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Abstract. The content and the transmission characteristics of the water in
the polymer electrolyte membrane fuel cell (PEMFC) have a significant
influence on its performance. So far, there are few separate numerical
studies on the process of water transport in the bionic flow channel, and the
performance of bionic flow channel is different from conventional flow
channel in part owing to the differences of their water drainage. Therefore,
in order to understand the water drainage process of bionic flow channel,
two different types of bionic flow channels are adopted in this paper. The
method of numerical simulation is used to study the transmission process
of liquid water in the bionic flow channel of different placement
orientations. The simulation results found that the orientations of bionic
flow channel has an influence on the process of water transport in the flow
channel, and the process of water drainage also has a significant difference
in the two different types of bionic flow channel.

1 Introduction
The water management has always been the main problem to further enhance the

performance of PEMFC[1], in order to deeply understand the influence of the water transfer
state and the various control parameters on the water transmission, so as to improve the
internal structure and material properties of fuel cell, more and more studies on the water
management of fuel cell are emerging, such as the high-tech measurement methods of X-
rays, neutron imaging, scanning electron microscopy and nuclear magnetic resonance, etc.
Those high-tech measurement methods are adopted to accurately study the transmission
process of water in the internal flow channels [2-3], using micro-electro-mechanical
systems technology [4-5] and optical fiber sensor [6-8] etc to measure the Water transfer
process in the flow channel, more researches are based on visualization technology to
observe the state of water transfer in the fuel cell[9-11], although these techniques can be
used to study the state of water transfer inside the flow channel, due to the experimental
difficulties, and the cost is relatively so higher that these methods are limited to some extent.

Up to date, the method of computer simulation is applied in most studies [12-15], Such
as utilizing lattice Boltzmann model[16-18] and volume-of-fluid (VOF) model [19-23] to

一 Corresponding author: lshtgyx@163.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 83, 01005 (2019) https://doi.org/10.1051/e3sconf/20198301005
HEET 2018



simulate the process of water transfer in fuel cell, the results of those methods show that the
characteristics and phenomena of the water transfer in the flow channel of the fuel cell are
both well explained. Anh Dinh Le [19] et al. numerically investigated the process of water
transfer in PEMFC with interdigitated flow channel. Theodorakakos A [20] et al. simulated
the dynamic process of liquid droplet detachment from porous surface. M. Koz [21] et al.
numerically investigated the effects of droplet size in a PEMFC flow field. Cai Y [22-23] et
al. numerically investigated the water transfer process in the serpentine flow channel and
the straight flow channel. From these studies, on the one hand, through the computer
simulation, the detailed process of the liquid water transfer in the flow channel and the
factors which affect water transfer can be found. On the other hand, it can be found that the
water transfer process of the existing research are focuses on the inner of conventional flow
channel, few scholars have carried out the separate simulation study on the water transfer
process in the bionic flow channel, and part of the performance of bionic flow channel is
different from conventional flow channel owing to the differences of their water drainage
[24]. Therefore, the simple numerical study on liquid water in a conventional flow channel
is not enough to fully explain the phenomenon of water transport in the bionic flow channel.

With the continuous development of bionic design in recent years, many researchers
have applied the bionic design to the flow channel of fuel cell, Ramos-Alvarado et al. [25]
applied the constructal theory to the design of flow field. Kloess et al. [26] evaluated the
performance of the flow field plate based on the types of lung and leave. Roshandel et al.
[27] investigated the performance of the flow field plate based on the type of a leaf. Chen et
al. [28] also investigated the performance of leaf type flow field. Guo et al. [29] presented a
mathematical model to investigate the performance of leaf type flow field. However, these
scholars only conduct the overall test or simulation to the performance of fuel cell which
have utilized the method of bionic design, and there is no separate study on the drainage
performance in the flow channel of bionic design. From these researches of bionic design,
we can not understand enough the water drainage characteristics of flow channel with
bionic design, which is not conducive to the design improvement of bionic flow channel
and the problem of water management will have a greater effect on the performance of the
PEMFC [30].

Therefore, it is significant to investigate the characteristics of water transport in the
bionic flow channel. This paper mainly study the transmission process of water in bionic
flow channel. Two different types of symmetrical leaf bionic flow channel and
asymmetrical leaf bionic flow channel are selected as the research object [31], utilizing the
method of numerical simulation to present the transfer process of liquid water in the bionic
flow channel, and the influence of different placement orientations of bionic flow channel
on water transport has also been studied. All of this can be conducive to a clear
understanding of the internal water drainage process of bionic flow channel in detail, it also
provides the necessary guidance and basis for the design of bionic flow channel.

2 Numerical models

2.1 VOF model

The numerical simulations of the 3D, laminar, unsteady, two-phase flow was applied to
the computation domain using FLUENT 15.0. The conservation of mass and momentum
were applied to the model as the governing equations and the energy equations were not
considered. In order to track the two-phase flow interface of gas-water in the domain of
computation, the method of volume-of-fluid (VOF) was used [32]. Then, the conservation
law of mass and momentum are as follows:
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Where I is the unit tensor, is the dynamic viscosity .

Volume fraction of water 2 can be solved as follows:
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The volume fraction of gas 1 can be solved by following equation:

121  (5)
The surface tension of phase and wall has an important influence on the transmission

process of two-phase flow which is included in the VOF model[32]. In the paper, the model
of continuum surface force which is proposed by Brackbill et al. [33] was used.

2.2 Geometric model

Figure 1 is a model of two different bionic flow channel structures. These two bionic
structures are derived from Ref. [31]. A water inlet hole of 0.2mm diameter is arranged on
the wall near the inlet of the bionic flow channel (The wall is the interface between the
channel and the gas diffusion layer (GDL) ) [23]. FLUENT 15.0 is used to simulate water
dynamic in the bionic flow channels. The number of meshes of symmetrical leaf bionic
flow channels is 221674, and The number of meshes of asymmetrical leaf bionic flow
channels is 232583. Accuracy of the model tested by increasing and reducing the number of
meshes by 20%, and the similar processes of water transport were obtained.

(a) Symmetrical leaf bionic flow channel
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(b) Asymmetrical leaf bionic flow channel

Fig. 1. Schematic of two different bionic flow channel

2.3 Geometric model

In the parameter settings of the simulation, a gas velocity of 10 ms-1 normal to the
boundary is used[34]. Moreover, according to the theoretical calculation of the velocity of
water to be about 1.8x10-6 ms-1, which is too small compared to 10 ms-1 of gas inlet [35].
To accelerate the speed of computational, the velocity of water with 0.1ms-1 normal to the
boundary is used in this study. The gauge pressure at the outlet of the flow channel is set to
0Pa. In all the computational cases, the gravity is considered all the time according to the
different locations of the flow channel placement. The contact angle of the surface of GDL
and flow channel wall were 140° and 45°, respectively [36]. The time step was set at 10-6 s
in order to guarantee that the global courant number is less than one. The surface tension at
the gas-liquid interface is 0.072 Nm-1. In order to solve the governing equations, the
pressure velocity coupling method via the PISO scheme is used.

3 Results and discussion
The characteristics of water flow in the bionic flow channel are simulated. The five

cases corresponding to different orientations of bionic flow channel placement were
simulated, as listed in Table.1. Detailed results and discussions are as follows.

Table 1. The gravity in different orientations of leaf bionic flow channel placement

X axial
gravity/(ms-2)

Y axial
gravity/(ms-2)

Z axial
gravity/(ms-2)

Side 0 -9.8 0

Inversion -9.8 0 0

Reversal 0 0 9.8

Perpendicularity 9.8 0 0

Level 0 0 -9.8

3.1 The state of water in the symmetrical leaf bionic flow channel in different
orientations and different time

Fig.2 is the state of the water in the symmetrical leaf bionic flow channel in five
different orientations (side, inversion, reversal, perpendicularity and level) and different
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3.1 The state of water in the symmetrical leaf bionic flow channel in different
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Fig.2 is the state of the water in the symmetrical leaf bionic flow channel in five
different orientations (side, inversion, reversal, perpendicularity and level) and different

time. From Fig. 2-a, at about 3ms, the droplets in a state of constant expansion hardly move.
Since the wall of the water inlet is the surface of the GDL, the volume of the droplets at the
beginning is very small, and the force of gas flow exerting on the droplet is not enough to
get rid of the adsorption force between the droplet and the surface of the GDL. Only when
the liquid droplet grows up to a certain volume before the apparent movement, and this
situation also occurred in the Fig. 2-b, c, d, e. From Fig. 2-a, b, c, d, e (symmetrical leaf
bionic flow channel in the state of side, inversion, reversal, perpendicularity and level
respectively) can be seen, at about 9ms, the droplets move mostly in the branch flow
channels ( outlet-1 and outlet-9) where near the gas inlet, it can be also seen from Fig. 11
that the pressure difference in the branch flow channel nearer the gas inlet is larger, and it
may also explain the reason why the droplets move faster in the branch flow channel where
nearer the gas inlet.

However, from Fig.3, before the 11ms time, no matter what kind of orientations of the
symmetrical leaf bionic flow channel, their maximum velocity curves are almost identical.
After 11ms, the maximum velocity of the internal flow under the condition of different flow
channel placement has a fluctuation. At about 15ms, from Fig. 2, there are water droplets in
each branch flow channel (such as outlet-1 and outlet-9 etc.) where near the gas inlet of the
symmetrical leaf bionic flow channel. There are few droplets in the branch flow channel
(such as outlet-4 and outlet-6 etc.) where is far away from the gas inlet. It shows that the
water in the symmetrical bionic flow channel is mainly discharged from the branch flow
channel where near the gas inlet. What’s more, it can be also seen from Fig. 11 that the
pressure difference is very small in the branch flow channel where is far away from the gas
inlet, and we can infer that the velocity of the liquid water flow in these flow channels is the
slowest, Once liquid water accumulates in the branch flow channel where is far away from
the gas inlet is difficult to be discharged rapidly, so that the water content is higher in these
branch flow channels. It is the same to the results obtained by other literature that there are
higher water content in the branch flow channel where is far away from the gas inlet
[24,26,37].

In addition, from Fig.4, it shows the volume of water in the symmetrical flow channel in
the different orientations and different time, and when the flow channel is in the orientation
of perpendicularity, the performance of water drainage is the best, because the direction of
the droplet gravity is consistent with the direction of gas flow. So, when designing
symmetrical bionic flow channel which branch flow channel should be closer to the gas
inlet and the number of branches along the main flow channel shouldn’ t be too many.
Only in this way, it is possible to avoid the pressure of the branch flow channel which is far
away from the gas inlet too small, so as to keep the flow channel well drained.
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(a)-side 3ms 9ms 15ms

(b)-inversion

(c)-reversal

(d)-perpendicularity

(e)-level

Fig. 2. The state of water in the symmetrical flow channel in different orientations and different time
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Fig. 2. The state of water in the symmetrical flow channel in different orientations and different time

Fig. 3. The maximum velocity in the symmetrical flow channel in the different orientations and
different time

Fig.4. Volume of water in the symmetrical flow channel in the different orientations and different
time

3.2 The state of water in the asymmetrical leaf bionic flow channel in different
orientations and different time

Fig.5 is the state of water at different time in five different orientations (side, inversion,
reversal, perpendicularity and level) in an asymmetrical leaf bionic flow channel. As the
same shown in Fig. 2, the droplets barely move at about 3ms. At about 9 ms, there are
significant differences in the distribution of liquid water droplets between Fig. 4-a, c, d (the
asymmetrical leaf bionic flow channel in side, reversal and perpendicularity orientations )
and 4-b, e (the asymmetrical leaf bionic flow channel in inversion and level orientations),
and it can be seen that the position of liquid water droplets is almost consistent with the
time of 3ms in Fig.5-b, e. That is to say that the liquid water moves slowly when the flow
channel was placed in the state of inversion and Level. As shown in Fig.5-a, c, d, the liquid
water mainly distribute in the main flow channel of bionic flow channel and the velocity is
faster.
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(a)-side 3ms 9ms 15ms

(b)-inversion

(c)-reversal

(d)-perpendicularity

(e)-level

Fig.5. The state of water in the asymmetrical flow channel in different orientations and different time

It can be seen from Fig. 6 that the maximum velocity inside the flow channel which are
the positions of side, reversal and perpendicularity is significantly faster than that in
inversion and level positions. Because of the different orientations of flow channel, the
directions of gas blowing force and gravity on the liquid water are different. It can be drawn
that the gravity has a large effect on the movement and distribution of water droplets inside
the channel when the asymmetrical leaf bionic flow channel is in different orientations. At
about 15ms, it can be seen that the distance to gas inlet count for little the distribution of
liquid water in branch flow channel, which is greatly different to the phenomenon that the
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Fig.5. The state of water in the asymmetrical flow channel in different orientations and different time

It can be seen from Fig. 6 that the maximum velocity inside the flow channel which are
the positions of side, reversal and perpendicularity is significantly faster than that in
inversion and level positions. Because of the different orientations of flow channel, the
directions of gas blowing force and gravity on the liquid water are different. It can be drawn
that the gravity has a large effect on the movement and distribution of water droplets inside
the channel when the asymmetrical leaf bionic flow channel is in different orientations. At
about 15ms, it can be seen that the distance to gas inlet count for little the distribution of
liquid water in branch flow channel, which is greatly different to the phenomenon that the

shorter of the distance to gas inlet, the more liquid water in branch flow channel of
symmetrical leaf bionic flow channel. As shown in Fig.5-b, e, there are little difference in
the movement of liquid water between inversion and level orientations in asymmetrical leaf
bionic flow channel at about 15ms. In addition, it can be concluded from the Fig. 12 that
pressure difference in each branch flow channel reduce along the direction of main flow
channel in asymmetrical leaf bionic flow channel. Once liquid water accumulates in the
branch flow channel which is far away from the gas inlet is difficult to be discharged
rapidly, Therefore, the water in these branch flow channels is higher, and it can be drawn
the same conclusions from other literature [24,26,37]. In addition, from Fig.7, it shows the
water volume in the symmetrical flow channel in the different orientations and different
time, and when the flow channel is in the orientation of perpendicularity, the performance
of water drainage is the best, because the direction of the droplet gravity is consistent with
the direction of gas flow. In conclusion, to avoid the pressure difference too low to drain
liquid water from branch flow channel, the number of branches along the main flow
channel shouldn’t be too many in design of asymmetrical bionic flow channel.

Fig.6. The maximum velocity in the asymmetrical flow channel in the different orientations and
different time

Fig.7. Volume of water in the asymmetrical flow channel in the different orientations and different
time
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3.3 The state of water in the flow channel of symmetrical and asymmetrical
structures in the same orientation

In order to compare the state of water droplets at different time and same orientations
more clearly in the bionic flow channel for symmetrical and asymmetrical of leaf type,
followed a detailed comparison of the state of water movement in the two different bionic
flow channels at different time. From Fig.8-a, Fig.8-c and Fig. 8-d, it can be seen that when
the two bionic flow channels are in the three kinds of situations of side, reversal and
perpendicularity respectively, the water inside the channel moves faster. However, the
obvious difference of water distribution between the two channels can be seen in the three
situations. For the water in the flow channel of symmetrical leaf bionic is mainly distributed
in the branch flow channel where near the gas inlet, and there is almost no liquid water in
the branch flow channel which is far away from the gas inlet, that is to say, comparing with
the branch flow channel where far away from the gas inlet, most of the liquid water were
drained from the branch flow channel where near the gas inlet. It also shows that the
distance between gas inlet and branch flow channel has a great influence on the water
distribution in the symmetrical leaf bionic flow channel. The liquid water in the
asymmetrical bionic flow channel is mainly distributed in the main flow channel, and the
other branch flow channel also has the presence of liquid water, in addition, the distribution
of liquid water in the branch flow channel is no significant influence by the distance
between the branch flow channel and the gas inlet, there is significant difference when
compares with the situation that water is mainly distribution in the branch flow channel
where near the gas inlet for the symmetrical leaf bionic flow channel, it can be seen clearly
that the difference of water distribution between the two kinds of flow channels at about
15ms. As it can be seen in Fig.8-b and Fig.8-e, when the two types of bionic flow channel
were placed in inversion and level situation that also appeared obvious differences between
the movement and the distribution of liquid water. The water were drained mainly from the
branch flow channel where near the gas inlet for symmetrical leaf bionic flow channel in
the situations of inversion and level placement, comparing to the case of the same
placement of the asymmetrical bionic flow channel, the velocity of liquid water is faster,
and the velocity of the liquid water movement in the asymmetrical bionic flow channel of
the inversion and the level position is the slowest.

It also can draw from Fig.9, no matter what positions for the two kinds of bionic flow
channels, the maximum velocity of the water in the symmetrical leaf bionic flow channel is
almost higher than that in the asymmetrical leaf bionic flow channel. Especially, form
Fig.10, it shows that the performance of water drainage is the best for the position of
perpendicularity in asymmetrical flow channel, And it can be seen from Fig.13, the
pressure in the main flow channel of the symmetrical leaf bionic flow channel is in a state
of fluctuation, and the amplitude of the fluctuation is larger and nearly identical for each
placement of the flow channel. However, the pressure in the asymmetrical bionic flow
channel is in a relatively stable state, and the pressure fluctuation, although there is a slight
difference in the pressure of each channel. Therefore, the difference of pressure fluctuation
and steady change in the main flow channel of the two types of bionic flow channel may be
one of the cases which cause the difference of water distribution finally. In other words, the
fluctuation of pressure has some influence on the process of water drainage inside the flow
channel, the evidence can also be obtained from other studies[38].
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(a)-side symmetrical asymmetrical

(b)-inversion

(c)-reversal

(d)-perpendicularity

(e)-level

Fig.8. The state of water in flow channel of symmetrical and asymmetrical structures in different
orientations and the time of 15ms
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Fig.9. The maximum velocity in flow channel of symmetrical and asymmetrical structures in different
orientations

Fig.10. Volume of water in flow channel of symmetrical and asymmetrical structure in different
orientations and different time
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Fig.9. The maximum velocity in flow channel of symmetrical and asymmetrical structures in different
orientations

Fig.10. Volume of water in flow channel of symmetrical and asymmetrical structure in different
orientations and different time

Fig. 11. The pressure difference in each branch flow channel of symmetrical structure in the different
orientations

Fig.12. The pressure difference in each branch flow channel of asymmetrical structure in the different
orientations
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Fig. 13. The pressure difference in each branch flow channel of asymmetrical structure in the
different orientations

4 Conclusion
This paper is mainly focused on the comparison and analysis of the flow and

distribution of liquid water in the symmetrical and the asymmetrical of leaf bionic flow
channel in the different orientations(side, inversion, reversal, perpendicularity and level).
The conclusions are as follows:

(1) By comparing and analyzing the distribution and movement of the liquid water in
leaf bionic flow channel of the symmetrical and the asymmetrical structures, it is concluded
that there are significant differences. For the type of symmetrical leaf bionic flow channel,
comparing with the branch flow channel where far away from the gas inlet, water is mainly
distributed in the branch flow channel which near the gas inlet, and there is almost no liquid
water in the branch flow channel which is far away from the gas inlet.

(2) The water in the asymmetrical bionic flow channel is mainly distributed in the main
flow channel, the other branch flow channel also has the presence of liquid water. In
addition, the distribution of liquid water in the branch flow channel has no significant
influence by the distance between the branch flow channel and the gas inlet. and when the
two types of bionic flow channel are placed in the positions of inversion and level
respectively, the maximum velocity in the internal symmetrical bionic flow channel is far
greater than that in the asymmetrical bionic flow channel.

(3) As shown in Fig.13, the pressure difference in the two different types of flow
channel presents a state of fluctuation and slow change, the difference of pressure
fluctuation and steady change in the main flow channel of the two types of bionic flow
channel may be one of the cases which cause the difference of water distribution finally. In
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two types of bionic flow channel are placed in the positions of inversion and level
respectively, the maximum velocity in the internal symmetrical bionic flow channel is far
greater than that in the asymmetrical bionic flow channel.

(3) As shown in Fig.13, the pressure difference in the two different types of flow
channel presents a state of fluctuation and slow change, the difference of pressure
fluctuation and steady change in the main flow channel of the two types of bionic flow
channel may be one of the cases which cause the difference of water distribution finally. In

other words, the fluctuation of pressure has some influence on the process of water drainage
inside the flow channel, the evidence can also be obtained from other studies [38].

(4) It can also be known by the pressure analysis that the pressure difference in the main
flow channel of symmetrical and asymmetrical is more smaller when the distance is more
larger between the branch flow channel and gas inlet. In conclusion, to avoid the pressure
drop too low to drain liquid water easily, the number of branches along the main flow
channel shouldn’t be too many in design of symmetrical and asymmetrical leaf bionic flow
channel. Moreover, no matter what kinds of orientations of the symmetrical and
asymmetrical leaf bionic flow channel, the liquid water in the bionic flow channel is easier
to be drained when the flow channel is in the position of perpendicularity.

Totally, the results of the present work would be beneficial in design of bionic flow
channel for PEMFC.
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