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Siemens Simcenter STAR-CCM+

STAR-CCM+ Icing Analysis Workflow

# 2

Airflow Droplets Mesh
. URANS . Lagrangian (| - Fuid fim model 7 Morphing
Multiphase (LMP) - Evaporation and - Grow “delta” ice
- Dispersed condensation shape
Multiphase (DMP) - Solidification - Auto Remesher
models
J . J . / X ¥

Ref. : STAR-CCM+ ice accretion modeling slides (Scott Wilensky)

STAR-CCM+ Icing Simulation Approaches

Single-shot solved once unchanged Low / fast
Multi-shot updated periodically Medium / fast
Fully Coupled updated at each time step High / slow
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Results

- Flow Solver Grid Convergence
- Using IPW-3 Committee Grids
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CFD Solution (Cp & Collection Efficiency)

[ tevel | 0 | 2 | 3 | 4 |
N ACA 00 1 2 ca Se Nodes 60,450,029 27,308,300 11,234,674 5,947,691

* Chordlength:21in

* Wingspan length : 72 in

* Angle of attack : 4 deg.

* Reference area =1512in”2

* Mean aerodynamic chord (M.A.C.) =21 in

. ey e . Level 1 Level 2 Level 3 Level 4
e Grid sensitivity : 4 levels

tati
Velocity SAEUE Density Static Pressure Speed of sound Re_chord
Temperature

Kg/m”"3 kg/m-sec
0.3114 102.15 267.75 1.1884 91337 328.03 1. 68917E-05 3.8441e6
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Flow Algorithm
Turbulence Model
Droplet Formulation

Droplet Drag Model

STAR-CCM+ Setup

Description
Simcenter STAR-CCM+v2510

Coupled Flow Solver
SST (Menter) K-Omega
Dispersed Multiphase (Eulerian)

Spherical (Schiller-Naumann)

NACA 0012 Case
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Tunnel Outlet:
BC: Pressure Outlet

SLD Effects None
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Tunnel Inlet:
BC: Velocity Inlet
Magnitude + Direction
Flow Direction: parallel to tunnel length
Velocity Magnitude: Ref. freestream
Temperature: Ref. static temperature

BAIAA

Tunnel Walls:
Wall BC (No-Slip)
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NACA 0012 Case 2

e Steady simulation

_1_5 -
e SST (Menter) K-Omega
A1
* Cp :averaged over last 1000 iterations
05
Mean of Pressure Coefficient (o
O

BAIAA

“ Velocity S Density Static Pressure Speed of sound “ Re_chord
Temperature
CI D SOIutIon C —
0.3114

102.15 267.75 1.1884

91337 328.03

Grid Levels

kg/m-sec

1.68917E-05

[ teve |1 | 2 | 3 4

Nodes 60,450,029 27,308,300 11,234,674 5,947,691

l> 1.0000
0OF

0.50000

Exp. (200knot,AoA=4 deg.)
GL1
GL2
GL3
GL4

0.0000 0'5 B
-0.50000 1 |

1 '5 I | I | I
< -1.5000 0 3 6

Averaged Pressure Coefficient (GL1)

x [in]

Comparison of Pressure Coefficient

(y=36 in span)
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“ speed ofsetind “
Temperature
nd m/s K Pa m/s nd

[
CFD Solution
0.3114 102.15 267.75 1.1884 91337 328.03 1.68917E-05 3.8441e6
Grid Levels
Level —n_n
NACA 0012 Case Nodes 60,450,029 27,308,300 11,234,674 5,947,691
e Steady simulation 08
i GL1
e SST (Menter) K-Omega 07k GL2
GL3
. | GL4
* Eulerian, MDV=20 um, LWC=0.55 g/m"3 06
>
3 i
* Averaged over last 1000 iterations 8 os
EE L
Mean of LocalCollectionEfficiency 1DMP |-|=J 0.4
1.0 2 i
- 5
0.8 2 03F
8 B
0.6 02 L
0.4 -
IO.O 0 ] ] ] ] L l l
-6 -4 -2 0 2 4 6
2 Lower surface Upper surface
.“-__‘_f._ﬁ“ Surface distance [in]
Averaged Collection Efficiency (GL1) Comparison of C_ollection Efficiency
(y=36 in span)
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National Aeronautics and Space Administration

Grid Levels @’

[ level 1|2 | 3 4 |

CFD Solution (C,/C,/C,,)
NACA 0012 Case
e Steady simulation a
e SST (Menter) K-Omega

Level 1 Level 2 Level 3 Level 4

* Averaged over last 5000 iterations

0.5 0.02 - 0.01
[ O- -8 B =] I &f
—_ r = L
g_. 045 - 3'30.015 r :E_’ 0.005 r
E -E EF------- =] 3 O----—-—-g-- .-
g o04ar € oo1| 8Q------- - % ol = B =
1] I3 @
8 S §
£ 2 =
g 035} 5 0.005 - g 0.005 -
5
i Dense Coarse i Dense Coarse E Dense Coarse
035 1 z 3 z 5 % i z 3 1 5 0015 1 7 3 i 5
Grid Level Grid Level Grid Level
L1 (dense) 0.48128 0.01075 0.00151
L2 0.48448 0.01070 0.00110
L3 0.48348 0.01200 0.00096
L4 (coarse) 0.48367 0.01144 0.00080

Averaged CL/CD/CM ( last 5000 iteration)
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Results

- Ice Accretion
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STAR-CCM+ Icing Simulation Approach

Ice shape predictions using grids from IPW-3

* w/o Mesh Morphing : convergence issue (diverging flow solution)

* w/ Mesh Morphing : not working (STAR-CCM+ requires baseline part)

Ice shape predictions based on STAR-CCM+ internal meshing

* Tunnel wall case : working w/o Mesh Morphing

e Open-air case (freestream BC)

BAIAA

w/ Mesh Morphing
e Coarse mesh : negative thickness issue

* Dense mesh : looks like there is max. CPU limit w/ mesh Morpher

w/o Mesh Morphing : working

(

X Droplets
* | - Lagrangian
Multiphase (LMP)
« Dispersed
Multiphase (DMP)

Airflow
- URANS

Wy, -

:

 Fluid film

J ¥

\aa
condensation

- Solidification
models

.

« Fluid film model
- Evaporation and

N
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STAR-CCM+ Icing Simulatio (AE3933)

NACA 0012 Case
 Chordlength:21in
* Wingspan length : 72 in

— y=32 inch

inch

;E. 0 y=36inch
N | \ ————— y=40 inch

* Angle of attack : 4 deg.

e Reference area =1512 in”"2

 Mean aerodynamic chord (M.A.C.) =21 in

NASA Icing Research Tunnel Processed Ice Shape (AE3933)

Temperature
Kg/m”3 kg/m-sec g/m”"3
0.3127 102.19 265.8 1.2 91554 326.83 1. 6794E-05 3.8947e6 0.55 20 7
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STAR-CCM+ Icing Simulation Setup

z
f— X

side view

Flow Direction: parallelto tunnel length
Velocity Magnitude: Ref. freestream
Temperature: Ref. static temperature

Setwp ________|Descripton

Software

Flow Algorithm

Turbulence Model

HTC Method

Droplet Formulation

Droplet Drag Model

SLD Effects
Thermodynamic Algorithm
Ice Density Model

Surface Roughness

Ice Accretion Steps

Simcenter STAR-CCM+ v2510
Segregated Solver
SST (Menter) K-Omega

Recovery Temperature

Dispersed Multiphase (Eulerian)

Spherical (Schiller-Naumann)
None

Fluid Film model (SWIM)
Constant (901.3 kg/m*3)
Constant (0.1 mm)

Single-shot

NACA 0012 Case

Wing Surface :

Wall BC (No-Slip)

Tunnel Outlet:
BC: Pressure Outlet

Tunnelinlet:
BC: Velocity Inlet
Magnitude + Direction

BAIAA

Tunnel Walls:
Wall BC (No-Slip)
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STAR-CCM+

Total Cells
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Ice Shape Comparison

NACA 0012 Case

* @Grid convergence on Ice shape
e Surface roughness : 0.1 mm
* |ce density : 901.3 kg/m3
e MVD: 20 um (uniform)

real ice (in)

_—08
04 -1 0 1 2 3 4 5
=0 x [in]
Ice Thickness (GL1) Comparison of Ice Shape(y=36 in span)
@AIAA Distribution Statement A: Approved for public release; distribution is unlimited.

Grid convergence
* Upper surface : good agreement for max. ice thickness

* Lower surf

ace : marginal difference among predictions

2

Fine (GL1)

NACAO0012 Clean
Exp. (AE3933)

Medium (GL2)
Coarse (GL3)
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Results

- Sensitivity Study
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STAR-CCM+ Icing Analysis : Sensitivity Study

Simulation Setup

* STAR-CCM+ internal meshing (coarse mesh) w/o Mesh Morphing

Sensitivity study

e Surface roughness (default : 0.1 mm)

* Solid time scale factor (default : 20)

* Time step size (default : 0.01 sec)

BAIAA

‘ \\_\\\\\.\\\ \\Q

»" 77
Airflow -\ Droplets Fluid film

« URANS * | « Lagrangian - Fluid film model
Multiphase (LMP) - Evaporation and

- Dispersed condensation

Multiphase (DMP) - Solidification

models
J/ J/ N J
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S ° t °__° t St d S f R h NACA 0012 Case (AE3933)
ensitivity Study (Surface Roughness) "\
N o8 S Surface Roughness
07 gfm: * No significant effect on airflow & droplet solution
0ol * HTC increase as surface roughness increases => increase of ice thickness
.g 05
=
g 03f
8
L] Exp. (200knot,AcA=4 deg.) 0.2
oAmmey) L e i L ————————
't 0’ mm o1r 1 -
1501 1 T TR N BRI 0g _L‘_"' e r : AR :
0 3 6 ?([in] 12 15 18 21 Luwssr::;a;:;e distanggpﬁrﬁ‘am LA N i Exp_ (AE3933)
. . . U [ C | TR/ S I — NACA0012 CI
Comparison of Cp Comparison of Collection Efficiency - = = = LEWICE3.2.3 ean
c 0 ———— 0.1mm (BL) B
5000 — — — - LEWICE 3.2.3 — 0.2 mm
04 mm (BL) N 0.4 mm
4000+ 0.4 mm S
~ -1
h!" 3000 ....................
E
H
2000+ 0\ | N T~~~ b e b i il i
-2
1000 | R S
i -1 2 3 4 5 6
Surface distance [in] X [ln]
Comparison of HTC (W/m*2-K) Comparison of Ice Shape
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Sensitivity Study (Solid Time Scale Factor )

What is “Solid Time Scale Factor” in STAR-CCM+?

e Assumption in typical icing simulation

* Much larger characteristic time scale for the ice layer growth than the time scale which characterizes
the flow

* Utilizes above assumption and allows for the use of small enough time-steps to resolve the flow and
nonlinearities associated with the ice accretion process

e Extrapolates the ice layer growth rate into the future and scales the mesh morphing process by the selected
factor

* |f a Solid Time-step Factor of K, the Maximum Physical Time of the simulation can be reduced by “1/K”

@AlAA Distribution Statement A: Approved for public release; distribution is unlimited.
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NACA 0012 Case (AE3933)
* y=36inspan

Sensitivity Study (Solid Time Scale Factor )

-2 0.8
i ste=10 Solid Time Scale Factor
T sts=30 * No significant effect on results
06 * Larger solid time scale factor => speed-up run time

05

2

Collection Efficiency

04
03~ e e e e e St e DT
- 02| P ; P SR :

L Exp. (200knot,AocA=4 deg.) . e I I S I jum————
sts=10 a . : : : : : — HE :
sts=30 i b il S0 DS

15t——r L. L L L 0 yE— A : Ehe N A
0 3 6 Qx[in] 12 15 18 21 -6 -4 Lowes-rzs#ace d.ota uppg{zw'ima 4 6 P : 7 : Exp. (AE3933)
urface distance [in IR P O :
tind i e | e NACA0012 Clean

sts=10

Comparison of Cp Comparison of Collection Efficiency — 0 B
c NN sts=20
2000 =L NN sts=30
sz N | A\ SOOI S O ESSETOOE TOE N S SRR
sts=30 : : : F :

2000 b N A e o :
Swolk N0 el e P LT : -“-m
=
2 1000 LN 5 OO OO W :

T i : : : C P
500 - e
U0 ORS00 0O 0 OO0 00

R S I S— p
Surface distance [in] X [In]
Comparison of HTC (W/m*2-K) Comparison of Ice Shape
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NACA 0012 Case (AE3933)

Sensitivity Study (Time Step Size ) st I span

2 08 Time step size
dt=0.005 sec . epe
orh =001 soc * No significant effect on results
osk * Larger time step size => speed-up run time
g
@ 05
2
E 04-—
5 2
§ ol N O O WO N O U OO
3 i
L] Exp. (200knot,AoA=4 deg.) 021 =
d1=0‘005sec e e T R RRT eSS
T 120,02 sec o1 1
sl Loy L ol L. ) lz ) .; ) é ‘1 ] _ fo b
0 3 6 9 12 15 18 21 h b Lowe;surface Upper surface | gl : : L
x [in] Surface distance [in] A : T | — Exp (AE3933)
Comparison of Cp Comparison of Collection Efficiency B E /000 O O I NACA0012 Clean | |
— O : : : o : : dt=0.005 sec N
c | PN N ] dt =0.01 sec
2600 =L NN ———— dt=0.02 sec
dt=0.005 sec N o o o
dt=0.01 sec -
2000 dt=0.02 sec
< 1500
£
=
£ 1000
=
500
] B S
Surface distance [in]
Comparison of HTC (W/m*2-K) Comparison of Ice Shape
@AlAA Distribution Statement A: Approved for public release; distribution is unlimited.
© 2026 Lockheed Martin Corporation. All Rights Reserved.



Conclusions

Mesh Convergence Analysis
* Surface pressure, collection efficiency distribution: marginal difference
e Airloads (CL/CD/CM): clear trend as mesh is refined

* Ice shape: marginal difference

Sensitivity Study

e Surface roughness:
* No significant effect on airflow & droplet solution
* HTC increase as surface roughness increases => increase of ice thickness

* Solid time scale factor & Time step size
* No significant effect on results
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