
Suggestions for simulation 
cases



Overall Organization

• Recall that we decided to organize the cases along the following 
categories:

1. Ice shapes on 3D geometries
• Includes swept wings, rotors, fans, propellers.

2. Ice shapes on 2D geometries 
• Includes low-Re ice shapes, high-Re ice shapes and different icing tunnels.

3. Collection efficiency on 2D and 3D geometries



Ice shapes on 3D geometries



Ice shapes on 3D geometries

• 3D Scanned ice shapes on 36-in swept NACA0012 from NASA IRT

• AIAA 2014-2613



Ice shapes on 3D geometries
• Ice shapes on swept GLC305 wing from NASA IRT (no scan data, only tracings)

• AIAA 2003-730; DOT/FAA/AR-05/39 



Experiment Details:
• NASA Glenn IRT
• NACA 0012 wing

• chord length approx. 3 ft (0.9 m)
• span length approx. 40 inches (1 m)
• 30° sweep
• 45° sweep

• Conditions ranging from Rime to Glaze 
for two different inertia values

AIAA-2014-2200, Bidwell, C. S., “Icing Analysis of a Swept NACA 0012 Wing Using LEWICE3D Version 3.48”

Data Available:
• ice mass
• ice density (calculated from tracings)
• ice shape tracings (2 locations)
• surface pressure
• ice shape photos

Concerns:
• tracings must be extracted from 

plots
• Colin has retired from NASA, so not 

sure how easy it is to get additional 
data



Ice shapes on 3D geometries
• Ice shapes on a helicopter tail rotor from NASA IRT

• AIAA 2014-2612

• Need to verify availability of geometry and test data 



Ice shapes on 3D geometries
• Icing on small scale fan from Iowa State University

• AIAA 2018-3013

• Need to verify availability of geometry and test data 



Ice shapes on 3D geometries
• 3D Scanned ice shapes on 36-in swept NACA0012 from NASA IRT

• AIAA-2020-2814



Ice shapes on 3D geometries
• 3D Scanned ice shapes on 15-in swept NACA0012 from NASA IRT

• AIAA-2020-2814



Icing Simulation Research Supporting the Ice-Accretion 
Testing of Large-Scale Swept-Wing Models

- CRM Inboard Hybrid Model
- CRM Midspan Hybrid Model
- 3D ice shape scans
- Re= 10 – 20 10^6 / Ma=0.2
- TG2418 (-3.7C)
- TG2408 (-17.3C)
- TH2464 (-3.6C)
- TH2431 (-17.5C)

Yadlin, Monnig, Malone, Paul; NASA/CR—2018-219781 Icing 
Simulation Research Supporting the Ice-Accretion Testing of 
Large-Scale Swept-Wing Models; 2018



Ice shapes on 2D geometries



Ice shapes on 2D geometries
• 3D Scanned ice shapes on 72-in NACA23012 airfoil from NASA IRT

• SAE Technical Paper 2019-01-2022, 2019, doi:10.4271/2019-01-2022



Ice shapes on 2D geometries
• Ice shapes on 6-foot chord NACA 23012 from NASA IRT

• Clean model pressure data; ice shape pictures and tracings

• NASA/TP-2016-218348



Ice shapes on 2D geometries
• Ice shapes on 1.5-foot chord NACA 23012 from NASA IRT

• NASA/TP-2016-218348--Clean model pressure data; ice shape pictures and tracings

• AIAA 2014-2613—Ice shape pictures, tracings and 3D scans



Ice shapes at low Reynolds numbers
• Icing at low Renyolds number (1×106) with rime, 

glaze, and mixed ice conditions on RG-15

• Low-speed icing wind tunnel in Finland (VTT)

• Manual hand tracings, photographs, multiple runs

• Aerodynamic performance data planned for Q4 2020

Test conditions

Airspeed v 25 m/s

Chord c 0.45m

Temperature [-2, -5, -10]°C

MVD 16, 26 μm

LWC 0.44 g/m³

AOA [0, 4, 8]°



Collection efficiency



NASA/TM—2011-216945 (AIAA-2010-7675), Bidwell, C. S., “Super Cooled Large Droplet Analysis of Several Geometries Using 
LEWICE3D Version 3”

Experiment Details:
• MS-317 airfoil (chord 0.9 m)
• NLF(1)-0414 airfoil (chord 

1.2 m)
• NACA 64A008 swept wing
• 3-element IRT airfoil model
• custom spray rig in IRT
• MVD 92 μm -- droplet 

distribution provided

Concerns:
• splashing model was important 

for matching results
• Colin has retired from NASA –

data availability?

Advantages:
• cases include simple airfoil, 

multi-element airfoil, and 
swept wing

• surface pressures can be used 
to check air flow result quality

Data Available:
• surface pressure
• collection efficiency



Aiaa-95-0755





NACA 64A008 swept tail, at α = 6°

MVD = 21 microns
Speed = 176 mph
Mach = 0.23
Reynolds = 5.03
Static Temperature* = 291.2 K
Static Pressure* = 83025 Pa

NASA TM 2002-211700 / NASA-TM-2005-213653



25%-scale business jet empennage horizontal tail, at α = -6°

MVD = 21 microns
Speed = 176 mph
Mach = 0.23
Reynolds = 1.49
Static Temperature* = 291.2 K
Static Pressure* = 91400 Pa

NASA TM 2002-211700 / NASA-TM-2005-213653



Axisymmetric inlet at α = 15°
MVD = 20.36 microns
Speed = 168.9 mph
Mach = 0.2328

NASA CR 4257



Three-element airfoil at α = 0°
MVD = 21 microns
Speed = 176 mph
Mach = 0.23
Reynolds = 4.9M (deflected chord?)
Static Temperature* = 291.2 K
Static Pressure* = 84337 Pa

NASA TM 2002-211700 



IPW Standard for Results
Plot Lists for Results Template

14 May 2020
Rev 1



Plot List for Each Experimental Case
Code-to-Experiment
• CP vs. X/C plot

• From clean geometry (no ice)
• Along row of pressure taps
• Whole chord
• (pressures from artificial ice shapes out of scope)

• Ice Geometry and Clean Geometry plot
• Cut normal to leading edge (usually)
• Tracing or cut through MCCS from scan
• Plot CPmax point from experiment and 

stagnation point from ice code on Clean 
Geometry

• Plot line showing max thickness and location 
with thickness value and angle value callout from 
experiment and code

• Ice Mass/span value from experiment (if 
measured)

• Collection Efficiency vs. Arc Length from code 
and experiment (if measured from dye strips)

Code-to-Code
Multi-iteration codes must plot first/last iteration 
as appropriate but have option to include other 
iterations.
Parameters plotted vs. arc length on cut normal to 
leading edge:
• CP
• Convective Heat Transfer Coefficient
• Freezing Fraction (agree on definition for this 

workshop)
• Film/Ice Temperature (surface temperature)
• Roughness (k)
• Ice Density (code input setting or code output)
• Ice Thickness
• Ice Mass/span value at cut from code



An Idea for Template Structure
Experimental Case

1 2

Two pages of plots created per code for 
each experimental comparison case:

Ice/Clean 
Geometry and 

Callouts

CP vs. X/C

Beta vs. Arc 
Length

Ice Mass 
Value from 
Experiment 
(if available)

Ice Mass 
Value from 
Code

CP vs. Arc 
Length

FF vs. Arc 
Length

HTC vs. Arc 
Length

Tsurf vs. Arc 
Length

k vs. Arc 
Length

RhoIce vs. 
Arc Length

Thickness 
vs. Arc 
Length
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