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Numerical Heat Transfer

Chapter 13 Application examples of fluent for

basic flow and heat transfer problem
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CFD-NHT-EHT Center
Key Laboratory of Thermo-Fluid Science & Engineering
Xi’an Jiaotong University
Xi’an, 2019-Dec.-23
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13.1 Heat transfer with source term

13.2 Unsteady cooling process of a steel ball

13.3 Lid-driven flow and heat transfer

13.4 Flow and heat transfer in a micro-channel
13.5 Flow and heat transfer in chip cooling

13.6 Phase change material melting with fins
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Example 2

Patching (f&%p) Values in Selected Cells
Domain

Sub-region need to Patch

1. Define the sub-region

2. Use Patch to specify
related variables.
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For transient problem you have to
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time stepping method, time step size, the max iteration

per time step

Max Iteration per time step

Inner iteration times
Time step size
Outer Iteration

Time stepping method
Fixed
Adaptive method

Teaching code

O yTER=1 . A}, snes does not change
U | NT=1
T |\
E ! ‘ Two line iterations
R : in x direction
ITER= 1< N":l"=i — — - {4 Twoline iterations

'II‘ ITER+1 : in y direction
E I Two block corrections
R | \_NTIMES(NF) i xy direction
A |
T 1
I : Number of
O | TIME=TLAST; specified iteration
N VITER=LAST ' |cycles

\ . —— ——

h

Quter Iteration

Inner Iteration
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For fully implicit scheme, At does not affect stability,
but will affect the accuracy of the simulation results.

The following way Is recommended by Fluent to set
At:

1. At each time step, the ideal iteration number is 5-
10.

2. If Fluent needs more inner iteration step (>10) for
convergence at each time step, At Is too large.

3. If Fluent needs only a few iteration steps, At Is too

small.
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13.6 Phase change material melting with fins
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Focus: compared with previous examples, the focus

of this example is solid-liquid phase change heat

transfer.
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13.6 Phase change material melting with fins

Known: Paraffin RT50 Is used as the phase change
material, and internal copper fins are used to enhance
the solid-liquid phase change inside the 3D square cavity.

Property Copper RT50
p [kg/m3] 8954 880
Cp [J]/kg - K] 383 2000
k[W/m-K] 400 0.2
BIK™] 1.67 x 1075 1x 1073
u[Pa-s] — 0.0275
L[kJ]/kg] — 168
T, [K] — 322

Assumption: (1) laminar flow, (2) incompressible
fluid, (3) constant fluid properties except the density p |,
(4) negligible radiation heat transfer 9/13
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10 Adiabatic

Initial temperature
T; =321.9K

0.5

S
Adiabatic
Fig.1 Computational domain (mm)
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Find: Temperature distribution and liquid fraction

b

D ‘5 %

distribution in the domain.
Governing equations:
Continuity equation:

aui
axi

Momentum equations:

D (u;) op 0%u;
Pt = — ot p
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Energy equation for PCM:

d(ph) d(uipc,T;) <02Tf>
+ _kf 2
0x;

ot axi
Where h is the enthalpy, T Is the PCM

temperature, c, I1s PCM specific heat and k; Is fluid
thermal conductivity.

Energy equation for the fins:

0T, y <62T5)
PsCps o =
STPS g~ 75\ 9x?

where T, Is fin temperature and k. Is fin thermal

conductivity 12/13
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People in the same

boat help each
other to cross to the

fﬁcither bank, where....
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