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ABSTRACT

The current numerical study focuses on the fedtyibilf
temperature moderation in a structure located dtstirey in a
multi-storey building, by using a phase-changingaffan wax
stored on an aluminum tray under the floor tilesidie the
building, at each level, walls are exposed to thebiant. In
winter the walls are cooled, and the paraffin warves as the
heat source, by solidifying in day-time, and megtiat night.
The numerical model relates to day-time
variations, outside and inside the structure. Téw konduction
from the paraffin wax is coupled with the free ceation of air
in the space, radiation between the inside surfabest
conduction across the walls and accumulation inntas. The
dimensions of the analyzed structure are: 8m I8ngwide and
2.5m high. Effects of wax layer thickness and o&falong the
tray, on the rate of solidification are parameihca
investigated. The simulations are performed for streicture
using Fluent 6.3 software.

INTRODUCTION

Often thermal storage systems utilize latent hégihase-
change materials (PCM) for their large storage ciypaThe
PCM applications in buildings are of interest aattsources in
winter, or heat sinks in summer. For the winterliggtions the
materials have to solidify at temperatures higheant the
desired thermal comfort temperature in the strectur

Dincer and Rosen [1] described the applicationphase-
change storage, which provide effective use ofrseteergy in
buildings, in particular in wallboards. However theénciple of
latent heat storage may be applied to any kindootainer, to
any location in the building, or any kind of hegtin

Farid et al. [2] extensively reviewed the phasengea
materials and methods of application. Lacroix [Bnerically
simulated storage of PCM in shell-and-tube heahamgers.

Pasupathy et al. [4] studied the development of BCM

applications in buildings, and the methods used dpace
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temperature

heating and cooling. The authors referred to impatign in
building materials, and to integrated space heatimdjcooling.

Baetens et al. [5] analyzed the performance ofheallds
impregnation, as well as PCM enhanced concreteckaydtiles
distributed throughout the building. Farid and Hus[6] have
replaced the ceramic bricks in common domestic engaby
paraffin wax encapsulated in metal containers, whigere
electrically heated, melting the wax within eiglatuins at night-
time. The stored latent heat was then dischargethguhe
non-heating periods.

Farid and Chen [7] numerically simulated storage aof
phase-change material placed between an elegyribalhted
surface and floor tiles. Kuznik et al. [8] presehtewide range
of considerations with regard to integrated phdsge
materials in buildings, indicating that integrationighly
depends on the containment. Their review includecherous
experimental and numerical studies concerned withRCM
envelope of buildings.

In our previous works we have investigated theqrerance
of paraffin wax as a heat sink in summer, beingeston a tray
at the ceiling [9], or encapsulated in aluminumtegrers at the
walls [10]. Our current study focuses on spaceihgan a
structure, on a winter day, by stored paraffin wander floor
tiles. Heating of the wax, up to its complete nmati is
accomplished at night. At day-time the latent heateleased
into the space above the floor.

NOMENCLATURE

PCM melt fraction

fn [

Tout [°C] Surroundings temperature

Tecwm [°C] PCM temperature

Troomav [°C] Average room temperature

Towall av [°C] Average wall temperature

Twatinay ~ [°C] Average temperature of inside wall surface

[m] Horizontal coordinate
Y [m] Vertical coordinate



PHYSICAL MODEL

A structure inside a multi-storey building is cafesied.
Its dimensions are 8m long, 8m wide, and 2.5m hiitgrat from
the structure to surroundings penetrates the fallsywhich
are 0.15m thick, and made of construction matertasing a
density of 1300 kg/fy specific heat of 0.9kJ/kgK, and thermal
conductivity of 0.45W/mK. In our case temperaturederation
in the structure is required, therefore, a heat@oin winter,
and a heat sink in summer have to be mounted.

In the current study a winter day is chosen, anphraffin
wax, being a phase-change material serves as asbesate.
The paraffin wax is stored on an aluminum tray urttle floor
tile. The tray being horizontal, is 8m long, and &de. It has
end walls, which are 2cm higher than the stored mak. An
aluminum plate closes the tray from above, touchivegfloor
tile. Air fills the 2cm high space between the naitl the plate.
An electrical heater is placed between the tray #ied20cm
thick concrete, which separates between the arlgzecture
and the lower storey. The same relates to theystlieve our
structure. There, under the floor, the same PCMrland a
heater are installed. The 20cm concrete extendsdowthe
ceiling of the structure dealt with (Figure 1).

The wax properties are based on commercially availa
paraffins. The one chosen for our study melts 8C38s latent
heat is 100kJ/kg, density of the solid wax is 806Ky density
of the liquid wax is 750kg/fh specific heat is 2.5kJ/kgK, and
the thermal conductivity is 0.2W/mK.

Concrete

PCM Fin
Pl

Tray
Figure 1. Schematic structure

The following processes are expected: Heat fromPG&/
melt is conducted across the floor and the ceilergering the
structure. The air inside is cooled at the waltgl moves inside
the space by natural convection. Simultaneouslyt hisa
transferred by radiation between the inside sugfackeat from
inside the space is conducted across the wallstfh@mbient.
Part of it accumulates in the walls.

The wax is cooled, and solid is formed in the wakhe
heavier solid phase sinks in the liquid phase. Wad@id-liquid
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interface becomes perfectly uniform, solid phaseldstay on
top of its melt. The solid-liquid interface moveswh, and the
thermal resistance to transfer of heat grows.

At night the wax has to melt, by operating the aeat off-
peak hours. Currently, the night heating has noenbe
considered quantitatively.

The end walls of the tray are 8m apart. Longituldiires
connect the tray and the top aluminum plate. Asfihe are
constructed between the end walls, they have tasbkigh as
the end walls.

The heat conducted along the fins, essentiallyrimries to
the heat exchange process. The thermal resistandeedt
transfer decreases, and the rate of solidificatineases. The
thermal resistance may vary with the number of famsthe
tray.

NUMERICAL SIMULATIONS

For the computational procedure, the structure dvaisled
by two vertical planes of symmetry. The origin dfet
coordinate system was taken at the intersectiorthef two
planes. This division yielded a quarter of the iodd space,
namely 4m x 4m x 2.5m, defined as the three-dinosasi
computational domain. Free convection of air insidas
coupled with radiation, with time-dependent accuatiah in
walls, conduction across the walls, and conductoross the
floor and the ceiling. Turbulent free convection a@f was
modeled, using the &method.

The computational grid consisted of 50x80x80 cdits,
height, length and width of the structure respetyivThe time
step varied along the day. At first it was 1s, &tdr on, up to
10s. The computation was conducted for 12 houosn f7:00
till 19:00.

Two wax layers were investigated: 16mm thick, aBchth
thick. Two distances between the fins were studied: 0.5 m
apart, and fins 1.0m apart from each other. All mienerical
calculations were performed using the Fluent 6f&\soe.

RESULTS

The simulation starts at 6:00. Till then the cadtians are
conducted at a steady state mode. From there ewjrtiulation
proceeds in transient state of all the processese T
temperatures and melt fraction are presented imrégy2-5
from 7:00 till 19:00.

Figure 2 depicts the thermal phenomena taking ptecea
winter day in the studied structure, located atid-storey in a
multi-storey building. The PCM layers under theofidile,
12mm and 16mm thick, exhibit the same thermal perémce.
The melt fraction refers to the 12mm thick layelyon

Figure 2(a) presents the temperatures variatioms, naelt
fraction along the 12 hours of day-time. Figure)Xbows the
temperature field at the plane of symmetry at 19a0@ Figure
2(c) exhibits the air streamlines at the same ptdreymmetry
and at the same hour. Thus, in the absence osf{ildification
proceeds all day long, and the space temperaturesvltom
19°C to 22°C, which is almost the thermal comfemperature.

Figure 3 illustrates the performance of fins, 1.8part in
the wax layer of 12mm thickness. The inside average
temperature is in the range of 22°C-24°C till 17A0that time
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Figure 2. PCM layer — 12 or 16 mm thick without fins: Figure 3. Distance between longitudinal fins of 1.0m,
(a) Temperature variation along the day. Melt faciariation PCM layer — 12mm thick:
for the 12mm thick layer along the day, (a) Temperature and melt fraction variation aldmgday,
(b) Air temperature field at the plane of symmaettyl9:00, (b) Air temperature field at the plane of symmettyi9:00,
(c) Air streamlines at the plane of symmetry aDD9: (c) Air streamlines at the plane of symmetry aDD9:
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Figure 4. Distance between longitudinal fins of 0.5m,

PCM layer — 12mm thick:

(a) Temperature and melt fraction variation aldmgday,
(b) Air temperature field at the plane of symmetty19:00,
(c) Air streamlines at the plane of symmetry aD09:

149

Temperature, °C

34 T T T T T T T
T -
) T T““‘ :
— Trc

— T

room &y |

s |,

wall av

—— " o
TWallln av

; H
14 15 1B 17 18 19

1
9 m 1 12 13
Daytime, hour

@)

Melt fraction

(©)

Figure 5. Distance between longitudinal fins of 0.5m,
PCM layer — 16mm thick:

(a) Temperature and melt fraction variation aldmgday,

(b) Air temperature field at the plane of symmetty19:00,
(c) Air streamlines at the plane of symmetry aDD9:



all the wax is solidified. However, the temperatuge to that
hour may be still identified with the thermal comifo
temperature. From that hour on, the temperaturepbtealls

down to 18°C at 19:00, namely 6°C below the comfort

temperature.

Figures 4 and 5 demonstrate the effect of finshenitside
air temperature by wax
respectively, where the fins are 0.5m apart. The lager of
12mm thickness completes its solidification at 05:6rom
there on, the inside temperature falls down to 1&°C9:00. At
that time the wax layer, 16mm thick, reaches itdl fu
solidification. In the last case, the space tentpesavaries
from 24°C to 26°C. Figures 4(b) and 5(b) show #reperature
field at 19:00. In the case of the 12mm layer, dhreinside the
space stratifies. The coldest air settles to tberflin the case
of the 16mm layer, segregated zones of temperatuee
apparent. Figures 4(c) and 5(c) illustrate thesaigamlines. In
the stratified case the air is still in comparisorthe segregated
case.

The model presented herein demonstrates the efiétte
wax mass on the average temperature inside thetwtey and
the effect of fins on the PCM solidification.

CONCLUSIONS

PCM stored below the floor tile may heat the insaiteof
the structure on a winter day.

The temperature moderation in the structure vamids the
quantity of the paraffin wax, and the temperatufe thoe
ambient.

Fins within the phase-change material enhanceatts of
solidification.
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layers of 12mm and 16mm,
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