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CFD Simulation of Airflow Distribution in A Tunnel

Greenhouse under Natural Ventilation

MENG Fan-ying, LIU Mei
(Mechanical Engineering College of Liaoning Technical University, Fuxin, Liaoning 123000)

Abstract; The 2-D simulation of airflow field under three kinds of ventilated type was done based on the CFD

technique for the natural ventilation greenhouse. The standard K-¢ model and Do model were used for the

process of simulation. The three kinds of simulation results were compared and analyzed. The results showed

that the configuration of both sides and roof ventilation was the best pattern for ventilation. The wind speed

was moderate and suitable for the growth of crops.

Key words: greenhouse; ventilation; CFD; velocity filed

131



ok X A F 2 #

Mol7 4 3£ 40 M FF Roy J. Carver Co-Laborato-
ry SEEE S HL ST Towa N — P HERY,
Nebraska JH () — >4 b A 1 412U RE 35 A4 BH
oA\ 5 A BT AR K2R (NUL) 22 8 10 R 55
PR TR NG S = B S E5 R o N el
5N A2 T EA TR =) 5%,

1 FEEFERARE LT 5, 35 1 g

e Ji K g

FE FARMAEEZARBO R —A4”,
RS KRB KRB KK R A, “—14k”
R REAL
L1 K&

PN bl A R N W T
R R B AL B S R S BOR
ERHE A BE AL T R 55 . GPS 5 v 2 45 F1 H Ja] K IR
B REIL AT . KPR AE & Fp i S K L Fh 4T
PR T 3 5, AT P o R A PR (R AR
FL I PEAS W EE N, 255G BvE e 7 i 3 25 v OR r
it Wik
1.2 KA

RATUBEAAR B AE K D Fir | FH 1) 457 3 e 3k M
T B A B 5 7K T R 2% o KR () i o 3 BT IR
B % 245 AL ML 25 o AL AR Ml 1 LA A4 A D
RORER LA A, Ul John Deere A= P2 HLAKR S /7 320
Ph b e KAk 3 570 D 7 FEFh ALK 24 ~48 17, 18
B 40 m.,

1.3 K7kF

TE PG 54 KA L 49 Y0 T K SR R Y [ 4%
WK HE M A . — R AT IS 26, 7~40. 0 hm® 2B FH
ZWE 10~12 W, B IR WK i 10~15 mm, ¥R
FH 7= i AR G IR T 77 8090 ~90% , = AR 7
Bl R XL T AR e X,

1.4 KKH

Wt & £ & 55 3h J1 uk b, DL Towa I K 4,
1960~2010 4E ¢ Py 18. 3 F i3 9. 8 T4,
A S AR W 38 K, 288 MU i IRk Y 67. 6 hm?
Wom#E| 179. 8 hm® , BLAE A2y 1 333. 3 hm*, K
A 3B A HE N s /NAR 375 35 AT /D I AN W e -
1.5 RIUERBAEL

e E A & e 7843 1 T GPS W 2% Fil & Be Ak
A ) A AR LYY K E R BE Ak L ) A R
e 1k B WSR2 2 2 e b A0 95 B 65 AR AR
BW S T o O O o= KT WY S TN = Y U S e
b T A 2 ) T () oA | T ) AR R O g

132

S48 B 5 B Re b Pk M AE DG K .
2 R EARMN R R RS EE 5
2.1 TERX,FAASRPRR

H 9% [ o G B A X T & A R A i
K5 SEAT B AR A M A SR L R I - 3 HIL BT
FEER A 7% A AT B AR T REBIBAE Y 2. 5% /247 .5
S B TR AR EREE RO N H EE IR &
KK GAREFF AR 2 TRE W, R 30 B KR FF
FTHRAIH .
2.2 KEBRBRER

[ X FETR 600~900 mm., 58 4 2 E
KA PR, VG M X 24 300 mm [ L B AR
WA AH R N OK L R R K, A F WE
T K R HE b 7T K B 10 ¥R 29 150 mm™, 58 42 [
DL 2 B KA A F B K43 A oK. AT 58
Oy RAESCIRIG =05 T LB e . A T K
KA R AHZCR IR F] 19, 3 kgehm® e mm*, {H 7K
SPRIHRCR T 27,7 kgehm™ emm ™ i 2255,
2.3 EXMMMEENHERR

MH B F , B R ZEFF R A0, JTTER . Pr =k 3
2,00 HE S A R b, AR ARSI, T 5 A
KR E— % 240~250 cm, Z5FEERA7 110 cm, FFRL R
INEAT IERR Ay B D — B 2~3 AR, ol ad Bl
x5 M 2 BH L A0, FF R B 40, 22 0k B R
LK Y 20 em fTki %k 32~35 K, f7%k 16~18
1T Bk L2 BRI
2.4 HIIREERERMR

EEF & RN O W S I S = N ]
HBTRAD AHERREAREARKZ., £
Rl Al e AR — i R R K2 A Al
W9 5 % ot e BT e N 2488 vl L ol
TR AT 55 Ty s JLT A W 1 T R 45 1 DX k. i
PN A 7 300 0 R 2 AL AR 58 s (B RT3
B ZRFETEN AT B A 4 A0k, i
05 0l 28 5 AR 4l A BT SR T R B X PR i 58 L OF
W& R A AR R 38 AR R A ™ A e
AT EEAR LN B AT BT AR OB i 56
B, VR P R EG RS . A 3~4 a
1S Bh A Pl g — R SR Ay AR H — IR R
Ty, TN DY TR i R AT, U R ok A b
eI H 2 3% DB O i A R A — L s 5 2%
iR B i B — W B S A R HE)T R GE i . B
REZRE, W% R AT, R 2% | H 5 L I A 0 3 I 45
I



24 RMREF  EEERANAE P LR ERTERZEN BT

2.5 BREMEHE

FEAR—VE U ST BB R &
R EE ALK LA AR R OR

ARISTEA =R I IR 5 T4 8
Qb b R B K 25 R S DR . A f Rk, K AR
JETUCE AN et AN e L e 4 2% 3R ke LA
B R R B A Gl TR PR % A AR
A 5 DT R AR A 25 0 2 AR, i L7 2 sl Bk 2
— WA AE 5 R T R AR AT AR SiE S 3R, (]
T3 o B K B K 217 % ~ 18 %6 i I 4 i 3k - it
e TP T R TR B, B AR 21 d A A
KA RIAT AR 15, 5% %4 f K & .
2.6 EERRXIUERES

FERREFRMRE . 2 R KFEE 90 % L L
i JH] Intenet, $ZEZ FEFWRE S5, HTRRE
Jo i o AR 22 T b Bl BT LR BE 5 45 B AT A5G
I HFp A 5 HLM TS 5 48 R 0 5 B 3 4 L IR L &) #
B AR B A
3 FEALME BT EAT v X PR, R B

A b Pk
3.1 XEZERHABRNBEEETSTMRKRERTE

N

FEARN BT T R 2R A = g A B
K2 AR B4 25 Yot i) A4 T T4 I A
IR TR A R R B A B AR 7 SR R T
JRAFST » LAl SRAR PG Ak ol A 7= g
3.2 NAIESRETAFRAREAMER

2 R Bl 28 7 38 S A 2458w L B — TR
FE AP I 5 T 3 52 7R L B R T R E AR
MO T J LA RS M 4 A 5T, A ik — 2B T 558
TR Y T % N SRR Cl D0 VAL ¢ S N
E R BOR S T3, Rz P @R g T ke .
4 R IETLAO B TR A Y B R
1.1 RUNERZEHEGREE

o [ F ORI LRI 5 K AR LA GE A Al
PAFE A RAFEHUAR 4 B K AE F A TAERCR S 9  6E
BT S 5 KA MR AR & 17 Y T ) A2 B R At b
PSR BEAC AL A A 25 M 55 - A HLFRE 1] 0 22 Ak 9 Tl
Yya R ARG B & G S FAE I ALE . TR
ERHLEAE 5 R 2456 Jr ik Z 54 =Sl bR T
fift, 1M AR 22 et 4 ok B A P, TR L U ALER T
o7 VR A FH [) A 7= S Bk, I LA AR & . (R, o
Fof e 455 X007 IF & B I ) o A X R BB TE

R AR 28 L 22 e 9% IR . X RRAE T LA i
b 1 AR AR 5 385 1
4.2 MRERPERERET HEMRE~HBE,

BEAB Hb i L EH VR

2 E EOR P AR R0 35 L i h
[ KB4 A4 S 2 BEAR ROk A K B b, IR
PRP IR T+ L RE A X ok B e A S
SC B R AR PR BEAE B2 AR HE ) FUAH SCALE Y
SR & 0K A I s B, R T R A
o R ) B I L P NN R LA R A AR AT 8
M FE RO R 0 B E e A LI &
K AR 5 BE 7 R+ HE A AL BT, 2 R 4 BE S Ak
AR
1.3 FARBERUARHEATFIRIESEF

& [ AT A= = 2] H R Fh R B S im0 i
Ab b A B BE AL R HEAL . AT PR UEORS T A b 2 A
FH D2 R4 BR e A7 2 G2 (GPS) RS 1 3 35 b A
Jita JIES L R 4 R A B, DA o 3 2 DA SR IR 19 Rl AR
BEARAEY) = e KAk . B P DL b [ il K2 BB
&€ rArilYNETARTETR: VIV N == Ee g (RS
FHAR AL R H8 T 5 OK Az 7= B0 (B A5 1 S Fn 22 2
RO ARAN TRy N o N TR AN 2= i )
BN RO AR BRI ) B B SR
NI/ 3 =% 5= Wi
4.4 MEFHEERRARAHE

S R T ok 85 %0 DL B B AL R B
T he T U2 e 25 ff FH BRI T 2R 7 A, [
Bty NS TE SR R T fiff 1) B 5 DX 76 A OS85 1
B 0] ST R AE 5 b R IR R 36
WG M R AT B A . AR R R VTR I AR R
T oK T FRURRE T2 AF I K H R B R R
U2 SN I S 71 15 NI = S i [
77,
4.5 ;BRI HMEZRE, MR iR,

ST AR S B

5 [ B KPR % 25 M B BB 2525 3K AR
Bk 55 ok H AR 2838, BRI 5 25 B B AT ALY
R A T RO 38 BRI AR L, PR AR IR
BRI 5, A HEAT AR 220 . R 1 b
EEOD AR, BN M F = M 3% AR . R IR A G
I TN RS 4 b 38 1 USR5 5 38 5 1 (g R
R S A R 25
4.6 mEARIZIIN,EBEREER

RRERN AP R EENER, LEKR

133



2 kK o R 2 #H 2 1

F8 22 173 7K1 38 31 R 2 SCAR R JBE & X Al IR B A
PURIE 52 RE Mo o A 2R [ Al A8 4k 248 T K
- 2 55 2 S LIRS TR A I SCAR R L IX KA fiE
B ARG TEAT T B FHAL I 7 75 W P 4f 1Y
F AR A A LA SE B Ak & R 53 2 v B R RO T R )
sz 2 B — W A
4.7 METKBHRARFR SN A

5 ) A b P8 T8 2 R 0 A 0y st K 1 20 T SR B Y
L2 IR A AN FE I v T A R AE AR AR R AR R g A
FERFEA AR T N AR Y K A T R T
FERR L 0 A WK o SR B R R
TR RE o 2 TR K 8 O S A e BT B
4.8 MEMEREFEAMIGRTEEZRZMW

FSETEN

DA o B A DR 2 O B 4 Bl ORI v

f A5 DTS2 S oK . 3 I R OK ORI AR
5K K G TV T 1 8000 ~90 %0, 3
WA AR RTUE, /AR ORIk

FE] ROK S B 7 it 3k 206 I 1 7 W 0 Y 5000 ~

60 %0 » G TRLIG 7 ¥ T3 AR A Ao A R o' 1L g R A

F AT E KIS ATE AT

S 23k

(1] R#=.RFA EEERFMEOF SR EKRE
27,2007,15(2) :44-48.

[2] Patricio Grassini, Yang Haishun, suat Irmak, et al. High-
yield irrigated maize in the western U. S. Corn Belt: [[ Irri-
gation management and crop water productivity[J]. Field
Crops Res. ,2011,120.:133-141.

[3] Patricio Grassini,John Thorburn, Charles Burr, et al. High-
yield irrigated maize in the Western U. S. corn Belt: [ . on-
farm yield, yield potential, and impact of agronomic prac-

tices. [ J]. Field Crops Res. ,2011,120;142-150.

Enlightenment of the Scientific Research and Production Practice

of Maize in America to Heilongjiang Maize Development

ZHANG Shu-quan', ZHANG Shi-huang’ , CHEN Xin-ping’, XIE Rui-zhi’, DONG Zhi-qiang® ,

ZHANG Wen-ying' , WANG Rong-huan’

(1. Qiqgihar Branch of Heilongjiang Academy of Agricultural Sciences/The National Maize
Industry Technology RD Center, MOA, Qigihar, Heilongjiang 161006;2. Crop Institute of
China Academy of Agricultural Sciences, Beijing 100081; 3. China Agricultural University,
Beijing 1000833 4. Hebei Academy of Agricultural Sciences, Shijiazhuang, Hebei 050051
5. Beijing Academy of Agriculture and Forestry Sciences, Beijing 100098)

Abstract; The United States maize planting area and yield are the most in the world, whose researches on pro-

duction, scientific research and extension are all advanced and scientific. Learning from their advanced technol-

ogy and experience has will great practical significance for guiding China’s maize production, especially for

Heilongjiang maize production. Through an on-the-spot investigation on maize planting, scientific research and

extension in lowa and Nebraska, it concluded the United States maize production was: maize farming and culti-

vation system were more science, agronomy combined with farm machinery closer, using comprehensive trans-

genic maize varieties, scientific and reasonable fertilizer management, at the same time, a comprehensive intel-

ligent direction to develop and enhance. So the enlightenment to China maize production were: agricultural ma-

chinery and agronomy should combine to meet actual; should promote protective farming efforts and reform of

low yield field, culture fertilizer to increase soil organic matter; should carry out precision agricultural research

and apply in practice to guide production; should strengthen research and application of transgenic technology,

water-saving and benefit increasing technology; should promote Heilongjiang land scale operating. strengthen

farmers training to improve quality; should strengthen researches on differences of maize yield potential and ac-

tual yield.

Key words: America;

maize; production; scientific research; extension; enlightenment
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