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Abstract

Key word: Drag coefficient, Solar photovoltaic panels

In this study,we build with the scale model of the actual situation to simulate the
domestic common roof type solar photovoltaic panels in Taiwan, and carry out
experiments and analyze the structure of the wind stress, calculated pressure
coefficient Cp (Pressure coefficient), deduce the drag coefficient Cp (Drag
coefficient), lift coefficient C, (Lift coefficient) and other relevant shape factor, in
addition to the reference for the engineering design applications, but also hope to
provide wind-resistant building design specification modified recommendations.

The study found that, when the building contain parapet (wall), significantly
weakened the influence of pressure on the photovoltaic panels. In addition, affected
by the inclination angle o, and will affect the calculated value of Cp and C,_. The roof
type solar photovoltaic panels on rectangular building of no parapet (wall), which will
be intensified by traction effect, should pay special attention. The result of Table 4-1,
"Roof type photovoltaic panels form drag coefficient table" is available to be the
reference of "wind-resistant building design specifications and explanations” as the
subsequent revision.

X1l
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1954 & Bell Labs % & 217 ~ 5 % # (Chapin & + » £ »cF & 6%)
1956 # % - BT » ®ivas

1958 & B 4% 7 fis * (GaAs)

1970 & B 4o FB k35 T % S G A * (Si) (i iR 5 15)

1976 & Carlson ® i % - B0 FW < B 7 4

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

1990 & #7 o % T 4 @ Ez xSk E Tk s 34 (Grid-Connected PV
System, Si) (& # & &+ i)

1992 2 A% % ~ p & W4EH PV ﬁE’vﬁ:ﬁ’ﬁv

2000 #2244 - ®A| =B R # &* (BIPV)

Front electrode ()
Anti-reflection coating "

M-type silicon (P4} ——=

P-type silicon (B-) ——==

|
I
!
Back electrode (+) / ‘lr l JCurrenl

B 25~ Ba TP e RIZHE
( 742 % J& : M. Viaud, Photovoltaic Solar Electricity Part of Global Strategy,
AIlE Conf.,, 2004 & 9 * )
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2. Photovoltaic, PV » M. Viaud, Photovoltaic Solar Electricity Part of Global
Strategy, AIE Conf., 2004 & 9 *
KBRS SHYPY THEZE TRAPVEIE LA LB DR As
AR Rk o

* Photovoltaic = Photon + voltaic

« Transformation of solar energy
into electricity

« Semi-conductor ——— > Silicon

« Light causes electrons to move,
generating DC current.

« Even on cloudy days ! (20-50% of
maximum output)

B 2-6 b F F i HiEsk-2
(F4#% % & : 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) More than 907X
_ the market

— Ribbon

— Amorphous silicon (a-Si)

Bl 2-7 B F FinHd%-3
(F# &k : M. Viaud, Photovoltaic Solar Electricity Part of Global Strategy, AIE
Conf., 2004 & 9 * )
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Further: Growth of photovaltaics#Forecast
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Generator
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(Battery)

(3) # =4l % (Grid-connected System)
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CoverGlass
protectsthe
cell fromdamage

EVA
Solarcell
EVA

Backsheet

Junction box ﬂ
forconnecting

panes
electrically

Aluminum
frame

Bl 2-17 = fFac e o=
( 7 &R © http://www.feedpool.com.tw/pdfp28/front/bin/ptlist.phtml?Category=11 )

Salar rediation
Reflected radiation
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Transmitted radiation

Solar banery
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(2) EVA
THaReEd ERAR D R 2 TR EVA REF o
EVA(ethylene-vinyl acetate) ¥ - f&%& F* 5 =~ Hr i e a7 * o9
EVA chie s ¢ 313 5 # S B fresrg ot §5 5 o
EVA# % 3 #&5 1 ;f%ﬁ:;g_%t t e IR e F s koo
/F"i”* 150CE 2 A REEVAER 2 H U228 o @3t plif

2T 4% &4 70~80%% %)i: mEVAg?y‘lfi”fﬂr,éﬁ_?‘ﬁ PHEEH T
IE&%‘L K RTETRE R RE S o RAES AR
BRSBNIFEE - NHEZHEF REZ RIS BRI T
#.4 f% (] Lupersol® TBEC for EVA 15295)#1 & 4 i § it 4 (4o

N

CO;...5 %)

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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PRG35

3. Aerodynamic Loading of Solar Trackers on Flat-Roofed Buildings( & 47 >
Lix, LiEiz > 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 ERELEFI R » &0 R P ¥R
Bk 00 PFF AR A 1807 At (fRE).

B 2-29 5 7B A & FF A if R
(74 %R : Aerodynamic Loading of Solar Trackers on Flat-Roofed Buildings )

4, RET I ABR 2T FELA2Z F &4 FHET (MEE 4L izt
B 2013 PHEIMLAFT I E )

FE SR B R ELIRE R P ERR G L A
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B 2-30 A ETEF S kT LS
(FHRKRAERF SHBR T HFLA2Z FH4 FHTT)

B4R ABRELSEATE L 0 FT 40 2013

FrAlr 3 F e ANSYS 14, 0848 4 f £ 2 S Hac i
BESHES A BEFREEOON/s b & 13D RPFSHRFE
FlhMaaZ f RE S A ST EA IS RS AR AT A1
A BRE PRI ER R R R M A Rt R
B Ak Ma o AP EE RN S 1.4mm 1S > Ak 60m/s > kb
4 I35 R R T HE A A T E KR 2 100 5% 3 45% -
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Bod EH 5 66 Thend® 5B o % 2B Ak RARY
EASE L Admm - BT 2.4mme P G FF RF AEEAFE TR P B
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Jod B TR AE LA R LTI RES I R BRI
FARLE A DA ET RN hh i 60m/s f T A Ha A A
et wod fE kg & 2 100.5%"% 5 63% °

Comparison of wind pressure measurements on Silsoe experimental
buildingfrom full-scale observation, wind-tunnel experiments and various
CFD techniques,
RHF FH Irtazal > 7 4% 2 VMR E FCFDHHRrF H A %23 %
& o M»ZEf EAEZ T B

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
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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, % I & > Bk 1 2#31 ¢ > 2014 >
IR

EERE £ EtalE
For applications of solar thermal energy, solar water heaters (SWHSs) are becoming
common.In this study, the effect of a cross wind on the aerodynamic characteristics
of residential (an inclined flat plate with a horizontal cylinder) and large-scale
SWHis (an inclined flat plate only) are experimentally investigated. The tests are
conducted ina low speed wind tunnel and the relative wind direction with respect to
the test model, £, ranges from 0-to 135-deg. Measurements of the mean and
fluctuating pressures are presented. These results demonstrate that higher suction
and fluctuating pressureare observed near the upwind corner, particularly for the test
case of 5= 30deg.
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WIND LOADS ON SOLAR PANEL SYSTEMS ATTACHED TO
BUILDING ROOFS, Eleni Xypnitou, Concordia University Montreal,
Quebec, Canada, August 2012
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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.
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H= 0,7, 16m

| 10.4m |
— I ul 0 = 207, 307, 407, 457

H=7. 16m

19, 6m

Figure 4.4.1 Elevation of building models with inclined solar panels attached

Bl 2-33 £ T AR ~ 318 b 3T & B T & B
(4L %k : WIND LOADS ON SOLAR PANEL SYSTEMS ATTACHED
TO BUILDING ROOFS)
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Redution of wind uplift of a solar collector odel., 2008
Wind load on residential and large-scale solar collector models., 2011
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11. Bienkiewicz &, 1995, Proper orthogonal decomposition and reconstruction
of multi-channel roof pressure.
F]l—l /ﬁ/f ’&_éﬁ;ﬁ'é’&i‘ ﬁéi°
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(F 4L kR : 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 AR 124 Fo Fl=t e 4 hdk
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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, Cp.pedt), and the pressure coefficient at the bottom surface, Cpya(1), at
the same locations

Cpm ( ) Cpupper (t ) i Cpfmf (T) ( 1 )
The coefficient of the normal load acting on test model is defined as follows:
2 P XA
CFl)=——— 2)

>a

=l
where A;is the tributary area of tap number 1, 1 = 1, 2, 3..., n (total number of
taps).

Bl 2-36 35 B AR 4 Fo Flt 124 #Cr i
(74 % & : Aerodynamic Loads on Solar Panels, Aly Mousaad,2013 )
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16. Evaluating the safety of Photovoltaic Panel mounting structure under high
wind load,Hsing-han Yen % 4 > 2011 -
%877 71 CFD et h x4 0°-90°~180° 7 » & + B :# 60m/s F > PV Panel

24 s g Rt R i 4 o

Abstract

The mounting structure of photovoltaic (PWV) panel
must be designed to withstand wind-induced loads:
howewver, there are mno 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 sewvere 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 analwyvses. 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 evaluated under three different incident
directions (0”, 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 90", and
the wind with incident direction of 180" applied the highest
wind load on the structure thus the Von-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 wvield stress
of the materials of these components under all loading
cases.

(c)

Figure 6: The distribution of Von-Mis

oo e sl sk on M;:.ES sl_ress of C-‘Shﬂpe Figure 5: The distribution of Von-Mises stress of mounting
2 ) I ructure due to 60m/sec wind load with (a)  structure due to 60m/sec wind load with (2) 0°, (b) 90" and (c)

0%, (b) 90" and (c) 180" incident directions. 180’ incident directions.

(c)

B 2-37 72 CFD it 7 I b sz & & & ZE chmt b At 4
( 74 %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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BRI R BRIPF > AR 4 Of e ki iz (2006) $pt g Aot TE
£ 5 R R euE RSB A IR F P X £ PG F kT e 4
PGS AL R 4 f P (Windload) o £ #p 4 2 H S e A 5 0 T E
g ERIE R 4 fﬁ_; fe4 (Drag) 45 & 4 > &8 3w eni® #* 4 fﬁ_; Pl 4
ERled et s e T E o PR AL A4 (Lift)

= ~Agkre 4 (% iz > 2006)

FREor 2 4 ViRd KRA 54 E e ABF e 4 (Viscous drag 2 skin drag)
Fea5k fe 4 (Form drag) :
1. ZbiFre4
ZbAFFE A K p AT AR A& e 0 R 4 (Shear stress):
Fe du
udy:0

PP s AR ends 4 AR Tl » P EE(Yy=0) 2 i R B R A

y=0
OB RAR L A B o o TR ARFIE Y B URREARF Tl R R
FAR S 2D f M

PRE R IT R B R K HURE A G ki A & (Laminar
boundary layer){e % i 8 % & (Turbulent boundary layer) » £ 3 % ~ + %8
Fooocrfe R AR AR L od KR EERE TR
et R T s A3 5x10°~2x107 2 B 5 Ay chlic (e Pl AL fe kR fo p o

T2 D TN s A
e m/u‘-/r{'m E_°

FERRIAT SR DA R R E 0 L EAR

(Transitional flow)- & & 3 2 #eRe >10 P oy B i E aiF b [EX T g S LA

BRRY RF ;;ﬁmjmiiﬁl%ﬂm%ﬂ’mﬂ%ﬁfmo&

FhHA e S adekk g e Epd i T plig

U RCCE S S ST

2. A4k e 4

,;{»LJ‘F A RPN IOL e TR RS LR (TN A G
¢ 35#2 B2 4 (Static pressure) = #: & 4 (Dynamic pressure) > # /& 4 # 12 d

AR AP £ 4 ek BQY B ARZE (Ps=-p02)n o Ak AT R AR

ARTT < FRAAPT - FILEG A o BRA RIF]G R T
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AXXefr R A m X 2B A L& TR m@ 4 uﬁsﬁz(Pressure coefficient) % #
ﬁ:
Py — P
c = 4= T
PTT
7 PUp

Ho Pd’frPo/»\ ‘?vllé K %%L;' ﬁﬁ%f‘%(ﬁ' EITE E@””@" —,"5’/” oo R '43’:"%
7@4{3 @4”5‘ w4@4y§@4’b4'gr—* 2 LA

Bl 2-38 17 >t f R 4 27 g 4
(FoA SR 2 wF g B E 54 b 3 A2, 4 i (=,2006)

4ol 2-33 AT o TR 212 Vol A G R PET RS TG
Ao 7
Fp =f (Pcos 0 + tsin0)dA
¢ 0 EEEEZ RS P-%i"}ﬁAré»L Ak o A4 pE
FL=f (—Psin® 4+ tcos0)dA
A

#c(Lift coeffriciet) % - :

F

Cp =1 D
szZA

F

CL = 1 L
7pU2A

#9Fph et FLE A AL A A At
lﬁﬁ(‘fr—l P I‘Aﬁib'?;ll'ﬂ ﬁiﬁ ﬁ:‘lqj;l); N & I/{l;_ F?ﬁ( %_ﬁ*ﬁibb—} ﬁig o g

33



EEA B 2T b A5Gk GET g

H R T RIS B ABEOEPT L A3 o

oA TE 2 JEA fod 4 B B b o BRde— B3 YR
T e o Tfrm SR 4 Z R A1) ) R IE 4 3f % 3T Hr A 2 JETF
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TG AREFIEA o AT S AR THRLANE S R g
Bk I P TR BRSSP € P TR T2 o P
B2 feT 3R R A ApRo R gk o T I3 4 L .

FER AR TR 2 BRA Y & F)= &R 4tk #ic(Pressure coefficient) 4 7w

4T

P-P,
Cp T,
2PV
NP CpL R A PLEAY AR R - =82 R4 SP0 LA REAFY
giaﬁm@4(waJyv;zﬁéﬁ%%@fwﬁw%ﬁ’psiﬁﬁ%
Boo i FBAZER20CHKIRT » 2 F % AEp=1.20 kg/m3 - B4 HHAEE
+

FAF AR R HENAN-20~20 22 F o £ 8 RRh ok < b #F 7 £40
m/s - %k B %#Cp=1.0> mp4l*?Qﬁﬁﬁ 417 100kgfenst £ o - d e
PE AT G PR 5 BT L § AR -

=~ ko (4iEiz > 2006)
BRI E AN R PE > RS 2 i A S B (Wake flow ) B R EEER
BT a2 184 5 BB G BRI 4 GlcE 57 o ik o

pUD UD
Re=—=—
n A%
HeY DEFMEEop 54 304 Glico v Z8RAF RE U 50
Mo HE op it & o
T~ ZFom kR
AZAFIL b RE B LR TRIGBRA e RS o it
RFFR G R BR T BB S KNA FR 5 R (T )
ERAow TR 2R A F b i# & (Velocity pressure )% 7 (% £ 1=-2006) :

1
q(z) = 5v*@

He 1pi 27 %A hEHE =imls b EaE =% Pa(N/m?) > UL gl
SR ap s A o
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om0 3K TR B PR E B~ o
set chan1 0 i—,é*—“f P BE
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1. AxEBh #
(1) 0=15°% V=b5m/s -
B=0° ~ 45° ~ 180°
(2) 0=20°%2 V=bm/s -
B=0° ~ 45° ~ 180°
(3) 0=25°%2 V=bm/s -
B=0° ~ 45° ~ 180°
(4) 0=15°2 V=10m/s -
B=0° ~ 45° ~ 180°
(5) 0=20°% V=10m/s -
B=0° ~ 45° ~ 180°
(6) a=25°% V=10m/s -
B=0° ~ 45° ~ 180°
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(1)

A 2k i# 0=15°% V=bm/s

TSk i T Ak & dc Cp-m

% b B 4 Cpr
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103232 0.289333
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(2) A Z ki 0=20°% V=5m/s

TSk i T Ak & dc Cp-m #H R R 8 Cpr
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(3) A ®h i# 0=25°% V=b5m/s

Tiap i T
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% b B 4 Cpr
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(5)

SR AR R FEAL o

A 2k i# 0=20°% V=10m/s
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Tiap i T
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% b B 4 Cpr
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1. B2kt

(1) o=15°% V=bm/s -
B=0° ~ 45° ~ 180°

(2) 0=20°% V=bm/s -
B=0° ~ 45° ~ 180°

(3) o=25°% V=bm/s -
B=0° ~ 45° ~ 180°

(4) o=15°% V=10m/s -
B=0° ~ 45° ~ 180°

(5) o=20°% V=10m/s -
B=0° ~ 45° ~ 180°

(6) o=25°% V=10m/s -
B=0° ~ 45° ~ 180°
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(3)

B #® Rk i a=25°% V=5m/s

T3oh & T Ak R ¥ Cp-m

b R H Cpr

Ell o

20

L]
" _
0 10 20 0 40 50
x

Cp-m
-0.3B3347
-0416115
0448783
-0.481451
<0.514118
<0546760
-0.579456

0775465
-0.808133
-0.840801

Ell o

20

Cpr
0.0835848
0.0818767
0.0801567
0.0764408
00767229
0.0750048
0.073287
0.0715681
0.0698511
00681332
00864153
00648873
0.0629784
00612615
0.0585435
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20

L]
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-0.300213
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~ 0381048
0 A36AEE
<04B18B4
0527302
0572718
- -DE1B13T
-0.BE3555
-0.708473
-0.75439

-0, 788808
- 0845226
-0.880B44
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0 10 20 0 40 50
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20
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0.0B09895
007418372
D.OBTIET
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e ¥ye) —A1&K0 nd
0=25° > B=45° > 2
Cp-m Cpr
-0.0011182 0.104878
-D.0B51305 0102631
L] o 01249143 L] o 0100363
0153158 00081355
0257167 0095868
033118 00936404
-0.385182 0.0813829
20~ 0449204 20~ 0.0891454
0513217 0.0868878
0577228 0.0846503
0641941 00824078
0705253 00801552
= 10 -0.769266 = 10 0.0779077
0833278 00756602
-0.88728 0.0734126
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(4) B &k i a=15°% V=10m/s

T3oh & T Ak R ¥ Cp-m b R H Cpr

Cp-m Cpr
-0.726E66 0.0463671
-0.744727 0.0455769
L] o 0. 7B276T L] o 0.0447BE7
0.780807 0.0439885
-0.790847 00433063
0816867 0042416
-0.834928 0.0416258
20~ -0.852968 20~ 0.0408356
0ET1008 0.0400454
-0.8B9048 0.0392562
-0 907088 00384549
0925129 00376747
= 10 -0.943169 = 10 0.0368B45
-D.9E1208 00360843
0478248 0.0353041
0 0
- I n _ - I n _
[ 10 20 30 40 50 [ 10 20 30 40 50
X X
_140 —_No st
o=15°>p=0°-1
Cp-m Cpr
-0.852361 0.0840151
0871025 0.0802209
L] o -0 8B9ES kL o 0.0BE426A
0908354 0.0826227
0437018 00768365
-0.945663 00750444
-0.964347 0.0712502
20~ -0.983012 20~ D.0674561
-1.00168 0053662
-1.02034 0.0548678
1039 00560737
105767 00522785
= 10 -1.07633 = 10 0.0484B54
-1.085 D.0446813
111366 0.0408871
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0 10 20 0 40 50
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Cp-m Cpr

0779215 0.0806704
-D.78E638 0.0BB4375
wr -0A14064 wr 0 OBE2D4E
-0.831489 00839717
<0B40314 008173089

-0 BEEIZA 0079506
-0.883763 00772731
20~ -0.901188 20~ 0.0750402
0918612 00728073
0936037 00705745
<0 953462 0.0BA34 16
-0 9T08BE 00661087
= 10 -D.988311 = 10 0.0638758
-1.00574 D.0E16429
-1.02316 0.0584101
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0 10 20 30 40 50 0 10 20 30 40 50
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Tyop T AR R 4

# Cp-m

b R 8 Cpr
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Cpem

0767886
-0.785122
-DAnzaTe
-0.819635
<0 A36AR1
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T3oh & T Ak R ¥ Cp-m

b R 8 Cpr

Cp-m Cpr
0676081 0.0439211
-0.686387 0.0430281
wr 0716704 wr 02137
073701 041245
<0 757G 00403529
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(1) C 2k i V=bm/s

T3oh & T Ak R ¥ Cp-m b R H Cpr

Cp-m cpr
i D E4BT12 i 0208968
I -DEI24TE I 0.198998
30F -0.736341 ki o 0189027
i -0.784005 i 0.179058
i -0.82977 i 0.169086
r -0 875534 i 0159115
i -0.821289 i 0.149144
20 0867063 20 0139173
-1.01283 0.129203
i -1.05858 r 0.119232
-1.10436 0109261
-1.15012 00332806
= 10 -1.19589 = 10 D o8g3199
124165 00793492
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Cp-m Cpr
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<0 7ITEID 0126081
-0.802438 0.118263
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Cp-m cpr
i -DAB0281 i 0 156AB2
i -0497118 i 0.150639
30~ 0599955 30~ 0144397
i -0570792 i 0.138155
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i -0.644466 i 012567
B -0.631303 B 0119427
20 071814 20 0113185
-0.754878 0.106842
i -0.791815 i 0.1007
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-0 839163 00757301
-0976 0.0634876

0=17.5° » p=180° » 3"

B 3-39C &k :# 0=17.5°%2 V=bm/s & 7 = b B & i#
(FHR KR Ay ER)
(2) C 2R i# V=10m/s

101




9 12 . - .y B 22
T3oh i T Ak R ¥ Cp-m bR e Cp-r
Cp-m opr
0551813 0.16832
-0.582354 0158378
wr 0632786 wr 0148438
0873237 0138487
0713678 0128556
075412 011815
0.784561 0108674
20~ -0.835003 20~ 0.0987326
0875444 00887816
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2. f;tﬁ{év‘/;k (£ %i=>2006) ++Hsr2 214 ¥ d 44 o R4 PP
&4 T A R
FD=f (Pcos 0 + tsin0)dA
¢ 0 EE2 RS P.k'i’iﬁAré»L gk o4 p
FL=f (—Psin® 4+ tcos0)dA
A

PR AT 2[4 fod 4 ¥ g Fl=t enfe 4 % dic(Drag coefficient) e 4
% #c(Lift coefficient) & -+

F
Cp =1 D
szZA
F
CL =-—n

1
2
HeFpimd »FLi24 AL ii%:;ﬁ@ﬁ@gaaﬁoﬁwwm
Blicfe s 4 BECE B AL PR Rk T SR M -

g2t (MF &5 2012) “eed v d £ T (i) £a% CpiLH
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FIR BEERVAELLES
% 34FBAEAF LT F AL PR Bk
REETACTTY D B ek e il B
Jg =X Al B Bk B
1 :& a
- v(m/is) | (Pa) |CpmEx | B | Bt
P 5 -15.44 1.01 035 | 0095
1| ) 20° 0°
AP 10 -50.1 0.99 0.34 0.93
P 5 7875 153 0.52 1.44
2 | .7 20° | 45°
AP 10 -87.94 1.48 0.51 1.39
) 5 -17.55 1.15 0.39 1.08
3| 0 20° | 180°
A 10 -60.69 1.02 035 | 0.96
EasE 5 -18.85 1.01 043 | 0.92
4 | 0 25° 0°
AP 10 -60.06 1.01 0.43 0.92
P 5 -23.03 151 0.64 1.37
3 25° | 45°
AP 10 -89.3 15 0.63 1.36
- 5 -19.37 1.27 0.54 1.15
6 | .. 25° | 180°
A 10 -60.38 1.01 043 | 0.92
- 5 -19.08 1.25 0.32 1.21
7|7 15° 0°
A 10 -50.87 1.01 026 | 0.98
P 5 -93.65 155 0.4 15
8 | 15° | 45°
AP 10 -89.09 15 0.39 1.45
T 5 -19.75 13 0.34 1.26
9o | 15° | 180°
i 10 -62.64 1.05 0.27 1.01
(FAL &R - AT g FL)
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a=15"¥=10m's

06

04

«=20" V=5m/s
*=20" V=10mis
- «=25" V=5mis
2=25" V=10m/s
2=15"V=5mis
«=15"V=10mis

100
Flow angle([})

oler

«=20" V=5m/s
*=20" V=10mis
- «=25" V=5mis
*=25" V=10mis
2=15"V=5mis
a=1 55,\."=1 omis

ol e L1
0 50

Bl 3-42A wiEA| ETEE AP K]

(FR &R 2] ER)

e

106




%35 EAERP-F L VR TR RRS Gk

FIR RERVAEES

+
T~

T35
QR4 t5c |#EC
y PO PN . b |2me pm LR 4 Gl | #ECL[#HECD
Jag =X KNy~
N a b 5.+ & (Pa)
V(m/s) Comi~E | =~ E | &~ E
ERE 5 -17.29 1.14 0.39 1.07
1 |#4-2 | 20° 0°
Lo 10 58.6 0.98 034 | 092
ERE 5 -19.55 1.28 0.44 12
2 |a#-5| 200 | 45°
4 gagg 10 | -66.39 1.11 0.38 1.04
ERE 5 -18.92 1.24 0.42 1.17
3 |#+-3 | 200 | 180°
R, 10 | -62.49 1.05 036 | 0.99
EF|E 5 -12.76 0.84 0.35 0.76
4 |fa%-5| 25° 0°
Lo 10 | -55.97 0.84 035 | 076
B 5 -14.33 0.94 0.4 0.85
5 |A4-7 | 25° 45°
g 10 | -62.19 1.04 044 | 094
ER|E 5 -14.04 0.92 0.39 0.83
6 |#ar-3| 250 | 180°
L 10 59.07 0.99 0.42 0.9
B3R 5 -15.59 1.02 026 | 0.99
7 |ar-5| 15° 0°
& gagg 10 | -56.92 0.96 025 | 0.3
ERE 5 -16.44 1.08 0.28 1.04
8 |#a4-3| 15° | 45°
& gagg 10 | -64.62 1.09 0.28 1.05
ERE 5 -15.2 1 0.26 0.97
9 |a#-3| 15° | 180°
R, 10 | -59.39 1 026 | 097

(FAL KR T A5 FTL)
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ETRA S Ha kT4 h FEA5Rk G 7
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2 36AETEAF LT HFHINERIEA hlch

} AR EEEE

T 35
EE QR4 #5C, | #EC
Jewan | BT aa {agem| TFE ARG
B gy | PR AP 54 5 (Pa)
a V(m/s) Comi~E | =~ E | &~ E
HE T 5 -18.63 1.22 035 | 1.16
1| o167 | 0
ER I 10 | -64.76 1.09 031 | 1.04
BEE 5 -20.62 136 0.39 13
2 | o) 1.7 | a5
e 10 | -8158 1.37 039 | 1.31
BEE 5 -14.15 0.93 027 | 0.89
3 | - | 167 | 180°
ERY 10 | -47.24 0.79 023 | 075
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1. AT T EME S T AIEXH 5 Coherent 22574 &2 0 2 3 F
g5 4% Innova 70C ~ 4 T R s TR s S R MM (@
EEDE

Innova 70C Features:

Aluminum resonator structure for fast warm-up and excellent

pointing stability

Intracavity aperture for precise mode control

Linear passbank power supply for low-noise operation

Compact digital remote control for ease-of-use

Innova Series V plasma tube for long trouble-free lifetime

The Innova 70C has earned an excellent reputation as a laboratory
and industrial workhorse. It provides a unique combination of high
performance and affordability for applications such as Raman
spectroscopy, fluorescence spectroscopy, laser pumping, and laser
doppler velocimetry. The Innova 70C is available in argon, krypton
and mixed-gas configurations, with output wavelengths from the

ultraviolet to the infrared.

8 3-45 Coherent Innova 70C ~ & # 4+ 2k
(F 4L k& : https://www.coherent.com/products/index.cfm?354/Innova-70 )
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