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Abstract

All-vanadium redox flow batteries (VRFBs) have characteristics
of long cycle life, high stability, flexible design, and quick switch
between charging and discharging processes, so they are considered as
energy storage systems for solar and wind power sources. Because of the
low operating current density of a VRFB, the active area is usually
thousands of square centimeters in practical applications. Accordingly,
the electrolyte distribution within the VRFB 1is a factor that influences
the battery performance. Among the design parameters of a VRFB, the
flow field pattern and channel dimension affect not only the uniformity
of electrolytes but also the loss due to shunt current and pump power.
Therefore, understanding the effect of these parameters on the VRFB
system will help improve battery design and performance.

In this project, a mathematical model of a VRFB stack will be
developed to investigate the effect of design parameters on battery
performance. First, a simplified single cell model will be developed and
validated by experimental data to study the effect of operating conditions
on battery performance and local current density. Secondly, the single
cell model will be incorporated in a stack model to study the effect of
channel design on shunt current, electrolyte distribution, and power
consumption of pumps. The results of this project will help understand
the effect of design parameter on batter performance and save the

development cost of VRFBs.

Keywords: all-vanadium redox flow battery, design parameter, flow

field, shunt current, local current density
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Pow # @ P30F - BER# A2 28 F /07 d LD
PP ENE - R R R

Ptotal = ZVM[M (75)

M
Teamla BT L L AT LT R RS E

Pstack = I/stackl stack (76)
PESATER S TN LY ERE PR e
:': ;‘:4 ji'\ ’

])shunt = ])total _])stack (77)

£ 3RIA APt 19 cell T 3T Lin 5 54 Ao
Pl R fERaFE SOC T2 s 2w B ey o d 4
PE LR A f R R FAR S DR RN AR e B
WETT O R A MR > TR 0 AT S TR R AR
L4 g HAe o b R AT B AR RS 2T
fuoo TN R P2 B R TSR SO Ao A (R o

%7k SOC %™ » & Ff2zmF 5 3000 ml min!
ﬁ’ﬁﬁﬁ*mﬂﬂ@\ww'%ﬂ’ﬁfﬁﬂﬁﬁﬁﬁﬁ
2500 ml min! pF 9z
B UL RN R R P2 B

PFE B R ITL R SED

da
pe-]
>
Ju

» 227 3£ # 3000 ml min! #

w

Tmipin o T L n 2 i B

Ky

E AT d a3 R R nARE 4o

R

45



% 3 i R PEvj’ff;Fp itz iﬁ%l»h;é 12(54A)

SOC Power (W) Electrolyte Flow rate (ml min!)
2000 [2500 |3000 |4500
0.2 total 1163.2 | 1171.7 | 1200.7 | 1193.3
shunt 26.975 | 27.361 | 28.716 | 28.364
pump 2.757 [5.109 |8.633 |29.026
net 1133.5]1139.2 | 1163.4 | 1135.9
efficiency (%) | 0.9744 | 0.9722 | 0.9689 | 0.9519
0.5 total 1221.5|1239.5 | 1253.5 | 1256.7
shunt 29.673 130.539 | 31.212 | 31.348
pump 2.757 [5.109 |8.633 |29.026
net 1189.0 | 1198.8 | 1213.7 | 1196.3
efficiency (%) | 0.9735 | 0.9672 | 0.9682 | 0.9520
0.8 total 1270.4 | 1279.3 | 1289.6 | 1293.3
shunt 32.058 | 32.502 | 32.998 | 33.139
pump 2.757 [5.109 |8.633 |29.026
net 1235.6 | 1241.7 | 1247.0 | 1231.1
efficiency (%) | 0.9726 | 0.9706 | 0.9677 | 0.9519
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