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ABSTRACT

This paper on the trends of flight vehicle power describes
briefly several techniques being considered for converting energy
to useful power for anticipated future space missions. It also
presents a synthesis of forecasts of future power requirements
for general types of anticipated vehicles, and relates the area of
application for which the various types of conversion methods
are predicted to be optimum in meeting the forecasted require-
ments.

To present to you the picture of the future trends in the field of flight vehicle power, I will
first define flight vehicle power, then some of the methods to be employed for energy conversion will be
be described briefly, after which the forecasted power requirements of the future will be discussed,
including a forecast of the conversion methods that are considered most likely to be optimum for
application to the various type future missions.

Flight vehicle power is defined as all that power necessary to operate any vehicle in flight,
excluding the primary propulsion, but including the power required for electric propulsion and for
extra-terrestrial sites.

The power area is relatively broad, encompassing energy source technology, techniques to
convert energy to useful electrical, hydraulic, and pneumatic power, the transmission of this power
to the load, as well as the conditioning of the power to make it compatible with the utilization equip-
ment.

This paper, however, will primarily deal with the energy conversion techniques and the appli-
cation of these techniques to the power requirements for typical future space oriented missions.

The advent of the space age has placed increasing emphasis on the exploration of new methods
of converting energy to useful power. The power system must be self-sufficient, since we no longer
can bleed the prime propulsion system, mechanically or otherwise, for the needed power. In fact,
if electric propulsion is to be employed in space vehicles, the propulsion system will be highly depen-
dent on the power system. In addition, the requirements for power are expected to increase
drastically in terms of power level, low specific weight, operating time, and reliability. Durations of
1000 hours are no longer adequate, but at least 10, 000 hours of maintenance-free, continuous, reliable
operation will be required.

The power level is expected to rise into the megawatt range.

Before going into the predicted future power requirements, a review of the energy sources
available and the methods that can be employed in converting this energy to useful power is in order,
is given in Table 1.

A brief explanation of the operation of some of the static conversion devices which may be
1l¢ i familiar follows . g. 1 gives a schematic diagram of these devices):

(a) Photovoltaic converter. A typical converter is a silicon cell. Some material such as
boron is diffused into one surface of the crystal to form a very thin ''p' layer with the
original crystal in the opposite surface forming the ''n' layer. Photon energy irom the
sun causes electron movement within the material from the ''n'' layer to the "p'' layer
of the material. With a suitable external circuit this movement of electrons does
useful work.
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drives a gener i r or hydraulic pump to extract the pov ‘. In this case, the hot gases ‘e nooed
overboard. If a reciprocator is used in place of a turbine, either internal or external combustion
can be utilized. If cryogenic fuels are used, there is the possibility of utilizing the fuel to provide a
certain amount of environmental control or cooling prior to using it as a fuel in the power unit. Thus
the penalty for the fuel volume and weight, which exists with chemical power units, can be partially
charged to other subsystems and will result in a marked overall weight savings to a vehicle.

In the case of solar or nuclear systems, the Rankine closed cycle is the most popular. There
can be several variations of the Rankine cycle, namely, single-loop, two-loop, and three-loop
systems. On the lower half of Figure 2 a single-loop system is represented by the soli lines. Heat
is applied from a solar collector or reactor to a boiler. The steam or gas generated passes through a
turbine which drives the alternator. The steam is then condensed in a radiator, after v ich the fluid
is pumped back through the boiler. The dashed lines indicate the addition of a second loop where a
fluid is used to cool the reactor. This fluid, after being heated by the reactor, is passed through the
heat exchanger-boiler, where the second fluid is vaporized for use in the turbine loop. This vapor,
after doing work in the turbine, is condensed in a radiator, thus making a two-loop system. A third
loop can be added as depicted by the dotted lines. In this case, a heat exchanger is use 1in lieu of a
radiator in the turbine loop to condense the vapors by use of a third fluid. The waste heat picked up
by the third fluid is then carried to a radiator for dissipation to space. There are advantages and
disadvantages of all three versions. Generally, however, a single-loop system is favored in a solar
power unit and a two-loop is favored for a nuclear power unit.

There is one consideration, however, that is common in both the solar and nuclear systems.
This is the desire to radiate at as high a temperature as is possible. The reason for this is that the
amount of heat which can be radiated to space per unit area is proportional to the fourth power of the
temperature of the radiating surface. Since the overall cycle efficiency of these systems is rather
low, a large amount of waste heat must be dissipated, and thus the radiator becomes a major portion
of the system weight and volume. To give an example of the effect that the radiator temperature has
on radiator surface area, compare a 300 kilowatt Rankine machine radiating at 700°F with one radiating
at a temperature of 1200°F. At 700°F the radiator surface area would be approximately 1890 square
feet as compared to 485 square feet when radiating at 1200°F. In other words, the radiator area can
be reduced by nearly a factor of 4 by going to the higher temperature. It is for this reason that a
great deal of emphasis has been placed on investigating such fluids as rubidium, potassium, sodium
and lithium as the working fluids, to permit operation at very high cycle temperatures. This is
especially true for the high power output machines (above 100 kilowatts).

Now, to examine the trends of requirements for power for various types of typical missions,
and the types of power conversion systems which are expected to be most optimum to fulfill these
forecasted requirements in the 1962 and 1966 time period. Figure 3 represents a synthesized forecast
of the kilowatt to load requirements for various types of general missions in the 1962 time period,
plotted against the duration that the load of power will be required:

(a) Boosters are expected to require power ranging from a few watts up to 70-80 kilowatts,
but the duration that the power is needed is low, ranging from a few seconds up to a
few minutes.

(b) Boost glide and unmanned air vehicles will require. 10 to 100 kilowatts, with du: ion
measured in hours.

(c) Earth satellites require power ranging from a few watts up to approximat: - 30 kilowatts,
with durations ranging from hours to years.

(d) Lunar vehicles for the 1962 time period will probably not need power levels of over
5 kilowatts as the maximum. The duration that the power will be required will range
from 1 day to 6 months.

(e) Interplanetary vehicles, if they exist in 1962, will probably utilize no more than 1

kilowatt of power. However, the minimum duration for the power system for such a
vehic will = 6 months on d oy -s.

144



104—

10

T
,, e\

Y
(e

~ EARTH SATELLITES
BOOSTERS BOOST uLI é // /\
PLES

. AND GLI /

1o - VEHICLEJ

— (

1074
10 SEC 1 MIN 1 HR 1 DAY 3 R bi:]

retoamT et

FIGURE 3. SYNTHESIS OF FORECASTS OF 1962 REQUIREMENTS FOR
FLIGHT VEHICLE POWER

One should keep in mind when reviewing all of the remaining figures that the lines do not represent

firm boundaries but should be looked at as bands since considerable overlap between areas will
probably exist.

Figure 4 is the forecast for 1962 of the optimum application of energy conversion methods.
From this we can see that the battery can fulfill the needs for power of 1 kilowatt for 1-minute duration
to 100 watts for l-day duration. The chemical dynamic systems will provide the power for systems
requiring up to 100 kilowatts for periods of 1 day to 1 week. You should note that the cryogenic type
system is expected to fulfill the 1-week requirement. The fuel cell will also compete for durations
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FIGURE 4. SYNTHESIS OF FORECASTS OF 1962 AREAS OF OPTIMUM
APPLICATION OF ENERGY CONVERSION METHODS












