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An Experimental Study on the Estimation of Wind Force
Coefficient of Floating Type Photovoltaic Energy
Generation System

Young—Geun Lee*, Nam—Hyung Lee, Hyung—Joong Joo and Soon—Jong Yoon*™*

In recent years, green house effect related natural disasters occur throughout the world. Carbon dioxide, mainly
comes from the fossil fuel burning, is suspected to be the cause of green house effect. To reduce the emission of carbon dioxide,
we need to find alternative energy resources such as photovoltaic energy. In this paper, the basic characteristics of wind force
coefficient on a PV panel installed on the floating type PV energy generation system are investigated though the two-dimensional
wind tunnel tests. Test variables included the angle of PV panel, direction of wind, number of rows of PV panel and attached
or not attached frame. Based on the results obtained through the wind tunnel tests, it was found that the wind force coefficient
can be used as a preliminary data in the design of the structure.
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Nomenclature Subscript
L : length, m M : model

F : force, N P : practice
V' : wind speed, m/s d . drag force
C : aerostatic coefficient [ lift force
6 : angle of panel m : moment
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(a) Front view

(b) Rear view

Picture 2 Model of PV Panel
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Where, L,, . Length of model
Lp . Length of practice
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Table 1 Case of experiment

Angle Direction of | Number of | Attached
Case p )
8, °) wind row Frame

20-1-F-N 1 _
EEEEE—— Fair wind

20-3-F-N 3 -
S TTE— 20

20-1-T-N 1 _
—_— Tail wind

20-3-T-N 3 -

30-1-F-N 1 -

30-1-F-A 1 ©
R — Fair wind
RGN 3 -

30-3-F-A 3 @)
EEE— 30

30-1-T-N 1 _

30-1-T-A 1 @)
ETE— Tail wind

30-3-T-N 3 -

30-3-T-A 3 O

40-1-F-N 1 -
— Fair wind

40-3-F-N 3 -
EE— 40

40-1-T-N 1 -
—_— 1Tail wind

40-3-T-N 3 -

(Designation of case)

Angle — No. of row — |Direction of wind|—|Attached Frame

F(Fair)/T(Tail) A(Attached)/N(Not Attached)

QP 2T 5 YES GEAR 1) BAAA G
s TR AAZE 309 Age] Hst
2 MR R o] AL 45
9] JFL ZAAT, A2 WEE F] A
#10] 25 Table 10 LEhRSIE) 3t Fig, 20 %74 744




F; (Lift force)

F,, (Moment)

Fair wind . A F,(Drag force)
S o

Tail wind

(b) Tail wind, one row and frame not attached

F, (Lift force)
F,, (Moment)
Fair wind F;(Drag force)
% N
% @ (dngle)
O —
(c) Fair wind, one row and frame attached
. (b) Three rows
F; (Lift force)
Picture 3 Test set-up®

F,, (Moment)

Tail wind Py, . F;(Drag force)
N %
27aloln, F5UEE 9% mY AP AL Pioture 39
@ (4dngle)
cheboie,
Vi 1
Fair wind Wind speed (V, m/s): —=—= 2
i vind peed ( ) v, (2)
7 2 3
(e) Fair wind, three rows and panel not attached Where, V,, . Wind speed of model
F; F Vp . Wind speed of practice

Tail wind
E——

F’"/ \l Fm/
P T e T P
P o/~

(9) Fairlwind. three rowz and panel attacshed 23 %] FEAE g] Load cello]A] Qdo]A ZHe m& o] ¢t
ok 5\ 5 L Ff\v oy L 9J0lm) e F71 02 BBt} FAR(C,, A (), %
Tt g ‘ - AAE, 4 (0), BUEAHC,. 4 6)F FoHiel

A PR PR HFA o= Y 9 FY9 dYs HPded e &

(h) Tail wind, three rows and panel attached L5 2oz Aot EPA4(C,)E T3l oY
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Table 2 Result of the experiment on one row case Fy

Cp= e (3)
: ¢ 1/2pV2D
Wind force Drag ) - Moment
Case - L Lift coefficient -
coefficient coefficient coefficient
20~1-F-N 0.795 0.337 -0.720 -0.108 £
= =37 (4)
20-1-T-N | 0.906 0.371 0.826 0.106 1/2pV°D
30-1-F-N 0.925 0.532 —0.756 -0.100
30-1-F-A 0.935 0.536 —-0.766 -0,095 C. = L (5)
" 1/2pVD?
30-1-T-N 1,042 0.579 0.866 0.090
30-1-T-A 1,165 0.593 1,003 0.073
Where, D: reference length of model(D=1960m)
40-1-F-N 1,052 0.728 -0.760 -0.087
40-1-T-N 1,178 0.798 0.867 0.090

3.2 482% 24

Table 3 Result of the experiment on three rows case

. _ 3.2 ZAZ=0l 2 s
Case oW Wlndlf(')rce Drfag Ll'ﬂl MorTlgnt R, oFhald o oo sho. HajsLed
coefficient | coefficient | coefficient | coefficient = & EJ,}OHH EH o]:"al'—lﬂ a«] 737\}7—. E——] °§ o= W 0]‘;,1\
1| 0700 0.256 0652 | -0.105 om, 1 AIE Fig, 3% Fig, 40l UESITE Fig, 3914
20-3-F-N| 2 | 0.169 0.059 0,158 0.014 & o Qo] TR 9] Aol E i AF BiRolA] A
3| 0328 0.125 -0.303 | -0,033 AAE=7E S71Rl wel AT S, FEAre
1| 0789 0.349 0.707 0.090 A &Fol whek o) ek WA AR ddigho] A
20-3-T-N| 2 0.344 0.122 -0.321 0.006 9 YT & 4 AL dEA Y FEA 4] gEer
3| oan | oz | osu | oos ArkElE FeASE gAY Z7tE Adtel AAztEs
1 0.847 0.440 -0.724 -0.086 Z718of et AgAoZ Z7lEE AL o £ ok
30-3-F-N| 2 0.150 -0.082 0.126 0.011 Fig, 42 W, Wiz 9] Ao 7+ o) wha} Atz
3 | 03m 0.198 0328 | -0.009 =9 ol thE S & ¢ k. A M 2 dEe e
1| osw | o040 | -o78 | -0.089 199 9o GRS} iR SET} FE B
30-3-F-A| 2 0.181 -0,097 0.153 0.008 A ANZLE7} 27V whet e AT 27 e, oA
3 | o3l | o7 | 025 | 0,008 Sl AET SFof whel gfelo) ek WAE AT Aot
1| osm | os2 | os | 000 © ZAazkEe} Aglol SR webd FEASE 9
30-3-T-N| 2 0.306 -0.167 -0.257 -0.005 A2 2712 dle] AL =T} 718 uek Agdo=w
3 0.488 0.368 0.320 0.008 Z7lge AL o 2 9}
1| 104 | ose | 09% | 008 2ol M 0] A, AN Skl et EeAS
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40-3-F-N| 2 0.197 -0.123 0.155 0.023 ANZHE7) 2718k whet EE A7) Zhashs AL BHolska
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Fig. 3 Effect of the angle in one row case
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Fig. 6 Effect of the arrangement (Tail wind)
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