B REE (D RN F )

AP A Gt
2017 ICFD- 14th International Conference Fluid
Dynamic
i€ B4R 4

PROG% #% Bd I;ﬁﬁﬁﬁ‘?ﬁ;

VNS 3 A R £

AL R Rl P A

DR # B 1062107 28p —11 7 5p
2 p P :106£& 117 8 p



F &

FHAFA217£107 28 FFF g PAB ) BWH L - FRB A A0 S
B 3ob 2017 #& 11 7 1 pasE A Ap AU A At HR g ORE ¢ %Y < (Tohoku
Unversity):& (748 F|fozip > TAFB X ¢ TR foRABAB T 117 1 p P =g 4% > 4P
%" Numerical Study to investigate proton transport in Proton Exchange Membrane Fuel Cell” -
I R E 2 30 SRt Lo RN S E R LS AR PaE

B s 4 ARE ] g B $E T T B R R P

A 2 AR EPET R AR LV ROLR AV RERF L A LB
% 2 %‘r—+ ER e T f@iﬁ,ﬁ’?&%’jic X enk-g %fr.a- A oae j’L#,J\/,,\_,. mi\ Fs ]2 kA
F2 FHEEAE R B KB RAKE S v BB BLESNT B3 B L > AR
KT o ENF AT 2 RSEY GRBZ2R2 21 43 H 4 R AFEL YRR NS

SRR RS AL REE 0 (TN H 2 5 iR T T
BN ET R VRS il c FE B AR EFLET  HEHRT
R AP h - BE T REG I MW LA RRN R AR AA ¥

T endmi B e



BB R oottt ettt

2
Za PRI

ST =

T B RPEI
S AT BT U (e e e e

i

¢ 4 ap
e P

.15

X}

N R I T
= L B B 2 e ot
T TR B R AR

S A W wWw NN

.16
A7



¥ 2 2}
FEROEEFEL
- ~ pen:
NRPEA AR E  TEREF LA AR LN MR TR A 3 R AT
WRERBART X FAB AR > FEWHUE A BAN AT ABR R ER -
= ge;ifx;ﬁ::

BB inald £/734 ¢ (ICFD) 55 & By ZrWE 3t g - £ 5% 14 B
32017 # 117 1p 32 117 3 p &p &0 5nR% ¢ 3% ® < ( Sendai International Center)#

40

7oidp AR A2 1 E 5 4 ¢ (Computational Science and Engineering Division,
Atomic Energy Society of Japan )% #& B 5 ¢ > & & 7By ¢ - SRS Fip e
B LRt g 0 RIS D A0S EME £ EP A9 L+ F (Tohoku Unversity)

Ayfe AN F LR SAFRDHOREE D FHR o §RE O F I LR DE H
A S PE LA RENE R LIRS SRR IR RLBEFART
AR EPER > VIR EE LG o AR HEBELINA FZ BING 0 23 (- )R AR
i (keynote speakers) 2 (= ) v g 4F £ (presentations)e ~ ¢ € £ 117 1 p 2 3 p & % - HFehk
RFH - M 480 e SR 2 > 2 5 19 BHIF L o A E R P BT AB0 K He 0 F
—%ﬁﬁﬁrﬁﬁ%’oiﬁ+g3%%ﬁé20%ﬁﬁ’ﬁ—%ﬁﬁib&6%w$%
AP I F LA EHRTIAL Y 1 p T EAE R R4 BiRAeY F A o d R AFHE -
CRFAABRERIFEANF-FREF Z AT R FHELHRIF AT LA ST
EHEP B AR AL AR T EE S o f’fﬂ‘:'igéiﬁiﬁiﬁﬁiﬁ?ﬁié’
%7Tiw%¢%%ﬂ’ﬁﬁéﬁiﬁoﬁﬁg%im%ﬁ’W$%?’XEJ@QW$i
o EEREFE LR HEARB Y PG e B

A

oﬂfg"
P

W
Gi
2
3

FRAFFA G ERICE 0 AT A

AFFA 2017 # 100 28 P AT AR L BB - BT AP A2 v i
FABPEZPAFTESRAL »REFR 107 29pFEp AL 3117 1p AW 2SR
“$ € & 7 = (Sendai International Center)i& {7 3% F|friif » FAFB~ ¢ TR foik 4240 B oKL ©
A gl RERAR T R A A N AR AN ERYF LY 1pT


http://www.aobayama.jp/english/access/
http://www.aobayama.jp/english/access/

3204 (- KU EBEm3E2 o 3P 5" Numerical Study to investigate proton transport in
Proton Exchange Membrane Fuel Cell "« 2 & p % £48 £ B+ L g # ¢ > 3 oidg

ﬁ\gﬁqa ;:ﬁ_’g’:—%/‘z o j\,gﬂm v 2L B 0SB4 5‘35{ GRB /3-n/z 0;35_;5 ;,,\_’5-133;?:]1\ g»}; iR A

W
s

FEIFIEELA AP R ORI T E LS T OB BRE
ﬁ?’i@ﬁ§?4ﬁ$¢4i@ﬁﬁ%&ﬁ’ﬁﬁ&§?4{@1$¢4ﬁ$§%ﬂi%

FCRIEE A RAF RO ER cFL B I AR EFLET [FHHAT - HP 5 EEEH

HroFFas

W G MP G RRE R RGL RS R Y B RIEGI N v O Sk
R S ot 5% o T ) - B TREE § e P ARG R £ e
F**«Pﬂgé ﬁ*PiE%W%i’Pﬁ§€?$4';4%%:ﬁﬁfﬁﬁ%@\

- STR 15 SRAE I NN S h (Pt R SN S i 4 I
S u A IR o

b BT RP Bk R b kIR MRS R T A el B w
¥ Ak L3R E i eh DSMC o2 B 738 % DSMC 3-8 = @ i in sk § 4 fronl ~
BRAF AR ABILE EY 5 R (ST E Y AP R KRB @ 5 WE R § T e
Brom W AWTTAIRE 0 A ZIEE RS R R G i R 2 E s T AR
BT AP Z AR M PR R s T o BAEAPE R T G AR e £k F B AT
B #H 2 g ke Bartosz Protas 3 E £ 1 MR de B iR IR R R Al 4 SRR AL
V- B R R T SR PR e R TR AR T RIS Y o

R Bk s B A4 R E 9 a3 en- BRI R T hp A RE > FR BT i

A=
P
T

R R AL B o SR e AR R e AR NIRRT 0 A A R ot vh
$p R LA X chToru Sugita o4t dh § M EEN > T I K F R ITEF] T R 4 -
BRI NG A B R R KPR AFEREE A W B R F ek
RIZPEE R I F BRI RER DR 2 D RAPE G EFRE NI BHF g T
2 B RE Fh L AR B2 PR B R EH o A AL K ke g
P MR Fh AN E BRANGEES R REY AT P F R AR
FPEFATRE D T2 R0 B A AN ORE

Fitgdie- 2(11 7 3p)Ea» A ipkm~ 4 R Fiegiz > Flpt AL TR

“E.v

\\\Xr
o~
[}

11 4pEwdn® 3P 112 5pd An o WFPEWES > BRAAIXE LS au”

g



A > 2% .
T~ E R
Numerical Study to investigate proton transport in Proton Exchange Membrane Fuel Cell

Chung Chieh Tai', Cheng Lung Chen?
! Department of Marine Mechanical Engineering, R.O.C. Naval Academy,Zuoying District Kaohsiung, Taiwan,
R.O.C.
’Department of Chemistry, National Sun Yat Sen University, Kaoshiung 80424, Taiwan, R.O.C.

ABSTRACT
Proton exchange membrane is most important components in fuel cell. The study focus on Nafion 117(Dupont)
membrane at hydration level A=4. We investigate the mechanism of transport of proton at 298K from MD simulation.
Mean square displacement, radial distribution function, and movement trajectories of protons from MD simulation were
analyzed. We observed that protons were coordinated to their neighboring water molecules. The result suggested the
proton transfer in such nafion polymer system belongs to Grotthuss and vehicle mechanisms.

1. Introduction

Proton-exchange membrane fuel cell (PEMFC) is a promising type for clean and efficient power generation in this
century. The polymer membrane is a key component of fuel cell systems that separates the fuel and the oxidants and
transports protons from the anode side to the cathode side[1].Many studies of such systems were focused on the proton
conductivity and its dependence on temperature and humidity. J. Benzigr et al. [2] found the rate of limiting water
self-diffusivity increases exponentially at water content A =1~ 4. Urata et al. [3] theoretically modeled such system of
hydrated Nafion at A = 2.8, 5.9,13.3 and 35.4. They concluded that the sulfonic groups are the only sits of the polymer to
which water molecules bind in the pendant chain. Jang et al.[4] used MD simulation to investigate hydrated Nafion at 2 =
16. The result showed n water transport depending on the structure of Nafion chain. Lei Chen et al. [5] carried out MD
calculation for Nafion 117 Membrane with different water content at 300K and 353K. They found that, at the same
temperature, the diffusion coefficients of both water molecules and hydroniums increase with the water content. In spite of
these valuable experimental and theoretical studies, the detailed mechanism of proton transport in hydrated nafion is still
unclear. Literature suggested mechanisms for proton transport including vehicular and Grotthuss. However, these
mechanisms are still not verified.

2. Method

In the present study, Molecular Dynamics simulation with NV T ensemble was carried out. The time step was set at 1.0
fs and the system temperature was 298K. In order to construct a reasonable simulated system, the gradually-reduce-box
(GRB) method was applied[6]. The initial cell size dimensions were 100A X 100A X 100A and the corresponding density
was 0.1g/cm®, which is much smaller than the experimental value of Nafion membranes. The large space allows molecules
to move freely and have very weak inter-molecular interactions. This membrane consists of a copolymer of fluorocarbon

(CF,) and sulfonic acid (SOs). The number of water molecules is determined by the water content A , which is defined as

N
ﬂ, — water 1
N 1)

sulfur

Where Nyater is the number of water molecules and Ngypeer is the number of sulfonate groups in the Nafion chain. In this
study, the membrane water content parameter was set at A=4.

To analyze the inter-molecular distance, the radial distribution functions (RDF) between molecules were calculated. An
RDF is defined as a measure of the probability of finding an atom B at a distance r from a reference atom A, which can be

calculated as



ngV
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Jas (r) =

where ng is the number of B particles situated at a distance r in a shell of thickness dr from particle A, and B and V are
the total number of B particles and the total volume of the system, respectively[7].

3. Results and Discussion

Figure 1 shows RDF between hydronium ions and oxygen atom of sulfonate, the first peak appears at 5.8 A. This
indicates that the most probable distance between hydronium ion and sulfonate oxygen is 5.8 A. Figure 2 shows RDF
between hydronium ions and oxygen atom of water molecular.  The first peak appears at 2.3 A with very high peak value.
Since 2.3 A is within the range of hydrogen-bonding distance, therefore this indicates that hydronium ion was strongly
coordinated to water oxygen due to hydrogen bonding. Figure 3 shows that RDF between oxygen atom of water and
oxygen atoms of sulfonate. The first peak appears at 3.5 A. It indicates that the closet distance between sulfonate and
water molecule is approximately 3.5 A. The positions of first peaks in pair correlation functions are given in Table 1. The
RDF analysis showed that the hydronium ion was bonded to the oxygen of water molecule but not oxygen at sulfonate
group. Therefore the mechanism of proton transport in this system corresponds to the reported vehicle mechanism. Since
the hydronium ion was away from the sulfonate group, therefore the guessed jumping mechanism in between sulfonate
groups of nafion was not appeared here. Figure 4 shows the trajectories of distances for a selected proton to oxygen atoms
of the neighboring waters. In the figure, we found that originally, the proton was closed to an oxygen atoms (marked by
red and green). As time went, the red colored oxygen atom moved away and blue colored oxygen came close to the proton.
In the end, the proton was only close to the blue colored oxygen. The figure indicates that the proton was solvated by these
water molecules and the proton transport is similar to the proposed vehicular and Grotthuss mechanism.

4. Concluding Remarks
Molecular Dynamics simulation has been used to investigate the mechanism of proton transport in nafion fuel-cell

membrane. The analysis of pair correlation functions shows that the water molecules surrounded protons and spaced out
the sulfonic acid groups and protons. From the trajectories of protons, we showed that protons moving in cluster-network
of nafion membrane. In addition, we found that the proton transport between water molecules was similar to the proposed
vehicular and Grotthuss mechanism.
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Figure 3. RDF between oxygen of water and sulfur atoms of sulfonate

25—

Dsitance(A)

ol P - P I
4000 6000 8000 10000

Time Step (0.2ps)

PRI R
0 2000

Figure 4. The trajectories of distances of a selected proton and oxygen atoms of neighboring water molecules.

Table 1.Distances of the first peaks in RDF’s

RDF First peak appearance
g, (M) distance
Uyo, (1) 58A
Up-o, (1) 23A
9o, -0, (1) 35A

References

[1] Peighambardoust SJ, Rowshanzamir S, Amjadi M. Review of the proton exchange membranes for fuel cell
applications. International journal of hydrogen energy, 35 (2010), 9349-84.

[2] Zhao Q, Majsztrik P, Benziger J. Diffusion and interfacial transport of water in Nafion. The Journal of Physical

8



Chemistry B, 115(2011), 2717-2727.

[3] Urata S, Irisawa J, Takada A, Shinoda W, Tsuzuki S, Mikami M. Molecular dynamics simulation of swollen membrane
of perfluorinated ionomer. The Journal of Physical Chemistry B, 109 (2005), 4269-4278.

[4] Jang SS, Molinero V, Cagin T, Goddard WA. Nanophase-segregation and transport in Nafion 117 from molecular
dynamics simulations: effect of monomeric sequence. The Journal of Physical Chemistry B, 108 (2004), 3149-3157.

[5] Chen L, He Y-L, Tao W-Q. The temperature effect on the diffusion processes of water and proton in the proton
exchange membrane using molecular dynamics simulation. Numerical Heat Transfer, Part A: Applications, 65 (2014),
216-228.

[6] Huang Y-R, Chuang P-H, Chen C-L. Molecular-dynamics calculation of the thermal conduction in phase change
materials of graphene paraffin nanocomposites. International Journal of Heat and Mass Transfer, 91(2015), 45-51.

[7] Venkatnathan A, Devanathan R, Dupuis M. Atomistic simulations of hydrated nafion and temperature effects on

hydronium ion mobility. The Journal of Physical Chemistry B, 111(2007), 7234-7244.



I ~Z2RIEA
AEFHELNPRE RIS R ERBERpnE L NEF  #HLFL S

A LG AR TANELR R R F L ERLE T A

Tﬁ%.’wﬁiagi@%wzmg%’ﬁ@ﬂ@%ﬁﬁp;@#ﬁg*ﬁ,ﬁyﬂw
FHERTAFTL Do o FPb o T AP HINALS g A RPN ﬁﬁlﬁﬁ faEL4 5 p
SFEREEE R Bl RS X He RS P2 F20 5 S AERN L
Pt APk A AMEE R R AZEFTIRAOEL 2 {p 2gEfF > 2 0S8R
FRORAEREFRELRELY g TVRA CHFLERF LR R
P F R SV FR N BBE R BREEiR
(D= %8 - = é;izf]‘u’ﬁ - XEOHRER o SR T ER T E R PRI PR
1% 5 AEHITIILIG AL S BT 0 X R HTE B B R E i A
TR AN PR R R L AR -
Q7 P 2 AE G WPEMARRAL 0 PlAcR F i@ LT B GHREF
FHE e R EFER BATEE I o BT P
WA E AR R ST AP ARE - EA ke
@)ERFIEHT EA N2 EA AP I REABAAE > AT AL > X T
AT oo VP AR F B RRAKFE GAREFLEE LN T IFLRP G
B o



international Confarenss
((Fs, " n Fiow Dynamics

Conference bldg.

k!

MEETING ROOM &
MEETING ROOM &
ICFD Secretariat

39 Floor, SHIRAKASHI
MEETING ROOM G
MEETING ROOM T
MEETING ROOM &

~ 4% ICFD #3 ¢ €

AAEIHE EFF AT LB



Y

~2

y ] > B \ 2
RN = N
»™. " ° ‘1 _1 S5 "
PRECISE Wednesday, November 1, 2017
T3:00-14:20 0524 1330-13:50 05103 15:40-14:00 05193 1350-12:10 05162 [1353-14.06 05134
Radiative and Environments]  [Feasibility Smdy of Laser-  [Direct Observation of Reaction |4 Sigmal Separation Method  [Desien end Balance ofa
Charactesisties of Cylindrical  |propelled Launch [Distibution in a Porous for Hybrid PECTIEMAT Pembrane Delumidification
Infrared Bumers [Demonstration |Composite Positive Elsctrode [Nondestructive Testing Method [System
4 Mooy, A Eirdvashkin,  |E Mori /6w L Ton Battertes by Using [Based on Wavelet Analysis  |S=M.Li. C-C. ang
S Minaev [Tawo-Dimensional Xeray 5. g, M Tian. Z Chen, :
13:50-14:10 05104 |Absorption Spectroscopy T. Uchimoto, T. Takagi 14061419 05125
|Development of High- amwra, . Chiba, [[be Experimental Analysis of
Performance Multi Rotor [T Watanabe, T Nakamura, 14:10-14:30 08163 [frear Transfer Eabancement
- N |Techniques by Combining
[Drone = Amezawa, H Tanida. Coupled Computing of Ei st
\E Tonesava, H Matsumoto,  |F. Uchimoto, Z Oguami [Hydrogen Leakiage with Crack [ 00"
[ Sugpyama. . Tokuiake, Propagation Using Hbid |7 ¢ wes .82 chi
¥ Tanabe, 5. Simada 14:00-14:20 OS19-4 Particle and Fuler Method |1 ¢ srugng 7.7 Tour
[Location Related Variability of| L Limoro. T. Sato. o c wane
14:10-14:30 OS10-5 [Permeability Characteristi Lt Combescure
Transient Flight Aerodynamic 14:18-14:32 05136
Parameters Estimation of |The Transient Analysis of Two-
Quadrotor Helicopter [Phase Flow in a Parallel
. D Hime, T Lin, K Mori [Rectangular Chammel under
[Vibration Conditons
T.-H Chang, 5.-W. Chen,
IM-L. Chai, H~J Lin,
143 |/ -D Lee. J-R Wang. C. Shih
BREAK
Exkibifion Blde ‘Exhibition Bldg Exbibition Blde “Exhibition Bldz. Conference Bldz Conference Bldg Conference Blde Conference Blde
1440 MEETING ROOM | MEETING ROOM2 MEETING ROOM 3 MEETING ROOM 4B MEETING ROOM 1 MEETING ROOM 2 TACHIBANA SHIRAKASHI2
| USIThe Filth [niernational B N N N UST6: Fourth - B
OS17:The 13th Infernational | STmposium on Insovative Energy | 059 New Dimensions of 0519: Porous Media GSL: General Session OSL: ortex Modon: on Smart Layereq | 0132 Complex Thermofhuid
Students | Vonns Bk Research I Magnetic Suspencion and Stability, Nonkinear | \tstrials and Seructre: for Enerey| System
ue Intermational Workshop on Balance System Dynamics, and Turbulence Saving
Seminar on Multi-seale Flow | Combartion Techaology and ; Gas Tramsport Heat Trancfar G o Commplex Fhuids
Dynamies o;?‘m»:imﬁm Chaire I 4z Chairs: 5. Togaraj & 4. Susuki Chair- J Okgjima Chair T Pukamaro (ﬁ;m}?‘gall!;ma Chair- H.T Wanz
13:30- (15:00) 14:40-15:00 052-5 14:40-15:20 059-1 14:40-15:00 O519-5 14:40-15:00 GS1-4 14:40-15:20 05144 14:40-15:00 05164 14:40-15:00 O513-7
0517-1 - 0517-25 Dual Effect of Porassium- |Fmvited [Numerical Smdy on Gas Flow in | Advanced Exergy Analysisof  |Dvired Elecmrical it
Shorr Oval Prasentation (Containing Compounds on |Unsteady Aerodynamics [Micro-Nanoscale Porons Medis |Waste Heat Powered Combined |Helicity-Enhanced Extrems and irs Influence on Eddy |Electrical Conductivity of
(Combustion Processes Simmlarion for Automobile in |by Direct Simularion Monte Power Generation and (Vortex States and the Currents in CFRP Composites  [Nanofiuids - Theory and
(15:00- 16:30) [ I Babushak [Reeal World Conditions |Carlo Method System ydrody Blow-Up Problem{¥ Yo & Ji J Qi [Experiment
0517-1 - 0S17-25 AL Toubokurg. T Nakaskima | Kawaeoe, 5. Fonemura 4. Ustaogiu, M Afprekim |D. Fun, B _Protgc T Takagi | Lgi, L-P. ¥u
| Paster Presentation 15:00-15:20 0S2-6
|Application of Molecular Beam  [15:20-15:40 059-2 15:00-15:20 O519-6 15:00-15.20 GS1-3 15:20-15:40 0514-5 15:00-15:20 0S16-5 15:00-15:20 OS13-8
[Mass Specirometry for Stadying |Improvements of 1 m Magnetic [Construction of Theoretical [Effect of Laser Amneslingon  |Om | Advanced |mvired
Laminar P Burmer- Balance System |Expression for Gas Transport i | Penct] Drown Paper |PDE Modsl for Turbulence with |Technique on CFRP - Eddy [Liquid Crystal Measurement of
Stabilized Flames at 1-5 am for Wind Tunnel Tests at High  [Micro-Nanoscale Porous Media |T. Moroizumi, H. Jro, C. Kato, Cascade and Singular Solurions |Current Testing and |Hear Transfar in a Rotating
\D. Emazkov, 4. Dmirriev, |Angles of Anack T. Kawagoe. 5. Tonemura 5. Tanaka, T. Rachi, T. Mazumoro, T Sakajo |Functionalizaton in |Cocling Channel with Partial
T. Boishova, V. Shvarizbarg, \H. Senda . H. Sawada, | K. Saroh. R. Suds. |Mechanical ‘elecromagnetic |Pin-fins

I Ozipova, 4. Shmakoy,
0. Eorabainichev

mi, ¥. Eonishi,
5. Obayashi

5. Yasuhara, M. Can,
5. Shawuti, T. Tokumasi,
5. Emoks

emwa,
T Uchimaro, T Takngi,
G. Dobmann

C.-C. Wang, 5.-C. Huang,
F-H Liv

15:20-15:33 05139
[Numerical Study to Tavestigate
[Proton Transport in Proton
[Exchange Membrene Fuel Cell

C. C Tai, C.L Chen

- 16 -

14:30

14:40



