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TES modelling scales — focus at
device scale

Informed by
fundamental science

Informed by techno-
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TES technologies — Top down view
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Ding, Y et al. UK TES (2015).



TES technologies — Top down view
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TES technologies — Classification
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TES technologies — Classification

Checker bricks
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alcohols

Saddles,
Shperes

Salt hydrates,
water-salt
solutions
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Cabeza, L.F. et al. Advances in Thermal storage (2015).



TES - common features across technologies

Heat transfer fluid Heat transfer fluid
(direct) (indirect)

Integrate heat transfer &
storage fluid
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Mehling, H. et al. Heat and cold storage with PCM An up to date introduction (2008)



Physical modelling similarities/distinct features
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Physical modelling similarities/distinct features

Balance equations

|

Mass balance(s)
Linear/angular momentum
Energy balance(s)
Entropy

Constitutive relations

Mass (Darcy, Forchheimer,..)

Heat (Fourier, Newton,

Radiation

Phase change (enthalpy, cp)

Reaction kinetics (linear driving

force, ...)

Mixture rules (effective

properties, interactions...)

Constraints .
Material

dependent
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Reference solution
*  Analytic solutions

. Test cases
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Numerical methods
«  FEM
FDM Model -
« FWM
Boundary and initial
conditions System
dependent

Inverse modelling
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Parametrization &

design

Forward modelling
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Performance
Predictions
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Sensible thermal energy storage

Effective thermal conductivity of the bed

Continuity:
v,
OX;
Momentum:
L
+V, = +F
ot OX;  OX;
Heat capacity of the walls
Axial conduction in the walls

Thermal losses

Energy (fluid/solid):
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Pressure loss
Fluid/solid heat transfer

Q

Thermal gradient in the solids
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Sciacovelli, A. et al. Appl. Energy 190, 84-98, 2017.



Sensible thermal energy storage
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Sensible thermal energy storage

O Material-device coupling plays a role even for conventional
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Latent heat thermal storage

[1] Axial fins [2] Y fins [3] Radial fins

"

[4] Corrugated  [5] Pin fins [6] Triple tube
fins

Target application

7], 18], ..., ¢
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Latent heat thermal storage

Liquid PCM

Solid PCM (on
the pipe)

Heat transfer fluid
(indirect)
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Sciacovelli, A. et al. Int. J. energy Res. 73, 1610-1623, 2013.
Sciacovelli, A. et al. Int. J. Numer. Methods Heat Fluid Flow 26, 489-503, 2016



Latent heat thermal storage

O phase change (energy) - enthalpy method
O co-existence of solid/liquid (fluid flow) - liquid fraction/darcy term
O Natural convection - Boussinesq approximation
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Sciacovelli, A. et al. Int. J. Numer. Methods Heat Fluid Flow 26, 489-503, 2016



Latent thermal energy storage

Continuity:

Momentum:
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Energy (solid/liquid PCM):
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Flow-energy coupling
Intrinsically non linear

Need to track melting front
Strong property-process coupling

Sciacovelli, a et al. Appl. Energy 137, 707-715, 2015



Latent thermal energv storage
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Latent TES — optimization coupling
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Conclusions — couplings across the scales

material and
system couplings
(Indirect)
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Thank you!
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