%41 % %3 b FH R Vol. 41
2019 #3 A Huadian Technology Mar. 2019

DOI:10.3969/j. issn. 1674 —1951.2019. 03. 022

e %2 58 st SR R b PE S B BB YT &

Calculation of the array spacing of mountain PV power

plants installed with slopes
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Abstract: Formulas for calculating the array spacing of mountainous PV power stations mounted on slopes are derived,
and the calculation formulas for the projection parameters of the PV arrays on the horizontal plane are given. A software
for the layout of the PV power station arrays is developed. Taking the project located in the Gonghe, Qinghai as an exam-
ple, the formula calculation and PVsyst software simulation results are compared and analyzed, and the accuracy of the

formula is verified indirectly. The research results can be used to guide the calculation of array spacing and shadow analy-
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sis of PV power plants.
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Fig.1 Flat PV array side view
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Fig.2 Flat PV array spacing calculation
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L = H/tan « , (1)
D, =LxcosB = H/tana xcos 8, (2)
H =1[Xsin @, (3)
D, =HXR, (4)

At R A TARH R = cos B /tan .
KA AR
o = arcsin(sin gsin § + cos pcos dcosw) , (5)
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B = arcsin(cos 8sin w/cos a) (6)
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i, = tany X cos ¢, (7)
ARG i
i,, = tany X sin @,, (8)
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Fig.3 Slope angle
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Fig.4 Slope direction
2.3 MR RIELKBES EERITE
KIS ~ 6 25 Y 1 6K 51 [ 4o R 22 2 10 7
o MIEX (T D, .

IEACYERT,
_ (I xsin@ +ixlxcosf) xR
b, = 1l -ixR (9)
RHCIE T,
D, =[(lxsinf+1lxcos@ xi, +D,  x
i) XR]/1 —i xR, (10)
tany =1, (11)
PRI AT AR — 2 O R
D, = (I xsin@ —ixI[Xcos) XRO (12)

) 1l +ixR
(9) 5 (12) FUR IR w75 5 BUE A —
R QSR MLE R SR S IE , AL B R i, DI G
Wi Ja HERE S I FE A A 0T PLgE— X (12) .
2.4 FEIRRIHAFETEENITE

W2 B B AR 22 AR 2 PR T R IR AN 2 L B3



-78 - e B K

It

B S EmEEIEETERS
Fig.5 Calculation of the array spacing

on the south slope
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Fig.6 Calculation of the array spacing

on the north slope
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Fig.7 Mountain power station installed along the slope
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Fig. e 8 Calculation model of the installation

distance with the slope
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Fig.9 Projection of the array mounted on the slope
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Tab.1 Projection parameters of the west slope and flat PV

array at a inclination angle of 15°

o Wef/ (°)
BH B
0 10 20 30
BRI/ (°) 90 92.66 95.24 97.63
Ah K E/m 3.81 3.81 3.82 3.84
KihKE/m 20.18 19.87 18.96 17.48
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Tab.2 Projection parameters of the east slope PV

array at a inclination angle of 15°
B/ ()
-5 -10 -20 -30

il 25

B If/(°)  88.66  87.34  84.76  82.37

J 3 K /m 3.81 3.81 3.82 3.84

Kl K /m 20.10  19.87  18.96  17.48
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Tab.3 Projection parameters of the west slope and flat PV

array at a inclination angle of 25°

> Hifi/(°)
B BH
0 10 20 30
BEde s/ (°) 90. 00 94.63 99. 06 103.12
SN E/m 3.57 3.58 3.62 3.67
KK E/m 20. 18 19.87 18.96 17.48
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Tab.4 Projection parameters of the east slope PV

array at a inclination angle of 25°

et/ (°)
-5 -10 -20 -30

L e/ (°) 87.67 85.37 80.94 76.88
BKE/m 3.57 3.58 3.62 3.67

KK/ m 20.10 19.87 18.96 17.48
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Tab.5 Projection parameters of the west slope and flat PV

array at a inclination angle of 30°

L Wisus(°)
B S
0 10 20 30
By def (°) 90.00 95.73 101.17  106.10
K E/m 3.41 3.43 3.48 3.55
KK E/m 20.18 19.87 18.96 17.48
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Tab.6 Projection parameters of the east slope PV

array at a inclination angle of 30°

Y/ ()
-5 -10 -20 -30

Ferede s (°) 87.12 84.27 78.83 73.90

BKE/m 3.42 3.43 3.48 3.55
KK/ m 20.10 19.87 18.96 17.48
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Tab.7 Comparison parameter of 5 slopes (°)
HA Yo Wi AR RIS
Fdh 0.00 0.00 0.00 0.00
N 10.00 0.00 100. 00 0.00
EAbYE -5.00 0.00 -5.00 0.00
ViR Y 9.40 58.10 5.00 8.00
AR 10.74 -159.00  -10.00 -4.00
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Fig.10 Software calculation process of PV

power plant array layout
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Tab.8 Simulation results of PVsyst software
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Fig.11 Shadow loss curve on winter solstice simulated

by PV syst software
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