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ABSTRACT 

Design performance studies on the original SNAP III type 
of thermoelectric generator were made to optimize its use 
as a power system for special spacecraft missions· From 
laboratory and analytical studies on the generator's 
performance and thermal energy rejection characteristics in 
a space environment, it was determined that the initial 
available electrical power can be increased by as much as 
a factor of four. The electrical power is increased by 
increasing the thermal inpux of the generator at the expense 
of conversion efficiency. The modification to the SNAP 
generator consists of increasing the diameter of the 
thermoelectric elements and decreasing their length as well 
as modifying the fuel container and hot shoes to physically 
accommodate the thermoelectric element. However, the 
overall physical characteristics of the SNAP III generator-
dimensions, number and type of thermoelectric elements, 
method of hot and cold junction contacting, hot and cold 
junction temperature limits, radial arrangement, number of 
thermoelectric element rows, and thermal insulation -
remain unchanged in the modified design. 

1. Presented at the ARS Space Power Systems Conference, 
Santa Monica, Calif., 27 September i960. 

2. Staff Scientist, Advanced Power Systems, Satellite 
Systems, Lockheed Aircraft Corporation. 
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I. Radioisotope Fueled Power Systems1 Role in Space Programs 

The radioisotope fueled thermoelectric generator is a 
compact, rugged, reliable, and space environment insensitive 
power system that should find many useful applications in the 
nation's scientific space program. This type power system 
is attractive for spacecraft missions since it is inherently 
reliable from the standpoint of system simplicity. Also 
since its performance is essentially unaffected by high 
vacuum, zero gravity, micrometeroid impacts, Van Allen 
radiation belt, solar flares, and forces due to hiph acceler-
ation, deacceleration (impacts), spacecraft spinning or 
tumbling. Since the generator operates at fairly high heat 
fluxes and temperatures, it is essentially insensitive to 
solar energy absorption, earthshine and albedo, earth's 
shadow, spacecraft skin temperature cycling in a noon earth 
satellite orbit, or to local spacecraft temperatures. 

Solar photovoltaic converter power systems, which are 
highly competitive with radioisotope fueled power systems in 
the sub-kilowatt power region, are, on the other hand, highly 
sensitive to the space and spacecraft environment as well as 
mode of operation. Their performance is affected by space-
craft attitude, orientation with respect to the sun, local 
spacecraft temperature, micrometeoroid showers, solar flares, 
etc. 

Thus, radioisotope fueled thermoelectric generators such 
as the SNAP III type have applications in spacecraft missions 
which are characterized by: 

(a) Relatively low average power demands for 
either short or relatively long time periods. 

(b) Relatively high average power demands for 
short time periods. 

(c) Multiple payloads combining requirements (a) 
and (b). 

(d) Operation of payloads after soft impact on 
planets, wherein orientation with respect to 
sun cannot be predicted. 
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(e) Operation during orbit transfer wherein 
accelerations may be close to 1 G, thus 
precluding solar arrays. 

(f) Operation in space environment which may 
be detrimental or incompatible with solar 
photovoltaic converter cells, i.e., 

(1) Micrometeoroid showers. 

(2) In atmosphere of Venus. 

(3) High temperature environments (near 
sun) wherein solar cell efficiency 
drops off. 

(Λ) Long operational lifetime in high 
flux region of Van Allen radiation 
belt. 

II. SNAP III Generator 

A. Design Features 

The spacecraft designer's interest in the SNAP 
III type generators is based not only on this 
generator's capability to satisfy the above 
requirements for spacecraft scientific mission 
power systems but also because it has been 
environmentally qualified for spacecraft use 
to withstand the shock, vibration, and accelera-
tion during the flight into orbit (Reference l). 
The SNAP III generator has been designed for 
maximum safety in case of launch pad aborts or 
failure to achieve orbit and for re-entry from 
orbit. Minor modifications such as changes in 
the thermoelectric element and increase of fuel 
loading with or without change in the fuel 
container size can be made without compromising 
the applicability of results from previous 
environmental testing. 
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Description 

The SNAP III generator consists of 54 n-type and 
p-type lead telluride thermoelectric elements form-
ing 27 pairs of thermoelectric couples. Each ele-
ment is approximately 0·225 inches in diameter and 
one inch long. A cut-away view of the SNAP III gen-
erator is shown in Figure 1 and the interior assembly 
is shown in Figure 2. The rugged design and modular 
arrangement allows mission flexibility, i.e., use in 
earth satellites as well as for planet impacts. Mul-
tiple generators can be used to meet a wide range of 
power requirements similar to the use of chemical 
storage battery modules. The SNAP III generator is 
essentially an "off-the-shelf" device, the major 
lead time requirement being for radioisotope fuel 
preparation. 

Operational Characteristics 

The use of radioisotope fueled power systems in 
spacecraft missions introduces new considerations in 
the design optimization of the power system with re-
gard to the spacecraft and mission objectives. 

The decay characteristics of radioisotopes necessi-
tate use of excess initial fuel loading to meet a 
given power requirement at the end of a fixed period 
of time. The radioisotope fueled generator can be 
designed for constant power operation at the expense 
of the excess thermal energy that is shunted to space 
during the useful lifetime of the power system. This 
type of operation requires some form of an energy by-
pass system whose operation is matched to the decay 
characteristics of the radioisotope fuel to prevent 
the thermoelectric elements from subliming because 
of the high initial fuel loading. In operation, the 
heat rejection rate decreases with time such that 
the electrical output is constant. 

For constant electrical power generation, the opti-
mized thermoelectric generator design, i.e., thermo-
electric element length and diameter is based on con-
stant thermal energy input to the thermoelectric 
elements. As indicated in Figure 3A, the amount of 
thermal power shunted with time is matched to the 
radioisotope decay characteristic until point A is 
reached. Operation from this time on is with a de-
creasing thermal power input to the thermoelectric 
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elements· The thermoelectric efficiency and the avail-
able electric power decrease beyond time t^ due to de-
creases in both the efficiency and the thermal power 
input. 

Another method of generator operation is to convert to 
electrical power the maximum thermal energy available 
over the mission lifetime by minimizing the direct 
thermal energy losses from the system. As will be 
shown later, the design of a radioisotope fueled ther-
moelectric generator for this type of operation results 
in smaller electrical power conversion during the mis-
sion lifetime than that for a generator which is de-
signed for constant electrical power output. The per-
formance characteristics of a thermoelectric generator 
optimized on the basis of the initial thermal loading 
would be quite similar to that shown on Figure 3B. The 
available power from this type generator is initially 
greater but becomes less than that obtained from the 
constant power output generator for the same initial 
hot shoe temperature. This method may be more reliable 
since the thermal shunt system is not required. 

III. SNAP III Generator Design Study Objectives 

Many spacecraft scientific and engineering type missions 
require a relatively short time period of operation to acquire 
an abundance of information. The extent and frequency of in-
formation acquisition after a short initial period decreases 
with mission lifetime. Experiments are programmed on and off 
based on considerations of: 

(a) Accumulation of sufficient data for the experimental 
objectives. 

(b) Detecting and measuring phenomena that occur in a 
sporadic and unscheduled manner, i.e., solar flares. 

(c) Monitoring of space environmental phenomena on a 
decreasing frequency. 

Thus, information and power requirements over the mission 
lifetime are compatible with the decreasing electrical power 
available from this type of radioisotope fueled power system. 
In addition, maximum utilization of the weight and space avail-
able in spacecraft for useful payloads is ensured. 

For these reasons, an analytical and experimental program 
was conducted at the Lockheed Missiles and Space Division to 
optimize the performance of the original SNAP III generator as 
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a power system for spacecraft and space probe scientific and 
engineering experiments. The results of the optimization de-
sign study are discussed in the following part of this paper. 

IV. Method of Optimization 

The present βθ thermal watt fueled SNAP III generator 
will operate in a space environment at a hot junction temper-
ature of about 1100°F and a cold junction temperature of about 
220 F to produce 3·8 watts of electrical power at an efficiency 
of 6.3$· The power output of the generator for space appli-
cations can be greatly increased by raising the cold junction 
temperature at the expense of efficiency. The cold junction 
temperature is raised by increasing the generator thermal in-
put and decreasing the length of the thermal path (thermo-
couple legs) in order not to exceed the hot junction temper-
ature limit. The efficiency can be maintained, with shortened 
thermocouples if the cold junction temperature remains con-
stant. This can be accomplished by increasing the effective 
radiator surface area. 

In the optimization design analysis, it was assumed that 
the only change in the basic design of the generator was the 
length and diameter of the thermocouple legs and the necessary 
dimensional changes to the fuel container and hot shoes to 
accommodate the increased diameter of the thermocouple legs. 
The maximum operating hot junction temperature under the pres-
ent design and that which was assumed throughout the analysis 
was HOO^1. A cold junction temperature limit of ̂ 50 F was 
assumed based on the prevention of eutectic compound formation 
at the cold junction contacts. 

V. Thermoelectric Generator Analysis 

The power taken from the heat source at the hot junctions 
can be written as follows: 

P i n = 2 Ν Κ γ (Th - Tc) + NI (a hp + a h n ) Tfa - l / 2 I 2 r ( l ) 

where 
N = number of thermocouples 

K = thermal conductivity of thermocouple legs 

= .02 watt cm"1 °c"1 for PbTe 
A = cross-section area of thermocouple legs 
1 = length of thermocouple legs 
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T = hot junction temperature 
= iioo°F (593°c) 

T = cold junction temperature 

I = current in amperes 
ahn = Seebeck coefficient of the n-type elements at 

the hot junction _ 
= 195 microvolts c" 

ahp = Seebeck coefficient of the p-type elements at 
the hot junction 

- 2^0 microvolts °c" 
r = internal resistance of the generator, ohms 

In Equation (l) above, the first term on the right is the 
conductive heat loss through the thermoelectric elements; the 
second is the Peltier heat absorbed at the hot junctions; and 
the lastterm is that part of the internally generated Joule 
heat which is returned to the source, (Reference 2). The 
insulation losses from the heat source were neglected in this 
analysis. 

as: 

The heat power taken from the source can also be written 

Pin = Pe + Pr (2) 

where Pe = electrical power output 

P = thermal power taken from the cold junction by 
the radiator. 

The electrical power output can be written as: 

P e= "Pin <3) 

where η = efficiency of the generator 

Equations (2) and (3) are combined to give: 

P e=(*T)P r M 

For matched load conditions: 

Pe = I V.j2 = NI Etc/2 (5) 

where EQ = open circuit voltage 

E+ = open circuit voltage from one thermocouple 
(Seebeck voltage) 
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Also, 

2 -L r - 2 -Te 

Combining Equations (l), (3), (5) and (6), the following is 
obtained: 

(6) 

Pe/, = 2 UK j (Th - Tc) + 2 N-gS- (ahp + ahn) Th - £p (T) 

This equation can be written in the form: 

Pe = K Y (Th - Tc) 

where K, the effective thermal conductivity, watt/cm 
defined as : 

(8) 

-1 o„-l 
is 

K = 

hk 
2N 

(ahp + ahn) 
E„ 

(9) 

Referring to Equation (h), since all of the heat is rejected by 
radiation to space, Pr can be written as : 

P = B(T r x c Ts
k) Ϊ Β Τ (10) 

where B (watts K ) is the effective radiative heat transfer 
coefficient which includes the effective radiating area and its 
emissivity and absorptance, radiation efficiency (sometimes 
called fin efficiency), the Stefan-BoItzmann constant and the 
effect of any losses between the cold junction and radiating 
surface. The effective "space" temperature, T , is about 4°K, 
and for this analysis was neglected. 

VI. Thermoelectric Generator Radiative Heat Transfer 
Performance 

Measurements were made in the Lockheed Missiles and Space 
Division, Satellite Systems Laboratory, on an electrically 
heated SNAP III type generator using an environmental chamber 
to simulate space conditions. The effective radiative heat 
transfer coefficient, B, of Equation 10, was evaluated from 
these test results in which the unconverted thermal energy from 
the generator was radiated under vacuum conditions to the 
chamber walls which were maintained at a liquid nitrogen tem-
perature of -319°F-
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The measurements were corrected to take into account the 
conductivity effects of the generator thermocouple leads, sup-
port stand, and residual gas in the environmental chamber. The 
effective radiative heat transfer coefficient was found to "be 

-9 o -Λ 
about 2.7 x 10 watts K which corresponds to the case in 
which the generator is fully exposed to the space environment. 
The radiating surface area is essentially that of the generator 
surface as shown in Figure 4a. 

The effective radiative heat transfer coefficient for a 
generator mounted in a typical manner in a spacecraft wherein 
the mounting brackets and spacecraft support structure provide 
additional radiator surface, Figure 4b, was calculated to be 

about 4.7 x 10"9 watts °K~\ 

Figure kc shows another method of increasing the heat 
transfer surface area by providing radial fins for thermal radi-
ation. This configuration can provide an effective radiative 

heat transfer coefficient of about 7 x 10 watts °K~ . This 
value corresponds to the data obtained from the environmental 
chamber without correcting for the conductive effects of the 
thermocouple leads, support stand, and residual gas in the 
chamber. 

The above values of radiative heat transfer coefficients 
were used in the design analysis on increasing the electrical 
power available from the SNAP III generator. 

VII. Results of Design Analysis 

The efficiency of the thermoelectric generator, neglecting 
insulation losses, is shown in Figure 5 and is defined as: 

2 (T. - T ) 
h c (11) 

3 T + T +_2_ 
h ° Z 

pn 

The material properties of the lead telluride p and n 
type thermoelectric elements were obtained from Reference 3· 
The values of the parameters which are shown on Figure 5 are 
based on a hot junction temperature of 1100°F. The performance 
characteristics shown are the average figure £f merit for the 
combined p and n type thermocouple legs, ZLn; the open cir-
cuit voltage E ; and the effective thermal conductivity K. 
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The average figure of merit Zpn , i s defined "by Ioffe as : 

Z = E-S (1 2) 
pn Κ + νζ]' 

where Zp and Z are the average figures of merit for the p 

and n type lead telluride (.07 atomic # sodium and 0.10 atomic 
</o bismuth doped lead telluride, respectively) and were deter-
mined as follows: 

i c: 
T, - T J Zi 

T, = 1100°F h 

z. = m m / z. (T) dT (13) 
i 

c 
T 

where Z. is the figure of merit for the p or n type material. 

Figure 6 shows the heat rejection rate as a function of 
the cold junction temperature for the three values of effective 
radiative heat transfer coefficient, B. Also shown is the 
thermal input, P. , for the three generator-spacecraft con-
figurations. 

The available electrical power output P as calculated 
from Equation (3) is shown on Figure 7 a s a function of the 
cold junction temperature with the hot junction maintained at 
1100°F. The thermoelectric efficiency is also shown on this 
figure. 

The thermoelectric element cross-sectional area and length 
(A/1) was determined as a function of the cold junction temper-
ature using the relationship expressed in Equation (8). In 
Figure 8, the thermoelectric element length is shown for three 
different element diameters as a function of the cold junction 
temperature for the generator configurations shown in Figure k. 

The envelope of feasible thermoelectric element diameters 
and lengths based on the SNAP III generator configuration is 
shown in Figure 9· The physical minimum element length is 
approximately 0.15 inch based on the recess in the cold junc-
tion housing and in the hot shoes, Figure 2. The practical 
minimum thermoelectric element length is about 0.25 inch. 

The maximum length for a given element diameter is based 
on the following conditions: 

(a) The vertical distance hetween the rows is equal to 
0.3 inch. 
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(b) The angle between the p and n type thermoelectric 
elements to the hot shoes is equal to 26.5°. 

(c) The apex of the angle between the p and n thermo-
electric elements is located 0.55 inch radially from 
the center of the generator. 

(d) Distance between columns of hot shoes is 0.10 inch. 

The cold junction housing and case is unaffected by any 
combination of element length and element diameter that lies 
within the envelope. The maximum element diameter that can be 
physically used is approximately 0.̂ 3 inch. 

The three diameters shown on Figure 8 represent (l) the 
present SNAP III thermoelectric element diameter (0.225 inch), 
(2) the diameter (0.37 inch) for the thermoelectric element 
corresponding to a minimum practical length of 0.25 inch at the 
cold junction temperature limit of 450°F, and (3) the maximum 
diameter (θΛθ inch) for the thermoelectric element that can be 
used based on maximum length and cold junction temperature limi-
tations. Figure 7 shows the range of available electrical power 
for the three thermoelectric element diameters. 

In selecting the thermoelectric element size, it is desir-
able to use the maximum diameter element to provide the greatest 
cross-sectional area in order to decrease the thermal and elec-
trical contact resistance at the hot and cold junctions. A 
greater degree of utilization of the fuel container surface area 
by the thermoelectric element reduces the thermal insulation 
losses and temperature drop from the container to the thermo-
electric elements. Also, reduction of the thermoelectric ele-
ment length by maximizing the diameter provides a greater 
generator design strength. 

VIII. Thermoelectric Generator Efficiency Characteristics 

The efficiency of the radioisotope fueled thermoelectric 
generator decreases with time. This is due to the decrease in 
thermal power generation by the radioisotope as it decays. The 
result is that a smaller temperature differential (T^ - Tc) 
through the thermoelectric element exists. The effect is to 
decrease the Carnot efficiency of the thermoelectric elements 
with consequent decrease in overall thermoelectric device effi-
ciency. Although, the decrease of the cold and hot junction 
temperature with time will tend to increase the materials fig-
ure of merit, this effect on the efficiency is less than the 
effect of the decrease in temperature differential through the 
thermoelectric element. 
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The decrease in efficiency of the thermoelectric generator 
with time is larger for generators of greater initial thermal 
power level. This is due to the shorter thermoelectric ele-
ments required "by the generators of increased thermal level. 
In Figure 10, the decrease in efficiency with time and the ini-
tial generator thermal power level is schematically shown. The 
initial hot junction temperature is assumed to be 1100°F and the 
effective radiative heat transfer coefficient the same. 

IX. Spacecraft Mission Effects on Thermoelectric Generator 
Performance Optimization 

A. Weight and/or Volume Limitation on Spacecraft Power 
Systems 

In general, there may be two different power system 
design situations in optimizing the radioisotope fueled 
thermoelectric generator for use in a space mission. 
One situation is the case where the volume and/or 
weight that is available in the spacecraft for the 
power system is limited, and the other case is where 
the volume and weight are available for a specified 
number of generators. For the first condition, there 
are at least three different modes of thermoelectric 
generator operation possible, all dependent upon the 
detailed electrical power-time requirements, that must 
be satisfied in the optimization of the generator de-
sign. These three methods of operation over the mis-
sion lifetime are (l) at constant electrical power 
output using power flattening techniques; (2) at de-
creasing power output with a specified minimum initial 
power requirement and unspecified but lower power re-
quirement at the end of mission lifetime; and (3) at a 
minimum power level at the end of the mission lifetime, 
with the initial power requirements unspecified but 
much greater than the final power output. It is assumed 
in this discussion that the power requirement is of 
sufficient magnitude to require multiple SNAP III gen-
erators of the present type. The overall spacecraft 
system design considerations in replacement of multiple 
SNAP III generators with a single optimized SNAP III 
generator of higher thermal power loading capability 
is the basis of the remaining discussion. 

B. Modified and Multiple Original SNAP III Generator 
Performance Characteristics 

Figure 11A indicates qualitatively the three modes of 
generator operation described above. For the first 
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case the optimized single generator would he provided 
with a direct thermal power shunt so that the avail-
able electrical power is equal to or greater than that 
for the multiple SNAP III generators over the mission 
lifetime. Use of the single generator results in 
weight and volume savings. The effect of the weight 
saving to off-set the increased cost due to the greater 
radioisotope fuel requirement depends upon the specific 
overall spacecraft system design and mission objectives. 

It is also possible to operate a modified single gen-
erator without a thermal shunt by a greater initial 
radioisotope loading to off-set the initial decreased 
efficiency due to increase in cold junction tempera-
ture, and the greater rate of efficiency degradation 
with time as was indicated in Figure 10. This second 
method of operation is shown in Figure 11a. 

The third mode of operation is illustrated in Figure lib 
in which the initial electrical power output for a 
single modified generator is the same as for the multi-
ple SNAP III units. Due to the shorter thermoelectric 
elements used in the single generator and the consequent 
initial lower efficiency than that for the lower-
powered SNAP III generator, Figure 10, a smaller amount 
of electrical power is available throughout the mission 
lifetime. 

For the same power input to a single modified generator 
as to the system of multiple SNAP Ill's, it is desir-
able to match, over the mission lifetime, the available 
electrical power. To accomplish this it is necessary 
to make the initial efficiency of the single generator 
the same as that for the system of SNAP Ill's as well 
as the efficiency-time characteristics. A simple an-
alysis shows that the initial efficiency and efficiency-
time characteristics for the single optimized generator 
can be made the same as for the SNAP III generator, by 
maintaining the same cold junction temperature. This 
is accomplished by increasing the effective radiative 
heat transfer coefficient, B, over that for the SNAP III 
generator, by the ratio of the initial power level of 
the single generator to that for a single SNAP III 
generator. 

For the case of a 20 electrical watt requirement, a 
saving of about 15 pounds results in using a single 
generator-in place of four SNAP III generators. Part 
of this weight can be used to improve the generator 
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radiative heat transfer characteristics. If volume is 
the most limiting condition in the spacecraft power sys-
tem design^ the total weight saving can be used for im-
provement of the radiator design to maximize the elec-
trical energy available over the mission lifetime at the 
least cost in radioisotope fuel. The design approach 
that would be used in an actual spacecraft system de-
sign will, of course, depend upon the overall space-
craft design and mission requirement considerations. 

C. Maximization of Total Electrical Power From Multiple 
Generators 

The second power system design situation that may exist 
in optimizing the thermoelectric generator is the case 
where spacecraft volume and weight are available for a 
specified number of SNAP III generators and as much 
initial electrical power is desired as possible. This 
latter condition introduces the consideration of the 
limitation on the magnitude of the heat rejection rate 
which the sensitive electronic and payload equipment 
can tolerate without exceeding their design temperature 
limits. 

Figure 12 shows a generalized comparison of the per-
formance of the present SNAP III generator with that of 
a modified generator as a function of time. The com-
parison is based on the use of the same number of ther-
moelectric generators and in this particular case, the 
total thermal power available from the optimized gen-
erator was initially about four times greater than that 
of the present SNAP III generator design. The perform-
ance of the two generators was calculated on the basis 
of thermoelectric generator characteristics determined 
in the Lockheed Missiles and Space Division Laboratory 
on two electrically heated SNAP III generators, one 
with a thermoelectric element length of one inch and 
the other of 0·25 inch. The thermal resistances of 
the generator components such as the thermoelectric 
elements, hot shoes, cold junction housing and insula-
tion were evaluated. The effective radiative heat 
transfer coefficient, Bp, configuration 4b, was assumed 
for these calculations. The increased available power 
over the useful lifetime of the generators is evident 
from this figure. 
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X. SNAP III Design Optimization Results 

From the analysis presented it can be seen that it is pos-
sible to increase the initial electrical power output of the 
present SNAP III generator by a factor of four as shown in 
Figure 7· The electrical power output from the present SNAP III 
generator can be increased to about 5 watts, as indicated on 
Figure 7j "by using a radiator configuration as shown in Fig-
ure 4c. However, a generator using a 0.37 inch diameter ele-
ment with a length of about 0.25 inch produces over 20 electri-
cal watts of power at a cold junction temperature of k^0°¥ for 
the same radiator configuration. The initial efficiency for 
this modified generator is about 4.6$ as compared to 7-7$ for 
the SNAP III. 

For a spacecraft mission requirement of 20 electrical watts 
at the start of the mission with decreasing power requirements 
with time, four SNAP III generators would be required using an 
initial radioisotope fuel loading of 24θ thermal watts as com-
pared to the use of a single modified generator of the above 
design requiring an initial radioisotope thermal loading of 
kkO watts. The increased cost of using a single generator re-
quiring an additional 200 thermal watts of radioisotope fuel 
must be considered (l) in relation to the overall weight sav-
ings resulting from the use of fewer generators, (2) the in-
creased overall reliability of the power system requiring less 
thermoelectric elements in series, and (3) the increased design 
flexibility to meet the heat transfer and temperature require-
ments in the integration of the generator into the spacecraft. 

Assuming that the weight of the additional radiator fins 
on the SNAP generator is about four pounds, a weight saving in 
the use of a single optimized generator amounts to about 27 
pounds. This weight saving can be used for additional payloads 
and redundant equipment to increase mission utility and relia-
bility. 

The cost of placing one pound of payload in orbit can range 
from hundreds of dollars to tens of thousands of dollars depend-
ing upon the specific spacecraft program and mission. If a new 
space program with a limited number of flights is involved, in 
which the total payload orbited is comparatively small due to 
the orbital altitude required, the cost for a pound of useful 
payload can be several orders of magnitude greater than that 
for a space program utilizing "off-the-shelf" boosters and 
spacecraft of large payload capability in near earth orbits. 
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By way of illustration, if one assumes that the cost of 
placing a pound of payload in orbit is about $1000, the saving 
of 27 pounds of weight for other missions purposes would more 
than off-set the increased cost of the radioisotope fuel if 
that fuel cost were less than $135 Ver watt. 

In an actual application many other factors must be taken 
into account in deciding whether the decreased efficiency or the 
increased fuel costs will be outweighed by spacecraft design 
limitations on the power systems such as weight, space avail-
ability, handling problems at the launch site due to increased 
radiation from the generator, increased spacecraft local tem-
peratures in the vicinity of the generator, etc. 

It has been shown that modifying the SNAP III generator 
on the basis of maximizing the available electrical power at 
the expense of conversion efficiency increases the reliability 
of the generator for spacecraft missions. The above is accom-
plished with due regard to the overall SNAP III generator con-
figuration and dimensions, number of thermocouples, type of 
material, hot and cold junction temperature limitations, and 
heat dissipation limitations in space. 

XI. Conclusions 

Design optimization studies on the original SNAP III type 
of thermoelectric generator showed that for spacecraft applica-
tions, the initial available electrical power can be increased 
by as much as a factor of four. The electrical power is in-
creased by increasing the thermal input of the generator at the 
expense of conversion efficiency. The modification to the SNAP 
generator consists of increasing the diameter of the thermo-
electric elements and decreasing their length as well as modi-
fying the fuel container and hot shoes to physically accommodate 
the thermoelectric element. However, the overall physical char-
acteristics of the SNAP III generator-dimensions, number and 
type of thermoelectric elements, method of hot and cold junction 
contacting, hot and cold junction temperature limits, radial 
arrangement, number of thermoelectric element rows, and thermal 
insulation - remain unchanged in the modified design» 

For spacecraft power requirements greater than 5 watts, 
optimization of the SNAP III generator by the method presented 
in this paper results in weight and volume savings by using 
fewer generators. These savings can result in increased overall 
reliability of the power system requiring less thermoelectric 
elements in series, increased design flexibility to meet the 
spacecraft integration requirements, additional payloads, and 
redundant equipment to increase mission utility and reliability. 
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SPACE POWER SYSTEMS 
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