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[ Abstract] In order to explore the dust deposition characteristics on the surface of photovoltaic(PV) modules. For the dust accumu-
lation problem of ground-mounted photovoltaic, the deposition characteristics of dust particles with different particle sizes were investi-
gated from two factors, namely, tilt angle and wind speed, by using CFD numerical simulation method. The results show that as the tilt
angle of the PV module increases, the deposition rate of dust on the surface of the PV module gradually decreases, in addition, it is
found that when the PV module is facing the wind, the rate of dust deposition increases with the increase of wind speed, and the maxi-
mum particle size of dust deposition will become larger with the increase of wind speed. At the same time, with the increase of particle
size, the deposition of dust on the surface of the PV module is the first to increase and then decrease. The study is of great significance
in solving the problem of dust accumulation in photovoltaic power plants.
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Fig. 3 Verification of grid-independence at Z=1.5 m

2.
18l e TominagaZ§™
16} ---SHICFDYRE
141 A
12+ e
1t [N
~08F -7
06
04
02
0

HUse

0 1 2 3 4 5 6
e TominagaZs??!

0.05 | -~ %4 BICFDYLH

o o- 0" """~ =g _
i P, -

= 0.03 re® =-<
=

7/,
(b) IR ZNAE
KEARRR Z/H, A AR BE AR AR U/ Uy, k7 U, 53500 K
A I ) BE
B4 R R sh g P A e Xafg'™
Fig. 4 User-defined functions for wind speed and

turbulent kinetic energy!®’

3 #EREHMm
3.1 AR R RARRB R

JCAR ZR GEAE S b IS FH AR Ak, AT £ 58 ) ek A2
XK AR 35 AR R B2 RE MR £ T 24
A8 RHL30° 45° LA 60° 55 A [F] B HE AR ST XS
RATIURRRYENE . IF HAWF5E T X R 2L AR
BURERLAR AT A AR, [ 5 2 V-7 ~F-if
EANTRIBRE £ 2R B DG AR AL Tl L3t 3 DX O 4k
Bl P 6 AR AR R, AN R BURDRL A2 ) K

BUURR,

0 Ragt/(m-s™)
E —— 38
32
2.6
N ooT = T4
— 08
02
0 L L L = 1 1 L
5 10 15 7 20 25 30 35
0-30°
10 @ R/ (m-s™)
- 38
32
2.6
N S 2
: — 02
0 1 Q 1 1 =1 =1 1
5 10 15 . 20 25 30 35
b) 6=45°
® M/ (m-s™)
10
5
5
5
N S 5
5
5
0 L

(c) 6=60°

K5 -7 Vi EAREMBUARHA BEGIRALIR i RGBS & 2 ]
Fig. 5 Coupled cloud map of wind speed for PV modules with

different tilt angles in the Y-Z plane

8
—a—060°
—e—45°
—a—30°
6|
S
»
‘gg 4
X
2|
0 1 1 1 1
0 50 100 150 200 250 300

KRR/ um
6 AN[RIBURA BTN AN R SRR AR A TR R

Fig. 6 Deposition rates of different particle

sizes at different tilt angles

WREEIEL 5 AT LRI, AR S AR A i 3k 16 JE 114 30
FESCAR AR T, I8 T R0 3 9 K 42 AN 50 AR 4l 1
FE B R AR SEAR AL E R 7 A S R
[E T R N S B Tl S g EI R N AR )
e, ME 6 K B, K 2B UL K Bl 25 6 R 41 14 i
R EE B HE I/, SR BE SR 30° 6, 100
wm IR AR TURUR e i, 38 7. 82% , HiRJE: 45° 1
H7.80% ,60°Hf K 6. 63% , WEL 30°F1 45° (1)
FE [ ES(a) JES(b) ], AT L& EE 30°H1 45° /3
AR s AL, L E T IR R 22 A K, —
J7 A AR AR EE RN RE T OGR4 R T S
DU A P B 24 1) i 8 452 fl T AL, 24 00 ) £ 38 3 34

¥ M k. www. stae. com. cn



2025,25(17)

TRALHH, 45 ARG R R TR AR DURRR PR ) = HE R (RN (7 7177

TS 30 R T AR A, A ) A TR A T TR
PR I BN 25 5 DORRAE S AR 20 14 30T 55 — 0 1T, 4
AR G A 0T A B A, K 2 R A7 E ) B 5 )
R, KAEARG TR A B, X —45iE
5 Khodakaram-Tafti 253! & F K [R5/ e R R 4
FEUBC I 1 R 52 i (1) S B iF 58 45 SR A — 3k, FE 3R
B, B DGR 2Rt A 04 38 R, BRI a3 T 0
ARG AL B ¥ % i A sk 20 i R A i
R
3.2 NORGEXTRARFR KB 220

ST WEGEA 1 R X S PR A A 2B TR R
IR, BEPE 45°BURHK SCAR AR HEA TR, BT
TR A 1.3 .2.6.3.9 F15.2 m/s, KRB
J& 59 2 800 kg/m* i} CaCO, BYIRARTURERIE , JK242 A
SRR R SCAR A= B (H, ) ARG

B 7 AN RGER SEAR AL 1 I AR DURRRAIE
ARG 20 XU it 25 DR 11 0 3 1 R, R AR DT
TR BERLAR 1S KA RIF 0N, SRR DTRR |
TRARVURRTE ] 5 KR 2 AR A2 i XU (14 448 K T
g, Y RGEIEF] 5. 2m/s B, KR BTARR I K5k
F11.47% , BEA, KA B B Ko AR A BT K, 78
1.3 m/s IR KRR 50 wm, 7E 2. 6 m/s IR Kk
#2100 wm, 7E 3.9 m/s B e KKAR 20 125 wm,
1652 m/s Bf e KORiA2 R 150 wm, X — &5 Go-
ossens 25 GRFIESE RANWI A, A 13RS T AE AR ]
AT AR BUR T B M AR B 2, BF
iR, WG X H it M BB 0 T R LA S S . X
B, BUK R L M2, RS T it
YT R MR B 2T/ N (R 1 2

8 /R T A R K 2R ik iz sh Lk &,
AT DLW K AR AEAS 32 56 AR 4 A7 30 14 B 7 9 3 Hh A
iz sl , 2 SR S5 F R R, IR 2 38 3h
KA, HIRGE R, K iz 2 fE B o | K2z
SR, O B RO T s B 0 K A d

12.00

0.00 ——13m/s

10.00 ——2.6m/s

800 | —-39m/s
——52m/s

IRA VIR %
j=a)
=

0 100 200 300 400 500 600 700
TRAAIAR/
K7 AR FOGREMRATUR A
Fig. 7 Dust deposition rate of PV modules under

different wind speeds

R S B/ (m-s™)

- m
——00
o=y

S

SISO ===l

SoLooA

SOVOVVOS OOS
X X X X X
jlaalaaan
D222

5\
.

(a) 13 m/s
*ﬁ%ﬁhiﬂ‘ﬁﬁ%/(éns")

LI
oL
DB

x107!
3x107

Sk oROw
NN LI— oo

=4

O PO = NN L

(b) 2.6 m/s

R S B/ (m-s™)

X X X X X

-
)
=
>

X
falalalKa/ta el
<

o= ovolaio:

So—ULHRO—wE
SR

[T S oY ——

(¢)3.9m/s
ALF B8 E/(m-s™)

IZ

S
=
o
X X X X X X X
o e
SRR

2
9
6
3
1
2
3
7
.0

OO NWI—

2
1
1
1
1
8
5
2
0

(d)52m/s

B8 ARIXE i ok iz sl
Fig. 8 Trajectories of particles in the flow field at

different wind speeds

HE—E M 3RE , KA TE I 7 T A Pz 3, 7E 1 )
A T RGBS 7, 7R B ) L i 8 7
1, IRAYERT B Bl e Rl A XU ) S RS K, R
ATURRAE AR AL A4 5 07 10 5 28 PR Ay JXUEkE 7 A8 R A%
SR, KA DU S K SR G A
AN R i vt 0 AN I W (B N 70 )/ A NS B oY N
LR T R A AR /D B R 2R 2 5OGAR AL R IE T
AR TORR, DR LG 0 T 7E AN [] XU T X e pk 2 4 3%
TR AR U RV ) B2 il R I 5, mT DL 20, R,
IR A TURR 3 i 2 IR P B4 g 34
3.3 IRAREIFHRFRRKFIE

WK 7 Frs, FEAR R G T, Bl 5 R4 B 38 K
SeAR AL F i 2R T BLR e K w8/, B G,
I 5 SR A28 088 A AR 4 15 e 255 | X A
WORLAE 25 S 3 T 2 o R R AR DT BUIRES .
L3N OE TIE TAEE B o 1K i N O R R W T SR B 3 A RN
Bl 3800, DR AT B 25 ) Bl AR sl O DR AR G
REAMEFRE L, X RTIRUR e R R Z RN Z
— PR AR — i R DY B Ok R3S R, B AT
DR B 23 bl 2 38 i, DA T foff 350 FR 28 Btz 42 3 KT

¥ M k. www. stae. com. cn



B R 5 TR

7178 Science Technology and Engineering

2025,25(17)

HAKC, BRI, WE 25 R R A28 4 22 38 R, LR %0 7
FFARZPERG N, A KA R A] BB I8 B — ™ lim Bt A,
B L XA E PURE AR BE D 3G E — e R S
ol LA B 9 AR 0 8l i AR R AR DR e I
LU JAR 032 Bl P A 2 6 S0 11 A2 77 T AR

AR, ] e s R EURURL SRR B R R T
BT mARE KRR E DR, N L, Bl & ok b 42
i — 2R R UURR 8 2 DR JUAE P A6 P 205 g 1 i 1) —
JEFREE T 4R T B, T BT RR 38 5 3 K s /N 1Y
[EE

4 it

DIRST Mo T Y AR R g8 Mo X 42, 58 T AT
FBTRH T AR AL R i S TR LA R AS TR
RAR I KA A TR . BRI Z 40, FF A FT Ak
B RGE AZ  BF5E T 5IAE 1.3 .2.6.3.9 F15.2 m/s
BF, YR AL i 1 20 FUr i TR R, e LA
ARk ARG IR AR DR B R s, 2
Mi nlbﬂn—F

(1) WF5E = HERIRUAS [R) iR A B X e PR 4 443
T R AR VTR PE R 52 ), e B 2R DU AUR B AR
2 At A R B T ek /N

(2) BFFEAS ) R X i 2B LR 1 5 ), %
PG T AN 23 52 ma G IR 2R G2 i 3 10 B i 3t 3 7
u&i@éﬁﬂ@ﬁﬁﬁ'rmﬂ AN Bl A B 0T 2B R 1Y

S72] )5 1 W B 0 /A R S U LDE AW D a0 A SR T AY TR
Y25 KGE 3 I AR K
(3) WFFEA 1) JRGH X6 28 O R A 1 1Y 5 ), &

BREERAR RO, SRR K 2B A TTR R e
HERIF /N

DL EBFSE R G800 M T 6 Ak 2B 4 2 i Ik 2R 3t
FEIE , i A AN Hﬂm%nﬂﬁ?m"‘fj‘tﬁtéﬂ#
FMVTRLA AL, v LS B i B8 A 20T T OR
W AN, T R R DX A 25 ) B ] DLAE T T
o B A O T K B X I, X G AR R GBI LAY
YEF SRt GAR B4 51 A AFF 5 B8 4 30T 2 S A O
BRI I R SR 1 F 5 v ] A 2 AT 9 AN T) 52 i R 3R
T 5 R R AR BB s

Z % x #

[1] Izam N S M N, Itam Z, Sing W L, et al. Sustainable development
perspectives of solar energy technologies with focus on solar photo-
voltaic: a review[ J]. Energies, 2022, 15(8) ; 2790.

(2] SEZE, sRbod, ZEtil, &5 SeRm B BUR K BR A i it B AR
WoReEiR[1]. PLE T, 2013, 30(8) : 909-913.

Bao Guanjun, Zhang Linwei, Cai Shibo, et al. Review on dust de-
positing on PV module and cleaning techniques[ J]. Journal of Me-

chanical & Electrical Engineering, 2013, 30(8) : 909-913.

[3] Tian M, Su Y, Zheng H, et al. A review on the recent research
progress in the compound parabolic concentrator ( CPC) for solar
energy applications [ J]. Renewable and Sustainable Energy Re-
views, 2018, 82 1272-1296.

(4] BA, MUAL, FEIUE, 55, SBIRBLZLBUR S B 2 Fe k20 i Kl

ATL)]. BREEROR S TR, 2024, 24(7) : 2742-2748.
Wei Dong, Dai Min, Tang Jiuling, et al. Analysis and identifica-
tion method of dust accumulation and shadow characteristics of pho-
tovoltaic modules[ J]. Science Technology and Engineering, 2024 ,
24(7): 2742-2748.

[5] Zheng C, Lu H, Zhao W. Numerical simulation of dust deposition
characteristics of photovoltaic arrays taking into account the effect of
the row spacing of photovoltaic modules[ J]. Solar Energy, 2024,
278 ; 112804.

[6] Zheng C, Lu H, Zhao W, et al. Study of ash deposition character-
istics of photovoltaic arrays taking into account the effect of photo-
voltaic module spacing and its effect on output characteristics: in-
door experiment[ J]. Energy, 2024, 310, 133138.

(7] T, MIETE, #RNI, % ST U E OB R A FUR K
MEAH[T]. BAEAR S THE, 2022, 22(32) ; 14259-14266.
Zhang Tao, Liu Yubin, Cui Chenggang, et al. Research on ash
deposition monitoring of photovoltaic modules based on semantic
segmentation|[ J |. Science Technology and Engineering, 2022, 22
(32) : 14259-14266.

(8] BEM, B2, 8Lk, % AR TOGRAM A ARTUR R

PRI T]. BleEHAR S TR, 2022, 22(17) : 6966-6972.
Lii Yukun, Wei Zian, Wei Zhuang, et al. Simulation on the char-
acteristics of natural dust accumulation of photovoltaic modules in
different environments [ J]. Science Technology and Engineering,
2022, 22(17) : 6966-6972.

(9] WRFH, #BE, 25, 4. X Sl R 2L A2 L P RE S )
WoE[J]. KBHRE2AIR, 2024, 45(1): 11-19.

Chen Yuxiang, Cui Ning, Li Bin, et al. Study on the effect of ash
accumulation on the output performance of photovoltaic modules
[J]. Acta Energiae Solaris Sinica, 2024, 45(1); 11-19.

[10] Mani M, Pillai R. Impact of dust on solar photovoltaic (PV) per-
formance; research status, challenges and recommendations|[ J].
Renewable and Sustainable Energy Reviews, 2010, 14(9) : 3124-
3131.

[11] BE3h, BFR, BEH. RXGE IR T OGR4 BURK R

BAURFZE )], HUEHAR, 2021, 45(6) : 801-804, 827.
Lii Yukun, Yang Yuxing, Zhao Weiping. Ash deposition charac-
teristics of photovoltaic modules under low wind speed numerical
simulation[ J |. Power Supply Technology, 2021, 45(6) . 801-
804, 827.

[12] Thornton J P. The effect of sandstorms on PV arrays and components
[R]. Golden; National Renewable Energy Lab. , 1992

[13] El-Shobokshy M S, Hussein F M. Degradation of photovoltaic cell
performance due to dust deposition on to its surface[ J]. Renew-
able Energy, 1993, 3(6/7) : 585-590.

(14] 400, RH R, XUSE. BURX G AR d it B i A5 1 52

W53 [3]. #J1kH, 2021, 50(2) : 110-117.
Niu Haiming, Cui Qingru, Liu Houxu. Effect of ash accumulation
on output performance of photovoltaic panels[ J]. Thermal Power
Generation, 2021, 50(2) . 110-117.

[15] He B, Lu H, Zheng C, et al. Characteristics and cleaning meth-

¥ fE M HE . www. stae. com. cn



2025,25(17)

TRALHH, 45 ARG R R TR AR DURRR PR ) = HE R (RN (7

7179

[16]

[17]

[18]

[19]

[20]

ods of dust deposition on solar photovoltaic modules—a review
[J]. Energy, 2022, 263 126083.

Fouad M M, Shihata . A, Morgan E S 1. An integrated review of
factors influencing the perfomance of photovoltaic panels[ J]. Re-
newable and Sustainable Energy Reviews, 2017, 80, 1499-1511.
Styszko K, Jaszczur M, Teneta J, et al. An analysis of the dust
deposition on solar photovoltaic modules[ J]. Environmental Sci-
ence and Pollution Research, 2019, 26 8393-8401.

Lu H, Zhao W. CFD prediction of dust pollution and impact on an
isolated ground-mounted solar photovoltaic system[J]. Renewable
Energy, 2019, 131 829-840.

Zhao B, Wu J. Modeling particle deposition from fully developed
turbulent flow in ventilation duct[ J]. Atmospheric Environment,
2006, 40(3) : 457466.

Karava P, Jubayer C M, Savory E. Numerical modelling of forced
convective heat transfer from the inclined windward roof of an isola-

ted low-rise building with application to photovoltaic/thermal sys-

[22]

tems[ J]. Applied Thermal Engineering, 2011, 31 (11/12) .
1950-1963.

Lu H, Lu L. Effects of rib spacing and height on particle deposi-
tion in ribbed duct air flows [ J].
2015, 92 317-327.

Tominaga Y, Akabayashi S, Kitahara T, et al. Air flow around

Building and Environment,

isolated gable-roof buildings with different roof pitches; wind tun-
nel experiments and CFD simulations[ J].
ment, 2015, 84, 204-213.

Khodakaram-Tafti A, Yaghoubi M. Experimental study on the

Building and Environ-

effect of dust deposition on photovoltaic performance at various tilts
in semi-arid environment [ J]. Sustainable Energy Technologies
and Assessments, 2020, 42 100822.

Goossens D, Van Kerschaever E. Aeolian dust deposition on pho-
tovoltaic solar cells: the effects of wind velocity and airborne dust
concentration on cell performance[ J]. Solar Energy, 1999, 66
(4):277-289.

¥ fE M HE . www. stae. com. cn



