torque values of
blades at nozzle outlet between reference and optimized
model
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Table 7 Comparative results of steady and transient state

Power [W]

Transient state
(same position)

Transient state

Steady state .
¥ (time-average)

Reference 44.18 48.57 46.50
Optimized 94.94 69.00 68.48
Velocity

Vector 1
22.500

16.875

(1) Steady state (i1) Transient state
(a) Reference model

(i1) Transient state
(b) Optimized model

(1) Steady state

Fig. 9 Comparatison of velocity vector distribution between
steady and transient state
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Fig. 12 Vapor iso surface on blade (steady state)
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