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Scaling Methods for Icing Wind Tunnel Test
Young-Gab An* and Rho-Shin Myong**

ABSTRACT

Inflight icing remains as one of the most persistent hazards for aircraft operations. The
effect of icing on aircraft performance and safety has to be evaluated during the
development and airworthiness certification process. The scaling method is a procedure to
determine the scaled test conditions in icing wind tunnels in order to produce the same
result as when the reference model is exposed to the desired cloud conditions. In this
study, a scaling program is developed to provide an easy-to-use tool to the aero-icing
community. The Olsen and Ruff 4th methods are employed for this purpose and the
velocity is calculated by matching the dimensionless Weber number. To validate the
program, the results are compared with the NASA scaling results. The scaling examples
based on FAR (Federal Aviation Regulation) Part 25 Appendix C are also presented. Finally,
a validation study using a state-of-the-art icing simulation code FENSAP-ICE is presented.

Key Words : Icing Wind Tunnel Test(2* 3 &A1 8), Scaling Method(Z=AY®E 71H),
Collection Efficiency(53 &), Freezing Fraction(Z ¥ H])
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Table 1. Summary of icing wind tunnels

Dimension of test | Veloci 511;(1?2
section (ft) (mph (bar)
6x9
NESA | (uniform ice cloud | 58~402 | -
: 4.5%6) length : 20
g%eAiIIlT (uniforn%xi?:e cloud ~290 -
1 3x4)
7.7x7.3, length : 23 »
CIRA (Main) ot 039
IWT 7.7x3.7, length : 16 145
(Secondary) ~532 )

MTS FAR 25/29 coverage
V =100m/s = MVD range: 15 = 50pum

FARZS_int |
FAR25_cont

' | —N =160 nozzles
——MN=304 nozzles| |
——N =500 nozzles|

LWe [g/m3]
n

10 15 20 25 30 £ 40 a5 50 55
YD [m]

Fig. 1. CIRA IWT
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LWC Scaling for Icing Test in Wind Tunnel
Reference Scale
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Fig. 2. LWC scaling program
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Table 2. NASA LWC scaling results

c 1% T T, )
in mph | min °F um

At olF 870 = dia]

i

N o

}992.™, Table 4, 5 2 Fig. 4~6°] YERHAT
AR FHEL 2ALY Al A" #1389

Table 5. Results by FENSAP-ICE code

Reference | 36 200 | 25.0 | 19.6 | 20.0

Scaling 36 200 | 10.4 | 10.0 | 20.0

LWC Total
g/ m’ Ky A, "o Temp.°F

Reference | 0.25 1.38 | 1.26 | 058 | 26.8

Scaling 0.60 1.38 | 1.26 | 058 | 17.2

Table 3. NASA size scaling results

c 1% T T, )
in mph | min | °F wm

Reference | 36 150 | 151 | 5.8 40.0

Scaling 10.5 277 |23 |35 | 144

LWC Total
g/ m’ 5 A, "o Temp.°F

Reference | 1.00 3.35 | 229 | 0518 | 9.8

Scaling 1.05 3.35 1229 | 0518 | 17.3

Table 4. Scaling results

c Vv T | Tyl ¢ LWC
in mph | min | °F | um g/m’
C3 21 | 2120 | 70| 14| 25 0.31
C3L 21 | 212.0 | 22 | -74| 25 1.00
16 21 | 2120 | 70| 14| 40 0.52
I6L 21 | 2120 | 36| 54| 40 1.00
C4 21 | 2356 | 70| 14| 30 0.22
C4ST | 105 | 3332 | 19| 5.0| 16.7 0.28
14 21 | 2356 | 70| 14| 30 1.03
14ST | 105 | 3332 | 1.9 | 5.0| 16.7 1.34
17 21 | 2356 | 70| 14| 45 0.39
I7ST | 105 | 3332 | 21 | 6.0| 249 0.46
11 21 | 223.0| 70| 14| 15 2.50
LT 21 | 223.0 | 129| 180| 15 1.35
2 21 | 2356 | 70| 14| 20 0.43
C2SM | 105 | 3332 | 22| 72| 15 0.45
12 21 | 2356 | 70| 14| 20 2.23
I25SM | 105 | 3332 | 1.7 | 72| 40 2.60

Case

C : stratiform, I : cumulus, S : model size, M :
droplet size, L : LWC, T : temperature scaling

Scaling results FENSAP-ICE
Case Thick
K | A | ny | By By -ness
(mm)
C3 338|080 |0.80|0.79 | 07961 | 7.5
C3L [3.39 1080|078 079 | 0791 | 7.5
I6 | 696|134 | 048 | 0.88 | 0.8806 | 11.7
I6eL | 696 | 1.34 | 0.48 | 0.88 | 0.8806 | 11.7
C4 | 477 1063 | 088 | 0.84 | 0.8381 | 6.5
(ST | 4.78 [ 062 | 093 | 0.84 | 0.8351 | 6.0
14 | 477 12951028 | 084 | 0.8402 | 189
14ST | 4.78 1 295 | 0.31 | 0.84 | 0.8373 | 18.0
17 886|112 | 052 | 0.90 | 0.9011 | 10.4
17ST | 887 | 1.11 | 0.56 | 0.90 | 0.8988 | 10.4
I1 159678021066 | 06672 | 26.4
IILT | 1.58 | 6.78 | 0.20 | 0.66 | 0.6669 | 26.4
C2 | 256|123 |055|0.75| 07530 | 9.8
M | 404 | 1.14 | 057 | 0.82 | 0.8167 | 9.9
12 | 256|639 020|075 | 0.7530 | 27.9
I2SM | 1828 | 5.05 | 0.20 | 0.94 | 0.9449 | 289

1.0 ¢

05 F

Ylinch)

05

-1.0

00 F

—MNACAD012
-——C2

= - «C25M

-0.5 0.0 0.5

X[inch)

1.0 1.5

Fig. 4. Comparison of ice shapes after
scaling (stratiform C2)




R BRI 2 5

o

Table 6. LWC scaling results (horn)

Case

c 1% T | T, 0 | LWC

in mph | min | °F | pm | g/m’

S3 21 | 2300 ] 70| 18 | 20 | 0.55

S3L 21 [ 2300 ] 19|61 | 20 | 2.00
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