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Abstract : In this study, the effects of spacer and variation of spacer height in reverse electrodialysis (RED) on the seawater and
ion transport were investigated. A three-dimensional computational fluid dynamics (CFD) simulation for a hexagonal spacer was
constructed. The results showed that the swirl in the channel and ion transport rate to the membrane were enhanced at higher
Reynolds number, on the other hand, pressure difference between the inlet and outlet was increased. Moreover thicker spacer
increased Power number and Sherwood number.
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Figure 1. Schematic diagram of an RED stack.
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Figure 2. Single RED unit and spacer.
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Figure 3. (a) Numerical model and (b) meshes in region B.
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Figure 6. Concentration contour (kg/m”) at cross-section A-A.
g g

=& ohga gol Fatgih

Y CuAA

Comgontin =53 44~ 1)

avg,outlet

A 270) FET Ak et o getelA w
A gpom ofgel 2ol Rl bEo WakE T

st
AO (inet - Cav ,outlet) Xy

At T s

(19994 e et 2ol IRY e AgE K7}

§4% o Ack ol E WAkt o2 o] Yatuz

XW] H“ﬂﬂkﬂr vlEe & 4 9ok

F719F B2 o] 2GR A fEpo] sl AA3] A
Y= oA AW Figure 72 M-p-Epob uhglas Ato]o] HAE o
EbHT

MEas vhgle Bk ofy ) Avjold FAdoe FFS
WO & A4ts SAPRG AXF FHS| Aol alE
SHele. ASuo)A] gAafo mhE M=) Y2 Lietall7
of Auol|a] Blgt = Qlrh. ALESE EAAY 9 ik}
g FAdeR 1719 o3t wEEAE ZHIval @ s 9l
oF. 2 zof|l A WERLSRo] Al o] A-SE AYEE= A
719] & ERE S7IRtE o] AWE Foto] HA Y| e A
S Ao 7lgE.

Figure 82 #|olz20 uk9]4=0] BAIS

(]

|_|

SR

AH71EA] AR f 2 0] A o] o] Batk R34 A At B

100 ——
A
s =
wn &
.... "f--f-‘
o
10 n n 1 n PN
1000 10000 100000
Pn
Figure 7. Sh as function of Pn.
100009 p—r—r——r———————————
.... o
Wil
e
10000 F - __
£ e 2
=] /'/‘
~ v
¢'/'
r'd
1000 F |
100 n I 1 I I 1 1 L 1 L n 1 L 1 1
0 3 6 9 12 15 18
Re

Figure 8. Pn as function of Re.

olck 381 AUENE LS RALSE o211
o4 H715 AFH=T AREE Reamel AAS oug
o} apeb dlojiszgTt Skt rcraw R E I E
A% o 4 9lek. Figure 73} w|wske] Wwl o] xg0] 5
e A9ESe] 2718 opr|ele A% SHikee] $71E 7}
Aee o 4 olrk 2 AukE Fajo] Adolxt 5| g}
£ W] oleAge] B8-S FE AT ShX T AukFe
EAE AALtE S o 4 9l

Figure 9= 230] A 204 o= Wsfo]
eARES 33 FAOZ el Zlolth. dlols=g7t A
ol wret QreeAe AN $47 8749 mape] Anol
HE A vl e 2 Lol A & 4 3)
o ol& Esto] Auo] A7t i reeAe A et
L AL ¢ 4 Atk Q7o ﬂoﬂxu grelzpol (DP) =
Table 17} Zrom] g ol Aol B el ab7] $laA o
o] A1t

mlo ml

[e] 1 O
=1

(wg inlet — Z PmletAA (1 6)



6 A4 A9AA1F, 2013 3Y

ooV

(c)Re=9

(@) Re=3 (b)Re=6

0.00e+00 5.00e+01 1.00e+02 1.50e+02 2.00e+02

Figure 9. Pressure contour (Pa) at various Re.

Table 1. Pressure difference at various Re

2.50e+02

Re AP (Pa)
85.02
171.79
261.00

12 353.24

15 448.96

3.2. AH|O| M TS| HEF

g0 9] Yelj= o] 2] W S At &
T2 Fole} Ado]A FAY vl AATREA A A
I}zl o] Qlrk webA Ano]A] FAHS o] whE FaF
o AWy Qate] AFo|A FAE Huto s Zo(Ih=0.4)
NS AFYstAL Vh=0.83}F Hlwstglch

Figure 10 glo]m2rof wg w949 HIE el
Aot} ol m=art 2713k ulet =& ey} vl
TAF7E SRS & 4 Aok h=043%0 B, §59 55
of that Agfo] 2o B Jh=0.82] H-2of Hl 3 shpla=7E A

5] W AS BAL 5 AUtk Ao A9 wolo] wheta

J

Lo —r———r————————————————

10000 £ E

Pn

1000

100 L L 1 L s | s s | s L 1 L ' 1

Figure 10. Pn as function of Re with different /4.

(d)Re=12 (&) Re=15

3.00e+02 3.50e+02 4.00e+02 4.50e+02 5.00e+02

w9 S W] wie] 2ol
2po]7} w9 ek, wheba] LA
A EA7 gfesE sAREe A

2> .
fol 2247} o 1ol Bl JT Figure 113} o)

1
SE) BE Ao Mot B0l 2 Aol Al e AL &
4 qlek 2] 4] ol7h dholx W I W71S AVAFSHE
oFo] ZolETHLL & 4= gIv. webA H7|AIATE o)A
welli= 2ol A FAZ FASSE A7 Aol 715t

Ao gk,

_1

e o

=
7]A§A}FJ:2_ _§_|]—0] 0}7] Ho}oq Flgure 29}
242 vlmSiT, 397k A FUE SIS Uh=04
2 A9} shatol o dofih g Sl

o4 ol7t £ &4T o 2NYL FA AL & 4 Uk
519147k 1000914 4,000 Apole] zbell ] Zsflo] A 7

H|Z B wEtS u /h =047} /h=089] B|8f &&o] &)
ol &0l go|7t Ui wow &dMHe B=sH F

7HXZ17] W&ol a8 FZ5H EolEY] 7] w&olt). uket
100 — T 't T T T ' T T T T T 1
o—eo—o |/h=04
Arerrebeeeeea h=0.8

Figure 11. Sh as function of Re with different /4.



100 — ——r

o—e—+o |/h=04
Ao Ao 4 1/h=0.8

100 ‘ ‘ 1000 l - ;(;000 ‘ - I]’();)000
Pn
Figure 12. Sh as function of Pn with different /A.

A Ao AR W] SISAE G5 SEo uhE HAG 2
slo] 4] Folduo] Baslch AL o 4 Ak

4.722

£ Aol s G ol §E 1 Gt Fol
Qo opol gty Afojo] EAlsk: ~slol Aol 4] o
0] wistol] upet s40] B o] LA HX L o
@2 CFD s142 Fto] ohugie). Tea Aol FAS
Wb EUAY B SNFS 9ot HEESE ol g3t

of 4% wlwatgct.
CFD 3412 538 2t f50] Solol i Al 8
2 GA5taL, of 29| 7t o] Bl MRS HeFol
ole S BT AS o 4 Slalch Eat Asjold]
7 EAS A wIe] G FhE ARl PhThe A
SISk, AL hE Asol S wlwste] M FUT o
ozl 4] Uh=08 1 o] &ero] 2 ofubA]gt T}
L h=049) Z9olt= 4B e Ao ettt o] 7
ﬂ:ﬂggﬁf1qHTJ}lmmmH4omywﬂ01qzm=o4
HH e 5SS e UeS Bastgh §4 L 2
eln FrASl 57 A= %%si e Z)A7]
Ak sk EG Aol LA Z1ek. wheA]
QA7 FEAH o] EES ol7] P 2T Asfol

of AA7} dasi.

o724 42 ) 25jo] M| Yol Bt A AH AT T
AN,
B ol 20128HE ol 714 A 7-4le] x| ¢o] o)
s E A5 T
EnEsl

—

Pattle, R. E., “Production of Electric Power by Mixing Fresh
and Salt Water in the Hydroelectric Pile,” Nature, 174, 660
(1954).

Kim, Y., Walker, W., and Lawler, D. F., “Electrodialysis with
Spacers: Effects of Variation and Correlation of Boundary
Layer Thickness,” Desalination, 274, 54-63 (2011).
Schwinge J., Wiley, D. E., and Fletcher, D. F., “A CFD Study
of Unsteady Flow in Narrow Spacer-filled Channels for Spiral-
Wound Membrane Modules,” Desalination, 146, 195-201
(2002).

Ahmad, A. L., and Lau, K. K., “Impact of Different Spacer
Filaments Geometries on 2D Unsteady Hydrodynamics and
Concentration Polarization in Spiral Wound Membrane Cha-
nnel,” J. Membr. Sci., 286(1-2), 77-92 (2006).

Shakaib, M., Hasani, S. M. F., and Mahmood, M., “CFD Mo-
deling for Flow and Mass Transfer in Spacer-obstructed Mem-
brane Feed Channels,” J. Membr. Sci., 326(2), 270-284 (2009).
Kim, K. S., Ryoo, W., Chun, M. S., Chung, G. Y., and Lee,
S. O,
Pulsatile Flows for Enhanced Power Generation,” Korean. J.
Chem. Eng., 29(2), 162-168 (2012).

Li, F., Meindersma, W., de Haan, A. B., and Reith, T., “Opti-
mization of Commercial Net Spacers in Spiral Wound Mem-
brane Modules,” J. Membr. Sci., 208, 289-302 (2002).

“Transport Analysis in Reverse Electrodialysis with



