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RE-1000 FREE-PISTON STIRLING ENGINE
SENSITIVITY TEST RESULTS
Jeffrey G. Schreiber, Steven M. Geng, and Gary V. Lorenz
National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio 44135
SUMMARY

The NASA Lewis Research Center has been testing a 1 kW (1.33 hp) free-

>p1ston Stirling engine at the NASA Lewis test facilities. The tests performed

over the past several years have been on a single cylinder machine known as the
RE-1000. The data recorded were to aid in the investigation of the dynamics
and thermodynamics of the free-piston Stirling engine. The data are intended
to be used primarily for computer code validation. NASA reports TM-82999,
TM-83407, and TM-87126 give initial results of the engine tests.

The tests were designed to investigate the sensitivity of the engine per-
formance to variations on the mean pressure of the working space, the working
fluid used, heater and cooler temperatures, regenerator porosity, power piston
mass and displacer dynamics. These tests have now been complieted at NASA
Lewis.

This report presents some of the detailed data collected in the sensi-
tivity tests. 1In all, 781 data points were recorded. A complete description
of the engine and test facility is given. Many of the data can be found in
tabular form, while a microfiche containing all of the data points can be
requested from NASA Lewis.

INTRODUCTION

A free-piston Stirling engine has been under test at NASA Lewis as part of

-the Stirling engine technology program. The engine was intended to be used for

basic research of specific thermodynamic processes involved in the Stirling
engine cycle. The engine, known as the model RE-1000 was designed and built by
Sunpower Inc., of Athens, Ohio in 1979 for NASA Lewis. The name RE-1000 indi-
cates that the device is a research engine producing approximately 1000 W of
brake power.

The RE-1000 engine, as tested at NASA Lewis, does not represent an engine
design optimized as a total system. The goal used during the initial stages of
the design was to produce an engine with maximum efficiency at the design con-
dition of 1 kW brake power output. The starting point of the design task,
however, was to use an existing design of a cooler that was intended to be used
on an engine with 3 kW brake power output. The size of the regenerator cavity
was also taken from the existing 3 kW design. With these constraints, along
with the heater tube temperature fixed at 600 °C, cooler temperature of 25 °C,
mean working space pressure of 7.0 MPa, and Helium as the working fluid, the
Sunpower optimization code was used to maximize the efficiency. The engine .is
described in references 1 and 2.




Since the design of the engine research was aimed at the need for basic
Stirling cycle research, consideration was given to the ability to measure key
thermodynamic characteristics. Many instrumentation ports were incorporated
in the hardware during the fabrication of the engine. Also considered at the
time of fabrication was the requirement for reliable operation, short teardown
and rebuild times, and flexibility of configurations. Because the research to
be carried out was not intended to be on the heat input system, an electric
resistance heater was developed. This heater will be discussed in detail in a
later section. For similar reasons, a dashpot load was installed to absorb the
power generated by the engine. This load will also be discussed in a later
section. Figure 1 is a cutaway view of the RE-1000 showing the internal parts
with some of the key components labeled. Figure 2 shows the engine installed
in the NASA Lewis test facility.

The purpose of the tests performed with the RE-1000 was to collect data
throughout a test matrix and to use these data to validate computer simulations
of the Stirling cycle. The test matrix developed was intended to exercise the
engine over a wide range of operating conditijons to find the parameters to
which the engine has a great amount of sensitivity, and also to find parameters
to which. the engine has 1ittle sensitivity. The matrix not only varied the
operating conditions of the engine, but also varied the configuration of the
engine hardware. Changes in the operating condition were accomplished by
varying the working fluid, the mean pressure level, the heater and cooler tem-
peratures, and the power piston stroke. Changes in the configuration of the
engine were accomplished by varying the power piston mass, the regenerator
porosity, and the displacer dynamics.

At the end of the sensitivity testing, a total of 781 data points were
accumulated. During some of the testing, a measurement of the dynamic pressure
drops of the heat exchangers was recorded. The measurement of steady-state
pressure drops for each of the engine configurations was also recorded. A
discussion of the measurement of the dynamic pressure drops of the heat
exchangers will be presented in a later section.

This report presents a complete description of the RE-1000 engine suitable
for computer modeling of the test hardware. A description of the test methods
and the instrumentation is given. The 781 data points recorded during the sen-
sitivity tests are presented in detail along with suggestions on how some of
the data should be used. Some of the data are given in the form of graphs to
show the general trends of the engine performance. A sample of the detailed
data readings is presented in tabular form but the entire collection of data
on a microfiche card can be requested from NASA Lewis.

DESCRIPTION OF THE SENSITIVITY

Test Program

During the initial stages of the NASA Lewis free-piston Stirling test pro-
gram, a need was recognized for data recorded over a wide range of operating
conditions for the purpose of computer code validation. Little free-piston
Stirling engine data had been published and none of it was in enough detail to
be used for code validation. With the ability to change the configuration of
the RE-1000 engine and the wide range of operating conditions at which the




engine could be run, a test program was designed to exercise the engine over
many configurations and operating conditions.

The sensitivity tests were developed to provide this much needed data with
the use of the RE-1000. The term sensitivity was used to describe these tests
because the engine would be exercised throughout a matrix of operating condi-
tions with eight parameters being varied. The data could then be studied to
better understand how the engine responds not only to changes in the operating
conditions, but also to changes in the configuration of the hardware. Three
of the varied parameters were configurational changes of the hardware. These
changes include variations in the power piston mass, regenerator porosity, and
the displacer dynamics. A description of each of these configurational changes
s given later in this report. The other parameters varied include the power
piston stroke, the mean operating pressure in the working space, the working
fluid, the heater temperature and the cooler temperature.

With the data collected in these tests, i1t would be possible to see which
parameters strongly influence the performance of the engine and which parame-
ters have 1ittle if any effect on the engine performance. Because these tests
cover a wide range of operating conditions it would be possible to see the
trends of the engine on a macro basis rather than on a small, local basis.
This feature is helpful in the validation of computer simulations since a com-
puter code should be able to predict engine performance over a wide range of
conditions. Descriptions of the NASA Lewis Stirling engine simulation and the
calibration of it are given in references 3, 4, 5, and 6.

Figure 3 shows a segment of the sensitivity test matrix. The parameters
varied in this matrix were mean engine pressure level, heater head temperature,
and cooler temperature. Inside each of the elements of this matrix the stroke
of the power piston was varied. The stroke was varied in increments of 0.2 cm
from 1.8 c¢cm up to an upper 1imit determined by the operating conditions of the
engine. In some cases, the upper 1imit of the stroke was determined by the
presence of system instability causing the engine to operate with a low fre-
quency beat imposed on the engine operating frequency. Other times the stroke
was limited by either the condition of no load being appliied to the piston or
by the increased risk to the engine instrumentation. In all cases, the stroke
was kept below a Timit of 3.6 c¢m because of physical 1imits in the engine.

‘ The matrix depicted in figure 4 shows the variations in the configuration

of the test hardware. The configuration matrix shows that the engine was
tested with all four possibie combinations of the two regenerators and two dis-
placers. In addition to these four configurations, the tests were run with the
regenerator 1 and displacer 1, but the working fluid was changed to nitrogen
for one series of tests and to argon for another series. A series was also run
with a power piston with a mass less than the design mass. It should be noted
that the matrix shown in figure 3 exists once inside of each of the elements of
the matrix shown in figure 4. Table I gives a listing of the number of data
points recorded for each of the elements of the configuration matrix.

The test matrix was designed to provide a method to detect the potential
weakness of a Stirling engine computer simulation. When a computer simulation
is calibrated against too few data points, the code may be very accurate when
simulating a point near the conditions it was calibrated against, but may have
significant errors when it tries to predict engine performance at an operating




point far from the calibration conditions. This may be caused by the adjust-
ment of calibration factors that tend to counteract one another in some
respect. The idea that it is desirable to calibrate a computer code over a
wide range of data conditions led to the detail design of the sensitivity test
program.

The data can be used to study the sensitivity of the RE-1000 to variations
in any one parameter with all other parameters held constant. While this is
done in most engine test programs to some degree, (i.e., the engine speed is
usually varied as the pressure level is held constant in most kinematic
Stirling engines as shown in ref. 7), it is possible to use data from the
current sensitivity tests to look at the variation in engine performance with
respect to any of the controlled parameters used as a test variable. With
this in mind, the significance of some of the tests becomes more clear. If
data points are used for code validation where the test parameter varied is
the working fluid while all other parameters are held constant, some of the
deficiencies of a code that are a function of the gas properties can be found.
By using the data points recorded when the mass of the power piston was the
test variable, the deficiencies of a code that are frequency dependent can be
found. This can be very helpful in the calibration of a Stirling simulation
since the configuration of the engine and the gas properties are held constant
and the operating frequency of the engine is changed.

DESCRIPTION OF THE ENGINE

Along with the cutaway drawing of the RE-1000 free-piston Stirling engine
shown in figure 1, a photograph of the engine in the test cell is shown in
figure 2. The engine is relatively large and massive for its power level for
several reasons. The engine as bujlt for NASA Lewis, was intended to be a
rugged test engine to be used for many hours of research. Since there was no
interest in demonstrating the feasibility of commercialization or production
features of the engine, no consideration was given to make the engine light or
compact. A design requirement was to make the engine reliable and provide
ease of maintenance. Consideration was also given to the ability to get
instrumen-
tation into key locations to enable the measurement of some thermodynamic
characteristics. Generally, ports were incorporated at the connecting ducts
between the heat exchangers for gas property measurements.

As can be seen in figure 1, the RE-1000 is a single cylinder free-piston
Stirling engine with a posted displacer, annular regenerator and cooler, elec-
tric resistance heater head, and a dashpot load device built inside of the
bounce space. The significance of the posted displacer configuration is that
the displacer dynamics are coupled to the engine housing by the displacer gas
.spring. (The other possible configuration is to couple the displacer dynamics
to a gas spring inside of the power piston.) Since the engine housing of the
RE-1000 is very massive relative to any other engine component, the driving
force that the displacer responds to during operation is the pressure variation
of the working space. The response of the displacer generally follows the
classical linear vibration theory as described in reference 8. Some nonline-
arity does exist in the engine however and the linear theory does not yield a
perfect representation of the dynamics.

The sl1iding surfaces of the engine"use wear couples. The power piston is
coated with a fluorocarbon material and the cylinder is coated with chrome
4




oxide. The displacer rods are coated with chrome oxide while the bores of the
displacers are hardened stainless steel. Advances in Stirling engine technol-
ogy include the use of hydrostatic and hydrodynamic gas bearings as described
in references 9 and 10. 4

A complete 1ist of engine parameters and dimensions is given in table II.
It is intended that this 1ist should be a complete description of the RE-1000
for its modeling on a computer. 1In the event of any conflict, the data pre-
sented in this table supersedes any previously published data with respect to
the dimensions and configuration of the NASA Lewis RE-1000 since some altera-
tions and more accurate measurements have occurred.

Heater. - The RE-1000 heater head is shown in figure 5. The heater was
made with 34 tubes of Inconel 718. The tubes are used to form an electric
resistance heater. As can be seen in figure 5, 17 of the tubes are connected
at their midpoints to a semicircular electric bus bar.  The other 17 tubes are
connected at their midpoints to another electric bus bar. Each of the electric
bus bars has two power tabs extending radially from the center of the heater.
The flow of current from the one bus bar, through 17 of the tubes to the cylin-
der produces heat in those 17 tubes. The cylinder of the engine is at electric
ground. Heat is likewise generated in the other 17 tubes as the current flows
away from the head, through the tubes to the other bus bar and its power tabs,
back to the electric power supply. The heat is generated by the high current,
low voltage system.

; The four power tabs that extend radially from the two bus bars were sized
to generate heat in an attempt to minimize the heat loss from the heater tubes.
With the proper amount of heat generated in each power tab, the temperature
gradient in each tab would be zero at a point where the power tabs connect to
the semicircular bus bars. A cross section of one power tab and its connection
to the bus bar is shown in the exploded section of figure 5. The diagram shown
in the exploded view illustrates how the power tab becomes neither a heat sink
nor a heat source to the heater tubes. 1In this case, the heat conducted from
the bus bars to the power tabs would be zero and the power tabs. The heat
calculated in the data system as PWRIN, however, includes some of the heat
generated in the power tabs that is lost to the surrounding air. This has an
effect on any attempt to develop an energy balance or to calculate the engine
efficiency based on the power input.

Each heater tube connects the expansion space to the hot end of the regen-
erator. The 34 tubes flow gas in parallel from the expansion space to a small
plenum chamber at the hot end of the regenerator. As the tubes pass through
the two semicircular bus bars, there is no mixing of the hot gas from one tube
to another. The bus bars are brazed to the heater tubes only as a conductor
for the electric current.

The heater head was fabricated with two semicircular bus bars attached to
the midpoint of each of the 34 heater tubes. Since all of the heater tubes
were fabricated from the same supply of tubing and therefore should be identi-
cal, every tube should be at the same temperature level during operation. The
data always indicated that there was a tube to tube variation in temperature of
as much as 20 °C. The variation was interpreted as misalignment of the thermo-
couples on the heater tubes and not a true variation of the heater tube temper-
atures. Since there is a voltage gradient along the length of the tube during
operation, any misalignment of the thermocouple on the heater tube would cause
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the thermocouple output to be the summation of the temperature induced output
and the voltage gradient over the length of the thermocouple. This thought
was substantiated by the fact that with each new installation of thermocouples,
the highest heater tube temperature measured was on a different tube than on
the previous tests.

Regenerator. - The regenerator cavity is an annular volume between the
outside surface of the displacer cylinder wall and the inside surface of the
gas-pressure containing wall. The regenerator matrix is a knitted 304 stain-
less steel material produced by Metex Corporation of Edison, New Jersey.
Regenerator material is inserted into the regenerator cavity from the cold end
of the heater head and becomes compressed when the cooler is attached to the
heater head. The matrix structure is much like a metallic rope with a square
cross section. The regenerator matrix is shown in figure 6.

The engine was tested with two different regenerators. The regenerators
were similar with the exception that they had different porosities. When the
engine was purchased at the beginning of the program it was built with a
regenerator and a displacer that shall be referred to as regenerator 1 and
displacer 1. These parts were produced as a result of the design goal of high
engine efficiency within the original design constraints. At a later time in
the testing of the RE-1000, NASA Lewis purchased a regenerator and displacer
from Sunpower that were optimized for high power output with all other para-
meters of the engine held constant. These high power parts shall be referred
to as regenerator 2 and displacer 2. Regenerator 1 had a porosity of
75.9 percent while regenerator 2 had a porosity of 81.2 percent. As a standard
test procedure, the heat exchangers were flow tested after each rebuild. The
results of the steady-state flow tests are given in figures 7 and 8.

Cooler. - The cooler of the RE-1000 is shown in fiqures 9 and 10. The
cooler is of an annular design. The gas flow path consists of 135 rectangular
passages spaced evenly around the displacer cylinder. The cooling water flows
through passages in the cooler housing, parallel to the gas passages. The
water flow direction during the tests was from the regenerator end of the
cooler to the compression space end of the cooler. All of the parts of the
cooler assembly are made of aluminum for low thermal resistance. The stainless
steel displacer cylinder required a 1ight press fit into the aluminum finned
unit.

Displacer. - Tests on the RE-1000 were run with two different displacers.
As discussed earlier, displacer 1 was designed for high efficiency and
displacer 2 was designed for high power. The two displacers are shown in
figures 11 and 12. Both of the displacers are similar in construction. The
gas spring of the displacer is contained inside of the displacer body. The
cold end of the displacer provides mounts for the antirotation rod and the
displacer position measurement rod. The displacer position measurement rod
extends into a linear voltage differential transformer (LVDT) built inside the
power piston. This measures the position of the displacer relative to the
power piston position since no easy method exists in the RE-1000 to measure
the absolute displacer position. The antirotation rod prevents the LVDT core
mounted on the displacer from becoming rotationally misaligned with respect to
the LVDT windings buiit into the power piston.

The displacer rods are coated with chrome oxide for wear resistance. The
rod is supported by the mounting spider located at the end of the rod. A small
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bushing of Rulon is built into one of the legs of the spider to guide the dis-
placer antirotation rod. The bore of the displacer, into which the displacer
rod fits, is made of hardened stainless steel. On the end of the sleeve,
inside of the displacer, an enclosed volume is attached to form the displacer
gas spring. The volume was sized in each displacer gas spring to achieve -a
predetermined spring rate. Leakage of gas between the displacer gas spring

- and the working space is minimized by the close fit of the displacer rod in

: the éisplacer bore

There must also be a seal to minimize leakage of the gas of the expansion
and compression spaces from leaking between one another without flowing through
the heat exchangers. This seal is a single ring of Teflon impregnated with
molybdenum-disulfide. There was no backup ring used to provide a preload. The
ring had a cross section of 3.00 mm (0.118 in.) by 2.82 mm (0.111 in.). Since
1ittle differential pressure across the displacer exists during engine opera-
tion a high drag piston ring similar to the ones used in kinematic engines is
not necessary.

The two displacers and displacer rods differ in design. Displacer 1 was
intended to operate with a phase angle of about 45° with respect to the power
piston. Displacer 2 was designed to operate with a phase angle of approxi-
mately 80°. Displacer rod 1 was 1.663 cm (0.6548 in.) in diameter while the
bore of the displacer was 1.666 cm (0.6558 in.). Displacer rod 2 was 1.808 cm
(0.7120 in.) in diameter while the bore of the displacer was 1.811 cm
(0.7130 in.). The combination of the gas spring stiffness, the displacer mass,
and the damping to which the displacer was subject determined the dynamic
response of the displacer to the pressure wave in the working space. Critical
dimensions of the two displacers are given in figures 13 and 14.

One major difference between the two displacer rods was the instrumenta-
tion port provided in displacer rod 2 that could not be fit into displacer
rod 1. This instrumentation port allowed the measurement of the pressure vari-
ation in the displacer gas spring as the engine was operating. Figure 12 shows
the displacer rod with the instrumentation port labeled. The passage in the
displacer rod caused a stight phase shift of the pressure reading but a negli-
gible amount of attenuation. Because of this, the data reported contains a
measurement of pressure amplitude but does not try to integrate the pressure-
volume diagram of the gas spring. The error in the calculated loss would be
too large relative to the actual value of the loss.

Power Piston. - The power piston of the RE-1000 is shown in figure 15.
The main body of the piston is made of aluminum with the outer surface having
a coating of a fluorocarbon anti-friction material. The larger diameter
section of the piston was made of steel to increase the pisten mass to the
level required to make the engine resonant frequency become 30 Hz. For the
“tests conducted at the higher operating frequency this steel mass was replaced
by a mass of the same dimensions but made of aluminum. This had the effect of
making the oscillating mass of the piston lighter and therefore raised the
resonant frequency to approximately 37 Hz. '

A slot was machined in the side of the large mass to hold a Rulon bushing.
This bushing would ride on a stationary rod during operation of the engine to
prevent the piston from rotating. The bushing was made of Rulon to minimize
friction. Misalignment of the power piston could cause damage to the instru-
mentation in the engine or the power piston jtself. A new technology being
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applied to free-piston Stirling engines involves the use of induced rotation to
cause the displacer and the power piston to ride on hydrodynamic gas bearings.
Some of the work on these bearings can be found in reference 9.

Three protrusions are on the end of the power piston toward the.com-
pression space. These three protrusions extend through the three openings of
the displacer rod spider when the piston is at the inward end of its stroke.
This feature was incorporated with the intent of reducing the dead vo]ume of
the engine.

The power piston uses a clearance seal to reduce gas leakage. The cylin-
der in which the piston rides is coated with chrome oxide. The ‘inside diameter
of the power piston cylinder is 5.722 mm (2.2528 in.), and the outside diameter
of the piston is 5.718 mm (2.2514 in.).

The power piston of the RE-1000 with its original steel mass weighed
5.47 kg (12.06 1b). Other hardware attached to the power piston weighed 504 g
(1.11 1b). This caused the total osciliating mass to be 5.97 kg (13.2 1b).
Since this mass is nearly 15 times as large as the mass of a displacer, the
dynamics of the engine are dictated by the inertia of the power piston. The
operating frequency of the engine was approximately equal to the natural fre-
quency of the piston mass rebounding against the gas spring formed by the
working space. The bounce space in the large pressure vessel had a negligible
effect on the frequency since its volume is about 100 times as 1arge as the
working space volume.

Centering ports. - Since a free-piston Stirling engine has no kinematic
linkage to constrain the motions of the power piston or the displacer, a system
is required to insure that the midpoint of the stroke of each osciilating part
stays at some fixed location in the engine. This is necessary to insure that
the piston and displacer do not collide with one another or with some physical
Timitation inside of the engine. This system is needed even if the hardware
were able to be produced with perfect dimensions because the leakage past most
of the seals in the engine is not symmetrical. A power piston will generally
tend to drift into the working space, and in the configuration of the RE-1000,
the displacer will drift toward the compression space.

Leakage in the engine is not symmetrical due to the variation of the
density of the working fluid. As an example, the Teakage of gas between the
working space and the bounce space will be discussed. Since the bounce space
undergoes no heating or cooling and the change in volume is very small compared
to the total volume of the bounce space, the pressure in this space will be
assumed to be constant. The pressure in the working space however undergoes a
sizeable pressure variation. The equations describing the leakage between the
two spaces indicate that the volumetric flow of gas will be equal in both
directions. This flow rate is proporticnal to the square of the differential
pressure across the leak path. The density of the gas flowing from the working
space to the bounce space will be higher than the flow from the bounce space to
the working space. There will be a net mass flow rate from the working space
to the bounce space when the two volumetric flow rates are equal.

When the piston is at midstroke, a small port on the surface of the piston
is aligned with a smail port in the c¢ylinder wall. The alignment of these
ports allows the working space to communicate with the bounce space. This has
the effect of forcing the engine to have no difference between the mean working




space pressure and the mean bounce space pressure when the engine is operating.
This centering port system has been very effective and trouble free throughout
the testing.

A similar system exists for the centering of the displacer stroke. 1In
the case of the displacer, ports are aligned at midstroke that lets the small
internal gas spring communicate with the large bounce space of the engine.

This forces the pressure of the displacer gas spring to have its pressure equal
to the mean pressure of the engine when it is at the center of its stroke.
Figure 16 shows a cross section of the displacer centering port system.

When the engine is running, the centers of the piston and displacer
strokes will not be at the exact same positions as when their respective
centering ports are aligned. The distance between the center of the stroke
and the centering port position will vary from one data point to another
depending on the operating conditions. If the centering port system was made
strong enough to force the center of the stroke to be at the same position as
the centering port, a large loss may be incurred. This loss will be discussed
later. The power piston of the RE-1000 has a maximum stroke of 4.35 cm
(1.713 in.). The centering port for the power piston is aligned when the
piston is 2.05 cm (0.807 in.) from the bumpers that 1imit its movement into the
working space. Even though the piston does not touch the bumper during opera-
tion, the positions of the centering ports and of the center of the piston
stroke were measured relative to these bumpers.

Displacer number 1 has a maximum stroke of 4.04 cm (1.5971 in.). Its move-
ment is Timited by the end of the cylinder at the expansion space end of its
stroke and by the spider that supports the displacer rod at the compression
space end of its stroke. The centering port for displacer number 1 becomes
aligned when the displacer is 1.90 cm (0.75 in.) from the expansion space
Timit of its movement. The dimensions for displacer number 2 are 5.18 cm
(2.039 in.) for the maximum stroke and 2.64 cm (1.04 in.) from the end of its
possible movement to the centering port position. Table III lists the volumes
in the engine with both the power piston and the displacer at their respective
center port positions. Locations of the different volumes are shown in
figure 17.

Each of these centering port systems has some loss associated with it.
This loss occurs in the form of gas flowing from the higher pressure side of
the port to the low pressure side of the port each time the port opens. For
the displacer centering port system this loss should not be tos great. The
reason for this is that the pressure in the gas spring of the displacer should
be the same at both times the port opens during a cycle if there is no leakage
and the spring has iittle hysteresis. The centering port of the displacer
should only flow enough gas to correct for some slight leakage and a slight
hysteresis in the spring. The power piston centering port, on the other hand,
may have a great amount of loss associated with it. The reason for the loss
is that the pressure in the working space at the two times during an engine
cycle that the ports open is not nearly equal. One opening occurs when the
power piston is in the process of compressing the working fluid and the other
opening occurs when the power piston is expanding the working fluid. During
the compression stroke most of the working fluid is in the relatively cool
compression space while during the expansion stroke most of the working fluid
is in the relatively hot expansion space. At one opening of the centering
ports the working space pressure will be much greater than the bounce space
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pressure, while at the other opening of the centering ports the pressure in the
working space will be much less than the pressure in the bounce space. The
result is that there is gas flowing from the working space to the bounce space
at one opening of the ports and gas flowing in the opposite direction at the
other opening of the ports. These two situations are diagramed in figure 18.
For these reasons it is important to have the centering port systems of an
engine no bigger than is needed to maintain proper operation.

In the RE-1000 tests were done to determine the best strength of the
centering port system for the power piston. The piston originally had four
centering ports. Each port was a 1.14 mm (0.045 in.) hole. Data was recorded
with from one to four of the ports operational. When only one port was
working, the power piston tended to operate far in toward the working space and
would almost not open the centering ports at all. As the number of ports was
increased, the piston ran more centered around the centering ports but the
Tfosses increased. The best combination found was with two of the four original
centering ports in operation.

Leak paths. - There are several leak paths in the RE-1000 that should be
included in any model to insure proper simulation. Leak paths that ailow the
gas in the working space to leak to and from the bounce space will be dis-
cussed. Not only are these leak paths not obvious at first look at the engine,
but the number of paths that are leaking actually changes during the engine
cycle.

Figure 19 shows the leak paths that involve the power piston and its
cylinder. 1In the position that the piston is shown in figure 19(a) there are
three different leak paths for the gas to use. The shortest path and therefore
the path that probably allows the most leakage, is the path that connects the
port in the piston to the port in the cylinder wall. This path is designated
as path 1 in figure 19(a). The length of this path changes as the piston moves
during operation of the engine. Path 2 connects the working space to the
centering port in the cylinder wall. This port in the cylinder wall is always
at the bounce space pressure level. The length of this leak path also changes
during the engine cycle as the piston moves. Leak path 3 connects the
centering port of the piston to the bounce space without going through the
centering port in the cylinder wall. <Care must be taken to realize that while
the piston is on the outer half of its stroke as is shown in figure 19(a),
there are three separate leak paths, but when the piston is on the inner half
of its stroke there is only one leak path. Leak paths 2 and 3 do not leak
because the centering port of the piston is on the working space side of the
centering port of the cylinder wall. There will be no leakage between the
working space and the piston centering port because they are both at the
working space pressure. Similarly there will be no leakage between the bounce
space and the cylinder centering port because they are both at the same
pressure. A two dimensional description of the leak paths past the power
piston is given in figure 20. The paths are shown for both halves of the
engine cycle.

A similar situation exists for the displacer centering port system. In
this case, there is leakage that involves three different gas volumes. When
the displacer is on the half of its stroke toward the compression space, there
are three leak paths as shown in figqure 16(a). Leak path 1 connects the
centering port in the displacer bore to the centering port in the displacer
rod. This allows gas to leak between the displacer gas spring and the main
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~bounce space. Leak path 2 connects the working space to the centering port in
the displacer bore. This allows leakage of gas between the working space and
the displacer gas spring. Leak path 3 connects the displacer gas spring to

the ports in the displacer rod. This leak path allows leakage in a parallel
path to leak path 1. As was the case with the power piston, the number of leak
paths in existence changes during the engine cycle. Leak path 2 changes to
leak between the compression space and the main engine bounce space when the
displacer has moved to the expansion space as shown in figure 16(b). Both ends
of leak path 3 connect the same volume when the displacer has moved to the
expansion space and therefore has no leakage.

Dashpot load. - The RE-1000 was built with a small dashpot as a load for
the engine. Since the purpose of the testing was not to do research on power
output conversion devices, the dashpot load system was well suited. The dash-
pot load device can be seen in figures 1 and 21 near the top of the engine.:
The dashpot was made with a carbon piston inside of a cylinder that would pump
gas in the bounce space back and forth through an orifice. The orifice size
was adjusted during each test to change the ievel of the load. The adjustment
was accomplished by rotating a valve stem that had a 3° taper. The valve stem
was rotated by means of an electric motor that can be call out at the top of
the engine in figure 21. This load, being a damping device, produced a force
resisting the piston motion that was nearly proportional to the square of the
piston velocity. A water jacket was formed around the dashpot cylinder to cool
the load device. ' ‘

DESCRIPTION OF THE FACILITY

The RE-1000 test facility was built to supply all of the support systems
needed to carry out the research program. The facility had a high pressure,
15.5 MPa, (2250 psi) gas system to supply the working fluid to the engine, a
water system to cool the engine, and a dc electric power supply system to heat
the engine. Along with these systems, a high speed data system was built to
help in the data gathering process. Each of these systems will be described
in detail. A simple schematic of the facility systems and some of the instru-
mentation built into the systems is shown in figure 21.

‘The gas system was designed with the ability to charge the engine with
helium, hydrogen, nitrogen, or argon. The supply pressure to the engine was
set with a remote control pressure regulator. The flow of gas into or out of
the engine was controlled by motorized needle valves in the supply and vent
Tines respectively. To start the engine, a pair of solenoid valves alterna-
tively connected the high pressure supply line or the low pressure vent line
directly to the working space. The gas pulses would start the displacer and
power piston in motion. If the motion was great enough, the engine cycle would
continue to operate.

The water cooling system consisted of two separate systems. An open loop
system was used to cool the dashpot load device. This system had no temper-
ature control. A closed lToop water system was used to cool the engine com-
pression space. This water system was filled with distilled water. A heat.
exchanger with a feedback system controlled the temperature of this water loop.
Water temperature varied during the tests from 25 to 55 °C. Temperatures and
flow rates were measured in both systems to allow the calculation of heat
rejection rates of the engine.
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The engine heater power supply system consisted of two Sorensen electric
power supplies connected in parallel. Each power supply unit had the capabil-
ity of delivering 1000 A of direct current to the engine. The two power
supplies were reguiated by an automatic controller which used a thermocouple on
‘one of the engine heater tubes as feedback. The heater temperature was varied
from 450 to 600 °C during the engine tests. The control room for these systems
is shown in figure 22.

DESCRIPTION OF THE INSTRUMENTATION

Since the purpose of these tests was to collect detailed data on the
dynamics and thermodynamics of the free-piston Stirling engine, a variety of
diagnostic instrumentation was installed. 1In all cases, the instrumentation
was designed to have as 1ittle impact on the operation of the engine as
possible.

A1l of the temperatures were measured with type K (Chromel-Alumel) thermo-
couples. Twelve heater tube temperatures were recorded for data use; their
average was used to set the desired test conditions. Six of the heater tube
temperatures were measured at the quarter-length point at the expansion space
end of the heater tube, while the other six temperatures were measured at the
quarter-length point of the heater tube near the regenerator end of the tube.
The thermocouplies attached to the heater tubes were closed ball and unsheathed.
Thermocouples were added on the outer wall of the regenerator to aid in the
calculation of conduction losses. The locations of the thermocouples installed
on the heater head are shown in figure 23. These regenerator walil thermo-
couples were closed ball and sheathed.

Thermocoupies used to measure the temperature rise of the water as it
passed through the engine cooler or through the dashpot cooler were installed
in a differential temperature configuration. This produced a signal propor-
tional to the temperature rise of the water. The thermocouples were matched
pairs to insure accuracy. These thermocouples were used in addition to the
ones used to measure the water inlet temperature and the water outlet tempera-
ture because they give a more accurate reading of the differential temperature.
Both the inlet and outlet temperatures were estimated to have a probable error
of 1 °C compared to 0.2 °C for the temperature differential measurement.

A dynamic pressure measurement was made in the compression space. This
measurement was used along with a measurement of power piston motion to calcu-
late the indicated power of the engine. A dynamic pressure measurement was
also made of the gas spring inside of displacer 2. As was mentioned earlier,
the path that the gas pressure wave traveled caused a slight phase shift of the
signal but a negligible amount of attenuation.

A great amount of work was done to develop techniques for accurate
measurement of the dynamic pressure drop across each of the heat exchangers.
Due to physical limitations in the installation of the instrumentation,
measurements across the cooler, the regenerator, and across the entire heat
exchanger circuit were made. Special attention was given to the response
characteristics of the tubes that connected the transducers to the engine.
Each tube was sized to provide the same acustic response on both sides of the
transducers. Corrections in the length of the T1ines were made to compensate
for differences in the tube diameters and the gas temperatures. Tests

12




performed at NASA Lewis indicated that the transducers had insignificant
sensitivity to mean pressure level but were affected by the temperature of
operation. The transducer bodies were therefore water cooled so that the
transducer would maintain a constant operating temperature.

The transducers installed to measure the dynamic pressure drops during
engine operation were also used to measure steady-state pressure drops.
Because these tests were run at steady-state conditions, the data is reported
in the form of cooler pressure drop, regenerator pressure drop, and heater
pressure drop. The heater pressure drop was calculated from the measurement
of the total pressure drop minus the regenerator and cooler pressure drops.
This same calculation was not done for the measurements of the dynamic pressure
drops during operation of the engine. The reason is that while great care was
taken to insure that the response was equal for both lines feeding any individ-
ual transducer, this does not gquarantee that the response of the two lines
feeding one transducer is the same as the response of the two lines feeding
another transducer. Although any two transducers may in fact measure the
pressure drop properly, there was no attempt made to synchronize one transducer
with another. The reasons not to subtract one pressure drop measurement from
another becomes even more apparent when it is realized that the actual pressure
drops in the heat exchangers are not necessarily in phase with one another.

The displacer and power piston positions and the power piston velocity
were measured. The power piston position and velocity were measured directly
by a LVDT, and LVT (linear velocity transducer), respectively. The displacer
position cannot be measured directly, since the displacer is complietely
enclosed in the working space. The displacer position was measured relative to
the power piston position with the core of the LVDT attached to the displacer
and the windings of the LVDT built inside of the power piston. The signal from
the windings inside of the power piston was carried ajong wires from the moving
piston that had to flex as the piston moved. These wires were supported by a
‘piece of music wire 0.254 mm (0.010 in.) in diameter. '

To obtain the absolute displacer position signal, the power piston posi-
tion had to be subtracted from the displacer signal. An electric analog
circuit performed the subtraction of the signals from the LVDTs. The circuit
also measured the peak values of the signals to produce a measurement of the
piston and displacer strokes.

A crystal-type force transducer was mounted in the 1ink that connected
the power piston to the dashpot load. Since the force transducer moves with
the power piston, a wire system similar to the one used for the displacer
signal had to be incorporated to relay the force transducer output signal to
the data system. This dynamic measurement of the resistance force being
applied to the power piston by the dashpot was used in an analog circuit along
with the power piston velocity to calculate the brake power output of the
engine. The equation used to calculate the power output was

FV cos ©

brake power = 2

where
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F amplitude of the force signal
V amplitude of the piston velocity signal
© phase angle between F and V signals

An error analysis method outlined in reference 11 was applied to this calcula-
tion of power. The resultant probable error was found to be 3 percent at the
engine design conditions, assuming that all of the input signals maintained
their individual accuracies. The indicated power output of the engine was
calculated in a similar manner to that used for the brake power output. The
dynamic compression space pressure was measured with a crystal type fast
response pressure transducer. The equation used was

PAV cos ©

indicated power = >

where

amplitude of the compression space pressure signal
area of the power piston

amplitude of the piston velocity signal

phase angle between P and V

The same error analysis method was applied to this calculation and the result-.
ant probable error was found to be 3 percent. Once again, this assumes that
all of the input. signals maintained their individual accuracies. Both the
indicated power caiculation and the brake power calculation were recorded by
the data system.

Two phase angle meters were utilized in the data system. .One of the
meters measured the phase angle between the power piston and the displacer
positions. The other phase angle meter measured the phase angle between the
power piston position and the compression space pressure wave. The motions of
the power piston and the displacer were not pure sine waves, and the pressure
variation in the compression space also had some higher harmonic content. By
strict definition, there can be no measurement of a phase angle between two
signals that are not pure sine waves. By describing the measured motion of the
power piston in a Fourier series it was found that approximately 97 percent of
the piston motion is due to the 30 Hz fundamental frequency of the engine. The
other 3 percent of the motion was contained in the higher harmonics. 1In the
case of the displacer motion, 95 percent of the motion is in the fundamental
frequency term and the remaining 5 percent is in the higher harmonics. The
phase angles presented in these data represent the time interval between the
positive going zero crossings of the two signals. The outputs from both of
these meters were checked against other methods of measuring the phase angles
and found to be accurate. The outputs from these meters were fed into the data
system and appear on the data output. ‘

A diagram showing the location of most of the instrumentation on the
engine is presented in fiqure 24. A listing of all of the instrumentation used
in the tests is given in table IV. The number located near each piece of
instrumentation represented in figure 24 is an item number that can be used to
identify the instrumentation listing in table 1IV.

Data was recorded by two different systems during the sensitivity tests.
The NASA Lewis Escort system was used for the steady-state data and a separate
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system was installed in the control room for recording the dynamic data. Most
of the data signals were transmitted to the Escort data system. The Escort
system is a microcomputer-based digital data recording and display system
intended for steady-state use. The sampling rate of approximately 5000 samples
per second permits the use of multiple scans, which are averaged for each data
point recorded. The data system uses five scans of data recorded over a 15 sec
period. Calculations are performed to indicate the statistical variation of
each channel recorded over the total number of scans.

The Escort system has the ability to convert millivolt signals to engi-
neering units with preprogrammed calibrations. The system can do any prede-
fined calculations with the parameters and display the results on either a set
of 1ight emitting diodes (LED) or on a preprogrammed cathode ray tube (CRT)
display. There were 15 LEDs available for these tests. The CRT could be
programmed to have many different displays, or pages, that could be viewed
during the test sessions. An important feature of the Escort system was its
ability to do 1imit checking during the tests. The system could check for high
or Tow 1imits of any of the data channels or calculated parameters, and then
provide either a warning of 1imits violation or perform some predefined action,
such as the initiation of a shutdown procedure. Both the LEDs and the two CRTs
can be seen in the control room in figure 22. More information on the Escort
system may be found in reference 12. ‘

While the Escort system was able to handle the steady-state data channels,
it did not fulfill the sample time requirements to record dynamic data chan-
nels. The dynamic data were handled by several different methods. Phase
angles were measured with phase angle meters. The inputs to these meters were
the dynamic engine parameters from the LVDTs and the compression space pressure
transducer. The output from these meters was used as an input to the Escort
data system. The measurements of the piston stroke, the displacer stroke, and
the calculations of the indicated and brake power levels were performed by
analog electronic circuits. The analog electronic circuits were checked for
accuracy by comparing their measurements to measurements made by other methods
and were found to be accurate. These analog circuits were recalibrated regu-
larly to insure accuracy was maintained. »

A1l of the dynamic signals were recorded for each data point on a
Honeywell Visicorder. The parameters recorded on the Visicorder are indicated
as such in table IV. Some data reduction was performed with the output from
the recorder after each test run. The measurements resulting from this output
include the amplitudes of the three differential pressure transducers, the
amplitude of the compression space pressure wave, the center position of both
the displacer and power piston strokes, and the amplitude of the pressure wave
in the displacer gas spring for displacer 2. These parameters were later
merged with the steady-state data and appear on the output of the steady-state
data system.

Table V provides a 1ist of the calculations performed in the data reduc-
tion process. The exact form of each calculation is presented in appendix B.
This appendix also gives a calculated error for each of the calculations based
on the probable error of the inputs for the calculation.
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DESCRIPTION OF THE TEST PROCEDURE

The RE-1000 engine installed in the test facility is shown in figure 2.
Before any test session was initiated a calibration of all pressure transducers
was performed automatically by the Escort data system. The engine was purged
of air by a pressure-vent cycle of the working and bounce spaces. The engine
was then pressurized with the desired working fluid to some pressure level
between 5.5 MPa (800 psig) and 7.0 MPa (1015 psig) depending on the test condi-
tions to run on that particular day. Since the engine would usually start to
run after fewer than five impulses from the starter system, regardless of
pressure level, it was not important to be at any particular pressure level to
start the engine. On most test runs the engine would become seif sustaining
after two impulses.

After the engine was purged of air and pressurized with the desired
working fluid, the electric heat input was started and the cooling water flows
were set to their proper levels. The dashpot load was set to give little or
no resistance to the power piston motion. When the heater tube temperature
reached 600 °C, the engine was given pressure pulses from the starter system
until self sustaining operation was achieved. The dashpot needle valve orifice
was then adjusted to give the proper load to the engine for the piston stroke
desired.

After typically 2 min of operation, all measured temperatures had reached
their steady-state values. (The shortness of the transient period is due to
the very low thermal inertia, including the absence of an o1l lubrication sys-
tem that kinematic engines have.) Although steady-state temperature readings
were obtained in about 2 min, the engine would typically be allowed to operate
at the initial test conditions for 15 min or more.

When recording data, the points were recorded in order of increasing
stroke. The engine would be held at the desired operating conditions, (i.e.,
temperature and pressure) with the power piston stroke at 1.8 cm. After this
point was recorded, the dashpot setting was adjusted to allow the power piston
stroke to reach 2.0 cm. The piston stroke was increased in increments of
0.2 cm and data was recorded until the stroke reached 3.6 cm or until the
engine operation started to become erratic. The engine was allowed to operate
at each new condition for 5 min before this new data point was recorded.

It must be noted that the test conditions were traversed in a rather
orderly fashion. For example, the first series of data points recorded may
have been with the conditions of 450 °C heater temperature, 25 °C cooler tem-
perature and 5.5 MPa mean pressure level. The next three series taken would
then be at the same conditions with the heater temperature set to 500, 550, and
600 °C respectively. Similar data points would then be recorded for these same
operating points with the mean pressure level set at 7.0 MPa. This test pro-
cedure, although convenient, can result in misleading data. The reason is that
if there were any changes in the instrumentation characteristics that were a
function of time, these changes would mistakenly be interpreted as being a
result of the changed engine operating conditions. If, on the other hand, the
data points are traversed in a random fashion the changes in the instrumenta-
tion characteristics will show as scatter in the data. This is also true for
changes in the engine as it accumulates run time if there are any parts that
are susceptible to wear. This is discussed here to indicate that although it
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was recognized that the data matrix should be traversed in a completely random
fashion, it was felt that it was not possible within the time frame of- the
sensitivity tests.

SAMPLE TEST DATA POINT

Some sample data points will be discussed in this section to provide a
better understanding of the format used to present the data output. Table VI
contains all of the data points that have only one of the set conditions varied
from the design conditions. Within this set, data points 1006 to 1012 will be
examined. The mean pressure reading of the engine was set at 7000 kPa. This
can be seen by the mnemonics MEANCP and MEANBP. These are the mean compression
space and bounce space pressure readings respectively. The average value of
the 12 heater tube temperatures was set at 600 °C which can be seen by the
mnemonic TAVHTR. The cooling water inlet temperature was set at 25 °C as shown
by TWINCL. The piston stroke was set at 1.8 cm on data point 1006 as indicated
by the parameter PISTST and then increased by 0.2 cm on each successive data
point. These parameters are specified by the sensitivity test matrix. A1l
other values on the data sheet are a result of the engine operating at these

- set conditions.

In the column on the left side of the data sheet there are two sections.
These sections are labeled "HEAT TO DASHPOT COOLING" and "HEAT TO COOLER". The
calculation used in each of these measurements is based on the water mass flow
rates and the differential temperature measurements of the respective cooling
loops. The parameters TDLDP and TDLCL are the differential temperatures. Note
that these measurements are not equal to the outlet temperature minus the inlet
temperature in either case. This results from the locations of the thermo-
couples used for the inlet and outlet temperature measurements versus the loca-
tions of the thermocouples used for the differential temperature measurements.
It also results from the improved accuracy of the differential temperature
measurement versus the subtraction of two absolute temperature measurements.

As previously stated, both the inlet and outlet temperatures were estimated to
have a probable error of 1 °C while the differential temperature measure has an
estimated probable error of 0.2 °C. Subtracting one temperature from another
to calculate the differential temperature can lead to substantial errors when
the differential temperature and the probable errors are of the same order of
magnitude.

In the second column appear the measurements of the electric power input
to the heater head and the calculations performed by the Escort data system.
The parameter VOLTG is the voltage across the resistance of the heater head and
was measured from a point on the electrically positive power tab near the semi-
¢ircular bus bar to a similar point on the electrically negative power tab.
This measurement therefore was not the true voltage that existed across the
heater tubes alone.

The calculated parameters Pressure Factor of the Piston (PFP), and
Pressure Factor of the Displacer (PFD), are shown in graphic form in figure 25.
The phasor diagram represents the operating condition at the design point. The
format of the diagram follows the vector notation outlined in reference 13.

The pressure wave of the engine is divided into two components, one in phase’
with the piston motion and one in phase with the displacer motion. In general,
the component of the pressure wave in phase with the piston motion has been
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caused by the piston motion. Similarly, the component of the pressure wave in
phase with the displacer motion has been caused by the displacer motion. The
vector PFP is the pressure variation in the working space that is the result
of the piston motion, divided by the amplitude of the piston. The vector PFD
is the pressure variation in the working space that is the result of the dis-
placer motion, divided by the amplitude of the displacer. This provides an
easy check on the effectiveness of the piston and displacer motions although
care must be taken since it is not an exact measurement of the performance of
the piston or displacer. By definition, the PFP vector is parallel to the
power piston vector and the PFD vector is parallel to the displacer position
vector.

A calculation of the Beale number is included in this column. The Beale
number, as outlined in reference 13, gives an indication of how well the engine
makes use of its swept volume and pressure level for the conversion of energy.
A1l of the calculations are presented in appendix B.

The third column of the data sheet has several different types of measure-
ments. The parameter PRESUP is the supply pressure to the engine. MEANBP and
MEANCP are the average pressure levels of the bounce space and the working
space respectively. Vibration transducers were mounted on the large base plate
of the engine. The measurement represents the vibration level of the entire
engine housing, measured in terms of peak velocity (cm/sec). This measurement,
along with the frequency of the engine, can be used to calculate the motion of
the engine housing.

The fourth column presents measurements of the mean temperatures of the
gas inside the engine housing. Below these readings is a section labeled
“"REMOTE CALCULATIONS". The four parameters represent calculations executed by
the analog circuits. A1l of the parameters listed under the title "DYNAMIC
CALCULATIONS" were measured from the Visicorder traces. PAMPC is the amplitude
of the pressure variation in the compression space. PISTCP and DISPCP give the
center position of the power piston and the displacer: 1i.e., the distance from
inward 1imit of the possible movement to the center of the oscillatory move-
ment. As an example, for data point 1010 the center positions measured were
2.33 cm for the power piston and 2.37 cm for the displacer. It was stated in
the "Centering Port" subsection of the section "Description of the Engine",
that the centering port of the power piston opened when the power piston was
2.05 cm from the inward 1imit of its motion and the displacer 1 centering port
opened when its position was 1.81 cm from its inward 1imit. This indicates
that for data point 1010, the center of the center power piston stroke was
2.33 - 2.05 = 0.28 c¢m from the center port location. Similarly, the displacer
was operating 2.37 - 1.90 = 0.47 cm from the center port location.

Measurements presented in this column also include the pressure amplitude
inside the gas spring of displacer number 2, PDYNDB. The last three parameters
listed give the amplitudes of the dynamic pressure drop measurements. PDLCLR
and PDLREG are the pressure drop amplitudes across the cooler and the regener-
ator respectively. PDLDIS is the pressure drop across the total heat exchanger
system as measured between the expansion and compression spaces.

The last column gives the individual heater tube temperature readings.
From these individual readings, the average heater tube temperature was calcu-
lated and the heater temperature was set. There is some scatter in the
readings of the tube temperatures. There are two effects causing this scatter.
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First, there is some variation in the temperatures of the heater tubes due to
the s1ight tube to tube variation in electrical resistance. Second, the
voltage gradient along the length of the heater tube may effect the accuracy of
the temperature measurement. The voltage gradient can be either added to or
subtracted from the voltage signal of the thermocouple if the thermocouple is
not either electrically insulated from the heater tube or known to be mounted
perpendicular to the voltage gradient. Both of these effects probably contri-
buted to the variation in the measurements, but since there were 12 thermo-
couples, the average of all the heater temperatures should still represent the
operating temperature of the heater. Another indication that misalignment of
thermocoupies was responsible for some of the scatter in the heater tempera-
tures was that a heater tube that indicated the highest temperature with one
set of thermocouples was not always the same tube that indicated the highest
temperature with the next set of thermocouples. Typically the thermocouples
were replaced during each rebuild.

The temperatures in the lower part of the last column are the outer wall
temperatures of the regenerator. The locations of these measurements are shown
in fiqure 23. The equation used to determine the axial conduction losses of
the regenerator wall from these measurements are listed in appendix B.

When any measurement is made, there is some amount of error associated
with each reading. 1In the case of the RE-1000, being a free-piston Stirling
engine (FPSE), the measurement errors are important and in some instances
highly significant when calculations are performed. This must be considered
when the data is being used to validate computer simulations of the engine
cycle. If a code is being validated to produce good agreement in the predic-
tion of indicated power with test data, the validation work can go no further
when the code predicts a value of indicated power that is within the error
band of the data. For a FPSE, the error band on the indicated power measure-
ment is at times significant. The reason is that there are errors associated
with: (1) the volume measurement, (2) the dynamic pressure measurement, and
(3) matching the time scales of the two measurements. While it is possible to
measure each of these parameters with acceptable accuracy, the size of the
error of each signal relative to the size of the signal must be considered.
When synchronizing time scales, any phase shift of the two signals relative to
one another can lead to a sizeable error in the calculated value of indicated
power since the phase angle between the pressure and volume signals is small.
Any error in the synchronizing of signals will have a large effect when added
to this relatively small phase angle.

With proper technique, measurement errors can be kept to a minimum. An
example of minimizing measurement error can be seen in the calculation of heat
rejected by the engine cooler. The thermocouples used measuring the tempera-
ture rise of the water as it passed through the engine cooler were connected
in a differential temperature configuration. If the differential thermocouple
configuration has a maximum error of 1.0 percent then the reading will indeed
be very accurate. If on the other hand the differential temperatures were
measured using two separate thermocouples, there will be an error associated
with each of the two temperature measurements. The summation of these two
errors will most 1ikely be quite large when compared to the temperature rise
intended to be measured.

Estimated probable errors associated with each of the parameters measured
in this test program are listed in table IV. The error associated with each of
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the calculations is presented in appendix B. In cases where the exact value of
the probable error of an individual parameter was not known an estimate was
made based on experience with that particular type of instrumentation.

DESCRIPTION OF THE TEST MATRIX

The test matrix was devised to generate the data necessary to characterize
the sensitivity of the RE-1000 with respect to each of the parameters that
define the test point, plus several configuration related parameters. The
attempt was made to optimize the matrix to minimize the number of test condi-
tions and data points. While the engine was designed to operate at temperature
levels up to 650 °C, for the reasons of reliability the test matrix was limited
to values of 600, 550, 500, and 450 °C. Since power and efficiency are also
dependent on the cooler temperature, three levels were chosen: 25, 40, and
55 °C. The engine was designed to operate with helium as the working fluid at
a mean pressure level of 7.0 MPa (1015 psig). The test matrix used pressures
of 7.0 MPa (1015 psig), 5.5 MPa (798 psig), and 4.0 MPa (580 psig). Testing
the engine at four heater temperatures, three cooler temperatures, and three
pressure levels, would generate 36 different test conditions for each config-
uration. To maintain the size of the test matrix at a reasonable level, it
was decided that the 14 conditions shown in dashed Tines in figure 3 were
eliminated. The conditions remaining in figure 3 were used for all four com-
binations of the two displacers and two regenerators. Figure 4 shows that only
displacer 1 and regenerator 1 were used when running tests with either the
1ight weight power piston or an alternate working fluid.

Figure 4 shows the number of data points recorded for each of the confiqu-
rations. The seven versions of the test condition matrix shown in figure 26
give the data point reading numbers for each of the conditions. With this
figure, the reading number for any desired condition can be found. The Tower
of the two numbers that appear in an element is the reading number of the data
point recorded at the shortest power piston stroke tested. 1In all cases, this
value was 1.8 cm. Each successive data reading had the power piston stroke
increased by 0.2 cm. As an example, if an element has only four data readings
1isted in it, the engine was tested with power piston stroke settings of 1.8,
2.0, 2.2, and 2.4 cm.

A1l 781 data points are not needed to validate a computer code, so the
test matrix was divided into two smaller subsets. These two matrixes are
called the "Single Variable Data Set" (SVDS) and the "Double Variable Data Set"
(DVDS). A 1ist of the data points in the SVDS is given in table VII and a 1list
of the data points in the DVDS is given in tabie VIII. The remainder of the
data can be obtained on microfiche from NASA Lewis by request.

The RE-1000 was designed for high efficiency at the set conditions of
600 °C heater head temperature, 25 °C cooling water inlet temperature, 7.0 MPa
mean working pressure with helium and a power piston stroke setting of 2.6 cm.
The configquration used included the standard power piston, regenerator 1 and
displacer 1. This test condition was recorded on data reading number 1010.
Since there were eight test parameters varied during the sensitivity tests,
there should be eight different curves that can be plotted showing the sensi-
tivity of the engine to any one of the eight parameters, while the other seven
parameters are kept at their respective design conditions. If these plots were
generated, every one would contain data reading 1010. The collection of all of
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the data points needed to produce these plots is called the SVDS. The title
Single Variable Data Set indicates that only one of the eight variable para-
meters was allowed to deviate from the design condition. Table VII gives the
data point reading numbers for all of these points, and also shows which data
points are needed to generate each of the eight curves. Table VII shows that
the SVDS contains only 18 data points and is therefore an easier data set to
work with for computer code validation. This data set can be used to check the
sensitivity of a computer code prediction against the sensitivity of the engine
for any of the eight test parameters varied.

Figure 27 shows some plots generated from the SVDS. These plots indicate
that performance of the RE-1000 obeys the general trends attributed to free-
piston Stirling engines. As the power piston stroke is increased, the indi-
cated power produced increased. The displacer stroke also grew as the power
piston stroke increased. The displacer stroke growing can be attributed to
the larger pressure wave in the working space when the piston is sweeping more
volume. The larger pressure wave provides more driving force for the displacer
to respond to during operation. It can also be seen in figure 27 that both
the indicated power and the efficiency increase as the heater temperature
increases.

In some cases the plots generated from the SVDS contain only two points.
This is true for any plot of the engine performance with the power piston mass
as the independent variable. The engine was tested with only two different.
levels of power piston mass. This is also true for the variations of the
displacer dynamics, the regenerator porosity, and even with the working fluid.
The reason this is true for the working fluid is that even though the engine -
was tested with three different working fluids, the design conditions for the
other seven variables could not be reached when tests were being conducted .
with argon as the working fluid. 1In an attempt to expand the collection of
data points in the SVDS, the DVDS was formed. The DVDS was generated from the
SVDS by taking each data point in the SVDS and allowing the power piston stroke
to be varied over its entire range. By doing this, a collection of 79 data
points was formulated. The 1ist of the data points in this collection is
shown in table VIII with the lowest value number of each set being the reading
number for the set point condition indicated and the power piston stroke set
at 1.8 cm. Each successive reading number had the power piston stroke
increased by 0.2 cm. Appendix C contains the data of the DVDS printed out in
the same format as described earlier. Figure 28 shows some plots of engine
performance using data from the DVDS. Unlike the SVDS, the DVDS can be used
to generate pliots that show families of curves. Once again it can be seen
that the RE-1000 obeys the general laws of FPSE operation.

Some data not included in the SVDS or in the DVDS but that still may be
of importance are presented in appendix D. These data points were recorded
with both the high power displacer and the high power regenerator installed in
the engine. A description of the data points can be found in appendix D.

USE OF THE TEST DATA
There are some important characteristics of the test data that must be

understood when the data is being used to validate a computer simulation.
These areas will be discussed to provide better insight into the interpretation
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of the test data. 1In all cases the data will be shown to be completely valid,
but it will also be shown that the data must be used in the proper manner.

As was described in the section on the sample data output, the motions of
the displacer and the power piston were measured in terms of their strokes and
their phase relationship to one another. The compression space pressure wave
was also characterized by its amplitude and its phase angle relative to the
power piston. This assumes that all three of these parameters can be charac-
terized as sinusoidal in nature, without any higher harmonics. A study was
performed to test the validity of this approach with the NASA Lewis Stirling
engine simulation used in the constrained mode. More information on the
details of the NASA Lewis simulation can be found in references 3, 4, 5, and 6.
Some of the data points from the SVDS were chosen for this test, and the
measured piston motion and dispiacer motion were digitized. These digitized
wave forms were analyzed and their respective Fourier series were generated.
Both the power piston and the displacer motion are dominated by the fundamental
frequency with only a small part of the motion attributed to the harmonics.
Higher harmonics of the fundamental frequency accounted for 1.4 percent of the
piston motion and 3.5 percent of the displacer motion. The series solution for
each of these wave forms, up to the third harmonic of the fundamental frequency
were used as inputs to the NASA Lewis computer code. The results of these
simulations were compared to the results of the simulations run with the inputs
being in the same form as the data presented in this report. The difference in
the code predictions with the two different forms of inputs was negligible.
This comparison was made between the two different methods of inputting the
data without Tooking at how well any of the code predictions compared to the
test results. It was a test of how similar the two input methods were to one
another, not a test of how well the simulation predicted the true engine per-
formance. In the case of the simulations run at the design point of the
engine, the results differed by less than 4 percent from one another in the
prediction of indicated power. It was felt that this was smaller that the
experimental error incurred in the measurement of indicated power and was
therefore valid.

This style of data presentation may not be valid for other FPSE engines.
The reason that it works well for the RE-1000 is due to the power piston being
quite massive and therefore tending to have a sinusoidal motion with little of
any higher harmonics. This is reinforced by the load being a pure damper unit
which has sinusoidal load characteristics. The same would most likely not be
true for a load like the hydraulic pump being tested at NASA Lewis, since the
force exerted on the engine is far from sinusoidal. More about the hydraulic
load can be found in reference 14. The hydraulic load can cause the engine
motions to become highly nonsinusoidal in nature.

Another topic that warrants discussion is the use of the heater tube
temperature measurements. The heater tubes of the RE-1000 are heated by
resistance heating. The heat is generated inside the heater tube walls. An
insulation blanket was placed around the heater head to help prevent heat
losses from the head to the surroundings. The thermocouples used to measure
the heater tube temperatures were mounted on the outside surface of the tubes
indicated in figure 23 and can be seen installed on the heater head in
figure 5. If the insulation around the heater head was perfect and with no
loss of heat from the head, the temperature gradient through the wall of the
heater tube would be flat at the outer surface of the tube. This is very
different from the situation that normally exists in Stirling engines where the
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heat input is from a combustion source. Since the insulation around the heater
head was not perfect, there was some loss of heat from the heater tubes to the
atmosphere around the engine. Therefore a temperature gradient exists at the
outer surface of the tube that conducts heat toward the outer surface. This
creates a point at some distance inside the tube material with a higher temper-
ature than the measured outer wall temperature. The temperature at the inner
surface of the heater tube would, as expected, be at some lower temperature
because the working fluid is absorbing heat. Figure 29 shows the temperature
gradients in these cases discussed. '

It would increase the accuracy of a simulation if a correction method was
implemented for inputting the measured outer wall temperature. The correction
should account for the temperature gradient in a resistance heated tube being
different than the gradient in a combustion heated tube. A comparison of the
measured expansion space mean gas temperature to the calculated values may
provide a means of assuring a correct simulation of the heater temperature.

It was found during these tests that even the measurement of the mean
pressure level of the engine needs to be interpreted properly for best results.
These measurements were made with strain gauge pressure transducers connected
to the engine by means of stainless steel tubing. A small orifice was inserted
into each of the stainless steel tubes used for the two mean pressure measure-
ments. - In the case of the mean working space measurement, the orifice was a
micrometer needle valve with a taper of 1° on the needle. This orifice size
could therefore be adjusted as the engine was running. It was found that the
reading of the mean pressure could be distorted by changing the size of the
orifice. If the orifice was too big, some of the pressure wave present in the
engine would get to the transducer and make the output of the transducer fluc-
tuate at the operating frequency of the engine. If the orifice size became too
small, the reading of the mean pressure would become higher without the actual
engine pressure being raised.

This phenomenon was caused by the change in the density of the working
fluid during an engine cycle. If the mean pressure in the engine and the
pressure in the transducer were at the exact same level at the initiation of a
cycle, there would be the same volumetric flow of gas from the engine to the
transducer during the high pressure half of the cycle as the volumetric flow
from the transducer to the engine during the Tow pressure half of the cycle.
Due to the change in the density of the gas in the working space during the
cycle, the mass fiow would not be the same in both directions. This causes a
net mass flow of gas toward the transducer which continues until the mean
pressure in the transducer is above the mean pressure in the engine to force
the net mass flow to become zero.

To prove that this actually did effect the pressure readings of the
engine, the output signals of the mean pressure transducers were connected to
a strip chart recorder to record the pressure readings versus time. With the
engine running at a steady-state condition, the orifice size of the mean
compression space transducer (MEANCP), was varied. As the orifice size was
reduced, the output signal of the transducer increased. As the orifice size
was increased, the output signal was lowered until a point was reached where
the pressure wave of the engine started to show in the output signal of the
transducer. During this test the output of the mean bounce space pressure -
transducer (MEANBP), was observed to remain constant.
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Because of these results, it may be more accurate to use the value of
MEANBP as a representation of the true mean pressure level of the .engine. This
transducer is less susceptible to this sort of error because the pressure wave
in the bounce space is extremely small in the RE-1000. The true mean pressure
of the working space should be higher than that of the bounce space only by the
amount needed to support the weight of the power piston. The pressure required
1s about 20.9 kPa (3.03 psi) for the standard power piston.

During the recording of some data points, 1020 to 1025, a failure in the
thermocouples that measured the temperature differential of the water used to
cool the engine resulted in erroneous calculations of the heat rejection from
the engine cooler. These readings were for a series of points with the average
heater tube temperature set at 500 °C. Figure 30 shows the recorded values of
cooler heat rejection versus the power piston stroke. The 500 °C curve
clearly does not follow the trends of the other curves. By using a curve
fitting technique applied to the data points with the heater tube average
temperature set at 450, 550, and 600 °C, values for the heat rejected during
the 500 °C run were predicted. The predicted values of heat rejection are
also plotted. In addition, figure 30 shows the measured and predicted values
of the engine efficiency plotted as a function of heater temperature and piston
stroke. From the closeness of the curve fitting technique used, it is felt
that these analytical values are valid when coupled with the experimental data.

On some data points, the instrumentation used to measure QCOOLR proved to
be correct while the trends of the internal efficiency were opposite to the
expected classical Stirling engine trends. It was noted that as the cooling
water inlet temperature was raised the calculation of INTEFF diverted from the
calculation of EXTEFF. The only difference between the two methods used to
calculate the engine brake efficiency was the representation of the heat input
to the engine system. EXTEFF was based on the electric power supplied to the
heater head while INTEFF was based on the summation of the power and heat
flowing out of the engine system. The calculated values of efficiency agreed
well with one another for data with the cooling water inlet temperature at
25 °C, however, their values diverged as the cooling water inlet temperature
was raised to the values of 40 and 55 °C .

It was found that when the cooling water inlet temperature was at 25 °C,
there was 1ittle heat transferred between the cooler housing and the atmos-
phere around the engine. At elevated cooling water temperatures some heat was
lost directly from the cooler housing to the atmosphere without being detected
as an increase in the cooling water temperature as it passed through the
cooler. To derive a correction for this measurement would require an assump-
tion to be made so that the heat transfer from the cooler housing to the
atmosphere could be calculated. It is best to exclude the use of data points
having elevated cooling water inlet temperatures when accurate energy balances
are required.

CONCLUDING REMARKS

The effort to complete the sensitivity tests at the NASA Lewis test facil-
ity has been completed. A matrix with 8 parameters varied was used to deter-
mine the test conditions. The RE-1000 provided a reliable test bed for the-
investigation of the thermodynamics of the Stirling cycle along with the
dynamics of a free-piston engine. Throughout the test program the engine

24




demonstrated high reliability. Most of the prob]ems encountered 1nvo1ved the
instrumentation used to measure the engine performance.

A complete characterization of the engine performance has been recorded
and is presented in this report for the purpose of Stirling cycle computer
code validation. Some of the measurements made can be of great help in under-
standing the losses of the Stirling cycle. For some of the data points
recorded, the amplitude of the dynamic pressure drop through the heat
exchangers was recorded. The measurement technique used for the dynamic
pressure drop had to be perfected and therefore was not made during the initial
stages of the test program. However, steady-state flow tests were performed
on all of the heat exchangers used in the program. During tests utilizing one
of the two displacers, the amplitude of the gas pressure inside of the dis-
placer gas spring was recorded. Due to the nonlinearity of a gas spring, this
parameter can be of great use in the computer simulation validation process.

SUMMARY OF RESULTS

The data are generally quite accurate and lend themselves well to
validation purposes, especially when used as per the recommendations outlined
in this report. Because there is some error associated with the measurement
of any experimental parameter, care must be used when validating a computer
simulation. A rough indication of the error of each measurement and calcula-
tion is given in this report.

The RE-1000 was designed to be a reliable, research engine intended to
provide easy access to key areas for measurements of critical parameters.
This engine was not optimized as a complete engine for high power or for high
efficiency. The sensitivity test program did however obtain the following
results:

1. The trends contained in the data agree well with the theoretical rules
of Stirling engine performance. Power output and efficienc1es measured act in
accordance with previous engine tests.

2. The test program investigated many characteristics of the engine.

a. Tests were completed over a test matrix which varied the mean
operating pressure to three levels, the heater temperature to four levels, the
cooler temperature to three levels, both the regenerator porosity and the
displacer dynamics to two different values, the power piston mass to two values
and used three different working fluids. 1In addition, the power piston stroke
was varied over its range for each of the operating conditions.

b. In the nearly 200 hr of operation accumulated during the sensitiv-
ity tests, the engine proved itself to be a reliable test bed for research.
The engine was usually found to be more reliable than the instrumentation and
supporting data system.

¢. During the course of the testing, some novel instrumentation was
added to provide a better insight into the operation of the free-piston engine.
These measurements inciuded the dynamic pressure drop transducers and the
dynamic pressure reading of the displacer gas spring.
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d. Steady-state flow tests were performed to enable a correlation
between these measurements and the dynamic pressure drop measurements to be
made. Although the dynamic pressure drop transducers were working only for
the tests performed with one of the two regenerators used, this should still
prove to be of great benefit in the validation of computer codes.




APPENDIX A
Heat Exchanger Steady-State Flow Tests

Steady-state flow tests were performed on the RE-1000 heat exchanger
assembly. These tests were done for the engine with both of the regenerators
used in the sensitivity tests. The two regenerators tested were of
75.9 percent porosity and of 81.2 percent porosity. The tests were run with
nitrogen at mass flow rates that gave approximately the Reynolds numbers that
occur in the engine during operation. '

The pressure drops were measured with the Validyne differential pressure
transducers that were installed on the engine for the dynamic pressure drop
measurements. The cooler pressure drop and the regenerator pressure drop were
measured directly with the transducers installed. The heater pressure drop
was calculated from a measurement of the total pressure drop across the heat
exchanger assembly, minus the regenerator and cooler pressure drops. The
tests were run from zero flow rate, up to the maximum flow desired and back
down to zero flow again. If the transducers did not return to zero pressure
drop at zero flow, the transducers were adjusted and the tests were rerun.

Tests were run with the mean pressure at either 1380 kPa (200 psi) or at
2070 kPa (300 psi) depending on the requirements of the flow meters being used
for the particular test. The mass flow rates were measured with venturi-type
flow meters. The measurements of flow rate were corrected for the variations
in the temperature of the nitrogen.

The results of these flow tests are presented in the form of graphs of
the pressure drops measured versus the mass flow rate. These plots are shown
in figure 7 for the tests with regenerator 1 (75.9 percent porosity) and in
figure 8 for regenerator 2 (81.2 percent porosity).




APPENDIX 8
Data System Calculations

A1l of the calculations used in the data system are presented in this
appendix. For each of the calculations, the parameters used as inputs are
listed, the calculation is shown, and an estimate of the error of the calcula-
tion is given. The error is based on the estimated errors of the input
parameters and was calculated by methods outlined in reference 11. The error
of the calculation corresponds to the design point of the engine, data point
1010. A second error calculation is presented that corresponds to data point
1099. This shows the error in the calculations at a low power operating condi-
tion. The inputs to the calculations are listed in terms of their mnemonics
and can be found in the list of instrumentation in table IV.
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CALCULATION 1
ELECTRICAL POWER INPUT (WATTS)
power = voltage x current
PWRIN = voltg x amps

VOLTG heater head voltage (volts)
AMPS calculation 8 (amps)

ERROR = [(0.01)2 + (0.02)2]1/2
ERROR = 2% (73 W)

(ERROR = 4% @ POINT 1099)

CALCULATION 2
HEAT TO THE COOLING WATER BY THE COOLER (WATTS)
heat = (mass flow) (specific heat) (delta temp)

(FLOCLR) (RHOH20) (CPH20) (TDLCLR)
QCOOLR = 60

FLOCLR cooling water volumetric flow rate (1/min)
RHOH,0  water density sub-routine (gm/1)

CPH20 water specific heat sub-routine (joules/gm °C)
TDLHTR  cooling water delta temperature (°C)

ERROR = [(0.1/4.22)2 + (0.2/9.34)2]1/2
ERROR = 3% (82 W)

(ERROR = 6% @ POINT 1099)

CALCULATION 3
HEAT TO THE COOLING WATER BY THE DASHPOT (WATTS)
heat = (mass flow) (specific heat) (delta temp)

(FLODP) (RHOH2D) (CPH20) (TDLDP)
QDSHPT = 60

FLODP dashpot water volumetric flow rate (1/min)
RHOH,0  water density sub-routine (gm/1)

CPH20 water specific heat sub-routine (joules/gm °C)
TOLDP dashpot water delta temperature (°C)

ERROR = [(0.1/3.96)2 + (0.272.21)211/2
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ERROR = [(0.1/3.96)2 + (0.2/2.21)2]1/2
ERROR = 9% (55 W)

(ERROR = 51% @ 1099)

CALCULATION 4
BRAKE ENGINE EFFICIENCY, EXTERNAL (%)

brake power output
electric power input

efficiency =

PWROUT

PWROUT Dbrake power output, analog circuit (W)
PWRIN electric heater power input (W)

ERROR = [(0.03)2 + (0.02)2]1/2
ERROR = 4%

(ERROR = 6% @ POINT 1099)

CALCULATION 5
AVERAGE HEATER TUBE TEMPERATURE (°C)

summation of 12 tube temps
12

temperature =

summation TOIHTR to T12HTR
12

TAVHTR =

TxxHTR  heater tube outside wall temperature (°C)
ERROR = [12(10/600)211/2
ERROR = 6% (36 °C)

(ERROR = 8% @ POINT 1099)

CALCULATION 6
BRAKE ENGINE EFFICIENCY, INTERNAL (%)

Fficd brake power output
EYTICIENCY = brake power + heat rejected

 PWROUT
INTEFF = LUROUT + QCOOLR
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PWROUT  brake power output, analog circuit (W)
QCOOLR  heat rejected by the engine cooler (W)

ERROR = [(0.03)2 + (0.03)2 + (0.03)2]1/2
ERROR = 5%

(ERROR = 9% © POINT 1099)

CALCULATION 8
HEATER AMPERAGE (.°C)
amperage = amperage 1 + amperage 2
AMPSi AMPS1 + AMPS2

AMPS1  amperage from power supply 1 (A)
AMPS2  amperage from power supply 2 (A)

ERROR = [(10/673)2 + (10/618)2]1/2
ERROR = 2% (28 A)

(ERROR = 4% @ POINT 1099)

CALCULATION 9
DISPLACER GAS CONDUCTION (WATTS)
heat = (gas conductivity) (conduction area) (delta temp)
QDISPG = (Kg) (2.76) (TGEXP-TGCOMP)

Kg gas conductivity (W/cm °C)

2.76 cross section of gas (cm2)

TGEXP expansion space gas temperature (°C)
TGCOMP  compression space gas temperature (°C)

A0+ 1
ERROR = (557_56)

 ERROR = 2% (0.06 W)
(ERROR = 3% @ POINT 1099)

CALCULATION 10
DISPLACER SHELL CONDUCTION (WATTS)

heat = (shell cdnductiVity) (éonduction area) (delta temp)
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QDISP = (Km) (0.0284) (TGEXP-TGCOMP)

displacer meta]yconductivity (W/cm °C)

Km
0.00284 conduction area (cm2)
TGEXP expansion space gas temperature (°C)
TGCOMP compression space gas temperature (°C)
10 + 1
ERROR = (557 56)
ERROR = 2% (0.28 W)
(ERROR = 3% @ POINT 1099)
CALCULATION 11
REGENERATOR WALL CONDUCTION, COOL END (WATTS)
heat = (Km) (conduction érea) (delta temp)
QREGT = 0.811 (TI8REG-TI9RER)
0.811 metal conductivity times conduction area (W cm/°C)
TIBREG regenerator wall temperature, midpoint (°C)
TI9REG  regenerator wall temperature, cool and (°C)
5+5
ERROR = 339_221)
ERROR = 8% (7.7 W)
(ERROR = 9% @ POINT 1099)
CALCULATION 12
REGENERATOR WALL CONDUCTION, COOL END (WATTS)
heat = {(Km) (conduction area) (delta temp)
QREG2 = 0.811 (T14REG-TI8REG)
0.811 metal conductivity times conduction area (W/cm °C)
T14REG regenerator wall temperature, hot end (°C)
TI8REG regenerator wall temperature, midpoint (°C)

10 +5
ERROR = (339-221)

" ERROR = 9% (12.5 W)

(ERROR = 13% @ POINT 1099)
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CALCULATION 13
INNER REGENERATOR WALL CONDUCTION (WATTS)
heat = (Km) (conduction area) (delta temp)

QREG3 = 0.0774 ( TGREGH-TGREGC)

0.0774 metal conductivity times conduction area (W cm/°C)
TREGH regenerator hot end.gas temperature (°C)
TREGC regenerator cold end gas temperature (°C)
A0+ 1
ERROR = (549-97)
ERROR = 2% (0.7 W)
(ERROR = 3% @ POINT 1099)
CALCULATION 14
PRESSURE FACTOR OF THE POWER PISTON (kPa/cm)
factor = {compression space pressure amp]itude) (trig term)
T (piston amplitude)
PEP = 2(PAMPC)Y (cos ep + (sin ep/tan ed))
= (PISTST)
PAMPC pressure amplitude in the compression space (kPa)
op phase angle, pressure to power piston (deg)
PISTST power piston stroke (cm)
ERROR = 3%
(ERROR = 5% @ POINT 1099)
CALCULATION 15
PRESSURE FACTOR OF THE DISPLACER (kPa/cm)
fact {(compression space pressure amplitude) (trig term)
actor = (displacer amplitude)
PED - {(PAMPC) (sin ep)2
~ (DISPST) (sin ed)
PAMPC pressure amplitude in the compression space (kPa)
op phase angle, pressure to power piston (deg)
DISPST displacer stroke (cm)

phase angle, displacer to power piston (deg)




ERROR = 2%

(ERROR = 4% @ POINT 1099)

PWROUT
MEANBP
PISTST
AREA
FREQ

CALCULATION 16
BEALE NUMBER

brake power output

number = rcan pressure) (swept volume) (frequency)

- (100) PWROUT
NBEALE = TMEANBP) (PISTST) (AREA) (FREQ)

brake power output, analog circuit (W)

mean bounce space pressure (kPa)

power piston stroke (cm)

cross -section area of the power piston (cm?)

- operating frequency of the engine (Hz)

ERROR = 3%

(ERROR = 5% @ POINT 1099)




APPENDIX C
Double Variable Data Set, (DVDS)
Listing of the DVDS are presented in this appendix. These data points
were determined by letting the stroke of the power piston be varied over fits

range for each one of the data points of the Single variable Data Set (SVDS).
The format of the listing is the same as used for the SVDS.
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NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT CQOLING

FLODP 4.17 L/7MIN
TWINDP 16.5 DEG.C
TDLDP 1.55 DEG.C
THCDPR 18.6 DEG.C

HEAT TO COOLER

FLOCLR 4.02 L/MIN
TWRINCL 24.8 DEG.C
TDLCL .42 DEG.C

THOCLR 31.19 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.16 L/MIN
TWINDP 16.7 DEG.C
TDLDP 1.83 DEG.C
TWODPR 19.1 DEG.C
HEAT TO COOLER
FLOCLR 4.06 L/MIN
TWINCL 24.9 DEG.C
TDLCL 7.14 DEG.C
THOCLR 32.02 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4,13 L/MIN
TWINDP 16.8 DEG.C
TDLDP 2.16 DEG.C
TWODPR 19.7 DEG.C

HEAT TO COOLER

FLOCTR 4.09 L/MIN
TWINCL 25.0 DEG.C
TDLCL 8.09 DEG.C
TKOCLR 33.11 DEG.C
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APPENDIX C. - DOUBLE VARIABLE DATA SET, (DVDS)

FREE PISTON STIRLING ENGINE TEST D003,

BAROM 16.268 PSI REGENERATOR 2 DISPLACER 1

PCWER TN
AMPS1 606. AMPS
AMPS2 535. AMPS
2.50 VOLTS

VOLTG

CALCULATED PARAMETERS

PURIN 284%48. WATTS
QCOCLR 1789. WATTIS
QDSHPT 450. WATIS
EXTEFF 24.9 %
TAVHTR 5%9.5 DEG.C
INTEFF 28.4 7

AMPS 1140, AMPS
QDISPG 3. WATTS
QDISP 15. WATTS
RREGL 103. WATTS
RPEG2 122. WATIS
RREG3 35. WATTIS
PFP 1024.5 KPA/CHM
PFD 1 KPA/CHM

335.
NBEALE 0.00741

ENGINE CHARGE PRESSURE

STANDARD PISTON
GA5 TEMPERATURES

PRESUP - 7411. KPA TGEXP 566.0 DEG.C

MEANBP 7003. KPA TGREGH 547.6 DEG.C

MEANCP 7026. KPA TGREGC 96.2 DEG.C

TGCCMP 45.7 DEG.C

TGBOUN 28.7 DEG.C

VIBRATION REMOTE CALCULATIONS

VZI1HOR 0.4 CM/S FWRQUT 709. KWATTS

VYIVER 5.7 CM/S INDPWR 739. HWATTS
PISTST 1.78 CH

PHASE ANGLES

PADISP 54.7 DEG.

PRPRES -27.1 DEG.
ENGINE SPEED

FREQ 29.9 HZ

FREE PISTON STIRLING ENGINE TEST D003,

BAROM 14.268 PSI REGENERATOR 2 DISPLACER 1

POWER IN
AMP31 643. AMPS
RMPS2  568. AMPS
VOLTG 2.65 VOLIS

CALCULATED PARAMETERS

PWRIN 3214. WATIS
QCCCLR 2010. WATTS
QDSHPT 531. WATTS
EXTEFF 26.1 %
TAVHTR 599.0 DEG.C
INTEFF 29.4 %

ANMPS l212. AMPS
QDISPG 3. WATTS
QDISP 15. WATIS
QREG1 101. KWATIS
QEEG2 123. WATTS
QREG3 35. WATTS
PFP 1015.6 KPA/CHM
PFD 376.6 KPA/CHM

NBEALE 0.00733

ENGINE CHARGE PRESSURE

PRESUP 7147. KPA
MEANBP 6996. KPA
MEANCP 701%. KPA
VIBRATION
VX1HOR 0.4 CM/S
VY1VER 6.4 ClI/S

PHASE ANGLES
PRADISP 55.4% DEG.
PAPRES ~-25.6 DEG.

ENGINE SPEED
FRER 29.8 HZ

FREE PISTON STIRLING ENGINE TEST D003,

BAROM 14.268 PSI REGENERATOR 2 DISPLACER 1

POWER IN
AMPS1 692. AMPS
AMPS2 607. AMUPS
VOLTG 2.8% VCLTS3

CRLCULATED PARAMETERS

FURIN 3684. WATTS
QCOOQLR 2296. WATIS
QDSHPT 622. WATTS
EXTEFF 26.5 %
TAVHTR 601.6 DEG.C
INTEFF 29.8 %

AMPS 1299. AMPS
RDISPG 3. WATTS
QDISP 14, WATTS
QREG1 101. WATIS
QREG2 121. WATTS
QREG3 36. WATTS
PFP 1¢27.1 KPA/CHM
PFD 372.6 KPA/CM

NBEALE 0.00823

ENGINE CHARGE PRESSURE
PRESUP 7428. KPA

MEANBP
MEANCP

7001.
7031.

KPA
KPA

VIBRATION
VX1HOR 0.5
VY1VER 7.2

cMs/s
cMss

PHASE ANGLES
PADISP 56.1 DEG.
PAPRES -24.1 DEG.

ENGINE SPEED
FRER 2%.9 HZ

36

DISPST 2.18 €M

DYNAMIC CALCULATIONS
PAMPC 753. KPA
DISPCP 1.89 CNM
PISTCP 2.50 CU
PDYNDBX¥XXXX ppp
PDLCLR*%%%X% ©pa
PDLREGX¥X¥%X pa
PDLDIS*¥*x%%X KPA

STANDARD PISTON

GAS TEMPERATURES
TGEXP 563.3 DEG.C

TGREGH 547.3 DEG.C
TCREGC 99.6 DEG.C
TGCOMP 49.4 DEG.C
TGBOUN 30.1 DEG.C

REMOTE CALCULATIONS

PUROUT 839. WATTS
INDPWR 878. WATTS
PISTST 2.00 Ci
DISPST 2.36 CM
DYNAMIC CALCULATIONS
PAMPC 866. KPA
DISPCP 1.99 CM
PISICP 2.58 Cn
PDYNDB¥XXHHN KPR
PDLCLR**%%¥x /pp
PDLRIG#¥%X%% ppp
PDLDIS*%%%¥¥ KPR

STANDARD PISTON

GAS TEMPERATURES
TGEXP 562.2 DEG.C

TGREGH
TGREGC
TGCCMP
TGBOUN

547.8 DEG.C
103.0 DEG.C
53.5 DEG.C
32.1 DEG.C

REMOTE CALCULATIONS

PWRCUT 976. WATTS
INDPWR 1021. WATTS
PISTST 2.21 CH

DISPST 2.52 CM

DYNAMIC CALCULARTIONS
PANMPC 955. KPA
DISPCP 2.01 CM
PISTCP 2.58 ClM
PDYNDB¥¥XxX¥% pp
PDLCLR¥¥%%X¥% {Pp
PDLREG¥XX%XX KPR
PDLDIS**%X¥% KpA

REC 11717783 09:56:39.76 RDG

REC 11/17,83 10:01:48.78 RDG

REC 11717783 10:06:54.78 RDG

598

SURFACE TEMPERATURH
TO1HTR 5%1.2 DEG.Q
TO2HTR 617.6 DEG
TO3HTR 610.5 DEG.
TO4HTR 602.9 DEG.
TOSHTR 609.2 DEG
TO6HTR 586.2 DEG
TO7HTR 586.5 DEG
TCEHTR 604.9% DEG
TOSHIR 621.1 DEG
T10HTR 552.6 DEG
T11HTR 601.0 DEG
T12HTR 699.9 DEG
T13REG 566.3 DEG.
T14REG 532.1 DEG.
T15PEG 406.3 DEG.C
T16REGX¥#X¥¥ DEG.
T17REG 357.7 DEG.
TI3REG 381.5 DEG.
T19REG 254%.3 DEG.
TO3HED 221.0 DEG.

T19REG 256.9

599
SURFACE TEMPERATURE
TO1HTR 594.8 DEG.C
TO2HTR 614.9 DEG.C
TO3HTR 612.3 DEG.C
TO4HTR 6C01.6 DEG.C
TOSHTR 607.2 DEG.C
TO6HTR 589.3 DEG.C
TG7HTR 583.C DEG.C
TC8HTR 604.1 DEG.C
TOSHTR 622.C DEG.C
T10HTR 550.5 DEG.C
TI1HTIR 601.0 DEG.C
T12HTR 607.2 DEG.C
T13REG 563.8 DEG.C
T14REG 52%.8 DEG.C
T15REG 404.5 DEG.C
TL6REG*¥¥XXX DEG.C
T17REG 364.9 DEG.C
T18REG 378.5 DEG.C
T19REG 254.0 DEG.C
TO3HED 248.6 DEG.C
600

SURFACE TEMPERATURE
TCIHTIR 599.6 DEG.C
TO2HIR 617.4 DEG.C
TO3HTR 617.2 DEG.C
TO4HTR 603.1 DEG.C
TOS5HTR 610.3 DEG.C
TOSHTR 592.9 DEG.C
TO7HTIR 584.0 DEG.C
TOEHTR 606.1 DEG.C
TO9HTR 625.6 DEG.C
TI10HTR 550.1 DEG.C
T11HTR 603.6 DEG.C
T12HTR 609.% DEG.C
TI3REG 564.7 DEG.C
T14REG 530.9 DEG.C
TISREG 405.9 DEG.C
T16REG*#*¥¥¥% DEG C
T17REG 368.4 DEG.C
T18REG 381.4 DEG.C
[o}

[of

TO3HED 276.8

DEG.
DEG.




HEAT TO DASHPQOT COOLING

FLODP 4,12 L/MIN
TWINDP 17.1 DEG.C
TDLDP 2.55 DEG.C
TWODPR 20.2 DEG.C

HEAT TO COOLER

FLOCLR 4.13 L/MIN
TWINCL 25.1 DEG.C
TDLCL $.03 DEG.C
TWOCLR 34%4.11 DEG.C

HEAT TO DASHPOT COOLING
F

LODP 4.10 L/MIN
TWINDP 17.3 DEG.C
TDLDP 2.94 DEG.C
TWODPR 20.9 DEG.C

EAT TO COOLER

FLOCLR 4.17 L/MIN
TWINCL 25.2 DEG.C
TDLCL 9.63 DEG.C

TWOCLR 34.80 DEG.C

naASE LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

FLUID HELIUM

NASA LEWIS SENSITIVITY TEST DATA RE 1000

s bt bt
AN D IS ORI

bt bt et e

NASA LEWIS SENSITIVITY TEST DATA RE 1000

ANTDUNHO OO DWUWN -

= e et

FLUID HELIUM

EAT TO DASHPQT COQOLING

FLODP 3.96 L/MIN
TWINDP 17.7 DEG.C
TDLDP 1 15 DEG.C
TWODPR 12.6 DEG.C
{EAT TO COOLER
FLOCLR 4.22 L/MIN
THWINCL 24,7 DEG.C
TDLCL 6.47 DEG.C
TWOCLR 29.47 DEG.C

000U DA

e
N b

13

APPENDIX C.

BAROM 14.268 PSI REGENERATOR 2

PCWER IN

AMPS1 7642, BAMPS
AMPS2  627. AMPS
VOLTG 2.98 VOLTS

CALCULATED PRRAMETERS

PWRIN 4080. WATTS
RCOOLR 2589. HATTS
QDSHPT 730. WATTS
EXTEFF 26.4 %
TAVHTR 599%.2 DEG.C
INTEFF 29.4 %

ANMES 1369%9. AMPS
QDISPG 3. RWATTS
QDISP 14, WATTS
QREG 102. WATIS
QREG2 120. HWATIS
QREG3 36, WITTS
PFP 537.5 KPA/CM
PFD 188.0 KPA/CM

NBEALE 0.00843

BAROM 14.268 PSI REGENERATOR 2 DISPLACER 1

POWER IN

AMPSL 776. AMPS
AMP32 651. AMPS
VOLTG 3.11 VOLTS

CALCULATED PARAMETERS

PWRIN 4433. WATTS
QCOOLR 2789. WATTS
QDSHPT 840. WATTS
EXTEFF 27.4 %
TAVHTR 599.3 DEG.C
INTEFF 30.4 %

AMPS 1427, AMPS
QDISPG 3. WATTS
QDISP 14, WATTS
QREG1 106. WATTS
QREG2 121. WATTS
QREG3 34, WATTS
PFP 1019.5 KPA/CH
PFD 362.7 KPA/CM

NBEALE 0.00875

BAROM 14.303 PSI REGENERATOR 1

POWER IN
AMPS1 534. AMPS
EMPS2 503. AMPS
VOLTIG 2.25 VOLTS

CALCULATED PARAMETERS

PWURIN 2338. MWATTS
RCOOLR 1892. WATTIS
QRDSHPT 317. WATIS
EXTEFF 22.7 %
TAVHTIR 599%9.6 DEG.C
INTEFF 21.9 %

AMP3 1037. AMPS
QDISPG 3. WATTS
QDISP 15. WATTS
QREG1 119. WATTS
QREG2 118. WATTS
QPEG3 37, WATTS
PFrPp 1029.1 KPA/CM
PFD 353.7 KPRsCM

NBEARLE 0.00544%

- CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1
ENGINE CHARGE PRESSURE

PRESUFP 7134. KPA

MEANBP 6983. KPA

MEANCP 7021. KPA
VIBRATION

VX1HOR 0.5 CMsS
VYIVER 7.8 CM/S

PHASE ANGLES
PEDISP 57.1 DEG.
PAPRES -22.5 DEG.

ENGINE SPEED
FREQ 29.9 HZ

FREE PISTON STIRLING ENGIKE TEST D003,

ENGINE CHARGE PRESSURE

PRESUFP 7482. KPA

MEANBP 7013. KPA

MEANCP 7056. KPA
VIBRATION

VX1HOR 0.5 CM/S
VYIVER 8.5 Cr/s

PHASE ANGLES
PADISP 57.1 DEG.
PAPRES -21.6 DEG.

ENGINE SPEED
FREQ 29.9% HZ

DISPLACER 1
ENGINE CHARGE PRESSURE

PRESUP 7365. KPA

MEANRP 7011, KPA

MEANCP 7040. KPA
VIBRATION

VX1HOR 0.2 CM/S
VYLVER 5.9 CM/S

PHASE ANGLES

PADISP 56.0 DEG.

PAPRES -19.8 DEG.
ENGINE SPEED

FREQ 30.2 HZ

STANDARD PISTON

GAS TEMPERATURES

TGEXP 557.6 DEG.C

TGREGH 543.3 DEG.C
TGREGC 101.9% DEG.C
TGCOMP  57.1 DEG.C
TGBCUN 34.1 DEG.C

REMOTE CALCULATIONS
FWROUT 1077. WATIS
INDPWR 1125. WATTS
PISTST 2.38 CM
DISPST 2.65 CH

DYNAMIC CALCULATIONS
PAIPC  546. KPA
DISPCP 2.05 CM
PISTCP 2.56 CM
DDLCLR¥XX X%
PDLREGX¥¥%¥x%
PDLDISXX% ¥

STANDARD PISTON

GAS TEMPERATURES
TGEXP 554.8 DEG.C

TGREGH
TGREGC
TGCOMP
TGBOUN

547.0 DEG.C
101.9 DEG.C
61.6 DEG.C
36.9 DEG.C

REMOTE CALCULATIONS
PWROUT 1216. WATTS
INDPWR 1262. WATTS
PISTST 2.58 CM
DISPST 2.72 CM

DYNAMIC CALCULATIONS
PAMPC 1127. KPA
DISPCP 2.11 CM
PISTCP 2.64 CM
PDYNDBX*X%X% Kpp
PDLCLR¥*¥X*%* KPR
PDLREGX¥¥XXX KPR
PDLDIS¥*¥X%X KPA

STANDARD PISTON

GAS TEMPERATURES
TGEXP 567.8 DEG.C

TGREGH 564.5 DEG.C
TGREGC 90.7 DEG.C
TGCOMP 39.9 DEG.C
TGBOUN 27.9 DEG.C

REMOTE CALCULATIONS

PWROUT 532. WATTS
INDPWR 570. WATTS
PISTST 1.80 CM
DISPST 1.83 CM
DYNAMIC -CALCULATIONS
PAMPC 792. KPR
DISPCP 2.13 CM
PISTCP 2.31 CM
PDYNDB**%%¥X KPR
PDLCLR 3.22 KPA
PDLREG 37.33 KPA
PDLDIS 65.16 KPA

REC 11/17,83 10:12:06.78 PRDG

SURFACE
TO1HIR
TOZHTR
TOSHIR
TO4HTR
TOS5HTR
TCOGHTIR
TO7HTR
TCBHTIR
TOSHTR
TICHTR
TI1IHTR
T12HTR

T13RE
T14REG
T152EG

T1EREG¥E%¥X5

T17REG
T18REG
T192EG

TO3IHED

REC 11717,83 10:17:21.80 RDG
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TEMPERATURES
598.3
615.7
616.
599.
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FREE PISTON STIRLING ENGINE TEST D003, REC 07/26-/84 15:35:55.03 RDG 1006

602
SURFACE TEMPERATURES
TOIHTR 609.3 DEG.C
TO2HTR 609.9 DEG.C
TO3HTR 619.7 DEG.C
TO4HTR 594.8 DEG.C
TOSHTR 604.4% DEG.C
TO6HTR 602.3 DEG.C
TO7HTR 573.2 DEG.C
TO8HTR €6€05.9 DEG.C
TO9HTR 619.2 DEG.C
TI0HTR 546.2 DEG.C
TI11HTR 603.4 DEG.C
T12HTR 603.9 DEG.C
TI13REG 553.7 DEG.C
T14REG 514.8 DEG.C
TI5REG 376.7 DEG.C
T16REG**%¥¥% DEG,C
T17REG 355.8 DEG.C
T18REG 366.0 DEG.C
T1SPEG 235.5 DEG.C
TO3HED 293.5 DEG.C
SURFACE TEMPERATURES
TO1HTR 601.6 DEG.C
TO2HTR 605.5 DEG.C
TO3HTR 612.6 DEG.C
TO04HTR 606.4 DEG.C
TOSHTR 614.3 DEG.C
TO6HTR 606.3 DEG.C
TO7HTR 604.5 DEG.C
TOBHTR 584.1 DEG.C
TO9HTR 608.8 DEG.C
T10HTR 591.% DEG.C
TI11HTR 578.7 DEG.C
T12HTR 580.2 DEG.C
T1IREG**¥XXX DEG.C
TI4REG 518.3 DEG.C
T15REG 384.4% DEG.C
T16REG 386.7 DEG.C
T17REG 376.6 DEG.C
T18REG 372.8 DEG.C
T19REG 225.5 DEG.C
TO3IHED*¥%X%X¥X DEG.C




APPENDIX C. - CONTINUED.
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 15:40:22.06 RDG 1007

FLUID HELIUM
EAT TO DASHPOT COQLIMNG

BAROM 14.303 PSI REGENERATOR 1
FOWER 1IN

DISPLACER 1 STANDARD PISTON

ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES

FLCDP 3.94 L/MIN WS 571, AMPS PRESUP 7469. KPA TGEXP 564.8 DEG.C TOLHTR 602.6 DEG.C
AliFS2  533. AMPS TO2HTR 605.0 DEG.C
TWINDP 17.8 DEG.C VOLIG 2.40 VOLTS MEANBP 6982. KPA TGREGH 563.7 DEG.C TO3HTR 613.7 DEG.C
TDLDP 1.42 DEG.C MEANCP 7013. KPA TGREGC 92.6 DEG.C TO04HTR 605.5 DEG.C
TWODPR  19.8 BEG.C TGCOMP 42.0 DEG.C TOSHTR 615.7 DEG.C
TGBOUN 29.0 DEG.C TO6HTR 687.1 DEG.C
TO7HTR 605.4 DEG.C
TOBHTR 583.8 DFEG.C
TO9HTR 609.7 DEG.C
HEAT TO CCOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 590.4 DEG.C
FLOCLR 4.24 L/MIN 1 PWRIN 2648. WRATTS VX1HOR 0.3 CM/S FWROUT 622. WATTS T11HTR 577.8 DEG.C
TWINCL 24.7 DEG.C 2 QCOOLR 2004. WATTS VYLVER 6.6 CM/S INDPWR 665, WATTS T12HTR 577.7 DEG.C
TDLCL 6.82 DEG.C 3 QDSHPT 3%0. WATTS PISTST 2.01 CM
THOCLR 29.95 DEG.C 4 EXTEFF 23.5 % PHASE ANGLES DISPST 1.%7 CM
5 TAVHTR 599.5 DEG.C PADISP 56.6 DEG. T13REGX*¥¥¥¥% DEG.C
6 INTEFF 23.7 % PAFRES -18.9 DEG. DYNAMIC CALCULATIONS T14REG 517.9 DEG.C
8 AUPS 1104, AMPS PAMPC 881. KPA T15REG 385.7 DEG.C
% QDISPG 3. HATTS ENGINE SPEED DISPCP 2.24 CM T16REG 388.3 DEG.C
10 QDISP 15. WATTS FREQ 30.2 HZ PISTCP 2.34 CM T17REG 377.9 DEG.C
11 QREG1 118. WATTS PDYNDB¥X*Xx ¢pa T18REG 373.3 DEG.C
12 QREG2 117. WATTS PDLCLR 3.73 KPA T19REG 228.0 DEG.C
13 QREG3 36. WATIS PDLREG 42.43 KPR
14 PFP 1018.7 KPA/CM PDLDIS 73.65 KPA TOSHED*¥¥¥%% DEG.C
1% PFD 345.8 KPA/CHM
16 NBEALE 0.00573

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 15:46:40.06 RDG 1008

FLUID HELIUM BAPOM 14.303 PSY REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHECUT CCOLING PCUWER IN ENGIMNE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.94 L/MIN AMPS1  604. AMPS PRESUP 7055. KPA TGEXP 562.6 DEG.C TO1HTR 603.8 DEG.C
ANMPS2  557. AMPS TOZHTR 604.7 DEG.C
TWINDP 17.8 DEG.C VOLIG 2.53 VOLIS MEANBP 6988. KPA TGREGH 563.2 DEG.C TO3HTR 615.3 DEG.C
TDLDP 1.72 DEG.C MEENCP 7023. KPA TGREGC $4.9 DEG.C TO4HTR 605.1 DEG.C
TWODPR 20.2 DEG.C TGCOMP 45.4 DEG.C TOSHTR 617.5 DEG.C
TGBOUN 30.6 DEG.C TO6HTR 608.2 DEG.C
TQ7HTR 606.3 DEG.C .
TQBHTR 584.0 DEG.C
TOSHTR 610.7 DEG.C
JKAT TO COOLER CRLCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TI1GHTR 589.5 DEG.C
FLOCLE 4.23 L/MIN 1 PWRIM 2930. WATTS VX1HOR 0.3 CM/S PWROUT 703. MWATTS T11HTR 577.5 DEG.C
TWINCL, 26.7 DEG.C 2 QCOOLR 2233. WATTS VYIVER 7.2 CM/S INDPWR 753. WATTS T12KTR 576.1 DEG.C
TDLCL 7.61 DEG.C 3 QDSHPT 470. WATTS PISTIST 2.20 CM
TWCCLR 30.73 DEG.C 4 EXTEFF 24.0 % PHASE ENGLES DISPST 2.09 CM
5 TRVHIR 5%99.9 DEG.C PADISP 56.7 IEG. TI3REG¥¥%¥X DEG.C
6 INTEFF 23.9 % PAFRES -17.7 }EG. DUNAMIC CALCULATIONS T14REG 518.7 DEG.U
8 AMP3 1160. AMPS PAMPC 979. KPA T15REG 388.8 DEG.C
9 QDISPG 3. UWATTS ENGI {E <PELED DISPCP 2.27 CM T16REG 389.2 DEG.C
10 QDISP 15. WATTS FREQ 30.2 HZ PISTCP 2.34 CM T17REG 380.1 DEG.C
11 QREG1 117. HATTS PDYNDBX*¥X¥x KPR T18REG 376.6 DEG.C
12 QREG2 115. WATTS PDLCLR 4.07 KPA T19REG 232.8 DEG.C
13 QREG3 36. WATIS PDLREG 47.86 KPA
14 Prp 1025.2 KPA/CM PDLDIS 82.13 KPA TOIHED¥*¥XX¥ DEG.C
15 PFD 339.6 KPA/CH
16 NBEALE 0.00589

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07,/26,84 15:50:22.06 RDG 1009

FLUID HELIUM BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DARSHPOT COQLING PCUER TH ENGINE CHRRGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.97 L/MIN AMPSL 637, AMPS PRESUP 7339. KPA TGEXP 561.2 DEG.C TOLHTR 602.1 DEG.C
AMPS2  585. AMPS TO02HTR 608.6 DEG.C
TWINDP 1/.8 DEG.C VOLIG 2.66 VOLTS MEANBP 6999. KPA TGREGH 558.0 DEG.C TO3HTR 616.2 DEG.C
TDLDP 1.97 DEG.C MEANCP 7036. KPA TGREGC 94.3 DEG.C TO04HTR 604.3 DEG.C
TWODPR  20.5 DEG.C TGCOMP 48.5 DEG.C TOSHTR 620.1 DEG.C
TGBOQUN 32.1 DEG.C TO6HTR 611.6 DEG.C
TO7HTIR 616.2 DEG.C
TO8HTR 58l.4 DEG.C
TOSHTR 609.4 DEG.C
KREAT TO COQLER CALCULATED PRRAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 588.8 DEG.C
FLOCLR 4.23 L/MIN 1 PWRIN 3253. WATTS VX1HOR 0.3 CM/S PWROUT 794. WATTS T11HTR 573.6 DEG.C
TWINCL 24.7 DEG.C 2 QCOOLR 2505. WATIS VY1IVER 7.9 CM/S TINDPWR 856. WATTS T12HTR 577.0 DEG.C
TDLCL 8.53 DEG.C 3 QDSHET 545. WATTS PISTST 2.40 CM
TWOCLR 31.51 DEG.C 4 EXTEFF 24.4 % PHASE ANGLES DISPST 2.22 CM
5 TAVHTR 600.3 DEG.C PADISP 57.1 DEG. T13REG*¥¥¥¥XX DEG.C
6 INTEFF 24.1 % PAPRES -16.5 DEG. DYNAMIC CALCULATIONS T14REG 517.8 DEG.C
8 AMFS 1222. AMPS PAMPC 1063. KPA TIS5REG 384.9 DEG.C
9 QLISPG 3. WATTS ENGINE SPEED DISPCP 2.37 CM T16REG 378.4 DEG.C
10 QDISP 15. WRTTS FREQ 30.2 HZ PISTCP 2.38 CM T17REG 364.0 DEG.C
11 QREGIL 108. WATTS PDYNDB*¥¥X%¥% KPR TI8REG 364.0 DEG.C
12 QREG2 125. WATTS PDLCLR 5.43 KPA TI1YREG 231.2 DEG.C
13 QREG3 36 . WATTS PDLREG 52.95 KPA
14 PFP 1012.0 KPA/CM PDLDIS 90.28 KPA TO3IHEDX¥¥%X%%X DEG.C
15 PFD 326.2 KPA/CH
16 NBEALE 0.00609

38




APPENDIX C. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 97/26-84 15:55:25.06 RDG 1010

FLUID HELIUM BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

FEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.96 L/MIN AMPS1 673. AMPS PRESUP 7464. KPA TGEXP 557.5 DEG.C TO1HTR 598.1 DEG.C
AMPS2 619. AMPS TG2HTR 610.5 DEG.C
TWINDP 17.8 DEG.C VOLTG 2.82 VOLTS MEANBP 6988. KPA TGREGH 548.5 DEG.C TO3HIR 614.9 DEG.C
TDLDF 2.21 DEG.C MEANCP 7032. KPA TGREGC 90.7 DEG.C TO4HTR 601.4 DEG.C
TWODFR 20.8 DEG.C TGCOMP 55.7 DEG.C TOS5HTR 621.1 DEG.C
TGBOUN 33.4 DEG.C TO6HTR 613.8 DEG.C
TG7HIR 611.9 DEG.C
TOBHTR 576 .7 DEG.C
TO9HTR 605.4 DEG.C
JEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 586 .4 DEG.C
FLOCLR 4.22 L/MIN 1 PWRIN 3643. WATTIS VX1HOR 0.4 CM/S PWROUT 866. WATITS T11HTR 567.1 DEG.C
TWINCL 24.8 DEG.C 2 QCOCOLR 2736. WATTS VY1VER 8.5 CM/S THDFWR 939. MWATITS T12HTR 576.9 DEG.C
TDLCL 9.34 DEG.C 3 QDSHPT 607. UWATTS PISTST 2.60 CM
TWCCLR 32.52 DEG.C 4 EATEFF 23.8 % PHASE ERNGLES DISPST 2.34 CM
5 TAVHTIR 598.6 DEG.C PADISP 57.5 DEG. T13REGXX¥X%X DEG.C
6 INTEFF 24.0 7% PAPRES -15.7 DEG. DYNAMIC CALCULATIONS T14REG 510.3 DEG.C
8 AlNES 12%2. AMPS PAMPC 1147. KPA T15REG 368.0 DEG.C
9 QDISPG 3. HATTS ENGINE SPEED DISPCP 2.37 CM T16REG 350.7 DEG.C
10 QDISP 14. HATIS FREQ 30.1 HZ PISTCP 2.33 CHM T17REG 331.5 DEG.C
11 QREGL 96 . WATTS PDYNDRBMX¥XX¥ KPR T18REG 338.9 DEG.C
12 QREG2 139. WATTS PDLCLR 6.79 KPA T19REG 221.0 DEG.C
13 QREG3 35. MHATTS PDLREG 55.66 KPA
14 PFP 1002.8 KPA/CM PDLDIS 95.71 KPA TO3IHED**%%%X DEG.C
15 PFD 314.1 KPA/CM
16 NBEALE 0.00617

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84% 16:00:55.09 RDG 1011

FLUID HELIUM BAPOM 14.303 PST REGENERATOR 1 DISPLACER 1 STANDARD PISTON

FEAT TO DASHPOT COOLING POUER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.93 L/MIN AMPS1 702. AMPS FPRESUP 7063. KPA TGEXP 555.5 DEG.C TO1HTR 598.9% DEG.C
AMPS2 653. AMPS TO02HTR 612.9 DEG.C
TWINDP 17.8 DEG.C VOLTG 2.98 VOLTS MEANBP 6987. KPA TGREGH 545.4 DEG.C TO3HTR 617.1 DEG.C
TDLDP 2.67 DEG.C MEAHCP 7034. KPA TGREGC 9%92.1 DEG.C TO04HTR 602.4 DEG.C
THODPR 21.2 DEG.C TGCOMP 61.1 DEG.C TO5HTR 624.1 DEG.C
TGBOUN 35.8 DEG.C TO6HTR 616.0 DEG.C
’ TO7HTR 614.9 DEG.C
TOBHTR 576.4 DEG.C
TOYHTR 606.9 DEG.C
{EAT TC COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULRTIONS T10HTR 586.4 DEG.C
FLOCLR 4.23 L/MIN 1 PHURIN 4038. WATTS VX1HOR 0.4 CM/S PWROUT 955. WATTS T11HTR 566.2 DEG.C
TWINCL 24.9 DEG.C 2 QCOOLR 3032. WATTS VYIVER 9.2 CM/S INDPWR 1030. WATTS T12HTR 577.3 DEG.C
TDLCL 108.32 DEG.C 3 QDSHPT 732. WATTS PISTST 2.80 CM
TWOCLR 33.65 DEG.C 4 EXTEFF 23.7 % PHASE ANGLES DISPST 2.45 CM
5 TAVHTR 600.6 DEG.C PADISP 57.5 LEG. T13REG¥¥¥%X% DEG.C
6 INTEFF 24.0 % PAPRES -15.2 DEG. DYNAMIC CALCULATIONS T14REG 506 .8 DEG.C
8 AMPS 1355. AMPS PAMPC 1250. KPA TIS5REG 359.0 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.36 CH T16REG 339.8 DEG.C
10 QDISP 14, WATTS FREQ 30.1 HZ PISTCP 2.29 CM T17REG 317.8 DEG.C
11 QREG] 90. WETTS PDYNDB¥XX¥%X% KPR T18REG 326.8 DEG.C
12 QREGZ 146. WATTS PDLCLR 8.82 KPA TI9REG 216.2 DEG.C
13 QREG3 35. WATTS PDLREG 60.4]1 KPA
14 PFP 1410.0 KPAsCM PDLDIS103.52 KPA TO3HED**¥¥¥%% DEG.C

15 PFD 317.9 KPAs/CM
16 NRBEALE 0.00631

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/8% 16:03:22.09 RDG 1012

FLUID HELIUM BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

EAT TO DASHPOT COOQLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 1.93 L/MIN AMFS1 742. BAMPS PRESUP 7066. KPA TGEXP 552.5 DEG.C TOL1HTR 598.1 DEG.C
AMPS2 683. AMPS TO2HTR 613.6 DEG.C
TWINDP 17.9 DEG.C VOLTG 3.13 VOLTS MEANBP 7000. KPA TGREGH 540.3 DEG.C TO3HTR 617.4 DEG.C
TDLDP 2.89 DEG.C MEANCP 7049. KPA TGREGC 92.6 DEG.C TO4HTR 601.2 DEG.C
TWODPR 21.% DEG.C TGCOMP 65.4 DEG.C TOSHTR 625.1 DEG.C
TGBOUN 37.2 DEG.C TOSHTR 616.7 DEG.C
TO7HTR 615.6 DEG.C
TO8HTR 574.6 DEG.C
TOYHTR 606.0 DEG.C
EAT TO COCLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 585.4 DEG.C
FLOCLR 4.24 L/MIN 1 PWURIN 4467. UATTS V¥X1HQR 0.4 CM/S PUROUT 1026. WATTS T11HTR 563.2 DEG.C
THINC 2%4.9 DEG.C 2 QCOOLR 3265. WATTS VY1VER 9.8 CM/S INDPWR 1100. WARTTS T12HTR 576.1 DEG.C
THLCL 11.10 DEG.C 3 QUSHPT 791. WATTS PISTST 3.00 CM
TWOCLR 34.54 DEG.C 4 EXTEFF 23.0 % PHASE ANGLES DISPST 2.51 CHM
5 TAVHTR 599.4 DEG.C FADISP 57.6 DEG. T13REG*X*¥¥¥% DEG.C
6 INTEFF 23.9 % PRPRES ~14.0 DEG. DYNAMIC CALCULATIONS T14REG 500.1 DEG.C
8 AMPS 1426 . RMPS PAMPC 1344. KPA T15REG 346.2 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.35 CM T16REG 326.9 DEG.C
10 QDISP 14. WATTS FREQ 30.2 HZ PISTCP 2.26 CM T17REG 383.8 DEG.C
11 QREG1 85. WATTS PDYNDB**¥¥%X% KPAa T18REG 313.6 DEG.C
12 QREG2 151. WATTS PDLCLR 11.20 KPA T1SREG 208.9 DEG.C
13 QREG3 35. WATTIS PDLREG 63.81 KPA
14 PFP 1007 .4 KPA/CM PDLDIS109.97 KPA TOQ3IHED*%*¥%¥ DEG.C
15 PFD 306.5 KPA/CH

16 HBEALE 0.00631
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APPENDIX C. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 16:10:31.09 RDG 1013

FLUID HELIUM BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT COOLING POUWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.91 L/MIN AMPS1  494. AMPS PREZUP 7273. KPA TGEXP 521.6 DEG.C TO1HTR 551.8 DEG.C
AMFS2 487. AMPS TO2HTR 556.2 DEG.C
TWINDP 17.9 DEG.C VOLTG 2.14 VOLTS MEANBP 7014. KPA TGREGH 517.7 DEG.C TO3HTR 562.5 DEG.C
TDLDP 1.65 DEG.C MEANCP 7048. KPA TGREGC 88.2 DEG.C TO4HTR 556.3 DEG.C
THODPR 20.2 DEG.C TGCOMP 43.2 DEG.C TO5SHTR 565.1 DEG.C
TGBOUN 34.1 DEG.C TO6HTR 557.6 DEG.C
TQ7HTR 555.8 DEG.C
TOBHTR 535.2 DEG.C
TO9HTR 559.3 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 543.0 DEG.C
FLOCLR 4.23 L/MIN 1 PWRIN 2100. WATIS VX1HOR 0.2 CM/S PWROUT 479. WATTS T11HTR 530.5 DEG.C
TWINCIL 24.8 DEG.C 2 QCOOLR 1978. WATTS VYIVER 6.0 CM/S INDPWR 514. WATTS T12HTR 532.3 DEG.C
TDLCL 6.73 DEG.C 3 QDSHPT 649. WATTS PISTST 1.80 CM
TWOCLR 29.88 DEG.C 4 EXTEFF 22.8 % PHASE ANGLES DISPST 1.81 CM
5 TAVHTR 550.5 DEG.C PADISP 57.8 DEG. T13REGXX¥X%%% DEG.C
6 INTEFF 19.5 % PAPRES -17.6 DEG. DYNAMIC CALCULATIONS T14REG 477.8 DEG.C
8 AlPS $81. AMPS PAMPC 792. KPA T15REG 357.7 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.16 CM T16REG 359.1 DEG.C
10 QDISP 14, WATTS FREQ 30.2 HZ PISTCP 2.31 CM T17REG 348.7 DEG.C
11 QREG1 108. WATTS PDYNDBX¥X¥%* (P T18REG 346.4 DEG.C
12 QREG2 107. WATTS PDLCLR 3.05 KPA T19REG 213.1 DEG.C
13 QREG3 33. WATTS PDLREG 37.33 KPA
14 PFP 1004.7 KPA/CM PDLDIS 68.56 KPA TO3HED*X*X¥% DEG.C

15 PFD 312.6 KPAsCM
16 NBEARLE 0.00489%

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 16:15:40.12 RDG 1014

FLUID HELIUM BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.94 L/MIN AMPS1 537. AMPS PRESUP 7176. KPA TGEXP 518.2 DEG.C TO1HTR 553.9 DEG.C
AMPS2 518, AMPS TG2HTR 555.2 DEG.C
TWINDP 17.9 DEG.C VOLTG 2.30 VOLIS MEANBP 6998. KPA TGREGH 517.7 DEG.C TO03HTR 564.7 DEG.C
TDLDP 1.82 DEG.C MEENCP 7034. KPA TGREGC 89.4 DEG.C TO4HTR 556.1 DEG.C
TWODPR 20.4 DEG.C TGCOMP 44.9% DEG.C TO5HTR 566.8 DEG.C
- TGBOUN 34.7 DEG.C TO6HTR 557.4 DEG.C
TO7HTR 555.6 DEG.C
TO8HTR 536.2 DEG.C
TOYHTIR 560.4 DEG.C
HEAT TO COQLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TI0HTR 542.4 DEG.C
FLOCLR 4.22 L/MIN 1 PWRIN 2423. WATTS VX1HOR 0.3 CMs/S PWRQUT 544. WATTS T11HTR 530.3 DEG.C
THINCL 24.5 DEG.C 2 QCOOLR 2073. WATTS VY1IVER 6.6 CM.°5 INDPWR 582. WATTS T12HTR 529.9 DEG.C
TDLCL 7.07 DEG.C 3 QDSHPT 4698. WATTS PISTST 1.99 CM
TWOCLR 30.05 DEG.C 4 EXTEFF 22.4 % PHASE BNGL.ES DISPST 1.93 CM
5 TAVHTR 550.8 DEG.C PAJIS™ 58.1 DEG. T13REGX¥X%¥¥% DEG.C
6 INTEFF 20.8 % PAPRE3 -16.7 DEG. DYNAMIC CALCULATIONS T14REG 476 .5 DEG.C
& AMPS3 1054. AMPS PAMPC 871. KPA T15REG 358.2 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.33 CM T16REG 359.3 DEG.C
10 QDISP 13. WATTS FREQ 30.1 HZ PISTCP 2.31 CM T17REG 351.5 DEG.C
11 QREG1 109. WATTS PDYNDBX¥%¥%% KPR T18REG 348.9 DEG.C
12 QREG2 193. WATTS PDLCLR 3.56 KPA TI1$REG 215.1 DEG.C
13 QREG3 33. MWATTS PDLREG 42.76 KPA
14 PFP 993.7 KPA/CHM PDLDIS 74.33 KPA TOIHED**X%%X DEG.C

15 PFD 305.2 KPAs/CM
16 NBEALE 0.00505

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 67/26/84 16:20:22.12 RDG 1015

FLUID HELIUM BAROM 14.363 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DAS:HPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.10 L/MIN AMPS1 573. BRMPS PRESUP 7276. KPA TGEXP 515.3 DEG.C TO1HTR 555.3 DEG.C
AMPS2 552. AMPS TO02HTR 554.2 DEG.C
TWINDP 18.0 DEG.C VOLTG 2.45 VOLTS MEANBP 6994. KPA TGREGH 516.9 DEG.C TO3HTR 566.5 DEG.C
TDLDP 1.87 DEG.C MEANCP 7035. KPA TGREGC 91.7 DEG.C TO04HTR 555.3 DEG.C
TWODFR 20.5 DEG.C TGCOMP 46.8 DEG.C TOS5HTR 5£2.2 DEG.C
TGBOUN 34.8 DEG.C TO6HTR 557.5 DEG.C
. TO7HTR 555.6 DEG.C
TO8HTR 536.4 DEG.C
TGYHTR 561.0 DEG.C
HEAT TO COOLER CRLCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 541.8 DEG.C
FLOCLR 4.21 L/MIN 1 PWRIN 2761. WATTS VX1HOR 0.3 CM/S PWROUT 627 . WATIS T11HTR 529.2 DEG.C
TWINCL 26.4 DEG.C 2 QCOOLR 2285. WATTS VY1IVER 7.2 CM/S INDPWR 673. WATTS T12HTR 527.7 DEG.C
TDLCL 7.82 DEG.C 3 QDSHPT 534. WATTS PISTST 2.20 CM
TWOCLR 30.61 DEG.C 4 EXTEFF 22.7 % PHASE ANGLES DISPST 2.06 CHM
5 TAVHIR 550.7 DEG.C PADISP 58.1 DEG. T13REG*¥X¥X% DEG.C
6 INTEFF 21.5 % PAPRES -15.9 DEG. DYNAMIC CALCULATIONS T14REG 475.3 DEG.C
8 AMPS 1125. AMPS PAMPC $76. KPA T15REG 357.1 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.26 CM T16REG 358.8 DEG.C
10 QDISP 13. WATTS FREQ 36.1 HZ PISTICP 2.31 CM T17REG 352.5 DEG.C
11 QREG1 108. WATTS PDYNDBX*XXX%X% KPR T18REG 349.0 DEG.C
12 QREG2 102. WATTS PDLCLR 4.41 KPA T19REG 215.6 DEG.C
13 QREG3 33. WATTS PDLREG 47.86 KPA
14 PFP 1003.4 KPA/CH PDLDIS 82.13 KPA TO3IHEDX*¥XX%% DEG.C

15 PFD 304.9 KPA/CM
16 NBEALE 6.00527 40




NASA LEWIS SENSITTVTTY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.11 L/MIN
TWINDP 18.0 DEG.C
TDLDP 2.00 DEG.C
TWODPR  20.7 DEG.C
HEAT TO COOLER
FLOCLR 4.21 L/MIN
TWINCL 24.% DEG.C
TDLCL 3.46 DEG.C
TWOCLR 31.32 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.08 L/MIN
TWINDP 18.0 DEG.C
TDLDP 2.30 DEG.C
TWODPR 21.0 DEG.C

HEAT TO CCOLER

FLOCLR 4.22 L/MIN
TWINCL 24.5 DEG.C
TDLCL 9.27 DEG.C

TWOCLR 32.09 DEG.C

NASA

FLUID HELIUM

HEAT TO DASHPOT COOLING
FLCDP .06 L/sWMIN
TWINDP 18.1 DEG.C
TDLDP 2.50 DEG.C

TWODPR 21.3 DEG.C

HEAT TO COOLER

FLOCLR ¢.21 L/MIN
TWINCL 24.7 DEG.C
TDLCL 10.57 BEG.C

TWOCLR 33.52 DEG.C

PO 00N DG

OO0 N NN

10

LEWIS SENSITIVITY TEST DATA RE 1000

Pt et bt ot et ot el
AUTR UM DO 00U D LN+

BRROM 14.298 PSI REGENERATOR 1

POMER IN _
AMPS1 612. AMPS
IMPSZ  577. AMPS
VOLTG 2.59 VOLTS

CALCULATED PARAMETERS

PWRIN 3086. WATTS
QCOOLR 2470. WATTS
QDSHPT  572. WATTS
EXTEFF 22.9 %
TAV!TR 548.7 DEG.C
INTE 22.2 %
AMPS 1189. AMPS
QDISPG 3. WATTS
QDISP 13. WATTS
QREG1 100. WATTS
QREG2Z2 109. WATTS
RREG3 32. HWATTS
PFP 996.6 KPA/CM
PFD 289.2 KPA/CM

NBEALE 0.80562

BAROM 14.298 PSI REGENERATOR 1

POWER IN
AMPS1 645. AMPS
AMPS2 608. AMPS

VOLTG 2.73 VOLTS

CALCULATED PARANETERS

PWRIN 3424. WAT
QCOCLR 2713. kATTu
QDSHPT 651. WATTS
EXTEFF 22.7 %
TRVHTIR 549.6 DEG.C
INTEFF 22.2 %
AMPS 1253. AMPS
RDISPG 3. WATTS
QDISP 13. WATTS
QREG1 93. WATTS
QREG2 116. WATTS
QREG3 32. WATTS
PFP 1003.3 KPA/CM

PFD 289.5 KPA/CM
NBEALE 0.00549

BAROM 14.298 PSI REGENERATOR 1

POWER IN
AMPS1 695, AMPS
AMPS2 646. AMPS
VOLTG 2.93 VOLTS

CALCULATED PARAMETEPS

PURIN 3924. WATT
QCCOLR 3992. NATTS
QDSHPT 707. WATTS
EXTEFF 21.6 %
TAVHTR 549.4 DEG.C
INTEFF 21.5 %

AMPS 1341. AMPS
QDISPG 3. WATTS
QDISP 13. WATTS
QREG1 81l. WATTS
QREG2 133. WATTS
QREG3 32. WATTS
PFP 996.2 KPA/CM
PFD 282.7 KPA/CHM
NBEALE 0.00559

APPENDIX C.

~ CONTINUED.

DISPLACER 1
ENGINE CHARGE PRESSURE

PRESUP 7122. KPA

MERNBP 6992. KPA

MEANCP 7037. KPA
VIBRATION

VX1HOR 0.4 CM/S
VY1VER 7.9 CM/S

PHASE ANGLES
PADISP 58.% DEG.
PAPRES -14.7 DEG.

ENGINE SPEED
FREQ 30.1 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7187. KPA

MEANBP KPA
MEANCP KPA

7011.
7062.

VIBRATION
VZ1HOR 0.4 C 3
VYIVER 5.5 Cli/S

PHASE ANGLES
PADISP 58.8 DEG.
PAPRES -14.1 DEG.

ENGINE SPEED
FREQ 30.2 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7360. KPA

MEANBP
MEANCP

7004.
7057.

KPA
KPA

VIBRATION
VX1HOR 0.4 CM/S
VY1VER 9.2 CM/S

PHASE ANGLES
PADISP 58.8 DEG.
PAPRES -13.4 DEG.

ENGINE SPEED
FREQ 30.1 HZ

41

STANDARD PISTON

GAS TEMPERATURES
TGEXP 511.8 DEG.C

TGREGH 510.2 DEG.C
TGREGC 92.2 DEG.C
TGCOMP 49%9.6 DEG.C
TGBOUN 35.4 DEG.C

REMOTE CALCULATIONS
PWROUT 706. MWATTS
INDPWR 764. WATTS
PISTIST 2.41 N
DISPST 2.20 CM

DYNAMIC CALCULATIONS
PAMPC 1068. KPA
DISPCP 2.40 CM
PISTCP 2.38 CM
PDYNDB*¥XX%¥ KPA
PDLCLR 5.60 KPA
PDLREG 52.95 KPA
PDLDIS 91.98 KPA

STANDARD PISTON

GAS TEMPERATURES
TGEXP 510.7 DEG.C

TGREGH 507 .3 DEG.C

TGREGC 92.3 DEG.C
TGCOMP 53.4 DEG.C
TGBOUN 36.2 DEG.C

REMCTE CALCULATIONS
PWROUT 776. WATTS
INDPWR 846. WATITS
PISTST 2.60 CM
DISPST 2.30 €M

DYNARMIC CALCULATIONS
PAMPC 1166. KP
DISPCP 2.35 CN
PISTCP 2.35 CM
PDYNDB**%%%X KPR
PDLCLR 6.79% KPA
PDLREG 57.70 KPA
PDLDIS 98.77 KPA

STANDARD PISTON

GAS TEMPERATURES
TGEXP 507.8 DEG.C

TGREGH 498.0 DEG.C

TGREGC 88.8 DEG.C
TGCOMP 62.1 DEG.C
TGBOUN 37.6 DEG.C

REMOTE CALCULATIONS
PWROUT 849. WATIS
INDPWR 917. WATTS
PISTST 2.81 CM
DISPST 2.41 CM

DYNAMIC CALCULATIONS
PAMPC 1255. KPA
DISPCP 2.37 CM
PISTCP 2.27 CM .
PDYNDBX*X%*X%% KPA
PDLCLR 9.33 KPA
PDLREG 61.43 KPA
PDLDIS105.89 KPA

FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 16:25:22.12 RDG 1016

SURFACE TEMPERATURE
TO1HTR 551.1 DEG.C
TO02HTR 555.6 DEG.C
TO3HTR 564.6 DEG.C
TO4HTR 552.4 DEG.C
TO5HTR 568.3 DEG.C
TO6HTR 558.7 DEG.C
TO7HTR 557.3 DEG.C
TO8HTR 531.3 DEG.C
TO9HTR 557.6 DEG.C
T10HTR 538.2 DEG.C
T11HTR 523.3 DEG.C
T12HTR 526.2 DEG.C
T13REGX¥¥¥%% DEG.C
T14REG 473.9 DEG.C
T15REG 355.5% DEG.C
T16REG 351.6 DEG.C
T17REG 340.8 DEG.C
T18REG 339.3 DEG.C
T19REG 216.2 DEG.C
TOIHED**%¥%* DEG.C

REC 07/26/8% 16:30:25.12 RDG 1017

REC 07/26/84 16:35:25.12 RDG 1018

SURFACE TEMPERATURES
TO1HTR 550.9 DEG.C
T02HTR 558.5 DEG.C
TO3IHTR 565.8 DEG.C
TO4HTR 553.1 DEG.C
TO5HTR 570.6 DEG.C
TO6HTR 561.8 DEG.C
TO7HTR 560.5% DEG.C
TO8HTR 530.1 DEG.C
TO9HTIR 558.1 DEG.C
I'10HTR 537.8 DEG.C
T11HTR 521.5 DEG.C
T12HTR 526.8 DEG.C
T13REGX*¥¥¥%* DEG.C
T14REG 473.2 DEG.C
T15REG 352.3 DEG.C
T16REG 343.8 DEG.C
T17REG 330.4 DEG.C
T18REG 330.0 DEG.C
T19REG 215.2 DEG.C
TO3IHED**%¥%¥% DEG.C

SURFACE TEMPERATURES
TOLHTR 548.6 DEG.C
TO2HTR 561.7 DEG.C
TO3IHTR 566.]1 DEG.C
TO4HTR 551.9 DEG.C
TQ5HTR 573.0 DEG.C
TO6HTR 564.2 DEG.C
TQ7HTR 563.3 DEG.C
TO8HTR 526.9 DEG.C
TOYHTR 555.9 DEG.C
T10HTR 536.9 DEG.C
T11HTR 516.2 DEG.C
T12HTR 527.6 DEG.C
T13REG**¥¥%¥ DEG.C
T14REG 462.5 DEG.C
T15REG 327.1 DEG.C
T16REG 310.0 DEG.C
T17REG 291.2 DEG.C
T18REG 299.0 DEG.C
T19REG 199.2 DEG.C
TOIHED**¥%%% DEG.C




APPENDIX €. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07,/26/84% 16:40:06.12 RDG 1019

FLUID HELTIUM BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGIKRE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.05 L/MIN AMP31 736. AMPS PRESUP 7090. KPA TGEXP 503.9 DEG.C TO1HTR 547.6 DEG.C
AMPS2 683, AMPS TO2HTR 564.3 DEG.C
TWINDP 18.1 DEG.C VOLTG 3.10 VOLTS MEANBP 6994. KPA TGREGH 489.9 DEG.C TO3HTR 566.9 DEG.C
TULDP 2.77 DEG.C MEANCP 7048. KPA TGREGC 89.2 DEG.C TO04HTR 551.2 DEG.C
TRODPR 21.5 DEG.C TGCOMP 68.3 DEG.C TOSHTR 575.0 DEG.C
TGBOUN 38.9 DEG.C TO6HTR 566.1 DEG.C
TO7HTR 565.2 DEG.C
TO8HTR 525.0 DEG.C
TQYHTR 554.6 DEG.C
HEAT TO COOQLER CALCULATED PRRAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 536.6 DEG.C
FLOCLR 4.26 L/MIN 1 PWRIN 4402. WATTS VX1HOR 0.4 CM/S PWROUT 864. WATTS T11HTR 512.7 DEG.C
TWINCL 24.9 DEG.C 2 QCCOLR 3442. WATTS VY1VER 9.8 CH/S INDFWR 927. WATTS T12HTR 528.0 DEG.C
TDLCL 11.64 DEG.C 3 QDSHPT 781. WATTS PISTST 2.99 CM
THUOCLR 34.96 DEG.C 4 EATEFF 19.6 % PHASE ANGLES DISPST 2.42 CM
5 TAVHTR 549.4 DEG.C PADISP 58.5 DEG. T13IREG*¥¥X¥% DEG.C
6 INTEFF 28.1 % PRPRES -11.9 DEG. DYNAMIC CALCULATIONS T14REG 451.1 DEG.C
8 RMP3 1¢19. AMPS PAMPC 1323. KP T15REG 305.2 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.66 CN T16REG 286.6 DEG.C
10 QDISP 12. WATTS FREQ 30.1 HZ PISTCP 2.26 CM T17REG 265.2 DEG.C
11 QREGIL 72. WATIS PDYNDB¥¥%¥XX KPR T18REG 275.5 DEG.C
12 QREG2 142. WATTS PDLCLR 12.22 KPA T19REG 186.9 DEG.C
13 QREG3 31. WATTS PDLREG 62.45 KPA
14 PFP 979.1 KPA/CHM PDLDIS109.97 KPA TOSHEDX*%¥¥¥ DEG.C
15 PFD 264.0 KPA/CM
16 NBEALE 0.00536

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07,/27/84 10:37:22.48 RDG 1020

FLUID HELIUM BAROM 14.327 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.78 L/MIN AMPS1 522. AMPS PRESUP 7382. KPA TGEXP 472.1 DEG.C TO1HTR 501.1 DEG.C
AMPS2 485. AMPS TO2HTR 506.4 DEG.C
TWINDP 16.6 DEG.C VOLTG 2.16 VOLTS MEANBP 7010. KPA TGREGH 468.4 DEG.C TO3HTR 512.4 DEG.C
TDLDP 0.82 DEG.C MEANCP 7045. KPA TGREGC 83.7 DEG.C TO4HTR 506.2 DEG.C
TWODPR 18.0 DEG.C TGCOMP 40.0 DEG.C TOSHTR 514.6 DEG.C
TGBOUN 27.2 DEG.C TO6HTR 506.6 DEG.C
TO7HTR 505.1 DEG.C
TO8HTR 434%.9% DEG.C
TO3HTR 507.6 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T1O0HTR 493.2 DEG.C
FLOCLR 4.20 L/MIN 1 PWURIN 2178. WATIS VXLHO®R 3.3 CM/S PWROUT 449. WATTS T11HTR 6478.8 DEG.C
THWINCL 25.1 DEG.C 2 QCOOLR 1961. WATTS VYLVE+ 5.9 Cli/S INDPWR 483. WATTS T12HTR 482.1 DEG.C
TDLCL *¥¥¥¥% DEG.C 3 QDSHPT 271. WATTS PISTST 1.80 CM
TWOCLR 29.47 DEG.C 4 EXTEFF 20.6 % PHASE ANGLES DISPST 1.81 CM
5 TAVHTR 499.9 DEG.C PADISP 59.5 DEG. T13REGX*X%¥%% DEG.C
6 INTEFF 18.6 % PAPRES -16.5 DEG. DYNAMIC CALCULATIONS T14REG 433.2 DEG.C
3 AMPS 1007. RAMPS PAMPC 817. KP T15REG 326.1 DEG.C
9 ADISPG 2. WATTS ENGINE SPEED DISPCP 2.15 CN T16REG 325.7 DEG.C
10 QDISP 12. WATTS FREQ 30.2 HZ PISTCP 2.26 CM T17REG 317.1 DEG.C
11 QREG1 97. WATTS PDYNDBX¥X¥X¥¥ KPA T18REG 315.9 DEG.C
12 QREG2 95. WATTS PDLCLR 3.39 KPA T19REG 196.0 DEG.C
13 QREG3 30. WATTS PDLREG 37.67 KPA
14 PFP 1022.1 KPR/CM PDLDIS 67.20 KPA TOIHED**¥%%% DEG.C
15 PFD 297.2 KPA/CM

16 NBEALE 0.00460

NASR LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 10:42:25.54 RDG 1021

FLUID HELIUM BRROM 14.327 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT COOLING PCWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFARCE TEMPERATURES
FLODP 4.53 L/MIN AMPS1 549. AMPS PRESUP 7585. KPA TGEXP 470.0 DEG.C TO1HTR 503.1 DEG.C
AMPS2 515, AMPS TO2HTR 506.0 DEG.C
TWINDP 16.4 DEG.C VOLTIG 2.28 VOLTS MEANBP 6991. KPA TGREGH 468.6 DEG.C TO3HTR 514.3 DEG.C
TDLDP 1.87 DEG.C MEARNCP 7030. KPA TGREGC 85.3 DEG.C TO4HTR 506.0 DEG.C
TWODPR 18.1 DEG.C TGCOMP 42.2 DEG.C TO5HTR 516.5 DEG.C
TGBOUN 28.3 DEG.C TO6HTR 507.3 DEG.C
TO7HTR 506.0 DEG.C
TO8HTR 485.9 DEG.C
TOYHTR 509.0 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 492.7 DEG.C
FLOCLR 4.20 L/MIN 1 PWRIN 2432. WATIS VXIHOR 0.3 CM/S PWROUT 510. WATTS T11HTR 478.9 DEG.C
TWINCL 25.0 DEG.C 2 QCOOLR 2047. WATTS VY1VER 6.6 CM/S INDPWR 551. WATTS T12HTR 480.6 DEG.C
TDLCL ¥X¥¥¥%X DEG.C 3 QDSHPT 339. WATTS PISTST 2.01 CM
THMOCTR 39.107 DEG.C 4 EXTEFF 21.0 % PHASE ANGLES DISPST 1.94 CM
5 TAVHTR 500.5 DEG.C PADISP 59.3 DEG. T13REGX¥¥¥%X DEG.C
6 INTEFF 20.0 % PAPRES -15.3 DEG. DYNAMIC CALCULATIONS T14REG 433.3 DEG.C
8 AMPS 1865. AMP3 PAMPC 901. KP TISREG 327.0 DEG.C
9 QDISPG 2. WATTS ENGINE SPEED DISPCP 2.22 CM " T16REG 325.6 DEG.C
10 QDISP 12. WATTS FREQ 36.1 HZ PISTCP 2.26 CM T17REG 318.4 DEG.C
11 QREG1 97 . WATTS PDYNDBX¥X%%X KPR T18REG 317.7 DEG.C
12 QREG2 94. WATTS PDLCLR 4.07 KPR T19REG 198.6 DEG.C
13 QREG3 30. WATTS PDLREG 42.76 KPA
14 PFP 1006.9 KPA/CM PDLDIS 74.67 KPA TO3IHED**XX%X% DEG.C
15 PFD 284.8 KPA/CM
16 NBEALE 0.00471
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APPENDIX C. - CONTINUED.

NASA LENWIS SENSITIVITY TEST DATA RE 1008 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27,84 10:47:31.5% RDG 1022

FLUID HELIUM BAROM 1%4.327 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

EAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TENPERATUPES
LODP 4.51 L/MIN AMPS1 581, AMPS PRESUP 7245. KPA TGEXP 467.9 DEG.C TO1H

AMPS2 547. AMPS TOZHTR 505.8 DEG C

TUINDP 16.3 DEG.C VOLTG 2.42 VOLTS MEANEP 7015. KPA TGREGH 468.2 DEG.C TO03HTR 516.3 DEG.C

TDLDP 1.27 DEG.C MEANCP 7055. KPA TGREGC 87.5 DEG.C TO4HTR 505.6 DEG.C

TWODPR 18.2 DEG.C TGCOMP 45.5 DEG.C TOSHTR 518.7 DEG.C

TGBOUN 29.1 DEG.C TO6HTR 508.3 DEG.C

TO7HTIR 506.9 DEG.C

TOBHIR 486.3 DEG.C

TO9HTR 510.1 DEG.C

EAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 492.5 DEG.C

FLOCLR 4.20 L/MIN 1 PWRIN 2730. WATTS VX1HOR 0.4 CM/S PWROUT 583. WATTS T11HTR 478.4 DEG.C

THINCL 24.8 DEG.C 2 QCOCLR 2216. WATTS VY1VER 7.3 CM/S INDPWR 630. WATTS T12HTR 479.5 DEG.C
TDLCL *¥%xX% DEG . C 3 QDSHPT 398. WATTS PISTST 2.20 CH
THOCLR 30.71 DEG.C 4 EXTEFF 21.3 7 PHASE ANGLES DISPST 2.07 CM

5 TAVHTR 501.1 DEG.C PADISP 59.8 DEG. T13REGX*%%%% DEG.C

6 INTEFF 20.8 7 PAPRES -14.5 DEG. DYNAMIC CALCULATIONS T14REG 433.8 DEG.C

8 RNPS 1128. AMPS PAMPC 994. KPA T15REG 329.0 DEG.C

9 QDISPG 2. WATTIS ENGINE SPEED DISPCP 2.24 CM T16REG 326.0 DEG.C

10 QDISP 12. WATTS FRERQ 30.2 HZ PISTCP 2.29 CM T17REG 319.6 DEG.C

11 QREG1 95. WATTS PDYNDBX**¥%%% (PR T18REG 319.3 DEG.C

12 QREG2 93. WATTS PDLCLR 4.58 KPA T19REG 201.8 DEG.C
13 QREG3 29. WATTS PDLREG 47.86 KPA

14 PFP 1007.7 KPA/CM PDLDIS 83.15 KPA TO3HEDX*¥%%¥% DEG.C

15 PFD 278.8 KPA/CM
16 NBEALE 0.00438

NASA LEWIS SENSITIVITY TEST DATA RE 100¢ FREE PISTON STIRLING ENGINE TEST D603, REC 07,/27/84 10:52:22.54 RDG 1023

FLUID HELIUM BAROM 14.327 PSI REGENERATOR 1 DISPLACER 1 STENDARD PISTON
EAT TO DASHPOT COOLING POQKER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES

FLODP .49 L/MIN AMPS1 618. BAMPS PRESUP 7584. KPA TGEXP 465.3 DEG.C TO1HTR 504.1 DEG.C
AMPS2 576. AMPS TOZHTR 505.9 DEG.C
TWINDP 16.2 DEG.C VOLTG 2.56 VOLTS MEANBP 7014. KPA TGREGH 466.0 DEG.C TO3HTR 516.7 DEG.C
TDLDP 1.53 DEG.C MEANCP 7061. KPA TGREGC 90.2 DEG.C TO4HTR 504.4 DEG.C
THWODPR 18.3 DEG.C TGCOMP 50.5 DEG.C TOS5HTR 519.7 DEG.C
TGBOUN 30.5 DEG.C TO6HTR 509.5 DEG.C
TO7HTR 508.0 DEG.C
TOBHTR 484.7 DEG.C
TOYHTR 509.9 DEG.C
IEAT TO COOLER CALCULATED PARAMETERS VIBRATI™ REMOTE CALCULATIONS T10HTR 490.7 DEG.C
FLOCLR 4.20 L/MIN 1 PWRIN 3062. WATTS VX1HOR 0.4 CM/S PWROUT 658. WATTIS T11HTR 476.3 DEG.C
TWINCL 24.8 DEG.C 2 QCOOLR 2456. WATTS VY1VER 8.0 CM/S INDPWR 712. WATTS T12HTR 477.6 DEG.C
TDLCL X*¥**¥¥¥ DEG.C 3 QDSHPT 478. WATTS PISTST 2.41 CM
TWOCLR 31.45 DEG.C 4 EXTEFF 21.5 Z PHASE ANGLES DISPST 2.21 CM
5 TAVHTR 500.6 DEG.C PADISP 60.1 DEG. T13REG*¥%%%* DEG.C
6 INTEFF 21.1 %4 PAPRES -13.6 DEG. DYNAMIC CALCULATIONS T14REG 433.5 DEG.C
8 AMPS 1194. AMPS PAMPC 1093. KPA T15REG 330.0 DEG.C
9 QDISPG 2. WATIS ENGINE SPEED DISPCP 2.27 CM T16REG 325.2 DEG.C
10 QDISP 12. WATTS FREQ 30.2 HZ PISTCP 2.27 CM T17REG 318.4 DEG.C
11 QREGL 93. WATTS PDYNDBXXX%XX KPA T18REG 318.7 DEG.C
12 QREG2 93. WATTS PDLCLR 5.60 KPA T19REG 204.5 DEG.C
13 QREG3 29. WATTS PDLREG 54.30 KPA
14 PFP 1005.0 KPA/CM PDLDIS 93.00 KPA TO3HED*%%%¥% DEG.C
15 PFD 268.6 KPA/CHM
16 NBEALE 0.00502

NASA LEKIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 10:57:22.54 RDG 1024

FLUID HELIUM BAROM 14,327 PSI REGEMERATOR 1 DISPLACER 1 STANDARD PISTON

fEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TENMNFERATURES
FLODP 4.47 L/MIN AMPS1 646. AMPS PRESUP 7572. KPR TGEXP 462.4 DEG.C TO01HTR 501.0 DEG.C
AMPS2 602. AMPS TO2HTR 507.9 DEG.C
TWINDP 16.2 DEG.C VOLTG 2.68 VOLTS MEANBP 7000. KPA TGREGH 460.8 DEG.C TO3HTR 515.5 DEG.C
TDLDP 1.71 DEG.C MEANCP 70648. KPA TGREGC 90.5 DEG.C TO4HTR 503.0 DEG.C
TWODPR 18.6 DEG.C TGCOMP 53.8 DEG.C TO5HTIR 519.9 DEG.C
TGBOUN 31.8 DEG.C TO6HTR 511.0 DEG.C
TO7HTR 510.1 DEG.C
TO8HTR 481.0 DEG.C
TOGHTR 507.7 DEG.C
[EAT TO CCOLER CALCULATED PARARMETERS VIBRATION REMOTE CALCULATIONS T10HTR 488.1 DEG.C
FLOCLR 4.21 L/MIN 1 PWRIN 3348. WATTS VX1HOR 0.4 CM/S PWROUT 707. WATTS T11HTR 471.9 DEG.C
“WINCL 24.7 DEG.C 2 QCOOLR 2681. WATTS VY1VER 8.6 CM/S INDPWR 765. WATTS T12HTR 476.6 DEG.C
TOHLCL ¥¥ixx DEG.C 3 QDSHPT 531. WATTS PISTST 2.60 CM
TWOCLR 32.15 DEG.C 4 EXTEFF 21.1 % PHASE ANGLES DISPST 2.30 CM
5 TAVHTR 499.5 DEG.C PADISP 60.4% DEG. T13REG*%X%%¥%X DEG.C
6 INTEFF 20.9 % PAPRES -12.5 DEG. DYNAMIC CALCULATIONS T14REG 431.6 DEG.C
8 ANMNPS 1248, AMPS PAMPC 1176. KPA T15REG 326.4 DEG.C
$ QDISPG 2. WATTS ENGINE SPEED DISPCP 2.32 CN T16REG 317.8 DEG.C
10 QDISP 12. WATTS FREQ 30.2 HZ PISTCP 2.28 CM T17REG 307.7 DEG.C
11 QREG1 85. WATTS PDYNDB*¥¥X%X%X KPR T18REG 308.1 DEG.C
12 QREG2 100. WATTS PDLCLR 6.96 KPA T19REG 203.0 DEG.C
13 QREG3 29. WATTS ’ PDLREG 58.04 KPA
14 PFP 995.1 KPA/CM PDLDIS 99.10 KPA TOIHED**%%¥¥ DEG.C

15 PFD 254.7 KPA/CM
16 NBEALE 0.00501
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NASA LEWIS SENSITIVITY TEST DATR RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.46 L/MIN
TWINDP 16.1 DEG.C
TDLDP 2.01 DEG.C
TWODPR 18.7 DEG.C

HEAT TO COOQOLER

FLOCLR 4.20 L/MIN 1
TWINCL 24.7 DEG.C 2
TDLCL *¥%%%% DEG.C 3
THOCLR 33.24 DEG.C 4
5

6

8

9

10

11

12

13

14

15

16

BAROM 14.327 PSI REGENERATOR 1

POWER IN
AMPS1 686. BMPS
EMPS2 636. AMPS
VOLTG 2.85 VOLIS

CALCULATED PARAMETERS

PURIN 3764. WATTS
RCOCLR 2994. WATTS
QDSHPT 623. WATTS
EXTEFF 20.4% %
TAVHIR 4%9.1 DEG.C
INTEFF 20.4 %

AMPS 1322. AMPS
QDISPG 2. WATTS
QDISP 11. WATTS
QREG1 75. WATTS
RREG2 115, WATTS
QREG3 28. WATTS
PFP 987.7 KPA/CM
PFD 245.8 KPA/CM
NBEALE 0.00506

APPENDIX C.

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING
FLODP .24 L/MIN
TWINDP 16.0 DEG.C
TDLDP 1.29 DEG.C
TWHODPR 18.0 DEG.C
HEAT TO COOLER

FLOCLR 4.20 L/MIN 1

TWINCL 24.4 DEG.C 2

TDLCL 6.90 DEG.C 3

TUOCLR 29.24 DEG.C 4

5

6

8

9

10

11

12

13

14

15

16

NASA LEWIS SENSITIVITY TEST DATR RE 1000

FLUID HELIUM

HEAT TO DASHPOT COQLING

FLODP 4.16 L/MIN
TWINDP 16.1 DEG.C
TDLDP 1.34 DEG.C
TWODPR 18.1 DEG.C
iiLsT TO COCLER
TLOCL +.17 L/MIN
TWINCL 24.2 DEG.C
TDLCL 7.10 DEG.C
TUOCLR 29.47 DEG.C

bt et b
NSO P UN -

—
o Ut

BAROM 14.332 PSI REGENERATOR 1

POWER IN
AMPS1 482. AMPS
AMPS2 4681. AMPS
VOLTG 2.06 VOLTS

CALCULATED PARAMETERS

PWRIN
QCOOQLR
QDSHPT
EXTEFF
TAVHTR
INTEFF
AMPS
QDISPG
QDISP
QREG1
QREG2
QREG3
PFP
FFD
NBERLE

BAROM 14.332 PSI REGENERATOR 1

1983, WATTS
2012, WATTS
380. WATIS
20.0 74
450.9 DEG.C
16.5 %
964. AMPS
2. WATIS
11. WATTS
87. WATTS
85. WATTS
26. WATTS
981.6 KPA/CHM
255.1 KPA/CM
0.00403

POWER IN
AMP31 516. AMPS
AMFS2 507. AMPS
VOLTG 2.18 VOLTS

CALCULATED PARAMETERS

PWRIN
QCOOLR
QDSHPT
EXTEFF
TAVHTR
INTEFF
AMPS
QDISPG
QDISP
QREG1
QREG2
QREG3
PFP
PFD
NBEALE

2233. WATTS
2064. WATTS
387. WATTS
19.9 %
450.9 DEG.C
17.7 %
1022. REMPS
2. WATTS
11. WATTS
36. WATTS
83. WATTS
26 . WATTS
979.5 KPA/CH
242.6 KPA/CH
0.006410

- CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1
ENGINE CHARGE PFPT"SURE

STANDARD PISTON
GAS TEMPERATURES

PRESUP 756¢.. KPA TGEXP 460.4 DEG.C
MEENBP 6987. KPA TGREGH 453.1 DEG.C
MEANCP 7037. KPA TGREGC 87.7 DEG.C
TGCOMP 59.7 DEG.C

TGBOUN 33.4 DEG.C

VIBRATION REMOTE CALCULATIONS

VX1HOR 0.4 CM/S
VY1VER 9.2 CM/S

PHASE ANGLES
PADISP 60.8 DEG.
PARPRES -11.8 DEG.

ENGINE SPEED
FRER 30.2 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1
ENGINE CHARGE PRESSURE

PWROUT
INDPWR
PISTST
DISPST

767. WATTS
827. WATTS
2.80 CM
2.41 CM

DYNAMIC CALCULATIONS
PAMPC 1265. KPA
DISFCP 2.36 CM
PISTCP 2.26 CM
PDYNDB*X*X%* KPR
PDLCLR 9.33 KPA
PDLREG 61.77 KPA
PDLDIS106.23 KPA

STANDARD PISTON
GAS TEMPERATURES

PRESUP 7565. KPA TGEXP 425.8 DEG.C
MEANBP 7011. KPA TGREGH 421.4 DEG.C
MEANCP 70Z0. KPA TGREGC 79.6 DEG.C
TGCOMP 41.8 DEG.C

TGBOUN 31.8 DEG.C

VIBRATION REMOTE CALCULATIONS

VX1HOR 0.3 CM/S PWROUT 396. WATTS
VY1VER 6.0 CM/S INDPWR 426. WATTS
PISTST 1.82 CHM
PHASE ANGLES DISPST 1.80 CM
PADISP 61.3 DEG.
PRPRES -164.4 DEG. DYNAMIC CALCULATIONS
PAMPC 807. KPA
ENGINE SPEED DISPCP 2.19 CM
FREQ 30.1 HZ PISTCP 2.29 CM
PDYNDBXXXXXX KPR
PDLCLR 3.56 KPA
PDLREG 39.71 KPA
PDLDIS 70.93 KPA

FREE. PISTON STIRLING ENGINE TEST D003,

DISPLACER 1
ENGINE CHARGE PRESSURE

STANDARD PISTON

GAS TEMPERATURES

PRESUP 7195. KPA TGEXP 423.6 DEG.C
MEANBP 7001. KPA TGREGH 420.7 DEG.C
MEANCP 7045. KPR TGREGC 80.6 DEG.C
TGCOMP 43.0 DEG.C
TGBOUN 31.8 DEG.C
VIBRATION REMOTE CALCULATIONS
VXIHCR 0.3 CM/3 PWROUT 444. WATTS
VY1VER 6.6 CM/y INDPWR 474. WATTS
PISTST 2.00 CM
PHASE ANGLES DISPST 1.91 CnM
PRDISP 690.8 DEG.
PAPRES -13.1 DEG. DYNAMIC CALCULATIONS
; ’ PAEMPC 891. KPA
ENGINE SPEED DISPCF 2.20 CM
FREQ 30.1 HZ PISTCP 2.26 CM

44

PDYNDBX%¥%%X%
PDLCLR 4.07
PDLREG 45.48
PDLDIS 75.35

KPA
KPA
KPA
KPA

SURFACE

REC 07,/27/84 11:02:49.54 RDG 102°

TO1HTR 498.6 DEG

TOZHTR
TO3HTR
TO4HTR
TO5HTR
TO6HTR
TO7HTR
TOBHTR
TO9HTR
T10HTR
T11HTR
T12HTR

510.9
515.
501.
522.
513.
512.
477 .
505.
487.
666 .
478.

=OUWW PO

TI1I3IREGH*%X%X
T14REG 423.8
T15REG 306.7
TI6REG 290.7
T17REG 277.3
T18REG 282.5
T19REG 189.9

TOIHED*X%K%%

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.

TEMPERATURES

aaoaaaaaaaaaaa

a aaaaaana

REC 07727784 11:13:22.54 RDG 1026

SURFACE TEMPERATURES
TG1HTR 451.6 DEG.C
TO02HTR 457.0 DEG.C
TO3HTR 462.9 DEG.C
TO4HTR 456.2 DEG.C
TOSHTR 465.8 DEG.C
"TO6HTR 457.1 DEG.C
TO7HTR 455.9 DEG.C
TOBHTR 6436.2 DEG.C
TO9HTR 457.9 DEG.C
T10HTR 444.7 DEG.C
T11HTR 430.2 DEG.C
T12HTR 434.7 DEG.C
T13REG***X*%¥ DEG.C
TLI4REG 391.1 DEG.C
TI5REG 295.0 DEG.C
T16REG 294.0 DEG.C
T17REG 286.6 DEG.C
T18REG 286.7 DEG.C
TI9REG 179.3 DEG.C
TOSHED*%XX¥X* DEG.C

SURFACE TEMPERATURES
TO1HTR 452.5 DEG.C
TQ2HTR 456.6 DEG.C
TO3HTR 464.1 DEG.C
TO4HTR 455.8 DEG.C
TO5HTR 467.0 DEG.C
TO6HTR 457.5 DEG.C
TO7HTR 456.3 DEG.C
TO8HTR 436.2 DEG.C
TO9HTR 458.4% DEG.C
T10HTR 444.0 DEG.C
T11HTR 429.2 DEG.C
T12HTR 433.1 DEG.C
T13REGX¥¥¥%% DEG.C
T14REG 390.5 DEG.C
T15REG 295.4 DEG.C
T16REG 293.0 DEG.C
T17REG 286.8 DEG.C
T18REG 287.6 DEG.C
T19REG 181.0 DEG.C
TOSHEDX*¥X%%X DEG.C

REC 07/27/84 11:18:28.54 RDG 1027




APPENDIX C. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 11:23:22.54 RDG 1028

FLUID HELIUM BAROM 16.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

EAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPEPATURES
FLODFP .11 L/MIN AMPS1 554. AMPS PRESUP 7567. KPA TGEXP 421.0 DEG.C TOLHTR 453.0 DEG.C
RtipS2  537. AMPS TO2HTR 456.5 DEG.C
TWINDP 16.0 DEG.C VOLTG 2.33 VOLTS MEANBP 6994. KPA TGREGH 419.4 DEG.C TO3HTR 465.3 DEG.C
TDLDP 1.49 DEG.C MEANCP 7040. KPA TGREGC 83.4 DEG.C TO04HTR 455.2 DEG.C
TWODPR 18.2 DEG.C ' TGCOMP 45.7 DEG.C TOSHTR 468.5 DEG.C
TGBOUN 31.6 DEG.C TO6HTR 458.2 DEG.C
TG7HTR 457.1 DEG.C
TO8HTR 435.6 DEG.C
TO9HTR 458.6 DEG.C
EAT TC COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 443.1 DEG.C
FLOCLR 4.2% L/MIN 1 PWURIMN 2544%. WATTS VXIHOR 0.3 CM/S PWROUT 3503. WATTS T11HTR 427.7 DEG.C
TWINCL 25.4 DEG.C 2 QCOOLR 2129. WATTS VY1IVER 7.3 CM/S INDPWR 536. WATIS T12HTR 431.3 DEG.C
TDLCL 7.2% DEG.C 3 QDSHPT 423. WATIS PISTST 2.20 CM
THOCLR 31.11 DEG.C 4 EXTEFF 19.8 % PHASE ANGLES DISPST 2.04 CM
5 TAVHTR 450.8 DEG.C PADISP 61.5 DEG. T13REG*X%%%% DEG.C
6 IMTEFF 19.1 % PAPRES ~12.2 DEG. DYNAMIC CALCULATIONS T14REG 390.4 DEG.C
8 AMPS 10%1. AMPS PANMPC 9%4. KPA T1ISREG 297.0 DEG.C
9 QDISPG 2. WATTS ENGINE SPEED DISPCP 2.21 CH T16REG 293.1 DEG.C
10 QDISP 11. WATTS FREQ 30.1 HZ PISTCP 2.26 CM T17REG 287.3 DEG.C
11 QREG1 &84¢. UATTS PDYNDRX¥XXX% Kph T18REG 288.6 DEG.C
12 QREG2 83. WRTITS PDLCLR 4.75 KPA T19REG 184.4 DEG.C
13 QREG3 26 . WATTS PDLREG 47.52 KPA
14 PFP 986.2 KPR/CM PDLDIS 83.83 KPA TO3IHED¥**%¥X%X DEG.C
15 PFD 2364 .4 KPA/CHM
16 NBEALE 0.00423

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 11:29:31.54 RDG 1029

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

EAT TO DASHPOT COOLING POKER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.05 L/MIN EMP31 59%4. AMPS PRESUF 7241. KPA TGEXP 418.% DEG.C TO1HTR 453.2 DEG.C
AMP3S2 565. AMPS TO2HTR 456.4 DEG.C
TWINDP 16.0 DEG.C VOLTG 2.438 VOLTS MEANBP 7079. KPA TGREGH 418.1 DEG.C TO03HTIR 466.4 DEG.C
TDLDP 1.78 DEG.C MEANCP 70¢9. KPR TGREGC 85.9 DEG.C TO04HTR 454.4 DEG.C
TWODPR 18.4 DEG.C TGCOMP 48.6 DEG.C TOSHTR 469.6 DEG.C
TGBCOUN 32.5 DEG.C TO6HTR 458.9 DEG.C
- TO7HTR 457.8 DEG.C
TO08HTR 434.7 DEG.C
TO9HTR 459.1 DEG.C
1EAT TC COOLER CRLCULATED PARARMETERS VIBRATION REMOTE CALCULATIONS T10HTR 441.8 DEG.C
FLOCLR 4.22 L/MIN 1 PWRIN 2871. WATTS VX1HOR 0.4 CM/S PWROUT 566. WATIS T11HTR 426.2 DEG.C
TWINCL 24.5 DEG.C 2 QCCOLR 2392. WATTS VY1VER 8.0 CMI/S INDPWR 600. WATIS T12HTR 429.3 DEG.C
TDLCL 8.17 DEG.C 3 QDSHPT 501. WATTS PISTST 2.41 CM
TWOCLR 31.28 DEG.C 4% EXTEFF 19.7 % PHASE ANGLES DISPST 2.17 CM
5 TAVHTR 450.7 DEG.C PADISP 61.8 DEG. T13REG*¥XX¥* DEG.C
6 INTEFF 19.1 % PAPRES -11.3 DEG. DYNAMIC CALCULATIONS T14REG 390.4 DEG.C
3 ANPS 1159. AMPS PAMPC 1083. KPA T15REG 298.9 DEG.C
9 QDISPG 2. MWATTS ENGINE SPEED DISPCP 2.24 CM T16REG 294.0 DEG.C
10 QDISP 11. WATTS FREQ 30.2 HZ PISTCP 2.27 CM T17REG 288.5 DEG.C
11 QREG1 83. WATTS PDYNDB¥*X*X¥¥X KPR T18REG 289.7 DEG.C
12 QREG2 82. WATTS PDLCLR 5.60 KPA TI9REG 187.8 DEG.C
13 QREG3 26. WATTS PDLREG 53.96 KPA
14 PFP 975.0 KPA/CM PDLDIS 94.35 KPA TOQIHED*¥X¥¥X DEG.C
15 PFD 223.1 KPAsCM
16 NBEARLE 0.00432

NASA LEWIS SENSITIVITY TEST DATA PRE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07,/27/84 11:35:10.54 RDG 1030

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

EAT TO DASHPOT COOLING POWER 1IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES

FLODP 4.11 L/MIN AMPS1 626. AMPS PRESUP 7562. KPA TGEXP 415.3 DEG.C TO1HTR 452.3 DEG.C

EMPS2 589. AMPS TO2HTR 456.8 DEG.C

TWINDP 16.0 DEG.C VOLIG 2.60 VOLTS MEANBP 7007. KPA TGREGH 415.9% DEG.C TO3HTR 465.5 DEG.C

TDLDP 1.90 DEG.C MEANCP 7061. KPA TGREGC 88.9 DEG.C TO4HTR 453.6 DEG.C

TWODPR 18.6 DEG.C TGCOMP 54.6 DEG.C TOSHTR 469.0 DEG.C

TGBOUN 33.1 DEG.C TO6HTR 459.9 DEG.C

TO7HTR 458.8 DEG.C

TOBHTR 432.9 DEG.C

TOYHTR 458.6 DEG.C

EAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 439.4 DEG.C

FLOCLR 4.21 L/MIN 1 PURIN 3159. WATTS VX1HOR 0.4 CM/S PWROUT 605. WATTS T11HTR 424.0 DEG.C

TWINCL 24.3 DEG.C 2 QCCOLR 2595. WATTS VYLIVER 8.6 CM/S INDPWR 643. WATTS T12HTR 426.7 DEG.C
TDLCL 8.88 DEG.C 3 QDSHPT 542. WRTTS PISTST 2.60 CM
TWOCLR 31.77 DEG.C 4 EXTEFF 1%.2 % PHASE ANGLES DISPST 2.26 CM

5 TAVHTR 449.8 DEG.C PADISP 61.8 DEG. T13REG*¥*¥*X%X DEG.C

6 INTEFF 18.9 % PARPRES -10.3 DEG. DYNAMIC CALCULATIONS T14REG 389.2 DEG.C

8 AmMPS 1z15. AMPS PAMPC 1181. KPA TI15REG 299.6 DEG.C

9 QDISPG 2. WATTS ENGINE SPEED DISPCP 2.30 CM T16REG 294.9 DEG.C

10 QDISP 10. WATTS FREQ 30.2 HZ PISTCP 2.25 CM T17REG 288.2 DEG.C

11 QREGI 79. WATTS . PDYNDBX**X%¥ KPR T18REG 286.8 DEG.C

12 QREG2 83. WATTS PDLCLR 6.79 KPA TI9REG 190.0 DEG.C
13 QREG3 25. WATTS PDLREG 58.38 KPA

14 PFP 980.6 KPA/CM PDLDIS100.49 KPA TO3HEDXX¥X%% DEG.C

15 PFD 212.3 KPA/CHM
16 NBEALE 0.00428
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APPENDIX C. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 11:40:31.54 RDG 1031

FLUID HELIUM BAROM 14.337 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DARSHPOT COOLING POWER IN ENGINE CHARGE PRESSURE SURFACE TEMPERATURES
FLODP .11 L/MIN RMPS1 66%4. BMPS PRESUP 7552. KPA TGEXP 413.6 DEG.C TO1HTR 449.7 DEG
AMPS2 617. AMPS TO2HTR 459.5. DEG.
TWINDP 16.1 DEG.C VOLTG 2.74 VOLTS MEANBP 6987. KPA TGREGH 409.5 DEG.C TG3HTR 464.8 DEG.
TDLLP 2.10 DEG.C MEANCP 7045, KPA TGREGC 86.7 DEG.C TO4HTR 452.0 DEG.
TWODPR 18.9 DEG.C TGCOMP 59.0 DEG.C TOSHTR 470.5 DEG.
TGBOUN 3%.2 DEG.C TO6HTR 461.8 DEG.
TO7HTR 461.% DEG.

1

0

2

0

GAS TEMPERATURES

TOBHTR 429.5 DEG.
TOJHTR 456.1 DEG.
CRLCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 438.0 DEG.
PWRIN 3509. WATTS VX1HOR 0.4 PWROUT 670. WATTS T11HTR 419.2 DEG.
QCCOLR 2859%. WATTS VY1VER 9.2 INDPWR 687. WATTIS T12HTR 428.0 DEG.
QDSHPT €601. WATTS PISTST 2.80 CM
EXTEFF 19.1 4

HEAT TO COQLER
FLOCLR 4.21
TWINCL 24.3
TDLCL 9.79
TWOCLR 32.66

aaaaaaaaaaaaan

TAVHTIR 449.2 DEG.C
INTEFF 19.0 %
AMES 1281. RMPS
ADISPG 2. WATTS
QDISP 10. WATITS

PHASE RNGLES DISPST 2.39

PADISP 61.
PAPRES -9.

ENGINE SPEED
FRER 30.

PAMPC 1275.
DISPCP 2.35
PISTICP 2.22

cH

DYNAMIC CALCULATIONS

KPA
[oly]
cM

T13REGX*X*X¥X DEG.
T14REG 384.5 DEG.
T15REG 286.% DEG.
T16REG 274.9 DEG.

RREG1 70. WATIS PDYNDB**¥¥%% KPR T18REG 267.
QREG2 85. WATTS PDLCLR 9.16 KPA T19REG 181.
QREG3 25. WATTS PDLREG 63.13 KPA
PFP 978.5 KPA/CM PDLDIS108.27 KPA
PFD 205.0 KPA/CM

NBEALE 0.00441
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NASA LEWIS SENSITIVITY TEST DATR RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07.27/84 11:43:10.54 RDG 1032

FLUID HELIUM BAROM 14.337 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT CQOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.12 L/MIN AMPS1 724. BAMPS PRESUP 7237. KPA TGEXP 411.8 DEG.C TO1HTR 447.8 DEG
AMPS2 663. AMPS TO2HTR 464.2 DEG.

TWINDP 16.0 DEG.C YOLTG 2.97 VOLTIS MEANBP 61395, KPA TGREGH 398.5 DEG.C TO3HTR 465.5 DEG.
TDLDP 2.20 DEG.C VMEANP 7054. KP3 TGREGC 83.5 DEG.C TO4HTR 452.3 DEG.
THWODPR  18.9 DBEG.C TGCOMP 67.8 DEG.C TO5HTR 473.3 DEG.
TGBOUN 34.6 DEG.C TO6HTR 464%.8 DEG.

TOBHTR 426.
TO9HTIR 454.
REMOTE CALCULATIONS T1O0HTR 438.

DEG.
DEG.

HEAT TO COOLER DEG.

FLOCLR 4.21

CALCULATED PARAMETERS
PURIN 46116. WATTS

VIBRATION

TWINCL 24.3
TDLCL 11.13

THOCLR 364.14%

QCQOLR 3252. WATTS
QDSHPT 632. HATTS
E4TEFF 16.7 %

VX1HOR 0.5 CM/S
VYLVER 9.8 CM/S

PHASE ANGLES

TAVHTIR 449.6
INTEFF

RMPS

QDISPG

QDISP
QREG1
QREG2
QREG3

17.5
1387.
2.
10.
57.
112,
24.

DEG.C
%
AMPS
WATTS
WATTS
WATTS
WATTS
WATTS

PRDISP 61.6 DEG.
PAPRES -8.4 DEG.

ENGINE SPEED

FREQ 30.1 HZ

PWROUT 688. WATTS
INDPWR 69%2. WATTS
PISTST 2.98 Cn
DISPST 2.40 CM

DYNAMIC CALCULATIONS

PAMPC 1344. KPA
DISPCP 2.46 CM
PISTCP 2.15 CM
PDYNDB**¥%¥* KPR
PDLCLR 14.42 KPA
PDLREG 67.20 KPA

T11HTR
T12HTR

2
5
3
3
8
TO7HTR 463.9% DEG.
4
4
6
1
1

416,
430,

DEG.
DEG.

aaaaoaQaaaaaaan

T13REG¥¥X%X%X%

TI14REG 368.1
TIS5REG 251.0
T16REG 236.0
T17REG 222.4
T18REG 230.0
T19REG 159.6

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

aQ aaanaaa

PFP 961.9 KPA/CM
PFD 185.2 KPA/CM
NBEALE 0.00426

PDLDIS116.41 KPA TOSHED¥%X%¥%%
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MASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/063/84 14:38:38.30 RDG 1066

FLUID HELIUM BAROM 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON
HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.21 L/MIN AMPS1 512. AMPS PRESUP 5570. KPA TGEXP 566.1 DEG.C TO1HTR 598.8 DEG
AMPS2 429. AMPS T02HTR 607.5 DEG.
TWINDP 22.3 DEG.C VOLTG 2.02 VOLTS MEANBP 5503. KPA TGREGH 561.3 DEG.C TO3HTR 612.9 DEG.
TDLDP 0.96 DEG.C MEANCP 5532. KPA TGREGC 74.3 DEG.C TO4HTR 606.0 DEG.
TWODPR 23.9 DEG.C TGCOMP 40.2 DEG.C - TO5HTR 616.0 DEG.
TGBOUN 34.4 DEG.C TO6HTR 606.1 DEG.
TO7HTR 605.4 DEG.
TOBHTR 583.7 DEG.
TO9HTR 606.5 DEG.
VIBRATION REMOTE CALCULATIONS T10HTR 594.1 DEG.
PWRIN 1904. WATTS VX1HOR 0.2 CM/S PWROUT 418. WATTS T11HTR 579.1 DEG.
QCOOLR 1559. WATTS VY1VER 4.7 CM/S INDPWR 463. WATTS T12HTR 586.0 DEG.
QDSHPT 280. WATTS PISTST 1.82 CM
EXTEFF 21.9 % PHASE ANGLES DISPST 1.95 CM
TAVHTR 600.2 DEG.C PADISP 56.5 DEG. T13REGX¥*¥*%%¥ DEG.
21.1 % PRPRES -22.1 DEG. DYNAMIC CALCULATIONS T14REG 519.7 DEG.
941. AMPS PAMPC 502. KPA T15REG 384.2 DEG.
3. WATTS ENGINE SPEED DISPCP 2.07 CM T16REG 376.7 DEG.
15. WATTS FREQ 26,7 HZ PISTCP 2.40 CM T17REG 363.9 DEG.
8
3

HEAT TO COOLER
FLOCLR 6.41
TWINCL 25.1
TDLCL 5.09
TWOCLR 28.93

CALCULATED PARAMETERS

DN O OO
aaaaaaaaanna

121. WATTS PDYNDBXXXXX%% KPA T18REG 369.8 DEG.
122. WATTS PDLCLR 2.04 KPA T13REG 220.
38. WATTS PDLREG 28.17 KPA
649.2 KPA/CM PDLDIS 48.87 KPA
232.3 KPA/CM
NBEALE 0.00608
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APPENDIX C. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/03/84 14:42:44.30 RDG 1067

FLUID HELIUM BAROM 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT COQLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP .21 L/MIN AMPS1 543. AMPS PRESUP 5562. KPA TGEXP 563.3 DEG.C TOLHTR 599.9 DEG.C
AMPS2  455. AMPS TOZ2HTR 606.4 DEG.C
TWINDP 22.4 DEG.C VOLTG 2.15 VOLTS MEANBP 5482. KPA TGREGH 561.9 DEG.C TO3HTR 612.9 DEG.C
TDLDP 1.14 DEG.C MEANCP 5513. KPA TGREGC 76.6 DEG.C TO4HTR 605.8 DEG.C
TWODPR 26.0 DEG.C TGCOMP 42.0 DEG.C TOSHIR 615.8 DEG.C
TGBOUN 34.5 DEG.C TO6HTR 606.4 DEG.C
TOZ7HTR 605.5 DEG.C
TOGB8HTR 583.5 DEG.C
TOSHTR 608.0 DEG.C
HEAT TO COOLFR CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T1CHTR 591.7 DEG.C
FLOCLR 4.40 L/MIN 1 PWRIN 2142, WATTS VX1HOR 0.2 CM/S PHROUT 495. WATTS T11HTR 579.4 DEG.C
TWINCL 25.0 DEG.C 2 QCOOLR 1692. WATTS VYIVER 5.2 CM/S INDPWR 524. WATTS T12HTR 582.5 DEG.C
TDLCL 5.54 DEG.C 3 QDSHPT 335. WATTS PISTST 2.01 CM
TWOCLR 29.30 DEG.C 4 EXTEFF 23.1 % PHASE ANGLES DISPST 2.07 CM
5 TAVHTR 599.8 DEG.C PADISP 57.8 DEG. T13REG**¥¥%% DEG.C
6 INTEFF 22.6 4 PAPRES -20.9 DEG. DYNAMIC CALCULATIONS T14REG 518.5 DEG.C
8 AMPS 998. AMPS PAMPC 699. KPA T15REG 3864.1 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.13 CM TI16REG 379.5 DEG.C
10 QDISP 15, WATTS FREQ 26.9 HZ PISICP 2.45 CH T17REG 368.1 DEG.C
11 QREG1 119. WATTS PDYNDRXXXXX%X% KPR T18REG 368.6 DEG.C
12 QREG2 122. WATTS PDLCLR 2.55 KPA T19REG 221.5 DEG.C
13 QREG3 38, WATTS PDLREG 31.90 KPA
14 PFP 805.9 KPA/CM PDLDIS 54.30 KPA TO3IHEDX*¥*¥%¥% DEG.C
15 PFD 284.8 KPA/CM

16 NBEALE 0.00652

MASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST DGG3, REC 08/03/864 14:47:26.35 RDG 1068

FLUID HELIUM BAROM 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TQ DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
LODP 4.21 AMPS1 575. AMPS PRESUP 5565. KPA TGEXP 560.8 DEG.C TO1HIR 602.3 DEG.C
AMPS2 * 478. AMPS TO02HTR 605.2 DEG.C
TWINDP 22.4 DEG.C VOLTG 2.27 VOLTS MEANBP 5503. KPA TGREGH 562.5 DEG.C TO3HTR 614.6 DEG.C
TDLDP 1.31 DEG.C MEANCP 5536. KPA TGREGC 78.9 DEG.C TO4HTR 605.5 DEG.C
TWODPR 24.3 DEG.C TGCOMP 43.5 DEG.C TOSHTR 616.9 DEG.C
TGBOUN 35.0 DEG.C TO6HTR 606.9 DEG.C
TO7HTR 605.7 DEG.C
TO8HTIR 584.7 DEG.C
TOYHTR 610.2 DEG.C
HEAT TO COQLER CALCULATED PARAHETERS VIBRATION REMOTE CALCULATIONS T10HTR 590.8 DEG.C
FLOCLR 4.41 L/MIN 1 PWRIN 238 WATTS VX1HOR 0.2 CM/S PWROUT 570. WATTS T11HTR 580.2 DEG.C
TWINCL 25.1 DEG.C 2 QCOOLR 1833 WATTS VY1VER 5.8 CM/S INDPWR 602. WATTS T12HTR 579.9 DEG.C
TDLCL 5.99 DEG.C 3 QDSHPT 383. WATTS PISTST 2.20 CM
THOCLR 29.80 DEG.C 4 EXTEFF 23.9 % PHASE ANGLES DISPST 2.19 CM
5 TAVHTR 600.2 DEG.C PADISP 58.1 DEG. T13REGX**¥¥¥* DEG.C
6 INTEFF 23.7 % PRPRES -19.8 DEG. DYNAMIC CALCULATIONS T14REG 517.8 DEG.C
8 AMPS 1053, AMPS PAMPC 768. KPR T15REG 385.2 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.16 CM T16REG 381.9 DEG.C
10 QDISP 15. WATTS FREQ 27.0 HZ PISTCP 2.44 CM TI17REG 371.8 DEG.C
11 QREG1 118. WATTS PDYNDB®X¥¥XX KPR T18REG 369.8 DEG.C
12 QREG2 120. WATTS PDLCLR 2.72 KPA TIS$REG 223.8 DEG.C
13 QREG3 37. WATTS PDLREG 35.98 KPA
14 PFP 804.1 KPA/CM PDLDIS 60.75 KPA - TQ3IHED*%*¥¥* DEG.C
15 PFD 279.2 KPAs/CM
16 NBEALE 0.006890
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/03/84 14:52:23.35 RDG 1069
FLUID HELIUM BAROM 164.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON
HEAT TO DASHPOT COQLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP .22 L/MIN AMPS1 607. AMPS PRESUP 5561. KPA TGEXP 558.0 DEG.C TO1HTR 603.6 DEG.C
AMPS2 500. AMPS TO2HTR 604.9 DEG.C
TWINDP 22.4 DEG.C VOLTG 2.39 VOLTS MEANBP 55¢). KPA TGREGH 562.2 DEG.C TO3HTR 615.8 DEG.C
TDLDP 1.51 DEG.C MEANCP 5%¢1. KPA TGREGC 81.1 DEG.C TO4HTR 604.8 DEG.C
TWODPR 24.5 DEG.C TGCOMP 45.8 DEG.C TOSHTR 618.0 DEG.C
TGBOUN 36.3 DEG.C TO6HTR 608.0 DEG.C
TO7HTR 606.6 DEG.C
TOBHTR 585.1 DEG.C
TO9HTR 611.2 DEG.C
HEAT TO COOQLER CALCULATED PARANETERS VIBRATION REMOTE CALCULATIONS T10HTR 589.3 DEG.C
FLOCLR 4.41 L/MIN 1 PWRIN 2642. WATTS VX1HOR 0.3 CM/S PWROUT 646. WATTIS T11HTR 579.9 DEG.C
TWINCL 25.1 DEG.C 2 QCOOLR 1979. NATTS VY1VER 6.5 CM/S INDPWR 681. WATTS T12HTR 577.8 DEG.C
TDLCL 6.46 DEG.C 3 QDSHPT 441. WATTS PISTST 2.41 CM
TWOCLR 30.43 DEG.C 4 EXTEFF 24.5 % PHASE ANGLES DISPST 2.32 CM
5 TAVHTR 600.4 DEG.C PADISP 58.5 DEG. T13REG*¥%X%¥X DEG.C
6 INTEFF 24.6 % PAPRES -18.6 DEG. DYNAMIC CALCULATIONS T14REG 517.7 DEG.C
8 AMPS 1107. AMPS PAMPC 827. KPA T15REG 386.7 DEG.C
9 QDISFG 3. WATTS ENGINE SPEED DISPCP 2.19 CM T16REG 383,2 DEG.C
10 QDISP 15. WATTS FREQ 27.0 HZ PISTCP 2.44 CM TI17REG 373.7 DEG.C
11 QREGI1 117. WATTS PDYNDBX%*%%% KPR T18REG 370.7 DEG.C
12 QREG2 119. HWATTS PDLCLR 3.56 KPA T19REG 226 .8 DEG.C
13 QREG3 37. WATTS PDLREG 40.05 KPA .
14 PFP 785.9 KPA/CM PDLDIS 67.20 KPR TOIHED***%%¥* DEG.C
15 PFD 266.8 KPA/CM
16 NBEBLE 0.00704
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APPENDIX C. - CONTINUED.
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/03/84 14:58:23.35 RDG 1670

FLUID HELIUM BAROM 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT COOQLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.20 L/MIN AMPS1 635. AMPS PRESUP 5553. KPA TGEXP 555.0 DEG.C TOLHTR 599.7 DEG.
AMPS2 521. AMPS TO2HTR 606.

TWINDP 22.4 DEG.C VOLTG 2.49 VOLTS MEANBP 54%4. KPA TGREGH 554.7 DEG.C TO3HTR 614.

6 DEG.
7 DEG.
TDLDP 1.70 DEG.C MEANCP 5531. KPA TGREGC 79.7 DEG.C TO4HTR 601.3 DEG.
TWODPR 24.7 DEG.C TGCOMP 49.4 DEG.C TOSHTR 619.1 DEG.
TGBOUN 37.7 DEG.C TO6HTR 609.4 DEG.

TO7HTR 608.6 DEG.
TORHTR 580.8 DEG.
TOYHTR 607.0 DEG.
HEAT TO COOLER CALCULATED PARANETERS VIBRATION REMOTE CALCULATIONS T10HTR 586.7 DEG.
FLOCLR 6.40 8 DEG.
TWINCL 25.2 7 DEG.
TDLCL 7.00
TWOCLR 39.99%

PWRIN 2879. WA VX1HOR 0.3 PWRQUT 720. WATTS Ti11HTR 573.
QCOQLR 2137. NATTS VY1VER 7.1 INDPWR 759. WATTIS T12HTR 577.
QDSHPT 495. WATTS PISTST 2.61 CM
EXTEFF 25.0 % PHASE ANGLES DISPST 2.46 CM
TAVHTR 598.8 DEG.C PADISP 58. . T13REGX**X%¥% DEG
INTEFF 25.2 % PAPRES -18. . DYNAMIC CALCULATIONS T14REG 515.2 DEG.
AMPS 1156. AMPS PAMPC 910. KP T15REG 379.5 DEG.
QDISPG 3. WATTS ENGINE SPEED DISPCP 2.25 CM T16REG 367.6 DEG.
QDISP 14. WATTS FREQ 26. PISTCP 2.46 CM T17REG 352.7 DEG.
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QREG1 108. WATTS PDYNDBXX¥%%% KPR T18REG 355.3 DEG.
QREG2 130. HATTS PDLCLE 4.41 KPA T19REG 222.
QREG3 37. WATTS PDLREG 42.43 KPA

PFP 795.4 KPA/CHM PDLDIS 71.95 KPA TO3SHEDX¥*%**
PFD 267 .8 KPAsCM

NBEALE 0.00729
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08-/03/84 15:03:44.35 RDG 1071

FLUID HELIUM BAROM 14.342 PST REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TENPEPATURES
FLODP 4.18 L/MIN AMPS1 680. BMPS PRESUP 5546. KPA TGEXP 550.9 DEG.C TO1HTR
AMPS2 558. AMPS TO2HTR
TWINDP 22.4 DEG.C VOLTG 2.68 VOLTS MEANBP 5489. KPA TGREGH 541.6 DEG.C TO3HTR
TDLDP 1.91 DEG.C MEANCP 5530. KPA TGREGC 74.2 DEG.C TO4HTR
TWODPR 24.9 DEG.C TGCOMP 55.2 DEG.C TOSHTR
TGBOUN 38.7 DEG.C TO6HTR
TO7HTR
TO8HTR
TO9HTR
BPEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR
FLOCLR 4.41 PURIN 3315. WATTS VX1HOR 0.3 CM/S PWROUT 785. WATTS T11HTR
TWINCL 25.3 QCOOLR 2441. WATIS VY1VER 7.6 CM/S INDPWR 833. WATTS T12HTR
THLCL 7.97 QDSHPT 554. WATTS PISTST 2.79 CM
TWOCLR 32.10 EXTEFF 23.7 7% PHASE ANGLES DISPST 2.55 CM
TAVHTR 598.1 DEG.C PADISP 59.5 DEG. T13REGX*XXX3%%
INTEFF 24.3 % PAPRES -17.3 DEG. DYNAMIC CALCULATIONS T14REG 499.2
AMPS 1238. AMPS PAMPC 965. KPA T1SREG 363.6
QDISPG 3. WATTS ENGINE SPEED DISPCP 2.31 CM TI6REG 321.0
4
2
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QDISP 14. WATTS FREQ 26.8 HZ PISTCP 2.44 CM T17REG 298.
QREG1 92. WATTS PDYNDBX*¥¥%%% KpR TI8REG 311.
QREG2 152. WATTS PDLCLR 6.28 KPA TI9REG 198.0
QREG3 36. WATTS PDLREG 44%.80 KPA

PFP 780.6 KPA/CM PDLDIS 77.38 KPA T O IHEDXX%%%%
PFD 261.2 KPA/CM

NBEALE 0.00744%
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08703784 15:07:17.40 RDG 1072

FLUID HELIUM BAROM 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PPESSURE GAS TEMPERATURES SURFACE TEMPERATURES

FLODP 4.17 L/MIN AMPS1 696. AMPS PRESUP 555%. KPA TGEXP 548.3 DEG.C TOLHTR 594.4 DEG

AMPS2 573. AMPS TO2HTR 613.1 DEG.

TWINDP 22.5 DEG.C VOLTG 2.75 VOLTL MEFANTIP 5794, KPA TGREGH 532.0 DEG.C TO3HTR 614.0 DEG.

TDLDP 1.96 DEG.C MEANCP 5536. KPA TGREGC 72.3 DEG.C TO4HTR 597.7 DEG.

TWODPR 25.0 DEG.C TGCOMP 59.7 DEG.C TOS5HTR 622.3 DEG.

TGBOUN 39.4 DEG.C TO6HTR 612.6 DEG.

TO7HTR 612.1 DEG.

TO8HTR 574.5 DEG.

TO9HTR 599.4 DEG.

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 586.0 DEG.

FLOCLR 4.42 PWRIN 3489. WATTS VX1HOR 0.3 CM/S PWROUT 756. WATTS T11HTR 562.9 DEG.

TWINCL 25.5 QCOOLR 255%. WATTS VYIVER 7.7 CM/S INDPWR 806. WATTS T12HTR 581.
TDLCL 8.35 QDSHPT 66. WATTS PISTST 2.83 CM
TWOCLR 32.86 EXTEFF 21.7 % PHASE ANGLES DISPST 2.44 CM

TAVHTR .5 DEG.C PADISP 59.2 DEG. T13REG¥¥%%%*

INTEFF .8 % PAPRES -16.2 DEG. DYNAMIC CALCULATIONS TI4REG 487.4

AMPS . AMPS PAMPC 999. KP T15REG 4

QRDISPG . WATTS ENGIME SPEED DISPCP 2.34 CH T16REG .8

QDISP . WATTS FREQ 26 .7 HZ PISTCP 2.43 CM T17REG .g

7

POOANHNUNNO R
aaaaaaaaaaaa

QREG1 . WATTS PDYNDBX¥¥X%% (pa T18REG
QREG2 . WATTS PDLCLR*¥X¥%%X KPR T19REG
QREG3 . WATTS PDLREG 26.13 KPA

PFP .0 KPA/CM PDLDIS 74.67 KPA TOIHEDXX¥XXX%
PFD .6 KPA/CM

NBEALE 0.00709
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APPENDIX C. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/06/84 14:31:24.59 PDG 1075

FLUID HELIUM BAROM 14.288 PSTI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

EAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.84 L/MIN AMPS1 448. AMPS PRESUP 4145. KPA TGEXP 562.2 DEG.C TO1HTR 606.5 DEG.C
AMPS2 382. AMPS TGZHTR 5%8.6 DEG.C
TWINDP 22.8 DEG.C VOLTG 1.78 VOLTIS MEANBP 4011. KPA TGREGH 562.2 DEG.C TO3HTIR 613.7 DEG.C
TCLDP 0.32 DEG.C MEANCP 4028. KPA TGREGC 66.0 DEG.C TG4HTR 607.6 DEG.C
TWODPR 23.8 DEG.C TGCOMP 33.8 DEG.C TOSHTIR 611.9 DEG.C
TGBOUN 28.7 DEG.C TO6HTIR 596 .9 DEG.C
TO7HTR 5%98.3 DEG.C
TO3HIR 593.9 DEG.C
TO9HTR 606.%9 DEG.C
EAT TO CCOLER CALCULATED PARAMETERS VIBRATION REMCTE CALCULATIONS T10HTR 5%8.1 DEG.C
FLOCLR 4.31 L/MIN 1 PWRIN 1481. WATTS VXIHOR 0.2 CM-/S PWROUT 280. WATTS T11HTR 585.3 DEG.C
TWINCL 25.2 DEG.C 2 QCOOLR 8%0. WATTS VY1VER 4.1 CM.'S INDFWR 2%0. WATTS T12HTR 584.7 DEG.C
TDLCL 2.97 DEG.C 3 QDSHPT 86. WATTL PISTST 1.82 CH
THWOCLR 27.79 DEG.C 4% EXTEFF 18.9 % PHAZ T AMNGLES DISPST  1.97 CM
5 TAVHTR 600.2 DEG.C PADIS? 55.9 DEG. T13REGX¥%X¥¥ DEG.C
6 INTEFF 23.9 % PAPRES -23.8 DEG. DYNAMIC CALCULATIONS TI14REG 507.9 DEG.C
8 AMPS 830. AMPS PAMPC 433. KPA T15REG 366.8 DEG.C
9 QDISFPG 3. WATTS ENGINE SPEED DISECP 1.76 CHM TI16REG 363.4 DEG.C
10 QDISP 15. WATIS FREQ 22.8 HZ PISTCP 2.34 CM T17REG 360.7 DEG.C
11 QREG1 129. WATTIS PDYNDB¥¥%%XX¥ KPA T18REG 361.9 DEG.C
12 QREG2 118. UATTS PDLCLR 1.19 KPA T19REG 203.1 DEG.C
13 QREG3 38. WATTS PDLREG 17.65 KPA
14 PFP 573.1 KPA/CN PDLDIS 31.90 KPA TO3HED**¥¥%% DEG.C
15 FFD 216.8 KPA/CM
16 NBEALE 0.00656

NASA LEWIS SENSITIVITY TEST DATA RE 1008 TFREE PISTON STIRLING ENGINE TEST D003, REC 08/06/84 14:37:54.59 RDG 1076

FLUID HELIUM BAROM 14.288 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

EAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.85 L/MIN AMPS1 4664. AMPS PRESUP 4155. KPA TGEXP 560.4 DEG.C TOLHTR 605.6 DEG.C
AMPS2 396. AMPS TG2ZHTR 6060.3 DEG.C
TWINDP 22.8 DEG.C VOLTG 1.85 VOLTS MEANBP 4008. KPA TGREGH 562.3 DEG.C TO3HTR 614.9 DEG.C
TDLDP 0.45 DEG.C MEANCP 4025. KPA TGREGC 67.6 DEG.C TO4HTR 605.9 DEG.C
TWODPR 23.% DEG.C TGCOMP 36,1 DEG.C TOSHTR 614.6 DEG.C
TGBOUN 29.06 DEG.C TQ6HTR 597.9 DEG.C
TO7HIR 599.1 DEG.C
TO8HTR 592.2 DEG.C
TOYHTR 606.3 DEG.C-
EAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTIR 597.4 DEG.C
FLOCLR 4.31 L/MIN 1 PWRIN 1589. WATTS VX1HOR 0.2 CM/S PWROUT 327. WATIS T11HTR 584.1 DEG.C
TWINCL 25.2 DEG.C 2 QCQOLR 968. WATIS VY1VER 4.4 CM/S INDPWR 345. WATTS T12HTR 586.1 DEG.C
TDLCL 3.24 DEG.C 3 QDSHPT 119. WATIS PISTST 1.99 CM
TWOCLR 28.07 DEG.C 4 EXTEFF 20.6 % PHASE ANGLES DISPST 2.13 CM
5 TAVHTR 600.4 DEG.C PADISP 55.7 DEG. T13REGX¥*¥%¥%X DEG.C
6 INTEFF 25.3 % PAPRES -22.8 DEG. DYNAMIC CALCULATIONS T14REG 511.9 DEG.C
& AMPS 860. AMPS PAMPC 472. KPA T15REG 373.5 DEG.C
9 QDIZPG 3. WATTIS ENGINE SPEED DISPCP 2.05.CM T16REG 365.9 DEG.C
180 QDISP 15. WATTS FREQ 22.8 HZ PISICP 2.36 CH T17REG 362.8 DEG.C
11 QREG1 127. WATTS PDYNDBX**%¥¥ KPR T18REG 366.2 DEG.C
12 QREG2 118. WATTS PDLCLR 1.36 KPA T19REG 209.5 DEG.C
13 QREG3 38. WATTS PDLREG 21.72 KPA
14 PFP 562. 5 KPA/CM PDLDIS 36.66 KPA TOIHED***¥X¥¥ DEG.C
15 PFD 208.3 KPA/CHM
16 NBEALE 0.00700

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/06/84% 164:42:21.59 RDG 1077

FLUID HELIUM BAROM 14.288 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

!EAT TO DASHFOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
LODP 3.83 L/MIN AMPS1 501. AMPS PRESUP 4150. KPA TGEXP 556.6 DEG.C TO1HTR 603.9 DEG.C
AMPS2 420. AMPS : TO2HTR 599.1 DEG.C
TWINDP 22.9 DEG.C VCLTG 1.9%8 VOLTS MEANBP 4000. KPA TGREGH 560.5 DEG.C TO3HTR 613.3 DEG.C
TDLDP 0.57 DEG.C MEANCP 40620. KPA TGREGC 69.3 DEG.C TO04HTR 605.2 DEG.C
TWCDPR 24.1 DEG.C TGCOMP 38.1 DEG.C TO5HTR 613.6 DEG.C
TGBOUN 29.9 DEG.C TO6HTR 599.1 DEG.C
TO7HTR 59%.9 DEG.C
TO8HTR 58%.4 DEG.C
TOSHIR 606.7 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 593.7 DEG.C
FLOCLR 4.29 L/MIN 1 PWRIN 1824. WATTS VX1HOR 0.2 CM/S PWROUT 387. WATTS T11HTR 582.2 DEG.C
TWINCL 25.2 DEG.C 2 QCOCLR 1071. WATTS VY1VER 4.9 CM/S INDPWR 407. WATTIS T12HTR 533.3 DEG.C
TDLCL 3.59 DEG.C 3 QDSHPT 151. WATTS PISTST 2.20 CM
TWCCLR 28.42 DEG.C 4 EXTEFF 21.2 % PHASE ANGLES DISPST 2.27 CM
5 TAVHTIR 599.1 DEG.C PADISP 57.1 DEG. T13REGXX¥¥¥X DFEG.C
6 INTEFF 26.5 % PAPRES -21.7 DEG DYNAMIC CRLCULATIONS T14REG 512.1 DEG.C
8 ANMPS 921. AMFS PAMPC 541. KPA T15REG 376.4 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.06 CM T16REG 369.4 DEG.C
10 QDISP 15. WATTS FREQ 23.0 HZ PISTCP 2.39 CM T17REG 363.7 DEG.C
11 QREG1 123. WATTS PDYNDB¥XX%%% P T18REG 364.3 DEG.C
12 QREG2 120. WATTS PDLCLR 1.87 KPA T1%REG 212.9 DEG.C
13 QREG3 38. WATTS PDLREG 24.4% KPA
14 PFP 574.3 KPA/CM PDLDIS 40.73 KPA TOSHED®¥X¥¥% DEG.C
15 PFD 209.8 KPA/CM
16

NEEALE ©¢.00746 49




APPENDIX C. - CONTINUED.

NASR LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/06/84 14:47:21.59 RDG 1078

FLUID HELIUM BAROM 14.288 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SUKFACE TEMPERATURE
FLODP 3.82 L/UIN AMP51 516. AMPS PRESUP 4146. KPR TGEXP 555.0 DEG.C TOLHTR 605.0 DEG.C
AMPS2 434. AMPS TO2HTR 600.1 DEG.C
TWINDP 22.9 DEG.C VOLTG 2.04 VOLTS MEANBP 3995. KPA TGREGH 561.3 DEG.C TO3HTR 613.7 DEG.C
TDLDP 0.80 DEG.C MEANCP 64018. KPA TGREGC 71.0 DEG.C TO4HTR 604.9 DEG.C
TWODFR 24.3 DEG.C TGCCIIP  40.2 DEG.C TO5HTR 614.0 DEG.C
TGBEOUN 30.% DEG.C TO6HTR 600.5 DEG.C
TO7HIR 600.9 DEG.C
TOBHTR 589%.6 DEG.C
TOSHTR 607.9 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION R=MOTE CALCULAfIONS T1Q0HTR 59%92.2 DEG.C
FLOCLR 6.30 L/MIN 1 PWRIN 1939. WATTS VXIHOR 0.2 C4S PUROUT 46446. WATIS T11HTR 582.9 DEG.C
TWINCL 25.2 DEG.C 2 QCOQLR 1176. WATTS VYIVER 5.6 C1I/S INDPUR 666. WATTS T12HTR 582.0 DEG.C
TDLCL 3.94 DEG.C 3 QDSHPT 212. WATTS PIRIST 2.41 CM
TUWCCLR 28.82 DEG.C 4 EXTEFF 23.0 % PHASE RNGLES DISPST 2.39 CH
5 TAVHTR 599.5 DEG.C PADISP 58.1 DEG. T13REG*¥*%%%¥ DEG.C
6 INTEFF 27.5 % PAPRES -20.3 DEG. DYNAMIC CALCULATIONS T14PEG 512.8 DEG.C
& AMPS 950. AMPS PANMPC 576. KPA T15REG 378.0 DEG.C
$ QDISPG 3. WATTS ENGINE SPEED DISPCP 2.13 CM T16PEG 371.9 DEG.C
10 QDISP 15. WATTS FREQ 23.0 HZ PISTCP 2.37 CHU T17REG 367.3 DEG.C
11 QREG1 122. WATTS PDYNDBX¥X%XX% KPA T1BREG 365.8 DEG.C
12 QREG2 119. WATTS PDLCLR 2.04 KP3 T1%REG 215.0 DEG.C
13 QREG3 38. WATTS PDLREG 27.15 KPA
14 PFP 551.3 KPA/CM PDLDIS 65.48 KPA TOIHED**¥%¥% DEG.C
15 PFD 197.3 KFR/7CM
16 MBEALE 0.00784
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/06/8%4 14:52:24.59 RDG 1079
FLUID HELIUM BAROM 14.288 PSY REGENERATOR 1 DISPLACER 1 STANDARD PISTON
HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4,08 L/MIN AMPS1 53%9. AMPS PRESUP 64143. KPA TGEXP 553.1 DEG.C TO01HTR 605.6 DEG.C
AMPS2 451. RMPS TOZHTR 599.1 DEG.C
TWINDP 23.8 DEG.C VOLTG 2.13 VOLTS MEANBP 3988. KPA TGREGH 560.1 DEG.C TO3HIR 614.7 DEG.C
TDLDP ¢.81 DEG.C MEANCP 4012. KPA TGREGC 70.5 DEG.C TO4HTR 603.7 DEG.C
THWODPR 24.4 DEG.C TGCOMP 41.6 DEG.C TO5HTR 615.3 DEG.C
TGBOUN 32.0 DEG.C TO6HTR 600.7 DEG.C
TOC7HTIR 601.4 DEG.C
TC8HIR 589.7 DEG.C
TOYHIR 607.8 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 591.6 DEG.C
FLOCLR 4.31 L/MIN 1 PWRIN 2109. WATTS VXIHOR 0.2 CM/S PWROUT 500. WATTS T11HTR 531.8 DEG.C
THINCL 25.2 DEG.C 2 QCOOLR 1242. WATTS VY1VER 5.8 Cii/S INDPWR 520. WATTS T12HTR 581.3 DEG.C
TDLCL 4.15 DEG.C 3 QDSHPT 228. WATTS PISTST 2.61 CM
TWOCLR 29.17 DEG.C 4 EATEFF 23.7 % PHASE ANGLES DISPST 2.55 Ci
5 TAVHTR 5%9.4 DEG.C PADISP 58.4 DEG. TISREG**¥%X% DEG.C
6 INTEFF 28.7 % PAPRES -19.7 DEG. . DYNAMIC CALCULATIONS T14REG 512.2 DEG.C
& RMPS $90. AMPS PAMPC 645. KPA TI5REG 376.1 DEG.C
$ QDISPG 3. WATTS ENGINE SPEED DISPCP 2.18 CM T16REG 367.6 DEG.C
10 QDISP 15. WATTS FREQ 23.0 HZ PISICP 2.40 CM T17REG 363.5 DEG.C
11 QREG] 121. WATTS PDYNDB¥¥%¥%%% Kpp T18REG 363.0 DEG.C
12 QREG2 121. WATTS PDLCLR 2.72 KPR T19REG 213.7 DEG.C
13 QREG3 38. WATTS PDLREG 29.53 KPA
14 PFP 568.8 KPAR/CM PDLDIS 49%9.21 KPA TO3IHED**¥%%% DEG.C
15 PFD 200.5 KPA/CHM
16 NBEARLE 0.00815
NASA LEWIS SENSITIVITY TEST DATA RE 1008 FREE PISTON STIRLING ENGINE TEST D003, REC 08/06/84 14:58:30.59 RDG 1080
FLUID HELTIUM BAROM 14.288 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON
HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.11 L/MIN AtPS1 568. AMPS PRESUP 4141. KPA TGEXP 551.4 DEG.C TOL1HTR 606.1 DEG.C
AMPS2 475. AMPS TO2HTR 602.6 DEG.C
THWINDP 23.1 DEG.C VOLTG 2.25 VOLTS MEANBP 3986. KPA TGREGH 552.6 DEG.C TO3HTR 618.9 DEG.C
TDLDP 6.93 DEG.C MEANCP 64010. KPA TGREGC 65.5 DEG.C TO4HTR 600.0 DEG.C
TWODPR 24.7 DEG.C TGCOMP 45.0 DEG.C TOSHTR 621.4 DEG.C
TGBOUN 33.3 DEG.C TO6HTR 602.5 DEG.C
TQ7HTR 604.1 DEG.C
TO8HTR 590.2 DEG.C
TO9HTR 603.7 DEG.C
HEAT 7O COQLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 594.6 DEG.C
FLOCLR 4.33 L/MIN 1 PWRIN 2342. WATTS VX1HOR 0.2 CM/S FUROUT 567. WATTS T11HTIR 577.3 DEG.C
TWINCL 25.3 DEG.C 2 QCOOLR 1402. WATTS VY1VER 6.3 CM/S INDPWR 592, WATIS T12HTR 585.2 DEG.C
TDLCL 4.67 DEG.C 3 QDSHPT 266. WATTS PISTST 2.82 CH1
TWOCLR 29.62 DEG.C 4 EXTEFF 24.2 % PHASE ANGLES DISPST 2.71 CM
5 TAVHTR 600.6 DEG.C PADISP 58.6 DEG. T13REG*¥¥%¥¥ DEG.C
6 INTEFF 28.8 % PAPRES -19.5 DEG. DYNAMIC CALCULATIONS T14REG 506.8 DEG.C
8 RUPS 1643. AMPS PAMPC 699. KPA T1SREG 358.9 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.21 CM T16REG 335.6 DEG.C
10 QDISP 14, WATTS FREQ 22.8 HZ PISTICP 2.50 CM T17REG 331.6 DEG.C
11 QREG1 1164, WATTS PDYNDB*¥X¥X¥% KPR T18REG 342.7 DEG.C
12 QREG2 133. WATTS PDLCLR 3.53 KPA TLI9REG 201.7 DEG.C
13 QREG3 38. WATTS PDLREG 31.22 KPA
14 PFP 568.0 KPA/CM PDLDIS 51.93 KPA TO3IHED**%X%¥¥% DEG.C
15 PFD 202.2 KPA/CM
16 NBEALE 0.00860
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APPENDIX C. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE iOOO FREE PISTON STIRLING ENGINE TEST D003, REC 08/06/84 15:02:18.59 EDG 1081

FLUID HELIUM BAROM 14.288 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

{EAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEWMPERATURES

FLODP  4.10 L/MIN AMPS1  588. AMPS PRESUP 4139. KPA TGEXP 548.¢ DEG.C TO1HIR 605.2 DEG.C
AMFS2  491. AMPS TO2HIR 603.1 DEG.C
TWINDP 23.1 DEG.C VOLTG 2.32 YOLTS MEANBP 3983, KPA TGREGH 549.8 DEG.C TO3HTR 619.5 DEG.C
TDLDF  1.06 DEG.C MEANCP 4011. KPA TGREGC 65.1 DEG.C TOGHTR 597.7 DEG.C
TWOLPR 24.8 DEG.C TGCOMP  47.0 DEG.C TOSHTR 622.8 DEG.C
TGBOUN 33.9 DEG.C TOGHTR 603.2 DEG.C
TO7HTR 604.6 DEG.C
TOSHIR 588.7 DEG.C
TOSHTR 602.6 DEG.C
{EAT TO COOLER CALCULATED PARAMETERS VIBRATLOM REMOTE CALCULATIONS T10HTR 593.1 DEG.C
FLOCLR &.34 L/MIN 1 PURIN 2507. WATTS VAIHO? 0.3 CM/S PHROUT 622. WATTS T11HTR 575.1 DEG.C
TWINCL 25.3 DEG.C 2 QCOOLR 1500. WATTS VYIVER 6.7 CH/S INDPWR 6647. WATTS T12HTR 584.3 DEG.C
TDLCL  4.99 DEG.C 3 QDSHPT 302. WATTS PISTST 3.01 CM
TWOCLR 29.90 DEG.C 4 EXTEFF 24.8 2 PHASE ANGLES DISPST 2.86 CM
5 TAVHTR 600.0 DEG.C PADISP 58.9 DEG. T13REGH¥%X¥X DEG.C
6 INTEFF 29.3 % PAPRES -19.3 DEG. DYNAMIC CALCULATIONS T14REG 505.5 DEG.C
& IMPS  1079. AMPS PAMPC  733. KPA T15REG 354.8 DEG.C
9 QDISPG 3. WAITS ENGINE SPEED DISPCP 2.11 CM T16REG 328.7 DEG.C
10 QDISP 14. WATTS FREQ 22.7 HZ PISTCP 2.56 CH T17RPEG 32%4.6 DEG.C
11 QREGLI  113. WATTS PDYNDB¥¥¥¥X¥ KPR TI18REG 338.1 DEG.C
12 GREG2  136. WATTS PDLCLR 3.39 KPA TI19REG 198.9 DEG.C
13 QREG3 38. WATTS PDLREG 33.26 KPA
14 PFP 557.9 KPA/CM PDLDIS 56.68 KPA TOIHED¥¥*%%¥ DEG.C
15 PFD 197.2 KPA/CM
16 NBERLE 0.0089%0
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/08/84% 13:16:33.40 RDG 1117
FLUID HELIUM BAROM 14.239 PST REGENERATOR 1 DISPLACER 1 STANDARD PISTON
EAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP  4.40 L/MIN AMPS1 560. BMPS PRESUP 7088. KPA TGEXP 568.8 DEG.C TO1HTR 600.0 DEG.C
MMFS2  479. AMPS TO2HTR 605.4 DEG.C
TWINDP 25.0 DEG.C VOLTG 2.22 VOLTS MEANBP 7007. KPA TGREGH 563.8 DEG.C TO3HTR 611.6 DEG.C
TDLDP  1.19 DEG.C MERNCP 7047. KPA TGREGC 100.3 DEG.C TO4HTR 606.7 DEG.C
TWODPR 26.7 DEG.C TGCOMP 52.1 DEG.C TOSHTR 615.9 DEG.C
TGBOUN 39.5 DEG.C TO6HTR 605.5 DEG.C
TO7HTR 604.2 DEG.C
TOSHTR 582.6 DEG.C
TOSHTR 609.2 DEG.C
EAT TO COOLER CALCULATED PARAMETERS VIBRATTION REMOTE CALCULATIONS T10HTR 591.2 DEG.C
FLOCLR 4.36 L/MIN 1 PHRIN 2303. WATTS YX1HOR 0.3 CM/S PUROUT 503. WATTS TI1HTR 579.1 DEG.C
TWINCL 39.4 DEG.C 2 QUOOLR 1710. WATTS VYIVER 6.0 CM/S " INDPWR 544. WATTS TI12HTR 582.9 DEG.C
TDLCL  5.69 DEG.C 3 QDSHPT 363. WATTS PISTST 1.8l CHM
TWOCLR 44.13 DEG.C ¢ EXTEFF 21.9 % PHASE ANGLES DISPST 1.86 CM
5 TAVHTR 599.5 DEG.C PADISP 57.9 DEG. T13REG¥X¥¥%X DEG.C
6 INTEFF 22.7 % PAPRES -18.7 DEG. DYNAMIC CALCULATIONS TI14REG 521.2 DEG.C
8 AMPS  1039. AMPS PAMPC  797. KPA T15PEG 389.1 DEG.C
9 QDISFG 3. WATTS ENGINE SPEED DISPCP 2.02 CM T16REG 392.1 DEG.C
10 QDISP 15. WATTS FREQ 30.1 HZ PISTCP 2.36 CM T17REG 38%.9 DEG.C
11 QREG1  118. WATTS PDYNDB¥*X¥¥% KPR T18REG 378.9 DEG.C
12 QREG2  115. WATTS PDLCLR  3.05 KPA T19REG 232.9 DEG.C
13 QREG3 36. WATTS PDLREG 35.30 KPA
14 PFP 1009.7 KPA/CM PDLDIS 65.16 KPA TO3ZHED¥¥¥%¥% DEG.C
15 PFD 326.6 KPA/CM
16 NBEALE 0.00512
NASK LEWIS SENSITIVITY TEST DATR RE 1008 FREE PISTON STIRLING ENGINE TEST D003, REC 08/08/84 13:21:24.40 RDG 1118
FLUID HELIUM BAROM 14.239 PST REGENERATOR 1 DISPLACER 1 STANDARD PISTON
{EAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP  4.39 L/MIN AMPS1 597. AMPS PRESUP 7085. KPA TGEXP 565.3 DEG.C TO1HTR 601.1 DEG.C
AMPS2 508. AMPS TO2HTR 604.% DEG.C
TWINDP 25.1 DEG.C VOLTG 2.36 VOLTS MEANBP 7005. KPR TGREGH 563.9 DEG.C TO3HTR 612.7 DEG.C
TDLDP  1.45 DEG.C MERNCP 7047. KPA TGREGC 103.2 DEG.C TO4HTR 605.5 DEG.C
TWODPR 27.0 DEG.C TGCOMP 54.8 DEG.C TO5HTR 616.6 DEG.C
TGBOUN 40.7 DEG.C TOGHTR 606.3 DEG.C
TO7HTR 604.7 DEG.C
TO8HTR 582.5 DEG.C
TO9HTR 610.06 DEG.C
{EAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 588.9 DEG.C
FLOCLR &.37 L/MIN 1 PURIN 2608. WATTS VX1HOR 0.3 CM/S PWROUT 587. WATTS T11HTR 578.6 DEG.C
TWINCL 39.7 DEG.C 2 QCOOLR 1842. WATTS VY1VER 6.7 CM/S INDPWR 631. WATTS T12HTR 579.5 DEG.C
TDLCL  6.10 DEG.C 3 QDSHPT 442. WATTS PISTST 2.01 CM
TWOCLR 4%.66 DEG.C 4 EXTEFF 22.5 % PHASE ANGLES DISPST 1.97 CM
5 TAVHTR 599.2 DEG.C PADISP 57.9 DEG. T13IREGH¥¥¥¥¥X DEG.C
& INTEFF 24.2 % PAPRES ~18.0 DEG. DYNAMIC CALCULATTIONS T14REG 521.3 DEG.C
8 KMPS  1105. BAMPS PAMPC  886. KPA T15REG 392.8 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.23 CM T16REG 396.2 DEG.C
10 QDISP 16. WATTS FRE®Q 30.2 HZ PISTCP 2.37 CM T17REG 389.8 DEG.C
11 QREGI  118. WATTS PDYNDB*¥X%%¥ KPA T18REG 382.9 DEG.C
12 QREG2  112. WATTS PDLCLR 3.73 KPA T19REG 237.7 DEG.C
13 QREG3 36. WATTS PDLREG 41.07 KPA
14 PFP  1009.5 KPA/CM PDLDIS 80.10 KPA TO3SHED**%¥%% DEG.C
15 PFD 327.9 KPAs/CM
16 NBEALE 0.00538 51




NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM
HEAT TO DASHPOT COOLING

FLODP 4.38 L/MIN
TWINDP 25.2 DEG.C
TDLDP 1.63 DEG.C
TWODPR 27.6 DEG.C
HEAT TO COOLER
FLOCLR 4.36 L/MIN
TWINCL 39.7 DEG.C
TDLCL 6.88 DEG.C
TWOCLR 45.37 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1800

FLUID HELIUM
HEAT TO DASHPOT COOLING

FLODP 4.38 L/MIN
TWINDP 25.3 DEG.C
TDLDP 1.97 DEG.C
TWODPR  27.7 DEG.C
HEAT TO COCLER
FLOCLR 4.39 L/MIN
TWINCL 3%.8 DEG.C
TLDLCL 7.74 DEG.C
TWOCLR 46.23 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM
HEAT TO DASHPOT COOQLING

FLODP 4.37 L/MIN
THINDP 25.4 DEG.C
TDLDP 2.18 DEG.C
TWODPR 28.0 DEG.C
HEAT TO COOLER
FLOCLR 4.36 L/MIN
TWINCL 39.9 DEG.C
TDLCL 8.42 DEG.C
TWOCLR 46.9%9 DEG.C
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APPENDIX C. - CONTINUED.

BAROM 14.234 PSI REGENERATOR 1

POWER IN

AMF3S1  629. AMPS
AMP32 536. AMPS
VOLTG 2.49 VOLTS

CALCULATED PARAMETERS

PWRIN 2900. WATTS
QCOOLR 2073. WATTS
QDSHPT 496. WATTS
EXTEFF 23.0 %
TAVHTIR 599.6 DEG.C
INTEFF 24.3 %

AMPS 1165. AMPS
QDISPG 3. WATTS
QDISP 14. WATTS
QREG1 116. WATIS
RREG2 111. WATTS
RREG3 35. WATTIS
PFP 1003.3 KPA/(M
PFD 314.8 KPA/CHM

NBEALE 0.00558

BARCM 14.234 PSI REGENERATOR 1

POWER IN
AMPS1 667. AMPS
AMPS2 - 568. AMPS

VOLTG 2.64%4 VOLTS

CALCULATED PARAMETERS

PWRIN 3258. WATTS
QCOOLR 2345. WATTS
QDSHPT 598. WATTS
EXTEFF 23.2 %
TAVHTR 599.7 DEG.C
INTEFF 24.4% %

AMPS 1234. AMPS
QDISPG 3. WATTIS
QDISP 14, WATTS
QREG1 114. WATTS
QREG2 119. WATTS
QREG3 35. HWATTS
PFP 1010.9 KPA/CHM
FFD 309.5 KPA/CM

NBEALE 0.00575

BAROM 164.234 PSI REGENERATOR 1

PCWER IN
AMPS1 702. AMPS
AMPS2 595. AMPS

VOLTG 2.78 VOLIS

CALCULATED PARAMETERS

PWRIN 3599. WATTS
QCOOQLR 2532. WATTS
QDSHPT 662. WATTS
EXTEFF 23.5 %
TAVHTR 599.5 DEG.C
INTEFF 25.0 %

AMPS 1296. AMPS
QDISPG 3. WATTS
QDISP 14. WATTS
QREG1 111. WATTS
QREG2 114. WATTS
QREG3 35. WATTS
PFP 1007 .1 KPA/CHM
PFD 300.9 KPA/CM

NBEALE 0.00593

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7086. KPA

MEANBP 7009. KPA
MEANCP 7053. KPA

VIBRATION
VX1HOR 0.4
VY1VER 7.3

PHASE ANGLES
PRDISP 58.4 DEG.
PRPRES -16.8 DEG.

chMss
cHs/s

ENGINE SPEED

FREQ 30.2 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1
ENGINE CHARGE PRESSURE

PRESUP 7089. KPA

MEANBP 7011. KPA

MERNCP 7061. KPA
VIBRATION

VX1HOR 0.4 CM/S
VY1VER 8.0 CM/S

PHASE ANGLES

PADISP 58.4 DEG.

PAPRES -15.7 DEG.
ENGINE SPEED

FREQ 30.2 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7093. KPA

7012. KPA
7066. KPA

MEANBP
MEANCP

VIBRATION
VX1HOR 0.4
VY1VER 8.6

CM/S
Crss

PHASE ANGLES
PADISP 58.5 DEG.
PAFRES -14.9 DEG.

ENGINE SPEED
FREQ

30.3 HZ

52

STANDARD PISTON

GAS TEMPERATURES
TGEXP 562.9 DEG.C

TGREGH 563.0 DEG.C
TGREGC 105.7 DEG.C
TGCOMP 57.4 DEG.C
TGBOUN 41.6 DEG.C

REMOTE CALCULATIONS
PWROUT 667. WATTS
INDPWR 718. WATTS
PISTST 2.19 CH
DISPST 2.09 CM

DYNAMIC CALCULATIONS
970. KPR

PAUPC .

DISPCP 2.26 CH
PISTCP 2.39 CM
PDYNDRXXXX%% (DA
PDLCLR 4.2% KPA
PDLREG 45.48 KPA
PDLDIS 80.78 KPA

STANDARD PISTON

GAS TEMPERATURES
TGEXP 559.6 DEG.C

TGREGH 561.7 DEG.C
TGREGC 108.4 DEG.C
TGCOMP 60.5 DEG.C
TGBOUN 42.9% DEG.C

REMOTE CALCULATIONS

PWROUT 757. WATTS
INDPWR 814. WATTS
PISTST 2.42 CM

DISPST 2.22 CM

DYNAMIC CALCULATIONS
PAMPC 1083. KPA
DISPCP 2.27
PISTCP 2.38
PDYNDBX®%¥XxX%
PDLCLR 5.09
PDLREG 51.25
PDLDIS 89.26

STANDARD PISTON
GAS TEMPERATURES

TGEXP 557.0 DEG.C

TGREGH 559.4 DEG.C
TGREGC 109.0 DEG.C
TGCOMP 64.0 DEG.C
TGBOUN 44.0 DEG.C

REMOTE CALCULATIONS
PWROUT 8&45. WATTS
INDPWR 907. WATTS
PISTST 2.61 €M
DISPST 2.35 CM

DYNAMIC CALCULATIONS
PAMPC 1171. KPA
DISPCP 2.29% CM
PISTCP 2.34 CM
PDYNDBXXX¥XX KPJ
PDLCLR 6.11 KPA
PDLREG 56.34 KPA
PDLDIS $6.73 KPA

SURFACE TEMPERATURES
TOIHTR 602.1 DEG.C
TO2HTR 604.2 DEG.C
TO3HTR 614.5 DEG.C
T04HTR 605.0 DEG.C
TOSHTR 618.6 DEG.C
TO6HTR 607.2 DEG.C
TQ7HTR 605.7 DEG.C
TOBHTR 582.5 DEG.C
TOSHTR 611.1 DEG.C
T10HTR 588.5 DEG.C
T11HTR 578.0 DEG.C
T12HTR 578.3 DEG.C
T13REG*¥¥%¥%%% DEG.C
T14REG 521.9 DEG.C
T15REG 395.2 DEG.C
T16REG 397.0 DEG.C
T17REG 390.9 DEG.C
T18REG 384.7 DEG.C
T19REG 241.6 DEG.C
TO3IHED*X¥%¥X¥ DEG.C

REC 08/08/84% 13:26:36.40 RDG 1119

REC 08/08/84 13:31:27.40 RDG 1120

SURFACE TEMPERATURE
TO1HTR 602.7 DEG.C
TOZHTR 604.0 DEG.C
TO3HTR 616.3 DEG.C
TO4HTR 603.9 DEG.T
TOSHTR 620.6 DEG.C
TO6HTR 608.3 DEG.C
TQ7HTR 606.7 DEG.C
TO8HTR 582.1 DEG.C
TOGHTR 611.5 DEG.C
T10HTR 587.4 DEG.C
T11HTR 576.6 DEG.C
T12HTR 576.3 DEG.C
T13REGY*X¥¥X DEG.C
T14REG 522.0 DEG.C
T15REG 397.2 DEG.C
T16REG 397.8 DEG.C
T17REG 391.7 DEG.C
T18REG 386.3 DEG.C
TI19REG 245.2 DEG.C
TO3IHED*XX%¥%% DEG.C

SURFACE TEMPERATURES
TO1HTR 602.6 DEG.C
TO02HTR 604.7 DEG.C
TO3HTR 616.7 DEG.C
TO4HTR 603.9 DEG.C
TOS5HTR 621.4 DEG.C
"TO6HTR 609.5 DEG.C
TO7HTR 608.0 DEG.C
TO8HTR 580.9 DEG.C
TOYHTIR 611.3 DEG.C
T10HTR 586.0 DEG.C
T11HTR 57¢.7 DEG.C
T12HTR 574.8 DEG.C
T13REGX¥X¥¥¥ DEG.C
T14REG 519.6 DEG.C
T15REG 391.9 DEG.C
T16REG 391.7 DEG.C
T17REG 386.0 DEG.C
T18REG 378.7 DEG.C
T19REG 241.7 DEG.C
TOIHEDX*¥XX%¥ DEG.C

REC 08/08/84% 13:36:21.40 RDG 1121




APPENDIX C. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/08,/8% 13:41:21.40 RDG 1122

FLUID HELIUM BARCM 14.234 PST REGENERATOR 1 DISPLACER 1 STANDARD PISTCN
EAT TO DASHPOT COQLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES

FLODP 4.37 L/MIN AMPS1 744. AMPS PRESUP 7093. KPA TGEXP 553.0 DEG.C TOl1HTR 600.3 DEG.C
AMPS2  627. AMPS TO2HTR 606.8 DEG.C
TWINDP 25.6 DEG.C VOLTG 2.91 VOLTS MEANBP 7014. KPA TGREGH 550.7 DEG.C TO3HTIR 614.7 DEG.C
TDLDP 2.52 DEG.C MEANCP 7072. KPA TGREGC 1064.8 DEG.C TO4HTR 601.2 DEG.C
TWODPR 28.35 DEG.C TGCOMP  70.5 DEG.C TOSHTR 621.1 DEG.C
TGBOUN * 45.8 DEG.C TOSHTR 610.5 DEG.C
TO7HIR 608.9 DEG.C
TO8HTR 577.5 DEG.C
TO9HTR 608.8 DEG.C
HEAT TC COOLER CALCULATED PARAHETERS VIBRATION REMOTE CALCULATIONS T10HTR 583.8 DEG.C
FLOCLR 4.35 L/MIN 1 PWRIN 3994. WA VXIHOR 0.4 CM/S PHROUT 912. WATTS T11HTR 569%.9 DEG.C
TWINCL 39.9 DEG.C 2 QCOOLR 2889. kBTiS VY1VER 9.1 CM/S INDFWR  976. KATIS T12HTR 574%.2 DEG.C
TCLCL 9.62 DEG.C 3 QDSHPT 765. WATTIS PISTST 2.77 CH
TWOCLR 48.16 DEG.C 4 EXTEFF 22.8 % PHASE ANGLES DISPST 2.44 CM
5 TAVHTR 598.1 DEG.C PADISP 58.5 DEG. T13REGX¥X*¥¥X DEG.C
6 INTEFF 24.0 % PRPRES ~14.4 DEG. DYNAMIC CALCULATIONS T14REG 505.1 DEG.C
8 AMPS 1371 AMPS PRMPC 1196. KPA T15REG 358.4 DEG.C
9 QDISPG WATTS ENGINE SPEED DISPCP 2.39 CM T16REG 35%.7 DEG.C
10 QDISP 14 WATTS FREQ 30.1 EZ PISTCP 2.38 CM T17REG 348.0 DEG.C
11 QREG1 99. WATTS PDYNDBX**¥%¥X KPA I'18REG 338.4 DEG.C
12 QREG2 135. WATIS PDLCLR 6.28 KPA TL19REG 216.9 DEG.C
13 QREG3 35. WATTS PDLREG 55.66 KPA
14 PFP 967.1 KPA/CM PDLDIS 97.07 KPA TOJHEDX*¥X¥¥* DEG.C
15 PFD 285.6 KPA/CHM
16 NBEALE 0.00606

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/27/84 13:46:06.27 RDG 1196

FLUID HELIUM BAROM 14.332 PSTI REGEMNERATOR 1 DISPLACER 1 STANDARD PISTON

EAT TO DASHPOT COOLING POKER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEUMPERATURES

FLODP .00 L/MIN AMPS1 557. AMPS PRESUP 7217. KPA TGEXP 570.3 DEG.C TO1HTR 599.5 DEG.C

AMPS2  461. AMPS TO2HTR 607.4 DEG.C

TWINDP 18.2 DEG.C VOLTG 2.22 VOLTS MEANBP 6995. KPA TGREGH 563.9 DEG.C TO3HTR 611.0 DEG.C

TDLDP 1.58 DEG.C MEANCP 7025. KPA TGREGC 113.1 DEG.C TOGHTR 608.2 DEG.C

TWODPR 20.5 DEG.C TGCOMP 61.3 DEG.C TOSHTR 615.2 DEG.C

TGBOUN 37.7 DEG.C TO6HTR 607.0 DEG.C

TO7HTR 605.8 DEG.C

TO8HTR 582.1 DEG.C

TOY9HTR 610.2 DEG.C

EAT TC COQLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T1QHTR 591.5 DEG.C

FLOCLR 4.15 L/MIN 1 PWRIN 2263. WATIS VX1HOR 0.4 CM/S PWROUT 473. WATTS T11HIR 579.7 DEG.C

TWINCL 53.9 DEG.C 2 QCOOLR 1278. WATTS VYIVER 5.8 CM/S INDPWR 512. WATTS T12HTR 584.1 DEG.C
TDLCL 4.48 DEG.C 3 QDSHPT 439. WATTS PISTST 1.80 CM
TWOCLR 57.49 DEG.C 4 EXTEFF 20.9% % PHASE ANGLES DISPST 1.82 CM

5 TAVHTR 600.1 DEG.C PADISP 58.3 DEG. T13REG*¥%¥XX DEG.C

6 INTEFF 27.0 % PAPRES -17.8 DEG. DYNAMIC CALCULATIONS T14REG 522.9 DEG.C

& AMPS 1018. AMPS PAMPC 787 . KEPA T15REG 394.2 DEG.C

9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.06 CM T16REG 396.6 DEG.C

10 QDISP 14. WATTS FREQ 30.1 HZ PISTCP 2.36 CH T17REG 385.4% DEG.C

11 QREG1 113, WATTS PDYNDBX¥¥¥%X KPR T18REG 380.3 DEG.C

12 QREG2 116. WATTS PDLCLR 3.05 KPA T19REG 241.3 DEG.C
13 QREG3 35. WATTS PDLREG 34.28 KPA

14 PFP 997 .0 KPA/CM PDLDIS 61.43 KPA TO3HED*¥X¥%X DEG.C

15 PFD 311.0 KPAsCM
16 NBEALE 0.00486

NASA LEWTIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/27,/84 13:50:19.27 RDG 1197

FLUID HELIUM BAROM 164.332 PSI REGENERATOR 1 DISPLATZR 1 S.'ANDARD PISTON
HEAT TO DASHPOT COOLING POWER IN ENGINE CE1RGE “RKESSURE GAS TEMPERATURES SURFACE TEMPERATURES

FLODP 4.02 L/MIN AMPS1 598. AMPS PRESUP 7260. KP31 TGEXP 567.2 DEG.C TOIHTR 600.1 DEG.C
AMPS2 690. AMPS TO2HTR 606.6 DEG.C
TWINDP 18.3 DEG.C VOLTIG 2.37 VOLTS MEANBP 6995. KPA TGREGH 562.6 DEG.C TO3HTR 612.9 DEG.C
TDLDP 1.80 DEG.C MEANCP 7027. KPA TGREGC 116.1 DEG.C TO4HTR 607.5 DEG.C
TWODPR 20.8 DEG.C TGCOMP 63.2 DEG.C TO5HTR 617.2 DEG.C
TGBOUN 38.8 DEG.C TO6HTR 607.8 DEG.C
TO7HTR 606.6 DEG.C
TOBHTR 581.6 DEG.C
TOGHTR 611.3 DEG.C
JEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 590.3 DEG.C
FLOCLR 4.15 L/MIN 1 PURIN 2582. WATTS VX1HOR 0.5 CM/S FWROUT 557. WATTS T11HTR 578.8 DEG.C
TWINCL 54.0 DEG.C 2 QCOOLR 1444. WATTS VYIVER 6.5 CM/S INDPWR 602. WATTS T12HTR 582.1 DEG.C
TDLCL 5.06 DEG.C 3 QDSHPT 504. WATTS PISTST 2.01 CM
TWOCLR 58.16 DEG.C 4 EXTEFF 21.6 % PHASE ANGLES DISPST 1.96 CM
5 TAVHTR 600.2 DEG.C PADISP 58.7 DEG. T13REG*¥¥%%% DEG.C
6 INTEFF 27.8 7 PRPRES -16.7 DEG. DYNAMIC CALCULATIONS T14REG 523.7 DEG.C
8 AMPS 1088. AMPS PAMPC 386. KPA T15REG 397.9 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.15 CM T16REG 399.7 DEG.C
10 QDISP 14. WATTS FREQ 30.1 HZ PISTCP 2.37 CM T17REG 387.7 DEG.C
11 QREG1 111. WATTS PDYNDBX¥*XXX KPR T18REG 382.7 DEG.C
12 QREG2 114. WATTS PDLCLR 3.90 KPA T19REG 246.2 DEG.C
13 QREG3 35. WATTS PDLREG 39.37 KPA
14 PFP 998.3 KPA/CM PDLDIS 71.29 KPA TO3HEDX%%%¥% DEG.C
15 PFD 303.3 KPA/CNM
16 NBEALE 0.00512 53




NASAR LEWIS SENSITIVITY TEST DRTA RE 10608

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.01 L/MIN
"WINDP 18.5 DEG.C
TRLOE 2.86 DEG.C
TWODPR 21.2 DEG.C

HEAT TO COOLER

FLOCLR 4.1% L/MIN
TWINCL 53.3 DEG.C
TDLCL 5.79 DEG.C

TWOCLR 58.75 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1008

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.01 L/MIN
TWINDP 18.6 DEG.C
TDLDP 2.39 DEG.C
TWODPR 21.7 DEG.C

HEAT TO COOLER

FLOCLR 4.15 L/MIN
TWINCL 53.9 DEG.C
TDLICL 6.70 DEG.C

TWOCLR 59.60 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.01 L/MIN
TWINDP 18.7 DEG.C
TDLDP 2.63 DEG.C
TWODPR 22.1 DEG.C

HEAT TO COOLER

FLOCLR 4.15 L/MIN
TWINCL 54.0 DEG.C
TDLCL 7.39 DEG.C

THWOCLR 60.48 DEG.C
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BAROM 14.332 PSI REGENERATOR 1

POWER IN
EMPS1 633. BAMPS
AMPS2  516. AMPS
VOLTG 2.51 VOLTS

CALCULATED PARAMETERS

PWRIN 2882. WATTS
QCOOLR 16646. WATTS
QDSHPT 575. WATTS
EXTEFF 22.0 %
TAVHTR 600.4 DEG.C
INTEFF 27.9 %

AMPS 1149. AMPS
QDISFPG 3. WATTS
QDISP 16. WATTIS
QREGI] 108. WATTIS
QREGZ 115. KWATIS
QREG3 34. WATTS
PFP 993.0 KPA/CM
PFD 3 KPA/CM

297.
NBEALE 0.00531

BAROM 14.332 PSI REGENERATOR 1

POKER IN
AMPSL 663. AMPS
AMPS2 545. AMPS

VOLTG 2.64 VOLTS

CALCULATED PARAMETERS

PWRIN 3188. WATTS
QCOCLR 1911. WATTS
QDSHPT 667. WATTS
EXTEFF 22.0 %
TAVHIR 600.5 DEG.C
INTEFF 26.9% %

AUMPS 1208. AMPS
QDISFG 3. WATTS
QDISP 14, WATTS
QREG1 106. WATTS
QREG2 114. WATTS
QREG3 34, WATTS
PFP 1001.2 KPA/CM
PFD 291.6 KPA/CM

NBERLE 0.00540

BAROM
POWER IN

AMPSl 694. AMPS
AMPS2 569. AMPS
VOLTG ~ 77 VOLTS

CALCULATED PARAMETERS

PWRIN 349%3. WATTS
QCOOLR 2108. WATTS
QDSHPT 734. WATTS
EXTEFF 22.2 %
TAVHTR 599.6 DEG.C
INTEFF 26.9 %

AMPS 1263. AMPS
QDISPG 3. WATTS
QDISP 14. WATTS
QREG1 103, WATTS
QREG2 114. WATIS
QREG3 34, WATTS
PFP 994.2 KPA/CM
PFD 280.7 KPA/CM
NBEALE 0.00551

APPENDIX C.

4,332 PSI REGENERATOR 1

- CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7273. KPR

KPA
KPA

MEANBP
MEANCP

6991.
7027.

VIBRATION
VX1HOR 0.5
VYIVER 7.2

CcMss
cCMss

PHASE ANGLES
PADISP 58.8 DEG.
PRPRES ~15.8 DEG.

ENGINE SPEED

FREQ 30.1 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1
ENGINE CHARGE PRESSURE

PRESUP 7294. KPA

MEANBP 6992. KPA

MEANCP 7033. KPA
VIBRATION

VXI1HOR 0.5 CM/S
VY1VER 7.8 CM/S

PHASE ANGLES

PADISP 58.9 DEG.

PAPRES -14.6 DEG.
ENGINE SPEED

FREQ 30.2 HZ

FREE PISTON STIRLING ENGINE TEST DoC3,

DISPLACER 1

ENGINE HARGE PRESSUR.
PRESUP 7311. KPA

MEANBP
MEARNCP

6986.
7031.

KPA
KPA

VIBRATION
VX1HOR 0.6
VY1VER 8.4

cMss
cMss

PHASE ANGLES
PADISP 59.1 DEG.
PAPRES -13.7 DEG.

ENGINE SPEED
30.2

FREQ HZ

ST

STANDARD PISTON

GAS TEMPERATURES
TGEXP 564.3 DEG.C

TGREGH 561.6 DEG.C

TGREGC 118.7 DEG.C
TGCOMP 66.2 DEG.C
TGBOUN 39.9 DEG.C

REMOTE CALCULATIONS

PWPOUT 635. WATTS
INDPWR 687. WATTS
PISTST 2.21 CHM
DISPST 2.08 CNM

DYNAMIC CALCULATIONS
PAMPC 974. KPA

DISPCP 2.15 CM
PISICP 2.39 CM
PDYNDB**¥¥%X KPR
PDLCLR 4.41 KPA

PDLREG 44.12
PDLDIS 78.06

KPA
KPA

STANDARD PISTON

GAS TEMPERATURES
TGEXP 561.2 DEG.C

TGREGH 561.0 DEG.C

TGREGC 121.9 DEG.C
TGCOMP 69.7 DEG.C
TGBOUN 41.7 DEG.C

REMOTE CALCULATIONS
PWROUT 702. WATTS
INDPWR 759. WATTS
PISTST 2.40 CM
DISPST 2.17 CM

DYNAMIC CRLCULATIONS
PAMPC 1073. KPA.
DISPCP 2.22 CM
PISTCP 2.38 CM
PDYNDB**®¥%¥% KPR
PDLCLR 5.09 KPA
PDLREG 48.53 KPA
PDLDIS 84.51 KPA

JARD PISTON

GAS TEMPERATURES
TGEXP 558.0 DEG.C

TGREGH
TGREGC
TGCOMP
TGBOUN

558.6 DEG.C
123.0 DEG.C
74.7 DEG.C
43.1 DEG.C

REMOTE CALCULATIONS

PWROUT 777. WATTS
INDPWR 837. WATIS
PISTST 2.60 CM
DISPST 2.29 CM
DYNAMIC CRLCULATIONS
PAMPC 1161. KPA
DISPCP 2.25 CM
PISTICP 2.34 CNM
PDYNDB*¥¥%%X% KPR
PDLCLR 6.11 KPA
PDLREG 53.29 KPA
PDLDIS 91.98 KPA

REC 08/27,84 13:55:22.27 RDG 11%8

SURFACE TEMPERATURES

TO1HTR 600.
TE2HTR 607.
TO3HTR 613.
TO4HTR 607.
TOSHTR 618,
TO6HTR 609.
TG7HTR 608,
TO8HTR 580.
TOSHTIR 612.
TIOHTR 588.
T11HTR 577.
T12HTR 580.

POBWRNIVOVOW

TI13REGHX¥XXX
TI14REG 524.2
T15REG 400.3
T16REG 401.8
T17REG 389.2
T18REG 382.9
T19REG 2649.6

TO SHED¥¥%¥%%x

DEG.

DEG.

DEG.
DEG.

REC 08/27/84% 14:00:22.27 RDG 1199

aanaanaanaaa

Q 0;16(70(10

SURFACE TEMPERATURES
DEG.C
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

TG1HIR
TO2HTIR
TO3HTIR
TO4HTR
TOSHTR
TO6HTR
TO7HTR
TO8HTR
TOYHIR
T10HTR
T11HTR
T12HTR

601.4
607.2
614.5
606.8
61%.1
610.8
609.4
580.6
613.5
586.9%
577.6
577.9

TI13IREGXX%%%%
TI4REG 523.7
T15REG 402.1
T16REG 405.¢
T17REG 392.3
TI18REG 383.3
T19REG 252.8

TOIHEDX*%X%%%

SURFACE TEMPERATURES
TO1HTR 600.3 DEG.C
TO2HTR 607.1 DEG.C
TO3HTR 614.6 DEG.C
TO4HTR 605.0 DEG.C
TO5SHTR 619.5 DEG.C
TO6HTR 611.7 DEG.C
TO7HTR 610.3 DEG.C
TOBHTR 578.4 DEG.C
TOYHTR 612.6 DEG.C
T10HTR 584.7 DEG.C
T11HTR 575.1 DEG.C
T12HTR 575.6 DEG.C
T13REG*X*¥%¥ DEG.C
T14REG 522.7 DEG.C
T15REG 402.6 DEG.C
T16REG 402.4 DEG.C
T17REG 388.9 DEG.C
T18REG 382.4 DEG.C
T19REG 255.2 DEG.C
TOIHED*X¥¥%¥ DEG.C

REC 08/27/84 14:05:40.27 RDG 1200

b 6;10(70(70

aaaaaaaaan



APPENDIX C. - CONTINUED.

ASA LEWIS SENSITIVITY TEST DATR RE 1000 FREE PISTON STIRLING EMGINE TEST D003, REC 08/27/8% 16:10:19.27 RDG 1201

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON
L TC DASHPOT COQLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES

ODP 4.01 L/MIN AMPS1 723. AMPS PRESUP 7305. KPA TGEXP 556.4 DEG.C TOIHIR 602.6 DEG.C
AMP32 59%8. AMPS TOZHTR 608.4 DEG.C
INDP 18.9 DEG.C VOLIG 2.89 VOLTS MEANBP 6991. KPA TGREGH 557.1 DEG.C TO3IHIR 617.3 DEG.C
DLDP 2.99 DEG.C MEANCP 7039. KPA TGREGC 120.6 DEG.C TO4HTR 604.0 DEG.C
ODPR 22.5 DEG.C TGCOMP 76.3 DEG.C TOSHTR 623.0 DEG.C
TGBOUN 44.5 DEG.C TO6HTR 612.7 DEG.C
TO7HTR 611.5 DEG.C
TO8HTR 579.8 DEG.C
TO9HTR 612.4 DEG.C
[ TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 585.8 DEG.C
OCLR 4.1% L/MIN 1 PWRIN 3821. WATTS VX1HOR 0.6 CM/S PRROUT 867. WATTS T11HTR 574.0 DEG.C
JINCL 53.9 DEG.C 2 QCOOLR 2429. WATTS VY1VER 9.1 CM/S INDPWR 926. WATTIS T12HTIR 576.0 DEG.C
PLCL &2.53 DEG.C 3 QDSHPT 835. WATTS PISTST 2.79 CH
OCLR 61.33 DEG.C 4 EXTEFF 22.7 %4 PHASE ANGLES DISPST 2.42 CM
5 TAVHTR 600.6 DEG.C PADISP 59.0 DEG. T13REG*¥%%¥XX DEG.C
6 INTEFF 26.3 4 PAPRES -13.1 DEG. DYNAMIC CALCULATIONS T14REG 518.9 DEG.C
8 AMPS 1321. AMPS PAMPC 1260. TI5REG 389.9 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.30 CN TI6REG 385.9 DEG.C
10 QDISP 14, WATTS FREQ 30.3 HZ PISTCP 2.27 CM T17REG 377.6 DEG.C
11 QREGI 103, WATTS PDYNDRM¥*X¥%% PR TI18REG 372.5 DEG.C
12 QREG2 119. WATTS PDLCLR 7.13 KPA TI9REG 245.5 DEG.C
13 QREG3 34, WATIS PDLREG 58.38 KPA
14 PFP 1001.2 KPA/CM PDLDIS100.12 KPA TOSHED*%%%¥X DEG.C
15 PFD 274.5 KPA/CM
16 NBEALE 0.00571

ASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/27/84 14:15:34.27 RDG 1202

FLUID HELIUM BAROM 14.327 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON
[ TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES

LODP 4.02 L/MIN AMPS1 783. AMPS PRESUP 7280. KPA TGEXP 552.0 DEG.C TOLHTIR 602.5 DEG.C
AMPS2 647. BAMPS TO2HTR 612.2 DEG.C
INDP 19.0 DEG.C VOLTG 3.13 VOLTS MEANBP 6%95. KPA TGREGH 546.6 DEG.C TO3HTR 617.6 DEG.C
DLDP 3.29 DEG.C MEARNCP 7050. KPA TGREGC 115.6 DEG.C TO4HTR 603.5 DEG.C
IODPR  22.9% DEG.C TGCOMP 88.7 DEG.C TO5HTR 624.6 DEG.C
TGBOUN 46.0 DEG.C TO6HTR 614.3 DEG.C
TO7HTR 612.8 DEG.C
TOBHTR 578.2 DEG.C
TOSHTR 610.6 DEG.C
[l TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 586.3 DEG.C
LOCLR 4.16 L/MIN 1 PWRIN 4480. WATTS VX1HOR 0.6 CM/S PWROUT 939. WATTS T11HTR 569.6 DEG.C
INCL 54.1 DEG.C 2 QCOOLR 2878. WATTS VYIVER 9.7 CM/S INDPWR 978. WATTIS T12HTR 577.0 DEG.C
DLCL 10.06 DEG.C 3 QDSHPT 920. WATTS PISTST 2.99 CM
OCLR 63.05 DEG.C 4 EXTEFF 21.0 4 PHASE ANGLES DISPST 2.41 CM
5 TAVHTR 600.8 DEG.C PADISP 59.5 DEG. T13REG**¥X%¥* DEG.C
6 INTEFF 24.6 % PAPRES -11.6 DEG. DYNAMIC CALCULATIONS T14REG 496.1 DEG.C
8 AMPS 1430. AMPS PAMPC 1358. KPA TI5REG 341.2 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.40 CM T16REG 338.3 DEG.C
16 QDISP 13. WATTS FREQ 30.3 HZ PISTCP 2.16 CM T17REG 331.2 DEG.C
11 QREGL 90, WATTS PDYNDB¥X¥X¥X phA T18REG 322.7 DEG.C
12 QREG2 141. WATTS PDLCLR¥*¥X%* KPR T1$REG 211.5 DEG.C
13 QREG3 33. WATTS PDLREG 59.73 KPA
14 PFP 995.9% KPA/CM PDLDIS104.87 KPA TOIHEDRXHXEX DEG.C
15 PFD 262.4 KPA/CHM
16 NBERLE 0.00576

ASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 09/26/84 10:36:29.52 RDG 1353

FLUID HELIUM BAROM 14.474 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON
TQ DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
595.9 DEG.

CDP %.44% L/TMIN AMPS1 553. AMPS PRESUP 7180. KPA TGEXP 570.0 DEG.C TO1H 9 C
AMPS2 485, AMPS TOZHTR 614.9 DEG.C
INDP 18.9% DEG.C VOLIG 2.24 VOLTIS MEANBP 7016. KPA TGREGH 554.2 DEG.C TO3HTR 605.8 DEG.C
pLDP 1.14 DEG.C MEANCP 7044. KPA TGREGC 90.3 DEG.C TO4HTR 611.3 DEG.C
ODPR 20.7 DEG.C TGCOMP 41.5 DEG.C TO5HTR 611.4 DEG.C
TGBOUN 33.6 DEG.C TO6HTR 607.4 DEG.C
TO7HTR 606.7 DEG.C
TO8HTR 577.0 DEG.C
TOG9HTR 607.6 DEG.C
TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTIR 592.4 DEG.C
OCLR 4.20 L/MIN 1 PWRIN 2329. WATTS VX1HOR 0.5 CM/S PWROUT 486. WATTS T11HTR 576.1 DEG.C
INCL 25.1 DEG.C 2 QCOOLR 1795. WATTS VY1VER 6.3 CM/S INDPWR 5064. HATTS T12HTR 588.5 DEG.C
PLCL 6.16 DEG.C 3 QDSHPT 352. WATTS PISTST 1.80 CM
OCLR 30.00 DEG.C 4 EXTEFF 20.9 % PHASE ANGLES DISPST 1.46 CHM
5 TRVHTIR 599.6 DEG.C PADISP 75.8 DEG. T13REG*¥¥¥XX DEG.C
6 INTEFF . 21.3 % PAPRES ~14.6 DEG. DYNAMIC CALCULRTIONS T14REG 512.8 DEG.C
8 AMPS 1038. AMPS PAMPC 896. KPA T15REG 379.1 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.54 CM T16REG 384.1 DEG.C
10 QDISP 15. WATTS FREQ . 31.4 HZ PISTCP 2.28 CM T17REG 369%.9% DEG.C
11 QREG1 108. WATTS PDYNDB 863. KPA T18REG 354.5 DEG.C
12 QREG2 128. WATTS PDLCLR 4.2% KPA T1$REG 221.1 DEG.C
13 QREG3 36. WATTS PDLREG 33.60 KPA
14 PFP 1024.5 KPA/CM PDLDIS 61.0% KPA TO3HED**%%%X DEG.C
15 PFD 318.6 KPA/CH
16 NBEALE 0.00476

55




APPENDIX C. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1008 FREE PISTON STIRLING ENGINE TEST D003, REC 09/26/84 10:39:20.52 RDG 1354

FLUID HELIUM BAROM 14.474 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON

HEAT TQ DASHPQOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLCDP .42 L/MIN AMPS1 589. AMPS PRESUP 7176. KPA TGEXP 567.5 DEG.C TO1HTR 599.0 DEG.C
AMP32 517. AMPS T02HTR 614.7 DEG.C
TWINDP 18.8 DEG.C VOLTG 2.39 VOLTS MEANBP 7013. KPA TGREGH 555.3 DEG.C TC3HTR 608.7 DEG.C
TDLDP 1.29 DEG.C MEAMCP 7046. KPA TGREGC 92.9 DEG.C T04HTR 610.9 DEG.C
TWODPR 20.9% DEG.C TGCOMP 44.3 DEG.C TOSHTR 613.6 DEG.C
TGBOUN 33.8 DEG.C TO6HTR 608.5 DEG.C
TO7HTIR 607.7 DEG.C
TG8HTR 578.9 DEG.C
TO9HTIR 609.5 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TI0HTR 592.5 DEG.C
FLOCLR 4.19 L/MIN 1 PWRIN 2649. WATTS VX1HOR 0.5 CM/S PWROUT 570. WATTS T11HTR 576.9 DEG.C
TWINCL 25.0 DEG.C 2 QCOOLR 19%99. WATTS VY1VER 7.0 CH/3 INDPWR 59%0. WATTS T12HTR 586.7 DEG.C
TDLCL 6.88 DEG.C 3 QDSHPT 396. WATTS PISTST 2.00 CM
TWCCLR 30.79% DEG.C 4 EXTEFF 21.5 7% PHASE ANGLES DISPST 1.58 CM
5 TAVHTR 600.6 DEG.C PADISP 76.9 DEG. T13REG*¥¥¥%X DEG.C
6 INTEFF 22.2 % PAPRES -13.8 DEG. DYNAMIC CALCULATIONS T14REG 513.0 DEG.C
& ANPS 1106. AMPS PAMPC $94. KPA T15REG 381.2 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.56 CM T16REG 385.9 DEG.C
10 QDISP 15, WATTS FRE®Q 31.5 HZ PISTCP 2.29 CM - T17REG 375.8 DEG.C
11 QREG1 109. WATTS PDYNDB 938. KPR T18REG 359.7 DEG.C
17 QRREG2 124. WATTS PDLCLR 5.09 KPA TI9REG 224.8 DEG.C
13 QREG3 36. WATTS PDLREG 39.03 KPA
14 PFP 1020.2 KPA/CM PDLDIS 70.26 KPA TOIHEDX¥¥¥¥*% DEG.C
15 PFD 309.4 KPA/CM
16 NBEALE 0.00503

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 09/26s8% 10:46:61.52 RDG 1355

FLUID HELIUM BAROM 14.476 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP %.42 L/MIN AMPS1 630. AMPS PRESUP 7179. KPA TGEXP 565.0 DEG.C TO1HTR 599.9 DEG.C
AMPS2 546, AMPS TC2HTR 614.3 DEG.C
TWINDP 18.8 DEG.C VOLTG 2.54%4 VOLTS MEANBP 7002. KPA TGREGH 554.0 DEG.C TO3HTR 610.2 DEG.C
TDLDP 1.56 DEG.C MEANCP 7038. KPA TGREGC 94.7 DEG.C TO4HTR 609.3 DEG.C
TWODPR 21.1 DEG.C TGCOMP 46.6 DEG.C TOS5HTR 615.5 DEG.C
TGBOUN 34.4 DEG.C TO6HTR 609.3 DEG.C
TQ7HTR 608.5 DEG.C
TO8HTR 578.5 DEG.C
TO9HTR 60%.6 DEG.C
HEAT TO COOLER CALCULATED PARRMETERS VIBRATION REMOTE CALCULATIONS T1O0HTR 591.2 DEG.C
FLOCLR 4.21 L/MIN 1 PURIN 2988. WATTS VX1HOR 0.6 CM/S PWROUT 665. WATTS T11HTR 575.1 DEG.C
TWINCL 25.0 DEG.C 2 QCOOLR 2231. WATTS VYLVER 7.6 CM/S INDPWR 688. WATTS T12HTR 584.7 DEG.C
TDLCL 7.64% DEG.C 3 QDSHPT 478. WATTS PISTST 2.20 CM
TWOCLR 31.41 DEG.C 4 EXTEFF 22.2 % PHASE ANGLES DISPST 1.76 CM
5 TAVHTR 600.5 DEG.C PADISP 78.3 DEG. T13REG*¥%%%¥ DEG.C
6 INTEFF 23.0 % PAPRES -13.3 DEG. DYNAMIC CALCULATIONS T14REG 514.0 DEG.C
& RAMES 1175. AMPS PAMPC 1107. KPA T15REG 385.7 DEG.C
9 QDISPG 3. MWATTIS ENGINE SPEED DISPCP 2.66 CHM T16REG 386.1 DEG.C
10 QDISP 15. WATTS FREQ 31.5 HZ PISTCP 2.31 CM T17REG 377.2 DEG.C
11 QREG1 108. MWATTS PDYNDB 1013. KPA T18REG 362.9% DEG.C
12 QREG2Z 123. WATTS PDLCLR 6.11 KPA T19REG 230.2 DEG.C
13 QREG3 36. WATTS PDLREG %7.52 KPA
14 PFP 1026.0 KPA/CM PDLDIS 84.17 KPA TOIHED*¥%X%%* DEG.C
15 PFD 306.8 KPA/CHM
16 NBEALE 0.00532

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 09/26/86 10:49:20.52 RDG 1356

FLUID HELIUM BAROM 14.474 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT COOLING PCHER 1IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.41 L/MIN AMPS1 651. AMPS PRESUP 7174. KPA TGEXP 562.0 DEG.C TO1HTR 600.8 DEG.C
EMPS2 578. AMPS TO2HTR 613.9% DEG.C
TWINDP 18.8 DEG.C VOLTG 2.66 VOLTS MEANBP 6993. KPA TGREGH 552.7 DEG.C TO3HTR 611.7 DEG.C
TDLDP 1.83 DEG.C MEANCP 7034. KP3 TGREGC 96.7 DEG.C - TO4HTR 608.2 DEG.C
TWODPR 21.2 DEG.C TGCOMP 69.0 DEG.C TOSHIR 617.1 DEG.C
TGBOUN 35.1 DEG.C TO6HTR 610.3 DEG.C
TO7HTR 609.5 DEG.C
TO08HTR 578.6 DEG.C
TO9HTR 610.0 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TI0HTR 5%90.1 DEG.C
FLOCLR 4.20 L/MIN 1 PHRIN 3269. WATTS VX1HOR 0.6 CM/S PWROUT 737. UATTS T11HTR 574.1 DEG.C
TWINCL 25.1 DEG.C 2 QCCOLR 2347. WATTS VY1VER 8.3 CM/S INDPWR 758. WATTS T12HTR 583.3 DEG.C
TDLCL 8.05 DEG.C 3 QDSHPT 562. WATTS PISTST 2.41 CM
TWOCLR 32.04 DEG.C 4 EXTEFF 22.5 % PHASE ANGLES DISPST 1.79% Cn
5 TAVHIR 600.6 DEG.C PADISP 77.6 DEG. T13REG*¥X¥XX DEG.C
6 INTEFF 23.9 % PAPRES -12.3 DEG. DYNAMIC CALCULATIONS T14REG 513.8 DEG.C
8 AMPS 1229. AMPS PAMPC 1191. KPA T15PEG 386.6 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.70 CM T16REG 386.8 DEG.C
10 QDISP 15, WATTS FREQ 31.3 HZ PISTCP 2.32 CM T17REG 378.8 DEG.C
11 QREG1 108. WATIS ~ PDYNDB 1113. KPA T18REG 364.8 DEG.C
12 QREG2 121. WATTS PDLCLR 6.96 KPA T19REG 232.2 DEG.C
13 QREG3 35. WATTS PDLREG 50.57 KPA
14 PFP 1013.0 KPA/CHM PDLDIS 88.92 KPA TO3HEDX¥X¥X%* DEG.C

15 PFD 289.6 KPA/CM
16 NBEALE 0.00544 56
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BAROM 14.474 PSI REGENERATOR 1

NASA LEWIS SENSITIVITY TEST DATA RE 1000

POWER IN

AMPS1
AMPS2
VOLTG

CALCULATED PARAMETERS

PWRIN

QCOQLR
QDSHPT
EXTEFF
TAVHTR
INTEFF

QREG2
QREG3
PFP
PFD

680.
£05.
2.78

3575.
2563.
605,
22.3
600.9
23.7
1285.

35.

1020.3

277.8

AMPS
AMPS
VOLTS

WATTS
WATTS
WATTS
%
DEG.C
%

AMPS
WATTS
WATTS
WATTS
WATTS
WATTS
KPA/CM
KPA/CM

NBEALE 0.00545

BAROM 14.474¢ PSI REGENERATOR 1

NASA LEWIS SENSITIVITY TEST DATA RE 1600

POWER IN
AMPS1 711,
AMP32  630.
VOLTG 2.90

AMPS
AMPS
VOLTS

APPENDIX C.

- CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 2

ENGINE CHARGE PRESSURE

STANDARD PISTON

GAS TEMPERATURES
TGEXP 559.5 DEG.C

PRESUP 7163. KPA
MEANBP 6992. KPA TGREGH
MEANCP 7033. KPA TGREGC
TGCOMP
TGBOUN
VIBRATION

VX1HOR 0.7 CM/S
VY1VER 8.9 CM/S

PHASE ANGLES
PADISP 77.7 DEG.
PAPRES -11.3 DEG.

ENGINE SPEED
FREQ 31.3 HZ

DISPLACER 2

ENGINE CHARGE PRESSURE
PRESUP 7175. KPA

MEANBP
MEANCP

7019.
7064%.

KPa
KPA

551.9 DEG.C
98.6 DEG.C
51.6 DEG.C
35.8 DEG.C

REMOTE CALCULATIONS

PWROUT 79%8. WATIS
INDPWR 818. WATTS
PISTST 2.61 CM
DISPST 1.88 CM
DYNAMIC CALCULATIONS
PAMPC 129%. KPA
DISPCP 2.65 CM
PISTCP 2.36 CM
PDYNDB 1163. KPA
PDLCLR 7.81 KPA
PDLREG 57.36 KPA
PDLDIS 99.10 KPA

STANDARD PISTON

GAS

TEMPERATURES

TGEXP 556.8 DEG.C

TGREGH
TGREGC
TGCOMP
TGBOUN

550.4 DEG.C
101.1 DEG.C
55.2 DEG.C
37.0 DEG.C

CALCULATED PAPAMETERS
s

VIBRATION
VX1HOR 0.7

cr/s

REMOTE CALCUL

PWROUT 870.

ATIONS
WATTS

PWRIN 3891. WA
QCOCLR 2795. NATLS
QDSHPT 684. WATTS
EXTEFF 22.4%4 %
TAVHTR 600.6 DEG.C
INTEFF 23.7 %

AMPS 1341. AMPS
QDISPG 3. WATIS
QDISP 14, WATTS
QREG1 101. WATTS
QREG2 121. WATTS
QREG3 35. WATIS
PFP 1011.9% KPA/CM
PFD 271.3 KPA/CM

NBEALE 0.00553

BAROM 14.48% PSI REGENERATOR 1

CALCULATED PARAMETERS

NASA LEWIS SENSITIVITY TEST DATA RE 1000

POWER IN
AMPS1 765,
LMPS2  648.
VOLTG 3.05

PWRIN 4315
QCCOLR 3040,
QDSHPT 656.
EXTEFF 21.5
TAVHTR 600.1
INTEFF 23.4
AMPS 1413.
RDISPG 3.
QDISP 14,
QREG1 106.
QREG2 114.
QREG3 35,
PFP 1026.1
PFD 260.8

AMPS
AMPS
VOLTS

WATTS
WATTS
WATTS
%
DEG.C
%

AMPS
WATTS
WATTS
WATTS
WATTS
WATTS
KPA/CM
KPA/CM

NBEALE 0.00559

VYIVER 9.5

PHASE ANGLES
PADISP 78.1 DEG.
PAPRES ~10.9 DEG.

cMssS

ENGINE SPEED
FREQ 31.3 HZ

FREE PISTON STIRLING ENGINE TEST D003,

ENGINE CHARGE PRESSURE
PRESUP 7172. KPA

MEANBP 7019. KPA
MEANCP 7072. KPA

VIBRATION
VX1HOR 0.8
VY1VER10.3

CM/S
cM/s

PHASE ANGLES
PADISP 78.
PAPRES -10.

0 DEG.
0 DEG.

ENGINE SPEED

FREQ 31.2 HZ

57

INDPUR
PISTST
DISPST

887. WATIS
2.79 Ci
1.96 CM

DYNAMIC CALCULATIONS

PAMPC

DISPCP
PISTCP
PDYNDB
PDLCLR
PDLREG

PDLDIS104.87

1383.
2.74
2.33

1250.
8.65

61.43

KPA

DISPLACER 2 STANDARD PISTON

GAS TEMPERATURES
TGEXP 552.7 DEG.C

TGREGH
TGREGC
TGCOMP
TGBOUN

548.5 DEG.C
98.1 DEG.C
56.8 DEG.C
34.0 DEG.C

REMOTE CALCULATIONS

PWRCOUT
INDPUR
PISTST
DISPST

928 . WATTS
945. WATTS
3.00 CM
2.05 CM

DYNAMIC CALCULATIONS

PANMPC

DISPCP
PISTCP
PDYHDB
PDLCLR
PDLREG

PDLDIS117.77

1506. KPA
2.82 Crl
2.34 CM

1313. KPA

11.20 KPA

69.58 KPA

KP&

REC 09/26/84 10:54:20.52 RDG 1357

FREE PISTON STIRLING ENGINE TEST D003, REC 09/26/84 10:59%9:38.52 RDG 1358

REC 09/26/84 13:52:2%.52 RDG 1359

SURFACE TEMPERATURES
TO1HTR 601.7 DEG.C
TO2HTR 614.3 DEG.C
TO3HTR 612.7 DEG.C
TO4HTR 608.1 DEG.C
TOSHTR 618.4 DEG.C
TO6HTR 611.3 DEG.C
TO7HTR 610.5 DEG.C
TO8HTR 578.3 DEG.C
TO9HTR 610.9 DEG.C
T10HTR 589.1 DEG.C
TI1HTR 573.5 DEG.C
T12HTR 582.8 DEG.C
TLIREGX¥¥%%% DEG.C
T14REG 514.2 DEG.C
T1SREG 390.1 DEG.C
T16REG 386.3 DEG.C
TI7REG 378.5 DEG.C
TI18REG 364.0 DEG.C
T19REG 237.4 DEG.C
TO3HED**¥%¥% DEG.C

SURFACE TEMPERATURES
TO1HTR 601.8 DEG.C
TO2HTR 614.1 DEG.C
TO3HTR 613.3 DEG.C
TO4HTR 607.2 DEG.C
TOSHTR 619.1 DEG.C
TOGHTR 612.3 DEG.C
TO7HTR 611.6 DEG.C
TOBHTR 577.5 DEG.C
TOYHTR 611.3 DEG.C
T10HTR 587.4 DEG.C
T11HTR 572.3 DEG.C
T12HTR 579.8 DEG.C
T13REGX**¥%% DEG.C
TI4REG 513.6 DEG.C
TISREG 390.1 DEG.C
T16BEG 387.2 DEG.C
TI7REG 378.5 DEG.C
TL8REG 363.7 DEG.C
T192EG 239.1 DEG.C
TO3IHED¥¥%¥%% DEG.C

SURFACE TEMPERATURES
TO1HTR 602.9 DEG.C
TO2HTR 612.8 DEG.C
TO3HTR 615.7 DEG.C
TOGHTR 604.7 DEG.C
TOSHTR 621.4 DEG.C
TO6HTR 611.1 DEG.C
TO7HTR 610.6 DEG.C
TOBHTR 577.6 DEG.C
TOSHTR 609.8 DEG.C
T10HTR 587.0 DEG.C
T11HTR 570.0 DEG.C
T12HTR 577.7 DEG.C
T13REG#¥¥¥%% DEG.C
TI14REG 511.7 DEG.C
T15REG 389.4 DEG.C
T16REG 383.5 DEG.C
T17REG 380.1 DEG.C
TI8REG 371.1 DEG.C
T19REG 240.3 DEG.C
TO3IHEDX***%% DEG.C




NAS:?

LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOQLING

FLODP 4.06 L/MIN
TWINDP 18.8 DEG.C
TDLDP 2.74 DEG.C
TWODPR 22.0 DEG.C

HEAT TO COOLER
FLOCLR 4.22
TWINCL 264.7
TDLCL 11.22
TWOCLR 34.76

L/MIN
DEG.C
DEG.C
DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID NITROGEN BAROM 14.362 PSI REGENERATOR 1

HEAT TC DASHPOT COOLING
FLODP 4.01 L/M

TWINDP 19.7
TDLDP 0.73
TWODPR 20.6

DEG.C
DEG.C
DEG.C

HEAT TO COQLER
FLOCLR 4.32
TWINCL 25.0
TDLCL 4.76
TWOCLR 28.40

L/MIN
DEG.C
DEG.C
DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID NITROGEN BAROM 14.357 PSI REGENERATOR 1

HEAT TO DASHPOT COOLING

FLODP 4.01 L/MIN
TWINDP 19.5 DEG.C
TDLDP 0.83 DEG.C
TWODPR 28.5 DEG.C

HEAT TO COQLER

FLOCLR 4.31 L/MIN
TWINCL 25.0 DEG.C
TDLCL 5.16 DEG.C

TWOCLR 28.78 DEG.C

N0 N

e et

DR PN

BEROM 14.489 PSI REGENERATOR 1

POWER IN

AMPS1 785. AMPS
AMPS2 675. AMPS
VOLTG 3.16 VOLTS

CALCULATED PARAMETERS

PWRIN 4609. WATTS
QCOOLR 3285. WATTS
QDSHPT 776. WATTS
E¥TEFF 21.4 %
TAVHTR 600.0 DEG.C
INTEFF 23.1 7%

AUPS 1460. AMPS
QDISPG 3. WATTS
QDISP 14, WATTS
QREG1 104. MWATTS
QREG2 114. WATTS
QREG3 35. WATIS
PFP 1024.3 KPA/CM
PFD 247.1 KPA/CH

NBEALE 0.00552

POWER IN
AMPS1 477. AMPS
AMPS2 373. AMPS
VOLTG 1.88 VOLTS

CALCULATED PARAMETERS

PWRIN 1600. WATTS
QCOOLR 1426. WATTS
QDSHPT 203. WATTS
EXTEFF 11.3 %
TAVHTR 6080.3 DEG.C
INTEFF 11.2 %

AMPS 850. AMPS
QDISPG 0. WATTS,
QDISP 15. WATTS
QREG1 119. HWATTS
QREG2 97. WATTS
QREG3 35. WATTS
PFP 965.8 KPA/CM
PFD 245.8 KPA/CHM

NBEALE 0.06202

POWER IN

AMPS1 502. AMPS
AMPS2 389. AMPS
VOLTG 1.%6 VOLIS

CALCULATED PARAMETERS

PWRIN 1749. WA
QCOOLR 1545. NATTS
QDSHPT 232. WATTS
EXTEFF 12.1 %
TAVHTR 599.8 DEG.C
INTEFF 12.1 Z

AMPS 8%1. AMPS
QDISPG 0. WATTS
QDISP 15. WATTS
QREG1 116. WATTS
QREG2 99. WATIS
QREG3 35. WATTS
PFP 958.7 KPA/CM
PFD 238.3 KPA/CM

NBEALE 0.00213

APPENDIX C.

- CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 2

ENGINE CHARGE PRESSURE

STANDARD PISTON

GAS TEMPERATURES

PRESUP 7033. KPA TGEXP 551.0 DEG.C
MEANBP 6982. KPA TGREGH 547.3 DEG.C
MEENCF 7038. KPA TGREGC 100.3 DEG.C

TGCOMP 60.3 DEG.C
TGBOUN 36.7 DEG.C
VIBRATION REMOTE CALCULATIONS

VX1HOR 0.8 CMrS
VY1VER11.0 CH/S

PHASE ANGLES

PADISP 77.9 DEG.

PAPRES ~9.2 DEG.
ENGINE SPEED

FREQ 31.1 HZ

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7146. KPA

MEANBP
MEANCP

7003.
7041.

KPR
KPA

VIBRATION
VX1HOR 0.4 CM/S
VY1VER 4.8 CM/S

PHASE ANGLES
PADISP 39.3 DEG.
PEPRES -7.0 DEG.

ENGINE SPEED
FREQ 27.9 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7143. KPA

MEANBP 7008. KPA
MEANCP 7047. KPA

VIBRATION
VX1HOR 0.5 CM/S
VY1VER 5.4 CM/S

PHASE ANGLES
PADISP 38.6 DEG.
PAPRES -6.6 DEG.

ENGINE SPEED
FREQ 27.9 HZ

58

PWROUT 987.
INDPWR 1000.
PISTST 3.21
DISPST 2.13

WATTS
HATTS
e
oty

DYNAMIC CALCULATIONS

PEMPC
DISPCP
PISTCP
PDYNDB 1350.
PDLCLR 11.71
PDLREG 77.04%
PDLDIS128.29

1609.
2.91
2.36

STANDARD PISTON

KPA
ci

cn

KPA
KFA
KPA
KPA

GAS TEMPERATURES
TGEXP 569.6 DEG.C

TGREGH 552.4

TGREGC 103.8
TGCOMP 35.5
TGBOUN 25.2

DEG.C
DEG.C
DEG.C
DEG.C

REMOTE CALCULATIONS

PWROUT 180. WATTS
INDPWR 194. WATTS
PISTST 1.78 CM
DISPST 1.19 CM
DYNAMIC CALCULATIONS
PAMPC 753. KPA
DISPCP 2.18 CM
PISTCP 2.28 CM
PDYHDBX¥X%X%%% «pa

PDLCLR &.49
PDLREG 40.73
PDLDIS109.29

STANDARD PISTON

KPA
KPA
KPA

GAS TEMPERATURES
TGEXP 570.0 DEG.C

TGREGH 552.4

TGREGC 104.2
TGCOMP 36.7
TGBOUN 25.7

DEG.C
DEG.C
DEG.C
DEG.C

REMOTE CALCULATIONS

PWROUT 212. WATTS
INDPWR 228. WATTS
PISTST 1.99 CM
DISPST 1.29 CHM
DYNAMIC CALCULATIONS
PAMPC 837. KPA
DISPCP 2.22 CHM
PISTCP 2.32 CM
PDYNDBX*%%XX% KPA
PDLCLR .84 KPA
PDLREG 46.16 KPA
PDLDIS121.51 KPA

SURFACE
TG1HTR
TO2HTR
TO03HTR
TO4HTR
TOSHTR
TO6HTR
TO7HTIR
TOEHTR
TOSHTR
T1O0HTR
T11HTR
T12HTR

603.
612.
616.
603.
622.
612.
611,
576.
610.
585.
569.
576.

bt b N ND SR O 00 DN S

T13REG*¥X%%EX
T14REG 511.8
T15REG 390.4
T16PEG 383.8
T17REG 3890.3
T18REG 371.0
T19REG 242.4

TOIHEDR*¥X X%

SURFACE TEMPERATURES
TOLHTR 600.9 DEG.C
TO2Z2HTR 615.3 DEG.C
TO3HTR 661.6 DEG.C
TO4HTR 619.8 DEG.C
TOSHTR 599.1 DEG.C
TO6HTR 602.4 DEG.C
TG7HTR 601.6 DEG.C
TO8HTR 535.8 DEG.C
TO9HTR 606.8 DEG.C
T10HTR €6€00.9 DEG.C
T11HTR 582.9% DEG.C
T12HTR 586.5 DEG.C
T13REGX¥¥XX% DEG.C
T14REG 489.5 DEG.C
T15REG 372.9 DEG.C
T16REG 384.9 DEG.C
T17REG 385.7 DEG.C
T18REG 369.5 DEG.C
T19REG 223.2 DEG.C
TOIHEDX**¥X%%% DEG.C

REC 09/26/84 13:58:08.52 RDG 1360

TEMPERATURES

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

aoaaaaaQaaaaQQaa

DEG.
DEG.
DE
DEG.
DEG.
DEG.
DEG.

Q aaaaaaa

DEG.

FREE PISTON STIRLING ENGINE TEST D003, REC 11/27,/84 10:36:18.08 RDG 1548

REC 11/27/84 10:41:21.08 RDG 1549

SURFACE TEMPERATURES
DEG.C

TO1HTIR 600
TO2HTR
TO3IHTR
TO4HTR
TO5SHTR
TO6HTR
TO7HTR
TOBHTR
TO9HTR
T10HTR
T11HTR
T12HTR

615.
600.
619.
599.
602.
602.
584.
606,
598,
581.
586.

WP NN RO

T1IREGXX¥X%XX
T14REG 492.6
T15REG 376.7
T16REG 386.5
T17REG 386.5
T18REG 370.2
T19REG 226.9

TO3HEDX¥XX%X

DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C

DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C

DEG.C



LODP 4.03
WINDP 19.3
DLDP 0.91
WODPR 20.4
AT TO COOLER
FLOCLR  4.33
WINCL 25.0
DLCL 5.70
WOCLR 29.17

LODP

WINDP 19.2
DLDP 0.99
WODPR 20.4
LT TO COOLER
LOCLR 4.34%
WINCL 25.1
DLCL 5.92
WOCLR 29.56

LODP

WINDP 19.2
DLDP  1.10
WODPR 20.4

T TO COOLER
LOCLR 4.35
WINCL 25.2
DLCL 6.46
WOCLR 29.99

L/MIN

DEG.C
DEG.C
DEG.C

L/MIN
DEG.C
DEG.C
DEG.C

DEG.C
DEG.C
DEG.C

L/MIN
DEG.C
DEG.C
DEG.C

DEG.C
DEG.C
DEG.C

L/MIN
DEG.C
DEG.C
DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

WO P AN -

NASA LEWIS SENSITIVITY TEST DATA RE 1000

DO NP NN =

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID NITROGEN BAROM 14.357 PSI REGENERATOR 1
AT TO DASHPQT COOLING

POWER IN

AMPS1 528, BAMPS
AMPS2 406. AMPS
VOLTG 2.085 VOLTS

CALCULATED PARAMETERS

PWRIN 1916. WATTS
QCOOLR 1714. WATTS
QDSHPT 256. WATTS
EXTEFF 12.5 %

TAVHTR 600.0 DEG.C

INTEFF 12.3 %

AMPS 934. AMPS
QDISPG 0. WATTS
QDISP 15. WATTS
QREG1 115, WATTS
QREG2Z 100. WATTS
QREG3 35. WATIS

PFP 962.8 KPA/CM
PFD 239.0 KPA/CM
NBEALE 0.00219

FLUID NITROGEN BAROM 14.357 PSI REGENERATOR 1

RT TO DASHPOT COOLING
4.01 L/MIN

POWER IN

AMPS1 546. AMPS
AMPS2 422. AMPS
VOLTG 2.13 VOLTS

CALCULATED PARAHETERS

PWRIN 2061. WA
QCOOLR 1781. NATTS
QDSHPT 277. WATTS
EXTEFF 13.0 %

TAVHTR 599.8 DEG.C
INTEFF
AMPS 968. AMPS
QDISPG 0. WATTS

—
™
b
N

QDISP 15, WATTS
QREG1 114. WATTS
QREG2 99. WATTS

QREG3 34. WATTS
PFP 957.7 KPA/CM
PFD 232.4 KPA/CM
NBEARLE 0.00224

FLUID NITROGEN BAROM 14,357 PSI REGENERATOR 1

T TO DASHPOT COOLING
4.00 L/MIN

POWER IN

AMPS1 565. AMPS
AMPS2 437. AMPS
VOLTG 2.20 VOLTS

CALCULATED PARAMETERS

PWRIN 22106. WATTS
QCOOLR 1948. WATTS
QDSHPT 306. WATTS
EXTEFF 13.2 %

TAVHTR 600.0 DEG.C

INTEFF 13.0 %
AMPS 1002. AMPS
QDISPG 0. WATTS
QDISP 15. WATTS
QREG1 112. MWATTS
QREG2 99. WATTS
QREG3 34. WATTS

PFP 967.5 KPA/CM
PFD 226.5 KPA/CM
NBEALE 0.00226

APPENDIX C.

DISPLACER

- CONTINUED.

FREE PISTON STIRLING ENGINE TEST D803,

1

ENGINE CHARGE PRESSURE

PRESUP

MERNBP
MEANCP

7157.

7012.
7052.

VIBRATION
VX1HOR 0.5 CM/S
VY1VER 6.1 CM/S

PHASE ANGLES
PADISP
PAPRES

ENGINE SPEED
FREQ 27.9 RZ

DISPLACER

37.9 DEG.
~6.3 DEG.

KPA

KPR
KPA

FREE PISTON STIRLING ENGINE TEST D003,

STANDARD PISTON

GRS TEMPERATURES
TGEXP 569.4 DEG.C

TGREGH 553.1 DEG.C
TGREGC 106.5 DEG.C
TGCOMP 38.2 DEG.C
TGBOUN 26.1 DEG.C

REMOTE CALCULATIONS

PWROUT 240. WATTS
INDPWR 258. WATTS
PISTST 2.138 CH
DISPST 1.39 CH

DYNAMIC CALCULATIONS

PAMPC 925. KPA
DISPCP 2.31 CH
PISTCP 2.40 CM
PDYNDB¥X%%%% KPR
PDLCLR 11.54 KPA
PDLREG 52.27 KPA
PDLDIS134.06 KPA

1 STANDARD PISTON

ENGINE CHARGE PRESSURE

PRESUP 7160.

MEANBP 7010.
MEANCP 7049.

VIBRATION
VX1HOR 0.6 CM/S
VYIVER 6.8 CM/S

PHASE ANGLES

PADISP 37.4% DEG.
-6.0 DEG.

PAPRES

ENGINE SPEED
FREQ 28.0 HZ

DISPLACER

KPA

KPA
KPA

FREE PISTON STIRLING ENGINE TEST D003,

GAS TEMPERRTURES
TGEXP 568.4 DEG.C

TGREGH 552.9 DEG.C
TGREGC 108.3 DEG.C
TGCOMP 39.6 DEG.C
TGBOUN 26.6 DEG.C

REMOTE CALCULATIONS

PWROUT 268. WATTS

INDPWR 289. WATTS
PISTST 2.38 CM
DISPST 1.48 CM
DYNAMIC CALCULATIONS
PAMPC 1009. KPA
DISPCP 2.37 CN
PISTCP 2.42 CHM

PDYNDB¥X*¥xX% KPA
PDLCLR 12.9%0 KPA
PDLREG 57.02 KPA
PDLDIS140.51 KPA

1 STANDARD PISTON

ENGINE CHARGE PRESSURE

PRESUP 7160.

MEANBP 7010.

MEANCP 7058.
VIBRATION

VX1HOR 0.6 CM/S
VY1VER 7.5 Cti/s

PHASE ANGLES

PADISP 36.5 DEG.
PAPRES -5.5 DEG.

ENGINE SPEED
FREQ 28.0 HZ

59

KPA

KPA
KPA

GAS TEMPERATURES
TGEXP 566.9 DEG.C

TGREGH 552.1 DEG.C
TGREGC 109.5 DEG.C
TGCOMP 40.9 DEG.C
TGBOUN 27.3 DEG.C

REMOTE CALCULATIONS

PWROUT 292. WATTS
INDPWR 314. WATTS
PISTST 2.56 CH
DISPST 1.56 CM
DYNAMIC CALCULATIONS
PAMPC 1102. KPA
DISPCP 2.47 CM

PISTCP 2.4]1 CM
PDYNDB¥X%¥%X% KPA
PDLCLR 14.93 KPA
PDLREG 61.09 KPA
PDLDIS154.77 KPA

REC 11/27/84 10:46:18.08 RDG 1550

SURFACE TEMPERATURES

TO1HTR 601.3 DEG.C
TO02HTR 615.8 DEG.C
TBG3HTR 601.5 DEG.C
TOG4HTR 618.7 DEG.C

TOSHTR 600.1 DEG.C
TO6HTR 603.83 DEG.C
TG7HTR 603.2 DEG.C
TOBHTR 584.4 DEG.C
TO9HTR 607.5 DEG.C
T10HTR 597.6 DEG.C
T11HTR 581.0 DEG.C
T12HTR 585.4 DEG.C

T13REG*¥%x%¥ DEG.C

TI4REG 494.9% DEG.C
T15REG 380.4 DEG.C
T16REG 389.0 DEG.C
T17REG 389.0 DEG.C
T18REG 372.2 DEG.C
T19REG 230.5 DEG.C

TOIHEDX**X%%%X DEG.C

REC 11s/27/84 10:51:18.08 RDG 1551

SURFACE TEMPERATURES

TO1HTR 601.8 DEG.C
TO2HTR 615.0 DEG.C
TO3HTR 602.6 DEG.C
TO4HTR 617.5 DEG.C
TOSHTR 601.1 DEG.C
TO6HTR 603.6 DEG.C
TO7HTR 603.0 DEG.C
TOBHTIR 584.4 DEG.C
TOSHTR 607.4 DEG.C
T10HTR 597.8 DEG.C
T11HTR 580.0 DEG.C
T12HTR 584.0 DEG.C
T13REGX*X**%¥ DEG.C
T14REG 49%96.1 DEG.C
T15REG 382.5 DEG.C
T16REG 390.0 DEG.C
T17REG 390.3 DEG.C
T18REG 374.1 BEG.C
T19REG 233.1 DEG.C
TO3HED*X%%%¥ DEG.C

REC 11/27/84 10:56:18.08 RDG 1552

SURFACE TEMPERATURES

TOIHTR 602.2 DEG.
TO2HTR 615.1 DEG.
TO3HTR 604.1 DEG.
TO4HTR 616.8 DEG.
TOSHTR 602.7 DEG.
TO6HTR 604.2 DEG.
TO7HTR 603.7 DEG.
TO8HTR 584.2 DEG.
TOSHTR 607.4 DEG.
T10HTR 596.9 DEG.
T11HTR 579.0 DEG.
T12HTR 583.9 DEG.

OO BN NN OO
QOOQOOQQOOOO

T13REGX%XXX¥ DEG.
T14REG 497.4 DEG.
T15REG 385.4 DEG.
T16REG 391.0 DEG.
T17REG 391.1 DEG.
T18REG 375.3 DEG.
T19REG 236.7 DEG.

TO3SHED®*X%%% DEG.

Q qaaaaaaa




NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING
FLODP 4,58 L/MIN

TWINDP 20.6 DEG.C
TDLDP 1.22 DEG.C
TWODPR 21.7 DEG.C

HEAT TO COOLER
FLOCLR 4,20
TWINCL 24.6
TDLCL 6.10
TWOCLR 28.53

L/MIN
DEG.C
DEG.C
DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING
LODP 4.5

TWINDP 20.1
TDLDP 1.38
TWODPR 21.4

DEG.C
DEG.C
DEG.C

HEAT TO COOLER
FLOCLR 4.23
TWINCL 25.2
TDLCL 6.67
TWOCLR 29.74

L/MIN
DEG.C
DEG.C
DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000
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FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.50 L/MIN
TWINDP 19.7 DEG.C
TDLDP  1.57 DEG.C

TWODPR 21.2 DEG.C

HEAT TO COOLER
FLOCLR 4.2% L/MIN
TWINCL 25.3 DEG.C
IDLCL  7.41 DEG.C
TWOCLR 30.29 DEG.C

PUNHOOVRAU PN

e ad el
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BAROM 14.386 PSI REGENERATOR 1

POWER IN
AMPS1 531. AMPS
AMPS2 399. AMPS

VOLTG 2.05 VOLTS

CALCULATED PARAMETERS

PWRIN 1902. WATTS
QCOOLR 1779. WATTS
QDSHPT 387. WATTS
EXTEFF 16.5 Z
TAVHTR 599.1 DEG.C
INTEFF 15.0 %

AMPS §30. AMPS
QDISPG 3. WATTS
QDISP 15. WATTS
QREG1 120. WATTS
QREG?2 116. WATTS
QREG3 37. WATTS
PFP 980.4 KPA/CM
PFD 277.1 KPA/CM

NBEALE 0.00268

BAROM 164.386 PSI REGENERATOR 1

POWER IN
AMPS1 574. AMPS
AMPS2 423. AMPS

VOLTG 2.20 VOLTS

CALCULATED PARAMETERS

PWRIN 218%. WATTS
QCOOLR 1957. WATTS
QDSHPT 436. WATTS
EXTEFF 17.6 %
TAVHTR 5%9.3 DEG.C
INTEFF 16.3 %

AMPS $97. AMPS
QDISPG 3. WATTS
QDISP 15. WATTS
QREG1 119. WATTIS
QREG2 114. WATTS
QREG3 36. WATTS
PFP 989.2 KPA/CM
PFD 273.5 KPR/CM

NBEALE 0.00287

BAROM 14.381 PSI REGENERATOR 1

POWER IN
AMPS1 569. AMPS
AMPS2 448, AMPS

VOLTG 2.30 VOLTS

CALCULATED PARAMETERS
PURIN 2411. WAT

QCOOLR 2182. NATTS
QDSHPT 490. WATTS
EXTEFF 17.6

TAVHTIR 600.3 DEG.C
INTEFF 16.3 %

AMPS 1047. AMPS

. WATTS
. WATTS
WATTS
WATTS
WATTS
KPR/CM
KPR/CM
00294

p

QREG3 36.
PFP
PFD.
NBEALE 0.

APPENDIX C.

- CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7243. KPA

MERNBP 6994. KPA
MEANCP 7024. KPA

VIBRATION
VX1HOR 0.4 CM/S
VY1VER 4.1 CM/S

PHASE ANGLES
PADISP 40.8 DEG.
PAPRES -10.1 DEG.

ENGINE SPEED
FREQ 36.8 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7312. KPA

7009. KPA
7045. KPA

MEANBP
MEANCP

VIBRATION
VX1HOR 0.4 CM/S
VY1VER 4.6 CM/S

PHASE ANGLES
PADISP 40.4 DEG.
PAPRES -9.4 DEG.

ENGINE SPEED
REQ 37.0 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7318. KPA

MEANBP 6998. KPA
MEANCP 7035. KPA

VIBRATION
VX1HOR 0.4 CM/S
VY1VER 5.0 CM/S

PHASE ANGLES
PADISP 60.2
PAPRES -9.1

ENGINE SPEED
FREQ 37.0 HZ

DEG.
DEG.

60

LIGHT

LIGHT PISTON
GAS TEMPERATURES
TGEXP 568.2 DEG.C

TGREGH 565.8 DEG.C
TGREGC 92.5 DEG.C
TGCOMP 36.2 DEG.C
TGBOUN 27.3 DEG.C

REMOTE CALCULATIONS
PWROUT 315. WATTS
INDPWR 327. KATTS
PISTST 1.78 CM
DISPST 1.42 CM

DYNAMIC CALCULATIONS
PAMPC 733. KPA
DISPCP 2.05
PISTCP 2.30
POYNDRX¥¥%¥X%
PDLCLR 2.21
PDLREG 264.4%
PDLDIS 48.19

cn
cM
KPA
KPA
KPA
KPA

PISTON

GAS TEMPERATURES
TGEXP 565.5 DEG.C

TGREGH 565.7 DEG.C
TGREGC 96.4 DEG.C
TGCOMP 38.4 DEG.C
TGBOUN 28.3 DEG.C

REMOTE CALCULATIONS
PWROUT 381. WATTS
INDPWR 392. WATTS
PISTST 1.99 CM
DISPST 1.54 CM

DYNAMIC CALCULATIONS
PAMPC 837. KPA
DISPCP 2.16
PISTCP 2.37
PDYNDRX¥X¥X%
PDLCLR 3.05
PDLREG 25.19
PDLDIS 57.70

cM
cM
KPA
KPA
KPA
KPA

LIGHT PISTON

GAS TEMPERATURES
TGEXP 563.8 DEG.C

TGREGH 567.7 DEG.C
TGREGC 98.2 DEG.C
TGCOMP 40.2 DEG.C
TGBOUN 29.1 DEG.C

REMOTE CALCULATIONS
PWROUT 424. WATTS
INDPWR 432. WATTS
PISTST 2.16 CM
DISPST 1.64 CM

DYNAMIC CALCULATIONS
PAMPC 925, KPA
DISPCP 2.23 CM
PISTCP 2.36
PDYNDBX¥%%%%
PDLCLR 3.39
PDLREG 31.90
PDLDIS 62.45

SURFACE TEMPERATURES
T01HTR 599%.2 DEG.C
TO02HTR 609%.4 DEG.C
TO3HTR 606.0 DEG.C
TO04HTR 608.2 DEG.C
TO5HTR 609.2 DEG.C
TG6HTR 608.3 DEG.C
TO7HTR 607.5 DEG.C
TO8HTR 581.7 DEG.C
TOSHTR 605.0 DEG.C
T10HTR 586.6 DEG.C
T11HTR 582.4 DEG.C
T12HTR 581.5 DEG.C
T13REGXXXX%X DEG.C
T14REG 519.1 DEG.C
T15REG 387.9 DEG.C
TI6REG 394.2 DEG.C
TI7REG 391.1 DEG.C
T18REG 375.7 DEG.C
T19REG 227.8 DEG.C
TOIHEDX*%X%¥ DEG.C

SURFACE TEMPERATURES
TO1HTR 600.4 DEG.C
TO2HTR 608.3 DEG.C
TO3HTR 607.8 DEG.C
TO4HTR 608.0 DEG.C
TOS5HTR 611.3 DEG.C
TO6HTR 609.0 DEG.C
TO7HTR 608.3 DEG.C
TO8HTR 581.6 DEG.C
TOGHTR 610.% DEG.C
T10HTR 584.8 DEG.C
T11HIR 581.9 DEG.C
T12HTR 579%.6 DEG.C
T13REGXX¥¥¥¥ DEG.C
T14REG 520.7 DEG.C
T15REG 393.0 DEG.C
T16REG 399.2 DEG.C
T17REG 395.0 DEG.C
T18REG 380.8 DEG.C
T19REG 234.1 DEG.C
TO3IHEDX¥¥¥%XX DEG.C

REC 12707784 10:54:18.64 RDG 1604

REC 12707784 11:00:27.64 RDG 1605

REC 12/07/84 11:04:30.64 RDG 1606

SURFACE TEMPERATURES

TO1HTR
TO2HTR
TO3HTR
TO4HTR
TOS5HTR
TO6HTR
TO7HTR
TOBHTR
TOSHTR
T10HTR
T11HTR
T12HTR

606.

576.

WP PUNHHOOUHHNHNO

T14REG
T15REG
T16REG
T17REG
T18REG
T19REG

521.
394.

401
400

236

0
3

.6
.4
386.
.3

0

TO3HED®%%%%%

DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C

DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C
DEG.C

DEG.C




NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

AT TO DASHPOT COOLING
FLODP .33 L/MIN

TWINDP 19.4 DEG.C
TDLDP 1.81 DEG.C
TWODPR 21.2 DEG.C

AT TO COOLER
FLOCLR 4.26
TWINCL 25.4
TDLCL 7.91
TWOCLR 31.12

L/MIN
DEG.C
DEG.C
DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

AT TO DASHPOT COOLING
FLODP %.12 L/MIN

TWINDP 18.0
TDLDP 2.46%
TWODPR 20.5

DEG.C
DEG.C
DEG.C

AT TQ COQLER
FLCCLR 4.26
TWINCL 25.3
TDLCL 8.86
TWOCLR 31.88

L/MIN
DEG.C
DEG.C
DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

AT TO DASHPOT COOLING
FLODP 4.11 L/MIN

TWINDP 18.0 DEG.C
TDLDP 2.62 DEG.C
TWODPR 20.6 DEG.C

AT TO COQLER
FLOCLE 4.26
TWINCL 25.3
TDLCL 9.57
TWOCLR 32.66

L/MIN
DEG.C
DEG.C
DEG.C
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APPENDIX C.

BAROM 16.381 PSI REGENERATOR 1

POWER IN
KMPS1  632. AMPS
AMPS2 480. AMPS
VOLTG 2.45 VOLTS

CALCULATED PARAMETERS
PWRIN 2721. WATTS
QCOOLR 2338. WATTS
QDSHPT 546. WATTS
EXTEFF 18.3 %
TAVHTR 600.7 DEG.C
INTEFF 17.5 %
AMPS 1112. AMPS
QDISPG 3. WATTS
QDISP 15. WATTS
QREG1 121. WATTS
QREG2 108. WATTS
36. WATTS
PFP 997 .3 KPA/CM
PFD 267 .4 KPA/CM
NBERLE 0.00312

BAROM 14.322 PST REGENERATOR 1

POWER IN
AMPS1 653. AMPS
AMPS2 517. AMPS

VOLTG 2.58 VOLTS

CALCULATED PARAMETERS

PWRIN 3018. WATTS
QCOOLR 2618. WATTS
QDSHPT 701. WATIS
EXTEFF 19.0 %
TAVHTR 600.8 DEG.C
INTEFF 17.9 %

AMPS 1170. AMPS
QDISPG 3. WATIS
QDISP 15. WATTS
QREG1 119. WATTS
QREG2 107. WATTS
QREG3 36. WATTS
PFP 987 .2 KPA/CM
PFD 245.5 KPA/CM

NBEALE 0.00331

BAROM 14.317 PSI REGENERATOR 1

POWER IN
AMPS1 685. AMPS
AMPS2 546. AMPS

VOLTG 2.71 VOLTIS

CALCULATED PARAMETERS
3342.

PWRIN WATTS
QCOQOLR 2826. WATTS
QDSHPT 769. WATTS
EXTEFF 19.1 %
TAVHTR 600.5 DEG.C
INTEFF 18.4 %

AMPS 1231. AMPS
QDISPG 3. WATTS
QDISP 14, WATTS
QREG1 118. WATTS
QREG2 106. WATTS
QREG3 36. WATTS
PFP 9387.4 KPA/CHM
PFD 238.4 KPA/CM
NBEALE 0.00341

- CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7309%. KPA

MEANEP 69%1. KPR
MEANCP 7031. KPA

VIBRATION
VX1HOR 0.4 CMW/S
VY1VER 6.0 CM/S

PHASE ANGLES
PADISP 40.5 DEG.
PAPRES -8.7 DEG.

ENGINE SPEED
FREQ 37.1 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7070. KPA

MEANBP
MEANCP

7016. KPA
7063. KPA

VIBRATION
VX1HOR 0.4 CM/S
VY1VER 6.0 CM/S

PHASE ANGLES
PADISF 41.6 DEG.
PAPRES -8.1 DEG.

ENGINE SPEED
FREQ 37.4 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7072. KPA

MEANBP 7017. KPA
MEANCP 70638. KPA

VIBRATION
VX1HOR 0.4 CM/S
VY1VER 6.5 CM/S

PHASE ANGLES
PADISP 42.0 DEG.
PAPRES ~-7.6 DEG.

ENGINE SPEED
FREQ 37.6 HZ

61

LIGHT

PISTON

GAS TEMPERATURES
TGEXP 561.1 DEG.C

TGREGH 567.0 DEG.C
TGREGC 100.5 DEG.C
TGCOMP 42.8 DEG.C
TGBOUN 29.7 DEG.C

REMOTE: CALCULATIONS
PURQUT 498. WATTS
INDPWR 504. WATTS
PISTST 2.39 CM
DISPST 1.78 Cn

DYNAMIC CALCULATIONS
PAMPC 1024. KP
DISPCP 2.27 CM
PISTCP 2.39 CM
PDYNDB*X*%%¥% KPR
PDLCLR 3.90 KPA
PDLREG 36.66 KPA
PDLDIS 71.27 KPA

LIGHT PISTON
GAS TEMPERATURES
TGEXP 558.4 DEG.C

TGREGH 566.1 DEG.C
TGREGC 102.3 DEG.C
TGCOMP 46.1 DEG.C
TGBOUN 32.6 DEG.C

REMOTE CALCULATIONS
PWROUT 572. WATTS
INDPWR 571. WATTS
PISTST 2.56 CIM
DISPST 1.9%0 Cl

DYNAMIC CALCULATIONS
PAWMPC 1102. KPA
DISPCP 2.28 CM
PISTCP 2.37 CM
PDYNDB*¥X*%%* KPR
PDLCLR 4.41 KPA
PDLREG 40.05 KPA
PDLDIS 75.69 KPA

LIGHT PISTON

GAS TEMPERATURES
TGEXP 555.2 DEG.C

TGREGH 563.8 DEG.C
TGREGC 104.2 DEG.C
TGCOMP 48.4 DEG.C
TGBOUN 33.2 DEG.C

REMOTE CALCULATIONS
PWROUT 639. WATTS
INDPWR 633. WATTIS
PISTST 2.77 CM
DISPST 2.00 CM

DYNAMIC CALCULATIONS
PAMPC 1201. KPA
DISPCP 2.34 Cl
PISTCP 2.37 CM
PDYNDB®XX%%¥ KPR
PDLCLR 5.26 KPA
PDLREG 44.12 KPA
PDLDIS 82.47 KPA

SURFACE TEMPERATURES

TO1HTR
TOZHTR
TO3HTR
TO4HTR
TOS5HTR
TO6HTR
TO7HTR
TOBHTR
TOSHTR
T10HTR
T11HTR
T12HIR

605.5
606.9
612.
607,
615.
610.
609.
584.
616
583.
582«
575.

HUI~ (OO0

T13IREGHX¥%%X%
T14REG 521.6
T15REG 3%5.8
TL6REG 401.%
T17REG 401.2
T18REG 388.8
T19REG 239.4

TOIHEDRRHH%X

SURFACE
TO1HTR 606.1
TO2HTR 606.3
TO3HIR 614.3
TO4HTIR 606.5
TOS5HTR 617.5
TO6HTR 611.5
TO7HTR 610.5
TOBHTR 584.0
TO9HTR 615.3
T10HTR 582.2
T11HTR 581.7
T12HTR 573.3

T13IREGX¥XX%X%
T14REG 522.1
T15REG 393.¢
T16REG 6402.5
T17REG 402.6
T18REG 390.7
T19REG 243.5

T QO IHEDXXX%%%

REC 12/07/84 11:09:27.6% RDG 1607

REC 12/07/86 14:62:20.19 RDG 1608
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TEMPERATURES

DEG.C

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.

REC 12/07/84 14:47:50.19 RDG 1609
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SURFACE TEMPERATURES

TO1HTR
TO2HTIR
TO3HIR
TO4HTR
TOSHTR
TO6HTR
TO7HTR
TO8HTR
TO9HIR
T10HTR
T11HTR
T12ZHIR

606.3
606.0
615.3
605.2
619.0
612.0
611.2
583.1
615.3
580.5
579.8
571.38

T13IREG¥¥X%%X
T14REG 521.9
T15REG 399.0
T16REG 401.8
T17REG 402.7
T18REG 391.1
T19REG 245.7

TOIBEDX¥XXXX%

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.
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APPENDIX C. - CONCLUDED.
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/07/84 14:52:20.19 RDG 1610

FLUID HELIUM BAROM 14.317 PSI REGENERATOR 1 DISPLACER 1 LIGHT PISTON

HEAT TO DASHPOT COQLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.10 L/MIN AMPS1 714. AMPS PRESUP 7077. KPA TGEXP 552.3 DEG.C TO1HTR 607.1 DEG.C
RMPS2 5764. AMPS TO2HTR 605.6 DEG.C
TWINDP 18.0 DEG.C VOLTG 2.84 VOLTS MEANBP 7018. KPA TGREGH 561.9 DEG.C TG3HTR 617.6 DEG.C
TDLDP 2.88 DEG.C MEANCP 7075. KPA TGREGC 105.4 DEG.C TO04HTR 603.8 DEG.C
TWODPR 20.3 DEG.C TGCOMP 51.3 DEG.C TOSHTR 621.5 DEG.C
TGBOUN 33.9 DEG.C TO6HTR 612.5 DEG.C
TO7HTR 611.9 DEG.C
TOBHTR 582.9 DEG.C
TO9HTR 615.1 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TI10HTR 580.3 DEG.C
FLOCLR 4.27 L/MIN 1 PWRIN 3666. WATTS VX1HOR 0.4 CM/S PWROUT 705. WATTS T11HTR 578.2 DEG.C
TWINCL '25.3 DEG.C 2 QCOOLR 3090. WATTS VYIVER 7.0 CM/sS INDPWR 691. WATTS T12HTR 570.8 DEG.C
TDLCL 10.44 DEG.C 3 QDSHPT 823. WATTS PISTST 2.99 CH1
TWOCLR 33.54 DEG.C 4 EXTEFF 19.2 %4 PHASE ANGLES DISPST 2.10 CM
5 TAVHTR 600.6 DEG.C PADISP 42.4 DEG. T13REG*¥%%X% DEG.C
6 INTEFF 18.6 % PAPRES -7.2 DEG. DYNAMIC CALCULATIONS T14REG 521.6 DEG.C
8 AMPS 1289. AMPS PAMPC 1314. KPA T15REG 393.3 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.33 CnM TI6REG 398.9% DEG.C
10 QDISP 14, WATTS FREQ 37.7 HZ PISTCP 2.34 CM T17REG 401.3 DEG.C
11 QREG1 117. WATTS PDYNDBX**%%X KPR T18REG 391.4 DEG.C
12 QREG2 106. WATTS PDLCLR 6.45 KPA TI9REG 246.8 DEG.C
13 QREG3 35. WATTS PDLREG 48.19 KPA
14 PFP 992.5 KPA/CM PDLDIS 89.60 KPA TOIHED®%%X%X DEG.C
15 PFD 230.9 KPAsCM
16 NBEALE 0.00347




APPENDIX D
Other Data Points of Interest

By the definition of the SVDS and the DVDS, data points with both the high
power regenerator and the high power displacer were eliminated. Since these
data points may be of great interest for computer code validation, they were
presented in this appendix. Although all of the data points are available on
a microfiche card that may be obtained from NASA Lewis, it was felt that it
would be easier to access the data from an appendix.

The 69 data points included in this appendix are those that have any
combination of two of the following three set conditions: 7.0 MPa pressure
25 °C cooler temperature, and 600 °C heater temperature. If viewed from the
format of figure 27, these include the row of 25 °C and 7.0 MPa, 25 °C, and
600 °C, and also the pair of 600 °C and 7.0 MPa.
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/21/83 15:42:22.48 RDG 774

FLUID HELIUM

HEAT TO DASHPOT COOLING
FLODP 4.02 L/MIN

TWINDP 17.0 DEG.C
TDLDP 2.06 DEG.C
THODPR 19.9 DEG.C

HEAT TC COOQLER
FLOCLR 3.94% L/MIN
TWINCL 53.7 DEG.C
TDLCL 6.59 DEG.C
TWOCLR 58.57 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/21/83 15:48:10.48 RDG 775

FLUID HELIUM

HEAT TO DASHPOT COOLING
FLODP 4,00 L/MIN

THINDP 17.1 DEG.C
TDLDP 2.18 DEG.C
TWODPR 19.9 DEG.C

HEAT TO COOLER
FLOCLR 3.99 L/MIN
TWINCL 54.5 DEG.C
TDLCL 6.49 DEG.C
TWOCLR 59%.87 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGIMNE TEST D003, REC 12,/21,83 15:52:31.48 RDG 776

FLUID HELIUM

HEAT TO DASHPOT COOLING
FLODP 4,00 L/MIN

TWINDP 17.0 DEG.C
TDLDP 2.40 DEG.C
TWODPR 20.2 DEG.C

HEAT TO COOQLER
FLOCLR 4.03 L/MIN
TWINCL 54.6 DEG.C
TDLCL 7.29 DEG.C
TWOCLR 60.81 DEG.C

OO DN
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BAROM 14.411 PSTI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATUR

AMPSL 634, AMPS PRESUP 7345. KPFA TGE¥P 563.9 DEG.C TO1HTR 599.0 DEG.
AMPS2Z 499, AMPS TO2HTR 609.0 DEG.{
VOLTG 2.58 VOLTS MEANBP 699%8. KPA TGREGH 542.4 DEG.C TO3HTR 606.6 DEG.
MEANCP 7049%. KPA TGREGC 115.% DEG.C TO04HTR 597.5 DEG.
TGCOMP 68.4 DEG.C TO5HTR 596.7 DEG
TGBOUN 44.1 DEG.C TO6HTR 600.7 DEG
TO7HTR 572.7 DEG
TOEHTR 605.0 DEG
TOYHTR 610.4 DEG
CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TI10HTR 597.6 DEG
PWRIH 2831. WATTS VX1HOR 0.2 CM/S PWROUT 606. WATTS T11HTR 596.0 DEG
QCOOLR 1783. WATTS VYIVER 6.5 CM/S INDPWR 644. WATTS T12HTR 604.5 DEG
QDSHPT 577. WATTS PISTST 1.81 CM
EXTEFF 21.4 % PHASE ANGLES DISPST 1.80 CM
TAVHTR 599.6 DEG.C PADISP 84%.4%4 DEG. T13REG 548.3 DEG.
INTEFF 25.4 % PAPRES -17.5 DEG. . DYNAMIC CALCULATIONS T14REG 510.8 DEG.
AMPS 1133. AMPS PANMPC 915. KPA TISREG 335.7 DEG.
QDISPG 3. WATTS ENGINE SPEED DISPCP  2.54 Clt TL6REG¥#%¥X% DEG.
QDISP 14, WATTS FREQ 32.4 HZ PISTCP 2.38 CHM T17REG 369.5 DEG.
QREGL 101. WATTS PDYNDB 1138. KPA T18REG 371.4 DEG.
QREG2 113. WATTS PDLCLR*¥¥XXXX KPpJ T19REG 247.4 DEG.
QREG3 33. WATTS PDLREGX¥X¥XX {pa
PFP 995.8 KPA/CM PDLDIS***%¥%* KPR TOIHEDX**¥X%¥% DEG.
PFD 306.5 KPAR/CM
NBEALE 0.00576

BAROM 14.416 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURH
AMPS1 668. AMPS PRESUP 7249. KPA TGEXP 561.9 DEG.C TOLHTR 599.7 DEG.
AMPS2 527. AMPS TO2HTR 609.0
VOLTIG 2.63 VOLTS MEANBP 6996. KPA TGREGH 540.6 DEG.C TO3HTR 607.8
MEARNCP 7052. KPA TGREGC 118.4 DEG.C TO4HTR 596.9
TGCOMP 71.4 DEG.C TOSHTR 596.9
TGBOUN 43.5 DEG.C TO6HTR 600.5
TO7HTR 571.9
TO8HTR 604.3
TOYHTR 611.4
CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 598.4
PURIN 3148. WATTS VX1HOR 0.2 CM/S PWROUT 684. WATTS T11HTR 595.8
QCOOLR 1781. WATTS VY1VER 7.1 Cti/S INDPWR 729. WATTS T12HTR 604.2
QDSHPT 608. WATTS PISTST 2.00 CM
EXTEFF 21.7 % PHASE BANGLES DISPST 1.9%3 CiM
TAVHTR 59%9.7 DEG.C PADISP 84.5 DEG. TI3REG 547.6 DEG.
INTEFF 27.7 % PAPRES -16.5 DEG. DYNAMIC CALCULATIONS T14REG 510.0 DEG
AMPS 1196. AMPS PAMPC 1004. KPA TI5REG 385.6 DEIG
QDISPG 3. WATTS ENGINE SPEED DISPCP 2.51 CM T16REGX¥¥XXX 'DEG
QDISP 14. WATTS FREQ 32.2 HZ PISTCP 2.42 CM T17REG 369%.9 DEG
QREG1 100. WATTS PDYHDB 1188. KPA T18REG 372.0 DEG
QREG2 112. WATTS PDLCLR¥¥%XXX (PR TI$REG 249.1 DEG.
QREG3J 33. WATTS PDLREG¥¥X¥XX PR
PFP 9%1.8 KPA/CM PDLDISH¥**X¥¥ KPA TOIHED*¥%%%% DEG.
PFD 296.7 KPA/CM
NBEALE 0.0059%2

BAROM 14.416 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURH
AMPSL 707. AMPS PRESUP 7356. KPA TGEXP 558.7 DEG.C TOI1HTR 599.5 DEG.
AMPS2 556. AMPS TO2HTR 608.7 DEG.
VOLTG 2.78 VOLTS MEENBP 7008. KPA TGREGH 537.8 DEG.C TO3HTR 608.2 DEG.
MEANCP 7066. KPA TGREGC 121.3 DEG.C TO4HTR 595.7 DEG.
TGCOMP 74.3 DEG.C TOSHTR 596.3 DEG.
TGBOUN 43.7 DEG.C TO6HTR 599.4 DEG.
TO7HTR 570.2 DEG.
TO8HTR 603.3 DEG.
TOSHTR 611.7 DEG.
CALCULATED PARAMETERS VIBRATIOK REMOTE CALCULATIONS T10HTR 598.4 DEG.
PURIN 3513, WATTS VXIHOR 0.3 CMr/S PWROUT 772. WATTS T11HTR 595.0 DEG.
QCOOLR 2021. WATTS VYIVER 7.8 CMs/S INDPWR 816. WATTS T12HTR 603.5 DEG.
QDSHPT 669. WATIS PISTST 2.20 CM
EXTEFF 22.0 % PHARSE ANGLES DISPST 2.05 CM
TAVHTR 599.2 DEG.C PADISP 85.0 DEG. TI13REG 546.0 DEG.
INTEFF 27.6 % PAPRES -15.5 DEG. DYNAMIC CALCULATIONS TI4REG 508.9 DEG.
AMPS 1263. AMPS PAMPC 1083. KPA T15REG 386.0 DEG.
QDISPG 3. WATTS ENGINE SPEED DISPCP 2.52 CM T16REGX*X¥¥%¥ DEG,
QDISP 14, WATTS FREQ 32.1 HZ PISTCP 2.43 CM T17REG 369.2 DEG.
QREG1 97. WATTS PDYNDB 1263. KPA T18REG 371.2 DEG.
QREG2 112. WATTS PDLCLR*¥%X%% (DR T19REG 251.4 DEG.
QREG3 32. WATTS PDLREGX%¥¥%% Kpa
PFP 973.2 KPA/CM PDLDISX®X%X%X% KPA TOIHED¥*X*XX%%
PFD 283.3 KPA/CHM
NBEALE

APPENDIX D. - OTHER DATA POINTS OF INTEREST.

0.00608 64



APPENDIX D. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D063, REC 12/21/83 15:57:19.648 RDG 777

FLUID HELIUM BAROM 14.416 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

EAT TO DASHPQT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.98 L/MIN AMPS1 748. AMPS PRESUP 7351. KPA TGEXP 555.7 DEG.C TOIHTIR 59%.5 DEG.C
AMPS2 592, AMPS TOZHTR 609.0 DEG.C
TWINDP 17.0 DEG.C YOLIG 2.95 VOLTS MEANBP 6998. KPR TGREGH 534.7 DEG.C TO3HTR 609.3 DEG.C
TDLDP 2.78 DEG.C MEANCP 7062. KPA TGREGC 124.6 DEG.C TO4HTR 595.4 DEG.C
TWODPR 20.5 DEG.C TGCOMP 78.3 DEG.C TO5HTR 597.1 DEG.C
TGBOUN 44%.0 DEG.C TO6HTR 598.4 DEG.C
TO7HIR 569.4 DEG.C
TOBHTIR 602.2 DEG.C
TOSKHTR 613.3 DEG.C
EAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TI10HTR 598.6 DEG.C
FLOCLR 4.05 L/MIN 1 PWRIN 3951. WATTS VX1HOR 0.3 CM/S PWROUT 886. WATTS T11HTR 594.7 DEG.C
TWINCL 54.6 DEG.C 2 QCCOLR 2261. WRTTS VY1IVER 8.5 Cli/S INDPWR 911. WATIS T12HIR 603.3 DEG.C
TDLCL 8.13 DEG.C 3 QDSHPT 771. WATTS PISTST 2.40 CHM
THOCLR 61.75 DEG.C 4 EXTEFF 22.4 % PHASE ANGLES DISPST 2.20 CM

5 TAVHTIR 5%9.2 DEG.C PADISP 84.9 DEG. T13REG 565.2 DEG.C
6 INTEFF 28.1 % PAPRES ~14.7 DEG. DYNAMIC CALCULATIONS T14BEG 508.7 DEG.C
8 AMPS 1340. AMPS PAMPC 1196. KPA TI5REG 387.7 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.55 CM TI16REGX¥*¥XX DEG . C
180 QDISP 14. WATTS FREQ 32.0 HZ PISTCP 2.38 CM T17REG 368.9 DEG.C
11 QREG1 95. WATTS PDYNDB 1350. KPA TI18REG 372.3 DEG.C
12 QREG2 111. WATIS PDLCLR¥XXXXX ph T1SREG 254.6 DEG.C

13 QREG3 32. WATTS PDLREGX*¥X%¥ KPR
14 PFP 986.6 KPA/CM PDLDIS**¥%¥% KPA TOIHEDX¥%¥%X DEG.C

15 PFD 277.1 KPA/CM
16 NBERLE 0.00641

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/21/83 16:02:16.48 RDG 778

FLUID HELIUM BAROM 14.411 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

AT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.97 L/MIN AMPSY 79%92. AMPS PRESUP 7349. KPA TGEXP 553.7 DEG.C TC1HTR 600.1 DEG.C
AMPSZ 619. AMPS TO2HTRE 611.1 DEG.C
TWINDP 17.0 DEG.C VOLTG 3.11 VOLTS MEANBP 6998. KPA TGREGH 532.1 DEG.C TO3HTR 611.% DEG.C
TDLDP 3.13 DEG.C MEANCP 7066. KPA TGREGC 127.1 DEG.C TO4HTR 596.2 DEG.C
TWODPR 20.9 DEG.C TGCOMP 82.4 DEG.C TO5HTR 59%9.5 DEG.C
TGBOUM 44.7 DEG.C TO6HTR 597.9% DEG.C
TO7HTR 570.3 DEG.C
TO8HTR 602.1 DEG.C
TOYHTR 616.0 DEG.C
AT TO COQLER CALCULATED PARAMETERS VIBRATION REMOTE CARLCULATIONS T10HTR 599%.2 DEG.C
FLOCLR 4.07 L/MIN 1 PWRIN 4387. WATTS VX1HOR 0.4 CM/S ZWROUT 1000. WATTS T11HTR 595.2 DEG.C
TWINCL 54.6 DEG.C 2 QCOOLR 2428. WATTS VYIVER 9.1 CW/S TNDPWR 1005. WATTS T12HTR 605.1 DEG.C
TDLCL 8.69 DEG.C 3 QDSHPT 865. WATTS PISTST 2.61 CM
TWOCLR 62.74 DEG.C 4 EXTEFF 22.8 % PHASE ANGLES DISPST 2.36 CH
5 TAVHTR 600.4 DEG.C PADISP 83.6 DEG. T13REG 545.5 DEG.C
6 INTEFF 29.2 % PAPRES -13.7 DEG. DYNAMIC CALCULATIONS T14REG 509.1 DEG.C
8 AMPS 1410. AMPS PAMPC 1294. KPA T15REG 389.4 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.77 CNM T16REGH¥X%¥X¥X DEG.C
10 QDISP 13. WATTS FREQ 32.0 HZ PISTCP 2.51 CM T17REG 363.3 DEG.C
11 QREG1 93. WATTS PDYNDB 1450. KPA T18REG 372.% DEG.C
12 QREG2 111. WATTS PDLCLR*¥XXXXX Kpp T19REG 258.0 DEG.C
13 QREG3 31. WATTS PDLREG*X¥¥%X [KPA
14 PFP 989.0 KPA/CM PDLDISHXXX%X KPa TOIHED*¥%%¥¥% DEG.C

15 PFD 267.2 KPA/CM
16 NBEALE 0.00666

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/21/83 16:06:19.4% RDG 779

FLUID HELIUM BAROM 14.411 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

AT TO DASHPOT COOQLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.97 L/MIN AMPS1 834. AMPS PRESUP 7347. KPA TGEXP 549%9.9 DEG.C TO1HTR 599.5 DEG.C
AMPS2 644%. AMPS TO2HTR 610.0 DEG.C
TWINDP 17.1 DEG.C VOLTG 3.26 VOLIS MEANBP 6998. KPA TGREGH 529.2 DEG.C TO3HTR 612.1 DEG.C
TDLDP 3.37 DEG.C MEANCP 7070. KPA TGREGC 129.9 DEG.C TO4HTR 594.4 DEG.C
TWODPR 21.2 DEG.C TGCOMP 86.5 DEG.C TOSHTIR 599.4 DEG.C
TGBOUN 45.1 DEG.C TO6HTR 596.6 DEG.C
TO7HTR 568.1 DEG.C
TO8HTR 600.7 DEG.C
TO9HTR 616.0 DEG.C
AT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T1CHTR 599.0 DEG.C
FLOCLR 4.08 L/MIN 1 PWRIN 4815. WATTS VX1HOR 0.4 CM/S PWROUT 1075. WATTS T11HTR 593.9 DEG.C
TWINCL 54.7 DEG.C 2 QCOOLR 2570. WATTS VY1VER 9.7 CM/S INDPWR 1093. WATTS T12HTR 603.8 DEG.C
TDLCL $.17 DEG.C 3 QDSHPT 932. WATTS PISTST 2.80 CM
TWOCLR 63.87 DEG.C 4 EXTEFF 22.3 % PHASE ANGLES DISPST 2.41 CM
5 TAVHTR 599.5 DEG.C PADISP 83.8 DEG. T13REG 543.8 DEG.C
6 INTEFF 29.5 % PAPRES -13.1 DEG. DYNAMIC CALCULATIONS T14REG 508.4 DEG.C
8 AMFS 1477 . AMPS PAMPC 1393. KPA T15REG 391.2 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.82 CM T16REG*¥%%¥¥ DEG.C
10 QDISP 13. WATTS FREQ 31.9 HZ PISTCP 2.48 CM T17REG 362.5 DEG.C
11 QREG1 $0. WATTS PDYNDB 1525. KPA T18REG 372.8 DEG.C
12 QREG?2 110. WATTS PDLCLR*¥XXXX KPR T19REG 262.0 DEG.C
13 QREG3 31. WATTS PDLREGX¥X%XX Kpp
14 PFP 993.6 KPA/CM PDLDIS**X%XX KPA TO3HED**%%XX DEG.C
15 PFD 263.2 KPAsCHM
16 NBEALE 0.008669 65




NASA LEWIS SENSITIVITY TEST DATR RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 3.99 L/MIN
TWINDP 17.0 DEG.C
TDLDP 3.67 DEG.C
THODPR 21.6 DEG.C

HEAT TO COOLER

FLOCLR 4.05 L/MIN
TWINCL 54.0 DEG.C
TDLCL 10.48 DEG.C

THOCLR 64.5% DEG.C

NASA LEWIS SENSITIVITY

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.12 L/MIN
TWINDP 20.3 DEG.C
TDLDP 1.5¢ DEG.C
THWODFR 22.4% DEG.C

HEAT TO COOLER

FLOCLR 4.37 L/MIN
THINCL 39.4 DEG.C
TDLCL 5.40 DEG.C

THOCLR 44%4.66 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING
FLODP 4.13 L/MIN

TWINDP 20.3 DEG.C

TDLDP 1.80 DEG.C
TWODPR 22.7 DEG.C

HEART TO COOLER

FLOCLR 4.37 L/MIN
TWINCL 39.5 DEG.C
TDLCL 6.25 DEG.C

TWOCLR 45.58 DEG.C
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APPENDIX D. - CONTINUED.

BAROM 14.411 PSI REGENERATOR 2

POWER IN
AMPS1 876. AMPS
AMPS2  681. AMPS
VOLTG 3.44 VOLTS

CALCULATED PARAMETERS

PWRIN 5355. WATTS
QCCOLR 2919. WATIS
QDSHPT 1018. WATTS
EXTEFF 21.9 %
TAVHTR 599.7 DEG.C
INTEFF 28.7 %

EMPS 1557. AMPS
QDISPG 3. WATTS
QDISP 13. WATTS
QREG1 90. KATIS
QREGZ 106. WATTS
QREG3 31. WATTS
PFP 1008.2 KPA/CM
PFD 264.5 KPA/CHM

5
NBEALE 0.00678

BAROM 14.136 PSI REGENERATOR 2 DISPLACER 2

POWER IN
AMPS1 623. AMPS
AMPS2 515. AMPS

VOLTG 2.50 VOLIS

CALCULATED PARAMETERS

PWRIN 2844. WATTS
QCOOLR 1629. WATTS
QDSHPT 441. WATTS
EXTEFF 22.% %
TAVHIR 600.1 DEG.C
INTEFF 28.1 %

EUPS 1139. AMPS
QDISPG 3. WATTIS
QDISP 14, WATTS
QREG1 106. WATTIS
QREG2 113. WATTS
QREG3 34, WATTS
PFP 1019.6 KPA/CM
PFD 332.1 KPA/CM
NBEALE 0.00608

BAROM 14,140 PSI REGENERATOR 2

POWER IN
AMPS1 661. AMPS
AMPS2 541. ANMPS
VOLTIG 2.64 VOLTS

CALCULATED PARAMETERS

PWRIN 3173. WATTS
QCOOLR 1886. WATTS
QDSHPT 516. WATTS
EXTEFF 22.9 %
TAVHTR 59%.9 DEG.C
INTEFF 27.8 %
AMPS 1202. AMPS
QDISPG 3. WATTS
QDISP 164. WATTS
QREG1 105. WATTS
QREG2 111. WATTS
QREG3 33. WATTS

PFP 1012.1 KPA/CM
PFD 323.8 KPA/CM
NBERLE 0.00632

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 2
ENGINE CHARGE PRESSURE

PRESUP 7350. KPA

MEANBP 7008. KPA

MEANCP 7087. KPA
VIBRATION

VX1HOR 0.5 CM/S
VY1VER10.4 CM/S

PHASE ANGLES
PADISP 84.3 DEG.
PAPRES -12.0 DEG.

ENGINE SPEED
FREQ 32.1 HZ

FREE PISTON STIRLING ENGINE TEST D003,

ENGINE CHARGE PRESSURE

PRESUP 7076. KPA

MEANBP 7010. KPA

MEANCP 7051. KPA
VIBRATION

VX1HOR 0.2 CM/S
VY1IVER 6.5 CM/S

PHASE ANGLES
PADISP 83.6 DEG.
PAPRES -18.4 DEG.

ENGINE SPEED
FREQ 32.4 HZ

DISPLACER 2
ENGINE CHARGE PRESSURE

PRESUP 7084. KPA

MEANBP 6997. KPA

MEANCP 7043. KPA
VIBRATION

VX1HOR 0.2 CM/S
VYIVER 7.1 CM/S

PHASE ANGLES
PADISP 84.2 DEG.
PAPRES -17.5 DEG.

ENGINE SPEED
FREQ 32.3 HZ

66

STANDARD PISTON

GAS TEMPERATURES
TGEXP 547.1 DEG.C

TGREGH 528.7 DEG.C
TGREGC 132.8 DEG.C
TGCOMP 90.3 DEG.C
TGBOUN 46.2 DEG.C

REMOTE CALCULATIONS

PWROUT 1175. WATTS
INDPWR 1186. WATTS

PISTST 3.00 Cil
DISPST 2.39 €M
DYNAMIC CALCULATIONS
PAMPC 1516. KPA
DISPCP 2.39 CM
PISTICP 2.35 CH

PDYNDB 1625. KPA
PDLCLR*¥¥¥¥X KPR
PDLREGXXXXXX KPR
PDLDIS***%¥% KPA

STANDARD PISTON

GAS TEMPERATURES
TGEXP 562.6 DEG.C

TGREGH 540.1 DEG.
TGREGC 102.3 DEG.
TGCOMP 56.2 DEG.
TGBOUN 36.6 DEG.

aQaQa

REMOTE CALCULATIONS

PWROUT 638. WATTS

INDPHR 669. WATTS
PISTST 1.80 CM
DISPST 1.78 CM

DYNAMIC CALCULATICNS

PAMPC $30. KPA
DISPCP 2.52 CM
PISTCP 2.44% CM
PDYNDB 1075. KPR
PDLCLR*%%%%X% KPR
PDLREG*X¥%XX KPR
PDLDIS*¥¥XX¥ KPR

STANDARD PISTON

GAS TEMPERATURES
TGEXP 560.4 DEG.C

TGREGH 537.7 DEG.C
TGREGC 105.7 DEG.C
TGCOMP 59.6 DEG.C
TGBOUN 38.0 DEG.C

REMOTE CALCULATIONS

PWROUT 727. WATTS
INDPWR 765. WATTS
PISTST 1.98 CM
DISPST 1.91 CM
DYNAMIC CALCULATIONS
PAMPC 1019. KPR
DISPCP 2.54 CH
PISTCP 2.45 CHM

PDYNDB 1175. KPA
PDLCLRX¥%XXX KPL
PDLREGXX¥%*X KPR
PDLDIS**X¥¥X KPA

REC 12/21/83 16:10:19.48 RDG

SURFACE

REC 01706784 13:00:19.43 RDG

SURFACE

SURFACE

TO1HTR 601.4
TOZHTR 609.4
TO3HTR 613,
TO4HTR 593.
TOSHTR 599.
TQ6HTR 597.
TOQ7HTR 565.
TOBHTR 600.
TOYHTR 616.
T10HTR 600.
T11HTR 594%.
T12HTR 603.

DONN OO R

T13REG 562.90
TI4REG 507.90
TI5REG 391.8
T16REGX%¥X%%
T17REG 366.9
T13REG 376.1
T19REG 265.2

TO1HTIR
TO2HTIR 610.
TO3HTR 609.
TO4HTR 595,
TOSHTR 600.
TO6HTR 601.
TO7HTR 574,
TCRHTR 602.
TOSHTR 607.
T10HTR 598.
T11HTR 593.
T12HIR 607.

T13REG 552.8
T14REG 515.4
TI5REG 389.0
T16REGX¥¥X¥%
T17REG 364.8
T18REG 376.4%
T19REG 246.1

T IHEDX*%%%%x%

FREE PISTON STIRLING ENGINE TEST D003, REC 01/06/84 13:06:16.43 RDG 805

TOLHTR 599.
TOZ2HTR 610.
TO3HTR 609.
TO4HTR 595.
TOSHTIR 600.
TO6HTR 599.
TO7HTR 572.
TOBHTR 602.
TOIHTR 609.
TI10HTR 598.
T11HTR 594.
T12HTR 606.

MO RPONUIRON

T13REG 550.8
T14REG 513.6
T15REG 388.1
T1EREG¥¥*%¥%%
T17REG 363.4
T18REG 376.2
T19REG 247.%

TOIHED®X¥XX%

780

806

OO P OO DO WP

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.
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DEG.
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APPENDIX D. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 081/06/84 13:18:34.48 RDG 806

FLUID HELIUM BAROM 16.140 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

EAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.12 L/MIN AMPS1 702. AMPS PRESUP 7058. KPA TGEXP 556.9 DEG.C TO1HTR 599.3 DEG.C
AMP3S2 574. AMPS TO2HTR 609.0 DEG.C
TWINDP 20.2 DEG.C VOLTIG 2.80 VOLTS MEANBP 6989. KPA TGREGH 535.3 DEG.C TO3HTR 610.3 DEG.C
TDLD? 2.13 DEG.C MEANCP 7036. KPA TGREGC 108.4 DEG.C TO4HTR 594.1 DEG.C
THODPR 23.0 DEG.C TGCOMP 62.1 DEG.C TOSHTR 599.8 DEG.C
TGBOUN 38.8 DEG.C TO6HTR 598.9 DEG.C
TO7HTR 570.4 DEG.C
TOBHTR 601.5 DEG.C
TOYHTR 609.8 DEG.C
EAT TC COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 598.7 DEG.C
FLOCLR 4.37 L/MIN 1 PWRIN 3568. WATTIS VX1HOR 0.3 CM/S FWROUT 827. WATTS T11HTR 593.4 DEG.C
WINCL 39.6 DEG.C 2 QCOOLR 2145. WATTS VYIVER 7.8 CM/S INDPWR 868. WATTS T12HTR 605.2 DEG.C
TDLCL 7.12 DEG.C 3 QDSHPT 612. WATTS PISTST 2.19 CM
TWOCLR 46.49 DEG.C 4 EXTEFF 23.2 % PHASE ANGLES DISPST 2.04 CM
5 TAVHTR 599.2 DEG.C PADISP 84.5 DEG. T13REG 548.0 DEG.C
6 INTEFF 27.8 % PAPRES -16.6 DEG. DYNAMIC CALCULATIONS T14REG 511.3 DEG.C
8 AlPS 1276. AMPS PAMPC 1127. KPA T15DEG 386.5 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.58 CM T16REG***¥XX DEG.C
10 QDISP 16. WATTS FREQ 32.2 HZ PISTCP 2.46 CM T17REG 363.4 DEG.C
11 QREGI1 104. WATTS PDYNDB 1263. KPA TI8REG 376.1 DEG.C
12 QREG2 110. WATTS PDLCLR¥¥¥%¥X% Kph T19REG 248.0 DEG.C
13 QREG3 33. WATTS PDLREG®¥¥X¥X PR
14 PFP 1012.9 KPA/CH PDLDIS*XXX%¥% KPA TOSHED¥¥%%%% DEG.C
15 PFD 315.8 KPA/CHM
16 NBEALE 0.00652
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01-/06/84 13:15:19.48 RDG 807
FLUID HELIUM BAROM 14.140 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
EAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.12 L/MIN AMPS1 745. AMPS PRESUP 7098. KPA TGEXP 554.4 DEG.C TO1HTR 600.7 DEG.C
AMPS2 602. AMPS T02HTR 607.8 DEG.C
TWINDP 20.3 DEG.C VOLTG 2.95 VOLIS MEANBP 7009. KPA TGREGH 534.3 DEG.C TG3HTR 611.5 DEG.C
TDLDP 2.47 DEG.C MEANCP 7065. KPA TGREGC 113.3 DEG.C TO4HTR 593.6 DEG.C
TWODPR 23.3 DEG.C TGCOMP 65.8 DEG.C TO5HTR 598.8 DEG.C
TGBOUN 40.1 DEG.C TO6HTR 599.5 DEG.C
TO7HTR 567.7 DEG.C
TOSHIR 601.9 DEG.C
. TC9HTR 611.4 DEG.C
EAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 600.1 DEG.C
FLOCLR 4.38 L/MIN 1 PWRIN 3977. WATTS VX1HOR 0.3 CM/S PWROUT 9306. MATTS T11HTR 594%4.3 DEG.C
TWINCL 39%.7 DEG.C 2 QCOOLR 26443. WATTS VY1VER 8.4 CM/S INDPWR 973. WATTS T12HTR 603.9 DEG.C
TDLCL 8.08 DEG.C 3 QDSHPT 708. WATTS PISTST 2.40 CM
THOCLR 47.47 DEG.C 4 EXTEFF 23.4¢ % PHASE ANGLES DISPST 2.18 CM
5 TAVHTR 599.3 DEG.C PADISP 84.6 DEG. T13REG 545.5 DEG.C
6 INTEFF 27.6 % PAPRES -15.7 DEG. DYNAMIC CALCULATIONS T14REG 50%.0 DEG.C
8 AMPS 1347. AMPS PEMPC 1235. KPA T15REG 334.4%4 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.62 Cl1 T16REGX*¥X%X DEG.C
10 QDISP 14, WATTS FREQ 32.2 HZ PISTCP 2.46 CH T17REG 366.0 DEG.C
11 QREG1 104. WATTS PDYNDB 1363, KPA T18REG 376.0 DEG.C
12 QREG2 108. WATTS PDLCLR*¥¥XXX KpA T19REG 247.9 DEG.C
13 QREG3 33. MWATTS PDLREG*#XXX KPA
14 PrPp 1018.6 KPA/CM PDLDIS**¥%%* KPA TOIHED*¥%%XX DEG.C
15 PFD 3068.2 KPA/CHM
16 NBEALE 0.00670
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTOM STIRLING ENGINE TEST D003, REC 01/06/84 13:21:06.48 RDG 8038
FLUID HELIUM BAROM 14,140 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
EAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES WHMEMWHMWH
FLODP 4.12 L/MIN AMPS1 772. AMPS PRESUP 7092. KPA TGEXP 551.3 DEG.C TOLHTR 602.3 DEG.C
AMPS2 627. AMPS TOZ2HTR 606.0 DVG.C
TWINDP 20.3 DEG.C VOLTG 3.08 VOLTS MEANBP 6987. KPA TGREGH 533.7 DEG.C TO3HTR 612.4 DEG.C
TDLDP 2.83 DEG.C MEANCP 70651. KPA TGREGC 116.6 DEG.C TO4HTR 592.6 DEG.C
TWODPR 23.6 DEG.C TGCOMP 69.6 DEG.C TOSHTR 596.3 DEG.C
. TGBOUN 41.5 DEG.C TO6HTR 599.9 DEG.C
TO7HTR 564%.9 DEG.C
TOBHTR 602.1 DEG.C
TOYHTR 612.0 DEG.C
EAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 601.6 DEG.C
FLOCLR 4.37 L/MIN 1 PHRIN 4307. WATTS VX1HOR 0.4 CM/S PWROUT 1006. WATTS T11HTR 595.1 DEG.C
THWINCL 39.7 DEG.C 2 QCOOLR 2686. WATTS VYIVER 9.0 CM/S INDPWR 1051. WATTS T12HTR 602.3 DEG.C
TDLCL &.90 DEG.C 3 QDSHPT &811. WATTS PISTST 2.59 CM
TWOCLR 48.29% DEG.C 4 EXTEFF 23.4 % PHASE RNGLES DISPST 2.28 CM
5 TAVHTR 599.0 DEG.C PADISP 84.4 DEG. T13REG 542.2 DEG.C
6 INTEFF 27.2 % PAPRES -14.7 DEG. DYNAMIC CALCULATIONS T14REG 504.7 DEG.C
8 AMPS 1399. AMPS PAMPC 1324. KPA TI5REG 379.1 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.64 CM T16REG¥¥¥%%¥ DEG.C
10 QDISP 14. WATTS FREQ 32.0 HZ PISTCP 2.44 CM T17REG 368.6 DEG.C
11 QREG1 107. WATTS PDYNDB 1438, KPA T18REG 376.3 DEG.C
12 QREG2 104. WATTS PDLCLR¥**¥%XX KPR T19REG 24%.8 DEG.C
13 QREG3 32. WATTS PDLREGXXX%%% KPj
14 PFP 1012. 5 KPA/CM PDLDISX*%X%¥X KPR TOIHED*¥%XXX DEG.C
15 PFD 296 KPA/sCM
16 NBEALE 0. 00676 67




APPENDIX D. - CONTINUED.

NASAR LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/06/8% 13:25:19.48 RDG 809

FLUID HELIUM BAROM 14.140 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATUR
FLODP 4.11 L/MIN AMPS1 807. AMPS PRESUP 7471. KPA TGEXP 548.0 DEG.C TOIHTR 602.0 DEG.
AMPS2  657. AMPS TO02HTR 605.5 DEG.
TWINDP 20.3 DEG.C VOLTG 3.23 VOLTS MEANBP 6995. KPR TGREGH 531.8 DEG.C TO3HTR 612.7 DEG.
TDLDP 3.06 DEG.C MEANCP 7063. KPA TGREGC 11%.2 DEG.C TO4HTR 591.3 DEG.
TWODPR 23.9 DEG.C TGCOMP 73.6 DEG.C TOS5HTR 59%96.1 DEG.
: TGBOUN 43.2 DEG.C TO06HTR 599.0 DEG.
TO7HTR 563.2 DEG.
TO8HTR 601.3 DEG.
TO9HTR 612.4 DEG.
HEAT TO COOLER CATCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TI10HTR 601.5 DEG.
FLOCLR 4.39 L/MIN 1 PWRIN 4736. WATTS VX1HOR 0.4 CM/S PWROUT 1089. WATTS T11HTR 594.8 DEG.
TWINCL 39.7 DEG.C 2 QCOOLR 3031. WATTS VYLVER 9.6 CM/S INDPKR 1138. WATTS T12HTR 601.4 DEG.
TDLCL 10.00 DEG.C 3 QDSHPT 874. WATTS PISTST 2.79 CM
TWOCLE 49.39 DEG.C 4 EXTEFF 23.0 % PHASE ANGLES DISPST 2.40 CM
5 TAVHTR 598.4 DEG.C PADISP 84%.9 DEG. T13REG 540.6 DEG.
6 INTEFF 26.4 % PAPRES ~13.8 DEG. DYNAMIC CALCULATIONS T14REG 503.7 DEG.
8 AMPS 1464. AMPS PAMPC 1427. KPA T15REG 380.7 DEG.
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.67 CM T16REGX*¥¥¥X¥%¥ DEG.
10 QDISP 13. WATTS FREQ 31.9 HZ PISTCP 2.39 CM T17REG 368.5 DEG.
11 QREGL 103. WATTS PDYNDB 1494, KPA T13REG 376.1 DEG.
12 QREG2 104. WATTS PDLCLR¥¥¥%¥X KPR T19REG 248.8 DEG.
13 QREG3 32. WATTS PDLREG*X¥%XX KPR
14 PFP 1014.3 KPA/CM PDLDIS***%%XX KPR TO3IHED*%X¥X% DEG.

15 P¥D 284.2 KPA/CH
16 NBEALE 0.006380

NASAR LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTOM STIRLING ENGINE TEST D0G3, REC 01/11,/84 13:59:30.43 RDG 81Q

FLUID HELIUM BAROM 14.489 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TQ DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATUR
FLODP %.04 L/MIN AMPS1 838. AMPS PRESUP 7493. KPA TGEXP 545.2 DEG.C TO01HTR 604.3 DEG.
AMPS2 709. AMPS TO2HTR 606.4 DEG.
TWINDP 17.7 DEG.C YOLTG 3.40 VOLTS MEANBP 6998. KPA TGREGH 529.9 DEG.C TO3HTR 614.7 DEG.
TDLDP 3.08 DEG.C MEANCP 7065. KPA TGREGC 116.5 DEG.C T04HTR 591.2 DEG.
TWODPR 21.% DEG.C TGCOMP 75.0 DEG.C TOSHTR 595.7 DEG.
TGBOUN 38.1 DEG.C TO6HTR 600.3 DEG.
TO7HIR 561.9 DEG.
TOBHTR 601.4 DEG.
TO9HTR 613.5 DEG.
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CARLCULATIONS T10HTR 603.2 DEG.
FLOCLR 4.59 L/MIN 1 PURIN 5261. WATTS VX1HOR 0.6 CM/S PWROUT 1219. WATTS T11HTR 595.0 DEG.
TWINCL 39.3 DEG.C 2 QCOOLR 3181, WATIS VY1VER10.2 CM/S INDPWR 1240. WATIS T12HTR 601.5 DEG.
TDLCL 10.03 DEG.C 3 QDSHPT 866. WATTS PISTST 2.%8 CM
THOCLR 48.65 DEG.C 4 EXTEFF 23.2 % PHASE ANGLES DISPST 2.48 CI
5 TAVHTR 59%.1 DEG.C PADISP 84.7 DEG. T13REGX¥¥XX¥X DEG.
6 INTEFFT 27.7 %4 PAPRES -~12.8 DEG. DYNAMIC CALCULATIONS T14REG 501.8 DEG.
8 RMPS 1547 . AMPS PAMPC 1536. KPA T15REG 380.7 DEG.
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.81 CM T16REG***%%¥ DEG.
10 QDISP 13. WATTS FREQ 32.1 HZ PISTCP 2.28 (N T17REG 369.1 DEG.
11 QREGL 104. WATTS PDYNDB 1588. KPA T18REG 378.4 DEG.
12 QREG2 100. WATTS PDLCLR¥¥%¥XX% P T19REG 250.2 DEG.
13 QREG3 32. WATTS PDLREGX¥XXX¥ Pg
14 PFP 1025.8 KPA/CM PDLDIS*X%%%* KPR TO3HED**X*¥¥ DEG.
15 PFD 275.7 KPAs/CHM
16 NBEALE 0.00710

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/11/84 14:04:09.48 RDG 811

FLUID HELIUM BAROM 14.489 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT CCOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TENPERATUR.
FLODP 4.03 L/MIN AMPS1 868. AMPS PRESUP 7503. KPA TGEXP 542.6 DEG.C TOLHTR 6.1
AMPS2 734, AMPS TO2HTR 605.2
TWINDP 17.7 DEG.C VOLTG 3.5% VOLTS MEENBP 6988. KPA TGREGH 530.1 DEG.C TO3HTR 616.0
TDLDP 3.45 DEG.C MEANCP 7061. KPA TGREGC 122.5 DEG.C TO4HTR 590.4% DEG
TWODPR 21.8 DEG.C TGCOMP 79.2 DEG.C TO5SHTR 596.1 DEG
TGBOUN 41.0 DEG.C TO6HTR 601.2 DEG
TO7HTR 559.9 DEG
TOBHTR 602.7 DEG
TO9HTR 614.0 DEG
HEAT T0 COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 605.1 DEG
FLOCLR 4.51 L/MIN 1 PWRIN 5666. WA VX1HOR 0.6 CM/S PWROUT 129%0. WATTS T11HTR 596.9 DEG
TWINCL 39.8 DEG.C 2 QCOOLR 3468. NATTS VY1VER10.9 CM/S INDPHR 1299. WATTS T12HTR 601.2 DEG
TDLCL 11.15 DEG.C 3 QDSHPT 969. WATTS PISTST 3.20 CM
TWOCLR 50.71 DEG.C 4 EXTEFF 22.8 7% PHASE ANGLES DISPST 2.5% CM
> TRVHTR 599.6 DEG.C PADISP 84.2 DEG. T13REGX*XX¥X DEG.
6 INTEFF 27.1 4 PAPRES -12.0 DEG. DYNAMIC CALCULATIONS T14REG 499.9 DEG.
3 AMPS 1601. AMPS PAMPC  1639. KPA T15REG 377.8 DEG.
9 QDISPG 3. WATIS ENGINE SPEED DISFCP 2.81 CIM T16REG**¥X*¥%X DEG,
10 RDISP 13, WATTS FREQ 32.0 HZ PISTCP 2.17 CM T17REG 371.7 DEG.
11 QREGI 104. WATTS PDYNDB 1650. KPA T18REG 378.2 DEG.
12 QREG2 39. WATTS PDLCLR*%¥XXX KPR T19REG 250.0 DEG.
13 QREG3 32. WATTS PDLREGXXX%% KPj
14 PFP 1025.1 KPA/CM PDLDIS*¥¥*XX%% KPA TO3HED***¥%% DEG.

15 PFD 265.2 KPA/CM
16 NBEALE 0.00703




APPENDIX D. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/11/84 14:07:18.48 RDG 812

FLUID HELIUM BAROM 14.4%4 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
[EAT TO DASHPOT COOQLING POMER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES

FLODP 4.03 L/MIN AMPS1 89%5. AMPS PRESUP 7427. KPA TGEXP 541.0 DEG.C TO01HTR 607.2 DEG.C

AMPS2  791. AMPS TO2HIR 606.2 DEG.C

TWINDP 17.7 DEG.C VOLTG 3.70 VCOLTS MEAENBP 7014. KPA TGREGH 530.6 DEG.C TO3HTIR 617.1 DEG.C

TDLDP 3.69 DEG.C MEANCP 7097. KPA TGREGC 127.5 DEG.C TO4HTR 591.2 DEG.C

TWODPR 22.2 DEG.C TGCOMP 83.6 DEG.C TOSHTR 596.3 DEG.C

TGBOUN 42.8 DEG.C TO6HTR 601.3 DEG.C

TO7HIR 559.4 DEG.C

TO8HTR 604.2 DEG.C

TOYHTR 616.8 DEG.C

AT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HIR 606.1 DEG.C

FLOCLR ¢4.51 L/MIN 1 PURIN 6242. WATTS VX1HOR 0.7 CM/S PWROUT 1377. WATTS T11HTR 598.7 DEG.C

TWINCL 39.9 DEG.C 2 QCOOLR 3840. WATTS VYIVER11.6 CM/S INDPWR 1378. WATIS T12HTR 601.1 DEG.C
TDLCL 12.34 DEG.C 3 QDSHPT 1035. WATTS PISTST 3.39 CM
TWOCLR 52.00 DEG.C 4 EXTEFF 22.1 % PHASE ANGLES DISPST 2.70 €M

5 TAVHTR 600.5 DEG.C PADISP &3.9 DEG. T13REG**¥%%* DEG.C

6 INTEFF 26.4 % PAPRES -11.0 DEG. DYNAMIC CALCULATIONS T14REG 499.6 DEG.C

8 AMPS 1686. AMPS PAMPC 1762. KPA T15REG 379.5 DEG.C

9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.84 CM T16REGX¥¥¥%X¥ DEG.C

10 QDISP 13. WATTS FREQ 32.1 HZ PISTCP 2.04 CM T17REG 374.0 DEG.C

11 QREG1 101. WATTS PDYNDB 1750. KPA T18REG 378.3 DEG.C

12 QREG2 98. WATTS PDLCLR¥*¥*¥X%X Kpa T19REG 253.4 DEG.C
13 QREG3 31. WATTS PDLREG¥¥¥¥%X ppa

14 PFP 1040.7 KPA/CM PDLDIS***%X¥ KPR TO3HED¥**%#%% DEG.C

15 PFD 251.4 KPA/CM
16 NBEALE 0.00702

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/8% 13:57:19.4% RDG 862

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
AT TC DASHPOT CCOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMNPERATURES SURFACE TEMPERATURES

FLODP 4.32 L/MIN AMPS1 401. AMPS PRESUP 4030. KPA TGEXP 557.6 DEG.C TOIHTR 59%9.7 DEG.C
AMPS2 468. AMPS TQ2HTIR 606.4 DEG.C
TWINDP 17.9 DEG.C VOLTG 1.91 VOLTS MEANBP 3998. KPA TGREGH 545.1 DEG.C TO3HTR 603.2 DEG.C
TDLDP 0.85 DEG.C MEANCP 4026. KPA TGREGC 79%.1 DEG.C TOGHTR 59%.06 DEG.C
TWODPR 19.4% DEG.C . TGCOMP 36.8 DEG.C TOSHTR 597.5 DEG.C
TGBOUN 33.8 DEG.C TO6HTR 602.2 DEG.C
TO7HTR 578.8 DEG.C
TOZHTR 606.1 DEG.C
TO9HTR 667.3 DEG.C
AT TO COOLER CALCULATED  PARAMETERS VIBRATION ) REMOTE CALCULATIONS T10HTR 598.6 DEG.C
FLOCLR 4.17 L/MIN 1 PWRIN 1663. WATTS VX1HOR 0.2 CM/S PWROUT 355. WATTS T11HTR 598.4 DEG.C
THINCL 25.0 DEG.C 2 QCOOLR 915. WATTS VY1VER 4.4 CM/S INDPWR 369. WATTS T12HTR 602.8 DEG.C
TDLCL 3.16 DEG.C 3 QDSHPT 256. WATTS PISTST 1.82 CM
THOCLR 28.66 DEG.C 4 EXTEFF 21.4 % PHASE ANGLES DISPST 1.89 CM
5 TAVHTR 600.0 DEG.C PADISP 80.0 DEG. T13REGX**¥¥XX%X DEG.C
6 INTEFF 28.0 % PAPRES -21.7 DEG. DYNAMIC CALCULATIONS T14REG 508.6 DEG.C
8 AMPS 86%. ARUMPS PAMPC 541. KPA T15REG 375.0 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.63 CM T16REG¥¥¥¥¥¥ DEG.C
10 QDISP 15. WATTS FREQ 24.9 HZ PISTCP 2.50 CM T17REG 358.6 DEG.C
11 QREG1 108. WATIS PDYNDB 625. KPA T18REG 352.8 DEG.C
12 QREG2 126. WATTS PDLCLR¥¥XXXX (pa T19REG 219.7 DEG.C
i3 QREG3 36. WATIS PDLREGXX¥XX¥ Kpp
14 PFP 591.7 KPA/CM PDLDISH¥X¥%% KpA TOIHED¥¥%X¥% DEG.C
15 PFD 214.5 KPA/CM
16 NBEARLE 0.00764%

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 14:02:19.44 RDG 363

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
RT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES

[F.ODP 4.36 L/MIN AMPS1 424%. AMPS PRESUP 4033. KPA TGEXP 554.9 DEG.C TO1HTR 599.6 DEG.C

AMPS2 486. AMPS TO2HTR 605.6 DEG.C

[WINDP 17.9 DEG.C VYOLTG 2.00 VQLTS MEANBP 4004. KPA TGREGH 543.1 DEG.C TO3HTR 602.9 DEG.C

TDLDP 0.90 DEG.C MEANCP 4035. KPA TGREGC 79.7 DEG.C TO04HTR 597.2 DEG.C

[[WWODPR 19.4% DEG.C TGCOMP 37.6 DEG.C TOSHTR 597.4 DEG.C

TGBOUN 33.4 DEG.C TO6HTR 601.3 DEG.C

TO7HTR 577.5 DEG.C

TOBHTR 604.4 DEG.C

TC09HTR 606.8 DEG.C

AT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 598.5 DEG.C

LOCLR 4.16 L/MIN 1 PWRIN 1821. WATTS VX1HOR 0.2 CM/3 PWROUT 405. WATTS T11HTR 597.4¢ DEG.C

[HWINCL 24.8 DEG.C 2 QCOQLR 987. WATTS VY1VER 4.7 CHM/S INDPHUR 424%. UWATTS T12HTR 601.8 DEG.C
TDLCL 3.42 DEG.C 3 QDSHPT 272. WATTS PISTST 1.99% CM
[WOCLR 28.77 DEG.C 4 E{TEFF 22.3 % PHASE ANGLES DISPST 2.01 CM

5 TAVHTR 599.2 DEG.C PADISP 80.8 DEG. T13REGX¥¥*%%% DEG.C

6 INTEFF 29.1 % PAPRES -20.9 DEG. DYNAMIC CALCULATIONS T14REG 509.0 DEG.C

8 AMPS 910. AMPS PRMPC 600. KPA T15REG 377.1 DEG.C

9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.64% CM T16REG*¥X%¥%¥ DEG.C

10 QDISP 15. WATTS FREQ 24.8 HZ PISTCP 2.56 CM T17REG 357.9% DEG.C

11 QREG1 187. WATIS PDYNDB 664%. KPR T18REG 352.6 DEG.C

12 QREG2 127. WATTS PDLCLR¥¥*XXX% Kpa T19REG 220.9% DEG.C
13 QREG3 36. WATTIS PDLREGX¥X¥¥X pa

14 PFP 599.7 KPA/CM PDLDIS¥*%%%% Kpa TO3HED*¥%%X% DEG.C

15 PFD 215.8 KPAsCH
16 NBEALE 0.008090 69




NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TOQ DASHPOT COOLING

FLODP 4.33 L/MIN
TWINDP 17.9 DEG.C
TDLDP 0.99 DEG.C
TWODPR 19.6 DEG.C

HEAT TO COOLER

FLOCLR 4.17 L/MIN
TWINCL 24.8 DEG.C
TDLCL 3.84 DEG.C

THOCLR 2%.15 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP %.34 L/MIN
TWINDP 17.9 DEG.C
TDLDP 1.29 DEG.C
TWODPR 19.7 DEG.C

HEAT TO COOLER

FLOCLR 4.16 L/MIN
TWINCL 24.7 DEG.C
TDLCL .25 DEG.C

TWOCLR 29.61 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1009

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.33 L/MIN
TWINDP 17.9 DEG.C
TDLDP 1.27 DEG.C
TWODPR 19.8 DEG.C

HEAT TO COOLER

FLOCLR 4.18 L/MIN
TWINCL 24.9 DEG.C
TDLCL 4.70 DEG.C

THOCLR 30.07 DEG.C

DO N U N N
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APPENDIX D.

- CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2

POWER IN

BMPS1 448. AMPS
AMPS2 504. AMPS
VOLTG 2.10 VOLTS

CALCULATED PARAMETERS

PWRIN 1999. WATTS
QCOOLR 1111. WATTS
QDSHPT 299. WATTS
EXTEFF 22.5 %
TAVHIR 599.2 DEG.C
INTEFF 28.8 %

AMPS 953. AMPS
QDISPG 3. WATTS
QDISP 15. WATTS
QREG1 107. WATTS
QREG2 126. HATTS
QREG3 36. HWATTS
PP 5%2.3 KPA/CHM
PFD 209.2 KPAR/CHM

NEEALE 0.00821

ENGINE CHARGE PRESSURE

PRESUP 4036. KPA

MEANBP 4009. KPA

MEANCP 4044. KPA
VIBRATION

VXIHOR 0.2 CM/S
VY1VER 5.1 CM/S

PHASE ANGLES
PADISP 81.0 DEG.
PAPRES -20.0 DEG.

ENGINE SPEED
FREQ 24.7 HZ

FREE PISTON STIRLING ENGINE TEST D003,

STANDARD PISTON

GAS TEMPERATURES
TGEXP 551.9 DEG.C

TGREGH
TGREGC
TGCOMP
TGBOUN

541.5 DEG.C
81.1 DEG.C
3%.2 DEG.C
33.5 DEG.C

REMOTE CALCULATIONS
PWROUT 449. HATIS
INDPHR 471. WATTS
PISTST 2.15 CH
DISPST 2.12 CM

DYNAMIC CALCULATIONS
PAMPC 640. KPA
DISPCP 2.67 CM
PISTCP 2.58 CM
PDYNDB 738. KPA
PDLCLR*¥¥%xX KPR
PDLREGM*¥%%X Kpp
PDLDIS*¥%X%% KpPA

BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

POWER IN
RMPS1 479. AMPS
AMP32 526. AMPS
VOLTG 2.21 VOLTS

CALCULATED PARAMETERS

PWRIN 2225. WATTS
QCOOLR 1228. WATTS
QDSHPT 363. WATTS
EXTEFF 23.2 %
TAVHTR 599.4 DEG.C
INTEFF 29.6 %

AMPS 1005. AMPS
QDISPG 3. WATTS
QDISP 14, WATTS
QREG1 106. WATTS
QREG2 127. WATTS
QREG3 35. WATTS
PFP 583.6 KPA/CM
PFD 1 KPA/CM

99.7
NBEALE 0.00849

BAROM 14.332 PSI REGENERATOR 2

POWER IN
AMPS1 500. AMPS
AMPS2 545. AMPS

VOLTG 2.30 VOLTS

CALCULATED PARAMETERS

PWRIN 2408. WATTS
QCOOLR 1362. WATIS
QDSHPT 383. WATTS
EXTEFF 23.8 %
TAVHTR 600.3 DEG.C
INTEFF 29.6 %

AMPS 1045. AMPS
QDISPG 3. WATTS
QDISP 14. WATTS
QREG1 102, WATTS
QREG2 128. WATTS
QREG3 35. WATTS
PFP 579.0 KPAsCM
PFD 196.5 KPA/CH
NBEALE 0.00877

ENGINE CHARGE PRESSURE

PRESUP 4040. KPA

MEANBP 4014. KPA

MEANCP 4053. KPR
VIBRATION

VX1HOR 0.3 CM/S
VY1VER 5.6 Cr/S

PHASE ANGLES
PADISP &1.9 DEG.
PAPRES -18.8 DEG.

ENGINE SPEED
FREQ 24.6 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 2
ENGINE CHARGE PRESSURE

PRESUP 4055. KPA
MEANBP 4008. KPA
MEANCP 4049. KPA
VIBRATION
VX1HOR 0.3 Cl/S

VY1VER 6.0 CM/S

PHASE ANGLES
PADISP 81.4 DEG.
PAPRES -18.3 DEG.

ENGINE SPEED
FREQ 26.4 HZ

GAS TEMPERATURES
TGEXP 550.7 DEG.C

TGREGH
TGREGC
TGCOMP
TGBOUN

540.3 DEG.C
82.5 DEG.C
-41.1 DEG.C
33.7 DEG.C

REMOTE CALCULATIONS

PWROUT 516. WATTS
INDPHRR 547. WATTS
PISTST 2.39 CM
DISPST 2.30 CM
DYNAMIC CALCULATIONS
PAMPC 704. KPA
DISPCP 2.63 CM
PISTICP 2.61 CM
PDYNDB 807. KPA
PDLCLR¥XX¥XX Kpp
PDLREG*¥XXX pp
PDLDIS*¥¥XXX KPR

STANDARD PISTON

GAS TEMPERATURES
TGEXP 549.3 DEG.C

TGREGH 539.7 DEG.C
TGREGC 84.l1 DEG.C
TGCOMP 42.9 DEG.C
TGBOUN 34.1 DEG.C

REMOTE CALCULATIONS

PWROUT 572. WATTS
INDPWR 607. WATTS
PISTST 2.59 CM
DISPST 2.43 CNM

DYNAMIC CALCULATIONS
PAMPC 753. KPA
DISPCP 2.6% CM
PISTCP 2.63 CM
PDYNDB 850, KPA
PDLCLR¥¥*XXX Kpp
PDLREGM*%¥X¥ Kpp
PDLDISH¥XXXX Kpp

REC 01/16/84 14:07:19.44 RDG

REC 01716784 14:12:19.4% RDG

SURFACE TEMPERATURE]
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

TO1HTR
TO2HTR
TO3HTR
TO4HTR
TOSHTR
TG6HTR
TO7HTR
TO8HTR
TO9HTR
T10HIR
T11HTIR
T12HTIR

600.
605.
606,
596.
597.
601.
576.
603.
607.
599.
597.
601.

N WP PN U O LW

T1IREGHXXXXXX
T14REG 508.2
T15REG 376.7
T1GREGH%¥%%%
T17REG 358.4%
TIBREG 353.4
T19REG 221.9

TOIHEDXXX%XX%

SURFACE TEMPERATURE
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

TOLHTR
TO2HTR
TO3HTR
TO4HTR
TO5SHTR
TOSHTR
TO7HIR
TO&HTR
TOSHTR
T1QHTR
T11HTR
T12HTR

601.4
605.
604,
596.
598.
600.
576.
602,
608.
600.
597.
600.

NN NO HOOWN

T13IREGHXXR%%
T14REG 508.3
T15REG 376.6
TI4REGX¥X¥%H%
T17REG 357.3
T18REG 351.2
T19REG 222.8

TOIHED*¥*%%%

SURFACE
TO1HTR
TQ2HTR
TO3HTR
TOSHTIR
TOSHTR
TO6HTR
TO7HTR
TOBHIR
TOSHTR
T10HTR
T11HTR
T12HTR

602.
606 .
606.
596.
600.
601.
577.
602.
610.
601,
598.
601.

ANDNMWHNON PN

T1IREGXXHHKH
T14REG 508.9
T15REG 377.5
T16REG¥¥X¥¥X%
T17REG 357.0
T18REG 350.7
T19REG 224.4

TOIHEDXXX%X¥%

864

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.

865

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.

REC 01/16/8% 14:17:19.44 RDG 866

TEMPERATURE
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
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DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.
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NASA LEWIS SENSITIVITY TEST DATR RE 1000

FLUID HELIUM

APPENDIX D.

BAROM 14.332 PSI REGENERATOR 2

[EAT TO DASHPOT COQOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.34% L/MIN AMPS1 552. AMPS PRESUP 4050. KPA TGEXP 542.4 DEG.C TO1HTR 602.9 DEG.C
AMPS2 582. AMPS TO2HTR 603.4 DEG.C
TWINDP 17.9 DEG.C VOLTG 2.50 VOLTS MEANBP 3%93. KPA TGREGH 536.1 DEG.C TO3HTR 607.4 DEG.C
TDLDP 1.59 DEG.C MEANCP 4043. KPA TGREGC 87.5 DEG.C TO4HTR 593.6 DEG.C
TWODPR 20.2 DEG.C TGCOMP 47.4 DEG.C TOS5HTR 598.9 DEG.C
TGBCUN 35.6 DEG.C TO6HTR 59%9.2 DEG.C
TO7HTR 574.0 DEG.C
TO8HTR 598.7 DEG.C
TO9HTR 610.4 DEG.C
EAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T1O0HTR 601.8 DEG.C
FLOCLR 4.17 L/MIN 1 PWRIN 23836. WATTS VX1HOR 0.3 CM/S PWROUT 683. WATTS TL1IHTR 596.2 DEG.C
TWINCL 25.0 DEG.C 2 QCOOLR 1631. WATTS VY1VER 6.9 CM/S INDPWR 727. HWATTS T12HTR 597.9% DEG.C
TDLCL 5.64 DEG.C 3 QDSHPT 480, WATTS PISTST 2.99 CM
TWOCLR 31.16 DEG.C 4 EXTEFF 24.1 % PHASE ANGLES DISPST 2.70 CM
5 TAVHTR 598.7 DEG.C PADISP 82.0 DEG. T13REG**%%*%X DEG.C
6 INTEFF 29%9.5 % PAPRES -16.6 DEG. DYNAMIC CALCULATIONS T14REG 504.7 DEG.C
8 AUMPS 1134. AMPS AMPC 866. KPA T15REG 375.3 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.73 CM T16REG¥¥X%X% DEG.C
10 QDISP 14, WATTS FREQ 24.2 HZ PISTCP 2.69% CM T17REG 356.8 DEG.C
11 QREG1 101. WATTS PDYKDB 938. KPA T18REG 350.9 DEG.C
12 QREG2 125. WATTS PDLCLR¥X¥X%¥ Kpp T19REG 225.3 DEG.C
13 QREG3 35. WATTS PDLREGX*X*¥X¥¥ Kpp
14 PFP 577.% KPA/CH PDLDISXX%X%XX KPA TOSHED¥*¥¥X¥ DEG.C
15 PFD 184.9% KPA/CM
16 NBEALE 0.00918

FLUID HELIUM

BAROM 14.332 PSI REGENERATOR 2

~ CONTINUED.

DISPLACER 2

DISPLACER 2

STANDARD PISTON

STANDARD PISTON

FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 14:22:19.44 RDG 867

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84¢ 14:27:19.44 RDG 368

EAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.3% L/MIN AMP3S1 526. AMPS PRESUP 4050. KPA TGEXP 545.6 DEG.C TQI1HTR 602.7 DEG.C
AMPS2 563. AMPS TO2HTR 604.9 DEG.C
TWINDP 17.9 DEG.C VOLTG 2.40 VOLTS - MEANBP 3997. KPA TGREGH 537.7 DEG.C TO3HTR 606.9 DEG.C
TDLDP 1.39 DEG.C MEANCP 4045. KPA TGREGC 85.7 DEG.C TO4HTR 595.0 DEG.C
TWODPR 20.0 DEG.C TGCOMP 45.2 DEG.C TOS5HTR 599.7 DEG.C
TGBOUN 34.8 DEG.C TOSHTR 599.9 DEG.C
TO7HTR 575.8 DEG.C
TOBHTR 600.1 DEG.C
TO9HTR 610.4 DEG.C
EAT TO COOLER CALCULATED PARARMETERS VIBRATION REMOTE CALCULATIONS TIOHTR 601.5 DEG.C
FLOCLR 4.17 L/MIN 1 PWRIN 2617. WATTS VX1HOR 0.3 CM/S PUROUT 629. WATTS T11HTR 596.9 DEG.C
TWINCL 24.9 DEG.C 2 QCOOLR 1507. WATTS VY1VER 6.5 CM/S INDPWR 668. WATTIS T12HTR 599.7 DEG.C
TDLCL 5.21 DEG.C 3 QDSHPT 420. WATTS PISTST 2.80 CM
TWOCLR 30.65 DEG.C 4% EXTEFF 264.0 % PHASE RNGLES DISPST 2.57 €M
5 TAVHTR 5%9.5 DEG.C PADISP 8l.5 DEG. T13REG**¥X%¥ DEG.C
6 INTEFF 29.4% % PAPRES -17.4 DEG. DYNAMIC CALCULATIONS T14REG 507.4 DEG.C
8 AMPS 1090. AMPS PAMPC 817. KPA T15REG 376.9% DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.67 CM T16REGX¥¥%%X DEG.C
10 QDISP 14. WATTS FREQ 24.3 HZ PISTCP 2.68 CM T17REG 356.9% DEG.C
.11 QREG1 102. WATTS PDYNDB 888. KPA T18REG 350.4 DEG.C
12 QREG2 127. WATTS PDLCLR¥*¥XXXX (pp T19REG 225.2 DEG.C
13 QREG3 35. WATTS PDLREGXX¥XXX Kpp
14 PFP 583.2 KPAs/CHM PDLDIS*X%XXX KPA TO3HED*¥%*X¥¥ DEG.C
15 PFD 192.6 KPA/CM
16 NBEALE 0.00900

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84% 14:32:19%.46 RDG 869

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

11

EAT TO DASHPOT COOLING POKER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP %4.33 L/MIN AMPS1 580. RMPS PRESUP 4043. KPR TGEXP 539.8 DEG.C TO1HTR 604.4 DEG.C
AMPS2 603. AMPS TC2HIR 601.7 DEG.C
TWINDP 17.9 DEG.C VOLTG 2.61 VOLTS MEANBP 4004. KPA TGREGH 535.1 DEG.C TO3HTR 608.6 DEG.C
TDLDP 1.73 DEG.C MEANCP 4058. KPA TGREGC 89%.0 DEG.C TO4HTR 591.6 DEG.C
TWODPR 20.3 DEG.C TGCOUP 50.1 DEG.C TOSHTR 597.9% DEG.C
TGBOUN 36.7 DEG.C TG6HTR 599.1 DEG.C
TO7HTR 571.7 DEG.C
TO08HTR 597.1 DEG.C
TO9HTR 610.2 DEG.C
EAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 603.4 DEG.C
FLOCLR 4.18 L/MIN 1 PWURIN 3088. WATTS VX1HOR 0.3 CM/S PWROUT 749. WATTS T11HTR 595.8 DEG.C
THINCL 25.1 DEG.C 2 QCOOLR 1814. WATTS VYIVER 7.3 CM/S INDPWR 7%7. WATTS T12HTR 595.9 DEG.C
TDLCL 6.25 DEG.C 3 QDSHPT 522. WATTS PISTST 3.17 CM
TWOCLR 31.89 DEG.C 4 EXTEFF 24.3 % PHASE ANGLES DISPST 2.74 CNM
5 TAVHTR 598.1 DEG.C PADISP 83.1 DEG. T13REGX*¥*%XX¥% DEG.C
6 INTEFF 29.2 % PAPRES -15.9 DEG. DYNAMIC CALCULATIONS T14REG 502.7 DEG.C
8 AMPS 1183. AMPS PAMPC 930. KPA TI5REG 374.4 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.80 CM T16REGX*¥%X%X DEG.C
10 QDISP 14. WATTS FREQ 24.3 HZ PISICP 2.75 CM T17REG 359.6 DEG.C
11 QREG1 104. WATTS PDYNDB 1013. KPA T18REG 355.3 DEG.C
12 QREG2 120. WATTS PDLCLR¥%%X%% Kpp T19REG 226.8 DEG.C
13 QREG3 35. WATTS PDLREG*%XXX% Kph
14 PFP 583.7 KPA/CM PDLDIS*¥XX%% KPA TOIHEDXXXXXX DEG.C
15 PFD 187.4 KPA/CHN
16 NBEALE 0.00947




APPENDIX D. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATAR RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 164:42:19.46 RDG 870

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT COQLING POWER IN ENGINE CHARGE FPRESSURE GAS TEMPERATURES SURFACE TEMPERATU
FLODP 4.31 L/MIN AMPS1 470. AMPS PRESUP 5524. KPA TGEXP 560.7 DEG.C TOIHTIR 598.8
AMP32 51%. AMPS TO2HTR 607.4 DEG
TWINDP 17.9 DEG.C VOLTG 2.18 VOLTS MEANBP 56492. KPA TGREGH 542.5 DEG.C TO3HTR 603.2 DEG
TDLDP 1.23 DEG.C MEANCP 5529. KPA TGREGC 88.0 DEG.C TO4HTR 597.9 DEG
TWODPR 19.8 DEG.C TGCOMP 640.3 DEG.C TO5HTR 597.0 DEG
TGBOUN 35.2 DEG.C TO06HTR 600.3 DEG
TO7HTR 576.4 DEG
TO8HTR 604.5 DEG
TO9HTR 608.9 DEG
HEAT TO COCLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 597.6 DEG
FLOCLR 4.18 L/MIN 1 PWRIN 2152. WATIS VX1HOR 0.2 CM/S PWROUT 479. MWATIS T11HTR 596.7 DEG
TWINCL 25.0 DEG.C 2 QCOOLR 1268. WATTS VY1IVER 5.2 CMrS INDPWR 513. MHATTS T12HTR 602.5 DEG
TDLCL 4.37 DEG.C 3 QDSHPT 368. WATTS PISTST 1.78 CM
THOCLR 29.94% DEG.C 4 EXTEFF 22.3 % PHASE ANGLES DISPST 1.77 CM
5 TAVHTR 599.3 DEG.C PADISP 30.8 DEG. T13REG*¥¥%%% DEG
6 INTEFF 27.4 % PAPRES ~-19.9 DEG. DYNAMIC CALCULATIONS T14REG 508.9 DEG
& RMPS 989. AMPS PANMPC 733. KPA T15REG 376.9 DEG
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.60 CM T1SREG**%¥X% DEG
10 QDISP 15. WATTS FREQ 28.8 HZ PISTCP 2.48 CM T17REG 357.0 DEG
11 QREG1 103. WATIS PDYNDB 825. KPA T18REG 353.7 DEG
12 QREG2 126. WATTS PDLCLR¥%%%%% KPJ T19REG 226.2 DE
13 QREG3 35. WATIS PDLREGX%¥X%%X KPR
14 PFP 819.1 KPA/CM PDLDIS**¥%XX KPA TO3IHED***%%% DEG

15 PFD 286.5 KPA/CHM
16 NBEALE 0.00662

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84% 14:47:25.51 RDG 3871

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPQOT COCLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATU
FLODP 4.30 L/MIN AMPS1 508. A&MPS PRESUP 5533. KPA TGEXP 557.4 DEG.C TOLHTR 599.0 DEG.
AMPS2 548. AMPS TOZHTR 606.3 DEG.
TWINDP 18.0 DEG.C VOLTG 2.33 VOLTS MEENBP 5503. KPA TGREGH 540.7 DEG.C TO3IHTR 603.6 DEG.
TDLDP 1.42 DEG.C MEANCP 5543. KPA TGREGC 90.0 DEG.C TO4HTR 596.4 DEG.
TWODPR 20.0 DEG.C TGCOMP 42.5 DEG.C TOSHTR 596.6 DEG.
TGBOUN 35.2 DEG.C TO6HTR 599.5 DEG.
TO7HTR 574.2 DEG.
TO8HTR 603.6 DEG.
. TOSHTR 609.2 DEG.
HEAT TC COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 597.7 DEG.
FLOCLR 4.17 L/MIN 1 PWRIN 2455. WATTS VXIHOR 0.2 CM/S PHROUT 566. WATTS TL1IHIR 596.6 DEG.
TWINCL 24.9 DEG.C 2 QCOOLR 1427. WATTS VYL1VER 5.9 CM/S INDPWR 604. WATTS T12HTR 600.9 DEG.
TDLCL 4.93 DEG.C 3 QDSHPT 425. WATTS PISTST 1.99 CM
TWOCLR 30.43 DEG.C 4 EXTEFF 23.0 % PHASE ANGLES DISPST 1.91 CM
5 TAVHTR 598.6 DEG.C PADISP 82.0 DEG. T13REG*¥X%X¥ DEG,
6 INTEFF 28.6¢ % PAPRES -18.9 DEG. DYNAMIC CALCULATIONS T14REG 506.5 DEG.
8 AMPS 1056. AMP3 PANMPC 807. KPR T15REG 375.4 DEG.
9 QDISPG 3. WATTS ENGINE SPEED . DISPCP 2.61 CM T16REG¥¥¥X%X DEG,
10 QDISP 15. WATTS FREQ 28.8 HZ PISICP 2.51 CHM T17REG 357.0 DEG.
11 QREGL 102. WATTS PDYNDB 913. KPA T18REG 352.1 DEG.
12 QREG2 125. WATTS PDLCLR*¥¥¥%%X Kpp T1$REG 226.3 DEG.
13 QREG3 35. WATTS PDLREGX*%*#X KPR
14 PFP 805.7 KPA/CHM PDLDIS*X¥*%% KPR TO3IHEDX**X%% DEG.
15 PFD 276.0 KPAsCH
16 NBERLE 0.00699

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/864 14:52:19.51 RDG 872

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT COQOLING FOWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATUR

FLODP %4.33 L/MIN AMPS1 544. AMPS PRESUP 5918. KPA TGEXP 555.5 DEG.C TGLHTR 600.6 DEG.

AMPS2 576. RAMPS TO2HTR 606.9% DEG.

TWINDP 18.0 DEG.C VOLTG 2.47 VOLTS MEANBP 5502. KPA TGREGH 539.7 DEG.C TQ3HTR 606.2 DEG.

TDLDP 1.54¢ DEG.C MEANCP 5549, KPA TGREGC 91.9 DEG.C TU4HTR 5%6.3 DEG.

TWODPR 20.2 DEG.C TGCOMP 45.1 DEG.C TO5HTR 597.6 DEG.

TGBOUN 35.5 DEG.C TO6HTR 599.9 DEG.

TQ7HTR 573.6 DEG.

TOBHTR 603.6 DEG.

TOSHTR 610.7 DEG.

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 5%9.5 DEG.

FLOCLR 4.16 L/MIN 1 PWURIN 2767. WATTS VX1HOR 0.3 Cl/S PWROUT 654. WATTS T11HTR 597.3 DEG.

TWINCL 24.9 DEG.C 2 QCOOLR 1625. WATTS VY1VER 6.6 CM/S INDPWR 694. UWATTS T12HTR 601.3 DEG.
TDLCL 5.63 DEG.C 3 QDSHPT 465. WATTS PISTST 2.19 CM
TWOCLR 31.12 DEG.C 4 EXTEFF 23.6 % PHASE ANGLES DISPST 2.05 CM

5 TAVHTR 599.4 DEG.C PADISP 83.0 DEG. T1IREGX*¥%XXX¥% DEG.

6 INTEFF 28.7 % PAPRES -17.9 DEG. DYNAMIC CALCULATIONS T14REG 506.2 DEG.

8 AMPS 1120. AMPS PAMPC 901. KPA T15REG 375.3 DEG.

9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.65 CM T16REGXX*X¥XX DEG.

10 QDISP 14, WATTS FREQ 28.8 HZ PISTCP 2.53 CM T17REG 358.2 DEG.

11 QREGIL 103. WATTS PDYNDB 1000. KPA T18REG 354.7 DEG.

12 QREG2 123. WATTS PDLCLR¥¥¥¥%X KPR T19REG 228.1 BEG.
13 QREG3 35. WATTS PDLREG*¥XXX%X Kpp

14 PFP 813.2 KPAs/CM PDLDIS*%%%%% KPR TO3IHEDXXXX%* DEG.

15 PFD 272.7 KPA/CM
16 NBEALE 0.00733




ASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

APPENDIX D.

- CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

REC 01/16/8% 164:57:19.51 RDG 873

TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
ODP 4.32 L/MIN AMPS1 579. AMPS PRESUP 5700. KPA TGEXP 553.0 DEG.C TOIHTR 601.3 DEG.C
AMPS2 601. AMPS TOZHTR 606.6 DEG.C
JINDP 18.0 DEG.C VOLTIG 2.60 VOLTS MEANBP 5504. KPA TGREGH 538.3 DEG.C TO3HTR 607.7 DEG.C
LDP 1.74 DEG.C MEANCP 5553. KPA TGREGC 93.4 DEG.C TO4HTR 595.5 DEG.C
JODPR  20.4%4 DEG.C TGCOMP 47.8 DEG.C TOSHTR 597.8 DEG.C
TGBOUN 36.2 DEG.C TOSHTR 5%9.6 DEG.C
TO7HTIR 572.5 DEG.C
TOBHTR 603.0 DEG.C
TOSHTR 611.2 DEG.C
TO COOLER CRLCULATED PARARMETERS VIBRATION REMOTE CALCULATIONS T10HTR 600.4 DEG.C
OCLR 4.20 L/MIN 1 PWRIN 3068. WATTS VX1HOR 0.3 CM/S PWROUT 735. HATTS T11HTR 597.3 DEG.C
{INCL 25.1 DEG.C 2 QCOOLR 1834%. WATTS VY1VER 7.2 CMN/S INDPWR 780. MATTS T12HTR 601.1 DEG.C
LCL 6.30 DEG.C 3 QDSHPT 522. WATTS PISTST 2.39% CH
JOCLR 31.83 DEG.C % EXTEFF 24.0 % PHASE ANGLES DISPST 2.17 CM
5 TAVHTIR 599.5 DEG.C PEDISP 83.7 DEG. T13REGX¥¥¥X¥ DEG.C
6 INTEFF 28.6 % PAPRES -16.9 DEG. DYNAMIC CALCULATIONS T14REG 505.8 DEG.C
& AMPS 1180. AMPS PAMPC 976¢. KPA T15REG 373.5 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.69 CM T16REG¥¥X¥¥X DEG.C
10 QDISP 14. WATTS FRERQ 28.7 HZ PISICP 2.57 Cl T17REG 359.0 DEG.C
11 QREGI1 103. WATTS PDYNDB 1088. KPA T18REG 356.5 DEG.C
12 QREG2 121. WATTS PDLCLR¥¥%X¥X KPR TISREG 229.0 DEG.C
13 QREG3 34, HATTS PDLREGXX¥X¥X KPR
14 PFP 805.5 KPA/CM PDLDIS*¥XX¥X Kpp TOIHED¥*¥X¥%¥ DEG.C
15 PFD 262.4 KPA/CNM
16 NBERLE 0.00756

ASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 15:02:19.51 RDG 874

FLUID HELIUM

TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
CDP 4.29 L/MIN LMPS1 615. AMPS PRESUP 5643. KPA TGEXP 549.9 DEG.C TOIHIR 601.5 DEG.C
AMPS2 629. AMPS TO02HTR 605.9 DEG.C
INDP 18.0 DEG.C VOLTG 2.74 VOLTS MEANBP 5508. KPA TGREGH 535.7 DEG.C TO3HTR 608.8 DEG.C
LDP 1.97 DEG.C MEANCP 5565. KPA TGREGC 96.1 DEG.C TO4HTIR 594.5 DEG.C
IODPR 20.6 DEG.C TGCOMP 50.8 DEG.C TG5HTR 598.1 DEG.C
TGBOUN 37.1 DEG.C TO6HTR 598.8 DEG.C
TO7HTR 571.0 DEG.C
TO8HTR 601.4 DEG.C
TOSHTR 611.9 DEG.C
TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 600.8 DEG.C
OCLR 4.20 L/MIN 1 PWRIN 3407. WATTS VXIHOR 0.3 CM/S PWROUT 817. WATTIS T11HTR 596.3 DEG.C
INCL 25.1 DEG.C 2 QCOOLR 2041. WATTS VY1VER 7.9 CM/3 INDPWR 368. WATIS T12HTR 600.1 DEG.C
LCL 7.01 DEG.C 3 QDSHPT 588. WATTS PISTST 2.61 CM
IOCLR 32.72 DEG.C 4 EXTEFF 26.0 % PHASE ANGLES DISPST 2.31 CiM
5 TAVHTR 599.1 DEG.C PADISP 84.2 DEG. T13REGX*¥X¥¥X DEG.C
6 INTEFF 28.6 % PAPRES -15.9 DEG. DYNAMIC CALCULATIONS T14PEG 505.0 DEG.C
& AMPS 1243. AMPS PAMPC 1063. KPA T15REG 374.9 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.71 CH T16REGX*¥¥¥X DEG.C
10 QDISP 14. WATTS FREQ 28.7 HZ PISTCP 2.53 CM T17REG 359.3 DEG.C
11 QREG1 102. WATTS PDYNDB 1138. KPA T18REG 357.7 DEG.C
12 QREG2 119. WATTS PDLCLRX¥X¥X¥ Kpa T19REG 232.3 DEG.C
13 QREG3 34. WATTS PDLREGX*¥XX¥X KpA
14 PFP 807.0 KPA/CM PDLDISX**%X¥ KPR TOZHEDX*X¥X%X% DEG.C
15 PFD 253.5 KPAs/CM

BAROM 14.332 PSI REGENERATOR 2

DISPLACER 2 STANDARD PISTON

16 NBEALE 0.00773

ASA LEWIS SENSITIVITY TEST DATA RE 1060 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 15:07:19.52 RDG 875

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

13

TQO DASHPOT COOLING PORER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
ODP 4,30 L/MIN AMPS1 669. AMPS PRESUP 5623. KPA TGEXP 547.9 DEG.C TO1HTR 602.4 DEG.C
AMPS2 651. AMPS TO2Z2HTR 606.0 DEG.C
INDP 18.0 DEG.C VOLTG 2.86 VOLTS MEANBP 5500. KPA TGREGH 535.2 DEG.C TO3HTR 610.2 DEG.C
LDP 2.18 DEG.C MERNCP 5562. KPA TGREGC 98.1 DEG.C TO4HTR 594.5 DEG.C
ODPR 20.8 DEG.C TGCOMP 54.0 LEG.C TO5HTR 599.1 DEG.C
TGBOUN 38.5 DEG.C TO6HTR 599.1 DEG.C
TO7HTR 570.5 DEG.C
TGBHTR 601.9 DEG.C
TOYHTIR 613.4 DEG.C
TO COOLER CRLCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 601.8 DEG.C
OCLR  4.19 L/MIN 1 PWRIN 3721. WATTS VX1HOR 0.3 CM/S PWROUT 893. WATIS T11HTR 597.3 DEG.C
WINCT, 25.2 DEG.C 2 QCCOLR 2244%. WATTS VY1VER 8.5 CM/S INDPWR 947. WATTS T12HTR 600.4 DEG.C
LCL 7.72 DEG.C 3 QDSHPT 652. WATTS PISIST 2.79 CM
OCLR 33.35 DEG.C ¢ EXTEFF 26.0 % PHASE ANGLES DISPST 2.43 CM
5 TAVHTR 5%9%.7 DEG.C PADISP 84.1 DEG. T13REGX*¥X%* DEG.C
& INTEFF 28.5 % PAPRES -15.3 DEG. DYNAMIC CALCULATIONS T14REG 505.3 DEG.C
8 AMPS 1301. AMPS PAMPC 1142. KPA T15REG 376.4 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.74 CM T16REG**¥¥%X DEG.C
10 QDISP 14, WATTS FREQ 28.6 HZ PISTCP ~ 2.59% CNM T17REG 359.4 DEG.C
11 QREG1 100. WATTS PDYNDB 1225. KPA T18REG 357.9 DEG.C
12 QREG2 120. WATTS PDLCLR¥¥XXXX Kpp T19REG 234.3 DEG.C
13 QREG3 34. WATTS PDLREGX¥¥¥%X KPR
14 PFP 811.8 KPA/CM PDLDISXXX%%X KPA TOIHED*X%X¥%% DEG.C
15 PFD 249.2 KPA/CM
16 NBEALE 0.00793




NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING
FLODP 4.29 L/MIN

TWINDP 18.0 DEG.C
TDLEP 2.4% DEG.C
TWODPR 21.1 DEG.C
HEAT TO COOLER

FLOCLR 4.20 L/MIN
TUINCL 25.2 DEG.C
TDLCL 8.4% DEG.C
WOCLR 34.20 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

NI €200 00 O UT - P 4=

=

FLUID HELIUM

HEAT TO DASHPCT COOLING

FLODP 4.27 L/MIN
TWINDP 18.0 DEG.C
TDLDP 2.67 DEG.C
TWODPR 21.4 DEG.C

HEAT TO COOLER

FLOCLR ¢4.21 L/MIN
TWINCL 25.3 DEG.C
TDLCL 9.38 DEG.C

TWOCLR 35.17 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.26 L/MIN
TWINDP 17.9% DEG.C
TDLDP 2.93 DEG.C
TWODPR 21.6 DEG.C

HEAT TC COOLER
FLOCLR 4.23
TWINCL 25.2
TDLCL 10.22
TWOCLR 35.97

L/MIN
DEG.C
DEG.C
DEG.C

PN PUNHOIDRAVN DU

e el e
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APPENDIX D.

~ CONTINUED.

FREE PISTON.STIRLING ENGINE TEST DOQ3,

BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2

POWER IN
EMPS1 678. AMPS
LMPS2 673, RMPS

YOLTG 2.97 VOLTS

CALCULATED PARAMETERS

PURIM 6017. WATTS
QCOOLR 2473. WATTS
QDSHPT 729%. WATTS
EXTEFF 24.0 %
TAVHTR 5%9.3 DEG.C
INTEFF 23.1 %

ANMPS 1351. AMPS
QDISPG 3. WATTS
QDISP 14. WATTS
QEEGL 100. WATTS
QREG 117. WATTS
QREG3 34, WATTS
PFP 809.8 KPA/CM
PFD 240.9 KPA/CM
NBEALE 0.00802

BAROM 14.332 PSI REGENERATOR 2

POWER IN

AMPS1 710. BAMPS
AMP32 698. AMNPS
VOLTIG 3.10 VOLTS

CALCULATED PARAUMETERS

PWRIN 4369. WATTS
QCOOLR 2740. WATTS
QDSHPT 792. WATTS
EXTEFF 264.0 %
TAVHTR 598.9% DEG.C
INTEFF 27.7 %

AMPS 1408. AMPS
QDISPG 3. WARTTS
QDISZP 14. WATTS
QREGL 104. WATTS
QREG2 111. WATTS
QREG3 33. WATTS
PFP 811.9 KPA/CM
PFD 240.9 KPA/CM
NBEALE 0.00817

BAROM 14.332 PSI REGENERATOR 2

POWER IN
AMPS1 739. AMPS
EMPS2 720. AMPS
VOLTIG 3.22 VOLTS

CALCULATED PARAMVTERS
WAT

PHEIN 4694.

QCOOQLR 3002. AATTS
QD3SHPT 869. UWATTS
EXTEFF 23.7 %
TAVHIR 59%.9 DEG.C
INTEFF 27.0 %

ANMPS 1458. BEMPS
QDISPG 3. WATTS
QDISP 14. WATTS
QREG1 102. WATTS
QREG2 111. WATTS
QREG3 33. WATTS
PFP 817.9 KPA/CNM
PFD 260.5 KPA/CH
NBEALE 0.00817

ENGINE CHARGE PRESSURE

PRESUP 5655. KPA

MEANBP 5515. KPA

MEANCP 5587. KPA
VIBRATION

VX1HOR 0.4 CM/S
VYLVER 9.0 CM/S

PHASE ANGLES
PADISP 82.7 DEG.
PAPRES -14.6 DEG.

ENGINE SPEED
FREQ 28.4 HZ

ENGINE CHARGE PRESSURE
PRESUP 5643. KPA

5502. KPA
5583. KPA

MEANBP
MEANCP

VIBRATION
VX1HOR 0.4 CM/S
VYLVER 9.7 CM/S

PHASE ANGLES
PADISP 34.0 DEG.
PAPRES -13.7 DEG.

ENGINE SPEED
FRER 28.4 HZ

FREE PISTON STIRLING ENGINE TEST D003,

ENGINE CHARGE PRESSURE
PRESUP 5619. KPA

MEANBP
MEANCP

5511.
5595.

KPA
KPA

VIBRATION
VX1HOR 0.3
VYLVER1G.2

cMss
cMss

PHASE RANGLES
PADISP 84.
PAPRES -13.

ENGINE SPEED
FREQ 28.3

6 DEG.
0 DEG.

HZ

74

STANDARD PISTON

REC 01/16s84 15:12:19.57 RDG 876

GAS TEMPERATURES
TGEXP 544.3 DEG.C

TGREGH 53%.2
TGREGC 101.1
TGCOMP 57.5
TGBOUN 39.38

DEG.C
DEG.C
DEG.C
DEG.C

REMOTE CALCULATIONS

PHROUT
INDPKR
PISTST
DISPST

965.
1019.
2.9%99
2.55

WATTS
WATTS
cn
M

DYNAMIC CALCULATIONS

PAMPC
DISPCP 2.79
PISTCP 2.56
PDYNDB 1263.
PDLCTR€XH%%%
PDLREG¥¥¥%%%
PDLDIS¥X¥X%%%

1211.

DISPLACER 2 STANDARD PISTON

KPA
CM

CH

KPA
KPA
KPA
KPA

FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 15:17:19.57 RDG

GAS TEMPERATURES
TGEXP 541.6 DEG.C

TGREGH 534.2
TGREGC 104.1
TGCOMP 60.3
TGBCUN 41.3

DEG.C
DEG.C
DEG.C
DEG.C

REMOTE CALCULATIONS

PWROUT 1049.
INDPWR 1101.
PISTST 3.20
DISPST 2.58

WATTS
WATTS
cM
[0y}

DYNAMIC CALCULATIONS

PAMPC 1306.
DISPCP 2.83
PISTCP 2.53
PDYNDB 1338.
PDLCLR®XXX%%
PDLREGX%%%*%X%
PDLDISX*XX%X%

DISPLACER 2 STANDARD PISTON

KPR
cH

cM

KPA
KPA
KPA
KPA

REC 01/16/84 15:22:19.57 RDG 378

GAS TEMPERATURES
TGEXP 540.1 DEG.C

TGREGH 533.9
TGREGC 106.2
TGCOMP 63.7
TGBOUN 42.5

DEG.C
DEG.C
DEG.C
DEG.C

REMOTE CALCULATIONS

PWROUT 1112.
INDPKWR 1165.
PISTST 3.39
DISPST 2.62

VATTS
WATTS
oyl
[Gy]

DYNAMIC CALCULATIONS

PEMPC
DISpCP 2.81
PISTCP 2.58
PDYNDB 1425.
PDLCLR¥¥¥%¥%%
PDLREGX XXX %%
PDLDIS******

1393. KPA

cn
cM
KPA
KPA
KPA
KPA

SURFACE
TO1HTR
TOZHTR
TO3HTR

TEMP

6

6

6
TO4HTIR 5

5

5

5

6

ERATURES
1 DEG.
9 DEG.
5 DEG.
5 DEG.
TOSHTR 7 DEG.
TO6HTR .3 DEG.
TO7HTR 2
TC3HTR 1
TOSHTR 2
T10HTR 4
T11HTR 6
T12HTR 7

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

aaaaoaaoaaaa

T1IREGHXXX%X%%
T14REG 503.6
T15REG 375.5
T16REGHX%¥%
T17REG 363.4
T18REG 359.0
T19REG 235.8

T SHED**¥%%%%

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

aQ aaaaaQn

DEG.

877

SURFACE
TO1HTR
TO2HTR
TOG3HTR
TO4HTR
TOSHTR
TO6HTR
TO7HTR
TOBHTR
TOSHIR
T10HTR
TI1HTR
T12HTR

TEMPERATURES
605.2 DEG.C
602.6 DEG.
611.6 DEG.
591.6 DEG.
596.5 DEG.
599.2 DEG.
565.8 DEG.
601.7 DEG.
613.7 DEG.
604.1 DEG.
598.4 DEG.
596.9 DEG.

WP NNONUOOON
aaaaaaaaaaQa

T1IREGHHERRR
T14REG 499.6
T15REG 371.9
T1EREGX¥*¥#%%%
T17REG 367.7
T18REG 363.3
T19REG 235.4

TO SHED*X*¥%%%x

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

aQ aaaaan

DEG.

SURFACE
TGLHTR
TO2HTR
TOSHIR
TO4HTR
TOS5HTR
TO6HTIR
TO7HTR
TOBHTIR
TOSHTR
T10HTR
T11HTR
T12HTR

TEMPERATURES
606.6 DEG.
603.3 DEG.
613.5 DEG.
591.7 DEG.
598.5 DEG.
599.9% DEG.
565.4 DEG.
602.5 DEG.
615.0 DEG.
605.5 DEG.
599.4 DEG.
597.7 DEG.

QaaQaaaaaaan

T1IREGXHXNXH
T14REG 501.2
T15REG 374.6
T16REGXX%X¥%%X%
T17REG 368.3
T1BREG 364.4
T19REG 238.5

TOIHED® %% %%

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.

aQ aQanaaaa



NASA LEWIS SENSITIVITY TEST DATA RE 1C00

FLUID HELIUM

AT TO DASHPOT COOLING
FLODP .11 L/MIN

TWINDP 17.4 DEG.C
TDLDP 1.22 DEG.C
TWODPR 19.2 DEG.C
AT TC COCLER

FLOCLR 4.14 L/MIN
TWINCL 25.1 DEG.C
TDLCL 5.28 DEG.C
TWOCLR 30.71 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

AT TO DASHPOT COOLING
FLODP 4.10 L/MIN

TWINDP 17.3 DEG.C

TDLDP 1.41 DEG.C
TWODPR 19.4 DEG.C
AT TO COOLER

FLOCLR 4.16 L/MIN
TWINCL 25.2 DEG.C
TDLCL 5.97 DEG.C
TWOCLR 31.38 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM
AT TO DASHPOT COOLING

FLODP 4.09 L/MIN
TWINDP 17.0 DEG.C
TDLDP 1.59 DEG.C
TWCDPR 19.2 DEG.C

AT TO COCLER

FLOCLR 4.16 L/MIN
TWINCL 25.2 DEG.C
TDLCL 6.70 DEG.C
TWOCLR 32.22 DEG.C

VOO PN

NP LNHOOVRAM P LN

s bt et e ot ot ot

APPENDIX D.

~ CONTINUED.

FREE PISTON STIRLING ENGINE TEST D0O3,

BAROM 14.450 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

GAS TEMPERATURES
TGEXP 420.9 DEG.C

POWER IN
AMPS1 520. AMPS
KMPS2 521. AMPS

VOLTG 2.25 VOLTS

CALCULATED PARAMETERS

PWRIN 2338. WATTS
QCOOLR 1518. WATTS
QDSHPT 350. WATTS
EXTEFF 19.8 %4
TAVHTR 450.2 DEG.C
INTEFF 23.4 %

ANPS 1041. AMPS
QDISPG 2. WATIS
QDISP 11. WRTITS
QREG1 84, WATTS
RREG2 77. WATIS
QREG3 25. WATTS
PFP 993.5 KPA/CM
PFD 245.7 KPA/CHM

NBEALE 0.00452

ENGINE CHARGE PRESSURE
PRESUP 7093. KPA

7011. KPA
7039. KPA

MEANBP
MEANCP

VIBRATION
VX1HOR 0.3
VY1VER 6.2

CMss
CM/S

PHASE ANGLES
PADISP 87
PAPRES -13.

ENGINE SPEED
FREQ 31.6 HZ

.6 DEG.
1 DEG.

FREE PISTON STIRLING ENGINE TEST D0C3,

TGREGH 402.3
TGREGC 30.3
TGCOMP  43.3
TGBOUN 32.5

BAROM 14.445 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

POWER IN
AMPS1 556. AMPS
AMPS2 547. AMPS
VOLIG 2.338 VOLTS

CALCULATED PARAMETERS
PWRIN 2625. WATTS

QCOOLR 1723. WATTS
QDSHPT 402. WATTS
EXTEFF 19.8 %
TAVHTR 449.7 DEG.C
INTEFF 23.2 7%

AMPS 1163. AMPS
QDISPG 2. WATTS
QDISP 11. WATTS
QREG1 82. WATTS
QREG2 77 . WATTS
QREG3 25. WATTS
PFP 993. 8 KPR/CM
PFD 235 KPA/CH

NBEALE 0. 00460

ENGINE CHARGE PRESSURE

PRESUP 7096. KPA

MEANBP 6998. KPA

MEANCP 7032. KPA
VIBRATION

VXIHOR 0.3 CM/S
VY1VER 6.9 CM/S

PHASE BNGLES
PADISP 388.3 DEG.
PAPRES -12.0 DEG.

ENGINE SPEED
FREQ 31.5 HZ

FREE PISTON STIRLING ENGINE TEST DOO3,

REC 01719784 12:35:29.83 RDG

DEG.C
DEG.C
DEG.C
DEG.C

REMOTE CALCULATIONS

FWROUT 463. WATIS
INDPWR 461. WATTS
PISTST 1.80 CH
DISPST 1.638 CH
DYNAMIC CALCULATIONS
PAMPC 910. KPA
DISPCP 2.60 CM
PISTCP 2.36 CM
PDYNDB 1063. KPA
PDLCLRM¥¥**%x%% Kpa
PDLREGX¥XXXX KPR
PDLDIS¥*X¥%X% KPA

REC 01719784 12:40:20.83 RDG

GAS TEMPERATURES
TGEXP 418.9 DEG.C

TGREGH 399.9
TGREGC 82.9
TGCOMP 45.9
TGBOUN 32.9

PWROUT
INDPHR
PISTST
DISPST

520.
517.
2.00
1.78

PANMPC
DISPCP 2.60
PISTCP 2.33
PDYNDB 1125.
PDLCLR¥¥X%%%
PDLREGX¥¥¥¥%%
PDLDISXXX%%%

1009.

BAROM 14.445 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

POWER IN

AMPS1 591. BAMPS
AMPS2 574. AMPS
VOLTG 2.51 VOLTS

CALCULATED PARAMETERS

PWRIN 2928. WATTS
QCCOLR 1933. WATTS
QDSHPT 452. WATTS
EXTEFF 1%9.6 %4
TAVHTR 450.1 DEG.C
INTEFF 22.9 %4

AMPS 1164. AMPS
QDISPG 2. WATTS
QDISP 10. KWATTS
QREGL 79. WATTS
QREG2 78. WATTS
QREG3 24. WATTS
PFP 990.0 KPA/CM
PFD 224,.5 KPA/CM
NBERLE 0.00462

ENGINE CHARGE PRESSURE

PRESUP 70%4. KPA

MEANBP 6999. KPA

MEANCP 7031. KPA
VIBRATION

VXIHOR 0.3 CM/S
VYIVER 7.6 CM/S

PHASE ANGLES
PADISP 88.6 DEG.
PAPRES -11.1 DEG.

ENGIME SPEED
FREQ 31.4 HZ

15

DEG.C
DEG.C
DEG.C
DEG.C

REMOTE CALCULATIONS

WATTS
WATTS
CM
Cci1

DYNAMIC CALCULATIONS

KPA
cn

cM

KPA
KPA
KPR
KPA

REC 01719786 12:45:23.83 RDG

GAS TEMPERATURES
TGEXP 417.1 DEG.C

TGREGH 398.5

TGREGC 85.7 DEG.C

TGCOMP
TGBOUN

49.0
33.5

PUROUT
INDPUWR
PISTST
DISPST

573.
567 .
2.20
1.89

PAMPC
DISPCP 2.60
PISTCP 2.38
PDYNDB 1213.
PDLCLR¥¥X%%%x%
PDLREGX¥%%%%%
PDLDIS¥¥X%%x

1102.

DEG.C

DEG.C
DEG.C

REMOTE CALCULATIONS

WATTS
WATTS
cM
cM

DYNAMIC CALCULATIONS

KPA
cM

cM

KPR
KPA
KPA
KPR

" TO9HTR

SURFACE
TO1HTR 450.9
TO2HTR 456.7
TO3HTR 453.1
TO4HTR 448.1
TO5HTR 445.7
TO06HTR 452.8
TO7HTR 423.7
TJB8HTR 455.8

459.0
450.0
467 .1
456.2

TI0HTR
T11HTR
T12HTR

T13REGx**%xx%

*
T17PEG 273.9
T18REG 283.1
T19REG 179.1

TOIHEDXX¥¥X%

SURFACE
TO1HTR
TOZHTIR
TO3HTIR
TOGHTR
TOSHTR
TO6HTR
TO7HTR
TO8HTR
TO9HTIR
T10HTR
T11HTR
T12HTR

450.
456
457 .
467,
445,
451,
422,
456,
459.
6649,
446 .
653,

PUNDANNUN OO N

TI3REGH¥X¥x%
T14REG 377.0
T15REG 282.7
TI1GREGX¥%¥¥H
TI7REG 273.5
T1&REG 282.3
T19REG 181.6

TOQIHEDXXX%%X

SURFACE
TOlHIR
TO2HTR
TO3HTR
TO4HTR
TO5HTR
TO6HTIR
TO7HTR
TO&HTR
TO9HTIR
T10HTR
T11HTIR
T12HIR

450.9
457.2
458,
447,
447,
451.
421.
455,
461.
4693,
466 .
453.

RN wooRNINWS

T1IREGXX¥X¥X
T14REG 377.4%
T15REG 284.3
T16REGM¥X¥H¥¥
T17REG 2764.7
T13REG 281.6
T19REG 184.2

TOIHEDXXXXXX

909

DE

DVG.
DEG.
DEG.
DEG.
DEG.
DEG.

p
ZG

DEG

DEG.
DEG.
DEG.

DEG.
DEG.
DEG.
DEG.

DEG.

DE
DEG

DEG.

310

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.

911

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.

oonhhoooonon

G aaaaana

TEMPERATUPES

TEMPERATURES
DEG.
DEG.
DEG.
DEG.
DEG.
LEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

aaaaaaaaaana

Q aaaan

TEMPERATURES
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

aQaQaaQaQQOaQaa

aQ aaaaaan




APPENDIX D. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC Ql1/19/864 12:50:20.83 RDG 912

FLUID HELIUM BAROM 164.445 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
HEAT TO DASHPOT COQLING POKER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATUR

FLODP 4.08 L/MIN AMPS1 62%. AMPS RESUP 7102. KPA TGEXP 414.5 DEG.C TO1HTR 450.9 DEG.
AlMPS2 603. AMPS . TO2HTR 456 .8 DEG.
TWINDP 16.% DEG.C VOLIG 2.65 VOLIS MEANBP 7012. KPA TGREGH 396.7 DEG.C TO3HTR 458.3 DEG.
TDLDP 1.73 DEG.C MEANCP 7050. KPA TGREGC 88.6 DEG.C TO04HTR 446.5 DEG.
TWODPR 19.% DEG.C TGCOMP 52.4 DEG.C TOSHTR 446.9 DEG.
TGBOUN 34.1 DEG.C TO6HTR 451.1 DEG.
TO7HTR 420.2 DEG.
TQ8HTR 454.5 DEG.
TOYHTR 461.6 DEG.
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TIO0HTR 450.1 DEG.
FLOCLR 4.15 L/MIN 1 PWRIN 3251. WATTS VX1HOR 0.4 CM/S PWROUT 618. WATTS T11HTR 446.% DEG.
TWINCL 25.4 DEG.C 2 QCOOLR 2181. WATTS VY1IVER 8.2 CM/S INDPWR 619. WATTS T12HTR 653.1 DEG.
TDLC 7.57 DEG.C 3 QDSHPT 491. WATTS PISTST 2.40 CM
THOCLR 33.08 DEG.C 6 EXTEFF 19.0 %. PHASE ANGLES DISPST 2.00 CM
5 TAVHTR 449.7 DEG.C PADISP 88.7 DEG. T13REG*X%%%% DEG.
6 INTEFF 22.1 % PAPRES -10.3 DEG. DYNAMIC CALCULATIONS TI4REG 376 .0 DEG.
3 AMPS 1227. AMPS PAMPC 1153. KPA T15REG 284%.5 DEG.
9 QDISPG 2. WATTS ENGINE SPEED DISPCP 2.61 CM T16REG*¥¥%%¥ DEG.
10 QDISP 10. WATTS FREQ 31.3 HZ PISTCP 2.39% Ci T17REG 273.5 DEG.
11 QREG1 78. WATTS PDYNDB 1300. KPA T18REG 281.9 DEG.
12 QREG2 76. WATTS PDLCLR¥%%¥%% KPR T19REG 185.8 DEG.
13 QREG3 24. WATTS PDLREG¥¥¥X%% KPR
14 PFP 949.7 KPA/CM PDLDIS**¥XX* KPR TO3HEDXX%%¥% DEG.
15 PFD 206.1 KPA/CM
16 NBEALE 0.00657

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/19/84 12:55:26.%4 RDG 913

FLUID HELIUM BAROM 14.445 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE
LODP 4.09 L/MIN AMPS1 653. AMPS PRESUP 7106. KPA TGEXP 411.3 DEG.C TO1HTR

AMPS2 630. AMPS TC2HTR .0
TWINDP 16.9 DEG.C VOLIG 2.78 VOLTS MEANBP 69%4. KPA TGREGH 396.4 DEG.C TG3HTR 458.7
TDLDP 1.92 DEG.C MEANCP 7034. KPA TGREGC 92.0 DEG.C TO04HTR 445.0
TWODPR 19.5 DEG.C TGCOMP 56.7 DEG.C TO5HTR 445.5
TGBOUN 35.0 DEG.C TO6HTR 451.1
TO7HTR 417.4
TO8HTR 454.4%
TO9HTR 461.7
HEAT TO COOLER CRLCULATED PARAMETERS VIBRATION REMOTE CARLCULATIONS T10HTIR 450.6
FLOCLR 4.18 L/MIN 1 PWRIN 3583. WATTIS VX1HOR 0.4 CM/S PWROUT 663. WATTS T11HTR 447.0
TWINCL 25.4% DEG.C 2 RCOQLR 2427. WATIS VYIVER 8.3 Ci/S INDPWR 662. WATTS T12HTR 451.3
TDLCL 8.37 DEG.C 3 QDSHPT 546. WATTS PISTST 2.60 CU
TWOCLR 34.05 DEG.C 4 EXTEFF 18.5 % PHASE ANGLES DISPST 2.11 CM
5 TAVHTR 449.1 DEG.C PADISP &7.4 DEG. T13REGX*X¥¥%% DEG.
6 INTEFF 21.5 % PAPRES =-9.6 DEG. DYNAMIC CALCULATIONS T14REG 373.1 DEG.
& AMPS 1288 AMPS PAMFC 1206. KPA TI5REG 281.1 DEG.
9 QDISPG WATTS ENGINE SPEED DISPCP 2.62 CH T16REG*¥¥¥X%X DEG.
10 QDISP 10. WATTS FREQ 31.1 HZ PISTCP 2.39 CM T17REG 276.3 DEG.
11 QREG1 78. WATTS PDYNDB 1363. KPR T18REG 280.5 DEG.
12 QREG2 75. WATTS PDLCLR**%¥X%% KPA T1%REG 184.5 DEG.
13 QREG3 24. WATTIS PDLREGX¥XX%X KPR
14 PFP 922.8 KPA/CM PDLDIS¥XXX%X KPA TO3HEDXX%X¥X DEG.

15 PFD 191.0 KPA/CHM
16 NBEALE 0.00456

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01,19/84 13:00:20.94 RDG 914

FLUID HELIUM BAROM 14.445 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATUR
LODP  4.09 L/MIN AMPS1 690. BMPS PRESUP 7103. KPA TGEXP 409.9 DEG.C TO1HTR 452.2 DEG.
AMPSZ 655. AMPS TO2HTR 455.1 DEG.
TWINDE 17.0 DEG.C VOLTG 2.92 VOLTS MEANBP 7012. KPA TGREGH 395.8 DEG.C TOIHTR 459.6 DEG.
TDLDP  2.15 DEG.C MEANCP 7054. KPA TGREGC 95.1 DEG.C TO4HTR 44%.5 DEG.
TLHODPR 19.8 DEG.C TGCOMP  60.7 DEG.C TOSHTR 446.0 DEG.
TGBOUN 35.9 DEG.C TO6HTR 451.0 DEG.
TG7HTR 416.4 DEG.
TOBHTR 454.3 DEG.
. TOYHTR 462.6 DEG.
HEAT TOQ COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TIOHTR 651.2 DEG.
FLOCLR 64.18 L/MIN 1 PWRIN 3934. WATTS VX1HOR 0.4 CM/S PWROUT 706. WATTS T11HTR 447.2 DEG.
THINCL 25.5 DEG.C 2 QCOOLR 2718. WATTS YYIVER 9.4 CM/S INDPWR 702. WATTS T12HTR 451.3 DEG.
TDLCL  9.38 DEG.C 3 QDSHPT 612. WATTS PISTST 2.80 CM
TWOCLR 35.03 DEG.C 4 EXTEFF 18.0 % PHASE ANGLES DISPST 2.22 CM
5 TAVHIR 449.3 DEG.C PADISP 87.5 DEG. T13REG*¥¥%¥% DEG.
6 INTEFF 20.6 % PAPRES ~-8.% DEG. DYNAMIC CALCULATIONS T14REG 373.5 DEG.
8 AMPS  1349. AMPS PAMPC  1285. KPA TI5REG 282.5 DEG.
9 QDISPG 2. WATTS ENGINE SPEED DISPCP 2.69 CM T16REGX¥#¥%¥* DEG.C
10 QDISP 10. WATTS FREQ 31.1 HZ PISTCP 2.38 CM T17REG 278.3 DEG.C
11 QREG1 76. WATTS PDYNDB 1488. KPA T18REG 281.6 DEG.C|
12 QREG2 75. WATTS " PDLCLR¥¥X¥¥¥ KPR T19REG 187.5 DEG.C
13 QREG3 23. WATTS PDLREGX¥%¥%¥ KPR
14 PFP 914.1 KPA/CM PDLDIS*¥¥%%%% KPA TOSHED¥*X%%%%
15 PFD 179.3 KPA/CM
16 NBEALE 0.00451 76



FLODP 4.0

TWINDP 17.0
TDLDP 2.30
TWODPR 19.9

[AT TO COOLER

FLOCLR 4.20
TWINCL 25.5
TDLCL 10.28%

TWOCLR 35.91

L/MIN

DEG.C
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NASA LEWIS SENSITIVITY TEST DATA RE 1000

BAROM 14.445 PSI REGENERATOR 2

PCWER IN
AMPS1 737.
AMPS2  69%5.
VOLTG 3.11

CALCULATED PARAMETERS

AMP3
AMPS
VOLTS

PWRIN 4448. WATTS
QCOCLR 2998. WATTS
QDSHPT 651. WATTS
EXTEFF 16.7 %
TAVHTR 450.6 DEG.C
INTEFF 19.9 %

AMPS 1432. AMPS
QDISPG 2. WATTS
QDISP 10. WATTS
QREGL 74. WATITS
QREG2 74. WATTS
QREG3 23. WATTS
PFP 923.9 KPA/CM
PFD 168.2 KPA/CHM

NBEALE 0.00445

NASA LEWIS SENSITIVITY TEST DATA RE 1000

BAROM 14.465 PSI REGENERATOR 2

APPENDIX D.

DISPLACER

~ CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

2

ENGINE CHARGE PRESSURE

PRESUP 7106.

MEENBP 6998.

MEANCP 7043.
VIBRATION

VX1HOR 0.5 CM/S
VY1VER10.0 CM/S

PHASE ANGLES

PADISP 87.4 DEG.

PAPRES -&.1 DEG.
ENGINE SPEED
FREQ 31.0 HZ

DISPLACER

KPA

KPA
KPA

FREE PISTON STIRLING ENGINE TEST DO0OC3,

2

STANDARD PISTON

REC 01719/84 13:05:21.01 RDG

GAS TEMPERATURES
TGEXP 4085.7 DEG.C

TGREGH 394.6
TGREGC 938.1
TGCOMP  64.5
TGBOUN 36.9

DEG.C
DEG.C
DEG.C
DEG.C

REMOTE CALCULATIONS

WATTS
WATTS
CM
cn

KPA
ci
Cit
KPA
KPA

PWROUT 743.
INDPWR 732,
PISTST 2.99
DISPST 2.32
DYNAMIC CALCULATIONS
PAMPC 1388,
DISPCP 2.71
PISTCP 2.35
PDYNDB 1538,
PDLCLR%X¥%¥%X%%

PDLREGX¥XXXX ppa
PDLDIS**X%%X KPh

STANDARD PISTON

REC 01r/19/84 13:17:24.01 RDG

315

SURFACE TEMPERATURES

TOLIHTR 454.4
TOZHTR 456.2
TO3HTR 461.
TO4HTR 445,
TOS5HTR. 446 .
TO6HTR 452.
TO7HTR 415.
TO08HTR 455.
TO9HTR 465.
T10HTR 653.
T11HTR 448.
T12HIR 452.

O NN O LI~

T1IREGHHRKRRK
T14REG 370.1

T16REGRR*%¥EX
TI7REG 278.1
TI1BREG 279.1
T1SREG 183.4

TOSHEDX%¥%%%

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.

916

aQaQQaoQQan

Q Qoo

AT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.03 L/MIN AMPS1 762. AMPS PRESUP 7110. KPA TGEXP 406.1 DEG.C TO1HTR 455.6 DEG.C
AtlPs2  717. AMPS TOZHTR 456.5 DEG.C
TWINDP 17.1 DEG.C VOLTG 3.19 VOLTS MEARNBP 7016. KPA TGREGH 395.8 DEG.C TO3HTR 462.7 DEG.C
TDLDP 2.60 DEG.C MEANCP 7059. KPA TGREGC 102.3 DEG.C TO4HTR 445.1 DEG.C
TKODPR 20.5 DEG.C TGCOMP 69.4 DEG.C TOSHTR 447.9% DEG.C
TGBOUN 3%.1 DEG.C TO6HTR 453.1 DEG.C
TO7HTR 415.3 DEG.C
TOBHTR 456.4 DEG.C
TO9HTR 466.% DEG.C
AT TO COOLER CALCULATED PRRAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 45%4.2 DEG.C
FLOCLR 4.20 L/MIN 1 PWURIN 4657. WATTS VX1HOR 0.4 CM/S PWROUT 766. WATTS T11HTR 449.9 DEG.C
TWINCL 25.6 DEG.C 2 QCOOLR 3372. WATTS VY1VER1C.5 CM/S INDPWR 754. WATTIS T12HTR 452.4 DEG.C
TDLCL 11.58 DEG.C 3 QDSHPT 730. WATTS PISTST 3.19 CM
TWOCLR 37.42 DEG.C 4 EXTEFF 16.4 % PHASE ANGLES DISPST 2.43 CM
5 TAVHTR 451.3 DEG.C PADISP 87.0 DEG. T13REGX¥¥¥%X DEG.C
6 INTEFF 18.5 % PAPRES -7.5 DEG. DYNAMIC CALCULATIONS T14REG 374.1 DEG.C
& AMPS 1459. AMPS PAMPC  1585. KPA T15REG 286.6 DEG.C
9 QDISPG 2. WATTS ENGINE SPEED DISPCP 2.72 Cl T16REG**#%%X DEG.C
10 QDISP 10. WATTS FREQ 31.0 HZ PISTCP 2.23 CHM T17REG 282.5 DEG.C
11 QREG1 72. WATTS PDYNDB 1600, KPA T18REG 281.8 DEG.C
12 QREG2 75. WATTS PDLCLRX¥*¥%XX% KPR T19REG 193.1 DEG.C
13 QREG3 23. WATTS PDLREGX¥¥%XX ppg
14 PFP 990.6 KPA/CM PDLDISX*X¥X¥ KPR TOIHED**%%%% DEG.C
15 PFD 171.3 KPAsCM
16 NKBEALE 0.006428

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 164:25:18.80 RDG 921

~FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

AT TO DASHPQT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP .17 L/MIN AMPS1 519. AMPS PRESUP 7379. KPA TGEXP 466.3 DEG.C TO1HTR 501.8 DEG.C
AMPS2 56%. AMPS TO2HTR 506.5 DEG.C
TWINDP 17.0 DEG.C VOLTG 2.35 VOLTS MEANBP 7012. KPA TGREGH 449.3 DEG.C TO3HTR 508.2 DEG.C
TDLDP 1.33 DEG.C MEANCP 7027. KPA TGREGC 85.6 DEG.C TO4HTR 498.0 DEG.C
TWODPK 18.9% DEG.C TGCOMP 43.1 DEG.C TO5HTIR 496.5 DEG.C
TGBOUN 30.7 DEG.C TO6HTR 504.1 DEG.C
. TO7HTR 471.9 DEG.C
TO8HTR 506.7 DEG.C
TOSHTR 509.8 DEG.C
AT TC COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 501.2 DEG.C
FLOCLR 6.23 L/MIN 1 PWRIN 2513. WATTS VX1HOR 0.3 CM/S PWROUT 531. WATTS TI11HTR 497.9 DEG.C
TWINCL 25.0 DEG.C 2 QCOOLR 1598. WATTS VY1VER 6.5 Cl/S INDPWR 567. WATIS T12HTR 504.1 DEG.C
TDLCL 5.45 DEG.C 3 QDSHPT 385. WATTS PISTST 1.80 CM
TWOCLR 30.63 DEG.C 4 EXTEFF 21.1 % PHASE ANGLES DISPST 1.69 CM
5 TAVHTR 500.6 DEG.C PADISP 85.9 DEG. T13REG¥¥X%XX DEG.C
6 INTEFF 25.0 % PAPRES -15.1 DEG. DYNAMIC CALCULATIONS T14REG 420.1 DEG.C
8 AMPS 1069. AMPS PAMPC 935. KPR T15REG 310.7 DEG.C
9 QDISPG 2. WATTS ENGINE SPEED DISPCP 2.59 CNM T16REGX¥%%¥¥ DEG.C
10 QDISP 12. WATTS FREQ 31.9 HZ PISTCP 2.34¢ CH T17REG 304.2 DEG.C
11 QREG1 95. WATTS PDYNDB 1075. KPR TIBREG 310.4 DEG.C
12 QREG2 89. WATTS PDLCLR¥*¥%¥¥% pa T1SREG 193.8 DEG.C
13 QREG3 28. WATTS PDLREGX¥XX¥X Kpp
14 PFYP 1625. 4 KPA/CM PDLDIS*¥X¥¥* KPR TOIHEDX*%¥%% DEG.C
15 PrD 288.3 KPA/CM

16 NBERLE 0. 00515 17




NASR LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

APPENDIX D.

-~ CONTINUED.

BAROM 14.268 PSI REGENERARTOR 2 DISPLACER 2 STRNDARD PISTON

18

FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84% 16:30:18.80 RDG 9

22

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES]
FLODP 4.19 L/MIN AMPS1 557. AMPS PRESUP 7173. KPA TGEXP 460.7 DEG.C TOG1HTR 500.9 DEG.C
AMPS2 574. AMPS TO02HTR 507.4 DEG.C
TWINDP 16.8 DEG.C VOLIG 2.50 VOLTS MEANBP 7012. KPA - TGREGH 446.4 DEG.C TO3HTR 508.3 DEG.C
TDLD? 1.45 DEG.C "MEANCP 7023. KPA TGREGC 83.0 DEG.C TO4HTR 498.0 DEG.C
TWODPR 18.9% DEG.C TGCOMP 45.7 DEG.C TOSHTR 496.7 DEG.C
TGBOUN 31.% DEG.C TO6HTR 502.2 DEG.C
TO7HTR 471.6 DEG.C
TO8HTR 505.8 DEG.C
TO9HTR 511.2 DEG.C
HEAT TO COOLER CALCULATED PAREMETERS VIBRATION REMOTE CALCULATIONS T10HTR 500.4 DEG.C
FLOCLR 4.25 L/MIN 1 PWURIN 2826. WATTS VX1HOR 0.3 CM/S PWROUT 59%9. WATTS T11HTR 497.4 DEG.C
TWINCL 25.0 DEG.C 2 QCOOLR 1832. WATTS VYIVER 7.1 CM/S INDPWR 642. WATTS T12HTR 503.9 DEG.C
TDLCL 6.22 DEG.C 3 QDSHPT 424. WATTS PISTST 1.99% CM
TWCOCLR 31.31 DEG.C 4 EXTEFF 21.2 % PHASE ANGLES DISPST 1.81 CM
5 TAVHTR 500.3 DEG.C PADISP 86.3 DEG. T13REGX¥*¥¥XX DEG.C
& INTEFF 2%.6 % PRPRES -14.1 DEG. DYNAMIC CALCULATIONS T14REG 41%.2 DEG.C
& AUPS 1130. AMPS PAMPC 1038. KPA T15REG 311.2 DEG.C
9 QDISPG . WATTS ENGINE SPEED DISPCP 2.62 Cl T16REGX**X%%% DEG.C
10 QDISP 12. WATTS FREQ 31.8 HZ PISTCP 2.35 CM TI17REG 303.3 DEG.C
11 QREGI1 91. WATTS PDYNDB 1175, KPA T18REG 309.8 DEG.C
12 QREG2 89. WATTS PDLCLR¥*%X%% KPA TISREG 197.1 DEG.C
13 QREG3 28. WATTS PDLREG®*¥%¥% KPp
14 PFP 1026.1 KPA/CHM PDLDIS***XX% KPA TOIHEDX¥¥X¥¥X DEG.C
15 PFD 230.3 KPR/CH
16 NBEALE 0.00525
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84% 14:35:30.80 RDG 923
FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP .18 L/MIN AMPS1 602. AMPS PRESUP 714%. KPA TGEXP 459.8 DEG.C TO1HTR 501.9 DEG.C
EMPS2 603. AMPS TO02HTR 507.2 DEG.C
TWINDP 16.7 DEG.C VOLTIG 2.65 VOLTS MEANBP. 6989%. KPA TGREGH 444.4 DEG.C TOG3HTR 509.9 DEG.C
TDLDP 1.69 DEG.C MEANCP 7008. KPA TGREGC 90.2 DEG.C TO4HTR 496.9 DEG.C
TWCDPR 19.0 DEG.C TGCOMP  49.2 DEG.C TO5HTR 495.7 DEG.C
TGBOUN 32.3 DEG.C TO6HTR 502.2 DEG.C
T87HTR 470.1 DEG.C
TO8HTR 505.4 DEG.C
TO9HTR 511.7 DEG.C
HEAT TO COQOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 501.2 DEG.C
FLOCLR 4.24 L/MIN 1 PWRIN 3188. WATTS VX1HOR 0.4 CM/S PWROUT 667. WATIS T11HTR 49%7.1 DEG.C
TWINCL 25.0 DEG.C 2 QCOOLR 2073. MWATTS VY1VER 7.8 CM/S INDPWR 712. UWATTS T12HTR 503.4 DEG.C
TDLCL 7.04 DEG.C 3 QDSHPT 49%2. WATTS PISTST 2.20 CM
TWOCLR 32.19 DEG.C 4 EXTEFF 20.9 % PHASE ANGLES DISPST 1.92 CNM
5 TAVHIR 500.2 DEG.C PADISP 86.8 DEG. T13REG*%¥X%¥% DEG.C
6 INTEFF 24.3 % PAPRES -12.9 DEG. DYNAMIC CALCULATIONS T14REG 418.0 DEG.C
8 AMPS 1205. AMPS PAMPC 1137. KPA T15REG 312.1 DEG.C
9 QDISPG 2. WATTS ENGINE SPEED DISPCP 2.61 CM T16REGX*¥¥%XXX DEG.C
10 QDISP 12. WATTS FREQ 31.7 HZ PISTCP 2.35 CM T17REG 302.8 DEG.C
11 QREG1 91. WATTS PDYNDB 1238. KPA T18REG 312.0 DEG.C
32 QREG2 86. WATTS PDLCLEXXX¥XX [PL TISREG 199.8 DEG.C
13 QREG3 27 . WATTS PDLREGX*XXXXX KPA
14 PFP 1019.9 KPA/CM PDLDIS¥¥X%%% KPR TQIHED**¥%%¥% DEG.C
15 PFD 264.1 KPA/CHM
16 NBEALE 0.00533
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/264/84 14:40:18.80 RDG 924
FLUID HELIUM BAROM 16¢.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
HEAT ‘TO DASHPOT COOLING POUER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.18 L/MIN AMpPS1 641, AMPS PRESUP 7385. KPA TGEXP 458.2 DEG.C TO1HTR 501.5 DEG.C
AMPS2 628. AMPS TO2HTR 506.9 DEG.C
TWINDY 16.6 DEG.C VOLIG 2.79 VOLTIS MEANBP 7004. KPA TGREGH 442.1 DEG.C TO3HTR 50%.9 DEG.C
TDLDP 1.95 DEG.C MEANCP 7023. KPA TGREGC 93.2 DEG.C TO4HTR 496.1 DEG.C
TUWODPR 19.2 DEG.C TGCOMP 52.8 DEG.C TOSHTR 495.7 DEG.C
TGBOUN 33.4 DEG.C TG6HTR 500.8 DEG.C
TO7HTR 468.9 DEG.C
TO8HTR 504.3 DEG.C
TOYHTR 512.5 DEG.C
HEAT TI0 COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 500.7 DEG.C
FLOCLR 4.25 L/MIN 1 PWURIN 3536. WATTS VX1HOR 0.4 CM/S PWROUT 725. WATTS T11HTIR 496.6 DEG.C
TWINCL 25.1 DEG.C 2 QCOOLR 2313. WATTS VY1VER 8.4 CM/S INDPWR 774. WATTS T12HTIR 502.6 DEG.C
TDLCL 7.85 DEG.C 3 QDSHPT 566. WATTS PISTST 2.40 CM
TWOCLR 33.12 DEG.C 4 EXTEFF 20.5 % PHASE ANGLES DISPST 2.03 CM
5 TAVHTIR 499.7 DEG.C PADISP 87.0 DEG. T13REG*%*X¥X DEG.C
6 INTEFF 23.9 % PAPRES -11.8 DEG. DYNAMIC CALCULATIONS T14REG 417.8 DEG.C
& AMPS 1269. AMPS PAMPC 1240. KPA T15REG 313.1 DEG.C
9 QDISPG 2. WRTTS ENGINE SPEED DISPCP 2.61 CM T16REGX¥¥¥¥% DEG.C
10 QDISP 12. KATTS FREQ 31.6 HZ PISTCP 2.38 CM T17REG 302.5 DEG.C
11 QREGL 88. WATTS PDYNDB 1325. KPA T18REG 311.4 DEG.C
12 QREG2 86. WATTS PDLCLR¥X%%¥X% KPR T19REG 202.6 DEG.C
13 QREG3 27 . WATIS PDLREG*X¥X¥XX% KPR
14 PFP 1022.3 KPA/CM PDLDIS***%%X KPA TOIHED*%%¥%¥% DEG.C
15 PFD 251.0 KPA/CM
16 NBEARLE 0.00531




APPENDIX D. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/864 14:45:18.80 RDG 925

FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
AT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES

FLODP .17 L/MIN AMPS1 680. AMPS PRESUP 7177. KPA TGEXP 456.9 DEG.C TO1HTR 502.9 DEG.C
AMPS2  653. AMPS TG2HTR 505.9 DEG.C
TWINDP 16.6 DEG.C VOLTG 2.92 VOLTS MEANBP 7005. KPA TGREGH 442.7 DEG.C TO3HTR 510.5 DEG.C
DLDP 2.22 DEG.C MEANCP 7024. KPA TGREGC 96.4 DEG.C TO4HTR 495.3 DEG.C
WODPR 19.4 DEG.C TGCOMP 57.0 DEG.C TOSHTR 495.7 DEG.C
TGBOUN 34.6 DEG.C TO6HTR 501.7 DEG.C
TO7HTR 467.0 DEG.C
TO8HTR 505.0 DEG.C
TO9HTIR 513.5 DEG.C
T TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 501.9 DEG.C
FLOCLE 4.25 L/MIN 1 PURIN 3888. WATTS VX1HOR 0.4 CM/S PWROUT 794. MWATTS T1iHTIR 497.7 DEG.C
WINCL 25.2 DEG.C 2 QCOOLR 2566. WARTITS VY1VER 9.0 CM/S INDPWR 841. WATIS T12HTR 501.4 DEG.C
DLCL 8.69 DEG.C 3 QDSHPT 644. WATTS PISTST 2.60 CM
WOCLR 33.98 DEG.C 4 EXTEFF 20.4 % PHASE ANGLES DISPST 2.15 CM
5 TAVHTR 6499.9 DEG.C PADISP 85.4 DEG. T13REG*¥%X%X DEG.C
6 INTEFF 23.6 % PAPRES -11.4 DEG. DYNAMIC CALCULATIONS T14REG 616.5 DEG.C
8 ANMPS 1333. AMPS PAMPC 131%. KPA T15REG 311.5 DEG.C
% QDISPG 2. WATTS ENGINE SPEED DISPCP 2.71 CH T16REG*¥%¥%X DEG.C
10 QDISP 11. WATTS FREQ 31.4 HZ PISTCP 2.35 CM T17REG 305.9 DEG.C
11 QREG1 89. WATTS PDYNDB 1450. KPA T18REG 311.5 DEG.C
12 QREG2 85. WATTS PDLCLR*¥X%XX Kpa T19REG 201.5 DEG.C
13 QREG3 27. WATTS PDLREGX*¥X%X Kpa
14 PFP 1012.7 KPA/CM PDLDIS*¥¥XXX KpPA TOIHED¥¥%¥¥% DEG.C
15 PFD 242.5 KPA/CM
16 NBEALE 0.00542
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/864 14:50:21.80 RDG 926
FLUID HELIUYM BAROM 16.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
T TO DASHPOT COQLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
LODP 4.15 L/MIN AMPS1 715. BAMPS PRESUP 7167. KPA TGEXP 455.9% DEG.C TO1HTR 5064.7 DEG.C
AMPS2 684. AMPS TO02HTR 506.3 DEG.C
WINDP 16.6 DEG.C VOLTG 3.07 VOLTS MEANBP 6996. KPA TGREGH 442.1 DEG.C TO3HTR 512.2 DEG.C
DLDP 2.53 DEG.C MEARNCP 7021. KPA TGREGC 99.9 DEG.C TQ4HTR 495.1 DEG.C
WODPR 19.7 DEG.C TGCOMP 61.3 DEG.C TO5HTR 496.8 DEG.C
TGBOUN 36.1 DEG.C TOO6HTR 502.3 DEG.C
TG7HTR 466.1 DEG.C
TO8HIR 505.6 DEG.C
TO0SHTIR 515.0 DEG.C
T TC COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HIR 503.6 DEG.C
LOCLR 4.25 L/MIN 1 PHRIN 4293. WATTS VX1HOR 0.4 CM/S PWROUT 8&53. WATIS T11HTR 498.8 DEG.C
WINCL 25.2 DEG.C 2 QCOOLR 23%5. WATTS VY1VER 9.7 CM/S INDPWR 901. WATTS T12HIR 561.8 DEG.C
DLCL 9.82 DEG.C 3 QDSHPT 730. WATTS PISTST 2.80 CM
WOCIR 35.08 DEG.C 4 EXTEFF 19.% % PHASE RNGLES DISPST 2.27 CM
5 TARVHTR 5006.7 DEG.C PADISP 85.4% DEG. T13REG¥¥%%%¥ DEG.C
6 INTEFF 22.8 % PAPRES -10.6 DEG. DYNAMIC CALCULATIONS T14REG 415.8 DEG.C
8 AIMPS 1398. BRMPS PAMPC 1383. KPA T15REG 311.0 DEG.C
S QDISPG 2. WATTIS ENGINE SPEED DISPCP 2.71 CH T16REG*¥¥#¥%% DEG.C
10 QDISP 11. WATTS FREQ 31.3 HZ PISTCP 2.31 CM T17REG 305.9 DEG.C
11 QREG1 87. WATTS PDYNDB 1525. KPA T18REG 310.3 DEG.C
12" QREG2 86. WATTS PDLCLR¥¥XXX¥ Kpa T19REG 202.5 DEG.C
13 QREG3 26 . WATTS PDLREGX¥XXXX Kpp
14 PFP 985.0 KPA/CM PDLDIS*%X%%% KPX TO3HEDX*¥%%¥ DEG.C
15 FFD 224.7 KPAsCM
16 NBEALE 0.00541
ASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 14:55:18.80 RDG 927
FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
[ TO DASHPOT COOLING POKER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
ILODP 4.14 L/MIN AMPS1 747. BAMPS PRESUP 7398. KPA TGEXP 455.3 DEG.C TOLHTR 504.7 DEG.C
AMPS2 71G. AMPS TO2HTR 505.4 DEG.C
INDP 16.7 DEG.C VOLTG 3.20 VOLTS MEANBP 7009%. KPA TGREGH 440.3 DEG.C TO3HTR 512.5 DEG.C
DLDP 2.77 DEG.C MEANCP 7037. KPA TGREGC 103.2 DEG.C TO4HTR 494.0 DEG.C
ODPR 19.9 DEG.C TGCOMP 65.1 DEG.C TO5HTR 496.1 DEG.C
TGBOUN 37.6 DEG.C TO6HTR 501.8 DEG.C
TO7HTR 464.1 DEG.C
TO8HTR 505.1 DEG.C
TO9HIR 515.2 DEG.C
[ TO COQOLER CALCULATED PERAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 503.9 DEG.C
OCLR 4.27 L/MIN 1 PWRIN 4664. WATTS VX1HOR 0.4 CM/S PWROUT 897. WATIS T11HTIR 498.7 DEG.C
INCL 25.2 DEG.C 2 QCOOLR 3188. WATTS VY1VER10.3 CM/S INDPWR 945. WATTS T12HTR 500.9 DEG.C
PLCL 10.76 DEG.C 3 QDSHPT 798. WATTS PISTST 2.99 CM
OCLR 36.07 DEG.C 4 EXTEFF 19.2 % PHASE ANGLES DISPST 2.36 CM
5 TAVHTR 500.2 DEG.C PRDISP 85.2 DEG. T13REG**%%¥%* DEG.C
6 INTEFF 22.8 % PAPRES -9%.8 DEG. DYNAMIC CALCULATIONS T14REG 414.4 DEG.C
8 AMPS 1457. AMPS PAMPC 1516. KPA T15BEG 310.7 DEG.C
9 QDISPG 2. WATTS ENGINE SPEED DISPCP 2.72 CM T16REGX*X%%X DEG.C
10 QDISP 11. WATTS FREQ 31.3 HZ PISTCP 2.25 CM T17REG 308.2 DEG.C
11 QREGL 85. WATTS PDYNDB 1588. KPA T18REG 309.9 DEG.C
12 QREG2 85. WATTS PDLCLR%¥X¥XX {pp T1S$REG 204.6 DEG.C
13 QREG3 26 . WATIS PDLREGX¥XX%% Kpg
14 PFP 1016.4 KPA/CM PDLDIS*XX%X%% KPA TOSHED*¥%%%¥ DEG.C
15 PFD 218.5 KPAs/CM 79

16 NBEALE 0.00533




APPENDIX D. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:00:18.80 RDG 928

FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.14 L/MIN EMPS1 775. AMPS PRESUP 7387. KPA TGEXP 454.0 DEG.C TO1HTR 505.2 DEG.C
AMPS2 738. RMPS TO2HTR 504.5 DEG.C
TWINDP 16.6 DEG.C VOLTG 3.3% VOLTS MEANBP 7007. KPA TGREGH 439.9 DEG.C TO3HTR 513.0 DEG.C
TDLDP 3.02 DEG.C MEANCP 7064. KPA TGREGC 107.4 DEG.C TO04HTR 493.0 DEG.C
TWODPR 20.2 DEG.C TGCOMP 70.1 DEG.C TG5HTR 495.4 DEG.C
TGBOUN 39.0 DEG.C TO6HTR 501.6 DEG.C
TO7HTR 462.0 DEG.C
TO8HTR 505.0 DEG.C
TOSHTR 515.9 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 504.0 DEG.C
FLOCLR 4.28 L/MIN 1 PWRIN 5062. WA VX1HOR 0.4 CM/S PWROUT 956. WATTS T11HTR 499.0 DEG.C
TWINCL 25,3 DEG.C 2 QCOOLR 3545. MATTS VY1VER10.% CM/S INDFWR 985. WATTS T12HTR 500.0 DEG.C
TDLCL 11.95 DEG.C 3 QDSHPT 869. WATTS PISTST 3.20 CM
TWOCLR 37.41 DEG.C 4 E{TEFF 18.9 % PHASE ANGLES DISPST 2.47 CM
5 TAVHTR 49%.9 DEG.C PADISP 84.9% DEG. T13IREG*X*X%X DEG.C
6 INTEFF 21.2 % PAPRES -9.1 DEG. DYNAMIC CALCULATIONS T14REG 412.3 DEG.C
8 AMPS 1514. AMPS PAMPC 1624. KP TL5REG 309.5 DEG.C
9 QDISPG 2. WATTS ENGINE SPEED DISPCP 2.76 CM T16REG***XX* DEG.C
10 QDISP 11. WATTS FREQ 31.2 HZ PISTCP 2.19 CM T17REG 310.4 DEG.C
11 QREG1 83. WATTS PDYNDB 1638. KPA T18REG 309.5 DEG.C
12 QREG2 83. WATTS PDLCLR*¥X%¥¥ pA T19REG 206.6 DEG.C
13 QREG3 26. WATTS PDLREGXXXX%X Kpj
14 PFP 1018.2 KPA/CM PDLDIS**%X¥% KPA TO3HED**%%%* DEG.C
15 PFD 207.8 KPAR/CHM
16 NBEALE 0.006533
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:02:57.83 RDG 929
FLUID HELIUM BAROM 14.268 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
HEAT TO DASHPOT COQOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.14 L/MIN AMPS1 811. AMPS PRESUP 7383. KPA TGEXP 452.2 DEG.C TO1HTR 5064.4 DEG.C
AMPS2 767. RMPS TO2HTR 503.5 DEG.C
THUINDP 16.6 DEG.C VOLTG 3.49 VOLTS MEANBP 7005. KPA TGREGH 437.7 DEG.C TO3HTR 512.8 DEG.C
TDLDP 3.14 DEG.C MEANCP 70640. KPA TGREGC 111.0 DEG.C TO4HTR 491.5 DEG.C
TWODPR 20.3 DEG.C TGCOMP 74.4 DEG.C TO5HTR 495.2 DEG.C
TGBOUN 39.8 DEG.C TG6HTR 500.3 DEG.C
TO7HTR 459.6 DEG.C
TO0BHTR 504.0 DEG.C
TO09HTR 515.9 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 503.5 DEG.C
FLOCLR 4.28 L/MIN 1 PWRIN 5505. WA VXIHOR 0.4 CM/S PWROUT 955. WARTTS T11HTR 498.1 DEG.C
TWINCL 25.3 DEG.C 2 QCOOLR 3855. NATTS VY1VERL1.5 CM/S INDPWR 998. WATTS T12HTR 499.0 DEG.C
TDLCL 12.9% DEG.C 3 QDSHPT 903. WATTS PISTST 3.39 CHM
TWOCLR 38.37 DEG.C 4 EXTEFF 17.3 % PHASE ANGLES DIZPST 2.61 CiM
5 TAVHTR 699.0 DEG.C PADISP 84.7 DEG. TL13REGX*¥¥%% DEG.C
6 INTEFF 19.8 4 PAPRES -8.2 DEG. DYNAMIC CALCULATIONS T14REG 410.6 DEG.C
& AMPS 1578. AMPS PAMPC 1732. KPA T15REG 310.2 DEG.C
9 QDISPG 2. WATTS ENGINE SPEED DISPCP 2.75 CM T16REG*¥¥%%% DEG.C
10 QDISP 11. WATTS FREQ 31.2 HZ PISTCP 2.07 CM T17REG 311.1 DEG.C
11 QREGI 82. WATTS PDYNDB 1813. KPA T18REG 310.3 DEG.C
12 QREG2 81. WATTS PDLCLR¥¥¥%X% KPR T19REG 209.5 DEG.C
13 QREG3 25. WATTS PDLREGXXXXX Kpp
14 PFP 1023.6 KPA/CM PDLDIS***X%¥ KPA TO3HED**¥%¥% DEG.C
15 PFD 1839.9% KPAsCM
16 NBEALE 0.00501
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 0l/24/84 15:13:21.83 RDG 930
FLUID HELIUM BRROM 14.268 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.16 L/MIN AMPS1 543. AMPS PRESUP 7173. KPA TGEXP 654.3 DEG.C TO1HTR 551.4 DEG.C
AMPS2 549. AMPS TO2HTR 555.6 DEG.C
TWINDP 16.6 DEG.C VOLIG 2.42 VOLTS MEANBP 7011. KPR TGREGH 495.7 DEG.C TOIHTIR 558.4 DEG.C
TDLDP 1.96 DEG.C MEANCP 7026. KPA TGREGC 89%9.6 DEG.C TO04HTR 546.3 DEG.C
‘TWODPR 19.0 DEG.C TGCOMP 45.3 DEG.C TOSHTR 545.8 DEG.C
TGBOUN 37.5 DEG.C TO96HTR 553.3 DEG.C
TO7HTR 520.2 DEG.C
TO8HTR 556.0 DEG.C
TOSHTR 558.5 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 550.9 DEG.C
FLOCLR 4.26 L/MIN 1 PWRIN 2637. WATTS VX1HOR 0.3 CM/S PWROUT 590. WATTS T11HTR 547.3 DEG.C
TWINCL 24.9 DEG.C 2 QCOOLR 1742. NATTS VYLIVER 6.5 CM/S INDPWR 630. WATTS T12HTR 553.1 DEG.C
TDLCL 5.89 DEG.C 3 QDSHPT 566. WATTS PISTST 1.79 CM
TWOCLR 31.05 DEG.C 4 EXTEFF 22.% % PHASE ANGLES DISPST 1.70 CM
5 TAVHTR 549.7 DEG.C PADISP 83.9 DEG. T13REG**¥%%% DEG.C
6 INTEFF 25.3 % PAPRES -16.7 DEG. DYNAMIC CALCULATIONS T14REG 462.4 DEG.C
8 AMPS 10%92. AMPS PAMPC 1058. KPA T15REG 340.6 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.683 CM T16REGX¥¥%¥¥¥ DEG.C
10 QDISP 17. WATTIS FREQ 32.2 HZ PISTCP 2.40 CM T17REG 332.7 DEG.C
11 QREG1 105. WATTS PDYNDB 1075. KPA T18REG 339.2 DEG.C
12 QREG2 100. WATTS PDLCLR¥XX%%% «pj T19REG 210.2 DEG.C
13 QREG3 31. WATTS PDLREGXX%%X¥X KPR
14 PFP 1171.7 KPA/CM PDLDIS**¥%¥¥ KPR TOIHEDX%X%%X DEG.C
15 PrD 357.9 KPAs/CM
16 NBEALE 0.00571
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NASA LEWIS SENSITIVITY TEST DATA RE 1000

BAROM 14.263 PSI REGENERATOR 2

POWER IN
AMPS1 588.
AMPS2 587.
VOLIG 2.60

CALCULATED PARAMETERS

PWRIN 3053.
QCOOLR 1981.
QDSHPT 612.
EXTEFF 22.6
TAVHTR 550.3
INTEFF 25.8
AMPS 1174,
QDISPG 4,
QDISP 18.
QREG1 100.
QREG2 101.
QREG3 31.
PFP 1028.5
PFD 305.5

AMPS.
AMPS
VOLTS

WATTS
WATTS
WATTS
%
DEG.C
%

AMPS
WATTS
WATTS
WATTS
WATTS
WATTS
KPA/CM
KPA/CM

NBEALE 0.00597

HASAR LEWIS SENSITIVITY TEST DATA RE 1000

APPENDIX D.

- CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 2
ENGINE CHARGE PRESSURE

PRESUP 7404. KPA

MEANBP 7005. KPA

MEANCP 7032. KPA
VIBRATION

VX1HOR 0.3 CM/S
VY1VER 7.2 CM/S

PHASE ANGLES

PADISP 84.5 DEG.

PAPRES -15.7 DEG.
ENGINE SPEED

FREQ 32.9 HZ

FREE PISTON STIRLING ENGINE TEST D003,

STANDARD PISTON

GAS TEMPERATURES
TGEXP 6%5.6 DEG.C

492.7 DEG.
92.4 DEG.
47 .9 DEG.
37.2 DEG.

TGREGH
TGREGC
TGCOMP
TGBOUN

REMOTE CALCULATIONS

PWROUT 690. WATT
INDPWR 734, HATT
PISTST 2.01 CM
DISPST 1.86 Cl
DYNAMIC CALCULATION
PAMPC 1043. KPA

DISPCP 2.66 CM
PISTCP 2.41 Cl
PDYNDB 1200. KPA
PDLCLR¥¥X¥XX pa
PDLREGX¥%%XX Kpp
PDLDIS**%¥X¥ KPA

BAROM 14.263 PST REGENERATOR 2 DISPLACER 2 STANDARD PISTON

POWER IN
AMPS1  623.
AMPS2  613.
VOLTG 2.74

CALCULATED PARAMETERS

AMPS
AMPS
VOLTS

PWRIN 3388. WATTS
QCOCQLR 2200. WATTS
QDSHPT 663. WATTS
EXTEFF 22.5 %
TAVHTR 549.7 DEG.C
INTEFF 25.8 7%

AMPS 1236 AMPS
QDISPG WATTS
QDISP 19 WATTS
QREG1 101. WATTS
QREG2 98. HWATTS
QREG3 31. WATTS
PFP 1830.8 KPA/CM
PFD 297.0 KPA/CM
NBEALE 0.00604

NASA LEWIS SENSITIVITY TEST DATA RE 1000

BAROM 164.263 PSI REGENERATOR 2

POWER TN
AMPS1 654,
AMPS2  639.
VOLIG 2.87

CALCULATED PARAMETERS
WATTS

AMPS
AMPS
VOLTS

PWRIN 3706.

QCOOLR 2440. WATTS
QDSHPT 737. WATTS
EXTEFF 22.4 %
TAVHTR 549.1 DEG.C
INTEFF 25.4 %

AMPS 1293. AMPS
QDISPG 4. WATIS
QDISP 19. WARTTS
QREG1 98 . WATTS
QREG2 98. WATTS
QREG3 30. WATTS
PFP 1627 .4 KPA/CM
PFD 280.9 KPA/CM

NBEALE 0.80607

ENGINE CHARGE PRESSURE
P

RESUP 7308. KPA
MEANBP 7019. KPA
MEANCP 7059. KPA

VIBRATION

VX1HOR 0.4 CM/S
VY1VER 7.8 CM/S

PHASE ANGLES
PADISP &4.5 DEG.
PAPRES ~14.8 DEG.

ENGINE SPEED
FREQ 31.9 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 2
ENGINE CHARGE PRESSURE

PRESUP 7129%. KPA

MEANBP 6996. KPA

MEANCP 7028. KPA
VIBRATION

VX1HOR 0.4 CM/S
VYIVER 8.4 CM/5

PHASE ANGLES
PADISP 85.3 DEG.
PAPRES -13.5 DEG.

ENGINE SPEED
FREQ 31.8 HZ

81

GAS TEMPERATURES
TGEXP 713.1 DEG.C

TGREGH 490.5 DEG.
TGREGC 95.4 DEG.
TGCOMP 51.2 DEG.
TGBOUN 37.7 DEG.

REMOTE CALCULATIONS
PWROUT 764. WA
INDPWR 813.
PISTST 2.20 Cn
DISPST 1.97 CM

DYNAMIC CALCULATION
PAUPC 1142. KPA
DISPCP 2.62 Ci
PISTCP 2.38 CM
PDYNDB 1263. KPA
PDLCLR*¥%X¥X KPR
PDLREG¥¥XX¥X Kpj
PDLDIS*X*X%X KPR

STANDARD PISTON

GAS TEMPERATURES
TGEXP 722.9 DEG.C

TGREGH 487
TGREGC 97.
TGCOMP  54.
TGBOUN 38.

REMOTE CALCULATIONS
PWROUT 831.
INDPWR 883.
PISTST 2.39 CM
DISPST 2.06 CM

REC 01/264/84 15:18:18.83 RDG

aQaQan

S
S

S

REC 01/24/84 15:23:18.86 RDG

C
C
C
C

TTS
WATTS

S

REC 01/24/84 15:28:21.86 RDG

.8 DEG.C
4 DEG.C
1 DEG.C
2 DEG.C

WATTS
WATTS

DYNAMIC CALCULATIOHS

PAMPC 1240. KP

DISPCP 2.66 Cﬂ
PISTCP 2.39 CM
PDYNDB 1300. KPA
PDLCLR¥¥XXXX Kph
PDLREGX¥XXX¥ KpPA
PDLDIS*¥XXXX KpA

SURFACE
TO1HTR
TO2HTIR
TO3RIR
TOGHTR
TO5HIR
TO6HTR
TO7HTR
TO8HTR
TOSHTR
T10HTR
TI1HIR
T1ZHTR

551.1
557 .4
559.
566 .
567.
551.
521.
555.
561.
550.
547.
553.

[l SESE RS, E= RN F VN0 R

T13REGX¥%X%X
T14REG 463.5
T15REG 344.0
TI16REGX%XX%X
T17REG 331.1
T18REG 339.3
T1SREG 215.5

TO IHEDR %% %%

SURFACE
TOIHTR 551.
TOZ2HTR 556.
TO3HTR 559.
TO4HTR 545.
TOSHTR 546.
TO6HTR 551.
TO7HTR 519.
TOBHTR 354.
TO9HTR 561.
TI10HTR 550,
T11HTR 546.
T12HTR 552.

HNO OO DN N0 NN

T13IREGH*X¥XX
T14REG 461.0
T15REG 342.3
T16REGHERXRH
T17REG 331.0
T18REG 340.8
T19REG 216.0

T IHED**¥% X%

SURFACE
TOIHTR 551.2
TO2HTR 55%6.2
TO3HTR 560.1
TO4HTR 544.6
TO5HTR 546.6
TO6HTR 5506.1
TO7HTR 517.5
TO8HTR 553.5
TOSHTR 561.9
TI0HTIR 550.3
T11HTR 545.7
T1ZHTR 551.9

T1IREGH¥XX%X
T14REG 460.6
TI15REG 343.1
T16REGRXR%¥H
T17REG 329.5
T18REG 339.7
T19REG 218.5

T O SHEDXX%%%%
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APPENDIX D. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01-24,84 15:33:18.88 RDG 934

FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE
FLODP 4.20 L/NMIN ° AMPS1T 692. AMPS PRESUP 7454. KPA TGEXP 733.3 DEG.C TO1HTR
AtipS2 669. AMPS TOZ2HTIR
TWINDP 16.7 DEG.C VOLTG 3.02 VOLIS MEANBP 7000. KPA TGREGH 488.0 DEG.C TO3HTR
TDLDP 2.81 DEG.C MEANCP 7034. KPA TGREGC 101.2 DEG.C TO4HTR
TWODPR 20.0 DEG.C TGCOMP 59.0 DEG.C TOSHTR
TGBOUN 38.9 DEG.C TO6HTR
TO7HTR
TOZHTR
TO9HTR
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR
FLOCLR 4.23 L/MIN 1 PWRIN 4107. WATTS VX1HOR 0.4 CM/S PHWROUT 919. WATTS T11HTR .
TWINCL 25.1 DEG.C 2 QCOOLR 2715, WATTIS VY1VER 9.1 C/S INDFWR 977 . WATTS T12HTR 550.
TDLCL 9.24 DEG.C 3 QDSHPT 822. WATTS PISTST 2.60 CM
TWOCLR 34.47 DEG.C 4 EXTEFF 22.4 % PHASE ANGLES DISPST 2.19 €M
5 TAVHIR 549.5 DEG.C PEDISP 83.9 DEG. T13REGXXXX%%%
6 INTEFF 25.3 % PAPRES -13.0 DEG. DYNAMIC CALCULATIONS T14REG 458.6
& AMPS 1361. AMPS PAMPC 1339. KPA T15REG 340.1
9 QDISPG 4. WATTS ENGINE SPEED DISPCP 2.70 CM T16REGX***%%
10 QDISP 19. WATTS FREQ 31.7 HZ PISTICP 2.36 CHM T17REG 332.7
11 QREGI1 99. WATTS PDYMNDB 1425. KPA T18REG 338.4
12 QREG2 97. WETTS PDLCLRXX%%%X KpA T19REG 216.6
13 QREG3 30. WATTS PDLREG*»%%XX Kpp
14 PFP 1028.0 KPA/CM PDLDIS*%%%%% KPR TOSHED****%*
15 PFD 276.9 KPAR/CHM
16 NBEALE 0.00621

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:38:18.88 RDG 935

FLUID HELIUM BAROM 14.263 PST REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER 1IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERARTUR
FLODP 4.17 L/MIN AMPS1 724. AMPS PRESUP 7132. KPA TGEXP 746.2 DEG.C T01HTR 554%.5 DEG.
AMPS2 694, AMPS TO2HTR 555.4 DEG.
TWINDP 16.7 DEG.C VOLIG 3.15 VOLTS MEANBP 6990. KPA TGREGH 6487.6 DEG.C TO3HTR 562.4 DEG.
TDLDP 2.99 DEG.C MEANCP 7027. KPA TGREGC 104.2 DEG.C TO4HTR 543.8 DEG.
THODPR 20.3 DEG.C TGCOMP 62.8 DEG.C TO5HTR 546.5 DEG.
TGBOUN 40.0 DEG.C TO6HTR 551.5 DEG.
TQ7HIR .7 DEG.
TOBHTIR .7 DEG.
TO9HTR .6 DEG.
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T1U0HTR .5 DEG.
FLOCLR 4.24 L/MIN 1 PWRIN 4467. WATT VXIHOR 0.4 CM/S PWROUT 981. MWATIS T11HTR .3 DEG.
TWINCL 25.2 DEG.C 2 QCOQLR 2%67. NATTS VYIVER $.7 CM/S INDPWR 1042. WATTS T12HTR .7
TDLCL 10.08 DEG.C 3 QDSHPT 869. WATTS PISTST 2.79 CM
TWOCLR 35.43 DEG.C 4 EXTEFF 22.0 % PHASE ANGLES DISPST 2.30 CM
5 TAVHTR 550.1 DEG.C PADISP 83.7 DEG. T13REGXXXX%%
6 INTEFF 24.9 % PAPRES ~12.2 DEG. DYNAMIC CALCULATIONS T14REG 457.8
8 AMPS 1418. AMPS PAMPC 1422. KPA T15REG 339.7
9 QDISPG 4. WATTS ENGINE SPEED DISPCP 2.71 CM T16REGX*X%%%
10 QDIsP 19. WATTS FREQ 31.5 HZ PISTCF 2.35 CM T17REG 335.1
11 QREG1 9&. WATTS PDYNDB 1519. KPR T18REG 338.7
12 QREGZ 97. WATTS PDLCLR¥*%%X% ©pp T19REG 218.3
13 QREG3 30. WATTS PDLREG¥*¥XXX [pp
14 PFP 1020.0 KPA/CM PDLDIS**%X%¥X KPA TOQ IHED**¥%%%

15 PFD 263.5 KPA/CHM
16 NBEARLE 0.00621

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84% 15:43:18.91 RDG 93¢

FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATUR
FLODP 4.17 L/MIN AMPS1 762. AMPS PRESUP 7470. KPA TGEXP 766.9 DEG.C TOLlHTR 555.6 DEG.
AMPS2 723. AMPS TO2HTR 555.1 DEG.
TWINDP 16.7 DEG.C VOLTG 3.30 VOLTS MERNBP 7007. KPA TGREGH 486.6 DEG.C TO3HTR 563.9 DEG.
TDLDP 3.27 DEG.C MEANCP 7036. KPA TGREGC 107.3 DEG.C TO04HTR 542.8 DEG.
TWODPR 20.5 DEG.C TGCOMP 67.0 DEG.C -~ TOSHTR 7 DEG.
TGROUN 41.2 DEG.C TO6HTR 8 DEG.
TO7HTR .0 DEG.
TOBHTR .7 DEG.
TOSHTR 1 DEG.
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TIOHTR 8 DEG.
FLOCLR 4.2% L/MIN 1 PWRIN 4898. WATTS VX1HOR 0.4 CM/S PWROUT 1651. WATTS T11HTR .3 DEG.
TWINCL 25.2 DEG.C 2 QCOOLR 3294. WATTS VY1VER10.3 CM/S INDPWR 1113. WATTS T12HTR 550.4
TDLCL 11.07 DEG.C 3 QDSHPT 949. WATTS PISTST 2.99 CHM
TWOCLR 36.46 DEG.C 4 EXTEFF 21.5 % PHASE ANGLES DISPST 2.40 CM
5 TAVHIR 550.2 DEG.C PADISP 83.6 DEG. T1IREGHX%%%X
6 INTEFF 24.2 % PAPRES ~11.5 DEG. DYNAMIC CALCULATIONS T14REG 457.2
& AMPS 1485. AMPS ) PAMPC 1531. KPA T15REG 339.7
9 QDISPG 4. WATTS ENGINE SPEED DISPCP 2.73 CM T16REGXXXX¥%%
10 QDISP 20. WATTS FREQ 31.5 HZ PISTCP 2.32 CM T17REG 337.7
11 QREGI1 95. WATTS PDYNDB 1613. KPA T18REG 338.1
12 QREGZ 97 . WATTS:, PDLCLR¥**%%¥%% KPA T1$REG 220.3
13 QREG3 29. WATTIS PDLREGX*X%XX Kpg
14 PFP 1027. 2 KPA/CM PDLDIS¥%%X%X¥% KPR TOIHEDX*¥%%%
%2 PFD 256.0 KPA/CHM

NBEALE ©. 00621 82



LOD?P 4.16 L/MIN
WINDP 16.8 DEG.C
DLDP 3.641 DEG.C
WODPR 20.9 DEG.C
LT TO COOLER

DLCL

LODP’

WINDP 16.9
DLDP 3.60
WODPR 21.1
T TO COOLER
LOCLR 4.27
WINCL 25.4
DLCL 13.30
WOCLR 38.73

LODP 4.20
WINDP 16.9
DLDP 2.18
WODPR 19.5

T TO COOLER

LOCLR 4.24
WINCL 24.9
DLCL 6.26
WOCLR 31.3%

LT TO DASHPOT COOLING

LOCLR 4.29 L/MIN
WINCL 25.3 DEG.C
12.07 DEG.C
WOCLR 37.61 DEG.C

FLUID HELIUM
T TO DASHPOT COOLING
4. MIN

DEG.C
DEG.C
DEG.C

L/MIN
DEG.C
DEG.C
DEG.C

L/MIN

DEG.C
DEG.C
DEG.C

L/MIN
DEG.C
DEG.C
DEG.C

FLUID HELIUM

bt bt et Bt bt
PN OO 00 TP U -

et bt
[e 3%

FLUID HELIUM
T TO DASHPOT COOLING

Fd e bt et et e bt
PR PUNHO OB DU -

NASA LEWIS SENSITIVITY TEST DATA RE 1000

APPENDIX D.

- CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

POWER IN
AMPS1  796.
AMPS2 745,
VOLIG 3.43

CALCULATED PARAMETERS

AMPS
AMPS
VOLTS

PWHRIN 5287. WATTS
QCOOLR 3592. WATTS
QDSHPT 987. WATTS
EXTEFF 21.2 %
TAVHTR 549.1 DEG.C
INTEFF 23.7 7%

RMES 1541. AMPS
QDISPG 4. WATTS
QDISP 21. WATTS
QREG1 94. WATTS
QREG2 94. WATTS
QREG3 29. WATIS
PFP 1024.9 KPA/CM
PFD 240.9 KPA/CM

NBEALE 0.00622

NASA LEWIS SENSITIVITY TEST DATA RE 1000

BAROM 14.258 PSI REGENERATOR 2

POWER IN
AMPS1 836.
AMP32 783,
VOLTG 3.60

CALCULATED PARAMETERS

PWRIN 5831.
QCOOLR 3944.
QDSHPT 1042,

EXTEFF 19.6
TAVHTR 550.0
INTEFF 22.5
AMPS 1618
QDISPG 4.
QDISP 21.
QREG1 92.
QREG2 92.
QREG3 29.
PFP 1032. 2
PFD 236.

AMPS
AMPS
VOLTS

WATTS
WATTS
WATTS
%
DEG.C
7%

AMPS
WATTS
WATTS
WATTS
WATTS
WATTS
KPA/CM
KPA/CM

NBEALE 0.00597

NASA LEWIS SENSITIVITY TEST DATA RE 1000

ENGINE CHARGE PRESSURE

PRESUP 7263. KPA

MEANBP 6991. KPA

MEANCP 7052. KPA
VIBRATION

VX1HOR 0.4 CM/S
VY1VER10.9 CM/S

PHASE ANGLES
PADISP 83.3 DEG.
PRPRES -10.6 DEG.

ENGINE SPEED
FREQ 31.4 HZ

FREE PISTON STIRLING ENGINE TEST D003,

ENGINE CHARGE PRESSURE

PRESUP 7132. KPA

MEANBP 7008. KPA

MEANCP 7069. KPA
VIBRATION

VX1HOR 0.5 CM/S
VY1VER11.6 CM/S

PHASE ANGLES
PADISP 84.5 DEG.
PAPRES -9.7 DEG.

ENGINE SPEED
FRERQ 31.4 HZ

FREE PISTON STIRLING ENGINE TEST D003,

GAS TEMPERATURES
TGEXP 7%$4.8 DEG.C

TGREGH 484.%
TGREGC 109.6
TGCOME 70.9
TGBOUN 42.3

PWROUT 1119.
INDPWR 1168.
PISTIST 3.19
DISPST 2.50

PAMPC
DISPCP 2.78
PISICP 2.26
PDYNDB 1675.
PDLCLR*%XX%%
PDLREGX%X%%X%
PDLDISH¥XH¥XX%

1629.

DISPLACER 2 STANDARD PISTON

DEG.C
DEG.C
DEG.C
DEG.C

REMOTE CALCULATIONS

WATTS
WATTS
M
i

DYNAMIC CALCULATIONS

KPA
cM

cM

KPA
KPA
KPA
KPA

GAS TEMPERATURES
TGEXP 811.7 DEG.C

TGREGH 484.0
TGREGC 113.0
TGCOMP 75.4
TGBOUN 63.1

PWROUT 1144.
INDPWR 1191.
PISTST 3.39
DISPST 2.53

PAMPC 17647.

DISPCP 2.82
PISTCP 2.19
PDYNDB 1763,
PDLCLR¥¥XXXX%
PDLREG*%%%%%
PDLDISX%¥%%%

BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

POWER IN
AMPS1 564.
AMPS2 560.
VOLIG 2.50

CALCULATED PARAMETERS
WAT

PWRIN 2812.
QCOQLR 1842.
QDSHPT 637.
EXTEFF 22.8
TAVHTR 600.0
INTEFF 25.8
AMPS 1124,
QDISPG XX %% %%
QDISP *XXX%%
QREG1 115.
QREG2 1l1.
QREG3 35,
PFP 1064.90
PFD 363.2

AMPS
AMPS
VOLTS

NATTS
WATTS
%
DEG.C
%

AMPS
WATTS
WATTS
WATTS
WATTS
WATTS
KPA/CM
KPA/CHM

NBEALE (.00615

ENGINE CHARGE PRESSURE

PRESUP 7105. KPA

MEANBP 6989. KPA

MEANCP 7025. KPA
VIBRATION

VXIHOR 0.3 CM/S
VY1VER 6.6 CM/S

PHASE ANGLES.
PADISP 82.5 DEG.
PAPRES -18.2 DEG.

ENGINE SPEED
FREQ 32.3 HZ

83

DEG.C
DEG.C
DEG.C
DEG.C

REMOTE CALCULATIONS

WATTS
WATTS
CH
cM

DYNAMIC CALCULATIONS

KPA
cM

[ojy]

KPA
KPA
KPA
KPA

GAS TEMPERATURES
TGEXPXXX%X¥X DEG.C

TGREGH 542.8

TGREGC $3.8
TGCOMP 66.4
TGBOUN 39.9

DEG.C
DEG.C
DEG.C
DEG.C

REMOTE CALCULATIONS

PWROUT 640. WATTS
INDPWR 695. WATTS
PISTST 1.79 CM
DISPST 1.73 CM
DYNAMIC CALCULATIONS
PAMPC 945. KPA
DISPCP 2.60 CM
PISTCP 2.38 CH
PDINDB 1088. KPA
PDLCLR¥XXXXX Kpj
PDLREGX**¥X¥X Kpj
PDLDIS**XXX% KPA

SURFACE TEMPERATURES

REC 01/24/84 15:48:18.91 RDG 937

SURFACE TEMPERATURES

TOL1HTR 555.3 DEG.C
TO02HTR 553.4 DEG.C
TO3HTR 563.6 DEG.C
TO04HIR 540.9 DEG.C
TOSHTIR 545.2 DEG.C
TO6HTR 550.7 DEG.C
TO7HTR 510.3 DEG.C
TO8HTR 553.8 DEG.C
TOSHTR 564.8 DEG.C
TIQHTR 5564.3 DEG.C
T11HTR 548.3 DEG.C
T1ZHTR 548.8 DEG.C

T13REG¥¥¥%%¥ DEG.
T14REG 453.6 DEG.
T15REG 337.9% DEG.
T16REGX¥X¥X¥ DG,
T17REG 338.8 DEG.
T18REG 337.9 DEG.
T19REG 222.1 DEG.

TOIHED®XX%¥% DEG.

Q aaaaaaa

REC 01/24s84 15:51:21.91 RDG 938

SURFACE TEMPERATURES

TO1HIR 556.4 DEG.C
TO2HTR 554.2 DEG.C
TO3HTR 565.6 DEG.C
TOG&HTR 540.9% DEG.C
TGSHTR 346.1 DEG.C
TO6HTR 551.1 DEG.C
TO7HTR 509.1 DEG.C
TG8HTR 555.1 DEG.C
TO9HTR 566.5 DEG.C
T10HTR 555.6 DEG.C
T11HTR 549.8 DEG.C
T12HTR 549.6% DEG.C

T13REGX*X¥%%X DEG.
T14REG 453.3 DEG.
TL5REG 339.9 DEG.
TL6REGX¥¥X¥¥ DEG.
TI17REG 340.2 DEG.
T18REG 339.7 DEG.
T19REG 226.3 DEG.

Q aaaoaaaoaaa

TO3HEDX¥*%X%X DEG.

REC 01/264/84 16:00:18.91 RDG 939

TO1HTR 601.8 DEG
TO2HTR 606.0
TO3HTIR 609.
TO4HTR 595.
TO5HTR 596.
TOGHTR 603.
TO7HTR 569.
TO8HTR 606.
TOGHTIR 609.
TI0HTR 601.
TI11HTR 597.
TL2HTR 603.

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

NP OLPNN= OO
aaaaaanaaaaa

TLI3REGXX*X¥% DEG,
TI4REG 505.8 DEG.
T15REG 371.1 DEG.
TL6REGX¥¥¥XX DEG.
TL17REG 363.5 DEG.
T18REG 369.2 DEG.
TL9REG 227.3 DEG.

TO3IHEDX*X%%XX DEG.

Q QQOQQQa




APPENDIX D. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D063, REC 01/24/84 16:05:21.91 RDG 940

FLUID HELIUM BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPQOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE

FLODP 4.25 L/MIN AMPS1 619. AMPS PRESUP 7476. KPA TGEXP1030.6 DEG.C TO1HTR 599.3 DEG.C

AMPS2  577. AMPS TO0Z2HTR .C

TWINDP 16.9 DEG.C VOLTG 2.67 VOLTS MEANBR 7007. KPA TGREGH 537.5 DEG.C TO3HTR .C

TDLDP 2.15 DEG.C MEARNCP 7052. KPA TGREGC 95.6 DEG.C TO4HTR .C

TWODPR 19.7 DEG.C TGCOMP 48.3 DEG.C TO5HTR .C

TGBOUN 3%.3 DEG.C TO6HTR .C

TO7HTR .C

TO3HTIR .C

TOSHTR .C

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR .C

FLOCLR 4.24 L/MIN 1 PWRIN 3189. WATTS VX1HOR 0.3 CM/S PWROUT 738. WATTS T11HTR . .C

TWINCL 24.8 DEG.C 2 QCOOLR 19%76. WATIS VYIVER 7.3 /S INDPWHR 802. WRTTS T12HTR 600, .C
TDLCL 6.71 DEG.C 3 QDSHPT 635. WATTS PISTST 2.00 CM
TWOCLR 31.85 DEG.C 4 EXTEFF 23.1 % PHASE ANGLES DISPST 1.86 CM

5 TAVHIR 597.7 DEG.C PADISP 83.1 DEG. T13REGHHKARK .C

6 INTEFF 27.2 % PAPRES ~17.1 DEG. DYNAMIC CALCULATIONS T14REG 503.9 .C

8 AMES 1196. AMPS PAMPC 1043. KPA T15REG 372.4 .C

9 QDISPG 6. WATTS ENGINE SPEED DISPCP 2.62 CM T16REGXX¥%%X .C

10 QDISP 28. WATTS FREQ 32.2 HZ PISTCP 2.43 CM T17REG 360.5 .C

11 QREG1 111. WATTS PDYNDB 1163. KPA TI18REG 367.8 .C

12 QREG2 110. WATTS PDLCLR¥¥%%%% Kpj T19REG 230.4% .C
13 QREG3 34. WATTS PDLREGX%¥¥X% KPa

14 PFP 1036.2 KPA/CHM PDLDIS**X%¥%X KPR TO3HED**%¥%% .C

15 Prp 332.4 KPA/CH
16 NBEALE 0.00638

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC €1/24/84 16:10:18.91 RDG

FLUID HELIUM BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE
FLODP %.35 L/MIN AMPS1 6606, AMPS ' PRESUP 7124. KPA TGEXP 986.8 DEG.C TO1HTR .7 .C
AMPS2 601, AMPS TOZ2HTR .8 .C
TWINDP 16.9 DEG.C VOLTIG 2.81 VOLTS MEANBP 6999. KPA TGREGH 536.7 DEG.C TO3HTR .6 .C
TDLDP 2.28 DEG.C MEANCP 7045. KPA TGREGC 97.4 DEG.C TO04HTR .1 .C
TWODFR 19.8 DEG.C TGCOMP 51.3 DEG.C TOS5HTR .2 .C
TGBOUN 39.0 DEG.C TO6HTR .5 .C
TO7HTR .6 .C
TOBHIR .3 .C
TO9HTR .3 .C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR .3 .C
FLOCLR 4.22 L/MIN 1 PWRIN 3547, WA VX1HOR 0.4 CM/S PWROUT 822. WATITS T11HTR .1 .C
TWINCL 24.8 DEG.C 2 QCOOLR 2199. NATTS VYIVER 7.9 Ci/S INDPWR 392. WATTIS T12HTR 602.9 .C
TDLCL 7.51 DEG.C 3 QDSHPT 690. WATTS PISTST 2.19 CM
TWOCLR 32.55 DEG.C 4 EXTEFF 23.2 % PHASE ANGLES DISPST 1.97 CM
5 TAVHTR 599.5 DEG.C PADISP 33.9 DEG. T13IREG¥*¥Xx%X .C
6 INTEFF 27.2 % PAPRES -15.8 DEG. DYNAMIC CALCULATIONS T14REG 505.4 .C
8 AMPS 1261. AMPS PAMPC 1132. KPA T15REG 374.0 .C
9 QDISPG 5. WATIS ENGINE SPEED DISPCP 2.64% CM T16REGX¥¥XX%¥ .C
10 QDISP 27 . WATTIS FREQ 32.2 HZ PISTCP 2.44 CN T17REG 360.6 .C
11 QREG1 110. WATTIS PDYNDB 1288. KPR T18REG 369.3 .C
3¢ QREG2 110. WATTS PDLCLR¥XXX%XX KPR T19REG 233.3 .C
13 QREG3 34. WATTS PDLREG*X¥%%% KPA
14 PFP 1025.3 KP&A/CM PDLDIS*%%*%X KPA T O SHEDXXXX%¥% .C
15 PFD 315.8 KPA/CM
16 NBEALE 0.00649

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON‘STIRLING ENGINE TEST D003, REC 01/24/86¢ 16:15:18.94 RDG 942

FLUID HELIUM BAROM 16.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON
HEAT TO DASHPOT COOQLING POWER IN "ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES

FLODP 4.34 L/MIN EMPS1 696, AMPS PRESUP 7458. KPA TGEXP 951.3 DEG.C TO1HTR 602.5 DEG.
AMPS2 631. AMPS TG2HTR 607.0 DEG.

TWINDP 16.9 DEG.C VOLIG 2.96 VOLIS MEANBP 69%6. KPA TGREGH 535.0 DEG.C TO3HTR 612.0 DEG.
TDLDP 2.48 DEG.C MEANCP 7047. KPA TGREGC 100.2 DEG.C . TO4HTR 59%3.9 DEG.
TWODPR 26.0 DEG.C TGCOMP 54.6 DEG.C TOSHTR 597.7 DEG.
TGBOUN 39.4 DEG.C TO6HTR 601.2 DEG.

\I-D\D\JU\IN\‘\DOQU'\
aaaaoaoaaaaaa

TO7HTR 566.7 DEG.
TO8HTR 604.3 DEG.
TO9HTR 611.7 DEG.
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 601.9 DEG.
FLOCLR 4.24 L/MIN 1 PHRIN 3929. WATTIS VX1HOR 0.4 CM/S PWROUT 908. WATTS T11HTR 596.4¢ DEG.
TWINCL 24.9 DEG.C 2 QCOOLR 2471. WATIS VY1VER 8.6 CM/S INDPWR 988. WATTS T12HTR 602.
TDLCL 8.39 DEG.C 3 QDSHPT 750. WATTS PISTST 2.40 CM
THWOCLR 33.45 DEG.C 4 EXTEFF 23.1 % PHASE ANGLES DISPST 2.09 CM
5 TAVHTR 599.8 DEG.C PADISP 83.8 DEG. T13IREGHX¥H%H .C
6 INTEFF 26.9 % PAPRES ~14.9 DEG. DYNAMIC CALCULATIONS T14REG 504.3 .C
8 AMPS 1327. AMPS PAMPC 1245. KPA T15REG 373.6 .C
9 QDISPG 5. WATTS ENGINE SPEED DISPCP 2.61 CHM T1EREG¥AX¥%¥ .C
10 QDISP 25, WATTS FREQ 32.0 HZ PISTCP 2.45 CM T17REG 360.1 .C
11 QREG1 110. WATTS PDYNDB 1375, KPA T18REG 370.5 .C
12 QREG2 108. WATIS PDLCLR¥%%XXX KPJ T19REG 234.8 .C
13 QREG3 34, WATTS PDLREG¥®X%%XX KPR
14 PFP 1033. 5 KPA/CM PDLDIS¥**¥XXX KPA TOIHED® ¥ %X %% .C
15 PFD 308.4 KPA/CM
16 NBEALE 0. 00659 84




NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

EAT TO DASHPOT COQLING

FLODP 4.34 LsMIN
TWINDP 16.9 DEG.C
TDLDP 2.75 DEG.C
WODPR 20.3 DEG.C
EAT TO COOLER
FLOCLR 4.26 L/MIN
TWINCL 25.0 DEG.C
TDLCL 9.20 DEG.C
TWOCLR 34.45 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

HOWOO NP LN

—
~N

FLUID HELIUM

EAT TO DASHPOT COOLING
FLODP 4.33 L/MIN

TWINLP 16.9% DEG.C
TDLDP 2.97 DEG.C
TWODPR 20.5 DEG.C
EAT TO COOLER

FLOCLR 4.27 L/MIN
TWINCL 25.1 DEG.C
TDLCL 10.10 DEG.C
TWOCLR 35.40 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM
AT TO DASHPOT COOLING

FLODP 4.32 L/MIN
TWINDP 17.0 DEG.C
TDLDP 3.24 DEG.C
TWODPR 20.8 DEG.C
AT TC COOLER

FLOCLR 4.25 L/MIN
TWINCL 25.1 DEG.C
TDLCL 11.1% DEG.C
TWOCLR 36.56 DEG.C

—
N OWRNUTD WU

bt et
AU

APPENDIX D. - CONTINUED.

BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2

POWER IN

AMPS1 730. AMPS
AMPS2Z 660. ANMPS
VOLTG 3.10 VOLTS

CALCULATED PARAMETERS

PURIN 4314. WATTS
QCOOLR 2723. WATTS
QDSHPT 831. WATTS
EXTEFF 23.2 4
TAVHTR 59%9.0 DEG.C
INTEFF 26.9 %

AMPS 1390. AMPS
QDISPG 5. WATTS
QDISP 24. WATTS
QREG1 108. WATTS
QREG2 107. WATTIS
QREG3 33. WATTS
PFP 1029.1 KPA/CHM
PFD 301.7 KPA/CHM

NBEALE 0.00674

BAROM 14.258 PSI REGENERATOR 2

POWER IN

AMPSL 765. AMPS
AMPS2 689. AMPS
VOLTG 3.25 VOLTS

CALCULATED PARAMETERS

PWRIN 4725. WATTS
QCOOLR 29%1. WATTS
RDSHPT 895. WATTS
EXTEFF 23.2 %
TAVHTR 599.1 DEG.C
INTEFF 26.8 %

AMPS 1455. AMPS
QDISPG 5. WATTS
QDISP 24 . WATTS
QREG1 106. WATTS
QREG2 108. WATTS
QREG3 33. WATTS
PFP 1026.6 KPA/CM
PFD 2%6.6¢ KPA/CM
NBEALE 0.00688

BAROM 16.258 PSI REGENERATOR 2

POUER IN

AMPS1 803. AMPS
AMPS2 721. AMPS
VOLTG 3.40 VOLTS

CALCULATED PARAMETERS

PWRIN 5185. WATTS
QCOOLR 3303. WATTS
QDSHPT 975. WATTS
EXTEFF 22.9 %
TAVHTR 598.9 DEG.C
INTEFF 26.% 4%

AMPS 1524. RMPS
QRDISPG 5. WATTS
QDISP 24 . WATTS
QREGL 105. WATTS
QREG2 107. WATTS
QREG3 33. WATTS
PFP 1032.1 KPA/CM
PFD 284.2 KPA/CHM

NBEALE 0.00693

FREE PISTON STIRLING ENGINE TEST D003,

ENGINE CHARGE PRESSURE

PRESUP 7459. KPA
MEANBP 7007. KPA
MEANCP 7059. KPA
VIBRATION
VX1HOR 0.5 CM/S
VY1VER 9.2 Cti/S

PHASE ANGLES
PADISP 83.7 DEG.
PAPRES -14.3 DEG.

ENGINE SPEED
FREQ 31.9 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 2
ENGINE CHARGE PRESSURE

PRESUP 7439. KPA

MEANBP 6982. KPA

MEANCP 7031. KPA
VIBRATION

VX1HOR 0.5 CM/S
VYIVER 9.9 CM/S

PHASE ANGLES
PADISP 82.5 DEG.

PAPRES ~13.6 DEG.
ENGINE SPEED
FREQ 31.6 HZ

FREE PISTCON STIRLING ENGINE TEST D003,

DISPLACER 2 S
ENGINE CHARGE PRESSURE

PRESUP 7141. KPA

MEANBP 7036. KPA

MEANCP 7105. KPA
VIBRATION

VX1HOR 0.5 CM/S
VYIVER10.5 CM/S

PHASE ANGLES
PADISP 82.9 DEG.
PAPRES -12.8 DEG.

ENGINE SPEED
FREQ 31.7 HZ
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STANDARD PISTON

GAS TEMPERATURES
TGEXP $00.7 DEG.C

TGREGH 532.2 DEG.C
TGREGC 103.1 DEG.C
TGCOMP 58.6 DEG.C
TGBOUN 40.2 DEG.C

REMOTE CALCULATIONS
PWROUT 1001. WATTS
INDPKHR 1078. HWATIS
PISTST 2.59 CM
DISPST 2.20 CM

DYNAMIC CALCULATIONS
PAMPC 1339. KPA
DISPCP 2.68 CM
PISTCP 2.48 CM
PDYNDB 1450. KPA
PDLCLR¥*%%X%X KP}
PDLREGX¥%*%X KPR
PDLDIS*X*%X¥X KPA

STANDARD PISTON

GAS TEMPERATURES
TGEXP 898.6 DEG.C

TGREGH 532.0 DEG.C
106.5 DEG.C
62.7 DEG.C
40.7 DEG.C

TGREGC
TGCOMP
TGBOUN

REMOTE CALCULATIONS
PWROUT 1095.
INDPWR 1171.
PISTST 2.81 CM
DISPST 2.32 CM

DYNAMIC CALCULATIONS

PAMPC 1437. KPA
DISPCP 2.70 CM
PISTCP 2.66 CHM
PDYNDB 1500. KPA
PDLCLR¥*¥XXX% KPR
PDLREGX¥%X%X Kpp
PDLDIS¥*%%¥X KPA

TANDARD PISTON

GAS TEMPERATURES
TGEXP 921.7 DEG.C

TGREGH 531.06 DEG.C
TGREGC 116¢.4 DEG.C
TGCOMP 67.4 DEG.C
TGBOUN 42.1 DEG.C

REMOTE CALCULATIONS
PWROUT 1187. WATIS
INDPWR 1260. WATIS
PISTST 2.99 CH
DISPST 2.42 Cl

DYNAMIC CALCULATIONS
PAMPC 1548. KPA
DISPCP 2.72 CM
PISTCP 2.41 CM
PDYNDB 1588. KPA
PDLCLRX%%X%XX KPR
PDLREGX¥¥%%¥ KPR
PDLDISX*%%XX KPR

REC 01/24/84 16:24:31.06 RDG

WATTS
WATTS

REC 01/24/8% 16:32:22.08 RDG

SURFACE

TOLHTR
TOZHTIR
TO3HTR
TO4HTR
TO5HETR
TO6HIR
TO7HTR
TOBHTR
TOSHTR
T10HTR
T11HTR
T12HTIR

602.5
605.8
612.
592,
5%7.
600.
564.
602.
611.
601.
595.
601.

W10 00 8 I UT - G I W

T13IREGRH¥X%%
T14REG 502.8
T1SREG 373.7
T16REGX%X%¥%X
T17REG 359.9%
T18REG 370.5
T19REG 237.4

TOIHEDXX¥X%X%

REC 01/26/86 16:28:19.08 RDG 9

SURFACE
TOLHTR
TO2HTR
TO3HTR
TQ4HTR
TOSHTR
TO6HTR
TO7HTR
TOBHTR
TOSHTR
T10HTR
T11HTR
T12HTR

603.5
606.9
612,
591.
596.
5989.
563.
603.
613.
602,
5%7.
600.

L sl AV E (S =RV N ¢ SR R,

T13IREGHXX¥X¥X%
T14REG 501.¢
T15REG 371.8
TIGREGX¥¥%¥X
T17REG 362.9
TI18REG 367.9
T19REG 237.5

TOSHEDX¥X%%%
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TO1HTR
TO2HTIR
TO3HTR
TO4HTR
TOSHTR
TO6HTR
TO7HTR
TOBHTR
TOYHTR
T10HTR
T11HTR
T12HTR

604.3
606.0
613.6
590.8
596.2
599.8
560.6
603.5
614.0
603.4
597.8
599%.2

T13IREGKX¥X%%
TI4REG 499.3
T15REG 370.6
TI16REG¥¥%XK%
T17REG 365.1
T18REG 367.9
T19REG 238.3

TOIHED¥XXX%%%
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DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

DEG.
DEG.
DEG.
DEG.
DEG.

DEG.

DEG.
DEG.
DEG.
DEG.
DEG.

DEG.

DEG.
DEG.
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NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT CQOLING POWER IN
FLODP 4.30 L/MIN AMPS1 829. AMPS
AMPS2 758. AMPS
TWINDP 17.1 DEG.C VYOLTG 3.54 VOLTS
TDLDP 3.45 DEG.C
TWODPR 21.1 DEG.C

HEAT TO COOLER CALCULATED PARAMETERS

FLOCLR %.27 L/MIN 1 PHRIN 5619. WATTS
TWINCL 25.2 DEG.C 2 QCOOLR 3587. WATTS
TDLCL 12.16 DEG.C 3 QDSHPT 1034¢. WATTS
TWOCLR 37.42 DEG.C 4 EXTEFF 22.7 %
5 TAVHTR 600.1 DEG.C
6 INTEFF 26.2 %
& AMPS 1587 . AMPS
3 QDISPG 5. WATTS
10 QDISP 26. WATTS
11 QREG1 107. WATTS
12 QREG2 104. WATTS
13 RREG3 32. WATTS
14 PFP 1036.2 KPA/CM
15 PFD 278.1 KPA/CM
16 NBEALE 0.00702

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT 10 DASHPOT COOLING POUWER IH
FLODY 4.33 L/MIN AMPS1 844, AMPS
AMPS2 805. AMPS
TWINDP 17.1 DEG.C VOLTG 3.68 VOLTS
TDLDP 3.67 DEG.C
TWODPR 21.4 DEG.C

HEAT TO COOLER CALCULATED PARAMETERS
WATTS

FLOCLR 4.27 L/MIN 1 PWRIN 6067.
TWINCL 25.2 DEG.C 2 QCOOLR 3910. WATTS
TDLCL 13.21 DEG.C 3 QDSHPT 1106. WATTS
TWOCLR 38.48 DEG.C 4 EXTEFF 22.1 %
5 TAVHTR 600.4 DEG.C
6 INTEFF 25.5 %
8 AMPS 1649. AMPS
9 QDISPG 5. WATTS
10 QDISP 26 . WATTS
11 QREGI1 105. WATTS
12 QREG2 103. WATTS
13 QREG3 32. WATTS
14 PFP 10646.3 KPA/CM
15 PFD 272.4 KPAs/CM

16 NBEALE 0.00697

NASA LEWIS SENSITIVITY TEST DATA RE 10080

FLUID HELIUM

HEAT TO DASHPOT COOLING POUWER IN
FLODP 4.31 L/MIN AMPS1 859. AMPS
AMPS2 865. AMPS
TWINDP 17.2 DEG.C VOLTG 3.86 VOLTS
TDLDP 3.92 DEG.C
TWODPR 21.7 DEG.C

HEAT TQ COOLER
FLOCLR 4.28 L/MIN
TWINCL 25.2 DEG.C
TDLCL 14.69% DEG.C
TWOCLR 39.99 DEG.C

CALCULATED PARAMETERS
PWRIN 6649. WATTS
QCOOLR 4363. WATTS
QDSHPT 1176. WATTS
EXTEFF 21.1 %
TAVHIR 604.1 DEG.C
INTEFF 24.3 %

AMPS 1724. AMPS
QDISPG 3. WATTS
QDISP 15. WATTS
QREG1 102. WATTS
QREG?2 103, WATTS
QREG3 32. WATTS
PFP 1077.5 KPA/CM
PFD 279.5 KPA/CM
NBERLE 0.006383
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APPENDIX D.

BAROM 14.258 PSI REGENERATOR 2

BAROM 14.258 PSI REGENERATOR 2

~ CONCLUDED.

FREE PISTON STIRLING ENGINE TEST D003,

ENGINE CHARGE PRESSURE

PRESUP 7448.

MEANBP
MEANCP

7005.
70872.

"VIBRATION

VX1HOR 0.6 CM/S
VY1VER11l.2 CM/S

PHASE ANGLES

PADISP 82.1 DEG.
PAPRES -12.2 DEG.

ENGINE SPEED
FREQ 31.6 HZ

DISPLACER

EPA

KPA
KPA

FREE PISTON STIRLING ENGINE TEST D003,

2

ENGINE CHARGE PRESSURE

PRESUP 7445.

MEANBP 6998.
MEANCP 7074.

VIBRATION
VX1HOR 0.6 CM/S
VY1VER11.8 CM/S

PHASE ANGLES

PADISP 82.4 DEG.
PAPRES -11.4 DEG.

ENGINE SPEED
FREQ 31.6 HZ

DISPLACER

KPA

KPA
KPA

FREE PISTON STIRLING ENGINE TEST D003,

2

ENGINE CHARGE PRESSURE

PRESUP 71l12z.

MEANBP
MEANCP

6998.
7094.

VIBRATION
VX1HCR 0.6 CM/3
VY1VER1Z.5 CM/S

PHASE ANGLES

PADISP 8l.6 DEG.
PAPRES -10.7 DEG.

ENGINE SPEED
FREQ 31.7 HZ

KPA

KPA
KPA

BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON

GAS TEMPERATURES
TGEXP 969.6 DEG.C

TGREGH 531.8 DEG.C
TGREGC 113.5 DEG.C
TGCOMP 70.9 DEG.C
TGBOUN 42.9 DEG.C

REMOTE CALCULATIONS

PWROUT 1274. WATTS
INDPWR 1348. WATTS
PISTST 3.19 CM
DISPST 2.53 CM

DYNAMIC CALCULATIONS

PAMPC 1644. KPA
DISPCP 2.80 CM
PISTICP 2.30 CM
PDYNDB 1700. KPA
PDLCLR¥¥¥%X¥ KPR
PDLREGXXX¥XX¥ Kpn
PDLDIS*¥%¥%¥% KPA

STANDARD PISTON

GAS TEMPERATURES
TGEXP1005.3 DEG.C

TGREGH 531.1 DEG.C
TGREGC 117.2 DEG.C
TGCOMP 75.3 DEG.C
TGBOUN 43.5 DEG.C

REMOTE CALCULATIONS

PWROUT 1340. WATTS
INDPHR 1410. WATTS
PISTST 3.38 CM
DISPST 2.57 CM

DYNAMIC CALCULATIONS

PAMPC 1757. KPA
DISPCP 2.82 CM
PISTCP 2.19 CM
PDYNDB 1763. KPA
PDLCLR*¥%X¥X Kpa
PDLREG*X%X%% Kpp
PDLDIS¥%X%¥% 178

STANDARD PISTON

GAS TEMPERATURES
TGEXP 605.1 DEG.C

TGREGH 532.2 DEG.C
TGREGC 121.7 DEG.C
TGCOMP 80.3 DEG.C
TGBOUN 44.7 DEG.C

REMOTE CALCULATIONS

PWROUT 1400. WATTS
INDPWR 16495. WATTS
PISTST 3.60 CM
DISPST 2.53 CM

DYNAMIC CALCULAngNS

PAMPC 1919. K

DISPCP 2.89 CM
PISTCP 2.04 CM
PDYNDB 1888. KPA
PDLCLR¥**¥*X%X KPR
PDLREGXXX%%XX PR
PDLDIS*X*%X¥¥* KPR

REC 01/26/8% 16:35:28.08 RDG 946

SURFACE TEMPERATUR
TOLHTR 607. EG.
TO2HTR 603.
TO3HTR 616.
TO4HTR 5930,
TOSHTR 596.
TO6HTR 602.
TO7HTR 558.
TOBHTR 606.
TOSHTR 615.
T10HTR 606.
T11HTR 599%.
TI2HTR 59%99.

ORI~V PTG

T13REG*¥XX%X% DEG.
T14REG 497.7 DEG.
T15REG 368.7 DEG.
T16REGX¥¥¥%¥ DEG.
T17REG 370.2 DEG.
T18REG 369.9 DEG.
T19REG 238.2 DEG.

TOIHEDX**¥¥%% DEG.

REC 01/24/84 16:37:28.08 RDG 947

SURFACE TEMPERATUR
0 G.

TO1HTR 608.8 DE
TOZHTR 603.4 DEG.
TO3HTR 617.5 DEG.
TO4HTR 589.7 BEG.
TO5HTR 596.9 DEG.
TO6HTR 602.3 DEG.
TO7HTR 557.6 DEG.
TOBHTR 604.9
TOSHTR 616.2
T10HTR 607.7
T11HTR 600.4%
T12HTR 599.0

T13REGX*%%%¥ DEG.
T14REG 498.2 DEG.
T15REG 371.0 DEG.
T16REGX¥X*¥X* DEG.
T17REG 372.2 DEG.
T18REG 371.5 DEG.
T19REG 242.1 DEG.

TO3HED**¥¥%* DEG.

REC 0172484 16:40:31.08 RDG 948

SURFACE TEMPERATUR
TOLIHTR 612.9 DEG.
TO02HTR 607.0 DEG.
TO3HTR 622.4 DEG.
TO4HTR 5%2.7
TOSHTR 601.0
TO6HTR 605.5
TO7HTR 559.8
TOBHTR 608.5
TOSHTR 621.0
T10HTR 612.1
T11HTR 604.4
T12HTR 602.3

T13REGX*%X¥XX DEG.
T14REG %499.2 DEG.
T15REG 372.6 DEG.
T16REGX*¥%%* DEG.
T17REG 373.7 DEG.
TI8REG 372.0 DEG.
T19REG 246.0 DEG.

TO3HEDX¥X¥%% DEG.
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TABLE I. - NUMBER OF DATA POINTS PER CONFIGURATION

[Regenerator and displacer 1 were designed for
high efficiency. Regenerator and displacer 2
were designed for high power.]

Regenerator | Displacer Power | Working Number of

piston fluid data points
No. 1 No. 1 Std Helium 150
No. 1 No. 2 174
No. 2 No. 2 l 189
No. 2 No. 1 108
No. 1 Argon 12
No. 1 i Nitrogen 64
No. 1 Light | Helium 84




TABLE II.

Number of cylinders . .
Housing weight, Kg (1b)
Type . .
Design
Design

working fluid
frequency, Hz

Design pressure, Mpa . .
Bounce space volume, m3 (1n 3)
Design power, W . .

Design displacer phase ang]e

Cylinder bore, cm (in.) .

Maximum displacer 1 stroke, cm (in.)
Displacer 1 Tength, cm (in.)
Maximum displacer 2 stroke, cm (in.)
Displacer 2 length, cm (in.)
Maximum power piston stroke, cm (in.) .
Cooler
Description . ..
Passage width, cm (in.)
Passage depth, cm (in.)
Length, cm (in )
Flow area, cm? (in. 2) .
Wetted per1meter cm (in.) .
Volume, cm3 (in.3) . . .

Heater
Description
Tube material
Number of tubes
Tube length, cm (in.) e
Tube inside diameter, mm (in.) .
Tube outside diameter, mm (in.)
Design maximum wall temperature,

Regenerator i
Length containing wire mesh, cm (in.)
OQutside diameter, c¢cm (in.) . .

Inside diameter, cm (in.) . . .
Inner wall thickness, cm (in.) . .
Matrix material ..
Wire diameter, mm (in.) . . . . .
Porosity, regenerator 1, percent
Porosity, regenerator 2, percent .
Weight of matrix, regenerator 1, g (1b
Weight of matrix, regenerator 2, g (1b

.....

.—l_—l
.

Pistons
Standard power piston oscillating mass,
Light power piston oscillating mass, kg
Power piston diameter, cm (in.)

89

°¢ (°F) .

- DESCRIPTION OF THE GEOMETRY OF THE RE-1000

. 1

. . 416 (917)
free p1ston with dashpot
.. .. helium

. 30

. .. 1.0

. 20 500 (1250)

1000

.. 45

5 722 (2.2527)

4.01 (1.579)
..... 15.21 (5.99)
5.18 (2.039)
14.05 (5.53)

4.35 (1.713)

135 rectanguliar gas passages
0.0508 (0.020)

. 0.376 (0.148)

7.92 (3.118)

. 2.58 (0.400)

115.2 (45.354)

. 20.42 (1.246)

. . tubular

. Inconel 718

. . . 34
.. 18 34 (7.220)
. . 2.362 (0.093)
. 3.175 (0.125)
650 (1202)

. 6.446 (2.538)
7.18 (2.825)

6.07 (2.391)

. 0.13 (0.05)

. . . 304SS Metex
. 0.0889 (0.0035)
75.9
.. . 81.2
139 (0.31)
108 (0.24)

...............

5.97 (13.17)
. 3.48 (7.67)
5.718 (2.2514)

kg (1b)
(1b)




TABLE II. - Continued

Displacer 1 mass, kg (1b). . . . . . . . « « . « « « . « . . . 0.426 (0.939)
Displacer 1 diameter, cm (in.) . . . . . . . . . . . . . . . . 5.67 (2.232)
Displacer 1 rod diameter, ¢cm (in.) . . . . . .« . « . « . . . 1.663 (0.6548)
Displacer 1 bore, ecm (in.) . . . . . . . . « « v « « - - . . 1.666 (0.6560)
Displacer 2 mass, kg (1b) . . . ... ... ... ......0.381 (0.840)
Displacer 2 diameter, cm (in.) . . . . . . . . . . . . . . . . 5.67 (2.232)
Displacer 2 rod diameter, ¢cm (in.) . . . . . . . . . . . . . 1.806 (0.7110)
Displacer 2 bore, ecm (in.) . . . . . . . . . . . . . . .. . 1.808 (0.7118)
Dead volumes
Displacer 1/cylinder annular gap, c¢m3 (in.3) . . . . . . . . . . 9.83 (0.60)
Displacer 2/cylinder annular gap, c¢cm3 (in.3) . . . . . . . . . . 8.36 (0.51)
Expansion space ‘instrumentation ports, cm3 (in.3) . . . . . . . 1.64 (0.10)
Expansion space to heater tube junction, cm3 (in.3) . . . . . . 3.80 (0.23)
Heater tubes, em3 (in.3) . . . . . . . .. . ... e e ... 27.4 (1.67)
Heater tube to regenerator plenum junction, cm3 (in. 3) .« . . . 5.90 (0.36)
Regenerator hot end plenum, cm3 (in.3) . . .. .. . e e . . . . 470 (0.25)
Regenerator plenum ring, cm3 (in.3) . . . . . . . . . ... .. 0.83 (0.05)
Instrumentation ports (heater/regenerator), cm3 (1n 3) . . . . . 1,64 (0.10)
Regenerator 1, em3 (in.3) . . . . . . . . . . .. . e . . . . . 56.1 (3.42)
Regenerator 2, ¢cm3 (in.3) . . . . . . . . . . .. e e e e . . . 89.1 (3.87)
Regenerator cold end plenum, cm3 (in 3) ..... .« o« . . . 4.23 (0.26)
Instrumentat1on ports (regenerator/coo]er), cm3 (in. 3) <. ... 3,41 (0.21)
Cooler, cm3 (in.3) . e e e e 20 42 (1.25)
Cooler plenum at the compression space m3 (in.3) e e e . . . T1.15 (0.44)
Compression space 1nstrumentat10n ports, cm3 (in.3) . . . . . . 3.15 (0.19)
Cylinder ports, cm3 (in.3) . e e e e e e e e e ... . 1.21 (0.07)
Piston/spider clearance, cm3 (in 3) .. e e e e e e e 18.4 (1.21)
Annular ring around the spider, cm3 (in. 3) ..... .« - . . . 3.82(0.23)
Displacer LVDT core, cm3 (in. 3) e e e e e e e e e e 2.95 (0.18)
Power piston center port, cm3 (in. 3) e e e e e e e e e e 5.90 (0.36)
Materials
Heater head
Regenerator outer cylinder . . . . . . . . . . . . . . o oo L. 316SS
Expansion space dome . . . e e e e e e e e e e e e e e e e 316SS
Regenerator inner cylinder wa]] e e e e e e e e e e e e e e e e . 316SS
Displacer . . . . . . . . . L L e e e e e e e e e e e e e e e e 321S8s
Cooler . . . . . . . . . ... e e e e e e e e e e e e e e . . . bB0BI-TE Al
Cylinder
Power piston . . . . . . .. . . . 6061-T6 Al with chrome oxide coating
Displacer . . . . . . . . .. .« « « . « . 304SS with chrome oxide coating
Standard power piston . . . . . . . . . . 6061-T6 A1 body with Xylan Coating
and mild steel mass
Light power piston . . . . . . . . . . . 6061-T6 Al body with Xylan coating

and Al mass

Diametral clearances

Displacer 1 rod/rod cy]1nder mm (in.) . e e e« « . . . 0.030 (0.0012)
Displacer 1 body/displacer cylinder, mm (1n Y . . . . . . . . 0.38Y (0.015)
Displacer 2 rod/rod cylinder, mm (in.) . e v + « « . .. 0.020 (0.0008)
Displacer 2 body/displacer cylinder, mm (1n.) e e e e « . . . 0.381 (0.015)
Power piston/piston cylinder, mm (in.) . . . . . . . . . . . . 0.033 (0.00%)
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TABLE II. - Concluded

Displacer gas spring

No. 1 design mean volume, cm3 (in.3) . . . . . . . . . . . . . 31.79 (1.94%)
No. 1 rod diameter, cm (in.) . . . . . . . . . . . . .. . 1.663 (0.655)
No. 2 design mean volume, c¢m3 (in.3) . . . . . . . . . . . . . 18.8 (1.147)
No. 2 rod diameter, cm (in.) . . . . . . . . . . . . . .. . . 1.806 (0.711)

Center ports
Power piston port location, distance from inward 1imit to
center port opening position, cm (in.) . . . . . .
Displacer 1, distance from expansion space limit to
position where the center port opens, cm (in.) . . . . . . . . 1.90 (0.75)
Displacer 2, distance from expansion space Timit to

. 2.05 (0.81)

position where the center port opens, ¢cm (in.) . . . 2.64 (1.04)
Center port diameter, power piston, mm (in.) . . . . . . . . . . 1.1 (0.042)
Center port diameter, displacers, mm (1in.) 1.0 (0.040)
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TABLE I1I.
AND DISPLACER AT THEIR CENTER PORT POSITIONS

- RE-1000 ENGINE VOLUMES WHEN THE PISTON

Expansion space cm3  (in.3)
Clearance around displacer 1 . . 9.83 (0.60)
Clearance around displacer 2 . . . . 8.36 (0.51)
Between the displacer and the end of the cy]inder . . 50.1 (3.06)
Instrumentation ports . . . . 1.64 (0.10)
Total with DI . 61.6 (3.76)

Expansion-heater connecting duct
Expansion to heater tube junction 3.80 (0.232)

Heater assembly
Heated portion of the tubes . 27.4 (1.67)

Heater-regenerator duct
Heater tube to regenerator plenum junction . 5.90 (0.360)
Regenerator hot end plenum . . 4,10 (0.250)
Regenerator plenum ring 0.83 (0.051)
Instrumentation ports . 1.64 (0.10)

Total

Regenerator

. 12.47 (0.761)

Regenerator dead volume R1
Regenerator dead volume R2 . .

Regenerator-cooler duct

56.1 (3.42)
. 60.1 (3.67)

Regenerator cold end plenum ring . . . . . . . . . . . . . .. 0.84 (0.051)

Regenerator cold end plenum 4.23 (0.258)

Instrumentation ports . . . . . . . .. . .. . .. 0.93 (0.057)

Heater flange fﬁttings e e e e e e e e e e e e e e e 3.41 (0.208)

Total . 9.41 (0.574)
Cooler

CoOTEr PassSagesS . . & v v v v 4 e e e e e e e e e e e e e e e 20.4 (1.25)

Cooler-compression space duct

Cooler plenum at compression space . .

.....

7.14 (0.436)

Cylinder ports . . . . . . . .« t it e e e e e e e e e 1.21 (0.074)
Total e 8.36 (0.510)
Compression space
Between displacer and spider with D1 . . . . . . . . . . 49.0 (2.99)
Between displacer and spider with D2 . . . . . . . . . . 58.5 (3.57)
From piston to spider passages . . . . . . . . . . . . . 16.06 (0.98)
Annular space around spider . . . . . . . . . 3.82 (0.23)
Between power piston and spider . . . . . . . . . . .. . 18.4 (1.12)
Power piston centering port passage . . . . . . . 5.90 (0.36)
Displacer LVDT inside of piston . . . . . . .. . 2.95 (0.18)
Anti rotation rod clearance holes . 5.16 (0.32)
Instrumentation ports . . . . . . . . 3.15 (0.19)
Total with D1 104.4 (6.37)




TABLE IV. - RE-1000 INSTRUMENTATION
Mnemonic Parameter Range Type SS V. Ex

1 MEANCP Mean comp space pressure, kPa | 0-13800 | Strain gauge X 20

2 MEANBP Mean bounce pressure, kPa 0-1380 | Strain gauge 20

3 PRESUP Gas supply pressure, kPa 0-13800 | Strain gauge 20

4 TOIHTR Heater tube metal. temp, °C 400-825 | Thermocouple 10

5 TO2HTR ) R .

6 TO3HTR

7 TO4HTR

8 TO5HTR

9 TOBHTR
10 TOTHTR
11 TOBHTR
12 TO9HTR
13 TI0HTR
14 T11HTR
15 Ti2HTR \J
16 TO3HED Head metal temp, °C
17 TI13REG Regen. vert. profile, °C
18 TI4REG Regen. vert. profile, °C Y \J
19 TI15REG Regen. circular profile, °C 250-825 5
20 TI16REG
21 TI1IREG l l
22 TI1BREG
23 TI19REG Regen. vert. profile, °C 20-250 1
24 TGBOUN Regen. vert. profile, °C 20-80
25 TGCoMP Comp. space gas temp, °C 20-250
26 TGREGC Regen.-cooler gas temp, °C 20-250
27 TGREGH Regen.-heater gas temp, °C 400-825 10
28 TGEXP Expansion space gas temp, °C | 400-825 10
29 TWINDP Dashpot water inlet temp, °C 10-70 1
30 TOLDP Dashpot water delta temp, °C 0-20 0.2
31 TwWoDP Dashpot water outlet temp, °C| 10-70 1
32 TWINCL Cooler water inlet temp, °C 10-70 1
33 IDLCL Cooler water delta temp, °C 0-20 0.2
34 TWOCL Cooler outlet temp, °C 10-70 \ 0.2
35 AMPSI Heater amps, supply 1, A 0-1000 Ammeter 10
36 AMPS2 Heater amps, supply 2, A 0-1000 Ammeter 10
37 VOLTG Heater voltage, V.. 0-20 Voltmeter 0.01
38 FLODP | Dashpot water 'flow, 1/min =~ 0-10 Turbine meter 0.1
39 FLOCLR Cooler water flow, 1/min 0-10 Turbine meter
40 VXTHOR Horiz. vibration, cm/sec 0-3.8 Accelerometer l
41  VYIVER Vert. vibration, cm/sec 0-3.8 Accelerometer
42 PISTST Piston stroke, cm 0-4 Stroke meter 0.02
43 DISPST Displacer stroke, cm 0-4 Stroke meter 0.02
44 INDPWR Indicated power, W 0-3000 {Analog circ. 4 40
A5 PWROUT Brake power, kW 0-3.0 {Analog circ. / 40
46 FPIST Load force on piston, N 0-1600 | F transducer X 20
47 XPIST +2.0 LVDT X 0.02

Piston position, cm




TABLE IV. - Concluded

Mnemonic Parameter Range Type Ss V. Ex
48  XDOTP Piston velocity, m/sec +8.0 LVT X 0.4
49  XDISP Displacer position, cm +2.0 LvDT 0.04
50 PDYNC Comp. space pressure, kPa +2000 Crystal 10
51 PDLCLR Cooler delta pressure, kPa 68.9 Diff. P xducer 2.5
52 PDLREG Regen. delta pressure, kPa 138 Diff. P xducer X 5
53 PDLDIS Displacer delta pressure, kPa 138 Diff. P xducer L 5
54 PDYNDB Disp. gas spring press., MPa 10.0 Strain gauge 0.1
55 PAPRES Phase angle of pressure, deg 0--360 Phase meter X 1
56 PADISP Phase angle of displacer, deg | 0-360 Phase meter X 1
57 FREQ Engine frequency, Hz 0-50 Freq. to dc X 0.05
58 PAMPC Comp. pressure ampl., kPa 0-2000 Crystal X 20
TABLE V. - RE-1000 CALCULATIONS
Mnemonic Description of the calculation
PWRIN Electric power input to the heater head
QCOOLR | Heat rejected by the engine cooler
QDSHPT | Heat rejected by the dashpot
EXTEFF | Engine efficiency based on the brake power output and the heater
power finput
TAVHTR | Average heater tube outside temperature
INTEFF Engine efficiency based on the brake power output and brake power
plus QCOOLR used as the input
AMPS Total amperage to the heater head
QDISPG | Heat conduction through the gas in the displacer
QDISP Heat conduction through the displacer body
QREGT Quter regenerator wall conduction
QREG2 Quter regenerator wall conduction
QREG3 Inner regenerator wall conduction
PWROUT | Brake power output, analog calculation
INDPWR | Indicated power output, analog calculation
PISTST | Power piston stroke
DISPST | Displacer stroke
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HASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM
HEAT TO DASHPOT COOLING

FLODP 4.10 Ls/MIN

TWINDP 17.3 DEG.C
TDLDP 2.94 DEG.C
THODPR 20.9 DEG.C

HEAT TO COOLER
FLCCLR 4.17 L/MIN
TWINCL 25.2 DEG.C
TDLCL $.63 DEG.C
TWOCLR 34.80 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1008

FLUID HELIUM
HEAT TO DASHFOT COOLING

FLODP 3.96 L/7MIN

TWINDP 17.7 DEG.C
TDLDP 1.15 DEG.C
TWODPR 19.6 DEG.C

HEAT TO COOLER
FLOCLR 4.22 L/MIN
TWINCL 24.7 DEG.C
TDLCL 6.47 DEG.C
TWOCLR 29.47 BEG.C

PTAPUNFHOOVOOAANDLUWNE

e e e o]

ORI NN -

TABLE VI. - RE-1000 SAMPLE DATA POINTS SINGLE VARIABLE DATA SET

FREE PISTON STIRLING ENGINE TEST D003,

BAROM 14.268 PSI REGENERATOR 2 DISPLACER 1

POWER TIH
AMPS1 776. AMPS
AUPS2  651. AMPS
VOLTG 3.11 VOLTS

CALCULATED PARAMETERS
PURIN 4633. WATTS
QCOOLR 2789. WATTS
QDSHPT 840. WATTS
EXTEFF 27.4 Z
TAVHTR 5%9.3 DEG.C
INTEFF 30.4% %

AMPS 1427. AMPS
QDISPG 3. WATIS
QDISP 14. WATTS
QREGL 106. MWATIS
QREGZ 121. WATTS
QREG3 34, WATTS
PFP 1019. 5 KPAsCM
PFD 362.7 KPA/CH
NBEALE 0. 00875

ENGINE CHARGE PRESSURE
PRESUP 7482. KPA

MEANBP 7013. KPA
MEANCP 7056. KPA

VIBRATION
VX1HOR 0.5 CM/sS
VY1VER 8.5 CIt/S

PHASE ANGLES
PADISP 57.1 DEG.
PAPRES -21.6 DEG.

ENGINE SPEED
FREQ 29.9 HZ

FREE PISTON STIRLING ENGINE TEST D003,

BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1

POWER IN

AMPS1 534. AMPS
AMPSZ  503. AMPS
VOLTG 2.25 VOLTS

CALCULATED PARAMETERS
PHRIN 2338. WATTS
QCOOLR 1892. KWATTS
QDSHPT  317. KWATTS
EXTEFF 22.7 %
TAVHTR 599.6 DEG.C
INTEFF 21.9 %

AMPS 1037. AMPS
QDISPG 3. WATTS
QDisSP 15. WATTS
QREG1 119. HWATTS
QREG2 118. HWATTS
QREG3 37. KWATTS
PFP 1029.1 KPA/CM
PFD 353.7 KPA/CM
NBEALE 0.00544

ENGINE CHARGE PRESSURE
PRESUP 7365. KPA

MEANBP 7011. KPA
MEANCP 7040. KPA

VIBRATION
VX1HOR 0.2 CM/S
VYLVER 5.9 CM/S

PHASE ANGLES
PADISP 56.0 DEG.
PAPRES ~19.8 DEG.

ENGINE SPEED
FREQ 30.2 HZ

STANDARD PTISTON

GAS TEMPERATURES
TGEXP 554.8 DEG.C

TGREGH 547.0 DEG.C
TGREGC 101.9 DEG.C
TGCOITP  61.6 DEG.C
TGROUN 36.9% DEG.C

REMOTE CALCULATICNS
PWROUT 1216. WATTS
INDPHR 1262. WATTS
PISTST 2.58 CH
DISPST 2.72 CM

DYNAMIC CALCULATIONS
PANMPC 1127. KPA
DISPCP 2,11 CM
PISTCP 2.64 CH
PDYNDBX*X3%xX% [[pg
PDLCLR¥*¥%¥%X KpA
PDLREG**XXXX KPR
POLDIS*XX%XX KPR

STANDARD PISTON

GAS TEMPERATURES
TGEXP 567.8 DEG.C

TGREGH 564.5 DEG.C
TGREGC 90.7 DEG.C
TGCOMP 39 .7 DEG.C
TGBOUN 27.9 DEG.C

REMOTE CALCULATIONS
PWROUT 532. WATTS
INDPWR 570. HWATTS
PISTST 1.80 CM
DISPST 1.83 CM

DYNAMIC CALCULATIONS
PAMPC 792. KPA
DISPCP 2.13 CM
PISTCP 2.31 CM
PDYNDBxxxxX% KPA
PDLCLR 3.22 KPA
PDLREG 37.33 KPA
PDLDIS 65.16 KPA

REC 11/17,/83 10:17:21.80 RDG 602

SURFACE TFMPERATUPF
TO1HTIR 609.3 DEG.
TO2HTR 609.9 DEG.
TO3HIR 619.
TO&HTR 594,
TOS5HTIR 604,
TO6HIR 602.
TO7HTR 573.
TOBHTR 605.
TOGHTR 619.
T1OHTR 546.
TLIIHTR 603.
T12HTR 603.

\D*\I\JNONK»J-DO!\I\OLN

DEG.C

T13REG 553.7 DEG.
T14REG 514.8 DEG.
T1SREG 376 .7 DEG.
TISREGX#¥X¥% DEG.
T17REG 355.8 DEG.
TIBREG 366.0 DEG.
T19REG 235.5 DEG.

QO Qaaaaan

TO3HED 293.5 DEG.

REC 07/26/84 15:35:55.03 RDG 1006

SURFACE TEMPERATURES
TO1HTIR 601.6 DEG.C
T02HTR 605.5 DEG.C

TO3HTR 612.6 DEG.C
T0GHTR 606.6 DEG.C
TO5HTR 61 -.3 DEG.C
TO6HTR 60v.3 DEG.C
TO7HTR 604.5 DEG.C
TOBHTR 584.1 DEG.C
TO9HTR 608.8 DEG.C
T10HTR 591.8 DEG.C
T11HTR 578.7 DEG.C
T12HTR 580.2 DEG.C

T13REGx%x%x¥ DEG.C
T14REG 518.3 DEG.C
T15REG 384.4
T16REG 386.7
T17REG 376.6 DEG.C
T18REG 372.8

5 DEG.C

T19REG 225.
TO3IHED%XX%%%%X DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 15:40:22.06 RDG 1007

FLUID HELIUM
HEAT TO DASHPOT COOLING

FLODP 3.94

TWINDP 17.8 DEG.C
TBLDP 1.42 DEG.C
TWODPR 19.8 DEG.C

HEAT TO COCLER
FLOCLR 4.24 L/MIN
TWINCL 24.7 DEG.C
TDLCL 6.82 DEG.C
THOCLR 29.95 DEG.C

BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1

POWER IN

AMPS1  571. AMPS
AMPS2 533. AMPS
VOLTG 2.40 VOLTS

CALCULATED PARAMETERS
PRRIN 2648. WATTS
QCOCGLR 2004. WATTS
QDSHPT  390. WATTS
EXTEFF 23.5 %
TAVHTR 599.5 DEG.C
INTEFF 23.7 %
AMPS 1104. AMPS
QDISPG 3. WATTS
QDISP 15. WATTS
QREG1 118. WATTS
QREG2 117. WATTS
QREG3 36. WATTS

G PFP 1018.7 KPA/CM

KPA/CM
NBEALE 0. 00573

ENGINE CHARGE PRESSURE

RESUP 7469. KPA

MEANBP 6982. KPA
MEANCP 7013. KPA

VIBRATION
VX1HOR 0.3 CM/S
VY1VER 6.6 CM/S

PHASE ANGLES
PADISP 56.6 DEG.
PAPRES -18.9 DEG.

ENGINE SPEED
FREQ 30.2 HZ

STANDARD PISTON

GAS TEMPERATURES
TGEXP 564%.8 DEG.C

TGREGH 563.7 DEG.C

TGREGC 92.6 DEG.C

TGCoOMP 42.0 DEG.C
TGBOUN 29.0 DEG.C

REMOTE CALCULATIONS
PWROUT 622, WATTS
INDPHR 665. WATTS
PISTST 2.01 CM
DISPST 1.97 CM

DYNAMIC CALCULATIONS
PAMPC 881. KPA
DISPCP 2.24 CM
PISTCP 2.34 CM
PDYNDBxx¢xxxx KPA
PDLCLR 3.73 KPA
PDLREG 62.43 KPA
PDLDIS 73.65 KPA

SURFACE TEMPERATURES
TO1HTR 602.6 DEG.C

TOZHIR 605.0 DEG.C
TO3HTR 613.7 DEG.C
TO4HTR 605.5 DEG.C
TO5HTR 615.7 DEG.C
TO6HTR 607.1 DEG.C
TO7HTR 605.4 DEG.C
TO08HTR 583.8 DEG.C
TO9HTR 609.7 DEG.C
T10HTR 590.4 DEG.C
T11HTR 577.8 DEG.C
TI2HTR 577.7 DEG.C

T13REGX¥%¥%X DEG.
T14REG 517.9 DEG.

T15REG 335.7 DEG
T16REG 388.3

T17REG 377.9 DEG.
T18REG 373.3 DEG
T19REG 228.0 DEG

<
m
@

0 0000000

TOIHEDx*x%%Xx DEG.




TABLE VI. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26-/86 15:46:60.06 RDG 1008

FLUID HELIUM

HEAT TO DASHPOT COOLING
FLODP 3.94 L/MIN

BAROM 14.303 PSI

POWER IN
AMPS1 604. AMPS

REGENERATOR 1 DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 70855. KPA

STANDARD PISTON

GAS TEMPERATURES SURFACE TEMPERATURES

TGEXP 562.6 DEG.C TOLHTR 603.8 DEG.C
AMPS2 1357. AMPS TOZHTR 604.7 DEG.C
TWINDP 17.8 BEG.C VOLTG 2.53 VOLTS MEANBP 6988. KPA TGREGH 563.2 DEG.C TO3HTR 615.3 DEG.C
TDLDP 1.72 DEG.C MEANCP 7023. KPA TGREGC 94.9 DEG.C TO4HTR 605.1 DEG.C
TWODPR 20.2 DEG.C TGCOMP 45.4 DEG.C TOS5HTR 617.5 DEG.C
TGBOUN 30.6 DEG.C TO6HTR 608.2 DEG.C
TO7HTR 606.3 DEG.C
TOBHTR 584.0 DEG.C
TOSHTIR 610.7 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 58%.5 DEG.C
FLOCLR 4.23 L/MIN 1 PHRIN 2930. WATTS VX1HOR 0.3 CM/S PHROUT 703. KATTS T11HTR 577.5 DEG.C
TWINCL 24.7 DEG.C 2 QCOOLR 2233. WATTS VYLVER 7.2 CMs/S INDPWR 753. WATTS T12HTR 576.1 DEG.C
TDLCL 7.61 DEG.C 3 QDSHPT 470. WATTS PISTST 2.20 CM
TWOCLR 30.73 DEG.C 4 EXTEFF 24.0 x PHASE ANGLES DISPST 2.09 CM
5 TAVHTR 599.9 DEG.C PADISP 56.7 DEG. T13REGXxxx%% DEG.
6 INTEFF 23.9 % PAPRES -17.7 DEG. DYNAMIC CALCULATIONS T14REG 518.7 DEG.
8 AMPS 1160. AMPS PAMPC 979. KPA T15REG 388.8 DEG.
9 QDISPG 3. HWATTS DISPCP 2.27 CM T16REG 389.2 DEG.

ENGINE SPEED
FREQ

O OO00O0000

10 QDISP 15. WATTS 30.2 HZ PISTCP 2.34 CM T17REG 380.1 DEG.
11 QREGY 117. WATTS PDYNDBXxxxx%x% KPA T18REG 376.6 DEG.
12 QREG2 115. WATTS PDLCLR 4.07 KPA T19REG 232.8 DEG.
13 QREG3 36. WATTS PDLREG 47.86 KPA

14 PFP 1025.2 KPA/CM PDLDIS 82.13 KPA TO3HED¥®XX%XX%X DEG.
15 PFD 339.6 KPA/CM

16 NBEALE (.00589
NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 15:50:22.06 RDG 1009

FLUID HELIUM
HEAT TO DASHPOT COOLING
L/MIN

BAROM 14.303 PSI
POWER IN

REGENERATOR 1 DISPLACER 1
ENGINE CHARGE PRESSURE

STANDARD PISTON
GAS TEMPERATURES

SURFACE TEMPERATURES

FLODP 3.9 AMPS1 637. AMPS PRESUP 7339. KPA TGEXP 561.2 DEG.C TO1HTR 602.1 DEG.C

AMPS2 585. AMPS TOZ2HTR 608.6 DEG.C

TWINDP 17.8 DEG.C VOLTG 2.66 VOLTS MEANBP 6959. KPA TGREGH 558 7 DEG.C TO3HTR 61.2 DEG.C

TDLDP 1.97 DEG.C MEANCP 7036. KPA TGREGC 94.5 DEG.C TO04HTR 60~.3 DEG.C

TWODPR 20.5 DEG.C TGCOMP 48.5 DEG.C TOSHTR 620.1 DEG.C

TGBOUN 32.1 DEG.C TO6HTR 611.6 DEG.C

TO7HTR 610.2 DEG.C

TO8HTR 581.64 DEG.C

TO9HTR 609.4 DEG.C

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 588.8 DEG.C

FLOCLR 4.23 L/MIN 1 PWRIN 3253. WATTS VX1HOR 0.3 CM/3S PHROUT 794. WATTS T11HTR 573.6 DEG.C

TWINCL 24.7 DEG.C 2 QCOOLR 2505. HWATTS VYLVER 7.9 CM/S INDPWR 856. WATTS T12HTR 577.0 DEG.C
TDLCL 8.53 DEG.C 3 QDSHPT 545. WATTS PISTST 2.40 CM
TWOCLR 31.51 DEG.C 4 EXTEFF 26.4 % PHASE ANGLES DISPST 2.22 CM

5 TAVHTR 600.3 DEG.C PADISP 57.1 DEG. T13REG*%%%%% DEG.C

6 INTEFF 26.1 X% PAPRES -16.5 DEG. DYNAMIC CALCULATIONS T14REG 517.8 DEG.C

8 AMPS 1222. AMPS PAMPC 1063. KPA TI5REG 384.9 DEG.C

9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.37 CM T16REG 378.4 DEG.C

10 QDISP 15. WATTS FREQ 30.2 HZ PISTCP 2.38 CM T17REG 364.0 DEG.C

11 QREG1 108. WATTS PDYNDBxxx%%X KPA T18REG 3646.0 DEG.C

12 QREG2 125. HWATTS PDLCLR 5.43 KPA T19REG 231.2 DEG.C
13 QREG3 36. WATTS PDLREG 52.95 KPA

14 PFP 1012.0 KPA/CM PDLDIS 90.28 KPA TO3SHEDXXx%X% DEG.C

324.2 KPA/CM
16 NBEALE 0. 00609

NASA LEWIS SENSITIVITY TEST DATA RE 10080 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84¢ 15:55:25.06 RDG 1010

FLUID HELIUM
HEAT TO DASHPOT COOLING

BAROM 14.303 PSI REGENERATOR 1
POWER IN

DISPLACER 1
ENGINE CHARGE PRESSURE

STANDARD PISTON

- GAS TEMPERATURES SURFACE TEMPERATURES

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 586.

FLODP 3.96 L/7MIN AMPS1 673. AMPS PRESUP 7464. KPA TGEXP 557.5 DEG.C TOLHTR 598.1 DEG.C

AMPS2 619. AMPS TO2HTR 610.5 DEG.C

TWINDP 17.8 DEG.C VOLTG 2.82 VOLTS MEANBP 6988. KPA TGREGH 548.5 DEG.C TO3HTR 614.9 DEG.C

TDLDP 2.21 DEG.C MEANCP 70832. KPA TGREGC 90.7 DEG.C TOGHTR 601.4 DEG.C

TWODPR 20.8 DEG.C TGCOMP 55.7 DEG.C TO5HTR 621.1 DEG.C

TGBOUN 33.4 DEG.C TO6HTR 613.0 DEG.C

TO7HTR 611.9 DEG.C

TO8HTR 576.7 DEG.C

TO9HTR 605.2 DEG.C

FLOCLR 4.22 L/MIN 1 PHRIN 3643. HWATTS VX1HOR 0.4 CM/S PWROUT 866. WATTS T11HTR 567.1 DEG.C

TWINCL 24.83 DEG.C 2 QCDDLR 2736. WATTS VY1VER 8.5 CM/S INDPWR 939. WATTS T12HTR 576.9 DEG.C
TDLCL 9.34 DEG.C 3 QDSHPT 607. WATTS PISTST 2.60 CM
TWOCLR 32.52 DEG.C 4 EXTEFF 23.8 % PHASE ANGLES DISPST 2.36¢ CM

5 TAVHTR 598.6 DEG.C PADISP 57.5 DEG. T13REG*%x%%X DEG.C

6 INTEFF 24.0 % PAPRES -15.7 DEG. DYNAMIC CALCULATIONS T14REG 510.3 DEG.C

8 AMPS 1292. AMPS PAMPC 1147. KPA T15REG 368.0 DEG.C

9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.37 CM T16REG 350.7 DEG.C

108 @Disp 16, WATTS FREQ 30.1 HZ PISTCP 2.33 CM TI7REG 331.5 DEG.C

11 QREG1 96. HWATTS - PDYNDBxxxxx% KPA T18REG 338.9 DEG.C

12 QREG2 139. WATTS: PDLCLR 6.79 KPA T19REG 221.0 DEG.C

2

13 QREG3 35, WATTS®
1002.8 KPA/CM
314.1 KPA/CM
16 NBEALE 0.00617

PDLREG 55.66 KPA

PDLDIS 95.71 KPA TO3HED»*x%xX DEG.C
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TABLE VI. - CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 16:00:55.09 RDG 1011

FLUID HELIUM BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.93 L/MIN AMPS1 702. AMPS PRESUP 7063. KPA TGEXP 555.5 DEG.C TO1HTR 598.9 DEG.C
AMPS2 653. AMPS TO02HTR 612.9 DEG.C
TWINDP 17.8 DEG.C VOLTG 2.98 VOLTS MEANBP. 6987. KPA TGREGH 545.4 DEG.C TO3HTR 617.1 DEG.C
TDLDP 2.67 DEG.C MEANCP 7034. KPA TGREGC 92.1 DEG.C TO4HTR 602.4 DEG.C
TWODPR 21.2 DEG.C TGCOMP 61.1 DEG.C TO5HTR 624.1 DEG.C
TGBOUN 35.8 DEG.C TO6HTR 616.8 DEG.C
TO7HTR 614.9 DEG.C
TO8HTR 576.4 DEG.C
TO9HTR 606.9 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 586.4 DEG.C
FLOCLR 4.23 L/MIN 1 PWRIN 64038. WATTS VX1HOR 0.4 CM/S PWROUT 955. MKATTS T11HTR 566.2 DEG.C
TWINCL 24.9 DEG.C 2 QCOOLR 3032. WATTS VYLVER 9.2 CM/S INDPWR 1030. WATTS T12HTR 577.3 DEG.C
TDLCL  10.32 DEG.C 3 @DSHPT 732. WATTS PISTST 2.30 CM
TWOCLR 33.65 DEG.C 4 EXTEFF 23.7 % PHASE ANGLES DISPST 2.45 CM
5 TAVHTR 6008.0 DEG.C PADISP 57.5 DEG. TI13REGX%X%%%%X DEG.C
6 INTEFF 264.0 % PAPRES -15.2 DEG. DYNAMIC CALCULATIONS T14REG 506.8 DEG.C
& AMPS 1355. AMPS PAMPC 1250. KPA TI5REG 359.0 DEG.C
9 QDISPG 3. HATTS ENGINE SPEED DISPCP 2.36 CM T16REG 339.8 DEG.C
10 QpIsSP 14. WATTS FREQ 30.1 HZ PISTCP 2.29 CM T17REG 317.8 DEG.C
11 QREG1 90. KWATTS PDYNDBxxxxxx KPA T18REG 326.8 DEG.C
12 QREGZ2 166. WATTS PDLCLR 8.82 KPA T19REG 216.2 DEG.C
13 QREG3 35. WATTS PDLREG 68.41 KPA
14 PFP 1¢10.0 KPA/CM PDLDIS103.52 KPA TO3HED*%%%xx DEG.C
15 PFD 317.9 KPA/CM
16 NBEALE 0.00631

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003,

FLUID HELIUM

BAROM 14.303 PSI

REGENERATOR 1 DISPLACER 1

STANDARD PISTON

REC 07/26/86¢ 16:03:22.09 RDG 1012

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 3.93 L/MIN AMPS1 762. AMPS PRESUP 7065. KPA TGEXP 552.3 DEG.C TO1HTR 59% DEG.C
AMPS2 683. AMPS TOZHTR 61..6 DEG.C
TWINDP 17.9 DEG.C VOLTG 3.13 VOLTS MEANBP 7000. KPA TGREGH 540.3 DEG.C TO3HTR 617.4 DEG.C
TDLDP 2.89 DEG.C MEANCP 7049. KPA TGREGC 92.6 DEG.C TO4HTR 601.2 DEG.C
TWOBPR 21.4 DEG.C TGCOMP  65.4 DEG.C TO5HTR 625.1 DEG.C
TGBOUN 37.2 DEG.C TO6HTR 616.7 DEG.C
TO7HTR 615.6 DEG.C
TO8HTR 574.6 DEG.C
TO9HTR 606.0 DEG.C
HEAT T0O COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 585.4 DEG.C
FLOCLR 4.24 L/MIN 1 PWRIN 44667. HATTS VX1HOR 0.4 CM/S PWROUT 1026. WATTS T11HTR 563.2 DEG.C
TWINCL 24.9 DEG.C 2 QCOOLR 3265. WATTS VYIVER 9.8 CMrS INDPWR 1100. WATTS T12HTR 576.1 DEG.C
TDLCL 11.10 DEG.C 3 QDSHPT 791. WATTS PISTST 3.00 CM
TWOCLR 34.5¢ DEG.C 4 EXTEFF 23.0 % PHASE ANGLES DISPST 2.51 CM
5 TAVHTR 599.4 DEG.C PADISP 57.6 DEG. T13REGX%%XX%X DEG.C
6 INTEFF 23.9 % PAPRES -14.0 DEG. DYNAMIC CALCULATIONS T14REG 500.1 DEG.C
8 AMPS 1426 . AMPS PAMPC 1344. KPA T15REG 346.2 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.35 CM T16REG 326.9 DEG.C
10 QDISP 14. WATTS FREQ 30.2 HZ PISTCP 2.26 CM T17REG 303.8 DEG.C
11 QREG1 85. WATTS PDYNDBxxxx%x KPA T18REG 313.6 DEG.C
12 QREG2 151. WATTS PDLCLR 11.20 KPA T19REG 2068.9 DEG.C
13 QREG3 35, HATTS PDLREG 63.81 KPA
14 PFP 1007 .4 KPA/CM PDLDIS109.97 KPA TO3HEDX%X%xx%x DEG.C
15 PFD 306.5 KPA/CM
16 NBEALE 0.00631

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003,

FLUID HELIUM

BAROM 14.298 PSI

REGENERATOR 1

DISPLACER 1 STANDARD PISTON

REC 07726784 16:30:25.12 RDG 1017

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.08 L/MIN AMPS)1 645. AMPS PRESUP 7187. KPA TGEXP 516.7 DEG.C TOLHTR 550.9 DEG.C
AMPSZ2 60638. AMPS TO2HTR 558.5 DEG.C
TWINDP 18.0 DEG.C VOLTG 2.73 VOLTS MEANBP 7011. KPA TGREGH 507.3 DEG.C TO3HTR 565.8 DEG.C
TDLDP 2.30 DEG.C MEANCP 7062. KPA TGREGC 92.3 DEG.C TO4HTR 553.1 DEG.C
THODPR 21.0 DEG.C TGCOMP 53.4 DEG.C TO5HTR 570.6 DEG.C
TGBOUN 36.2 DEG.C TO6HTR 561.8 DEG.C
TO7HTR 560.5 DEG.C
TO8HTR 530.1 DEG.C
TO9HTR 558.1 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 537.8 DEG.C
FLOCLR 4.22 L/MIN 1 PWRIN 34264. WATT VX1HOR 0.4 CM/S PHROUT 776. WATTS T11HTR 521.5 DEG.C
THWINCL 26.5 DEG.C 2 QCOOLR 2713. NATTS VY1VER 8.5 CM/S INDPHR 846. WATTS T12HTR 526.8 DEG.C
TDLCL 9.27 DEG.C 3 QDSHPT 651. HWATTS PISTST 2.60 CM
THWOCLR 32.09 DEG.C 4 EXTEFF 22.7 % PHASE ANGLES DISPST 2.30 CM
5 TAVHTR 549.6 DEG.C PADISP 58.8 DEG. T13REGx*xx%% DEG.C
6 INTEFF 22.2 % PAPRES -14.1 DEG. DYNAMIC CALCULATIONS T14REG 473.2 DEG.C
8 AMPS 1253. AMPS PAMPC 1166. KPA T15REG 352.3 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DIsSPCP 2.35 CM T16REG 343.8 DEG.C
10 QDISP 13. KWATTS FREQ 30.2 HZ PISTCP 2.35 CM T17REG 330.4 DEG.C
11 QREG1 93. WATTS PDYNDBxxxxxx KPA T18REG 336.0 DEG.C
12 QREG2 116. WATTS PDLCLR 6.79 KPA TI9REG 215.2 DEG.C
13 QREG3 32. WATTS PDLREG 57.70 KPA
14 PFP 1003.3 KPA/CM PDLDIS 98.77 KPA TO3HEDXx%%%% DEG.C
15 PFD 289.5 KPA/CM
16 NBEALE 0.00549
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TABLE VI.

- CONTINUED.

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLINZ ENGINE TEST D003, REC 0..'27/84 10:57:22.54 RDG 1024

FLUID HELIUM BAROM 14.327 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT CUDLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP 4.4 IN AMPS1 646. AMPS PRESUP 7572. KPA TGEXP 462.4 DEG.C TO1HTR 501.0 BEG.C
AMPS2 - 602. AMPS TO2HTR 507.9 DEG.C
TWINDP 16.2 DEG.C VOLTG 2.68 VOLTS MEANBP 7000. KPA TGREGH 460.8 DEG.C TO3HTR 515.5 DEG.C
TDLDP 1.71 DEG.C MEANCP 7048. KPA TGREGC 90.5 DEG.C TO4HTR 503.0 DEG.C
TWODPR 18.6 DEG.C TGCOMP 53.8 DEG.C TO5HTR 519.9 DEG.C
TGBOUN 31.8 DEG.C TO6HTR 511.0 DEG.C
TO7ZHTR 510.1 DEG.C
TOBHTR 481.0 DEG.C
TO9HTR 507.7 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 488.1 DEG.C
FLOCLR 6.21 L/MIN PHRIN 3348. WATTS VX1IHOR 0.4 CM/S PHROUT  707. WATTS . T11HIR 471.9 DEG.C
TWINCL 24.7 DEG.C QCOOLR 2681. WATTS VYLVER 8.6 CM/S INDPWR 765. WATTS T12HTR 476.6 DEG.C
TDLCL *%%x%x% DEG.C QDSHPT 531. WATTS PISTST 2.60 CM

TWOCLR 32.15 DBEG.C EXTEFF 1% PHASE ANGLES DISPST 2.30 CM
TAVHTR 499.5 DEG.C

1

2

2

5 PADISP 60.6 DEG. T13REG»x®x%%x DEG,C
6 INTEFF 20.9 x« PAPRES -12.5 DEG. DYNAMIC CALCULATIONS T14REG 431.6 DEG.C
8 AMPS 1248 . AMPS PAMPC 1176. KPA T15REG 326.4 DEG.C
9 @QDISPG 2. HATTS ENGINE SPEED DISPCP 2.32 CM T16REG 317.8 DEG.C
10 QDISP 12. WATTS FREQ 30.2 HZ PISTCP 2.28 CM T17REG 307 .7 DEG.C
11 QREGIL 85. MWATTS PDYNDBxxx%X KPA T18REG 308.1 DEG.C
12 QREG2 100. WATTS PDLCLR 6.96 KPA TI9REG 203.0 DEG.C
13 QREG3 29. HWATTS PDLREG 538.04 KPA

14 PFP 995.1 KPA/CM PDLDIS 99.10 KPA TO3HEDXx%XX% DEG.C
2 PFD 256.7 KPA/CM

16 NBEALE 0.00501

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07-/27,86 11:35:10.54 RDG 1030

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES
FLODP G.11 L/MIN AMPS1 626. AMPS PRESUP 7562. KPA TGEXP 415.3 DEG.C TOIHTR 452.3 DEG.C
AMPS2 589. AMPS TOZ2HTR 456.8 DEG.C
TWINDP 16.0 DEG.C VOLTG 2.60 VOLTS MEANBP 7007. KPA TGREGH 6¢15.9 DEG.C TO3HTR 465.5 DEG.C
ToLDP 1.90 DEG.C MEANCP 7061. KPA TGREGC 83.9 DEG.C TO4HTR 653.6 DEG.C
TWODPR 18.6 DEG.C TGCOMP 54.6 DEG.C TO5HTR 469.0 DEG.C
TGBOUN 33.1 DEG.C TO6HTR 459.9 DEG.C
TO7HTR 458.8 DEG.C
TO8HTR 432.9 DEG.C
TO9HTR 458.6 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 639.4 DEG.C
FLOCLR 4.21 L/MIN 1 PWRIN 3159. WATTS VX1HOR 0.4 CM/S PWROUT 605. WATTS T11HTR 424.0 DEG.C
TWINCL 24.3 DEG.C 2 QCOOLR 2595. WATTS VYIVER 8.6 CM/S INDPWR 643. WATTS T12HTR 426.7 DEG.C
TDLCL 8.83 DEG.C 3 QDSHPT 542, NATTS PISTST 2.60 CM
TWOCLR 31.77 DEG.C 4 EXTEFF 19.2 % PHASE ANGLES DISPST 2.26 CM
5 TAVHTR 449.8 DEG o PADISP 61.8 DEG. T13REGX%x%%% DEG.C
6 INTEFF 18.9 % PAPRES -10.3 DEG. DYNAMIC CALCULATIONS T14REG 389.2 DEG.C
8 AMPS 1215. AMPS PAMPC 1181. KPA T15REG 299.6 DEG.C
9 QDISPG 2. WATTS ENGINE SPEED DISPCP 2.30 CM T16REG 294.9 DEG.C
10 @DISP 10. WATTS REQ 30.2 HZ PISTCP 2.25 CM T17REG 288.2 DEG.C
11 QREGL 79. WATTS PDYNDBxxxxXX KPA T18REG 286.8 DEG.C
12 QREG2 83. WATTS PDLCLR 6.79 KPA T19REG 190.0 DEG.C
13 QREG3 25. WATTS PDLREG 58.38 KPA
14 PFP 980.6 KPA/CM PDLDIS100.49 KPA TO3SHED*x%x%%x DEG.C
15 PFD 212.3 KPA/CM
16 NBEALE 0.00428

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08-/03,/84 14:58:23.35 RDG 1070

FLUID HELIUM BAROM 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARB PISTON

HEAT TG DASHPOT COQLING POWER IN ENGINE CHARGE PRESSURE GAS TEmPERATURES SURFACE TEMPERATURES
FLODP 4.20 L/MIN AMPS1 635. AMPS PRESUP 5553. KPA TGEXP 555.0 DEG.C TOIHTR 599.7 DEG.C
AMPS2 521. AMPS TO2HTR 606.6 DEG.C
TWINDP 22.4 DEG.C VOLTG 2.49 YOLTS MEANBP 56%94. KPA TGREGH 556.7 DEG.C TO3ZHTR 614.7 DEG.C
TDLDP 1.70 DEG.C MEANCP 5531. KPA TGREGC 79.7 DEG.C TO4HTR 601.3 DEG.C
TWODPR 24.7 DEG.C TGCOMP 49.4 DEG.C TO5HTR 619.1 DEG.C
TGBOUN 37.7 DEG.C TO6HTR 609.4 DEG.C
TO7HTR 608.6 DEG.C
TO8HTR 580.8 DEG.C
TO9HTR 607.0 DEG.C
HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T10HTR 586.7 DEG.C
FLOCLR 4.40 L/MIN 1 PWRIN 2879. WATTS VX1HOR 0.3 CM-sS PWROUT 720. WATTS TL11HTR 573.8 DEG.C
THWINCL 25.2 DEG.C 2 QCOOLR 2137. WATTS VY1VER 7.1 CM/S INDPWR 759. WATTS T12HTR 577.7 DEG.C
TDLCL 7.00 DEG.C 3 QDSHPT 495. WATTS PISTST 2.61 CM
TWOCLR 30.99 DEG.C 4 EXTEFF 25.0 % PHASE ANGLES DISPST 2.46 CM
5 TAVHTR 598.8 DEG.C PADISP 58.7 DEG. T13REGXx%*%%x DEG.C
6 INTEFF 25.2 % PAPRES ~18.0 DEG. DYNAMIC CALCULATIONS T14REG 515.2 DEG.C
8 AMPS 1156. AMPS PAMPC 910. KPA T15REG 379.5 DEG.C
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.25 CM T16REG 367.6 DEG.C
10 QDISP 16. WATTS FREQ 26.9 HZ PISTCP 2.46 CM T17REG 352.7 DEG.C
11 QREG1 108. WATTS PDYNDBxxxxx%x KPA T18REG 355.3 DEG.C
12 QREG2 130. WATTS PDLCLR 4.41 KPA T19REG 222.0 DEG.C
13 QREG3 37. WATTS PDLREG 42.43 KPA
14 PFP 795.4 KPA/7CM PDLDIS 71.95 KPA TO3HEDxxxxxx DEG.C
15 PFDB 267.8 KPA/CM
16 NBEALE 0.00729
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NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DAEHPDT CDOLING

LODP

TWINDP 23.0
TDLDP 0.31
TWODPR 24.4

HEAT TO COOLER

FLOCLR 46.31
TWINCL 25.2
TBLCL 4.15
THOCLR 29.17

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003,

DEG.C
DEG.C
BEG.C

L/MIN
DEG.C
DEG.C
BEG.C

OO LN

FLUID HELIUM

HEAT TO DASHPOT CODLING
6.37 L/MIN

FLODP

TWINDP 25.4

TDLDP 2.18
TWODPR 28.0

HEéT TO COOLER

THWOCLR 66.99

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003,

8.62

DEG.C
DEG.C
DEG.C

L/MIN
DEG.C
DEG.C
DEG.C

WAL NN

10

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.0

TWINDP 18.7
TDLDP

HEAT TO COOLER

FLOCLR 4.15
54.0
7.39
TWOCLR 60.48

TWINCL
TDLCL

2.63
TWODPR  22.1

LsMI

DEG.C
DEG.C
DEG.C

L/MIN
DEG.C
DEG.C
DEG.C

VOO NWNH

10

BAROM 14.288 PSI

POWER IN
AMPS1 539. AMPS
AMPS2 651. AMPS

VOLTG 2.13 VOLTS

CALCULATED PARAMETE
PWRIN 21 HAT
QCOCLR 1242 NATTS
QDSHPT 228. WATTS
EXTEFF 23.7 X%
TAVHTR 599.4 DEG C
INTEFF 28.7

AMPS 990. AMPS
QDISPG 3. HWATTS
QDISP 15. WATTS
QREG1 121. WATTS
QREG2 121. WATTS
QREG3 38. MWATTS
PFP 568. 8 KPA/CM
PFD 200.5 KPA/CM

NBEALE 0. 00815

BAROM 14.234 PSI

POWER IN
AMPS1 702. AMPS
AMPS2 595. AMPS

VOLTG 2.78 VOLTS

CALCULATED PARAMETE
PWRIN 3599.

QCOOLR 2532. NATTS
QDSHPT 662. WATTS
EXTEFF 23.5 %
TAVHTR 599.5 DEG.C
INTEFF 25.0 %

AMPS 1296. AMPS
QDISPG 3. HWATTS
QDISP 14. WATTS
QREG1 111. KWATTS
QREG2 114. WATTS
QREG3 35. HATTS
PFP 1007. 1 KPA/CM
PFD 300.9 KPA/CM

NBEALE 0.00593

BAROM 14.332 PSI

POWER IN

AMPS1 694. AMPS
AMPS2 569. AMPS
VOLTG 2.77 VOLTS

CALCULATED PARAMETERS

PHRIN 3493. WAT
QCOOLR 2108. WATTS
QDSHPT 734. WATTS
EXTEFF 22.2 %
TAVHTR 599.6 DEG.C
INTEFF 26.9 %

AMPS 1263. AMPS

QDISPG 3. WATTS
9Disp 14, WATTS
QREG1 103, WATTS
QREG2 114. WATTS
QREG3 3. WATTS

PFP 994.2 KPA/CM
PFD 280.7 KPA/CM
NBEALE 0.00551

REGENERATOR 1

TABLE VI. - CONTINUED.

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 46143. KPA

MEANBP 3988. KPA
MEANCP 4012. KPA

RS VIBRATION
VX1HOR 0.2 CM/S
VYLVER 5.8 CM/S

PHASE ANGLES
PADISP 58.4 DEG.
PAPRES -19.7 DEG.

ENGINE SPEED
FREQ 23.0 HZ

REGENERATOR 1 DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7093. KPA

MEANBP 7012. KPA
MEANCP 7066. KPA

RS VIBRATION
VX1HOR 0.4 CMr/S
VY1VER 8.6 CM/S

PHASE ANGLES
PADISP 58.5 DEG.
PAPRES -14.9 DEG.

ENGINE SPEED
REQ 30.3 HZ

STANDARD PISTON

GAS TEMPERATURES
TGEXP 553.1 DEG.C

TGREGH 560.1 DEG.C
TGREGC
TGCOMP

TGEOUN 32.0 DEG.C

REMOTE CALCULATIONS

PHROUT 500. KWATTS
INDPWR - 520. MWATTS
PISTST 2.61 CM
DISPST 2.55 CM

DYNAMIC CALCULATIONS

PAMPC  645. KPA
DISPCP 2.183 CM
PISTCP 2.40 CM
PDYNDBXx»%%% KPA
PDLCLR 2.72 KPA
PDLREG 29.53 KPA
PDLDIS 49.21 KPA

STANDARD PISTON

GAS TEMPERATURES
TGEXP 557.0 DEG.C

TGREGH 559.4 DEG.C
TGREGC 109.0 DEG.C
TGCOMP 64.0 DEG.C
TGBOUN 44.0 DEG.C

REMOTE CALCULATIONS

PWROUT 845. WATTS
INDPWR 907. WATTS
PISTST 2.61 CM
DISPST 2.35 CM

DYNAMIC CALCULATIONS
1171. KPA

PAMPC

DISPCP 2.29 CM
PISTCP 2.34 CM
PDYNDBxX%x%xxx KPA
PDLCLR 6.11 KPA
PDLREG 56.36 KPA
PDLDIS 96.73 KPA

REGENERATOR 1 DISPLACER 1 STANDARD PISTON

ENGINE CHARGE PRESSURE
PRESUP 7311. KPA

MEANBP 6986. KPA
MEANCP 7031. KPA

VIBRATION
VX1HOR 0.6 CM/S
VY1VER 8.6 CM/S

PHASE ANGLES
PADISP 59.1 DEG.
PAPRES -13.7 DEG.

ENGINE SPEED
FREQ 30.2 HZ

99

GAS TEMPERATURES
TGEXP 558.0 DEG.C

TGREGH 558.6 DEG.C
TGREGC 123.0 DEG.C
TGCOMP 74,7 DEG.C
TGBOUN 63.1 DEG.C

REMOTE CALCULATIONS

PWROUT 777. WATTS
INDPHR 837. WATTS
PISTST 2.60 CM
DISPST 2.29 CM

DYNAMIC CALCULATIONS
1161. KPA

PAMPC

DISPCP 2.25 CM
PISTCP 2.34 CM
PDYNDBXXx%%x KPA
PDLCLR 6.11 KPA
PDLREG 53.29 KPA
PDLDIS 91.98 KPA

REC 08/06/84 16:52:24.59 RDG 1079

SURFACE TEMPERATURES

TOLHTR 605.6 DEG.C

TB2HTR 599.1 DEG.C
TO3HTR 614.7 DEG.C
TOGHTR 603.7 DEG.C
TOSHTR 615.3 DEG.C
TO6HTR 600.7 DEG.C
TO7HTR 601.4 DEG.C
TO8HTR 589.7 DEG.C
TO9HTR 607.8 DEG.C
T10HTR 591.6 DEG.C
T11HTR 581.8 DEG.C
T1ZHTR 581.3 DEG.C

T13REGX%XX%% DEG,
T14REG 512.2 DEG.
T15REG 376.1 DEG.
T16REG 367.6 DEG.
T17REG 363.5 DEG.
T18REG 363.0 DEG.
T19REG 213.7 DEG.

TO3HEDxxxxxx DEG.

O OOOO00O0

REC 08/08/84 13:36:21.640 RDG 1121

SURFACE TEMPERATURES

TOlHTR-602.6 DEG.C

TO2HTR 604.7 DEG.C
TO3HTR 616.7 DEG.C
TOGHTR 603.0 DEG.C
TO5HTR 621.4 DEG.C
TO6HTR 609.5 DEG.C
TO7HTR 608.0 DEG.C
TOBHTR 580.9 DEG.C
TOEIHTR 611.3 DEG.C
T10HTR 586 .0 DEG.C
T11HTR 574.7 DEG.C
T12HTR 574.8 DEG.C
T13REGX%X%%%X DEG.C
T14REG 519.6 DEG.C
TI15REG 391.9 DEG.C
T16REG 391.7 DEG.C
T17REG 386.0 DEG.C
T18REG 378.7 DEG.C
TI19REG 241.7 DEG.C
TOSHED%xxx%xx% DEG.C

REC 08/27/86 14:05:40.27 RDG 1200

SURFACE TEMPERATURES

TO1HTR 600.3 DEG.C

TO2HTR 607.1 DEG.C
TO3HTR 614.6 DEG.C
TO4HTR 605.0 DEG.C
TOEHTR 619.5 DEG.C
TO6HTR 611.7 DEG.C
TO7HTR 610.3 DEG.C
TOBHTR 578.4 DEG.C
TO9HTR 612.6 DEG.C
TI1O0HTR 584.7 DEG.C
T11HTR 575.1 DEG.C
T12HTR 575.6 DEG.C

T13REGxxxx%X DEG.
T14REG 522.7 DEG.
T15REG 402.6 DEG.
T16REG 402.4 DEG.
T17REG 388.9 DEG.
T18REG 382.4 DEG.
T19REG 255.2 DEG.

TO3SHED%xx%x%% DEG.

O 0000000




NASAR LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLIMNG

FLODP .38 L/MIN
TWINDP 18.8 DEG.C
TDLDP 1.99 DEG.C
TWODPR 21.4 DEG.C
HEAT TO COOQLER
FLOCLR 4.22 L/MIN
TWINCL 25.0 DEG.C
TDLCL 8.75 DEG.C
THOCLR 32.75 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID NITROGEN BAROM 14.357 PSI REGENERATOR 1

HEAT TO DASHPOT COOQLING

FLODP 4.00 L/MIN
TWINDP 19.2 DEG.C
TDLDP 1.10 DEG.C
TWODPR 20.4 DEG.C

HEAT TO COQLER
FLOCLR 4.35 L/MIN
TWINCL 25.2 DEG.C
TDLCL 6.46 DEG.C
THOCLR 29.%9 DEG.C

NASA LEWIS SENSITIVITY TEST DATA RE 1000

FLUID HELIUM

HEAT TO DASHPOT COOLING

FLODP 4.12 L/MIN
TWINDP 18.0 DEG.C
TDLDP 2.4% DEG.C

TWODPR 20.5 DEG.C

HEAT TO COOLER

FLOCLR 4.26 L/MIN
TWINCL 25.3 DEG.C
TDLCL 8.86 DEG.C

TWOCLR 31.38 DEG.C

NP UNHOWOVURIN KN

Yt bk b ot o ekt

1
2
3
4
5
6
8
9
10
11
12
13
14
15
16

BAROM 14.474 PSI REGENERATOR 1

POWER IMN

AtiPS1  680. AMPS
AMPS2  605. AMPS
VOLTG 2.78 VOLTS

CALCULATED PARAMETERS

PURIN 3575. WATTS
QCOOLR 2563. WATTS
QDSHPT 605. WATTS
EXTEFF 22.3 %
TAVHTR 600.9 DEG.C
INTEFF 23.7 %

AMPS 1285. AMPS
QDISPG 3. WATTS
QDISP 14. WATTS
QREGI 103. WATTS
QREG2 122. WATTS
QREG3 35. WATIS
PFP 1020.3 KPA/CM
PFD 277.8 KPAsCM

NBEARLE 0.00545

POWER IN
AMPS1 565. AMPS
AMPS2 437. AMPS
VOLTIG 2.20 VOLTS

CALCULATED PARAMETERS

PWRIN 2210. WATTS
QCOOLR 1948. WATTS
QDSHPT 306. WATTS
EXTEFF 13.2 %
TAVHTR 600.0 DEG.C
INTEFF 13.0 %

AMPS 1002. AMPS
QDISPG 0. WATTS
QDISP 15. WATTS
QREG1 112. WATTS
QREG2 99. WATTS
QREG3 34, WATTS
PFP 967.5 KPA/CM
PFD 226.5 KPAsCM

NBEALE 0.00226

BAROM 14.322 PSI REGENERATOR 1

POWER IN
AMPS1 653. AMPS
AMPS2 517. AMPS
VOLTG 2.58 VOLTS

CALCULATED PARAMETERS
TTS

PWRIN 3018. WA
QCOOLR 2618. WATTS
QDSHPT 701. WATTS
EXTEFF 1%.0 %
TAVHTIR 600.8 DEG.C
INTEFF 17.9 %

AMPS 1170. AMPS
QDISPG 3. WATTS
QDISP 15. WATTS
QREG1 119. WATTS
QREG2 107. WATTS
QREG3 36. WATTS
PFP 987.2 KPA/CM
PFD 245.5 KPA/CM
NBEALE 0.00331

TABLE VI.

- CONCLUDED.

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 2

ENGINE CHARGE PRESSURE
PRESUP 7163. KPA

MEAHBP
MEANCP

69%92.
7033.

KPA
KPR

VIBRATION
VX1HOR 0.7 CM/S
VYL1VER 8.9 Cl/S

PHASE ANGLES
PADISP 77.7 DEG.
PAPRES -11.3 DEG.

ENGINE SPEED
FRER 31.3 HZ

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1
ENGINE CHARGE PRESSURE

PRESUP 7160. KPA

MEANBP 7010. KPA

MEANCP 7058. KPA
VIBRATION

VX1HOR 0.6 CM/S
VYIVER 7.5 ClV/s8

PHASE ANGLES
PADISP 36
PAPRES -5.

ENGINE SPEED
FREQ 28.0 HZ

.5 DEG.
5 DEG.

FREE PISTON STIRLING ENGINE TEST D003,

DISPLACER 1

ENGINE CHARGE PRESSURE
PRESUP 7076. KPA

MEANBP
MEANKCP

7016.
7063.

KPA
KPR

VIBRATION
VX1HOR 0.4
VY1VER 6.0

PHASE ANGLES
PADISP 4l.
PAPRES -8.

ENGINE SPEED
FREQ 37.4 HZ

CM/sS
s

6 DEG.
1 DEG.

100

LIGHT

STANDARD PISTON

GAS TEMPERATURES
TGEXP 559.5 DEG.C

TGREGH 551.9 DEG.C
TGREGC 98.6 DEG.C
TGCOMP 51.6 DEG.C
TGBOUKR 35.8 DEG.C

REMOTE CALCULATIONS

PWROUT 798. WATTS
INDPWR 818. WATTS
PISTST 2.61 CM
DISPST 1.38 CH
DYNAMIC CALCULATIONS
PAMPC 1299. KPA
DISFCP 2.65 CIt
PISTCP 2.36 CM
PDYNDB 1163. KPA
PDLCLR 7.8l KPA
PDLREG 57.36 KPA
PDLDIS 99.10 KPA

STANDARD PISTON

GAS TEMPERATURES
TGEXP 566.9 DEG.C
TGREGH 552.1 DEG.C

TGREGC '109.5 DEG.C

TGCOMP 40.9 DEG.C

TGBOUN 27.3 DEG.C

REMOTE CALCULATIONS
PWROUT 292. WATTS
INDPWR 314. WATTS
PISTST 2.56 Cl
DISPST 1.56 CM

DYNAMIC CALCULATIONS
PAMPC 1162. KPA
DISPCP 2.47 CM
PISTCP 2.41 CM
PDYNDRB**¥%%% KPR
PDLCLR 14.93 KPA
PDLREG 61.09 KPA
PDLDIS154.77 KPA

PISTON

GAS TEMPERATURES
TGEXP 558.4 DEG.C

TGREGH 566.1 DEG.C
TGREGC 1062.3 DEG.C
TGCOMP 46.1 DEG.C
TGBOUN 32.6 DEG.C

REMOTE CALCULATIONS
PWROUT 572. WATTS
INDPWR 571. WATTS
PISTST 2.56 CNM
DISPST 1.90 CM

DYNAMIC CALCULATIONS
PRMPC 1102. KPA
DISPCP 2.28 CNM
PISTCP 2.37 CM
PDYNDB¥%X%%X KPR
PDLCLR 4.41 KPA
PDLREG 40.05 KPA
PDLDIS 75.69 KPA

REC 09726784 10:54:20.52 RDG 1357

SURFACE
TO1HTR
TG2HTR
TO3IHTR
TO4HTR
TOSHTR
TO6HTR
TO7HTR
TOBHTR
TOSHTR
T10HTR
T11HTR
T12ZHTR

T13REG®X¥%XX

T14REG
T15REG
T16REG
T17REG
T18REG
T19REG

TOIHED**%¥%x

REC 11/27/84 10:56:18.08 RDG 1552

TEMPERRTURE

601.7 DEG.C
616.3
612.
608.
618.
611.
610,
578.
610.
589.
573.
582.

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

QU 0 LA e D
Qaaoaaaoaaaaaan

DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.

514.2
390.1
386.3
378.5
364.0
237 .4

Q Qaaaaaa

DEG.

SURFACE TEMPERATURES
TO1HTR 602.2 DEG.C
TO2HTR 615.1 DEG.C
TO3HTR 604.1 DEG.C
TQ4HTR 616.8 DEG.C
TOS5HTR 602.7 DEG.C
TO6HTR 604.2 DEG.C
TO7HTR 603.7 DEG.C
TO8HTR 584.2 DEG.C
TQ9HTR 607.4 DEG.C
T10HTR 596.9 DEG.C
T11HTR 579.0 DEG.C
T12HTR 583.9 DEG.C
T13REG**%¥%¥X% DEG.C
T14REG 497.4 DEG.C
T15REG 385.4 DEG.C
TI6REG 391.0 DEG.C
T17REG 391.1 DEG.C
T18REG 375.3 DEG.C
T19REG 236.7 DEG.C
TO3HED*X¥%X% DEG.C

REC 12/707/8% 14:42:20.19 RDG 1608

SURFACE TEMPERATURES
TOLHTR 606.1 DEG.C
TOZHTR 606.3 DEG.C
TO3HTR 614.3 DEG.C
TO04HTR 606.5 DEG.C
TOSHTR 617.5 DEG.C
TO6HTR 611.5 DEG.C
TO7HTR 610.5 DEG.C
TO8HTR 584.0 DEG.C
TO9HTR 615.3 DEG.C
T10HTR 582.2 DEG.C
T11HTR 581.7 DEG.C
T12HTR 573.3 DEG.C
T13IREGX*X¥X¥% DEG.C
T14REG 522.1 DEG.C
T15REG 398.0 DEG.C
T16REG 402.5 DEG.C
T17REG 402.6 DEG.C
T18REG 390.7 DEG.C
T19REG 243.5 DEG.C
TOIHEDX¥¥X¥% DEG.C




TABLE VII. - LIST OF SINGLE VARIABLE DATA POINTS

[Regenerator and displacer 1 were designed for high efficiency. Regenerator
and displacer 2 were designed for high power.]
Nominal Values

Reading | Gas Heater, Cooler, | Pressure, Stroke, | Disp. | Regen. Pist.
Number °C °C MPa cm

1006- He 600 25 7.0 var 1.8, 1 Std
1012 2.0, ..

1010, Var 7.0,

1070, | He 600 25 5.5, 4.0 2.6 1 Std
1079

1010, Var

1017, He | 600, 550 25 7.0 2.6 1 Std
1024, 500, 450

1030

1010, var

1121, He 600 25, 40, 7.0 2.6 1 Std
1200 55

1010, He 600 25 7.0 2.6 Var 1 Std
1357 1, 2

1010, He 600 25 7.0 2.6 1 Var Std

602 1, 2

1010, He 600 25 7.0 2.6 1 1 Var Std
1608 and Light
1010, | var

1552 He, 600 25 7.0 2.6 1 1 Std

N2

TABLE VIII. - LIST OF DOUBLE VARIABLE DATA POINTS

SVDS reading DVDS reading numbers
numbers (stroke varied starting at 1.8 cm)

602 598-602 (1.8-2.6 cm)
1006 1006-1012 {1.8-3.0 cm)
1007
1008
1009
1010
1011
1012
1017 1013-1019
1024 1020-1025 (1.8-2.8 cm)
1030 1026-1032 (1.8-3.0 cm)
1070 1066-1072 L
1079 1075-1081
1121 1117-1122 (1.8-2.8 cm)
1200 1196-1202 (1.8-3.0 cm)
1357 1353-1360 (1.8-3.2 cm)
1552 1548-1552 (1.8-2.6 cm)
1608 1604-1610 (1.8-3.0 cm)
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~~DASHFOT

POWERPISTON--

JRRRON A —

Fon v

DISPLACERROD—- 1§
DISPLACER ~—"

FIGURE 1. - COMPONENT LAVOUT OF RE-1000 FREE PISTON
STIRLING ENGINE.
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FIGURE 2, - RE-1000 FREE-PISTON STRILING ENGINE IN TEST CELL.

oc
600
5o HEATER
500
450
4.0 MPa d P
A/ 5
. |1 | #  COOLER
& =
@s\‘ [ | »
& 55MPa
7.0 MPa
. PISTON STROKE: 1,8 cm
2.0cm
2.2¢m
2.4cm
2.6 cm

PISTON STROKE INCREASES
TO A LIMIT DETERMINDED BY
THE OPERATING CONDITIONS

FIGURE 3.- RE-1000 TEST MATRIX.
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DISPLACER

[/ )

STANDARD REGENERATOR
PISTON 189 108 2
174 150 REGEN%RATOR
NITROGEN { : —l
'__ —
64
/I_ R

Lieer | | T T
POWER
PISTON

FIGURE 4.- CONFIGURATION MATRIX WITH NUMBER OF READINGS.

HEAT GENERATED IN THE ARM EQUALS

THE AMOUNT OF HEAT LOST FROM THE
ARM TO THE ATMOSPHERE, THEREFORE.,
ZERO TEMPERATURE GRADIENT AT BRAZE
/— BRAZED JOINT
/

I\ /

Q/GENERATED
/
/ -
/ VOLTAGE / / -
/ MEASUREMENT/ Heater, _—"

L POWER INPUT LOCATION—/ TUBE

FIGURE 5.~ RE-1000 HEATER HEAD.
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FIGURE 6. - METEX KNITTED REGENERATOR MATRIX.




[J HEATER

6 QO COOLER
/ /A REGENERATOR

PRESSURE DROP, AP, KPA

2 4
W
iz p
iy

0 10 20 30 40
MASS FLOW RATE. G/SEC

FIGURE 7.~ PRESSURE DROP AS A FUNCTION OF MASS FLow RATE
WITH REGENERATOR 1. TESTED WITH NITROGEN AT 2070 KPA FOR
THE COOLER AND REGENERATOR. AND 1380 KPA FOR THE HEATER.
NITROGEN TEMPERATURE WAS 15 OC,
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F T

L O CooLer /

— O Heater
/A REGENERATOR

PRESSURE DROP, AP, KPa
N

2
L ’):f,}j
1 ;f cf’ij’
- oy
XP(%C)A Ll Ll Lt
0 10 20 30 40

MASS FLOW RATE, &/SEC

FIGURE 8.,- PRESSURE DROP AS A FUNCTION OF MASS FLOW RATE
WITH REGENERATOR 2. TESTED WITH NIGROGEN AT 2070 kPa
FOR THE COOLER AND REGENERATOR. AND 1380 KPA FOR THE

HEATER., NITROGEN TEMPERATURE Was 10 OC,

C-80-2471

FIGURE 9. - RE-1000 COOLER AND HOUSING.
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F16UrRE 10. - DISPLACER CYLINDER AND COOLER GAS PASSAGES.

géé

-

.

Stan
x,.‘f«u S

. <:f(<;fs>“:z"\

FiGure 11. - DISPLACER AND DISPLACER ROD T.
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FIGURE 12. - DISPLACER AND DISPLACER ROD 2,

—] le——1.67 cM (0.6558 IN.)

2.30 cM
(0.91 1N
le——5.67 ¢M (2.234 IN,)

=L

15.19 cM ,
(5.980 1N.)

! le——5.64 cm (2.220 IN.)

FIGURE 13.- DISPLACER 1 CROSS-SECTION, DISPLACER WEIGHT, 426 6
(0,94 LB): GAS SPRING MEAN VOLUME. 31,79 cm’ (1.94 IN.Z).
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—] l«——1.808 cM (0.7120 1N.)
A
1.37 ¢cm h
(0.54 1N

— je——5.67 ¢ (2.234 IN.)

1

14,05 cm | -

(5.53 1IN,

] ! l@«——5.65 cM (2.226 IN.)

FIGURE 14.- DISPLACER 2 CROSS-SECTION. DISPLACER WEIGHT 381,36
(0.84 LB), GAS SPRING MEAN VOLUME, 18.80 CM3(1.1'+7 IN.3).

o

o

o
e

o

C-79-4608

FIGURE 15. - RE-1000 FREE-PISTON STRILING ENGINE POWER PISTON.
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~—POWER
-~ PISTON
CYLINDER

ENGINE
0!
COOLER ”‘\\\

~
~—LEAK PATH 2

= LEAK PATH 3

(A) WHEN DISPLACER IS AT COMPRESSION SPACE.

E—
- POWER
- PISTON
@ CYLINDER
ENGINE II ;
COOLER —x\ e - %

&

- LEAK PATH 2
-

LEA_j}( PATH 1\\

& ~—LEAK PATH 3

(B) WHEN DISPLACER 1S AT EXPANSION SPACE.

FIGURE 16. - DISPLACER ROD MOUNTING WITH CENTER PORTS AND LEAK PATHS
SHOW.
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Bounce
SPACE

COOLER-COMPRESSION
SPACE CONNECTING
DUCT

f

COOLER

REGENERATOR-

COOLER DUCT—//T_

REGENERATOR

HEATER-REGENERATOR DUCT

e

S~ COMPRESSION
SPACE

“~— DISPLACER GAS
SPRING

“S—EXPANSION SPACE

\\“—EXPANSION-HEATER
CONNECTING DUCT

™~
~\
S HeaTer

FIGURE 17.- DEFINITIONS OF VOLUMES IN THE ENGINE.

PRESSURE

DISPLACER GAS
SPRING

.~ CENTERING PORT

PRESSURE

COMPRESSION
SPACE -

/
/

/
£ Mean
PRESSURE

— CENTERING PORT

YoLume

FIGURE 18.- RE-1000 ENGINE CENTERING
PORT PRESSURE DROP FOR DISPLACER
GAS SPRING AND COMPRESION SPACE.
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POWER PISTON
CYLINDER ™~

]

/,/_'LEAK PATH 3

<" LEAK PATH 1

LEAK PATH 2 —_

ENGINE

COOLER —_
~

I

DISPLACER ROD

\

.

(A) WHEN POWER PISTON IS ABOVE CENTER PORTS,

]

POWER PISTON
CYLINDER ™|

i

)

_— LEAK PATH
L

|
Ik

ENGINE

COOLER —
~

\

\“-DISPLACER ROD

(B) WHEN POWER PISTON IS BELOW CENTER PORTS.

FIGURE 19.- SCHEMATIC OF LEAX PATHS PAST POWER PISTON.
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ToP EDGE OF

BOUNCE SPACE /. _CYLINDER

~UN\. | ~ N\ | 7 -
\\\L///// \\\\\'L/////*——— LEAK PATH 3
TN VNS
c/é/:i\é\\: ///f AN LEAK PATH 1
A /N
/A AN
jolb AR
VA B B U /o | |\ Leak Path 2
/
A U U A B
lo N \
COMPRESSION SPACE
(A) WHEN POWER PISTON IS ABOVE CENTER PORTS,
BOUNCE SPACE ,~ ToP EDGE OF
/  CYLINDER
CENTER PORTS IN SURFACE OF CYLINDER
[ NN/ |
\Q\,/// \\,///4———— LEAK PATH

CENTER PORTS IN SURFACE OF PISTON

COMPRESSION SPACE
(B) WHEN POWER PISTON IS BELOW CENTER PORTS.

FIGURE 20, - GEOMETRY OF LEAK PATHS PAST POWER PISTON., THE CENTER
PORT IN THE POWER PISTON CYLINDER IS A 1.1-MM-DIAMETER HOLE
WITHIN A GROOVE 30 MM LONG, 1.25 MM WIDE. AND 0./5 MM DEEP.

FiGURE 21, - RE-1000 IN TEST CELL WITH PRESSURE VESSEL REMOVED,
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" FleuRe 22.- RE-1000 TEST SCHEMATIC.
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FIGURE 24.- RE-1000 HEATER HEAD THERMOCOUPLE LOCATIONS.
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VIBRATION

40 HORIZONTAL| v
F | PISTON FORCE 46

X PI‘ TON POSITION 47
41 VERTICAL] V i 0
I Xo | PLsTON vELOCITY 48
Xp | DISPLACER POSITION 49
24 BOUNCE sPACE [ . o | DYNAMIC BOUNCE
TEMPERATURE " B PRESSURE 50
2 MEAN BOUNCE
TEMPERATURE AP ] PISTON PRESSURE DIFFERENTIAL 52
p | DYNAMIC COMPRESSION
25 COMPRESSION T PRESSURE 51
SPACE TEMPERATURE
1 MEAN WORKING p AP | COOLER DELTA P 53
PRESSURE 7
N tc | COOLER-REGENERATOR
17-23 REGENERATOR e ‘ 4 GAS TEMPERATURE 26
WALL TEMPERATURE - AP | REGENERATOR PRESSURE
l DIFFERENTIAL 54
27 HEATER REGENERATOR | TC 5
GAS TEMPERATURE L | AP | DISPLACER PRESSURE
DIFFERENTIAL 55
TC TC
y-g HEATER TUBE HEATER TUBE
TEMPERATURESS 1 TEMPERATURE  10-15
TC TC
TC

HEAD TEMPERATURE 16

FIGURE 25.- INSTRUMENTATION LAYOUT OF RE-1000.
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DISPST
= = L7 o
DISPLACER DRIVING FORCE

(1147 KPAIX(2.2 cud)=

251 N— —COMPONENT OF THE
N { PRESSURE WAVE CAUSED
! BY THE PISTON R
: / PISTST _ 1.3
GAS-SPRING / 1301 kpa o~ = 1.30cm
FORCE

papC |
147 xPa

rd
DAMPING 7
FORCE — /
LNET DISPLACER FORCE
(MASS) X (ACCEL.)

178 N

PFP

PFD

4

|

L COMPONENT OF THE
PRESSURE WAVE CAUSED
BY THE DISPLACER
386 KPA

1501 kPA kP

1.30 cM cM
386 KPA KPA
1.7 e 73299 cn

FIGURE 26.- PHASOR DIAGRAM OF THE RE-1000 AT DATA POINT 1070, DESIGN

CONDITION.
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25 °C 11012 {1013 {1025 1032 25 °C 11360 {1368 | 1377 | 1385 * QMIT PQINT 1376

0

4.0 MPA /soo /550 /soo/uso/ 4.0 MPA /600/550/500/450/
7051 1 1] 71-1 | 1
709 |t b ] 726 ________I___|
£58- | | | 786- ] |
662 793
638-| 643~ ] 648- | 653- 862- | 853- [ 8u4- | 835
642 | 647 | 652 | 657 869 | 861 {852 8us

5.5 MPA / / 5.5 MPA / /

701- | 741- I

704 I 98 1|

663- I I | 794- i

667 801 i

633- | 628- | 623-] 618- 870- | 879- | @88~ | 899- |

637 | 632 | 627 | 622 878 | 887 | 896 | 908

7.0 MPa / /

o[ 697-T 692- [ 687- | 682~
55 °C1 700 | 696 | 691 | 686

7.0 MPa / /

775 | 766~ |%757- | 749-
55°% V780 | 773 | 765 | 756

o] 872 677- EﬁééﬁgaAToR 2 40 O¢ sou- s HgééxERATOR 2
40 "¢ 76 681 DISPLACER 1 212 821 DrsPLACER 2

STANDARD PISTON 939- | 930- § 921- } 909-

598- | 603- | 608- | 613- o
257°C T 948 | 938 | 929 | 916

o STANDARD PISTON
25 7Cl s02 | 607 | 612 | 617

* QMIT POINT 759

FIGURE 27.- TEST MATRIX WITH READING NUMBERS.
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