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Fig. 1 Effect of acceleration on augmentation of propel-

lant DBNA.
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Fig. 2 Effect of acceleration on postfire residue of propel-
lant DBNA at 265 psia.

Fig.2. Thelead has a low melting point and at high accelera-
tions probably forms a partial “flood layer” of molten metal on
the surface of the burning propellant—thereby decreasing the
burning rate.l* Several 500 psia tests and one 265 psia test
exhibited unstable burning at high accelerations as indicated
in Fig. 1. The bomb pressure would oscillate in a low-fre-
quency sinusoidal motion. The instability could be the result
of periodic flooding and unflooding of the propellant surface.

The data obtained for the aluminized double-base propel-
lant DBA are presented in Figs. 3 and 4. The burning rate
augmentation increased with pressure at high accelerations.
At 503 psia, augmentation increased slightly with acceleration
and then decreased to less than one at 1000g. One test at 503
psia and-1000g exhibited unstable burning. At 1000 psia the
augmentation remained practicaily constant at all accelera-
tions.
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Fig. 3 Effect of acceleration on augmentation of propel-

lant DBA.
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Fig. 4 Effect of acceleration on postfire residue of propel-
lant DBA.
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The postfire residue form and weight are practically the
same to 600g for both pressures. Above 600g the residue
weight varied considerably from run to run at fixed accelera-
tion, and pressure. A general trend was observable. At
high accelerations, increasing pressure decreased residue
weight and increased augmentation. The postfire residue
consisted of aluminum and/or aluminum oxide in addition to
lead and/or copper. Comparison of Figs. 1 and 3 indicates
that the presence of aluminum enhanced the augmentation
at high accelerations.

It appears that lead (and possibly copper) additives tend to
flood the propellant surface and decrease augmentation at
high accelerations and may cause unstable burning. Addi-
tion of aluminum increases the augmentation!-® but the lead
and/or copper additives prevent significant acceleration
induced burning rate augmentation.

References

1 Sturm, E. J. and Reichenbach, R. E., “Aluminized Com-
posite Solid-Propellant Burning Rates in Acceleration Fields,”
AIAA Journal, Vol. 7, No. 11, Nov. 1969, pp. 2087-2093.

2 Willoughby, P. G. et al, “Investigation of Performance
Losses and Ballistics Effects in Solid Propellant Rockets,”
UTC2197-FR, April 1967, United Techuology Center, Sunny-
vale, Calif. .

s Willoughby, P. G. et al., “Investigation of Internal Ballistic
Effects in Spinning Solid Propellant Motors,” Rept. UTC
2281-FR, Oct. 1968, United Technology Center.

¢ Anderson, J. B. and Reichenbach, R. E., “An Investigation
of the Effect of Acceleration on the Burning Rate of Composite
Propellants,” ATAA Journal, Vol. 6, No. 2, Feb. 1968, pp. 271~
277.

8 Northam, G. B. and Lucy, M. J,, “On the Effects of Aec-
celeration Upon Solid Rocket Performance,” ATIAA Paper 68-
530, Atlantic City, N.J., 1968.

& Northam, G. B., “Effects of Steady-State Acceleration on
Combustion Characteristics of an Aluminized Composite Solid
Propellant,” TN D-4914, Dec. 1968, NASA.

7 King, M. K. and McHale, E. T., “An Optical Bomb Study
of the Combustion of Solid Propellants in High Acceleration
TFields,” Second Annual Technical Report, July 1969, Atlantie
Research Corp.

8 Glick, R., “An Analytical Study of the Effects of Radial
Acceleration Upon the Combustion Mechanism of Solid Pro-
pellant,”” Thiokol Rept. 42-66, NASA Report 66218, Dec.
1966, Thiokol Chemical Corporation, Huntsville, Ala.

s Glick, R., “The Effect of Acceleration on the Burning Rate
of Nonmetallized Composite Propellants,” 3rd ICRPG Com-
bustion Conference, CPIA Publ. 138, Vol. 1, Feb. 1967.

1 Anderson, J. B. and Reichenbach, R. E., “76-Inch Diameter
Centrifuge Facility,” TN 66T-4, Sept. 1966, Naval Post-grad-
uate School.

Prevention of Flare-Induced Separation

by Boundary-Layer Bleed
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The Australian National University, Canberra, Australia

THE theoretical and experimental investigation of hyper-
sonic flow over blunt-nosed bodies with a flare are of
interest in aeronautics and astronautics.! Calculated in-
viscid flows on a flare hemisphere cylinder could not be com-
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Fig. 1a Flanged hemisphere-cylinder flow, Schlieren

photograph.
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Fig. 1b Flanged hemisphere-cylinder flow, interpreta-
tion.

pared with experimental results as boundary-layer separation
was induced by the pressure rise across the flare shock. A
Schlieren photograph and an interpretive diagram of such
a flow are given in Fig. 1.

To eliminate the separation, a bleed was introduced, vent-
ing the boundary layer to the wake. A drawing of the model
is given in Fig. 2. With a gin. gap between the lip of the
flare and the cylinder, it was found that the separation was
completely removed.

The Australian National University free piston shock
tunnel T.2 was used for these experiments.? For an initial
shock-tube pressure of 6.00-in. Hg (2.03 X 105 dyne/cm?)
of air, the primary shock speed was 0.497 X 10% cm/sec.
Resulting nozzle stagnation conditions were calculated by
assuming thermodynamic equilibrium behind the primary
and reflected shock waves and in an isentropic expansion to
the measured stagnation pressure of 3500 psi (2.41 X 108
dyne/em?). The resulting stagnation enthalpy was 2.31 X
10 erg/g.

The freestream conditions were calculated at the exit of
the conical nozzle (3-in. throat diameter, 7.5° cone half-
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Fig. 2 Model with boundary-layer bleed.

angle, 13.8-cm length) by using a Cornell Aeronautical Labora-
tory computer program for nonequilibrium gas expansions.?
The results at the position of the model nose were: tempera-
ture, 2140°K; velocity, 5.73 X 10° cm/sec; pressure, 6.89
X 104 dyne/cm?; Mach number, 5.67; and density, 9.21 X
1078 g/ecm?,

The Schlieren photographs were taken 100 pusec after
shock reflection by using a Hadland HP-101 microflash
source with a conventional single-pass system. The knife
edges were aligned at a few degrees to vertical. A Wiatten
type-35 filter and a masking slit were used to reduce the effects
of the gas luminosity.

The air-flow over the hemisphere-cylinder-flare was then
calculated by using computer programs from the NASA
Ames Laboratories! with the assumption of a perfect gas
satisfying the above freestream conditions. A Schlieren
photograph with the calculated points superimposed is given
in Fig. 3.

Fig. 3 Calculated and experimental flow.

References

! Tnouye, M., Rakich, J. V., and Lomax, H., “A Description
of Numerical Methods and Computer Programs for Two Dimen-
sional and Axisymmetric Supersonic Flows over Blunt-Nosed
and Flared Bodies,” TN-D-~2970, Aug. 1965, NASA.

? Stalker, R. J., “A Study of the Free Piston Shock Tunnel,”
AIAA Journal, Vol. 5, No. 12, Dec. 1967, pp. 2160-2165.

3 Lordi, J. A., Mates, R. E., and Moselle, J. R., “A Computer
Program for the Numerical Solution of Non Equilibrium Expan-
sions of Reacting Gas Mixtures,” Rept. AD-1689-A-6, Oct.
1965, Cornell Aeronautical Lab.



