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Abstract — In the spiral wound module of the pressure-retarded osmosis (PRO) system for the salinity gradient power
generation, effects of the inlet pressure differences between feed-channel and draw-channel were studied. Fluxes of
water and solute through membrane and power were estimated. The water flux through membrane decreased along the
x-direction and increased along the y-direction with the increase of inlet pressure differences between two channels. On
the other hand, the solute flux through membrane showed the opposite trend. The concentration of flow in the feed-chan-
nel increased a lot along the y-direction and that in the draw-channel decreased along the x-direction. In our system, for
the inlet pressure differences of 1~11 atm, the flow rate in the feed-channel decreased about 8~13% and that in the draw-
channel increased by the same amount. The power density increased and then decreased with the increasing inlet pres-
sure difference.
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Fig. 1. The schematic diagram of the PRO system. (a) Configuration
of the spiral wound module unrolled for visualization and
(b) the spiral wound plate. Here, seawater flows parallel to
the axis of the cylinder and fresh water flows in the circular
direction and gets out through the central tube.

Table 1. Dimensions of the spiral wound module

Thickness of the membrane, t,, [m] 4x107
Thickness of the draw channel, t, [m] 5x107
Thickness of the feed channel, t,[m] 8x107
Length of the module, L [m] 1
Width of the membrane, W [m] 8.4
A 29 atm®] AFS 7T

WY 2 %ﬂ T2 Fig. 1(byell HER Sl f1el S5
nie} go] Bg v A, W, FFAWER o) FoA glov, 7}
TRt b oI 2EO] AFE2 Table 10 YR Sl &
T xF WFeR 2|3 B yF WEe R fYu, o) W
g9 wio Aol sl A Bt B Fele] FEAER

olFdtt. A W Sl yF WEoR W F. 3w
Ade] grzie el gule] ol o fade] s e
oFAlIL o F ol gsto] M-S A& ek 74 AEe &
2] 9F, {7, F % Wshs FAISIIC Fig. 1(b)sh o]
5o, sl x5 WEe R s, Julils ue F
A 75 WO R o] gt o] W griel
20 WS F(HO® Aallar, T kel -5 0] v
o 2 2gh Sd-EYaE A % 4 3)

o2
o&

i
to 1® EU re o HH

r
a)
(4 okl >

m{n;‘?‘:’
1
&

e

1 1,S
nDexp(fE) -7 Fexp(F)
=A(Am,—AP,)=A AP, | (2

J
Hg{exp@)_mp(_f)}

W

w

Korean Chem. Eng. Res., Vol. 52, No. 1, February, 2014



70 A

Table 2. Characteristic values of the PRO system [9,10]

Water permeability coefficient, A [m/atm-s] 9.5x1077
Solute permeability coefficient, B [m/s] 8.5x1078
Structure parameter of the membrane, S (=t;t/g) [m] 3.5x107

Diffusion coefficient, D [m?/s] 1.5x107°

Membrane resistivity, K (=S/D) [s/m)] 23x10°
Mass transfer coefficient of solute, k [m/s] 8.5x107
Friction parameter in the each channels, b [atm-s/m*] 8,500
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Fig. 2. Distributions of (a) the water flux (J,)) and (b) solute flux (J,)
across membrane at different inlet pressure differences.
Here, AP, is (P,-P/,) and P, was fixed at 12 atm.
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Nomenclatures
A : Solvent (i.e., water) permeability coefficient [m/atm-s]
B : Solute (i.e., salt) permeability coefficient [m/s]
Ca C; @ Concentration of salt in the channel
D : Diffusion coefficient in the porous support layer (=D,,g/t)
[m?/s]
F4 F, : Volumetric flow rate in the channel [m3/s]
I, : Water flux [m/s]
J : Solute flux [mol/m?s]
k : Mass transfer coefficient of solute [m/s]
P, P, :Pressure in the channel [atm]
P, : Power density [W/m?]
L : x-directional length in the feed channel [m]
R : Gas constant (=0.082) [atm'm>/(mol'K)]

W ARl A Qi EiRte] Rl thgh %

LEERT 73

S(=t,t/e) : Structure parameter of the support layer [m]
ty ty : Height of the channel [m]
t

)

: Thickness of the support layer [m]

T : Temperature [K]

ug, Us : Velocity of fluid in the channel [m/s]

W : y-directional width in the draw-channel [m]

X : Dimensionless x-directional distance along the flow in the

draw channel

X : x-directional distance along the flow in the draw-channel
[m]
Y : Dimensionless y-directional distance along the flow in

the feed channel
y : y-directional distance along the flow in the feed-channel

(m]

Greek Letters

€ : porosity of the support layer
T : tortuosity of pores in the support layer
Subscript
d : draw-channel
D : density
f : feed-channel
0 : inlet condition
S : solute, i.e., salt
W : solvent, i.e., water
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