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i Introduction

FI

= Began as an automated plotting tool written in
MATLAB.

Evolved into an internal tool to facilitate analysis,
improve accuracy and organize ice accretion analysis.

Based on industry feedback was offered as a
commercial product.

NASA interest in interface resulted in Space Act
allowing direct and international distribution of
LEWICE by American Kestrel.



ilnternational Distribution

LewInt with LEWICE 3.2.2 is available through a NASA Space act
for international distribution.

= Note: Licensee acknowledges and agrees that the Program(s) are
subject to U.S. laws governing the export and/or re-export of
Program(s) including, but not limited to, the Export Administration
Regulations, regulations promulgating financial transaction
restrictions administered by the Office of Foreign Asset Controls of
the U.S. Department of the Treasury, the International Emergency
Economic Powers Act, the United States Export Administration Act,
the United States Trading with the Enemy Act, and all regulations,
orders and licenses issued thereunder.




i History

LEWICE Validation report 01/99
= Initial demonstration of LewInt ~2003
= LEWICE v 3.2.2 released 20067?
= Initial LewInt announcement 9/24/2007
¥ = Space Act SAA3-989 Signed 5/2008
wss . Alpha LewInt released 2/18/2009
= Version 0.9.4 released 3/14/2009
= Version 1.01 released 9/8/2011
= Version 1.04 released 1/1/2012




i Features

= GUI driven operation of LEWICE
= Can run up 64 icing runs sequentially.

= Organizes analysis results through root name and run
index.

= Checks LEWINT input/flags/values for validity

mss u Automated plotting with descriptive titles.

= Plots have fixed 1:1 aspect ratio when appropriate.
= Overlay of ice traces.




iMenu — Topology

) Lewlint: Main

=]

[ Set Lewint Defaults ] CutputPath:
Clexample)
[ Set Analysis Path ]
Root Mame:
32
[ Set Geometry ] |pa ®
- - Description:
[ Flight Configuration ] |
Cherakeeb
[ Atmos. Configuration ]
[] Tutorial Cn
[ Run ]
[ Plot Results ]

[ Open Previous Anal. ]

[ Exit |

American Kestrel Company, LLC
Lewice User Interface




i Menu —

2 Lewlnt: Main

Set Lewint Defaults

Set Analysis Path

Flight Cy

OutputPath
Criexamplel

Root Marne:

Description

Atmos. C¢

Cherokeef

Plot Results

Open Previous Anal.

Exit

[ Tutorial 0

Arnerican Kestrel Company, LLC

Lewice User Interface

Topology (group 2)

» Lewlint: Set Geometry

Spanwise Location Geometry File A0l ey meters

[main wing [ c S ) b ]

|hariz stab | ( Cliexamplen012_63 xyd ] b ]
[ oot XBOOTLOW = HREF =

T I R T

[ soor XBOOTLOW =
( )b | b Jb ]
[]BooT  XBOOTUP= XBOOTLOW = HREF =

! Lewlnt: Atmospheric Configuration

O deg. F

(&) deg. C

Condition LWC gim”3 /D micron distribution static temp.
‘cm rime | | [1} 4‘ ‘ zu| Langmuir-0 v 178
|cm glaze | ‘ 1 | | 20‘ Langmuir-0 eV 334
o e || [
‘sld | ‘ 0.2| | so‘ Langmmuir-D v 334

J Lewlint: Flight Configuration

Ons ) feet

() mph

B s (3) meter

Flight Configuration ADS Time [gec]) Welocity Atitude RH

[cruize I A g0 | essaar| [zass0 | [ om |
[aparoach I 3 go0| | stasm| [ emesr | [ 1m0 |
ot Il 3 | zoo| | seeem| [1szmes | [ 100 |
| | |l o | o | of [ooo | [ 100 |




Lewlint: Run

Set Lewint Defaults

Set Analysis Path

OutputPath
Criexamplel

Root Marne:

Description

Flight Cy

Atmos. C¢

Cherokeef

Plot Results

Open Previous Anal.

Exit

[ Tutorial 0

Arnerican Kestrel Company, LLC
Lewice User Interface

ITIMFL auto-time step

[[11GRID use external flow solver data

IBCD {rumber of bodies)

IFLO (rumber of time steps)

DEMN (min size of control volumes)

MNPL (number of particle traj)

RHOP dens. of water (ka/m*3)

SLD use splashing model

GRAN acoeleration due to gravity
imfs"2)

IDEICE use deicer mode

|So\ut|on nat wwritten

v| FPRT (print flow solution)

|Haat transfer coef. not written

vl HPRT [print heat transfer)

BPRT (prirt collection efficizn

|Energ\f balance not written

| EPRT (print eneray bolance)

|Mass halance not veritten

vl MPRT (print mass balance)

|Drup trajectories not written

vl TPRT (print droplet traj)

[ IDBF (print debug infa)

|Stag. finit for time step

.,l SREF (werap dist. referenced ta)

Run

! Lewlnt: Plot

Bounds of plots in % chard.

in. x value

i, ¥ value
mir. y value

e, y valle

Plot Units

() Ksldeg Fitin
(%) mizideg Cim

Plot Types

final ice shape

[] Add Trace to Plot
[] Summary Plot

ice thickness
ice accretions (per time step)
heta (collection efficiency)
impingement limits
Tlowy

panel verification

droplet trajectory

mzin wing horiz stak
cruise approach hold cruise approach  hald
o rime: O O om rime O O O
om glaze I O om glaze O = [F
im mixed O O O im mixed O O O
sld O [F 1 O sld O O O
cruise appraach hald cruise approach  hald
T FimE
cm rime
- cmglaze
im mixec
im mizec
- &l




Example: Determining Ciritical
iHoId Ice Shape

Use the PA32 wing.
Assume a “typical”150 KTAS hold speed.

Determine the critical drop size for a mono-dispersed
distribution.

Determine the critical drop temperature/LWC
combination (Lang-A).

Re run critical config. at with Langmuir-D distribution
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iWhere and Who

J Lewlnt: Main

o

About
l Set Lewint Defaults ] OutputPath:
Chexample’
l Set Analysis Path ]
Foot Mame:
3251
l Set Geometry ] |pa S1z8
l Fliaht Confi " ] Description:
ig onfiguration
|ChernkeeB critical drop size

l Atmos. Configuration ]

[] Tutorial &n

l Run ]

l Plot Results ]

l Open Previous Anal. ]

l Exit ] American Kestrel Company, LLC

Lewice User Interface




i Geometry
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) Lewlint: Set Geometry

Spanwise Location

M=t

Chaord

inches

Geometry File meters

|wing

Cesampleinacafisdl 5 oy ] ||:| | |Ea‘1 | |1 R25h |

BT

KBOOTUR =

=

’ Define Thermal lce Pratection ]

XBOOTLOW = HREF =

|h|:|riz stah

Clexamplein00l 2_63 sy | | 0762 |

[ EooT

KEOOTUR =

WEQOTLOWY = HREF =

[]EooT

KEOOTUR =

1]

-

= .
: — = — —

HBOOTLOMY =

KEOOTUR =

0.

WBOOTLOW = HREF =
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Flight Configuration

e

J Lewlint: Flight Configuration

) ks (@) feet
() mph
O mis () meter

‘“—‘——-#

ﬁ

Flight Configuration Tite (zec) Welocity Alituicle

o)

i RE

Il - 2700 | 150 | 700000

00| | 100/ | 200000

2roa| | 110/ | 500000

Wt
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Atmospheric Conditions

s Lewlnt Atmnspherlc Cunflguratlun

(%) deg. F
{:} deg. C
Condition LW gfm™3 %D micron diztribution static temp.
o3 054 20 |single zize (Lan... v| 24
o4 0.48 2725 |single zize (Lan... v| 24
ds 0.4 a5 |single zize (Lan... v| a4
ol 0.36 275 |single size (Lan... V| 24
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[BCD (numbet of bodies)

ITIMFL auto-time step

1| IFLO (number of time steps)

DEMM (min size of contral volumes)

MPL (rumber of particle tra))

RHOP dens. of water (kgitn3)

SLD w=e zplashing model

GRAN gocelerstion due to aravity
[misa)

IGRID uze external floww solver data

off + | |DEICE uze deicer mode

|S|:|Iutin:|n rict weritten

v| FPET (print flowe zolution)

|Heat tranzfer coef. not weritten

.,.| HPRT (print heat transfer)

BPRT (print collection efficien...

|Energ~,.-‘ balance nat written

v| EFRT (print energy balance)

|Mass balance not written

v| MPRT (print mass balance)

|Dr|:|p trajectories not written

v| TPRET (print droplet traj)

[ ] IDEF (print debug info)

|Stag. poirt for time step

v| ZREF [werap dist. referenced ta)
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) Lewint Run Grid |:||E|E|

hariz stak

‘L Run Matrix
i
K

Clear All
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} Lewlint: Plot

Boundszs of plots in 9% chord.

-8

15

min. x walue

max. x walue

min. 4 value

max. v value

Plot Unitz
() ktaideg Fiftin

(%) mizideg Cim
%It (% chord)

Flot Types

final ice shape

[ ] Add Trace to Plot

[ ice thickness ]

[ ice accretions (per time step) ]

[ beta (collection efficiency) ]

[ impingement limits

Tl

panel verification

droplet trajectary
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Final Ice Shape , Cherokee6 critical drop size, Summary Plot, wing
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Vary Temp/LWC with Selected
i Critical Drop Size

’ s 22.5 micron MVD selected
)

ﬂ = Vary temperature by 1 deg F
-~ = LWC corresponding to Appendix C CM limit

o)
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Atmospheric Conditions —
Temp/LWC Search

} Lewint: Atmospheric Configuration

M calc. () deq. F

(%) den. C

Condition LW i3 bl rmicron diztribuwtion static temp.

cldt1 053 225 |single zize (Lan... 1 ET

cl4t2 052 225 |single size (Lan... 222

a3 225 single size (Lan... 278

|single zize (Lan...

| Return |




Plot Temp Search A

) pa32tempA111FinalSum

File Zoom Options k]
1 Final Ice Shape , Cherokee6 temp LWC search, Summary Plot, wing
0.1
| T T T
— - — - airfoil
> | o padzZtempAl11, 77.22 mfs, -1.00 AOA, 22.5 MYD, Single Size, 0.53 LWC -1.7 Temp
r | Y3 =] I ] padZtempA112, 77.22 mis, -1.00 AOA, 22.5 MVD, Single Size, 0.52 LWC, 2.2 Temp ||
pa3ZtempAl13, 77.22 mis, -1.00 AOA, 22.5 MYD, Single Size, 0.51 LWC, -2.86 Temp
- : padzZtempAl14, 77.22 mfs, -1.00 ADA, 22.5 MVD, Single Size, 0.50 LWC, -3.3 Temp
]/ A e e T
0 e
=
117 e L T LGRS
=
5
o
@
=
D g 4 (g
002 : P oo oo m oo m e mocecceao b
004 S
0061 e
I
0.05 0.1 015
¥-coord (x/c)
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Plot Temp Search B

} pa32tempB111FinalSum

File Zoom Options

y-coord (y/c)

0.1

0.068

0.04

0.02

-0.02

-0.04

-0.06

Final Ice Shape , Cherokee6 temp LWC search, Summary Plot, wing

— - — - airfail

padZtempB111, 77.22 mis, -1.00 ADA, 225 MVD, Single Size, 0.0 LWC,
pad2tempB112, 77 22 mfs, -1.00 ADA, 22.5 MYD, Single Size, 0.48 LWC,
pad2tempB113, 77.22 mfs, -1.00 ADA, 22.5 MYD, Single Size, 0.48 LWC,
pad2tempB114, 77.22 mfs, -1.00 ADA, 22.5 MYD, Single Size, 0.47 LWC,

-3.3 Temp

-3.9 Termp (|

-4.4 Temp
-5.0 Temp

w-coord (x/c)
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Plot Temp Search C

! pa32tempC111FinalSum

File Zoom Options

Final Ice Shape , Cherokee6 temp LWC search, Summary Plot, wing

0.1 T T T T
— - — - airfail
padZtermpC111, 77.22 mis, -1.00 ACA, 225 MvD, Single Size, 0.48 LWC, -4.4 Temp
(25 = _____________ padZternpC112, 77 22 mfs, -1.00 ACA, 225 MWD, Single Size, 0.47 LWC, -5.0 Temp ||
pad2ternpC113, 77 22 mfs, -1.00 ADA, 22.5 MYD, Single Size, 0.46 LWC, -5.6 Termp
pad2termpC114, 77 22 mfs -1.00 ADA, 22.5 MYD, Single Size, 0.44 LWC, -B.1 Temp ]
0.06
0.04 :
= 002
B
o
@
=
0
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¥-coord (x/c)
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iCriticaI Condition Selected

= 22.5 micron MVD

= Either 23 or 22 deg F

= LWC corresponding to 0.47 or 0.46 g/m~3
= Run Langmuir-D varying temp and LWC.

24



Plot Langmuir-D Critical Condition
Runs

) pa32LangD111FinalSum

File Zoom Options k]

1 Final Ice Shape , Cherokee6 Critical Conditions, Summary Plot, wing

0.1 T T T T
L — - — - airfail
> | iad pad2langD111, 77.22 mfs, -1.00 ADA, 22.5 MYD, Lang.-D, 0.48 LWC, -4.4 Temp
r | (25 = ________________ pa3ZlangD112, 77 .22 mfs, -1.00 AQA, 22.5 WMYD, Lang.-D, 0.47 LWC, -5.0 Temp ||
. : pad2langD113, 77.22 mfs, -1.00 ADA, 22.5 MYD, Lang.-D, 0.46 LWC, -5.6 Temp
. pad2langD114, 77.22 mfs, -1.00 ADA, 22,5 MYD, Lang.-D1, 0.44 LWC, 6.1 Temp |

y-coord (y/c)

005 oo A 0 S —— -

¥-coord (x/c)
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iCurrent State

F ! = Full release VV1.04 available (current 2021)

= Next release includes;

= Restricting more thermal configuration flags based on what
‘El can or should be run together.

= Energy balance plotting.
® = LewlInt/LEWICE training class available on request.

ﬁ = Customized material based on active programs of customer
bk can be developed.

26



iCurrent State

F ! = Full release VV1.04 available (current 2021)

= Next release includes;

= Restricting more thermal configuration flags based on what
‘El can or should be run together.

= Energy balance plotting.
® = LewlInt/LEWICE training class available on request.

ﬁ = Customized material based on active programs of customer
bk can be developed.
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i Licenses

Licenses are node locked to a particular computer,
can be moved to a new computer on request.
Licenses are permanent and include one year of
updates and technical support.

Try before you buy. Software can be installed and
used without limit for two weeks.

28



iTraining & Consulting

= Customized on-site training available.
= Training instructors include Icing DER.
= Certification and analysis consulting by DER

experienced in icing analysis utilizing LEWICE.

29
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Updated 03/14/2009

LewInt integrates the ice accretion code LEWICE (version 3.2.2) with American
Kestrel's user interface, icing analysis tools, and automated plotting. LEWICE 3.2.2 is a
validated ice accretion code developed by NASA Glenn Research Center. LewInt
(including LEWICE) is distributed both within the US and internationally under
non-exclusive license with NASA Glen Research Center. LewInt is available to
individuals, educational institutions and businesses worldwide.

Just a note, there is not an educational version of the software at this time. I expect the
sales volume to be too low to allow an educational discount.

Alpha 0.9.4 release:;

A new Alpha release is available. This one license key issues, You can purchase via a PO
and check. In the future payment by credit card will be accepted and keys generated
automatically. You can download the latest version here.

Alpha 0.9.3 release:

A new Alpha release is available. This one includes the previous changes but extends
the license for another 15 days while I work out issues with key generation and
payment.

Alpha 0.9.1 release:

I think the execution speed is better, I have added the SLD (splashing flag), added
some tool tips to the run page (tell me if you like them), and added the ability to save
MatlabTM fig files for later editing in MatlabTM. The instructions to install are still the
same. The installer will not install the MCR library again if it is already installed.

Burchase!

Currently only checks or wire transfers are accepted for payment. Send email to
LEWINT@AmericankestrelCo.com for purchasing information. Current pricing is $1500
uUsD for the first license and for a limited period a second license can be obtained for an
additional $500 USD.

Ry - Installation:

. Download the self expanding file containing the LewInt release. Extract the files into a
9 temporary directory. You will need to execute two installer files. The first

LewintAlpha_install.exe installs both the interface and the Matlab libraries required for

Dane
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