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Analysis of Solar Radiation and Heat-Efficiency in Semi-Greenhouse Type
Solar-Dehumidification Lumber Dryer |

F F m*
Hyoung-Woo Lee

ABSTRACT

Semi-greenhouse type solar-dehumidification drying of oak was carried out to
investigate the possibility to dry wood using solar energy in Korea. The energy balance
equation was set up, considering all the energy requirements, and the solar radiation was
calculated to analyze the efficiencies of solar dryer with and without the dehumidifier.

The average temperature inside dryer and collector rose up to 52°C and 70°C, respec-
tively. The average daily total beam, diffuse, and ground-reflected radiations were 7.27MJ,
8.70MJ, and 0.33MJ on the roof and 2.08MJ, 4.84MJ, and 5.37MJ on the south wall
collector, respectively. Heat efficiency of solar dryer was 14.04% with dehumidifier and
13.13% without dehumiaifier. The energy required to remove lg of water from wood

was 0.0289MJ/g in solar-dehumidification drying and 0.0310 MJ/g in semi-greenhouse
type solar drying.

Nomenclature
ture of wet wood to the temperature

A . Area of collector (m?) ~ inside solar dryer (J)
Ai : Area of dryer component (m?) Hi . Vent loss (J)
AH  : Absolute humidity (g/g) Ho  : Energy required to remove lg of water
C : Specific heat (J/g°C) ~ from wood (J/g)
Efe - ; Energy from fan and dehumidifier (J) Hr : Leakage loss (J)
Gsc  : Solar constant (J/m?hr) Hs : Energy required to raise the tempera-
He : Conduction loss (J) ture of dryer compenents to the tem-
Hh . Energy required to raise the tempera- perature inside solar dryer (J)

Hv : Energy required to evaporize water
* 33 A sd dArEEe from wood (J)
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- Refraction index of air

: Energy required to overcome the hy-

groscopic force (J)

: Heat of vaporization of water (J/g)
: Energy required to heat dry air (J)
: Energy required to heat water vapor (J)

. Total radiation on a horizontal surface

(J/m?hr)

: Beam radiation on a horizontal surface

(J/m?hr)

: Diffuse radiation on a horizontal surface

(J/m?hr)

. Extraterrestrial radiation a horizontal

surface (J/m?hr)

- Total radiation on a tilted surface

(J/m?2hr)

: Extinction coefficient of transparent

cover (decimal)

: Thickness of transparent cover (m)
: Final moisture content of lumber(%)
: Initial moisture content of lumber(%)

: Day of the year

(decimal)

: Refraction index of transparent cover

(decimal)

: Ratio of beam radiation on tilted sur-

face to that on horizontal surface

(decimal)

: Relative humidity (%)

: Reflectance of transparent cover

(decimal)

: Absorbed solar radiation by collector

(J/m?hr)

: Total absorbed solar radiation by col-

lector (J/hr)

: Temperature (°C)

: Heat conductance of each dryer

component (J/m?hr ¢)
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: Transmittance

: Transmittance -

: Weight of each dryer component (g)
: Oven dry weight of wood (g)

: Total weight of water removed from

wood (g)

: Absorptance of heat absorber (decimal)
: Slope of collector (degree)

: Surface azimuth angle (degree)

: Declination (degree)

: Efficiency of solar dryer (%)

: Angle of incidence (degree)

: Angle of refraction (degree)

: Ground reflectance (decimal)

: Transmittance of collector (decimal)

of transparent cover
(decimal)

abosrptance product
(decimél)

: Latitude (degree)
: Hour angle (degree)

SUBSCRIPTS

: Ambient

: Dry air

: Solar dryer

: Roof

: South-wall

: Perpendicular component
: Parallel compdnent

: Water vapor

: Wet wood
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Fig.] Schematic diagram of energy flows in semi-greenhouse type solar-and solar dehu-
midification dryer
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Fig.2 Structure of semi-greehouse-type solar-and solar-dehumidification dryer
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