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OBJECTIVES
This work has several objectives:
1. Identify the screech phenomenon in a new anechoic high-speed jet facility (HSJF) at
IIT.
2. Acquire information to aid in the design of MEMS devices for the purpose of
generating shear layer disturbances.
3. Design a MEMS array that will ultimately be used for the purpose of interrupting the
screech feedback loop at the point of receptivity.
4. Evaluate the effectiveness of the MEMS actuators in exciting the high-speed jet shear
layer.
PROGRESS AND DISCUSSION
2.1. Identification of the screech phenomenon in the HSJF. In the last progress report
on this grant, we reported on a non-intrusive high-speed schlieren and shadowgraph
system which was used to visualize the jet shear layer and the shock cell system in the
HSJF during screech for a range of fully expanded Mach numbers. Since then, we have
conducted detailed microphone measurements to identify and compare the frequency and
mode of screech in the HSJF to published information. Furthermore, we were able to
make some comparisons between the flow visualization and microphone results as will be
explained below.

To document the screech frequency in the HSJF, acoustic spectra were calqglated
from data acquired using 1/8 inch condenser microphone at a location 8.5 diameters from
the jet axis in the radial direction and 1.5 diameters downstream of the nozzle lip. The
open circles in Figure 1 show the resulting plot of fundamental frequency versus Mach
number. The plot is divided into four main regions of smooth change using a convention
similar to that used by Powell (1953) and Merle (1955). In this convention, the stages or
modes of screech were labeled A, Az, B, C and D. Here mode D was beyond the range
of the pressure transducer used in the current study.

Figure 2 shows the current results as well as data from similar experiments made by
Powell (1953) and Tam (1994). Good agreement is shown apart from the location of the
transition between modes B and C. It is generally accepted that this transition point is

particular to each facility and may be a measure of the turbulence level of the facility, as




suggested by Davis and Oldfield (1962). Also shown in Figure 2 is a line representing
the screech frequency model proposed by Tam et al. (1986).

Close inspection of Figure 3, where a shadowgraph image of the jet flow at a fully
expanded Mach number (M;) of 1.12 is shown, reveals corrugated patterns perpendicular
to the flow direction near the nozzle exit. These features appear to be characteristic of
Kelvin-Helmholtz instabilities of the shear layer. If the wavelength of these features is
measured from the shadowgraph image and their convection velocities are assumed to be
half of the fully expanded jet velocity then a rough estimate of the frequency of the
presumed Kelvin-Helmholtz instabilities can be made. In the case of Figure 3, the
estimated frequency is approximately 8.4 kHz. The same procedure for identifying the
passage frequency of the shear layer structures was repeated at two other Mach numbers.
The results are compared to the acoustic frequency of screech in Figure 1 (where the
closed circles represent the passage frequency of the shear layer structures). As seen
from the figure, a good agreement between the screech and vortical-passage frequency is
obtained. This provides evidence that the observed large-scale disturbances are those
involved in the screech feedback loop.

2.2. Evaluation of the first generation of the MEMS actuators. In the last progress
report, results for some limited testing of the first-generation MEMS actuators were
reported. Then, it was shown that the actuators ceased to operate well outside the high-
speed shear layer during the course of the experiments. This was thought to be due to the
lateral forces on the actuator caused by fluid entrainment by the jet flow. Howev;, the
actuator was shown to be able to excite the jet shear layer at a low speed of about 20 m/s.

Sine the last report, we have made systematic testing of the first generation of
actuators while varying the flow speed and the actuator location with respect to the
nozzle lip. However, before reporting on those results, a brief description of the MEMS
actuator will be made for the purpose of self containment. Figure 4 provides a SEM view
of the first generation actuator design. The device consists of a free-floating section and
a section which is bonded to the glass substrate. The free-floating and bonded sections
are connected via a folded-beam structure. The actuator is made to oscillate by applying
an AC voltage to the comb structure shown in Figure 4. The frequency of the forcing

voltage is set to be equal to the resonant frequency of the actuator; i.e., 5 kHz.



To examine the ability of the actuator to operate at different jet velocities, the actuator
was tested at speeds up to 100 m/s. It was observed that as the speed increases, the
ability of the actuator to operate in the vicinity of the jet lip was reduced. In particular,
Figure 5 shows the radial position of the actuator with respect to the jet lip at which the
actuator stops moving as a function of the jet speed. Note that in Figure 5 positive values
of the radial position correspond to the actuator being inside the shear layer, while
negative values represent locations away from the flow. It is seen from the figure that at
jet speeds of 70 m/s or higher the actuators cannot operate in direct “contact” with the
shear layer. This suggests that the actuator is being stopped by the moment delivered to
the overhanging portion of the device, as it penetrates the flow.

To test this theory further, several devices were manufactured which had their
overhanging portions removed. These were termed “headless” actuators. A device of
this kind was able to operate at closer distances to the nozzle lip than the devices with the
head. This provided additional evidence of the effect of the flow-induced moment on the
actuator operation.

Notwithstanding the ability of the actuators to operate up to a jet speed of 70 m/s
while protruding into the flow, this first generation of actuators was able to excite the
shear layer only up to a jet speed of 35 m/s. This is demonstrated from the sample
spectrum measurements shown in Figures 6 and 7 at jet speeds of 35 and 43 m/s,
respectively. As seen from Figures 6, only a small peak in the disturbance streag;wise
velocity spectrum is detected in the shear layer at the MEMS forcing frequency for 35
m/s jet speed. At a jet speed of 43 m/s (Figure 7) no MEMS-induced disturbance is
observed in the velocity spectrum.

2.3. The second-generation MEMS actuators. Based on the test results of the first-
generation actuators, it became clear that the actuator stiffn€Ss in the plane parallel to the
jet flow direction needed to be increased. To this end, a second-generation of actuators
was designed and fabricated. An SEM view of the new actuator is shown in Figure 8. In
comparison with the first-generation actuators, the second actuator design incorporated

three main modifications:




1. The support anchors for the movable part of the actuator were spread out over the
entire area of the actuator, thus effectively increasing the torsional stiffness of the
actuator.

2. The distance from the anchors to the two ends of the actuator was reduced from about
400 pm to about 200 um.

3. The dynamic loading on the actuator head was reduced by creating holes in the
overhanging actuator tip.

The new design is predicted to have about an order of magnitude better stiffness in the

direction of the flow than the first design. The second-generation devices are currently

being tested and evaluated in the HSJF.
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Figure 1. Screech Acoustic Frequency and its Comparison to Disturbance Frequency




10,000

[ O
930, Experiment
- A L 8 gapp((llgg o
L ®) am 4)
9,000 1 s O A Powell (1953)
8,500 [ \ ----  Tametal. (1986)
’ . A
¥ o
X 20\
8,000 [ \
- \
7,500 [- \
g \
% - © \
§7,ooo . \ )
g F AN
= 6,500 [
F 6,50 : \
§ i = \\
A 6,000 [ - N
- O
i U Bap
5,500 |- FAN AN
, o
- ~ Bao BTN
- A N
5,000 [ &N O X
[ & B
= OOO
N OCo e}
4,500 [ O
4,000 [-
3’500 lll|llll||llIlllllllll|lllll|llllIlIIIlIlLII!'lII[!llIIl

1 105 1.1 115 12 125 13 135 14 145 15 155 16

Fully Expanded Jet Mach Number
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Figure 3. Nd-Yag Shadowgraph Image, M;
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Figure 4. SEM Photograph of a First-Geneartion Actuator
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