Appendix 3

THE HEAT CONDUCTION CALCULATIONS
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It is obvious that high 10-15 T pulsed magnetic field in the concentrator will
result in the target heating. The pulsed magnetic field induces currents in the
target, which causes the heat release in the target material. To define the amount
of energy releasing in the target the task of field diffusion has been solved.

This task is described by equation (1)
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WhereA - is the Laplasian operator,— is the conductivity of target materigl,

— is the permeability of target material. We will use the cylindrical coordinate
system with rp,z coordinates most suitable for our geometry. Magnetic field is
directed along the z-axis and the cylindrical conductor of the infinite length is

directed along the z-axis also. Then the field can be written as:

H(r,t)=(00,H,(r.t)) )

So, we can rewrite the equation (1) as:
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We will find the solution asH,(r,t) = R(r)e with two conditions:

Hy(ro,t) =Ho @' ; < o0 (4)




The equation (3) then transforms into the Bessel equation:
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whereq = 477]120&). The solution of this equation is:
C

R(r)=AJs(ar~/=i)+BNg(ar/-i) (6)

where Jo and Ny are the Bessel functions of the first and second kind. A, B

constants can be defined from the conditions (4B=0 because

‘No(ar\/?i)‘ Lo atr - 0,s0

R(r) = AJO(ar\/—_i) (6),
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argument. To calculate the heat deposition the Umov-Poiting vector (7)

where A = and Jg(ar+/—1) —is the Bessel function of complex

representing the energy flux can be considered. Taking into accounf thatE

we will obtain:
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This vector has only one nonzero component along the r-axis. It is defined by

equation:
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For the following calculations we should find the energy flux through the
surface of cylinder of unit length. The amount of energy penetrating into

conductor is defined by the following equation:
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(taking into account the Bessel function propedy(X) = — (X))

Substituting (10) and (11) into (9) and shifting from complex values to the real

ones we will obtain the value of energy deposition. It is defined as:

W=- rOC BlER OHZ EHD} (11), where “** means the complex
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conjugation, and
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here a = 4""’20 “-386 c=3Mm0° cm's - is the light velocity,
C

w=2rf; f =20kHz - is the frequency of half sine current pulses in

concentrator (not repetition rate) and for the liquid lead target

o =89010° atT = 408Candu =1.

So the heat deposition for half sine time interval is:

Q:W%:WEG 1136 3/ cm (13)
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where T =50 s — is the period of sine pulses. It corresponds to the power of

energy deposition 4.BW/cm for the repetition rate of half sine pulses equal to
120Hz The region of maximum heat deposition corresponds to the region of the
highest magnetic field and the length of this region is dnbapproximately (it

was estimated by computer simulation of magnetic field in concentrator; See
chapter 5). Thus, the main heating has place in small region. The energy
deposition given by (13) causes the rise of target’s temperature bjod@ne

pulse of half sine current in concentrator.

At = Q , mZprD/prbDTrbz [1, wherem — is the mass of lead
Cpp [
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cylinder of unit length,cpp, = 0.013 Hed is the heat capacity of the lead,
gLoeg

Ppp =113 g/cn‘? — is the lead densityfg = 0.4 cm- is the target radius,

| =1cm. The energy deposition by pulsed heating is less than the energy
deposition caused by the beam. It is &W& and 23kW correspondingly. This
fact was taken into account during the calculation of the liquid lead velocity in the

target for the effective heat removal.



