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Heat Transfer Problem
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Estimate of the steady-state heat load
dissipation to the ground in the HL-LHC
UR15 and URS55 tunnel sections
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Thermal Resistance Parameters

SOIL

Condnctivite type Valens recommandee
T}'pe de roche W/ (mk)] W/ (mK)]
Arpilite-mane 2227 23
Masnes 23-28 24
[T 24-28 25
Credy moTens 27T=32 29
Creés projaser o1 conglomeénns 22-31 24
Movenne 25 2.5

SIA Standard Soil conductivity = 2.5 W m1K-!

Concrete
|[Material group or application Design Specific | Water vapour
Density thermal heat resistance
conductivity | capacity factor
el % Vi Cp u
kg/m’ W/(m-K) JI(kg-K) dry wet
Asphalt 2100 0.70 1 000 50 000 | S0 000
Bitumen Pure 1050 017 1000 50 000 | 50000
Felt / sheet 1100 0.23 1 000 50 000 | 50 000
|concrete
Medium density 1800 1.15 1000 100 60
2000 1,35 1 000 100 60
2200 1,65 1 000 120 70
High density 2400 2,00 1000 130 80
Reinforced (with 1 % of steel) 2300 23 1000 130 80
Reinforced (with 2 % of steel) 2400 25 1000 130 80

EN 12524 Concrete conductivity = 2.5 W m1 K-4
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Mixed Convective Heat Transfer

Table 4 : Mixed convection Nusselt number calculation

Nu = Nuy, -> the natural convection is dominating the heat transfer process
The expected heat tranfert coefficient at the wall is about 3+15 W m2K-1

Gar [m” h™] Nug [-] he [Wm™ K'] [ hy [Wm™ K] [ Nuy [-] Nu[-] | h [Wm™?K"]
23000 154 0.62 3 742 745 | 3.00

50000 284 1.15 3 742 756 | 3.05

50000 284 1.15 3 742 746 | 3.02

50000 284 1.15 10 2475 2477 | 10.00
50000 284 1.15 15 3713 3714 | 15.00

Nu"

h AIR - WALLD TUNNEL
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Convective Heat Load Estimate
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Tar ] KcoNcReTE tconcrere | Terouno Kerounp FGROUND Q

[°C] Wm2K' | (wm? K [m] ec] | wmiki | [m] | kw
25 5 2.5 0.5 14.0 2.5 20 63.4
25 3 2.5 0.5 14.0 2.5 20 55.4
25 15 2.5 0.5 14.0 2.5 20 74.0

The maximum expected convective heat load to the ground will be 74 kW
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Radiation Heat Load Estimate
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The radiation heat transfer is similar to the convective one
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Conclusions

* The heat transfer between HL-LHC structure and the
ground is mainly dominated by the natural convection
and radiation

« Considering a tunnel air temperature of 25°C...

* ...the expected heat load is around 150 kW
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Any guestion?




