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1. Problem Description
A thermal simulation is done using computational fluid dynamics software CFX to
calculate the air temperature in the ILC tunnel. This is done for the service tunnel in the
two-tunnel version. The diameter of the tunnel is 5.0 m, and the width of the ground is
4.2 m. The length of the section under consideration is 36 m. The temperature of the
underground rock is 55oF, or 13oC.
For rectangular equipment sitting on the ground, we assume that all heating load is
uniformly distributed over its 5 exposed surfaces. We list these heating loads in following
table.
Table I. Heating Loads in Tunnel
Name
ElectricSkid
Panel
WaterSkids
RelayRack1
RelayRack2
Klystron
Transformer
Modulator
RelayRack3
ChargingSppl
RelayRack4
CoilDuct
WaterPipes
Total
x

SurfaceArea (m2)
9.688
20.803

8.935
25.98
17.46
31.1
83.69

HeatPower (kw)
3.3
0
5.18
0
0
0
1
4
0
11.5
0
1.66
5.4 *
32.04

SurfaceLoad (w/m2)
340.64
249.00

111.92
153.97
658.61
53.38
39.43

This includes the thermal load from lights.

The air flow in the tunnel is about 1 mile per hour, or 0.447 m/s. The initial air
temperature is 75oF, or 24oC.

2. Heat Taken Away by Air and Heat Absorbed by Rock
Total heat load over 36 m length is 32.04 kW,
or 890 w/m. The circumference of the tunnel
can be calculated as following
360  2 u 57.14
C 2S u 2.5 u
 4.2 14.92 m.
360
If we assume that all heat load is absorbed by
rock wall and concrete ground, then the
average heat flux on rock wall and concrete
ground is Q = 890/14.92 = 59.65 w/m2. Since
rock and concrete are not good thermal
conductor (Rock has k = 4.6 w/m-K at 300K,
see Physical Properties of Rocks and Minerals
(Cindas Data Series on Material Properties,
Vol II-2) (Hardcover) by Y. S. Touloukian,
William R. Judd, R. F. Roy (Editor)), and Q =

k 'T/'r, that means we have very large thermal gradient, that is, we have high elevated
temperature in tunnel.

If all heat is taken away by air, we calculate the temperature increase. Cross sectional
area is 16.25 m2, the average flow velocity is 0.447 m/s, so the flow rate is 7.264 m3/s.
At 300 K, air has following material properties[3]: density U = 1.1614 kg/m3, specific
heat c = 1007 J/kg-K. If we assume that the temperature difference between outflow and
inflow is GT, we have
(7.264 m3/s)( 1.1614 kg/m3)( 1007 J/kg-K)GT = 32040 w, or GT = 3.77 K.
We expect that part of the heat load will be absorbed by rock and most of the heat load
will be taken away by air. We are going to estimate how much heat can be absorbed by
rock.
Consider static thermal conduction in axial symmetric case, we have
1 w § wT ·
¨r
¸ 0
r wr © wr ¹
Its solution is T C1 log r  C2 . Two constants can be determined by two boundary
conditions. We make following assumptions: at the tunnel surface r = 2.5 m, T = 26oC,
at r = 25 m, T = 13oC (bulk temperature of rock). Therefore,
26 = C1log(2.5) + C2, 13 = C1log(25) + C2.
Solve for C1 and C2, and substitute back, we have
T = 13 – 5.646 log (r/25)
Now we can calculate heat flux near tunnel surface
Q = k dT/dr = -5.646/2.5 k = -2.2584 k
Take k = 4.6 w/m-K, we have Q = -10.39 w/m2. That is about 17.4% of the total heat
load. Since there is some area occupied by equipment, the actual surface area is less
than calculated. Let the tunnel surface area be 500 m2, and let the surface heat flux be 10

w/m2, we have the heat absorbed by rock = 5 kW. Now the total heat taken away by air
is 27.04 kW, and the air temperature increase becomes 3.18 K.

3. CFX Model
A CFX model is built. In the model, the heat loads are applied as in Table I. The Rock
and ground surfaces have negative heat load of 10 w/m2. At the inlet the air temperature
is 32oC. We expect the average outflow air temperature to be 3.18 degree higher, or
35.18oC. The average temperature is calculated in CFX as mass flow average
³³ U vT d A
T
³³ U v d A

Where integration is over the outlet surface, U is density and v is the velocity normal to
the surface.

Fig.1 is the temperature at outlet. Temperature ranges from 27.82 to 48.17 oC. The
maximum temperature is 308.29 K or 35.14 oC.

Fig.2 is the temperature at equipment surfaces. The maximum surface temperature is
297. 4oC.

Fig.3 plots some stream lines colored with temperature. The maximum air temperature
can reach 104oC.

4. Conclusions
From this analysis we have following conclusions. 1) Rock can absorb only part of the
heat load, at most 15% of the 32.04 kW. 2) After a section of 36 m tunnel with 32.04
kW heat load, the air temperature will increase about 3.2oC. 3) Maximum surface
temperature will be about 300oC.

