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Fig.3 Plan surface spanned in
space by three belonging points.

Aerodynamic Forces and Moments

Positions and attitudes and the fixed time interval are
known. The velocity of the model is obtained from the coor-
dinates of two locations, and from three locations the three
components of the acceleration may be calculated. Knowing
the mass of the model, aerodynamic forces may then be
calculated. The moments are calculated in standard fashion
using the moments of inertia of the model.

Another approach to obtain the acceleration of the model is
to compute the function of time-dependent model-location,
for example by a Guass-Approximation, and then take the
second derivative. This method may lead to a better accuracy
to avoid statistical computing and reading errors.

The acceleration expressed by the different model locations
' a= (53—S5)—(s,—s,) @)

At?

Newton’s equation for the differences in model location
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These differences have to be large compared with the reading
error of the coordinates of the light points on the film. For
example, for an accuracy of = 0.05 mm and a largest per-
missible error of +1% the differences have to be s; —2s, +
s; =20 mm. Thus from the previous formula we have the
postulation: aerodynamic forces F: to be large; model mass--
m: to be low; time interval At to be large. The last demand
contradicts the requirement for redundancy.

Aerodynamic forces for a specific model and specific flow
conditions are fixed to the same order of magnitude. The only
way to get sufficiently large differences is to lower the model
mass which sometimes is not possible. To overcome this
problem, the Gauss-Approximation may be applied. In this
case the time interval Af is comparable to the half of the
registrated testing time; that means, s, is the coordinate of the
first registrated point, s; is the coordinate of the last point or
the preceding one, depending on whether there is a straight
number of registrated points or not, s, is the point between s,
and s3. .

To get optimal test results the time required for the model
in passing through the registrating section should be equal to
the time of fully established flow in this section. The length of
this registrating test section is fixed by the dimension of the
films and there exists a clear relationship between this length,
the testing time and the acceleration:
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(assuming that during one test the aerodynamic forces are
almost constant).

For this case the highest accuracy ever possible (related to
reading errors) can be calculated. For optimum conditions,
the time interval At is not only half the registrated testing time
but half the running time of the tunnel. With this the dif-
ferences in model location are

F ¢ s
§3=28,+8, = — — = — 7
3 2 1 m 4 4 ( )
For a registration length of the film of 120 mm and a reading
error of 0.05 mm the possible evaluation error amounts to
2/3%.

On the other hand, because the length of the flight path and
the testing time are fixed, there is also a fixed value for F/m.
That means the weight of the model depends on the
aerodynamic forces, mainly on the drag. For values of F/m
<s/t? the registration time of the model flight is partially out
of the testing time. So we have the postulation

Film=s/t? (8)

where the limiting value is identical with the optimum con-
ditions.
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Flux of Cosmic Ray
Heavy Nuclei Enders
behind Low Shielding
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OR manned space flights, especially in lengthy missions,

the consideration of cosmic ray heavy nuclei is necessary.
The phenomenon of the light flashes, which were for the first
time seen by the Apollo astronauts, emphasized the particular
importance of these particles which can deposit large amounts
of energy near their path through matter.
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Table 1 Constants for the determination of the number of stopping nuclei per cm? tissue hour and sterad by
N=N, exp (-x/k) as a function of the absorbing material thickness x gcm 2

Charge group Depth of matter Solar minimum Solar maximum
[g cm2] Ngylem?3 tissue srh]! k{g cm2] Nylem? tissue sr h]-! kig cm2]

M 0-20 9.5010-2 18.5 2.85102 20.2
6<7<9 20 - 40 8.80 102 20.0 2.651072 21.4
H3 0-20 4.1010-2 13.5 1.05 1072 16.5
9<7Z<14 20 - 40 3.50 1072 15.3 9.00 1073 18.7
H2 0-20 6.9510°3 13.5 1.951073 16.7
15<7=<19 20 - 40 6.5010°3 14.0 1.8510°3 17.5
H1 0-20 1.85102 8.9 5.501073 10.5
20=<7<28 20 - 40 1.3010°2 10.7 3.951073 12.6

The flux of heavy nuclei inside a space ship is dependent on
the energy spectrum and the charge composition of the nuclei
in free space and on the interaction properties of the nuclei
with the material of the space ship. Two independent
processes, energy loss and fragmentation, are responsible for
the absorption of the nuclei. The energy loss by ionization is
roughly proportional to (Z2/E) (Z and E are charge and
energy of the particle). We have measured the attenuation of
the flux of heavy nuclei in the atmosphere and deduced from
these results the fragmentation probabilities of heavy nuclei. !

Using these fragmentation probabilities and considering the
energy loss by ionization, energy spectra of different charge
groups of nuclei in absorber depths of 0-40 gcm 2 have been
calculated from the primary spectra. For the period of
minimum solar activity, the primary spectra measured by
Webber and Ormes, ? Freier and Waddington? and Bhatia et
al.* were used, whereas for the period of maximum solar ac-
tivity the spectra of the different charge groups were deduced
from the He-spectrum of Mason 3 using the ratios of He to the
heavy nuclei as given by von Rosenvinge et al.® respectively,
following from the measurements of Webber et al.”

From the calculated spectra, the number N of stopping
nuclei per cm? tissue sterad and hour as a function of the
thickness x gcm 2 of the penetrated matter were deduced. The
results can be expressed in the form:

N=N_,exp (—x/k)

This description by an exponential law is only valid for
restricted intervals of depth in matter. Table 1 shows the con-
stants k and N, for different intervals of depths x. These
parameters are of value because with them one can calculate
the number of stopping nuclei per cm3 hour at any point Fin
a complicated volume.

If we assume omnidirectional incident nuclei, the ex-
pression is just:

27 0 +w/2

N =n, S " exp(—x(r, 8, {)/k)sin 8 df d¢

0 v -

where x (F,0,¢) is the absorber thickness shielding a volume at
the point Fagainst free space in direction # and ¢.

For comparision with the calculated fluxes measurements in
the Biostack I experiment, flown on board Apollo 16 at nearly
solar maximum activity were used.® This Biostack had a
cylindrical shape with a depth and a diameter of about 9 cm.
It consisted of different biological layers embedded between
layers of nuclear emulsion and of plastic detectors. Figure 1
shows the measured fluxes® of nuclei with charges Z=6 that
produce visible tracks (REL=103 Mev g-' cm?), respec-
tively, stop in the foils and the fluxes of nuclei producing
tracks with two etchable cones in a plastic foil.'® The last
scanning condition corresponds to an REL of about 1.5 103
Mev g-! cm? for the M-group (6=Z<9). REL (restricted
energy loss) gives the share of LET (linear energy transfer)
that causes track formation in the plastic detectors. For a
definition in detail, see Ref. 11.

~i

RELZ 1510MeV g cm’
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Fig. 1 The number of tracks of heavy nuclei measured in the
Biostack for: < all etchable tracks? (REL=103 Mev g!
cm?); o etchable tracks with two etched cones per foil ' (REL=1.5
103 Mev g'lem?); e tracks of stopping nuclei.® The curves are
calculated values.

Table2 Absorbing material around the Biostack
in the Apollo 16 space flight as used for the
calculation of the particle flux in the stack

Direction of
incidence of

Absorber thickness [g cm 2]

the heavy nuclei Above the stack Around the stack
Through the wall of 3 6
the space ship
through the cabin and 15 15
the instrumentation

For each charge group, the fluxes of the calculated energy
spectra were summed up in the energy intervals equivalent to
the scanning conditions. The track density was obtained by in-
tegration over all angles of incidence. The absorbint material
of the space ship was roughly approximated by the assump-
tion that the Biostack was surrounded cylindrically by matter.
As the Biostack was orientated with the top side towards the
wall of the space ship, the direction of incidence was
separated for the two cases shown in Table 2.

Difficulties arise with the calculation of the absolute track
density in the Biostack. The threshold of REL for particle
registration by the plastic foils increases for nuclei that hit the
foils under flat angles. Very flat tracks can not be seen at all
because they are etched away with the surface of the foil. An
investigation of the influence of the threshold of REL and of
the interval of the angle of incidence on the calculated in-
tensities showed that the shape of the absorption curves is
scarcely altered by the variation of these two parameters.
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But only the absolute frequency of thr tracks. Therefore the
absorption curves of Fig. 1 were calculated assuming a
threshold of REL=10% Mev g-! ¢cm? and omitting tracks of
particles incident under angles flatter than 15° to the plastic
foils. The absolute intensities were normalized so that the dif-
ferences to the measured values are a minimum.
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A Miniature Solid State
Pressure Transducer for
R/V Flight Test Applications

J. M. Cassanto*
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Introduction

HE purpose of this Note is to present the results of a flight

experiment which has demonstrated the feasibility of a
miniaturized solid-state pressure sensor to measure steady-
state pressures in an R/V flight test application. These re-
cently developed solid-state transducers operate on the strain
gage principle and are an order of magnitude smaller than
potentiometer type transducers utilized in past and current
R/V flight vehicles. Since R/V’s invariably are weight and
volume limited, use of the miniaturized sensor allows more
flight pressure measurements to be made. In addition,
pressure data can now be obtained in the nose region of R/V’s
(an area hitherto inaccessible for pressure measurements
because of volume constraints or time lag effects) if long
pressure tubing were utilized in conjunction with conventional
“‘pot’’ sensors.
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An extensive development program has been in existence at
GE/RESD since late 1971 to gain experience with
miniaturized solid-state pressure sensors for flight test ap-
plications, and has been structured to take maximum ad-
vantage of existing wind tunnel programs on which
“‘piggyback’ measurements of both steady-state and fluc-
tuating pressures were made. In addition, other tests were
conducted consisting of: static calibration, ac-
curacy/resolution and linearity, time response, temperature
effects, and long-term stability (results of the development
program are presented in Refs. 1 and 2). The present flight
results represent the culmination/end product of the develop-
ment program,

Sensor Description

The miniaturized solid state pressure sensor under con-
sideration is manufactured by the Kulite Corporation? and is
compared to a typical conventional potentiometer type
pressure sensor in Fig. 1. The solid state pressure sensor uses a
(semiconductor) strain gage having a four-active element
bridge circuit as an integral part of the diffused silicon
diaphragm. The transducer has a reference pressure tube to
permit operation as a differential or an absolute pressure sen-
sor. The sensors utilized in the present program were all ab-
solute units and employed a sealed reference pressure.

In addition to the obvious size advantage, the solid state
sensor has a high enough frequency response to measure fluc-
tuating as well as steady-state pressures. This represents an
advantage over conventional ‘‘pot’’-type sensors since the
solid state sensor can be used to determine both frustum or
nose tip loading and frustum or nose tip transition. Figure 2
shows the sensor packaged in the screw thread configuration
with protector screen utilized for the flight experiment.

Flight Results

Although the prime forcing function for the new
minaturized solid state sensor is pressure measurements on or
near the nose tip of re-entry vehicles, the purpose of the
present experiment was to demonstrate flight feasibility only
and frustum pressure measurements were ‘‘piggybacked’’ on
two R/V flights. Data will be presented herein on only one
flight to illustrate the results. Complete flight results can be
obtained in Ref. 1.

The re-entry vehicle for the second flight experiment was a
slightly blunt slender cone and utilized an ablative heat shield
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Fig. 1 Pressure sensor size comparison.



