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ABSTRACT

To suppress the natural convection within enclosure spacing it has been shown
theoretically and experimentally that the introduction of cell walls will effectively
raise the critical Rayleigh number by providing more shear surfaces within the fluid.

For a solar collector, a useful solar thermal converter requires effective control
of heat losses. It has been reported that the natural convection can be suppressed
and the heat performances of the solar collector increased by placing thin, poorly
conducting material honeycomb between the absorber plate and the coverglass.

The heat performances were measured and compared directly throughout the
simultaneous installation of two solar collectors, one with honeycomb structures
fabricated from thin polycarbonate sheet and the other without honeycomb
structures. Various tilt angles of 30, 45 and 60 deg. from the horizontal and the
honeycomb sizes (WxH) of 10x10, 10x20 and 10x40 mm were utilized in the present
investigation.

It is found that the larger the tilt angle are, the greater the heat losses are, and
that the smaller the honeycomb size is, the larger suppression effect of heat losses
are. Especially, at tilt angles of 30 degree, the heat use ratio of solar collector with
the honeycomb sizes of 10x10 mm improved approximately 29.5% more than that
without honeycomb structures. | .

NOMENCLATURE Ay : aspect ratio, (Ay =%)
W
: ' t rati =—
Ac : absorber plate area, m’ Aw horizontal aspect ratio, (A‘: L)
Ca . specific heat of air,Kcal/kg C
* A7) () 71ed T4 Cw  : specific heat of water, Kcal/kg®C
xx &R : Attty 71AF s E - heat use ratio, Quse/Qtotal
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gravity constant, 9 .80665m/s?
Grashof number Gr = g. 8. (Tp -T¢).
13/p2

length of honeycomb cell, m
instantaneous intensity of the solar
radiation, Kcal/m sec °C
conductivity of air, Kcal/m sec°C
height of honeycomb cell, m

mass flow ratio of water, kg/sec
Nusselt number, Nu=U L/K

Prandtl number, Pr=pu Ca/K

heat loss quality, Kcal/m sec °C

useful heat energy, Kcal/m sec °C
total heat energy, Kcal/m sec °C

Rayleigh number, Ra = p?.g.8+ Ca. L2.

AT/(u K)
thickness of honeycomb cell, m
mean temperature of the air, °C
mean temperature of the coverglass, ~C

mean temperature of the inlet water, °C

mean temperature of the outlet water,°C
mean temperature of the absorber pate,’C

overall heat transfer coefficient,
Kcal/m sec °C

- width of honeycomb cell, m

GREEK LETTER

volume coefficient of expansion for-
air, 1/°C

temperature difference between the
Tp and Tc, °C

solar collector tilt angle, deg

dynanic viscosity of air, Kcal/ m sec
Kinematic viscosity of air, m?/sec
absorptivity

transmissivity

density of air, Kcal/m®
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HONEYCOMB STRUCTURE

COVER GLASS

ABSORBER-PLATE

AH: Aoz,
Nol TYPE L H W t H/L ‘;\'/
1 CELL 28 10 10 0.5 |0.-35710.357
RECTRN-} 28 20 12 0.5 |0-TT40.357
2 | GULAR
CELL 28 )0 10 0.5 l.l2910~357
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