SHRE BT X| 23

J. Korean Soc. Aeronaut. Space Sci. 48(1), 23-33(2020)
DOTI:https:/ /doi.org/10.5139/JKSAS.2020.48.1.23
ISSN 1225-1348(print), 2287-6871(online)

W 2EE 1@ 9 Mol 229 F37] 29 4 dit & AT
Rl o) B3

Implementation of Roughness-Induced Turbulent Transition Model
on Inflight Icing Code

Seungin Min' and Kwanjung Yee®

Department of Mechanical Aerospace Engineering, Seoul National University

ABSTRACT

In this study, the effect of surface roughness distribution and its influence on the inflight
icing code was investigated. Previous numerical studies focused on the magnitude of surface
roughness, and the effects were only addressed in terms of changes in thermal boundary layers
with fully turbulent assumption. In addition, the empirical formula was used to take account
the turbulent transition due to surface roughness, which was regarded as reducing the accuracy
of ice shape prediction. Therefore, in this study, the turbulent transition model based on the
two-equation turbulence model was applied to consider the effects of surface roughness. In
order to consider the effect of surface roughness, the transport equation for roughness
amplification parameter was applied, and the surface roughness distribution model was
implemented to consider the physical properties. For validation, the surface roughness,
convective heat transfer coefficient, and ice shape were compared with experimental results and
other numerical methodology. As a result, it was confirmed that the excessive prediction of the
heat transfer coefficient at the leading edge and the ice horn shape at the bottom of the airfoil
were improved accordingly.
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Nomenclature 1. A E
A, = Roughness amplification parameter %%7]_7‘5 i A, AW g2 sERelA e o
Uzl Byel oA AA=HM, 53] H3o] dFo
Cp = Drag coefficient of droplet 2 o JgyE A9y 7 Zde Rz Ags=
LWC = Liquid water content, g/m® F Exdge] & vFE AT ugbA gF 4
MVD = Median volumetric droplet diameter, um A AFE g8 dSste Aol &&37] 24X F
Rey = Transition onset momentum thickness Aol Aoedd Tag Lbolt. WEHOE,
Reynolds number 1980t NASACA 7dd 37 AW 4 IZ=
Rey,. = Critical transition onset momentum 2 LEWICEE integral boundary-layer 3744< 2
thickness Reynolds number &5t df 2 ATE AdsSAd1] old A
T = Surface temperature, T B WA A}_%S}oq 1;,_}0 R 228 FHEA
’ ’ ow, 19 g HolE Fad3}t <l Rew #hS 7l
U = Velocity, m/s Fom WfF HolE Attt LEWICEE X3
¢w = Specific heat of water A 71He AAAT agAoF sty tokstA Ab
. = Energy flow rate, Winfs gEol, dF 91 AFE F=sl o Sde
o . » kol At dHA doH[12], ol #E &
g = Gravitational acceleration, m/s H4o AUz oZsx Ra= eloz oA
he, = Heat convection coefficient, W/m?k [2]. o18d 37 AW FHA e HFEE Eo
hg = Water film height, m 7] 9% d3oey FUZRF WE OIF dAG
k = Turbulent kinetic energy, J/kg Aol Wk B8R deo] @fel A e 49
2 wdd A7 FPHAS
k.;r = Effective thermal conductivity, W/m-K Hxz7) AdolA EH 2=l o] mWE ek
m = Mass flow rate, kg/m?s 3k AR AFE 1980 o)&E = A AHTH
D = Pressure, Pa Poinsatte. et. al.[34]2 W Z%9 4 HAAZH &
» = Densiy, kg F dolol W@ FPAL EAE] s NACA
m = Viscosity, Pa-s 0012 9ol sl A ?_‘%;ﬁ:?_]_ 8 25E BF331a
BE QY Ass RS AP AT 93
“w = Surace tension, N/m gxlel F2® EW EESo| BF ol AL 4Y
war = Wall shear stress, Pa 7= AL FRladon, diF ddL AFE F7H
0, = Average contact angle, rad A AW ol dFe vA= A AR Fl
© = intemitency steleh. 2et elgAel #¥ ERe dAl 937
o L AY dde BARHA Feith AA @] AR
w = Specific turbulence dissipation rate, 1/s el EHzE B¥ol T mE e Yamaguchi
9} Hansman[5]olA4 =&wth A8 ZTHA A
Subs f %W 25 X7 OF "ol 2 UF 449 A%
@ = Arproperties of e Fol HEHU P Zo] FaH 849
d = Droplet properties < Ut =Y, APATA E2H e 93t
w = Water properties A G el MAEAHC gHzsE mde ALs
co = Freestream properties o AW 4 dF AHAYGEE =Yo=H, mHxE
imp = Impinging water properties wxo e 84S YeEusit o) % Henry et
ice = Accumulated ice properties al[e]# Han} Palacios|7]= 7Hdd =4 W= &
. . ste] A APt 7] ¥l dAs= AW F
conv = Convective heat transfer properties oo EHzE ot AAD AaZ Zgste],
in = Inflow water properties FHzE7} g dAg A ]_)[:o =7lmu o}y
out = CQutflow water properties
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Fig. 1. Flow chart of ICEPAC
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‘ Turbulent model ‘

*{ A, model I

‘ Roughness effect parameter ‘
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‘ Transition onset criteria eqn. ‘
]

‘ Intermittency eqn. ‘
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‘ Turbulent kinetic energy eqn. ‘
]

‘ Specific dissipation rate eqn. ‘

Fig. 2. Turbulence model for roughness induced
transition
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Table 2. Ice shape comparison case [24]

Case A Case B
Airfoil NACA 0012
Chord (m) 0.5334
Angle of attack (°) 4
Airspeed (m/s) 102.8 102.8
Temperature (°C) -11.11 -9.87
LWC (g/m?) 0.55 1.3
MVD (um) 20 30
Time (sec) 420 480
NASA IRT case# 403 072591.002
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