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A Study of Hydraulic Turbine Design for The Discharge Water Energy Harvesting
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Abstract: We modeled the helical turbine and three modified helical turbines for the structure of the hydraulic turbine

for discharge water energy harvesting. A structure that can reduce the load applied to the blade by placing a center plate

is our basic concept. The shape was reduced to 1/5, fixed to a size of 240 mm in height and 247 mm in diameter, and

modeled by changing the width and the angle of the hydraulic turbine blade. The pipe inner diameter of the simulation

pipeline equipment is 309.5 mm, and the simulation section was 4 m in the entire section. The flow velocity was

measured for two cases, 1.82 m/s and 2.51 m/s, with the parameters being the amount of power generation, hydraulic

turbine’s torque, and hydraulic turbine’s rotation speed. The measurement results confirmed that the flow velocity at the

center, which has no pipe surface resistance, has a great influence on the amount of power generation; therefore, the

friction area of the turbine blade should be increased in the center area. In addition, if the center plate is placed on the

helical turbine, durability can be improved as it reduces the stress on the blade.
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Fig. 1. Modelling geometry of (a) type 1, (b) type 2, (c) type
3, and (d) type 4.
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< Sphere patch >
Velocity : mesh interface condltlon
Pressure : mesh interface co

< Pipe wall >
Velocity : Om/s
Pressure : zero gradient

< Outlet >
Velocity : zero gradient
Pressure : zero gradient

< Turbine >

Velocity : moving wall zero velocity
Pressure : zero gradient

< Inlet >

Velocity (3m/s)

Pressure

Fig. 2. Placement of pipeline and hydraulic turbine.

Table 1. Pipeline rated design criteria.

Classification Unit Value
Velocity of flow m/s 10.89
Pipeline diameter m 0.45
Turbine diameter m 0.402

Turbine revolutions RPM 1,000
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Fig. 3. Grid points geometry.
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Fig. 4. (a) Front view and (b) side view drawings of simulated
pipeline equipment.
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Table 2. Hydraulic turbine drag comparison.
(Unit: mN) X-axis Y-axis Z-axis
Turbine drag at
flow analysis (N) 895.5 163.2 154.5
Turbine drag at
pressure integral (N) 895.8 166.4 162.1
Difference in value (%) 0.03 1.96 4.92
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Fig. 6. Torque change by CFD analysis.
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Fig. 7. Pressure distribution of (a) helical turbine and (b)
helical turbine with center plate.
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Fig. 8. Test of (a) turbine type 1, (b) turbine type 2, (c)
turbine type 3, and (d) turbine type 4.

Table 3. Simulation results at 1.82 m/s.

Type No. Shaft RPM  Torque (Nm)

Power (Watt)

Type 1 310 0.98 31.8
Type 2 385 1.09 439
Type 3 100 0.43 45
Type 4 283 1.03 30.5

Table 4. Simulation results at 2.51 m/s.

Type No. Shaft RPM  Torque (Nm)

Power (Watt)

Type 1 390 1.01 412
Type 2 555 1.09 63.3
Type 3 147 0.85 13.1
Type 4 443 1.06 49.1
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