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Properties of an annular jet generating discrete frequency noise 

Notation 

W. M. JUNGOWSKI and K. J. WITCZAK (WARSZAWA) 

INYESTIGA TING a choked air outflow from annular nozzle into a duct the authors found that at 
some level of supply pressure radiated noise was extremely strong and discrete frequencies appear­
ed in spectrum. On the basis of: static pressure distribution, measurements of pressure osciiJa­
tions, flow visualisation by schlieren, streak-picture (x-t), overall sound pressure level and 
spectrum-analysis of noise, the pattern of flow was studied and the mechanism of phenomena 
described. 

Badaj'lc krytyczny dlawiony wyplyw powietrza dysZ<l pierscieniow'l do przewodu, autorzy stwier­
dzili, i:e w pewnym zakresie cisnien zasilania wytwarzany haJasjest szczeg6lnie silny, a w widmie 
wyst~puj'l dyskretne cz~stotliwosci. Na podstawie rozkladu cisnien statycznych, pomiaru cisnien 
pulsuj'lcych, wizualizacji przeplywu metod<! smug, obraz6w przeplywu na plaszczyznie x-t oraz 
pomiaru nat~i:enia i widm halasu, zbadano struktur~ przeplywu i opisano mechanizm zachodZ<!­
cych zjawisk. 

TipH HCCJie.f(oBaHHH ae.f(opacuiHpeHHoro HCTet~emrn B03.f(yxa H3 I<OJihQeaoro 3BYJ<Oaoro conJia 
B Tpy6y aBTOpbl 3aMeTHJIH, liTO B l{ei<OTOpOM .f(Haiia30lle .f(aBJiellHH B cPOpi<aMepe H3JiytiaeMbiH 
rnyM otiellh HllTeHCHBH;biM, a a cnei<Tpe noHBJIHIOTCfl .f(HCI<peTllbie cocraaJifiiOI.I.\He. OnHpaHcb 
Ha pacnpe,f(eJiel{HfiX CTaTHtieCI<OrO ,f(aBJieHHfl, H3MepellHfiX nyJibcai..Ufif'j{aBJieHHfl, BH3yaJIH3aQHH 
Tellel{Hfl lliJIHpllbiMH MeTO.f(aMH, I<apTHH;e TelleHHfl B WIOCI<OCTH X-1, a TaJOKe l{a H3MepeaHfiX 
HH;Tel{CHBI{OCTH H cnei<TpOB rnyMa, H3yqeHO CTpyi<Typy TetieHHfl H OllHCal{O MexaH;H3M B03HH­
I<ai01.1.\HX fiBJiellHM. 

AP amplitude in spectrum of pressure oscillation, 
D duct diameter, 
d nozzle diameter, 
de central body diameter, 
I frequency, 

H vortex pitch, 
OSPL overall sound pressure level in [dB], 

L10SPL OSPL- OSPL• [dB], 
p pressure, 

Po 
Po 

p 

Po 
L1p double amplitude of pressure oscillation, 

L1p 
L1p 

Po 
SPL sound pressure level in [dB], 

L1SPL SPLr- OSPL [dB], 
time. 
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x coordinate along duct measured from nozzle, 
X 

:X ])' 
qJ ratio of nozzle area to duct area. 

c central dead-air region, 
I at definite frequency, 
0 supply, 
w outer dead-air region, 
* appearance of sonic outflow from nozzle. 

IT is well known that circular, sonic, choked jet of a gas in certain circumstances re­
veals some modes of oscillation (Fig. I) and produces noise distinctive by discrete fre­
quencies in sound pressure level spectrum. These discrete tones are often called "screech", 
The mechanism of their generation involves the coupling of flow and acoustic phenom­
ena. The noise of choked jets has been investigated by PowELL [1], DAVIES and OLD­

FIELD [2], MERLE [3], WESTLEY and WOOLLEY [4] and others. 

FIG. 1. 

FIG. 2. 
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Annular free jet possesses properties very similar to the circular one at adequate 
supply pressure level [5]. Oscillating it desintegrates also rapidly (Fig. 2) and produces 
strong noise. 

2. Experimental results 

We shall describe some peculiar features of an annular jet expanding into concen­
tric cylindrical duct (Fig. 3) and producing powerful noise [5]. The mechanism of the 
phenomenon is supposed to be also of an acoustic feedback type. 

FIG. 3. 

fl .. 6Dmm 
'f=0.222 

FIG. 4. 

The photographs in Fig. 4 show the central portion of the stream visible through win­
dows in height equal to half the diameter of the duct. At Pw = 0.320 the flow reveals 
some oscillations. The cellular jet structure corresponding to the considered pressure 
range is sketched in Fig. 5. 

It was observed that the Pc (Fig. 6) was lower when oscillation existed and higher 
(dashed line) when it was prevented by two spoilers (width 3 mm, height 2 mm), in­
serted at the nozzle outlet. 

The curves of static pressure distribution along the duct (Fig. 7, Pw = 0.320), cor­
responding to oscillation and without it (dashed line), are also different. From above 
results some conclusions might be drawn. Due to the oscillation the jet desintegrates 
more rapidly and its angle of divergence is greater. In consequence the flow reattachment 
at the wall of the duct occurs closer to the nozzle and the central dead-air region is 
diminished. 

The increase of overall sound pressure level versus Pw exhibits maximum, correspond­
ing to the oscillation, in the same range of non-dimensional pressure for the free an­
nular jet as well as for the jet expanding into the duct (Fig. 8). In Fig. 9, very high 
ilOSPL appearing simultaneously with the oscillation might be noticed. Prevention of 
the oscillation by application of spoilers reduced the noise significantly in wide range 
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A - outer dead-air region, 
c - central dead-air region, 
G - jet boundary, 
N - supersonic flow boundary, 

R - expansion wave, 
z - compression wave. 

FIG. 5. 
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a 

of Po, however increased the minimum value of it due to turbulence intensity growth. 
Comparison of SPL spectra (Fig. 10) shows that the discrete frequencies generated by the 
free annular jet (a) are about three times higher than those generatet by the jet expand­
ing into the duct (b). Absence of the oscillation due to the spoilers is manifested by 
elimination of discrete frequencies from the SP L spectrum (Fig. 11, dashed line). 

Pressure oscillations in the duct were recorded at several sross-sections at different 
points of the wall circumference. Some of the pressure traces corresponding to :X = 0.1 
and :X = 1.6 are shown in Fig. 12. Pressure oscillations are in phase opposition (a,f) and 
in phase (b, g) at opposite points for both cross-sections. From comparison of traces 
obtained simultaneously at two cross-sections (:X = 0.1 and 1.6) we see that they are in 
phase opposition at one side of the duct (c) and in phase at two opposite sides (e). The 
analysis of phase shift for these and other traces shows that some pressure disturbances 
are moving helically in the duct with constant frequencies equal to the discrete frequencies 
of SP L spectrum. 
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FIG. 12. 
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Pw = 0.320 

t = 3.2 kBz 
phase opposition 

t =- 6.4 kHz 
in phase 

t = 3.2 kBz 
phase opposition 

t :a 6.4 kBz 
in phase 

t :a 3.2 kBz 
in phase 

t - 3,2 kBz 
phase opposition 

t = 6.4 kBz 
in phase 

t - 6.4 kBz 
phase opposition 

t = 3.2 kJis 
phase shift '9a 

Spectra of pressure oscillations recorded at various locations along the duct are pres­
ented in Fig. 13. The same dominant frequencies appear, which we observed already 
on the pressure traces (Fig. 12). The amplitude of pressure oscillations is growing along 
the duct (Fig. 14) reaching its maximum in the region of jet reattachment (X = 1.6), which 
was detected by oil film technique. The wavy distribution of amplitude further down­
stream might be caused by circulation of reattachment point inducing some modes of 
cross-oscillation. OSPL distribution exhibits one maximum at nozzle and other in the 
region of reattachment. 

The streak-picture (Fig. 15) shows disturbances (v) appearing near the nozzle, with 
frequency equal to the first harmonic of discrete frequency of SP L spectrum and of pres­
sure oscillations spectrum. These disturbances are moving downstream with the speed 
close to half of gas velocity at the supersonic boundary of the jet and they disappear in the 
reattachment region. 
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3. Conclusions 

Above observations indicate that pressure disturbances are due to the spiral vortex 
(Fig. 16), one end of which is circling around the nozzle and the other around the duct 
wall at reattachment cross-section. From analysis of pressure traces, streak-picture and 
from simple calculations results that one and a half pitch of one vortex or of two vorti­
ces exists in the duct. It is puzzling, however, that the presence of two vortices has been 
intermittent. The first harmonic of discrete frequency in SP L spectrum and pressure osci­
llations spectrum have appeared and disappeared irregularly. This is not revealed on the 
streak-picture, because two vortices move along the central slit simultaneously. 
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FIG. 16. 
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In conclusion of all our observations and from comparison with the results obtained 
by WAGNER [6] and NEUWERTH [7], who have investigated free jets impinging on flat 
obstacle, we suppose that in the discussed case the flow and accoustic phenomena are 
coupled in a similar manner. When free shear layer at the nozzle outlet is unstable and 
acoustic wave radiated from reattachment region is reaching the nozzle through dead-air 
region, the spiral vortex is generated. This vortex, after being convected downstream and 
strengthened, impinges on the wall and generates acoustic wave thus closing a feedback 
loop. 
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