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Heat Transfer AN SYS

Introduction

Customer Training Material

* This lecture covers how the transport of thermal energy can be computed
using FLUENT:

— Convection in the fluid (natural and forced)
— Conduction in solid regions
— Thermal Radiation

— External heat gain/loss from the outer boundaries of the model.
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Energy Equation — Introduction P ————

- Energy transport equation:

9 (PE)
" +V-[V(0E+p)]=V- | ketVT =D hj )i+ Teii -V | +Sh
J
Unsteady Con?e(ction Conduction Sp&;ies Visgous Enthalpy

Diffusion Dissipation Source/Sink

— Energy E per unit mass is defined as:

E=h-=+—
p

— Pressure work and kinetic energy are always accounted for with compressible
flows or when using the density-based solvers. For the pressure-based solver,
they are omitted and can be added through the text command:

— The TUlI command define/models/energy? will give more options when
enabling the energy equation.
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Wall Boundary Conditions

Customer Training Material

* Five thermal conditions
— Heat Flux
— Temperature

— Convection — simulates an external convection environment which is not
modeled (user-prescribed heat transfer coefficient).

— Radiation — simulates an external radiation environment which is not modeled
(user-prescribed
external emissivity and

Zang Name

radiation temperature). [l |
- . . djacent Cell Zone
— Mixed — Combination of i |
ConveCtlon and Rad|at|0n Thermal | Radistion | Species| DPM | Mukiphass| uDs |

Thermal Conditions

g \
boundary conditions. Oreat o o [ETZE N
8;2:5:;;% “WWall Thickness (in} || 0 ‘ V
() Radiation /
) Mixed Heat GerMgation Rate (wim3) “ n |constant ‘y

Maker

|a|uminum ~ | Edit. ..

[sh uction

* Wall material and thickness
can be defined for 1D or
shell conduction calculations.

[ O, ] [cancel | [Help ]
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NANSYS

Conjugate Heat Transfer

Customer Training Material

* In this example both fluid and solid zones are being solved for.

* Note there is an internal wall boundary condition on the interface, with a ‘coupled’
thermal condition. This wall will also have a partner ‘join-shadow’. Some
properties like emissivity can be given different values on different sides of the wall.

Zone Name

|| join ‘

Adjacent Cell Zone
|| blocka ‘

Shadow Face Zone
|| join-shadow |

Momentum Tthma']Radiation] species| DPM | Multiphase | uDs |

Thermal Conditions

Oremrn pedes=@fo |

O Temperature )

(®) Coupled Heat Generation Rate (w,/m3) | 0 |mns13nt & |
Material Name [[]shell Conduction

v | (Edi...

| aluminum

[ Ok ] [Cancel] [Help ]
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Conjugate Heat Transfer Example

NANSYS

Customer Training Material

> Air outlet
Symmetry

Planes /

Top wall
(externally cooled)
h=1.5 W/m2-K

T.=298 K

Electronic Component
(one half is modeled)
k=1.0 Wm-K

Heat generation rate of 2

Air inlet watts (each component)
V=0.5m/s
T=298K /

Circuit board (externally cooled)

k=0.1WmK

h=1.5 W/m2-K

T.=298 K
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P rO b I e m S et u p = H e at S o u rce Customer Training Material

* A volumetric heat source is applied to the ‘solid’ cell zone of the chip.
* This is applied as a source term to the cell zone
* Note the units are W/m?3, volume is small so value is high.

= Solid X
Zone Name
[+ |
Material Name |chiwm‘ﬂ‘r_\ - | Edit...
D Frame Mot Source Terms
[ Mesh Mg [ Fixed values
Refereng

= Frame] Mesh Motion  Source Terms WFixed \"alues] 3
] = Energy (w/m3) sources X

Energy \/m3) | 1 source Edit. Mumber of Ener
» ay (w/m3) sources [ 1 []
[*]
1. ['s04000 | constant

[ oK ] [Cancel] [Help ]
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Temperature Distribution (Front and Top View)

Customer Training Material

Temp Flow Air (fluid zone) Convectizon boundary
" direction _ 1.5 W/im# K
(°F) — Front View / 298 K free stream temp
426
n:

394 Y i i ‘\ i i i
378 \ \ \
Board Elect. Component - Convection Boundary
362 (solid zone) (solid zone) 1.5 W/im2 K
. 346 2 Watts source 298 K free stream temp.
di::elg’rivon Top View
330 — (image mirrored about symmetry plane)

314
298
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M Od el I i n g a T h i n Wal I Customer Training Material

* |t is often important to model the thermal effects of the wall bounding the
fluid. However, it may not be necessary to mesh it.

* Option 1: (as last example):
* Mesh the wall in the pre-processor Fluid
* Assign it as a solid cell zone Solid
* This is the most thorough approach Heat can flow in all
directions
 Option 2:
 Just mesh the fluid region. Fluid
» Specify a wall thickness.
« Wall conduction will be accounted for. o Sold
normal to wall
 Option 3:
» As option 2, but enable ‘shell conduction’. i
1 layer of ‘virtual cells’ is created.
 These affect the result, but cannot be * Solid
pOSt-pfOCeSSGd Heat can flow in all

directions

ANSYS, Inc. Proprietary Release 13.0
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M Od el I i n g a T h i n Wal I Customer Training Material

* For option 2 and option 3 on the last slide (in which it is not necessary to
mesh the solid in the pre-processor), the setup panel looks like this:

 Option 2:  Option 3:

* Just conduction normal to the solid * Shell conduction enabled
Fluid Fluid
Heat transfer Heat can flow in all
normal to wall directions
= Wall X * |In both cases, a material and
wall thickness are enabled
|| wall-board-bottom |
Adjacent Cell Zone
||b|od<1 |
Momentum Thermal andintion] Spccics] DFM IMuItiphasc] ups I
Thermal Conditions ° H
() Heat Flux Heat Transfer Coeffident (w/m2-4) || 1.5 ||consiant /6| TO add the Vlrtual Ce”S

C} Temperature

%E:g;iihnon Free Stream Temperatur || 2928 constant — b | (Opt|0n .3), enable She”
O Qmoreilor conduction.
/m\ Heat Generation Rate {w,/m3) [ constant v .
boord — PE. || |N Note these virtual cells cannot

N be post-processed (or
(o ) (concel] [ exported for FSI)

ANSYS, Inc. Proprietary Release 13.0
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N at u ra I C o n Ve Cti o n Customer Training Material

« Many heat transfer problems (especially for ventilation problems) include the
effects of natural convection.

* As the fluid warms, some regions become warmer than others, and therefore rise
through the action of buoyancy.

 This example shows a generic LNG liquefaction site, several hundred metres

across. Large amounts of waste heat are dissipated by the air coolers (rows of
blue circles). The aim of the CFD simulation is to assess whether this hot air rises

cleanly away from the site.

Hot discharges
Red surface shows

where air is more than
5°C above ambient
temperature

Note trans t regions.

These contain objects too .

fine to mesh, so a porous , Problem areas

cell zone condition is used where hot cloud
fails to clear site

Release 13.0

ANSYS, Inc. Proprietary
December 2010
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Natural Convection [2]

Customer Training Material

» The underlying term for the buoyant force in the momentum equations is
(P=pro)e where pis the local density and p, a reference density

 The reference density, p, is set on the ‘Operating Conditions’ panel.

 Note that mathematically, whatever is set for p, will cancel itself out when
integrated across the domain. However careful choice of p, will make a big
difference to the rate of convergence (in some cases whether the model will even
converge or not).

— For enclosed problems, pick value of p, that represents a typical mean density
in the flow. For external (dispersion) problems select p, for the ambient flow,

— Remember to define gravity vector

* [llustration coming on next slide....

ANSYS, Inc. Proprietary Release 13.0
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Natural Convection [3]

Customer Training Material

— E.g. consider the forces acting on this flow between a hot and cold wall

flow Well posed simulation
ﬁ ° p, set to a value in the middle of the cavity
* Near the hot wall, the buoyant force term will be upwards, whilst at
]I ﬂ the cold wall this term will be downwards.

« This will encourage the correct flow field from the start, and should

U converge easily.

flow

Badly posed simulation

v * p, settoo high (equivalent to a temperature colder than at the cold
@ wall)
* The source terms therefore produce:
% ﬁ A very high upwards force at the hot wall
» A lesser, but still upwards, force at the cold wall.
@ * When converged (if it ever does!) the flow field should be the same

flow as the top case, but convergence will be difficult.

ANSYS, Inc. Proprietary Release 13.0
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Natural Convection — the Boussinesq Model

Customer Training Material

* A simplification can be made in some cases where the variation in density is small.
* Recall the solver must compute velocity, temperature, and pressure

 Rather than introducing another variable density (which adds an extra unknown
thus intensifying computational effort)

. 11 . y . Ta: N]'Iqauii::rialType . Or;)arN:::r
* Instead for fluid ‘density’ select Boussmesq\ :| :'NT | Bireme
[air ] (Crwea

User-Define
PropeENjes

* And define a thermal expansion coefficient 3, ~
(value in standard engineering texts) R -
ThermaNggpansion Coefficent (1/k) | Edit
+ Buoyant force | ted f ——
uoyant force is computed from - v

(o —po)g =—poB(T —To)g

* The same comments as on the previous slides (for setting the reference density p,)
apply here for setting the reference temperature T, - set in the Operating
Conditions panel.

ANSYS, Inc. Proprietary Release 13.0
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Radiation

- Radiation effects should be accounted for when Qua=0 (T -T* ) is of
comparable magnitude as the convection and conduction heat transfer rates.

— 0 is the Stefan-Boltzmann constant, 5.67x10-8 W/(m2-K#)

Customer Training Material

 To account for radiation, radiative intensity transport equations (RTEs) are solved.

— Local absorption by fluid and at boundaries couples these RTEs with the energy
equation.

— These equations are often solved separately from the fluid flow solution; however, they
can be coupled to the flow.

 Radiation intensity, /(r,s), is directionally and spatially dependent.

. T . . Absorption and _ .
* Five radiation models are available in FLUENT scaneﬁng loss Quigaing radiation

(see the Appendix for details on each model).
— Discrete Ordinates Model (DOM)
— Discrete Transfer Radiation Model (DTRM) Incoming
— P1 Radiation Model radiation
— Rosseland Model
— Surface-to-Surface (S2S)

o o | Scattering
Gas emission additicn

ANSYS, Inc. Proprietary Release 13.0
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Selecting a Radiation Model

« Some general guidelines for
radiation model selection:

Computational effort

* P1 gives reasonable accuracy
with the least amount of effort.

Accuracy

« DTRM and DOM are the most
accurate.

Optical thickness

+ Use DTRM/DOM for optically thin
media (aL << 1)

+ Use P1 for optically thick media.
* Use S2S for zero optical thickness.

Scattering

NANSYS

Customer Training Material

& Radiation Model

Model Iteration Parameters
(O of Flow Iterations per Radiation Iteration []
() Rosseland (=]
(@]

() Discrete Transfer (DTRM) | Angular Discretizatian Mon-Gray Model

O Surface to Surface (525) Theta Divisions |[ = {A} Mumber of Bands { }

(%) Discrete Ordinates (D) -
] oofEnergy Coupling Phi Divisions E:}
Theta Pixels [«]
[*]
Phi Pixels [«]
[=]
Solar Load
Model

(%) off
(") 5olar Ray Tracing
() DO Irradiation

Solar Caloulator,

[ [o]8 ] [Cancel] [Help ]

« Scattering is accounted for only with P1 and DO.
— Particulate effects
* P1 and DOM account for radiation exchange between gas and particulates.
— Localized heat sources
 DTRM/DOM with a sufficiently large number of rays/ ordinates is most appropriate.

ANSYS, Inc. Proprietary Release 13.0
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Performing a 1-way Thermal FSI Simulation

Customer Training Material

* The results of the FLUENT model can be transferred to another FE code
for further analysis (for example to compute thermal stresses).

* Using Workbench, it is very easy to map the FLUENT data over to an
ANSYS Mechanical @ HX-FSI - Workbench

File View Tools Units Help
S New [ open... [d save Bl saveds.. glimport.. o /& Refresh Project # Update Project (5 @ Compact Mode

simulation. o

|E| Analysis Systems "\
f4 DesignAssessment

Electric

¥ ExplicitDynamics

X

-
1

& Fluid Flow- BlowMolding (POLYFLOW) 2 ) Geometry v o, 2

2] FIu?dF\nv.‘—Extrusmn(POLYFLOW) 3 @ Mesh J ‘\.3

B Fluid Flow (CFX)

@ Fluid Flow (FLUENT) =etp :

s
& Fluid Flow (POLYFLOW) 5 | @ solution —L

. " Harmonic Response
* Just right click on the | g«
& Hydrodynamic Time Response Q
3 Linear Buckling
111 L] L1) [6Z) Magnetostatic
Solution” cell, then  |u==
) @ Random Vibration Transfer Data From New 3

@I Response Spectum Transfer Data Ta New 3 |

11 [ Rigid Dynamics

ransfer Data To =

& Static Structural Clear Generated Data

ﬂ Steady-State Thermal
" |

L1 @ Thermal-Electric R

ew Static Structural” | &7

8 Transient Thermal A Rename

El Compaonent Systems Properties

@ AUTODYN Update from Current Solution Data if Possible

{4 8ladeGen

@ crx L Quick Help
@ Engineering Data
¥ Explicit Dynamics (LS-DYNA Export)

I

Impoart Initial Data...

Duplicate

=

CFX

FLUENT Setup

FLUENT Solution

Fluid Flow - Blow Molding (POLYFLOW)
Fluid Flow - Extrusion {(POLYFLOW)
Fluid Flow (CFX)

Fluid Flow (FLUENT)

Fluid Flow (POLYFLOW)

Results

Shape Optimization

LEAEBCENDOREREEMEE

Static Structural

Steady-State The |
o Bxternal Connection ady ermal

External Data

(33 Finite ElementModeler
FLUENT

Q Geometry

@ Icepak

5] Mechanical APDL

@@ Merhanical Model L

Thermal-Electric
Transient Structural

Transient Thermal

Vista TR

‘ T View Al { Customize...

@ Double-click component to edt. (7 Show Progress ][l|,0_/ Show 0 Messages ]

ANSYS, Inc. Proprietary Release 13.0
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Performing a 1-way Thermal FSI Simulation T e

« Within the ANSYS Mechanical application (see image), the solution data from
FLUENT is available as an ‘Imported Load'.

M B : Static Structural - Mechanical [ANSYS Multiphysics]
File Edit View Units Tools Help @ | isove v t@ [ e -

* Note an enhancement at ek L ERRE @S SRR Q@R E 0 E | O
- H ow Vertices ’ﬁé ireframe e Coloring = - AT - - Rl & I icken Annotations
R1 3 IS that VOIumetrIC (nOt E)::::nme:tr;.,me:alv\: ;xLoads v“;fflju;:pcltrtsE E,{“ e

just surface) quantities can be ot - SNS

= (@ Model (B4)

transferred. o

Part
¥ J)\ Coordinate Systems

* In this heat-exchanger example, i ot
FLUENT solved the temperature e
for the fluids inside and outside pEE

of the pipe, as well as the thermal

conduction in the solid.

Details of "Imported Body Temperatura”

The ‘solid pipe’ temperature is o Gy St
interpolated from FLUENT to g N

the Mechanical application ST
which then performs a thermal <
stress analysis.

=/| CFD Data

Wp\ﬁx%sl_ﬁles\dpn\svs-ﬁ ECH

Press F1 for Help 9 No Messages No Selection Metric (m, kg, N, 5, V, A) Degrees r

ANSYS, Inc. Proprietary Release 13.0
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Exporting Data from FLUENT

Customer Training Material

= A:Steady State FLUENT [3d, pbns, rke] [ANSYS CFD]

7N Mesh Define Solve Adapt Surface Display Report Parallel View Help

AR @QAMR-O-

* FLUENT solution data can
also be exported in many

phics and Animations

other formats for use in e ! o
applications outside of the o
Workbench environment. B

Surface Clusters...
Data File Quantities... urtace Llusters,

* These are available in the cosewmr | P

..... ry
Results

File > Export menu in e

Reports

FLU ENT. During Calculation 3

[Loptions... |[ scere... || views.. |

Mesh...

[ Lights... |[Colormap... | [Annotate... |

* Note that in this case, the

el sufces  BBqunttes 86
. PATRAN + | [inlet_gas Static Pressure -
Ensight Case Gald | ket water Pressure Coefficient =
a a IS eXpO e a e Sal I le FAST — | [interior-fiuid_gas Dynamic Pressure
FAST Solution interior-fiuid_nater Absolute Pressure Dec OB 2010
. . Fickdview Unstructured interior -solid_pipe [Total Pressure (e 08,
I t th F L E N T Feldvien Unstry ot gae Ralate Tatel Fresure || AnsvS FLUENT 130 @4, pbne, the)
g rl O Ca | O n S a S e Mechanical APDL Input outet_water Density -
MASTRAN plane-13 Density Al ~
wall-fiuid_gas Velocity Magnitude b |
RadTherm —| |wall_pipe_ends X Velocity
I I I e S . Tecplot + | |wall_pipe_in Y Velocity
wall_pipe_in-shadow Z Velocity
wall_pips_out il Velodity
wall_pipe_out-shadow Radial Velocity
ITangential Velocity
Relative Velodity Magnitude
Relative X Velocity
Relative Y Velocity
Relative Z Velodty
Relative Tangential Velocity
Mesh X-Velodity N |
Mesh '¥-Velocity
Mesh Z-Velocity v
Velodity Angle N
Relative Velocity Angle b |

ANSYS, Inc. Proprietary Release 13.0
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Exporting Data from FLUENT [2] R ——————

« FLUENT also includes an
FSI Mapping tool.

° Using this tool (unIike the = A:Steady State FLUENT [3d, pbns, rke] [ANSYS CFD]
export option on last slide) N e e
enables CFD results from e oo ot

FLUENT to be interpolated on | =

to a different FEA mesh.
—nﬂe’%n'ﬁi:r * fup..
<I

* First obtain the FLUENT
result, then generate the FEA ==

= Volume FSI Mapping

meSh (ABAQUS’ |'deaS, Input File Analysis FLUEMT Zones Output File
ANSYS, NASTRAN, PATRAN) E Type © structural Cel Zones BE || Tvee
) aBAQUS ® Thermal fluid_gas ) ABAQUS
Q ez fhetmelioads %ﬁ?_ e
. (® Mechanica ] Temperature ® Mechanical
« Read the FEA mesh into 3 ||| lEEe= =
y . O PATRAN Zone Types E = ) PATRAN
FLUENT’s FSI Mapping Tool e g S
HE:'\,temp'-ﬁnsysﬁIe.cdb | ||e:'|,temp'»,ansys-ouu3ut
« FLUENT will then map the Fmsh
Length Units noude e
CFD results and save the Tt
interpolated results in a format Display Options : =
. [v] =
the FEA code can read in. - T
[ Read ] [Display] [ Write ] [ Close ] [ Help ]

ANSYS, Inc. Proprietary Release 13.0
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Energy Equation for Solid Regions

Customer Training Material

* Ability to compute conduction of heat through solids

__a(ph)
* Energy equation: —f +V-(Vph) =V-(ketVT) + Sh

. . & Create/Edit Materials E|
- h IS th e Se nSI ble Mame Makerial Type Order Materials by
. alurnirirm | . (o]
enthal py. || ) |sol|d vl Ocﬁ:riical Farrmula
Chemicsl Formula FLUENT Salid Materials
T || al | o v [ FLUENT Database... |

[ Izer-Defined Database. . ]

Properties

TTEf Density (kg/ms3) |constant v | Edit...

|| 2718 ‘

Cp (speciic Heat) (1K) [ pngrant w)|| Ed...

|| 871 ‘

® An i Sotro p i C CO n d u CtiVity Thermal Conductivity {w &t \\

in solids (pressure-based e )

Edit...

|

anisakropic

solver only) ierdened
V- (kUVT) ’

[ChangeICreate] [ Delete ] [ Close ] [ Help

<l ==

ANSYS, Inc. Proprietary Release 13.0
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Solar Load Model

NANSYS

« Solar load model

— Ray tracing algorithm for solar
radiant energy transport: Compatible
with all radiation models

— Available with parallel solver (but ray
tracing algorithm is not parallelized)

— 3D only
« Specifications
— Sun direction vector
— Solar intensity (direct, diffuse)

— Solar calculator for calculating
direction and direct intensity using
theoretical maximum or “fair weather
conditions”

— Transient cases

* When direction vector is specified with
solar calculator, sun direction vector
will change accordingly in transient
simulation

« Specify “time steps per solar load
update”

ANSYS, Inc. Proprietary

Customer Training Material

A& Radiation Model

Model

(%) Off

) Rosseland

(@31

() Discrete Transfer {DTRM)

() surface to Surface (525)
j ipates (L0

Salar Load

IModel S\ Direction Yeckor

() oo f 2 ¥ | 0
(%) Solar Ray Tracing

HE

DO Irradiation Use Direction Cormputed from Solar Calculator

llurnination Parameters
Direct Solar Irradiation (wimz) |constant v| Edit...
|| 1423 ‘
Diffuse Solar Irradiation (w/mz) conetant K | Edit...
| 200 ‘

& Solar Calculator

Global Position Mesh Orientation

Spectral Fraction [VV+IR)] 55

X

Longitude (deqg) g4, gzoma Markh East
— iE WE |
Latitude (deg) |15 &5

bk "l° |

Timezone (+-GMT)
I° KE |

Date and Time Salar Irradiation Method

Day of Year Time of Day () Thearetical Maximum
~) (-] Opkions
[«] || Minute [ ]

Maonth [ g B

!

[Apply] [Close] [ Help ]

Sunshine Factor

Release 13.0
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Energy Equation Terms — Viscous Dissipation

* Energy source due to viscous
dissipation:

V. Tef - V

— Also called viscous heating.

— Important when viscous shear in
fluid is large (e.g. lubrication) and/o
in high-velocity compressible flows.

— Often negligible
* Not included by default in the
pressure-based solver.
* Always included in the density-
based solver.
— Important when the Brinkman
number approaches or exceeds
unity:

ANSYS, Inc. Proprietary
© 2010 ANSYS, Inc. All rights reserved.

Customer Training Material

& Viscous Model

r

C

rlodel Model Constants
o N
O Tnwiscid C2-Epsilan =
{:} Larinar 1.9
() Spalart-allmaras i1 eqn) '
(&) k-gpsilan {2 egn} TKE Prandtl Mumber
() k-omega (2 eqn) N
() Transition k-k-omega (3 eqr)
O Transition 55T (4 eqn) TOR Prandtl Mumber
() Revnolds Stress (7 eqn) 12
(") Detached Eddy Simulation (DES) '
(") Large Eddy Simulation (LES) Energy Prandtl Number
k-epsilon Model 0.85
w
(") standard =
(IRNG User-Defined Functions
(&) Realizable Turbulent Yiscosity
Mear-wall Treatrment |'-":"-IE b |
{(#) standard Wall Functions Prandtl Mumbers
") Mon-Equilibrium Wwall Functions TKE Prandtl Mumber A
(") Enhanced Wall Treatment | 3 |
() User-Defined 'Wall Functions nens
. TOR Prandtl Mumnber
Opkions |ru:|nE: T |
[viscous Heating Energy Prandtl Murber 1
||‘||:||'|E w | 2
[ K, ] fcancel | [ Help ]
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Energy Equation Terms — Species Diffusion ST

* Energy source due to species
diffusion included for multiple
species flows.

& Species Model [$__<|
v . h . J . Model Mixture Properties
.
j j O off Mixture Material
: (£) Species Transport |mixture-template w | ['-.-'iew... ]
_I () Mon-Premixed Combustion

Mumber of Yolumetric Species || 5

) Premixed Combustion
" Partially Premixed Combustion
{:} Composition PDF Transpork

Turbulence-Chemistry Inkerackion

Reactions (%) Laminar Finite-Rate
— Includes the effect of enthalpy i gF::E-Ratemddy-mssipamn
.......................... Eddv-Dissination
tra ns po rt []wal Surface () Eddz-DissiEatinn Concept

[ ]Particle Surface

due to species diffusion

— Always included in the density-
based solver.

Options

<

[ ] Thermal Ciffusion

— Can be disabled in the pressure- [ 5tiff Chemistry Solver

|:| kKIMetics From Reaction Design

based solver.

[ (o] 4 ] [.ﬁ.pply] [Cancel] [Help ]

ANSYS, Inc. Proprietary Release 13.0
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Energy Equation Terms — Source Terms S ————

« Energy source due to chemical reaction is included for reacting flows.
— Enthalpy of formation of all species.
— Volumetric rate of creation of all species.
* Energy source due to radiation includes radiation source terms.
* Interphase energy source:
— Includes heat transfer between continuous and discrete phase
— DPM, spray, particles...

d(pPE)
ot

+V-[V(PE+p)]=V- keffVT—Zthj+Teff’V +HSh
J

ANSYS, Inc. Proprietary Release 13.0
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Thin and Two-Sided Walls

* In the Thin Wall approach, the wall thickness is not explicitly meshed.
* Model thin layer of material between two zones

* Thermal resistance Ax/k is artificially applied by the solver.

« Boundary conditions specified on the outside surface.

Customer Training Material

Interior wall shadow
(user-specified
thickness)

Exterior wall Interior wall
(user-specified (user-specified
thickness) thickness)

Outer surface
(calculated)

Inner surface q.or Ty
(thermal boundary

condition specified g, or T,
here)

Fluid or Fluid or Fluid or
solid — = AX solid K, Kk, solid
cells cells cells

Thermal boundary conditions are Thermal boundary conditions are
supplied on the inner surface of a thin supplied on the inner surfaces of
wall uncoupled wall/shadow pairs
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Discrete Ordinates Model

Customer Training Material

* The radiative transfer equation is solved for a discrete number of finite
solid angles, o.:

an
ol 2 oT* 05 ’ ’ ’
— +(a+05)I(r,s)=an + I(r,s")®(s-s")dQ
0X; T 41
~ Y - ;Y—J ~— 0 ' —
Absorption Emission Scattering

- Advantages:

— Conservative method leads to heat balance for coarse discretization.
» Accuracy can be increased by using a finer discretization.

— Most comprehensive radiation model:

» Accounts for scattering, semi-transparent media, specular surfaces, and wavelength-
dependent transmission using banded-gray option.

- Limitations:
— Solving a problem with a large number of ordinates is CPU-intensive.
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Discrete Transfer Radiation Model (DTRM)

- Main assumption — Radiation leaving a surface element within a specified range of
solid angles can be approximated by a single ray.

Customer Training Material

« Uses a ray-tracing technique to integrate radiant intensity along each ray:

dI aocT?
—+al =
ds T

- Advantages:
— Relatively simple model.
— Can increase accuracy by increasing number of rays.
— Applies to wide range of optical thicknesses.

* Limitations:
— Assumes all surfaces are diffuse.
— Effect of scattering not included.
— Solving a problem with a large number of rays is CPU-intensive.
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P-1 Model

» Main assumption — The directional dependence in RTE is integrated out, resulting
in a diffusion equation for incident radiation.

Customer Training Material

- Advantages:
— Radiative transfer equation easy to solve with little CPU demand.

— Includes effect of scattering.
+ Effects of particles, droplets, and soot can be included.

— Works reasonably well for applications where the optical thickness is large (e.g.
combustion).

* Limitations:
— Assumes all surfaces are diffuse.

— May result in loss of accuracy (depending on the complexity of the geometry) if the
optical thickness is small.

— Tends to overpredict radiative fluxes from localized heat sources or sinks.
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Surface-to-Surface (S2S) Radiation Model

* The surface-to-surface radiation model can be used for modeling radiation
In situations where there is no participating media.

— For example, spacecraft heat rejection system, solar collector systems,
radiative space heaters, and automotive underhood cooling.

— S2S is a view-factor based model.
— Non-participating media is assumed.

Customer Training Material

* Limitations:
— The S2S model assumes that all surfaces are diffuse.
— The implementation assumes gray radiation.

— Storage and memory requirements increase very rapidly as the number of
surface faces increases.

* Memory requirements can be reduced by using clusters of surface faces.
— Clustering does not work with sliding meshes or hanging nodes.

— Not to be used with periodic or symmetry boundary conditions.
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Reporting — Heat Flux

Customer Training Material

* Heat flux report: = Flux Reports
— It is recommended that you s Boundaries  [5)(5) Resuts
ass Flow Rate default-interior
perform a heat balance check e e o Rt FETETIEE | 15009.4%9
so to ensure that your solution (O Redaton Heat Transfer e EECULLEE | A
is truly converged. Cotndary Types 80 0
I?::aust-l:an =
inlet-wenk ht
® EXpOI'tlng Heat FIUX Data Boundary Mame Patkern
— Itis possible to export heat | [ taich
Met Resulks (an
flux data on wall zones [ 5ave Output Parameter ... | -1.641602
(including radiation) to a
. . [Cu:umpute] ['-.-'-.-'rite...] [ Close ] [ Help ]
generic file.

— Use the text interface:
file/export/custom-heat-flux

— File format for each selected face zone:

zone-name nfaces
x f yf z£f A Q Tw T c HTC

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. December 2010




Heat Transfer AN SYS

Reporting — Heat Transfer Coefficient

Customer Training Material

* Wall-function-based heat transfer coefficient
1/411/2
pcpCu K

T*

heff —

where c; is the specific heat, ki is the turbulence kinetic energy at point P, and

T* is the dimensionless temperature:

r C1/4k1/2u2
Pry* + sPr-t— 7

Pre [ £ IN(EY*) +P]

| gt {PreUp +(Pr—Pro U2} (y* > y7¥)

2 * *
Uz y* <y7)

(Tw — Tp) pcpks?
q

T =

.

— Available only when the flow is turbulent and Energy equation is enabled.

— Alternative for cases with adiabatic walls.
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