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8.1 FAN NOISE MODULE

INTRODUCTION

The Fan Noise Module predicts the broadband noise and pure tones for
an axial flow compressor or fan. The method is based on the method devel-
oped by M. F. Heidman (ref. 1). The method employs empirical functions to
predict the sound spectra as a function of frequency and polar direcrivity
angle.

The total fan noise is predicted by summing the noise from six sepa-
rate components. The six component sources selected are inlet broadband
noise, inlet rotor-stator interaction tones, inlet flow distortion tones,
combination tone noise, discharge broadband noise, and discharge rotor-
stator interaction tones. All noise sources are combined into a single
1/3~-octave-band spectrum for each directivity angle.

The method requires input of several parameters. The fan entrance
and exit flow parameters can be provided by the Fan Noise Parameters
Module or directly by the user. Additional user-provided parameters are
required. The module is executed once for each set of values of the input
parameters. The output is a table of the mean-square acoustic pressure as
a function of frequency, polar directivity angle, and azimcthal direc-
tivity angle. Although fan noise is assumed not to vary with azimuthal
directivity angle, it is introduced so that the output table is compatible
with other noise tables.

SYMBOLS
A fan inlet cross-sectional area, m2 (ftz)
Ag engine reference area, m2 (ftz)
a,b exponents
B number of rotor blades
C mean rotor blade chord, m (ft)
<, ambient speed of sound, m/s (ft/s)
D directivity function
d fan rotor diameter, m (ft)
F Fo@2r function
£ frequency, Hz
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blade passing frequency, Hz
constant matrix

inlet guide vane index
constant

inlet flow distortion indices

fan rotor relative tip Mach number at design point

design point Mach number index,

(eqs.

fan rotor relative tip Mach number

fan rotor tip Mach number
flow Mach number

aircraft Mach number

mass flow rate, kg/s (slugs/s)
rotational speed, Hz

number of engines

(10) and (11))

max (1 ,Hd)

tone harmonic number
: 2.4
mean-sguare acoustic pressure, re 9, C.,
reference pressuie, 2 X 10°% Pa (4.177 ~ 1077 1b/£e?)
distance from source to observer, m (ft)
dimensicnless distance from source to observer, re J:;
tone sprectrum function
rotor-stator spacing, m (ft)
sotal temperature rise across Zan, K ("R)
ambient temperature, K (°r)
numoer of stator vanes
cut-off factor
freguency carameter

polar directivity angle., deg



T T ST

n* acoustic power, re omciA
ref reference power, 1 x 10712 w (7.376 x 10713 fe-1b/s)
o, ambient density, kg/m3 (1b/ft3)
[0} azimuthal directivity angle, deg
Superscript:
* dimensionless quantity

INPUT

The fan parameters are required from either the output of the Fan
Noise Parameters Module or the user. Ambient conditions are required for
computation of sound pressure levels. The frequency, polar directivity
angle, and azimuthal directivity arrays establish the independent variatle
values for the output table. The fan inlet cross-sectional area, number
of rotor blades, number of stator vanes, inlet guide vane index, inlet
flow distortion index, fan rotor diameter, fan roter tip relative Mach
number at design point, and rotor-stator spacing are required for the geo-
metric description of the fan. Finally, the engine reference area, number
of engines, and distance to the observer are required. The range and
default values of the 1nput parameters are given in table I.

Ay engine reference area, m2 (ftz)
Ng number of engines
r distance from source to observer, m (£t)

Fan Geometry

A fan inlet cross-sectional area, re A,

3 number of rotor blades

a* fan rotor diameter, re J;;

b inlet guide vane inAdex

Hd fan rotor relative tip Mach number at design voint
< inlet flow distortion irdex

s' rotor-stator sgacing, re C

7 number of stator vanes



Fan Noise Parameters

m mass flow rate, re P C,A.
N* rotational speed, re cm/d
ar* total temperature rise across fan, re T

Ambient Conditions

<, ambient speed of sound, m/s (£t/s)
M aircraft Mach number
Pa ambient density, kg/m3 (slugs/fta)

Independent Variable Arrays

ra

frequency, Hz

8 polar directivity angle, deg
o] azimuthal directivity angle, deg
OUTPUT

The output of this module is a table of the mean-square acoustic
pressure as a function of frequency, polar directivity angle, and azi-
muthal directivity angle. In addition, the pseudo—observer distance r

s
is provided for the Propagation Module.

rg distance from nozzle exit to pseudo-observer, m (ft)
Fan Noise Table.

£ frequency, Hdz

3 polar directivity angle, deg

] azimuthal directivity angle, deg

<p2(f,9,¢))' mean—-square acoustic pressure, re oici

METHOD

The preciction methodology presented in reference 1 is used to com
pute the far-field roise. A schematic of a typical fan is shown in
figure 1. The coorédinate system and directivity angles are also shown.
The general approach for the prediction method is presented. Then, the
detailed prediction for each fan noise component 1S discussed.
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The equation for the far-field mean-square acoustic pressure for a
fan is

R 2= )
* Al 0
4"(r;) (1 - M_ cos 6)

(1)

In equation (1), M* is the overall power, D is the directivity func-
tion, and S 1is the spectrum function. The source to observer dis-
tance r; 1is expressed in dimensionless form as

& - e I

The forward velocity effect is accounted for by the Doppler factor,
(1 - M_ cos 6)4. The frequency parameter n is defined as

£

n=1(-M_cos e)fb

(3)

where the blade passing frequency fb is

*

N ch
£ = (4)
b atfa,
The acoustic power 7* for the fan is expressed as
T = K G(iL3) (s')-a(k")M::(rﬁ'/A') (AT*y? Fd_,M ) (5)

Equation (5) contains several empirical constants and the empirical power
function F. The constant K 1s different for each noise component. The
constant G depends on the noise component and the indices {1 and j
defined as

1 (Fan with no inlet guide vanes)
2 (Fan with inlet guide vanes)
and
1 (§ > 1.05)
J = ' (7)
2 (3 £ 1.05)
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The fundamental tone cut-off factor & is defined as .
M
't
§ = —— (8)
LV
5|
where the fan rotor tip Mach number M, is
*
M, = TN (9)

If M, > 1.05, then § = M,. The fundamental tone cut-off occurc when the
value of 3 1is less than 1.05. The cut-off factor determines the range
of the tip Mach number where the fundamental klade passing frequency
dominates.

The rotor-stator spacing exponent a{k,%) depends on the noise
component and the indices k and 2 defined as

1 («* s 1)
k = (10)
2 (s* > 1)
and
1 (No inlet flow distorticn)
o= (11)
2 (Inlet flow distortion)

Inlet flow distortion tends to reduce rotor-stator spacing effects.
Inlet flow distortion is assumed to occur during static and ground roll
orerations.

The Zesign point Mach number index M, is defined as
1, = max (1,M4) (12)

where M; 1s the design value of the relative tip Mach number. The

A . .
exponent b in equation (3) gives the effect of Hm on each fan noise
component.

The final empirical zuantity in equation (5) is the power func-
tion F. The power function depends on the fan noise source and is, in
general, 1 function of the relative tip Mach number Mr and tre design
point Mach number i1ndex. The relative tip Mach number is defined as

172
) (13)



T

where the tip Mach number M, 1is defined by equation (9) and the axial
flow Mach number My 1is equal to m"/A* since the inlet static density
and speed of sound can be assumed equal to the ambient values.

As indicated by equation (1), each fan noise source has its own
directivity function D and spectrum function S. Using these functicns
and the acoustic power, the mean-square acoustic pressure is computed as
a function of frequency and polar directivity angle for a given set of
input parameters. The broadband noise is expressed as l/3-octave-band
data. The pure tones are values at discrete frequencies. The pure tones
must be added to the appropriate 1/3-octave band so that a total
1/3-octave-band fan noise spectrum is determined. For a given value of
the 1/3-octave-band center frequency parameter n the lowest harmonic
number that falls within that band is

ng = (1071720 n] + 1 (14}
and the highest harmonic number is
ng = [101/20 7] (15)

where [ ] indicates the integer part of the enclosed real aumber. If
ny > n,. then there is no tone within the band. If n, < n,, then there

are n, 6 - n, ¢ i tones within the band. The pure tone mean-sguare pres-

sures for each harmonic rumber n are then added to the apvropriate band.
The tones are propagated to the observer as 1/3-octave-band data.

The empirical constants and functions used to compute the acoustic
power for tne six fan noise components are summarized in table II. The
directivity and spectrum functions are summarized in tables III and IV,
respectively. Each fan ncise component is discussed in detail as
follows.

Inlet Broadband Noise

Inlet broadhband noise is associated with random unsteadiness or
turbulence in the flow passing the blading. Some of the sources of this
random unsteady Zlow are turbulence in boundary layers, blade wakes and
vortices, and the inlet flow. Although predictions of the individual
sources of broadband noise are beyond the scope of this module, the total
broadband noise radiated from the inlet is credicted.

The acoustic power due to broadband noise from the inlet is

-

= (1.552 < 1079 (") TAK Dy (e aty (1% 2 2w (16)
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where the constant a(k,) is
a(k,2) = (17)

The exponent a defined by equation (17) accounts for the fact that the
acoustic power varies inversely with the rotor-stator spacing except where
inlet flow distortion effects dominate rotor-stator spacing effects at

s > 1. Thke power function F is

<
1 My £ 0.9)

-2 (18)
G.81M (M_ > 0.9)
r r

which is plotted in figure 2.

The mean-square acoustic pressure due to inlet broadband noise is
computed from equation (1). The directivity function D is given in
table III and plotted in figure 3. The spectral function 3 is given by

2
S = 0.116 exp -o.sl_l—“("“/z'sj (19)
ln o

where J is the geometric mean deviation andé is egual to 2.2. Equa~-
tion (19) is plotted in figure 4.

Inlet Rotor-Stator Interaction Tones

Discrete tone generation is associated with 1ift fluctuations on
rotor or stator blades. Interaction tones are generated by rotor blades
intersecting the wakes from rreceding stater vanes or inlet guide vanes
or by rotating wakes from a rotor impinging on stator vanes. The tones
are propagated from t:e blades as spinning duct modes. No attempt is
made to determine the scecific characteristics of each propagated mode,
only the average far-field characteristics are predicted

The acoustic power due to inlet rotor-statcr interaction tones ic

<= (2683 1078 G, 9720 D @t at (1 2 e (20)
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where the constants are

1 0.580
G(i,j) = (21)
0.625 0.205
and
1 1
a(k,L) = (22)
1 0

The constants in the matrix G account for the effect of inlet guide
vanes and fundamental tone cut-off. The exponent on the rotor-stator
spacing accounts for the inverse variation of the acoustic power except

when inlet flow distortion effects dominate at s" > 1. The power
function F is

r

-2.31 <
0.397M" M, £ 0.72)
_ -2.31.5 . < 0.462
F = { 2.053 2 33 (0.72 < M, € 0.866M0"162) (23)
0.315M3-69,~8 (0.866M0-%62 < 4 )
" m r m r

which is plotted in figqure 5.

The mean-square acoustic pressure due to inlet rotor-stator inter-
action tones is computed from equation (1). The directivity function D
is given in table IIT and plotted in figqure 6. The spectral function S
1s a discrete function given by

Ny

5(n) = zz S(n,i,3) (24)
n=n2

where nj; and n,; are the lower and upper values of the harmonic number

associated with the 1/3-octave band with a center frequency parameter
value of n. For n =1,

0.499 G.136
s$(1,i,3) = (25,
0.799 0.387



AN

0.250 0.432
s(n,i,j) = x 1079-3(n-2) (26)
0.101 0.307

where 1 and j are defined by ecquations (6) and (7), respectively. The

function S(n) is plotted in figures 7 to 10 prior to being converted to
1/3~octave-band data.

Inlet Flow Distortion Tones

Inlet flow distortion has an effect on broadbard ncise and rotor-
stator interaction tones. In addition, inlet flow distortion can generate
unsteady lift on the blades which produces additional pure tone noise.

The average properties of the far-field noise are predicted.

The acoustic power due to inlet flow distortion tones is

T = (1.488 < 10’4)(s’)'a‘k'“’mi'JI(ﬁ’/a')(AT')2 FOM,,M) (273

‘

where af(k, ) and FM..M)  are defined by cquations (22) and (23),

respectively, and the power functiorn ¥ is piotted in figure 5.
L.

The mean-saquare acoustic pressure due to inlet flow

i+ computed from equation (1).

a:

distortion toncs
The directivity function D
fcr the inlet rotor-stator interaction tones as

rlotted in figure 6. The spectral function § i

is the same
g:ven in table ITTI and
s given by

u

sty =9 N 107"

\ (28)
—

n=n;

=aich s rlotted in figure 11 prior to being converted to 1/3~-octave-band
data.

Combination Tone Noise

When the relative speed of the rotor blade tirs exceeds a Mach number
value of 1, shock waves are formed at the leading edge of cach rotor blade.

These zho wavaes proragate through the engine inlet as a series of Mach

waves. The resulting spectrum contains harmenics of the shaft speed
instead of the blade passing frequency.

tonal but e
Irequence,

nolse.,

The resultant noise is not purely
ytends 1n a freguency interval on either side of the harmonic
This combination tone noise is often referred to as "buzz-saw"

2.1-10
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The acoustic power due to combination tone noise is

M = K Gli,5) B"/A%) (41" Fou) (29)

The acoustic power for three harmonics of the shaft rotational speed are
computed. They are expressed as fractions of the fundamental tone of the
blade passing frequency. The constants K for each harmonic are

6.225 % 10™% for the 1/8 fundamental combination tone, 2.030 x 10~3 for
the 1/4 fundamental combination tone, and 2.525 % 10~3 for the 1/2 funda-~
mental combination tone. The constant G(i,j) is given by

G(1,3) (30)

0.316 0.316

This accounts for the fact that inlet quide vanes inhibit the propagation
of combir.tion tones through the inlct. The power function F is given
by

) (M. < 1)
Fisiy = { 1078-73/%-61=M) (1M, % 1.61) (31)
1o7 -7 (em 161 (1.61 < M)
for the L.'8 fundamental combination tone,
) M.~ 1)
Py = 107t 721322740 (12 My 5 1.322) (32)

om1-33(Mp-1.322)

1 (1.322 < M)

for the 1/4 fundameantal combination tone, and
0 M_ < 1)

r

"31.85(1.146-M7) (1M % 1.146) (3

FiMp) = ( 10 r

Lo~ L-41 (Me-1.146) (1.146 < M)
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for the 1/2 fundamental combination tone. The power function is plotted
in figure 12.

The mean-square acoustic pressure is computed separately for each
combination tone by equation (1). Then, the three harmonics are sumned to
yield the l/3-octave-band spectrum due to combination tone noise. The
directivity function D is the same for all three harmonics and is given
in table III and plotted in figure 13. The spectrum function S is given
by

0.405(8n)° (n £ 0.125)
s() = _ (34)
0.405(8n) 3 (n > 0.125)
for the 1/8 fundamental combination tone,
0.520(4n)° (n < 0.25)
S(n) = (35)
0.520(4n) 2 (n > 0.25)
for the 1/4 fundamental comuination tone, and
3 <
0.332(2n) (n £ 0.5)
s(n) = 3 (36)
\0.332(2n3' (0> 0.9

for the 1/2 fundamental combination tone. The spectrum functions for
combination tone noise are .lotted in figure 14.

Discharge Broadband Noise
The discharge broadband noise is created by the same nechanisms as

the inlet broadband noise. The acoustic power of the discharge broadband
noise is

e

- (3208 x 1074 5(i,3) (s A% DI @t Aty (At Fouy) (37)

where alk,%) is the same as for inlet brecadband noise given by egua-
tion (17) and G(i j) 1s

]

G(i.J}) (38)
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The factor G shows that the presence of inlet guide vanes doubles the
acoustic power of the discharge broadband noise. The power function F
is given by

1 My £ 1.0)
F(M) = ¢ _ (32)
M My > 1.0)

and is plotted in figure 15.

The mean-square acoustic pressure due to discharge broadband noise
is computed from equation (1). The directivity function D is given in
table III and is plotted in figure 16. The spectrum function S is the
same as the inlet broadband noise spectrum as given in equation (19) and
plotted in figure 4.

Discharge Rotor-Stator Interaction Tones
The discharge rotor-stator interaction tones are created by the same

mechanisms as the inlet rotor-stator interacition tones. The acoustic
power of the discharge rotor-stator interaction tones is

T = (2.643 x 107H ati,§) (sHT2KE2 @ /am ar)? Fenp) (40)

The matrix alk,{) 1is the same as for inlet rotor-stator tones given by
equation (21) and the matrix G(i,j) is

1 0. ssoj

G(i,3) (41)
2.50 ¢.820

which gives the effect of inlet guide vanes and fundamental tone cut-off.
The power function F is the same as the discharge broadband noise as
given in equation (39) and plotted in figure 15.

The nean-square acoustic pressure due tc discharge rotor-stator
interaction tones is computed from equation (1). The directivity func—
tion D is given in table III and plotted in figure 17. The spectrum
function S is the same as the inlet rotor-stator interaction tones as
given in egquations (24) to (26) and plotted in figures 7 to 10.
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Output Computation

The 1/3-octave-band mean-square acoustic pressure for a fan is the
sum of the mean-square pressures from the six fan noise components. The
user has the option of deleting one or more of the noise source compo-
nents if desired.

The mean-square acoustic pressure is computed for each desired value
of the frequency, polar directivity angle, and azimuthal directivity
angle. The total noise is the mean-square acoustic pressure multiplied
by the number of engines N for the output table. In addition, printed

e
output is available of the sound pressure level SPL defined as

2
* P_C
SPL = 10 log,. <p%> + 20 log,, —=2 (42)
10 10 p
ref
and the power level PWL defined as
I »
* DmaA Ae
PWL = 10 log10 m + 10 loglc - (43)
ref
REFERENCE
1. Heidmann, M. F.: Interim Prediction Method for Fan and Compressor

Source Noise. NASA T™M X-71763, 1975.
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TABLE I.- RANGE AND DEFAULT VALUES OF INPUT PARAMETERS

Input

parameter Minimum Default Maximum
A, m? L. ... 0.01 174 10
L 1 1 4
Tomo. oLl 0.01 N 160
AY L. 0.1 1 10
3. . ... . 2 20 100
at o, . . 0.3 1.1:8 4
S 1 1 2
My e e .. 0.5 1.0 2.0
i, . 1 1 2
s' e e e e 0.2 1 10
Voo e e .. 10 50 200
- . 0 9.2 10
M. . . 0 0 0.9
N* . . 0 0.3 0.5
L S 0 0.2 1.3
oo m/s ... ... 200 340.294 400
s ka/md oL L L 0.2 1.225 1.5
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TABLE IV.

SPECTRUM FUNCTIONS FOR FAN NOISE

Source Spectrum function
Inlet 2
1n_(n/2.5)
br?adband S(n) = 0.116 exp {-O.S[W }
noise
inlet nu
rotor-stator _ .
interaction s(m = Sin,i,3)
tones n=n,
whe_e
[0.499  0.136]
S(1,i,3) =
L9'799 0.382‘
(0.250  0.432] ~0.3(n-2)
S(n,i,j) = x 107> (n > 13
0.101 0.307
e -l
Inlet flow n,
distortion sm) = 9 10
tones
n=n,
X
1/8 funda- 0.405 (8n)° (1 £ 0.123)
oental s(n) = -3
combination 0.405(8n) (n > 5.125)

tone noise
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TABLE IV.- Concluded

Source Spectrum function
e S <
1/4 funda- 0.520(4n) (n = 0.25)
mental s(ny = _
combination 0.520(4n) (n > 0.25)
tone noise
1/2 funda- 0.332(2m) 3 (n £ 0.5)
mental s(m) =
combination (0-33202m73 (n > 0.5)
tone noise
Discharge . 2
- _n elln_(n/2.5)
brqadband s{n) 0.116 exp { 0.5[ n 3.5
noise
Discharge Ny
rotor-stator | o) . z Stn,i,3)
interaction 4
+ones n=ng
where
[5.49¢9 0.136]
s(l,i,i) =
0.799 0.387
[0.250  0.a32] 0.3(n-2)
S(n.i,3) = x 10 (n > 1)
| 0.101  0.307]
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Figure 1.- Schematic diagram of typical axial flow fan.

8.1-21



*9STOU pueqpeoa( ID[UI A0J I9AD[ 19Mod -7 odanbiyg

‘W 6o zJaquinN Yoo dij B8ADIBY

L 0 b= (A

_ | 1 _

[, [N R —

o¢—

G'¢-

<
~
|

N
!

<

o

o

0l

4 %bo; ‘jaAa7 samogy

1-22



-as10U pueqpeolq 321Ul 103 [OADT AITATIODITU -'€ 2anbT4

s99163p ‘g 'a|buy A}AI}V31Ig J0|OH

081 091 oyl 0cl 001 08 09 07 0c¢

_ _ _ _ I N R I

0

¢
|

|

|
O

!

l
T

|
=
!

1
T

-—

g %60y 'jpAs7 A31ARoau1Q

.1-23

8



‘8sT0U puedpeolq 2bIRYISTIp pUP ID[UT 103 (94D umIIHwlS - p nanbrg

L %*6o| ‘onoy Aousnbauy

0¢ Gl 0l G’ 0 G- 01—
_ _ | 7 | _ 5~

S %601 ‘|aA37 wno3adg

1-23



SSAU0Y UGTIIOIGID POT3 2IDTUL

puR SaUO03 UNTIDELHIUT I0IFIS-I6INT 3H(UE J0J [2AD] 219mnd --¢ ainbig
‘i %t60] ‘Jsquunty yoow dij BAIND(AY
L 0 L= A v -
! ! ] | ! 0'¢-
—G'C-
—0C~ 4
(o]
£
—4g1-9%
oy ~
¥ o2 A
N —oi-35 g
AR
N, mvl
AN /%~ @
R o
-

7/
O NN O
— .y
C

A




*HOUOY UOIYIOYINTD MOLJ J0[U}l pue
SDUOY UOTIDRIDIUT 103P3IS-10301 ID[UT 103 12491 A31AT300271Q ~'9 2anbrg

s9a.bap ‘g ‘sibuy A}ANO3U1q JDjoY

o8l 091 Opl 0ct 00! 08 09 0} 0c¢ 0

ﬂi-ﬂllq lllll L e
AN

a %60| ‘jpAaT AyARoaug

8.1-26



‘sauea opinb 38TUT 3INOYITM uej I0j 33O-INO Spow TeIUDWEPUNG
U3m S8U03 UOTIDBINIUT I03RIS-I0301 9bIABYISTP puE IDTUT 10J TOADT WnIFoads -*f oanbr 4

L 60| ‘onoy Aousnbeuy

o'l g 0 G- 0~ Sl -
_ _ _ | £-
-
-
—0

S %60 ‘j9Aa7 wn.nosdg

8.1-27



*soupA OpTNb 3IOTUT INOYITA uURI 103 3JO-INOD dpow [LIUNUEPUN] INOYITM
S9UO3 UOTIOPADIUT I03V3IS-I10301 2hieyodSTp pue IITUT 103 19ADT wni3zodnds --g ainbry

L %'60| *oypy Aousnbauy

G 0 G- 0L~ G-
| _ [ c—
—Z— ku “
(1]
O
=
c
3
- &
<
@
5
o
IIO w

’1/—' ’



TSOUBA OPTINH IDTUYT YITM UBJ 103 JJCO-IND HPOW [LIUDSWPPUN] Y3 m
§3U03 UOTIOBIFIUT I103LIS-10301 9DHIRYISIP pue 3IDTUL 103 [9AD] umi3oods --4 ainbry

L °'BHo| 'onoy Arusnbauy

0L S 0 G- 0'l- S'I-
[ ‘ ‘ _ _ | £
—z-
—i-
—o0

S %60) ‘jara] wnoadg

8.1-29



.souea 0pinb 39TUT Y3ITM ue3 10J jjo-3no opou {eauswepung IVOUITM
sauol uolldeaaut 103w35-10301 @bIRYDSIP PUF 497Ul 103 T9AO1 wnxaoods -°01 oanbig

L ©*Bo| ‘onoy Kousnbaij

) 0 G- 00 T G-

_ _ _ £

1
T

|
o

g %60 ‘;eAdT wn.no3dg

8.1-30



o'l

L e e a——

‘S3U0} UOTIIOISTP MOT3 IDIUT 103 TOADT umijoodg =11 2anbyy
L %60 ‘onoy Aouanbae.

G’ 0 G- O G-

| _ -

—

S %60 ‘jeran wn noadg

8.1-31



*AETOU DUO] UOTICPUTWOD 103] [DAAT I0mMnd -°z1 »anbij
‘W 9'60oj *szaqwinN Yoo di] 9ADIBY

b 0] b — A N

nk

_ _ ! _ _

o'e-

—gz-

l
o
N

|
T

|
o
il

|
;

I
o

4 960) ‘j3aa] Jamod

8.1-32



08l

091

*8STOU BUOJ UOTIPUTQWOD 103 [3A3T AJTATIODITY -°f 2Inhry

saaubap ‘g ‘a|buy AyAl3osu1g JDjO-

-

T

oL 0ZL ©Ci 08 09 Oy OC
| | _

_ i | 1

~ - -

|
T

|
i

l
N

1
h

a %'60; ‘1@A3a7 A}Anoa.uig

8.1-133



+25TOU DUO} UDTIRUTQUOD auJ T0ANT woa3o0ddy -y pankiy
L 9'60o| ‘onyoy Aouarbaiy

o'l G 0 G- O'l- 11

[ A\ _ [ T £

/\
TVLEIWVANNY 2/1
12/ AYININYANE 8/ 1

TVINAWVANE n/T

g %60; ‘jpAs] wnnoadg

8.1-34



*SBUO} UOTIDPIJIUT 103L3S-I10301 abaeyostp
pue astou purqpeoxq obiaeyssip 103 Tanoy 2amod -*g1 oanbrg

‘W %Bo| ‘JaquinN yoop di] sAnpjay

A L 0 '~ - &=

[ _ _ 1 | 1

1
0
T

l
=
0

l
oF
(

o

4 %60| ‘jaAa] samog

8.1-35



08l

*Os1Ou pueqprolq sbaeyosip 103 19A91 A3TATIO0ATY -°91 danbig

soa.ibap 'g ‘a|buy A}AINOB4IQ ID|O¢

091 Oovt 0clt 001 08 09 oty 0¢ 0

-

_ | _ _ ! | | _

¢
|

M
I

~N
!

—
t
)

g %60y ‘jaaaT AyAnoa.iQ

.1-36



e m—

e ——— A E Y W B —— T Py ———————— "

‘S2U0]} UOTIDeIDIUT I03LIS-10301 2bIRYISIP X0J [DAD] AITAT3IDDITQ -1 1 ainblg

saaibap ‘g *sibuy A}AI3o8aq JDjOH

0]2]1 091 ovl 0cli 001 08 qom 0} @N 0

T T T T T T T T -
llml.
'IAAVI
—C—
lNIr

N e
— -
—0
!

q 60| ‘pAa7 AjAnoauQ

8.1-37






TPy S e ey e
vy e an

T gy

8.2 COMBUSTION NOISE MODULE

INTRODUCTION

The Combustion Noise Module predicts the noise from conventional com-
bustors installed in gas turbine engines. The method is based on a pro-
posed appendix by R. K. Matta to SAE ARP 876. The method employs
empirical data of core noise from turboshaft, turbcjet, and turbofan
engines to produce sound spectra as a function of frequency and polar
directivity angle.

The method requires input of several parameters. The combustor
entrance and exit flow parameters can be provided by the Core Noise
parameters Module or directly by the user. Additional user-provided
parameters are required. The module is executed once for each set of
values of the input parameters. The output is a table of the mean-square
acoustic pressure as a function of frequency, polar directivity angle,
and azimuthal directivity angle. Although combustion noise is assumed
not to vary with azimuthal directivity angle, it is introduced sc that
the output table is compatible with other noise tables.

SYMBOLS
A combustor entrance area, m2 (£t2)
Ae engine reference area, n (ft2)
Co ambient speed of sound, m/s (ft/s)
D directivity function
£ frequency, Hz
fp spectrum peak frequency. Hz
KR aircraft Mach number
o mass flow rate, kg/s (slugs/s)
N number of engines
<p2>. mean-square acoustic pressure, re oic:
Oret reference pressure, 2 x 1075 Pa (4.177 x 107 1b/£t%)
Dy total pressure, Pa (lb/ftz)

ambient pressure, Pa (lb/ftz)

8.2-1
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r distance from source to observer, m (ft)

s
r; dimensionless distance from source to observer, re JR;
S spectral distribution function
T total temperature, K (°Rr)
ATgaq design turbine temperature extraction, K (°R)
T, ambient temperature, K °R)
8 polar directivity angle, deg
n* acoustic power, re p c3A

@ o €
Myeg reference power, 1 X 10712 w (7.376 x 10713 ft-1p/s)
P ambient density, kg/m3 (slugs/ft>)
¢ azimuthal directivity angle, deg
Subscripts:
i entrance
Jj exit
Superscript:
* dimensionless quantity

INPUT

The combustor entrance and exit parameters are required from either
the output of the Core Noise Parameters Module or from the user. Ambient
conditions are required for computation of the sound pressure levels.

The frequency, polar directivity angle, and azimuthal directivity angle
arrays establish the independent variable values for the output table.
Finally, the engine reference area, number of engines, combustor entrance
area, and distance to observer are required. The range and default
values of the input parameters are given in table I.

Input Constants

A combustor entrance area, re A,

A, engine reference area, m2 (ftz)

N number of engines

£ distance from source to observer, m (ft)

8.2-2
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Core Noise Parameters

ﬁ: combustor entrance mass flow rate, re o _c A,

p;'i combustor entrance total pressure, re P,

T; combustor entrance total temperature, re Ta

T; combustor exit total temperature, re T

.YT&OS design turbine temperature extraction, re T,

Ambient Conditions

<. ambient speed of sound, m/s (ft/’s)

M, aircraft Mach number

D, ambient density, kq/m3 (slugs/fe3)
Independent Variable Arrays

£ frequency, Hz

D polar directivity angle, Jdeg

]

azimuthal directivity angle, Jdegq

WUTPUT
The output of this module is a table of the mean-square acoustic
pressure as a function of frequency, polar directivity angle, and azi-
muthal directivity angle. In addition, the observer Jdistance ry is

provided for the Propagation Module.

r distance from source to obscerver, m (ft)

combustor Noisce Table

e,

frequency, Nz

A relar directivity angle, deg
> azimuthal directivity anale, Jdeg

AN " . 24
(p (:,",Q)) MEAN=SJUAre ACOUsST1IC Pressure, ro N



METHOD

The prediction methodology proposed by R. K. Matta is used to compute
the combustor noise. Details of the development and validation of the
method are given in reference 1. A schematic of a typical combustor is

shown in figure 1. The coordinate system and directivity angles are also
shown.

The equation for the far-field mean-square acoustic pressure in a
1/3-octave band for a gas turbine combustor is

« *_*
<p2> LA . D(8) S(f) y
4n(r;) (1 - M_ cos 8)

(1)

. . N * . N
The dimensionless source to observer distance r, is defined as

"
[
]
"

)
\
>|
]
[®

N ® . . .
The acoustic power .l is related to the combustor entrance and exit
states as

.
. 7';';1'"’1';* )2 -4
' = (3.85 ~ 10— L—= (e} )T(ATY, ) (3)
A o t,1 aes
1

The aircraft Mach number term in equation (1) accounts for forward flight
effects.

Two empirical functions are required for equation (1). The direc-
tzvity function D is a function of the polar directivity angle g and
is given in table II and plotted in figure 2. The spectrum function §
15 a function of logyg, (f/fp) and is given in table III and plotted in
figure 3. The peak froguency is given by

be)
<

P 1-M_ cos ()

The mean-sguare pressure (p:>: i5 now computed from equatiocn (1).
The total noise is the mean-square pressure multiplied by the number of
engines N. The output of this module is a table of the mean-square
acoustic pressure as a function of frequency, polar directivity angle,
and azimuthal directivity angle. In addition, printed output is available
of the sound pressure level SPL Jdefined as

-
-

I~

>

i
]

te
1

P T @
10 loqIJ \p’) + 20 loq10 (9)
pref




-
T
. e B,
and the power level PWL defined as
mc:AeA'
= .
PHL = 10 log)y " + 10 log), = (6)
ref
REFERENCE

1. Emmerling, J. J.; X>ozin, S. B.; and Matta, R. K.: Core Engine Noise
Control Program. Volume ITI, Supplement 1 - Prediction Methods.

FAA-RD-74-125, III-I, Mar. 1976. (Available from DTIC as
AD A030 376.)
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TABLE I.- RANGE AND DEFAULT VALUES OF INPUT PARAMETERS

pai:rf\::er Minimum Default Maximum
AY L 0.01 1 10
Ag, m? L. L 0.01 1/4 10
N ... 1 1 4
R 0.01 NP 100
mp ... ) 0.2 10
M_ . . 0 0 0.9
p:’i . 1 1 30.0
T; 1 1 5.0
T; .. 1 2 6.0
AT;es . o 0.5 2.0
Cor M/S « o o oo 260 340.294 400
o, ka/md oL 0.2 1.225 1.5
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Figure l.- Schematic diagram of typical gas turbine combustor.
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8.3 TURBINE NOISE MODULE

INTRODUCTION

The Turbine Noise Module predicts the broadband noise and pure tones
for an axial flow turbine. The method is based on a method developed by
the General Electric Company (ref. 1). The method employs empirical
functions to produce sound spectra as a function of frequency and polar
directivity angle. Each spectrum is the sum of a broadband noise compo-
nent and a pure tone component.

The method requires input of several parameters. The turbine
entrance and exit flow parameters can be provided by the Turbine Noise
Parameters Module or directly by the user. Additional user-provided
parameters are required. The module is executed once for each set of
values of the input parameters. The output is a table of the mean-square
acoustic pressure as a function of frequency, polar directivity angle,
and azimuthal directivity angle. Although turbine noise is assumed not
to vary with azimuthal directivity angle, it is introduced so that the
output table is compatible with other noise tables.

SYMBCLS
A turbine inlet cross-sectional area, m? (ft?)
A, engine reference area, mz (ftz)
a,b components
B number of rotor blades
€ ambient speed of sound, a/s (ft/s)
D directivity function
d turbine rotor diameter, m (ft)
f frequency, Hz
£y blade passing frequency, lz
3 fuel-to-air ratio
At specific enthalpy, re RT_
h, absolute humidity, percent mole fraction
K constant

e ————

e tdn g am



-
S - T gttt et ndany
—p e
L3 aircraft Mach number
- § rotational speed, Hz
!e number of engines
n tone harmonic number
(p2> wean-square acoustic pressure, re Dipi
Pref reference pressure, 2 x 10”2 Pa (4.177 x 10~ 1b/£t2)
rg distance from source to observer, m (ft)
r; dimensionless distance from source to observer, re J;;
R gas constant, m2/(K-s2) (ft2/(°R-s2))
S spectruis function
T temperature, K (°R)
[ biade tip speed, m/s (ft/s)
] frequency parameter
2 polar directivity angle, deg

. 3
acoustic power, re o _c_A
£ -12
“raf relerence power, 1 x 10

2 ambient density, kg/m3 (slugs/ft

azimuthal directivity angle, deg

Ay

Subscripts:

i entrance
3j exit

s static

t total

= ambient

Surerscricgt:

* dimensionless cuantity

3

W (7.376 x 10713 fe-1b/s)



INPUT

The turbine parameters are required from either the output of the
Turbine Noise Parameters Module or from the user. Ambient conditions are
required for computation of sound pressure levels. The frequency, polar
directivity angle, and azimuthal directivity arrays establish the inde-
pendent variable values for the output table. The turbine inlet cross-
sectional area and number of rotor blades are required for the geometric
description of the turbine. Finally, the engine reference area, number
of engines, and distance to the observer are required. The range and
default values of the input parameters are given in table I.

Input Constants

Ae engine reference area, m2 (ftz)
N, number of engines
re distance from source to observer, m {(ft}

Turbine Geometry

A turbine inlet cross-sectional area, re A,
B number of rotor blades
a* turbine rotor diameter, re \’Ae

Turbine Yoise Parameters

3 fuel-to-air ratio

ol rotational speed, re c_/d

T: i entrarce tdtal temperature, re T_
<,

T;,j exit static temperature, re T_

Ambient Conditions

<. ambient speed of sound, m/s (ft/s)
s, apbsolute humiditv, percent mole fraction
- aircraft Mach number

. ampient density, kg/m3 (slugs/ft3)




Independent Variable Arrays

£ frequency, Hz
e polar directivity angle, deg
¢ azimuthal directivity angle, deg

OUTPUT

The output to this module is a table of the mean-square acoustic
pressure as a function of frequency, polar directivity angle, and azi-
muthal directivity angle. 1In addition, the observer distance rg is
provided for the Propagation Module.

rg distance from source to observer, m (ft)
Turbine Noise Table
f frequency, Hz
9 polar directivity angle, deg
o) azimuthal directivity angle, deg
2 * . 2 4
(£,8,0)D mean-square acoustic pressure, re p.c
p @ o

METHOD

The prediction method presented in reference 1 is used to compute
the far-field noise. A schematic of a typical turbine is shown in fig-
ure 1. The cocrdinate system and directivity angles are also shown. The
General equations for the prediction method are presented. This presen-
tation is followed by a detailed discussion of the method for each
turbine ncise component.

The equation for the far-field mean-square acoustic pressure for a

turbinc is

- *_* ay ¢
(p2> __a . D(8) s(n) .
am(x3)” (1 - M_ cos 9)

(1)

L . . . o .
In equation (1), 1 is the overall power, D 1is the directivity func-
tion, and S 1is the spectrum function. The source to observer distance
r is expressed in dimensionless form as

s
r; = rs/V:; (2)
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The forward velocity effect is accounted for by the Doppier factor
(1L - ¥, cos 0)9. The frequency parameter 0N is defined as

n= (1-M_ cos ﬂ)?f- (3)
b

where the blade passing frequency fb is

L]
N Bc
0

b T ()

£

»
The acoustic power for the turbine 1" is expressed as

" 1] a
£, i - h., o
» 1 S,
»

h

1" o= x wp® (5)

t,i

The constants X, a, and b are determined from cmpirical data of the
particular noise¢ source being considered. The difference between the
entrance specific total enthalpy h; i and the exit specific static

’

enthalpy h; j i{s the ideal work extraction of the turbine. Each spe-
’

cific enthalpy is computed from the input temperatures, the fuel-to-air
ratio 3, and the absolute humidity h, with the appropriate Gas
Proporties Utility. The rotor tip speed U; is a function of the
rotational speed and is given by

ul
T

N 6)

A indicated by equation (1), each turbine noise source has its own
directivity function D and spectrum function S. By using these func-
tions and the acoustic power, the mean-square acoustic pressure is com-
puted as a function of frequency and polar directivity angle for a given
set of input parameters. The broadband noise is expressed as 1/3-octave-
band Jdata. The pure tones are values at discrete frequencies. The pure
tones must be added to the aprropriate 1/3-octave band so that a total
1, 3-octave-band turbine noise spectrum is determined. For a given value
of the 1/3-octave-band center frequency parameter n. the lowest harmonics
aumber that falls within the band is

n, = rpo”120 9] + 1 (7)
and the highest harmonic number 1is

n = [101/20 =] (8)
u



where | ] indicates the integer part of the enclosed real number. If
Ng T nye then there are no tones within the band. If ng s n,. then there

are n, - np + 1 tones within the band. The pure tone mecan-square pres-

sures for cach harmonic number n are then added to the appropriate band.
The tones are propagated to the observer as 1/3-octave-band data.

The empirical constants and functions used to compute the acoustic
power for turbine noise are given in table II. fThe directivity and spec-
trum functions are given in tables TII and IV, respectively. Each turbine
holse component is described in detail in the following two sections.

Turbine Broadband Noise

Turbine broadband noise is associated with random unzteadiness or
turbulence in the flow passing the blading. Some of the sources of this
random, unsteady flow are turbulence in boundary layers, blade wakes and
vortices, and entrance flow. Although prediction of individual sources
of broadband noisc is beyond the scope of this module, the total broad-
band noise produced by the turbine is predicted.

The acoustic power Jdue to bruadband noise from the turbine is

h. .- h. : 1.27 1.27
B eesan N oSy Lel  Tsed ey~ s (9)

t, i

The directivity function D is given in table IIT and rlotted in fig-
are 1. The spectrum function £ is given in table IV and plotted in
Siaure 3. The MEAN=SqUAre ACOUsSt1C pressure is then computed by
cquation (1),

Turbine Pure Tone Noise
Qlicrete tone generation is associated with lift fluctuations on
rotor or stator blades.  These tones occur at frequencies that are
rarmonics of the turbine blade passing frequency.  The average far-
f1eld Sharacteristicos are predicted.,

The acoustic power Jdue to turbine Pure tone noise 1s

. . 1.46
-4.02

T direr v oty el Sed vs) (10)



The directivity function D jg given in table IIT and plotted in fig=
ure 4. The spectrum function § s given by

S = 0.6838 x 1o (n-1)/2 (11)

which is plotted in figure 5. The mean-square acoustic pressure is then
computed by equation (1).

dutput Computation

The mean-square acoustic pressure for g turbine iz the sum of e
two components. [t isg computed for cach desired value of sxe frequeacy,
rolar directiviey angle, and azimuthal directivity angle. The total noise
13 the mean-square acoustic pPressure multiplied by the number of ongines
N, for the output table. In addition, printed output is available af
the sound pressure level  SPL defined as

S

5 c\vc:‘
SPL = 10 log, p=D + 20 1og. . N an

10 10 p

ret

and the poawer leve] PWL  defined as

. o o3ata
PWL = 10 log) ;) =7+ 10 log), ——= SR}

“rof

REFERENCE

l. Matta, R, K.; Sandusky, . T.; and Doyle, V. 1. WE Jore Bagine MNese
[hvestigation - Low Emission Engines. FAA-RD-77-3, rob. 77,
(Available from DTIC as AD AQ4R 590.)




TABLE I.- RANGE AND DEFAULT VALUES OF INPUT PARAMETERS

p.urfgx[:ztcr Minimum Default Maximum
Agr T L 0.01 n/4 10
N ... 1 1 4
re, m 0.01 Ao 100
At ... . 0.1 1 10
B . . 2 20 500
a* 0.01 1 100
M, .o .. 0 0 0.9
3 N 0 0 0.06767
N* . . 0 0.3 0.5
T;'l 0.5 3 6
T4 . 0.5 2 4
.o omis . 200 340.294 100
Nyo %L 0 0 4
oo kg m3 0.2 1.225 1.5

TABLE Il.- CONSTANTS FOR TURBINE ACOUSTIC POWER

Source X a b
Broadband 3.582 < 1073 1.27 -1.27
Pure tone 1162 ~ 107 1.36 -4.02

- o - ey




TABLE III.- TURBINE NOISE DIRECTIVITY LEVELS

Broadband Tone

8, directivity directivity
deg level, level,
10910 D loqlo o]
0. =0.789 -1.911
10. -0.689 =1.671
20, =0,599 -le47]1
30. -00509 ’10261
~°o ‘0.*09 ‘10061
50. =-0.319 -0.851
60, -00219 -006‘1
70, -0.129 -0.431
800 -00029 ‘00231
90, 00071 -0.021
100. 0.151 0.189
110. 0.221 0.389
120. 0.231 0.589
130. 0.211 0,259
140, 0,111 =-0.191
150. -0.,029 -0.591
160‘ ‘00229 ‘00931
170, ~0.549 -1.271
180. -0.869 -1.611

TABLE IV.~ TURBINE BROADRAND NOISE SPECTRUM

loq10 n loqlo S
-0.903 ~1.88¢
=0.79¢ -1l.604
-0.699 =1l.444
-0.602 -1'30‘
-0.502 =-1.104%
-0,39¢ ~1.084
=-0.301 =1.004
=-0.201 0,924
0,097 -0,844¢
0.000 -0.784
0.097 =1.004
0,204 =1.20¢
0.301 =1.304
0.602 -1.92¢
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Figure l.- Schematic diagram of typical axial flow turbine.
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B o s i el

8.4 SINGLE STREAM CIRCULAR JET NOISE MODULE

INTRODUCTION

The Single Stream Circular Jet Noise Module predicts the single
stream jet mixing noise from shock-free circular nozzles. The method is
based on SAE ARP 876 (ref. 1). The method employs empirical data tabu-
lated in terms of relevant dimensionless groups to produce sound spectra
as a function of frequency and polar directivity angle.

The method requires input of several parameters. The nozzle exit
flow parameters can be provided by the Jet Noise Parameters Module or
directly by the user. Additional user-provided parameters are required.
The module is executed once for each set of values of the input param
eters. The output is a table of the mean-square acoustic pressure as a
function of fZrequency, polar directivity angle, and azimuthal directivity
angle. Although jet exhaust noise is assumed not to vary with azimuthal

directivity angle, it is introduced so that the output table is compatible

with other noise tzbles.

SYMBOLS
Ao engine reference area, m? (£t2)
Aj fully expanded jet area, m? (£t2)
z ambient speed of sound, m/s (ft/s)

o} directivity function

[#1)
i

fully expanded jet diameter, m (ft)

"y

spectral distribution factor

(X1

frequency, Hz

£ Helmholtz number, fJx:/Em
M, aircraft Haéh number

a forward velocity index

N number of engines

iV

power deviation factor

PAN : 24
< mean-square acoustic pressure, re pic_

]




...... e —— ———— — ——

reference pressure, 2 X 10'5 Pa (4.177 x 10-7 lb/ftz)

Pref
r distance from nozzle exit to cbserver, m (ft)
* . : - .
ry dimensionless distance from nozzle exit to observer, re \’Ae
S. corrected Strouhal number, fdj/EVj
Tj jet total temperature, K (°R)
T, ambient temperature, K (°R)
Vj exhaust jet velocity, m/s (ft/s)
8 angle between flight vector and engine inlet axis, deg
8 polar directivity angle, deg
3 Strouhal number correction factor
n* . 3
acoustic power, re pmcmAj
-12 -13

Href reference power, 1 x 10 Ww (7.376 x 10 ft~1bh/s)
Dj jet density, kg/m3 (sluqs/ft3)
P ambient density, kq/m3 (slugs/ft3)
=) azimuthal directivity angle, deg
w cdensity exponent
Sugerscript:
* dimensionless quantity

INPUT

The jez parameters are required from either the output of the Jet
Noise Parameters Module or the user. Ambieni conditions are requirec¢ for
computation of the Strouhal number and sound pressure levels. The fre—
quency, polar directivity angle, and azimuthal directivity angle arravs
establish the independent variable values for the output table. Finally,
the engine reference area, number of engines, engine axis offset, and
distance to the p-eudo-observer are required. The range and default
valiues of tne inrut parameters are given in table I.

Input Constants

3¢

engine reference area, nl (ft2)

N aumber of engines

-

——— e b o = 2



L

» »

A0 R

(¢}

| 5]

[}

distance from nozzle exit to pseudo-observer, m (ft)

angle between flight vector and engine inlet axis, deg

Jet Noise Parameters
area of jet, re Ae
jet total temperature, re T,
jet velocity, re C,

jet dencity, re O

Ambient Conditions

speed of sound, m/s (ft/s)
aircraft Mach number

density, kq/m3 (slugs/ft3)

Inderendent Varicble Arravs
fraguency, Hz
polar directivity angle, deg

azimuthal directivity angle, deg

OUTFUT

The cutrut of this module is a table of the mean-square pressure as
a function of frecguency, polar directivity angle, and azimuthal direc-
tivity angle. 1In acdition, pseudo-observer distance r

the Progagation Module.

Ts

”m

>

distance frem nozzle exit to pseudo-observer, m (ft)

Single Stream Circular Jet Noise Table

polar directiviery angle, deg

azimuthal directivity angle, deg

- . . 2 4
3,010 Mean-square acoustic pressure, re 2%Cew

8.3-3
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METHOD

The prediction methodology presented in reference 1 is used to com—
pute the far-field noise. A schematic of a typical exhaust jet nozzle is
shown in figure 1. The coordinate system and directivity angles arz also
shown. Whenever empirical functions require extrapolation, the last value
is used, except for spectra which are linearly extrapolated.

The equation for the far-field mean-square acoustic pressure in a
1/3-octave band for a stationary jet is

n*a%*

»

{p?> = ——p(e,v*) F(S_,8,v?,TY) (1)
4n(r;2) 3 3'73

In equation (1), 1" is the overall power, D 1is the directivity func-
tion, and F is the spectral distribution function. Each of these
functions is discussed separately. The observer distance rg is
expressed in dimensionless form as

-
s = r, A, (2)
The acoustic power ¥ 1is civen by
-5 [N
T* = (6.67 x 107°) (0}) (v;)ap(v;) (3)

which is a variation of the classic VB law. Two empirical functions are
required for equation (3). The density exponent w is a function of
loqlo Vg and is given in table II and plotted in figure 2. The power

deviation factor P is the deviation of the acoustic power from the v8
law. It is expressed as a function of loglo V; in table III and
plotted in figure 3.

The normalized directivity function D of equation (1) is an
empirical function of the polar directivity angle 8 and velocity

ratio leg v%. It expresses the variation of the mean-square pressure
10 'j

with 9 and is normalized such that

[SI1od

T
j D(a,v;) sin 9 d5 = 1 {4)
0

The directivity function for a single stream circular jet is given in
table IV and plotted in figure 4.

The normalized spectral distribution factor F is an empirical func-
tion of corrected Strouhal number loq10 Sc’ volar directivity angle 3,
velocity ratio loglo v%, and temperature ratioc Tg. The corrected
Strouhal number S_. 1is defined as

8.4-4



s, = —2 (5)

where the jet diameter d; is

af = =+ (©)

and £ is the Strouhal number correction factor. The Strouhal number
correction factor is an empirical function of the velocity ratio
loqlo V; and the polar directivity angle 8§ as shown in table V and

figure 5. The normalized spectral distribution factor F is defined
such that the summation over 1/3-octave-band Strouhal numbers is

z F(Sc,8,v5,T)) =1 (7)

S¢

and is given in table VI and plotted in figure 6.

Equation (1) is valid for a stationary ;2:t (M = 0). To incorporate
fcrward flight effects, equation (1) should be rewritten as

* * * * % * m(6)
(,\2)' ) 1 Aj D(9,v3) F(sc's"ﬁ'Ti) vy - M, 8)
F Y 1 - M, cos (3 -3) v
! rs ]

The exponent m(B8) is the forward velocity index given in table VII and
figure 7 as taken from reference 2, and § 1is the angle between the
flight vector and the engine inlet axis. In addition, the relative jet
veiocity must be taken into account by computing the corrected Strouhal
number as

-

13 d;
SC =_'—'— (9)
TV, - 1)
bi o

The mean-square acoustic pressure can be computed for each desired
value of the frequency, polar directivity angle, and azimuthal directivity
angle. The total noise is the mean-square acoustic pressure multiplier by
the number of engines N for the output table. In addition, printed
output is available cf the mean-sguare pressure <p2> , sound pressure
lavel SPL defired as




2 4

p-c
- 23" o=
SPL = 10 log,, {p) + 10 logy, > (10)
ref
and the power level PWL defined as
PWL = 10 log;, 1" - 10 logyq ;ef (11)
prmAjAe

REFERENCES

1. Gas Turbine Jet Exhaust Noise Prediction. ARP 876, Soc. .tomot.
Eng., Mar. 1978.

2. Hoch, R. G.; Duponchel, J. P.; Cocking, B. J.; and Brvce, W. D.:
Studies of the Influence of Density on Jet Noise. SNECMA and
MGTE paper presented at the First International Symposium on Air
Breathing Engines (Marseille, France), June 19-23, 1972.



TABLE I.- RANGE AND DEFAULT VALUES OF INPUT PARAMETERS

paigilzer Minimum Default Maximum
Ag, m? ... 0.01 /4 10
N ... 1 1 4
rg, m 0.01 JAq 100
3, deg . . 0 0 30
A’J? . 0.0001 1 19
T} ... 0.7 1 4
V; . . 0 1.0 2.3
‘L, . 0 0 0.9
J’J' .. 0.2 1.9 1.2
Coor W/S . . . 200 340.294 409
du, Kg/m3 0.2 1.225 1.3




TABLE 1I.- DENSITY EXPONENT W

log10 Vj/cw

-+450
‘0‘00
‘0350
-¢300
-«250
-.200
-0150
-.100
-0050
0.000
«050
«100
«150
« 200
«250

-1.000
-.900
‘0760
-+580
—.610
-.220
0.00C

«220
«500
«T77C
1.070
14390
1,740
1.950
2.000

TABLE 1IT.- POWER DEVIATION LEVEL 1og10 P

loqlo Vj/cx log10 P
-+400 -+130
-+350 -+130
-+300 -«130
-¢250 -.130
-+200 -+130
-.150 -.120
-.100 -+.100
-+050 -.050
0.000 0.000

«050 «100
«100 «210
«150 «320
« 200 +410
«250 +430
«300 «410
«350 310
+ 400 «140
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4,

Vo TR LNV

TABLE VII.~ FORWARD VELOCITY INDEX m(9)

8,

deg m ()
0.000 3,000
10.000 1.650
20.900 1.100
30.000 «500
40.000 200
50.000 0.000
60,000 0.000
70.000 «100
80,000 « 400
90.00¢C 1.000
100,000 1.900
110.000 3,000
120,000 4,700
130,000 7.000
140,000 8.500
150,000 8.500
160,000 8.500
170.000 8.500
180,000 8.500
8.4-35
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Spectral Distribution Level, 10 iog,, F
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Figure 6.- Normalized spectral Jdistribution level.
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Spectral Distribution Level, 10 log,, F

Spectrol Distribution Level, 10 log,, F
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Figure 6.- Continued.
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Spectral Distribution Level, 10 logyy F

Spectral Distribution Level, 10 log,, F
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8.5 CIRCULAR JET SHOCK CELL NOISE MODULE

INTRODUCTION

The Circular Jet Shock Cell Noise Module predicts the broadband
shock-associated noise from a single convergent nozzle operating at super-
critical pressure ratios. The method is based on the proposed Appendix C
by H. K. Tanna to SAE ARP 876. The method employs master spectra func-
tions and a shock cell interference function to produce sound spectra as
a function of frequency and polar directivity angle.

The method requires input of several parameters. The jet noise
parameters can be provided by the Jet Noise Parameters Module or directly
by the user. Additional user-provided parameters are required. The
module is executed once for each set of values of the input parameters.
The output is a table of the mean-square acoustic pressure as a function
of frequency, polar directivity angle, and azimuthal directivity angle.
Although jet shock cell noise is assumed rot to vary with azimuthal
directivity angle, it is intrnduced so that the cutput table is com—
patible with other noise tables.

SYMBOLS
A engine reference area, m? (ftz)
Aj jet nozzle reference area, m? (ftz)
ot proportional bandwidth constant
o] correlation coefficient spectrum
c, armbient speed of sound, m/s (ft/s)
£ . frequency, Hz
" Helmholtz number, f\F;/c°°
H group source strengthi spectrum
Hj jet Mach number
M aircraft Mach number
Na number of engines
Ng number of shocks
<p2>: mean-sguare acoustic pressure, re sic:
Prof reference pressure, 2 X 107> Pa (4.177 x 107’ 1b/£t?)

g.5-1



ry distance from nozzle exit to observer, m (ft)

r; dimensionless distance from nozzle exit to observer, re J:;
Tj jet total temperature, K (OR)
T, ambient temperature, K (°R)
Vj fully expanded jet velocity, m/s (ft/s)
W shock cell interference function
a ) 2 1/2
2 pressure ratio parameter, (Mj - l)
§ angle between flight vector and engine inlet axis, deg
n exponent
6 polar directivity angle, deg
Sy ambient density, kq/m3 (slugs/ftB)
o] frequency parameter, 7.808(1 - M_ cos S)Vﬁ;if‘
9 azimuthal directivity angle, deg
Superscript:
* dimensionless quantity
INPUT

The jet noise parameters are required from either the Jet Noise
Parameters Module or the user. Ambient conditions are required for
computation of the frequency parameter and sound pressure levels. The
frejuency, polar directivity angle, and azimuthal directivity angle
arrays establish the independent var:able values for the output table.
Finally, the engine reference area, number of engines, engine offset
angle, and distance to observer are required. The range and default
values of the input parameters are given in table I.

Input Constants

Ag engine reference area, m? (ftz)

N number of engines

Ng number of shocks

re distance from nozzle exit to observer, m (ft)

Jet Noise Parameters

A area of jet, re Ay

M. fully expanded jet Mach number

8.5-2
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jet total temperature, re T

v fully expanded jet velocity, re c_

(WA IR )

Ambient Conditions

c, ambient speed of sound, m/s (ft/s)
M, aircraft Mach number
o ambient density, kg/m> (slugs/ft>)

Independent Variable Arrays

f frequency, Hz

(85}

polar directivity angle, deg

] azimuthal directivity angle, deg

OUTPUT
The output of this module is a table of the mean-square acoustic
oressure as a function of freguency, polar directivity angle, and azi-
muthal directivity angle. In addition, the observer distance rg is

crovided for the Propagation Module.

r distance from nozzle to observer, m (£t}

Circular Jet Shock Tell Noise Table

(A1)

frequencw, Hz

rolar directivity angle, deg

z aziruthal directivity angle, deg
3 " . 2 4
(e=(£,3,5) mean-square acoustic pressure, re D C_
METHOD

The rrediction methodclogy proposed by H. K. Tanna is used to com—
ute the shock cell noise. 3Setails of the Zdevelopmert and validation of
the methcd 2re given in references 1 and 2. A schematic of a typical
oxhaust Jet nozzle s shewn in figure 1. The coordinate system and

irectivity angles are also shown. The total jet noise will be the sum
of the shock cell and jet mixinoc noise.

'
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The normalized 1/3-octave-band mean-square pressure for shock
associated noise is given by

. At [+ W(o,s,v;ﬂ
% = @920 x 107 —1— 2
an(x)® 1 - 9, cos i - J)

n
B H(O) (1)

. . . * . .
The dimensionless source to observer distance rg is defined as

2R NN @

and the frequency parameter ¢ is

0 = 7.808(1 - M_ cos 6),’A; £* (3)

The pressure ratio parameter B is defined as

5 1/2
2 = (Mj - 1) (4)

and is a measure of the relative shock strength. The pressure ratio
parameter 3 must be greater than 0 for shock cell ncise to occur. The
exponent of the pressure ratio parameter n depends on the jet Mach

numpber Mj and the jet total temperature T; as

1 (Unheated jet (T; < 1.1) with 8 > 1)
1 =42 (Heated jet (T; 2 1.1) with B > 1) (5)
4 (All jets with B £ 1)

The shock cell interference function W is a function of the fre-
. . - ~ . . ®
guency parameter ¢, polar directivity angle 3, and velocity ratio V.

bl
and is expressed as
N_-1 Ng- (k+1
S , Nsm el (bog, /2)
W S (e ¥ — KB os (oG, ) (6)
S k=1 m=0
where
1.7cxf I x +1 .
Y = = 1 - o.oskm = i](l + o.7v§ cos 9) (73
3

|y . w—y——



and b = 0.23077. The two master spectra, the correlation coefficient
spectrum C  of equation (6) and the group source strength spectrum H  of
equation (1), arc given in tables I and IIT and plotted in figures 2
and 3, respectively. For an unhecated jet, the value of H  should be

2 dB less than the tabulated value. The shock cell interference func-
tion W is plotted in figure 4 for a value of N, = 8. Once the mean-
square pressure has been computed by equation (1), it is multiplied by

the number of engines Nc to produce the total shock cell noise.

The output of this module is a table of the mean-square acoustic
pressure {p-=) as a function of frequency, polar directivity angle, and
aszimuthal directivity angle. In addition, printed output is available of
the sound pressure level SPL defined as

3y

y -
o
+ LN o

b ref

SPL = 10 log)q <p?Y + 20 logy, (8)

REVERENCES

1. Harper=Bournce, M.; and Visher, M. J.: The Noise From shock Waves in
Supersonic Jets. o Noilse Mechanisms, AGARD-CP-131, . 1974,
pp. 11-1 - 11-13.

19

Tanna, H. K.; Dean, P. D.; and Burrin, R. H,: The deneration and
Radiation of Supersonic Jet Notse,  Volume IV - Shock=-Associated
Nuise Data. AFAPL=TR=76=05, Volume IV, U.S. Ar Force, Sept. 1976,
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TABLE I.- RANGE AND DEFAULT VALUES OF INPUT PARAMETERS

Input Maximum Default Maximum

parameter

2
A,, m e e . 0.01 1/4 10
N, R 1 1 4
N 2 3 10
=1
re.m oo L 0.01 NEW 100
,\; Q.0001 1 10
N J Q 0.9
RN
Mj . 0 1.414 2.0
’I‘; 0.7 1 6
v‘; 0 1 3.5
S, deg 0 J 30
C,r Ms 200 340. 294 400
V., kg/m 0.2 1.225 1.5
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Figure l.- Schematic Jdiagram of single stream circular nozzle.
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8.6 STONE JET NOISE MODULE

INTRODUCTION

The Stone Jet tioise Module predicts the far-field mean-square
acoustic pressure for single stream and coaxial circular jets. Ircluded
in the prediction are both jet mixing noise and shock-turbulence inter-
acticn noise. The method used is that developed by J. R. Stone as pre-
sented in references 1 and 2. For coaxial nozzles, the method is limited
to jets whose core jet velocity is greater than the seccndary jet velocity.
Further, only the core jet velocity may be supersonic.

The method requires input of several parameters. The nozzle exit
flow parame’ :rs can be provided by the Jet Noise Parameters Module or
directly bv the user. Additional user-provided parameters are required.
The module is executed once for each set of values of the input param-
eters. The output is a table of the mean-square acoustic pressure as a
function of freguency, polar directivity angle, and azimuthal directivity
angle. Jet exhaust noise is assumed independent of the azimuthal direc-
tivity angle; however, the prediction is tabulated as a {constant) func-
tion of azimuthal angle so that the output table is compatible with other
noise =ables.

SYMBOLS
Ag engine reference area, m? {£t?)
Aj fully expanded jet area, m? (ftz)
<, ambient speed of sound, m/s (ft/s)
Oa directivity function for jet mixing noise
D directivity function for shock noise
d, equivalent diameter, m (ft)
dh hydraulic diameter, m (ft)
d] let diameter, m (ft)
j; clug diameter, a (ft)
?m spectral distribution factor for jet mixing noise

F spectral distrizution factor for shock noise

£ frequencv, Hz
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fs frequency shift parameter

Ge configquration factor for mean-square pressure for coaxial nozzle

Gp configuration factor for mean-square pressure for plug nozzle

9. confiquration factor for Strouhal number for coaxial nozzle

gp configuration factor for Strouhal number for plug nozzle

Hy forward fligbt effects factor

M Mach number

M aircraft Mach number

m exponent

N number of engines

<p2>f mean-square acoustic pressure, re pic:

<p2(JK;,90°)>* mean-square acoustic pressure at the reference
distance JX; at 0 = 90°, re oic:

Poof reference pressure, 2 X 10™° Fa (4.177 x 10~7 1b/ft2)

R4 ratio of hydraulic diameter to equivalent diameter

r, distance from source to observer, m (ft)

Sm Strouhal numper for jet mixing noise

Sg Strouhal number for jet shock cell noise

T fully expanded jet temperature, K (°R)

T, ambient temperature, X (°R)

v fully expanded jet velocity, m/s (ft/s)

2 pressure ratio parameter, (Mi - 1)1/2

3 angle between flight vector and engine inlet axis, deg

= polar directivity angle, deg

2 modified directivity angle, (Vi)o'le. degq

T Mach angle, deg

\¥]

9]

fully expanded jet density, kg/m3 (sluqs/ft3)

ambient density, kq/m3 (slugs/ft3)
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¢ azimuthal directivity angle, deg
w density exponent
Wo stationary jet density exponent
Subscripts:
1 primary stream
2 secondary stream
Superscript:
* dimensionless value
INPUT

The jet parameters are required from either the output of the Jet
Noise Parameters Module or the user. Ambient conditions are required.
The frequency, polar directivity angle, and azimuthal directivity angle
arrays establish the independent variable values for the output table.
Finally, the engine reference area, number of engines, engine axis offset,
and distance to the pseudo-observer are required. The range and default
values of the input parameters are given in table I.

Input Constants

A, engine reference area, m? (ftz)

N number of engines

re distance from nozzle exit to pseudo-observer, m (ft)

S angle between flight vector ané engine inlet axis, deg

Jet Noise Parameters

Primary Stream

A; 1 primary fully expanded jet arza, re Ag
» . s .
de 1 actual primary stream equivalent diameter, re JAe
. sctual primary stream hydraulic diameter, re JA
dh.l a P Y Y ' e
Ml primary stream Mach number
TI primary stream tocal temperature, re T_
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v; primary stream jet velocity, re c,

c; primary stream jet density, re Oy

Scecondary Stroam

A;,l secondary fully cxpanded jet area, ro AC

M, sccondary stream Mach number

T; sccondary stream total tempuerature, re T,

VS secondary stream jet velocity, re <,

u; secondary stream jet density, re o

Ambicent Conditions

o ambicnt sound speed, m/s (ft/s)

M aircraft Mach number

. ambiont density, kq/m3 (slugs,/ £t3)
Independent Variable Arrays

4 {requency, Hz

2 rolar directiviey angle, Jdeg

<@ azimuthal directivity anale, deg

OUTFUT
The output of this module is a table of the Mean=square acoustic
pressure as a function of frequency, tolar directivity angle, and azi-
muthal directivity anale. In addition the t2eudo-observer distance .

13 provided for the Propagation Module.

r. distance from nozzle exit to pseudo-observer, m (ft)

stone's Method Jet Noise Table
t froequency, Hz
polar directivity angle, deg
> azimuthal Jdirectavity angle, deg

S e . 24
o es o, ) MeAR=SQUATS acoustic pressure, re oo
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METHOD '

The prediction method developed in references 1 and 2 is used to
compute the mean-square acoustic pressure in the far field. The method
uses empirically determined functions to provide the directivity and
spectral content of the field with the computed overall mean-square

acoustic pressure at 6 = 90°,*(p2(di;,90°)):. used to fix the amplitude
throughout the field.

This module can be used to predict the noise for several exhaust
nozzle types including both subsonic and supersonic single stream circular
nozzles, both with and without plugs, and coaxial jets.

The prediction schemes for all nozzle types are developed from two
basic equations, one each for jet mixing noise and shock-turbulence inter-
action noise, each of which is empirically determined. Furthermore, con
figuration factors are used to adjust the levels predicted for single
stream circular nozzles to those for single stream plug nozzles or
coaxial nozzles. Illustrations of these various configuratioms, also
showing the coordinate axis and directivity angles, are provided in
figure 1. i

— -

Jet Mixing Noise

The equation used to calculate the jet mixing noise at a distance rg
from the nozzle exit is ;

. 3/2 ;
2 e KA. 200)> 1+ (0.124v]) 2
(p“(r3,8)> = 5 - -
(rg) (1 + 0.62v] cos 8)° + (0.124V])
. 1 "l * *
x Dm(e ) Fm(sm.e ) Hm(Mco's"’l'ol'Tl) Gpo (

*
In this equation «(pZ(JAe,9O°)> is the mean-square acoustic rressure for
a stationary jet calculated at the reference distance ,’Ae from the
nozzle exit at 8 = 90°, r; is the dimensionless distance from the

. , - - . >
nozzle exit rg referred to “Ae' Fm(sm,e ) is a spectral distribution

function, Hm(Mw,B,VI,oi,TI) is the forward flight effects factor, G
and G_ are configuration factors, and Dp(3’) provides directivity
information. Each of these factors is now considered in detail.

[=4

The mean-square acoustic pressure at the reference distance and

*
3 = 90°%, £ pz(dhe,90°)> ., is calculated through use of the following
equation:
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2.502 x 1076 A% . (o*)¥o(y*)7-5
2 o)y _ 3,191 1
<p?({Ag,90°)) —572 (2)
1+ (0.124Vl)

Here, A; 1 is the fully expanded jet area, pl and Vl are the fully

expanded jet density and velocity, respectively, with all three quanti-
ties evaluated for the primary stream, and nondimensionalized by A,

Pys and c_, respectxvely. The density exponent w is an empxrlcally

()
determlned function of Vl given by
20H3% - 0.6
wW. = (3)
° 3.5
V) + 0.6
The factor Fm(sm,e') is a function of the modified directivity angle

3t = 9(VI)0'1 and the jet mixing noise Strouhal number Sm calculated by

* 3% _ _ «,0.4(l+cos 8")
al [1- M, cos (8 & ap

S
m * *
v, - Mm/Vl)
[1 +0.620v3 - M) cos e] [0-1240v] - » )]
x g 1)
9e P
(1 + O.62V1 cos 6) + (0. 124V )
In this equation £* is the Helmholtz number given as
£ /A
oo SR -
C\X)
M_ 1s the aircraft Mach number, and d; 1 is the jet diameter given as
4
4a%
- _ 2,1
dj,l B T (6)

Further 3 is the angle between the flight vector and the engine inlet
axis, in degrees, and Tl is the fully expanded primary jet temperature
nondimensionalized by T,- The function F m(Sm:3') is normalized such
that the summation over 1/3-octave Strouhal number is unity:



z Fu(Sp,0') =1 (7
sm

and is tabulated in table IT and plotted in figure 2,

The function Dn(8') contains directivity information and is gliven
in table III and plotted in figure 3.

The factors 9. and g are configuration factors which are dis-

cussed when the configuration facters Ge and Gp of equation (1) are

considered. The forward flight effects factor Hm(Mw,G,VI,pI,TI) is
given by

2 2 3/2
. (1 + o.szvi cos 8)° + (0.124v])
* *
Hp(M_,8,v],07,T)) -
” [2 +0.62(v2 - u) cos 6]2 + [o-12a0v) - m ]2
-
(1 - M /v )3 e}y
1-M_ cos.(8-39) (8)
where

3.5
1.8 {vIu - Mm/VI)z/J] - (v;)3'5}

S0, = (9}

° 3.5
{o.e + [V;(l - Mm/vi)yﬂ }[0.6 + (‘J;)3'5]

The function H, 1is normalized such that it is unity if M, =0 for all
values of the remaining parameters:

.
l'Tl)

]
—

Hp (0,2,v1,0 (10)

The configuration factors Gp and G. take the mean-square acoustic
pressure predicted for a single stream circular nozzle and adjust it to
predict the mean-square acoustic pressure for plug and single nozzles,
respectively. The factor Gp is given by

5 10.3
e

0.10 »
S 1 +R

(Nozzle with plug)

(0]
Qo

1 (Nozzle without plug)
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with dp . the

and d'e'l, the

*
e,l

* .
where Aj,l is

these quantitie
The factor Gc

*\1/2
x
T2

n,

* ®
d'n,l/de,l

(12)

plug nozzle hydraulic diameter, given by

nozzle equivalent

*
4Aj,l
T

(13)

diameter, given by

the primary nozzle area and d; is the plug diameter:

s are nondimension
is given by

1

alized by Ag and \JA respectively.

el

* a2/ a® 2 4
'2[1 + Ay ) /35,107 ]

(1 - v;/v;)m +

The exponent m is given by

The factor
single stream C
respectively.

4 t 3
1.14A,2/25,1

3
(r+ Ag.z/Ag.l) (14)

(Coaxial nozzle)

(single nozzle)

(A'j'z/hg’l < 29.7)
(15)

(Ag,z/"g,l 2 29.7)

g, ©F 9 adjusts the Strouhal number Sp for a

jrcular jet to tha

These factors are
0.4
(Rg)
1

¢ for a plug nozzle or a single nozzle,
given by

(Nozzle with plug}
(16)

(Nozzle without plug)
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! (Single nozzle)

where f; is an empirically determined function of the area ratio param-

" . e e LAY ] . . :
eter 1 + Aj,z/hj.l and the velocity ratio Vz/vl. This function is
tabulated in table IV and plotted in figure 4.

Shock Noise

The 1/3-octave-band mean-square acoustic pressure due to shock-
turbulence interaction noise is calculated through use of the following
equation:

“dia?
(3.15 < 10 )Aj, 4 PS(SS) Ds(O'Ml) Gc

2y - 1 _38
N . 2 241 =M cos (¢ - ) (18)
(rg) -3 )
In this equation 8 1s the pressure ratio parameter as follows:
5 172
3 = (Ml - 1) (19)

which must be greater than zero for shock cell noise to occur.

The function DS(S,MI) provides the dependence of the shock cell
noise, for a stationary jet, on the directivity angle @ and the fully
expanded primary stream Mach number Ml. This function is given by

DS(F,MI) =
1.189 (¢ > Sm)

where Om is the Mach ancie defined by

9m = Arcsin (I/Ml) (20)
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The spectral content of the shock noise is provided through the
function Fs(ss) which depends on the Strouhal number Sg:

" _*

£'a /2
5, = —n.l 3[1 - M_ cos (0 - 5):] [(1 +0.7v] cos §)% + (o.14v;)2]

0.70v;

(21)

The function PS(SS) is tabulated in table V and plotted in
figure 5.

The total far-field jet noise will be the sum of the shock noise and
the jet mixing oise.

The mean-square acoustic pressure for one engine, which is the sum of
the jet mixing noise, as computed by equation (1), and the shock noise, as
computed by equation (18), can be computed for each desired value of the
frequency, polar directivity angle, and azimuthal directivity angle. The
total noise is the mean-square acoustic pressure multiplied by the number
of engines N for the output table. 1In adgition, printed output is
available of the mean-square pressure (p2> and sound pressure level
SPL defined as

P _c
3 (22)

Pref

2 4
@ o

*
SPL = 10 log, {p? + 10 log, o

Power level calculations are not performed by this module.

REFERENCES
1. Stone, James R.: Interim Prediction Method for Jet Noise. NASA
T™ X-71618, 1974.
2. Stone, James R.: and Montegani, Francis J.: An Improved Prediction

Method for the Noise Generated in Flight by Circular Jets. NASA
T™-81470, 1980.
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TABLE I.-

RANGE AND DEFAULT VALUES OF INPUT PARAMETERS

pa£:§::er Minimum Default Maximum
Ay, md .. .. 0.01 n/4 10.0
- P 1 1 4
S 0.01 PPe 100
§, deg . . . . 0 0 30
A; L e e e 0.0001 1 10
as | e 2 x 10°%/\V7 2N Jao/m
R 2 x 1072/ V7 27 Jaosm
My .. .. 0 1.0 1.25
O 0.7 1.0 4.0
¢
Vi ... ) 1.0 2.5
oi - e e . 0.2 1.0 1.2
A; . . ... ) 0 10
M, e e 0 0 1
]
. S 0.7 1 4
*
vy .. .. ) 0 2.5
03 ; 0.2 1.0 1.2
c o m/s . . .. 300 340.294 400
. 0 ) 0.9
[+ -]
S, kg/m” . . . 1.0 1,225 1.5

.6-11
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TABLE III.- JET MIXING NOISE DIRECTIVITY LEVEL 10 loglo Dm

8, deg 10 log, 4 Dp
110.0 0.00
120.0 -e51
130.0 =1.07
140.0 =-1.56
150.0 -1.98
160.0 -2.5%55
170.0 -3,00
180.0 -3.50
190,90 -4,01
200.,0 -4e52

TABLE IV.- FREQUENCY SHIFT PARAMETER fs

f for V*/V* of -
log (1 + ] ,/A],;) : —

G.20 0.40 0.60 0.80 1.00

0.00 0.00 0.00 0.00 0,00 0.00
.05 « 0% «05 «06 «05 « 04
«10 «07 «09 012 «10 «08
15 11 13 «18 «15 012
«20 «14 17 23 «20 16
«25 «16 21 28 «25 «20
«30 19 25 +33 29 «23
35 21 «28 37 «33 26
« 40 24 31 bl «37 «30
b5 25 35 45 « 40 «32
«50 «27 38 X 1) 43 35
« 595 28 o4l 51 X Y. 38
60 « 28 %3 53 +48 ol
«65 29 Y 56 «52 b3
o 70 029 R 59 54 o 45
«75 «30 51 61 «56 48
« 80 «30 33 b4 «59 «50
85 30 55 1) «61 «52
90 «30 57 67 «63 54
«95 «30 59 69 .1 «%6
1.00 «30 81 T 693 1)
1.05 «30 «63 «73 68 +«60
1.10 «30 «b5 o716 «69 o631
1.19% 30 -1, 75 «T0 «63
1.20 «30 08 o717 72 65
1.29% «30 « 60 78 «73 « 66
1.30 «30 71 «79 T4 «87
1.39% «30 72 81 75 « 869
1.40 «30 «73 .82 « 76 «70
1e45 «30 o Th «83 « 77 o71
1.50 «30 o716 o846 «78 « 73
1.5%% <30 « 17 «85 «80 T4
1.60 «30 .78 +86 81 «73
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TABLE V.- SHOCK NOISE SPECTRAL DISTRIBUTION

LEVEL 10 log,, P

log10 Ss 10 log10 Fs

-1.8 -94,60
‘lo7 ‘09.63
-1.6 -84,60
~1.5 ’79060
-1.‘ -7‘.60
=1.3 69,60
-1e2 -64,60
1.1 =59.,60
=1.0 =54 ,60
-9 -49,60
-.6 -44,60
-7 -39,69
-ob -34,060
-5 -29,60
-o b -24,60
-e3 -19.60
-e2 -14.,60
-el -9.60
0.0 -7.60
ol -8,60
2 -9,60
3 -10.60
b ~11.60
o5 -12.60
b -13.60
o7 -14.60
o8 -15.60
«9 -16060
1.0 -17.60
1l.1 -18,60
1.2 -19,60
1.3 «20.60
1.4 =21.60
105 -22.60
1.6 -23.60
1.7 -24.60
1.8 -2%5.60
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{b) Dual stream coaxial nozzle.

Figure l.- Schematic diagrams of nozzles.
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8.7 DUAL STREAM COANNULAR JET NOISE MODULE

INTRODUCTION

The Dual Stream Coannular Jet Noise Module predicts the noise charac-
teristics of a coannular jet exhaust nozzle with an inverted velocity pro-
file. The dual stream jet has a secondary, or outer, flow which has a
higher jet velocity than the primary flow. The method converts the
coannular jet to an equivalent single stream jet with the same thrust,
mass flow, and energy. The prediction is based on the method developed by
Fao anG Russell as presented in references 1 and 2.

The method requires input of several parameters. The two-nozzle exit
flow states can be provided by the Jet Noise Parameters Modulz or directly
by the user. Additional user-provided parameters are required. The
module is executed once for each set of values of the input parameters.
The output is a table of the mean-square acoustic pressure as a function
of frequency, polar directivity angle, and azimuthal directivity angle.
Although the jet noise is assumed not to vary with azimuthal directivity
angle, it is introduced so that the output table is compatible with other
noise tables.

SYMBOLS
A fullvy expanded jet area, m2 (ft?)
A, engine reference area, m= (ftz)
<, ambient speed of sound, m/s (ft/s)
D directivity function
de“ equivalent jet diameter, m (ft)
dy, jet hydraulic diameter, m (ft)
4 frequency, H:z
£* Helmholtz number, f‘j;e_/cm
G spectral distribution function
M aircraft Mach number
m forward velocity index
= mass flow rate, kg/s (slugs/s)
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Ca

—

(]
[ V]

number of engines

power deviation factor

mean-square acoustic pressure, re p:p:

reference pressure, 1 x 1073 Pa (4.177 x 10~/ 1b/ft?)
distance from nozzle exit to observer, m (ft)

dimensionless distance from nozzle exit to observer, re JE;
Strouhal number

first peak Strouhal number

second peak Strouhal number

total temperature, K (°R)

ambient temperature, X (°R)

jet velocity, m/s (ft/s)

relative spectral peak magnitude factor

= JAz/Al

ratio of specific heats

angle between flight vector and engine inlet axis, deg
polar directivity angle, deg

acoustic power, re Dmciﬁeq
reference power, 1 ¥ 10712 w (7.376 x 10713 ft-1b/s)
12t density, kg/m3 (slugs/ftB)

ambient density, kq/m3 (sluqs/ft3)

mormalized Strouhal number

first peak normalized Strouhal number

second peak normalized Strouhal number

azimuthal directivity angle, deg

density exponent
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Subscripts:

eq equivalent jet
1 primary jet

2 secondary jet
Superscript:

*

dimensionless quantity

INPUT

The primary and secondary jet parameters are required from the output

of the Jet Noise Parameters Module or from the user. Ambient conditions
are required for computation of the Strouhal number and sound pressure

levels. The frequency, polar directivity angle, and azimuthal directivity
angle arrays establish the independent variable values for the output
table. Finally, the engine reference area, number of engines, engine
inlet axis offset, and distance to observer are required. The range and

default values of the input parameters are given in table I.

Input Constants

A, engine reference area, m2 (ftz)

N number of engines

rg distance from nozzle exit to observer, m (ft)

3 angle between flight vector and engine inlet axis, Jdeg
Primary Jet Parameters

A; primary jet area, re Ae

T; primary jet total temperature, re T,

VI primary jet velocity, re €

OI primary jet density, re Py

Yl ratio of specific heats for primary jet
Secondary Jet Parameters

A; secondary jet area, re A,

e

-

secondary jet hydraulic diameter, re ,fAe
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; secondary jet total temperature, re T,
V; secondary jet velocity, re €
; secondary jet density, re Pu

Y2 ratio of specific heats for secondary jet

Ambient Conditions

c, ambient speed of sound, m/s (ft/s)
M, aircraft Mach number
P ambient density, kg/m3 (slugs/ft3)

Independent Variable Arrays

f frequency, Hz
8 polar directivity angle, deg
$ azimuthal directivity angle, deg

QOUTPUT

The output of this module is a table of the mean-square acoustic
pressure 2z a function of frequency, polar directivity angle, and azi-
muthal directivity angle. 1In addition, the observer distance rg is
provided for the Propagation Module.

r distance from nozzle exit to observer, m (ft)

Double Stream Coannular Jet Noise Table

£ frequency, Hz
3 pclar directivity angle, deg
3 azimuthal directivity angle, deg
5 3 * . 2 4
<p~(f,~.o)) mean-square acoustic pressure, re 0

METHOD

The noise prediction method determines the noise characteristics of a
single equivalent jet which has the same total thrust, mass flow rate, and
energy as the coannular jet. The l/3~octave-band mean-sguare acoustic
pressure is computed as a function of frequency, polar directivity angile,
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and azimuthal directivity angle for the input conditions.
used has been extracted from references 1 and 2.

The method
A scuematic of a typical

coannular jet nozzle is shown in figure 1.

The mass flow rate of the equiva

eq = M) 2
L S T . .
where m" + p*A"v*, rThe equivalent j
the equivalent Jet thrust to the sum
as
LA J *°®
+
o N Ve,
Veq = .
Meqg

By assuming that the products of comb
9gas constant, the equivalent jet temp
energy equation as

lent jet is given by

(1)

et velocity is computed by equating
of the thrus.s of the individual jets

(2)

ustion do not affect the value of the
e€rature can be computed from the

Y Y
X 1 » X 2 *
My -1 eI
* 1 2 (3)
eq o Yl o Tz
1 Yl -1 2 Y2 -1
The equivalent specific heat ratio is determined by the mass average
n Y1 +nt Y2
Y ly -1 2y, -1
eq  _ 1 _ - 2 (4)
qu -1 m o+ m,

The equivalent jet density is found f
pressure is equal to the ambient stat
gas law yields

L 4

Y. -1 -1
= [T - _ES____(V‘ )2
eq 2 eq

rom the condition that the jet static
ic pressure. Rearranging the perfect

o} (S)
eq
and the equivalent jet area is
m
AT = 2 (6)
9 L'y
eq eg
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The equivalent jet diameter is

an* 1/2
a* = (_eﬂ)

- (7)

The acoustic power N* is calculated for the equivalent jet using
the single stream circular jet method. A coannular benefit factor 0O is
added to this relation to account for double stream effects. The result-
ing expression fcr the acoustic power is

* w5y o W e B e " gk g
" = (6.67 x 10 )(peq) (Veq) P(Veq)Q(Veq,VZ/Vl) (8)

The power deviation factor P is a function of the velocity ratio

loglo v;q and is giver in table IY and plotted in figure 2. The density

exponent w 1is a function of the velocity ratio loglo V; and is given

in table III and plotted in figure 3. The coannular benefit factor Q

is a function of velocity ratio VE/V{ and velocity ratio loqlo V;q

and is given in table IV and plotted in figure 4.
The mean-square pressure is computed from the acoustic power using

a normalized directivity function and a normalized spectrum function.

For a directivity angle less than 110°, the 1/3-octave-band mean-square
Fressure 1is

b AL D(8,vZ,) va - M \B(®)
e - 21-M_cos (8 -8 G(8op) * 9
47 (r>) @ v
eq
and for directivity angles greater than 110°,
*,* * ' * m(2)
oY - I Acg ] o(e,veq) G(8,0) . a G(G.cz) veq M_
° . 21-M_cos (B-8|1+a I+a o
4"(’:s) eq
(10)
» -
where rS = /’ The directivity function D in eguations (9)

aad (10) is a functlon of polar directivity angle © and velocity ratio
log; g ;q and is given in table V and plotted in figure 5. The terms

waich include the aircraft Mach number M account for forward flight
effects. The forward flight index m(6) 1is a function of : .ar direc-
tivity angle 2 and is given in cable VI and plotted in figqure 6. The
angle 3 allows for an offset between the engine inlet axis and the
d:rection of flight. Thr2 ~maining terms in equations (9) and (10) give
tne spectral distribution.
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.. coannular jet has a spectrum characterized by two peaks. The
first peak corresponds to the characteristics of the outer stream and
exists for all values of the polar directivity angle. The second peak
corresponds to the characteristics of the mixed stream and exists for
values of the polar directivity angle greater than 110°. The spectra are
expressed in terms of the Strouhal number defined as

£*a* 0.4
- eq " .
s - (req) 11)

Veq - Mw

The peak Strouhal numbers are a function of polar directivity angle 6
and velocity ratio loq10 veq‘ The first peak Strouhal number S; is
given in table VII and plotted in figure 7. The secord peak Strouhal
number S, is given in table VIII and plotted in figure 8. The Strouhal
numbers used to define the spectrum shape are normalized with respect to
the corresponding peak Strouhal number. The normalized Strouhal num-
bers ¢ are defined as

£*a*
1
gy = - ——9_(qp* ,0-4 (12)
Losyyr -, =
eq ™
and
£*ar
0, = o= ol )0 (13)
2Veq ~ Y

The two spectral peaks differ in magnitude by a factor a'. This
relative magnitude factor is de“ined as

-
a
2
a' = “‘Véé'VE/VI'e)XT' (14)
eq

The spectral peak magnitude factor a is a function of the equivalent
velocity leg;qg v;q, the velocity ratio V;/V;, and the polar directivity
angle 3. The values of the spectral peak magnitude factor a are given
in table IX and plotted in figure 9. The spectral shape is defined by the
spectral distribution G as a function of polar directivity angle 6 and
normalized Strouhal number J. The values of the spectral distribution G
are given in table X and plotted in figure 10.

All of the terms in equations (9) and (10) have been defined. The
mean-square acoustic pressure can be computed for each desired value of
frequency, polar directivity angle, and azimuthal directivity angle. The
total noise is the mean-square acoustic pressure multiplied by the number
of engines N for the output table. In addition, printed output is
available of the dimensionless mean-square pressure (pz)f, the sound
pressure level SPL defined as
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p
SPL = 10 log,, < - 20 log,, -E% (15)
puocco
and the power level PWL defined as
* . nref
PWL = 10 log, 4 T -10 log;, 3 » (16)
pcA A
o ® eq e

REFERENCES

l. Pao, S. Paul: A Correlation of Mixing Noise From Coannular Jets With
Inverted Flow Profiles. NASA TP-1301, 1979.

2. Russell, James W.: A Methcd for Predicting the Noise Levels of
Coannular Jets With Inverted Velocity Profiles. NASA CR-3176, 1979.
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TABLE I.-

RANGE AND DEFAULT VALUES OF INPUT PARAMETERS

x

pa£:§:§er Minimun Default Maximum
Ag, m? . . . 0.01 /4 10
N . . 1 1 4
re,mo. .. 0.01 A, 100
3, deg . . . 0 0 30
AI . 0.0001 1 10
TI .. 0.7 1 6
vi . 0 1.0 2.5
M .. ) 0 0.9
:1 .. 0.2 1.0 1.2
Y, 1.3 1.4 1.5
A; . . 0 0 10
4 , . 0.01 1 10
TS ... 0.7 1 6
v3 0 0 2.5
5. 0.2 1.0 1.2
Yo .o 1.3 1.4 1.5
c, m/s . . 200 340.294 400
>, kg/m3 . 0.2 1.225 1.5




L

TABLE II.- POWER DEVIATION FACTOR log10 P

log10 Veq/c°° log10 P
-0600 -0130
-+350 -0130
~-«300 -+130
-e250 ~e130
~e200 -Oigg
-+150 ~e
-¢100 -+100
=¢050 -+ 050
0.000 Ouggg

«050 N

«100 210
«150 .2:8
« 200 N

250 +430
«300 e410
«350 «310
«%00 «140

TABLE III.- DENSITY EXPONENT,

loglO Veq/cm w
-s450 -1,000
-.600 -.900
~¢35%0 -+ 760
-¢300 -e580
°025° '0‘10
-.200 ~e220
--150 0.000
-.100 220
-.,050 «500
0.000 « 770

«050 1.070
«100 1.390
«150 1.740
»200 1.9%0
«250 2.000
8.7-10
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TABLE VI.- FORWARD VELOCITY INDEX m(9)

9,
deg m(8)
0.000 3.000
10.000 1.650
20.000 1.100
30.000 « 500
40.000 «200
50.000 0.000
60,000 0.000
70.000 «100
80.000 «%00
90.00¢ 1.000
100.000 1.900
110.000 3,000
120.000 4.700
130.000 7.000
140.000 8.500
150,000 8.500
160.000 8.500
170.000 8.500
180.000 8.500
8.7-13
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8.8 AIRFRAME NOISE MODULE

INTRODUCTION

The Airframe Noise Module predicts the broadband noise for the dcmi-
nant components of the airframe. The method is based on a method devel-
oped by Fink of the United Technologies Research Center for the Federal
Aviation Administration (ref. 1). The method employs empirical and
assumed functions to produce sound spectra as a function cof frequency,
polar directivity angle, and azimuthal directivity angle. Each spectrum
is the sum of all the airframe component spectra produced by the wing,
tail, landing gear, flaps, and leading-edge slats.

The method requires input of several parameters. The aircraft Mach
number and control settings can be provided by the Airframe Noise Param-
eters Module or directly by the user. Additional user-provided parameters
describe the airframe geometry. The module is executed once for each set
of values of the input parameters. The ocutput is a table of the mean-
square acoustic pressure as a function of frequency, polar directivity
angle, and azimuthal directivity angle.

SYMBOLS
A area, m? (£t2)
a exponent
b span, m (ft)
C, ambient speed of sound, m/s (ft/s)
D directivity function
da tire diameter, m (ft)
F spectrum function
f freguency, Hz
G geometry function
Iig landing-gear position
K constant
L landing-gear strut length, m (ft)
M aircraft Mach number
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s e e

N number of landing gear

n number of wheels per landing gear

(pz)f mean-square acoustic pressure, re o:c:

Pref reference pressure, 2 X 10”2 Pa (4.177 x 10”7 1b/£t2)
re distance from source to observer, m (ft)

r; dimensionless distance from source to observer, re bw
S Strouhal number

s number of slats for trailing-edge flaps

) boundary-layer thickness, m (ft)

Sf flap deflection angle, deg

a polar directivity angle, deg

By ambient dynamic viscosity, kg/m-s (slugs/ft-s)

i acoustic power, re chipi

zref reference pewer, 1 x 10712 ¥ (7.376 x 10-13 £+-1b/s)
Se ambient density, kg/m3 (slugs/ft3)

2 azimuthal directivity angle, deg

Subscripts:

£ flap

h horizontal tail

oG main landing gear

ng nose landing gear

v vertical tail

w wing

Superscript:

o dimensionless gquantity
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INPUT

The aircraft Mach number, control settings, and ambient conditions

are required from either the output of the Aircraft Noise Parameters

Module or the user.

The frequency, polar directivity angle, and azi-

muthal directivity angle arrays establish the independent variable values

for the output table.
description of the airframe.
observer is required.

eters are given in table I.

Ag

& &

o
re

&

o

<

Input Constant

Several parameters are required for the geometric
Finally, the distance to the pseudo-
The range and default values of the input param—

distance from source to observer, m (ft)

Airframe Geometry
flap arecz, m? (£t2)
horizontal tail area, m? (£t2)
vertical tail area, m? (ft2)
wing area, m2 ({t
flap span, m (ft)
horizontal tail span, m (ft)
vertical tail svan, m (ft)

wing span, m (ft)

tire diameter of main landing gear, m (ft)

tire diameter of nose landing gear, m (ft)

main landing-gear strut length, m (ft)

nose landing-gear strut length, m (ft)

number of wheels per main landing gear

number of wheels per nose landing gear

number of main landing gear

number of nose landing gear

number of slots for trailing-edge flaps
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Airframe Noise Parameters
Ilq landing-gear position

6f flap setting, deg

Ambient Conditions

c, ambient speed of sound, m/s (ft/s)

M, aircraft Mach number

Py ambient density, kg/m3 (slugs/ft3)

U ambient dynamic viscosity, kg/ms {slugs/ft~s}
Independent Variable Array

£ frequency, Hz

8 polar directivity angle, deg

3 azimuthal Jdirectivity angle, deg

OUTPUT
The output of this module is 2 table of the mean-square acoustic
pressure as a function of frequency, polar directivity angle, and azi-
muthal directivity angle. In addition, the observer distance rg is
provided for the Propagation Module.

L distance from source to observer, m (ft)

Airframe Noise Table

£ frequency, Hz

(8 8

polar directivity angle, deg

> azimuthal directivity angle, deg
2 - . . 2.4
(p (£,3.3)> pean-square acoustic pressure, re 2 C_
METHOD

The prediction methcd presented in reference 1l is used to conpute
the far-field noise. The airframe noise components considered ‘n the
sethod are shown in figure 1. The definitions of the directivity angles



are shown in figure 2. 1In the following discussion, the general approach
for the prediction method is presented first and then the cdetailed method
is given for each airframe component.

The equation for the far-field mean-square acoustic pressure for
the airframe is

* n* 8,4) F
4m(rg)® (1 - M_ cos 0)

(1)

In equation (1), TI* is the overall power, D is the directivity func-
tion, and F is the spectrum function. The source to observer distance
T is expressed in dimensionless form as r; = rs/bw' The forward 4

velocity effect is accounted for by the Doppler factor (1 - M_ cos 8)".

The Strouhal number S is defined as

fL
M c

@ oo

S = (1 - M_ cos 8) (2)

where L 1is some length scale characteristic of the particular airframe
noise source being computed.

The acoustic power for the airframe M* can be expressed as
* a
T =KM) G (3)

where K and a are constants determined from empirical data. The
geometry function G is different for each airframe component and
incorporates all geometry effects on the acoustic power.

As indicated by equation (1), each airframe noise source has its own
directivity function D and spectrum function F. Using these "unctions
and the acoustic power, the mean-square acoustic pressure can be computed
as a function of frequency, polar directivity angle, and azimuthal direc-
tivity angle for a given set of input parameters. The empirical constants
and functions used to compute the acoustic power are summarized in
table II. The directivity and spectrum functions are given in table III.
Each airframe noise component is described in detail below.

Trailing-Edge Noise

The primary mechanism for noise generation for clean wing and tail
surfaces is the convection of the turbulent boundary layer past the
trailing edge. The turbulence intensity is assumed to be independent of
Reynolds nunber and the turbulent length scale is assumed to be the
boundary~layer thickness. The directivity function is assumed to be
aligned with the lift dipole, and the spectrum function is determined
empirically.
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The acoustic power due to trailing-edge noise of a conventionally
constzucted wing is

1" = (4.464 x 107)M260 (@)

L
The dimensionless turbulent boundary-layer thickness éw is computed from
the standard flat-plate turbulent boundary-layer model

-0.2
5 = 0.37 ¥ Poltei 5

w

Simiiarly, the acoustic power for the horizontal tail is

bh 2
T* = (4.464 x 10" 2)M28% = (6)
mhbw
and for the vertical tail is
M* = (4.464 x 1072)m28” v} 4
. Mot by, ()

The boundary-layer tnicknesses 6; and 6; are computed from equa-

tion (5) using the approgriate values of A and b. If the airplane

is acrodynamically clean, such as a sailplane or jet aircraft with simple
trailing-edge flap mechanirms, the constants in equations (4}, (6),

and (7) should be reduced to 7.075 % 10, an 8-dB decrease.

The directivity function D for the clean wing and horizontal tail
1$ given by
2 2
D(8,d) = 4 cos® ¢ cos” €/2 (8)
and for the vertical tail

D(d,$ =4 sin? ¢ cos® 9/2 (9)

These directivity functions are plotted in figures 2 and 3, respectively.
The spectrum function F is given by

-4
£(s) = 0.613105)% [108)1+5 + 0.5] (10
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for rectangular wings and

-4
F(s) = 0.485(108)% [(108)1-35 + 0.5 (11)

for delta wings. These spectrum functions are plotted in figure 4. The
Strouhal number S is defined for this component as

£8"b
s M

(1 - M_ cos 8) _ (12)

where the appropriate value of the span b and the boundary-layer thick-
ness 8" for the wing, vertical tail, or horizontal tail is used depend-
ing on the noise source being predicted. The mean-square acoustic pres-
sure is ther computed from equation (1).

Leading~-Edge-Slat Noise

The deployment of the leading-edge slats produces increased noise by
two different mechanisms. First, the slat produces an increment of wing
trailing-edge noise due to its impact on the boundary layer of the wing.
Second, the leading-edge slat itself produces trailing-edge noise. Both
mechanisms are accounted for in this method.

The added acoustic power due to the increase in wing trailing-edge
noise or the slat trailing-edge noise is assumed to be equal to the clean
wing noise. Therefore, equation ({4) can be used to predict the overall
acoustic power for either slat noise source. The directivity function
for either slat noise source is given by equation (8) and plotted in fig-
ure 2. The spectrum function for the added wing noise is given by equa-
tion (10). The spectrum function for the slat noise is

-4
F(s) = 0.613(2.195)% [(2.19511+5 + 0.5] (13)

which assumes that the slat cnord is 15 percent of the total wing chord.
The Stroukal number S is given by eguation (12). The two specirum
functions are plotted in figure 5, along with their sum, to show the
combined effect of slat noise. The mean-square acoustic pressure is
then computed from eguation (1).

Flap Trailing-Edge Noise

Extension of the wing flaps increases the level of airframe noiss.
This noise is assumed to be produced by the lift fluctuations due to the
incident turbulence on the flap. This noise increases as the flap exten-
sicn is increased. The noise is assumed to be aligned with the lift
dipole of the deflected flap.
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The acoustic power due to flap noise for single
slotted flaps is

T = (2.787 x 10-4)Mi

where 6f is the flap deflection angle.
overall acoustic power is

For triple

*

A
1 = (3.509 x 107HME = sin® &
cnbz

w

which increases the
complexity.

power by 1 dB to account for the
The directivity function D for the flap noise

D(8,9) = 3(sin éf cos 6 + cos Gf sin 8 cos

which is plotted in figure 6 for Sf = 30°.
are
(0'04805f
-0.55
F =
(S¢) 0.1406S
-3
216.495f

for single and double slotted flaps and

0.0257S¢

0.05365;0'0625

-3
b4

FiSg) =

17078S

for triple slotted flaps.
the Strouhal number is defined as

fA

S =

(1 - M_cos 9)
4 Mﬂbfc°° ®©
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or double

(14)

sloited flaps, the

(15)
added flap
is
9? (16)

The spectrum functions F

(s < 2)

(2 £s %20 17)

{20 < 8)

(s < 2)

(2 £ss79) (18)

(75 < 8)

Using the flap chord as the reference length,

(19)



The spectrum functions given by equations (17) and (18) are plotted in
figures 7 and 8, respectively. The mean-square acoustic pressure is then
computed from equation (1).

Landing-Gear Noise

The mechanism for noise generation due to landing-gear extension is
complex and dependent on the particular landing-gear design being con-
sidered. The process has been simplified with the assumption, based on
the experimental comparisons made in reference 1, that there are only two
predominant noise sources. Noise generated by the strut and wheel appears
to dominate other potential sources. Separate predictions are made for
the strut and wheel noise which are added together to yield the total
landing~-gear noise.

For a one- or two-wheel landing gear, the acoustic power due to the
wheel noise is

2
T* = (4.349 x 10-4)M2n(%) (20)

and due to the strut noise is

2
L. -4yq6(S\" L
" = (2.753 x 10 )MQ( ) 3 (21)

Similarly, for a four-wheel landing gear, the acoustic power due to the
wheel noise is

2
n* = (3.414 x 10'4)M5n(ﬁL) (22)
@ \b
W
and due to the strut noise is the same as equation (2i). 1In equa-
tions (20), (21), and (22), d is the tire diameter, £ is the strut

length, and n is the number of wheels per landing gear.

The directivity function for the landin¢-gear wheel noise is
D(9,9) = % sinZ 8 _ (23)
and for the strut noise

D(6,3) = 3 sin? 8 sin? & (24)
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These directivity functions are plotted in figures 9 and 10, respectively.
For a one- or two-wheel landing gear, the spectrum function for the wheel
noise is

F(S) = 13.595%(12.5 + s2)"2-25 (25)
and for the strut noise is
F(s) = 5.32552(30 + s8)! (26)

Similarly, for the four-wheel landing gear, the spectrum function for the
wheel noise is

F(S) = 0.057782(1 + 0.2552)71+3 (27
and for the strut noise is
3 2,-3
F(s) = 1.280S°(1.06 + S°) (28)

1f the tire diameter is used as the reference length, the Strouhal number
is defined as

fd
M C

w0 oo

s = (1 - M, cos 8) (29)

The four spectrum functions are plotted in figures 11 to 1l4. The wheel
and strut mean-sgquare acoustic pressure are computed separitely by using
equation (1). They are then summed to yield the total landing-gear mean-
square acoustic pressure. The noise due to the main landing gear and nose
landing gear are computed separately.

Output Computation

The mean-square acoustic pressure for the airframe is the sum of all
the components desired by the user. It is computed for each value of the
frequency, polar directivity angle, and azimuthal directivity angle for
the output table. In addition, printed output is available of the sound
pressure level SPL defined as

2
2 * Dmcm

SPL = 10 log,, {p*> + 20 log,, — (30)
ptef
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£
and the power level PWL defined as
D c3b2
* @ W
- PWL = 10 log,. I + 10 log (31)
10 10 1
ref
REFERENCE

1. Fink, Martin R.: Airframe Noise Prediction Method.

Mzr. 1977. (Available from DTIC as AD A039 664.)
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TABLE I.- RANGE AND DEFAULT VALUES OF INPUT PARAMETERS

pai:f:::er Minimum Default Maximum
r., ™. . . .. 0.01 b, 100
Ag, m° . ... 0.01 10 100
A, m? L. 0.02 20 200
Ay, m® . ... 0.02 20 200
A, md ... 0.1 100 1000
T S 0.01 5 20
by, m. . . .. 0.02 10 20
bys @ . - . . . n.02 10 40
by, B . . . . . 0.1 20 100
dpgr m . - c.001 1 s
dpge @+ - . - 0.001 1 5
S S 0.003 3 15
Lhgr @ - - 0.003 3 15
nmq . 4 4
"nq .. .. 1 2 4
Npg « - - - - 1 2 4
Nog - . 1 1 2
S ... ... 1 3 3
Tgg « <o - - 0 1 1
Mo e 0 0.3 0.9
Ser deg . . . 0 0 5
c_. w/s . . 200 340.294 400
o, ka/m> . . . 0.2 1.225 1.5
. kg/ms . . 1.5 x 107> | 1.7894 x 16"% | 2.0 x 10°°

8.8-12



o e L e T et e A inaatn e od

TABLE II.- EMPIRICAL CONSTANTS AND FUNCTIONS FOR

AIRFRAME ACOUSTIC POWER

Source K a G

Clean wing and
leading-edge slat
(conventional
construction) . . . | 4.464 x 10°°] s st

Horizontal tail
{conventional 2
construction) . . . | 4.464 x 1073 | s 6; (b, /b,)

Vertical tail
(conventional -5 v 2
construction) . . . | 4.464 x 10 5 8, (b,/b,)

Clean wing
(aerodynamically
clean) . . . . - . . | 7,075 x 1076 | 5 se

Horizontal tail
(aerodynamically . 2
clean) . - . - - . . | 7.c715 x 1078 | s 8, (by /b))

Vertical tail
{aerodynamically _
clean) . . . . . . . | 7.075 x 10 5 8% (b /b )2

Single .r double
slotte. trailing-
edge flaps . . . . . 2.787 x 1079 | 6 (A,/bi)'sinz 6f

Triple slotted
trailing-edge
flaps . . .. ... |3.509x107% | 6 | (a/fb2) sin? &,

One- or two—wheel
landing-gear wheel 5
noise . . . . . . . |4.349x1074 | 6 n(d/b,)

Four-wheel landing- _ 2
gear wheel noise . . 3.414 * 10 6 n{d/b,)

Landing-gear strut 4 2
noise . . . . . . . | 2.753 x 10~ 6 (d/p,) “ (/)
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TRAILING-EDGE FLAPS LEADING-EDGE SLATS

HORIZONTAL TAIL

VERTICAL TATL —— \

—
mmmcm/ /

NOSE LANDING GEAR

Figure 1.- Sources of airframe noise included in prediction model.
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(a) Variation with polar directivity angle.

{(b) Variation with azimuthal dicectivity angle.

Figure 2.- Diractivity level for clean wing, horizontal tail,
and leading-edge slat noise.
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(a) variation with polar directivity angle.

(>} Variation with azimuthal directivity angle.

Figure 3.- Directivity level for vertical-tail trailing-edge noise.
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(a) Variation with polar 3directivity angle.

(b) Variation with azimuthal directivity angle.

Figure 6.- Directivity level for flap trailing-edge ncise
at a 30° flap angle.
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fa) Variation with polar directivity angle.

(b) Variation with azimuthal directivity angle.

- Directivity level for landing-gear wheel noise.

Figure 9.
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(a) Variation with polar directivity angle.

0

(b) Variation with azimuthal directivity angle.

Figure 10.- Directivity level for landing-gear strut noise.
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8.9 SMITH AND BUSHELL TURBINE NOISE MODULE

INTRODUCTION

The Smith and Bushell Turbine Noise Module predicts the broadband
noise for an axial flow turbine. The prediction is based on the method
developed by Smith and Bushell (ref. 1). The method employs empirical
functions to produce sound spectra as a function of frequency and polar
directivity angle. The method assumes that the only significant noise
source is the "vortex"™ component, which is the broadband noise due to the
interaction of the rotating blades with random velocity patterns in the
flow.

The method requires input of several parameters. The turbine
entrance and exit flow parameters can be provided by the Turbine Noise
parameters Module or directly by the user. Additional user-provided
parameters are required. The module is executed once for each set of
values of the input parameters. The output is a table of the mean-square
acoustic pressure as a function of frequency, polar directivity angle,
and azimuthal directivity angle. Although turbine noise is assumed not
to vary with azimuthal directivity angle, it is introduced so that the
output table is compatible with other noise tables.

SYMBOLS
A turbine inlet cross-sectional area, m? (ft2)
Ag engine reference area, m? (ft?)
C rotor blade mean axial checrd, m (ft)
S, ambient speed of sound, m/s (ft/s)
D directivity function
d turbine rotor diameter, m {(ft)
F spectrum function
f frequency, Hz
£ Helmholtz number, fC/c
fa fuel-to-air ratio
ha absolute humidity, percent mole fraction
Mt rotor blade tip Mach number
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M aircraft Mach number

m mass flow rate, kg/s (slugs/s)

N rotational speed, Hz

Ng number of engines

Ng number of turbine stages

(pz>. mean-square acoustic pressure, re D:F:

Pref reference pressure, 2 X 10”5 Pa (4.177 x 1077 1b/ft?)
R dry air gas constant, re m2/K-s2 (££2/°R-s2)

R gas constant, m2/K-s2 (££2/°R-52)

rg distance from source to observer, m (ft)

r; dimensionless distance from source to observer, re Ji;
T temperature, K (°R)

Y ratio of specific heats

8 polar directivity angle, deg

m* acoustic power, re pmciﬁ

T_o¢ reference power, 1 X 10712 W (7.376 x 10713 fe-1b/s)
Po ambient density, kg/m3 (slugs/ftB)

0] azimuthal directivity angle, deg

Subscripts:

b1 entrance

j exit

s static

o ambient

Superscript:

* dimensionless quantity

8.9-2
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INPUT

The turbine parameters are required from either the output of the
Turbine NHoise Parameters Module or the user. Ambient conditions are
required for computation of sound pressure levels. The frequency, polar
directivity angle, and azimuthal directivity angle arrays establish the
independent variable values for the output table. The turbine inlet
cross-sectional area, rotor blade mean axial chord, and number of turbine
stages 2re required for the geometric description of the turbine.
Finally, the engine reference area, number of engines, and distance to
the observer are required. The range and default values of the input
parameters are given in table I.

Input Constants

Ae engine reference area, m? (ftz)
N, number of engines
r distance from source to cbserver, m (ft)

Turbine Geometry

A turbine inlet cross-sectional area, re Ae

- .
C rotor blade mean axial chord of the last stage, re ,,Ae
N number of turbine stages

Turbine Noise Parameters
£ fuel-to-air ratio

core mass flow rate, re chmae

N rotational speed, re cm/d
T;'j exit static temperature, re T,
Ambient Cond. tions
Sy ambient speed of sound, m/s (ft/s)
hy absolute humidity, percent mole fraction
'xm aircraft Mach number

z ambient density, kq/m3 (slugs/ftB)



Independent Variable Arrays

£ frequency, Hz
0 polar directivity angle, deg
¢ azimuthal directivity angle, deg

OUTPUT

The output to this module is a table of the mean-square acoustic
pressure as a function of frequency, polar directivity angle, and azi-
muthal directivity angle. In additicn, the observer distance rg is
provided for the Propagation Module.

ry distance from source to observer, m (ft)

Turbine Noise Table

f frequency, Hz

8 polar directivity angle, deg

o} azimuthal directivity angle, deg
(pz(f,8,¢))' mean~-square acoustic pressure, re oipi

METHOD

The prediction method presented in reference 1 is used to compute
the far-fiel@ noise. A schematic of a typical turbine is shown in fig-
ure 1. The Smith and Bushell method uses the coordinate system and
directivity angles shown in this figure. The fcllowing prediction method
gives the prediction for broadband vortex noise.

The equation for the far-field mean-square pressure for a turbine is

* & *
2 - LA - D(B) F(f) .
4ﬁ(r;) (1 - M_ <os §)

(1}

In equation (1), 7* is the overall power, D is the directivity func-
tion, and F is the spectrum function. The source to observer distance

rg is expressed in dimensionless form as

rp = 1y e 2)
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The forward velocity effect is accounted for by the Doppler factor
(L - M_ cos 9)4. The Helmhcltz number £f* is defined as

ec* [A
£ = ———G (1 -M_ cos ©) (3)

C
(]

whewe C is the mean axial chord of the last stage turbine rotor blades.

The acoustic power II' for the turbine is
m* = (4.552 x 10'5)»«1&:'»:5 (4)

-® .
where N_ is the number of stages and m is the core mass flow rate.

The blade tip Mach number Mt is defined as

(5)

where N is the rotational speed and T; is the exit static tempera-
4

3
ture. The values of the local ratio of specific heats Y, and the local
gas constant R* = R/R are found from the input values of 'I‘; 3

’
absolute humidity h,, and fuel-to-air ratio f The value of the

ambient ratio of specific heats Y is 1.4.
- -

a-*

The directivity function D is a function of polar directivity angle
and is given in table II and plotteld in figure 2. The spectrum func-
tion F is a function of Helmholtz number and is given in table IIT and
plotted in figure 3. The mean-square acoustic pressure is then computed
from equation (l). The total noise 1s the mean-square acoustic pressure
multiplied by the number of engines Ng for the output table. In addi-
tion, printed output is available of the sound pressure level SPL
defined as

P c2
2 * - - -]
SPL = 10 logy, <P > + 20 log g s (6)
< P
ref
and the power level PWL defined as
0 c3a'a
= log, . ©* + 10 log,, == (7)
PWL = 10 10" 710 T
ref



i
REFERENCE

1. smith, M. J. T.; and Bushell, XK. W.: Turbine Noise - Its Significance
in the Civil Aircraft Noise Problem. Paper 69-WA/GT-12, American
Soc. Mech. Eng., Nov. 1969.
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TABLE I.- RANGE

AND DEFAULT VALUES OF INPUT PARAMETERS

Input Minimum Default Maximum
parameter

Ay, m? ... ... 0.01 n/4 10

a* e e e e e 0.1 1 10

c* e e e e e 0.01 1 160

Ea v v e e e e e 0 0 0.26767

hgy Vo o e e e ) 0 4
m* e e e e .. 0 0.2 10 |
N e e 0 0.3 0.5 !
!
Neg « e « o o v o 1 1 4 ;
™ e e e e . 0.1 2 4 :
S,) H
c. ., m/s e e . 200 340.234 400 |
T 0 0 0.9
® I
P ka/m® . ... 0.2 1.225 1.5 '
G M o o e e e e e 0.01 ,(Ae 100 !
N - - e . 1 1 10 l
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Figure 1l.- Schematic diagram of typical axial-flow turbine.
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3. PREDICTION PROCEDURES






9.1 ICAO REFERENCE NOISE-PREDICTION PROCEDURE (1978)

INTRODUCTION

In June of 1977, the International Civil Aviation Organization (ICAQ)
formed a prediction subcommittee to determine a reference noise~-prediction
procedure applicable to supersonic transports (SST*s). The goals of the
subcommittee were to:

1. Establish an agreed upon reference noise-prediction procedure

2. Assess the accuracy of the reference procedure against available
measured flight-test ncise levels

3. Determine, by use of the "trial engine,” the differences in pre-
dicted noise level between the reference procedure and those
procedures already used in parametric studies

4. Identify new noise problems associated with SST's, 2nd tc make the
necessary recommendations so as to define an internationally
recommended prediction procedure

Participating in _he subcommittee work were NASA, British Aerospace
Corporation, SNECMA, the U.S.S.R., The Boeing Company, McDonnell Douglas
Corporation, Lockheed Corporation, Rolls-Royce Limited, General Electric
Company, and Pratt & Whitney Aircraft Group. Each provided their precic-
tions for a trial SST engine provided by SNECMA and for currently avail-
able measured data. Based on the results of these studies, a reference
noise-prediction procedure was agreed upon. The results of the subcom~
mittee study were presented to ICAO.

A summary of the prediction procedure used by each participant and
the reference noise-prediction procedure are presented in table I. The
results of the trial SST engine predictions for each method are presented
in table IT. It is interesting to note some of the wide variation in the
component maximum perceived noise level (PNL) computations. The accuracy
of the application of the reference noise-prediction procedure to various
measured effective perceived noise level (EPNL) data is shown in
figure 1.

All of the component methods in the ICAO reference noise-prediction
procedure are included in ANOPP as separate functional modules or variants
of the standard ANCPP functional modules. A discussion of each component
noise-prediction method is presented subsecuently.
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m(9)

D"

SYMBOLS
standard sea level speed of sound, m/s (ft/s)
ambient speed of sound, m/s (ft/s)
directivity function
fan diameter, m (ft)
spectral distribution function
frequency, Hz
peak frequency, Hz
absolute humidity, percent mole fraction
relative humidity, percent
acoustic liner length, m (ft)
forward-velocity index
mean-square acoustic pressure, re pic:
ambient pressure, re pr
standard sea level pressure, Pa (lb/ftz)
suppression factor
corrected Strouhal number
ambient temperature, re 'I‘r
iet temperature, K (°r)
standard sea level temperature, K (OR)
thrust loss, percent
ambient temperature, K (°R)
jet velocity, re c_
aumidity ratio
vibrational absorption function

apsorrtion coefficient, nepers/m (nepers/ft)



e polar directivity angle, deg

ambient density., kg/m3 (slugs/ft3)

pm

Subscripts:

cl classical

h high frequency
3 low frequency
max maximum

n nitrogen

o oxygen

ref reference procedure
rot rotational

sup suppressed

vib vibrationzal

JET MIXING NOISE

The method for predicting jet mixing noise is based on the method in
appendix A of Society of Automotive Engineers (SAE) Aerospace Recoomended
Practice (ARP) 876 (ref. 1). This is presented in ANOPP as the Single
Stream “ircular Jet Noise Module. The method employs empirical data
tabulated in terms of relevant dimensionless groups to produce sound
spectra as functions of frequency and polar directivity angle.

The ICAO reference method differs from the Single Stream Circular
Jet Yoise Module in two ways. First, a different forward-velocity
index m(9), defined in table III and figure 2, is used. Second, addi-
tional data for the spectral distribution factor F at a value of the
velocity ratic (log,, v*) of 0.3 is included. The additional spectral

data are given in table IV and plotted in figure 3.

SHOCK NOISE

The method for preiicting jet shock cell noise is based on proposed
appendix C of SAE ARP 876 (ref. 1). This is presented in ANOPP as the
Circular Jet Shock Cell Noise Module. The method uses master spec:ra
functions and a shock-cell interference function to produce sound spectra
as functions of frequercy and polar directivity angle.




The ICAO reference method has an additional function nost found in
the Circular Jet Shock Cell Noise Module. The computed l/3-octave-band
mean-square pressure (pz)f is multiplied by an additional directivity
function D as follows:

P . = 08y < (1)

The additional directivity function is a function of polar directivity
angle 0 and is given in table V and plotted in fiqure 4.

COMBUSTION NOISE

The method for predicting combustion noise is based on the proposed
appendix C to reference 1. This is presented in ANOPP as the Combustion
Noise Module. The method uses empirical data of core noise from turbo-
shaft, turbojet, and turbofan engines to produce sound spectra as func-
tions of frequency and polar directivity angle.

The ICAO reference method utilizes a different spectral distribution
function F than the Combustion Noise Module. This spectrum function,
called the "envelope spectrum,” is given in table VI and plotted in
figure 5.

COMPRESSOR/FAN INTAKE NOISE

The method for predicting compressor/fan intake noise is based on
reference 2 by Heidman. This is presented in ANOFP as the Fan Noise
Module. The method uses empirical functions to predict the sound spectra
as functions of frequency and polar directivity angle.

The ICAO reference method uses the inlet broadband noise, inlet
rotor-stator interaction tone, and inlet flow-distortion tone components
from the Fan Noise Module. It is executed once for each of tihe first two
stages. If performance data for the second stage are not known, then the
second stage is taken to be similar to the first stage with the tone
spectra shifted one 1l/3-octave band higher than the first stage.

COMPRESSOR/FAN DISCHARGE-DUCT NOISE

The ICAC reference method uses the discharge broadband noise and the
discharge rotor-st:%or interaction tone components of Heidman's method
(ref. 2) as presented in the Fan Noise Module. The discharge-duct noise
is only computed for bypass/fan engines. The noice is computed for a
maxizum of three stages, and the bypass mass flow is assumed to be the
total flow. The last three stages are used if possible. If performance
data are not available for a given stage, it can be assumed to be similar
to the preceding stage with the tone spectra shifted one l/3-octave band
higher. Tone levels should e reduced by 5 db if a core/bypass mixer or
multielement silencer is used.
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TURBINE NOISE

The method for predicting turbine noise is the vortex component of
the Smith and Bushell method (ref. 3). This is presented in ANOPP as
the Smith and Bushell Turbine Noise Module. The method uses empirical
functions to predict sound spectra as functions of frequency and polar
directivity angle. The ICAO reference method requires no changes of the
Smith and Bushell Turbine Noise Module.

AIRFRAME NOISE

The method for predicting a.rframe noise is based on the FAA report
by Fink (rerf. 4). This is presented in ANOPP as the Airframe Noise
Module. The metnod uses empirical and assumed functions to predict sound
spectra as functions of frequency, polar directivity angle, and azimuthal
directivity angle. The ICAO reference method requires no changes in the
Airframe Noise Module.

ATMOSPHERIC ABSORPTION

The atmospheric-absorption method selected for the ICAO reference
procedure is that of SAE ARP 866A (ref. 5). This method has been incor-
porated into the Atmospheric Absorption Module in ANOPP. The SAE absorp-
tion method is similar in procedure to the American National Standards
Institute (ANSI) method contained in the module. The equations that fol-
low directly replace the corresponding egquations for the ANSI method,
using the same nomenclature as the Atmospheric Absorption Module.

The sum of the absorption coefficients due to classical and molecular
rotational effects is given by

2
X + = 6.30 X% 10’9 (£/c )l.'.}_ssi)_ﬁ i
cl rot . r'o* 4+ 9.3713 p*

where & 1is the absorption coefficient in nepers per unit length as
defined in the Atmospheric Absorption Module. The sum of the vibrational
relaxation absorption coefficients for nitrogen and oxygen is given by

4 1/2 02.43(?'-1)

=9.20 x 1977 (£/¢c, ) (T") 1 ¥ (X) (3)
r

b + X .
vib,n vib,o
where the parameter X 1is given by

172, (r*-1) {(1%-1)141.9(T*-1)-11.5]+7.62)

X = 4.05h_¢ (4)




and Y(X) is the vibrational absorption function given in table VII.
In equation (4), the relative humidity hr can be expressed in terms
of the absolute humidity ha as

* 8.4256-10. *-4. *
hr - E_ 10( 1995/T"-4.922 logjp ™) (5)

The total absorption coefficient is the sum of equations (2) and (3).
Then, the average dimensionless absorption coefficient is determined fol-
lowing the same procedure as the ANSI standard method.

PROPAGATION

Propagation of the sound spectra to the observer is accomplished by
the Propagation Module. The tasks performed include spherical spreading,
atmospheric absorption, and ground reflection and attenuation. The
standard SAE atmospheric-absorption model as presented in SAE ARP 876A
(ref. 5) is used. Ground reflection and attenuation is modeled by adding
2 dB to the free-field levels for a 1.2-m microphone height. The desired
noise levels, including perceived noise level (PNL) and tone-corrected
perceived noise level, are computed by the Noise Levels Module. Finally,
the effective perceived noise level (EPNL) is computed by the Effective
Noise Module.

SUPPRESSION

A variety of techniques have been developed for the suppression of
aircraft engine noise, including acoustic liring, flow mixers, and
silencing nozzles. The effects of noise suppression are accounted for in
ANOPP by che General Suppression Module. This module takes a table of the
suppression factor for a particular suppressor type as a function of fre-
quency, polar directivity angle, and azimuthal directivity angle and
multiplies each element of the appropriate noise-module cutput table.

The ICAO prediction subcommittee provided recommended techniques for
quantifying the effects of suppression on each noise-source component.
These methods are presented below for implementation by the user. Alter-
nate techniques for estimating suppressor effects may also be used.

Jet-Noise Suppression
The ICAO Jet Suppressor Subgroup has produced a recommended technique

for quantifying all types of jet-noise suppression. The suppression
factor S 1is defined as follows:

<p2>’ = s<p2>' (6)
sup
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*
where <p2>» is the unsuppressed mean-square acoustic pressure. The
expression for the jet-noise suppression factor is

0.1(1+As D (9
s = 10 ( ) SmaxD (9) N

The maximum suppression smax for any kind of jet-noise suppressor has
been correlated with gross performance loss. The data of Smax aS a
function of gross thrust loss AT through use of the suppression tech-
nique are given in table VIII and plotted in figure 5. The following
three curves are presented: Pre-1972 technology, latest projected
technology, and a recommendation for parametric studies. A jet-velocity-
suppression correction factor AS must be multiplied with Smax t°
incorporate the effects of the magnitude of the jet velocity. The value
of AS as a function of the jet ve..-citv v; is given in table IX and
plotted in figure 7. Finally, a directivity function D(6), as given in
table X, must be applied.

Shock-Noise Suppression

The jet-noise suppression factor is applied to the shock noise with
no modifications.

Core-Noise Suppression

The core noise is assumed to be attenuated 3.3 dB/m (1.0 dB/ft) of

L
acoustic liner (S = 0.469 2, where Ly 1is the length of the linzsr in

meters). The liner should ke designed for low-frequency attenuation.

Tucbine-Noise Suppression

Any liner designed to produce core-noise suppression will suppress
turbine noise by the same amount. 1In addition, an acoustic lining
designed to reduce high-frequency turbine noise will attenuate turbine
noise by 9.8 dB/m (3.0 dB/ft). Therefore, the total suppression factor S

L L
is (0.469) ¢ (0.103) h, where L2 and Lh are the lengths of each type

of liner in meters. The total turbine-noise suppression should be limited
to 20.0 dB.

Inlet-Noise Suppression

The compressor/fan intake noise is reduced 10 dB for each fan Jdiam—

eter of equivalent length of effective wall lining (S = O.IOOL/d

suggested that the overall reduction be limited to 10.0 dB.

Y. It is




Bypass-Duct-Noise Suppression

The compressor/fan discharge duct noise is reduced by 9.8 dB/m
(3.0 dB/ft) of acoustic treatment on both inner and outer walls

(s = 0.103L). 1f only the outer wall is treated, reduce the noise
6.6 dB/m (2.0 dB/ft) (S = 0.221L) and if only the inner wall is treated,
reduce the noise 4.9 dB/m (1.5 dB/ft) (S = 0.322%). The bypass~-duct

attenuation should be limited to 15 dB. For bypass ratios greater than 2,

a maximum attenuation of 10.0 dB is suggested.

INSTALLATION EFFECTS

The interaction of the engines and airframe and the engine location
affect the noise radiated from the aircraft. ‘hese de' "ations from the
point source model are often referred to as installat: = effects. The
ICAO prediction subcommittee recommended a 2.0-dB increase in the total
engine noise levels to account for installation effects likely on a new
SST.
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TABLE III.- FORWARO-VELOCITY INDEX m(9)

;25 m(8)
0.000 0.000
10.000 0.000
20.000 0.000
30,000 0.000
©0.000 0.000
50.000 0.000
60.000 0.000
70.000 0.000
80,000 0.000
90.000 .100
100.000 .400
110.000 900
120.000 1.700
130.000 2.900
140.000 4,200
150.000 5.400
160,000 6.700
170.600 3,000
180.000 9.300
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TABLE VII.- MOLECULAR VIBRATIONAL ABSORPTICN FUNCTION

FOR SAE ATMOSPHERIC ABSORPTION METHOD

X Y (X)
0.00 0.000
-25 -315
.50 .700
.60 -840
.70 .930
.80 .975
.90 .996
1.00 1.000
1.10 .970
1.20 .900
1.30 -840
1.50 .750
1.70 .670
2.00 .570
2.30 -495
2.50 .450
2.80 .400
3.00 .370
3.30 -330
3.60 -300
4.15 .260
4.45 .245
4.80 .230
5.25 .220
5.70 .210
6.05 .205
6.50 .200
7.00 .200
10.00 .200
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TABLE VIII.- MAXIMUM JET-NOISE SUPPRESSION FACTOR

Smax' dB, for -
AT,
percent Demonstrated Reco::inded Latest
pre-1372 parametric technology
technology studies
1.000 0.000 0.000 0.000
2.000 2.200 3.500 5.100
4.000 4.600 6.200 10.400
6,000 6,000 9.300 13,400
8.000 7.000 10.800 15.700
10.000 7.600 11.900 17.300
12.000 8.400 12.800 18.600
14.000 8.800 13.700 19.800
16.000 9.200 14.400 20.800
14.000 9.800 15.000 21.700
20.000 10.300 15.400 22.600

TABLE IX.- JET-NOISE SUPPRESS1iON FACTOR

VELOCITY CORRECTION

*

v, As
0.000 -1,000
1.070 -1.000
1.250 ~-.800
1.430 -°bo°
1.610 —+400
1.790 -.200
1.970 0.000
3,000 04060
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TABLE X.- DIRECTIVITY FUNCTION FOR

JET-NOISE SUPPRESSION

g,
deg D(6)
<30 0
60 .3
80 .5
100 .7
120 1.0
>120 1.2
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Spectral Distribution Level, 10 log,, F

Spectral Distribution Level, 10 log,, F
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[ ]
-
(a) Tj/Tx = 1.G: loqlo Vj = 0.3.

Figure 3.~ Normalized spectral distribution factor.
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Spectrol Distribution Level, 10 log,, F

Spectral Distribution Level, 10 log,, F
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Corrected Strouhal Number, log,, S,

O, DEGREES
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Corrected Strouhal Number, log,, S.
L]
{b) T/T, = 2.0; log,, vy = 0.3

Figure 3.- Continued.
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Spectral Distribution Level, 10 log,, F

Spectral Distribution Level, 10 log,, F
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Corrected Strouhal Number, log,, S,
4 = . * =
{c) Tj/Tw 2.5; log10 Vj 0.3.

Figure 3.- Continued.
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Figure 3.- Continued.

- ; e o PR PO N -
ERRSEEIC N it i




P R

Spectral Distribution Level, 10 log,, F

Spectral Distribution Level, 10 log,, F
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Figure 3.~ Concluded.
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