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. ““Th

. “(Bcud" and *'Beta-2%¢ experimental :I.notopic chctriul
generators, used as power sources for the ARMSeN Automatic Radio
Meteorological Station, were created to check out a number of thcoueicn
prenises and design features upon which they are basad, i

The *Beta=1"¥ and **Bata-2% igotopic thermoalectric ganerators
consist of the following basic components: isotopic and thermal units,

a thermopile unit, the housing, a biological safeguard, a thermodis-
charge system, as well as the generation and storage of electrical
energy.

The experimental operation of the **Bata=2%% igotopic thermoslectric
generator showed that the installation was reliable in its operation and
that the design of the generator and the biological safeguard provide
the necessary radiation safety-observing the widely accepted rules for
operating the covered ion-emission sources and the rules for operation., .

Thanks to its high reliability, this gensrator may power cloctr:l.ui

systems for various purposes with a service 1ife of more than 5 years. !\\I
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The ""Beta-1" and "Beta-2" experimental isotopic electrical generators,
used as power sources for the ARMS-N Automatic Radio Meteorological Station,
were created to check out a number of theoretical premises and dosign
features upon which they are based,

During the construction of these isotopic thermoelectric generators,
the utmost attention was given to the following problems:

1. the use of highly effective thermal insulstion and semiconductor
materials with a maximum energy factor for & given temperature range, as
well as providing wminimum thermal resistance in a portion of the thermal
flow from the isotopic element to the thernwopile and from it to tho
surroundings to get a highly efficient installation;

2. provision of a set level of ion emission with a minimum overall
index selecting an efficient configuration, using highly effective shielding
(tungsten, lead) and a separate biological safeguard in the form of two
containers (functional and transport);

3. provision of maximum safety by using a slightly soluble "fuel"
compound and special materials (from which the isotopic element is made),
its hermetization, etc., which would make it practically impossible for
radioactive matter to got into the surroundings;

4. guaranteed safety in operation by using-a thermopile unit and
special materials and a simple design with no moving parts, etc.

The "Beta-1" and "Beta-2" isotopic¢ thermoelectric generators consist
of the following hasic components: isotopic and thermal units, a therwo-
pile unit, the housing, a biological safeguard, a thermodischarge system,
as well as the generation and storage of electrical energy.

During manufacture of the installation, independent and complex
power sources were covered, including: an external examination and control
of the installation to detornine thermal efficiency; determination of
volt-ampere characteristics of the thermopiles at given temperatures
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for hot and cold seals; a check of the hermetic state of the ﬁousing'é
internal chamber; determination of the temperature drop between the
surroundings and the cold seals of the thermopiles; a check of the system

- for storing electrical energy with a semiconductor voltage transformer;

feeding power to the isotopic thermoelectric generators from an electrical

. storage system in the ARMS-N automatic radio meteorological station;
“determination of the effectiveness of the biological safeguard; and the

measurement of calories for the isotopic element.

After charging the generators from the isotbpic elements, removing
the control parameters and registering with the interdepartmental
comnission, they were installed for experimental operation at a weather

"station in the city of Khimki,

Experimantal Operation of the "Beta-1" Generator, On January 4th,
1964, EEe generator was hooked up to the ARMS-N automatic radio meteoro-

logical station located at an experimental meteorological site, It was

‘set in a shaft 1 meter deep and 1 1/2 meters in diameter, During operation,

the following parameters were measured: thermoelectromotive force in relation to
in the input of the voltage trunsformer, power in the thermopile-voltage
transformer, charge in the storage system, voltage in the input of the

electrical storage system and the temperature of the surrounding air.

In Figure 1, a decrease in thermoelectromotive force in relation to

" time [E = £(z)], is shown, Figure 2 illustrates the change in the generator's
'9lectr1ca1 power. ,
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Flgure |, Relatlonship of the '‘Beta-1" Electric
Generator's Thermoslectromotive Force To Time,

———eeeeree = d@s ign date; ® ~ experimental results,
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Figure 2,.” Relationship of the lsbtoplc Thermoelectric
Gonoratclvr‘: Power Output to Time. Same lymbols as In
Flgun . :

It is clear from Figuros 1 and 2 that, at the beginning of the lorvice
life, the exporimontul values agree fairly well with the calculations in
the amount of error in measurément.  Later on, some discrepancy is observed
between the experimental data and the calculations which, apparently, is
L explained by the increased thermal loss due to a disruption of the hemsetic

1% state of the generator's housing, The maximun erior in the measurement of

power was not more than 5% and not more than 3% for the thermoslectromotive p
force. ,

In Figure 3, the change in time for the internal and load resistance
of the thomeloctric transformer is shown, The maximum error in their
measurement did not exceed 7.5% and 5%, accordingly.
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Figure 3. Relatlonship of the Thermoelectric Transformer's
Interna! (r n) and Load (Rl d) Resistance to Time In the
: Generator's Operation: - design data; ®, © - experimental
r results.
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Some of the decrease in internal resistance is explained by the
temperature drop in the thermopile. The increase in load resistance
(incoming resistance for the voltage transformer) is caused by a decrease
in the power fed into the voltage transformer.

In Pigure 4, the change in the maximum efficiency ("max) of the
voltage transformer, the voltage charge (Ubatt) in the storage battery and
the incoming voltage (Uih) for the transformer during the generator's

operation are plotted. To estimate the voltage transformer's efficiency,
the maximum error in measurement was considered -- depending on the
temperature of the surrounding air (it didn't exceed 3%).
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Figure 4, Changes In the Voltage Charge of the
Battery Ubatt and the Incoming Voltage U‘n of

the Transformer,

The voltage transformer performed reliably during the service life of
the generator and was quite efficient.

There was a lack of voltage fluctuation in the seniéonﬂuctor transformer
due to the opposite electromotive force of the storage systen.

To decrease the generator's power output for the purpose of providing
a balance between the energy required by the station and the energy
accumulated in the storage battery, the ARMS-N's rate of operstion was
changed every lst, 3rd, 6th, 8th and 12th hour,
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Experimental Operation of the 'Beta-2" Generator., On December 3rd,
1964, the "Beta-2" thermoelectric generator was put into operation with
the thermopile unit dismantled from the "Beta-1'"" generator. This unit

had already operated 4,300 hours and had generated some 25,000 watt-hours
of electrical energy.

The "Beta-2" generator's power output is shown in Figure S,
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Figure 5. Steady Output of the ''Beta-2'' Generator.
Load corresponds to rate of maximum efficlency

Rnorm = 2:7 ohms. Thermal power Q, = 148 £ 8 watts,
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In the electrical circuit of the generator, it was foreseen that a '

protective interlock would be needed in the event that there was a break
in the thermoelectric transformer's live wires. This was especially

. important at the start of the generator's service life, since the temperature
- of the transformer's hot junction was close to the temperature for melting
" the switching alloy. Circuit breaking leads to an increase in the hot

junction's temperature, due to the Peltier effect, and may put the
thermpolie unit out of commission.

Operation of the "Beta-1" installation, with continuous recording of
he outgoing electrical parameters for the isotopic thermoelectric gsnerator,
pernitted determination of the change in efficiency of the installation in
relation to time.

The efficiency of the thermoelectric transformer, when the thermal unit
in the generator was almost loaded, was 5.8%. By decreasing the thermal
flow through the thermopile, the amount of efficiency dropped. Thermal
flow through the thermopile was considered in determining ths "effective"
thermal efficiency. The efficiency for the thermopile snd the isotopic
thermoelectric generator is set forth in Table 1,
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TABLE 1. RELATIONSHIP'OF THERMOPILE AND 1SOTOPIC

I Ll
b THERMOELECTRIC GENERATOR EFFICIENCY TO TIME OF ! ‘;
¥ OPERATION AND THERMAL FLOW v

- imeof | Thermopile | lsotoplc Thermal AL« -
Operation, emal flow | Efficlency - Generator Temperature,
Indays |Quinwas  ling . Efftciency inc.

-
48 131
83 ‘1
67 l
%0 1

. T T e

3,% . -

595

53 1 88 2
E AR A
48

.
, 2,88 -1
. :

After a ste‘ady outpu‘;*. of argon, the g‘anor‘htor had the following
electrical parameters (measured-at the temperature of the environs ;

-« 27°C) ,
Tonv 27°C): . | 1

Voltage U, in volts 3

Current 1, in amperes 1

Electromotive force E, in volts 6

Electrical powér N , in watts ' 5
" Telec

2

Internal resistance Tint’ in ohms

In filling the generator's internal chamber (mounted outdoors) with
Xenon at the temperature of the environs T, . = 0°C, its power increased

v
to 6.8 watts, '

The basic parameters of the isotopic thermal-electric generator,
for various temperatures in its surroundings, are set forth Table 2, ¢

TABLE 2, BASIC PARAMETERS OF THE ''BETA=-2"

[ . PR

AR Y In" |1 | in |Nepeo " Ro. o -
Filler - elec int load
T,mb°ﬁ volts [*MPY | g5 {waeeeiOhimi ;Ohme & T, OCentigrade

n
+0

e.rl .
Argon ;.0 5,42 )18241 2,7
]

t316,78 3,24 37

BE2 | BB=

- bt ‘.
Xenon -3 4.‘
‘Q‘
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After checking the internal capacity of the isotopic thermoelectric
generator, it was filled with argon and the "Beta-2'" operated from April,
1965, until recently at an experimental meteorological station near Moscow
under actual climatic conditions.

Installation of the generator in a bunker (Figure 6) deep in_the
ground reduced the effect of the outside air temperature _
on the operation of the thermotransformer and provided a set stabilization
electricsl output parameters of the isotopic thermoelectric
generator,

Measurement of these electrical parameters over a year's period of time

- is shown in Figure 7. It is clear from thé guaphs that the angle of the

temperature curve for the cold junction of the thermogenerator Tcold is

somewhat less than the temperature curve for the corresponding environs
Tnmb' which indicates some kind of air temperature stabilization for the

isotopic thermoelectric generator's surroundings.
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Figure 6. Dlagram of the 'Beta-2" Generator:
Installation In an Operational State,

Thus, it is possible to conclude that, throughout its service life,
the isotopic thermoelectrit gemerator operated normally,
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service life with great eff!ciency.
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Flgure 7. Experimental Estimates of the Generator's
Electrical Parameters In Relation to Time, '

A change in the load in the amount of ¥ 0,2 ohms from the normal ,
value of 2.7 ohms was hardly effected in the power output. ' The generator
operated at nuar maximum, indicated by the characteristic Notoc * F(Rygad):

A decrease in electrical power by 10% at the end of 1 1/2 years of j
operation, in comparison to'the initial value, is explained by the decrease
of thermal flow in the thermopile due to less thermal release because of 3
decay of the radioactive compound, as well as due to an increase in thermsl
leakage through the insulation, )

Power for the automatic radio meteorological station using the '"Beta-2"
isotopic therncelectric generator complex was provided at a discrete rate

by a system consisting of a semi-conductor voltage transformer and a KNG-10D
storage battery,

The voltage transformer operated reliably throughout the generator's

The transformer's voltage output changed very little in relation to the
extent of the battery's charge and the temperature of the surroundings.
At the moment of operation for the automatic station or dummy load of

voltage in the storage battery and in the transformer's output were changed
accordingly. :
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In Figure 8, plots of the operational voltage in the isotopic generator's
storage battery and the transformer's efficiency for one period of time t
for the station's operation are set forth,
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Figure 8, Chahncur.of Change foé' the Perlod of the Statlon's
Operation in Incoming Voltage for the Transformer (a) Oytgoing

Vo;tago of the Battery (b), and the Efficiency of the Transformer
c).

The experimental operation of the '"Beta-2'" isotopic thermoelectric
generator showed that the installation was reliable in its operation and
that the design of the generator dind the biological safeguard provide the
necessary radiation safety -- observing the widely accepted rules for
operating the coveréd ion-emission sp‘urpqq-’ and the rules for operation,

Thanks to its high reliability, this generator may power electrical
systems for various purposes with a service life of more than 5 years,
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