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Film heaters modelling with QuickField
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& QuickField Analysis Options
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& MultiPhysics (2D)
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1]

MultiPhysics (2D)

Destination problem

Source . . Transient Static heat Transient Stress
DC magnetics | AC magnetics . .
problem magnetics transfer heat transfer Analysis
DC magnetics Magnet.p Magnet_u_: Initial magnetlc Force
N permeability | permeability field
AC magnetics Joule heat Joule heat Force
M Inital magnetlc Joule heat Joule heat Force
magnetics field
Electrostatics Force
DC conduction Joule heat Joule heat
AC conduction Joule heat Joule heat Force
Static heat Initial
Temperatures Temperatures
transfer temperatures
Transient heat Initial
Temperatures Temperatures
transfer temperatures
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Film heaters modelling with QuickField
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(ﬁ\ Thin film resistance

Steel
-0.01

+0.01 V

A

h=6 mm,g=20 mm, d =1 mm - thickness of the film
Resistance = (g/h + 0.469) / (y-d)

Roland Schinzinger, Patricio A. A. Laura Conformal Mapping: Methods and Applications,
1991, Elsevier Science Publishers, B.V., p. 224.

Task:

Problem specification: .
_ Calculate the electrical
Voltage applied U = 0.02 V; resistance of the film

Electrical conductivity y =10 MS/m,; and compare with the
analytical result.
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(ﬁ\ Temperature distribution in the conducting sheet

Problem specification:

Task: 2\0 i 7 Voltage applied U = 0.02 V;
Calculate the current N 070; Electrical conductivity 1 MS/m,;
and temperature \ Thermal conductivity 50 W/K-m.
distribution in a |
conducting sheet. / [J Convection coefficient 10 W/K-m?;
. e = Ambient air temperature 0°C.
30 mm =
GND | g =
= Conductor
f o
@\
70 mm

Joule heat power distribution

DC Conduction > 3D Steady-state Heat transfer
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(ﬂ\ Temperature distribution in the conducting sheet

Problem Type DC Conduction Problem Type Steady-State Heat Transfer
Model Class Plane-parallel Model Class 3D Extrusion
Zlength (L), m 0.001

Joule Heat
(106 Wim3)
20
18
16
14
12 Temperature T, "C
1.0 3.9
-
0.6 37
04 36
00 34
Joule heat power distribution 3.3
3.2
DC Conduction > 3D Steady-state heat transfer 31
3.0
https://quickfield.com/advanced/conducting sheet temperature.htm 29




@\ Planar film heater

I Inside air Task:
> | Fim — < Calculate the heater
Copper | — | power and the glass
- ) Outside air
% mm \ . temperature.

ITO 170 nm ’ ) Joule heat power distribution
§ Gl DC Conduction >
00 ces Steady-state heat transfer

Problem specification:

Indium tin oxide film sheer resistance R, = 12.6 Ohm/sq.
Electrical conductivity of copper 56 MS/m.
Electric current / =5 A.

Thermal conductivity of glass 1 W/m - K.
Inside air temperature +20°C, convection coefficient 1/0.13 W/(K-m?)
Outside air temperature -15°C, convection coefficient 1/0.04 W/(K-m?)

https://quickfield.com/advanced/film heater.htm
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Planar film heater

¥ Heat Flux: Fr,=-q (4F = -q)
g= 314 (wim®)

¥ Convection: Fp=o.(T-T)
a= 1/013 (k)
To= 20 Q)

Power Loss

Q (10%w/m?

{7 Surface area
20 :

* 5_ 00 cm?
1.8 Physical Quantities
16 L7 Heat flux
- | surface area e D 4I56W
12 .. % =017 mm? @ Current Density j = 20382000 A/m* * * * Temperature
T(C)
1.0 Physical Quantities - % Conductivity g = 467000 5/m -
0. L1 Current through a surface 515
0E 4.90
' L. | = 49954 A - ® Power Loss Q = 1.8487e+9 W/m’ 4.45
n4 410
0.2 375
3.40
0.0 .08
270
235
2.00

v Convection: Fp, = e (T-T)
o= 1/004
To= -1&
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@\ Glass film heater

Alr inside
Film heater 0.01 mm \
=
= Glass
(0]
Task:
Alr outside Calculate the glass

temperature as a function
of the heater power g.

Problem specification:

Film heat power q = 0..1000 W/m?.

Thermal conductivity: glass 1 W/m*K, film 4 W/m*K.

Inside air temperature +20°C, surface resistance 0.13 K-m?/\W.
Outside air temperature -15°C, surface resistance 0.04 K-m?3/W.

https://quickfield.com/advanced/glass film heater.htm
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(ﬁ\ swomm _ Electric heating film for glass

a V_l_
gaal
tq;? gq=urent Ly Problem specification:
£ Indium tin oxide film sheet resistance R, = 12.6 Q/sq.
& > Copper electrode electric conductivity o = 56 MS/m.
[} % Voltage V+ = 220 V.
q&)
& >
S ITO fil 13 Copper | £ Real case Task:
m S o Calculate the
= TO fim =g  currentand the
Joule heat power.
Model
[Caopper | [TO film 170 nm.
d/ —_—
1000 mm N
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Electric heating film for glass

Temperature T (°C) Fower Loss
OQutside Inside g wim*  Q(10"wm¥

4253 4.02 1700 1.0
3756 458.06 1530 03
3260 4210 1360 ns
2763 £.15 1190 07
2266 an13 1020 0.6
17.70 24.23 850 0.5
1273 18.27 B30 0.4

777 123 510 0.3

2.80
-2.16
113

B.36 340 nz
0.40 170 0.1
-9.96 0 0.0

Cross section area

Cross section area

-® 5 =045228m’ Current through

a surface
- % | =321854

Joule heat in a volume ® 5 =037645 m? Cross section area

- W= 2329TW & 5 =03016m*

Joule heat in a volume

loule heat in a volume

- W= 19419W

- % W=15496W

Cross section area
® 5 =022675 m*

Joule heat in a volume

https://quickfield.com/advanced/glass electric heater.htm ¢ W=TTW
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@ Planar heater 3D

Problem specification:

Heater power 600 W/m?2. (per conductor surface)
Indoor air temperature is +20°C, convection coefficient is 8 W/m#*K.
Outdoor air temperature is -15°C, convection coefficient is 23 W/m**K.

Conducting film thickness (~0.01 mm)  Task:

IS much_ less than that of the glass. Calculate temperature
Model film as a surface, not as a e
distribution in the glass.

body

Indoor
511 mm
S 4 mm
Glass 6 mm
Outdoor
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Planar heater 3D

Geometric Quantities Problem Type Steady-5tate Heat Transfer

Faces Mo. 3 Model Class 3D Extrusion
Area, m* 0.429772
Physical Quantities

Heat flux, W 171.763

Temperature T, °C
6.0

Average suface temperature, T 241613

2.2

44

36

28

20
1.2
04
04
1.2

Geometric Quantities
Faces Mo. 3

2.0

Area, m* 0.429774
Physical Quantities
Heat flux, W -51.0247

Average suface temperature, T 525025
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This recording is over

More recordings and simulation
examples at
www.gquickfield.com

Your feedback is welcome: support@quickfield.com
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