Aalborg Universitet AALBORG

UNIVERSITY

Improving the Performance of an Air-Cooled Fuel Cell Stack by a Turbulence Inducing
Grid

Plage, Line Justesen ; Fallah, Rasheed; Al Shakhshir, Saher; Berning, Torsten; Gao, Xin

Creative Commons License
Other

Publication date:
2018

Link to publication from Aalborg University

Citation for published version (APA):

Plage, L. J., Fallah, R., Al Shakhshir, S., Berning, T., & Gao, X. (2018). Improving the Performance of an Air-
Cooled Fuel Cell Stack by a Turbulence Inducing Grid. 1. Poster presented at ECS and SMEQ Joint
International Meeting, Cancun, Mexico.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at von@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: June 18, 2025


https://vbn.aau.dk/en/publications/50e4c282-65c1-4b07-8527-9733754a482a

The Electrochemical Society

Advancing solid state & electrochemical science & technology

£CS

i
(A AIMESE

a Turbulence Inducing Grid

AIMES 2018 meeting (101A-1363)

L. J. Plgger, R. Fallah, S. Al Shakhshir, T. Berning and X. Gao.

Department of Energy Technology, Aalborg University, Aalborg, Denmark

SAS@QET.AAU.DK

gaining more popularity due to their :

» Simplicity (run on dry H,), and @ + 4 g flowou
» Quick start-up. l,,
» ACPEMFC’s are commercialized and designed for applications in
the range of up to few kWs such as telecom-backup systems and g™ 5
portable power. " a” 5
- P e Dry hydrogen
» The stoichiometric ratios at the supplied Air into the cathode open 2”7 | hR—
channel is typically 40-60, because it is used for cooling the stack 27 g’Tassﬁow
besides providing O, for the reaction, ~ X oller - Ball-Valve 5
re;jssure
> while at the suppled dry H,into anode channels it should be as low T-type =i De =
as possible to not waste hydrogen. thermocouple
» One of the main drawbacks of ACPEMFC’s is the relatively low
maximum current density around 0.4 A/cm?.
» Itis highly desirable to operate at higher current densities and
thereby increase the power density.
» This might be achieved by more efficient cooling. Dimensions of the honeycomb and square turbulence grid
Parameter Dimensions
» Thus, Turbulence grids are utilized to increase the mixing effect and HESE Res e
thereby enhance the heat transfer in the cathode channels. 0.6 0.6 (mm]
1 1 [mm]
> In this work, the effect of the turbulence grid is demonstrated 0.605 0613 H
45 90 C

experimentally and numerically using CFD.

Computational Fluid Dynamics (CFD)
Reynolds Average Navier Stokes Equations (RANS)
u=u+u’

Where and are the mean and fluctuation velocity respectively.
Likewise, for pressure and other quantities it is:

p=9+¢' =

Where @ denotes a scalar such as pressure, energy or species
concentration.

[1]

Substituting the expressions into the instantaneous continuity and
momentum equations and taking the time average (dropping the
overbar on the mean velocity) yields the following RANS equations for
continuity and momentum [ANSYS, 2018c]:
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where the term (—pﬁi'uj') Is the Reynolds stresses and are modelled
with the turbulence model SST-k-w, u is velocity is density; g is the
gravitational constant and is the viscosity.

Energy Equations

The energy equation the fluid is given as:

o, 1 o, o,
Fox,  pey oxi| 0K,

L [5]

Wheré:pf is the fluid heat capacityk; is the temperature of the fluid
and is the thermal conductivity of the fluid. The energy equation for
the solid region is given as:
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Sketch of the half channel cross sectional area
and half the geometrical area of the membrane

included in the computational domain

Flow

Computational domain used in simulations.
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Turbulence intensity distribution along the channel.
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The honeycomb grid has increased the performance by 2.75 %, and the square

The temperature of the air at the channel inlet is generally lower with the grid.

in more effective cooling and higher

» Thereis aslight decrease in temperature when the two grids are implemented. >
: _ grid has increased the performance by 10.42%
» The square grid effect on the temperature is larger.
» The effect of the grid is seen right after the grid and before the channel, and the velocity distribution
Is almost identical along the channel. » The square grid indeed results
: : : . : : performances.

» Theincrease in turbulence intensity is highest for the case with the square grid.

>

The experiment assisted the model by showing an improved performance of

the air-cooled fuel cell stack by placing grids before the cathode inlet and
furthermore resulted in decreasing temperatures.



