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Numerical Study on the Humidification Efficiency of Humidifying Module Shapes of
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Abstract Adequate relative humidity is needed in the common living space, for human health, and industrial space, for
maintenance and efficiency. Evaporative humidifier systems generally have slow response tendencies of air loads, but relatively

low initial investment and maintenance costs. Humidification efficiency in the evaporative humidifier is dependent mostly

on the shapes and arrays of humidifying modules. So, we tried to apply the computational fluid dynamics to the evaporative

humidifier systems, and studied the humidification efficiency of evaporative humidifiers, through the outlet air conditions..

Key words Evaporative humidifier(7]3}%] 7}<571), Eulerian wall films(2. 2 2]¢F 21, Relative humidity
(%55 %), Phase change(’d®3}), Humidifying modules(7}<5 5.5 ), Water film(5~9}), Computational

fluid dynamics(ZAH-A < &

t Corresponding author, E-mail: tiohmI@hanbat.ac.kr

RS L
> mass diffusivity [mz/s]
: gravitational acceleration [m/sz]

|
D
g
h : film height [m]

M * molecular weight [kg]
m * mass [kg]

P : pressure [Pa]

q * heat flux [W/mz]

T : temperature [K]

t : time [s]

T/ > velocity vector [m/s]

y > mass fraction

J2|A 2X}

0 . cell-center to wall distance
v : kinematic viscosity [cP]
P : density [kg/m3]

o : surface tension [kg/m]
42

T : shear stress [Pa]
St A}
con : condensation
f : film
) * water vapor
l > liquid
phase  : phase change
S : surface
sat : saturation
vap : vaporization
w > wall
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o]7]A] V, : surface gradient operator

V, “ mean film velocity

m, : mass source per unit wall area due to

s

phase change

@ +5F
v, —— hv P,
7+V3‘(th Vi) =— P
— 3 - 3Ul—>
+(gf)h+27)17fs 5V 2

0:17]}\1 PL:Pgus—i_Ph_‘_Po
P, =—=ph(n - g)
P,=—0v,-(V, h)

@ o]
o(hT}) —
—r T V. (VAT
_i Ts_Tf_]}_T;u . }
a pCP{kf[ h/2 h/2 }_'—mpr(Tl)
_ 1 {k [Td‘Tw 2Tf] . L(T)}
7/)7(]}’ 2 ! T_T +m'uap s (3)

*{714 m,,, : mass vaporization or condensation rate

L : latent heat associated with the phase change

@ ‘3 sk(phase change)

. —_ (pD/o)
v D]+ C,

hase

C;)hasc (ysat Y ) (4)

o] 7] A mp',mse ‘ rate of phase change [kg/m” - s]
p - density of the gas mixture
C'p;wsc Iphase change constant
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y; - cell-center mass fraction of water vapor

P : absolute pressure of the gas mixture

Ysa - saturation cell-center mass fraction of
the water vapor

jjsat(T)
P

®)

ysat =

P,  saturation water vapor pressure of T

log, Py = 2.179440.02953 (7—273.17)
—9.1837x 10 °( 7—273.17)?

114454 % 1077 (T—273.17)* (o
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Fig. 1 Humidified mass rate variations; (a) inlet air velocity,
water temperature(standard condition : 30°C, RH 50%,
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Fig. 2 Humidifying modules of evaporative humidifier (a) plate, (b) wave(symmetry), (c) wave(distance : 10 mm),

(d) wave(distance : 6 mm) and (e) grid.

Table 1 Humidifying modules geometry and humidifier outlet air temperature and relative humidity
(inlet air : 30°C, RH 50%, 2 m/s, film water : 20C, 0.1 kg/mzsec)

@

(b) (©) (d) ()

height(H) mm 30.43 20 20 20 30.43

depth(L) mm 130 130 130 130 130

Geometry distance(W) mm 6.6 5~15 10 6.6 6.6
films area(A) mm’ 7912 7912 7912 7912 10486
volume(V) mm’ 25990 26000 26000 17160 22611
Outlet air Temperature (¢ 24.8 25.0 24.9 23.9 22.45
RH % 72.8 71.5 71.9 78.8 86.6
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50%, 2 m/s air, 20C water).
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