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A Review of Research on Flow Influencing Factors in Redox Flow Batteries
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[ Abstract]  Redox flow battery is an electrochemical energy storage technology with high safety and long cycle life, which can
be used as an effective technology to solve the discontinuity and instability problems of renewable energy. The flow process inside
the all-vanadium redox flow battery is very complicated. Under a variety of flow factors, the performance of redox flow battery is
jointly affected. Based on the small-scale redox flow battery and engineering large-scale redox flow battery energy storage system,
this article introduces the structure of bipolar plate etching flow fields in the redox flow battery, distribution channel layout,
optimizing the size of the flow fields, rate of flow, Waiting; and in the large-scale redox flow battery energy storage system,
pumping power loss and the arrangement of the pipeline system are focused on the key factors that affect flow. In addition, the
nature of the key material of the redox flow battery, such as electrode compression ratio, and electrolyte viscosity, also have the
impact on the flow inside the battery. Provide a certain reference for the impact of redox factors on redox battery performance in the
future.

[Keywords] Redox flow battery; Flow; Flow field design; Battery performance

0 3% RE VA VH E 225 A% 1) K B A R v 4 7 1) 6 R 2 4
BB AR, HATHREIRA M Am REVRLE  BREEEILIRUSY. 2020 45, FREHIFAIR L 7 XK H
Hd e, RIS MRESEHLIR R H ot . MR bR, X TRGEE S KR AE AR I AT FE AR REYR 52 21

EZfaifr: BEER (1998-), 5, fEFMi-LwiFd, E-mail: 75316407@qq.com
HIRAEE: 8 XYL (1990-), 5, L, EIHFLHR, E-mail: ykzeng@switu.edu.cn
WSchR H #: 2022-10-10



3755 2 W

PRESE, S WA MK S R R BT 7Rk <211+

KEIRE . R, T HAERIRHIA RS E AT 2
PEAE A5 0 i 52 BRIk . Dufigt o 22 2 I F
HL LR, BT ATIBR R RE RO . FEARE K
PR REBOR b, WA R DL 2 etk . A
T AR U2 BT bR W& 1 TR, WO R T E
RGUAERE . ZLaN RESCA SR, HR
W R EE . ZR [0l R G AN F R TR . 2
FL AR HEAT B SR S SE RIS T BRI, ORHF
2 LR MR R R 5 A 220 50 93 AT DA AR fE A7 3%
HER, JEE PR R R GCRARE R, H
fE ST N R N IR RE R L4 2 FL AR BEAT FLAL
57 JONE J U L I ) R Y

LT 513

—@EEED—
| YRR R

Fig.1 All-vanadium redox flow battery energy storage

system

MTAER, BIFFE 3 AL IR F TR IR R B0 5 1 18]
FROTHITRE VKB AR 2 HUE 5 sk
WAEE A IR, WHE T AR T H i A 1Y
SN, IR SR T R AN Lo LA Bl B Ak .

VRO R AR B I R L PR R D AR K
55— BB R AE HL AR AP ) A% S O R R L P R R
FE oA AN 51 R B r AL B R IR R D) 28
TR R AR T B P AR IR T R R R S
FAFRO . AL EEA R T T ORI R,
PHRIRRGS T RISl BRI R HIFEE, 2 A A A RUEE
AR SZMELVAL AL FEL VL S8R R SR B D, 9 I SR
R s T FU iR Bt — € S % .

1 RFRNEItSMmK

PSR VAL R T P9 R IR ) SR B — A RLTE
Bot S AL, K& AR X AT TIRAWE T
i 2 s, —SAEGR BHInTAT . .

TN RTS8 I A 2 AL AR AT AR 2 18]
ST (et HLAR 5T & B AT #E 2 FL R AR, DL IR
IR ZEARG, TR AR LR

Without FF

Parallel FF Serpentine FF

L

Multiple Serpentine FF Interdigitated FF
2 AREIRARE )
Fig.2 Design of different flow fields*S!

L1 ARG R Bt

T ARG Rt SRR iz, W
SR SE58 T VRS B B I RR L e B PE RE R A DA
VRIS . A, BEAE BUE TR
R BEFCE AR AT 78 3-15- 003 9 38 1 AN [
LYBER S T

Maurya 55 NPHR & TR st 2 fL A sl
FL I ) 4 BLVBLUAT PRV 2 e ) 52 1) [R] B FF 5 1 T TR
Y. WX AR =Mt . SR 8RR, Xia
TR0 39 A ARG R T R IR T 2 B L SE 4 o 1t
RE T TG UL 7 225 ) A8 vy PR UL 5 R s i T R LA
St . M FERERTE T, NIRRT TR A
fICH R B RIS IR 51 2% o 3X 2 H T EEAN R it it
h, BEAE LA R R G0, HL R BT 23 A AN
5, HINFFN: fegi<dviB<Xig. thoh, Sigjm
SARTIAHEL , Toift i 4h K i) 2 L r bR 7 2 B e R
W, A REA B AR RO .

kA NUOHR & 7 AU R0R F R Wt )
YRR . JE T B SR B I R e T R A ) T
B RS o0 A S8 S I RN AL 27 B ) o A S B
B R T RTESIRIBA . AR, XIRAAY
BT B BRI e 3 R0 H A 257 e R B R FL g )i 1)
B5ItE. teAh, FERIACH 410em? M HHEF, XA
[F A Cin AR B — R 5 PAT R i %
) AT THUER AL, DLIEIIPT K s ot
AR HLHE TG P o B & AT IR TR R R
LY INNERS UL S 4 N (BN T RS I R S P



212 - A5

751 2023 4F

Xu 58 NG LB T JE i3 Al T 334 1
AR VB PR RE . BRI, BA WM E
MRILHE T oo R, MR LR R, X
J2 PR A 50 vy DI T 5 T PRV DX Y DA % LA
JRAEF1H 7 W R B 20 A o 7E BRI 2.5mLs™!
B, JC I T8 25 4 TR A LR L T A A B T A Th i 2k
A 80.9%; fEREEE 1.2mL-s B, TP A IEIE
TLTE I A B VR R T B R R T A T R AR
80.7%. KM, TERVNMARE THINRRS
7338 3k 1) 22 FL H A D AR B o A B N8 50 AT
PE i 7 R R o (LR v %) PR O I 2 B
FRIE T 2R IE I R ) B, 3K R e A AR FL T
it RSV EBEARRCR . RINE, YRR Ha e A P K )
T i e 12 i 2 A T 2 285 00 P I A R A b
IRV P 2 ) S
1.2 WHATA %

b WA TR, K& 7 A R BR T
TERURAR ML F (45 Geifi s, il 5% 2 fLH
W55 RURRAR FEITC & LASE oy L v B AR PR g o [RJE, 56
Sy W T AR S MR B AT IR R

Arjunt™15E NBFFE T DUA B 5 A i i 2
LM : BIERPATIR . WISRIR XA iy . i
PORPAT IR RIS Bk AR i, TR 54t
EIE AT TR, WEAURIE, BT R A
B P E TR I PR, XA Y B IR IR Bk v
T RE R BCR IR = 2.7%.

Chen %5 N[BHEH T —Fdm M4 T, HT
A AR it A 0 B AR . EEE SR
RORZRZ) J1%, S HEMEET T Al . Kk fpr
M KBREEE NS EEE, 55FRY CHT
MY A8 AT . AL 2 B sh A sl i
WA BT ik, 4R R AR R 2
W IR BT . 3R AMILAL B AR I T
FER, I TAEEERCR, TEARAS i T E AL
TR R RE, KT RS 5.

Sun %5 A\ U4 B 7 — Pt 10 = 485 B e e
T o VLI P AN AL T e FE i 43 1) S FH - RUR
PR RS, CRET RN o 0 B8 AN A H i mT
DA 5 B A 57 7E AR S T 7 1) R0 JE P2 7 1) D56 0L
FE 03, AT 3G 5 A% 5T, £ FL AR T 56 49808 2 s
FHR D e J1 4k . EHLLE A 100mA -em?, i
N 20mL-min B0 5 AR BRI, @i
I B N 256 S R A A UV H I 1) H D
BT R IR Re = AR 4 i B 2 4.2% AN
3.2%. LI EERIL R, S50 ARy
MG, T3 VT 1 i X B s 4 A PR A o
FEONBRURR , IX AT AR BT 2 B e TR A TE
AP F- 1 7 1) b A7 AR 2 25 1 R U FE
1.3 st s

BEARXHF I 7t O o 4xif, 22 B 5T
ERLERIA BT B — S B P Fe A (H
MR L FARAE) T e MR R T HE T e R 5
Wa, 1 AR e S I R AR R

T2 NOSVERSt s F f e R R e R0,
i AL I A S5 G 17 R G 7L 1 Lt & A
Wid NSE XA 5 B e i B R RS, R 4BR T
X P AR A TEAS [F) 00 T 45 A [R5 28 4 s &5 i
MIRAR R . 2R ER, TEMFIRRET, BRI
TR I B AL R PN I KT X R B, BT RA
FEAIG BUt 2 e 28 A 3 11 A g B 2 4 T XCHE B
T 80 LI R B R A R ST T R R A
e, BT SR BE MG S K T e B RIE, B
DAY Fi 2 I T 1 e 9 B T 5 R KT A
T T B0 R 18] 1 e 2 2 B LR R R
TS RE R 0 aZe i g/ N L 28 IV R I 1% T
VEIRIR 7 Xt s it e 37 45 M Al Ak 45 4 o i A2 1
W, [RIE DAy vy L2 5 v L RO RV 3 e
Rtz% .

W 1R, RCREE T ARSIk
B

xR1 TRERRAHLE
Table1 Comparison of different flow fields

oA e B g
T RN FE AR PR 25 P Y P 2
iy CHRICPECTIMSR): £ R e st g

TN ARAFR I AL A TR fE
PR T T 7 1] 3 BE 20 50 5 ARG T

v ) 925
SARBERID g g s e g 2

UE BT A XSURAR M)

R PP L e s ARSI AE X




3755 2 W

PRESE, S WA MK S R R BT 7Rk <213+

@R FREIRAITEE

B A

K 3%
U R F XA HL ) ALY
a; 7t
e )
JC EX‘U\ ﬁ‘Tj—D: %
gy HET PRI LR A

e ok B [ S SRAT AR ) LA 2 P E

AL L f AT LR OB 55
R

PG BETHE AR

AU e R AR I AT XU
Ll

IR S o B RE BOR &

2 EBERMLERMR

FEL AR VR VUL L T DG AR, 7 H vl P 3
W, EARRR X T AR UL R R RS
HEERAIFMRR.

Xu &5 NUOLE S5 T B fiff Jo Rl B2 7E 78 F R 0 HS,
6] (1 AR AL R o (RTINS 2257 T VREB ¥ 4 i AL 4
AL AR, 1ZAR A R T SOC AH I HL A o
JE IR o 12 AR T80T 55 B AN A LR Tt P L
BT sk H AT R R L I T 0 A S S R
Fo W 3 FoR, 2R R 5 1E 2 AR TR, B AR
I AR, AR 45 R BoR B = RS R
ARAE R Bt A ) B BE I B A7 43 A R FL AR
{14 Jo3 0 FL I 2 o ARG R LR ERR B, 25 5E SOC
FHOC I FEAR RG] DATE B SR g AT A0, JF e
HER LAY T VRFB HIZR IR R RGR0CK

Wang 55 NV 7t 12K 88 IR HL It 1) PR AR A
. I R GRS R Feclaw Crels £
Hel PIERAGTERR . ARV L RPN 7 i
1T, 133 7 B AR B AR R L s FEURR VRO B o BT
FEERKY, MR FERE Fecloy Crels A1 Hel
W PE B AN G A0 . 7€ IM Fecla, 1M Crels £1 3M
Hel CRAEHMBIIKED, HM%EEN 120mA-cm?
N HLB AL E) 81.5%.

F2 55 NUSI 52 7 B0 L R VB0RY B % T A LV
Ha i P A% o R ) e, FESETE T PR RS R R4
il P TN 7 R P - S0 7E AN /) 264 R s 1) R
FLERR . RVIAIR) XM FEARORG FE (R e . T 9T
SEOLEIR, HLMR TR FE I OR B e AR T R
Bk N BRI ST B RER R B, TR B
PIFAFE LS T RS R R — SR
UF o 12 A KSR P VR RVt P P AT 9 42
fr—E .

Gundlapalli &5 N5 7 dg 12 i 37 8 3 R ~f

X AR HL AL 3 A7 2 AT F AL SRR R e AR
FHAR AN F R S EAT 1 SRS 0 540 7 XS i1
[ A9 400cm? Al 900cm? LI, WFFL T i TR %)
A IE RO )\ R AR R . TR T HLAR BRAR AT,
I FH KA LA R O A B 2R 4T 1 98k, AT il
FH ) e B AN B 0 A o ARIERIE TS5 SRR W, T TR
BB B Fa e 88 RO SRR, Rk Thg
B REREEAREREACRI Rk . T e
FBA S 58 38 AN S 2 IR iy, U ER
Bl b I B i AN 35 Ak SR B - AEAH R AR AR
BN, T AR ROURT Z28  HL U s B B P K I
FL It BT A5 1) e e o 2.5-3 i o (EAHERMZ BT
FELAAE VRO P2 5 R AN T 3 s s Aot v » o ) TS A0S
TR B PERESR T R R

3 EARAYELELL

% LB ) I 248 bR B v VR P T PR RE A
RORBCR 2R —J7 I, T A& R A M A5
T REAA TR L BEL /N, 55— T3 T s 4 0 25 L R BW H 0k
BT IR IR ZE AR O, BE— D TR Lt
HIrERE .

Wang 558 NROR 7 — AN A ZROR AT 7T AR
5 5] s 46 2 S B AR AE AN [ J5 46 BB 0 LR
MPERERIREI . 2 AL O W P i 2 — e R,
DA/ RO KRB AR R BB [ F-42 fk FEL BEL 21, K7D
MU A AR 3703 UM T X 38 JE T8 X A 3
P AR N DI 22 L R A m 18 s 0 e 2 AT A
5], ARSI S BRI ARR NI, AT R
M AR AU E R, AR ALERR . BIER . B
RNGREE . W 3 s, Wit 7 — D segansgeE, b
AN [R] He 4 L1 e 4 B R TE SRR AL, AR N AT
SR ALBR L . W TER I, RN XIS AEAE T B AR
JSULE R ARG FR) A SO e e 8 A T 7 A s R e FRLA



751 2023 4F

*214 - il ¥4
1.8
» 2
16 | = 40 mAfem®
= Q=103 mlis
1} =
T 144
b il
>
ﬁ 3 — —
O —— Modeling result with |
1.2 constant viscosity
’ —— Maodeling result with
vanable viscosily
| = Experimental result
1.0 T T T
0.5 1.0 0.5 ]
isled

B3 S SEMERILE

Fig.3 Comparison of experimental and simulation

results!¥!

Yue 55 N PR ALY 5 2 1T A ) = 4E AL
RUGEAT R A, DASRAT R bR I 4 L 55 It A A 2 TA] 5%
B OLyIRE B O S N EIDE /1) = B/ TbE NI AN N
Jr S FL U B R o LS A A A RS, IR
(BB 2R RO £ 4 BRI R b 1 R 5 S e B AT
TULEC. WFFURIL, W T RIERE AR, iiE
HH R s ) A B R 48 LRSS T g 0. sk Ab,
HI BN LIS AR A AR ey, 4 EE A
BRI T A 5TIE0E  RAL R4 L 28%1 2 L FL K
BoR RIS ER . HRBARAIXIER, &4
F P R s 4 T D 25 N S5 IS A A i N S T
o BEHEAE R 55.7% 11200 H it B oR
B AR R BT S P AR LS B A I AL

Plate Gasket piate with
internal thread

Channel

]
pmmmm—————
7

4 BHREHEREER
Fig4 Electrode compression device!'”

Latha 55 AR 10 4 S0 FL P g T I
AR S 1 I . BT BIROARRL RSHIY
25mmx25mm 1 80mmx51mm HIHE R, W 5T T
EATIR s B M FL R VS 1 A S I SR o e A ik

BN T IR TE R A AR, AN PR R TR, s
TARRERE, W TR, Fik, EEhET
ANFEEGEH R BER, HIEEDN 5-8x107""m?.
Be Ak, FEAR R Bl ) B 25 & T a1 AT
TEARM RS . g5 BRI, TEIXMIEHT, WS E
B 5 00 1) e PR AR W, T 59—l 15 0 U S s 1
RKIIZE SR

4 EERITEHHAAN

BRI R R FE SR QX e, (2
HH 25 R HE 2L BRI FEL T i BE 2R 8 ) T FE TS SRR
Do FERHUBE, KIAR T HHERERE RSt A
BB E BT SHRAG G T % H R P S SR
FERIANTE, SRR R G KNI T .

Wei 45 N\ 47 AR L HE RS, I ik
177 =M Rt iR PATIER )
IEL . BIF T R BLE TR AT J A A Rt i ) 1 3
B BT R SR P ) ST o TR R, SR
BORHIILEIE EAL, tha FEHES BT S)
IPATANE Y, T XU AR P 380 73 A1 38 T8 TT DA 22 A
RAMAL IR .

{a) The 250kW module (b) The location of open circuit cell

¥ /[ Juaun
SOC/ %

87, avrsmnaarar  -000

5700 5650 6000 6150 6300
Time /s

300
900 1200

0 300 _600
Time/s

B5 fRMEERT 250kW EBHE SOC M #9200l
Fig.5 Influence of transmission delay on SOC monitoring
of 250kW stack!?"!

41k 5 i, Chen % NV 5U R BLAE 2 o HE
fifik e RGP AR R ML T SEERG D H
B BN A R ARSI IE IR o JF 2 T I RS T
—N SR & IS AT IR ) 2 BURL IR A it A AR B
R BT, A R AN [ 3 AT
FAT T IR RE AN A BRI R BT T 285 0 H7



3755 2 W

PRESE, S WA MK S R R BT 7Rk <215

fEHIEIR £ S EUREE IR E A S, I3
B b ) 25 F ME LR A1 22, NI S BuE T il
FYIWr I, PRRAEERAR. B35 H 8 4 32kw
FEL L ZH BRI 250k W A4 T R 3 AR DL A4 1)
SEIR TR, KA SO R 5 R AR
b, FME NSRS LR S BRI, S FEME A FLR B
B8] BRI . I& I8/ NETE KRR AR
P i HEM SR I & .

X T RSk HLHE LT HLHE L A B A H
SR FH AR 300 S A0 T T 1 LA 25 M S R T BT
PAE— D5 R MERIOR

5 HBIRSRINMEMEIL

T IR Ve BRI L L T, S A FL Y P S
fE U FE , K& TAEH 3 TR v d: AT A B it
Fo

Tsushima %5 NR2OFF & 17 —A> 4R AL, A T4
1 B A2 XARIR T3 1 4 AUV it A e FH 1 FR
WAL o AN I R 2 30 0 2 R d T ) ) LA e M A r
W ERRE M (FEEAR . JEERERFLER ) Sk
BT . R, 4EER 2.4um. HIKEE
900pm FHHLHR [T FLBR 2 0.89 A& 32wy HL it P BE 1Y
wAETT % AN, 15tk — P00k 7 Be i iE (Al R
0.62mm, PAKGE ARG E. SESRE
WAHEE, G RALAR P b B =3 0 1
0.1V,

Sun FF 27 H 1] ) % S AU B AR B 4
ZAUAEL, SR MG E R RIS, @ TR =
YRR VPN MBI R . S5 SRR, R ZFL
T8 ] LA R8N B A% 366 1) LR, S 9m rEif S
JEEF A, 4 R A AT I SO, T PR AR
ZEMA

Nam 28 N84 2 7 VRFB [ &A% /35 58 41 4

GUAINESE . AT & AR R/ B 45 A6
BE, BIFFT T — b T b Ak B AN S AR B R 7T A AL
I T AT 2R 2 T AL B g 9 o dd I AU B B A 4 1
VI S EONE A R B ARk g5 )RR,
H 8 EBEHE 4T 4E W 7E 20MPa 1 [E 16 71 T il %
) AR R/ B 1 4F 4t 5 & MR B B AR B A
118MPa. ZimsNHEIHA R 4 iR IR P e AN s =

ok
He o

6 ZiL5RE

AR ST WA R R A B i R S R i ]
=, FEOFERZ VO S, R . Ak
Fe4i b4, 45 HE R & B BT 5 4R AT DUt i
f IR 51 3 A AE 2 AL RS AL T AR B RS, RIS T
PAIR o BRI BT FUASCHR HH BAF = il
@%:

(1) KT BT T e 32 208 1 AR
Z\ A% GeifiE S HAT AR RS, RR A Ay il 5
NHT R IAUTE B A B XA AR 376 5 LA P 5
LB B e R B ROR -

(2) FE KRB HLHE, &8 R HA T R
Wi FEL A 451 2 ) B B PR3, 7 DU R KU HL HE
TR E 25 e A PR E B HEAT, UL B e A RER

(3) WA PCERK AR B —HEK, 11T
e R M RAECR, ARRsh it itk
EH B Z R D FRIRC & W i AR OR . R R 4
o, B E LS

SE R

(11 PSR, EORE R BB RERR T L BUR 5
JRHI]fERERLE 5HR,2012,1(1):50-57.

[2] Chalamala B R, Soundappan T, Fisher G R, et al. Redox
Flow Batteries: An Engineering Perspective[J].
Proceedings of the IEEE, 2014,102(6):976-999.

[3] Turgut M Giir. Review of electrical energy storage
technologies, materials and systems: challenges and
prospects for large-scale grid storage[J]. Energy &
Environmental Science, 2018,11(10):2696-2767

[4] Gautam R K, Kapoor M, Verma A. Tactical surface
modification of a 3D graphite felt as an electrode of
vanadium redox flow batteries with enhanced electrolyte
utilization and fast reaction kinetics[J]. Energy & Fuels,
2020,34(4):5060-5071.

[5] Kapoor M, Gautam R K, Ramani V K, et al. Predicting
operational capacity of redox flow battery using a
generalized empirical correlation derived from
dimensional analysis[J]. Chemical Engineering Journal,
2020,379:122300.

[6] Zhu X, He W, Logan B E. Reducing pumping energy by

using different flow rates of high and low concentration



°216 -

2023 4F

(7]

(8]

(9]

[11]

[12]

[13]

[14]

[18]

solutions in reverse electrodialysis cells[J]. Journal of
Membrane Science, 2015,486:215-221.

Sauermoser M, Kizilova N, Pollet B G, et al. Flow field
patterns for proton exchange membrane fuel cells[J].
Frontiers in Energy Research, 2020,8:13.

Aiyejina A, Sastry M K S. PEMFC flow channel
geometry optimization: a review[J]. Journal of Fuel Cell
Science and Technology, 2012,9(1).

Maurya S, Nguyen P T, Kim Y S, et al. Effect of flow
field geometry on operating current density, capacity and
performance of vanadium redox flow battery[J]. Journal
of Power Sources, 2018,404:20-27.

Zhang B W, Lei Y, Bai B F, et al. A two-dimensional
model for the design of flow fields in vanadium redox
flow batteries[J]. International Journal of Heat and Mass
Transfer, 2019,135:460-469.

Xu Q, Zhao T S, Zhang C. Performance of a vanadium
redox flow battery with and without flow fields[J].
Electrochimica Acta, 2014,142:61-67.

Bhattarai A, Wai N, Schweiss R, et al. Advanced porous
electrodes with flow channels for vanadium redox flow
battery[J]. Journal of Power Sources, 2017,341:83-90.
Chen C H, Yaji K, Yamasaki S, et al. Computational
design of flow fields for vanadium redox flow batteries
via topology optimization[J]. Journal of Energy Storage,
2019,26:100990.

Sun J, Zheng M, Luo Y, et al. Three-dimensional
detached serpentine flow field design for redox flow
batteries[J]. Journal of Power Sources, 2019,428:136-
145.

EAR T TR, TR, A A LB PR e B R 4
RSB (9 0] LL )] BERHE 50K ,2022,11(4):1121-
1130.

Xu Q, Zhao T S, Zhang C. Effects of SOC-dependent
electrolyte viscosity on performance of vanadium redox
flow batteries[J]. Applied Energy, 2014,130:139-147.
Wang S, Xu Z, Wu X, et al. Analyses and optimization of
electrolyte concentration on the electrochemical
performance of iron-chromium flow battery[J]. Applied

Energy, 2020,271:115252.
2 PR BLIBGAT PR ek B = e P AR PR R P R i (D).

[19]

[20]

[22]

[23]

[24]

[25]

[26]

[27]

TEBH:L 79K 5#,2018.

Gundlapalli R, Jayanti S. Effect of channel dimensions
of serpentine flow fields on the performance of a
vanadium redox flow battery[J]. Journal of Energy
Storage, 2019,23:148-158.

Wang Q, Qu Z G, Jiang Z Y, et al. Numerical study on
vanadium redox flow battery performance with
non-uniformly compressed electrode and serpentine flow
field[J]. Applied Energy, 2018,220:106-116.

Chang T C, Zhang J P, Fuh Y K. Electrical, mechanical
and morphological properties of compressed carbon felt
electrodes in vanadium redox flow battery[J]. Journal of
Power Sources, 2014,245:66-75.

Yue M, Lv Z, Zheng Q, et al. Battery assembly
optimization: Tailoring the electrode compression ratio
based on the polarization analysis in vanadium flow
batteries[J]. Applied Energy, 2019,235:495-508.

Latha T J, Jayanti S. Ex-situ experimental studies on
serpentine flow field design for redox flow battery
systems[J]. Journal of Power Sources, 2014,248:140-
146.

Wei Z, Zhao J, Xiong B. Dynamic electro-thermal
modeling of all-vanadium redox flow battery with forced
cooling strategies[J]. Applied energy, 2014,135:1-10.
Chen H, Li X, Gao H, et al. Numerical modelling and
in-depth analysis of multi-stack vanadium flow battery
module incorporating transport delay[J]. Applied energy,
2019,247:13-23.

Tsushima S, Suzuki T. Modeling and simulation of
vanadium redox flow battery with interdigitated flow
field for optimizing electrode architecture[J]. Journal of
The Electrochemical Society, 2020,167(2):020553.

Sun Z W, Duan Z N, Bai J Q, et al. Numerical study of
the performance of all vanadium redox flow battery by
changing the cell structure[J]. Journal of Energy Storage,
2020,29:101370.
Nam S, Lee D, Kim J. Development of a
fluoroelastomer/glass fiber composite flow frame for a

vanadium redox flow battery (VRFB)[J]. Composite
Structures, 2016,145:113-118.



