
PRELIMINARY DESIGNS FOR 100 WATT (e) 
ISOTOPE THERMIONIC ELECTRICAL POWER MODULES 

E. W. WILLIAMS 
General Electric Missile and Space Division 

Valley Forge, Penna. 

R. C. HOWARD 
Thermo-Electron Engineering Corporation 

Waltham, Mass. 

ABSTRACT 

Preliminary designs are presented for 
100 watt (e) isotope thermionic electrical 
power modules employing curium 244 and 
polonium 210 as isotopic fuels. These designs 
were developed by the General Electric Missile 
and Space Division for the Atomic Energy 
Commission under contract No. AT (29-2)-2055. 
The modules are to be used as basic power 
units, which in multiples, can supply space
craft electrical power requirements in the 
0.5 - 2 KW range. Module design criteria are 
outlined, design descriptions presented, and 
performance estimates summarized. 

INTRODUCTION 

The isotope thermionic module designs 
presented in this technical paper were devel
oped by the General Electric Missile and 
Space Division as part of the Atomic Energy 
Commission sponsored Isotope Thermionic 
Module Development Program (contract No. AT 
(29-2)-2055) . General Electric is being 
supported in this effort by Thermo-Electron 
Engineering Corporation (TEECO) who is a 
major subcontractor on the program. 

This is a four phase program whose 
principal objectives are to: 

1) Develop 100 watt (e) curium 244 and 
polonium 210 fueled isotope thermionic modules, 
capable of satisfying flight qualification and 
nuclear safety requirements. 

2) Demonstrate performance and life 
characteristics of these designs by ground 
testing isotope fueled modules. 

3) Demonstrate the modules ability to 
satisfy nuclear safety requirements by a 
prograrr. of analysis and ground testing. 

The preliminary designs presented here 
represent the principal output of the Phase I 
program, which was conducted between June 30, 
1966 and February 28, 1967. 

DESIGN REQUIREMENTS AND GUIDELINES 

The module designs were to satisfy the 
following requirements: 

1) Module Power Output at End-of-
Mission (EOM): 100 watts (e) 

2) Mission Duration: 

Cm-244 module - 1 year* 
Po-210 module - 90 days* 

3) Total System Power (EOM): 0.5 to 
2 KW (e) . 

4) Spacecraft Bus Voltage: 28V + 10% 
continuously for mission duration. 

5) Dynamic environment generally in 
accordance with MIL-STD-810A. 

6) The system nuclear safety philosophy 
is based on containment of the fuel during all 
operating conditions and accident environ
ments. Those cases involving long-term 
deleterious environments which may ultimately 
result in fuel release are to be limited by "̂  
the design to situations in which such release 
will not represent significant radiological 
hazards. 

DESIGN ENVIRONMENTS . -

The module design environments are divid
ed into the following five categories: 

1) Normal Operating environment 

2) Dynamic qualification environment 

3) Re-entry environment 

4) Impact environment 

5) Post impact environment 

*Both designs allow for an additional 35 days between module assemblyand launch, since the 
modules are in an operating condition as soon as they are assembled. 
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The modules are required to be operating and 
to deliver the specified performance under 
environments a and b. It is not necessary 
for the modules to remain operational under 
the remaining three environment groups. 

The selected design environments are 
summarized in Table 1. In the absence of a 
specific application these environments were 
chosen as being representative of a variety of 
typical space missions. 

DESIGN DESCRIPTIONS 

The module reference design configuration 
is shown in Figure 1. The configuration shown 
is the curium 244 design. The polonium 210 
design is identical except for a slightly 
larger fuel capsule and emitter diameter. 
Consequently, Figure 1 Is illustrative of 
both designs and these are described simulta
neously below. 

The modules consist of the following 
major subassemblies: 

1) Heat Source 

2) Thermionic Diode 

3) Thermal Insulation 

4) Electrical Leads and Lead-Throughs 

5) Module Housing and Helium Filter 

Each of these subassemblies is described 
below: 

Heat Source 

The heat source is composed of the 
isotope fuel compound and its associated 
metal matrix, the fuel liner, and the fuel 
capsule. 

Curium sesquioxide (Cm203) and dysprosium 
polonlde (DyPo) have been selected as the 
curium 244 and polonium 210 isotope compounds 
respectively. The fuel compounds are combined 
with a refractory metal to increase the ther
mal conductivity of the resulting fuel form 
and in the case of dysprosium polonlde to 
reduce the power density to a useable level. 
In the curium design the isotope compound is 
combined with tungsten, while tantalum is 
used as the metal matrix in the polonium 
design. 

The fuel form is enclosed in a liner to 
provide containment and allow decontamination 
prior to Introducing the fuel into the hot 
cell where the module fueling operation will 
be performed. The liner is diffusion bond
ed to the fuel matrix to minimize the temp
erature differential between the fuel matrix 
and the liner. The liner contains a pinch-
off tube, a rupture disk, and a mechanical 
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filter. The pinch-off tube prevents pressure 
build-up by fuel-generated helium between the 
period of fuel fabrication and final module 
assembly, when it is closed. After module 
assembly the rupture disk bursts, and helium 
is released to the low temperature storage 
volume throught the vent tube welded to the 
side of the fuel capsule. The filter prevents 
the egress of fuel fines if any are generated. 
The venting process is described in greater 
detail in the module housing description. 

The fuel capsule and helium vent tube 
are made of tungsten-25 rhenium. 

Thermionic Diode 

A planar thermionic diode is used as the 
energy conversion device. The emitter and 
collector materials are etched-rhenlum and 
nickel respectively. The emitter surface Is 
diffusion bonded to the fuel capsule allowing 
conduction heat transfer between the fuel 
capsule and the emitter. The interelectrode 
spacing is nominally five mils and is estab
lished by thermal expansion of the rhenium 
diode sleeve. The heat source and emitter 
are cantilevered from the diode sleeve and 
the diode is brazed at the base of the col
lector to the module housing center bulk
head. Copper inserts are used in the 
collector structure to reduce the thermal 
Impedance and consequently, the temperature 
drop through the collector. 

The cesium reservoir is located on the 
aft end of the module housing and is connect
ed to the diode collector by a Kovar tube. 
A passage is provided In the collector to 
allow cesium vapor to pass from the reservoir 
to the interelectrode gap between the emitter 
and the collector. The cesium reservoir 
location must be remote from the other diode 
components because it operates at significant
ly lower termperatures. 

Thermal Insulation 

In order to minimize thermal losses the 
fuel capsule and diode sleeve are thermally 
Insulated. Multi-layered radiation shields 
are used to perform this function. The module 
reference designs use 120 shields packaged 
in three 40 - layer groups. The shield 
packages adjacent to the high temperature 
surfaces are made from layers of one mil 
tungsten foil separated by thorium oxide 
(Th02) powder. 

The 40 layers are packaged between two con
centric tungsten cylinders each with a wall 
thickness of three mils. The outer two shield 
packages are constructed in a similar manner 
except the foil material is 0.3 mil tantalum 
packaged between three mil tantalum cylinders. 
The mean spacing between all foil layers is 
0.0014 inch. The shield assembly is made in 
two parts with a slip joint to facilitate the 
module fueling and final assembly operation. 
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TABLE 1 . DESIGN ENVIRONMENTS 

ENVIRONMENT 

Ambient Temperature 

Ambient P r e s s u r e 

Vibration (Sinusoidal) 

Vibration (Random) 

Shock 

Acceleration 

Stagnation Point Heat Flux 

DxTiamic P r e s s u r e 

Terminal Velocity 

Surface Hard icss 

Module Orientation 

NORMAL 
OPERATING ENVIRONMKNT 

Ground Siace 
0 " F to 140"F 60«F 

1 Atm lO'"^ T o r r o r 
• l e ss 

/ 

% 

• 

DYN.A.MlC 
QUALIFICATION ENVIRONMENT 

70°F ± 20% 

1 Atm 

Freq <cps) Amplitude 
5-18 0 .3 in. D. A. 
18-2000 ± Sg 
one oc tave /mm/ax i s 

Freq (cps) PSD (g^/eps) 
Below 70 6 db/Oct. 
70-400 0 .3 
400-COO 6 db/Oct . 
600-1000 0.14 
1000-2000 2 db/Oct. 

3.5g ± loot 
11 ms ± 10% 
Peak Terminal Sawtooth 

12g 3 - 4 Min-Jtes 

RE-ENTRY 
ENVIRONMENT 

Ncgligiblo 

Negligible 

. • ! 

Sec Notes 1 & 3 

Sec Notes 2 & 3 

Sec Notes 1 & 3 

IMPACT 
ENVIRONMENT 

-40°F to 120°F 

I Atm 

^ 

SeeNate4 

250 ft/sec 

Smooth Granite 

Sec Note 4 

POST4MPACT 
ENVIRONMENT 

30°F to 80°F (Water) 
-40°F to 120°F (Land) 

300 ft Sea Water 
1 Atm (Land) 

• 

-*• ' 

See Note 4 

Notes: 1 - Accelcrntion and dvnantic p ressu re environments to be liased on r c -oa t ry Into the e a r t h ' s .itniM^ihere under the follou'in.; conditions 
Vg = 3C. 000 f t / sec 
y = 90° (nie.isurcd down from the local Iwrizontnl) 
he = 300, 000 ft. 

2 - Stignntion point heat flux environment to be b.ised on worst design eon<fitiorw resul t ing from rc-«ntrj* into the ear th ' s a tmosphere under •he followinis 
conditions 

case 1 - Vg = 25. 3.j0 f t /sec 
y ^ = 0,1** (measured down from the loc.il horizont;il) 
h^ = 430,000 ft. 

case 2 - Vg = 36,000 t t / sec 
y = C** (measured down from tbe Ioe.il horizontal) 
\\. = 450,000 tt. 

3 - Prel iminary definition, more detailed r c -en t r \ s tudies recjuired 
•1 - Definition requii 'es more d-^tiilcd rc- imtiT stvidies. 

•S ^ .4 1 ^ 
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One part of the shield assembly is supported 
from the thermionic diode, and the remaining 
portion is supported and electrically insulat
ed from the module housing. 

Electrj,cal Leads and Lead-Throughs 

The module housing is used as the diode 
collector electrical lead in order to min
imize the number of module housing penetra
tions. The electrical connection from the 
collector to the module housing is made at the 
base of the collector where it is brazed to 
the housing center bulkhead. A copper bus 
serves as the emitter lead and is connected 
electrically to the emitter throughr the insul
ation support ring, the emitter ring, and 
finally the emitter sleeve. The copper lead 
is clad with nickel to prevent vaporized 
copper from plating out on other module 
components and causing electrical shorts. 

The emitter lead passes through the 
module housing center and aft bulkheads, and 
is electrically insulated from the housing 
at both these points. A conventional ceramic 
to metal lead-through is used to support 
and electrically insulate the emitter lead 
from the module housing at the center bulk
head. An*all-metal lead-through performs 
this function at the aft bulkhead because 
it can withstand earth impact and thermal 
shock better than a ceramic to metal seal. 
The all-metal lead-through provides a high 
impedance path between the emitter lead and 
the module housing by connecting these two 
components by a long, thin metal path. The 
metal path consists of a series of concentric 
Haynes-25 cylinders where each cylinder is 
welded at one end to the cylinder enclosing 
it and at the other end to the cylinder it 
encloses. The resulting high impedance 
between the lead and the housing allows the 
power loss through the all-metal lead-through 
to be held to less than 2.5 percent of the 
diode power output. 

Module Housing and Helium Filter 

The module housing serves numerous 
functions. Its primary purpose is to provide 
containment for the isotope fuel under acci
dent and abort induced environments such as 
earth re-entry, earth impact, and water 
submergence. In addition, it serves as the 
module mounting surface, the collector 
electrical lead, the radiator from which the 
waste heat is dissipated, provides the helium 
storage volume, and maintains a protective 
environment for the oxidation sensitive in
ternal components. 

To accomplish these functions the module 
housing is a composite structure. The basic 
Impact shell is made of Haynes-25. A copper 
sleeve is diffusion bonded to the Haynes-25 
shell over a portion of its inner surface area 
to improve the thermal conduction path from 

the diode mounting point on the module housing 
center bulkhead to the cylindrical surface 
area which is used as a radiator. The copper 
is clad with nickel to prevent vaporized 
copper from plating out on other module com
ponents and causing electrical shorts. The 
nickel clad is diffusion bonded to the copper. 

The helium vent tube, which is attached 
at one end to the fuel capsule, passes 
through the module housing center bulkhead 
and opens into a small cylindrical volume. 
The vent tube is supported on this end, and 
electrically insulated from the bulkhead by 
a ceramic to metal seal. A quartz filter, 
sandwiched between two foamed metal disks for 
support, forms the end of the cylindrical 
volume. Quartz is essentially impervious to 
all gases except helium and consequently will 
pass the helium generated by alpha decay of 
the fuel while confining any fuel vapor that 
exist to the vent tube/fuel capsule volume. 
The flow path for the helium gas generated in 
the fuel form is through the rupture disk in 
the fuel liner, through the mechanical filter 
into the fuel capsule chamber, down the vent 
tube into the cylindrical volume, and finally 
through the quartz filter assembly into the 
aft module housing compartment where it is 
stored throughout the module's useful life. 

A burst'disk is located in the module 
housing center bulkhead. This disk serves to 
seal off the forward and aft module housing 
compartments during the useful module life. 
Helium cannot be permitted in the forward 
compartment during the useful life of the 
module because it would thermally short the 
thermal radiation shields and therefore de
grade the module performance. At some point 
after completion of the mission the helium 
pressure in the aft compartment will reach a 
level sufficient to rupture the burst disk 
and the helium storage volume will be in
creased to include the forward compartment. 
This increases the storage volume by more than 
50 percent and reduces the maximum internal 
pressure accordingly. 

A foamed Haynes-25 insert is brazed to 
the forward end of the module housing to part
ially absorb and distribute impact loads. 

In those power system applications where 
the waste heat is dissipated directly from 
the module housing to space by thermal radia
tion a high emissivity coating will be applied 
to the external housing surface. 

PERFORMANCE 

The principal performance parameters for 
the curium 244 and polonium 210 reference 
designs are summarized in Tables 2 and 3 
respectively. Module power output (Pĵ ) and 
efficiency (.^y[) as a function of time into 
the mission are shown in Figures 2 and 3. 
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In order to minimize fuel loading re
quirements the modules are designed to operate 
at peak diode efficiency at the end-of-mission 
(EOM). In addition, to avoid wide and repeat
ed variations in diode emitter and isotope 
fuel operating temperatures, resulting from 
changes in spacecraft power demand, the 
modules are operated at a constant output 
voltage. The output voltage selected is that 
value corresponding to the diode peak effi
ciency point at EOM. The control necessary 
to operate the modules at constant voltage' 
is provided by the power conditioning equip
ment. 

Curium 244 with a half-life of 18.4 years 
requires essentially no power flattening 
over the one year mission duration. However, 
polonium 210 with its relatively short life 
of 90 days, requires considerable power 
flattening. A completely passive technique 
which is controlled by the natural decay of 
the isotope fuel is used to accomplish the 
power flattening. Consider the polonium 
module design (Figure 3). At the begin-
ning-of-mission (BOM) the excess thermal 
energy available from the isotope fuel nat
urally causes the cesium reservoir to operate 
at a higher temperature than it does at EOM. 
This higher than optimum cesium reservoir 
temperature causes a high diode current flow 
and consequently large quantities of energy 
are removed from the heat source by electron 
cooling. The removal of energy by this 
technique accomplishes the power flattening 
and holds the emitter and fuel operating 
temperatures down to acceptable levels. As 
the mission proceeds the isotope energy out
put decays and the cesium reservoir tempera
ture naturally decreases, resulting in a 
decrease in the energy transferred from the 
heat source by electron cooling. This trend 
continues until at EOM the cesium reservoir 
temperature is optimum and the module is 
operating at the peak efficiency design point. 
The effectiveness of this power flattening 
approach is illustrated in Figure 3 which 
indicates that the polonium module operates 
at essentially constant efficiency. 

DESIGN FEATURES 

The high temperatures associated with 
Isotope thermionics present some unique 
problems in the areas of fuel containment and 
helium storage. The design concepts employed 
in the reference designs to solve these 
problems are briefly described here. 

The fuel capsule operating temperatures 
(1700 - 1800°C) necessitate the use of 
refractory metals to obtain the required 
structural properties. Refractory metals are 
very susceptable to oxidation at the tempera
ture levels involved and consequently could 
not be depended upon to provide fuel contain
ment in any accident or abort situation where 
the fuel capsule would be exposed to air. As 
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a result, in the reference designs, the fuel 
containment function is divided between the 
fuel capsule and the module housing. The 
fuel capsule contains the isotope under all 
normal operating conditions, and the module 
housing provides oxidation protection for the 
fuel capsule and serves as the fuel contain
ment structure from the nuclear safety stand
point. This approach reduces the fuel 
containment problem to one in which the fuel 
container (module housing) operating temp
eratures are actually lower than those at 
which current isotope thermoelectric fuel 
capsules operate (500°C compared to 850°C). 
In addition, the module housing dimensions 
approximate those of isotope thermoelectric 
fuel capsules on which impact test experience 
exist. These factors lend confidence that 
the module housing can be designed to with
stand earth impact. 

Using the module housing as the final 
fuel containment structure requires that the 
electrical lead-throughs and associated 
structure be highly resistant to the mechan
ical and thermal shocks associated with earth 
impact. The design problems are simplified 
in the reference designs by employing the 
module housing as the diode collector electri
cal lead. This reduces the number of module 
housing penetrations to one. An all-metal 
lead-through rather than a conventional 
ceramic to metal lead-through, is used to 
electrically insulate the diode emitter lead 
from the module housing at this penetration 
point. The long thin convolution of Haynes-
25 material should permit considerable impact 
distortion of the electrical lead and lead-
through without loss of containment integrity. 
Preliminary tests indicate this is a feasible 
approach. 

Development testing will be required to 
establish the optimum parameters and perform
ance, but the all-metal lead-through offers 
an attractive solution to a potentially 
difficult problem. 

At fuel capsule operating temperatures 
in the 1700 -1800°C range a significant creep 
deformation problem exist unless the stress 
levels (helium pressures) can be held to very 
low levels. Fuel capsule creep cannot be 
tolerated because it would result in deforma
tion of the diode emitter surface and event
ually lead to electrical shorting between the 
collector and emitter. Designs in which 
sufficient helium void volume is provided 
within the fuel capsule to prevent appreciable 
creep deformation result in unacceptable 
solutions from the thermal, structural, and 
weight standpoints. The reference designs 
solve this problem by venting the helium gas 
from the fuel capsule to a relatively low 
temperature storage volume in the aft end of 
the module housing. By storing the helium in 
a relatively large, low temperature volume 
the helium pressure exerted on the fuel 
capsule walls through the end-of-mission point 
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TABLE 2. CURIUM MODULE PERFORMANCE PARAMETERS 

MODULE PERFORMANCE 

Diode Interelectrode Spacing, d - inches 

Diode Sleeve Size Parameter, A /L A^ - 1/cm 

Diode Emitter Temperature, T„ - °K 

Diode Efficiency, r| - percent 

Diode Output Voltage, V^ - volts 

Diode Output Current Density, J - amps/cm 

Diode Output Power, P - watts 

Diode Cesium Reservoir Temperature, T - - °C 

1 Diode Emitter Area, Aj, - cm^ 

Diode Output Current, Jj. - amps 

1 Diode Emitter Diameter, D„ - inches 

Diode Lead Resistance, R. - otims 

1 Diode Lead Voltage Drop, i V ^ - volts 

[ Diode Lead Electrical Power Loss - watts 

Module Output Voltage, V-^ - volts 

Module Lead-Through Resistance, R^ .̂, - ohms 

Module Lead-Through Current, I, „ - amps 

Module Lead-Through Electrical Power Loss - watts 

Module Output Current, I^, - amps 

Module Electrical Power Output, P - watts 

Diode Thermal Input, Q - watts 

Shield Insulation Loss, Q. - watts 

Jomt Insulation Loss, Qj -watts 

Diode Sleeve^sulation Edge Loss, <X -watts 

Helium Vent Tube Loss, Q„ - watts n 
Total Thermal Insulation Loss, Q -watts 

Module Overall Thermal Power Req'd, Q.̂  - watts 

Percent Thermal Insulation Loss, percent 

Module Overall Efficiency, ri - percent 
M 

Module Overall Dimensions - inches 

Module Weight - p6unds 

Module SJjeclfic Power-watts/lb 

BOM 

O.OOS 

0.00870 

1879 

14.22 

0.717 

10.70 

111.2 

310 

14.52 

155. S 

1.698 

0.000108 

0.0168 

2.61 

0.701 

0.234 

3.06 

2.19 

152.44 

107.0 

782 

28.60 

19.74 

42.70 

2.68 

93.72 

876 

10.70 

12.20 

MOM 

O.OOS 

0.00870 

1871 

14.40 

0.717 

10.60 

110.6 

307 

14. S2 

154.3 

1.698 

0.000108 

0.0167 

2.57 

0.701 

0.234 

3.06 

2.19 

151.24 

106.0 

768 

28.00 

19.36 

41.70 

2.67 

91.73 

860 

10.69 

12.32 

EOM 

0.005 

0.00870 

1863 

14.60 

0.717 

10.50 

110.0 

305 

14.52 

1S3.0 

1.698 

0.000108 

0.0165 

2.53 

0.701 

0.234 

3.06 

2.19 

149.94 

105.3 

754 

27.50 

18.97 

41.20 

2.66 

90.33 

844.33 

10.68 

12.49 

4 Di« X 10 

13.35 

7.88 

Fuel Loading Requirements 

Thermal Power - 880 watts 

Fuel Matrix Weight - 676 grams 

Fuel Matrix Volume - 52.9 cm^ 

Fuel Compound - Cm 0 

Pure Isotope Weight - 337 grams 
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TABLE 3. POLONIUM MODULE PERFORMANCE PARAMETERS 

MODULE PERFORMANCE 

Diode In te re lec t rode Spacing, d - mches 

Diode Sleeve Size P a r a m e t e r , Ag/LgAp - 1/cm 

Diode Emi t t e r T e m p e r a t u r e , T ^ - °K 

Diode Efficiency, n - percent 

Diode Output Voltage, Vp - volts 

Diode Output Cur r en t Dens i t j , J - amps/cm'^ 

Diode Output Power , P _ - wat ts 

Diode Cesium R e s e r v o i r T e m p e r a t u r e , T_ - " c 
p 

Diode Emi t t e r Area , A^- - cm 

Diode Output Cur r en t , I ^ - amps 

Diode Emi t t e r D iamete r , Dj- - inches 

Diode Lead Res i s t ance , R, - oiims 

Diode Lead Voltage Drop, AVj, volts 

Diode Lead Elec t r ica l Power Loss - wat ts 

Module Output Voltage, Vj^ - v o l t s 

Module l .cad-Through Res i s tance , R, ^̂  - ohms 

Module Lead-Through Cur ren t , 1^^^ - amps 

Module Lead-Through Elec t r ica l Power Loss - watts 

.Module Output Cur r en t , I j^ - amps 

Module E lec t r i ca l Power Output, P „ - watts 
M 

Diode Thermal Input, Q-, - watts 

slncld Insulation !x)ss, Q^ - watts 

,)oint Inbul.ition Loss , Q - watts 

Diode Slecve/Insulat ion Edge Loss , (^„j. - watts 

Helium \'c'nl Tube Loss , Q - watts 

Tot d 1 hernia l Insulation Ixiss, O - w a t t s 

Module Ovcra i l The rmal Power Req'd, Q.] - w a t t s 

Pel cent 1 he rmal Insulation 1 os s - pe rcen t 

Module Overa l l Efficiency, r i . . - p e r c e n t 
M 

Module Overal l Dimensions inches 

Module Weight - pounds 

Module Specific Power - watts ^Ib 

BOM 

0.005 

0.00870 

1870 

12.68 

0.574 

14.16 

173.2 

326 

21.30 

302.0 

2.050 

0.000108 

0.0326 

9 .85 

0.542 

0.234 

2 . 4 5 

1.405 

299.5.') 

162.2 

1162 

32.20 

19.53 

49. 15 

2.6C 

103.54 

1405 0 

7.07 

11.08 

MOM 

0.005 

0.00870 

1802 

12.80 

0.574 

11.40 

139.5 

305 

21.30 

243.0 

2.050 

0.000108 

0.0259 

6 .21 

0.549 

0.234 

2 . 4 5 

1.405 

240.55 

132.0 

1090 

27.30 

16.49 

4 J . 17 

2 .64 

89.60 

1180.0 

7.60 

11.18 

EOM 

0.005 

0.00870 

1740 

12.90 

0.574 

9.00 

110.0 

280 

21.30 

191.8 

2.050 

0.000108 

0.0205 

3.88 

0.554 

0.234 

2 .45 

1.405 

189.35 

104.8 

852 

24.80 

14.90 

37.'")2 

2.62 

79 .93 

931 .9 

8.59 

11.26 

4 Dia X 10.5 

14 70 

7 . n 

Fuel Loading Requi rements 

Thei mat Power - 1772 watts 

Fuel Matrix Weight - 905 g r a m s 

Fuel Matrix Volume - 88.1 cm"^ 

Fuel Compound Dy Po 

Pure Isotope Wt'ight 1 2 . 2 i g r a m s 
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Figure 2 - Curium Module Performance 
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Figure 3 - Polonium Module Performance 
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are very low and the creep deformation problem 
is avoided. As time passes, the helium 
pressure level increases and at some point 
after the end-of-mission the burst disk on the 
module housing center bulkhead ruptures, 
thereby increasing the helium storage volume 
to include the forward module compartment. 
This step provides sufficient void volume to 
allow the helium gas to be contained within 
the module housing idefinitely as long as 
the shape of the housing is not significantly 
altered and/or the normal operating sink 
temperature is not substantially increased. 
In addition, venting helium to the forward 
housing compartment equalizes the pressure on 
both sides of the fuel capsule and stops the 
creep deformation process which would other
wise lead to rupture of the fuel capsule. 
Also, introducing helium into the forward 
housing compartment thermally shorts the 
thermal radiation shields and reduces the fuel 
temperatures. To prevent fuel vapor and fine 
particles from reaching,the aft helium storage 
volume, a mechanical filter is Included in 
the fuel liner and a quartz filter at the end 
of the vent tube. 

SUMMARY AND CONCLUSIONS 

To the extent that experience exists, the 
preliminary designs presented have been based 
on current state-of-the-art in the areas of 
diode performance, isotope characteristics, 
thermal insulation effectiveness, material 
combinations, and fabrication techniques. A 
reasonable development effort is expected to 
lead to prototype units capable of satisfying 
all the design and nuclear safety require
ments. 

^ During the Phase I study the module 
designs presented here were shown to be 
compatible with a variety of space missions 
and to offer attractive performance when 
compared with other competing types of power 
systems. The principal features of the 
Isotope thermionic modules are: 

1) High Efficiency (̂ 127.,) - The high 
thermal to electrical efficiency results in 
reduced fuel cost. Improved fuel availability, 
and simplifies the nuclear safety problem. 
Compared to state-of-the-art Isotope thermo
electric generators the Isotope thermionic 
modules require approximately one-third the 
fuel loading for the same power output. 

2) High Heat Rejection Temperature 
('̂ '500°C) - The high heat rejection temp
eratures result in small radiators and make 
the system insensitive to its surrounding 
environment. This latter condition makes 
isotope thermionic systems particularly well 
suited to applications where the environmental 
sink temperature is high and/or continually 
varying over a wide range (lunar surface, 
solar probes, etc.). 

3) High Specific Weight - The isotope 
thermionic modules offer a specific weight 
of 7 to 8 watts/lb. compared with isotope 
thermoelectric generator values which are 
typically around 1.5 watts/lb. 

4) Small Size - The Isotope thermionic 
modules deliver 100 watts (e) at EOM from a 
cylinder 4.0 Inches in diameter and 10.0 
inches long. This compares with the SNAP-27 
isotope thermoelectric generator which dev-
lops 56 watts (e) and is 15.7 inches in 
diameter by 18.1 inches long. 

These characteristics make isotope 
thermionic power systems particularly 
attractive for planetary exploration since the 
system is suitable, without significant 
modifications for missions toward and away 
from the sun. 

The above conclusions are based on 
current state-of-the-art thermionic diode 
performance. There is every reason to expect 
that diode performance will continue to 
improve with a corresponding improvement in 
the performance estimates made in this study. 
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