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ABSTRACT

Small wind power generation is a power facility with a blade rotation area of 200m? or less (rated output of less than 1kW),

and is an eco-friendly energy source. However, in Korea, location conditions require a minimum wind speed of 6 m/s or more,

and the initial investment cost is relatively high. Due to this, the penetration rate is low, and due to the lack of blade and

generator design technology, it is experiencing difficulties such as reduced effective power generation, noise/vibration, and

maintenance. However, in Japan, research on small wind power generation using additional devices is actively underway, and

research on the form of power generation by combining several wind turbines is also in progress. In this study, we aim to

optimize the shape of guide vanes, which have the advantage of increasing output and reducing drive flow speed, by increasing

the inlet flow rate of small wind power generators, and apply them to blades to compare the performance of the presence or

absence of guide vane.
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Table 1 Boundary & analysis condition

Simulation type Steady state
Turbulence model k-Epsilon
Fluid Air at 25 C
Inlet 5 m/s
Outlet Average static pressure
1[atm]

Flange height .

Curvature s i

front length length

' (e — (o)
—l

N J A\

LS50

Enterance-angle

Fig. 1 Design variables

Guide Vane-1 2D shape

Flow

Guide Vane-1 3D shape

Guide Vane-2 2D shape Guide Vane-3 2D shape

Floy Flo

Guide Vane-2 3D shape Guide Vane-3 3D

Fig. 2 Geometry of guide vane

Fig. 3 Numerical grids of flow field
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Fig. 4 Boundary condition
Table 2 Initial design value
Guide vane-1 Guide vane-2 Guide vane-3
Guide vane 0.182 0.338 0.494
length(m)
flange
height(m) 0.13 0.13 0.13
Enterance
12 12 -
angle(®)
front curvature
length(m) 0.229 (m) 0.676
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(C) Ave velocity at

flange height (d) Local sensitivity

Fig. 5 Response chart for guide vane—1
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Table 3 Results of design point

Guide vane Flange height | Enterance-angle | Ave velocity

length [m] [m] [Degree] [m/s]
0.18 0.13 12.00 5.73
0.16 0.13 12.00 5.69
0.20 0.13 12.00 5.75
0.18 0.12 12.00 5.75
0.18 0.14 12.00 5.70
0.18 0.13 10.80 5.76
0.18 0.13 13.20 5.70
0.17 0.12 11.02 5.75
0.20 0.12 11.02 5.80
0.17 0.14 11.02 5.70
0.20 0.14 11.02 5.75
0.17 0.12 12.98 5.70
0.20 0.12 12.98 5.75
0.17 0.14 12.98 5.66
0.20 0.14 12.98 5.70
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Table 4 Results of design variables(Guide vane—1)

HISETIHS BES AHBAE(DIO

Guide vane-1
Initial value Optimization Mll’l.lmIZG shape &
maximum flow rate
Guide vane 0.182 020 0.16
length(m)
flange
.1 12 .12
height(m) 0.13 0 0
Enterance 12 11.02 10.8
angle(®)
Flowrate
(ms) 5.72 5.8 5.75
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Fig. 6 Response chart for guide vane-2
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Table 5 Results of Design Point

Guide vane | Guide vane Flange Enterance- Ave
length front length height angle velocity
[m] [m] [m] [Degree] [my/s]
0.34 0.23 0.13 12.00 7.31
0.34 0.23 0.13 19.80 7.42
0.34 0.23 0.13 4.20 6.50
0.34 0.23 0.12 12.00 7.22
0.34 0.23 0.14 12.00 7.36
0.34 0.21 0.13 12.00 7.20
0.34 0.25 0.13 12.00 7.38
0.30 0.23 0.13 12.00 7.33
0.37 0.23 0.13 12.00 6.80
0.31 0.21 0.12 17.49 7.45
0.31 0.21 0.12 6.51 6.89
0.31 0.21 0.14 17.49 7.49
0.31 0.21 0.14 6.51 6.97
0.31 0.25 0.12 17.49 7.43
0.31 0.25 0.12 6.51 6.94
0.31 0.25 0.14 17.49 7.46
0.31 0.25 0.14 6.51 6.99
0.36 0.21 0.12 17.49 6.99
0.36 0.21 0.12 6.51 6.04
0.36 0.21 0.14 17.49 7.16
0.36 0.21 0.14 6.51 6.32
0.36 0.25 0.12 17.49 7.31
0.36 0.25 0.12 6.51 6.44
0.36 0.25 0.14 17.49 7.40
0.36 0.25 0.14 6.51 6.65

Table 6 Results of design variables(Guide vane—2)

Guide vane-2
Initial value | Optimization Mm.lmlze shape &
maximum flow rate
Guide vane 0.338 0314 0.304
length(m)
flange
height(m) 0.13 0.139 0.117
Guide vane
front length(m) 0.229 0.213 0.206
Enterance 12 17.49 19.8
angle(®)
Flow rate(m/s) 7.31 7.49 7.42
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785 785 Table 8 Results of design variables(Guide vane—3)
7.80 7.80
277 Ty - s Guide vane-3
Zz 770 Zz 770 it Ahiaasen W ..
i £ Minimize shape &
2 760 o g S Initial value Optimization maximum flow
7.50 7.50 H
042 044 046 048 050 052 054 056 060 0.62 0.64 0.66 0.68 0.70 0.72 0.74 0.76 Guide vane
Guide vane length [m] Guide vane curvature [m] length(m) 0494 0543 044
(a) Ave velocity at (b) Ave velocity at flange
guide vane length guide vane curvature height(m) 0.13 0.13 0.12
Guide vane
785 . . 80 0.676 0.676 0.61
. == Fiange height curvature(m)
7.80 — 60 || === Guide vane curvature
T 775 s IS == guide vane length Flow
3000 IVUUUUOSC s, onnnnnatil IS 773 7.83 7.59
> 8 . . .
2770 g% rate(m/s)
S " =
Q765 8 20
4 w
:: 7.60 & . 8 ,—‘
k
| - [ — ol 48717} 0.1m/s 27191
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Table 7 Results of Design Point 7.84
Guide vane Flange height Guide vane Ave velocity 588
length [m] curvature [ms]
[m] [m] 3.92
0.49 0.13 0.68 7.73 -
0.49 0.12 0.68 7.71
0.49 0.14 0.68 7.74 el
0.49 0.13 0.61 7.72 (a) Velocity distribution
0.49 0.13 0.74 7.71
0.44 0.13 0.68 7.58 Pressure
0.54 0.13 0.68 7.83 he
0.45 0.12 0.62 7.60 i
0.45 0.14 0.62 7.63
0.45 0.12 0.73 7.56 =1
0.45 0.14 0.73 7.55 -26.01
0.53 0.12 0.62 7.66
-39.87
0.53 0.14 0.62 7.76 [Pa]
0.53 0.12 0.73 781 (b) Pressure distrubution
0.53 0.14 0.73 7.83 Fig. 8 Flow field around guide vane—1

44 S=ERHDIHEE =28 M272, NI3S, 2024
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Outflow(static Pressure)

Periodic surface(GGl)

Periodic surface(GGI)

Inflow(normal velocity)

Fig. 12 Boundary conditions for CFD analysis

Table 9 Boundary & analysis condition

simulation type Steady state
Turbulence model k-Epsilon
Fluid air at 25 C
Inlet 11 m/s
TSR 3,4,5,6,7,8
outer wall opening
Outlet Average static pressure
1[atm]
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Torque[Nm]
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8
6
4 —4— Without guide vane
2
0

TSR TSR
(a) Variation of Torques (b) Variation of Power

according to TSR coefficients according to TSR

Fig. 13 Torque and Power coefficient Results
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Table 10 Results of Design Point

e R
[m] [m]
0.52 0.14 0.71 671.00
0.52 0.14 0.64 716.36
0.52 0.14 0.78 560.51
0.52 0.12 0.71 647.65
0.52 0.15 0.71 686.65
0.47 0.14 0.71 600.29
0.57 0.14 0.71 674.40
0.47 0.12 0.65 650.82
0.47 0.12 0.76 528.59
0.47 0.15 0.65 693.03
0.47 0.15 0.76 582.49
0.56 0.12 0.65 691.88
0.56 0.12 0.76 580.15
0.56 0.15 0.65 716.50
0.56 0.15 0.76 625.81
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Table 11 Comparison of results of design variables

Guide vane-3
Minimize shape &
Initial value Optimization maximum flow
rate
Guide vane
length(m) 0.52 0.56 0.47
flange
height(m) 0.14 0.15 0.12
Guide vane 0.71 0.76 0.64
curvature(m)
Power(W) 671 716.5 644
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