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Abstract

All vanadium redox flow batteries (VRFBs) store energy by the
redox reaction of vanadium ions with different oxidation states. They
have advantages of quick switch between charging and discharging
processes, long cycle life, flexible design on power and energy capacity;
hence, they are promising candidates as energy storage systems for solar
and wind power sources. In practical application, the active area of a
VRFB is usually thousands of square centimeters. Accordingly, it is a
challenge to improve the uniformities of redox reaction and electrolyte
distribution within the VRFB. The former can be improved by flow
channel design in the reaction area to deliver high concentration
electrolyte toward the outlet area to reduce concentration overpotential;
the latter can be improved by flow distributor design between the active
area and manifold to reduce the lateral electrolyte concentration
difference.

In this study, a single cell with an interchangeable graphite plates
will be designed to study the effect of flow channel design on the
efficiencies of a VRFB. The length of flow direction is 20 centimeter to
represent the active area in practical application. In addition, the single
cell can be used to investigate the effect of flow channel design in
porous electrodes on the battery performance. The effect of flow
distributor design on shunt current, pump power consumption will also
be analyzed and discussed. The optimal design of flow distributor will

be suggested.

Keywords: All-vanadium redox flow battery, flow channel

design, shunt current, graphite plate, porous electrode
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Cm?s BAde AT PR 4o he % T 2 RA WL 142V 22 135V »
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1.8

1.6

Cell Voltage/ V
TN

08 ‘

0.6

0 50 100 150
Time / min

Bl 21 @i 7 52 LR VTR W

231 RN R EF LTS
Cycle | VE(%) CE(%) EE(%) DC(Ah)
1 71.2 98 69.8 2.02
2 71 959  68.1 1.98
3 70.7 96.1  67.9 1.95
avg 71 96.6  68.6 1.98
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4:(303) W BiEL D ooed

Cycle | VE(%) | CE(%) | EE(%) | DC(Ah)
1 | 656 | 924 | 639 | 1.41
2 | 66.3 | 908 | 60.2 | 1.23
3 | 654 | 91 | 595 | 1.04
avg | 658 | 914 | 612 | 1.23

(=) i 3mm s 24 iE 7 mm
LR RER IR > ALY o R T R T b
THIET R R R A S 3240m’s f s L 27%0 7 (3
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25:(3°7) 8 2 B2 T o

Cycle | VE(%) | CE(%) | EE(%) | DC(Ah)
1 | 676 | 97.8 | 66.1 | 1.44
2 | 679 | 976 | 663 | 1.42
3 | 683 | 96.7 | 66 | 1.41
avg | 679 | 974 | 66.1 | 1.42
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£6:(3512) N 7 B2 T ok

Cycle | VE(%) | CE(%) | EE(%) | DC(Ah)
1 | 686 | 816 | 56 1.49
2 | 695 | 822 | 572 | 1.25
3 | 69.7 | 838 | 584 | 1.03
avg | 69.3 | 825 | 57.2 | 1.26

(z) i 5mm s #4i% 10 mm

AR TR (307) 2R EFG RGN
fo 0 PR et A A2 b FEhRIE (50 10) N2 B R HUR
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Tod pBET@L & (3:7) 2 (5:10) R FFFT &

34



%

— —
. =
¥ T

Cell Voltage / V
- i

=
*x

=
=)

=
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Time / min

F125:(5°10) 754 7 §ix A4 T IR H

% 7:(5°10) 38 F 2 R 620X

Cycle | VE(%) | CE(%) | EE(%) | DC(Ah)
1 | 819 | 99 | 81 | 183
2 | 812 | 98 | 801 | 1.73
3 | 814 | 982 | 80 | 1.65
avg | 815 | 984 | 80.4 | 1.74
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B30 5 @auinig ¢ F R i 5 560 ml mint pE R 4
A e B o o B4 A w4 (2)176000 Pa ~ (b)78600 Pa - (c)42100

Pa ~ (d)46800 Pa ~ ()20700 Pa ~ (f)11600 Pa ~ (g)14700 Pa ~ (h)6590

3 Pa; 3 Pa;
[O0: 00 (Pa) o 00 00 (Pa) o

s %10° %x10°
176 7.86
167 746
158 7.06
149 6.65
14 6.25
131 584
122 5.44
113 504
1.04 4.63
0.95 423
0.85 382
076 342
0.67 3.02
0.58 261
043 221
04 18
031 14
0.22 1
013 059
0.04 0.1s
-0.02 -0.11

o 00 00 (Pa) o

*x10° s *x10°

421 468
. = e
3.78 421
356 3.97
3.34 3.73
313 . 349
291 3.25
269 301
247 277
2.26 2.53
2.04 2.29
1.82 2.05
16 1.81
138 157
117 133
0.95 1.09
0.73 0.85
0.51 0.61
03 0.37
0.08 013
-0.08 -0.04
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o [0k 00 (Pa) o
*10° *10°
2. 116
197 11
= 1.86 1.04
175 0.98
T 165 0.92
. 154 0.86
144 0.8
133 0.74
122 0.68
112 0.62
101 0.56
091 051
0.8 0.45
0.69 0.39
0.59 033
o 0.48 0.27
- 0.38 0.21
0.27 0.15
- 0.16 0.09
0.06 0.03
Ry o Y ) -0.02 -0.02
x10"
[k 00 (Pa) o o
o x10° x10°
147 659
139 6.26
132 5.92
124 5.58
117 5.25
1.09 491
1.02 4.58
0.94 424
0.87 39
0.79 3.57
0.12 3.23
0.65 2.89
0.57 256
05 222
042 1.89
035 155
0.27 121
0.2 0.88
0.12 0.54
0.05 0.2
-0.01 -0.05
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d W29 2 B30 HH N2 TER A v RA R AN 3 4R (12)
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2mmpF > BFFHERF A FAAGARRZTE > A FFTR T
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0
0 . 2 3 4
1 2 e 4 . y s
Channel Width' Channel Quantity

B 35: i# éfu/ﬁui,ﬁi;/{p Y] Kﬁi_ﬂ'ﬁ/ﬁ- FL R }IF}\ 2 fgﬁ : (a)’;'LlE %
R 5 (b)inif P o

Fo 8~% 10 P2y Am frzo jnag k3R 19 cell 7 % 3a 4 9|
2 40mMA~60 MA 2 80 MACM 2 eng i BB T 2 T8 B % s i
BRI F A Ehe S o d 2P TR
RARM A BHRT I L H A @ ﬁ/ﬁ#‘ﬁbjﬁ'%/}?\‘ 5o F] 'fqz

3
Ak
|l
A
=
F_L

~‘§£$§f‘lﬂ{;4§: Fos ﬂf' A0y ] FRE R o (e &

A I -,‘iﬁig?lﬂzﬁ B R W S

28 AR SN T R A A0mACm 2T 2B &

g R Ptotal Pshunt Ppump Pret

1 mm 602.15 | 7.455614 | 0.43229 | 594.2621
2 mm 602.24 | 7.548188 | 0.415703 | 594.2761
4 mm 602.26 | 7.568188 | 0.41052 | 594.2813
6 mm 602.29 | 7.600762 | 0.406373 | 594.2829
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209 P

ST R 60 mAcm T 25

PR Ptotal Pshunt Poump Pret
1 mm 883.89 6.762 0.43229 | 876.6957
2 mm 883.97 6.842 | 0.415703 | 876.7123
4 mm 884 6.872 0.41052 | 876.7175
6 mm 884.02 6.892 | 0.406373 | 876.7216
210 BT R TR R 80 mMACm 2T 25
R Ptotal Pshunt Poump Pret
1 mm 1155.24 6.344 0.43229 1148.464
2 mm 1155.32 6.424 0.415703 1148.48
4 mm 1155.34 6.444 0.41052 1148.485
6 mm 1155.37 6.474 0.406373 1148.49

£ 11~4 13 Pk A7 @BARK Y > R FoniE ¢ e en
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211 2433 3% A 40mACm° T 2 &
H3 | P Pspunt Poump Pret

WINZ2 | 595378 | 0.43651 | 18.24533 | 576.6962
WIN3 | 59581 | 0.9586 | 8.1482 | 586.7032
WIN4 | 596.67 | 1.725936 | 4.364367 | 590.5797
W2N2 | 59579 | 0.863954 | 4.8516 | 590.0744
W2N3 | 50663 | 1.7786 | 2.1459 | 592.7055
W2N4 | 59832 3.726 | 1.202533 | 593.3915
WAN2 | 50662 | 1.7686 | 1.5239 | 593.3275
WA4N3 | 598.28 | 3.4286 | 0.683163 | 594.1682
W4N4 | 601.57 | 6.976 | 0.378383 | 594.2156
%012 A% T %A 60mACm ST 2 5 K
Ede Ptotal Pshunt Poump Pret

WINZ | g77.9 0.3856 | 18.24533 | 859.2691
WIN3 | 87831 | 0.7956 | 8.1482 | 869.3662
WIN4 | g79.12 1.992 | 4.364367 | 872.7636
W2N2 | g78.3 0.7856 | 4.8516 | 872.6628
W2N3 | g879.1 1.5856 | 2.1459 | 875.3685
W2N4 | 880.69 3.562 | 1.202533 | 875.9255
WA4N2 | g79.1 1.5856 | 1.5239 | 875.9905
WA4N3 | 880.65 | 3.1356 | 0.683163 | 876.8312
W4N4 | 883.76 6.632 | 0.378383 | 876.7496
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£ 131 &% % AR 80mACm © T 2 3 &
Ede Ptotal Pshunt Poump Pret
WINZ | 1149575 | 0.679 | 18.24533 | 1130.651
WIN3 | 114996 | 1.064 8.1482 | 1140.748
WIN4 | 1150.73 | 1.834 | 4.364367 | 1144.532
W2N2 | 114995 | 1.054 4.8516 | 1144.044
W2N3 | 1150.7 1.804 2.1459 | 1146.75
W2N4 | 115221 | 3.314 | 1.202533 | 1147.693
WAN2 | 1150.68 | 1.784 1.5239 | 1147.372
WAN3 | 1152.17 | 3.274 | 0.683163 | 1148.213
WA4N4 | 115512 | 6.7392 | 0.378383 | 1148.002
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