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NUMERICAL SIMULATION ON CONTROL OF ENVIRONMENTAL VARIABLES
FOR ENVIRONMENT REPRODUCTION SYSTEM USING OPENFOAM

S.-M. Jeong,1 H Kagemoto2 and J.-C. Park'

1Dept. of Naval Architecture & Ocean Engineering, Pusan Nat'l Univ.
2Dep‘[. of Environment systems, Graduate School of Frontier Sciences, Univ. of Tokyo

The feasibility of a unique greenhouse, named as Gradient Biome, is now being examined extensively in the
University of Tokyo. It is a large chamber (length : 200m, width : 50m, height:40m) in which the weather, such as
temperature and humidity, of the tropical zone through to that of the fiigid zone on the earth is reproduced with

continuous  gradient .

In the Gradient Biome, ecosystems (mainly plants) corresponding to each weather are

introduced and the possible responses of this ecosystems to the expected global warming are to be observed. Since
one of the expected responses is the shift of the ecosystem(s) toward the region of suitable environment, there
should be no artificial obstacles, which can prevent the shifi, inside the Biome. This requirement is not so easy to
be satisfied since the environment tends to be homogeneous. This paper presents the results of the numerical studies
conducted to find the ways of how the temperature and humidity in the Gradient Biome could be reproduced. One
of the contributed solvers of OpenFOAM, which is an open source physics simulation code, was modified and used

for the numerical simulations.
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Fig. 1 The schematic view of the Gradient Biome
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Fig. 3 Schematic view of (a) air conditioners
and (b) heating plates
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Table 1 Used schemes & solvers

TVD with van Leer Limiter
second order central

Pressure: Multi-Grid with Gauss-Seidel Smother|
Others: PBiCG with DILU Pre-conditioner

convection terms
diffusion terms

matrix solver
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Fig. 4 Contour maps of temperature at y-center plane

Fig. 5 Contour maps of temperature at x-center plane
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Fig. 6 Temperature distribution at y-center plane
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Fig. 9 Blowing directions of air-conditioners (case 10)

Case 9 ( 2m/s, Plate X, Q2

m/s, Plate X, Q2, W2 )

Fig. 10 Contour maps of temperature at y-center plane
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Table 2 Summary of computational conditions and results

air conditioner plates results
case | flow | blowing [blowing| heatin s

rate |speed (mg/s) directiog platesg (partitions)) T | h

1 | Ql 3.0 W1 Tl X o | A
2 | Ql 1.5 Wi Tl X X | x
3 101 1.0 W1 Tl X X | x
4 | Q1 1.0 W1 T2 X X | x
5 101 3.0 Wi T2 X X | x
6 | Ql 2.0 W1 Tl side o | o
7 | Ql 1.5 Wi Tl side X | X
8 | Q1 2.0 W1 T1 ceiling | x | x
9 | Q2 2.0 Wi T1 X o | o
10 | Q2 2.0 W2 T1 X A | o
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