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Abstract | Magnmn NISHIKAWA

Establishment of the experimental eguation of state for nuclear

fuel materials at ultra~high tempe.rature and pressure which correspondx )
o hypothetical reactor excu%on is a final ta.rgét of this series of
\%;work. The dynamic xﬁethod for this purpose must be developed since we
ave no available data _for the extreme conditions. 7
! In this report, examination for the validity of the dynamic
| met.hoc;m’ﬁue resé}ch for the temperature measurement of Q5 vapor |
~ gre described as a preliminary study. Conss.dera.tions for the thermo-
- dynamical properties of I_L_}iz’gfﬁ‘%émger&ture states of U0, are also
made, |

Abo::zt. 40 Mwatts gi'ant ﬁulse laser is irradiated on the surfacez
of U02 sample for the generation of the vapor by intense heatlng. |
The vapor ejsetion pressure is determined from the torsiom pendulum
and pressure transducer with varying the irradiated area. The

naximm and minimm value,of the pressure are about 1700 end 20 atm,

b which wees correspond to the energy density of 1,1 x 1010_ .and
4 x 108 joules/ cm? sec, respectively. ' s
Ag a result of the. prf}lminary study, the validity of dyna. ic .
- méthod for our purpose is confirmed. The possibility of spec'l}e-

scopic temperature measurement of. UO2 vapor is also resulted.

Vapor ejection pressure P is apploximated as

Pp=C(¢g - e¢* ) e’ o ; constant
Here,f denotes the energy density of laser beam. The équation of
state of U0, therefore, is well described by the threshold en.ergy
model which is used for practical analysis of hypothetical fast

reactor excursion. The vapor pressure model can also appliied when

the temperature range is specified., %,“/ .



| | | devived .
However, application of a equation deviwaied from the vapor pressure

o
model Por°whole the temperature range is rather difficult. Conside-

ration for dissociation, ionization)et.c. may be necgessary.

ﬁ‘ %@r}c performed Aunde_r contracts between Power Reactor and Nuclear

Fuel Development Corporation and Mitsubishi Atomie Power Industries, Inec. (MAPI).

o4 MAPL
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Fig. 3.
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Fig. 4. Pulse shape of the G,P, laser (charged voltage )
3.9KV),
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Photograph of the system of impulse (£%

Fig, 10,
-method ,

measurement according to torsion pendulum

H108 RIEFCIsHEEAMATROER

-39 -




Fi
g. 11
. Tors
i
on pendulum
e strin
g

-
4
| ﬁbﬁ—}‘-i—o
h =

<~ 40 -




“h v

' - 2
rization ( x 10 2cm )
w
1
g

Arez of 6:;;

. | | . /
1= - \ . & —
| e a/
0 1 | | i
- 0 5 10 15 20

Distance from ?zcus {mm)

5

‘Fig, 12, Belation between the area of vapor ejection and

the irradiation position from a reference point .

F12 AREEHERIBEMEORR

- 11 -



8.040
0.030
0.0z20
0.010 .
. TIME

-0.co0 |||r|]||:|1|"
=0.010 u.o ) 3 5.8

. ~0.020 — .
~0.030 —

| =0.040

X F

0,040 —— . 1:508 .
0.035 ———t 200 Tp/Th = 1,50
0.020 —f—"3 k= 0,10
0.e10 — oo

. — TIME
-0. 000 . 000 AN P : ’

- N MLBLELEN WL NS0 B [ = B o o L L L I B e o
-0.010 -] 0400 0.3 1.6 2.4 - 3,2 ' ] u.s 5.5
-0.020 —{—"0-300 . 3
—o.030 —]-1-200 .

. T [
—0.040 —1_~1-500 .
X F
0.c40 __1.500
A Tp/Tn = 1,00
0.030 —}p%0 o
I h = 0,10 i
o.c20 ——9/F%0 i
6010 {400 /\ 5
. IME
-6.000 000 I\~ .

: lllns.zilllltnnvillanul||1ﬁ
-0.010 ____..Q-_qou 0.9 t.6 \%‘4 n,0 L] 5.5
~0.020 —f— 9-320 .

-0.030 —f"1-200
~0.04p —tt- 800 :
- - . e e
Fig. 13, Response of pressure transducer for sine wave iélse
input, calculated by digital computer
(i'gfut inspulse are alsc illustrated in the fig'u.re)°
f:\‘f . .
B;13 FTEERRIAETEHEFTFOEREEATCH T A%

- 42 — .



0.032 .
' _| 1.200 .. /M

T h = 0,10
0.018 —

2.00

0.024
0.008 —1— :
TIME

-0.000 ' N
v T T 1 I L I | IEL l [ | I\Lyl i I | L ! UL I 1
'f_-U-m 0.8 i.8 \/n - 4.0 4.8 5.6

-0.008 —

-0.015 —

-0.024 —

=0.032 —

X F
0.040

0.030
2.020

a.c10 .

' TIME

L Ny I/ JRLE BN N B T
72 %0 u.9 5.6

~0.000

-0.010 —
Yoo

-0.m30 —

~0.0Y0 ~—

= X F
~* Q040
Tp/Th = 0,80

0.030
' h = 0,10

0.020 —

0.010

-0.000

~0.010
~0.020 —p— "
. =0.030

a

-0.0%0

AR
Fig. 153, Response of pressure tra nsducer for sine wave ié;;lse
input, calculated by digital computer

(input iipulse are also illustrated in the figure),

o
#1353 BTFHHBCIZEBETFOERBADCHT ZHBE



200my

Fig. 14, Free oscillation of the pressure transducer;
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Fig, 15. Vacuum cylinder containing pressure

transducer system.
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‘Fig. 16,

#1 6K

Response of the pressure transducer
caused by the vapor ejection,
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Note, These photographs are tgken with varying the sweep velocity as
shéwn in the figure. Measﬁrements aré made under vacuum and iaser beam
energy density of 1.1 x 1010)joules/cm2.sec. The first onset is
coﬁsidered to be a signal for impulse and its resonance, however,'

cause of the following signal is uni@gﬁtified.
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“fFigJG.Rbspénse of the pregsure transducer
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" .
Microstructure of natral surface of the

UO2 sample .

Fig. 17, Microstructure of the laser beam irradiated

surface on an
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Microstrucfure of irradiated UO2 by the

lager beam of 7 x 108 joules/cm?sec.

Fig. 17, Microstructure of the laser beam irradiated

surface on UO2
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B178 v —UReEN LRTREY 5 > RBORENS




by the laser

Microstructure of irradiated Uo2

beam of 1.3 x 10 Joules/cmzsec.

Fig. 17, Microstructure of the laser beam irradiated

surface on UO
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Fig. 21 Logarémic plot of the vapor ejected pressure
vs. the area ,
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Fig. 22, Comarison of extrapolated curves of reported

vapor pressure data with the results of this

work.
%9292 Awwmmm%Klé%ﬁﬁﬂ%%%@%ﬁ“@ﬂﬁk
FEBRCTEBET — 2 0L



Table 1,

%1 % RKBOIEBES R

Results of the impact measurement

¥

# |Distance & 8, ﬁf__gg U Fro -
) rad . rad ~ rad? org dyn—sec
1 188 0.076 0006 | 000574 | 096 459
2 1 6.8 0.100 0.006 000996 167 312
3 148 0109 0.006 0.01017 17 1 611
4 128 0106 0.005 | 0.01121 188 64.0
5 10.8 0103 0006 | 001057 178 62.0
é 8.8 0093 0003 000864 145 56.2
7 68 0.093 0005 | 0.00862 145 562
8 48 0100 0.007 | 0.00995 167 603
9 2.8 0.093 0.009 | 0.00857 144 5 6.0
10 08 0.040 0.004 | 0.00158 | 027 246
11 28 0081 0.005 0.00654 110 490
12 48 0.073 0004 | 000531 089 | 440
13 48 0.073 0.005 | 000530 0.89 44.0
14 68 0.090 0005 | 000807 136 545
15 8.8 0093 0003 | 0.00864 145 5 6.2
16 108 0100 0005 | 000998 168 605
17 128 0100 0.004 0.00998 168 - 605
18 148 0105 0006 | 001099 185 635
19 168 0.093 0.005 0.008 62 145 56.2
20 188 0.059 0005 | 0.00344 058 359
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Table 2. Pressure ejection force and the pressure

B2FE BIBEHAELETOESR

' £ £ X108 | s X102 [£/4 X108 P 1,/8X 102
e, dm—s ec dyn cm? dynCm atom o
1 459 4.6 1.0 4.6 460 10

2 6.04 6.0 034 17.6 1760 - 2.9

3 613 6.1 0.45 13.6 1360 2.2

4 6.4 0 6.4 085 7.5% 750 12

5 620 6.2 1.80 3.44 340 0.56
6 5.6 2 5.6 275 2.0% 200 036
7 5.6 2 5.6 375 149 150 0.27
8 6.03 6.0 5.1 118 120 0.20
é 560 5.6 6.5 0846 86 015
10 243 24 1 0.4 0.23 23 0.09 6
11 490 4.9 6.5 0.75 75 015
12 440 4.4 5.1 0.86 86 0.20
13 440 4.4 5.1 0.86 86 020
14 5.48 55 375 147 150 027
15 5.6 2 5.4 275 204 200 0.3 6
16 608 6.1 180 339 340 0.56
17 608 61 085 718 720 1.2
18 835 6.4 045 141 1410 22
19 562 | 56 0.54 165 1450 29
20 356 2.6 100 3.6 360 10
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Table. 3, Estimation for the stutes of high temp
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