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Abstract

Key word: Solar photovoltaic panels, Support Structures, Wind load analysis

In this study, we collected specifications and research of solar PV panels support
structures, but also selected commonly types to build the actual model. Using a set of
monolithic solar PV panels, to combine different types of conditions, the 1/10 scale
model is connected to the balancer, in different variations of wind speed, wind
direction and other conditions, measuring the average force value in three directions
(Fx, Fy and F7), then after its dimensionless (Cex, Cry and Cgz), calculation and
analysis of structural stress-free distribution of the stent. Also, consider the equipment
limits also apply pressure model, 1/5 of a scale monolithic type, array type model
pressure measurements, calculated after pressure coefficient estimate support force.

By the research results, for the solar photovoltaic panels wind, should be the main
negative air pressure. In the case of 40m /s, the support  should be sufficient to resist,
but if more than 60m / s, the support is likely to be damaged, even if the base to still
fixed on the ground or roof not overturned , the photovoltaic panel module still can't
resist even it had fixed by 4 fasteners .

This study suggests that increasing the strength of the material, such as the use of
high strength steel fasteners as well as the number of fixed or changing the way in
order to increase the capacity of the wind.

And how to ensure the fastening assembly are tightened, we must rely on the relevant
requirements and construction experience, and should pay attention to the stress
distribution of aluminum alloy material itself or fastener, or even as a follow-up in the
management of maintenance.

This study suggests that:

1. The proposed "solar panel photovoltaic panels wind Design Strategy" for reference
application design.

2. In The future, It should establish a monolithic solar photovoltaic panels wind
resistance detection evaluation methods.

Xl
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1954 & Bell Labs # & 217 ~ 5 % # (Chapin & + » 5% & 6%)
1956 # % - BT » ®ivas

1958 & B 4% 7 fis * (GaAs)

1970 & B 4% FB k38 T % S G s * (Si) (i iR 5 15)

1976 & Carlson ® i % - B0 FW < B 74

1980 & jj 7 M B % # & * (a-Si, CdS/CdTe)

1990 & £ o % T 4 @ Ez xSk gE Tk s 34 (Grid-Connected PV
System, Si) (& # & & i)

1992 2 A=%c % ~ p & W4EH PV ﬁE”ﬁf‘fﬁ%

2000 #2244 - ®A| =B R # &* (BIPV)

Front electrode (-)
Anfi-reflection coating "

N-type silicon (P+) —=

P-type silicon (B-) ——==

|
[
!
Back electrode (+) / L

B 2-6 ~ a7 = RIZE
( 742 % & : M. Viaud, Photovoltaic Solar Electricity Part of Global Strategy,

AIE Conf.,, 2004 & 9 * )

Photovoltaic, PV » M. Viaud, Photovoltaic Solar Electricity Part of Global
Strategy, AIE Conf., 2004 & 9 *
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* Photovoltaic = Photon + voltaic

« Transformation of solar energy
into electricity

« Semi-conductor T——— > Silicon

+ Light causes electrons to move,
generating DC current.
» Even on cloudy days ! (20-50% of
maximum output)
B 2-7 b F F i Fidsk-2
(74 % & : M. Viaud, Photovoltaic Solar Electricity Part of Global Strategy, AIE
Conf,, 2004 & 9 * )

« Photovoltaic # Thermal
+ Cells m) Modules m) Inverters m) AC current
» Made of semi-conductor Silicon

— Monocrystalline (Cz-Si)
— Multicrystalline (mc-Si)

— Ribbon
— Amorphous silicon (a-Si)

More than 90% of
the market

B 2-8 b iF ¥ inHiES%-3
(F# %R : M. Viaud, Photovoltaic Solar Electricity Part of Global Strategy, AIE
Conf., 2004 & 9 * )

500,000 Projected Global Growth (MW)

500,000
400,000
300,000

200,000 1
100,000
| 11 1 |
AR T

2009 2011 2013 2015 2017 20149

{
1

Projected global cumulative capacity (SPE)

| histarical cumulative capacity
average projection for 2015 (+55 G,
233 30
E low scenario reaches 396 GW by 2018
high scenario reaches 540 GW by 2018

Further: Growth of photovoltaics#Forecast

B 2-9 2z BBk T BB AR
(F# &R : https://en.wikipedia.org/wiki/Photovoltaics )
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Generator
{Engine-generator,
wind turbine or

{ grid backup)

gL - 2
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(Battery)

(3) # =4 % (Grid-connected System)
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(2) EVA
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Property Units 15295P/UF
VUlumare Tensile Sturength MPa (P3I) 18.6 (2700)
Ultumate Elongation % 800-900
Young's Modulus MPa (PSI) 7.8(1130)

Hardness Shore AD 69/21
Optical Transmission % 93
Refractive Index 1.482
Dielectric Strength V/mil 1600
Volume Resistivity Ohm'cm $.17 x 10™
UV Cutoff Wavelength nm 360
Adhesion to glass N/10 mm (Ib/m) 70-88 (40-50)
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Wind Loading on Full-scale Solar Panels (Zeinab Samani,2016). Wind load
governs the design of supporting structures of solar panels and constitutes
approximately fifty percent of the total cost. There are various test scale
related issues while testing solar panels (small structures) in boundary layer
wind tunnel laboratories meant for tall buildings (large structures).
Emergence of large testing facilities, however, is enabling testing full-scale
solar panels. In this thesis an extensive experimental program is conducted
at WindEEE Dome using full-scale solar panels and finite element modeling.
The experimental program includes: (i) high resolution pressure tests to
understand the sensitivity of pressure taps density and distribution; (ii) force
balance test to determine the reactions of the solar panel under wind loading
accounting for aeroelastic effects and validate pressure test results; (iii)
finite element modeling to assess the internal stress of the solar rack
elements and improvement of the rack cross section. The results of this
comparison is shown in Table 3.3 which indicates that ASCE-7 offersa
good estimation for the drag force applied on a solar panel which is
conservative if theparameter are correctly chosen.
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Wind

Figure 1.2: Aerodynamic forces on an inclined flat plate
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Figare 3.1: Mean and net pressure coefficient (Cp) contours on the paneks for
different wind angles of attack
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Tigure 3.4 Model configuration of present study and Abiola-Ogedenghe (2013)
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Table 3.2: Peak pressure coefficient load case

Maximum peak Minimum peak
Wind Flow
AOQA (CpCg)| (CpCe) |(CpCe) | (CpCg) | (CpCy) [ (CpCy)
drag | uplift drag | uplift |moment|
[Boundary laver, -
0 degree [0 141 | 127 135 | -008 | -0.02 | 019
304 [Boundary layer. | 444 | 118 133 | 031 006 | 026
egree |70 00 . -0. 2
- [Boundary Iayer,
45 degree [0 104 | 118 | 133 | 031 | -006 | 026
135 degreePonpdarylaver: | 45 | 141 | 337 | 023 | 015 | 027
- [Boundary layer, B -
150 degree[7 o in! 145 | 17 404 | 028 | 025 | 047
[Boundary laver, ﬁ
180 degree| o0 0 17 | 171 | 409 [ w000 | 027 | el

Table 3.3: Drag force Coefficient obtained from ASCE and maximum Cp from

experimental analysis for 0 degree wind angle of artack

CpCe

ASCE

195

Experimental

1.7

B 2-27 = }%J%-.f‘:‘é—% 21 ASCE-7 ' 4
(FA R 2 %)
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Wind Load Calculations for PV Arrays (Stephen Barkaszi, P.E. , Colleen O’
Brien, P.E., 2010). In this report, we provide sample calculations for
determining wind loads on PV arrays based on ASCE Standard 7-05. We
focus on applying the existing codes and standards to the typical residential
application of PV arrays mounted parallel to the roof slope and relatively
close (3 to 6 inches) to the roof surface. We do not address other array
configurations or building-integrated PV.It will require much more work to
gather information and develop standards specific to wind loading on
rooftop PV installations. Although the information in this report does not
completely solve the problem, it does provide initial guidance to designers
and code officials. In this paper, we recommend an approach for the
structural design of roof-mounted PV systems based on ASCE Standard
7-05. We provide examples that demonstrate a stepby-step procedure for
calculating wind loads on PV arrays. The approach is applicable to PV
modules mounted on rooftops that are no more than 60 feet high, when the
PV array is oriented parallel to the roof surface, and when the mounting
structure is sufficiently rigid. The PV array should be mounted a maximum
of six inches above the roof surface. This distance is measured from the
bottom of the PV frame to the roof surface, and is based on assumptions
about typical mounting system configurations. The building should meet all
requirements listed in Section 6.4.1.1 of ASCE Standard 7-05. It is
important that design professionals read and understand the appropriate
codes and standards when designing rooftop PV systems. This report is not
meant to be a substitute for existing codes and standards. It is also important
for design professionals to stay current with existing codes and standards,
because we expect the body of information about designing PV systems to
withstand local wind loading to grow rapidly in the near future.

ARL B RS A S Rl TR R BT R
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Figure 1. Array mounted parallel to the roof slope

Table 1: External Pressure Coefficients for Sample Caleulation 1

Zonwe GCpf

2 -0.69

3 [ 0.48

2E -1.07

3E | 0.69
= __vi +* b 1

Figure 3. Simplified Conservative loading for the PV mounting structure

Figure 5. Array layout showing fastener locations and areas tributary to
perimeter fasteners versus interior fasteners.

W 228 < BT L TR 4 3k
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AREA-AVERAGED CHARACTERISTICS OF WIND LOADS
ONROOF-MOUNTED SOLAR ARRAYS. (Jinxin Cao, Yukio Tamura,
Akihito Yoshida, Shuyang Cao, 2013). With the increasing use of solar
photovoltaics, wind-induced loads on rooftop solar arrays have become a
problem. A series of wind tunnel experiments have been performed to
evaluate wind loads on solar panels on flat roofs, mainly focusing on their
area-averaged characteristics such as mean and negative peak force
coefficients, and peak factors. Solar array models were fabricated with
pressure taps installed as densely as possible to identify the area-averaged
characteristics. Design parameters of solar arrays including panel position,
tilt angle and distance between arrays have been considered. Although
values for unfavorable mean and peak differ for different tilt angles, the
variation tendencies and peak factors are similar. The results were also
compared to Japanese Standard (JIS C 8955) which correctly estimates
negative mean module force coefficients but not peak values.

G ETEALARTE AT AN SENIE 6 R RS
3LE R 4 B (s 22JIS C8955:E {71 ¥ o
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Fig. 1 Experiment models. (Units: nun)

Tm

14x0.5m . Ct
RUEEEE Feesieiee O tap on upper surface L \Qyu
Sl R2IIIE22I227 A tap on lower surface P .
L ] U ........ a4 panel —— (_p?\ Jroof
3/ .
Area: lm/ No. of pressure taps on each surface i: 1~56
(a) Definition of effective area (b) Pressure and force coefficient

Fig. 4 Definitions for calculations (Units: m)

W 229 * PR EEALR S b BT E
(FAL &R D2 p0)

Forces and Moments on Flat Plates of Small Aspect Ratio withApplication
to PV Wind Loads and Small Wind Turbine Blades. (Xavier Ortiz , David
Rival and David Wood > 2015). To improve knowledge of the wind loads
on photovoltaic structures mounted on flat roofs at the high angles required
in high latitudes, and to study starting flow on low aspect ratio wind turbine
blades, a series of wind tunnel tests were undertaken. Thin flat plates of
aspect ratios between 0.4 and 9.0 were mounted on a sensitive
three-component instantaneous force and moment sensor. The Reynolds
numbers varied from 6 x 104 to 2 x 105. Measurements were made for
angles of attack between 0° and 90° both in the free stream and in wall
proximity with increased turbulence and mean shear. The ratio of drag to
lift closely follows the inverse tangent of the angle of incidence for virtually
all measurements. This implies that the forces of interest are due largely to
the instantaneous pressure distribution around the plate and are not
significantly influenced by shear stresses. The instantaneous forces appear
most complex for the smaller aspect ratios but the intensity of the normal
force fluctuations is between 10% and 20% in the free-steam but can exceed
30% near the wall. As the wind tunnel floor is approached, the lift and drag
reduce with increasing aspect ratio, and there is a reduction in the high
frequency components of the forces. It is shown that the centre of pressure
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is closer to the centre of the plates than the quarter-chord position for nearly
all cases.
AT AR Rk BT REFENER Ty S EF

T2 %%
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WIND
DIRECTION

e e B A T e

M L L L . L L
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Figure 3. Measurements and correlations of the drag of normal flat plates as a finction of

aspect ratia,
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Figure 2. {a) Experimenral stand showing a flar plae of AR = 3.38; (b) force coefficienss as
a fimetion of angle of amack for AR = 3 98 in the fres.cream; 2nd (¢) location of the plates
a1 minimmm diseanee from the wall

Table 2. Plate geometry and measured forces on a normal flat plate in the free stream.

AR a(m) b{m) thjab) Re Cp  Cpfrom Equation (3) Cr Cs

04 0.094 0.232 00430 1.18=10° 1077 1157 0.0168 0.0124
0.6 0142 0236 00347 178=10° 1074 1.145 00164 —0023
1.0 0.168 0168 00378 210=10° 1.067 1.14 0.0096  —0.03
166 0236 0142 00347 178=10° 1.081 1.145 00111 0015
248 0.232 0.094 00430 1.18=10° 1.101 1157 0.1133 0.0004
3358 0364 0101 00331 127=10° 1169 1.178 00023 0014
6.0 04 0.066 00391 827=10° 1155 1225 00201 0.003%
9.0 0.457 0.051 00416 639=10° 1182 1.281 0.0227 0.0148

Cp=1.11+0.02(a/b + bia)
Cp/Cp:=1.00+2.81 CpB +0.96 (CoB)?

Cp=111+0.18a/b

Cp=1.07+0.021(a/b + bia)

Bl 2-30 b ki £ 08 h 4 ~ bR RGHEEDEE
(FR &R : 1‘?};)&)

7. Wind Load Acting on PV Panels and support sturctures with various layouts
(Daisuke Somekawa, Tetsuro Taniguchi, Yoshihito Taniike > 2013). This
study investigates the wind loads acting on ground mounted photovoltaic
panels and the support structures thereof with wind tunnel experiments. As
a result, observed at the northernmost panel is the minimum wind force
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coefficient to which the corresponding wind load exceeds the wind load
specified in IEC 61215. On the other hands, the maximum and minimum
wind force coefficients for the support structures have almost same values
in various layouts of PV arrays. This means that the design wind loads for
support structures can be determined independent on the array
arrangements.

The maximum peak wind force coefficients take almost constant value at
each panel slope among the various layout patterns. The minimum peak
wind force coefficients have also similar tendency, except in Pattern C in
[1=10", which is slightly lower than those in the other layout patterns.
Consequently, it can be concluded that the array arrangements does not
significantly affect to the design wind force coefficients for the support
structures.

AL MR T BB IR RE 4 GHOFEAELS GRS
FRIGEAEG S NG ALEPN L AAEEE AT £
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o

{* o widd)
Wiad drecnon ‘
Pabiern 4 Patiers B e
“ s
x 1’&|!!9]S]opeti=10"4 " 8=30 14 03
| ,--"'f“ e 15 A
e Faner= D o I". ‘I _“ i 05 r“.. L ; 4 :Pressure tap
) Arruy Lapeut pamerns Alnitm [ _ i
Fig 3 Wind menel expenmesn] model: 2 4 H

(a) Arrav sections

CrTeet (T

Le. T I, L.

(a) Uniformly wind load (b) Ununiformly wind load along the
depth of the panels

Fig.5 Schematic diagram of wind load distribution

Table 1 Proposal peak wind force coefficients for support structures and ratios of the field
regions coefficients to the peripheral regions coefficients

—=10° —=30°
Perpheralresions | Field regons | Perpsheral regons | Field regmore.
029 0.74
masimm 066 188
@49%) (39.3%)
Long cohum - -
. 17 N 178
iz 0 o 477
(575%) (374%)
045 136
mamm 164 N 283
@73%) (48.2%)
Shart cobmm
. -033 -034
Dty 0.56 -0.58
(60.1%) (57.9%)

B 2-31 Q‘}F’FJ%_){%/’J\I/#);@EJ ":;‘Lﬁé_;
(FH kiR @,I%)
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Evaluating the safety of Photovoltaic Panel mounting structure under high
wind load,Hsing-han Yen % 4 > 2011 -

mﬁ ERE CFD%L%E& 7240°-90°-180° T » &+ h & 60m/sFF > PV Panel

kg Ape 4L
= ﬂg ’f rﬂmﬂ")ﬁ o
Abstract
The mounting structure of photovoltaic (PV) panel
must be designed to withstand wind-induced loads:
howewver. there are no standards about wind load

requirements for PV panel mounting structure in Taiwan.
Since Taiwan lay in the path of typhoons, the PV panel
mounting structure should be able to withstand the massive
loads resulting from severe typhoons. In this study. the
safety of a new designed stand-alone ground-mounted PV
array mounting structure subjected to high wind loads was
investigated by fluid-structural interaction analyses. The
inclination angle of PV panel considered is 30 degree in
this study. The design wind speed is 60 m/sec and the wind
loads were ewvaluated under three different incident
directions (0Y, 90" and 180"). CFD analyses were used to
calculate the aerodynamic forces acted on PV panel and
mounting structure and then these forces were applied to
the finite element model of PV panel and mounting
structure for structure analyses. The critical regions of
components of mounting structure were identified and the
weak regions which could not meet the requirement were
redesigned to improve the reliability. The analyses results
showed that the Von-Mises stress in critical region was the
smallest under the wind with incident direction of 920", and
the wind with incident direction of 180" applied the highest
wind load on the structure thus the WVWon-Mises stress in
critical region is the highest. Howewver, according to
current design. the maximum WVon-Mises stress in all
components of mounting structure is below the wyield stress
of the materials of these components under all loading

Ccasecs.

Figure 6: The distribution of Von-Mises stress of C-shape ©
pl?" of n;ﬂuntmg Slructure due to 60m/sec wind load with (a ( } Figure 5: The distribution of Von-Mises stress of mounting
0", (b) 90" and (c) 180" incident di rections. i:;?c::;fuf:f .;.Br:ct:?.’.f:c PRI, ) ¥ s 1)

B 2-32 71 CFD ##t.7 I b 72 & & £ 2 chdd b
( 7 %R 1 P1.145-148, Minamata International symposlum on

Environment and Energy Technology (Mission 2011) .6-8 December, 2011,
Kumamoto, Japan )
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2. Aerodynamic Loading of Solar Trackers on Flat-Roofed Buildings ( & & 47 -
32h e K iiz > 2014 &)

This study uses wind tunnel experiments to investigate the aerodynamic loading
on the solar tracker installed on a flat-roof building. The pressure distributions of a
flat, rectangular solar tracker are measured for different wind directions,azimuth
angles, inclined angles and pedestal heights. The experimental results reveal that the
maximum wind load occurs when the relative wind direction is 0° , while the
maximum suction (negative net pressure)occurs when the relative wind direction is
180° , and theabsolute value of the maximum suction is greater than the maximum
positive pressure for the same tracker heightand inclined angle. In addition, due to
the separation shear layer on the building roof, the wind load decreases as the
tracker height decreases.

FrHE ERAP B a b ERELEFIRRE» &0 R P ¥R
ook 00 pFf Bt R PEL A 1807 Gt (FRE)

B 2-34 5 78] & FFoav if B
( 74 %R : Aerodynamic Loading of Solar Trackers on Flat-Roofed Buildings )
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3.

HET I ABa 3Lz fd4 FHay (MEE L2 ma
&0 2013 PHEMEEEITE )
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B4R ABRELSEATE S 0 FT 40 2013 -
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PR AR E RN E B ERE M IELF LR R
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o

Comparison of wind pressure measurements on Silsoe experimental
buildingfrom full-scale observation, wind-tunnel experiments and various
CFD techniques,
B ‘HF K H. Irtazal > R A5 kiR FCFDRHR AT 7 %R R
IRFEOLEEF VLT F%
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H 4 & 4o : The paper is the result of extensive research concentrated
on analyzing the accuracy and numerical stability to assess the various
turbulence models available widely and the state of the art techniques for the
numerical simulation of turbulent fluid flow with aview of finding the most
appropriate models for computational wind engineering. These investigations
suggest that a turbulence model, suitable for wind engineering applications,
should be able to model the anisotropy of turbulent flow while maintaining
the ease of use and computational stability. Keeping this in mind five
turbulence models such as Standard k —e, RNGk —¢ , Realizable k —¢ ,
Reynolds Stress Method and Large Eddy Simulation have been tested in an
attempt to account for anisotropic turbulence and curvature related strain
effects and the same have been compared with the full-scale and wind-tunnel
data for the present study. Better turbulence models that will be more
accurately predict bluff body flow fields and that are numerically stable for
complex geometries are of paramount importance if the uses of CFD
techniques are to gain wide acceptance by the wind engineering community.

Wind Loads of Solar Water Heaters: Wind Incidence Effect., Chin-Cheng Chou,
Kung-Ming Chung and Keh-Chin Chang, % 7 & > Pk 1 #2831 ¢ - 2014 »
IR

T AR AT L

SHRFER 4 ;‘9{%']&_/»\%%1’3“’ 2 P FER AR S BT R EA
ERBERIE > HWRTIHE KRR 4 PR o %A T AR LA b FR
Ao IR b B R 2 A A BR Rk AR RS 26
B A SR e R b B bR TR HI0G iR
MR R 0 R e &R 07 -135° 2B e g EUE2L W3
B RREEET > AR 2k o d EAI RS 0 Y
FI* 2 A RREEER S T2 b F RSB 2R MR S R
AT h RS AR IR AP A e BB R g b
AR B R BT it ol 0 £ 117 Maskell Rt 31 25
B E TN RS GEL

33



HOP AL R BER 4 AR

06
Turbulence grid 05
0.4
2 [0 Feference ST .>J
%Em D N 03
Upper surface

Guide plate: h / 01 * velocity (m/s)
D a - v turbulence intensity (%)

| 30cm / — T o0

Lower surface 6 8 10 12 14

Solar pancl

— a: tilt angle, 25°
— \’ B: wind incidence
&

wind

Bl 2-36 < Fric b 4 f PHESFFT

(FHR KR SHBRFER 4 PRS2

7.

SHREREN A RABE L S b R AE o REE 2012 & 5 %
LT L

e AHRABET X LD B SR EFRFF R FAE T
2 E R BATAL P o SR EIATN G - s R
Pl 120 s 7 ELIE 0 AT AT B SURN 0 T R Rt B
FRAE FEnTE Y > G Aot AR et R R R FR 3RF i deid 314
AHBaELTEREY > LR RI EEPED o a ERHARL TS
ST 0 SRR TR R B B o fIT S 2 0 AR
TA GG o AT 2k st D B4 b 225~45 B2 B oA 2t
Rofe? Feond XA o FARA S R T P R R R R
1R ARSI T B B e 0 T R

Y S ety WEA

c, L
C,=C,sin @&
wind
Drag
Cp=-Cpeos & »
a
Solar panel

B 2:37 «Hric ATt b 4 R LW
(FHRKR D SBAFEREN D RAET LR R 474 )

ZRPET Y SHBaESR 4 f o F%3 2013
FAsBAF AT E R AL L b 4 b B P T
AUBRERF AR S TR RIFERS A

34


http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=prdGnz/search?q=auc=%22%E8%A8%B1%E8%82%B2%E9%8A%98%22.&searchmode=basic

- é;ﬁ%tﬂ*iﬁéﬁ

BEHTET AR AFABRAF AR ZHO=11 T 12 o B
AN EETY CBAFESFL ARy BER T RS RS
B b L BB RE AHBAFERS ERFETTEEASL S ABAF

b b f e RRBEAE B R e AL O EA fREA N

é%%ﬁ@wéww*ﬂ% REERAL ER DG g B4 9 15~25% -
Fhow k454 QRTRKELSET LGS RS K 20~25% o

gngﬁ;@‘A;@:}%m\ﬂ’f’&r@&aO%% o X B dEor e end 4

BT o b kL 180°% 225°FF > A AL n b o AHk W

AR SBAFOF R LR Her g RAEDEHELS -4 B
TEE R IR 0 AR TR b R Rl L R

il

10

® (Deg)

Figme 33, Net pressure coefSicient of sodur paned ne
43" Solas pae] beight B, = 52 s

) Side view
1. , Solrpansl
lrem —H —
P I .
—_—
Brulding —
—
Hp=0
Jo— S
No Parapet Building
ﬂ i
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Figurs 4 Schematic diagram of the wind dinection and crisatation of wolar pansl

Bl 2-38 LT h BREREH
(FAJim AP AT ABiaFEan 4§ )

9. Wind Loads on solar panel systems attached to building roofs, Eleni
Xypnitou, Concordia University Montreal, Quebec, Canada, August 2012

The wind direction of 135’ can be considered critical since most critical
pressure coefficients occur for this wind direction. More specifically, the
greatest suction is experienced by the corner panel located at the roof corner
facing the wind flow (panel 1) for 135" wind direction. The most critical
values of local net pressure coefficients occur at pressure tap denoted “1”
which is found at the upper corner of panel 1.
PPHEHR AR IR RTEREALRE KGR > R TR RL L 4
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Bl 2-39 & T A AR ~ HEAI S b sT & B TRom R W
(74 %k : WIND LOADS ON SOLAR PANEL SYSTEMS ATTACHED
TO BUILDING ROOFS)
10. 4k 3 ~3RL B E A
Redution of wind uplift of a solar collector odel., 2008
Wind load on residential and large-scale solar collector models., 2011
HP B afo kB2 st FHOFRAEG P42 2R
AR R R FIRT AL Z BT FF o
11. Bienkiewicz &, 1995, Proper orthogonal decomposition and reconstruction
of multi-channel roof pressure.
RN R RS G W SR W R

B 2-40 £iFin S b2 Ao b &5 A 4T LB
(F 4L k& : Bienkiewicz &, 1995, Proper orthogonal decomposition and
reconstruction of multi-channel roof pressure. )
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13. Aerodynamic Loads on Solar Panels, Aly Mousaad,2013
Aly Mousaad# 112 7% B /R 4 (2 #Cp k3 B ARF 14 Fo Fl=t e 4 hdk
Crig -
RESULTS OF THE GEOMETRIC SCALE STUDY

The net pressure coefficient at any location on an individual module, Cp,.(1), is
the simultaneous difference between the upper pressure coefficient at the upper
surface, Cpupped1), and the pressure coefficient at the bottom surface, Cpu.d1), at
the same locations

Cp,.(n=Cp,,. 0)-Cp,, (1) (n
The coelTicient of the normal load acting on test model is defined as follows:
Zc;v )= A
CF(r) =+ 2)
Z A,
i=l
where A; is the tributary area of tap number 1. 1 = 1, 2, 3.... n (total number of
Laps).

r] 242)“' «;L/’rF’FFJ Fs r‘]j\']‘f_J fﬁ“ﬁiCF@
(74 % & : Aerodynamic Loads on Solar Panels, Aly Mousaad,2013 )
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PoEgEE P TERCBINERASF R R S T g F 8 BT 2 5L
Beaio T hiFERAhEE30mMse - pREEMRYE - BRI 0 H e
B ARRREGREL T 15M o EEE IS5 3M o L R ¥ R VURRPIES L
ZhiFB X hi i 20mM/se AT BRI AERT F - PR S LG e
ForEEInSNEE L i TORGd oo iAo
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(2) =4y

- 4 T =ik (Force Banlance)
ok 2 191mm L, & 51mm
Load Range: Fx ~ Fy 2315 N ; Fz% 630 N;
Mx ~ My ~ Mzé 63 N-m
et T8 05%T
AR 2 0.5%1 T
BERBAS TR 03%/CHT
TP o 2 500%
j It f2 47 & :Full Scale 1/16384(14bit A/D
conveter)
TR R:0~45C > Ap ¥/ A& 0~90% RH

R 2% 2z
R sk

T R 7 K120 VAC(108-132 VAC, 60HZ)
e ER R 0~45C

A0 $H7% & 1 0~90% RH

ﬁ%]:". % & +15VDC

B L

¥ (€% B +15VDC

(TR B 0~45T

AP 4% A 0~90% RH

HE L ﬁi%] 41 % /& (Analog output): +/- 10VDC

SRR TTT

Bl /i B

NI CompacDAQ-9172(analog-digital) - # % st
UL B E -

¥ /¥ f247 & (Timing resolution) 3 50ns -

P~ 1% 47 & (Sampling rate) # § ¥ i£ 3.2MHz-fie &
z i NI9215 #-e > & BHe s 5 v B Fﬁﬁi%] »
o I E 5 P~ i (sample and hold) > +
e 4 B~ 210V e ﬂ%ﬁ] »E 0w }_E*;_ﬁi;’] iR
BV iE 0.3mV e B~4k4F 5 5 100kHz - f#47 &
16-bit » ¥ 12 USB @ﬁ%]i T BT o

(FR &R AFETER)

i)

32+ 4 T kK & F
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(3)

FZE O RERVEESE

SRR B E

FOR e B TR N A G L BB RSB RS T W I
Bt T 2 T30 4 R Ee R 4 LR R TR 2 R RNR R o R FT TR
2 RE 5 SCANIVALVE 2P & & » H A2 & 35

1.

5.

Q@ -~ ® o 0o o P Wooe MM O O T

B4 g Aar & s (RADBASE3200)

BT A3 8 Wt 2B A o 20 B2 # 3 B (A/D MODULE)
BRIV AEGERY R RBCE > £ 512 BRA ZRIE .

H o 2 g g 3 = B+ 3 5L (A/D convert) f247 & i 16bit o

B * PR F ¥ i 500 Hz -

#* USB 1w @ﬁ%l °

E%%&Kﬂﬁ@ﬁﬂﬁo

#p v [Hc - 2 (RAD A/D 3200 module)
BRTFIR FhiTe T EFASLER -

WERTE F R PUR A g~ 1050 -

T 73 % R (MSCP Solenoid control pack)

T 5 N4 H 4 e (ZOC 33/64PX)

2 64 = R4 ﬂi%l »E

® |4 [ : £10 inH0 or +1 psior 2.5 kPa - .

TR R 1 20.15% B & £ R R o FL R S 20.2%.
AP B D A0KHZ (B - BhE S i R)

ﬂi;,] DR R I+25V e

#ITERFR0C0607T -

AT K- B R RILZ RS AFLEPVCE BT RS B RFHCE
HEENE BT R A AIL s E 3@ R Bldw T %o
TETRERESR

%

>

{

TESFRAT PRTR BT F R 24 KRB BT R

6.

i R R

R F A2 RS FAET 65psic £ R BRI R PIAARE R
A FLN SRR A B 200 psi ML AR FIN 2 Rk~ BRoa T S
AARE
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HP B R BER 4 AR g

BB L AR ER S 50 R4 Frde e

TR F R AU B B AR 2 TR R

USB it £ %% USB it £ %5 2 7Rk E

FTERLAEEE(DESFRTY) SRS R
B 33 5HET RS Fh BRA B
(FAL KR AR )
(4) B R A
Lohod3h: SAFAE S T PR R T kTR g o 4R d TSI 2
A2 FSGR @3 A5 5 84650 %k @3 iJiEdO~Wmbmﬁ
‘fisb "?E.»’Fé-iif'% 3-1-
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FZE O RERVEESE

AR

8455/8465 8475

Range

2510 10,000 fpm (0.127
to 50.8 m/s), selectable

10 to 500 fpm (0.05 to
2.54 m/s), selectable

Accuracy

+(2% of reading at 64.4
to 82.4°F (18-28°C)
+0.5% of full scale of
selected range)

+(3% of reading at
68.0-78.8°F (20 to 26°C)
+1% of full scale of
selected range)

Response time

0.2 seconds

5.0 seconds

Input power |11 1o 30 VDC or 18 to 28 VAC, 350 mA maximum

R RIK 4 51 CALP-EC-Q001(V16) it o #4 7
ﬁmsf‘ T 0 B &9 100cm o 14 A

Wb i 2t

R

| s B0 B B ST R

E: 5
B iE

B 38 (Pitottube): fe Az ® % A4 P 1TRINHFFRA 2 £ b ¥

BB ARP AN EREE ST A FIAI P A gREA N H
PESEIRE B IR o M E PR LI - BRI A
PhA F R LR ERE BRI RS LE o B e A

;¢ (Bernoulli equation) » iz 45 T 713+ B
BIERERF R AT 3 5 (FLERA B R ]xﬁﬁ,
® &5 50cm . ARG BRI B R T b iE o d A3 g T8 RIF)
RS ZE o I EEARS E R BB i”*@’b)%»&@*
ﬁ#ﬁ?fi%ﬁ’? Eo LB NI TR LR TR r TR kgD

AR R AT ITER

B «r’\,}»

¥ 41 #25% (Bernoulli equation)z* & d14p 2. b i# o 348 ;40T
V.
2z 4 t=247,+2
Ya 28  Ya 2g
Vi P, P
28 Ya Ya
P, P
Vv, = 2_1
Ya Ya
2
Vw’u — qOO,LI
P

71



HOP AL R BER 4 AR

Bl 34k #2532 2RERE
(FH &R ApT g )

NG+ . e
(1) #3HE
BEwHFY 2 °'lf’%‘i%’%m’ﬁrﬁki#&%ﬁi%éiﬁ%ﬂ?&ﬂéﬁi?ﬁﬁﬂfﬁé o
PREEY €/ T s & it (4 ETABS ~ MIDAS ~ SAP2000 % ) %
] ERHREA AR ARG o I TGl 0 B 5 R T
;{*‘i‘;ﬁﬁ¢f§j§ v B mg&—;-L a g—_‘:%f{i—'ﬁ xﬁs;‘éﬁg@ gJ;a: L R @ "_g“»:z.
GAEENRFFER N FE TSR FCREKAZ SR OU)
A ;é MRt R AT R AR PER R -
FFAENFEL S TBRALA DA G oI ¥ Y 2 kg7
AT R D SEARE S RS () K SE A kiR
A\ﬁ“—\‘[‘a MG ST %?hf’é’f SR j‘z,)’é%\,m&}Eﬂ/%?ﬂ:ﬁl,éf,‘rﬁig\g_l.? ,
Fﬁ*?Uf?%A(ﬁ)ﬁmJ%’ﬁﬁ’wg&mﬁ SR HHET R
o ’FK’L’*‘/;E’%’_E. s hept A G E AP E BTN E BTk o A o d
TP BCR K B R ﬁwh’ﬁ%ipmoﬂmﬁwﬁ’w~ﬁﬁw§’
AARMRE R 8 I A TR R R A R R R A 40 K
XEBD W WIS R Rl MR R T AR
FRMRGRK O NN T PR EREREHES R FBHREAEL
R4 BRI R B ORBCA] S EITR B OF RS IR R e X ZE R 4p
MY Bt FREP o S B kR E e kg +j?*£#ﬂ% ko BLZEA
FLEE T A EAHE ARES AR AT R F YRR
BRBIRE G EEAIRE e P e s R EFTEL PR
F2o e XIR@RIRE « 23X K& R P FARE XF BATANEERD
To-HaF BIEIFALESRI0B0AF BT 2 AN
Pdpd R A T o B IR g T30 A 235 Fpt i (Fr) & Rl & 235
BT e
1o b 4 2% AP a7 ERERARZ S g
KRB hu 4 I ik (Force Banlance) » 3% ik Bk % & BEAF

& W O
= S 3

~&. 3‘{ \\?{r P

‘Sz‘f'%i\r
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FZh HEV RN

RAef] 3-2 0 - AL bt iR E %#_Ek-J’buﬁqﬁﬂiﬁ

IEREL G oA AR

A2 ERIFE G e d (4B
/\

Sl PR AR

,fémr%—u,ggae@m\; ,uﬂ 'ngL;jo
A FZERTFERANET S G P S B m%F#‘EL H Az
kg =]

BAO SR EERF AT N FE R AP 54
A1 XS-72 4 7)e 4 SH ~ £ 1956mmx989mm 5 %4
sl RN E A~ 5 2mxImeogge 5 1100
TN T AR NS g s 12 200mmx10mm VR 5L 4 5
W 50 EFIERAARLS > TELRA R S
AR RS o WAL A RS g 1 TR
ZHCA R KR A .
B. A7 E* M () 4 208 (a) 2% iEE > 4pK R

FAcE 3-5 o

I

n

20cm

a=20°

Bl 35 b #3 % TR E
(FR &R 2 ER)

M-’ﬁ‘l‘iﬁi}

XS72 SERIES PHOTOVOLTAIC MODULES
PEAK POWER: 310-330 Wp

i  CUsvE
..... .
"5 . .
..... Al ——0)
i
..... H
..... i B
i |
i A
..... W
i
LT BILITY, AND KWH TIELD AR i' i
e oA s mmom.
-----
.....
RO T WARRL ‘f'ﬁ * . .
1) .
! - SRR
}=

i oo [ CE [&] [0

B 36 ~Ha kT HEHA (Fuo o4 A2 XS-72 57])
(FAR KR e kixg A7 ~ ATy L)
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HOP AL R BER 4 AR

2. HF R URFSHHCA S (ERE P AR T R B &
F g #er 15 %ﬁQ B BAREE R RER o G A
FHE I RS TeER s 0 R EMAE T i1 Xy A P
ard A cgE S & A AN ,a*ﬁQ % 1/5- Léﬁiﬁﬁt’%?}i@fﬁg%
.wE‘m*v’cE‘:%ﬁﬁ? P FRREEETEF TS TR HE PR
xi#‘i’ﬂgu@_;u FO B ’u'fﬂ‘—’:m%@»ﬂd,*w,j\p;ﬁ
FOARE A ﬁ&s\wﬁ—;dilﬁ# e AT Y HuR
W1 £ UL P e R AL S A JR AR BT

A H P (Ix1) B #3435 0 Ap M Blsdo Rl 3-7 0 &5
R L 15k () 2158 (a)-

B. ™74 (2x3): & 3|4 2 AI3% > 10 b B 4c K] 3-8 2 R
395 45 H U5 KT H M () £9530& (a)-

lIxIpcsx |4

950

150
T [ — T ——
A R T MO S '] H—. J:?EI = Lias N1
-1} ExSRalL ewSE E B Ry ] ST M Ex O ?T'; -:m” :“Tl =
B2 | xERail F W— | 55 9 Mt ) T - B

B 3-7H %4 (Ixl) % < H
(F‘ﬁ'}'j\/&l jaiE #”ﬁ‘ﬂ;}f’\j\,{ﬂiﬁ:ﬂ)
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¥R RERVEERE

2x3pCcsx24

3070,37 aPe
1
s
8 J B
= > 2§ &
?.57 //
Ry Anas o
Mﬂ T Fﬂmxﬁu A A o T I L
3000 2000 _lsoo] S = I
SENECENEE
i AR E =
a o AT @ 0 H o— ?IE:
| :%;|TT
Bl 3-8 H # 3] (2x3) R+ = 1 RIALE
(?r}—'i/}ﬁl 838 :Lé}_"“? AN 2R L)
2X3pcsx248
3150
3006
992
N\ 1N\ /1N /
= \\ i/./ \\ // \\ﬁﬁ‘. Z
& 4 rY N \T 7
\x/ N
4 /N \
A | Y S N SN
/ \ f .Y / X
= Lt / \1/ b [
g N /1N N A=
L Z N\ / \ L
N\ 7 N 7 N 74 E
N\ i A 4 5 |
.y, A /N A t
= ZE £ LY L, ] | et [
S/ 1 N XiTg < S————=
154 \1/ N/ \‘ :
515 2000 575 =
LEE e —
™ =IA
Bl 3-9 ¥ %7 (2x3) *Mé + 1AL
(FA kR eI $5 72279 « A HIR)

3. 2R 4 ERECT ATl AT R AD M A S R
FEPOHIN b 4 R D PR FRRKAEET
WP R SRR EHCARER M (R S E SR
WEFEFER AN BRI AMAT B RBRA T8 0 R
*H 2R (IxL) > A R RHERE® X BRHEORGF AN P 04
A 1 ACP-M660 4 5|4 5 (H = £ 1632mmx995mm ) » 5% P
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HY SBiafieign Aiay

TGP FHLET ’ﬁ@m§4%%w%ﬁ%ﬂ&mo
4.p?hr“m ﬁ%?% RS B3 b kith e i G
T kT (7 0°~180° > 15%@ BT AR A ST e
5. Bl E AT AR SHBA T A ELER 4 AriAE e B

EHEAFY  HEE RN EMI SR RTHER S RIHIL 8
LR R G S R

<

ACP-M660 Series 240W-270W
Multi-Crystalline Photovoltaic Modules

AC Electrical Data

Maximum Continucus Power Output 238W

Mominal Voltage 1BBY — 270V

MNominal Frequency 57 Hz - 65 Hz

Nominal Output Current @240 VAC 0.99 A
@208 VAC 114 A

MNominal Operating Voltage Range @240 VAC 211V = 264 V
@208 VAC 183V - 220V

Nominal Operating Frequency 59.3 Hz - 60.5 Hz
Total Harmonic Distortion IEEE 1547 Compliant
Maximum Units per 204 Branch Maximum Units Per 20 A Branch @240 VAC 16 (Single Phase)
CEC Weighted Efficiency 85%
Peak Inverter Efficiency 95.70%
DC Electrical Data
Mormal Power Output 240-Z70W
Power Tolerance 0+ 3%
ci

Dimensions of the Module (W=H=D){mm)  1552X345X40
Waight of the Modula{kg) 22

AC cable kength eulpul cable: 691.1(mm)
extension cable: 1048 (mm)
Module to module AC wiring Fully-guarded, locking AC connector
Ground wiring UL approved, equipment ground for module and inverter carried through internal
inverter wiring - no external ground wires required
Junction box IP 65
Series fuse rating Inside Junction Box 154
945 ke 295 o
¥ ?
@ | |
o e o4
= 3 e =
v ] @”’ =
;
H
L] il
i
X
Warranty O =
Product Warranty: PV Module Operating Temperature-40° C to +85° C
5 ywars for material and workmanship Ambient Temperature Range: -40°C to +85° C
26 years for micro Inverter Maximum Static Load: Snow load 5400pa
Wind load 2400pa
Performance Guarantes:
90% for 10 years Guarantsed output
B0% for 25 y=ars Guaranteed output
Certificate DC Temperature Coefficient
Isc Temperature Coefficient: atwe) +0.48
Voo Temperature Coefficient: BwT) -0.36
Pmax Temperaturs Goefficient:  wwTI -0.03
NOCT:

Inlerhek

6"156mm Multi-Crystalline silicon photovoltaic AC Modules T6 =4 % & AC #-

Maximum Power Number of cells Dimensions
Module Type (W) (pcs) (WxHxD)(mm)

ACP-M660 240-270 60(6%10) 1632x995x40

Eg] 3'10 J‘ “ ’f);’}’g_‘l? (_Q %%J.?}i ’\4 g /\ _ ACP_MGGO /:“. );'J)
(:‘Ff\#"‘j\/&l-‘z %‘L;}i '\" LA ﬂ‘ﬁﬂz"jfgﬂ)
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FZE O RERVEESE

(2) TS £
1 PRy
1295 Barlowetal.(1999 > %4 < ;Fﬁe);f;, SAENY R = s |
LR G oAFAME bk i b g fF A B (AM [ Ag o R R,
Blockage ratio) » i@ ¥ 4 *> 0.01~0.1 2 & » — 4% 2 0.05 2 &
Big ; FIEE <30 01 PFo Rk ¥ enfing e g > B2
ERH R ERPIE 02 B fG 1 % v (Blockage
effect) > % 7 IR R A3EPF > L R4 ERSR S S 40 i3 1 o B 1 TR
Bond g 3 o e T AT g
€ = Ep + Ewp t
M- AR Ak R P EER > BT RET TG
1 model frontal area (H-3]# 4% # & #f)
Bt = 4 test —section area (IR E 5 1)
H ¢
et A2 o 28k (Total Blockage)
gsp - FREFE % 2 i+ k¥ (Solid Blockage )
Ewbt - B nfEE B I fadic (Wake Blockage )
¥ b o e ik PR Hackett.(1999) %74y » ¥ B B m B4 BF 0 B
RIS
€ = Ep T Ewp t
V. =V,(1+¢)
H ¢
Ve 28 h i
Va ' &RIFR #
2. PR EER
hAT R AT (TR HOT R A ATR F ¥ - BIEE - e A
% 2.6m(H)x4m(W)=10.4 m* » ¥-3) & #AmM % :
bred £ 072 180" AR F o oo h 4 &b BE
A Am % 4o £
F 32 Rt B
K & el jﬂ g 4 s Amiz & (m?) Am/ A FEE ",
R i 1/10 0.1x(0.2sin20°) =0.0068 6.53x10™
BORBFIE P (1x1) 1/5 0.2x0.1=0.02m? 1.9x10°°
BRG] (2x3) 1/5 0.6x0.3=0.18m* 0.017
> &< (Ifneed) 11 1x0.5=0.5m” 0.05

(FAL KR A5 L)
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HOP AL R BER 4 AR

ﬁ%EQ&EWAm/Awmi’%Uipil%{fiﬁ

R R E R HEAIRER S P R EERRERSL
3.0 b RER

AR Y AEARAIR BRE R FRE T B A Smm 2 F PR
AR S BT A HAEC B A AR
BRI T G RE BRI o TR L (i 0.047
R4 EM)E P (Ixl) EAXESF - 45375 80 Bt
o P T E160 BI; A (2x3) HAXEEF- L

3v3 154 @itz F T R3H308 At KR FAPE R 4o B

3-11 -
305
253—
203—
155—
105—
sk
I R
H 9 A(IxD) D & b &3 > 805 ¥ P A|(AxD)F & b &I > 80 3
GO |-
&0
400
a0
20
10
DD 1 Il 1 1 5IEI 1 1 1I:IIEI 1
i 54| (2x3) & & b BRIt > 154 3 i 5|4 (2x3) K & b 3L > 154 3

B 3-11 -k 7 = -4 b /B3 mesh B
(FHR KR APy ER)
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(3)

25t 8
AETERFELEA R TR E Y R 4 R R 2%
TEEFRA ~RBRER A ERL AT E o

S T

A
554 B

b4 cd]

b4 cd]

K Th #
V(m/s)

20

25

10

20

XY

0°~180° > & 15° it BT 4F 4R+ A lF o

Mg &

20°

H 53
1x1

w5 A
2x3

15°

30°

-E‘ 5?'1 g E

1323 RT3k & 3] 6 Fasl o
2HEHR 4 R R R -
AR A 47 8 -

(FHR KR :

AELER)

b4 cd]

R

AHi B=0"

%4 At B=135"
15" R — K

A 290"

& A B =45

NI
B

At 5=180"

a

0 Aifi f=135"

15 8M—X

»

w
Ao =0°

& A B =45

#rAIxls 2% A

(=— i B=90"

(FHR KR

)
AR

3-12 Hi-41 3@ %% ~ 2[R

)
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BR AL E R S A

(4) B3 n%

RFTY B0 R 6 REIRIS R 0 B R - RO HOARGER
FEhid o FLEeFARAER - DERBRAEEF -

B4 §ipl i r SCANIVAVLE & 4 44 i (Model ZOC 33/64Px 64-port,
scan rate = 45 kHz) & i) # [l 5 £2,490 Pa > #cdy 3 7 A £0.15% 8 i) [ - U k453
= #ck & * 7 4 % module scanner - % B ¢ * p /2 0.04” (1.1 mm) ~ £ & 130cm
2 pV.CF o el iE 5 10m/s HR T AR A R

Fody BT 53k 25 256 Hz o 475~ 32,768 £ #icdf 0 b i p Om/s B 423 10
Zm%%i@’ﬁ%@%iﬂ’ﬁi&éiﬂ%ﬁﬁﬁﬁﬁﬁ3Aﬁ,@igﬁ
BT AR I RAKO0 157 & 1573 180° » Faligd Ht M AD L
SR R BT ERETA L SEAN RN ERL RS ER

# 344 FPIR TEKE

1. setchanX <input> : 3% = 3#§B~2_plgL > X %7 % 5 B group(1-~8) » — 411 1
7T 0 3K TR BER PR E B~ o
set chan1 0 i—,é*—“f P BE
set chanl 1-1..1-64 XEF Lo 13 64 P58
set chanl 2-1..2-64 KETF2BHe* 13 64 P8

setchanl 3-1..3-32(H % 4] 1x1) &% =% 3 B g * 1 3 32 plg:
set chanl 3-1..3-64(*£ 74| 2x3) % T % 3 BHe * 1 1 64 B2k
set chanl 4-1..4-64(*£ 74| 2x3) % T % 4 BHe * 1 1 64 plgk
set chanl 5-1..5-52(*£. 71 4] 2x3) % %% 5 B#ce it * 1 3 52 jplgk
calz ® R B R

2. setfpsl <input> : K TP~ F AL 2 e o
set fpsl 32768 K TR T e 32768 g

3. setperiod <input>: X T e L BF 2 FREFE > 8 B F s
25~65535 » ¥ i~ % picdy o 4k = Bo4RolE 5 (sampling rate) 2o 4 B oo 5N 5 o
1
< input > x < number of channels >x107°
input number : ﬁi%l B
number of channels © & = #-e 3k € 2 p|2k#ic

sampling rate =

set period 61 MH - e 64 B3t AR BRI S 5 256Hz o
4. setconout<input>: K THEFHZ LA F > NEFNFFLA G LI ME o

set conout 2 BT F NE %

set conout 3 REFTHRE o fH & d SCANO000.DAT 4= 4

5, RS EEEIE (45151 R4 Epm- FHRA4 @ pr) 12 Tecplot
THEARRLEERILTRE (THLRS GHEBCpm- B RS L F
Cp-l’) y iﬁ,_%@*ﬁg;;@% /,,\-A:ﬁ‘—zw; o

(FAL KR A5 FFTL)
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>
>

cEIE TR

1
s

AFHREZRFRA - AR F > R Y 5 - PIEE O8R5 26m(B)x
40m (%)% 365m (&) » fedhirt bl 471> & » ¥ /é]x*é%&r? 3k 4R
RBERETE30mMS Tine A N03% T F sk 0 Ak 3G o

BRI h )5 i FARIE R A SLKEF > 1% Single-type #ARp|iE 37

X RLZ BB o RRERRGRE N T T 5 28m i F TR G F R
08mA=s (- w@id o) BFER > M F 5 250Hz » B #ic s 4096
EFREompERERT (KRR # 5 1.02m/s ~ 2.1m/s ~ 17.73m/s ~ 23.4m/s) > 4p

L
v
W l’ﬁinr"f ’ FJLF'Q %R ik El i F I rs FRoAH 2L 3 "‘?,ﬁ‘ 58 B 0 B

ORI
o o
(=i
i

1800 2 - —
] T
] —— Ul ?
—_—a— J2
1600 i) —s— 13 &
& —a— U4
1400 |- i
E i1} ip
E
T 1200 m
m
1000 - i1}
i1 I
goof &0 A
1 1
0 10 20
U(mis)

Bl 3-13:53 im0k # 35 F
(FAL &R - AT g FIL)

(5) e
@%éﬁéﬁ’&kﬁﬁéﬁﬁ@ﬁasz
pUD

uL ek
Re:T:T>104 (% Fmim)

Rey == =7 > 10* (24 ¥ 4 b 3)

L R4 ek B > vi 8 &A% 28 1.6x10°m?/s » UL #pch i
H2 22 el R -
H % WA T G B e 350
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BR AL E R S A

L H v

U
e | w3 | @k | R R
£ BR | ik mj; e eH
(m) | (m) m?/s

0.19 | 0.07 | 1.6x10° 20 2.375x10° 8.75x10*

BEHA 019 [ 007 | 1.6x10° | 25 | 2.969x10° | 1.094x10°
BORHA | 032 | 01 | 1.6x10° 10 2x10° 6.25x10*
(1x1) 032 | 01 | 1.6x10° 20 4x10° 1.25x10°
B R 0.6 0.3 | 1.6x10° 10 3.75x10° | 1.875x10°
(2x3) 0.6 03 | 1.6x10° 20 7.5x10° 3.75x10°

b iRsk enT 9 F s 4 2 10100 2 2 ¥ pe (4 i = > 2006)
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;t ¢

Cex = & Fl= v X T $a% 4

Cry = @ Fl=x LY T 325 4

Crz= T (L Zp T30k 4

Fx= £ipl2 X% T4 (N)

Fy= £#l2Y%s T4 (N)

Fr= B2 Zw T35 4 (N)

A= Zip (2RTH) AR FH (m?)

H=2Z28% (&%34) #3F(m)
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Cuy = & F]FZ Y T84 45
Cvz= & %=t Zw T 354 45
My = &Pz Xi#hT 594 25(Nm)
My = &Rz Y#hT 594 25(Nm)
Mz = B2 Z#hT 124 25(Nm)

BT AN AR FE L L RER RS AR (R ETE) 2T
¥a% 4
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FZ R EEkvial
436 b 4 A V=20m/s b 4 EREEE R 4 GEHE £
Tk Fx Fy Fz Crx Cry Crz
180 0.8382 -0.0230 | -0.6893 0.2000 -0.0055 | -0.1644
165 0.8759 0.1583 -0.6212 0.2086 0.0377 -0.1480
150 0.8471 0.3213 -0.5296 0.2017 0.0765 -0.1261
135 0.7951 0.3743 -0.4532 0.1890 0.0890 -0.1077
120 0.6964 0.3460 -0.7586 0.1649 0.0819 -0.1796
105 0.5780 0.2585 -1.0786 0.1373 0.0614 -0.2562
90 0.5070 0.0251 -1.4975 0.1203 0.0060 -0.3553
75 0.5713 -0.1928 | -1.8064 0.1346 -0.0454 | -0.4256
60 0.7010 -0.3197 | -1.9997 0.1657 -0.0756 | -0.4725
45 0.7982 -0.2941 | -2.1021 0.1886 -0.0695 | -0.4968
30 0.8405 -0.2094 | -2.1766 0.1973 -0.0492 | -0.5109
15 0.7660 -0.1424 | -1.9792 0.1804 -0.0335 | -0.4662
0 0.7518 0.0427 -2.0411 0.1770 0.0100 -0.4805
(FAR KR 277 F2)
37 b 42 V=25m/is b 4 BERE%E R 4 GEHE 4
b3z & Fx Fy Fz Crx Cry Crz

180 1.5056 -0.0254 | -0.8400 0.2354 -0.0040 | -0.1314
165 1.4539 0.3378 -0.7740 0.2269 0.0527 -0.1208
150 1.3104 0.6219 -0.6283 0.2057 0.0976 -0.0986
135 1.1576 0.6956 -0.7021 0.1813 0.1090 -0.1100
120 0.8911 0.5907 -1.0605 0.1389 0.0921 -0.1653
105 0.6735 0.3752 -1.6072 0.1061 0.0591 -0.2532
90 0.5958 -0.0155 | -2.3340 0.0928 -0.0024 | -0.3639
75 0.7595 -0.4597 | -2.7949 0.1187 -0.0719 | -0.4370
60 1.0235 -0.7251 | -3.0709 0.1593 -0.1129 | -0.4781
45 1.2558 -0.7010 | -3.1960 0.1968 -0.1099 | -0.5008
30 1.4162 -0.5798 | -3.1488 0.2205 -0.0903 | -0.4904
15 1.4536 -0.4286 | -3.1097 0.2265 -0.0668 | -0.4846
0 1.5465 -0.0832 | -3.1494 0.2421 -0.0130 | -0.4930

(FAL KR A5 FTD)

89



HY SBiafieign Aiay

-0.55 S

r
1E
[7 . - o g §
dwmg
V=20m/s % = |
= [
V=25m/s h 8 .l
400 e |
-2 Fx,a=20",V=20m/s
i —£— Fy,e=20",V=20m's
§ —— Fy,a=20",V=20m's
r Fx,a=20",V=25m/s
-3 Fy,0=20°,V=25m/s
i ——— Fz,e=20",V=25m/s
7Y I L N IR |
0 50 100 150 200
Angle of attack({"}
1=
05
CeA i

CFx,2=20",V=20m’'s
CFy,a=20",V=20m/s
CFy,x=20",V=20m's
CFx,a=20",V=25m/s
CFy,a=20"V=25m/s
CFz,0=20°,V=25m/s

B 3-20 % e b3 T R 4 AR 4 2 R4

(FH ko A7 L)
$ MR RS T
Crx=0.09~0.24
Cry=-0.11~0.01
Crz=-0.09~-0.51

d P B¥ wCrr ) kinh 724 45 B ,Lﬁ:ﬂff‘

FAj3 - B34 A B 8 g AL F R

WXL F ARG EEFRL AR ERAR
Twr AR E LR EANLA R P AR
Tk LB AR BRATS L L

T

o

90

/ o
’, =

4 @ (Cgz=-0.50) » I\]‘jt.
L}'&t@c MR (T A TR R




FZE O RERVEESE

H PR TH(UO)R B

1. #5% b i R%
(1) o=15°% V=10m/s ~ 20m/s -
(2) P=0°~15°~30° ~ 45° ~ 60° ~ 75° ~ 90° ~ 75° ~ 105° ~ 120° ~ 135° ~

150° ~ 165° ~ 180° -

2. KIREPFREEIL<OL AT ER 4 GIPERE T 2 Y BT R E o
ERIEER 32C > ~ # &+ 1004.6hPa - B4 ¥ty BE pIpFE = 5 Pa>
% %A pB 1.165kg/m®> T 3op g R4 £ EEA) RS %HBCy-mE R

VARG R R F R - B R A 2T
% i flo J
> E=E I =
S B i 3>
> 15 H 241k FHh R
2.8m

Bl 3-21 8 2 4] Ix1 b BHCA %7 LR
(FAL &R - AT g FIL)

A B =180°
¢ HEHi B =135

15 HH— K

7 f=90°

Nl

Q AR B =45

Bl 3-22 H %3] IxL b B ok kW
(FH kR AFEg ER)

91



HOP AL R BER 4 AR

B 3-23 B ¥ A Ixl b BRHEADS L 4 FA R
(FH TR AT FIE)

W 3-24 ¥ 3] IxL b R L 4 A 6 W
(FH kR AFg ER)

3. b Rfifh o

Zh B Cpn= (2w Cpm-u) — (& & Cpm-l)
4, FEHRFEEE 0T o

92



H 73] Ix1 kT 45 RIAR R

= e -

TE ) bl £ T4 R

H 5] 1x] % T 47 5 AL B

¥

H 7 A Ix1 kT 4% RIARL B

H 2 A 1><1 * T %ny%i?]

a‘u-p\

A I TR R

B 3-25 H #A] Ixl £ R 323 i HE% B

(FHR KR Ay )

93




HOP AL R BER 4 AR

(1)  H 24 1x1 b RHA] a=15° » B=0°~45° » V=10m/s

T 39k & T Ak R % Cp-m #H b B Tl Cpr

06 05
05 0.48
04 046
03 0.44
02 0.42
01 04
0 038
01 036
02 034
03 032
04 03
— o 05 028
a=15
07 024
08 022
-09 02
—N° 4 018
= 11 016
12 014
13 012
s 01
15 0.08
16 0.06
17 0.04
18 0.02
19
2

06 05
05 0.48
04 0.46
03 044
02 0.42
01 04
0 038
01 036
02 034
03 032
04 03
— (o) 05 028
o=15 s o3
07 024
08 022
09 02
— o 1 018
— a1 016
12 014
13 0.12
T4 0.1
15 0.08
16 0.06
17 0.04
18 0.02
19
2

03 044
02 042
01 04
0 038
01 036
02 034
03 032
04 03
— 1 50 05 028
o= o8 026
07 024
08 022
09 02
— o 1 018
s 11 016
12 014
13 012
14 o1
15 008
16 0.06
17 0.04
18 002
19
2

06 05
05 048
04 046
03 044
02 042
0.1 04
0 038
01 036
02 034
03 032
04 03
_ 1 50 05 028
o= 06 026
07 024
08 022
09 02
— o 1 018
— 11 016
12 014
13 012
kv o1
15 0.08
16 006
17 004
18 002
19
2

B 3-26 ¥ ) 1x1 b RHCA| a=15° » B=0°~45° » V=10m/s b & A i Bl
(FH kR A g AER)

94




(2)

FZE O RERVEESE

8 %7 1x1 b B 03] 0=15°  p=60°~105° » V=10m/s

T35k i T Ak R %8 Cp-m

B b R 8 Cp-r

o=15°
[=60°

N

o=15°
B=75°

P —————————

o=15°
=90°

o=15°
=105

'ﬂ
J

N

Bl 3-27 H 4] Ix1 b B H-A a=15° » f=60°~105° > V=10m/s b /& ~
PTG TR

(FAL % im

-

=

i)




HOP AL R BER 4 AR

(3)  H #a]Ixl b RH53) 0=15° » p=120°~165° » V=10m/s

T35k i T Ak R %8 Cp-m #ERh R 8 Cpr

042
01 04
0 038
01 036
02 034
03 032
04 03
_ o 05 028
o= 5 06 026
07 024
08 022
09 02
_1 2 o 1 018
= 11 016
12 014
13 012
14 o1
15 008
16 006
17 004
18 002
19
2

01 04

0 038

01 036

02 034

— 1 [e] 03 032
o= ‘04 03

05 028

06 026

07 024

=1 3 5 08 022
09 02

Bl 018

11 016

o 12 014

omNonn

0.1 04

0 0.38

-0.1 0.36

o2 034

_1 (o) 03 0.32
o= 04 03
o5 028

-0.6 0.26

-0.7 024

=150 -0.8 022
-0.9 02

-1 0.18

-11 0.16

o 12

CmNonn

01 y
0
01 036
02 034
_1 (e} 03 032
o= 04

cocoocooo
SVRREE

p=165 | |

012
01
008
006
004
002

! =
7 4 I
A
y | 4
m

B 3-28 H ¥ 7] 1x1 k B3] 0=15° » p=120°~165° - V=10m/s k. /& &
(FHkim P ER)

=N
=

96




e e Lk

(4) H 73] Ix1 b B3] 0=15° > p=180° > V=10m/s
TSk i T Ak & dc Cp-m b R 8 Cpr
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FZE O RERVEESE

% 3-8 H 73 Ix1 b B ERIR A Gip it~ B4

hig | RIRB (Eo TIRS G| F oo TIORS e |ER & Cpn|
V(m/is)| (°) |[Cp-mipsts+ & | Cpo-mipitd & Atk @ A
0 -0.27 -1.09 -1.36
15 -0.27 -1.19 -1.47
30 -0.27 -1.34 -1.62
45 -0.29 -1.11 -1.40
60 -0.69 -1.13 -1.82
75 -0.96 -0.95 -1.92
10 90 -1.25 -0.87 -2.12
105 -1.93 -0.63 -2.56
120 -2.09 0.63 -1.47
135 -3.37 0.72 -2.65
150 -2.28 -0.80 -3.08
165 -1.29 -0.78 -2.07
180 -1.04 -0.64 -1.68
0 -0.27 -1.13 -1.39
15 -0.27 -1.26 -1.53
30 -0.29 -1.42 -1.70
45 -0.29 -1.13 -1.42
60 -0.64 -1.17 -1.81
75 -0.88 -1.19 -2.07
20 90 -1.29 -0.89 -2.18
105 -1.96 0.64 -1.32
120 -2.00 0.57 -1.43
135 -3.40 0.72 -2.68
150 -2.50 -0.77 -3.28
165 -1.32 -0.74 -2.06
180 -1.03 0.65 -0.37

(FA kiR A g L)
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BR AL E R S A

7 3-9H PR Ix1h BREZER S TIER B L

BiE | kih B Wi T 127 b & Cpn-a
V(m/is) | (°)
Al/B1 A2/B2 A3/B3 A4/B4
0 -0.68 -0.68 -0.62 -0.64
15 -0.56 -0.64 -0.53 -0.61
30 -0.55 -0.66 -0.51 -0.59
45 -0.57 -0.60 -0.54 -0.57
60 -0.62 -0.54 -0.67 -0.53
75 -0.64 -0.46 -0.76 -0.49
10 90 -0.70 -0.41 -0.86 -0.45
105 -0.70 -0.32 -0.83 -0.50
120 -0.60 -0.27 -0.85 -0.67
135 -0.50 -0.25 -0.84 -0.65
150 -0.61 -0.19 -0.93 -0.76
165 -0.55 -0.13 -0.80 -0.84
180 -0.37 -0.35 -0.86 -0.86
0 -0.70 -0.70 -0.64 -0.66
15 -0.58 -0.65 -0.56 -0.62
30 -0.57 -0.66 -0.53 -0.60
45 -0.59 -0.59 -0.54 -0.57
60 -0.63 -0.54 -0.66 -0.53
75 -0.65 -0.45 -0.77 -0.48
20 90 -0.70 -0.38 -0.85 -0.43
105 -0.70 -0.28 -0.82 -0.48
120 -0.58 -0.21 -0.76 -0.65
135 -0.46 -0.19 -0.82 -0.61
150 -0.58 -0.12 -0.90 -0.71
165 -0.51 -0.06 -0.75 -0.80
180 -0.31 -0.28 -0.81 -0.81
(FH KR : AFT g L)
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1. F%b 2 E%
(1) o=15°% V=10m/s ~ 20m/s -
(2) p=0°~15°~30° ~45°~60° ~ 75° ~ 90° ~ 75° ~ 105° ~ 120° ~ 135° ~

150° ~ 165° ~ 180° -

2. KinEAPFEE <Ol U E R 4 GEcpERE T A Y 31 R E o
2 R H“’:m.)i 32°C » ~ 5 /&4 1006.8hPa > &+ ¥ B L pIpFE = 5 Pa>
T F % A& pB~ 1.165kg/m*> T 35} ; Fﬁ" LEBR RS BECyo-mE R
Fi&—#ﬁfm}ﬁ@&#ﬂ HEIR o g2 EE SS9

% i floy ﬁ s
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AR =180
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(1) £33 2x3 b &7 0=30° » B=0°~60° » \V=10m/s

T3Sk ik T Ak R ¥ Cp-m b b R Tk Cp-r

a=30° | |
B=15° | |

0=30° | |:
B=30° | |

0=30° | |-
p=a5° | |

a=30° |
p=60° | |-

-

=\

Bl 3-43 "£7]4] 2x3 b B #-4] a=30° 5 f=0°~60° > V=10m/s k /& ~
(FHRKR D 277 FE)
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(2) £714] 2x3 b B 44 0=30° » p=75°~135° » V=10m/s

T3k & T Ak R Z¥H Cp-m #ERh R 8 Cpr

0=30°
p=75°

0=30°
p=90°

0=30°
B=105°

0=30°
B=120°

0=30°
p=135°

B] 3-44 714] 4] 2x3 b B H7] 0=30° » p=75°~135° » \V=10m/s k. /& 4 fii ]

(FH kR A7 HER)

111




P B EFegh 4 21947

(3) 77 2x3 b B 4] 0=150° > B=150°~180° » V=10m/s
TSk i T Ak & dc Cp-m #ERh R 8 Cpr
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EE
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5
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T

0=30°
p=180°
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B 3-45 'L 7 4] 2x3 b R 3] a=30° » p=150°~180° » V=10m/s
ST R UERSCEY =9
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(4) 70 7] 2x3 b B3] 0=30° » p=0°~60° > V=20m/s
T3Sk ik T Ak R ¥ Cp-m b b R Tk Cp-r

a=30° | |
B=0° | |

a=30° |
B=15° | |

)
~

¢

0=30° | |
B=30° | |:

g

@=30° | |
p=45° | |

a=15° | |-
B=60° | | f

-

=\

B 3-46 £ 7)4] Ix1 b & H3] a=30° » B=0°~60° > V=20m/s b /& A
(FAL KR T AR FTD)
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(5) £ 7)) 2x3 b & H) 0=30° -

B=75°~135° > V=20m/s

T35k ik T Ak B % #k Cp-m

#ERh R 8 Cpr

@=30°
B=75°
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B=90°

SEBERRERES
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W
% W

a=30°
=120

SEEBEREERES

a=30°
=135

SEBERREES

R

[
gEases:

o U
04
04
o
o
o
032
03
028
025
024 .
o
02
018
01
4 I

B 3-47 w7
(Eﬂ%%-

A 2x3 b B A

AEE L)

A 0=30° »

114

B=75°~135° > V=20m/s k /& ~ i [




$zd RmTEEER

(6) *£317] 2x3 b R H#-A] a=30° > p=150°~180° > V=20m/s

T35k i T Ak R %8 Cp-m #ERh R 8 Cpr

a=30°
=150

BESERERERRERES

BREEREERERE

a=30°
=165

BESERERERRERES

£8esi

T

a=30°
=180

§8882REEEREE50EEEEERRRREE

B 3-48 *L 74| 2x3 b B 7] a=15° » p=150°~180° » V=20m/s
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% 3-10 £ 5]3) 2x3 b BHA L RIR 4 Glicip it < B4

BiE | kinp |Re TR G| £ T4 il R & Cpn|
V(mis)| (°) |Cp-mipsidoc | Cpmipsidkoc ® [psEcw|
0 0.70 -1.56 2.25
15 0.66 -1.69 2.34
30 0.55 -1.61 2.16
45 0.50 -1.66 2.16
60 0.37 -1.63 2.00
75 -0.40 -1.47 1.07
10 90 -1.17 -1.57 0.40
105 -1.54 -1.78 0.24
120 -2.76 -1.99 -0.77
135 -3.35 -2.11 -1.24
150 -1.71 -2.14 0.43
165 -1.68 -2.24 0.56
180 -1.70 -2.24 0.55
0 0.36 -1.13 1.49
15 -0.40 -1.08 0.68
30 0.53 -1.57 2.10
45 0.47 -1.86 2.33
60 -0.38 -1.66 1.28
75 -0.33 -1.03 0.70
20 90 -1.16 -1.22 0.06
105 -1.59 -1.22 -0.37
120 -2.64 -1.48 -1.16
135 -3.36 -1.52 -1.84
150 -1.64 -1.56 -0.08
165 -1.74 -1.66 -0.08
180 -1.77 -0.96 -0.81
(FHR KR Ay BER)
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FMEAA 23 b REA R RIR S GEcApH AR BSE 0 K
I % Cp-m=0.36~-3.36
F & Cp-m=-0.96~-2.24
i b /& Cpn=2.33~-1.24

Pt FAMARNDE LRI B EEEREXERS
RS L AR i R R e R I S R
Rep¥db s @ 7 B3 53 0 HRF ANLPIRGRAS B3 2R A -

PR A IR TR E ARG R H R S ,i.»u
EFAE A AR REERFLEZE S ERLREF (Cp-m>3) > HFE
BERETE O ESL MY 1%??&7» @i"—’ o

AR EKS FRE P IxL b B A R B EORE () 4 RS

AXTH ALA2 F 5 Bl B2 ¥ 309G RS B A n 88 L@

v =
38 Cpn-a=i & T35 Cp-u—F & T35Cp-l o 7]t >

e
=
B
A

Ui Ty

S R

o

Cpn-a(A1/B1)= -0.31~1.08
Cpn-a(A2/B2)= -0.06~0.70

WHREE PR FAEROPE L EF G A d PR AR
B4 AR ?yg- LFm; G SIL RS R R ES R R

AR (gap) 0 M E RPN G A R E > RiER ng W E P A AT
iﬁm¢%°7@’1 2R ISR B R
AL aAE bR @;@;LE@L.@ > f bR Cpn EF 4 48 1-0.70 3
& Cpn P % 1.08 = +

d 3R LR ATE T ”4#&3&"5 ' B A
S A A 2x3 B R T T L S
PIE 8 2 Alas ki fs o

;z;iﬁ’ﬁ«
Ak

s‘ﬁ

;:}E LB kT

El
—ﬁ E,;g ;J-,EP‘,‘—\,L 5o,

347‘
\\\Xr
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A2 B2
S - A
Al B1
® X ®

I X

B 3-49 *L A7) 2x3 b B H B T HEERL R E
(FR &R AP ER)

117



9B

e
At

FAEEER 4 A1

# 31173 2x3 b BEA E R T T IOE R R L

B % i B ¥ BT 3972 b /& Cpn-a -
V(m/is) | (°) "
Al/Bl A2/B2
0 1.08 0.59
15 1.05 0.60
30 0.91 0.63
45 0.76 0.67
60 0.57 0.69
75 0.25 0.66
10 90 -0.15 0.54
105 -0.43 0.38
120 -0.61 0.14
135 -0.71 0.02
150 -0.74 0.05
165 -0.81 0.11
180 -0.85 0.14
0 0.61 0.33
15 0.60 0.33
30 0.90 0.24
45 0.75 0.29
60 0.56 0.30
75 0.25 0.27
20 90 -0.15 0.25
105 -0.43 -0.02
120 -0.60 -0.22
135 -0.72 -0.39
150 -0.75 -0.33
165 -0.82 -0.27
180 -0.85 -0.44

(FAL KR © A5 FFTL)
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—4A—— CP-m,0=30°V=10m/s
—8— CP-m,a=30°,V=20m/s
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Sl BHSEFRT AC g h kit s 45 B TR HIEE

I

%]

(CHLOW)’*FI«k@ﬂ%@’W WS REORE S T bok
PEEAERS BRI RUARES ETBART EAE - INTR
A g B AR R ’%'a%‘w IR AN

b 4 B B R B+ ECx=0.24 > Cpy=-0.11 > Cpy=-0.51 -
BT oSN RE TR R IRSF AL TR
X T 305 4 = Cex x 0.5pUR%AR

BHY % L% 4 = Cpy x 0.5pUR?AR

HZw T 3a% 4 = Cer x 0.5pUR%AR

—V:’

Ur= 285 (&ETHF) 3254 hE (mfs)

Ar= 2R (R 2T HEHAH (M)

Hr= 234y (&£ £TH) & (m) =BRELTHFKE 5% (H=15m)
p=% % A& (kg/m?)=1.165(kg/ m*) (4 # & 30°C p*)

PR B R R RE S K H=1omBE AL T ET L > e X Tk
AR EGCHIR (0=015) S8 T2 RS MR R RFEfER, A4
L hEE375mMs HEF R IOM AL FEE AR E 5

15
Ug = (E)O-15 X 37.5 = 40 m/s

R FHELPR M 2 L=2m o W=Im > 3 R JIE T8 o BT

B S G A o

Ag = 2x1=2 m?

Arrl o B IR A o Tl

HX L ¥a% 4 = Cpx x 0.5pUr%AR=0.24x0.5%1.165%40%x2 = 447kg

HY % T ¥a% 4 = Cpy x 0.5pUr?Ar=-0.11x0.5x1.165x40°x2 = -205kg

BT Lok 4 CFZ x 0.5pUr’Ar=-0.51x0.5x1.165x40°x2 = -951kg

X Yot o 5d ABAIFR TAGLA > T I PR

4 o 73 mrd 4 BAyFeL, Ton G4 ,'aga’é: TP RS

B4 o R d v A b 4 AR 0l B Al e i)

$AHCA L et A4 G R F oM A B At
KR BEARRESFENEREEATRIE -

AETATER  RETERGERFL I RN AP L EANE

b 4 Gl Cry W FRRFRP LY BT B FERE o

FREFVH UEA 29 TRERGIEE > §EY E2 ALY F ABE
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PERPR Y L LR e B S B0
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B: L “hw2zZE@aAfF kT >m

FEIRE® AAKTHR A A > H Lenamnmn -l g2 E &4
oo s AT IRET LT 2483 SN 4

(-)#kTHFaPEFTEREMRELE B> B L/B22m/Im=2 -

23128 ¥4 Il b 4 Gl R @ ok (LUB=2)

CriE ' & iﬁ,ﬁ—%&g&: Y
0 L/B 2 2
10 0.3 i
15 0.5 i
20 0.75 Cex | Cev | Cr
024 | -011 | -051
25 0.95 i
30 1.2 i

(FAR Xk :

() kT L FTUEENRETESE

A )

B bcL 2 B4zt o B

L/B=(2mxc0s20°)/1m=1.88 -

%0313 H ¥ Ixl b 4 flcs gt ik (L/B=188)

Crit 17 4 =y
0 L/B 2 1 1.88
10 0.3 0.45 -
15 0.5 0.7 -
C C C
20 0.75 0.9 a FY Fz
024 | -011| -051
25 0.95 1.15 -
30 1.2 13 -
(FH kR AFT g AL
NRHBREI AT b 4 TR AP RIS e fed N
ApA L DiE R LR ARRELTHE R T AR S RS
ML AT o fpfr kT fEa ?’%%f?i}&ﬁwlﬁy’kf/ =N
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PR REAIR SR

- 7 MR BREADFERSERS ERPFE = 5Pa g & Fl i & T 2Ce-m
"v;‘r&ﬁi@*éﬁ%&ﬁw?&Cpr—g:".pﬁ%%&@i pARE b sy
(IR 4 I Dt B s AT LS "yl&%ﬂ'r’%?d%;bw‘xmk@
i FRFRVAIE-GHER AT 2R RE o pd ERRE
Cona® Mk dr— = (4 3-9 z @352)

+Cp Cp
a a2 a a a
\ 4 \ 4 \ 4 A\ 4 A 4
Y A\ 4 A\ 4 \ 4 Y Y \ 4 \ 4 \ 4 Y
-Cp -Cp
Cpm-a=Cp-(-Cp)=2Cp Cpm-a=-Cp-(-Cp)=0
+Cp -Cp
a a a2 a a
A 4 \ 4 A\ 4 \ 4 A 4
r 3 r' r 3 r' r 3 a r 3 A r 3 a
+Cp +Cp
Cpm-a=Cp-(Cp)=0 Cpm-a=-Cp-(Cp)=-2Cp
B 3-52 H # Al IxX1L b BRHA FHF TI2ERL R EMAE

(FHFim : AFg )

‘\1

S IR REH LR F ORI L T R RICp-mE &~ Cppa 0 ¥
ZAGHFFHELBELS A 50T IIEETER 0 RS B @i R

N

PR WA R N
I ERERER
e A ERK R H B R R 15M ez FER AR & 5 40m/so X Eouk Ap

%&n%$%ﬁ’w%*ﬁﬁﬁ‘&ﬁ@‘@hﬁﬁﬂiiﬁ“

3 **Ar=1.635x0.992 = 1.64 m?

Cpn-aayey = -0.70

Paven) T ¥k B = Cpn-apauenx 0.5p0Ur°AR
=0.70x0.5%1.165%40%x1.64 = 1070kg/ m?(4)

Cpn-aaze2) = -0.70

Pave1) T ¥k B = Cpn-apms X 0.5p0Ur°AR
=0.70x0.5%1.165%40%x1.64 = 1070kg/ m?(4)
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Cpn-a(Ag/Bg) =-0.93

Pauey T ¥k JE= Cpn-aases)x 0.50Ur’AR
=0.93%0.5x1.165%40°x1.64 = 1422kg/ m*(+-)

Cpn-a(A4/B4) =-0.86

Pyt 33k /&= Cpn-aaqes* 0.5pUr’Ar
=0.86x0.5x1.165x40°x1.64 = 1315kg/ m*(+-)

ERAFRXA O ZERERTHELIZHEG R R T o B AL/BIL -
A2/B2 45 kg asl%4 %@ A3B3~A24/B4 > ik isxy (A4
) <4 % o
i g3y 4% 1 T, plE ¥ 3 %7 #Cpna=-0.80"
B4R pe (M5 2012« 3 %225 2013)
4 % #C = Cpxcosa=0.8xsin15"=0.77
Fe 4 % #Cp= Cpxsino=0.8xcos15°=0.20
x (% i1z > 2006)

FL Fp
1 ' Cp =1
EpUZA EpUZA
FL=C_x 0.5pUg?Ar=0.77x0.5x1.165x40°x1.64 = 1177kg
Fo= Cpx 0.5pUr*Ar=0.20x0.5%1.165%40x1.64 = 306kg
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B 12 4 & & 6005
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21 F R
SIEERMTE

(- ) #+yixe
1. X% % @ 3Fdet £ 3-14
2. BAEFEIEEIERETHFRE S KH=15muE RS T EF
F o MRea X TN AR R CRR (OFO 15) 5% N4
Pt h KRG R A AR R S 375Ms HEF AR

15m oz %R R R i 5
R_( )015><375~40m/s

p=7% # %A (kg/ m*)=1.165(kg/ m*) (% # if 30°Cp*)
3. FEHEEH I FANFE - RBFE LA LEHIFE -
(Z) BARFE FERERERLD RS 2 p 4 il gt v iy
2RE 0 ARG LR BRERE
1 BH#
R LA TR S o' SRR
Eirgz e E] 20 GBI FE 0T

% 315 BHEH T 4

S | # 8 - = aelem?) #5 %#zZ(cmd)
w0 I, Iy I,
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