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Abstract

The present investigation is concerned with the alternatives used for the cooling load
reduction of a space in Baghdad. A numerical and experimental study has been
accomplished in Baghdad during July and August of 2008 with the application of a new
technique by a suitable alternative for minimizing the cooling load. In the experimental side
of this work, a vertical aluminum flat plate is situated on the eastern and southern walls.
This sheet is extended into the under ground to a depth of (1) m of a cube test room having
1) m’ size. The experimental data showed that the indoor temperature reduced from (34.5)
°C to (31.7) °C and (29.9) 'C when using aluminum plate with air gap and glass wool
insulation respectively. The heat flux on the southern wall reduced by (23.5%) and
(33.7%) for air gap and glass wool respectively. The corresponding reductions on the
eastern wall were (20%) and (29.8%) for air gap and glass wool respectively.

A numerical simulation two-dimensional model was performed applying a finite
difference technique implemented in a sophisticated MATLAB program. The results of
thermal simulations have revealed that the system can significantly reduce the building
cooling load when the suggested alternatives have been applied. Finally, it was found that
the numerical model was in a good agreement with the experimental data with a maximum
discrepancy of (5 %) for the heat flux at the exposed walls.
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1. Introduction

For most buildings, the earth acts as a heat sink continually conducting heat from the
building foundation. The conduction heat transfer through the soil is governed by the soil
thermal conductivity, which in turn depends primarily on three parameters: the soil type, the
amount of moisture in the soil, and the soil temperature.

Bahnfleth (1989) ! examined the influence of including solar and long-wave radiation
and potential evaporation in the surface heat balance on soil temperatures and building heat
loss via the ground. It was shown that the heat losses changed significantly when radiation or

) ¥ calculated the two-dimensional

evaporation was included in the simulations. Shen (1986
coupled heat and moisture transfer in soil near a basement wall. it was shown that the
application of the uncoupled or the coupled equations for soil heat and moisture transfer leads

to notably different basement wall heat losses. Rees et al. (2001) P!

analyzed the influence of
the water height on the heat loss from earth-contact structures. Steady-state heat losses were
calculated, which confined the considered coupling effects to the influence of soil moisture on
the soil thermal conductivity. It was clearly demonstrated that the effect of soil moisture on
building heat loss via the ground is not negligible, and deserves further attention. Deru (2001)
' investigated the influence of precipitation on building heat loss via the ground. He
concluded that soil moisture transfer has a notable influence on building heat loss via the
ground.

Ground heat transfer modeling has usually assumed a given value of the soil thermal
conductivity, constant soil properties, for calculation the surface energy balance, Deru and
Kirkpatrick (2001) . Building heat loss via the ground has consequently gained
importance. This form of heat loss can no longer be considered an insignificant part of the
overall building heat loss. One of the more important developments in this particular field is
the ongoing improvement of the insulating quality of the building envelope. Deru et al. (2003)
61 developed a three-dimensional, finite-element; heat-transfer computer program to study
ground- coupled heat transfer from buildings. It was used in conjunction with the SUNREL
whole-building energy simulation program to analyze ground-coupled heat transfer from
buildings. The results were compared with the simple ground-coupled heat transfer models
used in whole-building energy simulation programs. The detailed model provides another
method of testing and refining the simple models and analyzing complex problems.

Janssen et. al. (2004) ! studied the influence of soil moisture transfer on building heat

loss via the ground by comparing fully coupled simulations with linear thermal simulations.
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The observed influences of coupling were (1) the larger amplitude of surface temperature, (2)
the variation of thermal conductivity with moisture content, and (3) the advection of sensible
heat by liquid transfer. In a parameter study, it was shown that these conclusions hold for a
variety of climates, soils and foundation constructions. The transfer equations and boundary
conditions are solved with a two-dimensional finite element spatial and a fully implicit time
stepping scheme. Saati (2006) ' used the finite difference scheme to study the effect of
horizontal and vertical edge insulations on the heat transfer rate to the cold store through
contact slab with the ground. The results showed almost a negligible change due to increasing
the length of the horizontal edge insulation. In addition, increasing the length of the vertical
insulation decreases the rate of heat transfer to the cold store. Therefore, the vertical insulation
edge is economically recommended for use in cold stores in order to reduce the cooling
capacity of the cooling machines.

Asslan (2007) ! studied theoretically with a numerical method the effect of extended
high thermal conductivity flat plate into ground for Iraqi buildings. He used an aluminum
sheet with wall construction in the eastern and southern sides. With construction wall, it was
used a layer of thermal insulation in different sites at the wall. The investigation showed that
when using a plate only without insulation the cooling load is reduced by (13.2%) and
(12.7%) for eastern and southern walls. Also, it showed that when using insulation the
cooling load was reduced by (14.5%) and (15.8%) for southern and eastern walls respectively.
This study was done on 21 July. Lu et al. (2007) """ developed an improved model that
describes the relationship between thermal conductivity and volumetric water at lower content
in soils. With this new model, soil thermal conductivity can be estimated using soil bulk
density, sand (or quartz) fraction and water content. They used for this study twelve type of
soil. The results showed that the values of the model agree well with the measurements on all
12 media predicted. Another technique for utilizing from the regular temperature of ground
was produced by Kerpel (2008) " He presented a model for the calculation of the
effectiveness of the earth-air heart exchanger (EAHE) with help of (TRNSYS) which is a
dynamic simulation program for estimating the performance of any thermal system.

Tubes are installed under the ground through which air is drawn. At a certain depth, the
ground temperature is lower than the outside air temperature in summer and higher in winter.
When air is drawn through the pipe; it is cooled in summer and heated in winter. Thus the

effectiveness for this model was assigned as:

T -T

air ,out air,in
E=——"—""~—~" " e 1
7 (1)

tubewall — air,in

In the present work a new technique is suggested to be used for minimizing the cooling
load by integrating the exposed eastern and southern walls, through a short circuit with the
ground. Here, a metal sheet having high thermal conductivity is separated from these walls by
an insulation material or air gap and extending it through the ground to a suggested depth of
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(1) m. Further, a two dimensional numerical analysis was built to predict the transient

temperature and heat flux variation through the space in Baghdad city.

2. Experimental Procedure
2-1 Experimental Room:

The experimental room was built with building common materials used in Iraq. It
consists of walls and roof. Two of the walls are made of cork exposing to the north and west
sides. The other two walls are built from multi layers with each layer having different thermal
properties that composed the wall. The room’s dimensions are 1m wide, Im long and 1m
high. The space walls are constructed of (20) mm gypsum on the inside, (240) mm common
brick and (20) mm cement mortar on the outside for the eastern and southern directions. The
roof is a flat having thickness of (10) mm made of concrete slab. The north side of room is
supplied with a fan for ventilation. The floor of the room is compound of clay and layer of
thin concrete, Ali (2009) 2!,

Picture (1) shows the test room for the present experimental work objective. The earth
under room was digged with one meter of depth and the plate is fixed on the wall. An air gap
of (10) mm between the wall and the plate is allowed to prevent the conduction heat transfer
between the plate and the wall.

2-2 Instrumentations

Measurements of temperature were done by (pt-100) type of thermocouples. All
thermocouples are connected with the central reader consisting of selectors, contactors and
digital reader; these thermocouples were calibrated against standard mercury thermometer
with accuracies up to (£0.5) 'C for precise measurements. The digital reader also calibrated by
connected it to a standard calibration reader. A portable digital thermometer has been used to
measure the outdoor air. The chosen type of pt 100 sensor which is used for measuring the
temperature has many favorite specifications. It has very short response time and has zero
resistance which allow to high sensitivity in temperature measurement. Also, the range of its
measuring temperature lies between (-50 to 200) C. Therefore, it is most suitable for the
present work from the other kinds of thermometers.

2-3 The Measurements

The experimental work consists of the measurement of room air temperature and inside
and outside surfaces of the room with an earth-plate system and untreated room, before adding
the metal sheet. Ambient temperature has also been monitored during the tests. Experiments
were conducted continuously for the whole day in clear and sunny day during July 2008. The

tests also conducted on different days chosen in July and August, the hottest months in Iraq,
[12]
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Picture (1): The Metal Sheet Fixed on the Wall.

3. Mathematical Model Formulation
Consider the three dimensional homogenous heat conduction equations in rectangular

coordinate
i(kx a_TjJrﬂ P +i(kz a—Tj-l-q:pC or e 2)
Ox ox) oy\ "oy ) oz Oz P ot

The assumptions for modeling the heat transfer process in the wall are as following:

1. Conduction heat transfer is the major transfer mechanism.
2. The model is a two dimensional heat transfers, neglecting the heat transfer

in the longitudinal direction. Assume for simplicity that all variables are

constant in the z direction that is (d7/dz) = 0
3. The thermal properties in each layer of wall are assumed to be constant.
4. Generation of heat within building materials is in most cases not relevant;

the generation of heat can then be put equal to zero (g = 0).

. . oT
5. The problem is unsteady state (i.e. E #0).

6. The solid material is isotropic; the thermal conductivity in each direction is constant.
Thus, when these assumptions are considered into account, eqn. (2) becomes:
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Using an implicit finite differences, the terms in Equation (3) can be represented in
terms of several grid points as follows:
The second-order derivatives in space and time are approximated using the central-

differences
n+l1 _ n n+1
o°T _ Ti+1,j 2Ti,j +Ti-1,j -
axz AXZ eeee
n+1 n n+1
azT_Tl,J 2T’ +T’J 1
G‘y2 = Ay2 eeeed(60)

The first-order derivative in time is approximated using a forward-difference method:
a T Tiilj-!—l _ Tni,j
ot At
Substituting equations (5, 6, and 7) in (3):

e (7)

Tn+l 2Tn +Tn+l T,n,+1 —2T‘n,+T,n,+l
i+1, i, j 1_|+ Lj+1 1] L, j-1

Ax 2 Ay 2

T;jj.“ —T.“j .. (8-2)
At

Q=

This leads to:

T+l _ o.At ﬂTn+1 AyTn+l ng+l ng+l
L) Ax.Ay

Ax 1tLT Ax 1-L] Ay 1,j+1 Ay bi- 1
A A
pl1o %A AY o AX Hn
AXAy AX Ay L] cose (8-b)

Equation (8-b) can solve all the internal nodes including the control volume of the

system. On the external side of the room, the wall or the plate are exposed to the solar
radiation and to convective heat transfer. Therefore, the external boundary condition at the
outside wall of the space can be expressed mathematically as: g onguction=qconvectiont Qradiation

—[k%)zho(Tw —TDO)+05qr .o 9)

On the internal side, the room wall exposed to the inside environmental.

q conduction_QConvection
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oT
[kaxj_hi(Tw T,) .. (10)
The heat flow by convection can be calculated as follows:
O=Ah(T,—T,) .. (1)
The absorbed heat in a surface j due to solar radiation is estimated as follows
Ii=aA4.l ... (12)

It is possible to calculate the various heat exchanges taking place in a building. The
rate of heat conduction (Q.s) through any element such as roof, wall or soil under any
condition can be written as:

Qcond = A UAT cenee (13)
Where (U) is given by:
1
U = e (14)

2 Ry

1 m L 1
a [Z P ] W .. (15)

=L

(h;) and (h,) are the inside and outside heat transfer coefficients respectively. In this
study, it was assumed that #=8.29 and h,= 22.71 (W/m*.C), ASHRAE (1997) 3. (L; ) 1s the
thickness of the (jth) layer and (k;) is the thermal conductivity of its material. If the surface is
exposed to solar radiation then,

AT=T,-T; ... (16)

Where (T;) is the indoor temperature and (7) is the sol-air temperature, calculated by using

the expression, *!:

al, eAR
t
I =7T,+————— e (17)
h, h,
Where (@) is absorptance of the surface for solar radiation. For this study, it was chosen to be
a=0.6, BIS (1987) . (4R) is the difference between the long wavelength radiation incident
on the surface from the sky and the surroundings, and the radiation emitted by a black body at
ambient temperature. For vertical surface, AR=0; equation (17) becomes:
ol
T, =T, + T v (18)

0
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4. Soil Thermal Conductivity:
In this paper, the most widely accepted physical model for soil thermal conductivity

[15]

was derived by De Vries is used. For moist soils, he assumed the liquid phase as a

continuous medium in which solid grains and small air pockets are uniformly distributed. The
overall thermal conductivity of soil is calculated as the weighted average of the conductivities

of the various soil components according to the formula:

Zn: k.x. A
k _ i=0

=
Z X4
i=0

Where (x;) is the volume fraction of each constituent, and (n) is the number of soil

L)

constituent.

The weighting factor (7\~i) depends on the shape and the orientation of the granules of
the soil constituents, and on the ratio of the conductivities of the constituents. It can be
calculated as:

S . R

3 > (k )gJ o (20)
=1 °

The subscript zero refers to the continuous fluid surrounding the solid particles (air for

A; =

dry soil and water for moist soil), A o= 1.

Where ( gj) represents the shape factors for the i-th constituents granules considered as

ellipsoids,
g; + g + g3 =1 (for each component), ", e (21)

Assuming (g;) and (g.) are equal; only one shape factor must be estimated for each
constituent.

The thermal conductivity of water is (0.596) W/m K at (20) C. The thermal
conductivity of the air is (0.025) W/m K at the same condition.

The shape factor, (g;) for the soil solids was taken to be (0.144), Tyson et al. (2001)
[16]. For water contents; the value of (g;) is given by:
Xa

(0.333-0.035) e (22)

g, =O.333—1_X
S
These equations are solved numerically in a fully implicit scheme, using initial
temperature distribution of (25) "C, the resulting set of equations were solved by MATLAB,
Ali (2009) [12]. Figure (1) shows the dimensions and coordinates of the system used for the

simulation strategy in the present work.
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5. Results and Discussion

Figure (2) shows the effect of using metal sheet with exterior building wall on the indoor
temperature .It can be seen that, there is a difference between temperature swings of the
indoor temperature to time lag. Without using a metal sheet, the maximum indoor temperature
reaches up to (34.5) 'C. While this value becomes lower by applying a metal sheet and can
approaches (31.7) "C with air gap including a reduction percentage of (8.1%) and to (29.9) 'C
when using glass wool corresponds to a reduced percentage of (13.3%). This will improve
designs for energy efficient buildings with comfortable indoor temperature and will reduce the
duration of uncomfortable periods.

Figures (3 and 4) show the effect of using a metal sheet with an air gap and glass wool
through southern wall on the heat flux transmitted to the room. The same phenomena of
damping and time shifting can be observed in the heat fluxes. The heat flux at the outdoor
surface without plate and insulation changes dramatically during the day and reveals a peak at
(1:00 p.m).It is obvious from the two figures that there is a significant difference in the
maximum value of heat flux due to using a metal sheet. The use of air space is to prevent or
reduce a noise to the space and it is a good insulation.

According to thermal conductivity of the insulation material, there is a variation in heat
flux. The thermal conductivity of glass wool is lower than that of air i.e., glass wool has
thermal resistance higher than that of air space. Therefore, the heat flux flowing into the inner
surface of a south-facing wall insulated with glass wool is lower than that of a wall insulated
with air space. The maximum heat flux through the wall without a plate is (61.1) W/m?.This
amount decreases to (46.7) W/m® in the case of insulated wall with air gap with a reduce
percentage reaches to (23.5%) and to (40.5) W/m® with a reduced percentage reaches to
(33.7%) in the case of insulated wall with glass wool.

Figures (5 and 6) illustrate the effect of using a metal sheet with an air gap and glass
wool through eastern wall on the heat flux. The maximum heat flux without metal sheet
reaches to (53.6) W/m”. This maximum heat flux will reduce to (42.7) W/m* when using air
gap with the metal sheet and this value will become (38.4) W/m® when using glass wool
instead of air gap. The reduction percentage for both two cases is (23.5%) and (28.3%)
respectively. The decreasing in heat flux may be useful for saving the energy and dropping
the cooling load in the Iraqi building.

Figure (7) shows the temperature distribution in the southern wall without using the
metal sheet represented with a three dimensions. The behavior revealed that the temperature
profile drops slowly and this drop is proportional to the position through the depth of wall.
The slope of dropping is not constant; it varies from one material to another according to the
thermal properties of each material. The coordinate (depth) represents the thickness of wall
starting from the inside wall at depth coordinate of (21) cm and extended to (50) cm where the
total thickness of the wall will equal to (29) cm including the air gap or insulation thickness.
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Figure (8) shows the comparison between theoretical and experimental outside surface
temperature at the east side without using metal sheet. There is a good agreement between the
predicted and measured behaviors. The maximum temperature is (51) 'C while the minimum
is (33.5) 'C appears at (5 a.m). Figure (9) compares the inside eastern surface temperature for
both experimental and theoretical behavior without using metal sheet. It is obvious that the
maximum theoretical temperature is (34) C at (1p.m) while the maximum experimental
temperature reaches to (33) C. The difference between maximum theoretical and experimental
temperatures reaches to (1)'C with accuracy limit of (2.94%)).

Figure (10) shows the temperature distribution in the southern wall when using the metal
sheet represented as a three dimensional graph. It is clear, that the highest temperature occurs
at aluminum surface .At the interface of metal sheet, the temperature will drop with a high
slope. At the air gap interface with wall, the temperature is (51.5) 'C. The maximum values of
surface temperature is a function of position through the wall. It decreases as thickness of the
wall increase, towards the outside, and the minimum values increase as wall thickness
increase. The metal sheet will reduce the heat flux on the building allowing reduction in the
cooling load. Figure (11) explains with a 3-D representation the shape of the temperature
distribution in the eastern wall when using a metal sheet with air gap insulation. It can be seen
that the curve of temperature at any point takes the sine wave with a different amplitudes and
the amplitude decrease as the depth of wall is increased, towards the outside surface. The
temperature of aluminum surface reaches to (57) 'C.

Figure (12) illustrates the behavior of the predicted temperature in the outside southern
structure wall with and without using metal sheet and for two types of insulation, air gap and
glass wool. There is an apparent difference in the maximum temperature recorded. The
maximum temperature without metal sheet reaches to (57.5) 'C, this value was reduced to
(51.5) 'C when using metal sheet with air gap with a reduced percentage of (10.4%) and to
(45.5) 'C with a reduced percentage of (20.8%) when using metal sheet with glass wool. This
shows the effect of the insulation efficiency on the temperature distribution through the
building wall and hence the heat rate absorbed by the building and the efficiency of the metal
sheet on the overall cooling load.
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6. Conclusions

Regarding to the influence of a geothermal system, the theoretical and experimental work
has indicated the following conclusions:

1. The geothermal system has a significant effect in reducing indoor temperature in the
space compared without using it. When the metal sheet was used in combination with the
air gap and glass wool, the heat flux for the eastern wall was reduced by (23.5%) and
(28.3%) respectively. The corresponding values for the southern wall were (23.5%) and
(40.5%) respectively.

2. Since south and east faces receive amount of incident solar radiation more than north
and west, it is more effective to use the plate in the south and east sides.

3. In order to decrease the cooling load in the building in hot zones, an insulation has high
thermal conductivity should be avoided since it allows a highest heat gain.

4. The theoretical prediction obtained from the present model showed a good agreement
with the experimental data and a two dimensional heat transfer model is enough to
satisfy the simulation object.

20 240 20 |10]|1
Internal side | External side
o E L] 55
g 2 | |Brick | £ £5
200 | 200
Ground [
Surface g Concrete
- S
Soil Soil S
X-Y Plane

Figure (1): The physical Model with Dimensions in
(mm).
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Figure (2): A Comparison of the Indoor Temperature Variation with Time
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Figure (3): The Effect of Using a Metal Sheet with Air Gap on the Heat Flux
Through the Southern Wall 20- July.
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Figure (4): The Effect of Using a Metal Sheet with Glass Wool on the Heat
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Figure (10): The Temperature Distribution in the Southern Wall Using Metal

Sheet with Air Gap Insulation.

Figure (11): The Temperature Distribution in the Eastern Wall Using
Metal with Air Gap Insulation.
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Nomenclature
A:  surface area, m’
gj: shape factor, -
h; . inside heat transfer coefficients respectively, W/ m?."C
h, : outside heat transfer coefficients respectively, W/ m?.'C
i:  numerical index in X-direction, -
I; . total solar flux on an incident surface, W/ m?
j: numerical index in Y-direction, -
K: thermal conductivity, W/ m.K
n: number of soil constituents, -
Q: heat flow, W
R: thermal resistance, m.°C /W
t: time, S
T: temperature , °C
T,: sol-air temperature , °C
T:: initial temperature, °C
U: overall thermal transmittance, W/ m?.°C

x;: volume fraction of each constituent for soil , -
xs: volume fraction of solid , -

X4 volume fraction of air, -
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Greek letters
o: absorptive, -

A, weighting factor -

1
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