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1. Introduction

Redox Flow Battery technology (RFB) has experienced
an increasing interest during the last years as it could 
provide a large-scale storage solution for renewable energy 
sources contributing to support the stability of the power 
grid [1]. 

Among the components of a RFB, the electrode and the 
flow field correspond to the elements that mainly influence 
on the effectiveness of the redox reactions [1]. Flow 
uniformity in these elements seems crucial for an adequate 
performance of the RFB due to its influence on the efficiency 
and lifetime of the device [2]. 

Optical techniques are a powerful tool to characterize 
the flow distribution. Electrolyte mass transport along the 
flow field and electrode has been investigated using 
electrochemiluminiscence which allows to track its 
behaviour [3]. Infrared thermography combined with 
distributed thermocouples has also been used to visualize 
the flow spreading in a RFB cell [2]. Prumbohm and 
Wehinger [4] have utilized UV imaging to study the 
electrolyte flow through two interdigited flow field designs. 
Similarly, X-ray radiograms and tomograms have proven to 
be very effective to show the electrolyte flow inside the 
electrodes [5,6].  

This work focuses on the characterization of the flow 
distribution along an electrode by means of Planar Laser 
Induced Fluoresce (PLIF) imaging. PLIF is an optical 
technique based on the recording of the light emitted by a 
fluoresecent dye excited by a laser of a suitable frequency 
[7]. This technique will allow visualizing a fluid seeded with 
the fluorescent tracer when circulating through one of the 
porous media actually used as electrode in all-vanadium 
RFB. Two different flow rates and flow field designs have 
been tested to determine their influence on the flow 
distribution patterns. 

2. Experimental

2.1 Set-up 

The experimental campaign was carried out in a home-
made half-cell composed of two transparent plates of 
poly(methyl methacrylate) (PMMA)  which sandwiched a 
100 cm2 heat treated carbon felt electrode 4.6 mm thick. 
The cell was sealed with a 0.5 mm Viton® gasket located 
between the two plates. The flow followed a Z-type 

configuration: it was introduced at the bottom of the rear 
piece that replaces the bipolar plate and exited at the top of 
the front plate that replaced the membrane. The felt was 
fitted in a 2.5 mm deep square cavity machined in the exit 
plate. The compression level of the felt reached about 40 %. 

The working fluid was a 0.05 g/l solution of 
Sulforhodamine B in water. A pulsed Nd-YAG laser was used 
as the illumination source, expanding the beam with a 
divergent lens to cover the whole electrode area. A diffuser 
was placed to homogenize the light intensity. The laser was 
synchronized with a 12-bit 1344 x 1024 pixel CCD camera. 
An OG550 long pass filter was attached to the camera lens 
to reject reflections from the green laser light while passing 
the fluorescence emission. A photo of the PLIF setup is 
depicted in Fig. 1. A peristaltic pump provided flow rates of 
28 and 93 mL/min. These values would approximately 
correspond to states of charge (SoC) of 20 % and 80 % 
respectively. 

Three different flow fields have been considered: 1) no 
channels with centered flow entry/exit, 2) same geometry 
with silicone cords sealing the gap between the electrode 
and the plate cavity and 3) serpentine channels in the back 
(bipolar) plate with inlet/outlet at the corners. In the latter 
case, the flow field was designed with 2 mm wide x 2 mm 
deep square channels with 5 mm separation between 
adjacent ones.  

For all the configurations, pressure drop between flow 
inlet and outlet for the whole flow rate range was measured 
with a Comark differential pressure meter. 

Fig.  1: A detail of the PLIF set-up. 
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2.2 Image processing 

To analyze the electrolye flow distribution pattern, at a 
determinate instant in time, the water circulating inside the 
cell is replaced by water seeded with the tracer. A sequence 
of 300 images of the emitted fluorescence is then recorded 
at a frame rate of 8 Hz. The sequence shows the evolution 
of the flow front on the surface of the electrode that would 
be in contact with the RFB membrane. In all the images, the 
electrode region was trimmed and background corrected 
using the first image of each series. In addition, a secondary 
region of interest was selected to normalize the intensity 
accounting for variations in the laser pulse energy. To 
calculate the advance of the flow front, the images were 
binarized and thresholded. Then, all the bright pixels were 
added up giving a total of wetted surface as the electrode 
was flooded by the solution. Fig.  2 presents a sample of the 
image processing from the raw to the binary image. 

 

 

Fig.  2: Image processing sample. 1) Raw image, 2) Electrode region 
and 3) Binary image.  

3. Results 

3.1 Influence of the flow field 

In Fig. 3 the porous media flooding for the three 
configurations at a flow rate of 93 ml/min at the same 
instant after dye injection can be observed. Bright pixels 
denote the presence of tracer-seeded water. In both 
centered cases the flow stream soaks the electrode surface, 
at least partially.  

 

 

Fig. 3: Flooding area for the 3 configurations at 93 ml/min: 1) 
Centered without silicone sealing, 2) Centered with silicone 
sealing, 3) Serpentine channels with inlet/outlet at the corners.   

However, a preferential path along the gap between the 
electrode and the plate edges in the right-hand side of Fig. 
3.1 is clearly visible. In the serpentine case (Fig. 3.3), almost 

no emission from the electrode surface can be detected, 
suggesting that the liquid is mainly flowing along the flow 
field channels machined in the bipolar (back) plate, rather 
than through the porous media. 

Fig 4 shows the pressure drop measured for each 
geometry. In all the cases a linear tendency is obtained in 
good agreement with Darcy´s law for flow through a porous 
media. The highest loss corresponds to the centered sealed 
configuration, in which all the liquid is forced to flow 
through the electrode instead of circulating along the gap 
between the electrode and the plate of the unsealed case. 
On the contrary, the lowest presure drop is measured for 
the serpentine flow field, in good agreement with the 
conclusions extracted from the visualization experiments. 

   

 

Fig.  4: Pressure drop measurements for the 3 configurations. 

3.2 Influence of the liquid flow rate 

Fig. 5 displays images of both centered configurations 37 
s after the dye injection for flow rates of 28 ml/min and 93 
ml/min. 

In the sealed case at maximum flow rate, the whole 
electrode surface is already flooded. The unsealed case 
shows how the flow preferentially soaks the right hand side 
of the electrode, where it is not in perfect contact with the 
plate edge. The flow pattern at the plate exit also 
demonstrates that in this case dyed water is more rapidly 
moving along the electrode sides. In any case, it is expected 
that after a longer time, the whole surface would be wetted. 
For the lower flow rate, the bright area is obviously smaller, 
in particular, in the unsealed case.  

In order to quantify the electrode soaking progress, the 
temporal evolution of the total number of bright pixels for 
each configuration, calculated following the methodology 
described in Section 2.2, is presented in Fig. 6. The flat 
region of the green curve after a time of 30 s corresponds to 
the complete soaking of the full area of the electrode. 

4. Conclusions 

This work has demonstrated the capabilities of PLIF to 
characterize the flow in an RFB cell. The influence of the flow 
field and the flow rate on the liquid distribution on the 
electrode surface has been analyzed. 

Based on the recorded images, the tight fitting of the 
electrode within its cavity seems crucial for an adequate 
distribution of the electrolyte within the porous media. 
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Otherwise, it will preferentially flow along the gaps between 
the felt and the plate edge due to the lower pressure drop. 
For the same reason, in a plate with channels, the entire 
electrolyte will circulate along them, without being forced 
to move through the electrode, thus limiting the 
electrochemical reactions. 

The electrode soaking process has been succesfully 
quantified analyzing the evolution of bright pixels in an 
image sequence after the injection of the fluorescent dye. 

 

 
Fig. 5: Instantaneous image recorded 37 s after dye injection for 1) 
Centered without silicone sealing 28 ml/min, 3) Centered without 
silicone sealing 93 ml/min, 2) Centered with silicone sealing 28 
ml/min, 4) Centered with silicone sealing 93 ml/min. 

 

 

Fig. 6: Temporal evolution of the number of bright pixels for the 
centered configurations for flow rates of 28 ml/min and 93 ml/min. 
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