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THERMAL PERFORMANCE OF AN INNOVATIVE

CURTAIN-WALL-INTEGRATED SOLAR HEATER

Chi-ming Lai* and Shuichi Hokoi ? and Rong-Horng Chen®
! Department of Civil Engineering, National Cheng-Kung University, Taiwan.
2 Department of Architecture and Architectural Engineering, Kyoto University, Japan.
® Department of Mechanical and Energy Engineering, National Chiayi University, Taiwan.

SUMMARY: This study combined curtain wall structures, building construction practice, heat transfer
mechanism, and natural circulation loop design to develop an innovative wall-integrated solar heating prototype,
based on the concept of an energy harvesting facade. The heat transfer performance of this prototype is
investigated experimentally. The results showed when the entering water flow rate is decreased, the average
Nusselt number and extractable solar radiation heat of the heated section are insignificantly impacted by the
entering water flow rate. However, as entering water flow rate is reduced, the average Nusselt number of the
cool section also increases, causing the energy harvest ratio to decrease slightly.

Keywords: energy, solar heating, heat transfer, natural circulation loop

INTRODUCTION

An environmental control device capable of
"harvesting" solar thermal energy can be integrated
with the exterior wall of houses. This device can
effectively buffer the solar heat gained and can
capture this solar energy and transfer it for use.
However, at night, this device also can preserve
energy through the use of a hot water system or low
wattage thermoelectric material. During winter, such
a device is able to absorb a limited amount of heat
from the sun during the day, and the preserved heat
can then be transferred indoors, where good wall
insulation can maintain the heat at night. In our
previous study [1], we developed and
experimentally tested a wall heat-collection
prototype, which was simplified to a natural
circulation loop with a rectangular configuration,
under practical boundary conditions and heat
transfer mechanisms. The Rayleigh number and a
Reynolds number correlation based on the
experimental data were proposed. In this study, we
restored the heated end as an exterior plate of a
metal curtain wall. The preliminary prototype tests
were carried out first and the principle of
repeatability was applied to determine the width of
the experimental test cell. Thermal performance of
the proposed test cell was experimentally
investigated under practical conditions.

RESEARCH METHOD

Application scenarios and prototype development

Based on the heat transfer mechanism, possible
construction and application scenario, this prototype
was designed as shown in Fig. 1 (b) (d). In order
to fundamentally observe the thermal performance,
in our previous study [1], the exterior wall for
absorbing solar heat was simplified to be a single
vertical tube with a constant heat flux boundary, as
shown in Fig. 1(c)®. In daytime during the

summer, the loop fluid at the heat source @ would
absorb the solar heat gain and become a hotter fluid
(compared with that at other loop locations). Natural
convection, driven by thermal buoyancy, actuates
the hot fluid to flow through the horizontal
circulation branch @ and then into the indoor heat
sink ©. Fluid dissipates its thermal energy at this
heat sink. Cooled fluid is forms and would flow
downward by gravity into the heat source @, via the
other horizontal circulation branch @. In such a
thermal and flow mechanism, a rectangular natural
circulation loop would be developed. In the loop,
the exterior heat source® is a vertical branch with
isothermal flux heating, and the interior heat sink®
is a vertical heat exchanger with an isothermal
boundary. When hot water is needed, it is only
necessary to input cold water into the heat
exchanger®. In the study, the preliminary prototype
(Fig. 1(d)) was first examined, and then the exterior
wall was constructed as a representative unit (Fig.
1(e)®), according to its repeatability.
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(b) Full scale design (cY Previous study [11]

(e) Test cell in this study

(d) Preliminary proforype

Figure 1. The scenario, prototype development
and a photo of the test cell
Experimental test cell
The experimental test cell and thermocouple
position used in the study are shown in Fig. 2 (with
the insulation material not yet installed). The exterior
wall ® width is 40 cm and the height is 80 cm, which



is a commonly used curtain wall height. On one side
of the wall, a Halogen light is used to heat the wall
surface, simulating the solar radiation received by the
exterior wall plate; on the other side (inside the
curtain wall body), square-shaped vertical flow paths
measuring 30 mm in width and 20 mm in height are
welded to form a special means of heat exchange.

The material used for the circulation loop® is copper.

The angled part of the loop is constructed with fillet
joint material and the reaming was modified,
resulting in constant water flow area throughout the
loop path, i.e., the outer radius is 12.7 mm, the inner
radius is 11 mm, and the loop wall thickness is 1.7
mm. To achieve alignment with the exterior wall
construction of a typical building (detailed figures in
2(a), (e)), we fixed the length of the horizontal S
located both above and below the loop at
approximately 200 mm to match the commonly used
wall body thickness. Therefore, the overall exterior
size for the test cell is 40 cm in width, 2 cm in
thickness, and 80 cm in height, which matches the
dimensions of the commonly used metal curtain wall.
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©-®: Working fluid (water) temperatures
1-18: Wall temperatures
Unit: mm

(c) Test cell detailed

(a) Thermocouple locations

Figure 2. The loop model and the
thermocouple positions in this study

The cooling section is installed @ opposite the
heated section. This structure is a cylindrical cooling
sleeve, made of aluminum. Additionally, the cooled
section uses the cooling water from a
thermo-regulated bath to extract the heat from the
circulation loop, generating an isothermal cooling
boundary. The cooling sleeve measures 61x300 mm
with an actual internal size of 40x280 mm. Cotton
was wrapped around the cooled section and loop
exterior to reduce heat loss by establishing thermal
isolation of the system. To obtain temperature
measurements, we installed type T thermoelectric
couples, which measure the water and wall
temperatures in the heated and cooled sections, in a
path following the loop; additionally, we installed
RTD at the entrance/exit of the circulation water for
the cooling sleeve.

RESULTS AND DISCUSSION
Because the solar heat gain can change daily or
hourly, the temperature of the water source that
awaits solar heating changes accordingly, in a

manner that follows the seasons. Therefore, we
must have a general understanding of the thermal
performance of the proposed test cell. Fig. 3
shows the heat transfer characteristics for different
water extraction modes (the entering water flow
volume) with either natural convection or forced
convection. The single natural convection loop
used for the study has an average Nusselt number

Nup between 5.2-7.7 for the heated section and an

average Nusselt number Nuc between 9.2-16.6 for
the cooled section; further, the average Nusselt
number of the cooled section is higher than that of
the heated section.

Because different water flow rates can impact
the heat transfer temperature of the cooled end,
when the water flow increases, the average Nusselt
number of the cooled section decreases. The
exterior wall area of the proposed test cell measures
0.32 m*(80 cm high x 40 cm wide) and can harvest
the solar thermal power of 60-205.7 W with the
incident solar radiation of 400 W/m?-1000 W/mZ
The energy harvest ratio Q; is 0.52-0.91. The
highest value of Qs (0.91) occurs at a flow rate of 20
mL/s with Tc=10 °C and approximately 600 W/m?,
while the lowest value (0.52) occurs at a flow rate of
20 mL/s with Tc=30 °C and approximately 400
W/m?  Overall, the average Nusselt number Nuj,

and extractable solar radiation heat ¢, of the test
cell are insignificantly impacted by the entering
water volume.  As the volume of the entering water
flow decreases, the average Nusselt number Nu. of

the cooled section increases, although the energy
harvest ratio Qs decreases minimally at Tc=10 °C.
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Figure 3. The impact of the water extraction models
(the entering water flow rates) on the thermal

characteristic of the test cell
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