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NOMENCLATURE

Roman

: total collector area [m?]

: specific heat [J/kgK]
. hydraulic diameter [m]

. plenum depth [m]

. collector height [m]

Vpl, avg

: incident solar irradiance on the collector surface [W/m’]
. plenum length [m]

: collector thickness [m]

: Nusselt number

. hole pitch [m]

. pressure drop [kg/ms’]

. plenum temperature [C]

: ambient temperature [C]

: collector surface temperature [C]
. surrounding temperature [C]

. total heat-transfer coefficient

: wind velocity [m/s]

. average plenum velocity [m/s]



d  : orifice throat diameter [m]

f . friction factor

h.,, : heat rate coefficient [W/m’K]
%k thermal conductivity [W/mK]
m : mass flow rate [m’/s]

v, - suction velocity [m/s]

Greek Symbol

a . absorptivity
o) . slope of collector
e : emissivity

eyyx - heat exchanger effectiveness of collector

¢ : non—-dimensional pressure drop across collector
7 . efficiency

o : density [kg/m’]

ol . porosity of the collector plate

o,  Stefan-Boltzmann constant [W/m’K"]

r . transmittance
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Summary

National law about renewable energy development and dissemination has
been updated at 25 March, 2002 to emphasize the broader use of renewable
energies in Korea. The solar energy among other renewable energies could
meet the demand of the article amendment by solving the energy and the
environmental problems as well.

Solar Air Heating System(SAHS) is one of the alternative promising
techniques that could use solar energy for heating and ventilating buildings
in winter. SAHS has an advantage over the water heating system since it
uses air as a working fluid and, therefore, no leakage and winter—frozen
problem does not occur. SAHS is cost-effective since it has no expensive
glass for the water heating collector and could replace the conventional
outside claddings in most buildings. SAHS is so easy to design, install and
even operate. However, the systematic design and analysis as well as
control principle have not been set up for building integration and
application. This study has been initiated to develop the design, analysis and
control techniques in more scientific ways.

This study introduces thermal design, analysis and control method to
improve the current models and verifies its performance through real
experiment. The results showed that, first, Module Test CellMTC) was
developed to estimate thermal performance of modules that could be
manufactured in future. The thermal performance of modules in terms of air
temperature rise over solar irradiance could be estimated and predicted.
Three samples are tested titled 1) SW.100-1(black panel), 2)
SW.100-2(brown panel), and 3) SW.100-3(blue panel) SAHS modules.

- vii -



The module test results show that the efficiency increased with increase
absorption and air flow rate, and also with decrease of thermal emissivity.
Second, System Test Cell(STC) was developed to test a system integrated
thermal performance of SAHS module. Micro process control logic has been
developed to verify the performance of the system controller to control room
temperature depending on input signals with LabVIEW software. Finally,
this assessment could measure and verify the heating and ventilation load

for any commissioning purposes.
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Table 3-1 Characteristics of the test modules

Steel Steel Steel
64 64 64
Slit Slit Slit
20 20 20
1.65 1.65 1.65
1.0 1.0 1.0
0.8 0.8 0.8
Black Brown Blue
Aligned Aligned Aligned

(a) Black panel (b) Brown panel (c) Blue panel
(SW.100-1) (SW.100-2) (SW.100-3)

Fig. 3-2 UTC panel with different colors
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2.5 inch

0.050~0.100

2 inch

0.030~0.060

1.5 inch

0.015~0.035

1 inch

~0.015

Orifice diameter

Flow rate
range[m”/s]
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Overall heat transfer

Dimension
Total wall area
Floor area
coefficient
Steel panel
Urethane foam

Volume
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Table 3-4 Specifications for auxiliary heater

Maximum thermal
Model stored energy
[keall

Power consumption | Dimension[m]
(kW] HxLxW

DY-2400HK 18,000 2.4 0.65x0.26x0.66
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Fig. 3-7 Monitoring and control diagram for system test cell

Table 3-5 Control algorithm

Fan Heater Condition

ON ON Toen=25T Troom <18T

OFF ON Tpen<25T Troom<25C

ON OFF Tpen=25T 18T <Troom<25T
OFF OFF Troom=25T
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