o

ADT 3

AD

HDL-TM-71-35

FLUERICS 31. THE TRANSITION FRCM ISOTHERMAL
TO ADIABATIC CAPACITANCE
IN CYLINDRICAL ENCLOSURES

by
Silas Katz
Edgar Hastie

December 1971

US5. ARMY MATERIEL COMMAND

HARRY DIAMOND LABORATORIES

WASHINGTON. D.C. 20438

THIS DOCUMENT HAS BEEN APPROVED FOR PUBLIC RELEASE
AND SALE, ITS DISTRIBUTION IS UNLIMITED



The findings in this report are not to be construed as an offi-
cial Department of the Army position unless so designated by other
authorized documents.

Citation of manufacturers' or trade names does not constitute
an official indorsement or approval of the use thereof.

Destroy this report when it is no longer needed. Do not return
it to the originator.

P i

BY
DISTRIBUTICN/ AVAILAZ Y
|

[ | AVAIL. and, ar STEGIALY
’Y;

- 2















































































The through flow tests were performed with a test enclosure is 1.11 c¢m in diam-
eter and 30,5 ¢m long. In one test the chamber was blanked off, and the through flow was
zero, The velocity of through flow in the other tests was either 35 em/sec or 76 cm/sec,
To attain these through flow velocities requires very small load resistance, and this leads
to capillary tubes bundled together in parallel. A limitation occurs when the bundle size
exceeds the cylinder diameter, For this reason an adjustable small size orifice was used as
the load resistance in the through flow tests, Since the test level is fixed at the same de
and amplitude values as the blank chamber tests, the orifice resistance does not change ap-
preciably during a test, However, the upstream capillary resistance does change as the
through flow increases, This occurs because the pressure dron across these capillaries in-
creases and the flow in the capillaries becomes turbulent, During the experiment, however,
the magnitude of the capillary resistance remains essentially constant at the adjusted value,

4.3 Experimental Data

Figures 13, 14, 15 and 16 show the data from the blank chamber tests, and higure 17, the
data from the through flow tests. In all the tests the data always falls within 20 percent of
the capacitance predicted by using Daniels' long cylinder theory for the polytropic exponent
(equation 17), There is a slight but well-defined difference between tests with ditferent
measuring techniques. For example the phase-transport method consistently produces lower
values of the capacitance than the difference method, As expected from the sensitivity anal-
ysis, the phase method results become more divergent at the higher frequencies where the
phase shift is large. The difference method, on the other hand. scems to have the lurgest dis-
crepancies when the frequencies are small. This may be a function of the preciseness of the
input and output transducers. At low frequencies we are subtracting amplitudes which are
very nearly equal, If the transducers are not well matched in calibration, the largest errors
would occur in this range.

The through flow tests use only the difference measuring technique. This facilitates the
comparison between the tests and thereby shows the effects of through flow. In the present
experiments the effect of the small through flow on the frequency dependence of fluid capaci-
tance is relatively small if any difference exists., The data do show a slight tendency toward
higher frequency transition asthrough flow increases, However this may be the result of
experimental error rather than the result of an alteration in the temperature distribution.
The error which causes the uncertainty may be in the measurement of the capillary asso-
ciated with each value of through flow. This resistance is determined by measurement ol
the slope of the pressure drop-volume flowcurve, and a small error could account for most
of the observed discrepancy between through flow tests.

5. SUMMARY

Daniels' theory for the acoustic impedance of cylindrical enclosures has been examined
in detail, The theory requires the derivation of the temperature distribution in the enclosure,
The temperature distribution changes in both amplitude and phase when the frequency
changes. The resulting expression for the polytropic exponent is identical to the shunt ad-
mittance correction factor given by Brown for fluid transmission lines. However the com-
plex form of the exponent makes it difficult to utilize in a circuit application, As an aid to
fluid circuit designers a log-log plot is given which shows at a glance the correct exponent
for a particular application with sinusoidal signals. Daniels' solution was also utilized in
the determination of an average polytropic exponent for circuits with rectangular pulse
signals.
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Figure 17. Capacitance vs. Frequency for Tank with Through Flow

Frequency response experiments were performed on fluid RCR circuits to determine
whether the transition from isothermal to adiabatic predicted by Daniels' theory is appli-
cable to lumped parameter circuits with moderate signal amplitudes. The capacitance in
these experiments were cylindrical tank enclosures. For the diameters and resistors used,
the transition occurs at values of ~RC less than 2,0. A sensitivity analysis of the circuit
function indicates that phase and difference measurements yield less error augmentation
than amplitude measurements, Thus, the capacitance was calculated predominantly from
phase and difference measurements.

The experimental results show discrepancies between capacitance calculated from dif-
ferent measuring techniques. Nevertheless the calculated data are always within 20 percent
of Daniels' theory for blank chamber tests.

In other experiments with through flow circuits all measurements were taken by the
difference method. The results of these tests show that there is only a slight dependency
of transition on through flow. The addition of through flow tends to prolong isothermal con-
ditions to higher frequencies. At all flows the data fall within 13 percent of Daniels' theory
for zero flow.

We conclude, therefore, that Daniels' theory provides a good indication of poyltropic
exponent in lumped parameter fluid circuits at moderate signal levels and with moderate
through-flow.
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