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Solids waste management



Motivation for research



Knowledge Gaps

Addressing the heat transfer coefficient correlations at high temperature conditions

Strongly dependent on hydrodynamics or flow 
behaviour (Re,ϵ)

Empirical in nature

More than 40 different correlations available 
to determine the heat transfer coefficient



Current knowledge

Geldart classification for waste Conventional fluidised bed
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Hydrodynamics and bubbles impacting heat transfer

Motors of fluidisation, as 
they contain 10-12% solid 
particles.
Increases particle and gas
mixing.
Increases heat transfer
between particles and the
gas.
Increases mass transfer
between the gas and solid
phase.

As the bubble size grows, it 
may not pass through the bed 
without contacting the gas 
phase.

 
Increasing bed expansion may 
lead to solid entrainment.

Oversized bubbles may
decrease the quality of
fluidisation and, hence,
mixing.
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Will tubes enhance/reduce the fluidisation behaviour in the fluidised bed?



Strategy to address the gaps

Capture hydrodynamics reliably in the presence of tubes using a combination of experiments and numerical simulations



Impact of tubes on bubble behaviour in a fluidised bed

Geldart B particles Geldart D particles
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Channelling

Channelling
1. Reduction in bubble sizes into 

varied smaller sizes for Geldart 
B and D particles.

2. The sizes in Geldart D particles 
are non-uniform because of 
larger solid particles leading to 
channelling.

3. Reduction in bubble rise 
velocity due to the lower 
bubble size.

4. Due to varied bubble sizes, 
larger bubbles in larger 
particles could squeeze into 
the space between the tubes 
and travel in the column at a 
higher velocity.
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Impact of tubes on solids behaviour in a fluidised bed

The mixing of solids 
improves with the 
addition of tubes in 
Geldart B and D 
particles.

Findings



Learnings and path forward

✓ Tube improves the hydrodynamics of the fluidised bed 
for both Geldart B and D particles.

✓ Tubes help by splitting bubbles, improving the gas 
particle mixing.

✓ Tubes reduce the bubble rise velocity, increasing the 
residence time.

✓ Tubes improve solids distribution in the fluidised, 
complementing the findings in the literature.

✓ Larger particles end up in some larger bubbles as well, 
and cause channelling.

✓ Tube diameter and orientation could be a possible 
method to overcome issues such as channelling.
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Fluidisation behaviour of different materials

Geldart B particles Geldart D particles

Glass beads 
(212-300mic)

Biochar
(212-300mic)

Glass beads
(710-1180mic)

Mustard seeds
(1000-2000mic)

Fluidisation behaviour is similar for a given Geldart classification



Model Validation Criteria
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