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Simulation Analysis and Field Testing of Active Greenhouse Heating System

WANG Xin ZHANG Yuanyuan CHEN Du ZENG Hao XU Miao WANG Shumao
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; This paper proposed an active greenhouse heating system which focuses on the influence of
crop growth under extreme cold weather. At the beginning, the heat transfer process of heating system
was analyzed based on thermal equilibrium theory. The temperature control system models were
established based on radial and axial heat conduction mathematical analyses respectively. Then, the
numerical simulation of two dimensional steady temperature distribution was carried out by means of finite
element method ( FEM ) software. The simulation result indicates the control parameters in the
greenhouse. When the effective operation range ( later referred to as ) is defied with the soil
temperature more than 15°C at 20 cm underground, the temperature of heating system should be opened
no less than 28°C. The kinetics is changed in terms of the temperature dependence. If the air intake
temperature of heating system is raised by 2°C, the axial effective operating range extends by 2.4 ~
2.8 m. Later, field test was conducted in greenhouses located in Changping District, Beijing. Compared
with simulation data, the field testing data shows that the perturbation law of heating system heat transfer
process on shallow and deep layer soil temperature is consistent with theoretical analysis. The simulation
parameters could help to guide the greenhouse control.

Key words: active greenhouse heating system; temperature control effect; heat transfer analysis;

numerical simulation

5 48 & M

51

AT AR, A& F il A 1) i R A o 1R R i Al
LA — KU, X 1 9 b X B B G Ol g i
2 T4 e A 2 A il BE G AR il i TR 5 4
F0 A ER G UL XN EIN AR E T
B Al R R B T RS R SR R

i

R H . 2017-09—-15 f&@m HHP. 2017 -11-19

R R 0 DR U R R R T R, IR
Ui 7 4 22 AT A0 - 8 B RE B A L5 R b L
TR B R A T R AR R e R

DA 4 25 3 25 0 0 HRORUI SR BB o 45 5 4%
XL 28 KM B A S AT A, BT A RS R
PR AR T, Sy AR A BCRE 4R LS B N AR
WA A K EREE T R B ARG I A R IR R

BEEWHE: EHEARPEIEEIH (51405492) H1[E 5 & 5 #F & 71 %1 51 H (2017 YFD0700603 )
EER A LB (1982—) L Rl #% , [ LA S0, EZNFE A S AR SR TREDFS , E-mail: wangxinl17@ cau. edu. cn



) FHr A TR E MR RGO 2 5% 309

FUFPRARE L AFT 5 T AR AR 42 B BOR 2Kk, &
2y 2l 2 R AR GEAE  — Pl B (9 & i = R
e, H 382 B E R P 15 bk, % 5
GeHe T S B 7R A R R R I T R
*)Wf/ﬁL_LTWLM /\u?ﬂié{ﬂﬂm/\ﬂmﬁh
S M T RO TE AL TR S — Ay
tHHEIﬂFtH pkf”*”#tﬁﬁﬂ i 2o b R A T S AL
R RIS i e R
AR, X 32 gl 3 A R AR S Y E 5 B R
THOR PR EBE Sk A R R A
T AR BE T 8 AR IR R G A IR R
BT i A 9 R P OR BEAT B 5, E ) A
W2 2% G 2 PR8N A S BIURR P 3 T B 4 BEE
L AR GUAR 1) il 1) A G o S R A R
I A BROCHPFREAT 28 Gt B 3 70 A1 IR0 B U1
B AL, S AT EL o3 M7, i I e 2o R S M P (R 3C , F—
A 6 U A A5 Y A AT S SRR A

1 BESTHFER

S 2 R A T RS S Y A RGO
EIEW S ER N E DS PN i)
PSR LI DN N S g I s SE S DN
R HE o A s B T A o B A R IR L AR
1’%5?%[1,*5&%%1,Tﬁﬁ\]mfﬁFTﬂXMlﬁnﬂ%%ﬂLTu
2 R LI RE A E BN R R (& 1) 5
ii%%E’J*M{%E'F SR

frﬁiﬁﬁ;—\// \ HERLE
l -/,(J
// \'
R
_A
/¢$ |
//&g T
// o “RHLUET)

,‘ ] /
L (ﬂiﬂ:)

I’Ezl L MR R G A

Fig.1 Greenhouse heat system structure
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Tab.1 Calculation model thermal parameters
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Fig. 6 Heating system radial temperature distribution results
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Fig.8 Heating system axial temperature distribution results
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