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AFFDL-TR-66-112 

ABSTRACT 

The possibility of simulating a turbulent boundary-layer 
noise environment using the air-flow capability of the RTL Sonic 

Philosophy is adopted that 
it is the mechanical power absorbed by the structure from the 
environment that is to be duplicated. Calculations are developed 
that allow the prediction of the mechanical power injected into 
a structure by a turbulent boundary layer (TBL), and by a turbu- 

P1® P0S8ibUlty of replacing th¿ power injecteä 
mLo?6«?01' by ï!ln6 ^urbulent wall-jets impinging on a structural 

a suPer,sonlc transport is studied. Results 
indicate that high-frequency excitation (above 1kHz) can be 
adequately simulated, but that the air-flow capabilities of the 
facility would be exceeded by an attempt to excite a structure as 
large as the one chosen by a set of wall-jets at lower frequencies. 
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PART I. STUDIES OP STRUCTURAL RESPONSE 

1. ESTIMATION OF BOUNDARY LAYER POWER INPUT TO A STRUCTURE 

The take-off and launch phases of aircraft and space¬ 
craft produce very severe acoustic environments for the 
structure, personnel, and equipments. The need for accurate 
data on the response and fatigue (or malfunction) of these 
vehicles has led engineers to the construction of elaborate 
and costly facilities for the simulation of Intense acoustic 
environments. A well-known example Is the Sonic Fatigue 
Facility of the Research and Technology Division, Wright- 
Patterson Air Force Base, Ohio. 

In the flight regimes of these vehicles that are 
associated with a large dynamic head q, excitation by the 
turbulent boundary layer can become a very Important source 
of skin vibration and interior noise. Some of the Mercury 
flights, for example, showed that the noise and vibration 
levels during the "max q" period significantly exceeded those 
experienced during the launch phase -(Rèf. 1). The magnitude 
and importance of these environmental loads naturally leads 
one to inquire whether an acoustic facility can be used to 
simulate these loads or their effects. 

The simulation of turbulent boundary layer loads ideally 
would mean the reproduction of the distribution of acoustic 
pressures over the vehicle, with correlation and convection 
properties very similar to those of the turbulence. In a sound 
field the speed of propagation, the wavelength, and the 
frequency are related. This is not the case for the turbulent 
field, where a particular wavelength component may have a 
whole distribution of frequencies and/or convection speeds 
(Ref. 2). 

If one is concerned primarily with vibratory response, 
then it is the turbulent energy at wavelengths near the free 
bending wavelength in the panel which account for most of the 
excitation (Ref. 3). Even if the simulation is restricted to 
this small group of wavenumbers near the bending wavenumber, 
the simulation of loads still is not possible, since the 
acoustic frequencies corresponding to such wavelengths generally 
would be higher than the frequencies of panel response. 

These difficulties may be avoided if one does not insist 
upon reproducing the spatial and temporal details of the 
pressure field. When the system is sufficiently reverberant* 
the details of the source are unimportant if one usés a source 
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distributed over a large area. For such a system the rever¬ 
berant energy dominates the input energy in any small region 
of the system. This condition holds for most conventional 
aerospace structures. The response of the structure is 
determined by the circulating energy and not by the method 
used to get the energy into the system. 

The resonant response of a panel is also somewhat 
insensitive to the source of mechanical excitation. This 
response depends primarily on the mechanical power supplied 
to the panel by the environment, regardless of details of 
coupling. It also depends on the structural damping. In order 
to simulate the service environment-structural system, we must 
be able to calculate the expected mechanical power absorbed 
by the structure. 

In part II, we propose to simulate the structure and 
its damping by using a test arrangement that is characteristic 
of the types of service structures to be encountered. The 
source of mechanical power can be any source of energy avail¬ 
able in the facility which will simulate the desired frequency 
spectrum and approximate the spatial distribution. The 
excitation chosen for study here will be a series of "wall-Jets" 
This system can be actuated by the main air supply in the 
facility. In part I of this report, we concentrate on the 
mechanical power supplied to panels by a boundary layer and 
by wall-jet flows. 

1.1 Response of a Simple Panel to Boundary-Layer Noise 

The vibratory response of the modes of a simply 
supported thin panel to convected turbulence was computed by 
Dyer (Ref. 4). He distinguished three primary categories of 
modal behavior; when the trace wavespeed of the mode at 
resonance projected along the direction of convection is 

(a) less than the convection speed, the modes 
are called hydrodynamically slow (HS). 

(b) equal to the convection speed the modes 
are called hydrodynamically coincident (HC). 

(c) greater than the convection speed the modes 
are called hydrodynamically fast (HF). 

These regimes are readily displayed in wavenumber space as 
shown in Fig. 1. The trace wavespeed in the direction of con¬ 
vection is Cg/cos0, and the locus of modes for which Cg/cos0 « 

Uc is the "HC mode" semicircle of radius Uc/2#cc^ . The HS modes 

fall within this circle, the HF modes without. 
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1,1.1 Low-speed convection, « cp 

Dyer’s model of the pressure correlation pattern was 

(t-t')} '>(x3-x'3) e'lt-t'l/e- 

(1.1) 

where ph Is the turbulent rms pressure, Uc Is the convection 

speed, A. Is a correlation area, and 0 Is an average eddy 
lifetime. The spatial correlation In the moving frame, 
x.«U t. Is assumed to be very small and the time correlation 

JL C 
Is a simple exponential. When Uc « Cg, the HC locus In Pig, 1 

collapses to the origin and the response Is composed entirely 
of HP modes. By grouping the modes In frequency bands, one 
can compute the spectral density of panel response velocity. 
The result Is (Ref. 5). 

Z(W = Ph0«, \(PtMMpb > (1.2) 

where 0 « (Ôp«.^«) Is the mechanical point Input con¬ 
ductance of ansinrlnlte flat plate. The loss factor for the 
panel Is q, and p_ Is the surface mass density. In Eq. 

s 
(1.1) the moving axis frequency spectrum Is 

(1.3) (prM « ^ (1 + a>2 Ö2) 1 

although this precise form Is not required for the validity 
of Eq. (1.2) The form of ¿pT[®) Is shown In Pig. 2, there 

generally being fairly uniform energy content up to a 
frequency cd ■ 1/0, beyond which the energy diminishes rapidly. 
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PT(W) 

FIG. 2 GENERAL FORM OF MOVING AXIS 
TEMPORAL POWER SPECTRUM 

The equivalent "correlation area" At is determined 

by the strength of the wavenumber spectrum at the free bendins 
wavenumber for the plate. It is (Ref. 6) 0108 

O K 
(1.4) 

where Is normalised to unity, The form of A. for 

low-speed (Incompressible) turbulence Is given In Pig. 3 
(Ref. 7). The excitation is seen to be most effective in the 
range where che bending wavelength is the reciprocal of the 
displacement thickness, and drops off above and below this 
value. We no'-.e from (1.2) that the frequency spectrum ^t(cd) 

is directly reflected in the response spectral density. 
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20 

FIG. 3 THE EQUIVALENT CORRELATION AREA At(kp) AS A 

FUNCTION OF PLATE WAVE NUMBER FOR A 

GLIDER WING 
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1.1.2 HiKh-speed convections, -2^b 

When the convection speed exceeds the trace wavespeed, 
which Is the situation depicted In Pig, 1, Dyer's results may 
again be applied. In this Instance, however, It Is useful to 
compute the power Input to an Infinite panel, since the 
calculations are simpler to perform and lead to the same results 
after averaging over groups of modes. 

For the Infinite panel, one begins with the equation 
of motion 

(1.5) 

and expresses the displacement, y, a* . pressure, p, as Fourier 
integrals in time and space. The power input per unit area of 
the panel becomes (Ref. 8) 

where (p(ktu>}) is the spectral density of the turbulent 
pressure field in a frame moving at the convection speed. 
The frequency variable is cd' ■ ü> - k^Uc where ci) is the response 

frequency and is the component of wavenumber in the direction 

of convection. 

function pp 
The spectrum (pis the transform of the correlation 

(1.7) 
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If the temporal and spatial correlations are assumed to 
separate in a convecting frame, then a similar separation will 
occur in the spectra: 

Ph <?8 (is) - p (¾) ^(t)} (1.8) 

If the pattern is uniformly convected, then the fixed-frame 
spectrum is related to the moving spectrum by 

ph £x M “ F { > 

(1.9) 

as above. 

When the convection is slow, as on the hull of a ship 
or on an aircraft at take-off speeds, then « œ and the 

wavenumber and frequency integrations in Eq. (1.6) separate. 
The resulting powei input is equated to the dissipation 

“»IPg and the velocity spectrum given in Eq. (1.2) 

results. Thus, the infinite-plate and finite-panel results 

speeds' and we may expect them to be 
consistent at high speeds as well. 

The wavenumber pattern for the infinite plate is 
depicted in Pig. 4. It is similar to Fig. 1 except that now 
wave components in the plate can be related directly with any 
point on the diagram. Instead of modes, there is now a 
breakdown into HS, HC, and HP waves. Prom the analysis, it 
turns out that the largest response (or power input to the plate) 
occurs at the intersection of the k. = k circle and the HC wave 
locus. For these waves, the temporal decay of the turbulence 
is unimportant, its wavenumber spectrum determining the response 
at k = kp and consequently at frequency œ « • The formal 

result is (Ref. 8) P 

nHC “ 4^h “ W/Vc81" «C * (1.10) 
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FIG.4 LOCI OF CONSTANT FREQUENCY AND 
HYDRODYNAMIC COINCIDENCE IN 
K PLANE 

input from high-speed turbulenceT thpr.ofor,!1 1 8 the P°wer 
pr^aj-liy wltfsiSuIat^a^A^rspe^trSS! 
is quite smooth, having roughly a 10-dB variation ovpr ?pSctrum 

re?lrence tõapig™5?r 0r 3 de0adea ln fre<Juen°y* as seen’by 
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FIG.5 THE ONE-DIMENSIONAL WAVE NUMBER SPECTRAL 
FUNCTION¢2(1(,) CALCULATED USING TAYLOR'S 
HYPOTHESIS, FROM HODGSON'S EXPERIMENTAL 
RESULTS FOR A GLIDER WING 
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At very high convection speeds or very low frequencies, 
there is another change in form of excitation. This is because 
the HC locus shown in Figs, 1 and 4 becomes nearly coincident 
with the * 0 axis. If we put « 0 in Eq, (1,9) we again 

have o' r œ and we revert to the form of the HF results for 
low-speed excitation. In addition, at low frequencies the 
modal structure of the panel response discriminates against 
HC response. The frequency range where these effects become 
important is discussed in the following section. 

1.2 Description of Flight Regimes for a Supersonic 
Transport 

1.2.1 Boundary-Layer Parameters 

The design objectives for the Supersonic Transport 
envisage designs for Mach 2 (aluminum) and Mach 3 (titanium). 
An approximate flight profile (Ref. 9) is given in the 
following table: 

TABLE I 

APPROXIMATE SST FLIGHT PROFILE 

Mach 
Number Altitude,ft Air Speed,ft/sec 

ui 
Dynamic Pressure 
q, lbs/sq ft 

1 

1.5 

2 

2.5 

3 

30,000 

46,000 

50,000 

54,000 

60-70,000 

1,000 

1.500 

2,000 

2.500 

3,000 

430 

490 

700 

930 

770 

11 



The sound speed for the altitudes shown in the U. S. Standard 
Atmosphere range from 995 ft/sec at 30,000 ft to 968 ft/sec 
at 60,000 ft and 971 ft/sec at 70,000 ft. itor the purposes 
of our estimates the sound speed can be taken as constant 
and approximately equc1 to 1,000 ft/sec. Prom this speed 
and the Mach number the approximate air speed is obtained, 
as shown in Table I. Using this air speed and air density, 
p, as given for the U. S. Standard Atmosphere (Ref. 10), 
the dynamic head q is determined from q = 1/2 p . This 

quantity will be needed later. 

These air speeds correspond to the free-stream 
velocity. To estimate the effective convection velocity 
Uc on the surface of the aircraft, the results Kistler and 

Chen (Ref. 11) obtained in a supersonic wind tunnel can 
be used. According to this study, the ratio of convection 
speed Uc to free-stream speed ( air speed ) is 0.8 for 

M <; 1.5, 0.7 for M » 2 and 0.6 for M ^ 3. 

A second important parameter describing the turbulent 
boundary layer is the displacement thickness,6^., of the 
boundary layer. No direct measurements on hign-speed vehicles 
are available, but estimates can be inferred from measurements 
of pressure fluctuation spectra on the Scout flight vehicle 
and Hodgson’s measurements on a glider wing (Ref. 12). As 

is expected to change only very slowly with Mach number, 

one can compare the peaks of Hodgson’s generalized spectrum 
with experimental data obtained for various Mach numbers. 
Hodgson's spectrum peaks at a value of ^i/U-, = 0.4, when 
plotted -in octave bands. Spectra measured on the Scout 
vehicle (Ref, 13) 72 feet from the nose have a peak in the 
1200-2400 Hz band for M s 1.8 and in the 2400-4800 Hz band 
for M = 3.3. This leads to estimates of 6, equal to about 
0.07 ft. Since we are interested in the excitation of panels 
about 200 ft from the nose of the SST and since 61 is expected 

to grow at a rate roughly proportional to the distance, we 
arrive at an estimate of 2 0.2 ft for the SST. 

Another estimate of 6 due to Schlichting (Ref. 14) is 
as follows: 

61 a 4.6 10"2 X (v/ucx)1//5 ' (1.11) 

12 



where x is the distance along the fuselage from the point 
of transition and v is the kinematic viscosity. For M » 3 
and x » 200 ft, 61 ü 0.0? ft. The variation of displacement 

thickness with Mach number does become important for higher 
Mach numbers (Ref. 15). When M « 2, it is about twice the 
value given in Eq. (l.ll). This corresponds more nearly to 
the value found in the previous paragraph for data on the 
Scout vehicle. In the following calculations, a value of 
61 = 0.15 ft (~2 inches ) will be used. 

A third important parameter describing the turbulent 
pressure field is the total mean-squared surface pressure 
fluctuation p^. Except for buffeting loads in the transonic 

regime, flight tests on the Scout vehicle (Ref. 13) indicate 

that-s/p^/q ® 0.006, a value also obtained in other studies. 

Values of ph are given in Table II. 

TABLE II 

ESTIMATED CONVECTION SPEED AND TBL PRESSURE 
FLUCTUATIONS FOR SST 

13 



1,2,2 ^incldentPHefiime a Panel ln ^ Hydrodynamlcallv 

It is »veil known that the response of a plate to convected 
turbulent pressure fluctuations depends on a comparison of 

sPe®d with the trace speed of the bending waves 
in the direction of the convection speed. The case of 
hydrodynamic coincidence is important since it results in 
large response. We wish to estimate the power accepted bv 
the structure in this case, i.e., where the trace speed of 
the free bending waves in the structure along the direction 
of convection (1-axis) equals U,. The points in the 

wavenumber plane in this regime (for variable cd) are on a3 
circle of radius Uc/2xc^ (Ref. 16) with center at k^ = Uc/2/cc^, 

k^ =* 0. The hydrodynamic coincidence frequency is defined by 

o/k}. “ ^Ap ~ Uc where kp is the wavenumber of the free 

bending waves. Since kp = (w/icc£ )1/2 , one finds 27rfh = ox = 

w 
For the structures and convection speeds of interest 

here, fh lies between about 5 and 40 kHz. One usually is 

frec-;uencies> e.g., the region of resonant 
modes of finite structures and of interference with speech 
and hearing. There cs « and excitation is dominant for 

bending waves traveling at the "Mach angle" <t>Q with respect 

to the direction of turbulence convection. Moreover.coo ó 
' • ,1/2 m—_ ... ,^-2 . «.o ' c (^/¾) 

_p 
For 0) = 10 

0 7 ^ c 
1 — 84 , and the bending waves 

itna3hLín^LdÍreítí0n es?entlally Perpendicular to the direction 
in which the turbulence is convected. 

The wavenumbers of the resonant modes of a finite panel 
form a rectangular grid in the plane at a pitch of tt/L^ 

and , where and are the linear dimensions of the 

panel. It is of interest to calculate the frequency f^ at 

which the line tt/Ï^ parallel to the k3 axis and the coinci¬ 

dence semicircle intersect. This is the approximate lower- 
frequency limit to the HC excitation and is given by 

fhi s c'2Ll' as can be seen from FjL6« For ^ = 2 ft, 

fhi ranSes from about 250 Hz to 700 Hz for the range of U 

considered. Note that, as Uc increases, f^ increases in 

direct proportion, whereas f^ increases in proportion to U2. 
c 
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F16.6 CALCULATION OF THE LOWER FREQUENCY 
LIMIT TO THE HYDRODYNAMICALLY COINCIDENT 
EXCITATION 

15 



Lyon (Ref. 17) has shown that most of the energy input 
is into bending waves near the Mach angle, <t>Q, when the 

wavelength along the axis is less than about 10^ , 0r 

150 ft in the present case. This is readily achieved for 
the structures of interest here for frequencies above f^ 

(see below). The power per unit area, JIHC, accepted by the 

panel in the regime of hydrodynamically coincident response 
in a frequency band Ao> has been also calculated (Ref.17): 

a„At(k 61) 

Wih *o 
Aœ (1.12) 

where = (Sp^hKc^) * is the transverse point conductance 

of an infinite panel of density p and thickness h. A..(k 6.) 
P t p 1 

is the effective correlation area shown in Pig, 3 (Ref. 18). 
For third-octave bands,Aœ/œ ~ 1/4 and (o)/k U ) = cos <b . 

'pc c 
Hence, in one-third octave bands. 

nHC(i/3 ob) = PhG. 
27T Wl' 00t *0 (1.13) 

1.2.3 Power Accepted by a Panel in the Hydrodynamically 
¿low Regime 

In this regime, the trace speed of the free bending waves 
in the structure along the direction of convection is less 
than U . For variable o, the points in the k,-k~ wavenumber 

^ ip d p 
plane now lie within the circle (^-(l^/2/cc^ )} 

(V^)2 » and f ls less than the lower limit 

for the hydrodynamically coincident regime. 

The power per unit area accepted by the panel in the 
hydrodynamically slow regime, nHS 

is given as 

. 0 A, (k 6t ) 

0B^ = phG«> -^- 
TT 

, in one-third octave bands. 

0)0 

1+O)¿0¿ 
(1.14) 
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where 0 is a time constant equal to 256../U and G . 
/ \ 2 i/ c 00 * 

At'k:p6l' and ph are the same Parameters used for the 
hydrodynamically fast regime. 

1.2.4 Calculation of Power per Unit Area for a 
Titanium Panel -- 

A representative panel structure of the fuselage of 
the SST might consist of a titanium alloy skin 0.050 in. 
thick, mounted between ring frames about 1-1/2 ft apart, 
and stiffened by longitudinal strips. We estimate p s 

1.6 X 10 lbs/in.^ and c^ s 1,6x10^ ft/sec. The radius 

of gyration k of thg cross section is k b h/A2 a 1,2 x 10"^ 
ft, and 2 20 ft /sec. The transverse point conductance 

for this structure has the value G^ ï 1.8 x 10“1 ft/sec lb. 

The hydrodynamic frequency, fh, and the lower frequency 

limit for HC excitation, áre calculated for each value 

of M and are given in Table III. The time constant 0 for 
the TBL is also given in Table III, 

TABLE III 

FREQUENCY LIMITS FOR A TITANIUM PANEL AND TBL TIME CONSTANT 

M 
fw(H2> fh(Hz) 0 (msec) 

1.0 

1.5 

2.0 

2.5 

3.0 

270 

400 

470 

600 

700 

5300 

12000 

16000 

27OOO 

36000 

4.7 

3.1 

2.7 

2.1 

1.8 
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The effective correlation area At(kp6i)i is determined 

from Pig. 3 for frequencies from 63 Hz to f. . Figure 3 
U n 

gives values of A,(k 6, ) only for k j*- 6. up to 5> so 
T/ p i. p vj^ -L 

that n^c was calculated for f up to f^ only for the case 

where M«l. The change in slope which occurs for the M=1 
for f near fh probably would occur for cases where M > 1, 

had the power been calculated for the region where f is 
nearly f. . 

nHC now is calculated for < f < fh, 

calculated for 50 Hz < f < f^g. The results 

Fig. 7> where and are given in dB re 

vs frequency in one-third octave bands. 

and HHS is 

are shown in 

10“12 watt 
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2. EXCITATION OF FLEXIBLE PANELS BY A WALL-JET 

2.1 Introduction 

The use of turbulent jets to excite structures offers 
a possibility for injecting broadband mechanical power over 
a localized region of a structure with very simple equipment. 
The availability of sizeable amounts of airflow in the 
Wright Field Acoustic Test Facility makes the use of such 
Jets unusually attractive. 

We shall consider the excitation of a flat panel by a 
turbulent "wall-jet." A wall-jet is obtained by placing a 
nozzle close to and perpendicular to a panel, as shown in 
Fig. 8. The fluid dynamic theory of such a jet has been 
studied by Glauert (Ref. 19), and its turbulent velocity 
and pressure fields have been examined by Hodgson (Ref. 20). 
It is particularly this latter work that will be of help to 
us in our considerations here. 

z 

FIG.8 FLOW PATTERN FOR NORMALLY 
IMPINGING JET AND TRANSITION 
TO WALL-JET 
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ir aPProac^ problem will be quite elementary, 
we shall make a simple equivalence between the fluctuating 
pressure field of the wall-jet and a point mechanical 
excitation. In a manner similar to the calculation made for 
boundary-layer turbulence (Ref. 21). 

2.2 Fluid Dynamics and Turbulent Properties of 
the Radial Wall-Jet— -- 

At radial distance R from the Jet axis, the mean flow 
from the nozzle shown in Fig. 8 has the mean velocity 
profile given in Fig. 9. The velocity maximum is U and 

tîie^?lsî?nce to the half>"velocity point in the Jet regime 
cf the flow is z^yg. Glauert’s analysis indicated that 

the dependence of these quantities on distance was 

U oc r“1*°96 
m 

^rI.01 
(2.1) 

while Hodgson's experimental results gave 

Um06!* m 
-1.0 

'1/2 oC R 
0.9¾ 

(2.2) 

For the purposes of our discussion, we shall assume 

tL«c R'1 
m zl/2 ^ ^ * (2.3) 

*n J1*® studies of the turbulent pressure field of the 

found that the correlation scales 
ary directly with . The fixed microphone frequency 

shown,ln P18* 10‘ The measured transverse 
(azimuthal) correlation function was very close to the 
functional form exp(-|*|/43) where 2 1,6zi/2 (Ref* 22) 
which has a wavenumber spectrum ' 

^3(^3) ¥ (1 + *32f3rl (2.4) 
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JET FLOW 

BOUNDARY 
LAYER FLOW 

FIG. 9 MEAN VELOCITY PROFILE OF RADIAL WALL-JET 
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FIG 10 WAVE NUMBER SPECTRUM AS MEASURED 
BY FIXED MICROPHONE 
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The inference from this is that 

turbulence correlation area by 
we can define an effective 

Lt(l) 
Rl 

(2.5) 

where is the correlation area at a distance R from 

the Jet axis. 1 

As the turbulent eddies move, they decay because of 

the1p*?Har rai*lnf processes and viscous dissipation. Since 

veioMfv ?Caie 13 1?creasing with R and the convection 
inîrPflQp is decreasing, this decay time will tend to 

relatlo^-for^rïocar^emporaÎMafe^ls' ^ the Pr°Per 

(2.6) 

This may be compared with e =: 256^ for the case of 

boundary-layer turbulence. 

2,3 Calculation of Fluctuating Force 
Exerted by Wall-Jet on Rigid Plane- 

shakerhewMriV=^??e between a «all-jet and a mechanical 

frequency bands, can’be coIpSted^V^rtMsTcoísWerlrg 

îneanUSterrv lUdnr^^1^ lll^’lfihfcf a,r%.lnolud^ 
Of the turbulence is I ! tien^' correlation area 

dN 
dR* 

At (2.7) 

Each coherent element produces a mean square force 

ph At da) dN (2.8) 

24 



FIG. II AREA ELEMENT IN CALCULATION OF 
EQUIVALENT FORCE 

in the frequency interval d<o. Here is the moving 

axis frequency spectrum, which, if we assume an exponential 
correlation function in convected coordinates,is given by 

¿%.(<d) - 28A (<i)>0). 

Ä5 
(2.9) 

For our purposes it is not necessary to specify a 
particular form of this spectrum except to require 
similarity in the time scale: 

(Pr{<x) » 0H(coe) . (2.10) 

The mean-square pressure was found by Hodgson to be 

25 



Pu -^.5 X 10"3 p2u^ oc r-4 
n r m (2.11) 

If we normalize the variables 
values at a position R = , 

in (2,8) to their observed 
we have 

P p 
œe = k*Rd 

a 

or, e = k^R2/o). 

contributions to 

(2.12) 

We next integrate over R to obtain all 

the excitation in a frequency interval do): 

F(cs)da) 

R=oo 

R=0 

By its normalization, 
unity. Therefore 

the integral over H has the value 

F(») “ T Ph(1) At(l) R^-1 • (2.13) 

It is of interest to note 

out of this calculation. 
that the time constant 6 drops 
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a 4-Pnce we can ass^8n a value to the correlation area. 
A,, the computation of the spectral density of the exciting 

nrnfîn^eC?m^ slmP^y a matter of measuring the mean flow 
profile of the wall-jet at some arbitrary radius R^. 

2.^ Theoretical Power Supplied to the Panel 

w,,0°n ba?î'S,0í, the simPle equivalence we have drawn 
eicltatlon and a point mechanical 

excitation of the panel, the power accepted by the panel 
from a wall-jet is given by the relation 

^th ° dü) Goo (2.14) 

where P(cü) is the spectral density of the exciting power 
in the turbulent wall-jet as given by Eq. (2.13), and G00 

is the input conductance of an infinite panel, given by* 

-1 

P C/5 rp <0 (2.15) 

where pp is the panel density, the longitudinal wave 

velocity and h the panel thickness. The same equation 
applies to the impedance of a finite panel averaged over 
several modes. Our assumption is that, in the third- 
octave bands used in this experimental study, several 

thft%of VÍ11 be axclted. It should be noted 
that Eq. (2.14) implies a flat frequency spectrum of 
ÎÎÎ? ínpuí Powar to the panel when this is measured in 

widths°CtaVe bands or in any constant-percentage band- 

2•5 Modifications to the Simple Theory 

,£n developing the expression for the power spectral 

J? Eq‘ (2,1^) we have, perhaps, over¬ 
simplified the problem. Although the simple analysis 
may provide an indication of the level of excitation to 

fnrmXP?CÎÜd ^0111 wall’«íeti ^ cannot describe the 
form of the frequency spectrum observed in the experi¬ 
mental phase of this study. P 
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tBaf ™l?0W?r !=îeSted frora the turbulent flow by the 
generally às n thlrd'octave hands, may be written more 

IT 
’h(l) 

ii p 
r>:g 1 a « 

X 

i 
(1 + 

t 
~7I ii 
W) 

dR 
IT (2.16) 

where is as given in Eq. (2.15). Here we have made no 

assumptions regarding the dependence of A upon the system 

ä rF»« is 
i) nd the ec3ulvalent outer radius of the test panel 

(R = >). 

2*5-1 Effect of Finite Plate and Jet Size 

thereffectnofrfiniL^lfí^" ('^^^conside^only 
power accepted by the^IirEq^f^lö)^ow^ecomes011 ^ 

n = 12 
ïïph(i) RiAt(i)°» jArctan |"a)0 

ivïï7. -Arctan^toe^^^^l 

o_ 

(2-17) 
where 6^^ = 5z1/2/Um Is the time constant of the turbulence 

as measured at Rr This expression now shows that the power 

however^ U íoo Sea^to'accounrfo^^rsneít The dePehdance, 
served in some of the exni»rim«n+f? sPectrum shape ob- 
When r2 and ^ tend towards infinity and^^îo^^esplcïiî^y, 

earlierrsim¿ie Inalysis^ reVerts to that stained by the 
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2.5.2 Effect of Frequency-Dependence of Correlation 
Ärea 

Perhaps the most serious shortcoming of the simple analy¬ 
sis is the assumption derived from Eqs. (2.3) and (2.5), that 

2 
is simply related to 1^/2' and is not frepuency-dependent. 

A more realistic expression for the correlation area can be 
obtained by combining the expression for the transverse wave- 
number spectrum given in Eq. (2.4) with the fixed-microphone 
frequency spectrum shown in Fig. 10. The resultant "equiva¬ 
lent" correlation area is normalized in terms of the plate 
wavenumber. Such a process has been carried out elsewhere 
by Ffowcs-Williams and Lyon (Ref. 5),using Hodgson's measure¬ 
ments on a glider wing. Their results are shown in Fig. 3- 
Since we are interested only in assessing the frequency¬ 
shaping effects of the more complicated expression for corre¬ 
lation area, let us assume their result to approximate the 
wavenumber dependence of A^ for the wall-jet. 

The curve of Fig. 3 may be approximated by three dif¬ 
ferent analytical expressions for the correlation area, cor 
responding to "low," "intermediate" and "large" values of 
kp(Uc/Ui)6i. The intermediate range corresponds to the con 

dition already considered, i.e., 

At “ 61 ot zl/2 (2<l8) 

where is the equivalent boundary-layer displacement 

thickness. The shaping of the power spectrum at low and 
high frequencies will be controlled by the expressions for 
At at low and high values of kp(uc/uij6i> respectively. 

U is the turbulence connection velocity, and the ratio 
v*> 

IJ /Ut is assumed constant. c 1 

a) At low values of k (Uc/U^)6^ , 

At « k® el[ , (2.19) 

where k^, the wavenumber for flexural waves in the panel, 

is proportional to Vœ/h. 
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Placing this expression for At into Eq. (2.16), apply. 

ing suitable limits and solving the integral we ohtnin 
an expression of the form integral, we obtain 

n . Umzl/2 R1 , ,, Uk. 

-ln (1 + kdr2) (2.20) 

where kd - 5<uz1/2/RRUm. Equation (2.20) indicates a weak 

dependence of power on frequency. It is interesting tn 

pa L theershSngandinzthe °i the flow parameters Um and z1/2 and, particularly, the cubic depen¬ 

dence upon the plate thickness, as opposed to the snunrp 
dependence which occurs in the middle frequency range 

b) At large values of k (U /0,)6., , 
p c l7 1 * 

At “ s'* 6i (2.21) 

Using this dependence in Eq. (2.16), we find 

n 2 2 
m l 

kdri 
- Arctan y?) • 

^drl 
(2.22) 

The frequency-dependence of the power in this exore^i™ 
s quite strong, ranging from about 3 dB per octave at the 

ïp«rÂî Är k^íâííH ’ 
?heVM h0r ffferent thicknesses of pf£el ïo converge ãtF 

experimentaírstudies?S " ThlS b6havl°r ls fhe 
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2.6 Experimental Studies 

2.6.1 Wall-Jet Equipment 

The basic airflow equipment used in these experiments 
forms part of the high-intensity siren facility at BBN. 
This equipment is capable of supplying 6000 standard cfm 
of air at pressures up to 14 psi. The major modifications 
to the siren facility have consisted of removing the sirens 
and ducting the outlet air from the aftercooler along the 
axis of the concrete horn into the termination room. A 
portion of this duct has been acoustically treated to mini¬ 
mize the acoustic (as opposed to the aerodynamic) excita¬ 
tion of the test panel by upstream noise sources. The 
muffler takes the form of a three-inch-thick lining of 
Fiberglas, faced with hardware cloth, within a twelve-foot- 
long and twelve-inch-diameter portion of the air duct. The 
attenuation provided by this muffler is in excess of 25 dB 
over the frequency range of interest. The last eight feet 
of the ducting system consists of a 1-5/8-inch-diameter 
steel tube fitted with a six-inch-diameter steel flange to 
help form the jet. The jet dimensions are similar to those 
employed by Hodgson. 

The jet impinges normally onto a six-by-four-ft flat 
aluminum panel. The panel is held in a vertical plane 
parallel to the plane of the jet flange. It is secured at 
four points to wooden battens fixed between the floor and 
the ceiling of the termination room. Throughout the ex¬ 
periments, the spacing between the flange and the plate was 
fixed at 5/8 inch. At different stages in the studies 
1/16-inch and 3/l6-inch-thick panels were used. Two thick¬ 
nesses were chosen so that the effect of a change in input 
panel impedance on the amount of power which the panel 
would accept from the turbulent wall-jet might be observed. 
Both test panels were lightly treated with damping tape to 
improve the diffuseness of the reverberant vibrational 
field. 

2.6.2 Average Velocity Profile Measurements 

The preceding analysis has shown that the aerodynami- 
cally generated excitation forces acting on the panel 
depend upon the mean flow velocity maximum, Um, and upon 

the distance to the half-velocity point, some 

arbitrary distance, R1, from the axis of the wall-jet. 
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These flow parameters were measured using a pitot tube at 
a radius of 4.25 inches. In spite of a tendency for the 
panel to flex as the mean flow velocity of the wall-jet 
increased, no significant change in the distance to either 
the velocity maximum, z^, or to b half-velocity point, 
z-\/2t was ob^rved as the flow velocity was changed. The 
vadue of zm could only be approximated on account of the 

thinness of the inner layer and the roundness of the 
velocity profile in the region of peak velocity. The pro¬ 
file measurements made in the present study are tabulated 
below together with comparable data by Hodgson. In general, 
the agreement is reasonably good. 

TABLE IV 

AVERAGE VELOCITY PROFILE MEASUREMENTS 

Flange 
Diameter 

Flange/Plate 
Spacing 

Ri 
z 
m 

cv 
r~

l 
N

J 

1 

BBN 6 in. O.625 in. 4.25 in. 0.1 in. O.35 in. 

Hodgson 6 in. 0.75 in. 4.25 in. 0.07 in. O.32 in. 

Three settings of flow velocity were used, corresponding to 
values-of Um at the chosen radius of 56, 155 and ?90 ft/sec. 

The flow profile information, together with knowledge of 
the material properties and thickness of the test panel, pro¬ 
vides us with sufficient data to compute the theoretical power 
accepted by the panel from the wall-jet. 

2.6.3 Measured Power into Test Panel 

In this experimental study the actual power accepted 
by the test panel is measured and compared with the power 
predicted by the theoretical analysis. 
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the relation6 0Í energy fiow lnt0 the V^el is given by 

oc(T]M V 
(2.23) 

where M is the mass of the panel, 
velocity and t) the loss factor. 

""Z . i V the measured mean square 

P^6.1 response was measured using a Guitón Glennite 
terextendqCtÍeT'?mvuer' MThe useful ran«e of the accelerome- ter extends to 12 kHz. Measurements were taken at a number 

víw?íti0n5wt0T°btain a sPatial average for the mean-square 
thP rfvLv Tha loss factor was derived from measurements of 
the reverberation time, TR, using the relation 

2.2/TRf (2.24) 

where f is the frequency of excitation. All these measure¬ 
ments were made in third-octave filter bands over the fre¬ 
quency range of 250 Hz to 10,000 Hz. 

2.7 Experimental Results 

Experimental results are aummarized in Pigs. 12 and 1^¾ 
for peak profile velocities of I55 and 290 ft/sec, respec¬ 
tively. Each figure describes the measured power, 1^, in the 

two panels of different thickness as a function of freauencv 
The experimental data in these figures give only partial 
support to the theoretical calculations. The data in the 
lower frequency ranges do tend to show an approximate 

frômB+h!P^îpl0n betVeel? the curves, as would be expected 

K °r ** 

.. we show additional input power data, with 
the flow Parameters described by volume flow and pipe diame¬ 
ter. In this data, the flange-to-plate spacing has been 

increased so that the effect of the flange on the wall- 
jet has been minimized. The better agreement between 
theory and data in this figure than that obtained in 
Figs. 12 and 13 suggests that the flange is detrimental 
to wall-Jet development. 
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PART II. SIMULATION OF TURBULENT BOUNDARY LAYER WITH WALL-JETS. 

3. INTRODUCTORY COMMENTS 

hn,mríar.íni!art 1 0f this reP°rt we have described the turbulent 
strSotuL ySLaLia S?U^e 0f meohanl°al exoLtation of an aircraft 

i Th calculations were applied to estimation of the 
mechanical power absorbed by panels in the rearward sections of 

?aHcgnf3t^iS0?10 airc/aft flylnS a mfS3l°n profile charade?- 
is ,ic of that planned for the supersonic transport (SST) (Ref.9). 

,1m1ia^TXpaCted f?aîure of the Power spectra was their 
shape and level for different periods of the 

T!?ls, su66ests that an experiment showing the 
°f, J’ePlacin6 the actual turbulent boundary layer 

environment with a collection of wall-jets for an average set 

thflt1íhot0naÍ,ameterS 3hould establish a fair degree of confidence 
L lr0nmení San be simulated for the entire mission 

ÏLn J? PurP°se Part II of this report to develop such ¿ 
TMq1«^00 scî?®!Jie for a maJor structural section of an aircraft 
monf fcheme ln effect, result in the design of an experi-* 
ment to evaluate the effectiveness of a set of wall-lets used 
to simulate TBL response. J 3 used 
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4. DESCRIPTION OP THE EXPERIMENTAL MODEL 

Selection of Structural Parameters 

The structural section selected for the 
should satisfy these major criteria: 

simulation 

136 sumciently large so that the 
effects of Its detachment from the rest of the 
structure are minimal and so that noise and 

made l0n resP°nse measurements can be conveniently 

( ) It should consist of panel-frame elements using 
dimensions, geometry, and materials appropriate 
to a structure of current interest. 

It should be representative of 
aircraft where TBL excitation 
be expected to be bothersome. 

a section of the 
is high and might 

a +■ ^11 t*16 basi-s of these criteria, we have chosen to study 
the structura! configuration shown in Pig. 15. it is a cylinder 

?lameteV^ 30 ft long. It is formed of stringers 
nd ring frames, I.5 ft on centers, supporting 50-mil titanium 
^nfh8,qUJd r®Presents a possible configuration of an aft portion 
of the ScT. We next estimate typical levels of power absorbed 
ÎÎÎLfMT’8 8tructure during a representative portion of the flicht 
profile, and subsequently consider the problem of achievinc an 

by%hermWe that 13 33 3Patlallr -“I 

Selection of the Power Levels to be Achieved 

In section 1, we described a method of predictinc 

P°”®r®b30rbed by a panel from conveoted turbulence. The h 

0?%«edror0ar SO-ml^flaf'tltanlum^anel™3*3 fll6ht Pr°fUe 

V j Fig, 16 shows a representative curve illustratinc- 
band power levels to be achieved in order to simulate 0 

of the flight. This curve is obtalned by drawînfa 2 
smooth curve through the Mach 2 estimate for a 1-sq ft ofnel In 
Pig. 7 and increasing it by 30 dB to convert to a 1000-so ft 

resentative í° Plg-J-We that this cí^ U rep- 
. . , higher excitation levels and should provide 

a good test.of our ability to simulate the TBL environment/ 
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^•3 Effect of Frames and Stringers on Homogeneity of Response 

,?ome devlces> such as wall-Jets, which will Inject 
controlled amounts of mechanical power Into a structure, do 
so over a fairly small region of the structure. If the 
spatially homogeneous excitation of a TBL is to be simulated. 
It must be possible for the mechanical energy to spread over 
the structure without too much hindrance. This means that 
either we supply energy directly to each panel (which requires 
very many Jets) or we rely on transmission across panel 
boundaries. The purpose of this section is to present two 
calculations of vibrational level inhomogeneity for different 
densities of Jets over the surface. 

Fig. IT# we show the pattern of excitation when every 
other panel is directly excited with a wall Jet. The dashed 
lines indicate boundaries of symmetry across which there is no 
average energy flow. The energy ratio can therefore be 
obtained by considering onlya pair of triangular sections of 
,he structure, labeledmand (?)in Pig. 17. For a two-element 
structure like that snbwn, tne modal energy ratio is (Ref. 23) 

E2 _ ^21 
*T n21 + ti2 (O) 

where Eg and E1 are the modal energies of the receiving and 

excited plates, respectively, r\2 is the internal loss factor 

of plate 2, and q21 is the loss factor of plate 2 due to 

transmission into plate 1. The definitions and interpreta¬ 
tions of these parameters are developed in Reference 23. 

The loss factor t\2 can be determined by measurement 

on the real structure, but we shall assume that it has the 
constant value of 0.01. The coupling loss factor for trans¬ 
mission of energy past a supported line on a panel will be 
used for ^21• This is computed from the general relation 

(Ref. 24) 

^coup " kp (4.2) 

where kp 2ir/>p is the flexural wavenumber In the panel 

(Ap is the flexural wavelength), and D « irA/P is the mean free 
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FIG.17 WALL-JET LOCATIONS WHEN EVERY 
OTHER PANEL IS DIRECTLY EXCITED 

path of the panel where A la Its area and P la the length of 
the energy-transferring boundary. 

For the panel In Fig. 17. d 
relation 

■g 7T ft. Using the simplified 

>p » 50 Vh/f ft (4.3) 

where the plate thickness h Is In Inches and f Is In Hz. the 
coupling loss factor r\^. Is readily computed. Using thé 
assumed value of r\2, wë^have computed 10 log and the 

results are shown in Fig. 18. The results Indicated that a 
3-dB variation from excited to non-exclted panels may occur 
at the very high frequencies. 
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Fewer wall jets will be necessary If they are spaced 
at a pitch of 3 bays, as shown In Fig, I9. The diagram again 
shows dashed lines across which energy is not expected to 
flow, and heavy lines indicate energy-transfer boundaries. 
The ratio of energy in the corner panel section, E^to that 

of the wall-jet excited section, E-, may be written as (RefS# 25 
and 26) 1 

+ 
1 

n2 I3 ’ 

n3 + 113 

(4.4) 

where ti1+1 is the loss factor for dissipation in the ith panel 

and ^ is the coupling loss factor for the power flowing from 

the i^*1 panel to the (i+l)^ panel. In addition, there is a 
i+1 i 

relation between and T)i+1 given by (Ref. 24) 

ni+l 
n i^i 

i+1 
(4.5) 

where is the modal density of the ith panel. We assume 

_2 
= 10 as a typical value of loss factor for all panels. 

The modal density is given by^^Ref. 27) 

n^f) X 10’4 (4.6) 
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where is in sq ft and h. is in ft. The coupling loss 

factors are given by Eq. (4.2). The areas of the panels 
in our section vary so that 4n1 = n2 = n^. Choosing a 

frequency of 2000 Hz as typical for the region of interest, and 

for a panel l/l6 inch thick, Eq.(4.6) gives = 8 x 10“3. 

Prom Eq. (4.5) we find ^ 83 ^3 = ^ ^ “ &\\' The energy 

ratio from Eq. (4.4) is 0.1, which corresponds to a level in 
the corner panel about 10 dB lower than in the panel excited 
directly by the wall Jet. The ratio (4.4) is0shown as a 
function of frequency for a constant « 10"¿ in Pig. l8. At 
higher frequencies we would probably conclude that the Inhomo¬ 
geneity of response is too great to allow confidence in the 
results derived from the simulation of Pig. I9. 

/ 
/ 

/ 

/(D 
/ 

W/ 
/© 

U_L-JET«¿- 

© 

'/2 FT 

1 <-1 */2 FT-► 

FIG.19 TYPICAL SECTION OF THE STRUCTURE 
SHOWING THE AREA EXCITED BY ONE 
WALL-JET 
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5. THE APPLICATION OP WALL JETS AS SOURCES OP BROADBAND 
MECHANICAL EXCITATION 

In section 2, we computed the frequency spectrum of 
input power to a structure anticipated as a result of 
boundary-layer excitation. In addition, we showed that 
appropriate levels of excitation can be produced by employing 
a number of wall-jets distributed over the surface of the 
structure. 

In order to apply wall-Jets to TEL simulation, we 
must be able to control the basic spatial and temporal para¬ 
meters. In particular,we must derive an empirical relation be¬ 
tween the geometry and flow in the wall-jet and the frequency 
at which the input power to the plate reaches a maximum level. 
In addition, we must relate wall-jet flow parameters 
(Um and wlth more easily measured quantities in the 

Jet pipe. Such relations allow us to design a spectrum shape 
and level on the basis of pipe flow parameters (volume flow 
and diameter) alone. 

5.1 Experimental Studies of Parameter Dependence 

In the earlier experiments, the geometry of the wall-jet 
was maintained constant while the plate thickness and flow 
velocity were varied. However, in subsequent experiments the 
nozzle- or flange-to-plate spacing, the flange diameter, the 
Jet pipe diai.eter, and the flow speed have been varied while 
the plate thickness was kept constant. It is oiir intent in 
this section to summarize the principal findings of our work 
so that we can formulate a tentative set of parameter relation¬ 
ships. A working system for the simulation of boundary layer 
noise excitation of a structure using wall Jets can then be 
designed. 

In Section 2, the calculations of input power to a 
plate excited by a wall Jet have generally given a good 
estimate of the maximum levels of panel excitation to be ex¬ 
pected, but they have not clarified the source of a rather 
abrupt high-frequency cutoff. An attempted explanation, on 
the basis of assuming a finite minimum radius of the wall Jet, 
gave the wrong cutoff frequency and rate of drop-off in spectrum, 
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The effect of the flange In defining the wall-Jet shape 
has been clarified by an experiment In which was measured 

at a fixed radius R and the flange-to-wall spacing í was varied. 
The results, shown In Pig. 20 Indicate that, for small 
spacings, l does control the Jet thickness, but when I exceeds 
20% of the pipe diameter d, the Jet thickness does not 

vary significantly. A sizable amount of the data reported 
in section 2 was taken, therefore, on a wall-jet for which 
the flange had only a minimal effect on the Jet parameters. 

5.2 Peak Power Levels 

On the basis of the theoretical expressions for power 
developed in section 2, and using a "best-fit" value of 
correlation area At, the power flow to a plate per unit area 
from the impinging wall-Jtt is given by 

n = 10 log [l.l4xl05 z\/2 R¿/h2 V/Ep^j 

(dB re 10'12 watts) (5.1) 

where Um(ft/sec) and z^fft) describe the peak and width of 

velocity profile at an arbitrary radius R(ft); 0 
h(ftj is the thickness of the plate; and E(psf) and p (lb/ft^) 

are the Young*s modulus and density of the plate material, 
respectively. It appears that, on the basis of experimental 
data, this expression will give a good estimate of the 
maximum levels of panel excitation over a fairly wide range 
of Jet parameters. 

5.3 Frequency Spectrum 

* X. / , exPerimental studies have shown that, when the 
Jet/plate spacing is of the order of a Jet-pipe diameter or 
greater, the shape of the spectrum is constant, having a 
slope of about 2 dB per octave below a characteristic 
frequency and about -15 dB/ octave above this cutoff frequency. 
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In Fig. 21, we show the measured values of the cutoff 
frequency in several experiments. They are plotted against 
a characteristic pipe flow frequency V/d, where V is the 
average flow speed in the pipe and d is the pipe diamèter. 
We note that there is a fairly direct relationship when the 
flange-to-plate separation satisfies the condition £/d>0.8î 

fco “ °-6 v/d (5.2) 

Other factors seem to dominate at smaller separations. This 
is consistent with the results of Fig. 20, which indicated 
that the flange "loses control" over the wall Jet when £/d>0.8 
and that other parameters, such as pipe diameter, become 
dominant in defining z-y/2' 

5.4 Wall-Jet Parameters and Volume Flow 

As we have seen, the width of the wall-Jet velocity 
profile z^2 becomes independent of the Jet/plate spacing when 

the spacing equals or exceeds about one Jet-pipe diameter. 
Although no experimental verification has been obtained, it 
would seem probable that, under these conditions, will 

depend upon the diameter of the Jet-pipe as well as upon the 
radial distance from the Jet axis. An empirical relation 
consistent with available data is 

/ 

zl/2 * Rd (5.3) 

where R and d are a** 

On an experimental basis, quantities such as Um and 

zl/2 are inconvenient since they require measurements of the 

flow profile. We would much prefer to relate the power level 
and cutoff frequency to parameters like pipe diameter d, 
pipe-to-wall spacing £. and average pipe flow speed V (or 
volume flow Q - VTrd2/4) • 
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Consider a wall-jet operating in a regime where the 
flange has no effect on the flow configuration, as was shown 
in Pig. 8. If little mixing occurs, the volume flow in the 
Jet may be assumed to be preserved Until a position A, where 
mixing becomes appreciable and the wall-Jet "begins." Prom 
dimensional considerations, we expect the diameter of this 
transition line to be proportional to d, and the volume flow 
per unit length along this line to be proportional to I^z^yg, 

which is preserved in the mixing region of the jet. 
Accordingly, we expect Q to be given by 

Q « const, d Um Z]y2. (5.4) 

In Pig. 22 we show a plot of volume flow versus 
d Um based on several experiments using different pipe 

diameters, flow speeds, and pipe-wall separations. The best 
data fit occurs when the constant in Eq. (5.4) is taken to 
be 7.5. 

The empirical Eqs. (5.1) to (5.4) describe the power, 
the frequency and the flow parameters of the wall-Jet excita¬ 
tion in a sufficient manner to enable us to develop tentative 
working formulas for a full-scale boundary-layer simulation 
experiment. We must stress the tentative nature of these 
formulas, however, since the range of parameters used in our 
studies has in many instances been too small to allow their 
complete verification. 
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6. DESIGN OP A SIMULATION EXPERIMENT 

As an example of the design of a full-scale simulated 
boundary-layer excitation experiment, we shall use the hypo¬ 
thetical structure considered in section 4. This structure 
Is a 30-ft-long section of an aircraft fuselage having a total 
surface area of about 1000 sq ft. We also assume a representa 
tlve panel structure of titanium alloy, 0.05 In. thick. This 
latter assumption allows us to make use of the computations 
of anticipated power contained In section 4. 

The anticipated Input power to this structure from 
boundary-layer excitation (for a Mach number M « 2) Is shown 
In Pig. 16. This Is the power spectrum which we wish to 
simulate using a distribution of wall-Jets. Superimposed on 
this spectrum we show the characteristic power spectra for 
four different sizes of wall-jet, arranged to provide the 
necessary simulation. The wall-Jet requirements are therefore 
as follows: 

TABLE V 

WALL-JET REQUIREMENTS 

Jet System 

No. 

Peak Power Level 

dB re 10’12 watts 

Characteristic 
Frequency 

Kz 

1 

2 

3 

4 

113 

120 

130 

140 

6300 

1600 

400 

100 

By manipulation of Eqs. (5.1) to (5.4), and by Insertion of the 
appropriate values relating to titanium panels 0.05 in. thick, 
the following equations are derived: 

n - 10 log (1.65 NVVfc0) 

d - 0.6v/f 

(6.1) 
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where N is the number of wall-Jets of identical siz*» 

The values of H and fCQ are derived from the^power* 
V ~ ~ * 

folÍnw^fü^0^ We^l3h<.i° slmulate. The minimum value of N 
follows from considerations of the transfer of enerav throno-h- 
out a multi-panelled structure developed in section Í ^ 
Thereafter the values of V and d are uniquely described. 

and diameters^anï íh* aÇ?roprlate P1?6 velocities ana diameters, and total volume flow associated with earh 
system required to reproduce the power spectrum shownln J 

ln Tabl? v- The requlrements^re based 

In Pigs?ni7^and*l|,Prespectiveiy^t tW0 Jet lay°UtS r#pre3ented 

, In terms of Jet-pipe diameters and air-flow 
requirements, the simulation of the boundary-layer excitation 

f?P frequencies below 1000 Hz would appear ?o be 
impractical, since the maximum air flow capability of the 

3§«r y at Wrl6ht-PattersonPAir Force BasI is 
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7. CONCLUSIONS AND RECOMMENDATIONS 

The theoretical and experimental analyses presented 
in this report indicate that the air-flow capability of the 
Sonic Fatigue Facility can be applied to the simulation of 
TBL-induced vibration and noise at higher frequencies. The 
simultaneous use of wall-jets for high-frequency simulation 
and a sound field for lower-frequency excitation combines the 
advantages of both systems. 

The wall-Jet has many interesting features as a source 
of broadband mechanical excitation. The present study has 
only begun to explore its capabilities and operational para¬ 
meters. As a result of this study, however, we believe that 
the wall-Jet can become a valuable tool in the arsenal of 
controlled environmental sources for the acoustical and 
structural engineer. 
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