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Types

U Heat conduction (in solid) - main parts of this
course ¢

U Heat convection (CFD, fluid-solid) - not
included in this course A

U Heat radiation - not included in this course
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Types (cont.)

Conduction through a solid Convection from a surface Net radiation heat exchange
or a stationary fluid to a moving fluid between two surfaces
T, >T T.>T,
7 1.2 45 T, s Surface, T,
Moving fluid, 7,
—_ Surface, T,

Ficure 1.1  Conduction, convection, and radiation heat transfer modes.

F.P. Incropera, D.P. DeWitt, Fundamentals of Heat and Mass Transfer. 5"
edition, John Wiley & Sons, 2002.
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Types (cont.)

T T >T,

O\Eﬁ? Q\‘fq«

_____ ST S

T,
Ficure 1.2 Association of conduction heat transfer with diffusion of energy due to

molecular activity.

F.P. Incropera, D.P. DeWitt, Fundamentals of Heat and Mass Transfer. 5
edition, John Wiley & Sons, 2002.
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Types (cont.)

y " Fluid y T
—_—»
>
- »| Velocity Temperature
distribution distribution
u(y) q" T(y)
T :
Ly Heated L Ty
surface

FIGURE 1.4

Boundary layer development in

convection heat transfer.

F.P. Incropera, D.P. DeWitt, Fundamentals of Heat and Mass Transfer. 5"

edition, John Wiley & Sons,

2002.
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Types (cont.)

flow

Buoyancy-driven T T T

()

Vapor—] r
bubbles Water

Forced
i {—— Hot components
Air
flow / on printed
» |:| D D D EI circuit boards q"
— 7
—op— —>
—
AERAE@E
—
Air T T T
(a) (b)
Moist air
q" — Water
droplets
Cold \ .
’ water

o o b, I
— ° i )
O 09 Iy

'

Hot plate

(d)

Vb

Ficure 1.5

convection. (c) Boiling. (d) Condensation.

Convection heat transfer processes. (a) Forced convection. (b) Natural

F.P. Incropera, D.P. DeWitt, Fundamentals of Heat and Mass Transfer. 5
edition, John Wiley & Sons, 2002.
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Types (cont.)

Gas
Joi ok

Gas
Tk

- . B Surroundings " .
)7.&“ ;S'f /qconv at Tsur qmvj\ /qmnv
Surface of emissivity Surface of emissivity
€, absorptivity o, and € =, area A, and
temperature T, temperature T,
(a) (b)

Ficure 1.6  Radiation exchange: (a) at a surface and (b) between a surface and large

surroundings.
F.P. Incropera, D.P. DeWitt, Fundamentals of Heat and Mass Transfer. 5"
edition, John Wiley & Sons, 2002.
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Analysis types

Q) Steady-state analysis
U Time-independent
U Transient analysis
U Time-dependent T,

v

Transient Steady-state t
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FE Procedure

U Pre-processor
Q Solver
U Post-processor

oo ELEMENT RESULT CALCULATION TIMES
TYPE NUMBER  ENAME TOTAL CP AVE CP

1 208 PLANESS 0.000  ©.000000

s NODAL LOAD CALCULATION TIMES
TYPE NUMBER  ENAME TOTAL CP AUE CP

200 PLAN: 0.000
El

TINE
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Units

Typical Units in ANSYS (SI) ANSYS

Training Manual

+  Temperature * DegreesC(orK)

* Heat Flow = Watts

+  Thermal Conductivity +  Watts / ( meter - degree C )

+  Density +  kilogram/ ( meter® )

+ Specific Heat « (Watt+sec)/(kilogram + degree C)
*  Film Coefficient +  Watts / ( meter? « degree C )

+  Heat Flux +  Watts / ( meter?)

+ Thermal Gradients * degree C/ meter

+ Internal Heat Generation +  Watts / ( meter® )

Ref: ANSYS, Inc., ANSYS training manual.
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Element types in ANSYS

O Plane 35
D Plane 55 Figure 351 PLANE3S Geometry

K
U Plane 77 é
. . . @
Conduction in solid
v
{or axial)
1
X (or radialy @ 4
Figure 55.1 PLANESS Geomeiry Figure 77.1 PLANET7 Geometry
L
¢ K KLO
KL
” @
@ {ox axial) @
Y ! t ! i il
foraial) ! K {or radial) ! Tri Option
{Triangular Option) @ J
Xior radialy
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Element types in ANSY'S (cont.)

Q Solid 70 Figure 7.1 SOLIDB7 Geometry
Q4 Solid 87
U Solid 90

Conduction in solid

I! """ "KL
Lol

Figure 70.1 SOLID70 Geometry

3 @ @ ™
Prism Option Tetrahedral Cption
MNO.P % MMOP UMK
b '
KE A K
I
i ¥ 4"
P < K Tetrahedrai Option Eyramid Dption
MNGP . « o
V 5 M aPwW
Y @] Z v P
% A : K J @ ¥ AB
] X . | KLS
Pyramid Option o R
Prism Option
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Nodal DOF

U DOF: Temperature (SI: K or °C)

NODAL SOLUTTON
STEP=1
SUB =1
TIME=1
TEME (AVE)
RaYE=0

sMN =20
sMx =110
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Material properties

U Thermal conductivity (steady-state, transient conduction)
U Specific heat (only for transient conduction)
U Density (only for transient conduction)

I\ Define Material Model Behayior

Material Edit Favorit Help

[~ Material Models Defined [ Material Models Available

_'J (58 Fevoritss -

@ Conustivity  <g—
© Specitic Heat <@——
@ Densly —<—
& Enthalpy

£ Emissivity

€ Convection or Film Coef.
£ Heat Ceneration Rate

L | | Fe— s
i
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Modelling

U Geometry
U Mesh

The same ways as structural analyses.
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Boundary conditions

U First kind : prescribe a fixed temperature

ANSTS Main Menn ®|

120 °C

Preferences =
Preprocessor
B Solution

Analysis Type
Fast Sol'n Opin
E Define Loads
Eettings
Bl Apply
B Thermal
E
#1 On Keypoints
1 On Lines
A1 On Areas
21 On Hodes
Uniform Temp
From Flotran
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Boundary conditions (cont.)

U Second kind : prescribe a fixed heat flux

ANSYS Main Menn @

Preferences =
Preprocessor
9 2 = Solution
«— q - 200 W/m H Analysis Type
«— Fast Sol'n Opin
N Bl Define Loads
Settings
B Apply
E Thermal
Temperature
Heat Flow
Convection
= e
Z1 On Lines
21 0n Areas
#1 On Nodes
#1 On Elements
From Fluid Analy
From EMAG Analy

Department of Mechanical Engineering, Ming Chi University of Technology Chl 17/23

Boundary conditions (cont.)

U Third kind : prescribe a convection condition

ANSYS Main Menn ®|

Preferences -
Preprocessor
T,=20°C  Solution
Analysis Type
h =200 W/m?-°C Fast Sol'n Optn
E Define Loads
Settings
= Apply
E Thermal
Temperature
Heat Flow
[SRC onvection
A1 0m Lines
A1 On Areas
A 0n Nodes
On Elements
From Fluid Analy
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Boundary conditions (cont.)

Lk 2.1 Boundary conditions for the heat
diffusion equation at the surface (x = 0)

1. Constant surface temperature

70,0 =T, (2.24)
T(x, 1)
[
2. Constant surface heat flux <
(a) Finite heat flux b
g —> N\
L) it (2.25) N1,
ox
(b) Adiabatic or insulated surface
9| =0 (2.26) \m P
ax
e
3. Convection surface condition 7O, 1) |
L
k| = hT. - TO 227 = ;
T3 lmo = M. = T, 1) Q21 r.a F.P. Incropera, D.P. DeWitt,
N0 Fundamentals of Heat and Mass
T T T [y - Transfer. 5™ edition, John Wiley &
- Sons, 2002.
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ANSYS Main Menn ®|
Preferences =
Preprocessor
E Solution

|

)
(electric current)

Analysic Type
Fast Sol'n Opin
G Define Loads
Settings
El Apply
B Thermal
Temperature
Heat Flow
Convection
Heat Flux
5
2 On Lines
A On Areas
A On Folumes
2 On Keypoints
2 On NHodes
Tniform Heat Gen
A On Elements
From Mag Analy
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Analogy

Comparison to Structural Analysis ANSYS

Training Manual

For those who feel more comfortable with structural analysis, the following
table of analogies may be helpful:

|+ [clui+kfuy={Fy  [cliri+lklirt={o}
Structural Thermal
Displacement . Temperature
Force . Heat Flow Rate
Pressure * Heat Flux (applied)
Strain »  Thermal Gradient
Stress * Heat Flux (calculated)
Temperature Distribution - Internal Heat Generation (heativelume)
Inertial Loads s None
Elastic Foundation +  Convection
None +  Radiation
Contact o Thermostat
Thanks to CADMEN, TADC, Taiwan (& Fq#+3%) Ref: ANSYS, Inc., ANSYS training manual.
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ANSYS I k Thermal management of a cell phone using
cepa ANSYS Icepak
http://www.ansys.com/industries/electronics/consumer_electronics.asp
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CFD + thermal (convection) analysis

ANSYS Icepak

http://www.cybernet.co.jp/ansys/product/lineup/icepak/
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