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Introduction

An investigation of the effect of temperature on mixing noise
has been recently initiated at the ISVR. For many years it appears
to have been commonly accepted that tne effect of neating a jet at
constant velocity would be to reduce the noise as a result of de-
creasing the density in the Lighthill source term pu ., However, a
carefully conducted series of experiments by Cocking afld Jemieson at
the WGTE contradiet this conclusion. They show that the heated jet
is quieter only at jet velocities above about UJ/ao = 0.7. Below this
velocity the noise levels increase progressively with increasing jet
temperature. This effect can be seen quite clearly in Figure 1, which
shows their results for the overall intensity at 909 to the jet as a
function of veloeity and temperature.

Theoretical Considerations

In an attempt to resolve this difficulty, work at ISVR con-
centrated on producing a scaling lavw using a more complete version of
the Lighthill source term, which may be written as follows,
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T, = oup + P8, | (1)
where u, is the component of velocity in the direction of the observer.
The viscous stresses have been omitted as usual. For a cold, i.e.
unheated, flow, the term in p - a2 will tend to be zero as is usually
assumed since pressure and density fluctuations will be related isen-
tropically and the speed of sound (temperature) will be near ambient
throughout. For a heated jet, this may not be so and by considering
the thermodynamic properties of the gas, the density fluctuation may
be split into two parts, namely a pressure fluctuation at constant
entropy (i.e. isentropic) end an entropy fluctuation at constant
pressure., The relstionship between the fluctuating quantities is,
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On substituting for P' in (1), we obtain for the direction at right
angles to the jet, where u, =0, ‘
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Terms involving mean quantities only have been dropped since
they do not contribute to the rate of change of Trr’ which is what is



required for the far field radiation. The first term is clearly the
usual Reynolds®' stress for which the density p must presumably be
evaluated in the dominant source region. Since this is probably in
the centre of the shear layer, some value of density between that in
the jet core p; and the ambient p_is appropriate. It is convenient
to take simply the geometric mean, so that,

E = ‘/pJpO (4)

The second term depends upon the temperature difference between
the source region and the ambient. For jet temperatures near to the
ambient, the contribution of this source term will be small. In the
case of heated jets, the coefficient of p' can never be grester than
unity and varies EatBer slowly with temperature. Since p' scales in
& similar way to pv'", the term can be absorbed into the Reynolds'
stress term. Therefore for hot jets, it is reasonsble to neglect
this contribution completely, although it will become important for
jets with temperatures substantially below ambient as discussed by
Lighthill.

However, the third term of (3) containing entropy fluctuations
does appear to give an additional source of acoustic energy. If it
is assumed that the entropy fluctuations are a function of temperature
only and independent of jet velocity, it can immediatel{ be seen that
the acoustic intensity from this source will scale as U, . In order
to estimate how the entropy fluctuations scale with temperature, we
assume that the entropy fluctuation is proportional to the entropy
difference across the shear layer. For a jet flow in which there are
no statiec pressure gradients, we can use the equation of state for a
gas to obtain,
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"At this stage it is not clear whether T. should refer to the
static temperature in the jet or to the stagnation temperature., The
balance of evidence is in favour of the stagnation temperature at
the present time.

If finally it is assumed that the Reynolds' stress term and
the entropy term in (3) are independent (i.e. uncorrelated) source
terms, the intensity of the total radistion may be estimated from
the sum of the squares of the two terms times the fourth power of
the typical frequency. This results in an expression of the form,
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uéing both (4) and (5).

Comparison of Theory and Measurement

In order to test these ideas, using (6), the two componemts




are sepﬁrated by investigating the variation of IAUJ/a )h with

(U;/8 )" 1f this function is jinear then the slope of the line will
give The coefficient of (UJ/a )" and the intercept at UU./a_ =0,
assumed positive, will give the coefficient of (U_/a ) - eir

variation with temperature can then be investigated.

When this method is applied to the Kot jet results®,
reasonsble linear variations are produced as shown in Figures 2 and
3, which are for a cold case, i.e. TJ/T = 1.0 and T_/T = 3.0
respectively. The variation of the coePricients witﬁ tgmperature
ratio are shown in Figure 4. When these are compared with the pre=-
dicted variations of (7) and (8), it can be seep that there is good
agreement except for the coefficient of (U_/a ) near the tempersture
ratio of unity. However, in this region the éontribution is presum-
ably. very weak and the calculated values contain either unwanted
noise oraresult because the Reynolds' stress contribution does not
follow UT exactly but a slightly lower index. Figure 4 also contains
some results of hot jet noise due to Lush and Burrin.

Coneclusions

Therefore it seems that the Reynolds' stress contribution does
decrease with inireasing Jet temperature in the way commonly accepted,
i.e. as (T./T )"~. However, there also appears to be an additional
source with a lower velocity dependence, UJ which increases with
temperaturg. The overall effect of this %s’to reduce the usually
observed U- dependence to approximately UJ over the velocity range

usually considered.

At present these results are tentative and more data is being
sought to confirm them. Two major difficulties need to be resolved:
the first is, which temperature, static or stagnation, is the more
important and the second is, what is the nature of the entropy source.
The first question is raised by one of the results of Lush and Burrin
in which the exit static temperature was maintained equal to the
ambient throughout the whole Mach number range up to 2.0. In this
case the velocity dependence was considerably below the normally
expected eighth power, which was in fact maintained for a cold jet
up to the same Mach number. This result suggests that stagnation
temperature is the more relevant parameter. '

The second question is raised on theoretical grounds by which
it may be shown that if heat conduction and viscous dissipation are
presumed negligible, the acoustic energy radiated from entropy
fluctuations will vary as the sixth power of jet velocity and not the-
fourth. This result is not compatible with the experimental results
and so it seems that the usual assumption of ignoring heat conduction
and viscosity is not valid in this case.

References

B.J. Cocking and J.B. Jamieson. Some preliminary notes concerning.
the effects of temperature. onm low velocity jet noise. Un-
published NGTE Memo. 19Ti..

M.J. Lighthill. On sound. generated. aerodynamically. II - Turbulence
as a source of sound. Proc.Roy.Soc.A. 195k. Vol.222, 1-32.

F.A. Lush and R.H. Burrin., The generation and radiation of super=
sonic jet noise. Vol. V.. An experimental. investigationm of
Jet noise variation. with velocity' and temperature. Lockheed
Georgia Co. Tech.Report. AFAPL-TR~T2-53., 1972
¥ We are grateful to NGIE for making their original data. available
to us. .




o b FIG. 1 | /él
g9
S /
-
o o /x T;ﬂ'
® Y i
.l . )
:
z .
£ / ’
1
Ll & »
0.2 ae ol.s 0.8 ) 72 ST

L

INTENSITY (48 AT %° COMECTED TO-3-=1, Y o1

133

L
ey

FlG.. 4

& COEFFICIENT A

i

EQU. (8)

e N.G.TE
a LOCKMEED,
PER AR

T
109Gy

2



