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The general equations for the heat balance

oT
pC, E+V~(—kVT+pCpTu) =0
C » Heat capacity
T Temperature
k Thermal conductivity
0 Heat sink or source
u Velocity profile




This model deals with a micro heat exchanger made of stainless steel.

These type of heat exchangers are found in lab-on-a-chip devices in
biotechnology and in microreactors.

Heat exchanger is of cross flow configuration and can consist of about 20
unit cells.

At the model, modeled domain size 1s 800um X 800um X 60um.

Unit cell Modeled domain




In the channels, channel flow is fully developed laminar flow.

For both the hot and cold streams, the velocity component in the z-direction
1S set to zero.

For the cold stream, the y-component of the velocity is zero while the x-
component is given by the expression below
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the y-component is given by the following expression
V:16V (Z_ZO)(ZI_Z) (x_'xO)('xl_x)

(z, _Zo)z (x, _xo)2




T' Model Navigator

l RIS | Model Library || Uszer Models || Settings |

Space dimension: |3D

4 FEMLAB
= J Cherical Engineering Mocule
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# & Conduction
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¥ || Diffusion
¥ || Electramagnetics
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& [ ] Heat Transfer

Chemical Engineering

Module
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Description:

Hest transfer through convection and

— | |conduction with hest flux, convective, and
ternperature boundary conditions.

Tranzient and steady-state analysis in 10,

Dependent variables: |T

| 20 planar and axial symmetry, and 30,

Application mode narme: |c:c

Eletrent: |Lagrange - Guadratic

i | ,_ hutiphysics ]

[ QK ][ Cancel ]

Start FEMLAB.

Select Space dimension 3D.

Select the Chemical Engineering
Module, Energy Balance,
Convection and Conduction mode.
Click OK.




Constants [X]

Matne Expression “alue

1 0.5 0.6 o~
ol 4200 4200 B
rho alale] 1000
k2 (1=K (1=K
Ta 300 =00
T 350 =0
Li_tma 0.005 0.005

_max 0.005 0005

w

| ok

“ Cancel H Apply ]

Select Constants in
the Options menu.
Define the constants
according to the
figure below.




Work Plane Settings

Axec/Grid Settings

Axiz m|

Az egual

Axes/Grid Settings

| dixis | Grid
Visible [] Labels

x spacing

I orid
Z spacing: (0.2

Extra z: | |

1884

Select Work Plane Settings
from the Draw menu.

Click the Quick tab and
select y-z plane.

Click OK.

Open Axes/Grid Settings
from the Options menu.
Clear the Auto check box.
Type the axis values
according to the figure below.

. Go to the Grid page.
8. Clear the Auto check box.
Set x spacing and y spacing to
20.
10. Click OK.
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the Set formula edit field.
9. Make sure that the Keep interior
boundaries check box is selected.
10. Click OK.

e — 1. Click the Rectangle/Square
EE Physics Mesh Solve Postp button and click the coordinates (0,
5 | Draw Objects e ] 0) and (800, 60).
;I:f C ' t‘ C o Obiect ] 2. Make another rectangle with
L e o corners in (200, 0) and (300, 40).
e ~Object type Shortouts 3. Click the Array button in the
(=3
B e 1| _ s O )
- E @ Eniids Lo Draw toolbar.
E | ) Curves ; 4. Set x displacement to 120 and
BT 4| orese m | Array size x to 5.
Lo 5. Click OK.
- Y Object selection: Set formula: 6. SCICC.'[ all geometry Ob_] ects by
I R1+R2+R3+R4+RE+RE pressing Ctrl + A. _
; .. | 7. Open the Create Composite
mlm— H Keep interior boundaries Ob_] eCt Wil’ldOW.
- 8. Enter RI+R2+R3+R4+R5+R6 in
]
3




MPhusica Mesh  Solve Postp

Draw Objects

tion and Conduction (ce) = [Untided]

X

. Ohjects to extrude: Extruszion parameters
Geoml/Canvection an duct EBE

= - (=
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&8 B
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s
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Addina rectargle with lsbel "R1".
Adding roctangle with isbel R2".

(2512928, 3715.502, 2602 433) a5 [GRD [EouaL [csvs.

-
Memory (128.116.7)

11.
12.

13.

From the Draw menu, select
Extrude.

Set distance to 800 and click OK.
Make a copy of the 3D object by
pressing Ctrl + C.

Paste the copy with Ctrl + V.
Click the Rotate button in the
Draw toolbar.

Set Rotation angle to 180.

Set Point on rotation axis
accordingto : x:0,y:0,z: 60
Specify the Rotation axis
direction vector according to : X :
I,y:1,z:0

Click OK.

Select all geometry objects by
pressing Ctrl + A.

Click the Scale button.

Set Scale factor to 1e-6 in all
directions.

Click OK.




Wlia¥=N Drave Physics Mesh Zolve Postprocessing  Multiphysics

Swes/Grid Settings,,,
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Subdomain Expressions

Subdomain selection -
Expression

Subdomain Settings - Conyection and Conduction (cc)

—Ecjuation
TA-kTT + EIhINI:| I) Q- pC u 7T, T=temperature
~Subdomain selection— II-IIIJDHAIN ha 7 B2
g iy Kisotropic) K2 kI K1
p o rhot rhoi
Cp a Cp1 Cp1
Q i i = icient
u 0 u_max*U_expr 0 fty
W g a V_max*Vv_expr
ity
4 w o Q 1]
10 i 2 I i
2 w0 vy
|:| Select by group hi“D.i |Species diffuzion inactive | Species diffusion
A i s demiEi Artificial Diffusion...

‘ Ol J’_ Cancel Jl Lpply ]

Select Expressions,
Subdomain Expressions
in the Options menu.
Specify expression
according to the table
below.

Click OK.

Select Subdomain
Settings from the Physics
menu.

Enter subdomain preperties
according to the table

below.
Click OK.




Boundary Settings - Convection and Conduction {cc)

—Eguation
T=T,

~Boundary zelection

5 -
4 =
=]
v

w

[] elect by aroup

[] Irntetiar boundaries

~Boundary conditions

Boundary condition: |Temperature L |

Quantity ValueExpres=sion Description

iy [0 | Inward hest flux
T |'|'|:| | Terperature

‘ Ok J[ Canicel ][ Appaly ]

BOUNDART o, I'd, 28 16, J1 il 4B 55 &1 &% i, 501, 5B 85, TL 7T, ALL OTHER

Ta, TH, B0, AND B

Select Boundary
Settings from the
Physics menu.
Enter boundary

conditions according to :
Click OK.

Type Temperature Temperature Convective

T TO

T1

insulation
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Solver Parameters

Aralysis:

Auto select salver

Solver:

Stationary linear

Stationary nonlinesr
Time dependert
Eigernvalue
Pararmetric linear
Parametric nonlinesr

[] Adaption

Initialize Mesh

IGeneraI| Adaption || Advanced |

~Linear systetn solver

Linear system solver: |GMRES

v

Precondtionet: |Algebraic rruticricd

]

-

Cuality of multigrid hierarchy:

Memory efficiency

Precond. quality

Solution form: |General

" |

[] Symmetric matrices

2 4 =[2|

Solve

[ ok

” Cancel H Apply ]

Initialize the mesh by
pressing the Initialize
Mesh button in the Main
toolbar.

Select Solver Parameters
from the Solve menu.
Select Stationary linear
from the Solver list.

In the General page, set
Linear system solver to
GMRES.

Set Preconditioner to
Algebraic multigrid.
Click OK.

Click the Solve button in
the Main toolbar.




Plot Parameters

X

| Boundary || Edge " Arrow | Streamline | Machin " Deform " Arirmiate |

| General || Slice

lsozurface plat

lzosurface

Tetrahedran |

lzosurface data

Predefined guartities: |Temperature

FFEcinh
% FEMLAB - Geoml/Convection and Conduction {(cc) : micro heat exchanger.fl

Eile Edit Options Draw Physics Mesh Solve Postprocessing Muliphvsics Help

DEEa s mnh At R2=-2@PLF4|vhnnadlk ?

Geor GEU,,.;‘

lsosurface: Temperature

)

%609 C

BRI EXE0QbYS

e |FEREIDE|+ ¢«

3]

Mac 326.942

{320 583

315,025

j——(303.068

—'303.107
Min: 303.107

(-3159¢-3,-3.403-3,-2.241e-3) | A5 [GRID [EQUAL [csvs

Meriory: (603 /70)

~

]

Select Plot Parameters from
the Postprocessing menu.
Clear the Slice plot and select
the Isosurface plot in the
General page.

Clear the Auto option for
Element refinement.

Set Element refinement to 5.
Go to the Isosurface window
and set Predefined quantities
to Temperature.

Click OK.




Plot Parameters

| Boundary Edge | Arrow || Streamling || It Mofiry || Deform || Animate

| General | Slice | lsosurface || Tetrahedron |
) _g_e” Arrov || Streamling || It Mlin || Defarm || Anirmate
Slioe plot Slice || lzosurface | Tetrahedron
~Slice data o 1. Clear the Isosurface plOt and
olution to use

PR e | 8 Rave.. | N select the Slice plot in the
Expressian; [v_espr | [ smoath o I:l General page.
o |

euten s ensi prase) e 2. Click the Slice tab and set Slice

—Elice positioning

Mumber of levels “ectar with coordinates —|:| Elemert selection

xlevels: (3) I:I O | | Logical expression for inclusion: data eXPreSSlonS tO U—expr'
yievels @ o | | | | 3. Setx-levels to 1 and y-levels
= el @ ICI O | | iEI:ment nodes to fulfil expression:l and Z—leVels tO 0'

E

~Coloring and il

Elemert refinemert: [] Avta

4.  Click Apply.
e RS e e BEE 5.  On the General page, check
EE{ u i’“é’;ﬁ%‘"?’i? 4489 5pPE LhkKa0F T the Keep current plot check
(& Colarmap: | bOX,
6. Go to the Slice window and set
Slice data expression to V_expr.
7. Sety-levels to 1 and x-levels

and z-levels to 0.
sy ]| 8. Click OK,

Coloring:

~Slice color

Siew V_ppr Macc 0360

] 2]

(3 Uniform colar:

e FEREBE ¢+ +|[43# Blaon
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The influence of the convective term in the flow channels is
clearly seen in the isothermal surfaces.

We can see the temperature differences in the cold and hot
streams at the position of the outlets.




