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Numerical experiment of humidity controller system using charcoal

Shinya SATO, Aya HAGISHIMA" and Jun TANIMOTO
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The authors established two types of humidity control system, which utilize charcoal chips
produced from construction wastes. They contain regenerating cycles using solar energy. First of
them is ‘passive system’, which is externally covered by a glass with a small air space. Another is
‘hybrid system’, which consists of a glass tube filled with charcoal chips and a fan for ventilation.
The authors presented the numerical models of the systems and did numerical experiment. The
experimental result indicates that 1) the appropriate natural ventilation was observed for humidity
control using ‘passive system’. 2) increase of the depth of charcoal could only increase the amount of
moisture absorption of ‘hybrid system’, 3) Insulation for ‘passive system’ caused the reduction of
amount of moisture absorption.
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Fig.2 Schematic diagram of hybrid humidity controller.
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heat transfer coefficient [W m™K'], /p : vapor conductivity [kg
m?s”(kg/kg’)"], k: vapor conductivity [kg m's(kg/kg)"], / :
specific latent heat [J kg'], Ap : pressure difference [N], O :
weight water content of charcoal [kg kg'], SR : amount of
incidental solar radiation [W m™], 7% temperature [K], ¢ : time [s],
V;: distance between glazing and charcoal board [m], Xc : absolute
humidity of pores of charcoal [kg/kg’], x : position coordinate [m],
o : flow coefficient, g, : porosity of charcoal [m® m>], A : heat
conductivity [W m”K™], p : density [kg m>], © : transmittance of
solar radiation [-],  subscript -f": air of void between glazing and
charcoal board, -¢ : charcoal, ,-g : glazing, -i : inner side of
glazing, -in : inflow air, -out : outside air
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Table 2 Governing equations for hybrid humidity

controller.
or or T, ow
pfcpfgbait/:pfucpfaiz/*'/l/ axgj +1 ot +Hmmunf (9)
Hoppy =he(To =T))+ (T, ~T,)> Torsurface (10)
2 2
peCpel-en e g Cle g OTe yipa-epZin,. . (1)
ot oz ox? ot :
H oo =hec (Tf -T.)+7 SR> for surface (12)
u§+£h§+}/£+a—W:O (13)
oz a o o
d
ya—? =kpa,(C—Cy) (14)

roon (Lroom = Tyein) (15)

T,
PPy (,; =h,(T,~T,,)+h

p.Cp, 82’“ —a-SR+hy (T, ~T, )+ h, (T, T, )+ 2,(4R-oT, ") (16)

AR : amount of atmospheric radiation [W m™], a, : fraction of
surface area of particles [m™'], C : water vapor concentration [kg
m?], Cs : water vapor concentration of particle surface [kg m™],
kr : overall mass transfer coefficient [m s™'], # : wind speed [m s™],
W : amount of condensate, € : emissivity, y : packing density [kg
m*], o : Stefan-Boltzmann constant [W m?K™], subscript —g-in :
glazing adjacent to room, —g-o : glazing adjacent to outside air,
-room : Toom air

Table 3 Controllable factors for numerical

experiment.
Factor Level 1 Level 2 Level 3
L West- South- East-
Direction of system 9 . .
facing facing facing
Width of charcoal 0.02 m 0.04 m 0.06 m
Specification of Without With
inside wall surface insulation insulation

Hatched columns indicate standard condition.
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Fig.8 (a) Daily variation of outside condition.
\ —— West South East

600
E 500 —
= 400 4
5
£ 300 ¢
® 200 4
8 100 4
8 | i |

0 4 8 12 16 20 24

JST

Fig.3 (b) Daily variation of transmitted solar
radiation.
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Fig.4 Equilibrium moisture content
for various relative humidity.
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Fig.6 (a) Daily variation of surface temperature of
Table 4 Physical properties of charcoal used for charcoal.
simulation.
Parameter Value _ Passive system —— Hybrid system
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Fig.6 (b) Daily variation of weight water content of
charcoal.
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Fig.6 (¢) Daily variation of amount of ventilation of
passive system.
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Fig.7 Amount of moisture absorption per a day
under the condition of the inside wall with
no-insulation.
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Fig.8 Amount of moisture absorption under the
condition of the wall with no-insulation.
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Fig.9 The comparison with insulated case and
non-insulated case.
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Fig.10 Daily variation of weight water content of
charcoal.
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Fig.11 Daily variation of surface temperature of
charcoal.





