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Analysis of three-dimensional icing characteristics of large wind
turbine blades based on profile segmentation
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Abstract: Ice accretion is a crucial factor affecting the safe and stable operation of wind turbines. Developing a
numerical model for simulating ice formation on wind turbine blades is essential for predicting icing phenomena.
Although the finite element method is currently the most widely used approach, it is computationally intensive and

inefficient for large-scale applications. This study focuses on the blades of a 300 kW wind turbine, employing a
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profile segmentation method to investigate water droplet impact, freezing, and ice accretion morphology changes
on blade surfaces. A multiphase flow simulation model for air and liquid on the blade surface is developed, and
formulas for local and overall collision and freezing coefficients are derived. This approach enables
characterization of overall water droplet impact and freezing behavior with reduced computational load. Results
reveal that the water droplet collision coefficient decreases gradually from the blade tip toward the root, with
reductions exceeding 80% in the maximum values of f, and a, at approximately 0.5R. Maximum water droplet
capture occurs near the blade tip (0.8R to 0.9R), while significant ice accretion predominantly occurs between
0.5R and R. The overflow effect of the water film results in low freezing coefficients in the droplet collision zone
but higher values in the overflow region. Furthermore, closer to the blade tip, ice growth exhibits greater iterative
shape changes, and reduced linearity in the ice accretion rate.

Keywords: wind turbine blade; icing; water droplet collision; icing accretion morphology
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Fig.1 Division of external flow field of wind turbine blade surface icing
SR ARAR K AR W R 3R T A0 B JE R R R 2% SR A X R B I e SRR - A R o3 A (R
FLUENT #1243 A i =0 sl 2 o gl FRE B <7 48 A AR Rk i3l o3 T #2 o8
9pa

W“I’V(pava):(), (1)
a/;atva+v(pava-va)=vﬂ”"+pag, (2)
apaEa+V(pavaHa):V(ka(vT)+v,-rff)+pagva, (3)

at
AP p, BERWMHEE  kg/m’ v JERWMEE , m/s; TER/RS B SIIE K6 &N 15k &, Pa; £ H J& B AE 2
Y s M BERL s g R EE JIMGE BE , m/s? s k, AL 5 R, W/(mK) 5 v, b A B, m/s s o7 B R 5K i N/m?;
TR AN — AR R 7 S A, oAz Sl i A RN Bl R R

a(pvar)

o +V'<pwavw):O, (4)

8(pwavw> ChRey
(')t 24 (va_vw), (5)

e, JE K Y RS, m/s s o2 A5 S KT IR R 3 50 p, 2 SR B L kg/m s C 72 WO B ) R 50 Re J2 /KR
ARRT S 32 ) 08 B 1 B0 s k2 iz 3 BT A5 P 1Y Stokes 31 .

B Zdea| va—vw|
_7/1 ,

+V'(pwavw-vw):pwa

Re, (6)

A A RB BN EE L, m?/s s R WK E AR, me
i 3 - AR U SR AR i AT AR A AR A UL I R 3 T A A AR R o, 2 T AT 5 e () B A B 2 T Y
JK T Je Al 5 25 R 8, R R ARl AR R o, 20 T3

'BIZZ' \;/w s (7)
[ pu
o= LH s (8)

A L e R R BB m HARFR I R 3 T O T ) A B KRR B I R AR AR T 1 BB Y R
1o B s SRy W T KR AR AL P T 1) ) A 5, RV, 3 S0 R TG 5T A28 A S AR KRG AR R 43 BOR KU 5 AL Sy
G I AR S A R G 5 KR R UL I R, AT e AP A R B ST A O R OR i LR L.
P 2 i 7 B A JAHIL I R 3% T 1) R 45 2o 5 5 AR5 B i D 7K I L 15 25 fE R R 45 ok R R I A 401 2K 1 i
BLAE PR S 28 S T A T AR AR 0T A R AR BRI v AR 2 R G T P R AR A B D AR R
Q0+ 0u+0:=0nt0ic (9)



4 K K F F R %48 %

B2 RHMHREREBEKHTEHETSE

Fig.2 Schematic diagram of thermal balance of wind turbine blade surface icing
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Fig.3 Slices of the wind turbine blade
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Fig.4 Wind turbine operation curve
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Fig.5 Local water droplet collision efficiencies f#, of blade slides
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Fig.6 Overall water droplet collision efficiencies a, of blade slides
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Fig.7 The overall water droplet mass capture rate M of blade slides at a thickness of 1 m
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Fig.8 Distribution of water droplet freezing coefficient (section A and section D)
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Fig.9 Comparison results of #, and g, (section A and section D)
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Fig.10 Comparison of icing shapes on blade slides
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Fig.11 Comparison of icing mass on blade slides (wide of 1 m)
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