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Summarz

Studies have been made of the density distribution of the
gas jet under various operating conditions. Gas was injected
through the target nozzle into an evacuated test chamber at
temperatures of 24°K and 300°K and at pressuresvof 2, 6, and
10 PSIA, corresponding to gas densities of approximately 10-7
to 1072 gm/cm3. Under all of these conditions the jet exhibited
a well defined conical shape with a full opening angle that

ranged between 20° and 40°.



-2 - TM-534

INTRODUCTION

Since the installation of the gas jet targetl in the
Internal Target Area in‘June, 1972, the main ring beam inten-
sity has increased 1000fold. 1In order to maintain a luminosity
tolerable to target particle recoil experiments in the low t
region, it has become necessary to continuously reduce the density
of the gas jet. Reduced density has been achieved by reducing
the pressure of the gas to the target nozzle. The question has
recent¥g arisen as to whether a well shaped supersonic jet is
maintained at these pressures, and what the low pressure limit
might be.

If a well shaved jet at low density could, in fact, be
maintained, there is the possibility that the cryopump might
be eliminated in favor of a high speed diffusion pump (or turbo
molecular pump) at enormous saving in complexity and cost.

An attempt, therefore, has been made to understand low
density operation of the jet, in particular, the jet profile
dependence on the pressure and temperature of the gas to the’
nozzle. Since the gas nozzle does not have the form of a true
deLaval nozzle, it is not known at what pressure the supersonic
flow breaks down and the gas simply diffuses from the orifice.

Direct measnrements of the jet profile were made using a
constant temperature hot wire anemometer.2 The anemometer wire
was moved through the jet to get a series of horizontal density
profiles at various vertical distances from the jet nozzle. Such

profiles were made down to the lowest gas pressures possible with

the present jet centrols, {2 PSIA).



-3 - TM-534

APPARATUS

The hot wire anemometer used in these measurements is
essentially as described in Ref. 1. The circuitry is shown in
Fig. 1. The probe consists of a 5 micron platinum coated
tungsten wire which forms one leg of a wheatstone bridge. The
bridge is balanced with current in the probe wire sufficient to
maintain a temperature of around 700°K. As the jet gas moves
past the wire, energy removed by molecular collisions cools the
wire reducing its resistance. A differential amplifier across
the bridge senses the imbalance and causing a feedback signal
to be generated which increases the voltage et the top of the
bridge. A scope triggered by the gas jet pulse records a trace
of the time variation of the voltage on the bridge. The traces
were photographed with a polaroid scope camera.

The setup is shown in Fig. 2. The jet assembly was set
on a test chamber containing several ports. Six inch beam pipe
flanges on each side of the chamber simulated the configuration
of the jet in the tunnel. A 2400 1/s diffusion pump with baffle
was connected through a pneumatic valve to the system.

The anemometer probe was attached to a steel dowel mounted
on a double "O" ring seal in one of the test chamber ports that
viewed the nozzle. The wire, oriented transverse to the dowel,
could be moved in the horizontal plahe past the nozzle. The jet
nozzle itself could be moved vertically to allow measurements in
different horizontal planes. Shielded leads connected the probe

. wire to the amplifier and control chassis.
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MEASURING PROCEDURE

For all measurements the jet pulse duration was 50 msec.
The pulse was obtained by opening valve V} for 50 msec followed

3 buffer

by a 200 msec opening of V2 to replenish the 175 cm
volume between V1 and V2 (see Fig. 2). The oscilloscope sweep
was initiated at the opening of valve Vlg The wvertical input

to the scope was connected to the bridge as shown in Fig. 1.

A D.C. offset at the scope vertical amplifier permitted obser-
vation only of exclusions in the ﬁoltage to the bridge.

- A profile measurement was made by photographing a series of
scope traces, each corresponding to one jet pulse at a new
horizontal position across the jet. The probe was typiéally
moved to 12 positions, 2 mm apart, with half of the positions
on one scope photograph. Figure 3 shows two typical photos of
the data. The photo of the first set of traces was made with
the jet at room temperature and the second with a liquid helium
filled jet. The large background @&fi the room temperature measure-
ments is eliminated when the jet is cooled and the jet gases are
very rapidly pumped by the cryopump.

The voltage excusions AV were taken from the photos of the
scope traces at one particular time point. The density of
particles hitting the anemometer wire is proportional to the

power, AP, fed to the wire. The relationship between AP and

AV is given by

Ro 2
AP = ———— (ZVO(AV) + (AV)©)

(R+Rg) 2

where R, and R are the resistance values of the legs of the bridge
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as shown in Fig. 1, and Vo is the guiescent voltage at the top

of the bridge.

The following table shows the jet condition for the measure-

ments that were made.

With this apparatus it is possible to make

a calculation of the gas density based on a model of the inter-

action of the gas molecules with the wire.2

For the limited

purposes of this note, however, a rough extrapolation has been

made from measurements during earlier jet studies and in the

course of experiments using the jet.

TemE(oK)
24
24
24
300
300
300

The data are tabulated in Figs.

Pressure (PSIA)

1,3,4

Density,(gm/cm3)

Approx.
10 3 x
6 2 X
2 7 x
10 8 x
6 6 X
2 2 x
RESULTS
4 and 5.

10”8

1078

1072

1072

1072

1072

From these

measurements of AV, each AP (relative density) was calculated

and plotted against probe position for each traversal of the jet.

Figure 6 shows the profiles for a typical measurement.

Assuming that the gas jet has cylindrical symmetry, we can

deffnea a gas density, p(r,Z), where r is ,the radial coordinate

in a plane perpendicular to the jet axis and at a distance 2

from the tip &£ the nozzle.

The anemometer signal, AP, does

not measure p(r,Z) directly, but rather the line integral of
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P along the wire direction (length L), i.e.,

L/2
AP(y,2) = C ‘§;(¢k2+y2, zZ) dx
-L/2

for a wire parallel to the x-axis at a distance y from the jet
axis. Figure 6 is a plot of AP(y,X) vs. y for four values of

Z. This integral is of course the "thickness" of the jet target
as seen by the proton beam, so Fig. 6 gives the relative target
thickness as a function of horizontal and vertical coordinates
with respect to the tip of the nozzle. A solid state detector
looking at the energy distribution of pp elastic recoils near
elab = 900, measures more nearly P(r,Z), assuming that the
proton beam is centered on the jet axis and that the width of
the proton beam is small compared to the width of the jet.

For a given Z, AP(y) and P(r) will in general not have the
same shape; a Gaussian distribution is an exception to this
rule. The profiles shown in Fig. 6 are not Gaussian; it is easy
to show that for a variety of reasonable distributions for P(r),
the FWHM of AP(y) and P(r) are not very different-—perhaps 15%
at most.

In Fig. 7 we plot FWHM of AP(y,Z) as a function of Z for
the various jet conditions. These plots indicate that the jet
is approximately conical in shape with a full opening-angle in

the range 200—400, the low temperature jet appearing to be

somewhat narrower.
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