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MULTIPHYSICS COMPUTATIONAL ANALYSIS FOR CALCULATING THE POWER REQUIRED
FOR ANTI-ICING OF THE AIRCRAFT AIR DATA SYSTEM

H. Jo,1 H. Jeong,] M. Koo,l H.J. Lee,] H. Lee'” and R.S. Myong*]’2

]Department of Mechanical and Aerospace Engineering, Graduate School, Gyeongsang National University
*Research Center for Aircraft Core Technology, Gyeongsang National University

Aircraft air data systems provide important information necessary for the operation and control of aircraft,
such as speed, altitude, and temperature. Air data probes are mainly located in front of aircrafi or outside such
as nose and wing and are directly affected by icing. Therefore, it is important to design an anti-icing system to
prevent icing in the air data probe. Compared to costly icing tests, icing and anti-icing simulations using
computational fluid dynamics are very effective. In this study, the most critical icing condition was selected by
performing ice accretion simulations for various icing conditions experienced by the aircraft air data system. In
addition, the amount of power required for anti-icing was calculated under various icing conditions through
multiphysics computational simulation, and the tendency of the amount of power required was analyzed.

Key Words : X349 8H(CFD), th7|A1& A|2El(Air Data System), *U(Anti-Icing), 34 Y (Conjugate Heat Transfer)
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(b) Heating coil

Fig. 2 Configuration of air data system
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Fig. 4 Pressure distribution of L-type probe
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Fig. 9 Comparison of ice thickness result
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Fig. 10 Surface temperature distribution of L-type probe equipped
with anti icing system
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defined by the IM condition of Appendix C

2 F7IM 2 wE Ao W Al :
WAE AsRe T e g e hess e
B NFOR 2QAHAS AA 7

]_
= ssw Zﬂﬁoﬂfﬂ ?H 4 4

o
oX,
or

(o

Mz
T

ol

ol

N, ¥
)

7914 7P S 2RI 85wt *Pgﬂ%iotq A4
o% LWC7F #1, we 2% oaoaoﬂ 1
A S o}ZMCas 19] 7

0
OIOL Eelal e Agdggory Jt}lO] = &4%
- 5

fo > 1 (o 1o to 2
o
m‘“‘
E&rlrz_l?

(9]
—\m;"%é
Nﬁﬁggr -
i) 2,

Ir 0

F-l>mm{m

F—}'—zm-{_]r’l
ofr

:‘Ogﬁog
L o g

L rlo
o,
_I%to
L
PE:
(o)

N

sy

ol
K3
&
M
ﬂ
iy
rlo
=3
mor
fo
b1

o
JaATS)
to
ol
N,
=
A
9
=

A Ee kst AW 27 dlelA b71Aks Al
A BAEY] AsiME 7P AEAQ @%‘
Y Case 79 FANME QP H29] 9bd ¢

1o
b
o

BN
RN
H
2

www.dbpia.co.kr



24 / J. Comput. Fluids Eng.

H. Jo - H. Jeong - M. Koo - HJ. Lee - H. Lee - R.S. Myong

Ho] wojo} st} wlehr], ti7]AFR AlAEle] Wb Ao
2 g5W ool AedERe] desitia ddkdnt AW
AT 21 F 54 AR 3

o, 719
M A AW 84

5.4
B Ao X theksl o] AWzelA ti7)atE A
H o dES AbgS 93k thEe AalEiae Salst
k. $ =

L
2
R

FEY A3E POR B8-S AEdAL &
A A AsE B8] AEHoE Y Fa
Yaha, Ul ANRERR P e Bl
Sz st

i)

] b X o dlo 32 1o
g b0t &
2 G4 *
E O
i
3
[
Hu
I
2
=

12
to o

o

2e31E% A5 e ATl a4y 7Y
KN
=4

o 2
=
=
o
ofN

M oZ
rlr
>
)
o
N

o= 71 Feket AW 87 =i A
HelAE stk Appendix €2 AW
Ae e gt sy 218 Addsiglon, 1
Case 7% Case 3°] 217} 40%8} 45%% 7V w27
Blocking®] AJ3I3ITE ol= -23°C9} - 15°CY] v 259}
=& pweel 98 wEA Blockinge] WA= Al e
2o oSk

AR 717w Al2gle] 7R Foket AW Ezieln the

ol
BN
N

_O‘L
X
do
ook
b
ol
ofN

ofN 1o

o NS FRsel AURTAA WD A5S BT
Stk AW Y 2] JFL A B2 AT o)
2k

5)
WS gAdeh=t) F Qs Ao AHERS gSWE ALEE
<

] a2 HA

ok e B ATelN Age W e A s
A F2 9T BAE 71E Feld drIRE AaEw
gk ol)a}l A vElAlel UAM £ ti7|Als T2 He)
W edEE AE AT 59 J)x AT AunE 3849
 Slek

7 7

2 AFE Y| HEANY) AdoR ST AlTe]
2|98 who} S=alE 915 L THNRF-2017R1A5A1015311). & 1=
o] el AARIEES] ATt 8% =7 Al

°]

References

[1] 2019, Lee, LW., Performance Analysis of Ice Protection
System of an Aircraft Air Data System, Gyeongsang
National University, M.S. Thesis.

[2] 2016, De Souza, JRB. Lisboa, KM, Allahyarzadeh, A.B.,
de Andrade, GJ.A., Loureiro, JBR., Naveira-Cotta, C.P.,
Silva Freire, A.P., Orlande, HR.B., Silva, G.A.L. and Cotta,
RM, '"Thermal Analysis of Anti Icing Systems in
Aeronautical Velocity Sensors and Structures," Jowrnal of
the Brazilian Society of Mechanical —Sciences —and
Engineering, Vol.38, pp.1489-1509.

[3]1 2010, Meier, O., A Handbook Method for the Estimation of
Power  Requirements  for Electrical ~De-icing  Systems,
Hamburg University of Applied Sciences.

[4] 2004, Gern, F.H. "Aerodynamic, Thermal, and Anti-Icing
Analysis of the Integrated Air Data Sensor,” 34"
AIAA Fluid Dynamics Conference and Exhibit.

[5]1 2015, Park, M.S., Aircrafi De-Icing System Using Thermal
Conductive  Fibers, Embry-Riddle Aeronautical University,
Ph.D. Thesis.

[6] 2011, Choi, LH., Park, Y.M, Kim, S.C. and Song, J.,
"Research on Pitot-static Probe Heater Design for Aircraft,"
Proceedings of the KSAS Fall Conference, The Korean
Society for Aeronautical & Space Sciences, pp.488-491.

[71 2009, Choi, J. and Lee, C.H., "Development of Anti/de-icing
Heater for Flush Type Pitot Tube," Proceedings of the
KSAS Fall Conference, The Korean Society for Aeronautical
& Space Sciences, pp.281-285.

[8] 2017, Chen, L., "Heat
Experimental  Validation of Anti-icing Component for
Helicopter Rotor," Applied Thermal Engineering, Vol.127,
pp.662-670.

[9] 2006, Ghenai, C. and Lin, C.X., "Verification and Validation
of NASA LEWICE 2.2 Icing Software Code,” Journal of
Aircraft, Vol43, No.5, pp.253-1258.

Transfer ~ Optimization and

www.dbpia.co.kr



MULTIPHYSICS COMPUTATIONAL ANALYSIS FOR CALCULATING '

Vol.26, No.4, 2021. 12 / 25

[10] 2021. Roy, R., Raj, L.P., Jo, JH.,, Cho, M.Y., Kweon, J.H.
and Myong, R.S., "Multiphysics Anti-icing Simulation of a
CFRP Composite Wing Structure Embedded with Thin
Etched-foil Electrothermal Heating Films in Glaze Ice
Conditions,” Composite Structures, Vol.276, 114441.

[11] 2015, Ahn, G.B., Jung, KY., Myong, R.S., Shin, HB. and
Habashi, W.G., "Numerical and Experimental Investigation
of Ice Accreion on a Rotorcraft Engine Air Intake,"
Journal of Aircraft, Vol.52, No.3, pp.903-909.

[12] 2012, Jung, K.Y., Ahn, G.B., Myong, R.S., Cho, T.H., Jung,
SK. and Shin, HB., "Computational Prediction of Ice

Accretion around a Rotorcraft Air Intake," Jowrnal of

Computational Fluids Engineering, Vol.17, No.2, pp.100-106.

[13] 1999, Bourgault, Y., Habashi, W.G., Dompierre, J. and
Baruzzi, G.S., "A Finite Element Method Study of Eulerian
Droplets Impingement Models," International Journal for
Numerical Methods in Fluids, Vol.29, No.4, pp.429-449.

[14] 2020, Lawrence Raj, P., Yee, K. and Myong, RS,
"Sensitivity of Ice Accretion and Aerodynamic Performance
Degradation to Critical Physical and Modeling Parameters
Affecting Airfoil Icing," Aerospace Science and Technology,
Vol.98, 105659.

[15] 2016, Lawrence Raj, P. and Myong, R.S., "Computational
Analysis of an Electro-Thermal Ice Protection System in
Atmospheric Icing Conditions," Journal of Computational
Fluids Engineering, Vol.21, No.1, pp.1-9.

[16] 2018, Cao, Y., Tan, W. and Wu, Z., "Aircraft Icing: An
Ongoing Threat to Aviation Safety," Aerospace Science and
Technology, Vol.75, No4, pp.353-385.

[17] 2020, Jung, SK., Lawren Raj, P, Rahimi, A., Jeong, H.
and Myong, R.S., "Performance Evaluation of Electrothermal
Anti-icing Systems for a Rotorcraft Engine Air Intake Using
a Meta Model," Aerospace Science and Technology,
Vol.106, 106174.

[18] 2008, Cao, Y., Zhang, Q. and Sheridan, J., "Numerical
Simulation of Rime Ice Accretions on an Aerofoil Using an
Eulerian Method," The Aeronautical Jowrnal, Vol.112,

No.1131, pp.243-249.

[19] 2012, Pourbagian, M. and Habashi, W.G., "Power and
Design Optimization of Electro-thermal Anti-icing Systems
via FENSAP-ICE” 4th AIAA Atmospheric and Space
Environments Conference.

[20] 2020, Al-Masri, F., Experimental Investigation on the Icing
Physics and Anti-/de-icing Technology of an Aircraft Pitot
Probe, IOWA State University, M.S. Thesis.

[21] 2011, De Souza, JR.B., Zoutin, J.L., Loureiro, JB,
Naveira-Cotta, C.P., Ferire, APS. and Cotta, RM,
"Conjugated Heat Transfer Analysis of Heated Pitot Tubes:
Wind Tunnel Experiments, Infrared Thermography and
Lumped-Differential Modeling," 2Ist Brazilian Congress of
Mechanical Engineering.

[22] 2019, 14 CFR 25 - Airworthiness Standards: Transport
Category Airplanes (Appendix C, O) Code of Federal
Regulations, United States Federal Aviation Administration.

[23] 1996, Scott, K.T. and Robert, P.C., "Aircraft Anti-icing and
De-icing Techniques and Modeling," Journal of Aircraft.
Vol.33, No.5, pp.841-854.

[24] 2020, Lee, J.W., Cho, MY., Kim, Y.H, Yee, K. and
Myong, R.S., "Current Status and Prospect of Aircraft Ice
Protection Systems," Jowrnal of the Korean Society for
Aeronautical — and  Space  Sciences, Vol48, No.ll,
pp-911-925.

[25] 2013, Fossati, M. and Habashi, W.G., "Multiparameter
Analysis of Aero-icing Problems using Proper Orthogonal
Decomposition and Multidimensional Interpolation," 444
Journal, Vol.51, No.4, pp.946-960.

[26] 2015, Zhan, Z., Habashi, W.G. and Fossati, M., "Local
Reduced-Order Modeling and Iterative Sampling for
Parametric Analyses of Aero-icing Problems," AIAA Journal,
Vol.53, No.8, pp.2174-2185.

[27] 2013, Son, C., Yee, K. and Oh, S., "Numerical Correlation
Between  Meteorological ~ Parameters and  Aerodynamic
Performance Degradation of Iced Airfoils," SAE 2013
AeroTech Congress & Exhibition.

www.dbpia.co.kr



	항공기 대기자료 시스템의 방빙 소요전력량 산정을 위한 다물리 전산해석
	1. 서론
	2. 해석 기법
	3. 전산해석 기법 검증 및 조건
	4. 다물리 전산해석 결과
	5. 결론
	References


