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Abstract 
 
    This work deals with a numerical investigation
reduce the heat gain and minimize the transmission of heat energy inside the conditioning space in summer season.     
The numerical results of this paper show
specific values of parameters, like the number of pipes per square meter, 
and the pipe inlet water temperature. Comparing with 
reduction in energy heat gain which is about 
of pipe diameter to the wall thickness (D/W) is 0.
of reduction 24% is achieved when the 
the water inlet temperature are 27, 30 and 
of pipe centre position inside the wall on the final heat transmission.
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1. Introduction 

 
The energy performance of a building has 

become an important factor in the design of the 
building. It was found that approximately
the site’s electricity consumption has been used in 
the HVAC system, as shown in Fig
the deep studying of cooling load component is 
essentially important especially in the hot areas.
Lee (1993) used a computer simulation to 
the energy performance of the various energy 
conservation measures with respect to the design 
of commercial buildings. The design 
the building shape, size, texture, lighting level
etc. The results showed that there was a 
possibility of 40% energy reduction from a 
combination of design improvements. Thus
important to include the energy efficiency as 
criteria during the design stage.
focused on the energy usage in air
system. His thesis had covered the various ty
of air-conditioning system in the markets and 
ways to conserve energy. It also touched on the 
benefits of using BAS (Building Automation 
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investigation to evaluate the utilization of a water pipe buried inside 
the transmission of heat energy inside the conditioning space in summer season.     

of this paper showed that the reduction in heat gain and energy saving
number of pipes per square meter, the ratio of pipe diameter to the 
Comparing with a normal roof (without pipes), the result

heat gain which is about 37.8% when the number of pipes per meter of roof
of pipe diameter to the wall thickness (D/W) is 0.20, and the water inlet temperature is 30°C

the number of pipes per meter, the ratio of pipe diameter to the wall thickness, and 
30 and 33 °C, respectively. The results also showed that there is a very small effect 

of pipe centre position inside the wall on the final heat transmission. 

, Solar-air temperature. 

The energy performance of a building has 
become an important factor in the design of the 
building. It was found that approximately 49% of 
the site’s electricity consumption has been used in 

as shown in Fig. 1. , therefore 
the deep studying of cooling load component is 

in the hot areas. 
computer simulation to analyse 

the energy performance of the various energy 
conservation measures with respect to the design 
of commercial buildings. The design referred to 
the building shape, size, texture, lighting level, 
etc. The results showed that there was a 

ergy reduction from a 
combination of design improvements. Thus, it is 

energy efficiency as a 
during the design stage. Hoo (2001) 

focused on the energy usage in air-conditioning 
thesis had covered the various types 

conditioning system in the markets and 
ways to conserve energy. It also touched on the 

(Building Automation 

system) in conserving energy use in air
conditioning system. 

Tawee Vechaphitt [2] studied the effect of 
variation of shape and orientation of a building on 
the average heat gain, and analyzed the optimum 
shape of the building to minimize the average heat 
gain. In order to provide guidelines for reduction 
of that gain through the buildings
were made using four thermal insulating 
materials. 

Sebashtain [3] treated the modelling and 
testing of hollow core concrete elements for heat 
storage and eat distribution via building 
construction thermally activated building system, 
using ventilated hollow core concrete 
This system is analysed as well as optimized for 
effective use of low valued energy sources. This 
leads to confirm the biggest advantage of system 
is the capability to store and distribute heat in the 
hollow core concrete which has a positive effe
on energy use. 
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the utilization of a water pipe buried inside a roof to 
the transmission of heat energy inside the conditioning space in summer season.     

and energy saving could be occurred with 
ratio of pipe diameter to the roof thickness, 

(without pipes), the results indicated a significant 
roof length is 3.0 , the ratio 

°C, while the minimum ratio 
, the ratio of pipe diameter to the wall thickness, and 

that there is a very small effect 

in conserving energy use in air-

Tawee Vechaphitt [2] studied the effect of 
f shape and orientation of a building on 

the average heat gain, and analyzed the optimum 
shape of the building to minimize the average heat 

In order to provide guidelines for reduction 
of that gain through the buildings, comparisons 

our thermal insulating 

Sebashtain [3] treated the modelling and 
testing of hollow core concrete elements for heat 
storage and eat distribution via building 
construction thermally activated building system, 
using ventilated hollow core concrete element. 
This system is analysed as well as optimized for 
effective use of low valued energy sources. This 
leads to confirm the biggest advantage of system 
is the capability to store and distribute heat in the 
hollow core concrete which has a positive effect 
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Fig. 1. Electricity power consumption [1]

 
 

R. Saidur and others [4] studied the overall 
thermal transfer value (OTTV) and the energy 
consumption of room air conditioning of the 
residential building (Malaysia). It was
OTTV of the residential building varies from 35 
to 65 W/m2 with a mean value of 41.7 W/
sensitivities of several parameters
window to wall ratio, shading coefficient (SC), U
value for wall and absorption (α) provide the 
optimum design  

T. Kiatsiriroal and M. Veekel [5] find that heat 
accumulated in the wall of an air conditional 
building could be excreted by the circulation of 
water in a set of copper tube embedded at the 
outer wall surface. They found that the period of 
cooled wall operation, between 10 am. 
the cooling load could be 3.67 kWh/day compared 
with 4.56 kWh/day, for the normal wall.

Corgnti and Kindinis [6] report a dynamic 
simulation of an active Hollow core slab using 
Simulink. The heat transfer in the solid
slab in transient conditions is expressed in its 
typical differential formulation, and is solved with 
explicit method. The researcher investigated the 
possibility of using the active hollow core slab to 
utilize free cooling at night to reduce 
demand for climate control in Mediterranean 
countries. Compering a traditional ventilation 
system with the night ventilation operation, the 
hollow core ventilation system offered that the 
application of hollow core slab for utilization the 
cooling night air can drastically help on reducing 
summer cooling loads. 

Sormunt et al. [7] use advance modelling and 
simulation analysis and laboratory measurements 
to develop several concept to integrate thermal 
mass of hollow core slab air conditioning syste
The authors observed by active use of thermal 
mass showed 4-10 % saving in heating energy, 
46-47 % saving in cooling energy and 12
saving in fan energy when compared with 
traditional system. 
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T. Kiatsiriroal and M. Veekel [5] find that heat 
accumulated in the wall of an air conditional 
building could be excreted by the circulation of 
water in a set of copper tube embedded at the 
outer wall surface. They found that the period of 
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the cooling load could be 3.67 kWh/day compared 
with 4.56 kWh/day, for the normal wall. 

Corgnti and Kindinis [6] report a dynamic 
simulation of an active Hollow core slab using 
Simulink. The heat transfer in the solid part of the 
slab in transient conditions is expressed in its 
typical differential formulation, and is solved with 
explicit method. The researcher investigated the 
possibility of using the active hollow core slab to 
utilize free cooling at night to reduce the energy 
demand for climate control in Mediterranean 
countries. Compering a traditional ventilation 
system with the night ventilation operation, the 
hollow core ventilation system offered that the 
application of hollow core slab for utilization the 

ng night air can drastically help on reducing 
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simulation analysis and laboratory measurements 
to develop several concept to integrate thermal 
mass of hollow core slab air conditioning system. 
The authors observed by active use of thermal 

10 % saving in heating energy, 
47 % saving in cooling energy and 12-23 % 

saving in fan energy when compared with 

2. Theory and Model 
 

In general, the thermal resistance
formulation for the energy balance on a node 
using backward-difference, shown in 
[8].   
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Thermal capacity Ci  is defined as

Ci=ρ cp ∆V i                                                 

The solution of equation (1) can be carried out 
by a number of methods. If the solution is to be 
performed with Gauss-seidel iteration technique, 
then equation (1) should be solved for T
expressed as:  

 
To insure stability, one must keep 

or less than the value obtained from the most 
restrictive nodal by solving for 
 

 
Fig. 2. Element of model
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The resistance element (Rij

for each node in the roof is given in Table (1).
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In general, the thermal resistance-capacity 
formulation for the energy balance on a node 

difference, shown in Fig. 2., is 
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is defined as: 

                                                  

The solution of equation (1) can be carried out 
by a number of methods. If the solution is to be 

seidel iteration technique, 
equation (1) should be solved for Ti

P+1 and 

                                                                    
… (2)          

To insure stability, one must keep ∆τ equal to 
or less than the value obtained from the most 

nodal by solving for ∆τ 

 
 

Element of model. 
 
 

                                    … (3)   

ij), shown in Figure (2), 
for each node in the roof is given in Table (1). 
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Table 1, 
The resistance of nodes ( Rij) [8] . 

Node 
condition Ri

+ Ri
- Rj

+ Rj
- 

Inside the 
roof 

K	A�

∆x
 

K	A�

∆x
 

K	A�

∆y
 

K	A

∆y

Convection 
on the 
outside 
(ho) 

K	A�

∆x
 hoAx  

K	A�

2∆y
 

K	A

2∆y

Convection 
 in the 
 inside 
 (hi) 

hiAx 
K	A�

∆x
 

K	A�

2∆y
 

K	A

2∆y

 
 
2.1.   Solar-Air Temperature 
      

Solar air temperature used to estimate the 
outdoor temperature which is included the effect 
of local and instantaneous solar radiation, using 
equitation [9]. 
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2.2.  Heat Gain within the Water Pipe

 
    Heat gain from the pipe embedded inside the 
roof, shown in Fig. 3. , can be estimated by using 
the energy balance between the nodes
 

 
Fig. 3. Water pipe embedded inside the roof

 
 

∑./ � 01 23∆"                                           
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Solving for "45��  
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Solar air temperature used to estimate the 
outdoor temperature which is included the effect 
of local and instantaneous solar radiation, using 

                              … (4) 

Water Pipe 

mbedded inside the 
, can be estimated by using 

the energy balance between the nodes: 

 

 

Water pipe embedded inside the roof. 

                                           … (5)                                                                             

                           … (6)                                                                                     

"45�� �
∑85

�1 9:
� "45                                                                                                                  

Qk=hf Ax ∆T 

Qk=hf Ax (Tpipe-"4;<=.)                                 

To find the inside pipe heat 
using Dittus-Boelter equation for 
[6], 

Nu=0.023 Re0.8 Pr0.4                            
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3. Initial and Boundary condition
 

     The initial condition of all nodes in the 
solution domain is assumed to be the average 
temperature between the outside and the inside 
temperature although the value of initial condition 
is not affecting significantly on the final results. 
And, the boundary conditions which are employed 
in the present case study are listed in Table 2.
 
 
Table 2, 
Boundary conditions. 

 
 

4. Program and Solution Code
  

FORTRAN code was designed to accomplish 
the numerical solution of the final set of 
equations by Guiss-sedil iterative method (simple 
and well known) with suitable value of over 
relaxation factor and a relative error of 1.0×10
A grid mesh of a 3-D model 
Fig. 4. illustrates the flow chart of the solution 
scheme. 

 

Value of 
x, y, and 
z 

Condition 

x=0 Outside surface 
x=L Inside surface 

y=0 
Starting  of 
simulation in 
y-direction 

y=W 
End length of 
simulation in  
y- direction 

z=0 
Starting  of 
simulation in 
 z-direction 

z=H 

End length of 
simulation in  
z- direction 
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To find the inside pipe heat transfer coefficient (hf) 
Boelter equation for turbulent flow 
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Initial and Boundary condition  

The initial condition of all nodes in the 
solution domain is assumed to be the average 
temperature between the outside and the inside 
temperature although the value of initial condition 
is not affecting significantly on the final results. 

ndary conditions which are employed 
in the present case study are listed in Table 2.  

Solution Code 

FORTRAN code was designed to accomplish 
the numerical solution of the final set of liner 

sedil iterative method (simple 
and well known) with suitable value of over 
relaxation factor and a relative error of 1.0×10-3. 

D model is within 70×70×20. 
illustrates the flow chart of the solution 
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5. Result and Discussion 
 

Figure (5) represents the temperature 
distribution contour lines of the concrete roof 
section (without pipe) at the noon (mid-day), to be 
compared with other cases. It is clear that the 
major effect of water pipe on the shape of 
temperature contour line damped the propagation 
of high temperature regime to reach the inside 
surface of the roof, therefore the average 
temperature of the inside surface will be less and 
the heat gain entering the space also reduced. That 
is due to absorbing an important part of a heat 
transfer inside the space in the wall by flowing 
water inside buried pipe and pick it away. Figures 
(6) and (7) show the same effect of pipe on the 
contour lines but with different size of pipe per 
thickness of roof (D/H=0.2 & 0.4) and also the 
number of pipes in one meter of roof width is 2.0 
in Figure (8). 

Figure (9) depicts, the three mode of heat 
transfer distribution along one day in the normal 
roof (without pipe). The energy entering the space 
via the roof (Qspace) reached the maximum value at 
5 pm with a time lag about 5 hours to transfer of 
the heat entering the roof from outside (Qroof) due 
to the heat storage in the room. The minimum heat 
gain occurred at 8 a.m., because the roof lost most 
of its storage energy to the outdoor air during the 
night. 

Figure (10) shows the effect of water inlet 
temperature to the pipe on the heat gain per square 
meter of roof area. The heat gain reduced about 
15-22 % compared with the normal roof on the 
peak time period, this result support the suggested 
modification that the use of water inside the 
concrete roof is feasible and economical.  
    Figure (11) and Figure (12) explore the low 
significant effect of pipe position inside the roof 
and the pipe diameter per roof thickness on the 
heat transmitted inside the space respectively, the 
reason of this results could be related to 
consideration of the analysis on energy through 
long period (one day) which decays the effect of 
that parameters 

The enhancement in heat gain reduction with 
increasing the number of pipes per meter of roof 
span width is more obvious in Figure (13), 
because the buried pipe works like a heat sink 
inside the roof. 

The effect of the water velocity (Reynolds 
number) inside the pipe on the heat gain through 
the roof is shown in Figures (14). Because of 
increasing the heat transfer coefficient due to high 
Reynolds number, the heat gain reduction 
increases.   

Figure (15) summarizes the cases that have 
been studied and mentioned in    Table-3, the y 
axis of the figure represents the accumulating 
energy entering the space per meter square of roof 
area per day. Directly, it can be detected that case 
7 is the optimum case among the others. 

 

 
 

Fig. 4. Program flow chart. 
 
 

6. Conclusion 
 
The present work reveals the significant effect 

of buried pipe inside the roof is save the energy 
consumption in two points. First the reduction of 
heat gain and then the cooling load of particular 
space, second the ability of utilize the heat energy 
cared up from the roof in other useful 
applications. 
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Fig. 5. Contour lines of temperature distribution of 
Roof without Pipe. 
 
 

  
Fig. 6. Contour lines of temperature distribution 
when D/H=0.2, Tw=30 ℃℃℃℃, Re=3000. 
 
 

 
Fig. 7. Contour lines of temperature distribution 
when D/H=0.4, Tw=30 ℃, Re=3000. 
 
 

                         Al-Khwarizmi Engineering Journal, Vol. 11, No. 1, P.P. 

36 

 

Fig. 5. Contour lines of temperature distribution of 

Fig. 6. Contour lines of temperature distribution 

 

7. Contour lines of temperature distribution 

 

 
Fig. 8. Contour lines of temperature distribution 
when D/H=0.2, Tw=30 
pipe/m=2. 
 

 
Fig. 9. Heat gain distribution in the roof versus time 
for normal roof (without pipes)
 
 

 
Fig. 10. Heat gain entering the space from the roof 
at different water inlet temperature versus time
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Fig. 8. Contour lines of temperature distribution 
when D/H=0.2, Tw=30 ℃, Re=3000, No. of 

 

Fig. 9. Heat gain distribution in the roof versus time 
for normal roof (without pipes). 

 

Fig. 10. Heat gain entering the space from the roof 
different water inlet temperature versus time. 
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Fig. 11. Heat gain entering the space from the roof 
versus time at different pipe centers. 
 

 

 

Fig. 12. Heat gain entering the space from the roof 
versus time at different D/H values. 
 
 

 
Fig. 13. Heat gain entering the space from the roof 
versus time at different Numbers of pipe
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Fig. 11. Heat gain entering the space from the roof 
 

 

Fig. 12. Heat gain entering the space from the roof 

 

gain entering the space from the roof 
versus time at different Numbers of pipe. 

 
Fig. 14. Heat gain entering the space from the roof 
versus time at different Reynolds Numbers of inlet 
water. 
 

 
Fig. 15. Bar chart of energy entering the space from 
the roof per day for different cases
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Fig. 14. Heat gain entering the space from the roof 
versus time at different Reynolds Numbers of inlet 

 

Fig. 15. Bar chart of energy entering the space from 
roof per day for different cases. 
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Table 3  
Cases parameter identifications. 

 
 
Nomenclature 
 
cp specific heat   (J/kg.°C) 
D/H pipe diameter to the wall Height ratio 
D pipe diameter   (m) 
hf convection heat transfer coefficient 

(W/m2.°C) 
hf convection heat transfer coefficient 

inside the pipe   (W/m2.°C) 
kf fluid (water) thermal conductivity 

(W/m.°C) 
Qk heat gain by water in k- element  (W) 
qi heat delivered to the node i by heat 

generation   (W) 
01  water mss flow rate  (kg/s) 
Nu Nusselt number :   ?@ �

*A

/
 

Pr Prandtel number:    HI �
�:J

/
 

Rij thermal conduction or convection 
resistance      ( m.°C/W) 

Re Reynolds number:  KL �
MNA

J
 

Rad instantaneous solar radiation    (W/m2) 
Tpipe pipe surface temperature:  (°C) 
Ti

P+1 temperature on node i after a time 
increment ∆�    (°C) 

Ti
P temperature on node i at particular time 

(°C) 
Tsat solar-air temperature (°C) 
"45�� water element outlet temperature from 

the node k (°C) 
"45  water element inlet temperature in the 

node  k   (°C) 
"4;<=  water element average temperature 

(°C) 
Two outside wall temperature  (°C)   
Twi inside wall temperature   (°C) 
Tsat solar air temperature   (°C) 
∆τ time increment   (s) 
∆Vi volume of the element    (m3) 
ρ density      (kg/m3) 
ϵ surface emissivity 
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Parameter 
Case 
1 2 3 4 5 6 7 8 9 10 11 

Water inlet Temperature  ºC 27 27 27 30 33 30 30 30 30 30 30 
D/H 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.3 0.1 0.1 
No. PIPE/m 1 1 1 1 1 2 3 1 1 1 1 
Pipe Centre/W 0.5 0.75 0.25 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Reynolds  number 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 5000 
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12 ا���ث أن ھ���ر ا�وا�د �ن 

�وب ا�� ��ك ا���ف �� .طر ا*��وب) D/W(�رض ا���ف و�� . و در#� �رارة ا��
ء ا�دا&ل ا�� ا*��
�ك �&'�ض 
12 ان ھ�ت ا���%  ��٤٠ث 
��ب ����ر ا�وا�د ھو 
��ب �د�
 ��ون �دد ا*
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�وب ھ� �� �ن ا��&'�ض وھ�  C٣٠° ا�� ا*���:ت أ.ل  
�����ب ��
وي %  ١٤، 
�وب ا��  �١د �دد ا*�� .طر ا*���ل ��ر �ن �رض ا���ف و
��ب ھ�  ��٠.٥ك ا���ف ھ� د �دد رو�دز � C٣٣° ا�)
ً و��ن در#� �رارة ا��
ء ا�دا&ل ا�� ا*� 
�وب ھو و�@ھ�
ب &@ل ا*���٣٠٠٠
ء ا��  .

�وب دا&ل ا���ف
�ك � ��ر ���ط #داً��� ���� ا��رارة ا������ &@ل ا���ف �د �:��ر �و.� �ر�زا*� ن ھ 12
�
 وأ)(رت ا���. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 


