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Numerical simulation and verification for the effect of keep-off
shade on temperature field in solar greenhouse

MA Wenjuan, Tana” , Wushiliu, CHEN Bin

(College of Mechanical and Electrical Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract To explore the effect of keep-off shade on temperature field in solar greenhouse in cold-arid areas,
greenhouses used universally for agricultural production in a suburb of Hohhot, Inner Mongolia are study objects. The
internal temperature in greenhouses with keep-off shade (experimental group) and greenhouses without keep-off shade
(control group) were investigated continuously. Numerical models based on CFD method of these two types of
greenhouses in natural ventilation were built. The results showed that temperatures in experimental greenhouse at 0. 1 m
height (accordant to crop canopy) are higher than the control group among whole span areas, the maximum of
temperature difference was 4.2 C ,while the minimum was 1 C . Area scale of land surface temperature under 20 C
was regarded as evaluation index,when the vent is 0.3 m wide and the bottom is 0.25 m high, solar radiation is more
than 300 W/m? ,wind speed is less than 1.2 m/s,our results demonstrate that the best windward length is 0.84 m and
the best oblique angle is 76° in order to ensure the land surface temperature of most arable zones are higher than 20 C
under the condition of natural ventilation.
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L is windward length, m;« is oblique angle, (°). T1 ~ T10 and TF are locations of observation points for temperature
sensors (KZWS/BF). H1 ~ H2 is the location of observation points for heat flux sensors (HF1). TS1~ TS3 are locations of

observation points for soil temperature and moisture sensors (MS10). F1 is the location of observation points for anemometer

(LC-FD).
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Fig. 1 3D structure of experimental and control greenhouse and location of observation points
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Table 1 Property parameters of materials thermology

WL/ JE L Cp/ )
W o/ T EF HEES
ok ‘ (W/m « K) J/kg * K) , _
(kg/m*) Absorption Refractive
Material Thermal Specific heat o .
Density coefficient index
conductivity capacity
R PE 920 0.320 2301 0.1 1.5
A Wood 600 0.174 2512 0.8 —
Zh 5% Wall 1 600 0.698 2010 0.9 —
+ 1 Soil 1700 0. 657 2010 0.9 —
25, Air 1. 185 0.026 1007 — 1.0
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Table 2 Boundary conditions of model for experimental and control greenhouse

. BUR i 55 . . o/ R F
i BRAK MH - o RE/C o/ (m/e)
) Boundary = Observation (W/m?*) Internal
Greenhouse Name Material Temperature Velocity
type point Heat flux emissivity
T1 12.1
T o R PE Wall T2 23.5 — — 0.8
T3 30. 4
& Vi Wall T4 19.2 — — 0.8
o e o [} i+ Wall T5 31.2 — — 0.9
S 2 LN i !
TS1 6. 33
Experimental N N
R e Wall TS2 8.85 — — 0.9
greenhouse TS3 9.16
R R — Velocity inlet TF/F1 12 — 0.6, [a] /K 0.8
B X — Out flow — — — — 1.0
7R i 5 B+ Wall H1 — 40 — 0.9
75 Ll 5% Bt Wall H2 — 74 — 0.9
T1 12.9
i 5 i PE Wall T2 25.5 — — 0.8
T3 31.1
Ja A Wall T4 19. 8 — — 0.8
- N -
TR LN ET] it Wall T5 31.4 0.9
TS1 6.2
Control . .
TR + 13 Wall TS2 8.75 — — 0.9
greenhouse
TS3 9.13
T A X O — Velocity inlet TF 18 — 0. 6,77 Ia] 7K 0.8
R X — Out flow — — — — 1.0
7R 1% it Wall H1 — 44 — 0.9
[Liig: it Wall H2 — 71 — 0.9
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Table 3

Experimental and simulated temperature in experimental greenhouse

{56 IE &= Experimental greenhouse

%f #E# i %= Control group greenhouse

A5
Menouring | JWL/CBERMI/C XS/ % ST/ BT AAEE2E/%
point Measured Simulated Relative Measured Simulated Relative
value value deviation value value deviation
T6 22.6 23.2 2.7 20.3 21.0 3.4
T7 20.9 21.1 1.0 19.6 19.9 1.5
T8 23.8 23.4 1.7 21.6 22.1 2.3
T9 24. 4 24.3 0.4 23.6 24.0 1.7
T10 21.5 21.1 1.9 25.1 24.6 2.0
T11 27.8 27.4 1.4 27.2 27.7 1.8
T4 RRMNBEEZNEEEDNESINEN (KRERER
Table 4 T-test for experimental and simulated temperature in experimental and control greenhouse
e apii - 34 g 22 T 1 22 Ko 4 . ¢ It FH 2.
Greenhouse Arithmetic mean Standard deviation Test value Critical value

46 1E = Experimental greenhouse 0.08

%} B % Control greenhouse —0.32

0.412 0.476 2.571

0.422 —1.857 2.571
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Fig. 2 Air temperature field in experimental greenhouse
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Fig. 3 Velocity vectors in experimental and control group greenhouse
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Fig. 4 Changes of air temperature above the ground 0.1 m

in experimental and control greenhouse
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Fig. 5

Changes of land surface area below 20 ‘C companying with windward length and oblique angle



553

hSCUR A . Ve B A 6 1 Ol 2 P IR e ) 5B DL B L 2 4 e 115

H 5 Ca) AL () BT LA i, 3F FRGE vy
0.6 m/s B, X B AS ] B0 ARH A B o ¥4 XU 5 30 XL
JE A K 3 R SRR T 20 °C R IX 8 T B (R S
LA /0N o B 200 XU o T AR 1) B i) kB 3
¥ DAEH 75 0 K 30 b 2R SRR T 20 °C i IX sk i
LK B RS 0 B A EL /0N o 6T 17 A 200 XA B /) 5 T
KR4 ST B B /N R 46 m® B X R B9 46 £l
75°, W KK B 0. 55 m, #F O RXGE vy M 1.0 m/s
i JHL T AR R A A R S R 5 () — K, I Ml 3R
AT 20 °C Y X 38w AU KM R 208 m*, /N T
v A 0.6 m/s I 35 KT AR

5 Co) A CdD 7R H xR AS [ 7 ¥ LR 45 300 XL
JIE 3T M2 SORAR T 20 °C Ry DX I A 1o AR B 4 45 {6
BRI, B 5o T LA L BE B % KBS A
Ak A1 B B4 38 s S0 b 2 ORI T 20 °C Y X8 i AR
TR /I o FLI XK B /N, B4 5 0 kT AR (E 1
A R T (I S o 5/ NN 1 S W K e
20 °C By DX R 1 BU(E B8 R S It N B 05 AR R DN
L =807, A [R] Y ¥ RUPY A7 3 KUK B R B 1
(L 359 AS T IR0 010 A5 AT 02 L RO #E 47 m® L, i
FXGHE 1. 0 m/s B, HG T B il 26 1 48 f A 5
K5 o) FEAR — 3, i R AR LT 20 °C Ay X IR
1 PR K AE 206 m® , /NTF vy S 0.6 m/s B )
T KT B

2.4.2 HRALF%E
T R IV S A 30 KUK B MBEAS} F 36T 30
FARAR T 20 °C 1y X8k A 25 A 5 e, A
origin 8. 0 B4 HE 47 £ 4 LG o X R A 8] Ay afF 11 X
(0. 6 F 1.0 m/s), 45 2 ] FELE B 0 XU B LA
oA B o AETR B R
Z, = 588.76 —820.89L — 5. 97a +

427.79L% +0.031a* + 1. 54al. (D
Z, = 594,91 — 795, 12L — 6. 484 +
411.19L% +0.0364* + 1. 414l (2)

D5 R CFIC2) B 805 B 43 51 2y 0. 91 1 0. 90, 4d
WA SRV & R .

AT 1 R SR T 20 °C A X3 T AR AN X
SRR R L By e X (D) R (2 SRR /NE
vy M 0.6 m/s:a; =75.8°, Ly =0. 823 m; oy H
1.0 m/s:a, =73.4°,L, =0. 841 m, % &34 7 i,
AR BRERAE O SIS KPS A TR LR AT
FIVE T B 115 285 SR T 4 e 200 0 T IR 25 K S 80k
M RK BE 0. 84 m. A BE 76°,

BB AR X O Ak T 58 HE AT R4 E0 I L ¥ AL
AT WU M 245 4 2 50t ) H G IR % % N ST o A L
Kl 6(h) . P il % 3 Hh 3R S 4 A T4 5 IR
TS = (&L 6) BT RE I 2 Vil 32 A O T B 1 2
SR N UE WA Ak 7 58 B A R0k

BE/C

Tempenature

| EEENERSEEENERES

e 1
O—INWPWERANN0O
Sprow—nhao—int

(a) 0BG % Experimental greenhouse

(b) tALIR % Optimized greenhouse

Ho RERANETSUAMERENDSRS H=E

Fig. 6

DFE B ARE XA AE T 50 il 2 P 38l A e
(EAERE AR N F BT RT3k 32,2 °C 5 Wy 5 B2 Il B

Distribution of temperature in experimental and optimized greenhouse

e b AT =l AR 5 2 R T T 5 R I 1) S
ETE HAR PS5 w0 B R A . R IR
P A A2 A 3 5 5 T 3 A B R O [ (EL T
5 7 i) o M R B Rl i LT AR R .



116 O A K R it

2017 4F 58 22 %

TEVEY) S EFE LT 0. 1 m 19 &5 B, B5 8 J7 1) 0. 5~
6.7 m yu N, K50 = N R & T IRRE N
(825 KAE N 4.2 “CLIEBEN 0.8 m b i 2%
Fe/ME R 0.1 CL.7EEEE R 0.1 m &b,

DFEL RIS R E G B 2 6
] 132 8l . B3k S5 3 K 5 B RE T IS . 4k SV R T X+
B RS 8l » e A0 R 50 TR 25 9 IR I e A 2 9
PN 2 (8] A0 AR /N, AR i Bl 5 AR (IR, €
Y AU HE AR RO & L A A T ) N i B L B
TR o A RE T e Ak ) U R R B 5 S By e
B B30 B A PR 5 7 i 2 w00 VS DO 1 T

3 WX ¢ K 36 2% B o b 2500 B 0L A5 3 0 3 5
Xof HET 25 5 N T A3 A 5 6 3 ) 25 SR W A R A
s AL B G N A7 7E B 3 k22 5 IE B CEFD AR A
HET

AN 5 B T 1 3 R SR AR T 20 TC XY
T AR AE SR A 6 A s X & IRUES A 200 R B A i A
1 RE % — AT TR 2 A BT A 258 XU T g R
R 0.25 m P8 3 m, KFHFE S = 300 W/m*, =
HMRGECL. 2 m/s B, % R AS [ A i 101 XU i A 2%
0.6 A1 1.0 m/s) , REARIE K 2 B IX 3 36 <
TAE 12:00 B F 20 °C B AR 7= 23Rk i ¥ KUES A i
M5 ¥ 2500 W XK E 0. 84 m fHiAHA JE 76°,

S 23 #k References

(1] K&, SR % TRLMI Jbat A% Tolk it . 2009
Zhou C J. Modern Greenhouse Engineering [ M ]. Beijing:
Chemical Industry Press,2009 (in Chinese)

(2] EBEHLRRATL AEL0M RZE. JLJr THEHIX HOGIRE CO, T
DREAL S 5 & Z IR [T ], AR HLBE 24 4. 2010, 41(12) - 183-
189
BiY G,Ma S S,Cui H M, Zhu J. 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)

(3] JAfh N 2K, AT A2 A4 T B9 Venlo iR % IR B 3% 3F
Fa AL, A ML 41 2014,45(11) :304-310
Zhou W, Wang X C,Li Y B. Unsteady temperature simulation
under variable boundary conditions for Venlo type greenhouse
[J]. Transactions of the Chinese Society for Agricultural
Machinery,2014,45(11) :304-310 (in Chinese)

(4] Fygdd, ® &M 5T 8 0% X H G IR % P R I R 1 R Y
I, HEWEHk K 248 . 2013,32(1) :61-64

Ge J K, Luo J Y. Simulation model of temperature and

[5]

[6]

(7]

(8]

(9]

[10]

[11]

[1z2]

[13]

humidity in Chinese solar greenhouse with natural ventilation
[J]. Journal of Irrigation and Drainage.2013,32(1):61-64
(in Chinese)

frBan, i, B AR XAMTT R4 H OGRS X RSFXHE
AR W 52 5 T LT 0. Wb Tk R 2F 24 4, 2013, 42
(3):52-56

Fu W H, You S J. The influence of intake size of strawberry
solar greenhouse on the microclimate in natural ventilation; An
experimental study [ J]. Journal of Hebei University of
Technology »2013,42(3) :52-56 (in Chinese)

Vardiashvili A B, Temurkhanov A, Kim V D. Experimental
investigation of the thermal processes in the transparent buffer
insulation of a solar greenhouse[ ]J]. Applied Solar Energy:
English Translation of Geliotekhnika +1981,17(6) :40-43
EFR BRsim A, TR RA: 220, 1w 9€ 4t X 5 R R = JR FB ER 4
P LT]. Aeolk T4, 1999,15(4) :167-171

Wang Y X,Chen D S, Zhang T Z.Li H. Double skin inflated
greenhouse inner local climate control characteristics in higher
cold area [ J]. Transactions of the Chinese Society of
Agricultural Engineering ,1999,15(4):167-171 (in Chinese)
JAKA . AUZR SRR = T ARV L. Al T2 740,
1999,15(1):159-163

Zhou C ]J. Economic and technical assessment on double
inflated plastichouse[ J]. Transactions of the Chinese Society
of Agricultural Engineering » 1999, 15 (1); 159-163 (in
Chinese)

G IF BRESC BRBORE 3K LML TR A - KU R IR TR A R B/ T
R KB R S E A L) . Rk TR 4z, 2015, 31(9)
201-208

Xu F,Cai Y W, Chen J L, Zhang L. B. Temperature/flow field
simulation and parameter optimal design for greenhouses with
fan-pad evaporative cooling system [ J]. Transactions of the
Chinese Society of Agricultural Engineering . 2015,31(9):
201-208 (in Chinese)

Marucci A, Monarca D, Cecchini M, Colantoni A, Allegrini E,
Cappuccini A. Use of semi-transparent photovoltaic films as
shadowing systems in Mediterranean greenhouses[J]. Lecture
Notes In Computer Science
Arti ficial
Bioin formatics) ,2013,7972(2) :231-241

Ismanzhanov A 1 , Murzakulov N A, Ismanzhanova A K. The

(Including Subseries Lecture

Notes in Intelligence and Lecture Notes in

development and study of a two-layer clear coat with improved
heat-insulating properties for solar greenhouses[]]. Applied
Solar Energy: English Translation of Geliotekhnika »2014,50
(2).:81-83

Al-Attar F, Al-Karaghouli A, Shakir A. Heat loss and overall
heat loss coefficients calculation in single and double glazed
polyethylene greenhouses [ J]. Magallat Buhut Al-taqat Al-
Samsiyyat +1988.6(1) ;2147

PR AR AR SR WROBL R . PE AL A H O & N XU 4 A K
FE5 5 A0 X R E KUE R O R LT 75 Jb R AR B R = 4



553

SR

& RUR A0 B OB IR % N R

M 1% (A 400 B 45 4 A 1 117

[14]

[16]

[17]

A SR FF2£ R, 2006,34(9) : 36-40

Yang Z C, Zou Z R, Chen S C, Wang ]. Distribution law of
inside wind speed and relationship between wind speed inside
and outside and ventilation area ratio in northwest type
sunlight greenhouse [ J ]. Journal of Northwest Sci-Tech
University of Agriculture and Forestry:. Natural Science
Edition ,2006,34(9) :36-40 (in Chinese)

AR WA R T AR LML AN R SR IR R L 1999
170-171

Li Y. Chorography of Huhot [ M]. Huhot: Inner Mongolia
People’s Publishing House, 1999 (in Chinese)

2RI KL AR S, TR KL RS CFD TR BC 5 2 41 92 i [M.
A5t AR A AL, 2011

LiPF,XuM Y,Wang F F. Proficient in CFD Engineering
Simulation [ M. Beijing: Posts & Telecom Press, 2011 (in
Chinese)

PIE 20 2R David M. il 1A CFD Jr5 B 480 H G i
= E R RIARLT ], ARl TR 242, 2007,23(7) : 178-185
Tong G H, Li B M, David M C, Tomoharu Y. Preliminary
study on temperature pattern in China solar greenhouse using
computational fluid dynamics[]J]. Transactions of the Chinese
Society of Agricultural Engineering , 2007, 23 (7):178-185
(in Chinese)

PR 7S B SCHE S B R TT. AR SRR T HOGR=E L
SR A LR I WA B LA LT L ARk TR 24 . 2014, 30
(20):204-210

[18]

[19]

[20]

[21]

Tana, Wushiliu,Ma W J,Chen B,Zhu Y K. Peak-fitting based
prediction of soil temperature according to soil moisture
content in solar greenhouse[ ]J]. Transactions of the Chinese
Society of Agricultural Engineering,2014,30(20):204-210
(in Chinese)

SRR, T R TT RN IREBT B R 2 g, £
FIM CFD 8 RIBE 5T HOGIR = Wiy 2 W s LT ] Rl TR %
H2.,2012,28(16) :166-171

Zhang Q X,Yu H Y,Zhang Z Y,Dong L J,Zhang Q Y,Shao C
H,Yang K, Wang X. Airflow simulation in solar greenhouse
using CFD model[ ] ]. Transactions of the Chinese Society of
Agricultural Engineering ,2012,28(16) :166-171 (in Chinese)
WK B JEVe T 5 i DX P TR R A 8 04 A B A AL
(D, FEFIHEAE - N 52l el K%, 2011

Chaomurilege. Analysis and simulation of greenhouse
temperature environment in cold-arid areas[ D]. Huhot: Inner
Mongolia Agricultural University,2011 (in Chinese)

ThPRTT . ST #A ) B BT 0 LML b e e v B Rl LA H R
11,1986

Ma Q F. Handbook for Thermophysical Properties [ M].
Beijing : China Agricultural Machine Press, 1986 (in Chinese)
T B XD e RO E R B R E LML
A5 A R, 1986

Feng X Z, Deng G Y, Liu H Z. China Agricultural
Encyclopaedia for Agrometeorology [ M ]. Beijing: China
Agricultural Press, 1986 (in Chinese)

WAE S B A



