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h, = AXU(ZT, —T,)
hge =0.02M (T, —T,)

H=h_+hy +h,

F=1/2
CxExt

HDD(24)(

h)

ANSI/ASAE EP406.4 JANO3
Heating, Ventilating and Cooling Greenhouses

Table 1 - Approximate overall heat transfer coefficients (U-values)
for greenhouse glazing methods and materials

l Gre=UA(ti— 1) (1)
CGreenhouse Area (m?) 9120 where:
ﬁ 14593.; Greenhouse Cover Area 14594.1 U is overall heat transfer coefficient (table 1), Wi(m? C)
M 22800 BTUE- 7]
T 18 SpanWidth| 96 A Is area of the cover, m ()
To 5 t is greenhouse air temperature, °C (°F),
he 2081118.66 t, is outside air temperature, °C (°F).
hinf 10488
H 7111462.644|Btu/hr = | 779.7656408|btu/hrim2
H 2091606.66|Wihr = | 229.3428355|wihrim2
H 1,777,865.66 |kcallhr= | 194.9414102[kcalihrim2
|
B 53y 0 b S
F 5092607.52 ft)/year =  144120.79 m*/Year  15.8027185 m3/hr/m2/year
HDD 2100 189.13 m3/hr 3L 3590 Cad b
h 7111462.644 » 485 (W.h1).2 3552 b Wt il
c 1000 w 192 (L.h1).2 2425 b sl ol el
E 0.85 h1 25 RLn 10359.6 T ORI
t 414 h 2 A 14594.1 IS 2y IS ol
CHE't 35190 R 10.68 X 0 Loy gy e A
Hdd*24'  3.58418E+11 n 20
SR 2592

U-value
Greenhouse covering Wi(m*C) Btu/(h f2*F)
Single glass, sealed 62 11
Single glass, low emissivity 54 0.95
Double glass, sealed 37 065
Single plastic 62 11
Single polycarbonate, comugated 6.2-68 1.1-12
Single fiberglass, comrugated 57 10
Double polyethylene 40 070
Double polyethylene, IR inhibited 28 050
Rigid acrylic, double-wall 32 0.56
Rigid polycarbonate, double-wall" 32-36 0.56-0.63
Rigid acrylic, wipolystyrene peliets? 057 010
Double polyethylene over glass 28 0.50
Single glass and thermal blanket” 40 070
Double polyethylene and thermal blanket” 25 044

"Depending upon spacing between wall.
232 mm rigid acrylic panels filled with polystyrene pellets.
0nly when blanket is closed and well sealed.
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Table 1 - Approximate overall heat transfer coefficients (U-values)
for greenhouse glazing methods and materials

h,=AxUT, =1,) 1y EDDCH) ANSIIASAE EP406.4 JANO3

hy =0.020(T, —T,) - CxExt Heating, Ventilating and Cooling Greenhouses

H=h +hg;~+h,

! | Q= VALt~ L) ("
oGreenhouse Area (m?) 9120 where:
ﬂ 153693 Greenhouse Cover Area 16335 U i overall heat transfer coefficient (table 1), Wi(m? C)
M T5%0 (BTUMAE“F);
T T Span Widh 3 A, is area of the cover, m? (R);
To 5 t ls gresnhouse air temperature, °C (*F);
he 2337927 t, s outside air temperature, °C (°F).
hinf 20976
H 8020270.2|Btuthr = | 879.4155921|btwhrim2
H 2358903|Wihr = | 258.6516447]winrim2
H 2,005,067.55 |kcallhr= | 219.853898|kcalhrim2
AUl 5l 3y oo 58
F 5743416 ft'fyear =  162538.67 mé/Year 17.8222229 m3/hrim2iyear
HDD 2100 21331 m3fhe 3 9338 Cudylo
h 8020270.2 L 485 {W.h1).2 4800 et gl s ol
C 1000 W 192 {Lh1)2 485 b gla s
E 0.85 h1 5 RLn 10670 bl
t 414 h2 25 A 16395 R L
C'E*t 35190 R " X 0 g gl e LN e
Hdd*24'  4.04222E+11 n 20
5R 2880

U-value
Greenhouse covering Wiim*-*C) Btu/{h 124F)
Single glass, sealed 6.2 i1
Singhe ghass, low emissivily 54 0.95
Double glass, sealed k¥ 065
Single plastic 62 11
Single polycarbonate, comugated 6.2-68 1112
Single fiberglass, comugated 57 10
Double polyethylene 40 070
Double polyethylene, IR inhibited 28 0.50
Rigd acrylic, double-wall 32 056
Rigid polycarbonate, double-wall” 32-36 0.56-0 63
Rigid acrylic, wipotystyrens poliots 057 040
Doubla polysthylene over glass 28 050
Single glass and thermal blanket” 40 070
Double polyethylene and thermal blankat’! 15 044

""Depending upon spacing hetween walls
32 mm rigid acrylic panels fled with polystyrene peflets.
%0nly when blanket i closed and well sealed.
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The Effect of Greenhouse Height on Microclimate and Fuel Consumption

of Greenhouses

Abstract

Greenhouses are very complex structures, the purpose of their construction and operation is to
provide ideal conditions for the growth of plants and satisfactory and economical production of
agricultural products throughout the year. It is obvious that the growth factors of light, temperature,
relative humidity and air composition (CO.) must be provided and maintained at optimal levels in these
structures. Therefore, a standard greenhouse should maintain important weather factors as much as
possible within the specified range, have sufficient ventilation efficiency, have sufficient structural
strength against all types of incoming loads (wind, snow, etc.), have good flexibility, mechanical
tolerance and behavior towards cultivated plants and have low costs of construction, operation and
maintenance. Greenhouse crops are growing steadily and are competing fiercely with other agricultural
sectors around the world. On the other hand, the intensity of energy consumption in greenhouse crops is
higher than agriculture and horticulture due to the need to provide suitable and controlled environmental
conditions for plants. In most parts of the world, horticulture in controlled environments is a profitable
branch of agriculture. However, local and climatic conditions affect the design of the greenhouse and
create many types of greenhouses structures and covers. Weather is the main factor influencing the
structural and functional characteristics of greenhouses. The purpose of greenhouse design is to take
advantage of the external climatic conditions to improve the internal microclimate. For this reason, the
overall design of the greenhouse is strongly influenced by the climate and latitude of the desired location.
In addition, the different loads entered into the greenhouses depend on the weather conditions of the
region. The general needs of the product and the local weather conditions impose special requirements
on the structure of the greenhouse. However, national traditions have a strong and sometimes misleading
influence on greenhouse design. In general, the average height of the greenhouse determines its volume.
The large volume of the greenhouse leads to a slow and gradual reaction of the internal environment to
changes in external weather conditions. Therefore, higher greenhouses show less fluctuations in their
internal climate. On the other hand, higher greenhouses increase energy consumption and require a
stronger structure in terms of stability due to the introduction of larger wind loads. For this reason, the
height of the greenhouse is usually chosen according to these two competing factors. The greenhouse
with more height has several other important advantages. For example: its ventilation efficiency is higher
due to the chimney phenomenon. It also provides more space for installing climate control equipment
such as thermal curtains or shades, fogging systems, artificial light, etc. For these reasons, the current
trend of greenhouse technology in the world is towards the construction and operation of greenhouses
with more height. In general, the effect of the height of the greenhouse on the climatic conditions inside
the greenhouses as well as their fuel consumption has been discussed in Iran for about two decades, and
there are serious supporters and opponents regarding the need for the greenhouses to have a higher
height. For this reason, in this report, the investigation, documentation and technical analysis of the
effect of the height of the greenhouse on the climatic conditions inside the greenhouses, as well as the
heating requirement and, as a result, the amount of fuel consumption in them, have been discussed.

Keywords: Greenhouse construction, Heating, Energy consumption, Optimization, Climate control
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