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to density and must take into account the state of the thermo-
sphere (i.e., the atmosphere above 100-km altitude). The
thermosphere is strongly affected by the solar radio and
geomagnetic activity, and has strong diurnal and semiannual
variations. Empirical models of the thermosphere and exo-
sphere are given by L. G. Jacchia.!® Beside place and time
of flight, these models require daily and averaged values of
1) solar flux at 10.7 cm, and 2) the geomagnetic planetary
index. These are given in the Solar-Geophysical Data Prompt
and Comprehensive Reports, available through the National
Geophysical and Solar-Terrestrial Data Center, National
Oceanic and Atmospheric Administration, U.S. Dept. of
Commerce, Boulder, Colo.

When the exospheric temperature has been estimated, the
vertical altitude scales for three different exospheric tempera-
tures, on the upper right side of Fig. 2, can be used to make a
best estimate of the atmospheric density at the missile altitude
by first interpolating an altitude for the calculated exospheric
temperature. Note that the 1962 U.S. standard atmosphere!”
exospheric temperature is ~1500°K. This interpolated
altitude is then read horizontally across to the exterior density
scale markings on the left side of the figure. This line also
gives the ambient mean freepath on the appropriately labeled
exterior scale markings on thé right side. Notice that the
state of the thermosphere, as determined by solar activity, has
a first-order effect on the ambient density and thus on the
plume dimensions above 300-km altitude.

The missile thrust is entered from the scale outside the upper
horizontal line of Fig. 2. This thrust is read diagonally down
toward the left until it intersects the horizontal line just drawn.
This is the first intersection. A vertical line is dropped from
the first intersection into the lower box of the figure, where it
intersects a horizontal line labeled on the left side with the
given missile speed. This is the second intersection. The
missile hypersonic plume scale is given by the scale exterior to
the lower horizontal line of the figure. The magnitude of the
missile plume scale is identified by the diagonal lines nearest
the second intersection. The division of the ambient mean
freepath by the hypersonic plume scale yields the plume
Knudsen number.

To estimate the plume outline, the Jarvinen-Hill plume
proportions for D/T ~ 0.2 are shown in Fig. 2 in the inset.
They have been changed slightly to show better agreement
with the electron-beam data when the ‘“‘contact surface” is
reinterpreted as described above for the viscous plume.

The procedure just described can be used to generate a
series of points in the lower box, the loci of which show the
history of the plume development. Notice that for full-scale
missile calculations, the exterior scale markings are used as
just described. For the wind-tunnel experiment design,
different ranges of the variables are used, but the calculation
procedure is the same, except that the interior scale markings
are used.
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Laser Activated, Model Surface
Recession Compensator System for
Testing Ablative Materials
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Introduction

HE purpose of this Note was to develop an automatic
surface recession compensator system to keep an ablating
model in the uniform flow region of a high-pressure hyper-
thermal arc heater environment. Prior to the development
of this system the front surface of an ablating model receded
out of the region of constant pressure into the nonuniform
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environment which was difficult to define. A laser system was
incorporated into the control circuitry of the model axial drive
system in the McDonnell Douglas Research Labs. (MDRL)
High Impact Pressure (HIP) arc heater facility. As model
recession occurs during tests, the drive system automatically
compensates for the axial displacement to maintain the front
surface of the model at a virtually fixed position relative to
the arc heater nozzle exit. The system can control up to
seven successive models per test run. A maximum model
front surface movement of -0.005 in. with respect to the
fixed reference occurs at an axial drive speed of 0.43 in./sec.
This laser system has been used for testing over 600 models
in the HIP facility at impact pressures up to 170 atm. The
tedious procedure of measuring nose tip positions from
individual high-speed movie frames to obtain recession rate
can now be eliminated with resultant improvements in accuracy
and efficiency.

Contents

The High Impact Pressure (HIP) 12 Mw, continuous-flow
arc heater test facility!-? was developed in 1968. The facility
has been used for numerous test programs in the development
of thermal protection systems for high-performance missiles.
Prior to Sept. 1970 these test programs were accomplished
by inserting the models into the jet stream at a fixed axial
position near the nozzle exit. In addition, recession rates
could be determined only by a tedious frame-by-frame analysis
of high-speed film. To improve both the accuracy and the
efficiency of test data acquisition, a system® (Fig. 1) was
designed to maintain the model front surface at a set location
by automatically controlling the axial drive unit of the model
actuator. The system includes a 6328 A helium-neon laser
having a nominal output of 1 mw, and a 410 A bandpass
filter followed by a selenium photocell having a light sensitive
area of approximately 0.3in2. The detector mounting
provides both axial and rotational adjustments for aligning
the complete system in accordance with any test requirement.
The output of the detector is amplified to drive a relay coil
which controls the Gilman slide mount of the model actuator.
The Gilman slide is axially driven by a d.c. motor through a
clutch-brake unit and a 5:1 gear reducer. The displacement
of the axial drive unit is continuously recorded during a test
and yields an accurate measurement of the model recession
rate.

The time response of the entire axial drive system is a
function of the detector, control relay, clutch-brake unit,
and the drive speed. Measurements have been made on the
complete system to determine the delay associated with both
starting and stopping of the drive system. Based on these
time delay measurements (23 msec) and a simple mathematical
model, one can predict the cycle time as a function of axial
drive speed for various values of recession rates. As shown
by Fig. 2, the optimum arrangement is for the drive speed to

To Detector

1

Region of Constant
Pressure

|
Total Model
Front Surface k/
Movement _.." (._._
\L Model
I

Nozzle \

?

Laser
Signal

Fig. 1 Laser recession compensator configuration.
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Fig. 2 Model recession compensator cycle time.

be set at twice the recession rate, which then gives a minimum
start-stop cycle of 92 msec. Experimental data were also
obtained on the complete system to determine its basic sensi-
tivity. To determine the value of this model displacement
sensitivity, measurements were made of the detector output.
As shown in Fig. 3, the movement of the model front surface
which results from the deadband in the cycling of the relay
is held to approximately +0.001 in. and is independent of
drive speed.

Included in the over 600 tested models*® are several
which have been routinely exposed to model impact pressures
of over 170 atm, resulting from arc heater chamber pressures
in excess of 200 atm using a Mach 1.7 contoured nozzle.
Model surface temperatures up to 8000°F have been measured
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Fig. 4 Recession of experimental graphite at 170 atm.
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Fig.5 Recession and temperature histories of experimental graphite.

by radiation pyrometers. A typical recession history for a
0.3-in.-diam. hemisphere-cylinder graphite composite model
tested at 170 atm is shown in Fig.4. Using an analytical
expression for the curve fit to these data and differentiating
the function with respect to time yields the model recession
rate history also presented in Fig. 4. Additional recession
data and a surface temperature history for a similar model
tested at a lower pressure (50 atm) but higher Mach number
(2.3) are shown in Fig. 5.
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Round Trip Mars Missions Using
Looping Trajectories in the 1980-2000
Time Period

James F. KIBLER*
NASA Langley Research Center, Hampton, Va.

RBITAL transfers which make more than one revolution
have been known for some time.*> However, when
the transfer is interplanetary, the long trip times involved have
dissuaded mission analysts from considering trajectories of
more than one revolution. For example, standard Earth to
Mars trajectories (Types I and II—Fig. 1a) have trip times
ranging from 0.5 to 1.5 yr whereas looping trajectories
(Types III and IV—Fig. 1b) have trip times ranging from 2 to 3
yr. Since the energy requirements for looping trajectories
are sometimes significantly less than for standard transfers,
it would be advantageous to use looping trajectories if the trip
time problem can be alleviated.
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Fig. 1 Two types of Earth to Mars trajectories: a) standard (less

than one revolution about the sun); b) looping (more than one revolu-
tion about the sun).

Received May 3, 1973; revision received June 22, 1973.

Index categories: Spacecraft Mission Studies and Economics;
Lunar and Interplanetary Trajectories.

* Aerospace Engineer, Advanced Concepts Section, Analysis and
Advanced Concepts Branch, Space Applications and Technology
Division.



