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Fig. 1. Schematic of the cylindrical soft nanotube.
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Fig. 2. (color online) Distribution of the electrostatic
potential: (a) Ky =1, A=0.1; (b) d=0.1, A= 0.1.

BEAN, N T BB R A T WA gl K 38 3 A 1) 34
AR, BRATTTHE T [ AL T W gl K i e ) e & 2N
TR, LAl
_ AW
b= &2 -Ton) (31)

Hp
171 1\ | Io(r/A
o= (1 okt
L To(r /A Io(r/A
o = | ¢3[1021§A; - l] IOEJA;“”' 32)
B3 T Y Ky BURFER, BRI
I 298 K 38 S AR OV VR TR T B AN I 1) S B d
IR, B3 TRLE Y, SR —A K ki,
[ A T2 22 P 40 oK 308 38 M R AR R 9 1 1 34 L A
PRGN IEE K. EEE L R RS A — A
R Zeta HAERKUL, TG KB TE (1 322
bU NI S8 T R )R, 5 SO R E T IR B A

084704-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 8 (2016) 084704

R, WTIERTFECRRIFL A . K3 B3R, B d
MUK, oA SRk 2 M R TE, H R o T V)
ACTEZREER T b b I P S ih S B M EZ R R bl
BHENR. WANEHE W, BE K\ E K, Lik
e IR 3 A SRAE GO, LR O 3 Y D T 33
. KR T K GRS 4R IE LR
VEVBLER) e F BN, TS 0RO AR U )
W)

—10-3 "
—— K,=10, S
—— K,=10, H
_10*/1 I E
—10-3f

—10°

0.02 0.04 0.06 0.08 0.10
d

K3 (MRS fREHIM A=01, K=1a=1,
ur = 0.1)

Fig. 3. (color online) Distribution of the streaming
potential (A=0.1, K =1, a =1, ur = 0.1).

Bl 4 (a) FIE 4 (b) 45 T 1EAS R 3R FEL A 2
fEd, RRALENSE K %M4T, BEERIPER
PEYRKIETE H 1) FEL BN A B SR I K, AR
B4 (o) #5id T e r B RE R AR R T
EBE K B840, MBI 4 (a) FIE 4 (b) TTH H, BlkE
TE WA 0 22 P oK G 0 R 1 PR ) R 1 o AR R T
B d (P10, Bl K\ B3GR R R
K d BN K, #0085 BUBCR I A 3, A
13 BB Bl 8. ok, B4 (a) MTE 4 (b)
R T IR 2 NIPEIL 2 Gkl TE, s RER %
P RR BE K 3. A B R R Y K1Y
KIF, ITTHE (21) Fnim 355 K b, B E)
MR RIE R (28) MH SRR HSE S K )
. Ba, R4 (o) KRB, EASCERUR S50
L DAY, TG T 22 1 0 oK R 1 P ) B R B 4
EE W PE GRS TE 8RB T 1.5 3 3 45

4 % @

AW FT T AT T 52 4 909 oK e T v Y FE Bl E
B R, g T 9K IE AL e AR L B

0.015
(a) d=0.03, K=0.3
—--d=0.03, K=1.0
——d=0.1,K=0.3
0.010 | ~---d=0.1, K=1.0
s}
up
0.005 |
0 SR e
100 10!
Ky
0.030
(b) d=0.05, K=0.3
0.025 | —-—d=0.05 K=1.0 {
——d=0.1,K=0.3
ool \ d=0.1,K=1.0 |
& 0015}
0.010 |,
0.005 |
O - - = =
100 10!
Ky
3.0
()
d=0.05, K=0.3
—-—d=0.05, K=1.0
—d=0.1, K=0.3
250 /0 d=0.1, K=1.0
T
wr
>
>
up
2.0
1.5
100 10!

K

K4  (MTAIRG) @B IR (o = 1,
w=1, A = 0.1) (a) MIPEGSRIBIE; (b) RPEDKIBIE;
(c) YA i3 e e iR el

Fig. 4. (color online) Variation of the electrokinetic
energy conversion efficiency (o« =1, u = 1, A = 0.1):
(a) Rigid nanotube; (b) soft nanotube; (c) the ratio of

the efficiencies for these two cases.

RE AR AT AR, IF -5 BURETERIPE 9K E i
Mg BT 1. B BETH R ORI, R
PRGN K I TE T Y R Bl B8 B 4 R LU IR AL TR W
ZNKEIE P RE R R AR K. R R W T
R TSR RGN RAEIE AN I AR SR LA o =
O IE S 5520 1 PR B A O R A, AT
TR L S o A G 0. (] N ) RS SR R AR R 1K 3

ST VLA SO TR 3 A, R T A AT R A T
Mk N K8 TE HH AL 17 B b A T I oK G TE

084704-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 8 (2016) 084704

HRR, fe 4 B R IEIE P Y B Sl B R AR
K.

SE3CH

(1]

(8]
[9]
[10]

[11]

Gong L,Wu J K, Wang L, Cao K 2008 J. Phys. Fluids
20 063603

Jian Y J, Yang L G, Liu Q S 2010 J. Phys. Fluids 22
042001

Chang L, Jian Y J 2012 Acta Phys. Sin. 61 124702 (in
Chinese) [KJ&, BKE 2012 YH IR 61 124702

Jian Y J, Liu Q S, Yang L G 2011 J. Non-Newtonian
Fluid Mech. 166 1304

Liu Q S, Yang L G, Su J 2013 Acta Phys. Sin. 62 144702
(in Chinese) [XI|4x%E, #BK5t, 757 2013 YH ZiR 62
144702]

Jiang Y T, Qi H T 2015 Acta Phys. Sin. 64 174702 (in
Chinese) 3R, FilEE 2015 YFEER 64 174702
Masliyah J H, Bhattacharjee S 2006 FElectrokinetic
and Colloid Transport Phenomena (Vol. 1) (Hoboken:
Wiley-Interscience) p251

Xue J M, Guo P, Sheng Q 2015 Chin. Phys. B 24 086601
Davidson C, Xuan X 2008 J. Power Sources 179 297
van der Heyden F H J, Bonthuis D J, Stein D 2007 J.
Nano Lett. 7 1022

Munshi F, Chakraborty S 2009 J. Phys. Fluids 21
122003

(12]

(13]

[14]

084704-8

Bandopadhyay A, Chakraborty S 2012 J. Appl. Phys.
Lett. 101 043905

Matin M H, Ohshima 2015 J. Colloid Interface Sci. 460
361

Donath E, Voigt E 1986 J. Colloid Interface Sci. 109
122

Ohshima H, Kondo T 1990 J. Colloid Interface Sci. 135
443

Keh H J, Liu Y C 1995 J. Colloid Interface Sci. 172 222
Chanda S, Sinha S, Das S 2014 Soft Matter 10 7558
Chen G, Das S 2015 J. Colloid Interface Sci. 445 357
Bentien A, Okada T, Kjelstrup S 2013 J. Phys. Chem.
C 117 1582

Ohshima H 1997 J. Colloid Interface Sci. 185 269

Cao B'Y, Sun J, Chen M 2009 Int. J. Molecul. Sci. 10
4638

Wang M, Kang Q, Ben-Naim 2010 J. Anal. Chim. Acta
664 158

Wang M, Liu J, Chen S 2007 Molecul. Stmul. 33 239
Lorenz C D, Crozier P S, Anderson J A 2008 J. Phys.
Chem. C 112 10222

Qiao R, Aluru N R 2005 J. Appl. Phys. Lett. 86 143105
Chakraborty S, Das S 2008 Phys. Rev. E 77 037303
Zhang Z X, Dong Z N 1998 Mechanics of Viscous Fluids
(Beijing: Tsinghua University Press) p65 (in Chinese)
[E R, T 1998 R A )% (b5t IHHERF R
#L) % 65 1]

Ohshima H 2009 J. Sci. Technol. Adv. Mater. 10 063001


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn//CN/abstract/abstract49213.shtml
http://dx.doi.org/10.1016/j.jnnfm.2011.08.009
http://dx.doi.org/10.1016/j.jnnfm.2011.08.009
http://dx.doi.org/10.7498/aps.62.144702
http://dx.doi.org/10.7498/aps.64.174702
http://dx.doi.org/10.1088/1674-1056/24/8/086601
http://dx.doi.org/10.1016/j.jpowsour.2007.12.050
http://dx.doi.org/10.1021/nl070194h
http://dx.doi.org/10.1021/nl070194h
http://dx.doi.org/10.1063/1.3276291
http://dx.doi.org/10.1063/1.3276291
http://dx.doi.org/10.1063/1.4739429
http://dx.doi.org/10.1063/1.4739429
http://dx.doi.org/10.1016/j.jcis.2015.08.070
http://dx.doi.org/10.1016/j.jcis.2015.08.070
http://dx.doi.org/10.1016/0021-9797(86)90288-2
http://dx.doi.org/10.1016/0021-9797(86)90288-2
http://dx.doi.org/10.1016/0021-9797(90)90014-F
http://dx.doi.org/10.1016/0021-9797(90)90014-F
http://dx.doi.org/10.1006/jcis.1995.1246
http://dx.doi.org/10.1039/C4SM01490A
http://dx.doi.org/10.1016/j.jcis.2014.12.088
http://dx.doi.org/10.1006/jcis.1996.4601
http://dx.doi.org/10.3390/ijms10114638
http://dx.doi.org/10.3390/ijms10114638
http://dx.doi.org/10.1016/j.aca.2010.02.018
http://dx.doi.org/10.1016/j.aca.2010.02.018
http://dx.doi.org/10.1080/08927020601096804
http://dx.doi.org/10.1021/jp711510k
http://dx.doi.org/10.1021/jp711510k
http://dx.doi.org/10.1063/1.1897430
http://dx.doi.org/10.1103/PhysRevE.77.037303
http://dx.doi.org/10.1088/1468-6996/10/6/063001

32 % R  Acta Phys. Sin. Vol. 65, No. 8 (2016) 084704

Electrokinetic energy conversion efficiency in a
polyelectrolyte-grafted nanotube”

Liu Yong-Bo Jian Yong-Jun'

(School of Mathematical Science, Inner Mongolia University, Hohhot 010021, China)

( Received 3 November 2015; revised manuscript received 6 January 2016 )

Abstract

Analytical investigations are performed for pressure driven flow of an electrically conducting, incompressible and
viscous fluid in a polyelectrolyte-grafted nanotube by using Bessel functions. Nanofluidic tubes whose walls are covered
by polyelectrolyte materials, named the fixed charge layer (FCL), are identified as soft nanotubes. The flow relies on an
externally imposed pressure gradient and an induced reverse electroosmotic force produced by the streaming potential
field which is spontaneously developed due to the ionic charge migration with the fluid flow. Many parametrical ranges
are determined to ensure the validity of Debye-Hiickel approximation. The analysis is based on the solutions of the
linearized Poissson-Boltzmann equation and modified Navier-Stokes equation. To obtain the streaming potential, we use
a numerical treatment to solve an integral equation governing the streaming potential. Finally, the electrokinetic energy
conversion efficiency is studied. The result shows that both the streaming potential and energy conversion efficiency
monotonically increase with the FCL thickness d increasing. However, they present a monotonic decrease trend with the
increase of K, which is the ratio of the characteristic scale of the mobile charges to the fixed charge within the FCL.
We compare the results in a soft nanotube with those in a rigid one, whose zeta potential is equal to the electrostatic
potential at the solid-polyelectrolyte interface of the soft nanotube. We find that the electric potential in a soft nanotube
is higher than that in the corresponding rigid nanotube, which results in a larger streaming potential in the soft nanotue.
Moreover, for the parameter ranges considered in this work, our results show that the electrokinetic energy conversion
efficiency in a soft nanotube is 1.5-3 times higher than that in a rigid nanotube. These findings are important for
investigating the streaming potential and electrokinetic energy conversion efficiency in soft nanotubes. They can be used

as a kind of new method to enhance the energy conversion efficiency of the electrokinetic transport in nanotube.

Keywords: soft nanotube, energy conversion efficiency, streaming potential
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