e Update on thermal
simulations of
LMJ cryogenic target

energie atomique « energies alternatives

20th Target Fabrication Meeting
Santa Fe (NM)
May 2012

Géraldine MOLL, Michel MARTIN, Ghislain PASCAL, Olivier LEGAIE, Julien SCHUNCK

CEA VALDUC, 21120 Is sur Tille, France



Ignition experiments at Laser Méga Joules require cryog enic targets

LMJ Facility (1.8MJ, 550TW)

* see details in E.Fleury presentation Monday AM2-4 : The Filling Facility for LMJ Cryo Targets. 2



Cryogenic ice layer (THD or DT) need a special atten  tion

Au Rugby Shaped Hohlraum 5| 5086 Assembly Sleeve Timetiing ~1.9K

2.220mm @ CH, capsule * (A-943)

Au coated 167um
polyimide
fill tube

Formvar bx

___________ 9mm
P DT or THD ice layer 87um

Holraum Filt /

He:H, 0.88kg/m? LEH with Polyimide windows

Fuel layers are formed by (3-layering in an isothermal wall capsule.
* See Tuesday AM1-2 : Doped CHx Capsule Fabrication for Cryogenic LMJ Target s by C. Chicanne, 3



Successful ignition experiments need high-quality fu el layers

Physic specifications for high-quality layers :

- Ice roughness (inner surface with no local defects),
- Ice layer (uniformity—oe=+0.5um),

- Central vapor density of 0.3kg.m-3 for laser shot (i.e. at T, -1.5K).




How to be sure that the DT or THD ice layers meet phys

—

By controlling the thermal |, @8
environment around

~ the capsule —

- Spherical isothermal wall
— AT

o
How can we estimate AT for steady state ?

T+AT

Ar=2%e

1-D analytical model :

AT = %TAr ri _rm = kDT (ro _rm)
kDT

le

3-D analytical model :

k : thermal conductivity AT = Bor Arjr® r, =T

r? Kor m |2
@ :self-heating flux Kot |Tn ' Keaeue \ To O, f

Ic specifications?

By means of:

- Material and shape,

- 4 Heaters,

- Anti-convection baffles.

Thermal criteria Cy; and Cq,p
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——— Cryogenic target modeling is a useful tool for finding ideal thermal environment.
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Thermal simulations with a commercial CFD software

Mesh is created in Gambit

« Symmetry alonq the target:

Boundary conditions (FLUENT/ANSYYS)

* Whole model : He:H, Tank

E

i
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e Total number of cells:

Simplified model : 1,224,727

Whole model : 2,828,188

Timposed

g iy /
\ .y

300K Black body radiation

» Simplified model :

@y =50200W/m3 or @ 1,,p =74154W/m3
T*imposed

Shimming
Heaters

Arm Heaters

V

23.5K Black body radiation — Thermal shroud temperature




Results for current point design value of

Puoro =0.88 kg.m 3 : DT layer.

€S9

enerla alomicue « energies alter

Temperatures

Velocity

T (K) Thermal path optimized

18.709000
18.673550
18.638100
18.602650
18.567200
18.531750
18.496300
-~ 18460850
18425400
18.389950
18.354500
18.319050
18.283600
18.248150
18.212700

18.068300
18.064886
18.061470
18.058056
18.054640
18.051226
18.047810

| 18.044385
. 18.040979
18.037565
18.034149
18.030735
18.027321
18.023905
18.020491
18.017075

P =32.7mW

\

shimming

V (m S_l) 8.257980e-05
. 7.845081e-05
7432182805
7.019283e-05
'R n
-

0./ BUDG0E-US
5.367687e-05
4.954788e-05
4.541889¢-056
4.128990e-05

3.716091e-05
3.3031828-05
2.890293s-05
2.477394e-05
_2.0644850-05_

8.257980e-06
4128990e-06 7.

0.000000e+00

With 4 baffles : DT layer is OK

AT, = 60K < C;




Is it possible to remove anti-convection baffles ?

At current point design (case of He:H ) :

Without :

3.281060e-04

v (m.s ) o T (K
B 2768001604 !
T ZB2aAveta ([ [0

1Ll

2.296742¢-04
2.132689¢-04
1.9686366-04
& 1.804583e-04
1.640530e-04

18.244450
18.244444
18.244440
15244434
18 244431
T8 244 2S TR /‘
18244419 il £F 30

18244415 =

18.244410 f i

18.244406 A ) DT —_— 69 l_,lK

18 244406

1476477e-04
1.312424e-04
1.148371e-04
9.843180e-05

B-2028506-0
_8.562120e-05 | [1 (1]
4.921590¢-05
3.281060e-05
1640530605 7

0.0000008+00 % arm:0 .482mW

With 2 baffles : DT layer is still OK
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p (kg/m?)

5.868332e-04

6.902920e-04 =
- £558724e-04 i
v (m.S l 6.2135286-04 T ( 5
i

4835744604
4,487548e-04
| 4.142352e-04
3.797156e-04
3.451960e-04
3,106784e-04

2.7615688-04
2416372e-04

18247614
18247604

18247562

Maximum gas density allowed to avoid
thermal deformation due to convection :

H, —> 0.1to 0.25kg.m -3

He:H, — *0.3to 0.55kg.m -3

6.903920e-05

3.451960e-05 ZﬁI
0.000000e+00 =
Pm=3.75mW | A

i
16247551 —x

or —208 UK > C

DTmax

With none : a poor quality layer is expected !

Reduction of H , content
increases the maximum density
allowable.
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What about THD layer at current point design?

P = 50.3mW

shimming

V (m.s?)

9.171600e-05
8588375e-05
8.0251506-05
7451925e-05
6878700¢-05
6.305475¢-05
5.7322506-05

5.1580258-05

4.585600s-05

4.012575-05

5.732250¢-C8

0.0000008+00

- 1)
Vv (m:s
£.000467
0.000443
0.000418
0.000394
0.000389
0.000344
0.000320
0.000295
0.000271
0.000246
0.000221
0.000187
0.000172
0.000148
0.000123
0.000098
0.000074
0.000049
0.000025
0.000000

T (K)




THD layer : p,.=1kg.m-3

energle alomicue « energies diterncti

e

7.2848106-05
8.920570e-05
65553288-05
£.192080¢

5.827848e-05
5.463608e-05
5089367605
4.7951276-05
4:3708866-05
4.005648e-05
3.6424058-05
3.2781856-05
2.8129248-05
25495848-05
2.185443¢-05
1821203605
1.4569826-05

0.000000+00

0.000281
0.000248
0.000235
0.000222
0.000208
0.000188
0.000183
0.000170
0.000157
0.000144
0.000131
0.000117
0.000104
0.000091
0.000078
0.000065
0.000052
0.000039
0000026
0.00c012
0.000000

Velocity (m/s) ~ Temperatu re(K

13' B15 i-_'z
AT = 177uK<C,,omax
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Rapid cooling : Temperature adjustments prior laser shot (1/2).

Layering protocol near T, but central vapor density is required for shot at T, -1.5K

=5
.| Rapid cooling by controlling — Cryostat temperature (v =-3K/min),
— Arm heaters and cryostat kept at constant T (v <-3K/min).

Rapid Cooling at -3K/min THD versus DT
Previous | S - - ) 20 3000
Current (; = H {’:! 185 ; & -1500
COMPARED \WMTH THE PREVIOUS DESIGN ; s ) \ T 5% %
20 4000 - 16,5 __I;:D average aﬁ“ T 500
s w0 | T y o
19 1 o000 15 T T T T 2000
glas \ _ 0 10 20 . 30 40 50
g \» T 1000 £ Time (s)
g 5
g, ——— to ¢ : : : .
s T e | o0 Ice layer response time during rapid cooling *:
177 o deta TOT previous
165 |- oda ToTare 72 AT, =2600uK t,; =40s
160 1‘0 éo éo 4‘0 503000 ATTHD = ZZOOHK tTHD =54s
Time ()
Current design is more robust Ice layer is not affected with this new design

* See poster P-18 M.MARTIN — With regards to the low mode target Lifetime : experimental results » 11




Rapid cooling : Temperature adjustments prior laser shot (2/2).

Alternative way : rapid cooling controlled by arm h eaters.

20
19,5
197 TCR=0 0,143W
18,5
32.7mwW Cryostat 18
o temperature 17,5

20

Arm heaters

——17,5K
~—17 5KTCR=7K/W
=#=17,5K TCR=14KW

TDT (K)
19 4

(K) 17
165 os | 0,263W
16 - 18 2K <
15,5 1 1
15 \ 1,472W
0 05 1 15 2 25 3 v Vv

1756 ————————————T T T T T T
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (s)

Heating power for T pr=19,7K (W)

1,4
TCR=1,5kW | —" ; ;
12 With this protocol :
! 1 - Alow TCR is not an optimum.
oy - Adjustable cooling velocity.
0.6 - Numerical simulations are in
P=fn(T cryosiat) 04 T CR=00K/W \| agreement with analytical model*
02 T g — predictive model.
0 T T T
14 15 16 17 18
Cryostat temperature (K)

* M.MARTIN , G.MOLL— Thermal optimization of the target assembly : a thermal resistance problem to be published. 12
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What about gas fill hohlraum  density during rapid cooling?

In order to avoid H, condensation (~16,1K for this low pressure), He:H, tank is
heated up to 20K and gas density is set up at 0.745 kg.m-3at 19.7K.

e a-wme.smﬁoﬁf T DT = 19 . 7 K

Ice layer response time during rapid cooling :

AT, = 2500UK  t = 41s

Pressure and density during rapid cooling :

403,5 0,81
>

403 4

0,8

402,5 1 T 0,79

+ Pressure
—=Density —7 0,78

402

Gas density
(kg/m3)

Pressure

(mbar)

401,5 4 T 0,77

401 < 0,76

400,5 25 0,75

400 ; ; ; ; 0,74
0 10 20 30 40 50

Time (s)
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Summary

*This new design allows DT or THD layers to reach p  hysic specifications with
well-adapted power on holhraum.

~ «For LMJ current point design two anti-convection b affles are required. None

with py.=1kg.m 3.

e|ce layer is not affected by rapid cooling with thi s new design. An alternative
way is proposed by thermal shimming and constant cr yostat temperature.

» A heated He-H , tank is recommended to prevent H , condensation. With a gas
density of 0.745kg.m -3 during layering protocol, gas density meets spec. f or
laser shot.
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