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Effect of Electrolyte Flow Rates on the Performance of
Vanadium Redox Flow Battery
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Abstract >> The electrolyte flow rates of vanadium redox flow battery play very important role in terms of ion
transfer to electrolyte, kinetics and pump efficiency in system. In this paper a vanadium redox flow battery single
cell was tested to suggest the optimization criteria of electrolyte flow rates on the efficiencies. The compared
electrolyte circulation flow rates in this experimental work were 15, 30 and 45 mL/min. The charge/discharge
characteristics of the flow rate of 30 mL/min was the best out of all flow rates in terms of charging and discharging
time. The current efficiencies, voltage efficiencies and energy efficiencies at the flow rate of 30 mL/min were
the best. The IR losses obtained at thd current density of 40 mA/cmZ, at the flow rates of 15, 30 and 45 mL/min
were 0.085 V, 0.042 V and 0.115 V, respectively. The charge efficiencies at the current density of 40 mA/cm’
were 96.42%, 96.45% and 96.29% for the electrolyte flow rates of 15, 30 and 45 mL/min, respectively. The voltge
efficiencies at the current density of 40 mA/em’® were 77.34%, 80.62% and 76.10% for the electrolyte flow rates
of 15, 30 and 45 mL/min, respectively. Finally, the energy efficiencies at the current density of 40 mA/cm’® were
74.57%, 77.76% and 73.27% for the electrolyte flow rates of 15, 30 and 45 mL/min, respectively.The optimum
flow rates of electrolytes were 20 mL/min in most of operating variables of vanadium redox flow battery.
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Fig. 1 Schematic diagram of a vanadium redox flow battery
single cell

914
op, 9]to] =iol Al el AgElo] glor 3
A 35 Foll BEZ Fotol A WHE FFE 5
A] o]k, B A ATE T AT AT
AR 8o whg glo] ASERT A Aolofl A vt
3-8 5t o] Ark o] ik Eak, AL 2}
52 517 uhitol o] oJgH A A7)0 Aok E4 2

[e)

Q1 o] Ho] g5 2] A7} sk
HhE 2 880 e WEeele) o2

A 9 whgol e Rapy ™, e m steae

A R EARE ™ A G e 2 A

FolM = 7REEAEL] M2 9l Hafd o] o] &

A26d A4E 20154 84



326 o] -

Fig 1 N0l BiFE 58 A 0) T2 ES 41
Sat ik AHERE Apo]o] a1 St ool
Fo 2 FHRAES AFgSto] ME 1A Hojal P4}
2 8t gick. 293 AN LGNS PEE o] §5o]
S RHERCEREL SEEESEREE B
AL 2 =R AL BB

2 ole] A AEAEEAA G AT A

E= INTGAR] AlF2. 24 77

&l
Al 68% = =2 £HE ]I & A4S fI5ke] ARS
FRAEL 5 x 5 em’e] 7] 9] WS HAL TP R
A
A G NL IMO| HS0,E Sul2 3ho] of7]o]
1.8M2] VOSO, & %1 -8 Fej = ARg-5to] T
AAE 48k of7]of| AMH SR 127
2L E 25A| AR (Millipore, Mili Q System)
[:3fo] olatatol vl #1a 18.3 MOom o] 4}2] 257
AFgB Tk 2 Aol Az Tl Egole] 2

I LongerPump® A}9] 4| =& ARg-51%Th

>

=

olN

i

I e
ty o

1Y

ukit)

2 Aol A= HEE ol gt Mo = Al
o5t = 18582 15,30 12| 1245 mL/min & 2 A4
gokoiek e A S/ A 22 AR U =S AN
©11 40,60 18] 3180 mA/em’ 2] 3 7} 9] TH Z/HkA
AFUES AHg et Ade] QlojAiel Ak 27
TR I e Aol S8 Aol 2 Al
FotRA o ffof EAHE S/ AR s FA9 R
AestoIck 27 A] Ao dgto] 1.75 Vol Eahu o]
= &4 cut-off voltage 2 A 5lo] SA| AR EZ At
SFHAL WA L E ol A = A 2] Zto] 0.8 Vol s

>> gHad W Ao U Aot Ery

o] & WA cut-off voltage = 3}o] ThA] AR =2 ¥
koA skQATh o] IS 103] RhEslo] 27] 1-33]9)
S/ 1 9] TlofE= ShA 2aet AF Y] Fk=
e o LB & o] HloJE= ARE-SHA] 9Far43] F
E1 9] H|o] ] o]-8-5t0] WHE Bl S/ Abo|Zo) A
= 71 glo] Wishh 98- Bhelsha, 1 B Hstol
FMA 9 2 BRe AT oA o) 54
A EE(CE), A4 A(VE) 1L oA
RE(EE)S] 37142 4ol 4= Qlizd] ofefe} 2o 4
oz gojgr}

ox
toi
o ¢
rlo
ofy

/ ]disdt
CE= ———x 100 4
J
VE= %x 100 )
t
/ ]dis I/dzsdt
EE=—1 %100 (6)

t
/ IdLg V;/Lgdt
0

Hu
Y
Oﬁl
o
o
o
i
ox
o
=
@
_O|L
Q3R
S
N
>
3
u
T
Hu
iy

7RITtaL ojop7] & 4= gl=d, 40, 60 17|31

mA/em’ 9] RE Z/MbH AEd o)A 28] Al



HhbEE A EAA] A

o
J

SR &4 ojgtal sh= # a5 31%]9 deol
318 4= )Tk Fig. 29] S/ A5/ ol A vehd 2t
R4 9 A] As) 253 30 mL/minof| A 713

© 2 e 9l 2ot A RIEHRA ) gt ]

o

(e]

o my L

P

15mL/min
30mL/min

18} 4
45mL/min

1.6

)
8 14
S
o
> 12
°
o

1.0

08

06 ! ! ! ! ! !

0 2000 4000 6000 8000 10000 12000 14000
Time (s)
(a) 40 mA/cm?

20 T T T
15mL/min
30mL/min |
45mL/min

)
L2
(=2}
£
S
@
o

06 ! ! ! ! ! !

0 2000 4000 6000 8000 10000 12000 14000
Time (s)
(b) 60 mA/cm?

2.0 T T T
15mL/min
30mL/min |
45mL/min

Cell Voltage (V)

0 2000 4000 6000 8000 10000 12000 14000
Time (s)

(c) 80 mA/cm?

Fig. 2 Charge/discharge characteristics of a vanadium flow
battery singel cell
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