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Icing scaling law at supercooled large droplet conditions

SHI Hong', WANG Junyi', CHEN Jiamin',
DING Yuanyuan®’, ZHANG Tong’

(1. College of Energy and Power Engineering,
Jiangsu University of Science and Technology., Zhenjiang Jiangsu 212003, China;
2. Shanghai Aircraft Design Research Institute,
Commercial Aircraft Corporation of China Limited, Shanghai 201210, China;
3. College of Aerospace Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Considering the limits of icing wind tunnels in simulating the SLD (super-
cooled large droplet) conditions in China, a SLD icing wind tunnel is an urgent realistic prob-
lem and its scaled theory needs to be solved. According to the dynamic characteristics and ic-
ing mechanism of the supercooled large droplets, six SLD icing scaling laws were proposed
with the similarity theory and dimensionless analysis method. Some typical SLD icing condi-
tions were chosen for verifying the SLD scaling law. Based on the FENSAP-ICE software,
the ice shapes and other icing parameters were obtained, and also compared for the reliability
analysis. Results showed that the coupled approach of impact parameter and ONERA meth-
od and the coupled approach of impact parameter and Ruff method had certain superiority and

were in good agreement with the reference ice shapes in the test. Besides, the coupled ap-
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proach of impact parameter and ONERA method was superior to the other methods when the

median volumetric diameter was 171 pm.

Key words:

supercooled large droplets; icing scaling law; scaling method;

droplet collection coefficient; icing wind tunnel
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Table 3 Design parameters of icing condition in first group

C/m v/(m/s) T./K D,.,/pm C../(g/m") t/s &
0.533 51 265.2 200 1.2 426 S 5
0. 267 72 264.9 114. 1. 28 141 We,-Ruff
0. 267 70. 8 264.9 115. 1. 30 141 Ky, -Rulf
0. 267 66. 2 265.0 118. 1. 39 142 We -Ruff
0. 267 72 264. 4 114. 1. 43 127 We -ONERA
0. 267 70. 8 264. 4 115. 1. 44 128 Kim,~ONERA
0. 267 66. 2 264. 6 118. 1.49 133 We,-ONERA

1.0 = e 0.0016 T
= L & I imp . 3 - u
g 08 e 2 00012] WY Ruff

g 3 k, We-ONERA = "
= 0.6 3 — —K,,~ONERA ] g We-ONERA |
S & %, ——We, ONERA S 00008 | K.,"ONERA
3 7 N s v ~ — We,-ONERA
= 04} ¢ % o] .
3 1 1 g
b= A Y =
5 N, = 0.0004 ‘

§02f & E
A 4 | 3 O
0 LU P | VPR L L e e
-0.08 —-0.04 0 0.04 0.08 0 0.05 0.10 0.15 0.20
yIC x/C

5 55 1 400 46 Ho AR i oK e B R IO L 8]
Fig. 5 Droplet collection coefficient comparison diagram

of scaled models in first group

K6 45 1 o0 T L3 R A K & i oA B
Fig. 6 Liquid water content distribution on the wing

surface in first group



1106 o= s 1 ¥R 5 34 45
0.08 0.08 T T T .
0.04 - 0.04 L
—v— Reference test —v— Reference test
= Reference prediction-| —=— Reference prediction -
L\:\ ol -~ -.Scaled test Q\i\ 0f - ---Scaled test
—o— We-Ruff 4 7~7Kimp-Ruﬁ° 4
—— Airfoil — Airfoil
—0.04 - -0.04
G, i vy
\W,Y-{NJ._ . \‘}T\/ v,‘
~0.08 . . . . —-0.08 . : : ;
20.04 0 004 008 012 016 -0.04 0 0.04 008 012 016
x/C x/IC
(a) We -Ruff (b) K,,,,-Ruff
0.08 T T T T 0.08 T T \
e P T
PR a8 PA
e L TS
0.04 1 0.04 - A A
—v— Reference test r —v—Reference test
=— Reference prediction = Reference prediction
(\i 0F - -~ Scaled test %\ 0F ----Scaled test
—»— We -Ruff . We-ONERA 1
Airfoil Airfoil
~0.04 | -0.04 Jom~—0
vy ALS _.,’. \‘_-', 4 7":;;"-7?;,:
b\b‘ V'an‘/z'\;y, [ S
A
—0.08 L L L L ~0.08 L L L L
-0.04 0 0.04 008 012 016 —0.04 0 0.04 008 012 016
x/C x/C
(c) We-Ruff (d) We-ONERA
0.08 T T T T 0.08 T r r .
0.04 - 0.04 +
—v—Reference test ::ad
=— Reference prediction f[ —=— Reference prediction-
£ ot -~ Scaled test g o i -~ - Scaled test
~ — K, -ONERA 1 N — —We,-ONERA 1
— Airfoil s —— Airfoil
— F . = 3
0.04 s\ e A, oo T ”';wf’ 3
== 2y a=wr— ST 2y p ==
N/ k = \v—t
008 . . L . -0.08 L , . .
-0.04 0 0.04 0.08 0.12 0.16 —0.04 0 0.04 0.08 0.12 0.16
x/C x/C
(e) K. -ONERA (f) We,-ONERA

imp

B7 55 1 AL LB A (6] 45 Ho R A 25 kIR R X L ]

Fig. 7 Icing shapes of the different the scaled models in first group

x4 FI1ATIRATHILBRERE
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Table 5 Design parameters of icing condition in second group
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Table 8 Deviation rate of the scaled models in the

third and fourth group
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A LEME I 8 R R . A SCHE ONERA 3%
A Ruff ¥R 3G E L 208 T ROKIRRIE 22 Rk
N REPE BRI T 6 Bl SLD 25 9K S5 44 T i A oL
45 L HEN] , 9F 3 T FENSAP-ICE #5817 A [R] /K i
FRUOBE T Fir 452 A DL 45 Lo v UL Y AT RE L 45 0 LUR

45k .

1) 24 SLD R~} 200 pm i, BF42 4 6 Fh 4
5 iR A T A AL SR E .

2) 24 SLD R~F 24 110 um i, % & SLD iz 3l
Rt Ko -ONERA A1 K, -Rull 35 5 EH 1
ST 5 HOH AR L L WA M O T A

3) YK Ry 171 pm 1 i A K KR 12
SRR T (1% 45 bE E ) 5 58 50 1Y W PR BAIG. DA&h vK
AL A 43 LU 19 1 A6 46 #5771 K, -ONERA VA 7R
I 0T T RE W AL BT 5K T K, -Ruff 35 S
E &N RN 2 B E0K .

4) M FRATHT A Koy -ONERA B 1Y 3% 38
PERE SR, P Ko, -ONERA 3 0] F 8k J& i
HERR UM SLD 45 vk 45 144 T B KA Y iy — Fh 4 L
T
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