4 % b # 2016%F Fo61E F251: 2843 ~ 2850 @Q(FPﬂ%) bk
SCIENCE CHINA PRESS

e e sl il B B vk U5 1

s * i~
Fak, L&

MM ZS LR R, Aias R SIS 5 a4 Tl A5 BAL T S S =,
* PR A, E-mail: ymxuan@nuaa.edu.cn

BE 210016

2016-04-05 it#, 2016-05-04 1 [7], 2016-05-09 1257, 2016-07-01 M4 it & %

e A-ENTTAERAZAHT, MEAFSNNHABELEALE AL, FEAATMERTMEER
B s, B, Wk R Sh L vk 7 ik £ AR R AALRA Bk fn e n i Br ok, R B R E AR THI e
A E L . A ST R AR R AL Bk B B A K B AR AR A B A D oA AR R T — A
REEREREGARREN, AL T HAREEREXNE ARG RS GHAAR N B FRA 5% %,
H T B ERERE R R RREEHAN, RAEHTT R T e B A E ok R G o B A B ok RUR
F T AL Kt e B SRR, AT R T RSt R BEE R IR ANERERET ARG R RN T
WL SERA, AN U SL Y e B B B A AE I K M M L VT LUBT M TN B vk R S e e, ST T KA AL R

B AL A M Tk ER, I T Fe b B 4 B ok BOR i o7 4T 1.

Kttt

RALTESS K E AT AT, i R EhpLiy
HEORAE, WEORE . HEGE A S LA KA.
K HLES vk b B GE B EEAR, SR EE
Wi 78 B8 UL S AR S 4 VKGR 2N HE AR S LAY
23U, TS EOR S TR, 2R kAR vk
. RS SIPLRIIE, AR kAT Az
P A, H T R S AL BT UK R 58 2 R R
B UK R I ke AR S B O RS |
P SO T LLB IR 250K, TR AE T T
MR 2R, 2 S ECR SIPLEREFSCR T .
an, A BBl e PR — 251 1%, = F 3
R 108N 2 3%l H B KCHE L RE % R
FAHE DT AT 28O0 BB U R T, (HLAS R sl 3 227 6
Bk nTUL B s AL RE B TS K S HLARAT Y e AT R
P ARIMARBIPTERE AR, XIBTURRGLIR I T o ey i
R i e, AR RBEABRYBT KR, fRR
RENHUFGE | 24 TARRY R I AR b I A, 2 245

MR, BERE, Bk, BEAN, WRUR LR

R RSl Fs AT g B R 2 —,
JB A SR 1R PE BB AL A5 R Bl HILAF ] v i 1 fige DR R 5 B 1Y
KA R —.

K SHLIE H T AR 7 A2 R A AR, 3 2 4% b
Jr SR BEAET . U0 BERE T 73 8 B4 (1) a1 98 i
BT R A SH AR A pkOE B FAR, R A
(1 122 ACHIL AL RE A B AR IR AR R A i 1) 2 sh AL B it
I, AT LASEIB R VKA H . —Fh AT RE £ 0
RA% AT A MR DA IS TSR A R 7 A 5 B A
3 S 3T RSP BRSSO, W R e
A i 30T A il 1) PR ) R R . A
g e BV AJ T R O SR ) e i, T L B R O
(4 F1 R S s HILIR R A 88 22 FLve ST, AT 52 B BT
PKEE. M TSR B vk T-Be, R ATRERE 0V 9 Bl
KR BA VUM AR ZEMEHLTIR, AR
RAHLTARRE, ANl EFIMIRE R A, Bk
(7 IS4 JOE 5 3o 94 250 (R 1 3ol P e ) s s L o v

SIRRER: BEiR, %E3CE. s kLTS R RIp vk . Fl2# i), 2016, 61: 2843-2850
Xuan Y M, Lian W L. A new anti-icing method for an aero-engine nose cone (in Chinese). Chin Sci Bull, 2016, 61: 2843-2850, doi:

10.1360/N972016-00445

© 2016 (PIERIE) Atk

www.scichina.com  csb.scichina.com




a4 % B B 2016498 Foe1Es F25H

(P e e 2 SR AR ), AV SE R T B, iz sl A,
AR

fi 2 A AL B DR AR A AR R 72 AR 2D 2009
4, Gilchrist®™ i $2 H T — 0 A FE L #0892 B0 I
SRR UK BEAE, SR Tz N T e 5% AR A5 B fiE
BHF 52 () — 28 JEEAR 2 W58/ SR A 20 OO ik A P VAR
(3L Bl A% ARG A, A 22 W 2 9B A AL Bl R T 1 ] 1k
FUR, R TR R B KBRSy XA ALY
HE AR AR5 /8 BEFE AT AL (4 AR i 3 5 4%
PHLER, Ry 5l 2 o0 M e S BV N 2RI B AR B &
HORHBAA A Sl S AR B0 T 37185 T Y 2 R Bl
TR BRI AR A, (459 0 B i B A B VK R L ig
FrRe v ) BAE 20 A A A B R B SRy B, 3 L T
IR UKIERE, BEAh, BricfE a4k 2 2, MELL
HERF ARG E 0 P AR IR Bl , DRI R T A 5C Y 512
Bk AR IE % AL

AR L, RV B KB B ARG A 18 T i
S, EURE e TV DN S AT R 3 AR R AR PR A )
SZI%, A2 W R SL BN 583 B BB BY LLTR A 5
AEPERC ) R sk Sy ARARSRS Ty B L W
PEAS M AE 2B 1 T A9 0PI AH 0 20 70 BE A 14 326 1L
T, T R A By UK R G RE Y BRI o A A
TR TARRRY PR, EJE i T i = W SRR Bt 7
55 SRR, R UL A Sl LB By v S 451 K S5
K0T B RH SCARGE, a7 PR A BIUESE . I,
X Jie A B At R R B K R SR T R TR I B RS B
WF5E, BAT B A AR (E A TR 5L

AR SCEF ML 2 e ShALTE B 5 il B T R 4R I ok
JTIERTTE, e — e e B i B A I K A
R ST A A R P R L B AV B DI AR T T A B 5 A A
TR LB G ) KA B R e R (R AL 48 7 e B A
R N N DB S e |~ ) B i
Jike 2 B S A B K R ST R IS BEEE AL, T R REHL BT
PKVERE A K XU B0 IR SE 5. BIESE H I | TEIR A B 7R
Jike & " At B AR B 0K AR G 1) A% ACHIL B P RE R T L
i, AT S S e B O S A B DK R e LT ik,
DA B2 S5 3 R O 5 A 5 DR AR g m Ak

1 BERUEsy

AR SCHR T — T e A R B R B ok 5 A,
Pl 7. P A 82 XSO T M, s 3 DX P AR
T S LR S N BE O R AT, VIV B R A S

2844

AILALERRARAVIARLLLLRARAS

\
HEFEINE G

Bl 1 e S A B KR SR B
Figure1 Schematic of the rotating nose cone anti-icing system based
onaRHP

R YL R DAY BE R[] ) B RE AT B C S, 7% e B A 4 4
BONRRIZEH, WAR A 28K BER R BEBOE s 1E
R R RS Z TR e R A S AR R, LI AV
SRS Z W AR O T ORIE AR IR PR BT R Y IR
BAT, RAMEI TR (U0 L WE55). FAE AT IC T % 8)
PR, e shAILE gl sh e, DA it 18 ik
ol e 2 MR 0 BAR. s AL AR i B R v T
PRI, A AR BRI e K, ZRIRETRE 22 1Y)
PRI 213K V% B o i A BE 4, ¥ BEWTE e 7 25 O
AN IRz A B, MR, FrEafidh, A iR
e 12 2 B U B AN R I B 1k A oK.

R TSR B AE BT K R G RE R BT Tk,
it B0 R G R A B e, X e % BV P
TIRER s S BT S, DU RS
UL A S IAEAT B S, HE R A ER A T A A
N T R U B AN AR BAG e BE BAVE  T
ZRER L | AL IR | WIS BRI R
MR, FEREFEBNE S FRmnsk Sy . AR RS Ty . B
TEEEE A AR, Gl a0 A 47 B S B A A
BB E e AL BRI SIS B ST Y B AE TR R
AR TR ZR A ey FH T AR B O 3 A B B, iy 52
Wi 5 3t S A BT UK R BRI RE Ty, LA SRl ) 4% 52
M PRI 2R A9 DE E A S B R4 B9 B KPR RE. D Ik, AR SO
TG BB, WA T A e g Bag i &, %
JEPERS LTy RISK Ty . R AR I RS X e
e R OO B AL VRV OS2 MR, A ST B IR R R
S B KRG TR Sl . AR, LUK A
SR A RO R, S{E AR UL T R R
S5 IVE B UK R SR RE R R WAL, D Bl UK R SE A
THAE AL FE Al

FATTAE BT 9 9F 5 0 SR BT - KT 2 A A5



R, K AR TN ZEIRAE I — A AR R X 38, AN T
5% 5 N-S 5 i 21 19 Y80S AH O 81 5 HH AR A% 300% T4
SERERY, B G AU T A TG Y I Bl R A BVRE M T R
TRUE AR ZT, BR TN 45 R S A R A A
U, UE W T AR R A ] SE L A SR R A A
H E A B UK R G TR i sh S5 G G R, FEsh
s E AR e SCIRI, MR K ) . i AR AR
O O SR R A R e A T 5 B TR T
T, BRI TR S R R A 38 A
ST A AR AR R e AR R T BT E S SR T
FRAGURIO, ASTHBLIROAR S o B A AR 1R AL 3, 58 X
A6 5 5P R 7 R AR, AL 2R R R A R R AR Y
FHM RE R AL 36 . BT B 0K R G0 0¢ T 4 B X
P, BRRIEH I IS T 4 W B T S B B, e
iz gl i 78 B i 7 FE e B 1 SER, R 4k
O PR R X2 R G HEA T BUE R, W 2R .

TR Bh i e O TG RS L, TR AR R
VRS TH B ARG BE TR 25 1, WIIR S5 R 2,
i B 300 K. H SE 4t TR [ # (1000, 2000
3000 r/min), A[F]f&# (500, 1000, 2000, 3000 W) T
B A B UK RGN AG AR, PRk BORIR T
HMRE T 2 SO fE R SR i L. SRS R R R 5 A A
THIBE VK R G REVEA TR, IR SR F M, TR R
94°C, KWz KW I3 mis, a5 iRE H-10C, =5
SRR AR &R 2 o/m®, K E AR 820 um;
R R BAMRE R A = A, SRR EE
TR BE, e i R BoE O AN [RME DL EAT XS A AT
B AN RE I RS SR R, R
A S, e R R B A AR AR R U A R L R
T 50 2 S I 22 DL RO AR TR B B ok Bk i 4
TRRRAS, BT 28 A 4 2O K ik 4 o i A,
ER S NES

]

RER

1
' B B

B2 e i R A B VK R G LA A
Figure 2 Computational domain of the rotating nose cone anti-icing
system based on a RHP
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A new anti-icing method for an aer o-engine nose cone

XUAN YiMin & LIAN WenlLel

Key Laboratory of Aero-engine Thermal Environment and Structure, Ministry of Industry and Information Technology, Nanjing University of
Aeronautics and Astronautics, Nanjing 210016, China

Ice accretion may occur on the entry components of an aero-engine under certain weather and flight conditions, which
would lead to the deterioration of the engine performance and even severe safety problems. Anti-icing systems have been
used including hot air anti-icing system, which consumes high pressure air from the compressor, and electronic heating
system, which consumes high grade electronic energy. Compared with the traditional anti-icing methods, an efficient and
low energy consumption anti-icing technique based on the rotating heat pipe (RHP) has a great advantage and good
application potential, which utilizes the waste heat of the aero-engine. Until now, however, the mechanism of the heat
transfer in a RHP has not been clearly revealed yet, due to the complexity of the two phase flow and phase change
process occurred in the RHP, which makes it difficult to establish the design method for the aero-engine anti-icing
system based on a RHP. Furthermore, the feasibility of the anti-icing system based on a RHP has not been confirmed by
experiments. Therefore, the present work is focused on the theoretical and experimental investigations on the rotating
nose cone anti-icing technique based on a RHP, in order to explore the two phase flow and heat transfer mechanism of
such an anti-icing system, and to reveal the effects of different parameters on the performance of the system, which may
provide the theory basis for the design of the nose cone anti-icing system based on a RHP. Furthermore, it is expected
that the feasibility of the anti-icing system based on a RHP can be confirmed by the experiments on a prototype,
providing the basis for the engineering applications.

In this study, a nose cone anti-icing structure based on a RHP has been proposed, and the mathematical model based
on the complete Navier-Stokes equations was established to explore the details of fluid flow and heat transfer in the
anti-icing system. The volume of the fluid (VOF) model was employed for the simulation of two phase flow, and a new
phase-change model was introduced to predict the evaporation and condensation processes in the RHP while the balance
between the evaporative and condensing masses was considered. Numerical simulations have been carried out to study
the operation characteristics of the system. The impact of parameters such as the rotational speed, the heat transfer rate,
heat conductivity of the filler and heat transfer coefficient between the heat pipe and heat source on the performance of
the anti-icing system have been examined. A prototype of the nose cone anti-icing system based on a RHP has been
developed for the ice wind tunnel tests. The results indicated that the anti-icing system has the ability to maintain the
temperature of the nose cone above the freeze point under certain conditions. It is found that the theoretical model can be
used to predict the performance of the nose cone anti-icing system based on a RHP, and the prototype has a satisfactory
anti-icing performance. The investigations laid a solid foundation for the engineering applications of the anti-icing
technique based on RHPs.

rotating heat pipe, nose cone, anti-icing, numerical simulation, icewind tunnel test
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