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Numerical simulation on rime icing of wind turbine blades
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Abstract; In order to investigate wind turbine blade icing, this paper takes the blades of 300 kW wind power
equipment as research object. According to a slicing-reconstructing idea, the blades were divided into finite
sections. Based on the physical process of blade icing, the boundary element method was adopted to calculate the
flow field of wind turbine blade icing. The Lagrangian method was used to numerically calculate the process of water
droplets colliding with the blade surface. The ice growth process was simulated through iterative calculation and ice
shape reconstruction, and a three-dimensional rime ice growth model of wind turbine blades was thus obtained. The
influence of different wind speeds on the rime ice growth of blades was analyzed on the basis of numerical
simulation. Results show that rime ice growth was affected by both external environment and blade airfoil. Ice
accumulated at the leading edge of the blade; the icing thickness increased slowly from the root to the middle of the
blade, and rapidly from the middle to the tip of the blade. As the wind speed increased, the icing thickness and ice
coverage area increased, and the ice-covered area moved from leeward to windward. In addition, wind speed had
greater impact on the icing of blades from the middle to the tip.

Keywords: wind turbine blade; rime icing; numerical simulation; wind speed

IREAE A AT AR R IR, R ERAZ BT AR, A IE 5] 8 000 /A DA I, 247 o A1 i e s s s 4 11
AR, E KU ATl 2 R s, KU R LA HILES 70% . ¢ & B, W) A AL 45 oKk S B0 i
EIGAEETE, BRTC A TR 7 SR, (AEP) [ MK 17%, =5 K8 J1 2% R PE BE AR 20% ~
SEAERMI TR R E R TETIR S0 M e 50% .

RS R 4 DX YR AL 3, & IR LI, IR TPy AL AT N T A S RE B
LG BB vk S S gk vk KU HLe KA 1 B W 77 ARk R EALE AR X X &
PR AN 4 A5 T R A R A S HL LA UK T IO B 58 ol T iR . LRI
BLST . SCHR[ 8] S5 1996 4F 2 2002 4K 31 ] [ BUE BHARX M 5 8 KA T B8 AT LAy

‘ \ ‘ ‘ A 2 L BRI B 7 T R B R 2 R
R BT S EOR 2 R R % o BL A B ’
! ” KR KT AR i e e A A S K

WeFs B8 2020-06-30 W25 22 FARBFFE o0y Makkonen 251071 {5 R LA

E£WAB . HRALRP#ES(51677014) ST 5 751 — ke AR R

fEH B BIERH(1993—) 4 BT LRI ; ?k {{mﬁ%ﬁ/kT @ﬂj} DLELVACALRS T‘UR]?IC‘E’
TEILRL(1961—) | 3B, 3%, T S AR RS RIS [REEE T K HLAS 7 AR K

BIE1EE . BUEH, 2hyli2017@ 163.com i )‘Cfﬁj{[ 127 %if 27K 4k “ NREL SMW ™ KL /)



156 - MR O T M ok % % R

KL B vk K AT T R R B, B
LTS E AR Ak, 8 VK G 388 K 3 R R KT AR A
—ERIEAE . SCHR[ 13 ] X R X Ay & B Bl
PKIEAT RO, I8 T vk JE AR B TR ik A
FLHUATY Ry — SRR | T3 AR AT i B 3 (A K3 K
s, SCHR[ 14 138 FRT A Fluent X 7K 7%l X
F1 % B = ZE N G T T B N T LK
RIS IR IMTIZIFREFEALEE RN K & f bl SCik
CISTXH T RBR ) & AL 3 R oKt AT T
e M B BT RA BR A A3 Teik T
RN DR G EE N

AT & B R 18 7 DK PN A 7R AN B
HERPE , [RIE 0 2% R R A8, B Ao AR
Ytk A R ook A FRARFR I A7 BR 2250k K&
WHRICT: . ARSCR W R 8 X & B L
A VKR, 8 3 R ) Tk, AT = 4k ) ik
R =/ — YR AT AT, B TR RN TR ]
R TR R LT R AN R R T
VI EAE 43 ), i KK & L B g R
SRR AT =4 R s SR ST SR SURE B ) 1]
K, HFRZHRR RN 2 0], S BO0L =4 K
BV SCT  ARSCHR I T —Fp ] R - A Ty
B, X WU R B AL Fr #4700 75 20504~ — 4 i
BT oTER M AN A T RS
BA H L BRER AR B 8 3 P AL BERE R R 25 1, B
B 4t X & L U0 R I vk K e 2E
IR VK AL A58 =R 5 E WA vk RS

1 Ry Z Al i SR AR A AR A

X7 RRALM FrAEsiems , AN i 5
JRE D IR AR I A A2k 32 AR B =2 A B
Z AR I, A BRI 53 2[RI, KU A AL
TEIBAT I A, AN s ) 77 AR S (25 -Ki)
PRARYR , FiEE e B2 A ARG, 2 b A0 3 v 2K i e
FURIHL Fr R IRETIE LUK, BT iR s
IR I v KIS S Ul i HER, DR, &
JCERF SN I A BEA T, PR AL
BN AR 25 SO MR BE A i — R4 K
T Rz S, A5 2K AR A 3R Y R R REE R

W FZBIE R, S5 P RS ] e il
T2 AR JZE IR s W DX, DL R i B LAS R AR B
G TR R
1.1 SMBESRRIGKE

Wi 1 PR, B PN R P EE— K (a b
c.d e f),Q R F RS ASH TR SRR X, i
PRI IR, ARG e

%54 5
’p
—?+—q§=0
0x dy (1)
dd dp
v, =0, = —
Yoox T oy

s o WS 0, 0, 515 « T 18],y FT 16
R E

be /Z/ S

de oc N o o ~
/

E1 RAOZsirkrE8maiils
Fig.1 Boundary element division of wind turbine blade section
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Fig.2 Two-phase flow outside wind turbine blade
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Fig.3 Flow chart of 3D airfoil icing simulation
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