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Investigation of heat trand erCharacteristics of
aircraft icing under runback water

DU Yanxia, GUl Yewe ; XIAO Chun-hua, Yl Xian
(China Aerodynamics-Research.and Development Center / Mianyang 621000, China)

Abstract : -The heat trander characteristies of aircraft-icing process were investigated
based onthe theories of liquid solid-phase change and film flowing. The heat tranger model
which coupled runback water flowing with liquidsolid phase change was establi shed and the
influence of airflow parameters on the characteristics of icing growth was analyzed. The re-
sultsindicate that the runback water on theicing surface will accelerate the liquid-solid phase
change and speed up-theicing process. The shear stress caused by the airflow isthe key fac-
tor to the runback water flowing. The higher the airflow speed, the greater the shear stress
and stronger the runback water flowing becomes, and vice versa. Under the condition of
runback water flowing, the speed and temperature of the airflow are the main causes aff ect-
ing the icing accretion. The higher the airflow speed or the lower the temperature, the grea
ter theicing rate will be. The liquid water content and the collection efficiency have weak

effect on theicing rate comparatively.

Key words: aircraft; icing; runback water ; heat transer

.Lee
[23]

:2008-09-12; :2008-12-08
(10672174) ; (20080430230)
(1974-) ,

. Myers

Miyata



9 1967
(2) , ,
, / (&l
. Al-Khalil'™®  Morency
D g 3
X
, / Phy _
3 =0 (4
/ 3 @ (2),
/
3 2
' h“‘pgsina+h“‘F:uW (5)
’ / 3
, a=0,
1
he= o (6)
(7
' ’ (6) : ,
h =0\ /P, D W= - Va\- Bhalp, 7)
1 / m
; o1
1 , [10]
F=fi Tp.(Va- 0° (8)
. L, Air 2
hith, i i c , Va >c.
hi= =] Water
LS N fi = 0008 + 2 x 10 ° Rer (9)
L Rer = (10)
................................................ h
s St 1
3 u = hIo udy (11)
1 ’
Fig.1 Physcal model of icing surface including X 0. )
runback water Couette
/
[8] ’
o _ kPt
LﬁL ﬁﬂ ﬂ‘ﬂ : L‘.ZAL _ a' :pioahZ (12)
3[0 s -Pg axcosa+pgsm + > F=p W
(2)
o JF W 2
u g (13)



1968

Ly _ 2
/
dh _ ot Oty
Otw _
-k E (@t ta) - (et a) (16)
G o
O
' Ch ;G
[1].
id g
s 0 (17)
h=0, t=ts (18)
h=h, u=0,t=t (19)
h=h+he, u=U, t=t (20)
ts o / ;
(17) (18) (19)_,
t=hi£h+k (1)
Couette
[11]
U—-Lh (22)
M w
Mw
o QW _F-h
u= hJo udy = Y (24)
(22) (14)
&t B
dif = kMw (25)
dat . _BF
dh"'kmwh+a (26)
t= _E;ﬁ+Qh+Q 27)

" 2kaM w

24
(19)  (20)
S Y
_LZ 2 2
(28) :
h=h +

h

dt -t P

dhlin=h+n, = hye  2keMw (29)

(16) ,
dt _ Ooice - g (t- ta)
dhl n=neny ™ Kw (30)

Gource =\Ch + Gk ; G

é] =, +W - \BCW +Yele (31)
. ; Gw
ye ;Le

(29),(30)
(qmeﬂ'qt.a)hN+|<th+h“‘E
b= kw + q hw

(32)

he
(33)

2
[i&ﬂ S T
h=h

(33)
Couette
(15) ,

dh [ k(f-t) . -t hF /
dt ‘[ h eyt aucj Pils
(34)

(1)
(34)
[7]



9 : 1969

: (34) , 4 [—r=130s
L - T=540s
Runge- Kutta . § [ 7220005
w=12¢gm V=60msB=05,t=-10 ‘
ts= - 15 o 0
, /
21
2 3
/ H 1 X 1
0.01 0.02 0.03 0.04
’ h/m
tS tp ’
tp ta , 3
(71 ) Fig.3 Temperature distribution at different time
; , Cou-
ette , )
1
~—Current model|
. 0
' -1
-2
£-3
oF -4
-2
-5
-Ar : :
6 *ﬁﬁlﬁé ‘ 0 0.005 0.0010 0.0015 0.0020 0.0025 0.0030
o -sf \ e Sk
= UKJZ PR DR
-10f ! : B4 WO XR B4 1 5 SRR B I B 2
—12¢f Fig.4 Comparison of film temperature distribution
—14} with literature value
~1600:002 0.004 0.006 0.008 0.010 0,012 0.014 0.016 2
h/m o[ [7-60ms
[ |- V=40m/s 5 V8N
_p [ r=-¥=20ms .
2 540s L
=4
Fig.2 Temperature distribution at 540s o
L p [
[9]
( 4). :
Karev
-16 1 L 1 1 I I
) ) 0 0.005 0.010 0.015 0.020 0.025 0.030
5 2000s Bt @ UM IX 0916 BE 43 A 3R
Fig.5 Effect of effect of aerodynamic shear stress on
5 temperature distribution
/ . 22



1970 24
0.030
—1 w=12gm’
' 0025} 2 @=03g/m
6 7 —3 0=06gm’
—4 ©=04g/m’
0.020
£
1] il E 0.015 B
=
0.010F
, , (6) , 0.005F
0 500 1000 1500 2000
! /s
B8 BEKEEXMAKBERKFHEME R
/ ' Fig.8 Effects of w on ice growth
, , 0.030
! ! 0.025H.... g7 | — N _«
=
0.020
0.06 E
- V=120 mis 3
£ 0.015F
----- V=60 m/s - 3
0.05F |- - - =40 mjs - D
— V=20 m/s g 0.010}
0.04} -
2 - 0.005}
g 003 s
E- r'/ _-— ; T S S 1
0.02f . e, 0 500 1000 1500 2000
L ) ;._»'_'_—" /s
001} 7 amE=
e B9 KBRERBXMNKBERKFENZ R
— - I Fig. 9 Effects of collection efficiency on ice growth
0 500 1 0/00 1500 2000
/s ,

Bl 6 ORI B K RAE Kt

Fig. 6 Effectsof airflow velocity on ice growth

0.06
-—-T=5%C
—t=-107C o
0.05 =20C - #7
== 1=-30C oo
0.041 /_,-”
£ P et
£ 0.03- s P
< S e
s’ L
0.02r a 5 ’
e e RS sl
0.01F 7 i T
:/_,—'-——
0 500 1000 1500 2000
/s

7R BE X UK R A KRR B R T

Fig. 7

Effects of airflow temperature on ice growth

8 9

2.3

10



1971

h/mm

9
/ 1
, /
0 3
[7]
0
0.030 e
== ‘gungack modelcl IT‘ 3 -
0.025- onduction model|
0.0201
0.015F
0.010} 2
=
Yy
0.005F
/
0 500 1000 1500 2000
/8
10

Fig.10 Hfectsof-runback water onice growth

1) ,

2) :

[1]

(2]

(3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

3) ,

Myers T G. Extenson\to the messnger’ mode for aircraft
idng[J]. AIAAJournal }2001¢; 39(2)": 211-218

Lee YW, Ananth R, GIl W N~ Sdection of alength scale
in unconstrained dendritic growth with convection in melt
[J]. J. Cryst. Growth, 1993132:226-230.

Miyata Y, Tanaka H. _Dendritic growth in undercooled
melt with'forced convection: experiment for pure succino-
nitrile[J].-1SI J. Internat , 1995 ,35:596-599.

Al-Khalil KM, Keith T G, De Witt KJ. New concept in
runback water modeling for anti-iced aircraft surfaces[J].
Journal of Aircraft, 1993,30(1) :41-49.

Al-Khalil KM, Keth T G, De Witt KJ. Development of
an improved model for runback water on aircraft surfaces
[J]. Journa of Aircraft, 1994 ,31(2) :271-278

Morency F,Brahimi M T, Tezok F, et a. Hot ar anti-ic-
ing system modelization in the ice prediction code CANICE
[R]. AIAA-98-0192,1998

[R]. ,2008
Myers T G, Thompson C P. Modelling the flow of water
on aircraft inicing conditions[J]. AIAA Journa ,1998 ,36
(6) :1010-1013.

Karev A R, Farzaneh M, Lozowski E P. Character and
stability of a wind-driven supercooled water film on an ic-
ing surface | —Laminar heat transer [J]. International
Journal of Therma Sciences, 2003 ,42 :481-498.
Cheremisinoff N P, Davis EJ. Stratified turbulent-turbu-
lent gasliquid flow[J]. AIChE Journal , 1979 ,25:48-56.

) , . [(M].

,2003



