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• Research Field
Solar thermal energy

• General Description of Research Field
Solar thermal energy is a source of clean energy for electricity generation, process heat and
thermal comfort that is unfortunately only available while the sun is shining. Thermal energy
storage in rock beds using air as heat transfer fluid provides a low cost solution to store en-
ergy harvested during the day for night-time use. The large size of rock bed thermal energy
storage, and irregular nature of crushed rock particles means that much of previous research
done on prismatic beds of spherical particles is inadequate to describe pressure drop and heat
transfer through packed beds. Hydrogen fuel cells and electric vehicles are the most promising
substitutes for petrol and diesel driven vehicles in a post fossil fuel work. Hydrogen vehicles
offer ranges and refueling times like those achieved by internal combustion engines. Hydro-
gen is a form of chemical energy that can be stored indefinitely. On the downside, hydrogen
infrastructure is lagging that of electricity distribution. Overall, the outlook for hydrogen as a
replacement for petrol and diesel in the transport sector is positive provided that it can be pro-
duced competitively. The copper-chlorine cycle as the most promising of all the thermochemical
cycles for hydrogen production. In this cycle, water (steam) first reacts with CuCl2 to form HCl,
and the HCl is then split into H2 and CuCl in an electrolyzer. Splitting HCl requires only about
a third of the electricity input of that of splitting H2O. To facilitate the chemical reactions and
recycle chemicals, the cycle requires several heat inputs at different temperatures. Some reac-
tions are exothermic, and the heat released can be internally recycled to reduce the overall heat
requirement of the cycle.
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Developing a dual cycle for H2 and electricity generation ! ! !

Hydrogen is seen by many as the energy carrier of the future. Ef-
fective conversion of H2O into H2 and O2 typically requires a high
temperature heat source and electricity; the high temperatures can
be matched by solar thermal energy, leading to green H2 produc-
tion. You must investigate the various processes/cycles to produce
H2, and electricity, and estimate the levelized cost of hydrogen
(LCoH) at the plant (i.e. excluding transportation cost). The LCoH
depends on the available solar resources and plant configuration –
part of your research is to locate suitable locations (preferably in
South Africa). A visit to Canada (Ontario Tech) might be possible
under the Mitacs program.

Requirements: None
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Pressure drop and heat transfer in a laboratory scale packed
bed

!

Anisotropic models for the het transfer and pressure drop across a
3-dimensional packed bed has been developed. Experimental vali-
dation on heat transfer has been done, but the pressure drop across
the bed was not isolated (only the inlet and outlet pressures were
recorded, and the pipe network was responsible for the majority
of the pressure drop). You may have to redesign and rebuilt an
experimental facility that was decommissioned due to laboratory
refurbishment. Your experiments must provide you with validation
data for your CFD model of the facility. A working knowledge of a
CFD code would be advantageous.

Requirements: A working knowledge of CFD

Particle heat transfer coefficient in a packed bed of randomly
packed, irregular particles.

!

Recent research suggested that a generalized Nusselt number cor-
relation for packed beds might be a reality. This is supported by
experimental data on 50 mm crushed rock particles, and 20 mm
sinter particles by an independent research group. Your task is to
either find additional experimental data on irregular particles, or
generate your own experiments with different particle shapes and
sizes. The latter is the preferred route. Heating the particles may
or may not be challenging, depending on the method selected.
Steps will include particle characterization, a simple task which
may time consuming.

Requirements: None

Critical evaluation of the Ergun equation for anisotropic
packed beds

! ! !

The Ergun equation is widely used in modelling flow through
porous media for its simplicity. It depends on only a few parame-
ters, like (the area equivalent) spherical diameter of the particles,
fluid properties, and the porosity of the bed. The Ergun equation
seems to work reasonably well for plug flow. However, the val-
ues of the (constant) coefficients in the Ergun equation is disputed
in the literature. Some researchers reported a Reynolds number
dependence of the coefficients, whilst other introduced extra (but
often difficult to measure) parameters into the equation.
It is expected that the student derive an alternative formulation
for the pressure drop through an anisotropic bed, and validate it
against experimental data.
Using a combination of CFD and DEM will yield detailed informa-
tion about the local flow patterns to inform the model, but isn’t a
necessary requirement to complete the project.

Requirements: Good CFD skills might be advantageous.
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Heat transfer and pressure drop in a packed beds of variable
sized particles

!

Flow and heat transfer in a packed beds is usually described in
terms of a representative spherical particle. When the bed com-
prise of particles spanning a wide range of sizes (dmax > 5*dmin),
this approximation may break down.
It is expected of the student to come up with an appropriate for-
mulation of the Reynolds number for the bed (usually a function
of particle size, shape and porosity of the bed). Use this Reynolds
number (and perhaps tortuosity) to define new correlations for the
friction factor and Nusselt number.
Using a CFD/DEM approach of the bed will give valuable insights
into local flow and temperature profiles to inform the model(s).
Validation of the model(s) against experimental data is required.
Part of the project may be conducted at Sherbrooke or McGill Uni-
versity in Canada.

Requirements: A working knowledge of CFD will be advanta-
geous.

Turbulent dispersion in packed beds ! ! !

It is possible to model pore scale flow in packed beds, but the
computational cost is high. Usually, the bed is modelled as a
porous media. This approach works well for design and perfor-
mance evaluation. The particles cause additional turbulence dis-
persion that is seldom included in porous models. Several research
groups in Japan, Brazil and France came up with models to in-
clude the turbulence dispersion via source terms. However, the
source terms were typically derived from 2-dimensional flow over
structured beds. The challenge is to derive a model based on flow
through a randomly packed, 3-dimensional bed of irregular par-
ticles. Your model should be validated experimentally (particle
image velocimetry is one way of doing it). Note that this topic in-
cludes a theoretical and an experimental component, pushing the
duration beyond what can be reasonably expected of a structured
masters.

Requirements: Working knowledge of CFD

Comparison of thermal energy storage systems ! !

Thermal energy storage systems are available as sensible heat, la-
tent heat and (thermo-) chemical storage. Sensible heat systems
are fairly simple, but its energy density is low. Latent heat storage
offers higher energy density at constant temperature, whilst chem-
ical storage offers long storage time without degradation. You are
expected to research the advantages and disadvantages of each,
and come up with a scheme to compare the systems on energy
density (kWh/m3), cost ($/m3), temperature range, and technol-
ogy readiness, amongst others. Rank these systems, and suggest
solutions for different applications.

Requirements: None
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