The Prediction of Hourly Radiation on

Plastic Surfaces of Lean-to Type Greenhouse
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[. INTRODUCTION

To improve the greenhouse environment, it
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would be of importance to know how much solar
energy is collected by each greenhouse surface
and how much solar radiation is transmitted th-
rough each surface.

Once it is known how much solar radiation is
transmitted, it could bs possible to predict the
inside air temperature summing up the heat gain
and loss on each surface at any time.

It would be meaningful to develop the model
predicting the radiation on each surface of the
greenhouse and compare the predicted and the

measured radiation using the pyranometer.

1.1 Objective of the Study

(1) The primary objective of the study is to
predict hourly insolation(irradiation) on the tilt-
ed surface to be made up of three components;
beam radiation, diffuse solar radiation, and solar
radiation diffusely reflected from the ground.

() the hourly angle of incidence, zenith angle-
on each surface of the greenhouse.

(b) the transmittance of the P.V.C. (polyvinyl
chloride) film of the greenhouse as to varying’
the hourly angle of incidence.

(2) The secodary objective is to compare the:
predicted with the measured hourly insolation by

pyranometer under clear sky day.
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I. SYSTEM DESCRIPTIONS

2.1 General Description of Greenhouse

-CH,CHCH,CH-
Polyvinyl Chloride (P.V.C) [ ] | ]
Ccl Cl J,

film

was used for the structure cover and its beam
transmission was about 80% (Ultra and visible
solar wave range, infra-red wave range) and
about 40% (New infra-red and infra-red wave
range), however the transmittance of the total
radiation was about 90% over all wave-length
around mid-day standard time.

The lean-to type of greenhouse was used for
this study because of the special location situat-
ion, but that type is not recommended for com-
merial application because of the reduced light.

The east and west wall frame was made of
wood and the roof and the south wall frame was
made of aluminum pipes.

The north wall was composed of three layers

Glasswool 3cm

Styrofoam Zem X 2

High temperature radiation

Convection

Fresh air

in series with 4cm styrofoam, 3cm glasswool, and
0.4cm plywood to prevent the heat loss.

The north wall was assumed to be completely
insulated and was designed to work as a reflec-
tor, so a solar ray was reflected and absorbed by
the soil surface.

The east-west orientation of greenhouse is ge-
nerally considered to be much better than any
other orientation to collect the greatest amount
of radiation.

To provide for maximum transmission of radi-
ant energy, the greenhouse should be constructed
so that the angle of incidence is appoximately 0°.

For a zero angle of incidence in Jinju($=35,
17°) the roof slope would need to be 42°. Such
a house would be very expensive to build and
maintain, Its roof area would be excessive in
relation to the ground surface covered.

Hence, the slope of the roof was designed to be
32°, but it was measured to be 30° after constr-
uction. This slope of roof also supported by Mo-
rse and Carnecki (Duffie and Beekman, 1974)’s

——Plywood 0.4cm’
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Fig. 2.1 Greenhouse thermal schematic
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work (s=0.94).

Ventilation system employed mechanical exha-
st fans. The side incoming ventilative volume
is 9m? per miniute(900rpm) and the volume of
outgoing ventilation is 15m® per miniute (1500
rpm).

With exhaust fans of sufficient capacity, inside
air temperature and water vapor ratio can be
dowered.

. ESTIMATION OF HOURLY
INSOLATION

3.1 Hourly Clear Sky Radiation on a
Tilted Surface

For periods of an hour, the clear sky total
gadiation on a tilted surface is simulated. The
value of 0.0036 in the equation is conversion
factor from unit of W/m? to MJ/m?.hr, The sun
path on March 25, 1982 in Jinju and solar geom
etry on the greenhouse is given in Fig.3.1, 3.2
and 3.3, respectively.

It=I,b+IM..........................................(1)
where I,=total hourly radiation at tilted surf-
ace
Iip=beam hourly radiation at tilted surface
I,4=diffuse hourly radiation at tilted surface

For the roof surface,

I15=0.0036(Gon) (r3) (cosg,)/cosf-(1.1)
114=0.0036(Gon) (rg) :(cosf,)/cosB-(1.2)

For the surface 2 (south facing wall)

115=0.0036(Gon) (7) (sind,)(cosz)---(1.3)
T:4=0.0036(Gon) (z4) (sing,)(cosx)---(1.4)
For the surface 3 and 4-(east facing wall and
west facing wall)
I1p=0.0036(Gon) (7) (sind,)(sinx)--(1.5)
1,4=0.0036(Gon) (z4) (sind,)(sinx)--(1.6)
where G,,=extraterrestrial radiation
7p=atmospheric transmittance for bsam
radiation
ty=atmospheric transmittance for diff-
use radiation

6.=zenith angle of the sun

B=slope, the angle between the plane
surface in question and horizontal.

x=angle given in Fig. 3.3
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Fig.3.1 Sun path diagram on March 25, 1982
in Jinju(Latitude:32. 17°)
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Fig.3.2 Vector geometry of solar radiation
on the roof surface tilted to south-

3.2 Total Radiation on Fixed Sloped
Surfaces

An improvement on this model has been deri-
ved by Liu and Jordan(1963) by considering the
radiation on the tilted surface to be made up of
three components: beam radiation, diffuse radia-
tion, and solar diffusely reflected from the gro-
und. A surface tilted at slope 8 from the horiz-
ontal has a view factor to the sky by (1+4cosB)
/2. If the diffuse solar radiation is isotropic,
this is also R;. The surface -has a view factor

to the ground of (1—cosB)/2 and if those surro-
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Fig.3.3 Vector geometry of solar radiation
on the surface of the greeunhouse.

undings have reflectance cf p for the total radi-
ation, the reflected radiation from the surround-
ing on the surface on the tilted surface for an
hour is then the sum of three terms;
For the roof surface,
Ip=IFI+14((1+cosf/2)+ (Ip+14)p((1—cos

B)/2) verereeserrintenin et )
For the surface 2,3, and 4
Ip=IpPl+1,q/24 (T 1p11a) 200w w0eeeeeer .1

where Ir=mcdified hourly radiation at tilted
surface, total
Fl=view Factor

Liu and Jordan suggest values of diffuse gro-
und reflectance of ;0.2 when three is no snow
and 0.7 there is a fresh snow cover. The view
factor of the vertical receiver, surface 2,3 and
4 in this study is 0.5, because cos fis egqual to
zero (f=90°)

5.3 Radiation Transmittance of Trans-

parent Cover

The tansmission, reflectance, and the absorp-
tion of solar radiation by various parts of a solar
collector are important in determining the hourly
insolation transmitted into the greenhouse as a
solar collector.

The transmittance, reflectance, and absorption
are functions of the incoming radiation, and the
thickness, refractive index (n) and the extinction
coefficient (K) are the function of the wave len-

gth of the radiation.

3.3.1 Reflection of Radiation
Exactly the same expression results when the:
parallel component of polarization is considered.
r, and 7, are not equal (except the normal inc-
idence and transmittance of initially unpolarized:
radiation is the average transmittance of the two-
components
T =1/2(A—7 )/ A+r)+A—=r)/(1+7)) (3)
where r,=the transmittance considered the
absorbing loss
7, =the perpendicular component of unp--
olarized radiation
7y =the parallel component of unpolarized:
radiation
3.3.2 Absorption of Radiation
The absorption of radiation in a partially tra-
nsparent medium is described by Boug uer’s law,.
which is based on the assumption that the abs-
orbed radiation is proportional to the local inte—
nsity in the medium and the distance the radia-
tion travels in the medium, x,
dl,=I.Kdx
where K =the proportionality constant, called
the extinction coefficient, and assum
ed to be a constant in the solar spe-
ctrum
Integrating along the actual path length in the:
medium yields L/cosé,
To=I,/[,=EXP(—KL/C0OS,) «+eaererrrerre @)
where r,=the transmittance considered the
reflecting loss
I.=the radiation traveled in the medi-
um %
I,=the local intensity in the medium
L=length of_the medium
The tansmittance of a single cover becomes,.

T=T,T, .....................-...........-...........(5)

2,4 Computer Program Structures

Simulation modelling is of little merit unless:
the resulting predictions are accurate. Therefore
o test.the model, comparisons were made bstweent:

actual and predicted the hourly insolation.
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Fig.3.4 Flow chart of computer evaluation
of the mathematical model

IV. EXPERIMENTAL PROCEDU-
RE AND RESULTS

4 1 Experimental Procedure

The ‘LI-200 SB Pyranometer Sensor manufact-
ured by LI-COR, Ltd., was used for field meas-
urements in solar radiation. Patterned after the
work of Kerr, Thurntell and Tanner, the LI1-200
SB features a silicon photovoltaic detector moun-
ted in fully cosine-corrected miniature head. The
pyranometer’s spectural response does not cover
the full range of solar spectrum, but the error
induced is less than +5% under most conditions
of natural daylight. The LI-200 SB should not
be used under vegetation or artificial lights bec-

ause it has been calibrated for the daylight spe-
ctrum.

Light meter LI-185 B manufactured by LI-COR,.
Ltd., gives direct readout of measurements of
solar radiation in air from the pyranometer, LI-
200 SB.

The pyranometer was mounted just outside-
the outer cover on the cover frame and took the
reading from light meter on each wall 1,2, 3 and:
4 every hour at daylight.

4,2 Results

The mathematical model was programmed for-
hourly insolation on each surface of the greenh-
ouse. The output of the model were discussed in.
these sections.

4.2.1 Transmittance as a Function of the
Angle of Incidence

The transmittance using eq. (5) were theoret-
ically calculated. The transmittance were plotted
in Fig. 4.1 with respect to the angle of incidence
for transparent cover in greenhouse. Each rela-
tion of the angle of incidence, zenith angle of
the sun, clear index(K), and transmittance is
listed in Table 4.1, 4.2, 4.3 and 4.4.

4.2.3 The Prediction of the Hourly Ins--
olation Based on Extraterrestrial
Radiation

The prediction of the insolation based on ext~-
raterrestrial radiation theoretically using eq.s
), .1y, (1.2), (1.3), (1.4), (1.5), and (1.6)
which are modified by researcher are plotted in.
Fig. 4.2, 4.3, 4.4, and 4.5

Fig.4.1 Transmittance as a funetion of the
angle of incidence

— 113 —



BERE TR B8 £ 458 19826 12R°

@ measured insolation
O predicted insolation

Lor ] modified predicting
w insolation
=2
= 3.0}
8
=
3
2 2.0k
=
=}
= L0k
o
i 1 i) 1 i - 1 L A U W

78 9 10111 12 13 14 15 16 17
Time of day

Fig.4.2 Comparison of the measured and

predicted insolation on the roof su-

rface of the greenhouse. (J=1)
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Fig.4.3 Comparison of the measured and
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Fig.4.4 Comparison of the measured and
predicted insolation on east facing
surface of the greenhouse. (J=3)

V. CONCLUSIONS

Based on the simulation of the mathematical
model, the hourly insolations are predicted on

«ach wall of the greenhouse. The following con-
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Fig.4.5 Comparison of the measured and
predicted insolation on west facing
surface of the greenhouse.(J=4)

Table-4.1 The Transmittance with respeet
to the angle of incidence, zenith
angle, clear index for roof surface
of the greenhouse.

zenith
time inedence S clues {ramit-

) (deg.)
7 67.5 77.1 .33 .77
8 52.6 65.1 .34 .88
9 37.7 53.8 .54 .91
10 23.0 44,0 .58 .71
1 8.9 36.7 .66 .71
12 8.9 34.0 .67 .91
13 22.9 36.7 .72 .91
14 37.7 44,0 .81 .21
15 52.6 53.8 .83 .38
16 67.5 65.1 1. .77
17 82.4 77.1 2.06 .52

clusions are presented,

1. The transmittance of the P.V.C. film is
about 90 up to the angle of incidence 50°. The
transmittance sharply decreases with increase of
the angle of incidence at larger tharn 50°.

2. The predicted insolation is very close to the
measured insolation for the roof surface. However
the prediction on the front surface does not fit
well. It needs modifing the model. And the pre-
dicted insolation for east and west facing surface
fits quite well.

3. The following recommendations for further
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"Table-4.2 The tansmittance with respect to
the angle of incidence, zenith an-
gle, clear index for the front sur-

Table-4.4 The transmittance with respect
to the angle of incidence, zenith
angle, clear index for west facing

face of the house. surface
zenith zenith
time ncgence S0 o0 deamess (s e fnddince 18I0 e e
’ (deg.) : (deg.)
7 67.8 77.1 .07 .76 7 154.0 77.1 0 .G
8 60.9 65.1 .37 .83 8 140.0 65.1 .0 .0
9 56.0 53.8 .66 .86 9 125.6 53.8 .0 .10
10 53.5 44.0 .77 .87 10 111.0 43.9 0 .04
11 54.0 36.7 .83 .87 1 96.3 36.7 0 .21
12 57.3 34.0 .80 .85 12 81.7 34.0 77 .53
13 63,0 36.7 .88 .81 13 67.1 36.7 .64 77
14 70. 4 44,0 .88 .73 14 52.6 43.9 .71 .88
15 78.8  53.8 .63 .59 15 38.4  53.8 .75 .91
16 87.8 65.1 2.38 .39 16 25.0 65.1 .72 .91
17 97.0 77.1 0.0 .20 17 14.8 77.1 .81 .91
Table-4.3 The transmittance with respect to
the angle of incidence, zenith an- REFERENCES

gle, clear index for east facing

surface
ith
angle of Zf_lm
- B gle of clearness trans-
time zrérgge)nce the sun index mittance
) (deg.)
7 26.0 77.1 .14 .91
8 40,0 65.1 .44 .90
9 54.4 53.8 .61 .87
10 69.0 43.9 .82 .74
1 83.7 36.7 1.65 .49
12 98.7 34.0 .0 .18
13 112.9 36.7 .0 .07
14 127.4 43.9 .0 .04
15 141.6 53.8 .0 .0
16 155.0 65.1 .0
17 165.2 77.1 .0

-study are presented,

(1) The mathematical model presented in this
study should be adjusted for the front surface
-of the greenhouse.

(2) To test the simulation model, it could be
‘better to take 2-3 days hourly insolation meas-
urements or just one day hourly insolation of a
dew months than to take only one day hourly

dnsolation in March.

— 115 —

. Anderson, B.N., (1977). Solor Energy: Fund-
amentals in Building Design, McGraw-Hill
Book Company.

. Brinkworth, B.]., (1972). Solar Energy for
Man, Johns Wiley and Sons.

. Choi H. L., (1982). The Prediction of Hourly
Insolation on Plastic Greenhouse Surfaces Unp-
ublished M.S. thesis, SNU., Suweon

. Dickinson, W.C. and P.N.Chereisinoff(1980).
Solar Energy Technology Handbook (part I
Engineering Fundamentals), Marcel Dekker,
Inc.

. Duffie, J.A., and W.A.Beckman(1980). Solar

Engineering of Thermal Processes. John. Wi-
ley and Sons. Inc.

. Holman, J.P.,(1976). Heat Transfer, McGraw-

Hill Kogakusha, Ltd.

. Robbins, F.V., and C.K. Spillman (1980).

Solar Energy Transmission Through Two
Transparent Covers, Transaction of the ASAE
23(4) : 1224—1231

. Robert, S. and J.R. Howell (1972). Thermal
Radiation Heat Transter, McGraw-Hill Kogak-
usha, Ltd.



