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 Heat Transfer and Phase Change Simulation

— Some orders of magnitude for water
— Applications involving phase change

— Heat Transfer with Phase Change and Moist Air
features

— COMSOL tutorials demonstrating phase change
— Recommendations
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Latent Heat of Evaporation

e Latent Heat of Evaporation of evaporation for water at :
L= ~2200kJ/kg

e Heat capacity Cp = ~4kl/kg/K

=> Evaporating 100g of water requires more energy that
rising the temperature of 1kg of water from 20 to 70°C
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Heat Pipe

e Thermal conductivity
— Ag="~400 W/K/m
' — Cu="~400 W/K/m
— Diamond = ~1300W/K/m
— Graphene=~2000W/K/m

High Temperature Environment Temperature Low Temperature

Heat pipe thermal cycle

1) Working fluid evaporates to vapour absorbing thermal energy. ® H e at p i p e : e q u iva | e nt th e rm a |

2) Vapour migrates along cavity to lower temperature end.

3) '\-Iea}z::irn-;otrx:leinmsaelsel:‘aei;;o fluid and is absorbed by the wick, CO n d u Ctivity fro m 4e 3 to 40e 6

4) Working fluid flows back to higher temperature end.

lustration by from W/K/m depending on the heat

https://commons.wikimedia.org/wiki/File:Heat_Pipe_Mechanism.png . .
pipe sizel
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Drying, cooking

* Indrying and cooking
application the water

evaporation can require
most of the process —
energy _ |
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Material processing
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Thermal protection

Point Graph: Temperature (K)

* PCM offer a large choice  =f
of melting temperatures |

e Maintain food or
medecines at a give
temperature ool
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e
Thermal storage ans release

e Maintain building
temperature

 High end clothes
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Condensation prevention

e Condensation can
accelerate oxidation

e Condensation occurs
when the partial vapor
pressure reaches
saturation pressure

e Saturation pressure
increases when
temperature increases
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Heat Transfer with Phase Change feature

Absolute pressure:

e Reliable implementation of the T |

apparent heat capacity method i
e Computes the material properties ;um::rm;;;;f};; ttttt

as a function of T —
e Accounts for latent heat of phase e

change e
e Requires a transition interval

\\\\\\\\\\\\\\ (matl) -]

e Supports up to 6 phases o .
e Redefines all heat transfer e e )

postprocessing variables

aaaaaa
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Apparent Heat Capauty Method

Assumes a smooth transition over AT,
with a phase mass fraction, 0

P = 0P hase1 T (1 - 0P hases
Based on the enthalpy of
Cp is modified to include the latent
heat
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Moist Air Feature

e |ocatedin Heat Transfer in fluids

* Moist air properties are automatically
defined

e Vapor content can be prescribed or + @ Component oD

computed (multiphysics!)
* |nput quantity can be ‘
— Moisture content
— Vapor mass fraction
— Vapor concentration
— Relative humidity

(the interface provides functions to convert
these quantities)

= Definitions

= Materials

H
u Turbulent Flow, Low Re k-z rspﬂ‘

* Heat Transfer in Fluids ht)
§= Heat Transfer in Fluids 1
2 Initial Values 1
T Thermal Insulation 1
= Heat Transfer in Fluids 2
I Heat Transfer in Solids 1
o Temperature 1
mw Outflow1
= Syrmetry 1
I Initial Values 2
' Boundary Heat Source 1

&' Transport of Diluted Species (tds)

u
Concen tration:
c Concentration (tds) -

¥ Coordinate System Selection

Coordinate system:

[ Global coerdinate system

¥ Thermodynamics, Fluid

Fluid type:

[ Moist air

Input quantity:

[ Concen tration
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Saturation pressure, p.;

 Material properties are
defined for moist air not o= P

for humid air Psat

e Useful for applications

where R
— condensation has to be B _— 35 85[K]
avoided PEE[L[-TJ = 610.7[I"a] - 10

— condensation only occurs on
walls
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Evaporation is a process that occurs if some e i
liquid vaporizes into a gaseous phase that is

Evaporative Cooling

s

<]+ Transport of water vapor

and conduction

not saturated with the liquid. You need a — T

physics that accounts for water vapor
transport—add a ‘transport of diluted species’

interface. e
L] e el Surface: Relative humidity (1) St line: Velocity field
r} erin urface: Relative humidity reamline: Velocity fie
I Heat Tramates in Fluids 1 = Saps o
B Initial Vahos | @
S Thermal Insuatien | 2 1
I Heat Tranafer in dir Domain
D Hest Tranafer in Sclids 1 0.9
= Temperature | Fa "
- Cutfiow § -
I Syemetey 1 ¥
B Initial Vahoes 2 u iyl
-_mm:::ml ® Coriamaine g
L s b
LY Transpent of Deuted Spacies (111) e |, 106 2
- an 5 = g
’__Hm-km}enmlﬂn*lrnhfu = Coordinate System Selection B 0.5 £
’thlrffu i
e i i 104 §
| Gichal coordinate ]
(el comdioha gptem @ 03
*  Thermodynamics, Fluid
Fluid type: 0.2
|| Mo e 0.1
Input quantity:
| Concentration voo3

| *  Heat transfer by convection | ==

+  Escaping watervapor |

Heat of vaporization = |

- Beaker and coffee:
="|* _ Heat conduction and

http://www.comsol.com/model/evaporative-cooling-of-water-6192
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Evaporation in porous media

 Turbulent free flow and
porous media flow are
coupled

* Transport of vapor is _ .
made using transport of -

diluted species interface
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Condensation detection in an

hole at external
temperature, »
pressure and
humidity contidion

electronic box

Electronic circuit

Relative humidity in the box

0.6

Maximum relative humidity in the box
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Tin melting front

e Moving mesh for the
interface

e The interface temperature
is the phase change
temperature

e The front velocity
depends on the heat flux
at the interface

Time=10000s Surface: Velocity magnitude (m/s) Arrow Surface: Velocity field (Material)
T T T T T T
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Best practices - density

Make sure that your model is

consistent: density changes

implies volume changes if

mass is conserved ! P.v.(pu) =0

. . - at
With Lagrangian description,
density should be constant
unless matter is created or
disappears.
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Best practices — averaged properties

e An averaged propertyis P =0p1+(1-6)p

not always obtained

using a linear relation... pCyp = 0p1Cyy + (1= 0)p5Cp
e Check and use

predefined quantities

=777
when available! P
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Best practices — size of the time step (dt)

« Make sure thatthetime . / \
:;i\f/ \ / G
i W |

step used for the
simulation is consistent
with the expected
accuracy
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Best practices — size of the phase

change transition (AT)

e AT determines how sharp is the
Cp peak and the material
transition

e Check the “thermal accuracy” of
the model

e AT should correspond to a couple
of mesh elements in the transition
area

e Atoo large value may lead to

unwanted phase change in initial
conditions!
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