HIO|QA|AEIZSE (J. of Biosystems Eng.)

Vol. 36, No. 6, pp.444~452 (2011. 12) ISSN (Online) : 2234-1862
DOLI:http://dx.doi.org/10.5307/JBE.2011.36.6.444 ISSN (Print) : 1738-1266

Original Article

A& MESE 71 iz 249 XidE| §8 &4

Analysis of Natural Ventilation Characteristics of Venlo—type Greenhouse
with Continuous Roof Vents
Jin Kyeong Kwon'*, Sung Hyun Lee', Jae Hoon Seongl, Jong Pil Moon', Soo Jang Lee',
Byeong Min Choi', Kyeong Ja Kim'

IDept. of Agricultural Engineering, National Academy of Agricultural Science,
Rural Development Administration, Suwon, 441-100, Korea

(Received: October 2l‘h, 2011; Revised: November llth, 2011; Accepted: November 18“1, 2011)

In this study the characteristics of natural ventilation of Venlo-type greenhouse with continuous roof vents were analyzed
using commercial computational fluid dynamics (CFD) code. Developed CFD simulation model was verified by comparison
with experimental data. Simulation errors were 1.9-46.0% for air velocity and 1.7-11.2% for air temperature at each
measurement point. CFD simulations were conducted to estimate the effect of roof vents opening direction, opening angle,
outside wind velocity and wind directions on ventilation rate and climate condition in greenhouse. The results of this study
showed that ventilation rate of the present greenhouse was increased linearly in proportion to the increase of roof vent
opening angle and outside wind velocity over 2.0 m/s. According to the analysis on the effects of different roof vent
opening direction, simultaneous opening of wind and leeward vents showed the highest ventilation rate and lowest mean
temperature in greenhouse.
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Fig. 3 Applied meshes for present CFD analyses.
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Table 2 Boundary conditions and roof vents configurations for present CFD simulations

Parameter (Unit) Values
Validation Case studies
Outside wind temperature (C) 22.7 29.5
Outside wind velocity at 9.0 m height (m/s) 2.37 0.5, 1.0, 2.0, 3.0, 4.0
Outside wind direction NNE N, NW, W
Outside solar irradiation (W/mz) 223 889
Roof vents opening direction East/west vents open Windward, Leeward, Wind/Leeward
Roof vents opening angle (degree) 35 15, 25, 35, 45
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Fig. 5 Air velocity distributions on cental W-E plane for different opening direction of roof vents.
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Table 3 Mean climate conditions and ventilation rate for different opening directions of roof vents

Roof vents Crop inside Crop outside Ventilation rate
open direction Mean velocity(m/s) | Mean temperature(‘C) | Mean velocity(m/s) | Mean temperature(C) (AE/min)
Leeward 0.075 44.17 0.147 43.59 0.0188
Windward 0.077 42.40 0.146 41.89 0.0239
Wind/Leeward 0.082 40.67 0.150 40.20 0.0265
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Fig. 6 Ventilation rates for different opening angles of roof vents.
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Table 5 Mean climate conditions and ventilation rate for different outside wind directions

Outside wind Crop inside Crop outside Ventilation rate
direction Mean velocity (m/s) | Mean temperature (C) | Mean velocity (m/s) | Mean temperature (C) (AE/min)
West 0.075 44.17 0.147 43.59 0.0188
North-West 0.080 44.56 0.156 43.99 0.0216

North 0.079 43.24 0.155 42.67 0.0210
—— Tempifgmfe

g k!

ms (a) West (b) North

Fig. 9 Air velocity distribution on 3.0 m height plane for different
outside wind directions.

go] A& Fepijole] 1k A3 =7 Ho] AAH
ol MEY A9art A ERdth 13 1000 13 9

)
A5 Zg-re S et shate|gte} o) Feto]
1 S e A 24 A orixAd
A W ohet 2] diy wjad g Satt o
QRlo] Adgk] Aol mAl= Y=
= kRt 2] 28] oigt #7149 &

¢

[od

B el 943 932 7k 2d e A
7] B2& X517 43l 8 CFD Z=(FLUENT 6.2, ANSYS,
USA)Z ol-g3lo] Q-5 FAaAE eksieh. CFD mel
o By A5 f18) A dlojelgtel Mz 35L A
Hovl 71209 F4, F) )% 249 3F APy
T AR FAANS Aol 2} 7o) 24 A
87] 547} 8718l TR GBS PHIch olge) A
5 goksh vhesl gk

(1) CFD 298] A=A} CFD o= 9} A=xX]2] A
QR §59] AL YAEE 1.9~46.0%, 1 20.8%,
S50 AL AR 1.7~ 11.2%, H1F 6.0%% LJE}
wom frhvp ERAEe] FRYS vl & dAls)

rel (a) West

(b) North
Fig. 10 Temperature distribution on 3.0 m height plane for different
outside wind directions.

T AoRE YEpdth

Q) Fa5, 385, FYFAS A i 4
AR7E M A3, WES T TS SAVN
W, B85 N, S e AR Yelbe

AENE N ATt SIS R )80
oF 41% & Z1 0% LEETh
() N AP EEE AASV 5 SIS A, V)8
9 R F S5 ANl AL MEnlE @
AE, Ut AgulE A4S Yepdglok
4 &7 FTHEE AA)E s A9, 971545 2.0
m/s OPgelME 718 7] FEo] An)dshs
g3l7]e] 5A40] Yepton), 1 oake] FEollA e
LA 9] 7]t oA A AP U
B okttt
(%) &7 TFHE AAN 5 st Ao, )& &
AU S BAE 58 AE SAE U
BALEE BAE, A 50 SAE A deRth
aAe 2
2 =S T2 Ayt waye)E AT
FEARA(ZHAI B PI006607)2] Aol 23] o]Fo]d 719l

1. Bartzanas, T., T. Boulard and C. Kittas. 2002. Numerical
simulation of the airflow and temperature distribution in a

451



10.

I1.

12.

13.

452

. Haxaire, R.

R W=y 249 RA) £ 24

wind tunnel greenhouse equipped with insect-proof screen in
openings. Computers and Electronics in Agriculture 34:
207-221.

. Benet C. O. and J. E. Myers. 1995. Momentum, Heat and

Mass transfer. McGraw-Hill. New York. USA.

. Boulard, T., J. F. Meneses, M. Mermier and G. Paradakis.

1996. The mechanisms involved in the natural ventilation of
greenhouse. Agric. For. Meteorol 79:61-77.

. Boulard, T. and S. Wang. 2002. Experimental and numerical

studies on the heterogeneity of crop transpiration in a plastic
tunnel. Computers and Electronics in Agriculture 34:173-190.

. Bruse, M. 1998. Development of numerical model for the

simulation of exchange processes between small scale
environmental design and microclimate in urban areas. Ph.

D. Thesis. University of Bochum, Germany.

. Fatnassi, H., T. Boulard, C. Poncet and M. Chave. 2006.

Optimisation of greenhouse insect screening with computational
fluid dynamics. Biosystems Engineering 3(93):301-312.

. Fernandez, J. E. and B. J. Bailey. 1992. Measurement and

prediction of greenhouse ventilation rates. Agric. For. Meteorol
58:229-245.

. FLUENT 6.2 2005. User's Guide FLUENT inc. New Hampshire,

USA.

1999. Caractérisation et Modélisaton des
écoulements d'air dans uneserre. Ph.D. Thesis. Université de
Nice, Sophia Antipolis, France.

Hong, S. W., I. B. Lee, H. S. Hwang, 1. H. Seo, J. P. Bitog,
J. I. Yoo, K. S. Kim, S. H. Lee, K. W. Kim and N. K. Yoon.
2008. Numerical simulation of ventilation efficiencies of
naturally ventilated multi-span greenhouses in Korea. Transaction
of the ASABE. 51(4):1417-1432.

Kittas, C., B. Draoui and T. Boulard. 1995. Quantification
of the ventilation of a greenhouse with a roof opening. Agric.
For. Meteorol 77:95-111.

Lee, I. B, N. K. Yun, T. Boulard, J. C. Roy, S. H. Lee, G.
W. Kim, S. K. Lee and S. H. Kwon. 2006. Development of
an aerodynamic simulation for studying microclimate of plant
canopy in greenhouse-(2) development of CFD model to
study the effect of tomato plants on internal climate of
greenhouse. J. Bio-Env. Con. 15(4):289-295. (In Korean)
Miguel, A. F. 1998. Airflow through porous screens from
theory to practical consideration. Energy and Building. 28:
63-69.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Mistriotis, A., G. P. A. Bot, P. Picuno and G. Scarascis
Mugnozza. 1997. Analysis of the efficiency of greenhouse
ventilation using computational fluid dynamics. Agric. For.
Meteorol. 85: 217-228.

Moriyama, H., S. Sase, Y. Uematsu and T. Yamaguchi. 2008.
Wind pressure coefficient of a pipe-framed greenhouse and
influence of the side gable opening using a wind tunnel,
Journal of the Society of Agricultural Structures, Japan 38(4):
237-248. (In Japanese)

Okushima, L., S. Sase, T. Maekawa and A. lkeguchi. 1998.
Airflow patterns forced by wind effect in venlo type
greenhouse. Journal of the Society of Agricultural Structures,
Japan 29(3): 159-167. (In Japanese)

Papadakis, G., M. Mermier, J. F. Meneses and T. Boulard.
1996. Measurements and analysis of air exchange rates in a
greenhouse with continuous roof and side openings. J. Agric.
Eng.. 25(9):127-133.

Richard, P. J. and R. P. Hoxey. 1993. Appropriate boundary
conditions for computational wind engineering models using
the k-¢ turbulence model. Journal of Wind Engineering and
Industrial Aerodynamics. 46&47:145-153.

Sase. S., T. Kakakura and M. Nara. 1984. Wind tunnel testing
on airflow and temperature distribution of a naturally ventilated
greenhouse. Acta Horticulture 148:329-336.

Sase, S., T. Kozai, M. Nara and H. Negishi. 1980. Ventilation
of greenhouse. I . Wind tunnel measurement of pressure and
discharge coefficients for a single-span greenhouse. J. Agr.
Met. 36(1):3-12.

Wang, S. and J. Deltour. 1996. An experimental ventilation
function for large greenhouses based on a dynamic energy
balance model. J. Agric. Eng. 5(3&4):103-112.

Wang, S. and J. Deltour. 1999. Airflow patterns and associated
ventilation function in large-scale multi-span greenhouses.
Trans. of the ASAE 42(5):1409-1414.

Yang, D. K. Nakano, D. Derano, H. Yan, S. Ohashi and Q.
Chen. 2009. Numerical analysis on microclimate inside
single-span naturally ventilated greenhouse under various
wind speeds and directions using CFD. J. SASJ. 40(2):
133-142.

Yu, I. H, N. K. Yun, M. W. Cho and 1. B. Lee. 2008. Analysis
for aerodynamic resistance of chrysanthemum canopy through
wind tunnel test. J. Bio-Env. Con. 17(2): 83-89. (In Korean)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


