Thermal modelling for the implementation of an
energetic efficiency control system in a room of
meetings of singular geometry

Manuel Jose Martinez B.
Instituto Tecnoldgico de la Energia



http://www.comsol.com/conf_cd_2011_eu

Introduction & objectives

Modelling
thermal
losses 25—

\ 4
y N

Irradiance\ (Number of | -
(W/m?) | persons

J/

10

v

LIMITS of the
main variables:
temperature,
speed of inlet air

\ 4

Information to
control system

v

[Energy savings]




Introduction & objectives

™M Collect irradiance data from weather station for 1
year.

™M Fit the irradiance data to a mathematical model.

™ Approach the Finite Element model and impose
the corresponding boundary conditions.

™ Estimate the spatial and temporary temperature
evolution of the model and analize different
scenarios.
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Enclosure construction details

™ Enclosure features and sun trajectory
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Irradiance data

™

Irradiance data from weather station
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Irradiance data

™

Irradiance data from weather station
Summer irradiance
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Simulation scenarios

™ Modelling taking into account:

* Time of the day
* Morning (9.00 am to 12.00 m)
e Noon (12.00 m to 4.00 pm)
» Later (4.00 pm to 7.00 pm)
* Weather season
e Summer
e Winter

» EXxistence or not of air conditioning

 Number of persons

* 1,2,5 and 10 persons.
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Irradiance curve fitting

™M Mathematical model fitted to the initial data in order
to be introduced in Comsaol.

™ Polynomial curves.
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Restrictions and boundary conditions approach

™M Comsol approach

« Heat transfer module (3D)
 Fluid-thermal interaction
» Turbulent Non-isothermal Flow, k - €
* General heat transfer (htgh)

* k- ¢ Turbulence Model (chns)
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™M Comsol approach
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Air (library material)
rho (pO[1/Pa], Tf[1/K]) [kg/m3] (density)
eta (Tf[1/K]) [Pa-s] (dynamic viscosity)

I

T



Restrictions and boundary conditions approach

™M Comsol approach
» Subdomain settings, (chns and htgh)
Air (library material)
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Restrictions and boundary conditions approach

™M Comsol approach

« Boundary settings, chns
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Restrictions and boundary conditions approach

™M Comsol approach

« Boundary settings, chns
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Restrictions and boundary conditions approach

™M Comsol approach

» Boundary settings, htgh
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™M Comsol approach

» Boundary settings, htgh

Boundary cond.:
Heat flux
q, = fitted curves
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™M Comsol approach

» Boundary settings, htgh
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Restrictions and boundary conditions approach

™M Comsol approach

» Boundary settings, htgh

Boundary cond.:
Boundary cond.: Temperature, T,
Heat flux [

q, = fitted curves Convective flux

Boundary cond.: J
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Restrictions and boundary conditions approach

™M Comsol approach

 Differential equations
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Finite Element mesh

™M Enclosure’s Finite Elements mesh

Tetrahedral elements

60883 elements
99069 dof




Results. Experimental validation

M Temperature comparissons at reference points.
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Results. Experimental validation

™ Temperature comparissons at reference points.
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Results. Temperature evolution

™M Temperature distribution of the enclosure. Ten
people
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™ Temperature evolution. Summer.
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Results. Temperature evolution

™ Temperature evolution. Summer.

Air conditioning No air conditioning

—— O people 10 people
« Enclosure’s temperature 10 people > enclosure’s temp. 0 people

e The trend of the temperature evolution is similar to the irradiance
curve.

« With air conditioning the temperature remains within the comfort
range.



Results. Temperature evolution

™ Temperature evolution. Winter.

Air conditioning No air conditioning

—— O people 10 people

* The trend of the temperature evolution is similar to the irradiance
curve.

« With air conditioning the temperature remains within the comfort
range.



Conclusions

™ Influence of the irradiance in the temperature
evolution into the enclosure.

M Setting the irradiance curves to assign a heat
source to modelling in Comsol.

™M Good approximation between experimental and
numerical results.

™ Trend of the temperature evolution similar to the
Irradiance curve.
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energetic efficiency control system in a room of
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Thanks !
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