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A Simulation Model for the Analysis of Direct

and Diffuse Solar Radiation in Glasshouse
— Effect of orientation on the transmissivity of direct solar radiation
in single—span glasshouse —
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Abstract

A simulation model for the analysis of the transmissivity of direct and diffuse
solar radiation in glasshouse was developed. This model would be applicable to
investigate the influences of time of year, orientation and slope of glasshouse,
dimensions of the frames used, and latitude of the site on the transmissivity of
direct and diffuse solar radiation in single—span or multispan glasshouse. The
transmissivity of diffuse solar radiation was 60.4% for the single—span glass-
house. It was independent of both orientation and time of year. During the win-
ter season, the transmissivity of direct solar radiation was 67~69% for the E—
W orientation single—span glasshouse, which was 14~16% higher than that for
the S—N orientation. Oppositely the transmissivity of direct solar radiation for
the S—N orientation was higher than that for the E—~W orientation. during the
autumn season. There was no influence of the latitude In the country on the
transmissivity of direct solar radiation.
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START
Assign

Geometry & arangement of structural members.
Number of light rays.
Range of calculation along the length & width

T.
i,

Calculate
Uniform random numbers (X,,Y,),
A light ray with the direction specified

I

{nitialize
Transmissivity at t Xy, Y} as 1.0

Glass pane k intersects the light ray?
Yes
Light ray is intersepted by any members” -

Yes

Set
T=0andN=N+1
Caleulate

[ncidence angle of the lightray .

Transmissivity T, = Ty~ Topu o

Average spatial transmissivity ,

Ratio of shaded by the structural members
Transmissivity of direct and diffuse solar radiation

No

k=k+1

Fig. 1. Flow chart for the calculation of
transmissivity of drect and diffuse
solar radiation in glasshouse.
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Fig. 2. Front and side views of the single-
span glasshouse analyzed in this simu-
lation.
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Table 1. Dimensions and technical details of
the glasshouse used in this simula-

tion model.

Number of spans 1
Length of the span 98m
Width of the span 4m
Height of side 2.2m
Height of ridge 3.16m
Roof slope 24.6°
Size of glass panes 0.68 x 0.45m
Thickness of glass panes 3mm
Depth of structural members 3cm
Width of structural members on roofs 4cm

and sides
Width of horizontal structural members 4cm

on gable ends

Width of vertical structural members on 5cm

gable ends
Main structural members on roofs and

sides

distance apart 2.45m

width 8cm

depth 10cm
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Table 2. Transmissivity of diffuse solar radiation in single-span glasshouse as a function of the

sun’s altitude.

I H, Hi. sin(H))  sin(H.:y) Ty wer TxWC, ZTxWCp
1 4.3 7.2 0.075 0.125 0.51 0.010 0.005 0.002
2 7.2 10.1 0.125 0.175 0.53 0.015 0.008 0.010
3 10.1 13.0 0.175 0.225 0.53 0.020 0.011 0.021
4 13.0 16.0 0.225 0.275 0.55 0.025 0.014 0.035
5 16.0 19.0 0.275 0.325 0.56 0.030 0.017 0.052
6 19.0 22.0 0.325 0.375 0.54 0.035 0.019 0.070
7 22.0 25.2 0.375 0.425 0.56 0.040 0.023 0.093
8 25.2 28.4 0.425 0.475 0.58 0.045 0.026 0.119
9 28.4 31.7 0.475 0.525 0.58 0.050 0.029 0.148
10 31.7 35.1 0.525 0.575 0.59 0.055 0.032 0.180
11 35.1 38.7 0.575 0.625 0.60 0.060 0.036 0.216
12 38.7 42.5 0.625 0.675 0.61 0.065 0.040 0.256
13 42.5 46.5 0.675 0.725 0.62 0.070 0.043 0.300
14 46.5 50.8 0.725 0.775 0.62 0.075 0.046 0.346
15 50.8 55.6 0.775 0.825 0.63 0.080 0.051 0.396
16 55.6 61.0 0.825 0.875 0.63 0.085 0.053 0.449
17 61.0 67.7 0.875 0.925 0.64 0.090 0.058 0.508
18 67.7 77.2 0.925 0.975 0.65 0.095 0.062 0.569
19 77.2 90.0 0.975 1.000 0.71 0.050 0.035 0.604

“Transmissivity of the glasshouse for altitude L.
*Weighting factor (sin*(H,)—sin*(Hu.)) for altitude I
*Cumulative transmissivity of diffuse solar radiation.
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Fig. 3. Seasonal variation of transmissivity of

direct solar radiation for the single-

span glasshouse with different orienta-

tions at Chonju(35°49'N).
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Fig. 4. Seasonal variation of transmissivity of
direct solar radiation for the E—W
single-span glasshouse with different
latitudes.
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Fig. 5. Seascnal variation of transmissivity of
direct solar radiation for the N—S sin-
gle-span glasshouse with different lati-
tudes.
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