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An improved computational model
for simulating flows in liquid-propellant
injectors in rocket engines has been de-
veloped. Models like this one are
needed for predicting fluxes of heat in,
and performances of, the engines. An
important part of predicting perform-
ance is predicting fluctuations of tem-
perature, fluctuations of concentrations
of chemical species, and effects of turbu-
lence on diffusion of heat and chemical
species. Customarily, diffusion effects
are represented by parameters known in
the art as the Prandtl and Schmidt num-
bers. Prior formulations include ad hoc

assumptions of constant values of these
parameters, but these assumptions and,
hence, the formulations, are inaccurate
for complex flows. 

In the improved model, these param-
eters are neither constant nor specified
in advance: instead, they are variables
obtained as part of the solution. Conse-
quently, this model represents the ef-
fects of turbulence on diffusion of heat
and chemical species more accurately
than prior formulations do, and may en-
able more-accurate prediction of mixing
and flows of heat in rocket-engine com-
bustion chambers. The model has been

implemented within CRUNCH CFD, a
proprietary computational fluid dynam-
ics (CFD) computer program, and has
been tested within that program. The
model could also be implemented
within other CFD programs.
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more complex the more spacecraft are
added, or as mission requirements be-
come more complex.

The observability of a formation state
was observed by a set of local observa-
tions from a particular node in the for-
mation. Formation observability can be
parameterized in terms of the matrices
appearing in the formation dynamics
and observation matrices.  An agree-
ment protocol was used as a mechanism
for observing formation states from local
measurements. An agreement protocol

is essentially an unforced dynamic sys-
tem whose trajectory is governed by the
interconnection geometry and initial
condition of each node, with a goal of
reaching a common value of interest.
The observability of the interconnected
system depends on the geometry of the
network, as well as the position of the
observer relative to the topology.

For the first time, critical GN&C
(guidance, navigation, and control esti-
mation) subsystems are synthesized by
bringing the contribution of the space-

craft information-exchange network to
the forefront of algorithmic analysis and
design. The result is a formation estima-
tion algorithm that is modular and ro-
bust to variations in the topology and
link properties of the underlying forma-
tion network.
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A method was developed for in-orbit
measurement of the relative pointing of
spectrometer channels, and the rela-
tionship between the spectrometer
channels and the spacecraft coordinate
system. In this innovation, individual
scans of the Moon, from the three
channels, were used to determine the
position of the center of the Moon,

with respect to channel-specific coordi-
nates. Comparing the coordinates of
the center of the Moon, obtained from
individual channels, yields the relative
pointing between the channels. Com-
paring the coordinates of the center of
the Moon in one of the channels with
the Moon ephemerides and with the
spacecraft coordinate measurement,

using the onboard star tracker, yields
the relative orientation of the channel
optical axes with respect to the space-
craft coordinates. 
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