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I s  : : .  SUMMARY 

1 
The sound field produced by the interacticL of 2 subsonic jet with a large-scale . . 

i t 
model of the undercthe-wing externallj blown flap in an approach attitude was analyzed. 

I ;  I The andysis was performed to cbtain a better understanding of the dominant noise . i 

sources m d  the mech: ni:qms p - e d n g  the peak sound-pressurc+level frequencies of 
I the broadband spectra. Aq ~malytical expression is derived which incorporates h o  

available theories and expc 'tal data, the exgression predicts the sound field along 1 ,  I .  
a circular a r c  of approxim.ztely 1203 measured from the upstream jet axis in the fly- 
over plans. The analysis compares fzvoFiuly with test r e s ~ t s  obtained from two 
large-scale models, one using cold air from a conical norzle and the other using hot 
gas from a TF-34 lmbofan engine having a coziical exhaust no7zle with a 12-lob inter- 
nal forced mixer. The frequency a t  which the peak sound pressure level nc?urs a p  ! - 

pears to be governed by a phenomenon w',.id\ produces periodic formation slid shedding 
of larg* sc3,se turbulence structures from the nozzle lip. I .  - !  

I 

MTRODUC TION 
! '  

The engine exhaust of the under-the-wing (UTW) externally blown flap (EBF) short 
takc.df and la-tding (STOL) aircraft i~ deflected downward by the wing flaps during take ! 
off and approach. Noise levels from 10 to 18 decibels greater than thc jet n o i ~ e  a re  

i gewrated by the impingemenl of the jet on the flap surfaces (refs. 1 and 2). 
- 1 
i NASA has conducted experimental research ~ n d  developm2nt work to measure and 

, ! 
1 

define the flap interaction noise field for  a variety of UTW configurations, a s  discussed , 
j in raferen-e 3. After a review of the poise characteristics produced by ench corfigu- I 

I ,  

1 ratic.1, rererence 3 notes that the overall sound pressure level was dependent on the I i a  
j ,. 

i ~ i ~ t t  power cf the peak impingement velocity ana on the Tirst power cf the impingement , i d  

1 are:, :or each of thess I- . 'i~urations. Thus, the dominant noise sources were cot sig- 1 
nificantly r l t rred o r  e1i:ilnated by the d i f f ~ r e n ~ ~ s  in the configurations. m e r e  results r 
established a ceed for greater understanding of the dominant noise source r-echanisms \ 1 ;  

; I :  
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; I SYMBOLS 

in order to help develop noise suppression techniques that might be used to reduce the 
noise sources and thus meet noise wals. 

<.< .. , . . 
, - 
.. - 

! - - -  

t 
A actual correlation area, m 2 

.: '.I 
ideal cor~elation area, m 2 

*c 

(c~) steady-state effective lift coefficient slope, deg- 1 
v 

- 
, .  . . . . . 

*.. : 

these techniques are  presented as  functions of geometric and gas dynanic variables, , . 
they do not ad-tely explain h ~ w  o r  by what mechpnisms the sound is produced. In 
reference 6 however, a mechanistic approach is t . k e ~  in d j z i l ? ~  the noise generated I . . 

: .:I C 
speed of sound, d s e c  

D nozzle exit diameter, m 

F;. fluctuating lift force, N (fig. 4) 

Ixa references 4 and 5 presentations are  made of correlation and scaling-law tech- .. . 

niques used to predict jet flap interaction noise for UTW EBF configurations. Although .' 1 

f frequency, Hz 

fr  characteristic: frequency of fluctuating lift forcss, Hz 

Mi jet exit Mach number 

- .  

M2 local Mach number evaluated on jet axis 

by the interaction of a jet exhaust impinging on flat and curved plates. This approach . , 
i s  extended in reference 7 to large-scale test results of a U W  EBF configuration in , . ;.= . . 
which achve and passive ncise suppression techniques were studied. 2 

! , . 
The primary objeciive of this paper is to present, in summary form, the results of : ! 

the U1W EBF analysis reported m reference 7 and to compare calculated estimates of . . - . 
, 

the olrera.11 sound pressure level -with two sets of test results. One set of data was ob- + - 

: - 1  : i 1 

tained from a large- scale twwflap, non- swept-wing, cold-flow model of a UTW EBF - . l  

! 1 
. . configuration in an approich attitude (fig. I). The second sot of data was obtained from 1 . . 

j a full-scale, three-flzp, swept-wing version of a UTW EBF configuration in m. approach ; 1 I 

attitude using a TF-34 turbofan enghe (ref. 8). :I 
Although the prediction of the sound directivity for the U I'W EBF takeoff configura- 1 ;  

! ' tion is not considered in this paper, the models of tke noise sources presented are  be- ! 1 , 
! ( , C ;  

lieved .qualitatively applicable to the takeoff configuration. 
I / t 
i I ! ' 



distance between obsel der and trailing edge, m (fig. 3) 
2 sound pressure 14'18l, dB re 20 j t ~ / m  

mean flow velccity, m/sec 

velocity is equal tc ~,.,.,/2 at trailing edge of flap, m (fig 3) 

Cartesian coordinates (fig. 3) 

normalized turbulence intensity (ref. 11) 

angle between iluctuating force vsctor and observer, deg (fig. 4) 

thickness of boundary layer, m (fig. 3) 

radiation angle measured from nozzle inlet axis, deg (fig. 5) 

density of undisturbed fluid, kg/m 3 

density of fluid evaluated at point where U1 is determined, kg/m 

aagle, deg (fig. 3) 

angle, deg (fig. 3) 

impact impact 

impinge impingement 

jet exit con3tion 

local 

trailing ec,s 



ANALYSLS OF JET-FLAPLINTERACTION NOISE 

In figu-e 2 the jet impingement on an EBF two-flap wing in an approach attitude is 
depicted by ;he dashed lines. The major noise sources, show in figure 2, a re  as- 
sumed to be tie result of oblique jet impingement, surface scrubbing, jet interaction I .; 
with_ t!ie leading and trailing edges, free shear layer mixing over the surface of the de- ! i . . 

, . .. 3 

£leded flaps, and inflow about the most downstream (second) flap. . . 
I - < - . 

In referenct! 6, the noise resulting from oblique jet impingement, surface s c r u b  . . :  

bi7g and free sh--layer mixing is termed impact noise. Impact noise OASP4 . I  

"P"" i - ' 

is defined as  all tl e noise produced on a flat surface that is sufficiently large to exc ude '1  
'1 

leading- and trailin.?-edge noise. The noise produced by inflow about the wing o r  flaps 
is referred to in +is paper a s  inflow noise. Leading- edge noise is not considered bt+ : " i  

11 
i 

cause it is estimated tl be less than trailing-edge noise, as  reported in reference 9. 4 
' 1 

1 - Thus, it is assi:med that trailing-edge noise, impact noise, and inflow noise are domi- 
nant. By assumiqg that t h ~ q e  sound sources are  uncorrelated (as proposed in refs. 6, 1 ! 

.I 
7, and lo), o?e may approdm.>te their combined sound field by superposition. The re  

I 
, 4 .  fore, the total jet-fiap impingemtrlt OASPL is expressed a s  the logarithrmc sum of 
b '.. 

the impact, tr.ailing-edge, and inflo v contributions: ' ,  
i. 

t 1~ 

OASPLimpinge = 10 

Tfiis summation is referred to in this paper as  impingement noise. The following sec- 
tions present analytical expressions (in SI units) used to estimate trailing- edge, inflow, 
and impact noise. 

Tr~ilin,l;- Edge Noise 

i I 

Trailing-edge noise may be estimated from the theoretical approach of refer- t 1 , - 
: 1  ' 

ence 11 in the form presented in reference 6, where the details of the derivation are  I f  
5 presented. This noise source has a velocity dependence of U . F.'gure 3 is a sketch, 1 i 1 I :  

1 used in the derivation of reference 6, which shows the coordinatn systeri~. The overall i ] . 
1 I sound pressure level of trailing-edge noise OASPLTE for zero . .;eep mgle is given 

I I (ref. 6) as follows: 
I _ !  

I 1  
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8 2 2  1.15~10 a! p 
. ! 

(2) . '4 . ,! 

C f . 
* ,  

6 as a function of the acoustic I . ,  

M o w  Noise 

A derivation of the noise produced from inflow effects is given in reference 7. The 
derivation is based on reference 12, in which the l a r e  scale turbulence structures of 
the jet flow field (ring vortices) a re  assumed responsible for what is referred to as in- 
flow noise. Figure 4 is a sketch of the coordinate system used in the derivation of rd- 
erence 7. The overall sound pressure d inflow noise OASPLidoW is given in refer- 
ence 7 as  follows: 

+ 10 log r. - r 
+ 10 log C O S ~ ~  + 10 log(0.23 fJ (3) 

determined graphically in reference 7 as a function of the acoustic 

. . 

Impact Noise 
! , ?  

Although the specific mechanism which produces impact noise i s  not known, it is 
assumed as  in reference 6 that impact noise is produced, in part, by the large-scale 

. turbulence structures of the jet flow field impacting the flaps. In reference 13 the 
I 

' ,- 1 noise field produced when a 5.2-centimeter-diameter jet impacts a very large smooth 
.: flat board i s  presented. In 'he absence of an explicit theoretical expression and as  

i 
. . . .. 
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i I 

I 
I 
I 
I .' 

I ? *  

proposed in reference 6, these small-scale test results of reference 13, reproduced i 

include leading- and trailing-edge noise, but did include the remaining noise sources 

4 . .  
deflected flat surface). The test conditions of reference 13 included nondimensional ! . .! , 

\ . , :  geometric and fluid flow conditions similar to those of the cold-flow test described in . - , ,  . 

this paper. Therefore, the data of reference 13 were used after interpolation for the I- 1: 
9 a~ 

appropriate Mach number and normalized for differences in nozzle diameter D and I 
microphone location r according to geometric scaling laws of reference 14. i , !  

.I 
. .> . 
! ; '.! - 

COMPARISON OF CALCULATED AND MEASURED 
i % ,  .. -1 

JET- FLAPINTERACTION NOISE . !I 1 I 
Ovez 11 sound pressure levels representing the total jet-flap impingement noise 

(eq. (1)) are compared with two se.s of experimental data: first, the large-scale, 1 1 
cold-flow, t w e J a p  model data of reference 7; and second, the unpublished full-scale I I-, i 
hot-flow, three-flap model data obtained by using a TF- 34 turbofan engine. Each con-/ 1'. 
figuration was positioned with the flaps in an aj.i>proach attitude. 

Cold- Flow, Two- Flap Model 

The cold-flow model tests of reference 7 were conducted at the large-scale test I 1 
facility schematically shown in figure 6. A primary airflow system supplied ai r  to t h 4  1 
33-centimeter-diameter conical nozzle. The nozzle was located 7.33 nozzle diameter4 .: 

I 

upstream of the flaps. Sound data were taken at nozzle exit Mach numbers of 0.5, 0.7i  : 
! 

and 0.8 along the circumference of a 15.24-meter-radius microphone circle over a 1 ,; ; 
smooth blacktop ground plane. . , 4 

: ' 8  

The cold-flow model OASPL data a re  plotted as a function ol' radiation angle 0 j j 
I .  

measured from the nozzle inlet axis in figure 7. Discrete ground reflection effects - ' ; 
were eliminated by matching acoustic data taken at ground level and at 3.58 r r ~ t e r s  , , . i 
above it. This procedure produced spectra which were essentially free-field plus 2.59 

, . ' 
decibels. As shown in figure 7, the data were taken along an arc of the microphone 
circle from 10' to 115~. Thc data are restricted to this range of 0 because these are  , - 
the limits of the useful impact 2oise data obtained in reference 13. A disproprti~nate ! .. 
increase in noise level v Ith increased jet exit Mach number M i s  clearly shown he- 

j 
tween 70' 5 6 5 115'. . 
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Overall- souna-pressure- level data taken at a jet Mach number M of 0.7 (from 
j 

fig. 7) are compared in figure 8 with the total jet-flap impingexent noise calculated 
lid curve). Also included in figure 8 a r e  estimates of each noise - [ .  

e total impingement noise. These include trailin:-edge noise 

applied to the second flap (eq. (2)), inflow noise applied to the two flaps and wing 
(eq. (3)), and the empirical estimate of the impact noise. The local gas properties and 
turbulence intensities used in the calculations were estimated, a s  in reference 7, from 

tex structures (tick mark @) occurs at apnroximately the same frequency as the pezk 
value of the spectra. Thus, the ciominant noise produced by jet impingement on the 

velocity decay profilt?~ and small-scale turbulence intensities available in the literature. 
From 8 = 10' to 80' in figure 8, inflow noise from the second flap (having a U 6 

dependence) dominates the noise field; hawever, trailing-edge noise froill the second 1 

flap (kaving a IJ5 dependence) is also a significant contributor. In the r e g i ~ n  from 1 ;  
90' to at least 120° impact noise (having a u8 dependence) is dominant, and inflow 
noise and trailing-edge noise do not significantly affect the noise level. The agreement 1 ,  
between the measured data and the curve representing impingement noise (eq. (1)) in I r I 

i 
figrlre 8 is considered good. i 

In the lower portion of figure 8 the velocity exponents determined from the experi- 1 
I 

mental d indicate that OASPL varies nominally a s  u5* for the rang. of O be- 
8.4 and U7.3 tween 10 and 70'. Above 80'. however, OASPL varies a s  u ~ . ~ ,  U , 

at radiation angles of 85O, loo0, and 115O, respectively. Comparing these results 
with the .:urves representing the dominant sound sources indicates general agreement t 

with thc expected values based on the present =alysis. 
Sound-pressurelevel spectra. - A typical spectral plot for the cold-flow EBF con- 

figuration is presented in figure 9 (from ref. 7) for  a radiation angle 0 of 85'. These 
data demonstrate the distinct broadband character cf the sound field for values of jet 
exit Mach number 9 of 0.5, 0.7, and 0.8. Also showr. in figure 9 are  two tick 
marks positioned along each curve. These tick marks represent the frequencies at 
which two modal forms ~f the large-scale turbulence structures in a jet flow field a re  
predicted to occur (ref. 15). Tick mark @ represents the fundamental axisymmet- 
r ic  vortex mode (applicable at  M < 0. 3 3 ,  m d  tick mark represents the f irst  

j 
1 

harmonic of the axisymmetric vortex mode. The parameter 3 upon which these modes 
i 

1: 
depend are  given in r e f e r e n c ~  6. it ;I 

The possibility that the large-scale turbulencs structuras in a jet flow field a re  I 

! j 
associated (through transfer functions) with the dominant nclise produced during jet im- i I 

1 I 
pingement on a flat plate is considered in reference 6. It ;s shown in reference 6 that 1 i 
the fiyst harmonic mode of these structures occurs at  ap~roximately the same fre- /I 
quency a s  the peak value of the far  field sound pressure level. In figure 9, as  with the 
flat plate data of reference 6, the d&.i show that the f irst  h a r m o ~ ~ i c  mode of these vor- 



flaps appears to be associated with the large- scale turbulence structures ; I- the jet flow 
- ,  

field. . : I '  

Plugs in slots. - I .  order to teet the noise source model further, an effort was 1 : i,' i I 

made to reduce substantially o r  eliminate the noise produced by inflow of the jet about 1 , : . ,  

the wing and flaps. Short spanwfse covers, referred to as  plugs, were placed over the i . a: I ~ i .  
I 

slots between the wing and the first flap and between the first and second flaps with the 7 
I 

I 

flaps deployed (fig. 10). These plugs were smooth fairings positioned on the flaps and : !  i ? 
I '  

centrally located in relation to the intersection of the nozzle axis with the flaps. They I ,. : 
had spanwise lengths of approximately 2 and 3 nozzle diameters (fig. 10) and were de- , .  

signed to prevent most of the impinging jet flow from passing through the spaccl be- I I 

_ I  ' I 

1 ' s  tween the wing and the flaps. Thus, they redirected the jet flow over and downstream I I ? i I 

on the impingement side of the flaps and effectively reduced local inflow of the jet about 
, . / I , . 

the wing and flaps. The rest of the flap ~ystern in the spanwise direction was unaltered, ' . ' 1 ' ' ' i  

1 1 
which permitted normal aerodynamic operation of the flaps. ' l i 8 1  i 

i , . . i  
' 1 

The OASPL distribution for the cold-flow model with plugs in the slots between ' I i I 
the wing and flaps is presented in tigure 11 (ref. 7). The calculated trailhg-edge noise 1 [ I t 
(eq. (2)) is also shown, along viith the empirically based estimate of impact noise and I !  i I !  

I 
the logarithmic sum of impact and trailing-edge noise OASPLimwt, TE (from eq. (5) 
of ref. 7), which is expressed by the following equation: 

I 

Inflow noise is not included in equation (4) because of the assumption that the p lup  ef- 
fectively eliminate noioe from this source. 1 1  1 I 1 :  At a jet Mach rank r of 0.7 (fig. 11) close agreement is shown between the mea- l .  

I 

5 sured data and the curve of OASPLimpmt, TE. Trailing- edge noise (eq. (2), U de- j ; 8 I 
I .  

pendence) is dominant between 8 = 10' and 40°, while impact noise (u8 dependence) b I dominates from 80' to 115~. The dominance of these two noise sources is supported I I , 
! j .  

, . 
by the velocity exponents deter ied fmm the measured data and shown at the bottom 1 ; [ ' 1 : 
of the figure. 

1 i 1 , , ; :  
j 

Hot- Floc, Three- Flap Model i 
I 
I 

Figure 12 shows the full-scale, ~'lree-flap, swept-wing (25' sweep angle) U1W 
EBF in an approach attitude (first, second, and third flaps in 15O, 35', aud 55' posi- 
tion, respectively, ref. a), using a TF-34 turbofan engine having a couical exhaust 

270 



nozzle with a 12-lobe, internal forced mixer. The axis of the nozzle intersected the 
leading edge af the third flap at approximately 4 nozzle diameters downstream from the 
exit plane of the nozzle. Also, the trailing-edge was oriented so that the included angle 
between a tangent i3 the fhp surface and the jet axis was approxiaately 55'. The ori- 
en-aeon of the engine to the three-flap swept-wing UTW EBF configuration was, there- 
fore, not the same as that of the cold-flow model discussed in the preceding sections. 

Oveixll- sound- pressure- level data taken at a jet lvlach number of 0.5 a re  com- 
pared in figure 13 with the calculated estimate of the total jet-flap impingement noise 

( (1)) The calculated impingement noise (solid curve) includes free-field estimztes 
of trailing-edge noise applied to the third flap (eq. ( A ) ) ,  i d o w  noise applied to each of 
the three flaps (eq. (3)), and impact noise estimated from the data of reference 13. No 
velocity profile data were obtained at the trailing edge of the third flap in reference 8; 
 us the velc.city profiles from the tweflap, cold-flow test data of references 6 and 7 
were scaled up to estimate the boundary-layer height used in the calculations of 
trailing-edge noise. The local gas properties requircd in the calculations were deter- 
n d e d  :ram jet velocity profile and total temperature profile data for a conical exhaust 
nozzle with a 12-lobe internal forced mixer (unpublished data obtained from J. A. 
Schoei~ster of tne Langley Research Center and N. E, Samanich of the Lewis Research 
Center). The local turbulence intensities in the vicinity of the flaps were estimated 
from the literature, as was doue for the cold-flow model. The acoustic data were ob- 
tained by using 1.27-centimeter-diameter condenser micmphones positioned on the 

ground. 
In the region between 8 = 40' and 8 ~ '  in figure 13, inflow noise from the t? i rd  flap 

(having a lJ6 dependence) dcminates the noise fiele however, trailing-edge --oise 
from the third flap (having a dependence) is a160 a significant contributor. In the 
regon 90' to 120' impact noise (having a u dependence) is dominant, and inflow 
noise and trailing-edge noise do not significantly affect the total impingement noise 
level. For the three data points shown the calculated total impingement w i se  (eq. (1)) 

is within &I. 5 decibels of the measured data. 
In the lower portion of the figure the velocity exponents determine? from the ex- 

perimental data indicate that OASPL varied as u5* ' at radiatioi: angles of 70' and 

go0, but at 110' the dependence increased to u'. '. Comparing these results with the 
curves representing the sound sources at 70°, go0, and 110' indicates that these norni- 
nal results and trend would be expected on the bwis of the present analysis. 

A spectral plot of the noise is presented i r  figure 14 for a radiation angle 0 of 
90' and a jet exit Mach number M of 0.5. Also shown i? figure 14 are the two tick 

j 
marks representing the large-scale vortex modes discussed previously for the cold- 
flow model. The value of th.? jet exit velocity used in the calculations of the vortex 
mode frequencies ia based 0,. mass average flow conditions computed in the exit plane 



' I  
. 

I : ,  :j ; 
I ' U  

of the nozzle. It is shown that the first harmonic mode of the large-scale turbulence , . ., .I 

structures in the jet flow field (tick mark @ ) occurs at approximately the same f re  
quency as the peak value of the sound spectra. Thus, as with the cold-flow model, the 
dominant noise produced by jet impingement on the flaps apgears to be associated with 

I !  the largescale turbulence structures in the jet flow field. i 

I ; 
I I i : / , I '! 

CONCLUDING REMARKS 1 .  
I a ; 1 

i i - .  
0 < 

An analytical expression has been developed which approximates the overall sound 1 I 
, 

pressure level and directivity of data obtained from hvo large-scale UTW EBP configu- f j , c 
" !  

I / 

rations in an approach attitude. Three dominant noise sources are  modeled; two are  ! 1 ,. 
I '  

I 

i 
based on analydcal theories, and the third i s  based on scal9d experimental data. The 1 1 , ' 

i . ? ,  
noise sources include the following: first, impact noise prsduced by the jet exhami 

! 1 

impinging on the surface of the most dc mstream flap; second, inflow noise, produced 
by the jet exhaust flow about the wing and flaps, which in turn produces a fluctuating 
lift response to an upwash disturbance; and third, trailing-edge noise, produced by the ! I i I .  

1 1 ,  
jet ilow passing over the trailing edge of the most downstream flap. ; t  1 1 I 

, .  The analysis wss compared with experimental data obtained by using a su?monic 
cold-air jet impinging on a twc~flap wing and a subsonic hot- bas jet from a TF-34 
turbofan engine impinging on a three-flap swept wing. The agreement between the 

, . ardytical expression and the data is considered guod in both cases. 
. ., 

The dominant noise at 90' under the wing appears to result from the jet impact .. 
.*, . - 
. 1  (eighth power dependence on jet velocity) rather than a fluctuating lift dipole (sixth 

! 
power) o r  a trailing-edge disturbance jfifth power). ' 1 / 

The frequency at which the pea.  soimd pressure level occurred appears to be 1 
governed by the periodic formaJ;on and sh, dding of large-scale turbulence structures 
(ring vortices) from the outlet of the jet nozzle. I l i I  
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(a) Tes t  ins ta l lat ion .  

Ib) Approach a t t i t u d e .  

Y 
Figure 1 .- Cold-flow iiodel of two-f lap EBF with conical nozr! e. 
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Figure 2.- Noioe sources resulting from jet impingement on 

EBF two-flap vfng i n  its approach att i tude.  

Figure 3.-  Coordinate system of j e t  impinging 0. semi-irlf i n i t e  
half-plane near its tra i l ing  edge (ref .  6 ) .  



Figure & .- Coortfinate system for inzlow roise (ref. 7). 
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Figure 5.- Oversll-sound-pressure-level distrjbutiorL 'ni 
lazge flat board. D = 5.2 IU; ny rophone radius, ' i .35  m; 
azimuthal .-ngle, 00 (ref. 13 j . 
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Figure 6.- Diagram of EBFlarge-scale test facility showing 
primary airflow system (ref. 7). 
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Fiqure I . -  Overall-sound-pressure-level distribution for two-flap 
EBF cold-flow configuration with 30° to 600 flaps (approach 
attitude). Microphone radius, 15.24 m. 



3 MEASURED DATA 
OAS PLIMplNGE (eq. (1)) ---- TRAILING-EDGE NOISE 

(eq. 01. u5 DEPENDENCE) ------ IMPACT NOISE ( ~ 8  DEPENDENCE) 
--- INFLOW NO1 E FROM SECOND FLAP 5 (eq. (3). U DEPENDENCE) --- INFLOW NOISE FROM FIRST FLAP 

(a. (31, U DEPENDEhCE) ---- INFLOR NO1 E FROM WING 5 (eq. (3!, U DEPENDENCE) 
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Figdre 5.- Comparison of measured and calculated overall sound pressure 
1e~:el for cold-flow configuration (approach attitude). Mj = 0.7; 
Uj = L?7 m/sec (ref .  7 ) ;  rnicrophonc radius, 15.24 m .  



WRTEX MODE DESCRIPTION 
Mach number. 
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Figure 9.- Sound-pressure-level spectra for two-flap EBF cold-flow 
configuratior with 30° to 600 flaps (approach attitude). O = 8 5 O  
(ref. :j ; microphone radius, 15.24 in. 
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Figure 10.- Plug fairings in slots between wing and first flap and 
first and second  flap^ (ref. 7). 
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Figure 11.- Comparison of measured and calculated overall sound 
pressure level for cold-flow configuration with plugs (approcch 
attitude). Mj = 0.7; UI - 227 m/sec (ref. 7); microphone 
radius, 15.24 m. 



(a) Teat inst al lat  ion. 
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L ~ ~ l ~ ~ ~  NOZZLE 
WITH MIXER 

(b) Approach at t i tude .  

Figure 12.- Hot-f loor model of thrze-flap EBF d e h  TF-54 turbofan 
engine (ref. 8). (All d imenaions in meters . ) 
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F i g u r e  13.- Compar!.son of measured and c a l c u l a t e d  f r e e - f i e l d  o v e r a l l  
sound p r e s s u r e  level f o r  f u l l - s c a l e  t h r e e - f l a p  c o n f i g u r a t i o n  wi th  
TF-34 t u r b o f a n  e n g i z e  (approach a t t i t u d e ) .  Mi = 0.5; jet e x i t  

-1 

c o r e  v e l o c i t y ,  2 5 0  m/sec;  c o r e  tempera tuze ,  749 K;  microphone 
r a j i u s ,  30.48 m. 

1 V 3 R W  MODE DESCR IPllON 
1' AXlSYMMETRlC (FUNDAMENTPIL), M j  < 0.85 

FIRST HARMONIC, AXlSYMMETRlC 

ONE-THIRD-OCTAVE- BAND CENTER FREQUENCY, f, kHz 

Figu re  1 4 .  - Measured f  ree-f i e l d  sound p r e s s u r e  l e v e l  s p e c t r a  f o r  
f u l l - s c a l e  t h r e e - f l a p  c o n f i g u r a t i o n  w i t h  TF-34 t u r b o f a n  eng ine  
(approach a t t i t u d e ) .  Mj = 0.5; O = 90" ( r e f .  8) ;  microphone 
r a d i u s ,  30.48 m. 




