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Tritium Fueling Systems

o Tritium Proof of Principle (TPOP-I)

— @4-mm pipe gun
— Cryogenic He-3 separation

e Tritium Pellet Injector (TPI)
— Pipe gun for TFTR based on TPOP-I design

« Tritium Proof of Principle Phase Il
(TPOP-II)

— Extruder-basedp3-mm Repeating
Pneumatic Injector (RPI)
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TPOP-I Equilibrium Pellets
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TPOP-I Equ111br1um Pellet Si1ze Model
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TPOP-I Pellet Speed Data

o ; « Ideal Gun Model (Landau and Lifshitz)
% * V= f(a,) = f(PAYM)
1800 & Po Ap Mp
IDEAL
o o0 L >
FINITE G/M
@ 1600 “
E « Finite G/M Model (Seigel)
= FINITE G/M + FRICTION
§ *V = f(a, G/M)
< 1400 | ¢
o H, VELOCITY, m/s G ! L L g
o D, VELOCITY, m/s
1200 | ¢ DT VELOCITY, m/s A o o
x T, VELOCITY, m/s * Finite G/M + Friction Model
(U.S. Naval Ordnance Lab.)
: : *V = f(a,, GIM, VIV,)
o 0.5 1.0 15 ° g "

ACCELERATION (x 107 m/s?) ﬁ
L
G
PWE/TPOP 5/10/2000 Review Page 9 Plasma Fueling Program OfI\l



TPl — a tritium-ready pellet injector based on
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the TPOP design
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Plasma Fueling Program

 Four pipe guns to
minimize tritium
Inventory

 Self-contained tritium
handling system to
control pellet size and
perform cryogenic He-3
separation

* Glovebox secondary
containment

oml



TPOP-II designed to test tritium extrusion and
fit into TPOP-I envelope

-— NEW GLOVEBOX

|_—EXTRUDER DRIVE

/ HELIUM FLOW CONTROL VALVES

l TPOP INJECTION LINE
Q Q LIQUID HELIUM AND FEED SYSTEM
COOLANT TPOP

- GLOVEBOX
[ 4@ i | -—}——- /I 1
CHII\-\TV-II-BEER /
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TPOP 3-HELIUM /

PROPELLANT TANK SECONDARY
VALVE SEPARATOR TRITIUM CONTAINMENT ENCLOSURE
8-mm GUN EXTRUDER
MECHANISM
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TPOP-II usesthe RPI extruder and cookie-cutter
concept
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SOLENOID HOUSING
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COPPER COLD BLOCK
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TPOP-Il Extruded Pdllets

Pure T, extrusion and pellet

SAFfFEFFEEFER

D, pellets: 0.5 Hz and 1.1 km/s
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P-11 Extrusion Data
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Shot Material Ram Speed, cm/s TE2, K
1088 D2 0.27 135
1155 T2 0.27 135

s

At the same ram speed and temperature tritium
requires more force than deuterium

T, Extrusion
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Relative extrusion forces of T, and D-T with
respect to D, at several conditions

5.0
<
4.5
¢ T2/D2 .27-cm/s 13.5-K
4.0 e D-T/D2 .15-cm/s 13-K
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- TPOP-II extrusions are typified by a
@ high initial force followed by aforce -
- that steadily declines with ram _
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TPOP-11 Static Shear Strength 0 of Solid
Hydrogen | sotopes

f(T,L) = Peak extrusion force

f(T’L) = f(Rarn) + LPG(T) f(Ram) = Ram frictional force

o(T) = at+bT L = Length of billet in extruder
P = Extruder perimeter

T2 D-T D2
Rank 1 Eqgn 2501 z=Ramforce() Rank 1 Eqn 2501 z=Ramforce() Rank 1 Eqn 2501 z=Ramforce()
1"2=0.80489334 DF Adj '2=0.79560255 FitStdErmr=69.743334 Fstat=177.39227 r/2=0.58368808 DF Adjr'2=0.55038313 FitStdErN=79.008675 Fstat=36.453173 "2=0.26116571 DF Adjr'2=0.16265447 FitStdEn=52.441839 Fstat=5.6557354
a=403.36762 a=216.51828 a=89.694342
b=-23.114739 b=-10.44586 b=-3.6392448

900
800 8
2800 288 ] 2 8 350
g 500 12 ] 8 300
2 500 we 8 250
§ 200 % § § 200
% 300 7200 ¢ % % 150
& - & & 100
-
Positioy, . b oT12
| sotope Temperature a, ps b, psi/K a, MPa b, ps/K
Range, K
D2 13-15 89.7 -3.6 0.62 -0.025
D-T 12 -15 216 -10.4 1.49 -0.072
T2 12 -15 403 -23.1 2.78 -0.159
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TPOP-11 Dynamic Shear Strength o, of Solid
Hydrogen | sotopes

sl —r—T——— 71— Pt 1
Frenis raddy
) v “aines
g i Shosite |
f(L) — f(Ram) + LPo o e L W
D | geo e cHlol, €m ?*5“2"‘": |
E} & F'% ond o mozsw. 16 21.4968
g ~.,
f(L) = Extrusion force a00 | (EXTE%?%“MH'TS -
L. [ | ™
f(Ram) = Ram frictional force . R
L = Length of billet in extruder K N . o e
& E ] & 20
P = Extruder perimeter e
| sotope Temperature, K Op, MPa Op/0
D> 14 0.194 0.72
D-T 14 0.259 0.56
T2 14 0.308 0.53
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Strength of Solid Hydrogen |sotopes

¢ D2, Break-away data TPOP-I
B T2, Break-away data TPOP-|
="D2, Static shear strenth fit TPOP-II
1.4 =D-T, Static shear strength fit TPOP-II
=T2, Static shear strength fit TPOP-II
¢ D2, Dynamic shear strength TPOP-II
1.2 ] A D-T, Dynamic shear strength TPOP-II
B T2, Dynamic shear strength TPOP-II
% ="H2, Bingham limiting strength fit Viniar & Lukin (1997)
1.0 X D2, Ultimate stress Bolshutkin, et al. (1970)
O H2, Ultimate stress Alekseeva, et al. (1982)
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TPOP Summary

« About 38 g (380,000 Ci) of tritium were utilized in the experiment without
incident

 Established the feasibility of production and pneumatic acceleration of tritium
and D-T pellets for fueling future fusion reactors
— 4 mm pipe gun pellets
* H, to 1950 m/s; Dto 1800 m/s; D-T and,fto 1350 m/s
* Velocities predicted well by interior ballistics
* Predicted equilibrium pellet size
 Calculated shear strengths from breakaway pressure data
» >30 min delay to firing possible
— 8 mm extruder-based repeating pneumatic injector (RPI) pellets
* 0.5 Hz demonstrated with,D
» T, extruded at 1 Hz rate
* Calculated static and dynamic shear strengths from extrusion force data

« Demonstrated cryogenic purification of tritium to <0.00%4&

— Established an upper limit for pipe gun pellets of 0.089%6
— Established the feasibility of extruding tritium with 2Pte



