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7- Ground collector

8- Ground aquifer
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2- MATLAB
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4- Root Mean Squear Error (RM SE)
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4- Infiltration factor
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Fig.1. Semi-solar greenhouse equipped by cement north wall (A and B from two sides)
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Fig.2. Typica greenhouse shapes used in this research (A: Even span, B: Uneven span, C: Vinery, D: Semi-solar, E:
Arch and F: Quonset, SW= South Wall, SR= South Roof, NR= North Roof, NW= North Wall)
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Table 2- Constant values of equations and structural factors of semi-solar greenhouse
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Table 4- Comparison mean and variance between actual and predicted value for inside air and roof temperature

$ bl Jaodi g4
P Jw L. .
arameter Model Statistical analysis type
Sl ode oSleo dunng i il dung o
Comparison of means Comparison of variances
o) S 0.980 0.899
Regression model
T .
a P Jas 0.3478 0.006
Heat model
o) Jae 0.996 0.998
Regression model
T .
" e Jas 0.000 0.000
Heat model

Ti o To w8 3 A0z (g 5 Sl Jbo 93,Skas slajlas —0 Jgu
Table 5- Performance criterion of heat and regression to predict T,and T,

Je g9 8o 5o ylxo
Model type Performance criterion
MAPE (%) RMSE ('C) R EF w
“’W 5 Jse 1.5543 1.7829 0.988 0.955 0.988
T Regression model
a .
Pl Je 4.1636 27754 0.961 0.952 0.975
Heat model
< . 52 1.5375 1.0262 0.987 0.976 0.991
T Regression model
ir .
il S 12.0914 6.7093 0.944 0.935 0.771
Heat model

Jio aS a e o )l Jodo oyl ol ccwl yiie <l 9>
i w gled 4 Cans S B glga (slod e > (Sl
=l ol JaYs 5l SG el el g Lis (g5 i oyl S
o plai 0 o] @i BISe pas 50k ol Jdoas Sl
>r slaoly covs Ol_:ﬁ.olol ps poren (il S5
103 calps ol 4 by ol culps g add g5 dlol S

Uas slas 08 bawgio a8 aad o (L 0 Joos gl
O3S ) 5Bl e w8 4 Cund (Jyls Je 0 (MAPE)
Sl A g ¥ dgd s i g by dess SIS Cadw g lon (clod
eSS D (o )Sy Jho DS (a3 ld (iomen sl 5k
e .l Yk Oyl Jde 4 Cuus AlS adu 5 19 (glod
P S Cud Gam)S) Je il 8 (W) ©geliy pa3ls



VO L St 50 aBnis g 55 9 )l JUH 28l s e b))

25518 () Ta ol oS (55 como 5 cabad poe ( Jas
Van straiten et al., 2011; Zabeltitz, ) -y, gi>o 3y aaS
Jie ol sls liee IS 51 s M55 o (201
Lalgy 5l oz ST .00L (W8l atsls |y (Th) omess 5yl
ol sl lipe 51 (B Ml g (1) abasly 42 4 (cloads a3l
adox 5l 2log)l (sloygiS (B 3 059 ysl (Jg S (oo o3liiul
Nt 15 S8 15 o o a8y By (50 5] il
Van ) 25 e 03wl 65 sllas b bod (ol (s8lg ionins slys
P oeee sl alie glaygst L 4 (Ooteghem, 2007
3 Sy 4,5 3] 3 pls UMD s &5z g8y Joo
2 i gydsgy Wodly I gllas g Jao glad g5 g3 b Laid Lo
Jddan g Cll ey Jhe (935 sloyiel)ly &5 550
olis (g o5 WIS (515 sl (Koo
bl (Sl sl dice do s g ol (Ggm S5 Jto by

ol g S sl

Ll 1 1 T
04— Actual data
1—o— Heat moder
;—D—Ih:p model
65
60
—_—
&)
L. 554
.
S04
45
A1 =
T T T T T T T T T
] 10 12 14 16 I8

Time (Hour)

e iali8l 0 35 31 Jole wSlgs o ylow] g ST cchis Cyo
8l oA o 9 (Bly @l om (Kl pas g Jae st
by (el odd (dnile 5 (Bly polie (o dualio S )
SIS i g g (slod (eSS 3 (S9a)S) 9 (Sl e
Lol 045 03l Ol (g yg3doud
A jaome laolds B bl b gile Jae 4 adss )
» (Tiwari et al., 2006) 4 ass by un jodS D dwoj o
ol odldtwl py> g ylys J&SI o oddes slaJdo 5l Badzs oyl
Gl glod S 0 Blas gllas 5o a8 ol Lis uls g
e ygmd pacs )3 9 LOIA 390 (o) Jue e y9d> 5
o35 5 Glae (sllad YL 4 581 )3 .l Z0/0 e
Gl 01 35S 7Y 50 e asldS Bl el yoal )l
2 Syl Jse jleslael ol s s (Panwar et al., 2011)
sl ol olly (g )S) Jse iy QU Sgm Sy Jae LS
b Lol e Jae slales 3905 pae oy Mlsise

63 15— Actual data|

Sy /N"/*‘*x

T z Y T y
8 10 12 14 16 18
Time (Hour)

S5e055 5 Sl Jao basg (Casly Cous) B5S i g (e Canms) o (glod il 00d sty 9 (oBly olie (o dunglio = JSWO
Fig.6. Comparison between actual and predict hourly temperature values of indoor air (left) and roof of greenhouse
(right) for heat and regression models.

s g blgy By 059 0 e aSs @08 4 Gldles
3 300 ol LS Laslen S 6Ll alodS 3D (gla o oy
3 oslitl py3) 5 1S oo a0l |y lie Gl plo ls )
ko el (uedt > 4Bz (gm0 )S) 5 (mas 4Sud sla e
lod ol &S 55w (sl g6 .S o 4 1) wlsdS s
glon gy g 0lS (slod (S (slod cit (glod il5S (glon
3lS die; )0 398 Cladsd dy d g b oS cusl S5 S
Lo baygiSB ool o8 cails sl g oo (o ghan (nas (slaaSed

9 Laasbls 15, dedgn aine; 5 (63bj Sl 0jg el

&S cwl ol )A\M plod (gduiiyod (craildS Cuow 4 &5)>
M)JM(;L&M5G¢MU»9AMO»J|)>
e ool yd il dng B g alue p (glasdS sla il )b
He and Ma, ) ¢l s plosil o8 Ly Jy cilises lllas

2010; Boaventura et al., 2000; Dariouchy et al., 2009;
o=l oles (g (Ferreiraet al., 2002; Linker et al., 1998

1- Full close solar greenhouse



AT Jol Jluwas ) 05lads ¥ alor (55 y9lisS glocymiilo 4y pis YV P

(EF) Jo oS 956 e 15 5,3 +/RAY 4 +/AMA o [AF¥
g e OB Gl g 192 glod pareds > (Sl Jse
SlSeS Lo¥Y g efe Y aS us )58 </AYD 5 /AT Jslee
A8 b wgle 5855 cpl 0 Gl GswwyS) Jbe (gl aline Hlade
5l slod paseis p» Sl Jse lp (MAPE) Las slls
polis 45 iy ol VIAS g YIEY Jolee (s iy (SlodS ot
o dng g e by A5 ()1 (Som Sy Jae ol arlie
2 s slagss) jledliiel 5 GilealdS ey 4 ) caio
s c0aSd alen 31 Gilien sla 351 oolizul 1 asls oy
Sl el (esS )> SBj wpeNl iy glo Jie 9 (gae
et @l au 2hcwsd Cogo )3 9 398 () p SIS B>
2 ey @l JUasl il ) sl )l ol (298

g ool (65,5LiS” sladilsls

Sl Sl
Jloacs sy o tilsy —timghy Cglas S aleung iy
ujb)_\_'é 5 Sl dlowows 3uiod ol sl ys S cbosslus
skl Dr. Rachel Van Ootheghem clos j 5l uiocen .39 oo
2 wleialy usen g adgl o)y 5> Lila Wageningen oKl

D3m0 5 55 oS 385 ) sl

References

Ol e 9 390 035 (ne3S g (2l by (6 5 €83
g9 00 duwbre 4ol g Cdyed olin lawgy G )l clals
2 9 0xd e (g Joae Sy CuiS 3 S (551 515
3y50 dliie sladlbds adol calw 5 Sl 4 baye Gl
o) e Ladilds o coiuan hon jl oolatwl 248 4,8 solatwl
glssl ad sloaze Sl cel wlg oo cllre b il
L adsl slaaiajon g 358 LS )30k 5 s o (sl S

{(Linker and Seginer, 2004) 12> jialS 4oe B b

5 5 4l
ssiedn B o )S) 5 (Sl Jde I B ol
by >e 4 (Sl 9>y oS s 9 |9_m N S
IS Gbusl g (slb s eoliisl 55 oKl (g5,9liS” 0uSil
5 5l Bl (e (nyUin 4t b AL cuslie c
Sled )3 plodl adlais o glasldS ly glaJse o 5l ol
9 30 5P S jslateas ol JUl o odes sla Lo
Elosl gooazme Jdods aS ol L zols b eoldiw] A5 adleis
sles o b Laooly olas lade o )l Jio o allas
S Gy (5o Sl (oS ) o G (65 e
S9e0555 5 Sl Jaeo il onel Cusdss @l 5 (Bly sloodls (o
5 1A%y Jolse gy a0bS adw g 1o (slod puess (4l

1. Abdd Ghany, A. M. and I. M. Helal. 2011. Solar energy utilization by a greenhouse: General

relations. Renewable Energy 36: 189-196.

2. Abdi R., M. Taki, and M. Akbarpour. 2012. An Analysis of Energy input-output and Emissions of

Greenhouse Gases from Agricultural Productions. International Journal of Natural and Engineering
Sciences 6 (3): 73-79.

Alonso, J. P., M. P. Garcia, M. P. Romera, and A. J. C. Ferre. 2012. Performance analysis and neural
modeling of a greenhouse integrated photovoltaic system. Renewable and Sustainable Energy

Banaeian, N., M. Omid, and H. Ahmad. 2011. Application of Data Envelopment Analysisto Evaluate
Efficiency of Commercia Greenhouse Strawberry. Research Journal of Applied Sciences,

Boaventura, L., C. Couto, and A. E. B. Ruano. 2000. A greenhouse climate multivariable predictive
Buchholz, M., R. Buchholz, and P. Jochum. 2006. Temperature and humidity control in the Watergy
Canakci, M., and |. Akinci. 2006. Energy use pattern analyses of greenhouse vegetable production.

Chandra, P. 1976. Predicting the effects of greenhouse orientation and insulation on energy
conservation. Unpublished M.Sc. thesis. Department of Agricultural Engineering, University of

Chandra, P., and L. D. Albright. 1978. Analytical determination of the effects of using night curtains

3.

Reviews 16: 4675-4685.
4,

Engineering and Technology 3 (3): 185-193.
> controller, Acta Horticulturae 534: 269-276.
° greenhouse. Acta Horticulturae 2: 719-731.
;' Energy 31 (8-9): 1243-1256.

Manitoba, Winnipeg, Manitoba, Canada.
jo in greenhouses Paper ASAE.

Dariouchy, A., E. Aassf, K. Lekouch, L. Bouirden, and G. Maze. 2009. Prediction of the intern
parameters tomato greenhouse in a semi-arid area using a time-series model of artificial neura



YvY

oS 0 AW (g yS ) 9 )yl JUEST L8l s e (b))

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

networks. M easurement 42: 456-463.

Du, J.,, P. Bansal, and B. Huang. 2012. Simulation model of a greenhouse with a heat-pipe heating
system. Applied Energy 93: 268-276.

Ferreira, P. M., E. A. Faria, and A. E. Ruano. 2002. Neural network models in greenhouse air
temperature prediction. Neurocomputing 43 (1-4): 51-75.

Fuller, R., C. Meyer, and P. Sale. 1987. Vaidation of a dynamic model for predicting energy use in
greenhouse. Journa of Agricultural Engineering 38: 1-14.

He, F., and C. Ma. 2010. Modeling greenhouse air humidity by means of artificial neural network and
principal component analysis. Computers and Electronics in Agriculture 71S: S19-S23.

Heuvelink, E., and M. Bakker. 2008. Climate and yield in a closed greenhouse. Acta Horticulture
801: 1083-1092.

Hoes, H., and J. Desmedt. 2008. The GESKAS project, closed greenhouse as energy source and
optimal growing environment. Acta Horticulture 801: 1355-1362.

Hollmuller, P., and B. Lachal. 1998. TRNSY S compatible moist air hypocaust model. Final report.
Project number 19507. University De Geneve.

Joudi, K. A., and A. Farhan A. 2015. A dynamic model and an experimental study for the internal air
and soil temperatures in an innovative greenhouse. Energy conversion and management 91: 76-82.
Linker, R., and . Seginer. 2004. Greenhouse temperature modeling: a comparison between sigmoid
neural networks and hybrid models. Mathematics and Computers in Simulation 65: 19-29.

Linker, R., I. Seginer and P.O. Gutman. 1998. Optimal CO2 control in a greenhouse modeled with
neural networks. Computers and Electronics in Agriculture 19: 289-310.

McCune, W. F., and D. Stipe .1960. Electric heating for plastic greenhouses, a summary of progress
report to the Texas Farm Electrification Committee. Texas A&M University, College Station, TX:
Department of Agricultural Engineering.

Morris, L. G. 1956. Some aspect of the control of plant environment. Journal of agricultural
engineering research 1: 156-166.

Nayak, S., and G. N. Tiwari. 2006. Energy metrics of photovoltaic/thermal and earth air heat
exchanger integrated greenhouse for different climatic conditions of India. Applied Energy 87: 2984-
2993.

Ntinas, G. K., V. P. Fragos, and C. H. N. Martzopoulou. 2014. Therma analysis of a hybrid solar
energy saving system inside a greenhouse. Energy Conversion and Management 81: 428-439.

Omid, M., F. Ghojabeige, M. Delshad, and H. Ahmadi. 2011. Energy use pattern and benchmarking
of selected greenhousesin Iran using data envelopment analysis. Energy conversion and Management
52: 153-162.

Panwar, N. L., S. C. Kaushik, and S. Kothari. 2011. Solar greenhouse an option for renewable and
sustainable farming. Renewable and Sustainable Energy Reviews 15: 3934-3945.

Rohani, A., M. H. Abbaspour-Fard and S. Abdolahpour. 2011. Prediction of tractor repair and
maintenance costs using artificial neural network. Expert Sys. Applications 38: 8999-9007.

Shukla, A., G. N. Tiwari, and M. S. Sodha. 2006. Thermal modeling for greenhouse heating by using
thermal curtain and an earth—air heat exchanger. Building and Environment 41 (7): 843-850.

Shukla, M. K., R. Lal, and P. Unkefer. 2003. Experimental evauation of infiltration models for
different land use and soil management systems. Soil Science 168 (3): 178-191.

Simpkins, J. C., D. R. Mears, and W. J. Robert. 1979. Reducing closes in polyethylene covered
greenhouses. ASABE 19 (4): 714-719.

Singh, R. D., and G. N. Tiwari. 2010. Energy conservation in the greenhouse system: A steady state
analysis. Energy 35: 2367-2373.

Taki, M., R. Abdi, M. Akbarpour, and H. G. Mobtaker. 2013. Energy inputs — yield relationship and
sengitivity analysis for tomato greenhouse production in Iran. Agric Eng Int: CIGR Journa 15 (1):
59-67.

Taki, M., Y. Ajabshirchi, S. F. Ranjbar, A. Rohani, and M. Matloobi. 2016. Heat transfer and MLP
neural network models to predict inside environment variables and energy lost in a semi-solar
greenhouse. Energy and Buildings 110: 314-329.

. Tiwari G. N., M. A. Akhtar, A. Shukla, and M. Emran Khan. 2006. Annual thermal performance of

greenhouse with an earth—air heat exchanger: An experimenta validation. Renewable Energy 31:



AT Jol Jluwas ) 0jlad ¥ alor (55 y9LisS glocymiilo 4y pis YA

35.

36.

37.

38.

39.

40.

41.

42.

43.

2432-2446.

Vadiee, A. 2011. Energy Analysis of the Closed Greenhouse Concept-Toward one Sustainable
Energy Pathway. KTH School of Industrial Engineering and Management Department of Energy
Technology Division of Heat and Power Technology SE-100 44 STOCKHOLM.

Vadieg, A., and V. Martin. 2012. Energy management in horticultural applications through the closed
greenhouse concept, state of the art. Renewable and Sustainable Energy Reviews 16: 5087-5100.
Vadiee, A., and V. Martin. 2013. Energy analysis and thermo economic assessment of the closed
greenhouse — The largest commercial solar building. Applied Energy 102: 1256-1266.

Van Ooteghem, R. J. C. 2007. Optimal Control Design for a Solar Greenhouse, Systems and Control.
Wageningen: Wageningen University.

Van Straten, G., G. Van Willigenburg, E. Van Henten, and R. Van Oothghem. 2011. Optimal control
of greenhouse cultivation. CRC press, Taylor and Francis, New Y ork.

Walker, J. N. 1965. Predicting temperatures in ventilated greenhouse. Transactions of the American
society of agricultural angineers 8 (3): 445-448.

Willits, D., P. Chandra, and M. Peet. 1985. Modeling solar energy storage system for greenhouse.
Journal of Agricultural Engineering 32: 73-79.

Willmott, C., J. Ackleson, S. G. Davis, R. E. Feddema, J. J. Klink, K. M. Legates, D. R. Donnell, and
C. M. Rowe. 1985. Statistics for the evaluation and comparison of models. Journal of Geophysical
Research 90: 8995-9005.

Zabdltitz, C. V. 2011. Integrated Greenhouse Systems for Mild Climates. Springer-Verlag Berlin
Heidelberg.



>
Journal of Agricultural Machinery @ @ i SH9liS s ilo 4y i

Vol. 7, No. 1, Spring - Summer 2017, p. 204-220 et 17272 YeB Y~ o PR gl Lo ) ojlads Y ol

Evaluation of heat transfer mathematical models and multiple linear regression
to predict the inside variables in semi-solar greenhouse

M. Taki'- Y. Ajabshirchi% S. F. Ranjbar’- A. Rohani*- M. Matloobi®
Received: 06-08-2015
Accepted: 14-11-2015

Introduction

Controlling greenhouse microclimate not only influences the growth of plants, but aso is critical in the
spread of diseases inside the greenhouse. The microclimate parameters were inside air, greenhouse roof and soil
temperature, relative humidity and solar radiation intensity. Predicting the microclimate conditions inside a
greenhouse and enabling the use of automatic control systems are the two main objectives of greenhouse climate
model. The microclimate inside a greenhouse can be predicted by conducting experiments or by using
simulation. Static and dynamic models are used for this purpose as a function of the metrological conditions and
the parameters of the greenhouse components. Some works were done in past to 2015 year to simulation and
predict the inside variables in different greenhouse structures. Usually simulation has a lot of problems to predict
the inside climate of greenhouse and the error of simulation is higher in literature. The main objective of this
paper is comparison between heat transfer and regression models to evaluate them to predict inside air and roof
temperature in a semi-solar greenhouse in Tabriz University.

Materials and Methods

In this study, a semi-solar greenhouse was designed and constructed at the North-West of Iran in Azerbaijan
Province (geographical location of 38°10' N and 46°18" E with elevation of 1364 m above the sea level). In this
research, shape and orientation of the greenhouse, selected between some greenhouses common shapes and
according to receive maximum solar radiation whole the year. Also internal thermal screen and cement north
wall was used to store and prevent of heat lost during the cold period of year. So we called this structure, ‘semi-
solar’ greenhouse. It was covered with glass (4 mm thickness). It occupies a surface of approximately 15.36 m?
and 26.4 m®. The orientation of this greenhouse was East-West and perpendicular to the direction of the wind
prevailing. To measure the temperature and the relative humidity of the air, soil and roof inside and outside the
greenhouse, the SHT 11 sensors were used. The accuracy of the measurement of temperature was +0.4% at 20 C
and the precision measurement of the moisture was +3% for a clear sky. We used these sensors in soil, on the
roof (inside greenhouse) and in the air of greenhouse and outside to measure the temperature and relative
humidity. At a1 m height above the ground outside the greenhouse, we used a pyranometre type TES 1333. Its
sensitivity was proportiona to the cosine of the incidence angle of the radiation. It is a measure of global
radiation of the spectral band solar in the 400-1110 nm. Its measurement accuracy was approximately +5%.
Some heat transfer models used to predict the inside and roof temperature are according to:

dTa — Qa—s _Qa—o _Qa—ri _ani —nwo (1)
dt raxCyaxV,

dTri — Qrd —ri +Qa—ri +Qs—ri _Qri -0 _Qri -k (2)
at r,xc, , xV,

The regression model was formed for output (T,; and T,) using four inputs for each of them according to:
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Inside air temperature (T,), solar radiation on the roof (1,), wind speed (v,), outside air temperature (T,).
Inside soil temperature (T), solar radiation on the roof, roof temperature (T;), outside air temperature.

Results and Discussion

Results showed that solar radiation on the roof of semi-solar greenhouse was higher after noon so this shape
can receive high amounts of solar energy during a day. From statistical point of view, both desired and predicted
test data have been analyzed to determine whether there are statistically significant differences between them.
The null hypothesis assumes that statistical parameters of both series are equal. P value was used to check each
hypothesis. Its threshold value was 0.05. If p value is greater than the threshold, the null hypothesis is then
fulfilled. To check the differences between the data series, different tests were performed and p value was
calculated for each case. The so called t-test was used to compare the means of both series. It was also assumed
that the variance of both samples could be considered equal. The variance was analyzed using the F-test. Here, a
normal distribution of samples was assumed. The results showed that the p values for heat model in al 2
dtatistical factors (Comparison of means, and variance) is lower than regression model and so the heat model did
not have a good efficient to predict T, and T, RMSE, MAPE, EF and W factor was calculated for to models.
Results showed that heat model cannot predict the inside air and roof temperature compare to regression model.

Conclusions

This article focused on the application of heat and regression models to predict inside air (T,) and roof (T})
temperature of a semi-solar greenhouse in Iran. To show the applicability and superiority of the proposed
approach, the measured data of inside air and roof temperature were used. To improve the output, the data was
first preprocessed. Results showed that RM SE for heat model to predict T, and T,; is about 1.58 and 6.56 times
higher than this factor for regression model. Also EF and W factor for heat model to predict above factors is
about 0.003 and 0.041, 0.013 and 0.220 lower than regression model respectively. We propose to use Artificial
Neural Network (ANN) and Genetic Algorithm (GA) to predict inside variables in greenhouses and compare the
results with heat and regression models.
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