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SUMMARY

A Schlieren system was applied behind a silencing grid
of a turbojet engine. It did not result in sny definite addi-
tional knowledge regarding the nature of the hoot or the gss
Tflow pattern. Tt is believed that the possibilities of the
system were not exhausted.

Frequency of hooting was found, snd its origin investi-
gated,

A litersture search was made., A theoretical solution
of the problem of dissipating sound energy by water spheres
suspended in the air was found. It is believed that a modified
version can be applied to the case of water spray noise suppres-
sion of turbojet engine exhausts.
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NOTES ON SUMMER WORK AT THE ENGINE LABORATORY OF TFE NATIONAL
RESEARCH COUNCIL, 29 JUNE to 21 AUGUST, 1959

INTRODUCTION

While working on the suppression of "hooting” noise, Mr,
Wisniowski found that when a silencing grid is spplied in the wake
of the Orenda TIT turbojet engine a mess concentration is spparent
at the 14" dfameter just behind the grid. In order to learn more
about the phenomenon, he asked the writer to investigate this
region with a Schlieren system. FHe slso requested the writer to
establish the frequency of hoot and to give views concerning its
origin.

This work comprised a part of the writer’'s surmer employ-
ment with the National Research Council.

SCEHLIEREN SYSTEM

When a turbojet engine operates in an experimental cell,
it develops noises which have to be suppressed. Generally speaking
there are two types of suppressors: (&) stationary, and (b) non-
stationary. It was found that when a stationary instesllation was
used, of the grid type mounted in s cylindricsl exhaust duct, the
sound level of the exhaust jet was decreased. However, when the
grid was mounted too far from the engine final nozzle, it produced
a new nolse called hoot. Hoot appears at higher speeds of the
enzine and its intensity peasks above the noise spectrum; Fig. 1.
This increasse was 6 db for the observed engine speed of 7500 r.p.m.

In the course of the work on suppressing hoot, it wes
found by the use of Wisniowski's metal tufts (no previous mention
of the steel tufts was found in the technical litersture) that the
velocity field in the gas jet is convergent at the 14" diameter.
It was this phenomenon that made Mr. Wisniowski ssk the writer to
build s Schlieren system and investigate the region in question.

A Schlieren unit was obtained from the High Speed Aero-
dynamics Laboratory and modified for local use; Fig. 2 and Fig. 3.
As the source of light, an AH-L mercury vapour lamp was used.
When placed in the focus of & 9" dismeter concave mirror, it pro-
duced 8 parallel beam of light in the desired region. On the other
side of the jet was a second identical mirror which concentrated
the 1light on the knife-edge which was constructed in conjunction
with a camera, The main difficulty which had to be overcome here
was the vibrations of the parts of the system. The beam of light
at the test section had to be elliptical. Ths center of the
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ellipse was placed some 2" behind the grid and 7" above the center
of the jet, with 9" semi-major and 6" semi-minor axis.

The visual observations and the photographs showed; as
could be expected, that this subsonic region is of very turbulent
nature, Fig. . Relative density gradients within the jet were
found to be of small magnitude and of no definite steady psttern.
The changes were reather fast in succession. Tt seemed that there
would be at times some kind of to-and-fro action close to the 1L"
diameter. A double series of vortices, as something of similsr
nature, would suggest itself (7).

In conclusion,; the Schlieren system did@ not produce any
definite additional knowledge with rega®d to the nature of the
hoot or the gas flow pattern. However, before the system is
re jected it should be pointed out thet the flow field deslt with
wasg non-steady and in particular three-dimensional. Perhaps the
smokas technique, in conjunction with the Schlieren system, would
shed some additional light on the 14" diameter phenomenon.

Schlisren pictures ware also obtained with a 14"
diameter partislly perforated cylinder placed concentric with the
turbojet engine axis and behind the grid. One could no longer
detect the to-and-fro action in the visible portion of the jet,
Flow was in streaks, more or less parallel to the cylinder wall,
and the intensity of hoot was decreased. It could be mentioned
that P.N. Kubanskii (2), in his effort to couple the thermal and
scoustic effects, used the shadowgraph method. He found that
when a hot c¢ylinder i1s placed in the air at rest, and when the
sound field is superimposed, it produces cells of circulsting air.

THE NATURE OF HOOT

It wag felt that it would be convenient to find the
frequency of hoot and to try to see if parts of the rig installs-
tion are not responsible for it. PFor this purpose the spectrum
of sound was obtained, Fig. 1.

A Bruel snd Kiser Type 2110 Audio Frequency Spectrometer
was used, in conjunction with Type 2304 T.evel Recordsr snd Type
101} Beat Frequency 0Oscillator. The turboiet engine wes opersted
at 7500 r.p.m. and 7000 r.p.m. The exhaust gss passsed through
an B-spoke grid welded in a L4O" dismeter ring which was mounted
in the cellts 48" dismeter outlet duct. No water spray was used.
It was found that the hooting frequency at 7500 r.p.m. was soms-
where between ;00 cps and 630 cps, but close to 500 e¢ps. The
nooting frequency at 7000 r.p.m. was somewhsrs between 630 cps
snd 1000 c¢ps, but close to B00 cps. The intansity received by a
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mic-ophone, placed on the third floor balcony®, was indicated as
101 db at 7500 r.p.m. and 90,5 db at 7000 r.p.m. The over-all
sound level was 107.5 db at 7500 r.p.m. and 102.5 db at 7000
r.upurr‘o

Due to limitations of the instruments, st first only
spproximate frequency values of hoot could be obtsined. TLater
an Ampex Model 620 Amplifier-Spesker was used in conjunction with
the 101l Beat Frequency Oscillator. The sound frequency emitted
by the spesker could be varied and compared by ear with that of
hooting. It was found that at 7500 r.p.m., hoot frequency was
500 cps, and that at 7000 r.p.m. it was 750 cps.

The origin of hoot is still under examination. It appesrs
from the experiments that the turbojet engine itself is not directly
responsible for the hoot. It is slso evident that when a silencing
grid located in a cylindricsl or square frame is plasced close to the
tailpipe there is no hoot: but st the same time it can affect the
thrust and tailpipe temperature of the engine (both increass ).

To avoid it, the grid has to be moved downstream past 2 critical
point where the hoot starts to develop., It would therefors be
reasonable to assume that hoot is a resonant phenomenon born
within the installstion in the wake of the turbojiet engine.

A few simple calculations ware made with regard to 500
and 750 eps frequencies. The indication is that the ;8" diameter
outlet duct has at 7500 r.p.m. one of the harmonics of its natural
transverse vibration frequency close to 500 cps, and at 7000 r.p.m.
close to 750 cps. The calculations were s very rough approximestion,
as errors msy be expected in the assumed temperatures while svaluat-
ing the velocity of sound in the gass column.

To prove the sbove implication, the writer would suggest
reducing the 500 cps frequency to the still sir velocity of sound.
A signal of that frequency could be fed flush with the duct wall
to prove that there is no resonance. On the other hand, one could
split the duct's srea into, say, four equal dismeter pipes. This
ray result in a new frequency of hoot which could be pre-calculated.
Should this be so, one could find a theoreticel diameter of the
pipe which, if practical, would shift the hoot frequency out of
the threshold of hearing.

WATER SPRAY NOISE SUPPRESSICN
Mr. Wisniowski developed the technique of reducing the

% 26 feet below the outlet of the varticsl exhaust stack, and
about 13 feet from its vertical axis.
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sound energy level by creating water spray downstream of the silenc-
ing grid., It waes necessary to introduce a mathematical theory in
support of these experiments. The writer made & literature search,
as 1listed below, and found that the partial theoretical solution

of the problem was masde by P.3. Epstein and R.R. Carhart (4). The
naper davelops a theory of sound absorption by fluid spheres embeadded
in & fluid medium, in particuler, water particles suspended in the
air. A droplet is sel=cted and its absorption 1is determined. The
total absorption is obtained by summing up the individual absorp-
tions of the droplets. The formuls deduced for the sound attenus-
tion consists of two terms designated as the coefficient of viscous
attenuation and the coefficient of thermal attenuation. The theory
is favourably compered with Knudsen's (16) data on absorption of
sound energy in artificislly produced fog. The compsrison was
possible because the analysis of drop size was made.
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SCHLIEREN SYSTEM
SOURCE OF LIGHT AND FIRST MIRROR

FI1G.




‘ SCHLIEREN SYSTEM

SECOND MIRROR,

KNIFE-EDGE AND

FIG. 3
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THE CAMERA




A GAS FLOW SCHLIEREN PHOTOGRAPH
(FLOW DIRECTION: FROM LEFT TO RIGHT )

FIG. 4




