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Study Of Flow And Heat Transfer In A Yertical Heated Duct
As A Passive Solar Ventilation-System
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ABSTRACYT

An experimental model for passive solar ventilating system is
designed and constructed. This model 1s a rectangular vertlcal
channel electrically heated from one of the two large sldes and
the other sides are exposed to amblent conditions, Due to uniform
heating, a natural convective flow is produced. The induced alr
flow rate and average Nusselt number are calculated depending on
the values cof measured temperature of exit air and hot wall. The
pexformance of the model at different values of -heat flux as well;
at different values of channel space ratio is examined. Channels
of space ratlo of 0.01, 0.02, 0.03, and ¢.04 are tested at _values
of heat f£flux of 150, 250, 3%0, 4590, 550, 650, and 750 w/mz. Two
proposed correlations for evaluatlon of HNusselt number and the
nass flow rate are presented here,

1. INTRODUCTION

Solar energy applications are attractive systems to be
studied and used because of thelr simplicity, cost effectiveness
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and pollution problems cf other classical systemz. Trombe wall
systema [1] and Danvior house systems (2] can be consldered as the
main types of solar ventilating system [2). Trombe wall system 1Is
a very slmple system. It depends on productlon of natural
convectlive flow in a vertical channel heated from one side. This
channel is connected to the hkated room through two openings, one
at the top of the room and the other is at its bottom. The heated
slde of the channel 1s a blacr palnted wall and the other sides
are made of transparent.glass., On the other hand, Danvior house
system 1s a compllcated systeh It depends on circulating the
heating alr in a double layers golar heater by a fan and supplylng
it to the heated room. The effect of the Inlet and exit losses of
the flow within the Trombe wall was studied by J. A. Tichy (3].

Natural convection heat transfer has been investligated for
cagse of bare plate as well aj for channels at dlfferent condltions
elthexr theoretically or perimentally [4-9]. The effect of
Interplate spacing on naturali convectlon in an open-ended channel
bounded by an lsothermal and - an wunheated wall was studied by
Sparrow and Azevedo [6] both experimentally and numerically. It
vas found that the channel heat transfer is particularly sensltive
to changes in interplate spaclng for narrow channels and at small
temparature differences. Free convective laminar heat transfer
between +the channel surfages of the Trombe wall has been
investlgated theoretically by Akbarl and Borgers [10]. BSeveral
correlatlions have been developed In (10] to estimate performance
characteristics given the channel thickness, helight, and surface
temperatures.

In the present work, a slmple open-ended vertical channel
model 1s selected to study the performance of a solar wventlilating
systems under prescribed conditions. Through out the experiments
alr ls used as the working medium, The effect of heat flux and of
space ratic on the average Nusselt numbexr, mass flow rate of alilr
and its exit temperature are studled.

2. APPARATUS AND EXPERIMENTAL PROCEDURE

The used apparatus 1s deslgned such that it satlisfles
modellng requlirements. Thls model ensures different channel space
ratles and different values ¢of heat flux from the heated wall. A
schematic sketch of the used channel 1s shown in £ig.(l1). The
heated wall is 0.8 wmm thlick galvanized steel plate with height of
1000 mm and width o€ 290 mm. The plate is heated by an electric
heater, Thls heater conalsts of fifty stainless steel satripes of
0.5 mm thickness, 10 mm width and 1050 mm length. These stripes
are connected to each other in series. The other principal wall of
the model; as well the two small sldes are made of 6.0 mm thick
transparent glass. The unheated princlple wall is
position-adjusted one to obthin different required space ratio
{(S/H}.

The supplled power to heater 1s adJusted to the requlired
level by changing the walue of the input voltage through manual
stepless voltage-regulator. Temperature measurement 1s carried out
oy ,copper- -constantan therxmocouples wlth sensitivity of 0.0435
mv/°C accompanied with multimeter of readabillty of 0.01 mV.

Thirteen thermocouples are s¢lded to the heated wall, £lve
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Thirteen thermocouples are solded te Lhe heated wall, five
are flwed to the unheated wall,ona to back of Llnsulation, one in
the mlddle peoint of Inlet cross-section and place-adjusted one at
exit cross-section. The value of current intensity and potential
difference are nmeasured by analeg ammeter and voltmeter
respectively.

3. RESULTS AND DISCUSSIONS

The temperature 'of the  heated wall 1s measured at several
points in longitudinal and transverse directions. In transverse
direction, no temperature variations are exhlblted. Figures
(2-a)-(2-~d) show temperature distribution along the hot wall at
different wvalues of heat flux, for channel space ratio of
0.01,0.02,0.03, and 0.04 respectively. It is clear that, the
value of temperature, at all measuring points, is proporticnal to
the value of heat flux. In case of high heat flux, It is observed
that the temperature distribution curves have a peak point within
the first third of the wall length which ls physically acceptable.
In general, the temperature of the wall, for the same heat flux,
is higher in case of smaller space ratlies.

Flgures (3-a) and (3-d> show bLhe temperature distribution along
the unheated wall at different vaiues of heat flux for channel
space ratio of 0.01,0.02,0.03, and 0.04. The temperature increases
almost linearly in direction of flow for all values of heat flux.

The temperature distributlion at the channel exit cross-
sectlion is presented in figures (4-ad and (4-d3. In general, for
all space ratios; the temperature decreases from the hot wall to
the unheated one. It is noted that, The value of temperature |is
higher for smaller space ratios. Examining the above figures, it
is clear that the value of heat flux is more effective in case of
small space ratios, which is expected for narrow channels.

The mass flow rate 1s calculated using the energy equation;
q, = m Cp AT, where q, ls the net heat flux. The net heat flux

qu) is equal to the suppllied heat minus the heat lost to

surroundings from the outer surface of the unheated plate and from
Lthe outer surface of the insulation layer of the heated plate ¢
q =49 - q 3. The lost heat 1s calculated based on the free

net = lost

convection heat transfer equation in case of vertical flat plate
[10]. The temperature difference (AT) in the energy equation
represents the difference between the average temperatures at exit
and inlet cross sections., These calculationz are based on the
assumption of constant physical properties of air. The effect of
channel space ratic on the exit mean temperature and on the mass
flow rate are shown in figures (50 and (&) respectively. As shown
in figure (53, the temperature decreases slowly wlth increasing
the channel space ratieo specially for low values of heat flux,
while for high wvalues of heat flux 1t first decreases with
increasing space ratio and then records some increase. In figure
(B an optimum condition of mass flow rate can be observed at
channel space ratio of 0.03 for high values of heat flux, while
for low values of heat flux the mass flow rate increases with the
channel space rati{o and no optimum condition can be observed.
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the parameters of the problem in dimensionless form. The physlical
properties cof dry alr at average temperature of alr 1in the
channel( T_,} are used to calculate the dimensionless numbers of

the problem. Fig.(7) shows the relation between dimensionless mass
flow rate (M ) and the dimensionless guantity [(S/H}.Ra_]1. Where

M‘ is defined as m/pv Grﬂ, Gra is Grashof number defined as
gﬁs‘qg/kvz. Ra. is Rayleigh number based on the Interplate
spaclng S and defined as Gr= Pr. In thls figure the obtained

experimental results and lts pgoposed correlatlon are plotted. The
dimenslonless mass flow rate M can be expressed by the following
correlatlon: b

M =a [(8/H) Ragl ’

where a = 0.9850 and b = 0.649. In flgure (8) Nusselt number
(Nu== hav 8 / k} is plotted against the dlmensionless guantity

[{S/H} Rag}. The proposed correlation Is glven by;
Nu_ = ¢ ((8/H).Ra_)* ,

where ¢ = 1,299 and 4 = 0.1831.

For comparison, the present experimental data and the data
obtalned using the correlation reported by Akbarl and Borgers (9]
are plotted In £ig.(9). The obtained experimental data of Sparrow
and Azevedo [6]) are presented on the same figure. It 1s clear that
the present data lay between that obtained in (6) and (%) and are
closer to that reported by Sparraw (61, The deviatlon of the data
ocbtalned by Akbar! can be explained due to lgnoring the effect of
the heated wall on the unheated wall which ls consldexred in the
model of Sparrow. In the sSame time, the present results are
acceptable compared. with that of Sparrow because his model
conslders the case of lsothermal heated wall, while the present
work deals wilith constant heat flux case. On the other hand, the
curve of the dimensionless mass flow rate obtained in the present
work lay above the data obtalined using the correlation proposed by
Akbarl {9] for the Trombe wall channel as shown in £fig.(10}.

4. CONCLUSION

From the presented experimental data, two proposed
correlations are obtalned describing the thermal performance of
different slze channels under varlous operating conditions.
accordingly, one can determine the sultable channel slze to £it
the design requirements of a deslred system,

NOMENCLATURE

Cp speclfic heat

g acceleration of gravit 2

Gr_ Grashof number = l{g BnS ql/ (k7w )]

k thermal conductivity of dry air

H channel helght

M dimensionless mass flow rate = o /{ o v Gr)
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) mass flow rate
Nu_ Nusselt number based on the interplate spacing (§5) = hav 8/k
Pr Prandtl number of air = [(vap)/k )

908t rate of lost heat to surrounding

qg supplied heat rate
Unet net heat rate = 95 ~ 9ost
RaB Rayleigh number = Grs.Pr

temperature

T
Te alr exit temperature

Tt alr inlet temperature
AT temperature difference (Te - Ti}

? coefficient of thermal expansion
v kinematic wviscoslty
fel density of air
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