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UNIVERSITE

EAT principle DE GENEVE

e Use of soil thermal inertia
* Reduction of temperature peaks carried by ventilation
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EAT principle

Typical hourly dynamic

C 50 7 Meteo: New Delhi
Airflow: 2000 m3/h
Diameter: 40 cm
A B 1 Length: 100 m
Depth:2 m
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Periodic charge / discharge
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Interaction with surface and between pipes
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Case studies
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Aymon building (Sion)

roof floor

cool air outlet

@ ventilator control

insulated pipe

outside air inlet

massive basement
fan
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e Additional thermal mass

e Day/night oscillation cut-off + over-ventilation =
important cooling effect

e Robustness of simple solutions (reproducibility /
optimization)
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Case studies
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e Buried pipes in competition with recovery on
exhaust air (but avoids freezing of heat
recovery unit)

e Important cost, little preheating (mainly daily
effect)
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Case studies

Schwerzenbacherhof (Zurich)

évaporation 9.5 MWh

préchauffage net 5.4 M
puits canadien: 9.4 ({-) °C (:

| _________‘:_T"]

diffusion déstockage air /
\]7.0 MWh 1 j@/

déstockage
capacitif
23.5 MWh

sol:
11.6 (12.9) °C

__ eau stagnante
2.5m3

\/ diffusion

5.5 MWh 112 m3

e Cooling by over-ventilating !

e Water infiltration/evaporation ?

e Thermal link with building
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Perret building (Satigny)
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e Simple solution
e Bottle neck: air- water heat exchanger

e Energetic loss due to link between
building and buried pipes
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Geoser project (Conthey/Sion)

serre aair
Rejets
lair

(40)

Ensoleillement
(232)

Chauffage
Diffusion (1'254)
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(45 et 46)

I% _ Condensation (36)
Stoc(l;aegf; %??;////////////////%/////% ]
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e Importance of auxiliary electricity
e Importance of global energy balance

e Potential water condensation/evaporation
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Analytical approach

as(afTS + %érTsj =0T,

* Objective: characterization of
(a T, +— 1 o1 j: 27zroha(Ts|r:r —Ta) storage/dampening
Va 0  Limitation: cylindrical symmetry,
250, T, =ha[T AN - -T.) constant airflow
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Periodic heat charge / discharge DE GENEVE

Main results (without perturbation from upper surface)

e Dampening and phase-shifting of harmonic
input :

T =T,sin(et)
T.=T, exp(— S—hj sin (a)t - S—kj
cm cm

e Phase-shifting usualy secondary

e Heat penetration depth depends on period :

5o AT ~ 3 min yearly mode
cCorm ~ 15 cm in daily mode

e Dampening given by serial link between
convective and diffusive exchange :

LA o~ (if R,>0)

. +h, I, In(1+ 5J

o
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Comparison with charge / discharge from free upper surface

Z Z Température [C]
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Design guidelines
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Geometrical configurations
Dampening of annual oscillation

35q°C
air : 200 kg/h
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Hypothesis: no interference from upper surface !

Dampening of daily oscillation
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Nomographs for daily and annual amplitude reduction

Dry soil (conductivity: 1.1 W/K.m, specific heat: 1.6 MJ/K.m3)

Daily oscillation reduction (15% amplitude) Annual oscillation reduction (15% amplitude)
Soil around pipe: ~20 cm Soil around pipe: ~260 cm
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DE GENEVE
Nomographs for daily and annual amplitude reduction
Dry soil (conductivity: 1.1 W/K.m, specific heat: 1.6 MJ/K.m3)
Daily oscillation reduction (15% amplitude) Annual oscillation reduction (15% amplitude)
Soil around pipe: ~20 cm Soil around pipe: ~260 cm
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Use of nomograph with other pipe length
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Two complementary tools for

EasyPipes oy design of EAT

* EasyPipes Basic: pre-design
dimensioning tools for air-soil heat exchangers

* EasyPipes Plus: detailed design

P. Hollmuller,
Université de Genéve

Schweizerische Eidgenossenschaft \
Confédération suisse &
Confederazione Svizzera BEEP



EasyPipes Basic: pre-design DE GENEVE
* Analytical solution of heat charge o
and discharge around a pipe 1
 Excel integrated .
* Analysis in terms of annual and ZZA
daily frequencies f:/\\

365 days : daily min/max
C 50 -

45 -
40 -
35
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* Numerical simulation algorithm

* Excel interface to Trnsys simulation environment

* Transient aiflow

* Interference with upper surface and between the pipes
» Water condensation/evaporation



Model validation

UNIVERSITE

DE GENEVE

Numerical versus analytical model
Dampening of annual oscillation
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Numerical simulation versus monitoring (Schwerzenbacherhof)

Hourly dynamic over one week

KW charge

discharge

condensation

evaporation

50 -

40 -

30 A

20

10 A

-10 -
27/5

10 ~

A
o
1

&,
o
L

27/5

sensible

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

28/5 29/5 305 315 1/6

latent

28/5 29/5 30/5 31/5 1/6

<<<<<<<<

2/6

2/6

day
3/6

day
3/6

Weekly dynamic over one year

GEJ’ 2500 1 sensible
S 2000 A
© 1500 -
1000 -
500 -

-2500 ‘¢ ¥ w eek
0 4 8 12 16 20 24 28 32 36 40 44 48 52

500 - latent

evaporation

-2500 - w eek
0O 4 8 12 16 20 24 28 32 36 40 44 48 52

monitoring —e— simulation w ith infiltration —0— simulation without infiltration




