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CFD simulation of humidity distribution in
solar greenhouse under natural ventilation

XUE Xiaoping', SU Wen®
(1. Shandong Climate Center, Jinan 250031, China; 2. Wucheng Meteorological Bureaw, Wucheng 253300, China)

Abstract The CFD ( computational fluid dynamics) simulation technique has been utilized based on the
experimental observation data of solar greenhouse in Jinan. The humidity distribution in the observed solar
greenhouses under natural ventilation is simulated based on the standard k—g turbulence model and the
DO (discrete ordinates) radiation model. The results are as follows. 1) The CFD numerical technique can
perform a satisfactory simulation of the humidity variation in solar greenhouse under natural ventilation.
The average error between the simulated and observed humidity is 5. 5%. 2) The humidity in greenhouse
shows a distinguished vertical distribution (high humidity in the lower layer and lower humidity in the
upper layer) due to weak dehumidifying ability of natural ventilation under low wind speed condition; the
dehumidifying effect obviously improves with wind speed increasing and the humidity presents a
distribution of higher level in the northern part and lower level in the southern part. 3) The wind direction
is the major dynamic factor regarding the greenhouse ventilation and has a strong impact on
dehumidification. When it is easterly wind in the same direction with the greenhouse, the humidity is low

and distributed evenly in the greenhouse with higher dehumidification efficiency. When it is north wind,
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the humidity has significant spatial difference and leads to lower dehumidification efficiency. This analysis

can be a scientific reference for structural optimization and environment management of solar greenhouse.
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Fig.1 Simplified physical model of solar greenhouse
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Fig.2  Three-dimensional grid model of solar greenhouse

(x-axis refers to east, y-axis refers to north)

1.3 WmMB5AE

NS T 2013 4F 1 J] 26 H—2 J] 14 H ik
1T, IR ZE ANV 3 m Kb 222 X ) AR A 2
SAHRHREE B sh S G AL ES , B R AR H 1
min 1 1 h, MRERNBE 8 A2 AR BN 5, Horpr 2
AN RAEIR TP AR 3 m 16 m )E 1.5 m
b, AEES 1 R 3 m AR ZR VG I ) b, BE R & P 5% 10 m
150 m Kb 4% 3 AN X0, LI i B 4443 R 0.5,
1.5.2.5m, fEJLEEAIRT 1.5 m FIPEEE (A1 45 2 m %8
AL BEAT 1A 33 B O, SR A 5,10
20.30.,40 .80 1120 cm %5 7 N2 WEHNZESAM
XTI R O HC2S3 I8 8 i 1% 2% 317 R4,
10 mincR 4L — ik, H 3R R PC-2S + 4
RIS R R B 10 min SRAE—IR IR I 2 A
B 3 PR,
1.4 EESESEEIT

HRAEBF B Tl 46 22 1 1) KU 43 A R AE, A

=N -1-3-2-)-2-2-2-21-1-1-1- %8 i
3
. e : 25m 32m|[4.5m

\ 4 4

// 3m,
d
6

10 m

3 = =
10m (
20 m > /
30m
) 50 m
60 m

<

<+

3 H O A T R O 3 20 1T (@ DAy i 0 P2 L0 A3, A Ay St R L 15)

Fig.3 Distribution of observation points in solar greenhouse ( ® for temperature and humidity observation point and A for soil

temperature observation point )
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Main initial boundary conditions and parameter

settings in solar greenhouse
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Fig.4  Comparison between simulated and observed values

of relative humidity in solar greenhouse
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Fig.5 Vertical cross section of relative humidity 10, 30, and 50 m away from the eastern wall in greenhouse under varied wind

speed (units; %; a. 0.5m+s™"'  b.1.O0m-s", ¢.2.0m-s", d.3.0m-s™")
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Fig.6  Vertical cross section of relative humidity 10, 30, and 50 m away from the eastern wall in greenhouse under varied wind

direction (units; % a. north wind, b. northeast wind, c. east wind)
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