2016 4F 10 H
FE3MEESH

[ A AN S 2 Oct.
Vol.34

Journal of Northwestern Polytechnical University

2016
No.5

KR HE T TR SRR X T e K 7K i 45 K 52 T A 5%
AAR, RRE, FX°

(LPGIE TR fizssebe, Bevh P52 7100725 2.4 RAT Ak ©ATHE, BRPY P9 710089) )

B E.EAKKRE(SLD) EKERERR AE 5 LA HHRELLKE S RANAFH AT L
FRAEAREREEN, EEKTRIAAEMG K b AF2F SLD 44 F /K8 3 & 69 ko & 3
St IR AR R O HATAT S, KA LA P A A b oS A FRARAR 2 R N-S r ARG 2 AR, 1B A4
A& B B kR IRY A T RS89 Messinger & ) AL R 3 47 @ 45 Ak AE B, &F SLD Z50k R A &
W AEIEAEA AT T AKE CIRILF A I AT SLD Lok A2 agvh, TR T S A A 4 ok F 4 6 HABAE A
FanHritik, 5 AF Lkfr ke 2 a2t ok, 500 T SO 7 AR Bt 7 ik A4 SLD 2ok g i &

IR B SR T AT e A 0 | FRAF 8 R R AL e

x i
FESES V2113 M ERFREARD A

RALEVOR BB AT R 2 B E RS, A
FE ML ATR-72-212 CHLFHZ 5, AMTIFIEXT
72 KK ('supercooled large droplet, SLD) 45 vk 47
THAWFFE ) A8 SLD 45k Fe b, 23 9K e
fa s DR Ak, | B 25 5 18 45 VK 97 3 X B i A2 4
PRIIEE X RATZE A ) fa ™ &, SLD 25 7K IF
BRI K EAM R KIE (50 wm DL ) fERFE =
R LTI . SLD 5% /N K e B 51X
SR 2 H B 1 B0 s, 9 G K i AR T
3 N i e 3| IR s 95, @ B =) 2 B
AR, Xof 45 VKIS 2R BRI 45 KB LA R 485 ks AR
BRFEM , HHET SLD 25 vk ALEL A vkod s, 2
BLR CAILES VK m] B 58 A5 2 — IR AR 8 T2
K,

S I I M 25 HR FAA T 2010 4E R 15 T
ALK SHLAE 3 ¥4 KR TR A 25 UK i &5 vk
FAET BB A T A R ) B B o Sl A s
AP FAR 25 FBFN 33 FB3E AT AL B0 2 B 45 vk &%
YRR T SLD S5UKAETT, R #0818
TE MR AE LA 5 22 4P . NASA-Glenn #F 58 H L
—HBUI T B VKR RGEERESY, HlE T
SLD W4, 4TI 55 1 45 vK O FRBEARAE | 45 kvt

%5 B #5:2016-03-02

3+ FIRAFFR SLD 25k LA & B0 A E YA,

1Al RALLE k5 i A KOK i 5 KB ik 2045 80 B O i N-S 7 A2
X E S :1000-2758(2016)05-0739-08

KL SRR AR S RE RS 45T

WK 5 5 &k B R 9 25 D BUE B DL T 53 2 4, 491
4 FENSAP-ICE #1 LEWICE % 1 3 #/F 5% SLD f&# 7
RIS, B X 48 vk sk A8 1 5 ) 45 | GHAETT 3L
AR %S, 58 T AR 16 R W7 IR A i sg 078
X T SLD Z5 KIS | Tan 261 7R3 06 B | it
B oE T WSU A5 B I 43 17 245 vt R v K g
[R5 ; Honsek 451"V SR FHRR S, UE 01 T /K3
()R A S BRI G B SR 1 2 0 IR A TR R A 7
AR T 6 2 W A B AR R Colin 251
KB R T K IR A LEWICE 3D, 30 {E
GIHT T = HEANE K O R B T 5 KGR 5 5
PEIEAT T XF LA 5% ; Tuliano 2012 33 5o 5 06 455 S 1
X ECRIFGE , SR FHRR S 32 20 B T JL A I AR fz 3 A 7Y
(R BE0KE B R ] 9 R R 5% i ML 5 Quero 25110 R
FH R HUSARBAR , #E 30 B XU Th X SLD 48 i 7K A5 Y
AR I BT TS

X SLD Z5 vk B gE TAETT R0 LA, F
FEANH A Y B T RRPIE AT T SLD 25 kit 72
HA )RR RE B R IR 5 3 AN AR AR R 2= 4 2 R
FH A2 A0 5% 7K o A [m] A R T R S
A, SR o [ A SR T P 52 i PR 2R 5 RSB AN

BEETH FRH RS (11072201) Kizs B R4 (20152453007 ) %

EFE N RNR(1974—) , PUIL DAL R F B8, ERNFAEh J# MR R 205



. 740 - odk Tk X

o34 4%

AR SR AR B H IR %) SLD B8 T K i 8
R I SN AT TR SE R, i H A — 4
e BRI e BT B B HTF 1T BAAS BB fin AR SLD &5 ok F 52
ik,

ARSCAELS vk R BRI RE L 38 2d xF SLD
SEAE NS UK R 23 AT, BEXE SLD i ol i A oK i
RN, A BT RLAEL SLD 45 vkt A K TR 5 i
X EE 2 Bl R RIS, BT 1K R
i PR SUREYIELE S A0 I Bul S i S hw 1B
B SLD 45K 4 14 I 2% 18 K i fii i "R P AN B 4
BRI R R R AT AT, A A5 e L A0 A
SRR TR AN ST SLD &5 pK [R] 0 B A7 %
ZE M.

1 FikEdEBERYTE

el SURERIDEARIER S Vo e S P A ¢ RSN
TR, TAE vk A9 B AR B, F2 2 A 4
PAR 4 B0 = St i oKz sl S dike itk
IR AU TR K E
1.1 Z=RRHKE

Y v i v KGR 432 Bl K T -5 T B4 R fE L
LSS vk AR i R S AR AR AR KRR S b ks TS
KW or i, B H N-S J7 F2 0 5 A an F ALy
B

%fﬂUdQ * LF s = éLF" - nds ()

Kb, U Kfgma , F oy TCRON I, F, o Fi AR
A

KA BRARFLE FI 2 P02 Runge-Kutta 757
K R RR, B Spalart-Allmaras — J5 2 Jifi I A5
R X R g B 53 R FH TG 5 % A TG
RSP GA. BIRTEWNS %SGR [17],
1.2 KiFBRBRELRFED T

FEZE ST A 55 Rl i) SR 4L
B 7R KR iz 2 7 B AR BUK B sh 0, 345
SEVCGREDKITE TR . A SCHE T HiA% I H 5ok
St R IR IR AR K B R KIS Bh
B D K K i 5 AR 0 T A S v T 245 K
(VA ADPS&2Y SIANIE 2

FHRIA% B H YR FEAT 7K TR 5 5K A, x4~k
TR AT ERER | LR € KR 2 15 S W IR R AR R O
FERFEALE . TR T B

1) JKi 1S 33 B Hh R AS AR B F3 A A 5
2) KR R IE B IR R AL 5
3) JKIMPIEIE S A BRI KT R A 22
XA PG LE R
% BB A P A KGR L R BT A0SR g AR A
AR KT s S AR N
d’x,

@: (p, —p)V.g +

Ineg

1
?paAdCdd lu, —u, ! (u, —u,) (2)

K, p, FOKTEE,V, KA p, J 21
BEu, NS SR u, KR, C, KT
BT 2% R A 2R B
CuRe,
24

= 1.0 + 0.197Re)” + 2.6 x 107*Re};™

(3)
A SR 2 2 (2) ) R B g — K, 7R
FIFTA B KT BB IS, Al LR 2K B0 6 A B
GlnzE VA RN R LN E
1.3 kRN FRE K Kk BIE R
TE 23 S S oK 1 i e 0 A0 Rl L x
AT )2 RGUE ST A AL PR | ARAT 45 DR T Y
IR IIAT P UREE 1A | 1R 28 5 I ] P9 1) 2 45 75 3
BRI PN DKOZ BE BE Y 391, M7 I 1] 4 3 3ot
P rh o8 S VOB R ZE TR RME IE

BLL A A oy i A Y08 7 T

TEZE KIS | 307 2 i R ok R

HT AT R B Messinger £ 78 ZRIE 1, #5856l K
PN B i R R - R 2030l
mim + min - mva - mout = msn <4>

E,+H,6+H, 6 -H, -H, =0, -0, (5)
K, my, B KFE R, m, HIRAIKTE  m,,
RZE R BT B A, m,, AT K B, m,
FE, 533 URES oK 7K 0 T & FNRE i H,, h
R THEN ERER A, KA ENRER A,



4551

SN IR, 45 K RSO 3 v KUK TS KR 5 - 741 -

WAIKAHEABIRES: , H,,, BER KRR AESR, Q, &
RSl R A BE AR, O, 3Rk 5 OBE A X R
TEFEAT I7 R SL R RIS Se i 2 45 K3 1 5E
(0 E, SYE AR R AN A m,, =0, SRIG I EE A
6] Ji5 MUK gt , T ATV A 21 A 25 1 K A S 119
B, WALE T — PR R AR S R,
JrRE AL R T, VRS LB n 197 R,

2 SLD #EE IR 947

DL 45 KB E A R T LA Y K
PR ST HIT A A5 VK T A OB ER AT, 38 K AR KT
25 FEC R Z 4R UK, X SLD &5 UK, B
13 159 T E i il S B8-S
2.1 KiEES IERNES T

e K Ik 48 o 38 45 VK B B P, TR KR R
/NGRS B 2 B Y R A TR B, X R LN K
AT DL Z g EZ ] X T SLD A% 1F T A 45 vkAgi 4l
1M 5 K G — AN 1] 2% 1 i A

Gent Fl Ford 2" #E ACT Luton VK JXUR H #38
BSAF 5T 2 B < R T K TR 1 R 1) 7K TR B R AE
KB RUEAR MVD 4 50 pm B A8/ RS 7K %
RETFAH 5% , X8 TRV i 7 2 ] L2
(), TAE KT AR AR MVD 34003 180 wm Ji&
K TGS | A ) 7K O S AN B T 25% , A%
AR I, W 2 B,

30F

20

BREBI% /%

0 40 80 120 160 200
KA ER /um

K2 AR EARKE kBRI

FK 8 o RO 45 SLD 8 ol A T Al
KT HIRAPRAR, i T HEIRAETT SLD Ay R
JEH A A4, HRGR FHAE SLD f# o RRE TR AT 6
A TR AR 2 S o Tl /K sl FC A ol 218 YR 5 B T
i TR — E B IR RIR

2.2 JKigET CMITERE

TE SLD S50 T W25 vkA A K I & —
AT 2B AR . O T ARAR KR IR,
XA Gl B AT e AL, K RIS A 2 B
LG LT JUANER 3« (1) MR 4 7K i 12 o 3 3 AR 32
SR E K RS R A R (2) SR K B T
R AR R BT R R 5 (3) 153 IR S S Y
Y/ NIKIE I R/NCL RO RAT M B AR E T L
W CIRARIA DL 2 Fpto202

1) Mundo F#Y

Mundo 5¢ AMRHE XT 7K i 6K 19 SE 50 iF 5T, 2
K T R 32 2 B T K Re £UFN Oh 0550
HRSEII KN, R T K IR A FUE L&
B R KNG AT K i 240K, /R T K
T RE KN HERIA AR

K = (0h72/5W6n>5/8 (6)
A, We, Rk 0Tt Weber 0, 57K % 59325 1) A
SR ARERR G, DRI K A T e e o A R RN L
FE520 K LB, MRS Mundo SEERAHAY, f
TR RIS K = 57.7, B K B 7E K T i 7t
RS 43 o K 2 R A IR IS, KR Y
RN RN

§?=07(1—smm)(1—e”mﬂﬁﬂw) (7)
K, m, TR KRR S AR P B BT EE  m, R
T T O Y BT A, 0, s KT A S R S ilf SR
VI I, K, FEnKIH Ik I FHE.

ATLVE Y 6, = 90° B, 7Kk I % ot 2 45 %
A RIS K Tk e o IR 2 R AR TR IR IR
%o Rz Ko i o pe i S R RS
JEAEARERY P 0] LA MRl K % R,

R T AR K RIS B sh B, W
KR4 53 & Ak R, 7 EAGE R
(7K R/ N R . SR ¢ ARRUIZ D5 1], n
RERIEL T ), &€ A ¢ 43 3R7m 7K R IKE B 5 A
R REAE D] 1) R ) 431 A LR, I HL i Rk K B
7R d, K B 4, AT

d, ) d
d—' = 8.72¢ " ‘A(o.os < d— < 1} (8)
0 0
Uy s ds dx ’
§=—"=1.337 + 1.318 — - 1.56| " (9)
(2 dy d,

n,s

v d, d)\’
{=—=-10.249 - 2.959d— +7.794 d— (10)

Un ,0 0 0



. 742 . odk Tk X

o34 4%

FEDCBAT K B R IR S A2 SRS R E A7
F) I AT 9 KN R

2) FENSAP il

FENSAP-ICE #{4FE SEBR 5 VKA R A & T2
MR, IR T 5 Mundo 5T AH LY fi RO [ 2
5 58T fiE o [ R T AXRELRS BRI A

R,
ESCRTTCH ARIAEE R, = j,EEP d 7K

B, RPERIGLE R TR, = 0.25 mm, BLE K

IR A SE K, = K, Hh K A (6) 3k

. MW K, > 540R;* B flf i K% & A B

TR, SRR K IR Y R R R
mo_38(1-e "N (11)
o /K,

L, K, K R S8, A AR

K = i E,A = 1.5(”76) -

’ A & A3/8 pd

TR AR ) SR

(Oh—2/5W6>5/16 -

&=-—"=0.85+ 0.002 56,

Vio

(12)

Ul
t

n,s

v
{=-""=-0.993 + 1.766, - 1.5660; + 0.496;

Un,()

(13)
S v A 7 ) o JRE A A T B T A ol
JKi -5 BE TR o A R RS

3 BEIRERSH

3.1 EHUNKIEE KT EEIUR R m 4 AT

PAIZ R P Y M5 NACA0012 328 Sy f51] | B 3L
RIEZK ¢=0.533 4 m, R EE u=67.05 m/s, W ff
a=4° JKiH P EEZE MVD =20 pm, IS K S
H LWC=1.0 g/m’, 25K} E] 1 =360 s, LI 3 FA
[R5 VK Yl B2 . Casel A T=-28.3°C ( F KR,
Case2 i T=-10.0°C (X MR G VKR ) ,Case3 A T
=—4.4°C(WHKIRE) o

K3 5 4 o T4 3 Fhas vk T 17K %
URas RBOMSS VKT o A W teds . FTRAE W bR
SEVKIRBE BT T 5, B VKVE B AR K, 45 UK
JoT et o R AT LA AR v R A vk S 4 T 32
FM2 I 2 BB uKkAa .

1.6r -——--10C

1.2+

0.8

0.4r

1 Il 1
-0.15 -0.05 0.05
s/c

K3 IRTHURSS R R

R/ (gm s )

1
-0.15 -0.05 0.05

K4 ZhokpihE

K 5~ 7 53518 Casel .Case2 Fll Case3 514 F
VKR EE A O L, AR SO 3k T 4 vk 7 5 3
45 R UL LEWICE BPF 00 25 W) & 348, 450K
TR BRA BB, BERA AL B ok S A e AR
(ST B R o), Ul WA ST 3 T 08 A T o L/
TS VKA T oK A B
3.2 SLD &KX R K E R4 47

K Rl M) 3 23R AR R RO /K i 7 4 o )
SIS T RR K, AN 23 57 ZI B A 3 35 1 T
SRR A K 2 B TR I

PL NACA0012 B A ] BT 450 A% K
¢=0.533 4 m R HE u=77 m/s, WA a=0°,MVD
=160 wm , WA/KEH LWC=1.0 g¢/m’, &5 yKHF[E] 1 =
360 s, Z5 Kl BE T=244.85 K.,



SN IR, 45 K RSO 3 v KUK TS KR 5

- 743 -

— A — R — AR
S T ST ol - KGR
. — LEWICE 45 0.10F —— LEWICE 4531 . — LEWICE 453
-—-- SLIG AR - AR - LG AE L
0.05}- 0.05- 0.05-
0 [~ 0 — 0 -
-0.05F -0.051 -0.051
-0.15 0.05 0.15 013 0.05 015 -015 0.05 0.5
X/c X/c X/c
K5 Casel & Fasvkitags B xt b Kl 6 Case2 5 Fa5ukGTHE LSRN H Bl 7 Case3 ScMF a5 vk TRZE AT L

8 LA 1 2 AR TR A Rl o 451 2 T i

AN TR Bl A e PR RS 2 AR A D LA KR

(R DX, T AR H 2 RS () 7K R4 2k B L
F—F, {0 Mundo AR AR [ 5 5 007 K Rl A
FRAE R, FIT 2% 0 BRE AT H B 1 AN 2 A TR A I O T
FENSAP #5281 7K i 78 BT A filf 18 067 B 4B & A=k 3
7 N i = el [ R Al o 5 o S o 3PS )
Mundo #5578 = ZAK G o Al i R EIORAE R /K i -k
R ) I A B, AN TR A7 Ak i < R R AR B R OK
FENSAP 457 3 52 22 j il 43 1 ()RR B2 B, o T HE

/LR SR SR

FTLAEXS T, o 1A SLD A o K ik
R, AR SCEZR T Mundo B SR AF 5T 7K I Kk
RN e s 35 vk it R A KB A= R

P9 S [) RS 254 T 7K i o R B S 500
FEtE B, AL oK BARBOR , i e i S Al
ICER i HL A 3R I A AT SR AL KGR Y o e
BE T R,

— Mundo 220F MVC=20
---- FENSAP — MVD=160
0.6 ’ —== MVD=800 1}
;

180F /A

[

I'I /.\\\

- . AN
g o A £
ESS o AR\ FoS
o 100 F1N I

i /0 A\
& 0.2+ i \ \\\ =
/,/ '/' '\_\ N
6or 7 N
/// e \\\\\\\\
o ~
1 1 1 1 1 20_ L L L 1 L
-0.15  -0.05 0.05 0.15 0.25 -0.20 -0.10 0 0.10  0.20
s/c s/c

B8 2 PR R o e 5 2K 0T L

K10 25 7RIS T RE RS K T f A
5 RIS Z MR, ATLUE T B
ol A AR R K R ol O A AR 1 AN LR
T WA B A Rl K 5 i e o R i
Gy KA TRk, BB SRR K Ik R Bl ok,
1717 LIS Al 2 B it 45 i A B2 ) 78 DR bl Y e, L
EIERER SR K, = 80 i fy BE T 40° MY A

CICINEPISTEE G e s eu)d

B10  fEd A RS BB R G R

SR, RIS AT LR B /N RS 2K T e
T EINAN G S T T R K R AR TROK R TR
AR DL 225 L™ HE

P11 3 AN ) R/ B8 7K i 1l Jo 41 2K
ARICEIE XTSRS A P e o A BR A7
BRI A TR RS KR I, DR 23 il
AR YA IR OO R R, R R KR R B



- 744 -

(L5 | A N VN

L
¥

Y,

2y %34 %

A D DIk T o A RE ORI A AR Tk, T EL
A ST P 20 AR AR BIR , AR R 3 B B A R

i 0 N 1 T N S B NS R A B e
R, AR TRIE B A o e 401 2 R LR

————— MVC=20 — A — 0w
0.8F — MVD=160 220 Tk 0.10r ____Hwmk
---MVD=800 | o/ Tk
180f
0.6F
ﬁ . 1407 o 0.05-
B 04r =
o 100F
5 ok
02F 6ol
-0.05
0 20f
1 1 ] 1 L 1 1 1
-020 -0.10 0 0.10 020 =0.05 0.05 0.15
s/c

a) KSR R B

BT RIE K IR R 50 L

12 451 MVD =300 wm BHIIA IR BRI
I TR B 7K S WS S R ECRIAE K BL XS L, T LA
SO R IRAR AR J | S5 A KT M B FR B RN R
B KR R A R A BN 2 B R KA AL (H AR
AR DN IR RS A W s, X R
ARAE R B KA 0] DA 45 vk BR A7 A e K
SEVKIESE LT WA AR, (F B 45 vk 20 R R i A
N, FBOKRSME & KA AR,

K Mundo KIRAEAY X} SLD Z5 yKk i FE kA T4k
TEAE L 20 M, LA LY NACA0012 32 7Y Sy 4], 1k B
MVD =160 pm, HATFE AT R 1 PR,

F1 CHERBNANTESG
LWC o IR
i B BE R
/(g-m™) /(m-s") /(°C)
1 1.5 52 -19.5 300
2 1.04 77 -19.2 336

Pt g B 5 Potapezuk %5 N HY R 56 4h
HEFTXF AT, &l 13 FE 14 Fs

Hrft Tce Shape s SCHREE , Predict /R A8 3¢
LR, ATRE % 8K IR 5 , A S
IRTERLAL SLD 2% 44 T 38 AU 25 vk il 78 b R 8 AR AR 4K
UF AT Z8 SR R S RE A5 5 4 S50 SLD 2544 T
VKA WA B B TR Bsf 6E 1 oK A L R Y A7 B
KN B BEA PRI S R AR RR R AP B . 104
RS ZE W) A B, Ul A SO 7E SLD 2544
T A RN AL, K K AU Sy T R R
W PE, FE PR TR T B —E S E.,

X/c
b)  pkHRT I

K12 A J0 RIBAE B 45 2R [

0.08

Y/c
(=]
T

-0.081-
0 0.65 0.I10 0f15
X/c
Kl 13 Casel pRKIITIE S5 5T L
0.081

0.04

Y/c
(=]
T

-0.04

-0.08

0.10

0 0.05
X/c
Kl 14  Case2 VKA LE LT L



#
&

SN IR, 45 K RSO 3 v KUK TS KR 5 - 745 -

(RS MEL ANV 2 11

4 & & 2) BHET 2 R R KT GRS AT
TR A K B S R R SLD S 4F Rk

ot

ARSI TLEVGE AR, B IF R T SLD & G RRXS S UK RV R R K45 DR R BE 52
PF T K GO B vk g g R A BKRRE 1 SRR B0 (RO

ST 00T, FELER T . RS 5y MR s Rk F SME
1) X RRLN KA G B S 3 7T B 220 7k 3) AT SLD SvKL R, S92 25 18K Ll

R R R e R SRR, AT SR SO BB DACA th BR 9 o B AR
SLD £ F IG5V BERNT =5, K Gt e AR DK IS .

SEH

[1] LeeS, Bragg M B. Experimental Investigation of Simulated Large-Droplet Ice Shapes on Airfoil Aerodynamics[ J]. Journal of
Aircraft, 1999, 36(5) : 844-850

[2] DunnT A, Loth E, Brage M B. Computational Investigation of Simulated Large-Droplet Ice Shapes on Airfoil Aerodynamics[ J].
Journal of Aircraft, 1999, 36(5) . 836-843

[3] FAA. Transport Certification Update; Improving Operation in Icing Conditions[ EB/OL]. (2010-10-09). http: // www.faa.gov/
aircraft air-cert/design-approvals

[4] FAA. Aircraft Ice Protection Appendix K; Ice and Icing Condition Detection[ S]. AC20-73A, 2006

[5] Wright W B, Potapczuk M G. Semi-Empirical Modeling of SLD Physics[ R]. ATAA-2004-412

[6] Potapczuk M G. Aircraft Icing Research at NASA Glenn Research Center[ J]. Journal of Aerospace Engineering, 2013, 26(2) .
260-276

[7] Reid T, Baruzzi G, Ozcer I, Switchenko D, Habashi W G. FENSAP-ICE Simulation of Icing on Wind Turbine Blades Part 1.
Performance Degradation[ R]. ATAA-2013-0750

[8] Wright W B, Potapczuk M G, Levinson L. H. Comparison of LEWICE and GlennICE in the SLD Regime[ R]. ATAA-2008-0439

[9] Tan S C, Papadakis M. Droplet Breakup, Splashing and Re-Impingement on an Iced Airfoil[ R]. ATAA-2005-5185

[10] Honsek R, Habashi W G, Aube M S. Eulerian Modeling of In-Flight Icing Due to Supercooled Large Droplets[ J]. Journal of
Aircraft, 2008, 45(4) : 1290-1296

[11] Colin S, Bidwell C S. Super Cooled Large Droplet Analysis of Several Geometries Using LEWICE3D Version 3[ R]. AIAA-
2010-7675

[ 12] Tuliano E, Mingione G, Petrosino F, Hervy F. Eulerian Modeling of Large Droplet Physics toward Realistic Aircraft Icing Simula-
tion[ J]. Journal of Aircraft, 2011, 48(5) . 1621-1632

[13] Quero M, Hammond D W, Purvis R, Smith F T. Analysis of Super-Cooled Water Droplet Impact on a Thin Water Layer and Ice
Growth[ R]. ATAA-2006-466

(14] B8, WM, R, B @ JORT QIR EEUE T[], s “#4ik, 2014, 35(4) : 1004-1011
Wang Chao, Chang Shinan, Wu Menglong, Jin Jun. Numerical Investigation of Splashing Characteristics in Super-Cooled Large
Droplet Regime[ J]. Acta Aeronoutica et Astronautica Sinica, 2014, 35(4): 1004-1011 (in Chinese)

[15] BV, ZEdidh, AT, skt R R LRI )], KT K224k, 2009, 49(6) . 832-836
Quan Shenglin, Li Weizhong, Zhu Weiying. Experimental Study of Water Droplet Impacted onto Solid Surfaces[ J]. Journal of
Dalian University of Technology, 2009, 49(6) : 832-836 (in Chinese)

[16] PRBAE, #E, REVE. KM SRk &I m e[ )]. it lss 50158, 2010, 23(3) ; 4245
Min Xianhua, Dong Wei, Zhu Jianwang. Analysis of Gravity Influence on the Droplet Impingement Property[ J]. Gas Turbine
Experiment and Research, 2010, 23(3) : 42-45 (in Chinese)

[17] &R, KK Z R ARG G BEE /AT [ D). P44 PEAE TR, 2014
Lu Tian. Numerical Simulation of Ice Accretion at Multi-Scale Distribution of Large Droplets over Airfoil[ D]. Xi’an, Northwest-

ern Polytechnical University, 2014 (in Chinese)



- 746 - PEode T ok ko o i o34 %

[ 18] Villedieul P, Trontin P, Guffond D, Bobo D. SLD Lagrangian Modeling and Capability Assessment in the Frame of ONERA 3D
Icing Suite[ R]. ATAA-2012-3132

[19] Gent R W, Ford ] M, Moser R J, Miller D. Results From Super-Cooled Large Droplets Mass Loss Tests in the ACT Luton Icing
Wind Tunnel[ R]. ATAA-2003-389

[20] Mundo C, Sommerfeld M, Tropea C. On the Modeling of Liquid Sprays Impinging on Surfaces[ J]. Atomization and Sprays,
1998, 8(6) : 625-652

[21] Trujillo M F, Mathews W S, Lee C F, et al. Modeling and Experiment of Impingement and Atomization of a Liquid Spray on a
Wall[ J]. International Journal of Engine Research, 2000, 1(1): 87-105

[22] Anderson D N, Hentschel D B, Ruff G A. Measurement and Correlation of Ice Accretion Roughness[ R]. ATAA-1998-0486

Numerical Analysis of Splashing for Icing Effects at Supercooled
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Abstract: The icing with Supercooled Large Droplet (SLD) can form the complex ice shape and may result in the
extremely severe performance degradation to hazard the flight safety. Research objectives in this paper are to master
and reveal the icing effects of droplets splashing under SLD conditions. A numerical solver is developed to analyze
the ice accretion, which include the centered finite volume method for solving the N-S equations to get the air flow
field, and the Lagrangian method for predicting the flow field of droplets, and a revised Messinger model for simula-
ting the thermodynamic process of icing. Two different splashing models are presented to investigate the splashing
phenomenon and droplet impingement. Using the above methods, we complete the numerical simulation of ice ac-
cretion and icing effects of droplets splashing over the NACA 0012 airfoil. The calculation results are in good agree-
ment with experimental data, indicating that the methods are feasible and effective. The investigation has important

engineering application value for the SLD icing prediction.

Keywords: angle of attack; drops; flow fields; flow velocity; turbulence models; aircraft icing; supercooled large

droplet; droplets splashing; Lagrangian method; N-S equations





