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SAE ARP 876C provides a method for predicting major elements of the exhaust noise
of a jet. It is incomplete in that no recommended method for shock-free coaxial
flows is included.

As discussed in the Addendum (Appendix C) to ARP 876C, the lack of a recommended
method reflects the difficulties incurred in attempting to correlate
satisfactorily data that have become available since the mid 1970s. During that
period, three proposed methods were reviewed by the Gas Turbine Propulsion
Subcommittee of the SAE A-21 Aircraft Noise Committee, none of which received the
necessary level of support to allow publication in ARP 876C. Accordingly this
AIR is issued to make available to those wishing to predict turbofan exhaust
noise the main candidate procedures thus far considered by the Subcommittee.

No preference is shown by the SAE A-21 Gas Turbine Propulsion Subcommittee for
any of the three methods annexed hereto. Work is continuing to develop an
acceptable prediction procedure.

CONTENTS

METHOD 1 Rolls-Royce Method of 1975, based on modification of single stream
method of Appendix A of SAE ARP 876C.

METHOD 2 Boeing Method of 1977, based on 2 source model, and independent of
other prediction methods.

METHOD 3 NASA (Langley) Method of 1983, based on parametric correlation of
available model data base, and independent of other prediction methods.
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METHOD 1
{ex-Rol11s Royce)

7. PREDICTION PROCEDURE FOR COAXIAL JET NOISE:

7.1 Static Conditions: Prediction of coaxial jet noise is by virtue of
modification of the single stream prediction. The method is based on
coaxial data where the bypass (fan? flow is cold and the core stream between
600 and 900 degrees Kelvin. Limited tests with both coplanar and extended
core nozzles up to 2 1/2 diameters downstream of the bypass nozzle showed
little effect.

@ The correction to the single stream method is by virtue of a correction

A, where:
A = SPLeoaxial = SPLprimary . (1)
v fD
- F & 75 AR, R, 6, ... (2)
0o 'c !

for given T¢ and Ty (core and bypass
jet temperatures)

Area Ratio (Ap/Aq)
Velocity Ratio (Vp/Ve)

where AR
VR

From V¢ and Vp (core and bypass jet velocities)
and Dy (core and bypass nozzle diameters)

c
and  ej = Angle to intake axis.

@ 1.p is defined as the mean value of A over the range of primary
velocities 650 < V; < 1250 (ft/sec.)

Then,

D

C
A = F2 'v‘(_:—, AR’ VR, e_i s o0 (3)

m

The effect of primary velocity on A 1is accounted for in
correlations of A where :

fD ,
£ = 100 <7WM_>= Fal v AR, W, o ce (8)
c c
@ The coaxial correction A may be calculated as follows:
v
< "¢ - 274
A =8yt A —p— .o (B)
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- Plots of An against the Strouhal number ch are presented in Figs. 1-16
for values of e, AR and vV

VR as defined below: c
ej = 60°, 90°, 120°, 150°
ARR=1, 2,4, 6
YR = 0.2, 0.4, 0.6, 0.8, 1.0
- Plots of K'against the Strouhal number ch are presented in Figs. 17-19
for values of ey, v
AR and VR as defined below: c
ej = 60°, 90°, 120°, 150°
AR=1,2,4,6 .
VR = 1.0 for 04 = 150 o o
VR = 0.6, 0.8, 1.0 for 60 < o< 120
- HWhere Z'is not defined, it may be assumed zero.

@ The method of calculation is as follows:

Step 1

Determine the following:

Primary nozzle diameter Do “ m
Secondary nozzle diameter Dp ~ m
Primary jet velocity Vo ~ m/s
Secondary jet velocity Vp ~ m/s
Primary jet temperature Tg ~ og

Then:

Area ratio AR = (Ap/Ac)
and

Velocity ratio VR = (Vp/V¢)

Step 2

Using Appendix A for single stream jets obtain a plot of the Sound
Pressure Level for the primary jet alone at (r, ej) in the farfield
against 1/3 octave Strouhal frequencies ch

'V'_ .

C
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Step 3

Using Figs. 1-16 obtain the 1/3 octave spectrum of Ay, corresponding to
the required angle, area ratio and velocity ratio.

Step 4

Using Figs. 17-19 obtain the 1/3 octave spectrum of Z’corresponding to
the required angle, area ratio and velocity ratio.

Step 5

Compute the spectrum of the coaxial correction A using aAp and x from
Steps 3 and 4 at corresponding Strouhal frequencies as follows:

v

Step 6

Compute the coaxial jet spectrum by adding the coaxial corrections a to
the primary jet Sound Pressure Levels of Step 2 at corresponding Strouhal
frequencies as follows:

SPLcoaxial = SPLprimary * &

Step 7

Obtain the 1/3 octave spectrum levels at position (r, ej) and over the
range of frequencies from the spectrum of Step 6.
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