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ABSTRACT

Results are presented from a wind tunnel investigation
to ascertain the lateral and longitudinal stability and axial-
force characteristics of the crew and pilot escape capsules
proposed for the B-58 aircraft. The effect of varying sev-
eral parachute parameters on parachute drag and capsule
aerodynamics is also presented. Furthermore, a compar-
ison of the capsule aerodynamic coefficients obtained with
cold air simulation of the rocket exhausts in contrast to
rocket motor firings is discussed. The tests were con-
ducted at Mach numbers 0.60, 0.93, and 1. 50 at Reynolds
numbers ranging from 0. 40 to 2. 20 million. The test ar-
ticle attitude was varied from -10 to 90 deg in the pitch
plane and from -5 to 25 deg in the yaw plane.

In general, both capsule configurations were statically
unstable in the pitch and yaw planes. Furthermore, when
the rocket jet was simulated, the parachute which was at-
tached to the capsule dipped violently in and out of the jet
wake.
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NOMENCLATURE

FN

MM

Wind C

Longitudinal Forces FA

(Side View) Lateral Forces

(Top View)

FA

CA Measured axial-force coefficient, --

CD, Parachute drag coefficient,

Mm

Cm Pitching-moment coefficient, qMS (Moment reference shown

in Fig. '4a)
FN

CN Normal-force coefficient, N

Mn

-Cn Yawing-moment coefficient, •Sd (Moment reference shown

in Fig. 4a)
Fy

Cy Side-force coefficient, q.S

d Model reference length. 1.333 ft model scale

F A Axi-a! ore°!

"P N Normal force, lb

Fp Total parachute drag force, lb (addition of two drag link
measurements, see Fig. 6)
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Fy Side force, lb

MN, R Local Mach number in the plane of the pressure rake

Mm Pitching moment, ft-lb

Mn Yawing moment, ft-lb

M. Free-stream Mach number

PC Free-streamr stat• c pressure, ns.qf

pt, j Total pressure of the jet measured in the model plenumichamber, psf

qw Free-stream dynamic pressure, 0. 7 p.M 2, psf
Vmd

Re Reynolds number,---

S Model reference area, 0. 796 ft 2 model scale

S P Parachute reference area based on the planform area of one
gore lying flat times the number of gores in the canopy
(see Table 1), ft2

V. Free-stream velocity, ft/sec

Y Vertical distance measured from the centerline of the
pressure rake, in.

a Model angle of attack, deg

0F Stabilization frame angle with respect to a vertical plane
perpendicular to the lower surface of the capsule (86 deg is
fully deployed and -15 deg and -20 deg are fully folded for
the crew and pilot capsules, respectively), deg

A Ratio of the jet total pressure to the free-stream static

pressure, Pt, j
Pm

V• Free-stream kinematic viscosity, ft 2 /sec

V, Model angle of yaw. de-g
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MODEL DESIGNATIONS

B Crew capsule including flotation booms, shear plates, canopy
remover, rocket tubes, recovery parachute box, stabilization

frame fully deployed*, and drag plate (see Fig. 4)

B' Pilot capsule including those accessories mentioned for the
crew capsule (see Fig. 4)

Pn Parachute designation (see Table 1 and Figs. 6 and 7)

*Unless specifically noted the stabilization frame was fully deployed

(8-F - 86).
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INTRODUCTION

The advent of high-speed aircraft has resulted in a reconsideration
of the problem of escape from these vehicles in case of emergency.
Several approaches to the problem have been undertaken and include
(1) ejection seats, (2) separating sections of the aircraft, and (3) com-

plete enclosures that eject from the aircraft. The last system has been
proposed for the B-58 aircraft and includes a rocket-propelled capsule
equipped with parachutes (drogue and recovery) and survival devices.
The general sequence of events during separation from the aircraft in-
volves closing the capsule, ejecting the capsule from the aircraft utilizing
a solid propellant rocket installed in the capsule, and deploying, almost
simultaneously, a drogue parachute (for static stability purposes) and

stabilization frame. At the proper time (a function of altitude) in the
trajectory, the drogue parachute is released and a large recovery para-

chute is deployed. During deployment of the recovery parachute, the

stabilization frame is retracted and thus places the landing shock absorb-
ers in proper orientation for impact. The capsule impacts with the
occupant's back to the ground. Several mechanical and propulsion sys-

tems (mortar for initial boost-off before rocket firing and mortar for
drogue parachute deployment) are required for successful ejection of

the capsule. Furthermore, the aerodynamic characteristics of the cap-

sule must be compatible with the aircraft over wide Mach number and
altitude ranges at numerous pitch and yaw attitudes of the aircraft.

Initial wind tunnel tests of the proposed capsule at the Cornell Aero-
nautical Laboratory indicated that the stability characteristics (without
rocket simulation) were adequate for the planned trajectories from the
aircraft. However, subsequent full-scale tests at the Supersonic Military

Air Research Track (SMART), Hurricane Mesa, Utah, revealed pitch-up
and yaw instability problems during rocket motor operation that were
serious enough to impose detrimental forces on the occupant. Consequently,

an investigation of a 1/3-scale version of the capsule was initiated in the
16-Ft Transonic Circuit at the Arnold Center. The tests were sponsored

by the Aeronautical Systems Division, Air Force Systems Command, and
were completed during several occupancy periods from July 25, 1960
through February 9, 1961.

The principal objectives of the tests at Arnold Center were to deter-
mine the longitudinal and lateral stability characteristics of the pilot and
crew capsules with and without rocket simulation and to determine an
optimum drogue parachute configuration with regard to the capsule aero-
dynamics and parachute performance.

Manuscript released by authors April 1961.
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During the tests longitudinal and lateral instability pi ublems were
encountered with the rocket simulation, and an effort was made to in-
corporate external surfaces on the capsule to improve the stability
characteristics (Fig. 1). However the capsule design and contractual
commitmcnts had advanced to the point where the changes, although
helpful in some instances, could not be used on the capsule. Therefore,
the results presented herein are for the crew and pilot capsules without
modifications.

APPARATUS

TEST FACILITY

The operational capabilities of the 16-Ft Transonic Circuit are des-
cribed in Ref. 1. The wind tunnel is capable of variable-density opera-
tion throughout the Mach number range from 0. 5 through 1. 6. The loca-
"tion of the test article and model support equipment is shown in Fig. 2.
The mechanism. for pitching the model was hydraulically operated and
mounted on the model support, whereas the yawing mechanism was
electrically driven and mounted above the test section. The type and
arrangement of the model support equipment was selected to provide
large variations in model attitude. A photograph of the general test in-
stallation is shown in Fig. 3.

The air for the rocket motor simulation was ducted from an external
supply through the model support into a plenum chamber inside the model.
A maximum pressure of approximately 900 psia was obtained in the model
at the highest flow rate (17 to 19 lb/sec).

TEST ARTICLE

The pilot and crew capsules were 1/3-scale versions of the full-scale
capsules. Major model details and dimensions are presented in Fig. 4.
Installation photographs are presented in Fig. 5. The pilot capsule differs
from the crew capsule in the angle at which the backplate is inclined with
the vertical and in the orientation of the rocket nozzles (see Fig. 4b).
Differences in geometry between the two capsules are necessary because
the pilot capsule does not leave the aircraft in the vertical plane of sym-.
metrv of thp qire-raft as does the crew, cap-ulc. Bo-th 00orifi1ýuU CLIUIns UtiL..edZ
the same model shell, with the appropriate changes as just discussed.

The model shell was made of phenolic resin reinforced with glass

cloth. The shell contained a steel structure for mounting the model. on a

strain-gage balance. The rocket simulation system (plenum, nozzles, air

14
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ducting, etc. ) was attached directly to the model support str'ut and not
to the balance. In this manner, the induced aerodynamic effects of the
air jet on the capsule Rerodynamics were moasured without 1lcu.ýltIilg
the jet thrust.

To substantiate the validity of the air simulation of the roclket exhaust,
several solid propellant rocket motors were fired at various model atti-
tudes. The specifications of the 1/3-scale rocket motors are given below:

Gas Generator Model Designation - 2. 2-NS (Convair)
Propellant Designation - RDS 135
Igniter Type - Electrical -Pyrotechnic
Gas Generator Weight Before Firing- 14. 0 lb
Gas Generator Weight After Firing - 10. 7 lb
Average Chamber Pressure - - 520 psia
Average Weight Flow Rate - 1. 4 lb/sec
Burning Time - - 2. 2 sec

Characteristic Exhaust Velocity - 4080 ft/sec

The hozzle geometry for the rocket motors was scaled from the full-scale
capsule motors. The installation procedure for the rockel. motors was
comparable to that for the air simulation equipment.

The drogue parachute assembly is shown in Fig. 6. Three basic types
of ribbon canopies were investigated: equiflow, conical, and hemisflow
(see Fig. 7). Several modifications were made to specific parachutes and
included changes in area, porosity, shroud-line length, and trailback dis-
tance. A complete tabulation of the parachute configurations is presented
in Table 1.

A multiple-probe pressure rake was used to investigate the model
wake in the region of the parachute. The pressure rake consisted of
12 total head and three static probes as shown in Figs. 8 and 9.

INSTRUMENTATION

The forces on the model were measured with a strain-gage balance.
Balance outputs were translated through analog-to digital UUcJv• er•L~r-s to
an electronic computer for final data reduction while the test was in prog--
ress. No attempt was made to measure the jet thrust since, as previously
mentioned, neither the jet simulation system nor the rocket motors were
attached to the balance. During the rocket motor firings, the model forces
(balance outputs) were recorded on an oscillograph, and the aerodynamic

15
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lorces were determincd from the traces. This procedure was necessary
because of the short burning time of the rockets.

The parachuLu drag was determined from two strain-gagc links (see
Fig. 6). The outputs from the parachute drag links were handled in the
same manner as the balance outputs.

PROCEDURE AND PRECISION OF MEASUREMENTS

STATIC STABILITY

The tests were conducted at Mach numbers 0. 60, 0.93, and approxi-
mately 1. 50. However, the Mach number of primary concern was 0. 93
which is the aircraft cruise Mach number. The data were obtained at
Reynolds numbers between 0. 40 and 2. 20 million. The maximum changes
in model attitude were from -10 to 90 deg in the pitch plane and from
-5 to 25 deg in the yaw plane. In some instances, the maximum range
was not ohtRinable because of overloading the strain-gage balance in the
model. Force polars -.-.zre obtained with and without jet simulation at
various angles for the stabilization frame, eF. Parachute deployment
was obtained by permitting the parachute to hang freely from the stabili-
zation frame and to deploy as tunnel conditions were achieved (see Fig. 3).

The following uncertainties in the reduced data were determined by
the statistical method outlined in Ref. 2:

-6M. RexlO AAA AY a6 MZCN ACm CA Ay ACn AaAbA~ ACD,p

0.60 0.40 ±0.052 ±0.012 ±0.084 ±0.052 ±0.012 ±0.1 ±0.1 ±0.003 ±L. 030
0.60 0. 57 ±0.018 ±0.008 ±0.038 ±0.018 ±0.008 ±0.1 ±0.1 ±0.003 ±0. 023
0.93 0.70 ±0.029 ±0.006 ±0.054 ±0.029 ±0.006 ±0.1 ±0.1 ±0.004 +0.014
0.93 1.60 ±0.016 +0.005 ±0.020 ±0.016 ±0.005 ±0.1 ±0.1 ±0.004 ±0. 009
1.50 1.51 ±0.032 ±0.004 ±0.041 ±0.032 ±0.004 ±0.1 ±0.1 ±0.005
1.50 1.06 ±0.049 ±0.005 ±0.058 ±0 0491 ±0.005 ±0.1 ±0.1 ±0.005
1.50 2.20 ±)-0.024 ±0.002ý1 ± 0 2 8KO024 ±0.002 ±0.1 ±0.1 ±0.005

____--.~ L~ ff - - -__ _

The uncertainties quoted for the force coefficients include the uncertain-
ties in tunnel conditions and balance measurements. The uncertainty in
Mach number refers to setting and calculating the average free-stream
Mach number. However, during the rocket simulation phase of testing, the
tunnel pressure level was very low (p 1 100 psfa), and the effect of the air
issuing from the nozzles caused the frcee-stream Mach number to vary as

16
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much as -0. 04 during a force polar. The longitudinal variation of the
free-stream Mach number in the vicinity of the test article was approxi-
mately ±0. 006 as determined from tunnel-empty calibrations.

COLD AIR SIMULATION AND ROCKET FIRINGS

The simulation in the wind tunnel of the proper flow field generated
by the Lull-scale rocket motor was of primary concern since the effect of
the pressure field or the physical impingement of the exhaust on the lower
aft portion of the capsule could possibly explain the instability of the cap-
sule which occurred during full-scale tests. However, to scale accurately
the full-scale rocket and to obtain static stability data during the burning
time of the rocket (0. 3 sec) would have been extremely difficult. Further-
more, the number of rockets required to obtain the minimum amount of
data would have been impractical. Therefore, a continuous supply of high-
pressure air was ducted to the model for rocket simulation. The nozzle
design and jet pressure required to simulate various altitudes was deter-
mined by the contractor (Convair Division of General Dynamics, Fort
Worth, Texas). It should be mentioned that the full-scale rocket motor
operates at a constant chamber pressure (2600 psia); therefore, the ratio
of chamber pressure, Pt, j, to free-stream static pressure, p., varies
with altitude. During the tests, the high-pressure air was allowed to flow
continuously as the model attitude was varied at a given Mach number and
altitude.

Several small rocket motors were installed in the capsule and fired
at various Mach numbers and model attitudes during the investigation to
determine the validity of the air simulation technique. These rocket
motors were designed and furnished by Convair (see section titled Test
Articles). The uncertainties in determining the model forces from the
oscillograph readings obtained during the rocket firings are noted on the
figures. The uncertainties are based primarily on the ability to read the
oscillograph trace to within ±0. 05 inch.

RESULTS AND DISCUSSION

The results from the investigation are presented in three general
categories: (1) the effect of various parachute parameters on the para-
chute drag and capsule aerodynamics, (2) the capsule aerodynamic
characteristics with and without jet simulation and a parachute at several
stabilization frame angles, and (3) a comparison between the cold air

17
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simulation and the rocket firings. The majority of the parachute data
was obtained at Macli number 0. 93 and used for the selection of an opti-
MUm11 parachute. *

A considerable amount of data were obtained with iet-air simulation
and without a parachute for several stabilization frame angles. Although
the capsule is in this configuration for only a very short time, the stability
of the capsule is of importance before or during parachute and frame de-
ployment since the capsule could attain considerable angular momentum.
The angular momentum attained in the pitch or yaw plane could produce
excessive forces on the occupant during the rocket firing or after the
rocket burns out and the capsule returns to a trimmed position. It should
be remembered that for successful ejection the capsule aerodynamics
must be compatible with the aircraft at various yaw and pitch attitudes
of the aircraft.

The degree of longitudinal or lateral stability required for the cap-
sule to deploy successfully from the aircraft is beyond the scope of this
report. This involves a detailed trajectory analysis at various Mach num-
bers and altitudes during numerous yaw and pitch maneuvers of the aircraft.
That analysis is being conducted by the capsule contractor. The final re-
sult will be an operational envelope for the aircraft within which the cap-
sules may be successfully employed.

THE INFLUENCE OF SEVERAL PARACHUTE PARAMETERS ON
PARACHUTE DRAG AND CAPSULE AERODYNAMICS

Canopy Configuration

Three different types of parachute canopies were tested at Mach
number 0. 03, and the data are presented in Fig. 10a, The shroud line
length, trailback distance, parachute area and porosity were nearly con-
stant. The data for the crew capsule (B) without a parachute are presented
for comparative purposes. Although all three canopies produced a signi-
ficant increase in capsule axial-force coefficient, the conical parachute
(BP 2 3 ) exhibited the largest increment. (A large axial-force coefficient
for the capsule is an undesirable characteristic since it aggravates the
aircraft tail clearance problems.) The parachutes increased the normal-
force coefficients (Fig. 10a) for the capsule at the higher angles of attack.

Ao .as expected ic dag forc of ... pau ...... a forcc
normal to the capsule at positive angles of attack.

*Data obtained at Mach number 2. 0 from another wind tunnel facility

were also used in the determination of the optimum parachute.

18
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It was observed during the tests that the parachutes trailJ'- up-:- be-
hind the capsule when the model was near zero angle of attack. '[he
data indicate (Fig.10a) that the capsule alone had a negative norn"al-
force coefficient near zero angle of attack. Thus, an upwash occur'ed

behind the body. The trailing up of the paraahute iJs directly associated
with the wake from the capsule. The erratic changes in pitching-moment

coefficient for the BP 1 2 configuration (Fig.10a) near zero angle of attack

were a result of a significant change in the parachute trail angle when the
capsule was pitched about zero angle of attack.

In summary, the capsule without a parachute had two stable trim
points: one occurred somewhere between -10 deg and -20 deg (extrapo-

lation of the data) and a second at approximately 50-deg angle of attack.

The addition of any one of the three parachutes resulted in a change in
capsule trim characteristics because only one trim point occurred and

that was near zero angle of attack.

Parachute Area

The effects of changes in the parachute area for the 15-percent
equiflow canopy are presented in Fig. 10b. As was expected, an increase
in the parachute area resulted in an increase in the capsule axial-force

coefficients. However, only slight changes in the parachute drag coef-
ficients were obtained and indicated that the parachute drag force increased
proportionately to the area of the parachute. Slight increases in the

normal-force coefficients occurred as the parachute area was increased

(Fig. 10b). Moreover, the magnitude of the pitching-moment coefficient
increased at the higheiý angles of attack as the parachute area was in-

creased. Again, as was the case in the preceding section, the pitching-

moment coefficients varied considerably near zero angle of attack in a
somewhat irregular manner, and this was attributed to the trail angle of

the parachute. This is substantiated by the fact that the axial-force and
normal-force coefficients changed in a regular fashion from 10 to 20-deg
angle of attack. Thus, the trail angle of the parachute varied in an

erratic manner and produced the pitching-moment coefficients presented
in Fig. 10b.

Parachute Porosity

The effects of changeis in porosity on the capsule aerodynamics and
paia~c'u, e .'rag, coefficients for Mach number 0. 93 are presented in Fig. l0c

"*'The parachute trail angle is defined as the angle between the para-
chute bridle and the wind tunnel centerline.

19
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Some increase in parachute drag coefficient with a decrease in porosity
(less open area) is noted in Fig.1Cc, The significant effect of porosity
appeared in the pitching-moment coefficients near zero angle of attack.
Here, as the porosity was increased the configuration became more
stable through a trim point between 0 and lO-deg angle of attack.

Shroud Line Length

Data indicating the effect of changing the shroud line length on the
15-percent equiflow parachute while keeping the trailback distance con-
stant are presented in Fig. 10d for Mach number 0. 93. In general, the
effect of a two-fold increase in shroud line length produced only minor
changes in the pava.chute drag coefficients and capsule characteristics.

Trailback Distance

The effect of changes in trailback distance with the 15-percent equi-
flow parachute are presented in Fig.10e. An increase in trailback
distance produced slight increases in CD, p, CN, and CA and generally

resulted in an increase in the magnitude of Cm. The shortest trailback
distance (BP 1 5 ) resulted in a stable trim point at -10-deg angle of attack
and a region of neutral stability near 30 deg. The intermediate trailback
distance (BP 1 1 ) indicated no tendency to trim through the angle-of-attack
range of the test (a slightly more negative anglc of attack might have rte-
sulted in a stable trim point), whereas with the longest trailback distance
(BP 1 6 ) the configuration trimmed near -5-deg angle of attack.

The data presented in Fig. 10 were used by the contractor to select
the optimum configuration. The bemisflow parachute P31 was chosen
as the optimum on the basis of parachute performance and compatability
with the capsule at Mach number 0. 93 as well as at Mach number 2. 0
(results obtained from another facility). Data on capsule stability pre-
sented hereinafter were obtained with the P31 parachute.

AERODYNAMIC CHARACTERISTICS OF THE CAPSULE

The initial portion of the trajectory of the capsule from the aircraft
involves the deployment of the stabilization frame and parachute, Conse-
quently, these data are presented first for various jet pressure ratios, X.
Ii'nll rIwinw f fhc ,' Cl,,+lf -'h+a-, cd a t v+ar io.u s • ,.L.1Ju. j,. LI iC- i ei i i, rat o

aru presented with the parachute attached to the capsule at several jet
pressure ratios (unless specifically noted the stabilization frame angle, OF,
is 86 deg, ) In some cases, only the lateral or the longitudinal stability
characteristics of the capsule were obtained. However, for those cases
in which both types of data were obtained, both are presented.

20
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The lateral stability characteristics of the crew capsule (B) with
the stabilization frame in several positions from completely folded,

OF - -15, to fully deployed, OF = 86, are presented in Fig. 11 for Mach
number 0.60. The data points at zero jet pressure ratio (Fig. Mla) are
shown for comparative purposes only, since the rocket would be burning
before the capsule leaves the aircraft and during the frame deployment.
It is apparent fromn Fig. lla that the crew capsule was highly unstable
in the yaw plane for the various values of jet pressure ratio. However,
with the stabilization frame fully deployed, a stable trim point was noted
at about 25 deg in yaw.

A large increase in axia.l-forcee coeffictient was experienced by the
capsule as the jet pressure ratio was increased. This was caused (1) by
the jet air which reduced the static pressure on the aft portion of the cap-
sule and thus produced a large differential in pressure between the for-
ward and aft portions of the capsule and (2) by the high-energy jet which
impinged on the cross member and fins of the stabilization frame. This
can be seen by examining the data presented in Fig. Ila for OF = -15 and 20,
With the stabilization frame fully folded, OF = -15, a two-fold increase in
CA caused by a reduction in static pressure only is noted in Fig. Ila. In
addition, with the jet impinging on the frame (OF = 20), a six-fold increase
in CA was evident when comparing the data obtained at zero jet pressure
ratio and maximum jet pressure at zero yaw angle.

The longitudinal stability characteristics of the crew capsule with
the stabilization frame fully deployed are also presented in Fig. lIa. It
would be difficult to determine what attitude the capsule would assume
with the jet on since a stable trim point was not obtained. However, the
results indicate that the capsule will move toward a high angle of attack.
The degree of pitch-up will be a function of the initial attitude of the cap-
sule with respect to the wind vector (initial forces) and the time of rocket
burning which will affect the angular momentum of the capsule.

Longitudinal stability results with the crew capsule and parachute
(BP 3 1 ) are presented in Fig. llb for Mach number 0.60. The data ob-
tained at A = 0 are applicable to that portion of the trajectory after rocket
burnout. A very large increase in the pitching-moment coefficient as the
jet pressure ratio was increased is evident in Fig. llb. A comparison
of Figs. lla and b (0 F = 86) shows that the incremental increases in CA
for chanaes in A were approximately equal; this indicates that the para-
chute drag did not appreciably increase with A. However, the pitching-
moment coefficient was changed significantly; this indicated that the trail
angle of the parachute changed and produced large positive moments on
the capsule when the jet air was used. The parachute was pulled down
toward the jet, and consequently the distance between the line of action
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for the parachute drag and the capsule moment reference was increased.

In most instances, the action of the parachute in the presence of the jet

air was erratic and violent because the parachute dipped in and out of
the jet wake. Only a limited amount of data was obtained with the para-
chuLe and jet simulation because either the balance moment limits were

exceeded or the parachute assembly failed.

The erratic action of the parachute and large traildown angles en-

countered during the jet simulation prompt3d an investigation of the flow

field in the region in which the parachute was located. To gain an insight
into the phenomenon a vertical rake with static and total pressure probes

was installed in the region aft of the model where the parachute was lo-

cated to determine the nature of the pressure field which emanated from
the jet. Some typical results are presented in Fig. 12a. The trail angles

were determined from motion picture coverage. Although a trail angle
of -8 deg is presented for the capsule at zero angle of attack and X = 548,
the parachute dipped down into the jet wake with the trail angle inter-

mittently approaching -20 to -30 deg. In the region in which the jet
influenced the flow field, the static pressure was much lower than the

static pressure in the capsule wake; thus the parachute moved down into
the low pressure field. A sequence of photographs obtained from motion

pictures is presented in Fig. 12b to illustrate the downward movement of

the parachute.

Results obtained with the crew capsule (B) and crew capsule with the
parachute (BP 3 1 ) at Mach number 0. 93 are presented in Fig. 13 for various

stabilization frame angles and jet pressure ratios. In general, the trends

(Fig. 1 3a) were the same as discussed for Mach number 0. 60, although

the effect of A was somewhat less. The magnitude of the forces created by
the jet was somewhat less for Mach number 0. 93 than 0. 60; thus, the

lateral instability of the capsule was reduced. In fact, at Or., > 60 some

lateral stability was noted. Although the capsule was laterally stable at

OF = 86, there was no indication of a trim point in the longitudinal plane.
Again, it is not known what attitude the capsule would assume in the pitch
plane. Data obtained with the BlP 3 1 configuration are presented in Fig. 13b.

A stable trim point occurred near zero angle of attack for zero pressure
ratio; however, with the jet on no trim point was evident. At this Mach

number, as was the case at Mach number 0. 60, the parachute was moving

rapidly in the jet wake, and data at high angles of attack could not be ob-
tained. The lateral stability of the capsule (BP 3 1 ) was quite good at zero

i-f pesr.ýfrn~. TJnrfortunately, data were not Cbai) 1ith 4onigra

tion BP 3 1 using the jet in the yaw plane. *

* Although the balance was not capable of obtaining pitch and yaw data

simultaneously, the model was yawed, and motion pictures were taken
with the jet on. The results indicated violent parachute action at yaw

angles greater than ±1 deg.
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The lateral and longitudinal stability characteristics of configur.a-
tions B and BP 3 1 at Mach number 1. 50 are presented in Pig. 14. The
results obtained at Mach number 1. 50 (see Fig. 14a) differed from thosc
previously discussed at the lower Mach numbers in that as A inci'eased,
with the stabilization frame folded (OF = -15), the axial-force coefficients
decreased. When the stabilization frame was deployed to 20 deg, the jet
impinged on the frame, as was the case at lower Mach numbers, and Cr
increased as A increased. Once the frame was out of the region of jet
impingement, tne axial-force coefficients again tended to decrease as A
increased. At Mach number 1. 5 (Fig. 14a) the capsule was stable in the
yaw plane for 0 F > 60. Stable trim points in the longitudinal plane occur-
red when the frame was fully deployed.

Only a very limited amount of data was obtained with the parachute
attached to the capsule (BP 31 ) at Mach number 1. 5 (see Fig. 14b). The
data presented for the parachute at X- 680 are subject to considerable
doubt because the parachute was highly unstable and exerted considerable
dynamic forces on the model (and consequently, produced erratic balance
outputs). In general, the stability characteristics of the capsule were
better at Mach number 1. 5 than at the two lower Mach numbers previously
discussed.

Data obtained with the pilot capsule (B') are presented in Figs. 15, 16,
and 17 for Mach numbers 0. 60, 0. 93, and 1. 5, respectively. Generally,
the results obtained with the pilot capsule were comparable to those of
the crew capsule when the jet was not used. This was expected since the
differences in body geometry were slight. However, the effect of the jet
was considerably different for the two configurations because the thrust
lines of the nozzles were different.

The effect of increasing A on the lateral stability of the pilot capsule
at several frame angles can be seen in Fig. 15. The most pronounced
effects of X occurred when the frame was partially deployed (OF = -4).
With the frame at this angle, the jet impinged on the left-hand yaw fin
(looking upstream) and thus caused a large negative side-force acting
aft on the capsule. The large negative side-force resulted in positive or
unstable yawing-moment coefficients (Fig. 15a). There is no indication
from the data that the configuration would tirnim until the stabilization
frame angle approaches 86 deg. At 0 F, = 86, if the data were extrapo-
lated, the configuration would possibly trim in the lteral plane at a yaw
angle between 25 and 30 deg. The results with the parachute (B'P 3 1 ) are
presented in Fig. 15b for the stabilization frame fully deployed. Large
positive pitching -moment and yawing-moment coefficients were experi-
enced by the capsule when the jet was used. Again, as was the case for
the crew capsule, the parachute reacted violently to the jet; consequently
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only a limited amount of data was obtained. There was no clear indica-
tion frum the results using the jet that the capsule would trim. However,
it i8 felt that Lhe capsule would assume a large positive angle of attack
and would experience a large positive rolling moment during frame deploy-
ment because of the jet impingement on one fin.

At Mach number 0. 93 the same trends occurred (Fig. 16a) as dis-
cussed for Mach number 0. 60. However, at Mach number 0. 93, the
magnitude of the forces was somewhat smaller than shown for Mach
number 0. 60. With the stabilization frame angle at 86 deg, the pilot
capsulc had a stable trim point in the yaw plane at 8 and 25 dcg for
A = 320 and 660, respectively (Fig. 16a). The yawing-moment coef-
ficients (OF = 86) tended to coalesce at the higher yaw angles ( X = 320
and 660 as opposed to zero) because as the capsule was yawed in the
positive direction, the wake from the jet was deflected away from the
back of the capsule. As shown in Fig. 16b, the data for the pilot cap-
sule with a parachute (BtP 3 1 ) indicated the probability of trimming at a
yaw angle of about 10 deg at k = 650. However, in the pitch plane, the
data indicated the lack of a trim point at small angles of attack with the
jet air simulation.

The stability characteristics of the pilot capsule at Mach number 1.5
are presented in Fig. 17. The capsule was unstable in the lateral plane
with the jet operating until the stabilization frame approached 86 deg.
The results indicated a stable trim point in the yaw plane at about 5 deg
of yaw (Fig. 17b). In the pitch plane, the data indicated no tendency for
the capsule to assume a trim condition with the highest jet pressure ratio.
Again, the data were difficult to obtain when using the jet air simulation
and parachute because of the rapid and violent movement of the parachute
in the jet wake.

COMPARISON OF COLD AIR SIMULATION AND ROCKET FIRINGS

Several small-scale rocket motors were fired during one phase of
the test in an attempt to determine the validity of the cold air simulation.
The rocket chamber pressure for the small rockets was in the neighbor-
hood of 500 psia in contrast to 2600 psia for the proposed full-scale
ro e Cons e -1- eque ly fo. P g.i.n vre .. .. •n.r. qltil e, f -p u.. .

ratio, A, for the small--scale rockets was one-fifth that of the large
motors. Therefore, it was necessary to operate the wind tunnel at very
low dynamic pressures to obtain realistic values of X; thus, relatively
small aerodynamic loads were produced on the model. To complicate
further the interpretation of the data, the installation of the rockets in
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the model necessitated the use of a balance wiLh a high load-carrying
capacity. * In most cases the forces experienced by the model as a re-
sult of the rocket firing were barely beyond the resolution of the balance.
As -ientio•nIed -revilously, the balance ouLpuLs during the firings were
recorded on an oscillograph. The determination of the model forces
from the traces was difficult because the dynamic forces were superim-
posed on the static deflection between rocket off and the rocket firing.
Therefore, the uncertainties shown in the figures are based on the ability
to read the traces to within ±0. 05 inch, which is felt to be a realistic
reading error for these data.

A plot of X for the full-scale rocket (based on chamber pressure of
2600 psia) as a function of altitude is shown in Fig. 18a. Also, a curve
indicating the A required for the air simulation to duplicate a jet boundary
produced by the rocket is shown in Fig. 18b. This correlation was sup-
plied by Ithe capsule contractor and was based on work performed by
Goethert and Barnes (Ref. 3). In general, altitudes between 16, 000 and
36, 000 ft were simulated with the cold air jet at the three test Mach num-
bers.

Comparisons of the results obtained with the cold air simulation and
the rocket firings are presented in Figs. 19 and 20 for Mach numbers 0.93
and 1. 50, respectively. The one predominant fact apparent from the
figures is that the forces exerted on the capsule during the rocket firings
were lower than or equal to those encountered with the air jet simulation.
Moving the rocket data points to a lower value of X, as shown in Fig. 18b,
did not significantly improve the correlation when the uncertainties are
considered. In general, the results were not conclusive, and more rocket
firings are needed to clearly establish trends. Rockets with much higher
chamber pressures are required to produce realistic values of A at higher
values of free-stream dynamic pressure. Figure 18 indicates that the
majority of rocket data points correspond to an altitude of approximately
25, 000 ft. If the trends in the static stability characteristics persist in
the manner indicated, then it is expected that the capsule will show a
higher degree of instability as A is increased to correspond to higher alti-
tudes. However, the degree of instability tended to decrease as the Mach
number was increased for a fixed value of A . It should be mentioned that
the parachute was pulled into the wake produced by the rocket motors in
the same manner as experienced during the cold air, simulation. However,

the air simulation which may be explained by the short burning time of the
rockets ( - 2. 0 see).

*The balance was the only one available that would fit the model in-
stallation with the rocket installed.
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CONCILUSIONS

The following conclusions wcrc derived from a static stability in-
v-•n'gaTiun o fhe c-rew K_!u1d p.i1o U' ,uies for the B-b8 aircraft at Mach
numbers 0.60, 0.93, and 1.505

1. In general, both the crew and pilot capsules showed a lack
of static stability in the lateral and longitudinal planes with
an indication of stable trim points only at large angles of
attack and yaw.

2. The parachute attached to the capsule dipped violently in and
out of the jet wake. This action produced large positive
pitching-moment coefficients on the capsule.

3. The results obtained with small-scale rocket motors installed
in the crew capsule were inconclusive. However. rocket
motor operation appeared to produce less effect on the cap-
sule aerodynamics than the cold air simulation.
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TABLE i

PARACHUTE NOMENCLATURE

Designation Canopy Area, Porosity, Shroud Line Trailback

Description ft 2  percent Length, ft Distance, ft

P 1 1  Equiflow 0. 694 24 0.937 6.59

P 1 2  Equiflow 1.042 24 1.146 .059

P 13  Equiflow 1.389 24 1.324 6.59

P14 Equiflow 0.694 24 1.873 6.59

P1 5  Equiflow 0. 694 24 0. 937 5.28

P1 6  Equiflow 0.694 24 0.937 7.90

P 2 1  Conical 1.111 24 1.188 6.59

P22 Conical 1.042 20 1.146 6.59

P23 Conical 1.042 18 1.146 6.59

P 3 1  Hernisflow 1. 042 21 2.292 6.90

NOTE: All dimensions model scale
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_______Arrows indicate modification
to crew capsule.

Fig. 1 Photographs Indicating Some of the External Surfaces Added to the Crew Capsule
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~.Pilot Capsule (B)

OPP

c. Crew Capsule (B) Indicating Rocket Motor Installation

Fig. 5 Continued
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