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Challenge for continuous operation of extreme ultra-violet light source using hypers
onic jet

Horioka, Kazuhiko

3,000,000 900,000

In order to make a controllable beam target, a hyper-sonic localized jet was forme
d quasi-continuously in vacuum. An apparatus composed of a miniature Laval nozzle, a gas target chamber,
and a supersonic diffuser was constructed for studies on the gas target formation and the gas-dynamical st
udy on the nozzle and diffuser flows. Results showed, for continuous operation of the free-jet flow, diffu
ser optimization is critically important. We measured static pressure profiles in the supersonic nozzle as
a function of the stagnation pressure and the nozzle geometry, which indicated effects of non-equilibrium
condensation on the pressure profiles. We proposed a semi-empirical method to predict the nucleation and
cluster formation processes based on the nozzle flow experiments and a numerical model considering the con
densation process. The model could characterize the supersaturated states and onset of the condensation f
rom the pressure profiles of the non-equilibrium condensation flow.



Mach 6

Ve

T/m)i2 a a

10

Vm=(2k

Figure of Merit for
Localized Gas Flow and
Pressure Recovery

v=167

?

1 2 3 4 5 6

Mach Number Me

1)

)

()
Mach

(4)

®)

(6)

Me



Sn

; —T, 10 cm
- o ﬂ

Xe

I'I‘
Ne
T

+9  +11
10'71%cm 3
40-50 eV

Co2

EUV

CO2

2
10910 Wem 2

¢y

@

®

*

®

®

(6074

Cco2

20%



@ u 02
H 02

®

10

4

1. K.Takahashi, M.Nakajima, J.Hasegawa,

K.Horioka, “ Clusiter Caractrization in
Supersonic Nozzles using Simi-empirical
Modeling of Non-equilibrium Condensation
Flow” , Journal of Applied Physics,
Vol .113, 024502-1-6 (2013)

2.Yujin Ogata, Mitsuo Nakajima, Kazuhiko
Horioka, et.al.,” Laser target using
continuous supersonic jet in vacuum” ,
IFSA 2011 Seventh International
Conference on Inertail Fusion Science and
Applications, EPJ Web of Conferences, 59,
18005 (2013)

3. K.Takahashi, Y.Ogata, M.Nakajima,

K.Horioka, “ Cluster Formation in
Hypersonic Miniature Nozzle” ,18%
International Symposium on Heavy lon

Fusion, Annual Report Contribution of the
High Energy Density Research Community,
GSI1-2011-2, p.86, (2012)

4. Y.Ogata, K.Takahashi, H.Kuwabara,

M_Nakajima, K.Horioka, *“ Laser Target

using Continuous Supersonic Jet” , NIFS
NIFS-PROC-90, pp.22-25 (2012)

" NIFS

26 1 8
2014

2. K.Horioka, M.Nakajima, et.al.,

“ Jaspanese Program Overview on HIF and
Related Research Activities” , Proc. 19"
Symposium on Heavy lon Inertial Fusion,
12-17 August 2012, Berkeley, California,
Us (2012)

0
O
o 1
1422286
2014 1 1
@
Horioka, Kazuhiko
10126328
@
©)

Nakajima, Mitsuo

30198098



