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Fig.1 Schematic view of the simulated greenhouse
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Tab.1 Heat exchange type between different components of greenhouse environment system
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Tab.2 Model settings and parameters in the simulation
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Fig.6 Modeled vertical profile of mean water mass fraction

14x1073,
12x107%3
& 1.0x107]
i 8x10*]
8 6x107*
4x107*]
2x1074

0o 10 20 30 40 50
E Hb T = P /m
B 7 JRZ=EN CO, & i e B AR AU AS UL il 2

Fig.7 Modeled vertical profile of mean CO, mass fraction

Bl da 7R Do = rp AR A L A JL R A
oL, S BUEY DXCSGR E w AE EJR IR AR ELAR R
ST L, Sl A TR R BT LA, R
TS ST XM 7 R TR 1) DI it 2 8 b R
3t 2 8 DXCIARR , JE R 2 TR, e e i 20 T 52
N0t T 1 L B 2 AR A g, A 4L v L R Tt
PRt AV 11 5 PR T e XY A L P e B PR 45 SR T
o AEURET XU 1P B S i DXt BRAH X 44 g
MR, X5 PR AT B A A5 RARAT . 5 il &

PN BT 247l B S g 2 A2 AR BT O, T 4T V2 X
FOTRLIE LL 3 A il v 6°C ZeAq, o iy it J3E ) BRZE AR
Wyt 2 AL, b i B A0 i B o i = TOUET 5 RS
Bl A < 1 2 N S U R AR B HOR, 25 K
IR 31.2°C, 90% LA b i S0 R HiE i 22 5 e
6.3CLIA,

P 4b 7R il =5 Hh R AR _F oK 28 SR A
MEEM AR E O RES T REZ
) o BUR BB KZE & &2 R ECR, i
2 DI A R K 28 A i BT AR AR HL o A 2
B KZEAE B 1 O AR R R T R E Y
ZERIPIINFN AR T 2 XU e O R R
5 AR A B BRI MK 28 S AR . 1EY)
ZE 0] e bR A PR XA A AR BORL R
T M TSR TR L (H G RR
BRZE ETHB SN B, /T REJE T3 N U
R Sl IR AR . 18] 6 Dyl A NI K 28R
R AR O, SR AR b — 2K, R (E
HIAEAEY )2 A L, A 2 8 T 35 4h 20%
fio WEMEE SRR FE , & N2 R 22 1k
Y 63% ~100% , 344 91% |

Bl de Jyiid = Fp AR B L CO, B 70 50 o
AL, AT LR B e 5], R I i A
— € HIRZE , 28 A e O B 1 BT KU, o
12 2 R R AR R B . B 7 R E A
TR CO, 35 B i B A AL A 15 O, mT DL i 35 N
CO, M B2 (JEHRAR Y JZ X)) SR b5 = S
AT, (EAR R A v ok B2 XA AR ) A KA 2 T
XU CO, A B I et o

323 A R il A IR 6 AN A i FE B S
OB S ISME A X B AT L, AL Y T 00 1 5
SR B AR ARREEAR DL, BV AT B R K — L,
T BE M A AR R 2E/ VT 8% (LACTTER) , Ko B
IFIARRS R 22 AN 6. 0% (LIAHXHEEETH) ,CO, 5%

£3 BEASHINESERELEN L
Fig.3 Simulated and measured values

inside the greenhouse

T A, S112 SI122 S132  S212 S222 232
BEERIME % 77 80 92 82 83 66
BRI/ % 81 84 97 85 85 70
EEEBIME/C 30.8 331 30.4 349 343 31.2
EEEMEE/C 28.5  30.7  28.0 32,5 32.3 30.3
CO, i i 43 51

- 0.0721 0.068 4 0.0692 0.057 5 0.054 9 0. 055 1
BLPUE

CO, i 43 51
\ 0.07520.073 0 0.0735 0.062 0 0. 058 7 0. 058 9
RN




oM

GBS 55 PREDRR = N 2N TLRG CFD RRASHHUIM T

303

A AR 22N T 7% (DL pumol/mol 3143) , {0
YRS URIEANRT R, X AR AT fEJ2 th TR 1 0 22
SR TR A A AR A AR P T S

4 i

(1) 7E73 B =8 PR 25 20 i o i P sg e i
(LA L, AT CFD T B il =5 9 it B 9 J5E Al
CO, Y& PE R B AT 1R, oot 2
A9 25 TR K 28 CO, M 28 R TR U
SRR 5 X JRLE I EE T CO, 73 Aii B R
AR, itk %8 A IR i BE ARG, 3 /N, [R] I CO, &
A R E T XU AR e 2 DXy 3R 58 R 3k

FIALHPIRES o

(2) R T RIS R 2 5 R PR 5 1 1 3
AR, A R A P AR VR A T O i 2k [ 1A
PRI PEA TG 18, SR IR ] SST AR, g A
TR TIN5 S0 %o B A B, 4% 2 00 o ) {3k
TS, (EAS A AU HSEA A [A], e B PR |
CO, & P T AR R IR 22 0 ST 8% (6% H1 7% o

(3) =MW KN AR L H S YRR,
CFD AR O A 3 B A 3 05 i B K Y
JETE T, (R ) 138 5 A 5 ) 6 A o 4 sk
WL RE S LA S AR 5 TE BT B PR UG B A
MR

£ % x o

Bartzanas T, Kacira M, Zhu H, et al. Computational fluid dynamics applications to improve crop production systems [ J ].
Computers and Electronics in Agriculture, 2013, 93:151 - 167.

Biosystems

Bioresource Technology, 2007, 98(12) ;2386 —2414.

2 RFH, BEV AR REREEYIRARSE CFD KRS BI[T]. AU, 2011,42(2) :173 - 179.
Cheng Xiuhua,Mao Hanping, Ni Jun. Numerical prediction and CFD modeling of relative humidity and temperature for greenhouse-
crops system[ J]. Transactions of the Chinese Society for Agricultural Machinery,2011,42(2) :173 =179. ( in Chinese)
30 g%, R Al KRR ME. R E N S ST R SR [T, AR AUAR, 2009,40(10) ¢ 173 - 177.
He Fen, Ma Chengwei, Zhang Junxiong. Dynamic forecasting model of humidity in greenhouse[ J]. Transactions of the Chinese
Society for Agricultural Machinery, 2009, 40(10) :173 —177. ( in Chinese)
4 RWH KM, T, A HUGE KRR B IR A PRI RERL T ] RV, 2010, 41(1) :153 ~158.
Wu Feiqing, Zhang Libin, Xu Fang, et al. Numerical simulation of the thermal environmental in a mechanically ventilated
greenhouse[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(1) ;153 - 158. ( in Chinese)
5 Keesung Kim, Leong-Yeol Yoon, Hyuck-Jin Kwon, et al. 3-D CFD analysis of relative humidity distribution in greenhouse with a
fog cooling system and refrigerative dehumidifiers[ J]. Biosystems Engineering, 2008, 100(2) ;245 -255.
6 Pierre-Emmanuel Bournet, Thierry Boulard. Effect of ventilation configuration on the distributed climate of greenhouse: A review of
experimental and CFD studies[ J]. Computers and Electronics in Agriculture, 2010, 74(2) ; 195 -217.
7 Boulard T, Fantnassi H, Roy J C, et al. Effect of greenhouse ventilation on humidity of inside air and in leaf boundary-layer[ J ].
Agricultural and Forest Meteorology, 2004, 125(3 -4) ;225 -239.
8 EEE WAL RIS LDy THEHLIX FOGIRE CO, FAE R A vy 5L [ T]. folk ALk =4, 2010, 41(12):
183 - 189.
Bi Yuge, Ma Shuoshi, Cui Hongmei, et al. Forecasting model of CO, concentration of solar greenhouse in the northern drought cold
area and experimental verification in winter[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(12) .
183 —189. ( in Chinese)
9 Klaring H P, Hauschild C, Heibner A, et al. Model-based control of CO, concentration in greenhouse at ambient levels increases
cucumber yield[ J]. Agricultural and Forest Meteorology, 2007, 143:208 —216.
10 S, mARZ TR, 55 IS T (Solanum melongena L. ) S BA BB 500 &R (BRI M [T ] AR 452440,
2007, 27(6) :2265 —2271.
Gao Zhikui, Gao Rongfu, He Junping, et al. Analysis of photosynthetic simulation by a biochemical model or mathematical model
in greenhouse eggplant[ J]. ACTA Ecological Sinica, 2007, 27(6) ;2265 —2271. ( in Chinese)
11 Teitel M, Atias M, Barak M. Gradient of temperature, humidity and CO, along a fan-ventilated greenhouse[ J].
Engineering, 2010, 106(2) : 166 —174.
12 ANSYS Inc. ANSYS CFX Manual[ M]. ANSYS Inc. , 2009.
13 2. RAWE-HO 2 SRR M ] dbat dbstRey: di ikt ,2010.:177 - 180.
14  Tomas Norton, Da-Wen Sun, Jim Grant, et al. Applications of computational fluid dynamics (CFD) in the modeling and design
of ventilation systems in the agricultural industry; A review[]].
15 RELBRDY, SR SR RPERDGE N UG R E 3 (], SOt SR, 2011, 23(3) 779 - 782.
Wu Zhen, He Junfang, Wu Dengke, et al. Simulation of transmitted light through atmosphere by Monte Carlo method[ J]. High
Power Laser and Particle Beams, 2011, 23(3) :779 —782. ( in Chinese)
16

Boulard T, Fantnassi H. Effect of greenhouse ventilation on humidity of inside air and in leaf boundary-layer[ J]. Agricultural and

Forest Meteorology, 2004, 125(3 —4) .225 —239.



304 PSS A1 R 20144

17 Majdoubi H, Boulard T, Fatnassi H, et al. Airflow and microclimate patterns in a one-hectare Canary type greenhouse: an
experimental and CFD assisted study[ J]. Agricultural and Forest Meteorology, 2009, 149(6 -7) :1050 - 1062.

18 PGS, LT, 5K A, PAARIDRRIR E IR Y CFD =4 RSBl T]. Al MU 42,2012 ,43 (12) 1222 - 228.
Hao Feilin,Shen Mingwei, Zhang Ya. 3-D steady simulation of temperature pattern inside single plastic greenhouse using CFD
[J]. Transactions of the Chinese Society for Agricultural Machinery,2012,43(12) :222 —228. (in chinese)

19 Ak, L F A R A FEMEHIFEID]. Jbat. P E KR, 2005.

20 . HOGIRE CO, WEETIMAIAI[ D], dbat: ARk K2 ,2005.

Three Dimensional Steady Simulation of Microclimate Pattern inside
Single Plastic Greenhouse Using Computational Fluid Dynamics

Hao Feilin'  Shen Mingwei’ He Yong® Feng Lei’
(1. College of Biology and Environmental Engineering, Zhejiang Shuren University, Hangzhou 310015, China
2. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China)

Abstract; To explore the microclimate factors, such as air-flow, temperature, humidity and CO,
concentration inside a single-span plastic greenhouse, an environmental model was established including
components of greenhouse such as inner and outer space, plant and soil layer, etc. The air was assumed
to be composed of dry gas, water vapor and CO,. Based on the solar radiation, mass-thermal exchange of
plant-environment, transmitting process of energy and momentum of various parts, three dimensional
simulation was executed to predict the pattern of temperature, humidity and CO, concentration. The
Monte Carlo method was adopted in the model of thermal-radiation transport process. Plant was simplified
as continuous solid medium, and shear stress transport ( SST) model was used in air turbulence analysis.
The results showed that the ventilation pattern had an obvious effect on distribution of temperature,
humidity and CO, concentration. The values of temperature, humidity and CO, concentration in upwind
area were low, and the environment in downwind area was not favorable for crop growing. Generally, the
predicted values were a little lower than those of the measured, while the trend was similar. The relative
error values of temperature, humidity and CO, concentration were less than 8% , 6% and 7% ,
respectively.

Key words: Single-span plastic greenhouse Temperature Humidity CO, concentration Multi-factor

generalized analysis  Steady simulation



