UNCLASSIFIED

AD NUMBER

ADA77793

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors; Critical Technol ogy; FEB
1966. Ot her requests shall be referred to Air
Force Special Wapons Ceenter, Kirtland AFB,

NM Thi s docunent contains export-controll ed
t echni cal dat a.

AUTHORITY
AFW. | tr, 30 Sep 1972

THISPAGE ISUNCLASSIFIED




ARCHIVE
AEDC-TR66-35 DO NOT L%?A'I,\IY

(X

Wi

E=——waauw

STATIC-STABILITY CHARACTERISTICS OF THE ALARR

9%l BOOSTER AND THE EFFECT OF THE PAYLOAD WAKE
.8 ON A FULL-SCALE BALLUTE AT SUPERSONIC SPEEDS

—_—

T. M. Perkins and T. R. Brice

= 1

—_ ARQ, Inc.

—_—

= Fehruary 1966

= /This dotument is subjegt”to specth] export contrdls
and each {ransmittal ty/foreign governypents or foyeign
nationals \may be méde only with prikr approyal of
AFSWC (SXTSS). !

s

}his document has bean approved for pubiic release
itz distibution is urlimited, £ 7 1973 72/ 7 - M
1o, 73

Ll

= PROPULSION WIND TUNNEL FACILITY
= ARNOLD ENGINEERING DEVELOPMENT CENTER
= AIR FORCE SYSTEMS COMMAND
H = ARNOLD AIR FORCE STATION, TENNESSEE
] &=

PROPERTY OF U. S. AiR FORCE
A=DC LIBRARY
AF 40(600)1200

a



WIIES

When U. S. Government drawings specifications, or ather data are used for any purpose other thana
definitely related Government procurement operation, the Government thereby incurs no respensibility
nor, any obligation whatsaever, and the fact that the Gavernment may have formulated, furnished, or in
any way supplied the said drawings, specifications, or other data, is not to be regarded by implication
or otherwise, or in any manner licensing the holder or any other person or corporation, or conveying

any rights or permission to manufacture, use, or sell any patented invention thalL may in any way be
related thereto.

Qualified users may obtain copies of this report from the Defense Documentation Center.

References to named commercial products in this report are not to be considered in any sense as an
endorsement of the product by the United States Air Force or the Government.




AEDC-TR-66-36

STATIC-STABILITY CHARACTERISTICS OF THE ALARR
BOOSTER AND THE EFFECT OF THE PAYLOAD WAKE
ON A FULL-SCALE BALLUTE AT SUPERSONIC SPEEDS

T. M. Perkins and T. R. Brice
ARO, Inc,

N _ -

nationals may be mede only with\prior Approval of
/ AFSWC (8 TSSV

\

This document has been approved for public release
it~ d'strbut'on is unlimited. /2¢ 77@6‘2 F2-/7 224

NPy £ g



AEDC-TR-66-36
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ABSTRACT

Investigations were conducted in the 16-ft supersonic wind tunnel
of the Propulsion Wind Tunnel Facility to determine the drag and sta-
bility characteristics of a ballute deployed in the wake of a full-scale
Air Launch, Air Recoverable Rocket (ALARR) payload. The ballutes
were deployed at Mach numbers 0. 55 and 2, 00 to 3. 00 and exhibited
excellent deployment and inflation characteristics. Force data were
obtained on a 0, 6-scale model of the ALARR booster with a modified
speed brake at Mach numbers from 1. 80 to 3.00. The booster with
speed brake was statically stable in pitch for all Mach numbers tested
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measured drag
quB
Pitching-moment coefficient referenced to center of gravity

Ballute drag coefficient,

measured pitching moment
4, SD

Rate of change of pitching-moment coefficient with angle of
attack (delda) o=q Per degree

(see Fig. 3),

measured normal force
EP

Normal-force coefficient,
Rate of change of normal-force coefficient with angle of

da

dCN
attack { —— , per degree
o

Reference diameter of booster model, 0. 887 ft
Ballute diameter (nominal), 2. 18 ft

Booster base diameter, 0.562 ft

Reference diameter of payload, 1,44 it

Payload-ballute separation distance in payload reference
diameters

Free-stream Mach number

Static pressure at base of booster model, psf

Free-stream stagnation pressure, psf

Free-stream static pressure, psf

Free-stream dynamic pressure, 0.7 pmME, psf
Vd)

Reynolds number per foot, -

7rD2

Model cross-sectional reference area, z ft2

Free-stream velocity, ft/sec

Center-of-pressure location in model reference diameters
(D), negative aft of moment reference, Cm;'CN

Neutral-point location in model reference diameters (D),

negative aft of moment reference, (de/dCN) 0
a =
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(o7 Angle of attack, corrected for balance and sting deflections,
positive nose up, deg

v Free-stream kinematic viscosity, #t2/sec
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SECTION |
INTRODUCTION

The Air-Launch, Air Recoverable Rocket (ALARR) is designed to
take atmospheric samples at altitudes above 60, 000 ft. After com-
pletion of the sampling cycle, the payload is explosively separated from
the booster, and the booster speed brake is deployed. After separation,
a ballute is deployed from the payload to stabilize and slow the payload
prior to deployment of a recovery parachute.

The present investigation was conducted in two phases. The pur-
pose of Phase [ was to determine the drag and stability characteristics
of the ballute. For this purpose, a full-scale payload model was used.
In one part of Phase I the ballute was suspended on a single line which
could be reeled out to various lengths. The drag of the ballute was
measured in this part. In the other part of Phase I the ballute was sus-
pended on a fixed-length bridle which was attached to the payload at
four points. For this part, only photographic data were obtained. The
Mach numbers for Phase [ were 0. 55 and from 2, 00 to 3.00. Com-
parative transonic data obtained with small scale models are available
in Ref. 1.

The purpose of Phase II was to determine the effects of a modified
speed brake on the drag and stability of the booster. In this phase a
0. 6-scale model of the booster was tested at Mach numbers from 1. 80
to 3. 00 and angles of attack from -4 to 10 deg. Stability and drag data
for the booster alone and with an earlier configuration of the speed
brake are presented in Ref. 2.

SECTION 1I
APPARATUS

2.1 WIND TUNNEL

Tunnel 16S is a continuous flow, closed-circuit wind tunnel capable
of operating from a stagnation pressure level of approximately 100 to
1800 psf. The test section is 16 ft square by 40 ft long. The Mach num-
ber range is from 1. 85 to 3.20. A more detailed description of the
tunnel and its calibration may be found in Ref. 3.

Schematics of the tunnel test section showing the ALARR payload
and booster installations are presented in Figs. la and b. Photographs
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showing typical model installations in the test section are shown in
Figs. 2a, b, and c.

2,2 TEST ARTICLES

Sketches of the full-scale payload, the ballute, and the 0. 6-scale
booster are presented in Figs, 3a, b, and ¢. The booster model was
tested with a modified speed brake (Fig. 4) which had a cross-
sectional area of 2.20 sq ft. Both the payload and booster were con-
structed of aluminum. The ballute, which was supplied by Goodyear
Aerospace Company, was constructed principally of Viton rubber. In
Phase I the position of the ballutes was varied from 2. 6 to 8 payload
diameters downstream of the payload base using a single suspension
line and cable attached to an electric winch, The cable ran from the
winch through the support strut and was conveyed through the model
by a pulley system to a swivel and then to the ballute attachment point.
The pulley and load-cell arrangement is shown in Fig. 3a. Also a
four-point attachment bridle and riser line were utilized to deploy the
ballute three diameters aft of the paylocad. A swivel was not employed
in this configuration. The suspension arrangement for the fixed
ballute is shown in Fig. 3b.

2.3 INSTRUMENTATION

For Phase I, the position of the movable ballute downstream of the
payload was determined by a Selsyn transmitter attached to the electric
winch. The drag of the ballute was measured with a load-cell located
inside the model as shown in Fig. 3a. High speed motion picture
cameras were used for visual coverage of all deployments.

For Phase II, a six-component, internal strain-gage balance was
used to measure aerodynamic forces on the model, Base pressure
measurements were obtained from a pressure transducer connected to
two orifices located in the plane of the model base. The readout
equipment for these measurements is described in Ref. 1.

SECTION IlI
PROCEDURE

3.1 TEST CONDITIONS

3.1.1 Phase |

Static and dynamic drag data were recorded for the ballute deploy-
ments obtained with the extendable riser at Mach numbers 2.00 and 2.50.
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The ballutes were initially deployed three diameters behind the pay-
load and then reeled out and inso as to obtain static drag data for
payload-ballute separation distances in the range from 2.6 to 8.0
payload diameters. Static data were also obtained at M, = 3. 00 with
the ballute already deployed from a previous Mach number. Tunnel
conditions for the extendable riser ballute tests were:

M, qy, psf (Re/ft)x 1076
2. 00 201 0. 84
2.51 205 0. 80
3.01 200 0. 87

For the fixed-length bridle and riser, deployments were made at
the following conditions:

M, 4., psf (Re/ft)x 10™°
0,35 38 0. 34
2.20 380 1.51
3.00 120 0.57

3.1.2 Phase ll

Force data were obtained on the booster model with speed brake
at Mach numbers from 1. 80 to 3. 00 and angles of attack from -4 to
10 deg. Stagnation pressures varied from 330 to 720 psf. The varia-
tions in Reynolds number per foot are shown in Fig. 5.

3.2 PRECISION OF MEASUREMENTS

The estimated precision of the test data for Phase I is as follows:
AM,, Ag ACH

-]

+0. 005 +3 psf +0, 020

For the booster static-stability measurements, Phase II, the esti-
mated uncertainties are:

Ap, ; [AT
Ao t teos
M ’ AM

(] ACN Acm ACA ACA’ b deg oY psfw °F
2.00 |+0, 027 | £0. 019 | £0. 022 | +£0. 007 |£0. 10| +0.005}+1.40 | +5
2.50 {+0. 036 | +0, 040 | £0, 030 | £0. 008 |+0. 10, 0,005 | £1,.40 | £5
3. 00 |+0. 054 :tO.OSOI:tO. 036 ( +0. 021 |+0. 10| £0. 005 :l:l.40l 15
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The uncertainty quoted for Mach number is in reference to the
ability to set and maintain a given tunnel Mach number. The variation
in Mach number in the vicinity of the test articles is within £0. 02. The
uncertainties quoted were determined by a statistical method based on
a normal error distribution and a 95-percent confidence level.

SECTION 1V
RESULTS AND DISCUSSION

4.1 PAYLOAD WITH BALLUTE, PHASE |

The variation of the ballute drag coefficient with payload-ballute
separation distance, L./d, is shown in Fig. 6. Figure 6 shows that the
effect of separation distance on the drag of the ballute diminishes with
increasing Mach number.

Since only movie camera data were taken for the fixed-length-riser
ballutes (Fig. 3b) all drag data are for the ballutes with single suspen-
sion line and variable separation distance, L/d.

Deployment and inflation were successful in all instances. The
ballute on the single extendable riser with an attached swivel was ob-
served to spin at all Mach numbers, and the spin rate increased with
Mach number. The ballute with four-point suspension and no swivel
showed no tendency to spin.

4.2 BOOSTER MODEL, PHASEII

Figures 7 and 8 present the changes in normal-force and pitching-
moment coefficients, respectively, with angle of attack. The variation
of center-of-pressure location with angle of attack is presented in
Fig. 9 along with neutral-point locations. The booster with modified
speed brake (Fig. 4) was statically stable in pitch about its center of
gravity from M, = 1. 80 to 3. 00.

The variations of the static-stability parameter (C,, ), the normal-
o

force parameter (Cy ), and the neutral-point location (xnp) with Mach
a

number are presented in Figs. 10, 11, and 12, respectively.

The variations of the axial-force coefficients with angle of attack
for Mach numbers from 1. 80 to 3. 00 are presented in Fig. 13. The
axial-force coefficients are based on the area of the booster face with-
out speed brake (S = 0. 69 ftz). The total axial-force coefficients with
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the modified speed brake were approximately 2. 6 times those obtained
for the initial speed brake tested (Ref. 2) and 3. 6 times those for the
booster alone. Forebody and base axial-force coefficients at o = 0
are plotted against Mach number in Figs. 14 and 15, The variation in
Ca, F with Mach number is small in the range of this test.

SECTION V
CONCLUSIONS

The following conclusions were derived from this test:
Phage I

1, The ballute with single-point suspension deployed well and in-
flated quickly but spun at a rate which increased as Mach
number was increased.

2. The drag of the ballute generally decreased as it was positioned
at greater distance downstream of the payload at Mach numbers
of 2,00 and 2.50. At Mach number 3.0, the drag was invariant
with ballute location.

3. The ballute with the four-point suspension and fixed riser length
deployed and inflated satisfactorily at Mach numbers of 0. 55,
2.20, and 3. 00. No tendency to spin was shown at any of these
Mach numbers. '

Phase II

1. The total axial force of the booster with the modified speed brake
was approximately 3. 6 times greater than the total axial force of
the booster alone at M, = 3. 00.

2. The booster with modified speed brake was statically stable in
pitch about the indicated center-of-gravity position.
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