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Introduction

 Thermal discomfort in retrofitted historical buildings
e occupation incompatibility with the building’s original intent
e poor building envelope performance

 The Toronto Carpet Factory is a retrofitted historical building with poor building
performance falling outside of ASHRAE™ comfort guidelines (23°C < T < 26°C)
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Toronto Carpet Factory historical building
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e Use COMSOL Multiphysics 4.4 to simulate heat transfer in an office room in
the Toronto Carpet Factory

e Study how siting a Phase Change Material (PCM) as a layer on the floor and
ceiling impacts the temperature distribution and history in the room

Office room




Office Room Features @
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* The office is located on the third floor of a five floor building Inspiring Minds
|t faces West and measures 9.9 m (depth) X 8.1 m (width) X 4.21 m (height)
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Geometry and Mesh

 The three shaded rectangles represent the window sills where the sun rays

COMSOL®

enter the room
 There were 2064 elements used (resulted in simulations taking an excess of 2

e The mesh used was based on quadrilateral elements

days for 1 hour of simulated time)
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Mesh distribution in the PCM

(blue)

Room geometry used in simulations

Swept quadrilateral mesh



Building Materials @

* The selected physics in the model required both thermophsyical and solar \
radiative properties of the materials in the model
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Material p k C,

(kg/m?) (W/mK) (J/kgK)
Brick 1670 0.66 838
Wood 820 0.3 2390
(Oak)

Gypsum 800 0.17 1000
Wallboard
Air COMSOL Materials Database

Material Solar Surface
Absorptivity emissivity

Brick 0.63 0.93

Wood (Oak) 0.35 0.89

& PCM

White paint 0.25 0.89

Thermophysical properties for the domains

Solar radiative properties for the boundaries



COMSOL® o Simulated PhYSiCS DALHOUSIE

o The tWO pa rent phySiCS nOdeS used Were Inspiring Minds

e heat transfer with radiation in participating media:
* heat transfer from surface-to-surface radiation

e phase change
* natural convection

* laminar flow \\,? ’,
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The model couples heat transfer from all three mechanisms
https://www.e-education.psu.edu/egee102/files/egeel02/images/Lesson_07/L7_ HeatTransfer.gif
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* The heat flux from the sun rays are the forcing condition

e The built-in solar model in COMSOL was used with the following parameters
 The simulations depended on a mid-August day in 2013

Radiation
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e The heat flux was not kept at the constant 1000 W/m? default; a time dependent
equation was used

Data from Department of
Ecology of the State of
Washington

http://www.ecy.wa.gov/programs
/eap/models.html
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Convective Heat
Transfer S

* The main cooling mechanism for the room was convection on the brick wall with the
outside air

 The ambient temperature varied based on data collected by Environment Canada
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COMSOL® = Visualization

e Radiosity on the floor of the room Tnspiring Minds

e Convection cell

Time=52200 Surface: Surface radiosity (W/m?) Arrow Volume: Velocity field
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PCM Properties
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e Butyl Stearate (C,,H,,0,) was chosen as the PCM with the most appropriate nspiring Mind
properties T

T_(°C) 26.3
AH, (k)/kg) 167
k, (W/mK) ~0.16

k, (W/mK) 0.16
C,.; (kl/kgK) 1.6
C,, (k)/kgK) 1.9
p (kg/m?3) 850




Results - No PCM N
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e The first simulation modeled coupled conduction, convection, and radiation in L
the room with no PCM

* The simulation had an initial condition of 25 °C and started at 14:30
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With PCM (Ceiling)
* PCM implementation: {m

* 1 cm layer ———————T——7—
e 2 m from the brick wall 2o b No PCM PCM in celling | _
.1 Close to wall — = Close to wall
* In the C@llln _ | = Away from wall — =— Away from wall |
. . —_ i f —_— -
e 1 hour of simulated time; 2 days of ~ m strip surface PCM surface
run time S
: : : =
e Temperatures in both domains remain =
similar with the PCM and without 3 27
5
H
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Results — With PCM (Ceiling)

 PCM only melts 7% \
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PCM in ceiling
R Melt fraction
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With PCM (Floor)
* PCM implementation: {m

e 1 cm layer N7 7T T "~ 1
e 2 m from the brick wall i No PCM PCM in floor i
30 - Close to wall = == (Close to wall —
e In the floor — Away from wall | |— — Away from wall
. . ~ | = 2m strip surface — = PCM surface .
e 2.5 hours of simulated time; 8 days 529 -
of run time - _
o
. . -
e Temperatures in both domains 5128 —
were reduced about 1.5 °C é _
= 27 -
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Results - With PCM (Floor)

* PCM melts 45% \

27 T | T | T ] T | T | T 0.5
_ PCM in floor —1 0.45
=== Melt fraction .
PCM temperature —1 0.4
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* Phase change materials can be used effectively to reduce
temperature spikes in buildings
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* Finding the ideal characteristics of the PCM storage body, such as its

type, mass, shape, and location, is more challenging and requires
further investigation

e COMSOL is a versatile and powerful software capable of
simultaneously simulating heat transfer through conduction,
convection, radiation, and phase change

 However, the simulations take a long time and use a lot of resources

e Optimization of the model is the next step
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Background on PCMs

e A phase change material is a substance with a high heat of fusion, which if Inspiring Minds
melted, is capable of storing large amounts of energy that is released upon
solidification

e PCMs have two main advantages
e Increased heat storage density (2-14 times more than water) and
* Mainly-isothermal heat storage behaviour

10000

| ! | ' |
Water Storage Capacity N
PCM Storage Capacity

8000 =

6000 —

4000 =

Storage Capacity (kJ)

2000 = -

Heat pack (uses a PCM to store heat)

20 40 60 80

http://www.electrichandwarmers.com/images/mediu Final Temperature (°C)

m.jpg Sensible vs latent heat storage materials




DALHOUSIE

The problem

* Large ambient temperature spike Inspiring Minds

e In addition, air conditioning was used heavily to maintain the temperature at an
acceptable level
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COMSOL” - Phase Change
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e COMSOL has a built-in node that deals with phase change Inspiring Minds

 The heat capacity of the material changes with temperature following a Gaussian
distribution

f;’; C, dT = AH; + H,
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T (K)

=
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