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FOREWORD
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ABSTRACT
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A test was conducted in the Propulsion Wind Tunnel (16T) of the Propulsion Wind
Tunnel Facility to determine the flow field in the wake of an ejection seat escape system
at transonic flight conditions, and to determine the performance characteristics of a
stabilization parachute attached to the back of the ejection seat model. The results were
obtained for both simulated rocket-off and rocket-on conditions through a model
angle-of-attack range from 0 to 30 deg. High pressure air was used to simulate the escape
rocket jet plume at a sea-level altitude. The results show that the ejection seat model
was statically unstable, but became longitudinally stable with the parachute for the test

range investigated.
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Constructed diameter of guide surface parachute, 2.25 ft

Parachute drag force, 1b

Model axial force, ib

Model normal force, 1b

Side force, Ib

Suspension line length, in.

Rolling moment, ft-1b

Model pitching moment, ft-lb
Yawing moment, ft-lb

Wake local Mach number
Free-stream Mach nurrllber

Nozzle total pressure (chamber pressure), psfa
Free-stream static pressure, psfa
Wake local dynamic pressure, psf
Free-stream dynamic pressure, psf
Model reference area, 1.73 sq ft

Parachute reference area

Hemisflo (based on nominal diameter), 4.906 sq ft
Guide Surface (based on design diameter), 3.974 sq ft
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Axial location of rake probe or parachute downstream of the model

center-of-gravity location, positive downstream, ft

Horizontal location of rake probe from the model center-of-gravity location,

positive to the right looking upstream, ft

Vertical location of rake probe from the model center-of-gravity location,

positive up looking upstream

Model angle of attack, deg
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On Nozzle semidivergence angle, deg
v Angle of yaw, deg
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viii



AEDC-TR-71-30

SECTION |
INTRODUCTION

The purpose of this test program was to determine the flow field in the wake of
an ejection seat with an attached dummy crew member during simulated rocket-off and
rocket-on conditions and to determine the performance characteristics of a stabilization
parachute attached to the ejection seat model. The wake was surveyed with a pressure
rake at horizontal positions from 5.8 to 9.7 body widths aft of the model center of
gravity and vertically from 2.4 body widths above to 2.4 body widths below the model
center of gravity. The stabilization parachutes were attached to the back of the ejection
seat model with various riser lengths to investigate parachute performance at various trailing
distances. :

The data in this report represent typical results obtained during the investigation.
The data were obtained during simulated rocket-off and rocket-on conditions at Mach
numbers from 0.6 to 1.5 for model angles of attack from O to 30 deg. High pressure
air was used to simulate the escape rocket jet plume at sea-level altitude. Previous tests
showing the basic ejection seat aerodynamic characteristics, and the aerodynamic
interference effects of the simulated catapult rocket plume on the ejection seat aerodynamic
characteristics are presented in Ref. 1.

SECTION 1i
APPARATUS

2.1 TEST FACILITY

The Propulsion Wind Tunnel (16T) is a closed-circuit, continuous flow wind tunnel
capable of being operated at Mach numbers from 0.20 to 1.60. The test section is 16
by 16 ft in cross section and 40 ft long. The tunnecl can be operated within a stagnation
pressure range from 120 to 4,000 psfa. depending on the Mach number. Stagnation
temperature can be varied from an average minimum of about 80 to a maximum of 160°F.
Perforated walls in the test section allow continuous operation through the Mach number
range with a minimum of wall interference.

Details of the test section, showing the model location and support system
arrangement, are presented in Fig. 1 (Appendix). A wind-tunnel installation photograph,
showing the model with both the survey rake support system and the decelerator in Tunnel
16T, is presented in Fig. 2. A more extensive description of the tunnel and its operating
characteristics is contained in the Test Facilities Handbook, Ref. 2.

2.2 TEST ARTICLE

The model tested consisted of a 0.5-scale representation of an c¢jection seat escape
system occupied by a dummy crew member of average size in normal flying clothes and
equipment. The model had a frontal area of 1.73 sq ft and a side area of 1.7] sq ft.
Major dimensions of the model are presented in Fig. 3. The escape rocket was positioned
in the lower aft portion of the seat and was attached to the sting so that the model
was isolated from the jet reaction force.
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The crew member was constructed of cloth impregnated with phenolic resin and was
rigidly attached to the metal seat housing a six-component balance. The arms of the crew
member simulated an ejection position holding the ejection handle control on the arm
rests. The nozzle configuration used simulated the plume shape of a full-scale 2174-518
rocket catapult at sea-level altitude. The fixed-area-ratio nozzle was designed so that the
initial turning angle of the jet plume simulated the initial turning angle of the 2174-518
rocket plume at sea level altitude, Ref. 3. Details of the nozzle are given in Fig. 4. High
pressure air, supplied to the nozzle through the center of the sting support system, was
controlled remotely over a chamber pressure range from 0 to 1800 psia. A hydraulic
actuator was used to provide remote variation of model angle of attack through’the range
of 0 to 30 deg.

The model wake was surveyed with and without rocket plume simulation-with a
pressure rake containing thirteen cone probes, each cone instrumented with a pitot and
four static orifices. The static orifices were manifolded together to give one average pressure.
The sting-mounted rake was remotely translated horizontally from 5.8 to 9.7 body widths
‘aft of the model center of gravity and translated vertically 2.4 body widths above
and below the model center of gravity. The pressure rake details are shown in Fig. 5.

The stabilization parachute assembly is shown in Fig. 6. The parachute riser line
was affixed to the back of the ejection seat at four points by a bridle-load link combination.
A strain-gage load link was placed in each of the four bridle legs, and a load link, measuring
the total parachute drag, was placed between the riser line and the bridle assembly.

The two types of stabilization parachutes investigated were the Hemisflo and the
Guide Surface parachute. The Hemisflo parachute was constructed of 0.75-in. nylon ribbons
and the Guide Surface parachute was constructed of a relatively nonporous nylon cloth.
The bridle, riser, and suspension lines of both types of parachutes were also of nylon
construction. A dimensioned sketch of the two types of stabilization parachutes is presented
in Figs. 7 and 8. The Hemisflo parachute had a nominal diameter of 2.50 ft and a geometric
porosity of 15 percent. The.Guide Surface had a constructed diameter of 2.25 ft.

2.3 INSTRUMENTATION

An internally mounted, six-component, strain-gage balance was used to measure the
model forces and moments. Four strain-gage load links were used to measure the parachute
drag loads exerted on each bridle leg at the model attachment points, and a fifth load
link was used to measure the total parachute drag between the bridle and riser line. The
jet chamber pressure and temperature were measured with a 0- to 2500-psi gage transducer
and a copper-constantan thermocouple, respectively. The pressure rake consisted of 13
conical probes, each instrumented with a pitot and four static orifices. The static orifices
were interconnected to give one average pressure. The vertical and axial location of the
pressure rake was determined by linear potentiometers.

The electrical output signals from the balance, load links, pressure transducers,
thermocouple, and potentiometers were transmitted through analog-to-digital converters
to a Raytheon 520 computer for final data reduction while the test was in progress. Also,
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the balance and load link outputs were continuously recorded on direct-writing
oscillographs for monitoring model dynamics and parachute drag. Five motion-picture
cameras and a television camera were used to document and monitor the test.

SECTION 111
TEST DESCRIPTION

3.1 GENERAL

After the prescribed tunnel conditions were established during the wake survey phase,
jet-off and jet-on data were obtained while holding the Mach number constant and varying
the model angle of attack. At each model angle of attack, the wake was surveyed from
5.8 to 9.7 body widths aft of the model center of gravity and vertically from 2.4 body
widths above to 2.4 body widths below the model center of gravity.

For the ejection seat and parachute portion of testing, the parachute deployment
was obtained by permitting the parachute to hang freely from the ejection seat model
and to deploy as tunnel conditions were achieved. Different riser lengths were used to
obtain data at the various axial locations. The parachute steady-state loads were calculated
by averaging the analog output from the load links and balance over 1-sec intervals. Motion
pictures and steady-state data were obtained at various axial locations downstream of the
model at various model angles of attack.

For the jet-on data, a continuous supply of high pressure air was ducted to the model
for rocket simulation. The nozzle design and jet pressure used during these tests simulated
the full-scale rocket shape at a sea-level altitude. (It should be mentioned that the full-scale
rocket catapult operates at a constant chamber pressure of 4,000 psia, but in order not
to excecd the load limit of the balance over the Mach number range, it was necessary
to vary both the jet chamber and the free-stream static pressure and yet maintain a constant
ratio (p./p.). The jet chambcr pressure was varied from 450 psia at M, = 0.6 to 1800
psia at M, = 1.5.

The ejection scat model was tested at free-stream Mach numbers from 0.6 to 1.5
through a model pitch range from 0 to 30 deg. The dynamic pressure was varied from
170 to 690 psf, and the Reynolds number per foot was varied from 0.67 to 106 to
2.2 x 106,

3.2 DATA REDUCTION

The model force and moment data obtained during this test were corrected for weight
tares and reduced to coefficient form in the body-axis system as shown in Fig. 9. The
moment coefficients are referred to the model reference center-of-gravity position shown
in Fig. 3. All model force and moment coefficients are based on the seat height of 2
ft and projected model frontal area of 1.73 sq ft. The force and moment coefficients
do not include the jet reaction force.
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3.3 PRECISION OF MEASUREMENTS

An estimate of the accuracy of mecuasurcments is presented below.

M. M., 2a *Ca tCN Cy *Cp, tqw M,
0.6 0.005 0.1 0.008 0.05 0.008 0.020 7 psf 0.024
1.5 0.016 0.1 0.003 0.02 0.003 0.022 10 psf 0.035

SECTION 1V
RESULTS AND DISCUSSION

This investigation was conducted for the purpose of determining the flow field in
the wake of an ejection seat escape system and of determining the performance
characteristics of a stabilization parachute attached to the ejection seat model. The results
were obtained for both simulated rocket-off and rocket-on conditions through a model
angle-of-attack range from 0 to 30 deg. High pressure air was used to simulate the escape
rocket jet plume at a sea-level altitude.

The data in this report represent typical results obtained during the investigation.
The complete test data were forwarded to AFFDL for final analysis.

4.1 MODEL WAKE PROPERTIES

Presented in Figs. 10 through 15 are the local wake properties in the form of the
ratio of the local Mach number to free-stream Mach number and local wake dynamic
pressure to free-stream dynamic pressure. The local wake Mach number ratios (My, /M..)
for both jet-off and jet-on conditions are presented in Figs. 10 and 11 at various X/D
locations with the ejection seat model at a = 0 deg. The wake was investigated from
Z/D = -2.4 to 2.4 at each condition, and the model vertical location at a = 0 was between
Z/D = -1.4 and 1.4. In general. the effect of the jet plume at M,, = 0.60 was to increase
the local Mach number of the flow field at all X/D locations. At M.. = 1.5, the effect
of the jet plume on the local wake Mach number was less pronounced and generally
reduced the wake Mach number in the flow field region influenced by the jet plume
(-2.4 < Z/D < 0). The wake caused by the sting support system was apparent in the
region below the model (-2.4 < Z/D < 1.4). .

The effects of varying the model angle of attack on the local wake Mach number
distribution are presented in Fig. 12 for jet-off conditions. Increasing the model angle
of attack produced a significant change in the local wake Mach number at various Z/D
locations.

Representative flow field data are presented in Figs. 13 and 14 showing the local
dynamic pressure distribution at various X/D locations for jet-off and jet-on conditions.
Comparing the data in Figs. 132 and 14a for jet-off conditions, it may be seen that
increasing the X/D location increased the local dynamic pressure level and reduced the
gradients at M,, = 0.60 and 1.50. In general, the trends were the same for the jet-on
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conditions (Figs. 13b and 14b) with the exception of the M, = 0.6 results, where the
local dynamic pressure level decreased with increasing X/D locations in the flow field
region influenced by the jet plume.

From the comparison of jet-off and jet-on data in Figs. 13 and 14, it may be seen
that the simulated jet at M, = 0.6 increased the local dynamic pressure level over the
entire flow field at the various X/D locations. However, at M, = 1.5, the simulated jet
increased the local dynamic pressure level only in the flow field region influenced by
the jet plume. In general, there was little difference in the local dynamic pressure gradients
near the model (-1.4 < Z/D < 1.4) as a result of the jet simulation.

Figure 15 shows the effect of increasing the model angle of attack on the local
dynamic pressure distribution at an X/D location of 5.8 with the jet off. Generally, the
level of the local dynamic pressure increased with increasing model angle of attack in
the flow field affected by the model. Also, the interference effects caused by the model
support system appear to have influenced a larger portion of the flow field at the higher
angles of attack.

4.2 PARACHUTE CHARACTERISTICS

A Hemisphere and a Guide Surface parachute were investigated as a stabilization device
for the ejection seat model. Since only a limited amount of data were obtained with
the Guide Surface parachute, no comparative data will be presentcd. The measured drag
coefficient of the Guide Surface parachute (based on a constructed diameter of 2.25 ft)
was 0.42 and 0.43 at M_, = 0.60 and 0.90, respectively, with the model at zero angle of
attack. Visual analysis of television monitors and motion pictures showed that the
Hemisflo and Guide Surface parachutes exhibited full canopy inflation at all test
conditions.

Various riser line lengths were used between the Hemisflo parachute and the ejection
seat. The effect of the parachute trail distance, X/D, on the parachute drag coefficient,
Cp,, is presented in Fig. 16. The effect of jet simulation on the parachute drag coefficient
is also shown for comparative purposes. The data show that at a given free-stream Mach
number, the parachute drag coefficient increased with increasing X/D locations with the
greatest increase occurring at the lower Mach numbers. The increase in drag coefficient
was primarily caused by the cjection seat wake becoming less prominent as the X/D location
was increased. Analysis of motion pictures shows that the parachute oscillatory motions
decreased as the X/D locations increased. However, in the actual case, a smaller trail distance
is desirable since it minimizes the effect of the aircraft horizontal stabilizer interference
on the aircraft. Photographs of the Hemisflo parachute, at various trail distances and model
angles of attack, are presented in Fig. 17 for a jet-off condition.

The effect of jet simulation on the parachute drag coefficient may also be seen in
Fig. 16. The data obtained with the model at a = 0 deg show that the jet air increased
the parachute drag coefficient at each test condition. Motion-picture coverage obtained
during jet simulation showed that the jet wake had essentially no effect on dynamics
or trailing angle of the Hemisflo parachute. The Guide Surface parachute, which exhibited
more erratic dynamics than the Hemisflo parachute, moved toward the jet wake during
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jet simulation. Photographs of the Guide Surface parachute at various model angles of
attack, showing the effect of jet simulation, are presented in Fig. 18.

The effect of the ejection seat angle of attack on the Hemisflo drag coefficient is
shown in Fig. 19 for jet-off and jet-on conditions. Generally, the parachute drag coefficient
increased with increasing angle of attack at each X/D location. However, some adverse
effects on the parachute drag occurred at the high angles of attack, particularly for the
jet-off conditions. )

4.3 AERODYNAMIC CHARACTERISTICS

The shape of an ejection seat must conform to airplane geometric constraints that
inevitably produce an aerodynamically unstable seat. The basic aerodynamic characteristics
and aerodynamic interference effects of rocket jet simulation on the ejection seat without
a stabilization parachute are shown in Ref. 1. Some typical results are presented in Figs.
20 and 21 showing the effect of a parachute as a retardation and stabilization device.
The Hemisflo parachute increased the ejection seat axial-force coefficient for all test
conditions as shown in Fig. 20. The static longitudinal stability characteristics of the
ejection seat model, with and without the stabilization parachute, can be interpreted from
the slope of the pitching-moment versus axial-force coefficient plots presented in Fig.
21. The ejection seat model without the stabilization parachute was. unstable at all test
conditions for the range of angle of attack investigated. The ejection seat model with
the stabilization parachute was stable at all test conditions with stable trim points occurring
at approximately a = 13 deg at M,, = 0.60 to a = 6 deg at M, = 1.50 for the jet-off
condition. The jet simulation had little effect on the static stability characteristics.

SECTION V
CONCLUDING REMARKS

Tests were conducted to determine the flow field in the wake of an ejection seat
escape system at ftransonic flight conditions and to determine the performance
characteristics of a stabilization parachute attached to the ejection seat model during
rocket-off and simulated rocket-on conditions. The following observations are a result of
these tests:

1.  The level of the local Mach number and dynamic pressure increased, and
the gradients were decreased as X/D increased.

2. The effect of jet simulation was to increase the level of the local Mach
number and dynamic pressure at M, = 0.60.

3. The stabilization parachute drag coefficients increased with increasing trail
distances at each test condition.

4. The stabilization parachute exhibited full canopy inflation throughout the
Mach number range of the investigation.
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S. The ejection seat model was statically unstable but became longitudinally
stable with the parachute for the test range investigated.
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GUIDE SURFACE COORDINATES ROOF COORDINATES
X/Xo Y/X X/X g Y/
0.050 | 5.520 0.100 | 0.532
0.100 | 3.810 0.150 | 0.520
0.150 | 2.960 0.200 | 0.516
0.200 | 2.430 0.300 | 0.514
0.300 | 1.800 0.400 | 0511
0.400 | 1.420 0.500 | 0.511
0.500 | 1.170 0.600 | 0.509
0.600 | 0.977 0.700 | 0.525
0.700 | 0.823 0.800 | 0.588
0.800 | 0.705 0.866 | 0.713
0.900 | 0.603 0.900 | 0.496
0.919 | 0.586 0.950 | 0.261
0.919 ~| 0.000 0.975 | 0.1625
0.950 | 0.559 1.000 | 0.000

0.9 .
208 et to- 0500

Xg= 0.230D
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Fig. 8 Concluded
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