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ABSTRACT

Thispaper presentsthe optimal ingtallation dip and front-to-back spacing design model for stationary solar photovoltaic
arraysfacing the equator, including the solar radiation meteorol ogical model, the Klein model and the Hay model, and
then using Matlab softwareto build themodel for simulation and cal culatethe relevant Solar energy and weather data.
By comparing with the solar energy and meteorol ogical data of Zhuhai collected by NASA's surface meteorol ogical
and solar energy website, the accuracy of the model was verified. Finally, the optimum installation inclination and
spacing between front and rear are designed in Zhuhai City, and the most solar photovoltaic arraysin Zhuhai were
obtained. The optimum installation inclination, distance between front and back and the corresponding solar radiation
of thesolar photovoltaic arraysin Zhuhai City are cal cul ated.
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INTRODUCTION

Solar photovoltaic power generation is based on the
photovoltaic effect of semiconductor materids. It mainly
convertslight energy into dectric energy through aseries
of components. Solar photovoltaic power generation
processissimple, no mechanical rotating parts, no fuel
consumption, no pollution, no noise, and zero emission.
Compared withwind power generation, biomass power
generation and nuclear power generdion, itisarenewable
energy generation technology with the most ideal
characterigtics of sustainable development.

For photovoltaic power generation system, the
ingdlation formand angleof photovoltaicarray will affect
the amount of solar radiation received by photovoltaic
array, and the power generation of photovoltaicarray is
directly proportional to the amount of solar radiation
received by photovoltacarray. Therefore, theingtdlation
of photovoltaic arraysand the angle of the syssemwill
haveagreat impact onthe generation capacity [8]. There
aretwo typesof photovoltaic array installation: fixed
ingdlation and automatic tracking. Nowadays, Dueto
thetechnical and cost constraints of large photovoltaic
power plants in China, their photovoltaic arrays are

usudly fixed and ingtdled. For afixed photovoltaic array,
onceinstdled, theazimuth and inclinationwill not change.
In order to receive more solar radiation, the surface of
thearray ispreferably oriented toward the equator (i.e.,
azimuthis0°) according to the law of sun-earthmotion,
and inthe northern hemisphere towardsthe south and
the southern hemisphere towards the north [9].The
optimal installationinclinationisto make thetilt of the
photovoltaic array to receive the largest amount of
radiation throughout theyear. The optimuminstallation
inclination of photovoltaic arrays is related to the
geographic latitude of the installation. Because of the
regiond differencetheingallation Stuation of eachregion
is different. Therefore, it is necessary to design the
optimuminstdlation inclination of photovoltaicarraysin
different regions.

Under theprincipleof optimal ingtdlationinclinetion,
the spacing determination before and after thearray also
affectsthe efficiency of photovoltaic power generation.
How to put more photovoltaic panelsinalimited space
and without affecting the efficiency of photovoltac panes
isalso aproblemworth studying. Moreover, aswiththe
optimal ingdlation inclination, the determination of the
front-to-back spacing of thearray isaso related to the
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geographical latitude of theinstallation, and it isalso
necessary to designaccording to different regions.

MODEL INTRODUCTION

2.1 Solar Radiation M eteorological M odel

Thesolar elevationangle ; istheanglea whichthesun's
parald light intersectsthe horizontd plane. It isaffected
by latitudey , the solar declinationsat a hour
angle ., (i.e,, therotation of the earth per unit of time).The
solar elevation angle j, expression:

sinf=sinyr- sind+ cosy- cosd - cosw (1)
the solar declinationgis the angle between the solar
incident light and the equator of the earth.The solar
latitudesvary from+23.5 °t0-23.5%inayear with postive
vauesinthe northern hemisphereand negativevaluesin
the southernhemisphere. Theformulafor calculating the
solar declinationisasfollows:

@84+n)

6=2355in[360°x 2] (2)

The solar elevation angler and the solar
declination 5 isasshowninfigure 1:

Fig.1 Thesolar devation angleand thesolar declination diagram
Hour angle ., isto convert timeto angle. Thelocal
sunis0°a noon (15°per hour),it will plusintheafternoon
and minusinthe morning.
w=15° x (Local solar time - 12) (3)
In the formula (3) the local solar time is 24
hours.Whenitisat noon,thesun’sdltitude:

h=90°-y+9 (4)
Thesolar elevationangleisO, that is:
sin) = sinw - sind + cosw - COSS - COSMQr
Solution:
@ = arccos(-tany - tand ) 5

14 and —, aresunset hour angle and sunrise hour
anglerespectively.

Atmospheric transparent coefficients p istheratio of
theradiance of sunlight through anatmospheric massto

theradiance before passing through. 1t isanumber less
than Lthatis:

(6)

Theamount of olar radigtionfromthe upper boundary
of theamosphere passing through ;» amospheric masses
is

Sn=3S P, (7)

Because solar radiation is weakened through the
atmosphere, it also hasabout 35 percent canreachthe
surface. Theatmospheric transparency coefficient F can
be obtained by formula (7).

Thetotd solar radiation on theground consists of
direct solar radiation and sky scattering radiation [14].

Theexpressonof direct solar radiationinahorizonta

planey

, T +WS
=5 S | - Byesinh-dw, (g

-Wg

Theexpressonof  :
y=1+0.033cos(12) (9)

The expression of sky scattering radiation:

T +Wg

Thetotd solar radiationintensity of the ground:
0=S+D (11)

2.2 Optimal inclination mode

To determinetheamount of solar radiationontheinclined
planetoward theequator, the caculationmethod proposed
by Klanisusualy used: thetotd solar radiationontheindined
plare . onsgtsof direct Solar radiatio &, , Ky scattering
rediation # .. and groundreflectionradiation #, [15].The
schematic diagramisshowninfigure2:

Fig. 2 direct solar radiation, scattering and surface reflection
schematic
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Theformula:
Hy=Hy, + Hy + H, (12)
The expression of .. and direct radiation on
horizontal plane i, (1, = 57 :
Hy, = H), Ry (13)
In determining the slope toward the equator, the
expressionof g, :

cos(p-B) cosd sint, +%r§ sin(p-f) sind
Ry = . T . (14)

cos@ cosd sint, + 180 & SIN9 sind

The .;; expression of the hour angle at sunset onthe
inclined plane such asformula (15):
w,=min{w, cos'[-tan(y-B) tans]  (15)
The Hay heterogeneity digtribution model considers
that theamount of sky scattering radiationontheinclined
planetowards the equator iscomposed of two parts:
the amount of radiation from the solar disc and the
scattered radiation from the other sky dome [16].1ts
expression isasshown in expron (16)

-H, H-H;
Hy, Hd[ Ry + > (1-—)(1+005ﬁ) (16)

The exprc.on H,of horlzontd radiationout of the
amosphereis.

24%x3600 360°n
Syp(1 + 0.033cos( 5 )

sing sind+cos g cosd sinwy)

0:

(17)

Twy
(180°
Surfacereflectionradiation constant H, formula:
1
H,= E'DH (1-cosp) (18)

Asaresult, theformulafor thetota amount of solar
radiation onthe inclined plane could read asfollows:

H-H, 1 _ H-H,
Hr=HyR, + H,| Ry + =(1- )
H, 2 0 (19)
(1+ COS,B)]JF%,D_.H(I'COSﬁ )l

For a given location, z_to zis deribed and

i

— = 0 .Figureout theformula (20):

H,
_ 2 7)
ﬂop arc tan[ 7

HH

tan® Yranwt— 180

(1 b)+(1 -p) tanytanwg ISOwS)]( O)

When the direct radiation is zero, the optimum
inclinationisnot equa to zero, whichisthe result of the
anisotropic mode of sky scattering radiation. For the
second hdf of theyear, the optimuminclinationis usualy
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closeto zero or even negative. It is also of practical
vaueto caculatethe optimuminclination directly from
formula(20) [18].

In the above model, formula (2) can be used to
calculate the red latitude, the angle of sunset time of
horizontal plane can be obtained by taking the data of
thelatitude and thered latitude into theformula(5), and
the sumof (8) and (10) can be obtained by meansof the
obtained data. The direct radiation of horizonta plane
and theamount of scattering radiationin horizontal plane
are calculated respectively. Formula (15) is used to
caculatetheangleof inclined planeat sunset. Thus, the
datacan bebrought into the formula(20) to calculate
the optimum installation inclination angle, and then
according to theobtained optimumingalationinclination
angle, Formula(8), formula (13) and formula(14) are
used to calculatetheamount of direct solar radiationon
the inclined plane, and formula (16) and formula (17)
areused to caculatethe amount of scattering radiation
on the inclined plane, The formula (18) is used to
calculate theamount of reflected radiation onthe dope
surface, and thetotal amount of solar radiation onthe
inclined planeiscalculated by formula (19).

ESTABLISHMENT OF MODEL AND
ACCURACY OFCALIBRATION MODEL

Through matlab programming, the proposed model is
established into acorresponding formulamode, and the
calculated dataare compared with the actua data, so as
to determinethe accuracy of the established model and
further determinethe accuracy of the calculation of the
best inclination angle.

3.1Acquisition of M eteorological Data

Inorder to verify the accuracy of themode, itiscrucia
to obtainaccurate and detailed meteorological datasuch
assunset timeangle, horizontal scattering, horizontal
direct radiation, etc. However, solar radiation
observatories are less distributed in China. With the
continuous expansion of the construction area of
photovoltaic power plants, theradiation dataobtained
by local meteorologica departments can not meet the
needs of the calculation of radiation in photovoltaic
sysemdesign. Therefore, it isnecessary to obtainthe
horizontal irradiation datathrough other waysto caculate
theirradiation ontheindined planeinorder to determine
theinclination of the photovoltaic system. At present, in
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thedesign of photovoltaic sysems, NASA meteorologicd
webstesand RET Screen meteorologica websitesare
generally used to obtain horizontal meteorologicd data.
In this paper, the data of Zhuhai City (latitude 22.27,
longitude 113.53) will be queried on NASA Surface
Meteorology and Solar Energy to verify themodel.
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3.2Comparison of Solar Declination

Thesolar declination hasnothing to do with thelocation,
but only the number of daysin theyear (N ), and the
samesolar declination anywhere onthe planet. Through
thecdculationof themodd, it isfound that every monthin
Zhuhai City, thesolar declinationisasshownin Table1:

TABLE1
month Jan Feb Mar Apr May Jun aul Aug S Oct Nov Dec
Declination -20.89  -13.35 -2.39 9.51 1885 2313 21.15 1332 2 -9.87 -19.09 -23.14

By using theplot command in matlab, the query deata
and themonthly datacalculated by themodd are compared
throughthegraph. Theresultsareshowninfig.3:

Contrast of Declination of Each Month

Fig. 3 Comparison of query valuesand modd cal cul ation values
for each month of each month

Table 2 NASA data of monthly horizontal sunset angle

FromFig. 3, it can be seenthat the data calculated
fromthemodd are basicaly conastent withthe measured
data, which showsthat the model can reflect thetrue
variation of the solar declination.

3.3 Comparison of Anglesat Sunset in Horizontal
Plane

By querying the relevant data of Zhuhai City (latitude
22.27, longitude 113.53) on NASA's terrestrial
meteorology and solar energy website. \WWehave obtained
the relative data of angle and scattering radiation of
horizontd plane & sunset in Zhuhai City. Thedaily mean
of theangle at sunset for each monthisshowninTable
2

Monthly Averaged Sunset Hour Angle (degrees)

Lat 22.27 Jan Feb Mar Apr May
Lon 113.53
Average 81 84.8 89.2 94 98

Jun aul Aug Sep Oct Nov  Dec

100 99.1 95.7 91.2 86.5 82.2 80

Based onthedataof Zhuha City, thedaily average

value of theangle at sunset of every month in Zhuhai
City iscalculated, asshowninTable 3:

Table 3 calculation data of monthly horizontal sunset angle model

Monthly mean level sunset angle(®)

Lat 22.27 Jan Feb Mar Apr May
Lon 113.53
Average 80.97 84.58 89.01 93.9 98.03

100.08

dun aul Aug Sep Oct Nov Dec

99.15 95.64 90.91 86.02 8192 79.94

By using the plot command in matlab, the NASA
guery dataare compared with the monthly daily mean

vauesof themonthly horizontal sunset angle calculated
by themodd. Theresultsareshowninfigure4:
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Angle Model for Months

Sunset angle
8

Fig. 4 Comparison of NASA query valueand model calculation
value of horizontal sunset anglein each month

Table 4 NASA data of monthly horizontal scattering radiation
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The comparison of Fig. 4 shows that the value
obtained by themodel for the angle of horizontal sunset
isbadcally consstent with the dataqueried by NASA,
which shows that the accuracy of the model for
caculating the angle of horizonta planeat sunset isvery
high.

3.4 Comparison of Horizontal Scattering Radiation

Thedaily average vdue of monthly horizontal scattering
radiationin Zhuhai City isfoundin Table4 by NASA.

Monthly Averaged Diffuse Radiation Incident On A Horizontal Surface (kWh/m2/day)

Lat 22.27 Jan Feb  Mar Apr May Jun Aug  Sep Oct Nov Dec  Annual Average
Lon 113.53
22-year Average 144 164 191 221 243 249 247 234 21 1.75 1.42 1.32 1.96

Thedaily mean vaueof monthly horizontal scattering

radiationin Zhuhai is obtained by the mode cdculation,
whichisshowninTable5.

Table 5 calculation data of monthly horizontal scattering radiation model

Monthly horizontal scattering radiation (kWh/m2/day)

Lat 22.27 Jan Feb Mar Apr May Jun
Lon 113.53
Average 152 176 2.02 223 234 2.36

Jl

2.34

Aug Sep Oct Nov Dec AnnualAverage

226 2.09 1.83 1.57 1.45 1.98

Monthly Herizontal Scattering Radiation

286

24}

A

Radiation
N

Fig. 5 Comparison of NASA query valueand model calculation
valueof horizontal scattering radiation in each month

Table 6 NASA data of direct horizontal radiation for each month

Through the plot command in métlab, the daily data
of theNASA query and themonthly horizontal scattering
radiation calculated by the mode are compared by the
graph. Theresultsareshowninfigure5:

Accordingtothetwo curvesinFig. 5, it can be seen
that thevariationtrend of thetwo curvesisbasicaly the
same, and the data of each month are similar, which
showsthat themodel can accurately represent thelevel
of scattering radiationinthe horizonta plane.

3.5Comparison of Direct Radiation inaHorizontal
Plane

The daily average of monthly direct radiationin Zhuhai
isasshownin Table 6 through NASA:

Monthly Averaged Direct Normal Radiation (kWh/m2/day)

Lat 22.27 Jan Feb Mar Apr May
Lon 113.53
22-year Average 2.23 2.64 3.01 3.33 3.49

Jun

3.6

dul Aug Oct Nov Dec Annual Average

Sep

3.57 344 325 29 256 2.3 3.03

Thedaily mean vaueof monthly horizontal scattering

radiationin Zhuhai is obtained by the mode cdculation,
whichisshowninTable?7.

Table 7 calculation data of horizontal direct radiation model for each month

Monthly horizontal direct radiation (kWh/m2/day)

Lat 22.27 Jan Feb Mar Apr May Jun dul Aug Sep Oct Nov Dec  Annual Average
Lon 113.53
Average 2.33 2.7 3.1 3.44 3.6 3.64 361 348 321 281 2.42 2.22 2.33




102

By using the plot command in matlab, the NASA
query dataand the monthly direct radiative averagedata
caculated by themodd arecompared through the graph.
Theresultsareshowninfigure6:

an Monthly Horizontal Direct Radiation

36|

34 |

az2r

Radiation
@

281

26

24+

22

Fig. 6 Comparison of NASA query valueand model calculation
valueof horizontal direct radiation in each month

The variation trend and data of thetwo curvesin
Fig. 6 aresmilar, which showsthat thecalculation of the
direct radiation inthe horizontal plane inthe model is
more accurate.

By using matlab program, combined with the
meteorologicd model of solar radiation quantity and the
mode of optimuminclination angle, the calculated data
of the modelssuch asthe dedination, theangle at sunset
inthe horizonta plane, theamount of scattering radiation
in the horizontal plane and the direct radiation in the
horizontal plane are obtained.By comparing withthe
guery data, we can seethat the model can accurately
reflect theactua stuation.

OPTIMUM INSTALLATION INCLINATION
AND SOLAR RADIATION IN ZHUHAI
AREA

Li Xu, Ymwei Lin, Dongchu Zhao, Shengbo Chen and Zicheng Cai

4.1 Bes I nstallation I nclination in Zhuhai Area

Inthispaper, matlab programming softwareisused to
designthe optimumingadlationinclination and caculate
thesolar radiation in Zhuhai. The programming flow is

showninfigure?.

The latitude of Zhuhai

2227
Calculate the declination, sunset time

angle and other data based on the average
representative days of each month.

1
Calculating Monthly Mean
Horizontal Direct Radiation and
Horizontal Scattered Radiation.

!

Calculating the Optimum
Installation Inclination of Solar
Photovoltaic Array in Zhuhai Area.

1

Calculating data of direct radiation,
sky scattering radiation, ground
reflection radiation and total solar
radiation on mclined surface.

Fig. 7 Program flow chart of optimum installation inclination
design and solar radiation cal culation in Zhuhai

According to the meteorological model of solar
radiation quantity and the calculation model of optimum
inclination, the optimum dipping angle and total solar
radiationof Zhuha city areandyzed and caculated. From
formula20, theoptimumingallaion dip angle of Zhuhai
isobtained. Table 8 ligtsthe best instalationinclination
anglefor each month and year in Zhuhai City.

Table 8 optimal installation inclination of solar photovoltaic arrays in Zhuhai area

Optimum installation inclination of Solar photovoltaic Array in Zhuhai City (°)

Jan
49.78

Feb
39.92

Mar
25.07

Apr Jun

6.71

May

Average -7.9

Jul Aug
-14.2 -11.49

Oct
35.4

Nov
47.41

Sep
18.01

Dec  Annual Average

0.35 52.22 20.1

The photovoltaic syssem desgn assistant software
PVsyst is used to guide the photovoltaic system
design.Input thelatitude and longitude of Zhuhai City

and dtitude(45m), and get thebest ingdlation inclination
angle of Zhuhai city asfigure8.
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Collector plane orientation

Tilt 20° Azimuth 0°
W East
South
1.2 12
N rear T ; T
1.0¢- b 10
[|FTranspos.= 1.04 B ]
08 | |Lossfopt.= 0.0% D'S_
gl T R P P

0 30 60 90
Plane Tit

0.
-90-60-30 0 30 60 90
Plane orientation

g ~d
Tilt [ |20 =

Azimuth ['] [0 j

Fig. 8the best annual installation indination of Zhuhai obtained

by PVsyst

" Summer (Aprl - Sept)
" Winter [Dct. - March)

By comparing table 5 with figure 8, it can be seen
that the calculation results of the optimuminstallation
inclination anglein Zhuhai are basicaly consistent, and
the accuracy of the calculated resultsbased on the model
is proved. Therefore, the optimal annual installation
inclination of digributed photovoltaic arraysinZhuhai is
20.1°.

4.2 Solar Radiation at Optimum Installation
Inclination

4.2.1 Direct Solar Radiation

According to the calculated optimum installation
inclinationof Zhuhai City, thedirect solar radiation ¢, on
the inclined plane of each month and year under the
optimuminclination angle can becalculated by formula
13 asshownin Table9.

Table 9 Direct solar radiation on inclined plane with optimum installation inclination

Direct solar radiation on inclined plane (kWh/m2/day)

Jan Feb Mar Apr May aul Aug  Sep Oct Nov Dec Annual Average
3.71 3.58 3.45 3.46 3.64 3.69 348 3.39 3.5 3.65 3.73 3.59
” DirctSoar Radistion Fig. 9 shows the variation of direct solar
A rediation # . at optimumingalationinclination. It canbe
al 4 i % A seenfromthefigurethat thedirect solar radiationis higher
assf P § insummer and winter and lower inspring and autumn

Radiation

“h__

Month

Fig. 9 broken linediagram of direct solar radiation

under theoptimumingtdlation inclination angle, and the
highest in June and thelowest in September.

4.2.2 Sky Scattering Radiation

By formulal7, theamount of sky scattering radiationon
the dope surface at the optimuminstallation angle can
be calculated asshown in Table 10.

Table 10 optimal installation of sky scattering radiation on inclined plane

The amount of Sky scattering radiation (kWh/m2/day) on the Sope plane
Jan Feb Mar Apr May Jun
1.81 1.93 2.08 2.24 2.34 2.39

Aug Sep Oct Nov Dec Annual Average
2.26 2.12 1.95 1.83 1.77 2.09

Sky Scattered Radiation

Fig. 10 broken linediagram of sky scattering radiation

Fg. 10 shows the variation curve of sky scatering
redietion g ... & optimumingalationindinetion.|t canbeseen
fromfigure 10thet theamount of Ky scattering rediation Hg
a theoptimuminddlaionangeislarger insummer, reechesits
maximumin June, then decreases, and decreasesinwinter,
andthenrisesdter reeching itslowest vduein December.

4.2.3 Ground Reflection Radiation

Fromformula19, theamount of radiation &, reflected
from the ground on the slope surface for each month
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and year under the optimumingalationinclinationcan  becalculated as Table 11.

Table 11 ground reflection radiation on the slope surface with optimal installation inclination

Surface reflection radiation on inclined plane (kWh/m2/day)

Jan Feb Mar Apr May dun aul Aug S Oct Nov Dec AnnualAverage
0.49 0.37 0.17 0.01 0.02 0.07 0.04 0 0.09 0.31 0.46 0.51 0.21

08 Ground Reflected Radiation

It can be seen from figure 11 that the amount of

IR 1 radiation #, reflected on the ground at the optimum

\‘» ingtallation inclinationissmall. However, different from

i theamount of sky scattering radiation g ., itsnumerical
é vaueissmaller in summer and larger inwinter.

- A‘\ ] 4.2.4 Total Solar Radiation on the Slope
) ,,A“ﬁ The total solar radiation z,. from formula 12 can be
e calculated for each month and year at the optimum

ingtallation inclination, asshownin Table 12.
Fig. 11 broken linediagram of refl ected radiation on theground

Table 12 Total solar radiation on the slope of the optimum installation inclination
Total solar radiation (kWh/m2/day) on inclined plane

Jan Feb Mar Apr May dun dul Aug Sep Oct Nov Dec Annual Average
6.01 5.88 5.71 5.71 6 6.22 6.09 5.75 5.6 5.76 5.94 6.01 5.89

S Whentheindinationof thearray isdetermined, it should be

. | noted that aressonedledigance betweenthenorthand South

%, arraysshould be st asdeso asto avoid shedow occlusion.

b ) #/ 1 A Thebest diganceD isdefined asthewinter solgticeday (the

BN P longest shedow lengthof theohject inthesuneachyear) 9:00-

X 7 ] 15:00, and there is no north-south direction between the

. N Ao A components. Shadow shading, photovoltaic array spacing

' should not belessthan D, asshowninthefigure. InFigure 13,

SE e e Histhehaght of thearray, Zistheingalationindination, A is

thesolar height, L istheprojectionlength, and betaistheangle
Fig. 12 broken linediagram of total solar radiation betweenthe projectionand theforward-south direction.

Fgure 12 showsthetota solar radiationat theoptimum
ingtallationinclination x..Combined withfigures9to 12,
it can be seen that the total solar radiation . at the
optimumingdlationinclinetionangleissmilar tothecurve
of direct solar rediation g, .. Thedirect solar rediation 5,
and sky scattering radiation x .. have agreater impact,
but lessby the surfacereflection radiation &,

Sunlight rays

DETERMINE THE ANTERIOR AND Sulightrys ¢
POSTERIOR SPACING OF THE ARRAY G AN
://. T ‘f /

South

5.1 ThePrinciple of Determining Spacing

Inthenorthern hemisphere, the plane corresponding tothe
meximumsunhineradistionacogptanceisorientedtothesouth.  Fig, 13 Calculations of Spacing D

“The Projection of Sola
Rays on the Ground
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5.2 Determination of Declination Angle

The declination angle isa phenomenon caused by the
earth’'smovement around the sun. It varieswith time.
Because the direction of the earth’s axis remains
unchanged, thededination angle has different valueswith
the different pointsof the earth’sorbit. The declination
angle moves in the range of +23,5@ and —23,5= and
becomes the symbol of the season. The Sun in the
Northern HemisphereWinter SolsticeisontheTropic
of Cancer withadeclination angle of.

5.3 Determination of Solar AltitudeAngle

The solar dtitudeangleisthe angle alphabetween the
olar raysandthehorizonta surface of the earth's surfece.
According totheformula:
sina = siny -sind + cosy - cosd - cosh (21)
Solar dtitude angle can be caculated at every
moment. Intheformula,  isthelocal latitude, Zhuhai's
latitudeis22.27 degrees, s isthedeclinationangle, the
northern hemispherewinter olstice solar dedinationangle
is- 23.5 degrees, , isthetime angle, every 15 degrees
is1h, 9:00am.is- 45 degrees. Bring relevant datainto
formula(21):
Sina = sin22.27°sin(-23.5°) + (22)
c0s 22.27° cos(-23.5°) cos(-45°) =0.4490
Itisfound that o = 26 62= Theresultsshow that the
solar altitude angle of Zhuhai onthewinter solsticeis
26.28 degreesat 9:00 am.

5.4 Determination of Space
Theexpressonof projectionlengthr :
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L=H/ tana (23)
Theexpressionof spacingp :
D=Lcosb (24)

Informula, 1 isthetimeangle.

After calculating theloca solar dtitudeanglefrom
Formula 21, the projection length is obtained from
Substitution Formula22, and then the projection length
isbrought into Formula23to obtainthedistance p .

Bringinrelevant datato get:

_ 0.707H

= = 1.407H (25)
tan 26.68°

Asuming that the height of solar photovoltaic panels
is1600 mmand arranged intwo groupsof vertica Sde-
by-side, the design considers the distance of 50 mm.
Thetota height is2+1600+350=32 50nm: INZhuha, and the
optimuminclination angleis20.1 degrees.

H=3250 x sin20.1° = 1116.89 mm

SpacingD is.

(26)

D=1407H=1571.47mm (27)
According to the above discussion, the distance
between the front and back solar photovoltaic panels
should be greater than 1571.47 mm when the
photovoltaic arrayswithaheight of 1600 mmand two
groupsof vertical Sde-by-sdearrangement are adopted.
Whenthelight intensity ishigh, therewill be no shadow
occluson. To maximizethe efficiency of photovoltaic
power generation.

SUMMARY

Using PVsyst, we can get the total solar radiation of
Zhuhai horizonta plane, asshownin Table 13.

Table 13 Total solar radiation from horizontal plane in Zhuhai City

Total solar radiation of horizontal plane in Zhuhai City (kWh/m2/day)

Jan
3.23

Feb
2.17

Mar
2.27

Jun Jul
5.02 5.66

Apr
2.93

May
4.19

Oct
4.16

Dec
3.3

Nov
3.71

Aug
5.08

Sep
4.77

Annual Average
3.88

Thetotal solar radiationin the horizontal planeis
compared withthetotal solar radiation ontheinclined

of Total Solar Radiation Between Horizontal and Inclin

0 2 4 6 8 10 12

Fig. 14 comparison of total solar radiation between horizontal
planeand inclined plane

surface a the optimum installation angle by meansof a
brokenlinediagram, asshowninfigure 13 :

It canbeseenfromfigure 13 that the total amount of
solar radiation on the inclined surface at the optimum
ingdlation angleissgnificantly higher thanthetotd solar
radiation onthehorizonta plane. Thetota solar radiation
received on the dope planeis 51.8 more than that on
thehorizonta plane, ascaculated by the annual average
daily solar radiation of 5.89 on theinclined plane and
3.88 onthehorizonta plane. It isshownthat the selected
dip anglecan make the photovoltaic array receive more
solar radiation and thusincrease the power generation
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of thephotovoltaic system.

In this paper, a meteorologica model of solar
radiationisused to calculatethe sumof direct radiation
and scattering radiation in the horizontal plane. The
formulaof theamount of sky scatteringradiationinthe
Hay modd issdected, and theformulaof thetotd amount
of solar radiation on the inclined plane is obtained by
combining thetwo formulaswith the Klein model, and
the optimuminstallation dip angleisobtained by using
themethod of derivation. And throughreasonebleformula
cdculation, thedistance between front and rear ingtdlation
inZhuhai areaisobtained, whichisverified by practical
experiments.

The caculation and analysis of the proposed model
are realized by using Matlab programming, and the
calculated data are compared with the actual data
collected. It isproved that the selected model hasahigh
accuracy. Onthebagsof this, the design of the optimum
instalationinclination of Zhuhai City iscompleted, and
the optimuminstallation angle of thefixed photovoltaic
array in Zhuhai is 20.1 °per year. According to the
optimumingtallation angle, the monthly and annua mean
solar radiationdata of the inclined plane are calculated.

Inthis paper, the accuracy of theproposed mode is
tested, the reliability of the model is proved, and the
optimumingdlation inclination and front-to-back spacing
desgnof photovoltaic array in Zhuha iscompleted. which
canbe usedin practical engineering.
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