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Fig. 4 Fitted torque curve.

symmetric with respect to the satellite mass center, causes the
net bombardment of charged ions of the ionosphere to impact
with an unsymmetrical distribution, therefore, causing a
torque; 2) torque from V X B induced current (induction
torque)11—a V X B induced potential across the dipole
antenna results in a flow of electrons along the antenna,14

which in turn interacts with the Earth's magnetic field to pro-
duce an electrostatic force and consequently a torque. The
V X B potential distribution is dependent on photoemis-
sion,11'14 and consequently the resulting torques have a de-
pendence on percent sun (Fig. 1).

Several combinations of the previously discussed torques
may be conjectured as the cause of the anomalous measured
torque history. The quality and amount of measured dynam-
ics data on ISIS-I does not permit the various mechanisms to
be isolated and conclusively identified at this point.
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Injection into a Supersonic Stream
from the Windward Side of Sweptback

Injectors at Angle of Attack

M. HERSCH* AND L. A. POVINELLI*
NASA Lewis Research Center, Cleveland, Ohio

IT has previously been shown1"3 that vortices, generated
by delta wing injectors at an angle of attack, can enhance

penetration and mixing of a secondary jet into a supersonic
stream. In these previous studies helium was injected at
sonic velocity normal to the leeward side of the injectors
directly into the vortex region. Although penetration and
mixing were improved in comparison to injection from a flat
plate in a vortex free flowfield, two problems were noted.
Firstly, a significant portion of the jet was not captured by
the vortex, but flowed directly downstream as if injected
from a flat plate in a vortex free flowfield.2 Secondly, the
jet appeared to disrupt the vortex motion.3 These problems
might be overcome by matching the direction and velocity
of the jet to the vortex.

An alternate injection technique is suggested by the fact
that the leeward vortex originates from flow which sweeps
over the leading edge from the windward side of the wing.4

It might be anticipated then, that injectant from the wind-
ward side would be carried by this flow into the leeward
vortex. Also, disruption of the vortex might be minimized
if the injectant were introduced at a low velocity distributed
over a large area. This might be accomplished by injecting
the gas from a porous surface as opposed to discrete orifices.
In this study two injectors were tested to explore these ideas
(Figs. 1 and 2).

One injector, configuration A (Fig. 1), had a single sharp
leading edge sweptback at 58.5°. This injector may be
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Fig. 3 Concluded.

considered to be one-half of an arrow wing if a line through
the apex is taken to be a line of symmetry. The other in-
jector, configuration B (Fig. 2), was a delta wing with sweep-
back angles of 75°.

Helium was injected from a porous sintered metal surface
on the windward side, or at sonic velocity from a 0.198 cm
orifice on the leeward side of the injectors. The porosity of
the sintered metal was approximately 44%. Total injection
pressure was 3.45 X 105 N/m2 (50 psia). Injectant mass
flow was constant for all tests. Freestream velocity and
total pressure were Mach 2, and 9.58 X 104 N/m2 (13.9
psia), respectively. Wind-tunnel dimensions were 9.75
by 25.4 cm. Helium penetration and distribution were de-
termined by withdrawing gas from the freestream and mea-
suring the helium content with a mass spectrometer. The
sampling and analysis technique have previously been
described.1

Helium distribution resulting from leeward and windward
injection for the two configurations is shown in Fig. 3. Con-
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Fig. 3 Comparison of windward to leeward injection.

figuration A was mounted at 12° angle of attack for leeward
injection and 12° or 18° for windward injection. Configura-
tion B was mounted at 22° angle of attack for both modes of
injection.

In all cases of leeward injection, a large portion of the
helium flowed directly downstream from the orifice and was
not captured by vortex. This is indicated by the high humps
in the leeward distribution patterns shown in Fig. 3a and b.
The maximum extent of the helium region directly down-
stream of the leeward orifice was not established though for
the symmetrical delta wing injector (Fig. 3b). However,
in this region helium concentration was 30% at approxi-
mately 7.5 jet diameters above the injector surface as shown
in Fig. 3b. As previously shown,1"3 this portion of the
helium behaves as if it were injected from a flat plate in a
vortex free flowfield.

With windward injection using configurations A and B
mounted at 18° and 22° angle of attack, respectively, helium
was carried over the swept edge and captured by the leeward
vortex. No helium was detected over the leeward side of
configuration A at 12° angle of attack using windward injec-
tion. This indicates that a minimum angle of attack is
needed for helium to be carried from the windward to leeward
regions. The minimum angle of attack, though not deter-
mined here, was evidently between 12° and 18° for con-
figuration A.

As shown in Fig. 3a and b, at any particular lateral posi-
tion across the injector, helium penetration may be greater
for one injection technique than another. It is, therefore,
difficult to draw general quantitative conclusions concerning
penetration and spreading from these measurements. These
results do show, however, that a significant portion of the
helium, when injected from the orifice on the leeward surface,
is not captured by the vortex but flows directly downstream
as if injected from a flat plate. The vortex is, therefore, not
efficiently utilized in aiding penetration and mixing of the
injectant with the freestream. In contrast, helium, when
injected from a porous source on the windward surface was
carried over the swept edge and completely filled the vortex
region. The results of Fig. 3b indicate that both leeward
vortex regions would have been filled with helium had porous
injection strips been located on both, rather than only one
of the windward surfaces.

Windward injection might be a useful injector cooling
technique. Aerodynamic heating of a swept injector at an
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angle of attack is greatest on the swept edges and windward
surface. The results of this study show that these areas can
be sheathed by a layer of cool gas supplied by windward
injection.
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A New Guidance System Figure-of-Merit

GEORGE R. YOUNG*
NASA Langley Research Center, Hampton, Va.

ACONVENIENT parameter to determine the relative
effectiveness of a launch vehicle in delivering a space-

craft onto an interplanetary trajectory and to determine mid-
course velocity budgets is the expected value of the mid-
coursec orrection velocity magnitude v. The parameter
in common use, while it is sometimes called the expected
value of v, is the square root of the trace of the midcourse
velocity co variance matrix.1

The figure-of-merit, defined in this manner, is often used
to approximate midcourse correction velocity budgets by
using the further approximation2

^ 3FOM (1)

where |t?| = v = (v^ + v-2
2 + t>32)1/2, n\v\ is the mean of. v, and

cr\v\ is the standard deviation of v.
This approximation is equivalent to assuming that the

mean magnitude is zero (which would be true for a linear
process with the means of the components zero) and, there-
fore, that the second moment of the magnitude about zero
is the standard deviation.

Using Eq. (1) the probability that v does not exceed
3FOM is greater than or equal to 99%

P[v < 3FOM] > 0.99 (2)
where Vi^vs = components of v in any Cartesian coordinate
system.

It is the purpose of this Note to suggest a new FOM, for
which Eq. (2) is still true, that saves between 13 and
30% of the v budget. The new approximation has one
other, important, characteristic. It distinguishes between
two midcourse velocity matrices with the same trace but
with different midcourse velocity requirements. Since the
old FOM is used extensively to compare the midcourse re-
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Fig. 1 Definition of eigenvalue ratios.

quirements for different trajectories, this is a serious deficiency
that can be eliminated by the new approximation.

This new FOM is based on an analysis by Hoffman and '
Young3 who obtained an approximation to the mean and
variance of v by expanding vn in a Taylor series about a
point in a transformed space defined by

vi* = H, v2* = |t;2|, ^3* = v*\ (3)

truncating after the second-order terms and^ integrating
over the transformed density function to define the nth
moment of v. The components vi, v%, and v^ were assumed
to be normally distributed with mean zero. The analysis
resulted in the approximations

(4a)

(4b)

where Xi,X2,Xs = eigenvalues of the v matrix, T = trace of
the v matrix = Xi + X2 + Xs, \v\ = magnitude of the v vector
(vi,v-2,v)T, A = constant used to find the best point about
which to expand, E[ ] = expected value operator, and
ft = XiX2 + XiXa + X2Xs. The series expansion was made
about the point [(AXi/7r)1'2,(AX2/x)1/2,UX8/7r)1/2]. The
maximum percentage error in the variance of v was minimized
resulting in a value of 2.7 for A.

The new FOM is taken to be

E(\v\) ~ (2T/w)^(l + (TT -

T - {(2T/7r)1/2[l + (TT -

FOM = (5)

with the mean given by Eq. (4a) and the standard deviation
by Eq. (4b). To check the accuracy for this new FOM 17
covariance matrices were chosen to be representative of gen-
eral midcourse correction covariance matrices. Each of the
matrices was chosen such that T = 1 and the eigenvalues
had the various ratios defined in Fig. 1.

In Fig. la is presented a plane in three-dimensional eigen-
value space equivalent to T = 1. Every choice of three
eigenvalues (with T = 1) must be a point on the plane. In
Fig. Ib is a small sketch indicating that the eigenvalue plane
has been sectioned, and Sec. B is presented in Fig. Ic. The
17 points are indicated along with the corresponding eigen-
value ratios. Because of symmetry of the mathematical
formulation, each point of Sec. B is equivalent to a point on
each of the remaining five sections. Investigating the re-
sults for these 17 cases is equivalent to considering 76 points
in the eigenvalue plane which should be more than adequate.


