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Fig. 5 Flight test
vehicle trajectory.

Summary
A successful program for the demonstration of a new pro-

pulsion system with the stated new technology features and the
integration of this motor into a flight vehicle was accomplished.
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3) Burnout roll rate was 3.4 rev/sec; the fins were set to
produce a theoretical 2.5 rps. However, fin conduit facing inter-
ference effects were unaccounted for.

4) Burnout velocity was 1737 m/sec at an altitude of 48 km;
predicted values were 1772 m/sec and 46 km. Performance was
near predicted (Fig. 5).

5) Longitudinal acceleration averaged about 11.50 during
boost phase, dropped to about Ig at boost phase burnout, then
rose to a sustain phase maximum of about 6.3g at t+38 sec.

6) No significant temperature rise occurred anywhere on the
motor during burn. Payload temperature was of the order of
magnitude expected (Fig. 6).

7) Vibration input to the payload, once the vehicle was out
of the tower, varied from about 1.20 to about 40, peak to peak,
at about 1 kHz in the lateral planes and from about 1.50 to
30, 1 kHz in the thrust direction.

8) The vehicle exited the tower at t + 0.96 sec with a velocity
of 84.5 m/sec.

9) The two lateral accelerometers in the tail show a peak to
peak vibration of 100-120 at moderate frequencies. The apparent
correlation between the amplitude-time characteristic of this
vibration and the dynamic pressure vs time curve suggests that
the observed vibration is influenced by, perhaps dominated by,
aerodynamics rather than the motor and is most likely due to
interactive flow phenomena between the conduits and the fins
which were not aligned with each other.

10) The recovery of the vehicle failed because the fins were
not jettisoned.

The main parachute, its bag, the flotation bag and its bag,
and portions of the drogue chute bag were recovered. Entangled
in the mass of nylon and webbing were a number of fragments
from the recovery system itself and from the payload, indicating
that the vehicle payload section of the vehicle disintegrated at
impact.

i 32°
UJ

I 280-

a240

§ 200-
UJ
Q

I 160

120-
CC
Di
UJ
Q.

80-

40

Fig. 6 Forward skirt
door temperature.

Blowing Simulation of Asymmetric
Transition Effects on Slender Ablating

Vehicles
LARS E. ERICSSON*

Lockheed Missiles & Space Company, Inc., Sunnyvale,
Calif.

THE effects of aft body asymmetric transition on slender
vehicle aerodynamics as measured by Martellucci and

Neff,1 using blowing to simulate ablative mass addition, seem
to be in sharp contrast to what has been presented in Ref. 2
(see Fig. 1). The negative aerodynamic loading induced by
asymmetric transition should have the highest slope at a = 0
and not at some intermediate value like a = 0.5°.

In order to understand the peculiar behavior of the
transition-induced characteristics in Fig. 1, the author consulted
the data source.3 As sketched in the insets in Fig. 2, there
are two important a-parameters in a test simulating asymmetric
transition effects on an ablating model using blowing. The
blowing area was shaped to conform to the free transition
front measured on the nonblowing solid model (with smooth
surface) at a certain angle of attack a = a^T. The aerodynamic
loads for various blowing rates were then measured as a function
of a for three blowing geometries, i.e., those with blowing
fronts corresponding to the transition lines for UAT = 0°, 1°, and
2°. The freestream unit Reynolds number was kept constant at
the value used when defining the transition front geometry on
the solid model.

Even when the transition front is far upstream of the base,
thereby minimizing the sting interference which (otherwise) can
be large for models with boundary-layer mass addition,4 one
faces several problems when attempting this type of simulation
of asymmetric transition effects, as is discussed by Martellucci
and Neff.1 Using an impervious forward section for the laminar
flow region may give the turbulent blowing rate increment a
larger effect than it has in presence of forebody blowing (at
laminar levels). At low blowing rates the breathing and tripping
effects of the porous surface itself also have to be considered.5"8

In spite of these simulation difficulties, one can postulate
that at some angle of attack close to a = &AT the free| transition
effect is indeed simulated. With this in mind the author went
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Fig. 1 Effect of asymmetric blowing on CN(v.) and Cm(a)-
characteristics.

to the original data3 and carpet-plotted9'10 them as functions
of a and aAT. A sample result is shown in Fig. 2 (Cm for
one blowing rate, Cq = 0.008, and one mean transition location)
XTR(Q)/l = 0.93. Following the data for the (<*AT = 2°)-con-
figuration, one can visualize what happens from the inset-
sketches. The "breakaway" for a < OLAT is most likely caused by
the aft movement of transition and associated region of increased
self-induced pressures.2 At a > aAT natural transition occurs
upstream of the blowing area. The associated forward move-
ment of transition and the self-induced pressure effect in
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Fig. 3 Effect of asymmetric transition-blowing on slender cone
aerodynamic characteristics.

the nonblowing upstream region generates loads that are
negligibly small compared to the (unchanged) effect of the down-
stream blowing (into a turbulent boundary layer).

Assuming that free transition is simulated at a = otAT, the
combined effects of a and OCAT are measured only at a — VLAT.
The dashed line drawn through these data points in Fig. 2
represents the effect of free transition line movement, with the
mass addition downstream of transition staying at a constant
level, Cq = 0.008. The normal force data can be reduced in the
same manner, and the final results are as shown in Fig. 3.
The fairing obtained through the carpet-plotting procedure is
quite different from the one suggested by the original investi-
gators.1'3 If experimental data for &AT = 0.5° had been obtained,
the two fairings would probably be less different. However,
there is always a limit to how many data points one can
afford to obtain in a test. In order to make every data point
count, carpet-plotting of hypothetical data should be undertaken
in the planning phase of a test.9

In order to answer one argument that may arise, i.e., "Why
should one believe one fairing more than the other," the
following observations are presented. In the carpet-plot
(Fig. 2) there are only two actual experimental data points
for the combined effect of a and OCAT. Those are at a = OCAT = 1°
and a = OLAT = 2°. The data point at a = UAT = 0 one knows
before the experiment. By judicious use of the carpet-plotting
technique, all the other data points between a = aAT = 0 and
a = aAT = 2° were obtained. The only assumption used in
obtaining these data points is that the linear a-dependence
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Fig. 2 Carpet plot of combined effect of a and aAT. Fig. 4 Effect of asymmetric blowing rate on Cm(a.AT).
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Fig. 5 Incremental blowing-induced stability derivative at a = 0 as ;
function of blowing rate.

shown to exist in the a-range UAT < a < 4° for OCAT = 0°, 1°, and
2° also would exist for other intermediate OLAT-values. It is hard
to visualize any flow phenomenon that would invalidate this
assumption. On the other hand, the local slopes used at
a = OCAT in obtaining the original fairing imply that
dCm/daAT = dCm/da; i.e., the transition movement derivative is
assumed to be zero, dxTR/da = 0, contrary to experimental
evidence.*1

Carpet-plotting the data3 also for the other blowing rates
gives the results shown in Fig. 4. At all blowing rates the
destabilizing effect of asymmetric blowing is largest at small
angles of attack near VLAT = 0. One notices with some concern
that the Cm(a)-slope is negative for zero blowing rate, contrary
to the measured effect of "free" asymmetric transition on a
smooth solid model.2 The reason for this anomaly is the
"breathing" through the porous skin. It has been found that a
porous skin model has substantially less CNaL than a solid
model,6'7 an effect that can be visualized to result from reduced
streamline displacement due to in-flow through the high pressure
side of the porous skin model. Here, in the case of the asym-
metric porous skin configurations for OLAT = 1° and u.AT = 2°,
this would mean that the porous skin side is less effective in
displacing the freestream and, as a consequence, a loss of leeside-
to-windward-side pressure differential results. The associated
gain in aft body normal force explains the statically stabilizing
effect of asymmetric porous skin geometry shown in Fig. 4 for
c, = o.

The incremental effects of blowing" on the static stability
derivative C^ at a = 0, obtained from Fig. 4 for XTR(Q)/ = 0.93,
are shown in Fig. 5. Also shown are the data for the other aft
body asymmetric blowing configuration tested, i.e., XTR(Q)/ =
0.80. The results indicate that the destabilizing effect of asym-
metric aft body blowing increases linearly with the blowing
rate, and that the effect decreases in magnitude when the mean
transition point, XTR(Q)/l, moves forward towards the center of
gravity, XCG/l = 0.60, all in agreement with the theoretical and
experimental results shown in Ref. 2.
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Cylindrical Wing-Body Configurations
for Space-Limited Applications

D. E. SWANSON* AND C. T. CROWEf
Washington State University, Pullman, Wash.

Nomenclature
a_ !
b
CL
L
r
S
V ̂
Vn
w
x, y
7
z
Z
Zw
a

A
£
p

= residue
wing span
coefficient of lift
lift force
body radius
cross-sectional area
freestream velocity
normal component of velocity
complex potential
abscissa and ordinate in crossflow plane, respectively
side force
stream wise coordinate
complex variable in crossflow plane
location of the wing in the Z3-plane
angle of attack
vortex strength distribution
distance along vortex sheet
aspect ratio
complex function for the body axis
freestream density

Subscripts
1, 2, 3 = first, second, and third complex planes
B = base plane of vehicle
oo = freestream
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Introduction

THE design of a vehicle with cruise capability which can be
stored in a limited space usually involves the use of lifting

surfaces which can be hinged or folded to satisfy the volume
constraint. Several concepts for hinged and foldable wings are
well-known. One such concept is the "scissor wing" which is
hinged about its leading edge and swings out from a cavity in
the fuselage. The primary disadvantage of this design is the
reduction in load-carrying capacity and over-all utility of the
vehicle due to the cavity in the fuselage. Another concept is
the parawing, which is a flexible wing suspended by lines from
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