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1. Background
• 5-Hydroxymethylfurfural, as a biomass-derived alcohol, is a promising intermediate for value-added chemicals and hydrogen
production (electrolysis).
• To produce this valuable product in an environmentally friendly way and minimise its energy consumption, an
innovative winged solar-driven biomass reactor is built.
• This reactor combines the concept of the solar concentrator and phase-change material to efficiently utilise and store
the solar energy for hydrolysis reaction requirements.
• A transient computational fluid dynamics model is developed to describe the energy transfer during the phase change
material liquidation and solidification along with the daily solar radiation.
• Also, the heat and mass transfer phenomena during the 5-Hydroxymethylfurfural production are illustrated.
• This numerical model is validated against the experimental measurements, and it is employed to numerically evaluate
the reactor’s performance under different operating schemes.
3. Governing equations and reaction model

2. Model description
• A 3D transient multiphase flow CFD model is developed to describe the
HMF production-related heat and mass transfer processes, which is coupled
with the energy transfer during the phase change material liquidation and
solidification along with the daily solar radiation in the reactor.
• This model is developed based on the Euler-Euler framework to describe
the interpenetrating continua phases, i.e., gas phase and liquid phase,
whose volume fractions were assumed to be continuous fractions in space
and time. A set of 3D unsteady-state Reynolds averaged Navier-Stokes
equations closed by standard 𝑘 − 𝜔 turbulence model equations was used
to describe these two phases. The heat transfer between gas and liquid and
chemical reactions associated with sucrose hydrolysis was taken into
consideration. The conservations of mass, momentum, and energy of each
phase are shown in the Table.

•

The conservations of mass, momentum, and
energy of each phase are shown as following.

•

Reaction model and the related kinetics
data

• The selected phase change material is erythritol due to its advanced thermal properties.
• This CFD model is developed based on the commercial software ANSYS FLUENT.
• An outdoor experiment is conducted to evaluate the reactor performance and to provide
the data for the CFD model validation.

4. Results and Discussion
➢ Process illustration by CFD model
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• The phase change material is fully melted under the heat flux condition.
• The liquefaction process absorbs heat and can be seen as storing solar
energy.
• The heat transfer that happened in the phase change material charging
zone affects the temperature field where the hydrolysis reactions
occurred.
• The reactants and products’ concentration evolution during hydrolysis are
demonstrated by the CFD model.
• This CFD model is a cost-effective tool to optimise the reactor design
and operating strategies.
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Conclusions
•

The simulation results indicate that the amount and type of the charged phase change materials affect the yield of 5-Hydroxymethylfurfural and the by-products due to the
heat storage capacity.

•

In addition, the heat absorption and desorption of the phase change material make the inner tube reactor maintain a mild heating environment and extend the reaction time,
which improves the system efficiency.

•

This model provides a cost-effective way to understand and optimise the solar-driven reactors.

