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Infroduction:
An Example from Nature
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Infroduction:
Types of Heat Exchanger
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Introduction

e Key Industry sectors
— Automotive
— Aerospace
— Process Industries
— Electronics
— Power Electronics

The 2014 F1 car - keeping it cool - The Racer's Edge 41 Part 5 “}
https://www.youtube.com/watch?v=gmWp1jPhbu4 >y i i Cor e Bl
Radiator Elements
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Infroduction

Reliable dimensioning programs are available, e.g.

— HTRI (www.htri.net/)
— Lauterbach Verfahrenstechnik (www.lv-soft.de/)

 Good for standard designs,
especially in the process
industries.

e Allows alternatives to be
evaluated

e Designs put out to
competitive tender.
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CFD For Heat Exchangers

e Analysis of flow distribution problems

* Detailed analysis of specific areas (e.g. flow
distributors, plenum chamber)

 Evaluation of operating points that differ greatly
from the designed for conditions

e Transient considerations

« Calculations with boundary conditions that lie (far)
beyond range of the empirical correlci’nons

» Special designs for which no empiri¢. = |
dimensioning programs exist =N

e Evaluating pressure and Tempero’rur;"
distributions for stress analysis (FEA)

Heat tra .
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CFD For Heat Exchangers

 Near infinite choice of design detail; presumably only
one optimum for a given application & duty, hence:

 Need for optimization — where performance vs. volume
or weight is critical, .e.g. motorsport

o Early assessment in the design process is needed

* Frontloading of CFD el SHiEL Sy ,-

within the design e r011tI0adINg
process ) CAD ‘ Simulation in
« CFDis performed e B g~
within the CAD FEM CSFD Mohesssnﬁiiﬁim)
. MB
environment, upstream

of the CAE department

Manufacturing
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CFD For Heat Exchangers
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CFD For Heat Exchangers

e Option 2:

— Use a porosity approach for the finned region:
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Example: Context

o Study focuses on Option 2 for this example:
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Example: Fin Geometries

Version 00 Version 01
N N N N N N
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Version 02 | Version 03

A




Example: Meshing

 Meshing directly:
— Version 00; ~36M

mesh cells (more
control volumes)
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Example: Porous Media

e Porosity, dimensionless:

e CAD system provides:
— Mass
— Volume
— Surface Areaq, efc.
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m Mass Properties |‘=' X

%

Band 01-1@Asseml
Band_01-2@Asseml
Band_01-3@Asseml

Override Mass Properties...

Elnclude hidden bodies/compaonents

|| Create Center of Mass feature

|| show weld bead mass

Repaort coordinate values relative to:  -- default -- -

Mass properties of selected components
Coordinate system: - default -

»

The center of mass and the moments of inertia are output in the coordinate system o
* Includes the mass properties of one or more hidden components/bodies.

Mass = 0.00273884 kilograms

m

Volume = 0.00000274 cubic meters

Surface area = 0.01938412 square meters

Center of mass: ( meters )
¥ = 0,00250000
¥ = 0.00503651
Z = -0.07605453

Principal axes of inertia and principal moments of inertia: { kilograms * square meters
Taken at the center of mass.

Ix = (-0.00002775, 0.00001041, 1.00000000) Px = 0.00000007 -

< il | b

Cowe ] e ]

Copy to Clipboard
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Example: Porous Media

e |SOfropic:

— permeability is independent of
direction within the medium

e Unidirectional:

— The medium is permeable in one
direction only:

* Orthotropic:
— Permeability different in each direction

Anisotropic:
— Permeability varies throughout medium
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Example: Characterization

e Through flow:

“:;
L
- - oy Fluid: Air
| | Intake velocity: 0.5-4m/s
r - Temperature: 100 °C
,.,L, Wall temperature: 20°C
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Example: Characterization

* Cross flow (where applicable)

,’f\ ~
-~ < ! \\
L g /J\\ ) \‘
1 . -
I -~ S
k N
Inlet Velocity G N
1mis ~ =
\\ 1
\\ [} -~
Mesh: 1.55M 7
Mesh Time: 5 mins
¥ . .
ve per Design Point: 3hrs
Configuration (4 cores): 1 Core/DP
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Example: Characterization

Parametric study:

— Mass Flow Rate (m)

— Pressure drop (AP)

— Av. Solid Temp. (Ts)

— Enthalpy Difference (AQ)

Usually select to run on
different computers on
the network; or

One run per core on a
single machine

Localization for different
languages — needed for
Frontloading, .e.g.

— French, German, Japanese,
— Russian and Chinese.
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RS v | 5 I | bed [de_HT_2_v00_160302 03
BaAEE bpHss [HH%| # cods

PET B W | 4 e x| D H-

AL e iEite 2 A W
Velocity nomal to face (Geschwindigkeit (Ein “ il 0.5
Temperature (Geschwindigkeit (Einlass) 1) [T Fit} 100 70
Inlet_Massenmittelw. Temperatur (Fuid) 1 [C 70 100 70
Outlet_Massenmittelw. Temperatur (Fuid) 1 238955777 251164517 2077822
IM par Bulk Av Temperature (Fluid) 1 [C] 62 7706181 87 6572584 B9.9922683
OUT por Bulke Av Temperature (Huid) 1 ['C] 241860882 25 5255457 208751131
dT_z [C] 46.1044223 748835483 4922178
did_z [W] 717081127 10.7215486 382737241
Tluft_m [*C] 465477888 62 h582258 4538511
dTm [C] 265477388 42 5582258 2538511
alfa_z_m*[W/m"2/K] 49 2734988 46 6548135 27 3164047
alfa_z_m3 [W/m™2/K] 5855 63575 5330.9627 Bh83 28085
dP_por_z [Fa] 665733917 623833071 3.137383
dT_por_z ['C] 3858453 62 13TF1E7 351171552
TLuft_m_por_z [C] 43 47833531 B 5914021 40 4336507
dTm_por [TC] 23 4783531 365914021 204336507
dG_z_por [W] 703665071 10.0275165 352218853
alfa_z_por_m2 [Wim™2/K] 65 7268235 60 0965523 37 8007939
alfa_z_por m3 [Wim™2/K] 13145.1647 120193105 7h60 15879
dp_z [Fa] 717462179 665505381 3.30425636
Er E5ER, (it a0 EFER
ETIUE: FITE FITEN FiTEAL
HEHE 4 4 4
EHiItE [ [ [
SRR HI6TEA R ] E Fl
(FITEEFES (] (W] (]
A2 [ [ [
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Example: Characterization

 Volumetric Heat Exchange Coefficient a (W/m3K) and thermal

conduc’nw’ry of porous media A (W/mK):

(T fluld (1 - e_ﬁA(\/_))

Where: av Sl

mC

A(VS) ——th(\/_)

\/g_e\/g avhz

th(\/_) _e‘/_+e ‘/5’6: A

o Calculation performed by a utility program
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Example: Calibration

Heat Transfer Coefficient z-direction
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£ .
E — = Version 03
® 20000
o
= - -
Pressure drop - z-direction
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o : : . . : : : : 120 -
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Example: Calibration

Pressure drop - x-direction
20000 -
18000 -
— 16000 -
2, 14000 -
& 12000 -
3 10000 - _
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@ 6000 - e \/ersion 02
& 4000 -
2000 -
0 A T T T ' ]
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=
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Exam

Property:
[Fr&sm drop vs. velocity in Z -

Pressure difference
57Pa
14.1 Pa

Zm's 38 Pa

Im's T0.9Pa

1126 Pa

Property:
Hv (Vz) -

Velocity (Z) Heat exchange coefficient
G192.5 Wim" 3/

15237.9 Wim K

Zms 320454 Wim K

Im's 478255 Wimh 3K

B1823 Wim"IK

nafems.org/americas

ple: Porous Media

Pressure difference

Definition

Valug

160411_Ver 03_01_orthotrop
Formula corrected

0.8579

Orthotropic

Pressure Drop, Velocity, Dimensions
(Table}

(Table)

(Table}

0.05m

0.05m

0152 m

[

O

2689 ko/m*3

(Table}

Izotropic

(Table}

8334 K

Volumetric heat exchange coefficient
Orthotropic

(Table)

(Table)

(Table}

({Hv Ovai2+{Hw (My )" 2+{Hv (VZ)}"2)"0.5

OOaE]E]

()
[=]

Pa
112.60 ;
| hems | ttem Properties | Tables and Curves | Fomnula |
34.78 Property
// Name
TE.AT Comments
/ Porosity
53.15 / Permeability type
/ Resistance calculation formula
H.33 / Pressure drop vs. velocity in X
/ Pressure drop vs. velocity in ¥
2352 i 4 e
/ ressure drop vs. velocity in Z
Length in X
5.70 mi's -
0.50 16 83 4.00 Length in ¥
108 225 342 Length in Z
Velogity
Use turbulent scale
Use calibration viscosity
Use calibration density
Heat conductivity of porous matrix
Use effective density and capacity
Density of porous matrix
62e+0ng WiMIK Heat enchange coefficient Specific heat capacity of porous matrix
‘Conductivity type
5. Se+00d Thermal conductivity
/ Melting temperature
4. Fe+00d V. Matrix and fluid heat exchange defined by
/ ‘Volumetric heat exchange coefficient type
3.de+004 P Hv (Vx)
/ Hy (vy)
2.5e+004 . Hv (Vz)
/ Formula
1.5=+004 .
B132.50 miz
0.s0 167 283 4.00
108 225 3.4z
Velocit [£)
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Example: Overall Results

e Air outlet temperature for several volume flow rates

80

70

L

[on}
o

/

Mesh: 3.8M
Mesh Time: 10 mins

Configuration (16 cores): 2 Core/DP

Outlet Temperature [°C]
i
Las]

I
as]

20

) ///ﬁ

200 250 300 350 400 450
Volume Flow Rate Air [m?/h]

- No Sheet Plates
s \F 00
— 01
—\r 02

3
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Downsiream: Stress Analysis

o Export Porous Matrix Temperature (vs. fime) e.g. for

ANSYS
e Or calculate directly in CAD suite (e.g. PT

Eile Edit View Insert Info Format Utlites Window

C Creo

I
(ol Export Results g
« B

S0P SRERXRRER AL > W[ = A
Egport =

Opening "C:%Data"\EFDMX\Example. EFD2ZMECHANICA Themocelastic Themoelastic™ .

Preparing result window "Window 1" {1 of 1) . r’

Updating the display ... . ’FEA Text > l
Selection A

Use entire geometry

[Loads

oo

Time History
[#]all

Vo s

[¥]g00 5

bl

Output File A
I Ezworky16\Transient\Test\ 294

U TR.NS_1(25)(500W)
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Downsiream: System CFD
* Integrated 1D-3D Native Solution:

— Import of FIoEFD models into Flowmaster
— Transient performance (drive cycle)

oll)-+-[
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Summary

» Frontloading for early design evaluation

— Made possible by embeddmg

CFD into CAD:
e FIOEFD for Siemens NX
e FIOEFD for PTC Creo
* FIOEFD for CATIA V5

— Also
« Solid Edge

DR P MBS Tt SBFTIFE
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Summary

» Frontloading fits simulatfion info customer’s design flow

o Efficient and engineer-suitable simulation process:
— CAD-embedding allows automatic recognition of fluid
regions, efc.
— Fully automatic meshing of the complex geometry happens
directly on the CAD model
— Parametric CAD allows rapid geometry changes

o Cost-optimized and resource-efficient simulation

workflow for Heat Exchangers:
— Parametric study capability enables a fast characterization of
the actual geometry
— Porous media replaces complex sheet metal structure in full
heat exchanger simulation
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Thank For Your Attention
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