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A Basic Study on the Effect of the Wind Pressure according to Form on
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Abstract : The new renewable energy became popular as a clean and sustainable alternative energy under the
circumstances that the entire world is facing severe abnormal climate due to the use of fossil fuel, and among
which, solar energy can be obtained anywhere and is not difficult to apply it into the existing buildings, which
makes it possible to be widely distributed. However, as PV module is installed into a single plate system, it shows
structural weaknesses which are vulnerable to wind load and give loss to design elements in external appearance.

Accordingly, this study planned one-step parallel system to complement the problems occurring from a single
plate system and used STAR-CCM+ V.8 made by CD-Adapco, a computational fluid dynamics(CFD) simulation
tool to measure wind load stability and support based on the design standards for a single plate system and
one-step parallel system.

Building height was limited to less than 10m and wind speed was given when increasing from 35%s to 50" by
5Ws on PV system installed into the flat roof. In this case, our analysis suggested that step—one parallel system
was in class 7-9 according to Beaufort’s wind power classification, which did not have an impact on the fixed
PV system, and the single plate system is considered to cause risks in designing wind speed in central districts

because it is more than wind power class 12.
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Table 1 Regional basic wind speed
(source : Korea Energy Management Corporation)
Basic
Rating Division of area design Various
‘wind speed | roughness
(m/sec)
Seoul, Suwon,
Seosan, Daejeon,
I Inland | Chuncheon, Cheonju, -
- 35 B2
area Chupungnyeong, Iri,
Jeonju, Gwangju,
Jinju, Daegu
. Incheon, Gunsan,
I Seaside Chungmu, Busan 40
1) ul
san
Sokcho, Gangneung,
Il Seaside| Pohang, Mokpo, 5
2 Yeosu, Jeju,
Seogwipo
IV Island Ulleungdo 50

2) where it’s set as A in Table 2 in the center of high
rise urban areas
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Table 2 Terrain category (source : KBC 2009)
Ground Ground surface state in the region
surface

around
roughness
A where high buildings (tenth floor or

more) are dense in the central city,
where buildings such as houses sized
B in 3.5m are dense (where
medium-sized buildings are scattered)
where obstacles about 1.5710m high
C are dense (where low-rise buildings
are scattered)
where there are little obstacles and the
average height of the surrounding
obstacles is less than 1.5m (coast,
grassland, airfield)
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Table 3 Summary of Step-one Parallel System

Type

Step—one parallel system

Arrange | —250W Six of photovoltaic modules

ment 2-line installation

Material | —Material galvanized square

and pipe(50x50 / thickness 3.2mm / unit
thickness | weight 4.5kg/m)

19 HE AXNA2"EE PVEES 1Ho =
Wy wdet JefE T AXA 2~ ]S
ol7h sho} Fatgol GFL YA wE T2
ojth, AAthel SAH AAE VFEAE &
golE o] o FE A JABER 1A
Elg=

(@) wa A9

Table 4 Summary of Single Plate System

Type Single plate system

Arrange | —250W four photovoltaic modules 3
ment stage

Material | —Material galvanized square

and pipe(100x100 / thickness 4.5mm / unit
thickness | weight 13.1kg/m)
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Table 5 Step-one Parallel System PV velocity and pressure of wind CFD analysis

35Ms Simulation analysis |

40"s Simulation analysis

Wind acting on the
PV panel

Pressure acting on the
PV panel

Wind acting on the
PV panel

Pressure acting on the
PV panel

45" Simulation analysis 50"s Simulation analysis

Pressure acting on the
PV panel

Wind acting on the
PV panel

Wind acting on the
PV panel

Pressure acting on the
PV panel

Table 6 Step-one Parallel System PV velocity and pressure of wind distribution

35" 40"s 45" 50"s
Building cross section 304 339 38 411
] (uppermost)
V(‘fﬂ‘/“f Maximum 15.93 18.06 20.1 2213
S
PV panel Average 459 521 5.83 6.45
Minimum 0.05 0.09 0.06 0.09
Building Positive pressure 696.18 909.3 1150.8 1421
Press | cross section | Negative pressure -454.4 -586.64 -734.96 -895.88
ure Maximum -258.17 -334.98 -420.54 -514.38
(Pa) PV panel Average -364.38 -470.46 -589.8 -720.6
Minimum -518.42 -668.2 -836.74 -1016.8
5o WE PFREE 48 AUAPe o AANEEEA HWHE Ho) 507%717]
930.64Pa, 1251.5Pa, 1582.3Pa, 1953.1Pa & 1 SWsH Fro] FrkE wf 1w WE Al 2HlY
340.82Pa% FolA AL glowm, Al Fo] wh  HFFRE g Ao, Ha, Bo g
242 Washe ¢gY A% BohAm 9l & AAMOR R(-)e] AYE W, v

o o] -z Table 89 dlo[el7k HolF  Al=gle] BEFE ] 2Eshe HldH
= weh o] o] fol A mhE FHol (g 2 HA wobAE Aol HAx B FE
= HFFE e AEehs Akl wobA ¥ A SopAw F4()o] HEhdTh o]
ARE H &, G SopA = 540l e & Fdk] 7 AAANLE T diew 74
v gl H PVAAE #839ke] 47t 44 A5 o
FFEES o] AT FE Ho ¢
3.4 22 HAb Al o PV AAALE e-vks
Ik HE Axga} g Aage] gy o f3de] 3 AR dddy
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Table 7 Single Plate System PV velocity and pressure of wind CFD analysis

35" Simulation analysis

40"s Simulation analysis

Wind acting on the

PV panel

PV panel

Pressure acting on the

Wind acting on the

PV panel

Pressure acting on the
PV panel

45" Simulation analysis

50"s Simulation analysis

Wind acting on the

Pressure acting on the

Wind acting on the

Pressure acting on the

PV panel PV panel PV panel PV panel
Table 8 Single Plate System PV velocity and pressure of wind distribution
35" 40"s 45" 50"s
Building cross section 281 3025 U8 387
) (uppermost)
V(‘Q/“)d PV pancl Maximum 518 59.2 66.65 7403
S
Average Average 16.1 184 20.7 23
Minimum Minimum 0.32 0.42 0.44 0.58
Building Positive pressure 808.56 1054.7 1331.6 1644.8
cross section | Negative pressure | -933.38 -1216.8 -1536.5 -1891
Pressure ;
(Pa) Maximum 930.64 1251.5 1582.3 1953.1
PV panel Average -279.02 -363.85 -460.1 -564.4
Minimum -1358.9 -1770.7 -2244.5 -2772.5
T3 F Al2"e] gUdPGRE L= Table 10 Beaufort wind scale
29| zo]= Table 99lA &2lE = nfo} Beaufort Wind Title
m,
ZE‘:O] ﬂ-‘?— ’.5“—1,‘01 35m/Soé HH 35 92m/S 40m/Soé factor speed( /S)
0.1~ 6 0~13.8 calm ~
] 41.14%, 45%<Y ul 46.55%%, 50" u) ) ’ Strong breeze
51.9ms & 14,\:/}14, 941.?_ %: o] o o /\g 71 ;(]_ 7 13.9~17.1 Moderate gale
17.2~20.7 Fresh gale
ol Add ¢ AAL & £ 9]
= A8 d Ads & 5 4 9 20.8~24.4 Strong gale
gt Feol #3 V|Fo® FE AFES 10 245~28.4 Whole gale
= Beaufort A2 £3o] PVA|~H"o] = 11 285~32.6 Storm
RGN 7S wstad A, Table 10 3} 7o) 12 32.7~ Typhoon
Beaufort % 74] ° 1 ] 1 2,;]_71” 7]}%] = (source : Lim, M.-T., Building Environmental Planning,
1_ - . Bo-mun Dang, 2007)
o] Wpirolx] Fol A H AFHIET) =
oba T} B Rl NP2 HpgREe] v
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Table 9 Step-one Parallel System, Single Plate System
PV velocity and pressure of wind distribution

Step-one Parallel Sys. Single Plate Sys.
Building cross section 304 231
Wind (uppermost). _ -
(mé) Maximum 15.93 51.85
PV panel Average 4.59 16.1
35 Minimum 0.05 0.32
Section Positiye pressure 696.18 808.56‘
Pressure Negatlve. pressure *4_54.4 *933.‘36
(Pa) Maximum -258.17 930.64
PV panel Average -364.38 -279.02
Minimum -518.42 -1358.9
Building cross section 339 3025
Wind (uppermost).
(mg Maximum 18.06 59.2
PV panel Average 5.21 18.4
A0 Minimum 0.09 0.42
Section Positiye pressure 909.3 10547
Pressure Negatlve. pressure -586.64 *12_16.8
(Pa) Maximum -334.98 1251 .5_
PV panel Average -470.46 -363.85
Minimum -668.2 -1770.7
Building cross section 38 U8
Wind (uppermost). _
(mg Maximum 20.1 66.65
PV panel Average 5.82 20.7
A5 .Minimum Of)6 0.44
Section P051t1ye pressure 11b0.8‘ 13_31l6_
Pressure Negatlve. pressure -734.96 -1536.5
(Pa) Maximum -420.54 1582.3
PV panel Average -589.8 -460.1
Minimum -836.74 -2244.5
Building cross section 411 987
Wind (uppermost).
(mg Maximum 22.13 74.03
PV panel Average 6.45 23
- Minimum 0.09 0.58
50" Section Positive pressure 1421 1644.8
Pressure Negative. pressure -895.88 *15391
(Pa) Maximum -514.38 1953.1
PV panel Average =720.6 -564.4
Minimum -1016.8 -2772.5

Ao FESol 19 Bd a9 A5 1593~ %o 1257 ol4el dPa FAsFo
22.13" 0.2 Beaufort FH A= A kol Wt 7 2 FHEAY AAZTHAA AFE AT
SH3E 950l dgele] AHJE PV e Aou, A%e TEAMLN 1o wpe
AAA g 2 o] Agd YR ol AAde] nY 5 Aol BLF AoE #
o SAN g Axde 49 51.86~7403  wETh

Journal of the Korean Solar Energy Society Vol. 33, No. 5, 2013

111



[=w] el FeldAes) =4

-
<
>,
[
e}
Lo,

jur)

=
ol
N

ol

o

£

Aers 9&) CFD &4 Z &1
3
U]

o o

ol
T
S b
N o2
N od ol

-3
= >
o
ﬁau&
oo
lor
w T
o

>,
2 >

Y ol o mo

-1 o
lo 1o

(2)

o g% 1o
(o]

o JB [y %

MON 2 > oo 2 o K
5(‘1-4
N
2
M
2
-
BN
ax
=
o
oX,
=

ol
-

3)

o
_'oEE,__,Vl

Home o oy T
rO N \O'/
o o g
oL o - N
S ) -’wp; e
+ o)
& Y + @ >
O.|>'_, ﬂi i) D‘
o Hz b~ 4 g,
o 1 of
o =2
o L= g
o L 2 o
i 2oy
N

]
o
i
o,

X
oo

315
Ev)

(4) mhekA] 19 W Al ek v A 2w

s 4 a, 1wk HE Al 2Ele] o8k PV
A e Fdts HE Zola +x3 7
S5 &3t FAARE o] Theet R R A
Al AAE]E Aol ko] s
RAole}t Feke

(5) B AFE J|mo 3to] Bl e
st ohekst Wakol Ao F& T FStol
gk WS A ske] Al 2wl

112

B =52 20129 % Al oista w8kl o]

Aol o5t AFHAS.
References

1. Kim, W.B,, Finite Element Structural Analysis
Tracker Subjected to Wind Loading and Assessment,
Master Dissertation, Sunchon National University,
2012.2

2. Park, G.T., A Study on Structural Safety as
per Installation Height of a Solar Tracker,
Master Dissertation, Kyungpook National University,
2012.2

3. Prasad D., Snow M., Solar Power—-A Source Book
for Building Integrated Photovoltaics, Images
Publishing, 2005

4. Mukund R. Patel, Wind and Solar Power Systems;
Design, Analysis, and Operation, Taylor &
Francis, 2006

S=Ef ORISR =& Vol. 33, No. 5, 2013





