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An experiment was made on the cooling of the target that simulated

an electrode 6f the ion source operating in a megawatt ;egime. A

copper disk with thin parallel ccoling tubes were bombarded b§ hydrogen
beams of 1 to & A at 30 KeV for up to 7.6 s. The average heat loading

to the target surface and fo the cooling surface was as high as 220 W/ cm?
and 570 W/sz, respectively. The temperature of the target was measured
by thermocouples and found to be suppressed below 200 °C owing to an
increase of heat transfer coefficient by subcool boiling of the cooling
water. On the basis of this result, the extraction electrode of an ion

source for JT-60 can be designed to withstand the operation exceeding

35 A at 75 KeV for 10 s from the heat transfer point of view.

Keywords; Ion Source, Extraction Electrode, Neutral Beam Injector,

Heat Removal
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INTRODUCTION

High power neutral beam injection plays au increasingly important
role in controlled thermonuclear fusion research as a method for heatlng
a magnetically confined plasma. Intense ion sources are being developed
to produce quasi-continuous megawatt neutral beam. For instance the
ion source for JT-60 ueutral beam injectdon ls specified to deliver an
ion beam of 35 A at 75 KeV for up to lO s.1 Each extraction clectrode
is equlpped w1th alternately arranged YOWS of apertures and water cool-
ing plpes over the 12 cm X 27 cm area, Wthh determlnes a beam trans-
parency of 40 A. | “ - |

In these rou sources, heat loading to the extraction electrode ls
one of the crucial problems which limit_the ion beam-power.denslty.
Measurements of the heat loadrhg to-a‘two stage extraction srstem:shomed

that up to 2 A of the extracted beam power was d1851pated 1n an electrode

" under the typlcal beam dlvergence and gas pressure.2 The correspond1ng

heat loadlng averaged over the coollng surface is 270 WJcm This heat

1oad1ng may cause thermal deformatlon or melting of the electrode during

a pulse of 10 5. due to its small heat capacity.

While.we have performed lohg—pulse beam extraction of 4 A at 30 KeV
with 1ntent10nally dlsarranged grld.system, the heat flux obtalned have
been ouly a half of the above mentroned‘value.3 .Several authors ?
hare also=operated ion sources with a long pulse but with small heat
loading to the extraction electrodes. Recently, M. Sehiret al.6 con-
ducted a heat removal test from a high energy neutron source target,
where a heat flux was up to 0.8 KW/cm?. Their experiment was, bowever,

performed w1th a small target (about l cm in dlam ), 1t can not be

dlrectly applled to the de51gn of our electrode coollng systen.
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To test the cooling capability of a larger electrode at high heat
flux, a disk target that simulated the electrode of the ion source was

irradiated by the intense icn beam.
1, EXPERIMENTAL

The target was a copper disk of 18 cm ih diam, and 5 mm ih thick~
ness. It was irradiated hy hydrogen beams freﬁ a duoPIGatron ien
source. This source is equipped with a water;eooled extraction elettrode
system and is capable of operating for 10 s. The detaiies on this ion
source performances and its operating characteristics arefdiscribed“iﬁ
a separate paper.3 Elghteen parallel coollng tubes were attached th
the rear 51de of the target These copper tubes 2 5 mm,in euter diam.

v

and 0. 5 mm in thickness were 51lver brazed in such a way that they were

'wholly buried in the target plate as shown in Flg. 1.

The experimental set up is illustrated dn Figr:Z; where’the taréet
was set 70 cm'apart from the extraction eleetrsderof theéisn sodrce.
The beam profile was chosen to beeome bread at the;target pssition.with
the e—fdldiné divergenee.of 3 deg:.JThe disk temperature was measured
with chromel—alumel thermocouples buried at varlous:p051t10ns indicated
by filled cireles in Fig. 1. " The temperaturerrlse of coollng water was
measured w1th a dlfferentlal platlnum re51ster calorlemeter?. In the
pPresent experlment the flow rate.of cooiiné water’waslset eonstaht at
10 Q/ﬁin. Water’pressures?at the iniet aﬁdasetlet:of the test section

were 7.2 kg/cm?.g and 6.8.kg/cm2.g, respectively.
2. RESULTS AND DISCUSSION

The 1nc1dent power to the target was obtained by measurlng the

temperature rise of the coollng Water. Slnce the time constant of the
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caloriemeter is very long, the température rise of the cooling water
did not indicate an_obse;yable ghange,within‘a single short-pulse,. . .
Instead, average.temperaturg rise was measured by repetitious short -
pulse ir;adiations wi;h a constant time interval which was shorter than
the time constant of the caloriemeter. This average value is divided
by the duty cyclg of the operation to give the ineident power of a-
single short pulseﬂ

_In Fig. 3 is shown the evolutionlof the temperature rise at.the:
center oﬁ the target when it was irradiated by anm ion beam of 3.8 A at

30 KeV for 7.6 s. The temperature rise was saturated at about 180 ¢

at 0,8 s, after the beam initiation. This figure also shows that all

the input power after this saturation was transferred to the cooling
water except for small radiated power. Figure & indicateé the evolu-
tion of the temperature rise of the cooling water. Since time response
qf the ca;oriemeter was very slow due to its large heat capacity, the
temperature rise shows a gradual evolution. Integration of this curve
gives the total incident evergy of 440 KJ to the target. .On the.other
hand 50 % of the extracted ion beam power turned out to be deposited on
the target in.the repetitious short pulse operations. .The incident
power to the target calculated from the former and the latter agree
well to give the value of 57 KW. Thus the average heat loading to the
cooling surface and to the target surface becomes 570 W/cmz and 220
W/cm?, respectively.

The saturation temperature at the center of the target is shown in
Fig. 5 as a function of the heat flux averaged over the target surface
area with the corresponding ion beam current. Solid line shows the
temperature of the cooling pipe wall that is estimated from the. Jens—

Lottes equation:
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T = 0.82 ql/“ exp(~-P/63)"+ Tsat
where T is the temperature of the cooling pipe wall, ¢ the heat flux
of the cooling surface, P the water préssure; Tsat the cOfespondiﬁg
saturation tempeérature. - This figure indicates that thé inéidént'power
after the saturation of the temperature was removed by the forced-
convection boiling heat transfer when the ion beam current exceed 2 A,
while it was removed by the convgctive heat transfer in’thé'éase.of
1 A beam current. The critical heat flux Qf‘the present case was cal~
culated and found to be 600 W/cm? from the Zenkevich's équatibn.'8 The
target was bombarded more than 100 times by the ion beam rangihg from 1

to 4 A at 30 KeV for 1 to 7.6 s. But no sign of burn-out was observed.

3. DISCUSSION

A disk target was irradiated by hydrogen beams of up to 4 A at
30 KeV for 7.6 s. The average heat loading'was as high as 570 W/cm2 on
the cooling surface and 220-W/cm2 on the target surface. | |

From the temperature measurement by thermOcouples, the targef was
observed to reach the thermal equilibrium state due to flow boiiing at
0.8 s. after the beam initiation. The heat loading to the cooling sur-
face exceeds the requirements of the ion source for JT-60. The éxtféc—
tion grid can be designed to withstand the operation of 35 A
at 75 KeV for 10 s. from the heat transfer point of view.

On the other hand the average heat flux to the electrode surface,
220 W/cm? can not be justified for the design bases. It should be
evaluated from the point of view of thermal deformation and fatigue,
taking into account of the actual electrode geometry. This problem is
under way in our lavoratpry both numerically and experimentally and will

be reported else where.
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