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PRELIMINARY INVESTIGATION OF HELMHOLTZ RESONATORS 

FOR DAMPING PRESSURE FLUCTUATIONS IN 3.6-INCH 

RAM JET AT MACH NUMBER 1 .90 

By Jerome L. Fox 

SUMMARY 

A preliminary investigat ion has been conducted at a Mach number 
of 1 .90 to determine if Helmholtz resonators can be used in a tJ~ical 
ram-jet configuration to damp pressure pulsations associated with shock 
oscillations. 

One of the two resonators effect ively damped pressure pulsat ions 
that occurred when the ram jet was operating in the vicinity of its peak 
pressure recovery . This damping resulted in an increase i n total-pressure 
r ecovery of 4 percent and considerably reduced the movement of the shock 
at the diffuser inlet. Neither r esonator was effective in damping the 
pressure pulsations over the entire range of r~~-jet operating conditions. 

INTRODUCTION 

Ram jets operating at mass-flow ratios bel ow that of peak pressure 
recovery often exhibit unsteady "flow !,benomena . This condition (commonly 
referred to as buzz) is characterized by shock oscillations and by 
pressure pulsations of the air flowing through t he unit. 

Several inves tigators have reported on the characteristics of 
buzzing ram jets ( for example, references 1 to 3). Ref erence 1 indicates 
that the frequency of the shock oscillation and pressure pulsa tions 
may be calcuJ.ated theoretically by an analogy t o the acoustic properties 
of a classica l Helmholtz resonator. The experimental data of ref erence 1 
show good correlation with theoretically predicted frequencies. 
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Elimination of t he pressure pulsations would extend the range of 
s t able operation of supersonic diffusers. Several members of the 
~ffiCA Lewis laboratory have suggested for this purpose the addition 
of a Hellnhol tz-type resonator upstreruL of the combustion chamber. This 
report presents the results of a preliminary experimental investigation 
conducted in the lS- by lS-inch supersonic tunnel (Mach number, 1.90) 
of the Lewis l aborator y t o establish : (a) whether the addition of a 
r esonator .Tould prevent the occurrence of the buzz phenomenon in a 
t}~ical supersonic diffuser under any operating condition; (b) the 
effect , if any, of the resonator on the performance characteristics 
of the diffuser. In addition, the invest i gation provides a further 
correlation of experimental and theoretical buzz frequencies. The scope 
of t he investigation VIas confined to the effects of two specific 
resonators. 

SYMBOLS 

The follm-ring s :vmbols are used in this report : 

A area 

AO area of diffuser inlet with spike removed 

c velocity of sound. 

f frequency 

L length of neck of i esonat or 

~ effective length of resonator neck used in calculating ram-jet 
buzz f requencies (equation (3)) 

M Mach nun~er 

m mass-flow rate 

P t otal pressure 

S area of neck of resonator 

V volume of resonator cavity 

v effective resonator volume used in calcul ating ram-jet buzz 
frequencies (equation (3)) 

y ratio of specific heats of air 
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Subscripts: 

o free-stream conditions 

1 diffuser inlet 

2 combustion-chamber inlet 

3 ram-jet outlet 

THEORY 

Characteristics of a Helmholtz resonator . - The properties of a 
Helmholtz resonator of the ty~e sho'Nn schematically in figure 1 can be 
found in any standard text on sound (for example, reference 4). An 
expression for the natural frequency of an ideal resonator is 

3 

(1) 

If a correction for the open end of the neck is int roduced, equation (1) 
becomes 

( 2) 

JL~ example of the use of a HeL~oltz resonator to attenuate sound waves 
of a given frequency is reported in reference 4 . As shewn schematically 
in figure 2, a sound wave introduced into a channel at A is prevented 
from continuing along the passage beyond B by the presence of a 
resonator BC tuned to the frequency of the forced vibration a t A. 

',fnen applied to a ram- jet conf i guration, it vas intended that the 
presence of a resonator (tuned t o t he natural frequency of the air mass 
flowing through the unit) would attenuate in whole or in part the 
pressure pulsations associated "~th buzz. I t is noted, however, that 
tne extension of a theor y developed for acoustical vibrations to 
pressure disturbances of large ati:pli tude is subject to some error due 
to the finite strength of tne disturbances. 
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The mechanism of absorption of energy by a resonator is not well 
unders t ood. One theory is that the darr~ing of a pressure pulsation 
by means of a tuned HelrrL~oltz resonator is accomplished by a dissipation 
of the pulse energy into thermal energy by friction within the neck 
of the resonator. According to t he simple theory represented by 
equat ion (1)) a tuned resonator may have any dimensions so long as the 
ratio S/LV is held constant. Relations developed in reference 5) 
however, indicate that the efficiency of energy absorption is dependent 
on the size of t he resonator. No attempt was made in the present 
investigation to deterrrane this optimum size. 

Prediction of resonant frequenc y of a ram-jet configuration. -
The method of reference 1 gives the followip~ approxirrate equation for 
t he determination of the buzz frequency of an isolated ram-jet configu
rat ion: 

d~ 
M_P P 

1- 1+lA2_--G_ 0 __ 0 
2 c d.m2 

( 3) ftheor 

The values of 2, v, Al, and A2 used in equation (3) are determined 
by t he geometry of the ram-jet configuration. This equation is appli
cable when t he slope of the curve of combustion-chamber total pressure 
as a function of diffuser mass-fl ow rate is greater than or equal to zero. 

APPARATUS AND PROCEDURE 

This investigation was conducted in the Lewis lS- by lS-inch 
supersonic t unnel. From a previous calibration, the test-section Mach 
number in the vicinity of the inlet was determined to be 1.90 with a 
maximum variation of to.Ol. Inlet total pressures slightly below 
atmospheric and inlet stagnation temperatures of approximately 1500 F 
were maintained during all runs. 

The ram-je t conf iguration used in this investigation (fig. 3) is 
the same as that used in reference 6. A projecting central body 
designed t o produce nearly isent ropic supersonic diffusion was utilized 
to compress the air ahead of the inlet. 
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A photograph of the two resonators used in this investigation is 

sho1'il in figure 4. The large resonator had a neck of l~-inch inside 

dia~eter and was 15 inches long. An 8-inch-inside-diameter pipe 
fitted with a movable piston with a maximum piston travel of 22 inches 
comprised the resonator cavity. The small resonator had a 7/16-inch
inside-diameter neck 15.3 inches long. The resonator cavity consisted 

of a 3~-inch-inside-diameter pipe fitted with a movable piston having 

a travel of 20 inches. Both resonators were designed to be tunable to 
frequencies as low as 20 cycl es per second, as determined from 
equation (2). During test runs the resonators were connected to the 
subsonic diffuser 3 inches upstream of the combustion-chamber ip~et. 
The resonator necks were run through the upper tunnel wall and the 
resonator cavities were mounted outside the tunnel. 

Instantaneous static-pressure measurements were taken in the 
combustion chamber and recorded by means of a diaphragm-type pressure 
pich~p fed through an amplifier to a magnetic-pen motor and recorder. 
Static and total pressures of the air entering the combustion charr~er 
were determined by means of a 40-pitot-static-tube rake arranged in 
eight symmetrically located radial rows • 

Observations of the air flow in the vicinity of the 
made visually by means of a two-mirror schlieren system. 
schlieren pictures were taken at significant data points 
16-millimeter movie camera running at approximately 2000 
second. 

inlet were 
High-speed 

with a 
frames per 

Pressure-recovery characteristics of the ram-jet configuration 
were determined at various outlet-plug settings for the ram jet alone 
and for the ram jet with each of the two resonators. For outlet-plug 
settings at which buzz occurred, the effectiveness of the resonators 

5 

in damping the pressure pulsations was checked by varying the reso~ator 
volume yath the piston. The configuration buzzed at all outlet-inlet 
area ratios A3/Ao below 0.615, which corresponds to peak pressure 
recovery. This fact was verified by schlieren observation and by the 
record of the instantaneous ~ressure pickup. 

RESULTS AND DISCUSSION 

Instantaneous Pressure Measurements 

Reproductions of the traces of instantaneous pressure measurements 
of the static pressure in the combustion chamber taken at significant 
data points are shown in figure 5. Included with each trace is the 
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information concerning configuration, area ratio A3/Ao and resonator 
condition. The theoretical frequency indicated is the value computed 
from equation ( 2) . 

Figure 5(a) is a trace taken with the ram jet alone, whereas 

figures 5(b) and 5( c) were taken ,.,..i th the 8-inch and 4-inch 

resonators installed. In figures 5(b) and 5(c) the piston is at or 
near the bottom (zero volume) of the resonator cavity. These traces 
show the type of pulsing occurring at ram-jet area ratios slightly 
bel ow peak recovery. If the frequency is calculated by counting the 
total number of pulses without regard to amplitude, the buzz frequency 
is 34 cycles per second. The frequency of the large amplitude oscil
l ation is between 19 and 20 cycl es per second. The similarity of the 
wave forms in these three traces indicates that the effect of the neck 
of either resonator is small when the piston is at or near its bottom 
position. 

A comparison of figures 5(d) and 5(c) illustrates the most signifi
cant result of the investigation. In figure 5(d) the volume of the 

3i-inch resonator cavity has been increased to correspond to a theo
retical frequency of 48 cycles per second. The large amplitude pulse 
has been completely damped out, leaving only a very small amplitude 
pulse with a frequency of 53 cycles per second. Movement of the piston 
s howed that damping persisted over a band of theoretical resonator 
frequencies ranging from 43 to 64 cycles per second. Buzzing reoc
curred at resonat or volwnes corresponding to theoretical frequencies 

above or below these values. The 3i-inch resonator did not damp the 
pulsations at area ratios except those immediately below peak recovery, 
nor did it show any effect on the wave form at the other area ratios 
where it was not effective in damping. 

Figure 5(e) is typical of the type of pulsing encountered .nth all 
configurations for area ratios below approximately 0.500, which for 
thi s curve ~~s obtained with the 8-inch resonator installed. In this 
range of area rat ios, the pulsing has changed to one of a regular 
sinusoidal nature, with little change in frequency and amplitude for 
values of A3/AO less than 0.500. 

Increasing the volume of the 8-inch resonator produces a marked 
change in the type of pulsing, as shown in figure 5(f). A comparison 
of figures 5(f) and 5(e) illustrates the drastic change in wave form 
~~d a reduction in frequency from 41 to 11 cycles per second. The 
effect has been to couple the effective volume of the air in the ram 
jet with that in the resonator. Equation (3) shows that an effective 

• 



NACA RM E51CC5 

increase in v woul d lower the resonant frequency of the ram-jet 
resonator combination . This lo~ering of the resonant frequency and 
cilange of wave form was noted over the entire range of area ratios 
for "\olhich buzzing occurred. 

Shock Oscillation 

The c[rronologically arranged selected f rames from high-speed 
scpJ_ieren pictures shown in figure s o(a) and 6(b) correspond to the 
conditions of figures 5(c) and 5(d)) respectively. The photographs 
of figure 6(a) correspond to the changes in flow pattern occurring 
during one l arge oscillation followed by one small oscillation, as 
ShOlill in the trace of figure 5(c). The photographs of 6(b) correspond 
to a single oscillation of figure 5(d). Along with the damping of 
the pressure pulsations, the effect of the resonator has been to 
change the mode of oscillation of the bow wave. Before damping 
(fig . 6(a)) the shock alternately oscillates on the spike and then 
with a larger a~plitude completely off the spike into the free stream. 
I~ the damped condition (fig . 6(b)) the shock still oscillates with 
a 101" 8l11pli tude and remains on the spike at all times . 

Diffuser Pressure Recovery 

The effect of the resonators on the pressure recovery of the 
diffuser is shown in figure 7. All data points except those indicated 
by arrows correspond to minimum resonator volume. Damping of the 

pressure pulsations by the 3i-inch resonator increased the diffuser 
pressure recovery 4 percent, as indicated by the tailed square s)~bol 
at an area ratio A3/AO of 0.555 . A~ A3/AO of 0.430, increasing 
the volume of the 8-inch resonator first decreased the diffuser 
pressure recovery s l ightly, then increased it to a value approximately 
2 percent higher than the pressure recovery for the zero-volume 
condition. The 8- inch resonator sL~larly affected the pressure 
recovery for all area ratios at which buzz occurred. 

Variation of Pulse Strength 

The variation of pulse s t rength .Ti th area ratio is shown in 
figure 8 . Pulse strength is defined as the difference between maximum 
and minimum instantaneous pressures . The pulse strength remained 
relatively unchanged from a point slightly below the area ratio for 
peak pressure recovery to the fully closed position (A3/AO ~ 0). 

7 
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For the diffuser alone and the diffuser with the 8-inch resonator 
at zero volwne, this value was equal to 5.7 pounds per square inch; 

for the diffuser with the 3i-inch resonator at minimum volume, the 

value was equal to 3.4 pounds per square inch. This apparent dis

crepancy is believed to result from the fact that the ~-inch resonator 

did not operate at zero volume due to an obstruction t o t he movement 
of the piston. The effect of the nonzero volume seems t o have been to 
reduce t he strength of the pulse wi thout affecting its form ( fig. S(c)). 
The tailed square symbol at an area ratio of 0.555 indicates the large 
decrease in pulse s trength f rom a value of 3.6 t o 0.5 pounds per square 
inch when the resonator was ef fec t ive in damping the pul sations. 

Correlation of Theoretical and Experimental Buzz Frequencies 

A determination of theoretical ram- jet buzz frequencies requires 
a knowledge of the variation of diffuser pressure recovery with 
diffuser mass - flow rate. A plot of these data for the configuration 
investigated is presented in figQTe 9. Experimental buzz frequencies 
as a function of area ratio are presen~ed in figure 10 . Includ.ed in 
figure 10 is a theoretical curve giving the estimated buzz frequency 
for the data points of figure 9 as cal culated from equation (3). Tbe 

dP2/PO 
maximum t heoretical frequency corresponding to = 0 "as calcu-

~2 
lated to be 45.3 cycl es per second. Experimental values of buzz 

frequencies for area ratios at which the s lope 
dP2/PO was approxi-

mately zero ranged from 44 

area ratio where the slope 

to 54 cycles per second. At values of the 
dP2/PO 

dm2 -was positive, the trend of the 

experimental data shows cl ose agreement with the theoretical curve. 
This correlation between experimental and t heoretical buzz frequencies 
appears t o verify the use of equation (3) for approximate prediction 
of the buzz frequencies of a . ram- j et configuration. 

CONCLUDING REMARKS 

The experimenta l results of this investigat ion have shown that the 

3i-inch resonator effectively damped pressure pulsat ions associated 
with the buzz phenomenon for a very narrow range of operating condi t ions. 
Damping the pressure pulsations resul t ed in a 4-percent increase in 
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diffuser pressure recovery. Neither resonator damped the pulsations 
over the complete range of operating conditions, which may be due to 
the dependence of the efficiency of a resonator on its geometry. No 
attempt has been made to determine optimum resonator dimensions in 
this investigation. 

When the ~-inch resonator was effective in damping pressure 

pulsations, it was tuned for a range of theoretical frequencies from 
43 to 64 cycles per second. The pulse frequency before damping, 
cal culated without regard to the amplitude of adjacent pulses, was 

9 

34 cycles per second. Viscous effect s in the neck and possible leak
age past the piston, which would effectively lower the estimated 
theoretical frequency of the resonat or, may account for this discrepancy. 
Estimation of the magnitude of these effects was not possible. 

Lewis Flight Propulsion Laboratory, 
National Advisory Committee for Aeronautics, 

Cleveland, Ohio. 
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(b) Diffuser with 8-inch resonator; A3/AO' 0 .555; 
resonator condition, 0 volume. 
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(e) Diffuser with 8-inch re sonator; A3/AO' 0.430; 
resonator condi tion, 0 v olume. 
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(f) Diffuser with 8 - inch resonator; A3/AO' 0 . 430; resonator 
condition, ftheor.' 20 cycles per second. 
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Figure 5. - Typical instantaneous pressure measurements. 
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(a ) Diffuser .Tith ~-inch resonator; A3 /Ao,o.555; resonator condition, ftheor ' 68 cyc l es per second , ~ 

Figure 6 , - High- speed schlieren photographs of shock OSCillation , 
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(b ) Diffuser with *inCh resonator; A3 /AO,0 . 555 ; resonator condition, i'theor , 48 cycles per second . ~ 
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Figure 6 . - Conc l uded . High- speed schlieren photographs of shock oscillation. 
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