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Table 1 Icing Conditions|[5]

Case # Run22 Run35
Chord length 0.9144 m

Re 3.2 x 10°

Voo 44.704 m/s

a 0°

To —6.65°C | —17.8°C
Lwc¢ 0.78g/m3
MVD 20 pm
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Table 2 Leading Edge Material Properties|5]

. K p Cp Thickness

Item Material
[W/mK]  [kg/m?]  [J/kgK] [m]

1 Heating Element 4 991 8 90629 385.186  0.0000127

(alloy90)
Erosion Shield

2 (85 301 HE) 16258  8,025.27 502.416 0.0002032
Elastomer

3 (Cox 4300) 0256  1,384.00 1,256.04 0.0005588

4 Flbggla“/E.POXY 0294  1,794.07 1,570.05 0.000889
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nsulation

26

2] -] 8} 3

'Iu



Al-Khalil[5]== 7 AW 7o uweg} 522 (evaporative) 2 B & %

=) 9} v]Z2 2 (running wet) AW B S A= o] s F 7FA] Ao of
g AdE AAET TR AWESAR = B APEHE
o] B Ftste] AW HSAAZRE HoHE X2W SAE 4

M AFslvh AA s Aol el wiEt dde] 98 dFF

ke ke Table 38} 2t}

Table 3 Position and Heat flux of Heating Pads [5]

. Heat flux [kKW/m?]
Heating pad Start s/c End s/c

run22A run22B run35A
F —0.1024 —0.0607 9.92 2.635 12.09
D —0.0607 —-0.0329 10.23 2.945 11.78
B —0.0329 —0.0051 32.55 4.03 34.1
A —0.0051 0.0157 46.5 4.805 46.5
C 0.0157 0.0435 18.6 2.945 23.25
E 0.0435 0.0713 6.98 3.41 6.67
G 0.0713 0.1129 10.24 2.325 12.71
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ABSTRACT

CHT Method for Thermal Analysis of

Aircraft Ice Protection System

Yonghwan Kim
Aerospace Engineering
The Graduate School

Seoul National University

For aircraft operating under icing conditions, Ice Protection System(IPS)
must be installed, and certification of system performance is required. During
the installation and certification process, sufficient analysis is needed for the
IPS of specific aircraft components, such as wing, windshield, and engine inlet,
in which icing occurs mainly. Among the methods of analysis on IPS,

numerical analysis is a time-effective and cost-effective method.

Numerical analysis has been conducted to collect accurate heat transfer
analysis for thermal IPS, which is mainly used. The analysis involves an
internal heat transfer analysis in the icing simulation on the aircraft surface. For
accurate heat transfer analysis results, the coupling method is required to
analyze regions where heat transfer occurs. Most of the prior research used a
loose-coupling method for time efficiency. However, the loose-coupling
method does not take into account the effect of heat transfer in each region on
the thermal convection of external flow. While the tight-coupling method takes
longer to calculate than the loose-coupling method, it can combine all the heat

transfer analyses in the IPS simulation process, resulting in high accuracy.
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In this study, a convective heat transfer coefficient obtained by the tight-
coupling method in dry air conditions without water film was used. An anti-
icing analysis was conducted on thermal IPS with the tight-coupling method. A
comparative analysis was then performed with experimental results and other
numerical analysis studies. The tight-coupling method showed more excellent
agreement with the experiments than the loose-coupling method. Furthermore,
it is confirmed that the developed numerical method has the same performance

as the previous tight coupling method.

keywords : Aircraft Icing, Ice Protection System, Anti-Icing,
Conjugate Heat Transfer, Coupling Method

Student Number : 2018-25301
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