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Guide vane outlet static pressure

Blade inlet region pressure loss coefficient
Blade inlet total pressure

Guide vane outlet velocity

Blade inlet velocity

Blade inlet relative total pressure

Blade outlet relative total pressure

Blade outlet relative static pressure

Chord length
Blade height
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Greek Symbols
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Solidity
Stagger angle

Blade inlet angle
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Density

Mechanical Efficiency

Generator Efficiency

Nomal blade pressure loss coefficient
Deflection angle

Blade inlet relative flow angle
Blade outlet relative flow angle

Density
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Flow coefficient

Head coefficient

Tangential velocity of blade
Absolute velocity

Absolute tangential velocity
Absolute meridian velocity

Relative velocity

Relative tangential velocity
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Relative meridian velocity

Pressure loss

Inlet

Guide vane inlet
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Table 2.1 Unmoon dam

Height/Length [m] 55 /407
Area [km?] 301.3
Total storage [m®] 135.3 < 10°

Table 2.2 Unmoon Hydraulic Turbine Data

Capacity [kTW] 330
Turbine type Kaplan (Fixed angle)
Generator Induction generator
Flow rate [m®/s], 1
Net head [m] 34
Blade length/Tip 100
Tip clearance [mm] 5
Hub / Tip Radii [mm] 145 / 245
Blade number 6
— o4 -

Al 2 off 8



Table 2.3 Blade Information

Position o ﬁbz ﬁ% &
Hub 1.15 37.2 74.4 56.7
30% 1.13 37.8 79.3 59.4
Mid 1.11 40.9 80.2 61.8
75% 1.02 43.6 82.9 64.0
Tip 0.86 60.2 85.2 65.8

Table 3.1 Head loss and Head loss coefficient of Region (1D)

Region | Head loss [m] Coljff?fi(jzis[( Ref
0~ 1 0.18 0.25 [9]
1 71 0.27 0.05 [9]
17 7 2 1.28 0.12 [11]
2 7 3 1.09 0.07 [8]
37 4 2.44 0.35 [7]
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Table 4.1 Experimental equipments

Contents Equipments Reliability

Output Digital AC Power Meter 99.7%
Pressure

Pressure 99.85%

Transducer (5 [ k:gf/ch] )

Discharge Ultrasonic flow rate meter 99%

Table 4.2 Operation and physical data of experimants

EL [m] 107.76 Water Temp [°C] 8.4

Altitude [°] 35.49 Gravity Acc. [m/s”] 9.797
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Table 4.3 CFD Mesh data
Region Nodes
Spiral casing, Guide vane 200,000
Blade 1,000,000
Draft tube 300,000

Table 4.4 Head loss and Head loss coefficient of 1D and CFD

Head loss [m] Hee.ld. loss
Region Coefficient, A

1D CFD 1D CFD
0~ 1 0.18 0.21 0.25 0.25
1 -1 0.27 0.21 0.05 0.04
1 72 1.28 1.81 0.12 0.179
2 73 1.09 4.07 0.07 0.174
3 7 4 2.44 2.93 0.35 0.52
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Fig. 2.1  Un moon Hydraulic Turbine Side View

Fig. 2.2 Blade Geometry : Inlet (left), Oulet (center), Side (right)

_28_



Fig. 2.3 Blade passage geometry.

Hub

Fig. 2.4 Blade airfoil : Hub (top), Mid (center), Tip (bottom)
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Fig. 3.1 Turbine regions.
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Fig. 3.2 1D Performance Evaluation Flow Chart
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Fig. 4.1 Turbine efficiency curve (measured)
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Fig. 4.2 CFD model (Blade region)
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Fig. 4.3 Turbine efficiency curve (measured, 1D, CFD) (a) flow rate
coefficient and pressure coefficient, (b) flow rate coefficient and efficiency
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Fig. 5.1 Blade region(meridional view) (a) Blade inlet, (b) Blade
20%, (c) Blade 50%, (d) Blade 80%, (e) Blade outlet, (f) Blade span
10%
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Fig. 5.2 (a) Velocity. span curve (Blade inlet) (b) Relative total

pressure contour (Blade inlet)
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Fig. 5.3 (a) Head loss coefficient curve (20%) (b) Relative total

pressure contour (20%)
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Fig. 5.4 Flow and blade angle (20%)
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Fig. 5.5 Relative flow angle contour at span 10%
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Fig. 5.6 (a) Head loss coefficient curve (50%) (b) Relative total

pressure contour (50%)
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Numerical Study on
Performance Evaluation of a

Kaplan Hydraulic Turbine

Seoul National University
School of Mechanical and Aerospace Engineering

Oh Yongwhan

Abstract

It has been hard to develop small hydraulic turbine technology due
to low rate of hydraulic turbine building increase. In addition,
processes of manufactures are not standardized well and a price is
not competitive compared with other power plants, because a process
of manufacturing hydraulic turbines is custom built. But recently the
Government 1s encouraged to propagate the small hydraulic power
plant in renewable energy development policy as the "Low CO2
Green Growth, policy. So it becomes important to research and
develop the technology of small hydraulic turbine.

Kaplan hydraulic turbine 1is advantageous to be built for the
hydraulic power plant at various head and flow—rate place. It has

good efficiency, operation, building in low head compared with other
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small hydraulic turbines. These make it advantageous to built Kaplan
hydraulic turbine at small dams in Republic of Korea.

Unmoon small hydraulic power plant(Kaplan turbine) was built at
the beginning of domestically produced plants. It has a problem of
the low efficiency(less than 15% compared with recent built small
hydraulic turbines) at the operation point, according to the result of
performance tests by K—water.

At first the performance of turbine is calculated by 1—dimentional
analysis of Kaplan hydraulic turbine for the efficiency. After that The
differences among 1—dimentional, experimental and computational
results are considered.

Total pressure and pressure loss coefficient of 1—dimentional results
are compared with those of computational results at each parts of
turbine such as spiral casing, guide vain, inlet region of blade, blade
region, draft tube.

Finally the velocity, pressure loss coefficient and total pressure of
1—dimentional results are considered at the each section of the blade

region as the important part for the performance.

Keywords : kaplan, Hydraulic turbine, computational, blade,
efficiency, flow analysis

Student Number : 2009—23069
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