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ABSTRACT

The solar chimney is a simple and practical toat ils applied to enhance
space natural ventilation. This paper reports apeemental work to
investigate effects of number of solar chimneysmdey height, air gap width,
and chimney orientation on natural ventilation is@ace. Temperatures and
velocities profiles were recorded through both aiésn channel and room
connected to channel under different parametricditions. The results show
that improvement in natural ventilation could béiiaged using multi solar
chimney. Also, using one, two, or three chimneysld@daeduce the room
center temperature by 6%, 10%, and 12 % respegtie®ld using two and
three chimneys instead of one chimney increasatilating flow rate to 13%
and 33% respectively.
Keywords: Improvement; Natural ventilation; multi-solar chigay;
Experimental.

1. Introduction

A solar chimney is a natural draft device whichlizdis solar radiation energy to
build up stack pressure, thereby driving airflowotigh the chimney channel by
converting thermal energy into kinetic energy afrabvement. A primary strategy for
cooling building without mechanical intervention et climate is to promote natural
ventilation. With ambient air temperatures almaatileen 42-49C during over heated
period in hot and dry condition as Aswan city. Biregentilation is not recommended
due to undesirable body heat gain by convectiorns Pphoblem can cause thermal
discomfort for building occupants. Solar energy hasimber of different applications
such as ventilation, passive solar heating andrapolf buildings, solar energy drying,
and power generation.

During the last two decades, increasing awareniegeeenhouse gas emissions and
the need for effective, efficient and ecologicaltyund building ventilation has led to
renewed interest in solar chimneys. In recent yearsiumber of experimental,
numerical and theoretical investigations have douted to the current understanding
of solar chimneys. The effects of solar chimneyghgi solar absorptance of the
absorber wall, solar transmittance of the glassecaand the air gap width are
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investigated by Lee and Strand [1] under variousdimns. The effects of chimney
inclination angle on number of air changes per et indoor flow pattern , and also
chimney inlet size and width were numerically anualgtically investigated by
Bassiouny and Korah [2, 3]. An experimental in\geion was done by Burek and
Habeb [4] to investigate heat transfer and mamssg fih thermo-syphoning air heaters,
such as solar chimneys and trombe walls. Experisnaste carried out by Chen et al
[5] using an experimental solar chimney model watiiform heat flux on one chimney
wall with a variable chimney gap to height ratio.shnple and useful tool to study
energy performance of different ventilated facatyeslogy was done by Balocco [6].
Several modeling tests were carried out by Cousstral. [7] on a well documented
experimental test case taken from open literatu@der to obtain a suitable model for
the double glazed facades. A commercial CFD packaeused by Guohui Gan [8]
to predict buoyant air flow and flow rates in tfavities.

Thermal performance of a solar chimney for natueadtilation was experimentally
investigated by Arce et al. [9]. The experimentald®l was implemented on full scale
and real meteorological conditions. A parametrialhical study of roof solar chimney
coupled with wind cooled cavity using spread sheaiputer program has been
presented by Aboulnaga [10]. A low energy consuomtéechnique to enhance passive
cooling and natural ventilation in a solar houssing a system consisting of a solar
chimney and an evaporative cooling cavity has bpeposed by Maerefat and
Haghighi [11]. A numerical study is presented byal@ziklou, and Ballinger [12] to
demonstrate the passive evaporative cooling syséfitiency and air flow rate
through building.

There have been relatively few reports of detarfeghsurements using multi solar
chimneys. So, the present research was directexiutty the effect of multi solar
chimneys at different directions on natural vetitia In this work, experiments were
carried out using a solar chimney experimentalumgler actual outside operating
conditions (hot and dry) of Aswan city at South EgyAir temperature and velocity
for different chimney parameters (height, gap, mdgon, and numbers) were
measured to provide further understanding of thetike¢ion performance of solar
chimney.

2. Experimentation

Figure 1 shows schematic view of the solar chintesyrig. It is composed of three
chimney channels connected to a room of dimengibissm length x 1.5 m width x
1.5 m height) . The three chimneys are connectatidaoom at different positions.
The first is at east (2000 mm height x 300 mm leng200 mm wide). The second is
at south (2000 mm height x 300 mm length x 300 mey The third is extended
from the top of the room upwardly, by (500 mm he¢igh300 mm length x 200 mm
wide) as shown in Fig. 1. Figure 2 shows a photthefsolar chimney test rig. The
room has an inlet opening of 300 mm x 300 mm thinoundet door used for fixing
temperature and velocity instruments inside themogach chimney channel consists
of four faces three of them are from glass of 6 thitkness, and the fourth face is the
absorbing surface made from stainless steel sBaat( thick) which is painted black
to behave almost as a black body. Figure 3 showBustration of the east and south
solar chimney positions. The solar chimney in thiatls position has one moving plate
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face to control the air gap. All absorbing surfackthe three chimneys were insulated
to minimize heat loss. The test rig was instrumgrnitemeasure both air temperature
and velocity through the chimney and room, usirgital air velocity and temperature

instrument as shown in Fig. 4. It has the capabtlit be connected to a computer
and/or a printer for accessing data and printingjhie specifications of the air velocity

and temperature are listed in Table 1. All measerémwere carried out from 7 am to
7 pm.
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Fig. 1 Schematic view of the solar chimney expentaksystem.
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Fig. 2 Photo of the solar chimney experimentatesys
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a- solar chimney facing east direction b- Solammey facing south direction
Fig. 3 a, b lllustration of the chimney positio

Fig. 4 Digital air velocity and temperafure instrent.
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Table 1 Specifications of the motive air Thermo-Anmoter air meter unit.

Measured quantity  Velocity Temperature
Range 0.2-25m/s -20 to BD
Accuracy (£ 2% +0.2) +08 C
Resolution 0.1 m/s 01 C

3. Experimental results and discussions

In this part, the obtained experimental resultd W8 comprehensively discussed.
The results include the temperature and velodsyridution across the chimney at
different heights, air flow rate along the chimrmight and across the air gap, and the
effect of the number chimneys and orientations atural ventilation. Finally a
comparison between flow through chimney when cotatkand disconnected to room
has been done.

3.1 Temperature distribution across chimney height

Figure 5 shows temperature versus distance achesstimney from absorbing
surface for 1m height from chimney inlet. The expent leading to this figure was
performed on June 292011 while the average ambient temperature wastabb5
°C. It could be seen from the figure that the terapge decreases as the point is far
from the absorbing surface till reaching a certailue, and then, it increases after that.
This means that the cover temperature was grelader the air temperature (but less
than the absorber temperature). This could bebat&d to radiation heat transfer from
the absorber plate to the cover plate. Similaenladions have been made by [4].

Figure 6 shows the temperatures along the chdmaight for chimney at the south
position for 200 mm air gap. The experimental resslgading to this figure was
performed on June 802011 while the average ambient temperature wastaio5°C
. It could be seen from the figure that the airgenature increases along the chimney
height. This is due to the fact that the longemutey air channel provides a longer
path for the convective heat transfer between tiserder wall and the air.

It is to be noted that figures 5 and 6 show averadees of temperature of 528
and 45.7°C respectively at a height of 1m and an air gapttwaf 200 mm for the
south-facing chimney. The difference in results a#ributed to the different
meteorological conditions during performing the texperiments including ambient
temperature as well as solar flux and wind velocity
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Fig. 5 Typical profile of air temperatures acrtss chimney channel depth at the
south position of 1 m height for 200 mm air gaptwitbn June 29 th ,2011) .
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Fig. 6 Air temperature along the channel hefghthimney facing south position for
200 mm air gap width (on June 30th ,2011).

]

25



1668 Soubhi A. Hassaneihand Waleed A. Abdel-Fade@l

3.2 Velocity distribution across chimney height

Figure 7 shows the average velocity versus disténore bottom of chimney at the
south position for 200 mm air gap. It could be s&em the figure that the average
velocity increases along the channel height, wiichld be attributed to converting
thermal energy gained by air as it passes ovettikerbing plate to kinetic energy.
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Fig. 7 Air velocity along channel height for chinyrat south for 200 mm
air gap width.

3.3 Air flow rate across chimney height

Figure 8 shows the average air flow rate alongcti@nnel height for chimney at the
south position for 200 mm air gap. It could be sttem the figure that the flow rate
increases along the chimney height.
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Fig. 8 Air flow rate along channel height forirminey at south for 200 mm air gap
width.

3.4 Air flow rate across chimney gap

Figure 9 shows the flow rate versus air gap waithlifferent values of distance
from the bottom for the chimney at the south positilt could be seen from the figure
that the flow rate is slightly reduced for higlaér gap widths, indicating that a smaller
air gap enhances slightly the natural ventilatimwfrate. This could be attributed to
that decreasing the air gap makes the bulk air raffeeted by the absorbing plate and
thus having a higher temperature than the air diosiee glass cover which leads to an
increase in the air velocity. However, the increiasair flow rate for different air gab
widths values is almost negligible and the air gagith does not have much effect on
the performance of the chimney as the other dgségameters. Also it could be seen
from the figure that the flow rate increases witlintney length above the bottom.
Finally, it could be seen that the effect of chimheight is more pronounced than that
of air gap width on natural ventilation.
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Fig. 9 Flow rate versus air gap width at différehannel heights for chimney facing
south.

3.5 Effect of number of chimneys

Figure 10 shows the variation of temperature atcter of the room with time for
multi chimneys of 200 mm air gap width and thatheiit chimneys. It could be seen
from the figure that the transient temperaturdleg center of the room is lower with
increasing the number of chimneys, and that thdecetemperature of the room
without chimney is the highest one. This could kel&ned by that increasing number
of chimneys makes the room more ventilated whichmeehat the air is more mixed,
homogenous and give temperature lower than thatoiwer number of chimneys.
Finally, it could be seen that at one o'clock ie tfternoon using one chimney could
reduce the room center temperature by 6%, als@ugio chimneys could produce a
reduction in temperature of 10%, and when usingehthimneys the reduction in
temperature could reach 12 % compared with cadeutitchimneys. Looking at Fig.
10 it could be concluded that using multi solarnuiéys as that of the present
configuration one chimney at east ,another at soaid the last above the room
enables tracking sun that makes temperature maisé agime almost uniform.

Figure 11 shows the transient flow rate throughrtseam using multi chimneys of
200 mm air gap. It could be seen that for mosheftime the ventilation flow rate is
higher using more chimneys. This could be explhiog considering the chimney as a
pump, and the multi chimneys as pumps arrangedanallpl. So, increasing the
number of chimneys increases ventilation flow r&ieally it could be seen that at one
o’ clock in the after noon using two chimneys coirldrease ventilating flow rate by
13%, and increasing number of chimney to threeccindrease ventilating flow rate
by 33%.
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Fig. 10 Temperature at center of the room vetisus with multi chimney of 200 mm
air gap width and without chimney.

Figure 11 shows the transient flow rate throughrtseam using multi chimneys of
200 mm air gap. It could be seen that for mosheftime the ventilation flow rate is
higher using more chimneys. This could be explhimg considering the chimney as a
pump, and the multi chimneys as pumps arrangedanallpl. So, increasing the
number of chimneys increases ventilation flow r&ieally it could be seen that at one
o’ clock in the after noon using two chimneys coirldrease ventilating flow rate by
13%, and increasing number of chimney to threeccindrease ventilating flow rate
by 33%.
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Fig. 11 flow rate through room versus time ugimgti chimneys of 200 mm
air gap width.

3.6 Effect of chimney orientation

Figure 12 shows air velocity at outlet from thenshey under different orientations
for 200 mm air gap width. It could be seen from figare that the chimney at the east
has higher velocity from 7 am to 11 am and thisle¢dae explained by the solar
azimuth angles are in east direction. With respechimney at south it could be seen
that the air has a higher velocity in duratiorimfe from 12 am to 5 pm where the sun
rays are in the south direction. With respect o ¢himney above the room it is noted
that it has higher velocity in the time duration 3gm to 7 pm and this could be
explained by that the absorbing surface of thimoky was facing the west direction.
Finally, the figure shows that the maximum valuexup at the south direction
chimney.
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Fig. 12 velocity at chimney exit under differ@mtentations for 200 mm air gap
width.

3.7 Characteristics of separated chimneys

In this section ventilation characteristics for actemney alone (oriented east), is
examined. The results are compared to the case thieechimney was connected to
the room.

3.7.1 Ve ocity distribution along the chimney height

Figure 13 shows the average outlet velocity vetisns at different heights for 200
mm air gap chimney at south when disconnected fra@mroom. It could be seen from
the figure that the velocity increases with timel &éms is due to increasing temperature
with time. Also it could be seen from the figurathas the height of the chimney
increases the velocity is increased, which couldatigbuted to the conversion of
thermal energy gained by air as it passes ovealtBerbing plate to kinetic energy.
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Fig. 13 Average air velocity versus time ateliént heights for 200 mm air gap
width chimney at the south.

3.7.2 Temperature distribution along the chimney height

Figure 14 shows the average outlet temperatursuseime for various chimney
heights for 200 mm air gap chimney facing the tisauhen chimney is disconnected
from the room. It could be seen from the figuret i@ temperature increases with
time and this could be explained by the increasaniient temperature with time.
Also, it could be seen from the figure that ashbight inside the chimney is increased
the temperature will increase. This could be aited to thermal energy gained by air
as it passes on the absorbing plate.



IMPROVEMENT OF NATURAL VENTILATION IN BUILDING ... 1675

57
——H=0.5m
26 1 m—p=1m
55 o emggmmH=1.5m
¥
~ 54 | =e=H=2m
Q
5
® 53
Q
o
£ 52
[}]
[
51
50
49 1 1 1 1 1
g9 10 11 12 13 14 15

Time, hr

Fig. 14 Temperature versus time at differenglisi for 200 mm air gap width
chimney facing the south.

3.7.3 Comparison between the ventilation characteristics for chimney alone
and chimney connected to the room

Figure 15 shows the velocity at outlet from thenuféy versus time for both cases
of chimneys connected to and disconnected from rdbroould be seen from the
figure that for most of the time the outlet velgdibr connected chimney is larger than
that for disconnected chimney. This could be exgdiby that the room connected to
chimney acts as an orifice in pipe and this wikrgase the air velocity into the
chimney.
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Fig. 15 Velocity at outlet from chimney verduse for both connected and
disconnected chimneys to room.

4. Conclusions

The following conclusions could be drawn:

1-Chimney height, chimney gap, orientation, and Ineinof chimneys have influence
on the natural ventilation.

2-For large value of the chimney height and nundferthimneys facing south and low
values of air gap width the building’s natural tieion is relatively high.

3-The effects of chimney height, number of chimneysl orientation are more
pronounced on natural ventilation than the efféchimney air gap.

4- Using one, two, and three chimneys reduces dbenrcenter temperature by 6%.
10%, and 12% respectively..

5- Using two chimneys could increase ventilatingMlrate by 13% , and increasing
chimney number to three increases ventilating flate by 33%.

6-Using multi solar chimneys as the configuratioveg in the present study : one
chimney facing the east , another facing the sant,the last above the top of the
room caused taking the advantage of tracking theadich lead to almost uniform
temperature most of the time as shown in Fig. t@fieee chimneys.

7-It could be concluded that ventilation flow rabeough chimney connected to room
is more than that for chimney disconnected fronrdoen.
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