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Reactor Design Committee was organized to
clarify the feasibility of Laser Fusion Plant based

IﬁﬂE on Fast Ignition @

by IFE Forum and ILE, Osaka University

Chair; A. Tomabechi ILE, Osaka
Co-chair; Y. Kozaki (IFE, Forum)
T. Norimatsu (ILE, Osaka)
Core plasma Working Group Laser Working Group Target Working Group Plant system Working Group
H. Azechi (ILE), N. Miyanaga (ILE), T. Norimatsu (ILE), Y. Kozaki (ILE),
Y. Nakao (Kyushu Univ.), Y. Suzuki (Laser Front Technol.), M. Nishikawa (Kyushu Univ.), Y. Soman (Mitsubishi Heavy Ind.),
H. Sakagami (Hyogo Unv.), K. Ueda (Univ. Elector-Com.), T. Konishi (Kyoto Univ.), K. Okano (CRIEPI),
H. Shiraga (ILE), N. Tuchiya (Nishin Co.) T. Endo (Hiroshima Univ.), Y. Furukawa (ILT),
R. Kodama (ILE), Y. Oowadano (AIST), H. Yoshida (Gifu Univ.), Y. Sakawa (Nagoya Univ.),
H., Nagatomo(ILE), T. Jitsuno (ILE), M. Nakai (ILE) A. Sagara (NIFS),
T. Johzaki (ILE) M. Nakatsuka (ILE), T. Norimatsu (ILE)
H. Fujita (ILE),
K. Yoshida (Osaka Inst. Technol.),
J. Kawanaka (ILE),
H. Nakano (Kinki Univ.), Purpose
Y. Fujimoto (ILE), 1) to make a reliable scenario for the fast
H. Kubomura (HP), ignition power plant basing on the latest
T Kawa“:”;a <')*'°)' knowledge of elemental technologies,
S. Matsuoka(HP), 0 .
S 2) to identify the research goal of the
elements

K. Tusbakimoto (ILE),

b e (BRI (2 e 3) to make the critical path clear.
H. Furukawa (ILT)



KOYO-F is a commercial or very
BC=E= “closeto” commercial power plant.

ILE, Osaka

Load map toward Laser Fusion Energy

2005 2010 2015 2020 2025 2030 2035
Heating to ignition temperature 4 A lgnition and burn
FIREX-I FIREX-11
* v A Electric power generation
Conceptual design Tech. design

Experimental Reactor (LFER)

Electric power to network

KARERT A

Eaz 11

Design Demo reactor

Module 100J  1kJ 10kJ
development

Target injection and tracking

Blanket, heat cycle

Laser 200kJ/1Hz
Gain 50
Fusion Yield 10MJ
Electric power 2MW

Laser 1.2MJ/16Hz
Gain 160
Fusion Yield 200MJ
Electric power 1280 MW




'I-'-l What is new? @

ILE, Osaka

Core plasma

— Gain estimation and pR simulation were carried out using
latest simulation codes.

Lasers

— Cooled Yb:YAG ceramic was newly chosen for both
compression and heating lasers

Target

— Thermal cavitation technique was employed for fuel loading
In batch process.

Chamber

— Stagnation-free, liquid wall chamber with cascade flow was
proposed for the modular reactors.



Core plasma

The detall physics of the Fast Ignition

are investigated with computational

lﬁE simulations

X 4

Simulation of non-spherical
implosion for FIREX-
experiment (by PINOCO-2D)
CH-DT shell target with gold cone is
imploded by GXII laser. Even though,
initial perturbation exists on the target

surface, high density core plasma is
formed.

w/O initial perturbation

d
w/ initial perturbation

Generation of high energy
electron (by FISCOF2D)

Magnetic field in the cone geometry.
The hot electrons are transported
along cone surface guided by static
magnetic and electric field.

Electron spectrum generated by the
laser plasma interaction in the cone
geometry

10’ T

cone
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Heating of core plasma bythe
high energy electrons is
simulated (by FIBMET)

In this simulation, initial condition of
core plasma is determined by the
implosion simulation, PINOCO-2D.
Boundary condition of Input hot
electron is determined by FISCOF2D.
Temporal profiles of bulk-electron and
ion temperatures averaged over the
dense core region (r > 10g/cc) obtained
for the three different REB conditions
(ng,rear = 2, 10 and 100 n,)

_ Beam condition
050 [ — Te ne,rear= 10n

Foeeee T _eenes

C

N, o= 100N,

e,rear

Time [ps]




Although dynamics of cone-guided implosion is quite different from g g ***

conventional spherical one, high pR for ignition can be achieved

eeXistence of the cone causes

non-symmetric
slip boundary
ablated plasma

simplosion velocity

eshock hits the surface
of the cone

pR=2.4g/cm?



Core plasma

Actual energy and power of heating laser
Iﬁ'E required for fast ignition after S. Atzeni, @
(Phy.Plasmas’99)

ILE, Osaka
I R
Iy
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Assuming high energy electron range ;pd = 0.6 g/cm?
e E, =140{p/(100g/cc)} 18 kJ

« P,=2.6{p/(100g/cc)} 1O PW

. |, = 2.4X10%°{p/(100g/cc)}?% W/cm?

«  r,=60{p/(100g/cc)}0-975 4m EL: 60 - 100 kJ



Core plasma

Fast Ignition Gain Performance

I ﬁE o =300g/cc, @

Energy coupling; 7.0 = 5% for implosion & n.... = 30% for core heating

"n o r\--l.a

Pulse width of >10 ps would be accepted for the heating laser. This result relaxes
requirements for heating laser. We can use transmitting optics.

This i1s a good news. We can use conventional transmitting optics.

(e 10 ] = A0 S0 [=1] e

Core heating duration
Agicc] (7=10ps) Transition phase to

1 H & 1E18 explosive burning
E 00 -
= = 1E17
o
_ . .
T grange: (11 — 200e Vindog-scale) g 1E16 . ngh gain
(Y = 2
2y o 1E1S "\ Eab=18.4kJ
i - § 1E14 Fab=15.4K) \
w,(range: [L0'"% — 10" MY7m* in 1pg-scale) W, [MDAA] 2 1E 1 3 _ 2 ‘\
> pR=0.7g/cm . )
e LL Eab=3.5kJ \f'REX I
=2 1E12 " \
b -\FIREX-I ,
ws 1F11 -

0 20 40 60 80 100 120 140
Time [ps]



Core plasma

IF&E

Target for KOYO-F

X 4

ILE, Osaka
Basic specification Fuel shell Cone
Compression laser 1.1MJ  DT(gas) (<0.01mg/cc) 1,500um  Material Li17Pb83
Heating laser 70k DT(Solid) (250mg/cc+10mg/cc Foam) 3ooum  Length 1imm
Gan 165  Gas barrier (CHO, 1.07g/cc) 2 um '\D/llameter 2.240mm
PUEE SE ZU0L5 CH foam insulator (250mg/cc) 150 ym as md
Outer diameter 1,952 ym
Mas of fuel 2.5]mg
Total Mas of shell 4. 45mg
11 mm
9 mm | _— 150
Foam insulato ==
Solid DT+Foam\ Pl/astic coating
T Prabolic mirg T
4. 0 mm 3 mm 5.4 mm

)
N L7
o -




IF&E

Critical iIssues toward high gain

X 4

Can we achieve low adiabat o ?
— Current experiments o >2.5

Pulse control, target design are
the key.

Ignition Equivalent —
Laser Intensity

108
Heating
efficiency
= 0,
= n = 30%
102 4
>
c
: ¥R
o 15%
Z
104 L

=

0.1
Heating Laser Power (PW)

ILE, Osaka
Wet wall
- ———rrriid tor
I High-Gain
; (f
i reactor
10}
é a=3
© |
0] 1 FIREX-2
FIREX-1
[ uiven- Ignition
0L — et
10 100 1000
ELtot [k‘J]

«Can we deposit 20-30% heating laser

energy in a 60 um diameter x 100 um
area?

The Answer will be obtained with
FIREX projects.



Lasers

Compression and heating lasers
based on identical amplifier @
Iﬁ"E architecture

ILE, Osaka
Compression laser
Heating laser
Main pulse Foot pulse
Energy/pulse 1.1 MJ TBD 100 kJ
Wavelength UV (3w) 343 nm Visible (2w) 515 nm 1030 nm
Band width Narrow band Broad band Broad band (rectangular pulse)
1.6 THz ~3 nm
Efficiency Efficient Sacrifice of efficiency ( Sacrifice of efficiency )
Laser material Cooled Yb:YAG ceramic
Arrayed beam with different
Method for wavelength Broad'baréd 2ZA pRpes Broad-band OPCPA
SEEE SEME S MELE Spectral an)g;ular’dispersion plipEe! 12y 2m
(0.08 THz@343 nm)

OPA: optical parametric amplifier
OPCPA : optical parametric chirped pulse amplifier



Lasers

Originally Yb:YAG has high quantum efficiency

Iﬁ, of 90%. Why Cooled Yb:YAG now ? @

ILE, Osaka
Because there are dramatic Improvements in;
1. Wide Tuning Range of Emission Cross Section (Saturation Fluence)
Realize an efficient energy extraction without optics damages
2. 4-Level Laser System
Enough Laser galn even |n lede'pump Room Temperature Low Temperature
r, =OO00—F --00000
3. Improved Thermal Characteristics LoserDiode | Laser
- Low Brightness No Re-absorption
High average power operation Re-absorption
- 00— N —a
000—

) = 0000~ 1)-300: -0 0000
F.  =~OO000-

Quasi-3-Level Level



Lasers

Cooled Yb:YAG ceramic is promising

IF&E

as the laser driver material.

X 4

.. . ILE, Osaka
Parasitic osc. limit
100 - ] ] ] [} I llll ] ] ] (L llll ] ] ] DL ll:
o [ Small Optimal area -
D i module 7
% i ceramics | . Cooling Q ceramics i
= <% Nd:SiO2
o = 10 F Nd:YAG : -
v g : crystal JO crystal / 3
[ERS x -
S dNd:Y:CaF? -
L~ - ® -
n ~
< 5 I Nd:CNGG @® AP T
c 1 E Disordered crystal oLSG9IH -
o F Yb:s-FAP @ OBK-7 3
= - Crystal o OLHG-10 .
- / LHG-8  Glass -
[ Thermal fracture ]
O.l [ [ [ [ L il I' [ [ [ [ il I' [ [ [ [ i 0.l
0.1 1 10 100

Artificial control of
emission cross section

Saturation parameter

hvic (Jlcm2) 2

Cooled Yb:YAG ceramic

Practical use of
ceramic technology

<




ICE

We experimentally confirmed

performance of cooled Yb;YAG

X 4

Fiber-coupled

Flat Output P R=2000
AO  Thin Film . Laser Diode
CotlJ_lpIer Q-switch Polarizer High Reflector
— 2
- |_| , — LN, Cryostat Focusing
Lenses
R=-1500 ’
R= Pump Power 123W Flat Dichroic
High Reflector Mirror

—_ 1000 T T T T T T T T
Y . e 1% single
£ o* e®  °, 0 0.7% ceramics
S 300 ° .,
> ¢ .
= 100f ., —
é OOOOOOOOO. £
5 30 0©° °8 <,
S i :
3 < 8 S Calculation
S o ° Qb% | Using the observed G, and G,
@ 2F i
e
l_
5 10 30 100 300 0 o
Jemperature (K 0O 20 40 60 80 100 120 140 160

Crystal Temperature (K)

gp =8cmt

at 1.3 kW/cm?2

125 at.%
Thickness: 1 mm

Dope

Intensity

ILE, Osaka

T T T T T
— Horizontal profile

Gaussian fit

-1 0 1

Position (mm)




Overall Efficiency
IﬁE from Electricity to Laser

ILE, Osaka

Implosion Laser Heating Laser
Laser Power 17.6 MW(1.1MJ, 16 Hz) 1.6 MW(0.1MJ, 16Hz)
LD Electrical — LD Optical 60%
LD Optical — 1o 42%
LD Electrical — 1o 25.2% (= 0.6 x 0.42)
lo- 3w 70% -
lo-20 - 80%
OPCPA Eff. - 40%
Pulse Compression Eff. - 80%
Transportation Eff. 90% 90%

Harmonic Generation and Transportation

Electric Input Power 111 MW 276 W
Crystal Heating Power 7 MW 0.7MW
Cooler Electric Power 23 MW 2.1 MW
Electric Power Demands 134 MW 30 MW
Total Electric Power 164 MW

Overall Efficiency 12% (13% + 5.4%)




Beam arrays of implosion and

lﬁE hearting lasers @

ILE, Osaka

Compression laser beam Heating laser beam (1030 nm)

(343 nm)

AL =0.1 nm
@fundamental
(Av =0.08 THz)

Absorber

8x8 incoherent -

arrays
80cm X 80cm,
32 beams (DT = 10 J/cm?)

4

210cm X 210cm,
21x21 coherent arrays or
9 bundles of 7x7 coherent arrays
Heating laser

beam (Grating DT = 3 J/cn?)

————




Lasers

lllustration of main amplifier using

1628 active mirror concept @

3rd compression Laser ILE, Osaka
Harmonics (1.1MJ, blue, ns)

Fiber Pre-Amplifi . -
Oscillator [ r((i kJr,n,‘\)ulRl)er =1 Main-Amplifier

(~ MJ, NIR) m Pulse
Harmonics OPCPA Com[gresso

Mode-lock Pulse J Heating Laser
Oscillator === Stretcher (0,1MJ,gNIR, ps)

#gx11 tiles for
compression beam

~180K Coolant lines. gl

Ceramic Yb:YAG on
200K panel

60 kJ, 80cm x 80 cm output beam

60kJ x 8 beams



Large diameter laser beams will be
distributed to 4 modular reactors using

1ICE rotating corner cubes. @

ILE, Osaka

-

3rd | compression Laser
Harmonics (1.1MJ, blue, ns)
Fiber Pre-Amplifier 7 -
Oscillator =~ (~ k3, ,EHIRI) ™1 Main-Amplifier

(~MJ, NIR) il Pulse
Harmonics OPCPA Comeresso

Mode-lock Pulse J Vesiio Lemar
Oscillator == Stretcher eating Lase

(0.1MJ, NIR, ps)

Rotating corner cube
at4 Hz

_ -
Input beam

BOHLIS—

Layout of distributed beams

El¥REEE-A—

Accuracy for pointing < 10 prad

No influence of axis vibration sJ-F—F1-735—:
BEEL XIS SR RAAEEICER

[E3cS
= Accuracy for centering <0,5 cm (GREBRE=T)

NZALEEIS-ILLRBEL



[eses |
Cooling system with 2MW at 200K can be

JEEE  constructed with existing technology. @

ILE, Osaka

Electric input power  3600+1500kW
Cooling water 1300ms3/h (32-

37°C)

Cooling power 2MW at 200K
(6T=5K)

Efficiency >30%

Coolant R507A (High) +
R23(Low)

Image of 600kW, two coolants refrigerator*

This image was produced by Maekawa MFG. Co. LTD.



Lasers

After fast ignition, share of lasers In
lﬁ-ﬁ the construction cost became minor. @

ILE, Osaka

4.! 2 e
- Required laser energy became % after fast lgnltlong

Central ignition KOYO Fast ignition KOYO-F



Chamber

KOYO-F with 32 beams for
Bf=g= compression and one heating beam @

ILE, Osaka

* Vertically off-set
irradiation

e Cascade surface flow
with mixing channel

 SiC panels coated with
wetable metal

» Tilted first panel to
make no stagnhation
point of ablated vapor

e Compact rotary
shutters with 3
synchronized disks




Chamber

The surface flow is mixed with inner

cold flow step by step to reduce the @
Iﬁ'ﬁ surface temperature.

ILE, Osaka

e raphite 45 cm
T SICI5IC multi hole plate

Ferritic steel
vessel

Hat suringn Mow

This concept was experimentally
_ confirmed by Dr. Kunugi.

Pomus fron



To prevent stagnation of ablated LiPDb,

IﬁE front panels were tilted by 30 degree. @

- )

Cone type ceiling

t=0 ms ILE, Osaka

Position of mass center of ablated vapor



Beam port will be protected using a

magnetic field. @

ILE, Osaka

* Preliminary numerical simulation indicates that the tip
of beam port can be protected from alpha particles.

— B=1T, pulse operation.
— Alpha, 6.3x10% n/m?, t=0.18 us

« Electrons are treated as a fluid 06—y
as ions_ ................
04k i
Outer diameter 35 cm 0.2 rrrrrrrrrrr _,.
% - 3m E 0.0
Inner diameter 15cm >
200 Md/.shot 0.2 CE 5 N
0.4 [~ Prasma st e |
- Magnetic field| -:- "%« - (EEEEEINY - - |

0.6 a : R - - ]
04 06 08 10 12 14 16
H. Nakajima and Y. Kajimura, Private communication Z[m]



Final optics will be protected with
synchronized rotary shutter, magnetic @

Iﬁ' field, and buffer gas.

2500 | X 37 Fiz 16 Hz 4Fiz ILE, Osaka
erature
Rotary shutter for neutral gas | o disk
@ 2000
0 8 \
25
‘('U' (%]
S 5 1500
o C
g E Hole on 3rd d 'on 1st disk
— o 1000 Wall surface
500 \Bt bluster wave from the wall,
Blaster v=3,000m/s v=150 m/s
waves @20,000K |
1st shutter
open T~ LA L
2nd shutter
16rps Open \ ﬂ l | | | |
3rd shutter Open \
arps L o nninnnal nn o nnnnl i nnnnd | . . Buffer aas for slow
t 10ps 100pus ims 10ms T 100ms/r s Ig
neutral vapor
L 2nd shot
Charged particlies from plasma 1-2 u s Miss fired target 1argetinjection
alpha0.2-04pu s
X-rays 10 ns 0.
o 4 y1oom/

Magnetic field for ions
D* T'He'Fn* C*

lone £
:yED’ 60cm »
:

B=1T, 2m




Chamber

Thermal flow of KOYO-F
I& @

ILE, Osaka

LiPb cycle

Chamber

50MW

70MW

210MW
<~ \ \
|| S— 7oMw___|

F2+F3 (80cm) F1 (20cm) \
12.84 tonl/s 8.56 ton/s Q\ A
Average flow 7.8 cm/s Average flow 24.3 cm/s -

|

80MW

80MW

500°C

Flow rate 21.4 ton/s

0t=0.5 °C/shot ot=1.3 °C/shot



Residual gases can be evacuated

1ICE with lead diffusion pumps. @

ILE, Osaka
Lead diffusion
pump @ 0.55m | Dodse
B HEE [ ]
[ A4 - RREN
A’ e TN,
= el
10000.00 [(FNECTYCAS
AHRE
¥ (el -
HEEYa0T

FoiEM. SOCER TR, BEE00CEL

To tritium POIEER | T#ife, ME@LHERERTLSF. 4
-~ o HiC@W, 25T HMxIm B

recovery A-A BFEE v N\ WE&EE

system

\
FHUERYTXE
(1x1x1m)



Tritium necessary for one fuel loading

IF&E

system is about 100g

X 4

n=20 x 80 (forl3 minat 2 Hz)

« 12 cm |
I:I1 L

\
Q OrN QO @
gk Liquid N2
DT
Pu

0.82 g as vapor

m

TRS H‘S& '—
L Strage

ILE, Osaka

Tritium inventory

<

essel

DT
Pump

1.2 g/13 min

/4([)&\”6:—

76 g as liquid

5mg/s

Liquid He

Cooling zone
20 K He
100 torr

om—

Air lock

19 K DT
128 torr

Loading zone Ai

>

To injector

m—

49 in

|:| Laser

1600 targets
N

Not to scale



Tritium in gas phase and LiPb leach their ultimate

IﬁE concentrations in 30 sec 6 hr, respectively. @

ILE, Osaka

2.8+28 g in LiPb

. EPa N 1An ac nac

0.1 ppm+~1ppm

Tritium can be recovered as fuel but diffusion
through the heat cycle seems most critical.

=

Rt o mols
30% burning rate‘-"‘\

LI
T\ Tritium of 1 kg is

necessary as the
initial inventory for
1200MWeplant.

ra



Chamber

We estimated the ablation process using

ACORE. Stopping power in ionized vapor
Iﬁ' was calculated. @

) , ILE, Osaka
Ziegler’s model

_dE 47e'Zin [h 47zneezJ

Atomic Process Code O £ K 2
Cdx m,v? n\v m
lonization Degree, Population, Energy Level
Present model
Stopping Power Code EOS Code Emissivity and Opacity Code

d (7,627 312
v .on.zat.o!Degree + _d_i =0, %Izlnl Pa 7 LZ:); J G (Vlj G(V)= {a + —(1+ £)In(2. 7+V)}

Stopping power Emissivity, Opacit,
bping p Pressure, Specifiic heat ¥ P Y nl

\ V

ACORE (Ablation COde for REactor) 106 T
ni=n;, Te=2024 K
€
2 ]_05 = & -
7 s ¢ = Wpg,  Corrected Bethe
12 (D) o
6 =
4 X 10
0 ©
~~
1 LLl
Temperature 1018 Numk?er © 103 E
V) 0.1 Density .
(cm-9)
0.017 1014
- - 102 111 1 111 1 11 1 1 11 1 1 11 1 1 11 1 1 11 1 1
lonization rate of Pb 0 05 1 15 2 25 3 35

E (MeV)



Chamber

Density, Temperature and velocity

lﬁ profile of ablated material. @

Number Density (cm-3)
(s/w) Ar1o0]9 A

ILE, Osaka
10235”'"""'""""""""'E 4500:"'i"l"'l"'l'"I"'I"': 10 ---.---.---.---.---,---,--._1000
g ] 4000 £ _ 1 E Time = 1932 ns ]
-* R=3m I =~ F ¢ R=3m 1 & 1800
L . X 3500 F 4 O I ]
2| |1 % s 595.5 ns 1 T 102l olh h
107 1 S3000F , ‘/ 12 8 1600
i ] 2 : ) ]2 VeI0C|tyAA '
: 595.5 ns ] O 2500F o 18 A 1400
L ' _ ) r ] ]
i S 2000 F ‘o o0 000000 1= a ]
0™ | {4 E ) 1932 ns 1 Qw0 k L8 4200
: 1932 ns 1 Z1s00f a 1€ | &% NumberDensity ]
: ..........N: 10005 x 52 . .......W__O
10° L b b v b b 500F...|...|...|...|...|...|...: [0 PRI N PN N IS IR P I
-02 0 02 04 06 08 1 12 -02 0 02 04 06 08 1 12 02 0 02 04 06 08 1 12
X (mm) X (mm) X (mm)
109*..
85 alfa .
W E ol et
0 [ 1 ”rig_t%?
E 3 \ erium3
210° |
>
210° F i
[7p]
c
310tk
=
10° &
102-"',' TR T T W NI
0.0 05 1.0 15 2.0

Time (us)



Chamber

Lot of 0.1 um radius clusters are
lﬁE formed after adiabatic expansion. @

ILE, Osaka

(Luk’yanchuk, Zeldovich-Raizer Model)

=
i

T

1

1000 777

=
dn
[

=
&
I'I'I"
=
=
IIIII

Cluster Radius (nm)

Condenration Centers ; Atoms
=
L
I'I

10° [ _
10° L . 10 E
A0 X i
1':'_11-||||||||||lll|"'- 1,,,|...|.||||||||||
0 0.2 04 0.6 08 1 0 02 04 0.6 0.5 1

Lagrange Coodinate § Lagrange Coodinate &

20% of ablated vapor becomes aerosol.



Chamber

Beam ports and ceiling will be made with

porous metal and followed by condensation
Iﬁ' of vapor ablated by previous shot. @

Condensation rates of the fast and slow component at the first' "

- ;‘;‘ bounce are about 60% and 100%, respectively.
I - ;___,-:-" - -
f«~  These rates are sufficient to keep the vapor pressure < 5 Pa
B *—_and to form a 2 um-hick, protective layer before the next
a '"._ M
o 2, laser shot.
i
| | | | . .

1 i Liquid
= '. membrane
Q 1
O '.

S : 80% Vapor Is
(&) 8 \ O
S& L. - o O o
o> |\ 20% aerosol g—» © >
T2 :
© 3 \ Diameter 0.1um
S5 ~ : :
Tl . } . Aerosol mainly appears in slow component.
0 Now secondary particles because the
0 2000 4000 T 6000 8000 1°10

surface energy > kinetic energy
Vapor temperature (K)



Critical iIssue in chamber @

IF&E

ILE, Osaka

* Probability for direct exposure of the same place
<1/103 -1/104

Liquid LiPbh — > .4,/ Dry surface

— If we assume maintenance period of 2 years and acceptable

erosion of 3mm, the probability for direct exposure of the
same place with a particles must be less than 1/104.

— The answer would be improve flow control, material
selection, and chamber radius
« Although tilted front panels will reduce the stagnation
to 1/103, few gram of LiPb vapor will stagnate at the
center.
— Off set irradiation would be the answer.




Summary 1
IFE @

ILE, Osaka

— 1) We have examined the design windows and the issues of the fast
ignition laser fusion power plants. ~1200 MWe modular power plants
driven at ~16 Hz

— 2) For laser driver we have considered the DPSSL design using the
YDh:YAG ceramic operating at low temperature (~200K).

— 3) We have proposed the free fall cascade liquid chamber for cooling
surface quickly enough to several Hz pulses operation by short flow path.
The chamber ceiling and laser beam port are protected from the thermal
load by keeping the surface colder to enhance condensation of LiPb vapor.

— 4)For exhausting DT gas mixed with LiPb vapor we have designed
diffusion pumps using Pb (or LiPb) vapor with effective exhaust velocity
about 8 m3/s DT gas.



168 Summary 2 @

ILE, Osaka
e Core plasma,
— High density compression of cone target
— Heating efficiency of 30%
— Adiabat a <2.5
* Inthe laser system

— Construction of laser itself seems possible with existing
technology.

— Beam steering of ignition beam may be critical.
e Chamber system

— Chamber clearance
— Tritium confinement



IF&E

Basic specification of KOYO-F

ILE, Osaka

Net electric output

1283 MWe (320 MWe x 4)

Electric output from one module 320 MWe
Target gain 167
Fusion Yield 200 MJ

Laser energy/Beam number

1.2 MJ (Compression=1.1MJ/32beams, Heating=100kJ 1beam)

Laser material / Rep-rate

Cooled Yb:YAG ceramics at 150 ~ 220K /16 Hz

Chamber structure/Rep-rate at module

Cascade-type, free-fall liquid LiPb wall/4 Hz

Fusion power from a module

800 MWth

Blanket gain

1.2 (design goal)

Total thermal output from a module

916 MWth

Total thermal output from a plant

3664 MWith (916 MWth x 4)

Heat-electricity conversion efficiency

41.5% (LiPb Temperature 500°C)

Gross electric output

1519 MWe

Laser efficiencies

13.1% (compression), 5.4% (heating). Total 11.8% (including cooling power)

Recirculating power for laser

164 MWe (1.2 MJ x 16 Hz / 0.118)

Net electric output/efficiency

1283 MWe(1519 MWe - 164 MWe - 72 MWe Aux.)/32.7%




Plant size is 303mlong x 110mwidth

1628 x 50mhigh. @
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