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ABSTRACT

Ventilation is one of the remedies for thermal comfort and indoor air pollution
problems. Beside, the present global energy crisis as well as the environmental issues
also lead to the effort toward research on passive ventilation system. Solar radiation, as
clean and renewable energy, can be utilized to cause air movement by means of the
“Stack Effect Ventilation” principal. Three types of such applications can be
implemented to buildings, solar chimney, trombe wall and solar roof collector. This
paper focuses on the performance improvement of solar roof collector with the following
objectives. .

First, it aims to compare the performance of stack heating techniques, mass
conductor (black cement shingles and black asbestos shingles) and direct radiation
collector, (transparent shingles with reflector). Second, it compares the efficiency of a
double-layer stack with the existing single layer one. By adding an additional layer of
black metal sheet to separate the existing air window to take advantage of the solar
radiation, the design also doubles the volume of the existing air way (from one layer to
two layers). Third, the research attempts to explore the effects of ceiling angle--angled
ceiling and horizontal ceiling--on the cooling efficiency. And finally, the study
experiments the influence of different air inlet and window configurations (air inlet on the
opposite side of roof panel vis-a-vis air inlet far from stack with window on the same side
of the roof panel).

The study is based on two lines of theories--air movement and heat transfer
principles. The experiment has been done via six testing cells, which physical attributes

represent different variables to derive answers for research questions. Monitored



ventilation rates, temperatures, and solar radiation in a 30-minute interval are recorded
through data loggers for 5-8 days. Additional experimentation at night has been
implemented to control the external wind movement—for both direction and velocity—
which affects the air velocity in the stacks.
The study shows that direct radiation in-stack air heating offers a higher ventilation
rate with lower indoor air temperature than the high mass and low mass conductors. In
addition, the double layer stack system performs best for both ventilation rate and lower
indoor air temperature. The study does not find any significant difference between
performances caused by different ceiling angles. The study found, however, that the
indoor air temperature is slightly lower in‘the angled ceiling cells while there is a sligh;[Iy
higher ventilation rate in the horizontal ceiling cells. In such cases, the air mass above
the ceiling might act like a mass absorbing heat from the roof system and transferring it
to the interior space. The experiment on air inlet location shows that ventilation rate is
higher and indoor air temperature is lower for stack with window on the opposite side of
the roof panel. The experiment concludes that direct solar-radiation heated roof
collectors with double layers of stack separated by black metal sheet has the best
performance. Angled ceiling is proved more preferable for living areas requiring lower
indoor air temperature. If ventilation is a crucial factor, horizontal ceiling should to be
more favorable. Additional vents for releasing hot air over the ceiling might be needed to
help lower the indoor air temperature. Ceiling angle could be a matter of taste rather
than a ventilation remedy since its effects on the rate of ventilation is small. Moreover, for
best cross flow through the living space, the air inlet should be located near the stack

while the window should be as far from the inlet as possible.
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AR 1 | AR 2 [ ae 3 [ iad 4 | iad 5 | (iad 6
|ATINT 8.00u-10.008 | 0.0103 | 0.0089 | 0.0214 | 0.0419 | 0.0498 ) 0.0105
TANEBMIA | 10.00u-13.004 | 0.0236 | 0.0109 | 0.0278 | 0.0661 | 0.0658 | 0.0195
(au.uHh)
13.001-16.004 | 0.0177 | 0.0119 | 0.0182 | 0.0714 | 0.0734 | 0.0182
16.00u4-17.30% | 0.0145 | 0.0088 | 0.0165 | 0.0550 | 0.0530 | 0.0063
'anmqﬁmel 8.004-10.004 | 24212 | 24.736 | 24.539 | 23.998 | 24.113 | 25.853
W Eﬂﬁ* 10.00u-13.00u | 28.419 | 28.895 | 28.097 | 27.570 | 27.649 | 30.391
ANIVAT | 13.00u-16.00u | 31.080 | 31.556 | 30.671 | 30.196 | 30.225 | 32.943
atdAe (T9)
16.004-17.30M | 30.264 | 30.611 | 30.261 | 29.674 | 29.856 { 31.061
o) laEh(Ts) 8.00u-10.004 24820 | 25422 | 24270 |  23.941 23.979 26.577
10.001-13.00u 31.015 31.309 28.046 27.346 27.478 32.052
13.00u-16.00u 34.622 34.609 30.929 30.143 30.237 34.537
16.00u-17.304 32.420 32.177 30.706 29.935 29.994 31.713
T6 8.00u-10.00u 24.372 25.03 - 23.805 23.923 24 446
(gﬁ'luuﬂi‘lﬁﬂ’mmi‘ 10.00u-13.00u4 290,744 30.373 - 27.3346 27.863 28475
Vgwiumidn | 13.00u-16.00u 33398 | 33777 - 30.1163 |  30.874 31.073
54111117171’5) 16.004-17.30U 31.964 31.890 - 29.935 30.479 30.127
. T7 8.00u-10.00u 24.31 24.735 24.481 24.151 23.826 24154
(afwwnisl¥anniz | 10.00u-13.00u 28,685 29.121 28.057 27.622 27.482 28.088
Viienadnwonidns | 13.00u-16.00u 31543 | 31854 | 30510 | 30.183 | 30537 30.597
501“‘“‘/1’7'15) 16.00U-17.30u 30.527 30.815 30.080 29632 30.479 29622
T8 8.00u-10.00u 24.252 24.678 - 24132 24.288 25.867
(g@rwwmidlfisnnis | 10.00u-13.00u 28.379 28.908 - 27.583 27.792 30472
Wilenuduwnidn 13.00u-16.00U 30.917 31.489 - 30.104 30.332 32.818
6*31'“"-""'-""15) 16.00U-17.30uU 30.081 30.508 - 29.552 20916 30.725
T10 8.00u-10.00u 24.329 24 .91 1A 247N 24.229 24,269 25.203
‘ (gfwnkl¥anmz | 10.00u-1300u | 28.2831 28696 | 28.308 27.700 | 27.899 29.323
Vilienudwnidn | 13.00u-16.00u 30.754 31.081 30.645 30.144 30.414 31.902
) "5*1141-'“:'1'5) 16.00U-17.30U 29.958 30.467 30.201 29.553 29.876 30.541
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WRE 1 [ af 2 | WaR 3 | waA 4 | Rd 5 | wad 6
ANULANATY | 8.00u-10.004 | -0.012| 1.810| 10463 | 8991 | 8915| 10.155
‘""N’El‘““’.‘.ﬁﬁ 10.004-13.004 | 0.679 | 4.202 | 15.005 | 15.499 | 14.628 | 18.367
ﬂmﬂﬂ"?""“ 13.00u-16.004 | 0744 | 4.358 | 10413 | 11.611 | 10.075 | 15.423
aunning
L 16.004-17.30u | 0451 | 2133 2.126| 2020| 1.248| 3.788
uan
gumgiilate | 8.00u-10.004 25502 | 26927 | 35.901 29699 |  20.5% 32.305
Ugaauu(T1) 10.001-13.00U4 33.173 35.321 47.772 38.707 38.270 42925
13.00u-16.004 36.770 38.870 46.117 39.327 39.002 44585
16.00u-17.30U 34.285 35.050 36.497 33.905 33.937 36.141
guaugiimlane | 8.00u-10.00u - ! - 30058 | 20348 | 20.461
1URBINI(T12) 10.00u-13.00u - - < 42592 40618 41.305
13.00U-16.00U4 - - - 44188 41.683 43.212
16.00u-17.30u4 - - - 36.491 35.027 35.735
gumgiinnanaLldes | 8.001-10.004 25632 | 26139 | 29622 | 27075 | 27.89% 28.475
Uy (T2) 10.00u-13.00u 34.620 34.047 38.338 34.364 35.724 37.003
13.00u-16.00u 38.663 37.738 39.961 36.393 37.707 39.065
16.00u-1 7.3611 35.441 34.500 34.267 32.592 33.042 34.391
gamgiinnanatidss | 8.00u-10.00u ] - X 28248 | 28748 | 28200
ii’N(T1 3) 10.00u-13.00u - - - 39.526 39.882 38.823
13.00uU-16.00u - - - 40.499 40.545 40.513
. 16.00u-17.30U - - - 34.238 34.085 34.541
qnmqﬁ‘/‘uﬁ'uﬂém 8.001-10.00u 24.870 25.748 27.713 26.255 25.936 29.740
1 (T3) 10.00u-13.00U 33.105 33.610 34.047 31.351 31.010 38.509
13.00u-16.00u 36.987 37.297 35.837 33.647 33.437 39.843
16.00u-17.30u 34.287 34.020 32.825 32.000 31.792 34.460
goufinAuLldes | 8.00u-10.00u - - : 25209 | 26360 | 26214
813 (T14) 10.0014-13.00u - - - 32.403 34.779 34.883
13.00u-16.00u - - - 34.803 36.611 37.243
16.004-17.30u - - - 32.114 32.825 33.422
mdnlss@nSAnuduwus | 16.458 | 3.9304 | 45738 | 6.5702 | 7.1197 | 3.9979
ArdlssRnBAnusunus - 9.4 |10.9137 | 156774 | 16.9886 | 9.5396
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