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Abstract
Using a miniature sloped greenhouse and model plants, temperature profile measurements and flow pat-

tern observations within the house were performed. Flow pattern was observed using ammonium chloride

aerosol as a tracer, which was inserted from windows on the side cover film of the house. Heat and

momentum transfers in the sloped greenhouse with plants were formulated applying the simplest turbu-

lent model, 0—equation model. According to the model’s numerical solutions, the calculated results of the

temperature profile agreed well with the experimental results, both qualitatively and quantitatively. The

calculated results of air velocity in the house were in the same order as the experimental results. However,

two coefficients relating to the flow resistance of the air within the plant layer, the specific air perme-

ability and the dispersion coefficient, must have been calculated using the trial and error technique, out of

necessity. It is advisable and necessary to consider precise estimation methods for these coefficients, and

to make clear the validity for applying this model to a practical scale sloped greenhouse with plants.
Key words: sloped greenhouse with plants, temperature profile, velocity profile, simple

mathematical model
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Fig. 1. Survey view of the experimental apparatus
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(a) plénting pattern 1

(b) planting pattern 2

Fig. 2. Patterns of planting
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Windows for observation of airflow

pattern

Fig. 3. An example of the observation results for airflow pattern where photo-number corresponds to the window-

number.
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Fig. 4. Coordinate system for the model
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Table 1. Basic equations, boundary conditions and initial conditions
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Table 2. Operating conditions for the experiments
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Fig. 5-1. Comparison of the experimental results of temperature distribution with the calculated results for Runs
1 through 3 (symbol: experimental results, solid line: calculated results)
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Fig. 5-2. Comparison of the experimental results of temperature distribution with the calculated results for Runs
4 through 6 (symbol: experimental results, solid line: calculated results)
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Table 3. Thermal properties and heat transfer coefficients

Symbol Unit Planting pattern 1  Planting pattern 2
c,pP, kJ m? °C! 77.8 28.1
C.pP, kJ m? °C! 111 1.11
UNC,.P ED, m’ 42 42
UNC,.P Ep) m’ 42 42
h e kJ m? h™C! 20 20
E, (= E) m’h’ 0.2V u*+ v* 027 u*+ v
E, CE) meh’ 0.02/ ui + v} 02/ ui+ v;

bofezen b, NI AW 2T LT ORBREICH
9 % ik [Okada (1977), Okada(1980), Takakura

(1993)] IcHB WV THEERAE N COMAK 20 kIm >
h'C ' EENTVRTEICEDOTRELZ, —J7, N
I LRGN SOBEELORERZ LD T U, OMHE hy,
WKIFIEFHELOWEDEEZLNDD, F RIS A
SIREFET B, RSN (9) ~ (12) 55y
MBESIC, U, OBELTREEEHED E, E, Ol
LEDIRBVITA=% [Us/(CrpeEr)wt LIE
Ui/(CrpiEn) ] OWERMZBENDD, 12121,
AR IR CIERE I 5 D 2L KR A AN 7 T D EE T 5 D
Ep, E;, Oz EMICHERT 2N TERN /DT,
P—IZZOMEMM (Fig. 1 ©G) ENTANGIR T, D
IS IR DO TIREY ST A—Z DOl & TSR E L
72

(2) FHAESRE DO Iige B

REBOGHHEME%Z Fig. 5 IR TRLE, £,
Fig. 6 1cl&, R THRONIZFRREEEDORT MUK %
RUTZo
a) T.>T, 0%

Runl (Ai#%/S%—>1), Run2 (fifk/S2—>2),
Run3 (ERERL ) MTHUCHIET %, Runl ICDWTIE,
WFNOMEICE O TEHERE IR EE TR IC &k —
HLTW3 (Fig 5 (a)o LACHMBANTIE y 10
IREAE A E ITHR EERICHDSIE DN TRELLRDBT
ERREMHFII I LTWB, X7, Fig. 6 (a) lckn
X, @2 DIERINTEYD, HEmE3BRssRe—
HLiz,

Run2 iZDWTUE, y il o) A ld 52 5% - Bilas T
EE BRI DAL NDD, x J7 AR 6 25
TRIEFEAEZLN Eh>T=DITH L, FRTIENT A
D RERCAD S TRED FAZEmDH5N % (Fig. 5

(b))o FERNTIIEEHE D OWRIE R A BN XD
HENTD, U (Fig. 6 (b)) &—87 5,

Run3 12DV, Run2 &[kE, y /MRS

B BERCIRITRIFIC—BL TV, FEERTIE x /51
IREZLIREE AL R VDICHL, BT ER iR
DIENH I <Ix>TWA (Fig. 5 (¢)). HHiRBIEZTR
M2 DRI, mE, fiBELbim (Fig. 6 (c) &
—H LTz, Fie, FIBINC K2 EE (BE4H) 1% 180
mh™' (=0.050 ms™") T, HiHOFEmE 174 mh (=
0.048 ms ™) LIFELAEL—FH LTz,

b) T, < T, DBE

Run4 ( fi#k/S%—>1), Run5 (Hi#k/ Sx—>2),
Run6 (HEAEER ) MDTHUCHIGT %, Rund I2DWWTIE,
TR R YL D 45 7B A DR E D FIME TR LA S 7
Vo COMEMIZZESUE EEBO x JTTRE S BE D
%o TOMERIFIEIBREFRIT L BL TV [Fig.
5(d)]e BRCHR FEETE y /7 IR DT I3 928 - 7
MTCIEEICES—HRLTWS, 2L, KHgEihirg
DN EERE PR Tz -7z [Fig. 6 (d) ], Thid
4. 1 TR LI X ICHENENDY K i 13— o
Ui oz IlRRD B2 L BN BN, ZTTOHH
WBhEL, FENDIRED ISR TN S o280
LiEbns,

Run5 12DV, FRIMEDERIY > TORWER
PR C I DM ME D I & G R R k< —
LTW%, FHSER FECX y iR fhIEEE - B
FCIERICEK LS —BL TS [Fig. 5 ()], FBRTIEiM
N2 DEREIN, [ o THRIAEREFTEID,  fEflh s R
FEDTHBHDIF G [Fig. 6 (e)] &—%li,

Run6 DWW Tid, Runs LiFEe A LTHEBEDMEN % R
T, COBELER RE TR « FERO—EUE AN
Tk [Fig. 5 (D], HERTIEMN 4 DRI NI,
i [Fig. 6 ()] TWE2 DTH5, TrUIKHumm
ANDOFARIRE BN — TRV CENRERE DN,
VLB & 2 J8dE 90 mh™' (= 0.025 ms™) TH%
DITHL, BEHTIE 161 mh!' (= 0.045 ms™) TR
AKEDICREE SN,

M EoftRzZLDZE, 1) M IZ—2 1 DA,
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Fig. 6. Calculated results of temperature and velocity distributions for Runl through Run6.
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