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CFD-based Simulation of the Temperature Distribution in
Glass Greenhouse with Forced-air Heater
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Abstract

The modeling method of the temperature distribution in glass greenhouse with forced-air heater
based on the CFD technique was proposed. The flow regime proved to be turbulent and it was modeled
by using the standard 2 —e turbulence model, and the non-gray DO model of radiation model was also
applied. The numerical solution was made by applying a finite volume discretization code with the
pressure implicit with splitting of operators (PISO) algorithm. The temperature data of the key
position were collected in a three-span Venlo glasshouse. By using the root mean squares error
(RMSE) algorithm, the error between simulated value in Fluent and measured value was simulated
and analyzed. The results indicate that the CFD-based model can provide reliable estimation of the
temperature distribution in the greenhouse during the forced-air heater working.
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Fig.1 Position distribution of temperature measurement points in greenhouse
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Fig.2 Greenhouse computational domain using Gambit
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Fig.4 Simulated airflow velocity vectors in greenhouse

% 320

E/K

Bl S s M B -
Fig.5 Simulated temperature contours of cross sections
(a) X=4 000,12 000,20 000 mm #[f (b) Y=3200,6 400 mm #Ii (c) Z=2 400 mm

HRUTREE R 320 K 247, BE&E AR 1S
AL IR, B e XU Ao7 e R RIS . T
IX 3k ) St B 22 AR K, AR X 8 2 B 57 1 1 2
3T 5 T ELIRL 2 oA v B2 BRI, A B BN (1 4)
T3H0 IR E WIS A R AR R IR, T
LR RE DX A IR TR AR PN, TR 22 B (B 5)
WX A (B Sa) , 800 _E AT ROWEEE) B 5 )i
FE53 )25 BRI RE LK. ik 55 PN Il 5 A1 Bt o 5 () 75 FE 1)
FE i AE IR . Y B i —
AT TET AT A G b W O B 3 7 % L [ ) 3 AT
SLCE 5b) o FERGEME T 2 m/s 2 F T RS I 52 2|
FREE I 2w KR s2 e, T KGR T 0.5 m/s B

PRy e T K 2 B IR B Sy, AR S A
FIETHIEIIN5E . WIS NN 6 m/s,
SHWHHE R R D B TS R E AR
TR R L 79 8 B Se i T #O g
O (Z =2 400 mm) (7K -8 E 500 A6 1%
B, AR E RO X FR, SRR A5 e
R EY S .

T P A5 PR (5 SE D L B N 151 6
iR, Hp R AR AR 2R I 2 AR S DAk AR R
B 5 SIS MR B . M 13 A BdEE
ARCADLIR A X S I A1, 3138038 i iR 22
0.67 K, ULIAZEAY) &, HEMEB TSR E N5



118

& Ak MO ¥ 20084

I AR B 5 5200 T N LR MBI SR R BRI BIIRAE B [ — 30, BEAREUH B
—E. 14 = AR A 5 B S A SR AU A7 A2

4

Fig.6

292 L 5PORRIREN 1.2 K REAHE 5% , 11 A 1]
NEEE T . A ) R A R T — A, BT X % AR
2o x oz 0 ° AR RS 1 , P37 19 CFID A8 J% H3s 7
%oga | xuiy . FAF AR R Fluent JRAF 75177 18] 38 XU 4
2w | O P ° 9 Sl T 1T 2 R BB AR AT 1Y
M e i () e S MM T | B 5 X B
B 6 LI R 5 50 52 0 L ﬁm‘j{’ﬁ%iﬁ”ﬁg i yfﬁﬁ %‘?“%
Comparison of measured and simulated temperatures AL it S50 A 1O B B P AR e WA, LI e

DR SR AT AR B /N 22 BOR . PG BEAE I =

g PR R I, SE LA N ST YR B o

(1) BCEDASE DL P 453t 2 P9 2% 00 e T8 15 il & Y

10

2 % x #t

Kacira M, Sase S, Okushima L. Optimization of vent configuration by evaluating greenhouse and plant canopy ventilation
rates under wind induced ventilation[ J]. Transactions of the ASAE, 2004, 47(6): 2 059~2 067.
Boulard T, Wang S. Experimental and numerical study on the heterogeneity of crop transpiration in a plastic tunnel[]].
Computers and Electronics in Agriculture, 2002, 34(1~3): 173~190.
Molina-Aiz F D, Valera D L, Alvarez A J. Measurement and simulation of climate inside Almeria-type greenhouses using
computational fluid dynamics[J]. Agricultural and Forest Meteorology, 2004, 125(1~2): 33~51.
I, B EARDENR T B SR8 XA M AU ——B) B MR NG R L) ], WLk 2k L%
fR, 2006, 40(11): 1 582~1 587.
Shen Mingwei, Hao Feilin. Static simulation of airflow distribution inside multi-span plastic greenhouse: influence of
insect-proof screens on airflow inside greenhousel J]. Journal of Zhejiang University: Engineering Science, 2006, 40(11):
1 582~1 587. (in Chinese)
KRR, 2R, ZRE, . Venlo AURZ H 7 B KM KGR Y CFD SBR[ ] P ER I KR Z244], 2004, 9(6):
44~48.
Li Yongxin, Li Baoming, Li Zhen, et al. Simulation of a naturally ventilating cooling process for a Venlo greenhouse in
summer[ ] ]. Journal of China Agricultural University, 2004, 9(6): 44~48. (in Chinese)
Teitel M, Tanny J, Ben-Yakir D, et al. Airflow patterns through roof openings of a naturally ventilated greenhouse and
their effect on insect penetration[]]. Biosystems Engineering, 2005, 92(3):341~353.
Fatnassi H, Boulard T, Ponce C T, et al. Optimization of greenhouse insect screening with computational fluid dynamics
[J]. Biosystems Engineering, 2006, 93(3): 301~312.
WOEE, P ULL, AKTE, & HET/NVURBER = AT R G MR ]. PELFFE, 2006, 39(11): 2 313~
2 318.
Dai Jianfeng, Luo Weihong, Li Yongxiu, et al. A microclimate model-based energy consumption prediction system for
greenhouse heating[J]. Scientia Agricultura Sinica, 2006, 39(11): 2 313~2 318. (in Chinese)
Fluent Inc. . Fluent user’s guide[ M]. Fluent Inc., 2003.
G, KL, BRBCEL, S5 BUIEIR S /NI B S AR A N ST E (1], A AU AE R, 2005, 36(11):
102~105,131.
Xu Fang, Zhang Libin, Chen Jiaoliao, et al. Modeling and simulation of subtropical greenhouse microclimate in China[J].

Transactions of the Chinese Society for Agricultural Machinery, 2005, 36(11): 102~105,131. (in Chinese)



