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I N a recent paper, Tam and Auriault1 describe a semi-empirical
theory for the prediction of the spectrum, intensity, and direc-

tivity of the � ne-scale turbulencenoise from jet mixing layers. The
turbulenceinformation is suppliedby a k ¡ e turbulencemodel. The
authors conclude that “By comparison with experimental measure-
ments over a wide range of jet velocity and temperature ratios, it is
found that the theory can provide very accurate noise predictions.”

An examination of those comparisons reveals that only Fig. 6
deals with a hot jet case. The combinationof a Mach number of 2.0
and a stagnation temperature ratio of 1.8, however, yields a fully
expanded jet temperature precisely equal to ambient temperature;
the signi� cance of this observation will become apparent next.

The extensiveandsystematicdatabasefromTanna et al.2 includes
hot subsonic jets; it was apparently considered for comparison but
“Only the jet data at supersonic Mach numbers are considered of
good quality to be included for comparison.”

One can only presume that this apparent lack of quality results
from the observation that at subsonic jet Mach numbers the mea-
sured noise level, for a given jet velocity, increases with jet temper-
ature instead of decreasing, as appears to be universally predicted
by the current model.

However, the fact that subsonicjet mixingnoise increaseswith jet
exit temperature is well known and has been extensively described
in the literature. An early report is contained in Ref. 3, where the
authors went to considerable lengths to demonstrate that the effect
was indeed a genuine feature of the jet mixing process and not
associated with combustion or other noise production upstream of
the jet nozzle. The � rst de� nitive attempt to model this component
of mixing noise appears to be that from Morfey.4 In brief, after
rewriting Lighthill’s acoustic analogy in the form
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he argued that the second term on the right-hand side constituted
an additional source, which would be zero only when the density
in the source region was identical to that of the ambient � uid. Oth-
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erwise an additional dipole source, which in heated air jets scales
as U 6( D T / Ts )2, where Ts is the temperature in the source region,
must be considered in addition to the traditional quadrupole source,
which scales as the eighthpower of the jet exit velocityU . It follows
that at lower velocities the dipole source will become progressively
more apparent, reducing the velocity dependencefrom U 8 to U 6 .

In a subsequent paper, Tester and Morfey5 tested this model
against an extensive database with convincing results. Perhaps of
more importance in the current contextwas the consistencydemon-
stratedbetween theLockheeddata2 and that from the (then)National
Gas TurbineEstablishmentand Instituteof Sound and VibrationRe-
search facilities in the United Kingdom and the Société Nationale
d’Etude et de Construction de Moteurs d’Aviation in France.

The following is respectfully submitted:
1) The data of Ref. 2 should not be rejectedon the basis of quality.

They are consistentwith quality data from other sources.
2) The model proposed in Ref. 1 includes only the quadrupole

term in the preceding equation. It is suited, therefore, only to the
prediction of noise from unheated jets or to jets of suf� ciently high
velocity that the dipole term is negligible. The single heated jet
spectral comparison (Fig. 6) happens to correspond to a case where
the fully expanded jet temperature, and hence density, is precisely
equal to the ambient value.

3)Although it is an achievement to predict cold and isothermal
jets to the accuracy demonstrated, the model will fail to predict jet
mixing noise for subsonicexit velocitiesat practical jet temperature
ratios.

Recent references to temperature effects on jet noise production
may also be found in Refs. 6 and 7 in the context of coaxial jet noise
prediction.
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P ROFESSOR Fisher’s comments on our paper1 center on the
effect of temperature on jet noise. He points out that in the
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literaturethere are investigations,carriedout in the1960sand 1970s,
that conclude that subsonicjet mixingnoise increaseswith tempera-
ture. However, a survey of the literature reveals that this conclusion
is not unanimous. There are published data showing an opposite
effect. In view of the improvements in experimental facility and in-
strumentation during the last 20 years, this may be a good issue to
visit again experimentally and theoretically.

Professor Fisher cites the results of Fig. 6 of our paper, which
offers a good comparisonbetween the predictednoise spectrum and
the measured spectrumat Mach 2 and a stagnationtemperatureratio
of 1.8. He then uses the fact that it is an isothermal jet to suggest
that our theory will fail to predict jet mixing noise for subsonic
exit velocities at practical jet temperature ratios. We wish to point
out that Figs. 7 and 8 of our paper are also relevant to the effect
of temperature on jet noise. Figure 8 contains comparisons with
measurements at stagnation temperature ratios up to 4.9. Figure 7
gives the comparisons between the predicted and measured noise
spectra for a Mach 2 jet at stagnationtemperatureratiosof 1.0, 1.12,
1.8, and 2.72. The agreement is good in all cases. For the stagnation
temperature ratio 2.72 jet, the jet-to-ambient-temperature ratio is
1.5. This is de� nitely a hot jet, not an isothermal jet.

Concerning the quality of the data of Ref. 2, we would like to
clarify that the data were measured in the 1

3 octave band, as was the

general practice in the 1970s. To analyze the data for comparison
purposes,it was necessaryto convert them to narrowbandspectra.A
1
3 octave band spectrum is weighted in favor of the high-frequency
part of the band. The conversion invariably introduced inaccuracy.
Also, the converted narrowband data points were spaced quite far
apart.This preventedan accuratedeterminationof the spectralpeak.
Upon analyzing the converted data, we found signi� cant scattering
and decidednot to use the data in the subsonic-Mach-number range.
We would certainly agree that we have, so far, not demonstrated
whether the prediction of our theory agrees well with hot subsonic
jet noise data. However, this is what we will try to � nd out as soon
as a reliable set of narrowband data becomes available.
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