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Development of TEG & DC converter
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Different parts of RTG used for Space probe
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New Horizons' electrical power comes from a single
radioisotope thermoelectric generator (RTG). The RTG
provides power through the natural radioactive decay of
plutonium dioxide fuel, which creates a huge amount of
heat. Unlike a normal reactor, the Plutonium-238 used in
the RTG cannot undergo a chain reaction.
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Development of a RTG from Indian scenario

” »In India, High level radioactive liquid waste generated from spent fuel reprocessing contains
large quantities of °°Sr and 2**Am , which can be used as a substitute of 238Pu based RTG

electrical power source.

In present scenario we have designed, developed & demonstrated a RTG of 150 mW

electrical output power using °Sr radionuclides.

«  COMSOL simulation helps to successfully design a prototype RTG for initial testing.
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COMSOL solves the following difficulties
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The main objective is to calculate the containers cooling power; heat loses per unit
time and equilibrium temperature inside the radioactive liquid vacuum flask container
for generating stable electrical output power.

0Sr radionuclides in 1 molar nitric acid generates decay heat, which reduces with time
as per the half life of the radionuclide. So the heat source is a time dependent problem.

The container dissipates thermal energy and some portion of the thermal energy
converted to electricity using TEG.

Calculation of amount of %Sr required in Ci for a predefined electrical load.
Concentration of ®°Sr in HNO3 liquid as concentration is a limiting factor.
Optimisation of design parameters for vacuum container to reduce thermal losses.

Screening of interface material to maximize the heat transfer from hot liquid to TEG.



COMSOL SIMULATIONN RESULTS FOR RTG

enemes Temperature distribution in
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Isothermal Contours
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m D_E - ! ! ! ! ) ’ . ' ' ' ' -
4 314.29
0.45 L i 4 313.46
4 312.63
0.al i + 4 311.8
+ 4 310.98
0.35k , + 4 310.15
r 4 309.32
0.3k - + 4 308.49
4 307.67
0.25 - e 306.84
306.01
0.9 L - 305.18
304.36
0.15 . 303.53
302.7
0.1 - - 301.87
301.05
0.05 - - 300.22
299.39
ok . . . . . - ) : i . ] 298.56

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 m



BTHT QTS SerH ey ¥
EHASHA ATOMIC RESEARCH CENTRE

Velocity magnitude (m/s) on RTG outer surface
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Vacuum Flask

Heat sink =————

RTG output is sufficient to
glow an LED continuously

Side view ofdRoeuble VVacuum container

Experimental validation with inactive liquid






Block diagram for °°Sr RTGS for 20W based electro-thermal power:
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Block diagram for 2!Am RTGS for 20W based electro-thermal power:

241Am

(1461.98 gm / 5014.59
Ci) [3.43Ci/gm, 0.11 W
/gm]

20 m?3 of high level waste (HLW) treatment using ASDF (Actinide Separation Demonstration
Facility), Tarapur will be adequate to recover desire amount of 2#1Am for suitable to 20W RTG.
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Design of Induction heating furnace for Cesium pencil fabrication
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Heat loss as
1) Radiation

2) Convection l

3) Conduction
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Development of Sr?° & Am %41 based thermoelectric generator
HLLW contains large quantity of *°Sr and **!Am , which can be used as a substitute
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