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Both P, and P, are expected to be dependent upon the

projection of the length of the vehicle on the direction of the

electric field gradient. Because the Galileo Probe is sub-
stantially smaller than the aircraft considered, it might appear
that the estimates of P. and P, should be reduced. However,
the parachute attached to the Galileo Probe on its descent
must be considered. If the parachute or its attachment cords
become coated with aerosols or droplets during the passage
through the clouds, the vehicle will intensify the field much
more than if the probe descended alone. It will be assumed
that the parachute and its attachment cords will be sufficiently
conductive to cause field intensification. The length of the
probe and parachute is 15 m. Consequently, the Galileo Probe
with its parachute will intensify the vertical electric fields
about as much as a commercial aircraft and somewhat more
than an F-106B. The assumption that the intensification of
the field by the probe is the same as that due to a commercial
aircrat will tend to overestimate P, because the horizontal
field intensification will be smaller than that caused by the
aircraft. However, because P.=3x10"* probably un-
derestimates the results of the commercial airline experience,
the two factors will tend to compensate. Similarly, the larger
vertical, but smaller horizontal, extent of the probe relative to
the F-106B will tend to compensate. Therefore, ‘‘ball park”
estimates of P. and P, will be obtained by setting them equal
to those for aircraft flying through terrestrial clouds.

Next P; will be calculated from P, and P,, and the fraction,
f, of Jupiter covered by thunderstorms. An examination of
the Voyager I images of the dark side of Jupiter shows that
approximately 0.2% of the surface is covered with lightning
flashes. Because the Voyager camera could detect only the
brightest flashes, the total area covered by thunderstorms
could be significantly larger.! P, can now be estimated from

P=f*P,+(I—f)* P, x T=0.002%0.42
+0.998%3 % 10~* % [ =0.001 6}

where T is the flight time through the clouds. Although the
duration of the flight between the top of the ammonia clouds
and the base of the water clouds is expected to be near 1 h,'0 T
could be somewhat less than 1 h if there are clear gaps be-
tween the cloud layers.

It is important to recognize the substantial uncertainties
involved in each of-the steps. The uncertainties arise from our
lack of knowledge of the magnitude and extent of electric
fields in the Jovian clouds as well as the lack of a validated
theory that relates the strike probability to the magnitude of
the electric field and the field intensification factor. Although
an effort can be made to remedy the latter problem, no
measurements of the electric fields in the clouds of Jupiter are
available. No electric field measurements will be made by the
Galileo probe, and no further missions to Jupiter are planned
this century. Hence, a determination of the uncertainty in P,
appears unlikely in the near future. Consequently, P, should
be regarded as a ‘‘ball park’ estimate with a large un-
certainty.

Although the estimate of a strike to the probe is only 0.001,
it is about the same as the expected failure rate due to other
design factors. Therefore, when entry probes 1o cloud-covered
planets are designed, it seems appropriate to consider
measures to protect the vehicle and its payload from lightning
activity.
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Effects of an S-Inlet on the
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Introduction

HE design of a combustion chamber involves various

studies, of which flowfield analysis is an important part.
Some design work is done analytically using computer codes,
and detailed testing is done at a later stage. There are complex
configurations where a design cannot be accomplished using
the available codes. Experiments with either the actual or
simulated flow are a reliable means of refining design. The
flow in the combustion system can often be studied as an
isolated process without heat release. Previous investigations
[Ref. (1)] have shown that in certain systems, e.g., the flame
holder, the hot (actual) and cold (simulated) flow patterns
agree closely.

Swirl is used in some combustion chambers to achieve
flame stabilization and improve fuel burning. Swirl can be
achieved by: 1) tangential entry of fluid, 2) rotating vanes, or
3) guide vanes. Swirl generation by vanes is most attractive
for application in ramjets [Ref. (2)]. That method of swirl
was used here. .

The different components of the system can have a
significant effect on the flow pattern in the burner. Here, the
changes in flow pattern that occur due to an S-inlet instead of
a straight inlet are studied. They are employed in situations
where a conventional straight inlet cannot be used, such as in
certerline engine jet aircraft and in cruise missiles. It is
conjectured that a nonuniform flow distribution and
separation may result when an S-inlet is used.
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= Symbol Inlet Swirl Traverse
TTr— N Y Straight No 0 (vertical top)
_)}5:,___ - Straight Yes 0
. x S No ]
/ : § S No 180
) ol S No 270
/ l = S Yes 0
ATING COR X S Yes %
OSCILLATING 2 S Yes 180
Fig. 1a Flow pattern sketched from visual observations. Straight o S Yes 270
inlet with swirl.
ASYMMETRIC CORHER SEPARATIONS
m (] STATION #1
= - T T 7 T
;———\

REVERSED FLOW

Fig. 1b Flow pattern sketched from visual observations. S-inlet with
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Fig. 2b Flow pattern with S-inlet and swirl, Pliolite bead injection. Fig.3b V. /V;vs distance from centerline at X =3.5in.
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Lengend, Figs. 4 and 5.
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Fig.db V,/V, vs distance from centerline at X =3.5in.

Experimental Setup and Test Procedure

The combustion chamber, 9.5 in. in diameter and 10.5 in.
long, was made of % in. Plexiglas pipe. A contoured nozzle
was fitted to the end of the combustion chamber. The swirler
section is 6 in. in diameter and 6 in. long. The swirler had
twelve vanes with varying widths out from the root. The S-
inlet had a 6.5 in. diameter and a 2.0 in. centerline offset.

Tap water from a tank was pumped to the test section via
an orifice plate and a filter. The water enters the entry
chamber (6 in. inner diameter, 17 in. long) through two 2-in.
pipes on opposite sides. This chamber was fixed to the inlet
duct of the model with a wire mesh in between.
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Fig. 5b Turbulence level in % vs distance fom centerline at X=3.5
in.

Pliolite beads (102% water density) were found to follow
the streamlines of flow closely. Food coloring was also used.
The water tests were at a Reynolds number of 1.0 to 4.8 x 10%.

The model was later placed in a rectangular box into which
cold air was blown via a square-edge orifice, a diffuser, and a
flow straightener for testing with air.

Mean velocity measurements were made using a five-hole
Pitot probe, and turbulence level measurements were made
using a hot wire. All air tests were at a Reynolds number of
7.1x10°.
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Results and Discussion

Some flow visualization results are shown as sketches in
Figs. laand 1b from observations made by eye. The tests were
made with the straight inlet configuration without swirl and
formed the baseline case. Recirculation occurred at the
corners, and the length of the recirculation zone increased
with mean flow velocity. With the S-inlet, the length of the
corner recirculation zone is greater at the bottom than at the
top.

The size of the corner recirculation zone is considerably
reduced with swirl. When the flow Reynolds number was
increased to over about 10*, a central recirculation zone was
seen behind the hub of the swirler. With the straight inlet, the
central recirculation zone took the form of an oscillating core.

With the S-inlet, the swirl created a prominent central
recirculation zone and an uneven corner recirculation zone.
(See Figs. 2a and 2b). In Fig. 2a, the liquid dye is drawn into
the low-pressure central region from downstream.

Velocity and turbulence measurements were made for
traverses at seven stations in the burner. Each plot consists of
nine sets of data points. Typical plots of axial velocity vs
radius at two of the seven stations are shown in Figs. 3a and
3b. The points marked at V,/V,=0 are located in the
recirculation zones where the V, /¥, is either zero or negative.
For the nonswirling flow, V,/V} is close to 1.0 in the center of
the burner. There is a marked change in the velocity
distribution at a radius of 3 in., and negative axial velocities
are found to occur at greater radii. This is due to the recir-
culation zone formed near the wall of the burner near the exit
of the swirler. The low velocity at the center for flows with
swirling occurs due to the toroidal recirculation zone. The
peak velocity occurs in the region between radii of 2.5 and 4
in., and the peak is well defined for the straight inlet con-
figuration. The difference in velocity profiles for the four
directions of traverse in the S-inlet configuration with swirling
flow shows the absence of symmetry in the streamlines in the
combustion chamber. Two notable aspects of the flow with
the S-inlet when compared with that for the straight inlet are
the more pronounced central recirculation zone and the
occurrence of unequal corner recirculation zones.
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Typical tangential velocity profiles are shown in Figs. 4a
and 4b. The tangential velocity is close to zero near the axis of
the burner for the nonswirling flow. This component is
smaller in the straight duct for swirling flows. V,/V} is close
to zero to a radius of 1.5 in. in the straight configuration, but
increases with radius for the S-inlet configuration.

Some plots of turbulence level vs radius are shown in Figs.
5a and Sb. The level in the nonswirling flow is higher with the
S-inlet near the center of the chamber. At the top, the
variation is different from the sides and bottom. The level is
higher in the central region and lower near the wall than for
the other two cases. In the region between radii of 2.0 and 4.0
in., it is found that the turbulence level of the fluid coming out
of the bottom portion is highest and that for the fluid coming
out of the top is lowest.

Swirling introduced a marked change in the turbulence level
distribution. Close to the axis, the level was first high, then
fell rapidly, and-then increased again close to the wall. The
turbulence distribution along the four traverse directions is
more uniform for the swirling than for the nonswirling flow.
Close to the exit of the swirler section, turbulence levels are
essentially the same for all traverses.

The turbulence level near the wall is similar for the swirling
and the nonswirling flows downstream of Station 4. Very high
turbulence levels occur in the central and corner recirculation
regions.
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