Uneven
Fluidisation of
a Square Fluidised
Bed Solar Receiver

Mustafa Alqudah?, Timothy Anderson?
and Alan Brent?!

1School of Engineering and Computer Science, Victoria University of
Wellington, New Zealand.

2CSU Engineering, Charles Sturt University, Bathurst, Australia Zealand

1897 VICTORIA UNIVERSITY OF ’\

== WELLINGTON A\ Y 4

TE HERENGA WAKA

e

: ” http:/lwww.wgtn.ac.nz/ i [ gy-sy SOLAR RESEARCH
' CONFERENCE

APSRC Conference, 3-5 Dec 2024, Sydney



CSP: Beam-Down configuration

STEM* Demonstration plant at San Filippo del Mela, Messina, Italy

STEM® CST 2MWth

Ref: magaldigreenenergy.com/STEM® CST Solar Thermo-Electric Magaldi Concentrated Solar Thermal



Fluidised bed solar receiver integrated

\ecei\fy

Fluidised bed (uneven
fluidisation)

5

=

TTTgf 11
Up TUI Up
Uneven gas inlet

Fluidised bed (uniform ™

fluidisation)

==

— -

with Beam-Down

Secondary
reflector

Recei\fV

T1111711
Uf

Uniform gas inlet

1Solar Field

B g gy SR [ NS FR



Study Objective

* To assess the effect of uneven inlet gas

distribution on the performance of a square
fluidised bed solar receiver.

* Compare the performance with the uniform
inlet gas distribution



Methodology/ Parameters Studied

Size of high & low velocities gas Gas flowrates of central and
inlets. peripheral inlets.
Case no. U.area U/Uns
. Casel  uniform 2.0

. Case2 Uc2.0,Up 1.5
Case3 10% U:2.5 U, 15
A) 10% of the Cased U:3.0,U,15
total inlet ~Case5  Uc3.0,U,2.0
Caseb Uc2.0, Up 1.5
Case7 Uc 2.5, U, 1.5
. Case8 20% Uc3.0, Up 1.5
Case 9 U.3.0, U, 2.0

* Gas velociy (U) in m/s, Umf =0.09 m/s
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Boundary Conditions
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Results: Temperature Distribution
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* Uneven flow cases showed higher particle temperatures
compare with uniform inlet gas distribution.

* In general, 10% Uc area cases showed better performance.



Particle temperature vs. Volume Fractions

Uneven air inlets enhance
temperatures but may lead
to non-uniform heat
distribution.

Temperature fluctuations
increase with decreasing
particle volume fractions.

Cases 2 and 6 exhibit the
highest temperatures,
corresponding to the lowest
gas flow rates for each inlet
size.
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Receiver Performance

Case U. area U*/Uf v % Particle
no. ° temperature [K]
Case] uniform 2.0 ! 100% ... 307.5
Case 2 Uc2.0,Up 1.5 78% 310.6
Case 3 10% Uc2.5, Uy 1.5 80% 309.7
Case 4 U:.3.0,U; 1.5 83% 308.5
Case 5 U.3.0,Up20  105% 3089
Caseb Uc2.0,Up 1.5 80% 309.9
Case 7 20% Uc2.5, Up 1.5 85% 308.8
Case 8 U 3.0, Up 1.5 90% 308.7
Case 9 U: 3.0, Uy 2.0 110% 308.5

* Gas velociy (U) in m/s, Uy = 0.09 m/s

Uneven cases achieve similar or higher temperatures at lower flow rates,
indicating increased thermal efficiency.

With reduced flow rates achieving comparable or higher temperatures, they
present an opportunity for energy-efficient operation, particularly in large-scale
fluidised bed solar receivers



Conclusions

* Uneven flow designs lead to higher temperatures
with reduced airflow rates, enhancing thermal
efficiency.

* This approach offers significant energy savings and is
promising for optimising fluidised bed solar
receivers.

Future Work: Further exploration of uneven flow
patterns to enhance temperature uniformity and
efficiency.




Thank you! Questions?
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