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INTRODUCTION

The large amplitude 84S >scillations ip the Hartmann—Sprenger tube
(in Bhore, Hog tube) excitec 3y a jet direc=-ad toward the tube mouth
Produce heating of the g€3s arcd the type wall near the closed end of the

tube.l,2,3 The heating effects are dus to irreversible Processes in the
‘ube, s traveling shock wzves and wall trfction.

Several investigators Stow that the conical or the Stepped tube ig

Superior in the heating effeccs to the ¢ylindrical ope 4 The frequency

of gas oscillation ip the for=ar jg generally higher than it ip the
latter having‘same length, ber the wave motion is similar to the funda-
mental oscillation mode ip c-a ¢ylindrical #.5. tube.

In the H.5. tube having = sudden areaz fontracrion (single—step HiS.
tube), the heating effects ars 10T only ampiified as well as ip the coni-

cal or the Stepped tube, bur sarticular therma] effects related with

different Oscillatioqp modes 3 rhe tube gre dbtained.S The oscillation

mode in the single~step H.S. zupe depends on the length apd the diameter
ratio between the upstrean S23z2 ‘and the downstream side of the Step.

The frequency of gas oséilla:ion in the tube changes continuously with
the lengrth ratio for each moc=, but it changas discontinuously at

A  cCritieal length rario which depends”bn the Mach aumber of drivin
jet.® Particular thermal ezzfacpg in the single—step H.S. tupe

by wall Cemperature distribu:ions. In the firse mode, the wall tempera-—

3

ture increasesg toward the closed end ag 1d: Fhe c¢ylindrical §.3. tube.
However, ip higher modes, ip increases sharply near the step and then

More slowly toward the closegd 2nd or keeps almost constant in downstream

side of the Step.
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These thermal phencmena in the singl2-step H.S. tubes are qualitatively

compared with analytical results of waeve =zotion in the tube obtained

by a numerical method.

EXPERIMENTAL SETUP

The schematic view of the experimenctal secup is shown in Fig.l.
The gas in the tube is excited to finite azplitude oscillations by the

jet issuing from the needle nozzle. The zeedls laid along centra axis

in the parallel part of the convergent nozzle has divergent-convergent
geometry to get corractly expanded supersonic iat.’ The Mach numbers

setting in chis experiment are 1.4 and 1.6.

The length of the upstream cavity (Ll} has a fixed value (60mm).
The length ratio between the downstream and the upstream cavity (L7/Ll)

is varied in the range 1 to 6. The inner diameter of the upstream cavity

(Dl) is equal to the diameter of nozzle ouclet (DV=6mm), and the diameter

of the downstream cavity (DZ) is 3mm. The material of the tube is stain-

less steel of 0.5mm thickness.

Tﬁe frequency of gas oscillation in the tube is determined by measur-
ing the frequency of sound emitted from the tube mouth, and tHe wall temp-—
arature is measured by chromel-alumel thermocouples of 0.15mm diameter.
The structure of driving jets is visualized by the Schlieren method and
total pressure distributions in radial and axial directions are measured
by traverse of a pitot tube of 0.3mm diamecrer.

The wave motions in two-dimensicnal, single-step H.S. tube are

visualized by the Schlieren method to compare with the calculated results.
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The change in axial direction of jet structura influences slightly the wave

motions in the tube, so0 the optimum value of the distance (L separating

the nozzle exit and the tube mouth is determined for e=ach jet Mach number.
The frequency of gas oscillation in the tube changes with the length
ratio LZ/LI as snown in Fig.4. The measured Irequency is normalized by
the acoustic frequency - f, corresponding to the total tube length. 4. a0
g m e/ 4(L1-+L2);
where ¢ is speed of sound. The solid lines in the figure show eigen-
frequencies of the single-step H.S.

tube given by next relation derived

with linear acoustic theory,

tan kL, - tan nkL1==(Dl/Dz)2 )
where k is wave number (w/c) and n==L2/L1. The triangle marks indicate
calculated values by FLIC method as described later.

The change of measured Erequené; with LZ/L1 presents similar teandency
with the value given by the linear theory, but the difference of both values of
frequency increases with Lzltl. The critical length ratios of mode change
from 1st to 3rd and ﬁrom drd: to Sth for Mj=1.4 are about 2 and 5, but for

Mj-l.6, Ehe dsciliarion maode does not change from 3rd to Sth in the region

of LZ/L1<6

L Flaln. ol temperature distributions for each mode are shown

with the result of cylindrical tube The measured temperature ig
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