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Abstract: During the operation of iron-chromium flow batteries, hydrogen evolution as a
parasitic reaction, together with gas release caused by electrolyte depressurization or heating
(i. e., oversaturation of dissolved gases), can lead to gas accumulation within porous
electrodes. This, in turn, increases flow resistance, causes local reactant starvation, and
induces electrolyte maldistribution. These effects not only reduce stack efficiency but may also
pose safety risks. In large stacks employing parallel electrolyte supply, this risk is particularly
pronounced owing to variations in stack spatial arrangement, uneven flow-channel resistance,

Wi EHA: 2025-12-04; f&RisHHA: 2025-12-23.

EEWE: HXARRYES (51776120).

$—1EL . JHIRE (1995—), &, 14, WYL, BRI ROVEIS. WiiEik, E-mail: tangxiaomin@es.csg.cn; @IE1EH: MR, BIEITZ,
WA T AR I Bk, E-mail: qye@sjtu.edu.cn; BRifh, #AREmAE TN, WA RN JifGRE, E-mail: chenman@es.csg.cn.
SIRARS: JHBe, £20E, MR, & . BRECRIR ril F M )R R S O B P R ma J]. A RER 5 HOR, 2026, 15(6): 2224-2233.
Citation: TANG Xiaomin, WANG Hongda, YE Qiang, et al. Impact of stack spatial arrangement on gas precipitation and flow distribution
uniformity in iron-chromium flow batteries[J]. Energy Storage Science and Technology, 2026, 15(6): 2224-2233.



Paran

o

6 JERERAE RS RO FEL Tt P 2 TR A AR AT HE 5 VR A 2 P i

and fluctuations in electrode material properties. To address this, a two-dimensional steady-
state gas-liquid slip flow model is established to investigate gas distribution characteristics
within porous electrodes across differently arranged stacks. This study specifically examines
the effects of hydrogen evolution rate, inlet dissolved gas concentration, and supply pressure
difference on gas accumulation and electrolyte flow rate. The results show that increasing the
hydrogen evolution current density markedly raises gas saturation and decreases the relative
permeability of the liquid phase, making the upper stacks more prone to severe gas blockage.
Elevated inlet dissolved gas concentration triggers rapid gas precipitation at the electrode
inlet, with accumulation progressing along the flow direction. This exacerbates uneven flow
distribution among stacks, causing electrolyte flow rate reductions that exceed 18% in upper
stacks. Furthermore, maintaining an adequate feeding pressure difference is essential for
ensuring sufficient electrolyte supply and effective gas removal. To keep the average gas
saturation below 1%, the required pressure difference for upper stacks (45 kPa) must be
15 kPa higher than for lower stacks (30 kPa). Therefore, reducing stack height differences and
lowering inlet dissolved gas concentration are key measures for suppressing gas-phase
precipitation and ensuring uniform electrolyte flow distribution.

Keywords: iron-chromium flow battery; stack spatial arrangement; gas accumulation; flow

blockage; gas-liquid two-phase flow
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Fig. 1 Multi-stack flow battery system schematic
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Fig. 2 Schematic of gaseous solubility drop along the flow direction and the onset location of gas precipitation
in a three-layer stack system
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