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1 Introduction

Windscreen 2T Modeller (WIS 2T) is a software tool to assist in the design of heated
windscreens for aircraft and locomotive applications. It can also be used as a more general tool
for calculating the thermal properties of unheated glazings. WIS 2T brings together two separate
design functions into one software package:

e Anti-icing performance

WIS 2T predicts the power density requirements for anti-icing with electrically heated
windscreens in accordance with the method described in Ice, Rain, Fog, and Frost
Protection: SAE AIR 1168/4. This covers both anti-icing (external surface) and anti-
fogging (internal surface). It also includes an option to run the analytical modelling
described by George C Letton Jnr in his published paper from AFML-TR-73-126:
Conference on Transparent Aircraft Enclosures; Las Vegas; 1973.

e Thermal performance

WIS 2T predicts the steady-state and dynamic temperature distribution throughout a
coated laminated windscreen based on user-definable environment and boundary
conditions. The mathematical model uses a 1D mesh approach, solving the heat
transfer linear equations using the tri-diagonal method.

WIS 2T is designed and written to run on a modern pc platform with the following minimum
requirements:

Processor speed: >2 GHz; Intel Pentium or equivalent
Available RAM: >256MB

Available Disc space: > 100 MB

CD Reader: >48x

Screen Resolution > 1024 x 768

WIS 2T relies on a number of system and supporting software being installed on the pc platform,
as follows:

e Operating system: Microsoft Windows (8, 7, Vista or XP)
e Enabled software: Microsoft NET Framework version 4.0 or higher

® Enabled software: Microsoft Internet Explorer version 6 or higher
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2 Software Installation

WIS 2T is supplied as a CD with a number of USB license dongles. The contents of the CD are
not protected and can be freely copied and distributed.

The CD contains all the files necessary to automatically install and operate the software on a pc
platform as specified in Section 1. After installation, the USB dongle is required to enable any
calculations to be performed. Without the USB dongle in place, the software will operate but not
perform any of the mathematical modelling available.

IMPORTANT: DO NOT install the USB Key before the installation of the WIS 2T
software

IMPORTANT: UNINSTALL any existing versions of WS or WIS Modeller software before
installing or re-installing this WIS 2T software

To install the software, insert the CD into the disk drive. The AUTORUN feature will
automatically install the program and load the associated files on the computer. This will copy all

the required resources into the Programs File Directory on the main hard disk drive. The
application is called WIS Modeller 2T.

The installer software will also create a Start Menu entry and also set up a desk-top icon called
WIS Modeller to launch the application.

When the application is first launched, it will create a WIS Modeller directory in the user’s home
account. This directory will create all permanent and temporary data files, such as materials
libraries, needed during the operation of the application.

All files created or accessed by the application software are not encoded or protected. Since the
data structure within the files are fixed format, bespoke to the software, it is not advisable to
manually alter their contents. Editing or manipulating these files manually, could result in
software instability, incorrect functionality or the production of erroneous results.

To uninstall the software, select the uninstaller application in the WIS Modeller folder in
Program Files. This will remove the program and all its associated files, leaving only the data
files residing in the user’s home directory.
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3 Using the Software

3.1 Main Menu

WIS 2T software is organised in standard Microsoft Windows format and the main functions are
provided along a menu bar at the top of the screen, as shown below.

i
WIS Modeller ﬁ

File Edit Analyse Materials Help

¢ F H o

Functions from the Menu bar include:

File Edit Analyse Materials Help
New Cut Show Design panel Open Material | About
Open Copy Show Analysis panel Library Tabbed Results
Save Paste Environmental R.e—load Material SAE AIR 1168/4
Parameters Library
Save As AFML-TR-73-126; Letton
Exi Import User Search
xit

Analyse Windshield

The Icons shown below the Menu bar are shortcuts to the Menu options. For the definitions, refer to
Annex 1: Quick Reference Guide.

Selecting any of the available options under the Help menu requires a programme exit and re-start
before the change is effective.

Selecting and de-selecting “Tabbed Results” switches the Analysis panel display between the default
twin-pane format and a tabbed format, with larger displayed graphs. The twin-pane format is used
throughout this User Manual.

SAE AIR 1168/4 and AFML-TR-73-126; Letton are mutually exclusive and only one calculation
method can be selected. The default is SAE AIR 1168/4.

TIP: Several Hot Keys and Icons are provided to allow quick navigation throughout the software. A
quick reference guide to these is provided in Annex 1.

CAUTION: The Edit menu options are not available in WIS 2T.
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3.2 Design Panel

After the application software is launched, the Design panel, shown below, is displayed by default.
This is the main working area for constructing the windscreen by layers and busbar geometry, prior to
performing the calculations and analysis.

s woceler e — ]
File Edit Analyse Materials Help
PRl i
55 Design]', j2 Analysis
: » .

' Acrylic — = = Elu=ie S Half Height (m) Ij%
gg"m“’“ Stagnation Distance (m) 183[2
Polycarb Metric
Polyurthane Incline Angle © s50]2)
z.‘ﬁm Oxide Swept Angle © 00 |:3

Wettedness Factor 04[5
(i
(4
2
(%]
| [ Addes layer
The design screen is divided into four (4) main areas:
Materials: This area lists the materials available for constructing the windscreen design.

Bulk materials, such as Float Glass, are shown in black.
Heating film materials, such as ITO, are shown in red.
Other coatings are shown in blue.

Layers: This area details the construction of the windscreen design as it is being prepared.

It provides an editing function for deleting or re-ordering layers after they have
been created.

Cross section: This area shows the windscreen construction in cross-section in a pictorial fashion.
This cross-section picture will be used in the analysis.

Installation: This area is for entering the windscreen installation parameters and wettedness
factor as used by SAE AIR 1168/4 (and also by Letton). It provides a conversion
facility to allow entry in either metric or imperial units.
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3.3 Analysis Panel

The Analysis panel, shown below prior to any modelling, is the main working area for viewing the

results of the mathematical modelling calculations.

File Edit Analyse Materials Help

P i

3 Design [ Analysis |

IEla) [ell:a) & ©continuos O = =] Aitte b vBllal (e)id @ =
Continuous Maximum Icing Conditions Temperature distribution
1.05
1.05 1.00
1.00 e
085, 050
0.90 s
_nes 0.80
L 080 075
3075 0.70
~ 070 o
o 5065
£ oss < 060
= 0,60 5 055
T =1
£ 055 £ 050
s o
S.0.50 2045
< 045 £ 040
T 040 035
Zo3s 0.30
5030 0.25
§ 0.25 0.20
555 0.15
015 0.10
010 s
0.05 0.00
oon 00 01 02 03 04 05 06 07 08 09 10
0.00
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 Depth (mm)
Velocity (m/s)

[ SteadyState /| Dynamic |

There are two (2) main areas presented after the analysis is completed:

Anti-icing
performance:

This area presents graphical information on the calculated power density
required for preventing icing on the outer surface. It calculates and searches
through both continuous maximum icing or intermittent maximum icing
envelope conditions, as provided by FAR Par 25 Appendix C. The
calculations are performed in accordance with SAE AIR 1168/4 or AFML-
TR-73-126; Letton, whichever is selected.

Temperature
performance:

This area presents the calculated temperature at each interface at a given
time overlaid onto a 1-D cross-section of the windscreen construction. The
initial result presented is the steady state condition. Information on the
Internal and External heat transfer coefficients, Dew point temperature, inner
and outer surface conditions is also provided.

The calculated temperatures at each interface as a function of time can also
be displayed in this area.
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4 Designing a Windscreen

A description of all the software function and features is provided through the use of an example
throughout this Section and Section 5.

In this section we will design a typical aircraft windscreen construction and shape that might be used
for a large commercial jet. The construction is as follows:

1 3mm Float Glass outer face-ply

2 Anti-icing coating of ITO on inner surface of face-ply, with operating values of:
e 7,000 KW/m* power density
® 40°C control temperature

2mm Polyurethane interlayer

10mm Float Glass main-ply

1.5mm Polyurethane interlayer

AN »n bk~ W

10mm Float Glass inner-ply

4.1 File Menu

Selecting the File pull-down menu will produce the following option list:

Edit Analyse Materials  Help

o Mew Windscreen.., Ctrl-N
|~/ Open windscreen... Cirl-0
Save windscreen Ctrl-S

Laye!
Save windscreen As...

-3
Exit Ctrl-Cp F
”Flu:uat Glass

4.1.1 New Windscreen
Select this option for constructing a new design when existing data needs to be cleared. A dialogue
box will appear in the centre of the screen.

4.1.1.1 New Windscreen Dialogue Box
Requires the user to confirm that deletion of current data is acceptable. This message will appear
anytime the user selects an action that could potentially lose data that has not been saved.
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4.1.2 Open Windscreen
Select this option to retrieve a previously saved windscreen design. A dialogue box will appear in the
centre of the screen.

4.1.2.1 Open Dialogue Box

Requires the user to select a *.wsm file from a list. The default directory is User/<username>/WIS
Modeller/data and wsm is the default file extension. The user can navigate through file directories in
normal Microsoft Windows format.
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4.1.3 Save Windscreen

Select this option to save the current windscreen design. A dialogue box will appear in the centre of
the screen.

4.1.3.1 Save Dialogue Box
Requires the user to select a filename for the design to be saved. The *.wsm file extension is used the

default and the default directory is User/[username]/WS Modeller/data. The user can navigate through
file directories in normal Microsoft Windows format.

[ WIS Modeller
File Ecit Analyse Materials  Help
35 H @
(.3 Design | }2) Analysis |,
Materials —————— rlayers i
Material Name # Material Characteristics Liusssctios Half Height (m)
Acrylic B
PRt B Stagnation Distance (m)
o
Polycarb Metric
Polyurthane J Save [ Incline Angle ] 450[2
PvB
soni: [t 1 saEEE e 0
B DEMO large jet.wsm)| Wettedness Factor 04
File Name: | DEMO_jarge jet wsm |
Files of Type: WIS Modeller wi (-wsem) -
| & Add as layer

4.1.4 Save Windscreen As

Select this option to save the current windscreen design with a different filename from the current
filename. The “Save As” dialogue box will appear in the centre of the screen. Other than the title
“Save As”, the dialogue box is identical to one described above.

For our example, select “New windscreen” from the File menu. Click Yes to continue
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4.2 Selecting Material Layers for a Windscreen Construction

Enter a layer by selecting a material from the list in the Materials area using the mouse and then
clicking on the “Add this Layer” button below the list. The Layer properties dialogue box will appear
in the centre of the screen.

TIP: Materials are colour coded:

e Bulk materials, such as Float Glass, are shown in black.
o Heating film materials, such as ITO, are shown in red.
o Other coatings are shown in blue.

4.2.1 Layer Properties Dialogue Box:
The Layer Properties dialogue box allows the user to set the basic parameter variables for the
particular layer in the construction. The values that can be adjusted will depend on the material type.

I’ Wm_ ul
File Edit Analyse Materisls Help
P 6= i
(.3 Design | }2) Analysis |,
Materials —————————————————layers
Meaterial Name & Material Characteristics Cross scction Half Height (m) 062
Acrylic |
etk Stagnation Distance (m) 133@
o
Polycarb Metric
Polyurthane Incline Angle ¢! 150[3]
PvB r 5
Silicon Oxide Jilaye properics Swept Angle ©
@ Layer material: Float Glass i TR
Hedivos (e L E
Control Temperature (¥ 0 ﬂt
e
| [ Add s layer

For bulk materials, enter the thickness of the layer in MILLIMETRES (mm) and click OK when
complete.

For a heating layer of ITO, enter the layer thickness in NANOMETRES (nm), then enter the power
density and the control temperature parameter values in KW/m* and °C respectively. Click OK when
complete.

CAUTION: Take care to use the correct thicknesses and dimensions

The layers will build up in the Layers area and Cross-section area. Once the layers have been added to
the construction, they cannot be edited. To effect a change, the layer needs to be deleted and then re-
added correctly.
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4.2.2 Layer Order and Delete Icons

x| 2]

Select a layer in the Layer area and select the green arrows to move this layer up and down on the
order of the windscreen construction. Use the red cross to delete the selected layer.

TIP: If the parameter values for any of the layers in the construction are incorrect or need to be
changed, use the red cross to delete the layer and re-add the layer with the correct parameter values.
Then use the green arrows to put the new (changed) layer in the correct place.

In our example, we select Float Glass first and “Add this layer”. This opens the Layer properties
dialogue box. Enter 3 for the Thickness, then click OK. This will now be confirmed in the Layers area
and the Windshield cross section will be filled.

Select the second layer, in our case the anti-icing coating, ITO and “Add to this layer”. Enter 300 for
the Thickness, then 7000 for the Power Density and 40 for Control Temperature.

I’ Wm_ ul
File Edit Analyse Materisls Help
P 6= i
(.3 Design | }2) Analysis |,
Materials —————————————————layers
i Meaterial Name & Material Characteristics Cross scction Half Height (m) 062
Acrylic | Float Glass 30 mm |
Hoat Glass Stagnation Distance (m) 133@
o
Polycarb Metric
Polyurthane Incline Angle © 150[3]
PvB r 5
Silicon Oxide Jilaye properics Swept Angle ©
@ Layer material: ITO i TR e
Hedivos fen) a00[Z]
Power Density Wim?) 7,000[%
Control Temperature o  wff
CadCamad
| [ Add s layer

Continue to select the subsequent four (4) layers of Polyurethane, Float Glass, Polyurethane and Float
Glass, in sequence, completing the Layer Properties dialogue box for each of the layers of the
windscreen construction. For our example this will look like:
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File Edit Analyse Materials Help

s 5 H i

(.3 Design | }2) Analysis |,

' Materials
Material Name

Acrylic
Float Glass
o
Polycarb
Folyurthane
Ve

Silicon Oxide

- X
Layers
# Material Characteristics Cross scction Half Height (m) 045
| Flot Glass 25 mm
> mo 3000nm 70000W/m® 40.0°C Stagnation Distance (M) 1‘33@
> Polyurthane 20 mm Metric
! Float Glass 100 mm Incline Angle © 150[3]
s pve 15
5 Float Glass 100mm
Wettedness Factor
[
[
[&
[ %

& Add as layer i

4.3 Windscreen Installation

Moving over to the far right of the upper working area on the design screen, this is where the
windscreen installation parameters are set. This information is required for the SAE AIR 1168/4 (and

AFML-TR-73-126; Letton) calculations. There are five (5) values required and default parameters are

provided. These are:

Parameter

Description

Half Height

Stagnation Distance

Inclination Angle

Swept Angle

Wettedness Factor

The average height of the windscreen divided by two (2).

The distance from the nearest stagnation point (generally the nose of aircraft)
to the centre of the heated windscreen area.

Angle of the windscreen to the undisturbed free-stream ahead of the aircraft.

Angle of rotation of the base of the windscreen from the perpendicular to the
undisturbed free-stream ahead of the aircratft.

The Surface Wettedness, values between 0 and 1, where 1 is completely wet.
Normal values are: untreated glass = 0.4; acrylic = 0.2.

Note: Setting this value to 0 under AFML-TR-73-126; Letton, enables the
Wettedness factor to be calculated in accordance with this analytical method.
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A check box is provided to allow entry of the values in either metric (checked) or imperial
(unchecked) units. This is provided because SAE AIR 1168/4 and FAR Part 25 Appendix C (and
AFML-TR-73-126; Letton) normally use imperial units. The consequential effect of the change of
units is automatically passed forward, the units are updated on the panels and the calculations
converted accordingly.

TIP: Checking and unchecking the metric box will perform the conversion for the user.

A pictorial description is provided below for further clarity.

HEATED WINDSHIELD =y ELECTRICAL
HEATING
ELEMENT
B~
h"”;;*
FREESTREAM \qk,rf””’ ANGLE 1
ﬂ b
——— i
—
. STAGNATION
POINT
(a) WINDSHIELD SIDE VIEW
FREESTREAM
R = SIDE WINDSHIELD
—_—
Me——— U-.— CENTER WINDSHIELD
——
—_—

_&
ANGLE 2

(b) WINDSHIELD PLAN VIEMW
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4.4 Analyse Menu

| WIS 2T Medeller
— -

File Edit Materials  Help
|_d _—ﬂ E Show design panel Ctrl-D
[3 Design [ Show analysis panel Ctr-R ]
1 e O
-Matcriaks | © Environmental Parameters.
. Spot Calculation... -
Acrylic ._d Import User Defined...
Clear Whitq -7 Analyse windshield F&
Float Glass

4.4.1 Show Design Panel
Changes the current view to the Design panel.

4.4.2 Show Analysis Panel
Changes the current view to the Analysis panel.

4.4.3 Environmental Parameters
Displays the Environmental Parameters dialogue box to allow the user to change the default
settings.

4.4.3.1 Environmental Parameters Dialogue Box

Modelier - DE e jetwem X
File Ecit Anslyse Materials  Help
LEE [ @
£ Design |} Analysis |,
Materials Layers
: i — L
Environmental Parameters — . _—— ===
External Conditi Initial Block
= Block 650 B
Temperature col  E\E Temperature -65.0
650
_650[=] Q -
Temperature ral  -s0fF 650
Hi W/(m®. Q) = [ o | ©0
Ho /(o) 21| 60
E Altitude (m) 12407 [4]
Relative Humidity [ osf3]
= Velocity e ms2[3]
Crew Mumber E =
Set interf: t it
Flight Deck Airflow (Kg/s) E
Flight Deck Pressure Altitude it i Ut
Outer Inner
- Initial (2] £50[2] ERE
P!
= =
Analysis Time (5) E Analysis Time Step (5) E inallempertireiiiza) _ﬂ _ﬂ
e Length (o) - e [ o[ off]
| & Add s layer

In this dialogue box the environmental conditions are set defining the assumption and boundaries for
the analysis. There are eighteen (18) parameter variables that need to be set, unless the default is
acceptable, and a further three (3), if information is available on the flight deck, to perform the de-
fogging calculation as exampled in SAE AIR 1168/4. WIS 2T also provides the option to set the
interface temperatures of the windscreen for the start of the analysis in the Initial Block Profile area.

Values are set by clicking on the number in the appropriate box and typing in the desired number or
selecting the increase/decrease buttons by the right hand side of the number.
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Internal Temperature The ambient internal air temperature (either °C or °F)

Conditions | Transition time The time taken for the temperature to rise from the Block Temperature to the
ambient internal temperature. This provides the user with a first level
approximation for the use of cabin air conditioning (seconds)

Hi The internal heat transfer coefficient at the external surface of the windshield
(either W/m® or BTU/(hr.ft*.°F)).

Relative The relative humidity on the flight deck as a fraction of 1 (ie 0.6 = 60% RH).

Humidity If RH is set to 0, the calculation will use values for crew number, flight deck
airflow and pressure altitude.

Crew number The number of crew on the flight deck.

Flight Deck | The circulating mass airflow on the flight deck (either Kg/s or 1bs/min).

Airflow

Flight Deck | The effective pressure altitude on the flight deck (either metres or feet).

Pressure Altitude

External Temperature The ambient external air temperature (either °C or °F)

Conditions | Ho The external heat transfer coefficient at the external surface of the windshield
(either W/m® or BTU/(hr.ft*.°F).

Altitude The altitude of the aircraft (either m or feet).
Velocity The velocity of the aircraft (either m/s or knots (True Air Speed)).

Analysis Analysis time The total time period for the Dynamic Temperature analysis (seconds).

Options Time step The time interval between each calculation of the temperatures at the
interfaces (seconds).

Frequency The time interval between the graphed or tabulated results at the interfaces
(seconds).

Mesh Length The basic distance between each calculation position within the block (mm)

Metric This check box is provided to allow entry of the values in either metric
(checked) or imperial (unchecked) units. This is provided because
SAE1168/4, FAR Part 25 (Appendix C) and AFML-TR-73-126; Letton
normally use imperial units. The consequential effect of the change of units is
automatically passed forward, the units are updated on the panels and the
calculations converted accordingly.

Transient Initial Sets the initial temperature to allow for a linear change in either, or both, the

Options Temperature outer and inner ambient temperatures, if desired. Default is the same values
for outer and inner as Internal and External temperatures (°C or °F).

Final Sets the final temperature for the linear change. Default is the same values for

Temperature outer and inner as Internal and External temperatures (°C or °F).

Transition Time Time taken for the linear change from intial to final, if desired. Default is
zero (0) (seconds).

Initial Block Defines the temperature of the block at time zero for the dynamic calculation.

Block Temperature Assumes the windscreen is in equilibrium with the ambient temperature,

Profile which itself is the same both internally and externally (°C or °F).

Set Interface | Allows the interface temperatures to be defined individually (°C or °F).
Temperatures

In our example, these parameter values have been left as the defaults.
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TIP: Checking and unchecking the metric box will perform the conversion for the user.

TIP: Data entry for the interface temperatures is free format. Once the Set Interface Temperatures is
clicked, WIS 2T will check the correct number of interface temperatures has been entered and present
the data in a column.

4.4.4 Spot Calculation
Displays the Spot Calculation dialogue box to allow the user to change the default settings.

4.4.4.1 Spot Calculation Dialogue Box

[ i SENG e e — T — ]
File Edit Analyse Materials Help
s HH “
£ Design' 2 Analysis |,
Materials Layers 2
Material Name % Matedal Characteristics (Cross section Half Height (m) 046 g
‘é\l"y"iw = 1 Float Glass 25 mm
lear ite Plate -
5 ™ S T Stagnation Distance (m) 1335
oat Glass
mo 5 Polyurthane 20 mm Metric
Polycarb : Float Glasy |/ Icing Conditions = Incline Angle (i) 45.0@
Polyurthane
s PVB £
PVB Swept Angle ) 002
T~ © FloatGlasd | Ambient Temperature  (°C) @ Convective 2387.20 é
Wettedness Factor 04l
Altitude m 2048 ‘g Sensible 1305.78
Evaporative 1066.57
Velocity (mfs) 129 B Radiative 82.46
Droplet Diameter () Eg Total (W/m?2) 4842.01
Liquid Water Content (g/m’) 0700 @
Metric
i Add as layer

In this dialogue box the environmental conditions are set for a single calculation for the analysis, as
opposed to a search and hence the term Spot Calculation. There are five (5) parameter variables that
need to be set.

Ambient Temperature The ambient external air temperature (either °C or °F).

Altitude The altitude of the aircraft (either m or feet).
Velocity The velocity of the aircraft (either m/s or knots (True Air Speed)).
Droplet Diameter The appropriate droplet diameter (in microns) for the temperature and

altitude and whether maximum, mixed, periodic or continuous icing
conditions

Liquid Water content The appropriate liquid water content, LWC, (in g/m’) for the
temperature and altitude and whether maximum, mixed, periodic or
continuous icing conditions

Metric This check box is provided to allow entry of the values in either metric
(checked) or imperial (unchecked) units.
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Values are set by clicking on the number in the appropriate box and typing in the desired number or

selecting the increase/decrease buttons to the right hand side of the number.

Any changes to any of the above parameter values will instigate a new SpotCalc automatically and the

new calculated heat losses will be shown in the area above the Calculate button as shown below

Droplet Diameter (pm) 30 |g
Liquid Water Content (g/m?) 07005

Metric

-
Icing Conditions &J
Armbient Temperature  (°C) m|§] Convective 2387.20
=] 5 ibl 1305.78
Altitude (m) 3048 S 57
— Evaporative 1066.57
Velocity (mfs) 129 |E] Radiative 82.45
Total (W/mz2) 4842.01

[ox ]

Click OK or B3 (6 close this dialogue box.

TIP: Checking and unchecking the metric box will perform the conversion for the user.

4.4.5 User Defined Icing Conditions

Allows the User to define a bespoke set of search conditions and import these from a spread sheet into

WIS 2T. This facility is currently at Beta phase and particular care is required to ensure the data is

loaded correctly.

The structure of the spreadsheet is predefined and an example is provided below.

A B
1
7 Speed (knots)
2
4
3 50|
6 75
7 100]
8 125
9
10
1
12
13
14
15
16
17

C D E F H 1 K L M
LWC (g/cm3) Drop Dia (microns)
Amb Temp (F) 41 32 14 -4 22 0|
Altitude (ft)
0| 0.225 0.2 0.15 0.075 0.05 15
1000| 0.225 0.2 0.15 0.075 0.05 20
2000 0.45 0.4 0.3 0.15 0.1 25
3000 0.675 0.6 0.45 0.225 0.15 30
4000 0.9 0.8 0.6 0.3 0.2
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Notes for the Beta phase:

o The limits of the table are set and not extendable;

e The cell positions are fixed, any changes will result in failure to read the data correctly;
e The units are not switchable and must be entered in the specified units;

e The ambient temperature must go across the spreadsheet in descending order;

Once the spreadsheet is correctly populated with the desired search parameters, click on Import User
Defined icing conditions to open the spread sheet as shown below.

WIS Modeller P |
File Edit Analyse Materials Help
P had
[ Design ' [ Analysis
Material = .

: s & Material Characteristics Croe= section Half Height ) @g
Acrylic
;:“‘“‘ Stagnation Distance (i) 600[3]
Polycarb [ Metric
Polyurthane o =] Incline Angle (@ 450 @
pvE
Silicon Orid e [ EElRE:: Bl Swept Angle 0 e

B config Wettedness Factor 04f3]

C3 data

FileName: [lcing Conditions.xisx ]

Files of Typs: | Microsoft Excel (*ls) -

o Add as layer

The software will respond with a message once the data is loaded, shown below. Click OK to
proceed.

Message @

Q Imported custom icing conditions frem ChSecondMagenta'lcing Conditions.xlsx

o]

4.4.6 Analyse Windshield

Select the Analyse Windshield function to run the calculations and execute all mathematical models
based on the data entered. As all the necessary parameter variables will have values, either set by the
user or the defaults, all three mathematical models will produce results and automatically display
them in the Analysis panel.

CAUTION: Ensure that all the parameter variables have been changed from the defaults where
required. Check these in the Thermal, Optical and Grading dialogue boxes if uncertain.
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5 Analysis of a Windscreen

In this Section, the results of the analytical calculations for the example windscreen described in
Section 3 are given. On selecting the Analyse Windshield action, as described in section 3.4.6 above,

the results are shown on the Analysis panel. The analysis result for our example is shown below:

PN

File Edit Analyse Materials Help

) Design

[ Anahi] |
Zin =) @

20°C w|  Atitute |

& 3 Contimous O Internitent O User
Steady state temperature distribution

6,500

6,000

5,5

™

Power density to prevent icing (W/m?)
™

s
=1
=1
8

4,500

woow
& w b
g 8 8
g8 8 8

Continuous Maximum Icing Conditions ~ Qmax: 6061.44 (W/m?)
DEMO_large_jstwsm

Ambient Temperature: -30°C  Alfitude: 2134 m
DEMO_large_jstwsm

Cimax = 6081 (Wim)

00

Float Glass

Float Glass

0
20 30 40 S50 &0 70 80 90 100 110
Velocity (m/s)

500
000
S00
000
500
120 130 140 150 160 170 180 190 200 210 220 230 240 00 25 50 75 100 125 150 175 20.0 225 250
Depth (mm)

40um — 45um — S0 | SteadyStote /5 Dynamic |

—15pm —20um —25pm  30um — 35um

This display is the Quad format. If “Tabbed Results” has been selected under the “Help Menu”, the
analysis results for our example will be presented in the tabbed format as shown below, with three (3)

Tabs along the bottom of the Analysis panel:

File

Edit Analyse Materials Help

| WIS Modeller - DEMO_large jet. - e

LEEH % @
E =)
e Hoi 12196 Hi1136 Wmi'Q) DewPoint1S600C bt  iniromim i

Steady state temperature distribution
DEMD_large_jstwsm

w
== =

Moo g w
NI

Temperature (°C)
‘]
BNEEn s
==

%}
S

=}

36
35 / i
34 / -
/ e
33 /
/ ——
32 / e ————
/ |
/
/
Float Id:‘ass Float Glass Float Glass
/
/
/
!"I
i /
/
/
- /
/
2 /
/
f
5 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 Z

8

-1 0 £k 2 3 4
Depth (mm)

IV S ey e et | Dynamic Thermal Performance | ¥ Anti-lcing Performance |
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5.1 Analysis Area Icons
Each of the four (4) display areas has the following action icons:

BEa (¢l @

5.1.1 Save
This icon saves the current results graph as a *.png file in the default, or last used, directory.

5.1.2 Print
This icon prints the current results graph to the installed printer choices on your computer.

5.1.3 Restore
This icon will activate the restore function and return the graph displayed to its original sizing.

5.1.4 Expand
This icon will expand the current results graph to be expanded to full screen on a new panel.

TIP: The expanded panel for Steady-State Thermal Performance, provides additional information
above the chart, as exemplified below:
Ho: 121.39 Hi: 11.36 (W/m>.°C) Dew Point: 15.60°C - O

5.1.5 Export CSV
This icon allows the user to export tabular results data from the calculation. Clicking this icon will
open a Save dialogue box with the default File Type Comma separated value (*.csv), as shown below:

Save ==
Soveln: | data EERE:: B
3 Computer =
= Local Disk (C3)
(3 Users
(3 Owner
3 WIS Modeller
= RECOVERY (D)
= DVD RW Drive (E) =
File Name: | \
Files of Type: | Comma separated value ["csv) -
[seve ][ caneel|

TIP: Expanded panels maintain the action icons described above. To close an expanded panel simply
click on the W58 in the top right hand corner.

5.2 Graph Functions
The graphical displays have sizing, re-scaling, datapoint information as well as graphical text
formatting. By right-clicking in the graphical area, a menu is provided, as shown below.
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N - b |
@

Dynamic temperature distribution
DEMO_large _jetwsm

Properties...

Both Axes

0 / = ——
15 ! S Ot Dormsin Axis

. ‘."‘I foloRage 1| Ragehe

Temperature (°C)

0 500 1,000 1500 2,000 2,500 3,000 3,500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9,000 9,500 10,000
Time (s)

— 0.0mm —2.5mm —4.5mm __ 14.5mm — 16.0mm — 26.0mm

These are standard options and self-evident, so the details of these options are not described here.
However, the following two tips are exampled below:

(a): Click and drag to define the area for zoom. On releasing, the chart will re-size to that area.

Chart & r - -4 A' o - ﬁgj
@

Dynamic temperature distribution
DEMO_large _jetwsm

Temperature (°C)

0 500 1,000 1500 2,000 2500 3,000 3500 4000 4500 5000 5500 6000 6500 7,000 7500 8000 8500 9,000 9,500 10,000
Time (s)

— 0.0mm —2.5mm — 4.5mm  14.5mm — 16.0mm  26.0mm

TIP: To return to the original sizing click on S button
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(b) Click near a point of interest and intercepts will be provided defining the x and y positions. Hover
at that point and the data point details will appear temporarily.

— -_—
Chart -~ i
Bl& [EJE] &
Dynamic temperature distribution
DEMO_large_jetwsm
40
A
i I
35 /1—’—*
30 = —
e
—
/// g e e
e —
- oo e
e » -
1 oF
S
10 o
—_— 3 /
SD-_?" 0 4 e e 21 o e e e 8 e e
@ /
s 5 / i 0.0mm: (155, 031)
=
3 [
=154 |/
T
=
-20
-25
-30
-35
-40
45
-50
55
100 200 =00 400 S00 00 700 800 900 1,000 1,100 1,200 1,300 1,400 1,500 1,600 1,700 1,800 1,900
Time (s)
— 0.0mm — 2.5mm 4.5mm 14.5mm 16.0mm 26.0mm

5.3 Anti-Icing Performance

The Anti-icing results are shown in the left hand side. The software calculates the power density
required for an external surface temperature of 1.7 °C (35 °F) and performed a search for the
maximum power required.

The search covers approximately 11,500 scenarios for each of Continuous (Stratiform Clouds) and
Intermittent (Cumuliform Clouds) maximum icing conditions, varying aircraft speed (50 to 450 knots
(TAS)), altitude (0 to 22,0001t), external temperature (-22 to 32 °F), mean droplet diameter (15 to 50
microns) and liquid water content (0.04 to 0.8 and 0.09 to 2.9 g/m’, respectively) as constrained and
defined within the icing conditions described in FAR Part 25 Appendix C.

If a search over a user-defined set of icing conditions has been set up (see 4.4.5) these are also
calculated and presented here.

The results are shown graphically and are automatically selected to show the set of parameter
variables requiring the maximum heat flow to prevent icing. The output automatically chooses
different colours and a legend for each curve is provided at the bottom of the chart.

The radio buttons allow the user to select between Continuous Maximum Icing Conditions,
Intermittent Maximum Icing Conditions and user-defined Icing Conditions. The analysis for our
example, expanded to full size mode, is shown below.
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5.3.1 Continuous Maximum Icing Conditions (FAR Part 25 Appendix C)

)
WIS Modeller - DEMO_large jetwem T T T =~~~ -~ T e e
File Edit Analyse Materials Help

REE » @

5 Deign' (B A

@ @ Continuous () ittent () User Temp: 30°C w| Akitute|  2134m ~) AFML-TR-73-126: Lerton

Continuous Maximum Icing Conditions  Qmax: 6061.44 (Wim®)
Ambient Temperature: -30°C  Altitude: 2134 m
DEMO_large_jetwsm

6,500

G = 0081 (Wi
5,000

o
w
8
=]

5,000

4,500

4,000

3,500

moow W
o W B
s 8 ©8
8 S ©

Power density to prevent icing (W/m?)
9
s

20 20 40 50 60 70 80 o0 100 110 120 130 140 150 160 170 180 120 200 210 220 230 240
Velocity (m/s)

—15um —20pm — 25um  30um —35pm - 40um  45um —50um

3 Steadly State Thermal Performance | Dynamic Thermal Performance , # Anti-lcing Performance |

The Temperature and Altitude pull-down menus allow the user to select a results chart for different
conditions. By definition these will always give lower power requirements than the initial chart that
was automatically selected. The maximum power density requirement for all conditions, is shown as a
dashed horizontal line on all charts, regardless of the Temperature and Altitude selected.

Note: Charts are not calculated for Temperatures and Altitudes that are not in the icing envelopes.

5.3.2 Intermittent Maximum Icing Conditions (FAR Part 25 Appendix C)

5 WIS Modeler - DEMO_large etz W T T T o))
File Edit Analyse Materials Help
PEEIE R
[ Design " [ Analysis |

@ O Continuous (3 ittent] () User Temp: 30°C ~| Akitute| 9267m ~) AFML-TR-73-126: Lerton

Intermittent Maximum Icing Conditions ~ Qmax: 7465.02 (Wim?)
Ambient Temperature: -30°C  Altitude: 4267 m
DEMO_large_jetwsm

20 20 40 50 60 70 80 o0 100 110 120 130 140 150 160 170 180 120 200 210 220 230 240
Velocity (m/s)

—15um —20pm — 25um  30um —35pm - 40um  45um —50um

3 Steadly State Thermal Performance | Dynamic Thermal Performance , # Anti-lcing Performance |
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5.3.3 User-defined Icing Conditions

File Edit Analyss Materials Help

LOH 7 @

[ Design " [ Analysis |

@ @ O Continuous O ittent (3) User] Temp 30°C w|  Aitute om v/ AFML-TR-73-126-Letton
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=w

5.4 Thermal Performance
The thermal performance is shown in the top right hand quadrant. In this area there are two tabs:
Steady-state and Dynamic.

5.4.1 Steady State Thermal Performance

The analysis for our example has provided the following steady-state temperature distribution based

on the parameter values set in Section 3. This graph has been expanded to full size mode.
=y S 000 B O aa

[=1{r=Y @ T (L Hoi 12139 Hi1136 W/m'°C)  DewPoint 15.60°C =L

Steady state temperature distribution
DEMO_large_jietwsm

40
/
30 |
] / ‘7—““‘7mf\_‘_‘_
7 / R N
/
36 /
s f —_—
[ T
[
Float $lass Float Glass Float Glass
[
[
I
/
20 /
20 /
28 [
[
2 /
» |
= /
!
=
o 1 2 3 4 5 & 7 )

-1 8 9 10 11 13 14 15 6 17 18 19 20 21 22 23 24 25 26 27
Depth (mm)

. | Chart

Temperature (°C)
woow W
Boow %

w
=

Page 26 of 31



WIS Modeller 2T SOftWATE. ... ettt e e User Manual

In addition to the action Icons described in Section 4.1 above, this result panel includes a slider bar,
allowing the user to select and look at the temperature distribution at any of the time intervals during
the analysis.

Additional information is provided in this panel: Ice free, Fog free, Ho, Hi and Dew Point. Note the
Ho value in this case has been calculated, because the variable was set to zero in Section 3.5.3.1.

The WSS MELEN  jcons indicate that the external surface is above 1.7 °C (35 °F) and the
internal surface is above the Dew point temperature. In the event that either or both are below these

values, the icons will turn red and indicate risk, as exampled here: Flcefrec | fog Risic RN

TIP: Hovering the cursor over any of the curves will display the (x,y) coordinates at that point, as
shown in the example figure above.

CAUTION: The heater layer is not annotated in this cross section. Only the bulk materials are
annotated.

5.4.2 Dynamic Thermal Performance
The analysis for our example has provided the following dynamic temperature distribution based on
the parameter values set in Section 3. This graph has been expanded to full size mode

Chart — ~— > =]

BE (s)E @

Dynamic temperature distribution
DEMO_large_jstumsm

Temperature (°C)

0 500 1,000 1500 2,000 2500 3,000 3500 4000 4500 5000 5500 6000 §500 7000 7500 8000 8500 9,000 9,500 10,000
Time (s)

— 0.0mm —2.5mm — 4.5mm  14.5mm — 16.0mm  26.0mm

This graphical output automatically chooses different colours for each curve and a legend is provided
identifying the curves. Each curve represents an interface and the labels reflect the distance of that
interface from the front surface.
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6 Materials Library

WIS 2T is supplied with a range of common materials used in manufacture of aircraft windshields.
The properties of these materials have been sourced from public domain sources and are available via
the internet.

This data is stored in an XML format file called materials.xml which is automatically saved in the
user’s directory when the WIS 2T software is installed. For example,

C:\Users\<Username>\WIS Modeller\config.

The Materials function allows the user to edit the current material data and add new materials.
Selecting the Materials pull-down menu will produce the following option list:

File Edit Analyse Help

EG' _‘r] Open Matenal Library...
E Dsign\! 1% Analy Beload Material Library

6.1 Open Material Library
Select this option for editing and adding new materials to the material database. Unlike the other

menu selection options, a dialogue box will not appear. Instead, WIS 2T will open a new tab in your
browser as shown below:

b N
=) X hittp://localhost8668/MaterialLibrary.jsp

File Edit View Favorites Tools Help

B~ & || X Material Library

Materials Bulk Material [ save | & Downioad | T Detete
Acrylic

Acrylic

Float Glass

Polycarb Density 1400

Specific Heat Capacity 1465
Polyurthane

Thermal Conductivity 0.208
FVB

Silicon Oxide Optical Data
Wavelength (um), Absorption (cm-1), Refractive Index N
ITO 0.300, 10.211174, 1.523228
0.305, 10.211174, 1.523228
0.310, 9.059410, 1.515530
0.315, 8.687504, 1.515530
0.320, 9.055929, 1.523228
0.325, 10.211174, 1.523228
0.330, 11.362934, 1.530882
0.335, 11.362934, 1.530882
0.340, 50.000000, 1.530882
0.345, 50.000000, 1.538496
0.350, 11.359446, 1.53848%6
0.355, 9.528425, 1.538496
0.360, T7.893745, 1.538420
0.365, 5.929424, 1.538183
0.370, 3.846195, 1.527802
0.375, 2.140862, 1.530348
0.380, 0.989402, 1.528278 V]
0.385, 0.414844, 1.528580

The materials available in the Material Library are shown in the column on the left and the data stored
is shown in the centre of the screen. WIS 2T requires the physical thermal data to be present (Density,
Specific Heat Capacity and Thermal Conductivity). WIS 2T does not require the Optical data to be
present. The optical data is required by other versions of WIS Modeller in the series and these use the
same central materials library.
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6.2 Editing Existing Material Data
To edit data, simply overwrite or add additional entries in the same format, ensuring that the data
entered is in the correct units.

Once completed, click on the save button.

CAUTION: WIS 2T does not use the Download and Delete functions.

CAUTION: The edited data becomes resident in the materials library when save is clicked. The
new data becomes available to WIS 2T either through the Reload Material Library option or on
closing and re-starting WIS 2T.

6.3 Adding New Material Data

To add a new material, click on the button to produce the following sub-menu.

k;- )( =3l X http:/localhost8668/Materiall ibrary.jsp B~ & || X Material Library

File Edit View Favorites Tools Help

Materials

Bulk Material [ save | & Download | T Detete
Bulk Material
Acrylic
Thin Film
Density 1400
Heating Film
Specific Heat Capacity 1465
Acrylic
Thermal Conductivity 0.208
Float Glass
Optical Data
Polycarb
Wavelength (um}, Absorption (cm-1), Refractive Index ~
0.300, 10.211174, 1.523228
Polyurthane 0.305, 10.211174, 1.523228
0.310, 2.052410, 1.515530
= 0.318, £.68750¢, 1.515830
0.320, 9.055929, 1.523228
0.325, 10.211174, 1.523228
Silicon Oxide 0.330, 11.362934, 1.530882
0.335, 11.362034, 1.530882
0.340, 50.000000, 1.530882
ITo 0.345, 50.000000, 1.538496
0.350, 11.359446, 1.5384%6
0.355, 9.528425, 1.5384%6
0.360, 7.893745, 1.538420
0.365, 5.920424, 1.538103
0.370, 3.846105, 1.527802
0.375, 2.140862, 1.530348
0.380, 0.989102, 1.529278 v
0.385, 0.414844, 1.528590

Click on the appropriate material type for the new material. For example, ITO would be a heating
film. Populate the blank entries with the appropriate data in the correct units. In the example below, a
bulk material is being added.
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A\ R . "
(\?}@ﬂ?{ hitpi//localhost8668/MaterialLibrary.jsp 0~ € || % Material Library X Material Library i v 93
File Edit View Toals  Help
Materials BB gLk Material Esae | & [i]
Bulk Material
White Plate Glass
Thin Film
Density 2400

Heating Film
Specific Heat Capacity 760

Acrylic
Thermal Conductivity 1.05

Float Glass
Optical Data

Polycarb U.uD, 1.9z, v.uiz

0.48, 1.52, 0.022

Polyurthane

0.5, 1.52, 0.0005

PvB 0.53, 1.52, 0.0

0.55, 1.52, 0.0

Silicon Oxide

0.58, 1.52, 0.0
i 0.6, 1.52, 0.0
0.63, 1.52, 0.0
0.65, 1.52, 0.0
0.7, 1.52, 0.0

0.73, 1.52, 0.9|

Once completed, click on the save button. The Materials list will now be updated.

Tip: Use the browser refresh button to ensure the latest data is available after entering new materials.
CAUTION: WIS 2T only uses the save function. Download and delete are not used.

CAUTION: The edited data becomes resident in the materials library when save is clicked. The
new data becomes available to WIS 2T after either selecting the Reload Material Library option
or on closing and re-starting WIS 2T.

6.4 Reload Material Library

Select this function to use any edited or new data.

Since the materials library is independent of the WIS 2T software, once any changes have been made
to the materials library, it must be re-loaded using this function for the edited or new data to become
available for modelling.

Closing and re-starting WIS 2T will automatically load the last saved version of the Material Library.
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ANNEX 1: Quick Reference Guide

Function Icon Hot Key Description

New Windscreen p Ctrl-N Start new windshield design. Clears existing
data

Open Windscreen | Ctrl-O Retrieve and open windshield design from file

Save Windscreen E| Ctrl-S Save windscreen design to file with existing
file name

Save Windscreen as Save windscreen design to file with the
opportunity to change file name

Show design panel == Ctrl-D Move from current screen to Design panel

=

Show analysis panel =2 Ctrl-R Move from current screen to Analysis panel

Thermal Properties Ctrl-T Enter or amend the Thermal condition
parameter variables

Analyse Windshield 2B F8 Run the mathematical models and performs
the calculations

Print |E| Print the current chart

Resize | 3 | Return the chart to the original size

Maximum size | 2 | Maximise the chart size on the screen

Export Data

Export data to a CSV file. Facility can be used
for tabulated results.
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