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Fig. 1. Factors which influence the solar irradia-
tion on the floor and plants in a green-
house.

A : direct and diffused solar radiation

B : solar radiation reflected from surrounding
surfaces

C : primary (or straight) solar radiation on the
plants and floor in a greenhouse, which
comes directly through covering meterials
(diffused and/or non-diffused transmission).

D : secondary (or reflected) solar radiation on
the plants and floor, which is reflected fiom
internal sulfaces of covering materials (spz-
cular and/or diffuse reflection).

External Facters: sun’s altitude, sun’s azimuth,
direct and diffused solar radiation, and solar
radiation reflected from surrounding surfaces
etc.

Structural factors: geometry and orientation of a
greenhouse, transmission characteristics of cover-
ing materials including condensed droplets and
dirts on them, an arrangement of structural ele-
ments etc.

Internal factors: geometry of a greenhouse, plants,
and the floor, reflecting characteristics of cover-
ing materials, plants, and the floor.
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Fig. 2. Schematic representation of direct solar
radiation transmission through covering
materials and its reflection in a green-
house, which are considered in the present
analysis.

% Ia). 1; Eg - g} primary solar irradiation
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Fig. 3. Schematic representation of {SXkj, SYx;}
(j=1,2, 3, 4) where direct iradiation
is throgh the glass roof k.
P; and Pj+,4 (j=1~4) correspond to
{SXkj, SYx;} (j=1~4) in E,. (10) and Eq.
(1), respectively.
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Fig. 4. Sizes of the greenhouse used in the pre-
sent simulation

length 10.0
width 4.0
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Fig. 5. Daily variation of space averaged direct
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reflection in an East-west greenhouse
showed in Fig. 4.
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Fig. 6. Cross-s tionel distribution of daily inte-
grat.d direct solar irradiation at the mid-
dle of the E-W house showed in Fig. 4.
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Fig. 7. Cross-sectional distribution of direct sclar
irdadiation in an Fast-West orientcd gre—
enhouse with reflective mirror on the nor-
th side wall

m primary solar irdiadiation

: secondary solar irradiation

sun’s altitude: 20°(above) and 30°(below)
frame ratio: 0.8

reflectivity of reflective mirror: (.72 (spe-
cular reflection)

The value of AV is the space averaged
ratio of direct solar irradiation (primary
+secondary) on the floor to the irradia-
tion outside at a given sun’s altitude
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Summary

Transmission of solar radiation into greenhouses is an important factor in greenhouse design. Factors
which influence the solar irradiation in a greenhouse can be divided into three groups. They are exter-
nal, structual, and internal factors (see Fig. 1).

This paper describes an analytical method for calculating the direct solar irradiation in an isolated
gable roofed greenhouse. The ¢ffect of the first and second order internal reflection in a greenhouse is
taken into consideration. The cffect of incident angle on the reflectivity and the decrease of the solar
radiation due to the shading effects of the structural elements have also been taken into account in the
computationzl model. But the thickness of the structural elements, the decrease of transmissivity due to
dirts on covering materials, and diffuse transmission (reflection) due to water droplets condensed on them
are neglected. The calculation, therefore, may include some overestimations for an actual greenhouse.

The ccmput: tionzl procedure was prograammed for a computer, and was applied to four types of
East-West cricnt d greenhouse: cne of which is a usual glasshouse and the others are a glasshous with
reflct.ve mirror on the well and/or roof. Calculations were made for the winter solstice at 35° latitude
for use at Tckyo and smilar latitudes. The total direct solar radiation received by the floor of the house
is assicsscd by summing the primary (or straight) and secondary (or reflected) direct solar radiation
centributed by each wall and rocf suface s¢parately (see Fig. 2).

The following cnoclusions were obtained:

1. The ratio of the daily intcgrated secondary solar irradiation on the floor to the direct irradiation
cutside is abcut 0.1 for a usual glasshouse placed in East-West orientation. But its distribution on
the floor is not uniform.

2. The averege total direct solar irradiation on the floor in an East-West oriented glasshouse with
reflective mirror cn the north side well is more than the direct solar irradiation outside.
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