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> Opt Hor séfor low power generators
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> Conclusion.
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"Why anuclear optioﬂj- sl
for space exploration?

BUAINOC

=

PRS0|ar POWEr is attractive for space missions
OMAVailable in space, but in limited amount (1/r2)
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. ""d’,; Surface for 100W
: . Planet UA W/m?2 (M2 - n=20%)

1492
i 5 5
9 1

' Jupter |57 | & | 900
LT SA) 204
64m2, 400W at 5,2 AU 125,00
10 years missions 250,00



PAREIDISOLOPIC SOUNCES: 2" fUNCLioNS
o rleze el g]'.' e thermal control of the
—'fJJl,)rrL. (e.g. batteries, electronics)

2.0, f-_ mars rover: 20Wth
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-o"P'robes and spacecraft need electrical
— —"‘:-

— ’:energy control, instrumentation, telecom...
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- e.g. Cassini spacecraft: 3x300We »
GEP probe: 5We
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0 RTGs: 100-300We

RADIOISOTOPE HEATER UNIT

* HEAT QUTPUT | WaATT
* FUEL LOADING - 3580
* WRIGHT — 1402
*ERC - TN <TaN

GPHS-RTG

Aluminum Quter
Cooling Tubes Shell Assembly

Heat Source S General Purpose
Support b > Heat Source (GPHS)
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Midspan Heat
Silicon-Germanium Source Support

Flange Multi-Foil
S Tasilation Si-Ge) Unicouple



- 0 RTGs: 0,2 We
(based on Angel RHU)
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Heat shield [carbon-caboen)

0NAMIONALMA (FTASPOR-Y
Heat insulation (carbon-carbon)

yna PuO,
Ampule (fueled clad) Py,

TepuoM exTpr et MoaySL
Thermoelectric module

Tennosas mougocte, Br-85

Heat power, W

Jnecrprsecan mowmocts, Br .02
Electric power, W

Macca, wr-05

Mass, kg

Pucynox 3 - PaguousoTonmeii Te proine xTpu 2ol resepatop (PUT S0 ana KA "Mapc-86°
Figure 3 - Radwoisotope Thermoelectne Generator (RTG) for SC"Mars-96°



Parameter RTG des1gnat10n
RTG A-1 A-2 A-3
“Angel” RTG RTG RTG

Nominal voltage,

Number of RHU “Angel”

SpeCIﬁc power’ W/kg __

Dimensions of “RHU”, mm 40 40 40 90
- diameter 60 60 122 60
- height

RTG dimensions, mm 85 85 85 160
- diameter 120 120 185 140
- height
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FANGEIRG based design,

©) ) 'ptIOI']S
T VultiplerAngel RHUs

* o New RHU development

edium temperature

B ‘Cascaded or segmented

-~ JEC (BiTe/PbTe-GeTe)

II' i

P Skutterudite
Zn4sb3

Watt to'ten Watts

Multi-RTG | “Improved’
RTG

“Angel”
INTAS

FARAMETERS 6 RHU New REU
“Angel”

Heat Power, W
Electric Power, W 1,36

2,25

RTG dimensions:
- diameter, mm

- height, mm
Mass of RTG, kg

- efficiency,

RTGefficiency, %0 4.4

150 150 150 150
200 180 180 180
2,1 1 1, ,

Specific Power,

Wikg 1,1 1,36 2,

s v
% 6,5

1,45
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Fig. 5. Design of RHU of 300 W:

o 1 - PamuoRy KM THEN TeTIOBOH Gnox
1 - RHS-238-50 (6 unlts); 2- case; 3- Ccover, 2 - TepmoanerTpryeckas Garapes (42 mT.)
2 9 g 3 - K«

4 — heat-insulating inserts 4 Vorpoicrso nozama
5 - llitenrens
6 - ra30IKpAHHAS TEIIoBas A30NAIAA
7 - T'a30c60pEMK 15 reans
8 - Omnopa (4 mr.)
9 - Ta300TBOA TemAsT
10 - SnexTpopaszseM
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RTGs are “-‘ e técimology for l_r_lissions to Jupiter and beyond

LOW [ ,", ei- RTGs are affordable by using existing technologies and then
ele) jJJ y ¢ mre huge development in terms of budget or time frame
”a:-‘ﬁ el;lmentatlon is necessary to confirm the expected performance
- al '- mallse design options

- - —

_ v ejmm power RTGs requires a different design, while using existing
‘“technologles

e " Reminder: nuclear technologies need also safety demonstration and this
-~ . has to be taken into consideration in the road maps and future missions
- ~  ~time schedules



