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COOLING

TOROID OPERATES AT  2500 K
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Where: r = the radius of the target section (1 cm)
             l = the effective length of the target in the beam at any one time (20 cm)
            εεεε = the thermal emissivity (0.3)
            σσσσ = Stefan’s constant (5.67x10-12 W cm-2 K-4)
            g = geometry factor (1)
            S = specific heat (Ta - 0.14 J g-1)
            ρρρρ = density (Ta - 16.7 g cm-3)
            V = peripheral velocity of the toroid (cm/s) 
            T = temperature (K)
            Te = the temperature of the enclosure (300 K)
            T0 = the temperature of the target entering the beam (K)

Some Simple Heat Flow Equations

( )442 eTTgrl
dt
dq −= εσπ

Stefan’s Radiation Law

Thermal Capacity
( )oTTSlrQ −= ρπ 2

L
VQW =

which gives the power as:

Proton beam

target

l

r

Assume dc proton beam
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Temperature Fall
due to thermal radiation from a 2 cm diameter tantalum bar

from 2500 K to an enclosure at 300 K
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POWER DISSIPATION

0.01 0.1 1 10 100 1 103
0.01

0.1

1

10

100

1 103

power

MW
10 m

10 m

v = 100 m/s

1 m

1 m

100 m

100 m

0.1 m

200 m

20 m
10 m

2 m

0.1 m

1 m

2000 m

1000 m

radius/velocity

v = 20 m/s

v = 10 m/s

v = 1 m/s

v = 0.1 m/s

1000 m

10 m

100 m

10000 m



Slide 9

PULSED EFFECTS
The proton beam has a very short pulse length (~1 ns) at 100 Hz rate.

If the target rotation is slow - the areas illuminated by the pulses
overlap rotating target

individual overlapping beam pulses on the target, 20 cm long

As the rotation gets faster the areas illuminated by each pulse separate
until at v = 20 m/s they just touch.

rotating target

individual beam pulses on the target



Slide 10

PULSED EFFECTS
At speeds greater than 20 m/s the areas of each pulse separate

rotating target

individual beam pulses on the target

There is no point in getting into this regime since the target radius and
velocity are larger than is necessary for optimum power dissipation.

The maximum power at a pulse repetition rate f  is:

W = 0.322·f

W = 32 MW at 100 Hz
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Target Length
proton beam

R

l

( )rRl 122 +=

With l =20 cm, r =1 cm, R must be 45 cm - rather restrictive.

Better to tilt the plane of the toroid with respect to the proton beam
centre line:

proton beam

l

θθθθ

l
r2≈θ θ = 1/10 radians = 5.7 degrees


