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Introduction

NE promising method of supersonic jet noise reduction
is the use of a mixer—ejector nozzle.'~® The work de-
scribed in this Note is a part of an ongoing experimental study
on the flow physics and performance characteristics of a rec-
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tangular multielement supersonic mixer—ejector nozzle. The
ejector characteristics studied included the mean flow at the
ejector exit, ejector pumping, and the ejector sidewall static
pressure. To our knowledge, the only other published work on
rectangular supersonic multijet ejectors is that by Chandrasek-
hara et al.” Their results showed that the performance of a
multijet ejector is distinctly superior to that of a single equiv-
alent jet ejector. Our main objective is to characterize the per-
formance of multijet ejectors at various primary jet Mach num-
bers and area ratios (ejector area/primary jet area).

Experimental Setup and Instrumentation

A schematic diagram of the flow facility used in our experi-
ments is shown in Fig. 1. The facility was previously described
in detail in Refs. 8 and 9, therefore, only a brief description is
given here. The primary jets emerged from four convergent—
rectangular nozzles (6.9 X 34.5 mm) into the straight adjustable-
area rectangular ejector. The internozzle spacing (center-to-cen-
ter) was 6.25 times the narrow dimension of the nozzle. The
individual nozzle total pressures were maintained to within +0.1
psi using an automatic feedback control loop.

The adjustable-area ejector was constructed from Plexiglas®
side walls. The leading edges and spacers were made from
wood. The total length of the ejector sidewall, in the stream-
wise direction, was 32.51 cm, which included 5.08 ¢cm of lead-
ing edge and 4.45 cm of tapered trailing edge (only the outside
surface was tapered). The small dimension of the rectangular
ejector could be adjusted by the addition or removal of spacers.
The large dimension could be adjusted by loosening the
clamps and sliding the small sides (stack of spacers) in or out.
The ejector aspect ratio, defined as the ratio of the large to
small dimensions of the ejector exit, was kept constant at 4.5
for the two cases studied.

An extra sidewall was fabricated and instrumented with 121
static taps (11 X 11 matrix) connected to the electronic scanning
pressure (ESP) modules for instantaneous mapping of the ejec-
tor sidewall static pressure distribution. The pressure tap matrix
extended from the leading edge to 5.72 cm upstream of the
trailing edge. The flow total pressure at the ejector exit was
mapped using a pitot probe having an o.d. of 0.8 mm. The probe

. was traversed over the entire flowfield under computer control.

Results and Discussion

Mean Flowfield at the Ejector Exit

Mach number contours at the ejector exit plane, for two
ejector area ratios (AR = 7 and 12) at six primary-jet fully
expanded Mach numbers are shown in Fig. 2. The ejector area
ratio is defined as the ratio of ejector exit area to the total exit
area of the four rectangular nozzles. In these plots, the y and
z coordinates are normalized by the primary nozzles’ equiva-
lent diameter D,,, defined as the diameter of the circle having
an area equal to the total exit area of the four primary rectan-
gular nozzles. From the contour plots of Fig. 2 it is clear that
for all primary jet Mach numbers, an increase in the ejector
area ratio from 7 to 12 resulted in a reduction in the peak
ejector exit Mach number and a more uniform mixing of the
primary jets and secondary (ejector entrained) flow.

The ejector pumping per unit secondary area for various
cases is plotted in Fig. 3. The pumping was obtained as fol-
lows. First the total mass flow at the ejector exit was calculated
by integration of the data shown in Fig. 2, then the primary
jet’s mass flow was subtracted from the total mass flow. Finally
the pumping per unit secondary area was calculated. The sec-
ondary area is the ejector exit area (constant for an ejector
with parallel sidewalls) minus the total exit area of the four
primary nozzles. From the plots of Fig. 3 it is clear that, for
both area ratios, the ejector pumping per unit secondary area
increases when the primary jet Mach number increases. For
the case of AR = 7, the variation is almost linear, but the slope
decreases as the primary jet Mach number increases beyond
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M = 1.4. For the case of AR = 12, the variation is not linear
and has a very high positive slope at Mach numbers between
M = 1.3-1.5. At all Mach numbers investigated, the ejector
pumping per unit secondary area decreases when the area ratio
increases from 7 to 12.

Ejector Sidewall Static Pressure Distributions

Figure 4 shows the static pressure distributions along the
centerline of the ejector sidewall at different primary-jet Mach
numbers and ejector area ratios. The abscissa represents the
downstream distance, from the ejector leading edge, along the
centerline of the ejector sidewall normalized by the primary-
nozzle D.,. The ordinate represents the pressure coefficient de-
fined as C, = (P — P,)/P,, in which P, is ambient pressure
and P is the ejector-sidewall static pressure. The ejector-side-
wall static pressure indicates mixing of the primary jets and -
the secondary flow induced by the ejector. When the static
pressure approaches the ambient value at the ejector exit, we
can infer that the primary and secondary flows have mixed.
The last row of the static pressure ports was located 5.72 cm
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Fig. 4 Static pressure distribution along the centerline of the ejector sidewall.
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upstream of the ejector exit, so the pressures indicated by this
row are not the same as the ejector exit plane static pressure.
Data in Fig. 4 reveal that for all Mach numbers, changing the
area ratio from 7 to 12 produces a large increase in the ejector-
sidewall static pressures. The case of the AR = 12 provides
interesting results. The ejector-sidewall static pressures for this
case reach the ambient value well upstream of the ejector exit.
Although it may appear that for this case an ejector that is
30% shorter would function just as well, we urge caution in
making such inferences. This is because a shorter ejector
would comprise a different system with differing rates of
pumping, mixing, and fluid—-acoustic interactions.

Concluding Remarks

We present a unique set of data on the performance char-
acteristics of a rectangular multijet mixer ejector for two ejec-
tor area ratios (7 and 12) over a range of operating conditions.
The peak velocity at the ejector exit reduced when the ejector
area ratio was increased from 7 to 12. Although the total
pumping increased in going from AR = 7 to 12, the pumping
per unit secondary area decreased. The previous observation
was true at all Mach numbers from 1.1 to 1.6. The ejector wall
static pressure that is also an indicator of pumping was always
lower for the AR = 7 case as compared to the AR = 12 case.
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