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Shimamura et al. A
(quasi 1-D Exp.)

Absorp. front velocity V, [km/s]
Absorp. front velocity [km/s] =

_ N (w/o radiation)
lS | Mori et al. SlD CED
. “th _ _ ) (3-D Exp.) _
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* C-Jvelocity Vis the theoretical detonation velocity.

— LSD is not mamtamable when the laser absorption front velocity V, is
smaller than V..

* Measured V agree with V in $>0.2 MW/cm?= 51D Exp.

* Computed V, becomes slower than ¥ in 5<30 MW/cmz- sLb CFb

The CFD w/o radiation cannot reproduce the experimental S,,.




LSD Structure in CFD w/o Radiation
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* In S$=40 MW/cm? (Complete LSD)

S$=10 MW/cm?
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— Laser absorption front touches the shock front.
— LSD is maintainable because the two waves propagates together.

* In S=10 MW/cm? (Incomplete LSD)

— Absorption front is away from the shock front
— LSD is not maintainable because the distance becomes large with time.
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Simple Black Body Emitter Model

Laser absorption layer Shock front
pd

e Laser absorption front can be assumed
to be a black body emitter of 7, .

High tempearture/

pressure

* Precursor electrons are produced by
integrating the radiative transfer from

2 the laser absorption front.

c \ ny, er dl

fah) 2 S,V - _—

Sk >k > a —Ksylsy from I, =1Ip,

S Laser- ! Precursor

3 p:'odtuceW (ks : photoionization absorption coef.
L) electron ’

i ! b of neutral s species at freq. v)

At a distance / from the laser absorption front
* Precursor electron production rate:

- nb =Y ffvoo_ Ksyls,dvdl, (vs;:ionization freq. of s species)
* Radiative electron heating rate (Fujita et al. AIAA 2001-2765):

_ 1+4ys+6Y8

~ 1t+2y.+2)2 Teq,Br Vs = kBTeq,B/th,i)
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Impact of Radiation on LSD
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Radiation produces a lot of electrons in the precursor region.

— n,=10% m3 and 7,=3,000 K at the shock front.

LSD is still incomplete

— Absorption front separates from the shock front.

— Precursor electrons are lost by active recombination behind the shock front.
— The active recombination may result from an underestimation of 7, (3,000 K)

at the shock front.



Comparison between 2 and 3 Temp. Model"
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e T, of 3. temp model in the precursor region becomes larger than that of 2 temp. model.
* Theincrease of 7, is only 1,000-2,000 K

* n,distribution and its recombination behind the shock front remain unchanged.
 LSDis still incomplete: the present CFD cannot reproduce the LSD threshold.
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O Helium. D =51 mm-9.1 mm

© Argon, D =72 mm- 9.1 mm
10 FA&A AL, D=51mm-7.2mm o/

ms-!

Propagation Velocity, u;p, k

10 100 100C
Laser Intensity, S, GWm

Shimano et al. Trans. JSASS 2017
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