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Abstract

This work deals with a numericalvestigatiol to evaluatehe utilization of a water pipe buried insia roof to
reduce the heat gain and minimitte transmission of heat energy inside the comiim space in summer season
The numerical resultef this paper shoed that the reduction in heat gand energy savir could be occurred with
specific values of parameters, like tigmber of pipes per square metheratio of pipe diameter to ttroof thickness,
and the pipe inlet water temperatuBamparing witha normal rooffwithout pipes), the resis indicated a significant
reduction in energheat gain which is aboi37.8% when the number of pipes per meteroof length is 3.0 , the ratio
of pipe diameter to the wall thickness (D/W) i20, and the water inlet temperature iS@G0while the minimum ratio
of reduction 24% is achieved wh#re number of pipes per metehe ratio of pipe diameter to the wall thicknemsd
the water inlet temperature are 3D, and33 °C, respectively. The results also showet there is a very small effe
of pipe centre position inside the wall on the fin@at transmissio

Keyword: Water pipe, Roof heat gain, Solar-air temperature.

1. Introduction

The energy performance of a building |
become an important factor in the design of
building. It was found that approximat 49% of
the site’s electricity consumption has been use
the HVAC systemas shown in Fi. 1. , therefore
the deep studying of cooling load componer
essentially important especially the hot area
Lee (1993) used eomputer simulation tanalyse
the energy performance of the various ent
conservation measures with respect to the de
of commercial buildings. The desicreferred to
the building shape, size, texture, lighting I,
etc. The results showed that there wa
possibility of 40% eargy reduction from
combination of design improvements. T, it is
important to include theenergy efficiency aa
criteria during the design sta¢ Hoo (2001)
focused on the energy usage in-conditioning
system. Histhesis had covered the varioupes
of airconditioning system in the markets ¢
ways to conserve energy. It also touched or
benefits of using BAS(Building Automation

system) in conserving energy use in -
conditioning system.

Tawee Vechaphitt [2] studied the effect
variation d shape and orientation of a building
the average heat gain, and analyzed the opti
shape of the building to minimize the average
gain. In order to provide guidelines for reducti
of that gain through the buildin, comparisons
were made using ofir thermal insulatin
materials.

Sebashtain [3] treated the modelling
testing of hollow core concrete elements for |
storage and eat distribution via buildi
construction thermally activated building systt
using ventilated hollow core concreelement.
This system is analysed as well as optimizec
effective use of low valued energy sources. -
leads to confirm the biggest advantage of sy
is the capability to store and distribute heathie
hollow core concrete which has a positive ct
on energy use.
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Fig. 1. Electricity power consumption [1].

R. Saidur and others [4}tglied the overa
thermal transfer value (OTTV) and the ene
consumption of roomair conditioning of the
residential building (Malaysia). Wwas found that
OTTV of the residential building varies from
to 65 W/nf with amean value of 41.7 \m* The
sensitivities of several paramel, such as
window to wall ratio, shading coefficient (SC)-
value for wall and absorptiono) provide the
optimum design

T. Kiatsiriroal and M. Veekel [5] find that he
accumulated in the wall of an air conditio
building could be excreted by the circulation
water in a set of copper tube embedded al
outer wall surface. They found that the perioc
cooled vall operation, between 10 ar- 5 pm.,
the cooling load could be 3.67 kWh/day compe
with 4.56 kWh/day, for the normal we

Corgnti and Kindinis [6] report a dynarr
simulation of an active Hollow core slab us
Simulink. The heat transfer in the sc part of the
slab in transient conditions is expressed in
typical differential formulation, and is solved v
explicit method. The researcher investigated
possibility of using the active hollow core slak
utilize free cooling at night to reduthe energy
demand for climate control in Mediterrane
countries. Compering a traditional ventilat
system with the night ventilation operation,
hollow core ventilation system offered that
application of hollow core slab for utilization t
cooling night air can drastically help on reduc
summer cooling loads.

Sormunt et al. [7] use advance modelling
simulation analysis and laboratory measurem
to develop several concept to integrate the
mass of hollow core slab air conditioning sm.
The authors observed by active use of the
mass showed 40 % saving in heating ener
4647 % saving in cooling energy and-23 %
saving in fan energy when compared v
traditional system.
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2. Theory and Model

In general, the thermal resista-capacity
formulation for the energy balance on a n
using backwardiifference, shown irFig. 2., is

[8].
PP TP+1_P
. J L o e | i
ql + Z RI.] Cl A

. (1)

T
Thermal capacity Cis defined a:
Ci=p ¢, AV,

The solution of equation (1) can be carried

by a number of methods. If the solution is to
performed with Gausseidel iteration techniqu

then equation (1) should be solved fo,”** and
expressed as:
" 77\ ar Ao 1

To insure stability, one must keAt equal to
or less than the value obtained from the r
restrictivenodal by solving foAt

Rk+

Ri+
AX v
» '
z

»
Ay

Fig. 2. Element of mode.

At < ( . ()

The resistance element;jRshown in Figure (2),
for each node in the roof is given in Table

C; ) )
Yj1/Ry7 T
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Table 1,
The resistance of nodes ({R[8].

Node + N + . . B
condiion T Ri R; R; Ry Ry
Insidethe KA, KA, KAy, KA, KA, KA,
roof Ax  Ax Ay Ay Az Az
Convection

on the KA hoAX ﬁ & KA, KA,
outside Ax 20y  2Ay 2Az  2Az
(ho)

Convection

?n t_he hA K Ax K AY K Ay K AZ K AZ
inside Y Ax 20y 2y 2Az7 24z

(h)

2.1. Solar-Air Temperature

Solar air temperature used to estimate
outdoor temperature which is included the ef
of local and instantaneous solar radiation, u
equitation [9].

.. (4)

2.2. Heat Gain within theWater Pipe

Heat gain from the pipengbedded inside tt
roof, shown in Fig. 3, can be estimated by usi
the energy balance between the n:

— (==
U P Tfous

(J) =) = 0 00 0 (=

Tfa
= (0

Fig. 3. Water pipe embedded inside the roc

¥ Qi = M, AT
2 Qi =1y (Ty,,, — Tp)
Solving forTy, .,

.. (5)
..(6)
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_ 2Qk
Tfk+1 ~ ey + Tfk
Qk:hf AXAT

Q=he Ax (Tpipe'Tfave.) - (1)

To find the inside pipe heitransfer coefficient
using DittusBoelter equation forturbulent flow

(6],

Nu=0.023 Re”® Pro4 .. (8)
_ho
Nu = p ... (9)
3. Initial and Boundary condition
The initial condition of all nodes in tt

solution domain is assumed to be the ave
temperature between the outside and the ir
temperature although the value of initial condit
is not affecting significantly on the final resul
And, the bouadary conditions which are employ
in the present case study are listed in Tat

Table 2,
Boundary conditions.
Value of
X, Yy, and Condition Temp. Remark
z
x=0 Outside surface  Two
x=L Inside surface Twi
Starting of =0 Similarit
y=0 simulation in oz
y-direction y
End length of My_o oo
y=W simulation in 0z Similarit
y- direction y
Starting of Mz_ L
z=0 simulation in o0y Similarit
z-direction y
End length of Mz_ R
z=H simulation in oy Similarit
z- direction y

4. Program and Solution Code

FORTRAN code was designed to accomp
the numerical solution of the final set liner
equations by Guissedil iterative method (simp
and well known) with suitable value of o\
relaxation factor and a relative error of 1.0°,
A grid mesh of a I modelis within 70x70x20.
Fig. 4. illustrates the flow chart of the soluti
scheme.
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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 (Qacd reached the maximum value at
5 pm with a time lag about 5 hours to transfer of
the heat entering the roof from outside.(@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 td hig
Reynolds number, the heat gain reduction
increases.
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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 cas
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 energ
cared up from the roof in other useful
applications.
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Fig. 5. Contour lines of temperature distribution d
Roof without Pipe.
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Fig. 6. Contour lines of temperature distribution
when D/H=0.2, Tw=30°C, Re=3000.
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Fig. 7. Contour lines of temperature distribution
when D/H=0.4, Tw=30°C, Re=3000.
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Fig. 8. Contour lines of temperature distribution
when D/H=0.2, Tw=30 °C, Re=3000, No. of
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Fig. 9. Heat gain distribution in the roof versus ime
for normal roof (without pipes).
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Fig. 10. Heat gain entering the space from the roc
at different water inlet temperature versus time.
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Fig. 12. Heat gain entering the space from the roc
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Fig. 13. Heatgain entering the space from the roo
versus time at different Numbers of pip.
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Table 3
Cases parameter identifications.
Case
Parameter 1 2 3 4 5 6 7 8 9 10 11
Water inlet Temperature °C 27 27 27 30 33 30 30 30 30 30 30
D/H 02 02 02 02 02 02 0201 03 o1 0.1
No. PIPE/m 1 1 1 1 1 2 3 1 1 1 1
Pipe Centre/W 05 075 025 05 05 05 05 05 05 05 05
Reynolds number 3000 3000 3000 3000 3000 3000 3000 3000 3000 3 5000
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