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Introduction }

Kthe exchange system and the thermal equilibrium of the surrounding soil or rock mass.

Existing urban tunnels constitute an interesting new opportunity to extract geothermal energy from the underground. This potential has motivated a research
project, led by Ecole des Ponts, CNAM and Bouygues, is a part of the national program "VILLE 10D — VILLE d’idees" which was launched by the Ministere de
I'Ecologie, as proposed by the French Association of tunnels and underground structures (AFTES).
The objective is to estimate the thermal potential of the surrounding rock mass for inter-seasonal heat storage / recovery in the tunnel, using 3D numerical
modelling. The model is used in a comparative and parametric study on the influence of fluid properties and ground thermal properties on the effectiveness of
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Principle }

a L

Pipes, witch are attached to the
cage of prefabricated segments
of the tunnel, are relayed by a
heat pump (PAC). Heat :
exchange takes place between g
the pipes and the rock on one
side, and the air inside the

antifreeze fluid.

Roche :milieu semi infini

tunnel on the other side i P
through the cirelllation of'a heatt & ===, ===

In winter, the heat pump
restores the heat collected
to heat buildings on the
surface, and the reverse
operation in the summer
(cooling).
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/{Physics and equations
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*» Transfer in porous medium

Continuity equation

Darcy’s law u= u V(p+pgz)

+» Heat transfer in solid

C o = VT
Pen Tt
*» Heat transfer of a fluid in pipe

CaT
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Heat transfert (0C,)eq -t pCyu. VT = V. (1gVT)
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A : thermal conductivity
p : density

C,: thermal capacity

u: groundwater velocity
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fo: coefficient of friction //

Model without water table
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Model with water table
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Initial / boundary conditions

»Rock’s temperature T, ...

» Convective flow

»Inlet fluid’s temperature T,

»Fluid’s flow rate
» Fluid outflow pressure
» Groundwater’s velocity
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[ Results }

The fluid’s properties
Calculation for 100 days in the heating mode
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Water pressure drop by ring according to the flow of the
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The rock’s thermal properties
Calculation for 2 years of operation reversible

Annual energy exchanged with the rock versus

Annual energy exchanged with the rock versus its
its temperature

thermal conductivity
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In winter, the thermal exchange is primarily done with the
tunnel’s air. In summer, the heat is injected into the rock.

Annual energy produced by a ring for cooling
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Reversible operation

8 month heating + 3 month cooling +1
month break
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The amount of heat
Injected into the
rock is always
higher than that

extracted from it.
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rock Is due to the
presence of the
urban tunnel.

system reduces
thermal disturbances

Whe rock.

nhon-activated tunnel
warming of the

The rock's temperature at 6 m far from the tunnel for

differents cases
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Without groundwater flow

The zone of influence
of the heat exchange

system increases with
the thermal diffusivity

of the rock a.

With groundwater flow

Temps=0d Fléches sur surface: Champ de vitesse de Darcy
Surface: Champ de vitesse, composante x (m/s)
Isosurfaces: Champ de vitesse de Darcy, composante x (mys)

field, determined by
Darcy’s law.
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Groundwater transports heat and/or cold away
from the tunnel. The rate of thermal recovery
depends on groundwater flow velocity.
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Groundwater's velocity 3.106m/s  Groundwater's velocity 3.10° m/s
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Non-uniform velocity

/{Numerical modelling and assumptions }\
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- Energy extraction from the tunnel has a positive environmental impact, as it reduces the thermal disturbance of the rock caused by the presence of an urban tunnel.

-The exchanger system performance is influenced by the fluid properties and to a lesser extent by the thermal properties of the rock in the absence of groundwater flow.
-The influence of the groundwater on the system increases with its flow velocity: In summer, it prevents heat storage in the rock near the tunnel so it can evacuate more heat
and thus cool the building more efficiently. In winter, the flow renews the temperature therefore the exchanger extracts more heat from the rock. With low flow rates the general
conclusions of the case without flow are applied.
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Excerpt from the Proceedings of the 2016 COMSOL Conference in Munich



