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Fig.2 Solid state pressure sensor for flight experiment.
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Fig.3 Flight 2 re-entry vehicle configuration.
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Fig. 5 Forebody flight test pressure data in laminar and turbulent
flow: flight 2.
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(Fig. 3). The two diametrically opposed pressure ports were
located 98% of the vehicle length and utilized a 0.030-in. diam
hole with a right-angle configuration. The small port diameter
was chosen to minimize pressure port erosion effects in tur-
bulent flow.4

The pressure sensors were calibrated several times prior to
lift-off ranging from 7 to 12 months and a preflight check
point a few minutes prior lift-off was obtained. A typical
calibration curve for one sensor is presented in Fig. 4.
Agreement among data points is generally good. The preflight
lift-off checkpoint shows that the sensor was stable since the
calibration curve had not shifted prior to the flight.

The reduced flight data for the diametrically opposed ports
are shown in Fig. 5. The flight data are in good agreement
with the GE flowfield predictions’ for both laminar and tur-
bulent flow. For times greater than 7 sec the pressure data
show a pressure differential of = 10 psia which is due to R/V
angle of attack.

Conclusions

The flight test experiment has met its objective and has
demonstrated that the miniaturized solid state pressure sensor
can measure steady-state pressures in an R/V flight test ap-
plication. Forebody pressure data were obtained in laminar
and turbulent flow on a slightly blunted slender cone using the
solid-state pressure sensor. The flight data were found to be in
basic agreement with flowfield predictions.
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Energetic Solar Proton vs
Terrestrially Trapped
Proton Fluxes

J. H. King* and E. G. Stassinopoulos*
NASA Goddard Space Flight Center, Greenbelt, Md.

Introduction

HIS Note is intended to demonstrate the relative im-

portance of solar and trapped proton fluxes in the con-
sideration of shielding requirements for 1977-1983 geocentric
space missions. Using the latest solar proton! and trapped
proton 23 models, fluences of these particles encountered by
spacecraft in circular orbits have been computed as functions
of orbital altitude and inclination, mission duration,
threshold energy (between 10 and 100 MeV), and, for solar
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Fig. 1 Constant value contours for ratios of solar-to-trapped proton fluences as a function of orbit altitude and inclination for 1 year missions and
for 10% risk factor. Inset matrix gives multiplication factors for other mission durations (7, in years) and risk factors (Q): a) E,>10 Mev; b}

Ep >30 Mev; ¢) E,, >50MeV; d) E,>100 MeV.

proton fluxes, risk factor.t Ratios of solar-to-trapped proton
fluences were then taken. These ratios give the relative im-
portance of the two proton populations and indicate to the
mission planner whether he must consider both or only one of
these populations. To determine the absolute fluence level of
either population, the mission planner must refer to one of the
sources already cited.

Calculations
It is desired to specify the ratio R:
S(h, i E;T,Q)
T(h,i;E;T) M

R(hLET,Q)=

Here S and T are fluences associated with solar and trapped
protons, respectively. The independent variables are: 4 and i,
the altitude and inclination of the circular orbit; E, the proton
energy threshold; 7, the mission duration; and Q, the risk fac-

tRisk factor: a parameter expressing the chance a mission planner is
willing to take that the actually encountered fluxes will exceed the
predicted levels.

tor. Note that, owing to the statistical and deterministic
natures of solar and trapped fluences respectively, S is a
design fluence which may or may not occur, while T is the
trapped proton fluence which the spacecraft is actually ex-
pected to encounter.

From Ref. 1, we have

S(h,GE;7, Q)=S, (i) X [S,(E)S;(1,Q)+S,(E;7,Q)] (2)

Here S,(h,i) represents orbit-integrated effect of
geomagnetic shielding (energy independent owing to assumed
L =35 cutoff for all protons!4), S, (E} gives the integral flux
and spectrum of each anomalously large event (assumed to
replicate the Aug. 1972 event), while S;(7, Q) gives the number
of such events expected, and S,(E;7, Q) gives the fluence con-
tributed by ordinary events. For values of 7 and Q such that
§3;>0, we may take S, =0. The solar proton model used is for
the solar active period 1977-1983. As such, this analysis
should not be applied during solar quiet times.
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For time scales long compared to one orbital period, the
trapped proton fluences are obtained from

TEET)=T,(hi;E)X1 3)

where T, is an annual trapped proton fluence and 7 is the
mission duration in units of years.
With Egs. (2) and (3), the ratio R may be rewritten as

R (h) i;E;T) Q) = R 1 (h) I)E )R 2 (E;T) Q) (4)

where R, =S,S,/T, and R,=7"!%x(S;+5,/S;). The R,
functions have the significance of being the solar-to-trapped
proton fluence ratios for l-year missions for which exactly
one anomalously large event must be anticipated. R; func-
tions are plotted in Figs. 1a-1d in terms of iso-ratio contours
in h-i space for a series of energy thresholds. The R, functions
are R; modifiers, adjusting the ratios to reflect the Q, 7
dependent variation in mission duration and in the number of
anomalously large events to be expected. Values of R, are in-
serted in matrix form into Figs. la-1d for mission duration
between 2 months and 5 years and for risk factors between
0.01 and 0.1 (1 and 10%). Note that R, values are in-
dependent of energy for all Q, 7 matrix elements except for
the 5 and 10% risk factors of the 2-month missions, for which
no anomalously large event is predicted. For all other ele-
ments, S; >0and S,/S, becomes insignificant.

Discussion

The accuracy of the figures reflects the accuracy of the
models used. As discussed in Ref. 4, the common
geomagnetic cutoff assumption of the solar proton model
used is reasonable for protons of less than 100 MeV, but
becomes progressively less accurate as energies increase above
100 MeV. Thus, in Fig. 1d, the R; function may be un-
derestimated by a factor of up to two. Likewise, there is a
typical uncertainty by a factor of about two in the trapped
proton model used.

Many features are immediately visible in the figures. First
of all, the solar-to-trapped ratio is zero for orbits in the
shaded areas where, by virtue of geomagnetic shielding, no
solar particle reaches a spacecraft anywhere along its orbit. In
the cross hatched region (high altitude, low inclination) the
ratio is meaningless because neither solar nor trapped protons
reach the spacecraft.

At a fixed altitude (below a few hundred km or so) the
dominant fluence source shifts rapidly from trapped to solar
protons as orbit inclination is increased through the 50° to 60°
range. Thus, for low-altitude, polar-orbiting spacecraft,
solar protons are very important relative to trapped protons.
As the altitude of a polar orbit mission is increased, the solar-
to-trapped ratio declines and then increases again. This is
mainly due to the low latitude portion of the orbit moving out
to, and then beyond, the regions of maximum trapped particle
fluxes. The energy dependence of R;, apparent from a
sequential examination of Figs. la-1d, results from the
variability of the trapped proton spectrum at differing spatial
points and the dissimilarity of the trapped and solar spectra.

By examination of the inset matrices in Figs. l1a-1d, it is ap-
parent that for a fixed risk factor, solar particles tend to
become relatively less important than trapped particles as
mission duration increases. At fixed mission duration,
however, solar protons become relatively more important
than trapped particles as the permissible risk factor is
decreased. Note, however, that as long as at least one
anomalously large event is anticipated, the variation in the
solar-to-trapped ratio due to the mission duration and risk
factor dependences is very small relative to the variation
associated with the altitude and inclination dependences.
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Conclusions

The purpose of the analysis has been to permit the space
mission planner to readily determine whether he must con-
sider solar and trapped proton fluences, or only one or the
other, in his shielding requirements. The analysis is not in-
tended to provide actual fluence values, which are available in
the references cited.

The mission planner must specify orbit altitude and in-
clination (circular orbits only), mission duration, and the per-
cent risk he is willing to take that the actually encountered
solar proton fluence will exceed his design fluence. Then from
the appropriate figure for the energy threshold of interest, he
multiplies the appropriate factor from the inset matrix by the
appropriate plotted R; value in order to determine the ratio
of solar-to-trapped proton fluences he must allow for in his
mission planning. Typically, interpolation will be required.

It is clear that for low-altitude polar and very high-altitude
missions (any inclination), solar protons dominate trapped
protons. Conversely, for low-inclination, low- and medium-
altitude missions and for high-inclination, medium-altitude
missions, trapped protons dominate the solar protons.

Due to the uncertainties in the models, we would recom-
mend that if the value of the S/ T ratio fell between 0.1 and 10,
the mission planner ought to consider both trapped and solar
proton fluences. Likewise, if the desired A, i point is in a
region of rapidly changing S/ T ratio, both trapped and solar
fluxes should be considered.
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Errors in Aerodynamic Heat Transfer
Measurements when Using
Phase Change Coating Techniques

John A. Segletes*
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Nomenclature

CF = correction factor

h = heat transfer coefficient
k = thermal conductivity
T = temperature

X = distance from surface
X, Y, 7 = seeEq.1

o = thermal diffusivity

0 = time
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