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The objective of the program was to develop the technology and develop 
techniques to reduce jet/flap interaction noise. 

Externally blown flap (EBF) configurations were tested at one-fifth 
scale in an outdoor static-test facility rad at one-tenth scale in a large 
acoustically-treated wind tunnel. In the static facility, noise was mea- 
sured bs eleven microphones on a rotatable arch. 
was measured by twelve microphones in a fixed array. 

were measured in both programs. 
slotted flap designs, two conical nozsles, and a fluted mixer nozzle w i t h  

removable ejector. Many third-flap trailing-edge modifications, primarily 
varioue types of porous and flexible edges, were tested. Blowing from the 

third flap (top, bottom, or trailing edge), fairings covering the flap slots, 
and variations in slot gap, trailing e e e  sweep angle, and nozzle position 
were tested extensively. 
test were flap setting, thple-slotted or single-slotted flaps, sweep angle, 
and the w e  of a solid or perforated third flap. 

Noise in the wind tunnel 
Aero/propulsion forces 

The static models represented two triple- 

The configuration variables in the wind tunnel 

The static test program showed the following noise reductions at takeoff: 
1.5 PNdB due to treating the third flap; 0.5 PNdB due to blowing from the 
third flap; 6 PNdB at flyover and 4.5 PNdB in the critical sideline plane ( N o  
elevation) due to inetallation of the eJector nozzle. The wind tunnel program 
ahowed a reduction of 2 PNdB in the sideline plane due to a forward speed of 

43.8 4 s  (85 kn). 
the  sideline noise of the reference aircraft at constant field length by 4 
mm. 

The best combination of noise reduction concepts reduced 
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2. INTRODUCTION 

Aircraf t  noise i s  one of the more serious problems confronting the 
aviation industry. 
Development (CARD) Policy Atudy concluded t h a t  noise, along with a i rpo r t  
congestion, will continue t o  be an extremely serious problem f o r  the 
foreseeable future 

The recent DOT-NASA C i v i l  Aviation Research and 

The requirements t h a t  must be met are  s t i l l  evolving, Mhen the work 
reported herein was i n i t i a t e d ,  95 EPNdB a t  a 152.4-m (500-ft) s ide l ine  was a 

typical  STOL landing and takeoff c r i t e r ion .  A 2.59-sq-km (1 -sq-mi) 90-EPNdlj 

foo tp r in t  l imitat ion i s  now more common. Whatever the ultimate l e v e l  o r  
type of noise c r i t e r ion ,  it will surely be considerably more s t r ingent  
than the current FAR 36 f o r  CTOL a i r c r a f t ,  which is of the order of 22 
EPIVdi3 higher than the 95-EPmdB/152.4-m cr i ter ion.  
t h a t  aero/acoustic technology be advanced t o  provide a be t t e r  understand- 
ing of noise-generating mechanisms and t h e i r  suppression. 

Thus it is  imperative 

STOL a i r c r a f t  show promise of a l leviat ing noise through the use of 
higher-angle takeoffs and approaches, l e s s  runway length, and quiet  engines. 
The powered-lift systems associated with STOL a i r c r a f t ,  however, have uni- 
que noise character is t ics .  I n  addition t o  increased engine noise levels  
because of considerably increased t h r u s t  requirements, the powered-lift 
systems themselves create additional noise sources. The externally-blown 
f l ap  (FW) high-l i f t  system, i n  which the flaps are deployed i n t o  the 
engine eff lux,  introduces je t / f lap interact ion noise not encountered on 

CTOL a i r c r a f t .  
the  j e t  alone. 
alone becomes c r i t i c a l  i n  determining the achievable noise floor.  

The result ing noise l eve l  is higher than t h a t  created by 
Thus jet/f lap in t e rac t ion  noise ra ther  than j e t  noise 

If one accepts unsuppressed j e t / f l ap  interact ion noise, STOL air-  

c r a f t  noise goals can be met only by employing large turbofan engines 

with very high bypass r a t i o s  and extremely low nozzle pressure r a t io s .  
While de f in i t e ly  feasible ,  these engines introduce a i r c r a f t  performance, 
control,  and weight penalt ies.  
fo re ,  w a s  t o  explore je t / f lap designs and noise suppression techniques 

The purpose of the present Progrm, tilere- 
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which would pennit the use of lower-bypass engines. 

The program was conducted in five phases: 

Preliminary analysis of proposed noise-reduction concepts. 
Series 1 static model test program to identify concepts 

warranting further development. 
Series 2 static model test program. 
was to optimize the concepts previously selected. It was ex- 
panded to investigate the effects of changes in flap and nozzle 
configuration. 
Wind tunnel model test of forward speed effects. 
Evaluation of noise and perfomapce results in terms of inte- 
grated effect on dTOL aircraft noise. 

The intent of this program 

The identification and description of noise-generating mechanisms and 
their characteristics was an important consideration throughout the program. 
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3.  BACKGROUND 

Description of the Problem 

The objective of the program was to develop the technology and develop 
techniques to reduce jet/flap interaction noise. 
the jet/flap interaction noise of the reference aircraft, described in sec- 
tion 11 , Application to Aircraft, not exceed 92 PNdB during approach and 
takeoff at a 152.4-m (500-ft) sideline. Noise sources other than flap inter- 
action, such as forward and aft radiated fan noise, turbine noise, combustion 
noise, other engine installation noises, and their prediction and control 
are not part of this study and are not considered flrrther. 
is influenced by the presence of the wing and flaps and is therefore an inte- 
gral part of the study. 

The specific goal was that 

Jet noise, however, 

Previous experimental and theoretical studies of this type of aircraft 
(ref. 1) have indicated that jet/flap interaction noise on a 152.4-m sideline 
is usually more critical during takeoff than during approach and that the 
m a x i m u m  level is expected when the elevation from the sideline is about 0.524 
rad (9'). This results from a tradeoff of noise source directivity, source- 
to-observer distance, fuselage shielding, and extra ground attenuation. Thus 
noise control emphasis should center on the jet/flap interaction noise charac- 
teristics at this point in the flight profile. 

Figure 3-1 shows the flap/jet interaction noise characteristics predicted 
S jet/flap at the start of the program and compares them to the 92 PNdB goal. 

interaction noise level of 106 PNdB was predicted at takeoff. 
present the fully-corrected aircraft in flight; i.e., they include the effects 
of ground reflection and absorption, hot jet, fuselage shielding, and forward 
speed. These corrections, listed on pages 11-2 and 11-3, reduce the noise 
level that would be predicted at static cold flow test conditions by approxi- 
mately 4 PNdB. 

The curves re- 

Figure 3-2(a) compares the predicted spectrum to a constant-noy 92 PNdB 

spectrum, The latter is the ideal way to achieve the noise goal, in the 
sense that a constant-noy spectrum requires the least reduction in Qk3PL. 
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Its significance is that it identifies those portions of the spectrum where 
noise reduction is most important in terms of PNdB. 
humps at 200 and 2000 Hz indicate that these frequencies are the most 
offensive portions of the unsuppressed 106-PNdB spectrum and thus should 
receive the most attention. Reduction of a noise level by suppressing a 
non-dominant noise source has extremely limited effectiveness. 

In figure 3-2(b), the 

Thus it appeared that a reduction of some 14 PNdB, with a minimum 
penalty design, was required to obtain the jet/flap interaction noise goal 
of 92 PNdB for the reference aircraft. Achievement of t h i s  noise reduc- 
tion goal requires broad-band noise reduction over the frequency range of 
50 to 10,000 Hz, with a maximum reduction of about 16 dB at 100 to 500 Hz. 
This is equivalent to a 9% reduction of acoustic power, which, before the 
reduction, is only 0.1-0.01% of the mechanical power of the jet. 
suppression of these dimensions is a formidable task, especially since the 
flap system is exposed and cannot be muffled by introducing shielding or 
attenuation between the source and the observer. The noise must be controlled 
at the source, which dramatically increases the difficulty of the problem. 
To efficiently accomplish noise reduction at the source requires that the 
location of the source be known, that the physical phenomena creating the 
noise be understood, and that the critical noise-producing parameters be 
identified. The task is far more challenging than, for example, that of 
reducing fan or turbine noise on a gas turbine engine installation using 
currently available techniques. 

Noise 

Noise Sources 

The noise of an EBF system may be described as that generated by the 
interaction between a subsonic turbulent flow and finite rigid surfaces. It 
is thus dependent upon the flow characteristics and the geometry of the sur- 

faces. Many theoretical studies and experimental investigations, reported 
in the literature, attempt to identify the relevant sources. 
problem is treated by Curle, reference 2, and others. 

The general 

Figure 3-3 depicts the flow field around a nozzle/wing/flap, with the 
associated noise sources. Mixing  with the freestream as it goes, the jet 
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leaves the nozzle, impinges on the flaps, is turned and partially diverted 
through the slots, convects over the flap surfaces and leading and trailing 

edges, and leaves the last trailing edge from the upper and lower surfaces 
to become a free jet again. Its shape changes from a circular cross-sec- 
tion to a thin wide sheet with some spanwise flow, which is reduced by 
forward speed. The peak velocity experiences little decay f r o m  its value 
at the nozzle exit but the presence of the flaps causes a significant in- 
crease in the turbulence level of the flow. 
the jet/flap interaction process is shown schematically in figure 3-4. 

The noise generation model of 

The totality of the sources shown in figure 3-3 is referred to herein 
as jet/flap interaction noise - the noise produced by the jet and by its 
interaction with the flaps. 
ing edge noise, slot jet noise, and flap upper surface scrubbing noise, is 
termed slot exit flap interaction noise, 
this source from others because of its aft directionality and different 
response to forward speed, as discussed in section 9, Wind Tunnel Acoustic 
Results. 

A subset of the sources, comprising slot trail- 

It is convenient to distinguish 

Estimates and rankings of the various sources have been attempted by 
Hayden (ref. 3 ) .  He concludes that for a triple-slotted flap design similar 
to the baseline used herein, at takeoff flap setting, trailing-edge noise on 
all three flaps is the dominant source, flap whole-body noise is a secondary 
source, and little data are available to rank leading-edge noise. 
4) concludes that leading-edge noise is not a significant EBF noise source. 
He deduces this from velocity exponents and spectrum shapes. Dimensional 
arguments lead him to conclude that scrubbing noise and trailing-edge noise 
are the dominant sources. He also speculates as to the presence of an 
additional unidentified aero-acoustic source. Sophisticated acoustical 
analyses by Ffowcs Williams and Hall (ref, 5 )  evaluate the acoustic charac- 
teristics of an edge in a turbulent subsonic flow. They conclude that this 
could be a significant noise source. Potter (ref. 6) considered 
that the primary source of noise for a single small airfoil in a turbulent 
subsonic flow was the trailing edge, and went on to test trailing edge con- 

figurations which might reduce the noise. 

Fink (ref. 

Numerous other studies of the 
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acoustic radiation characteristics of single airfoils immersed in subsonic 
turbulent flow have been made. 

Evaluation of these analyses and references led to the conclusion that 
the dominant noise source was the third (last) trailing edge and that the 
other trailing edges, leading edges and slots, whole-body effects, as well 
as the distorted and deflected jet, also contributed to t h e  overall noise 
level but in a secondary manner. 
was placed on reducing third-flap trailing-edge noise. 

Consequently, the emphasis in the program 

Jet/Flap Interaction Noise Control 

At the inception of the program few attempts had been made to control 
the noise generated by the interaction of a turbulent subsonic flow with 
edges, discrete airfoils, and wing-and-triple-slotted-flap arrangements 
other than by reducing mean flow velocity. 
suppression approaches includes: 

The range of possible noise- 

O Reducing noise generated at the source, by decreasing the 
efficiency with which the mechanical power of the stream 

is converted to acoustic power. 
Changing the noise spectrum to shift acoustic output to less 
annoying frequencies. 

O 

O Changing the acoustic directivity pattern to direct the noise 
away from ground observers. 
Absorbing or scattering the noise energy after its generation. O 

The noise-reduction concept areas described below emerged as having 
the best potential for development to practical application on EBF aircraft. 

Jet modification.- Jet characteristics are determined by the nozzle 
configuration (conical, mixer, or ejector/mixer), nozzle size, and engine 
cycle (nozzle pressure ratio). 
and flap geometry, determine the mass flow rate, velocity, target point, 
and the turbulence level and scale. 

These features, together with the wing 

Wing and flap geometry.- Geometric variations are of two types. The 
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first concerns the gross phyeical features of the nozzle, wing, and flaps, 
including nozzle/wing/flap axial and vertical spacing, nozzle pitch into the 
flaps, and flap sweep, wetted area, and deflection angles. The second con- 

cerns the detailed design of the flaps: triple-, double-, or single-slotted, 

cross-sectional shape, and apacing. 

Flap modifications,- Modifications to flap edges and scrubbed surfaces 
can change the acoustic transduction process and reduce the acoustic radia- 
tion efficiency or the aerodynamic inefficiency. The modifications may be 
passive or active. 
trailing edge serrations, compliant materials, and porous materials. Active 
modifications involve secondary blowing from the flap, which can stabilize 
the turbulent boundary layer shed from the trailing edge and reduce unsteady 
wake formation. 

Passive modifications include the incorporation of 

The static test program was designed to explore the concepts identified 

above, 
on jet/flap interaction noise, 

The wind tunnel test program investigated the effect of forward speed 
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4. STATIC TEST DESCRIPTION 

Facility 

The static test facility, pictured in figure 4-1, consisted of the 
model test rig, centered on a 15.2-m (50-ft) diameter concrete pad, and 
a control center some 50 m away. The major elements of the facility are 
shown schematically in figure 4-2 and included: 

O The air supply system. 
O The model support system. 
O The microphone arch. 
O The data acquisition system. 

Continuous airflow from remote compressors was supplied to the site 
through a 15.2-cm (6-in) diameter delivery pipe at rates up to 8.16 kg/s 

(18 lb/s) at 516,000 N/m The supply 
line branches into 15.2-cm and 10.2-cm (bin) diameter air lines with flow 
control valves that regulate flow to the nozzle and trailing edge slot. 
The nozzle supply system consisted of a support trapeze, conical diffuser, 
two mufflers, and transition duct. 
from the rigid supply lines by a rubber duct section and were supported 
by flexures so that nozzle thrust and side load could be measured by load 
cells. The 10.2-cm flap-supply line was similarly configured, less the 
trapeze, and used flex hoses between the line manifold and the flap to 
minimize contamination of the lift measurements. 

2 (75 psig) and ambient temperature. 

The nozzle and mufflers were isolated 

The wing/flap model was mounted vertically to eliminate underwing 
impingement of the turned jet on the concrete pad. 
port structure provided data for the determination of wing/flap lift, 
drag, and side loads. 

Load cells in the sup- 

Eleven microphones were mounted on a 6.1-m (20-ft) radius on the 
semicircular powered arch, which could be positioned at any elevation 
angle from underwing (flyover) to overwing. 

The control center, building 67, overlooks the lighted test site, 
figure 4-3, and houses the data acquisition and reduction and airflow 

control systems. 
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Instrumentation and Data Handling 

Aero/propulsion instrumentation.- The airflow measurement system in 
both the 15.2-cm and 10.2-cm supply lines used a sharp-edge orifice plate 
with pressure transducers to measure differential pressure. Orifice air- 
flow temperature was measured with a nickel resistance grid. 

Primary nozzle pressure ratios were obtained by manifolding the out- 
put of four total pressure probes and four static pressure probes located 
just upstream of the nozzle. Onc chromel-alumel thermocouple was mounted 
in the area to provide temperature data. 
installed in the 10.2-cm line at the third flap to establish trailing edge 
pressure ratio. 
during system check-out to relate the readings of the two probes to the 
exit total pressure. 
of the flex lines. 

Two total pressure probes were 

A total pressure probe was held at the blowing-slot exit 

Trailing edge air temperature was measured upstream 

Nozzle forces in the axial and vertical (relative to the wing) direc- 
tions were measured with two Toroid model 36-233 load cells installed, 
respectively, at the first bend along the air supply centerline and in 
the horizontal plane just upstream of the nozzle attachment flange. Six 
Toroid loadcells measured wing/flap drag (two cells) ,llift (three cells), 
and sideload (one cell). 

A 73-tube total pressure rake was installed, when desired, at the 
model trailing edge to measure wake profiles noma1 to the surface. 
pressures were routed through two 48-port scanivalves to two Statham 
PM13l pressure transducers. 

The 

All instrumentation signals were cabled to the control center for 
recording, monitoring, or test control. In addition, ambient pressure 
and temperature were hand-recorded for manual entry into the data reduc- 
tion program. 

All transducers were laboratory-calibrated pr ior  to the test program 
and calibration checks were performed after installation. 
nozzle and wing/flap system were established prior to each test series. 

Tares for the 
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Aero/propulsion data acquisit ion and reduction.- A block diagram of 
the data system i s  shown i n  figure 4-4. 
shows the elements re la t ing t o  receiving and recording aero/propulsion 
data. 
ing the 30 seconds of s tab i l ized  operation eetablished for recording the 
acoustic data. The analog S e aero/propulsion transducers 
were conditioned and then transforme 

t r a i n  by the pulse code modulation (PCM)-system, DR 37l-Sl. The pulse 
t r a i n  was recorded on one channel of the  Honeywell 7600 analog magnetic 
tape recorder. 

The upper portion of the f igure 

The aero/propulsion data were recorded over a 5-second period dur- 

o a ser ia l ized  d i g i t a l  pulse 

The equipnent shown on the right side of f igure 4-4 and i n  f i g u r e  4-5 
was used f o r  quick-look data duction. 

PCM system feeds a demodulating/dAgitizing system which can present any 
one of ten selected aero/p 

i n  engineering units i n  r e  

by a data coupler which formatte 
a d i g i t a l  tape recorder, and a paper-tspe punch. 
on-line look a t  the measured data, the digi ta l  tape was a back-up t o  the 
PCfiI data on the analog tape, and the paper tape was used as an input t o  the 
adjacent computer t e m n a l ,  which provided f i n a l  performance data on-line 
i f  desired. 

The multiplexed s ignal  from the 

sion parameters on a d i g i t a l  display u n i t  
en parameters were also processed 
a and sen t  it t o  a d i g i t a l  p r in te r ,  

The p r in t e r  provided an 

The analog and d i g i t a l  magnetic tapes were processed daily i n  the 
m i n e e r i n g  Test Data Processing Center, as i s  shown schematically i n  
f igure 4-6. In  this process the  PCM data from the aero/propulsion trans- 
ducers were averaged and reformatted for use i n  the Data Processing Center 
computer. Standardized tabular listings were prepared, and the data were 
stored on d i g i t a l  magnetic tape f o r  machine-plotting o r  fur ther  analysis 

as desired. 
_- 

Acoustic instrumentation.- The noise s ignals  were acquired by eleven 
microphones mounted on the powered arch shown i n  f igure 4-7. 
Kjaer model 41% 6.35-m (O.25-in) condenser microphones were used, with 

protective gr ids  connected t o  E&K model '2615 preamplifiers. This combi- 

nation has a useful frequency range of 250 t o  50,000 Hz, which is 

Bruel & 
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compatible with the one-fifth-scale static model. Une driver amplifiers 
with a flat frequency response of f. 0.5 dB through 80,000 Hz were used to 
power the 60-m long cables to the data acquisition equipnent. 

Foam windscreens, E&K model UA0237, were placed on the microphones to 
minimize wind excitation of the diaphragms. Microphone vibration was re- 
duced by lining the microphone ring clamp with foam and wrapping the 
phenolic support with damping tape. 

Fluctuating pressure measurements at the flap surface were measured 
w i t h  Kulite model L&-30-l25-l OF pressure transducers. 
were glued to the flap surface as shown in figure 4-8. 
locations are shown in figure 7-13, which shows wing/flap/nozzle sections 
drawn to scale, 
be scaled fromthe figure. 

The transducers 
The transducer 

Approximate locating dimensions for the transducers can 

Prior to each test series a spectral calibration was performed in- 
dividually on the following groups of equipnent in the acoustic data 
system: microphone and preamplifier; line driver and cable; amplifier; 
recorder; and analyzer. 
third-octave-band center frequency from 100 through 50,000 Hz, and the 
calibration of each band relative to the reference frequency of 1000 Hz 
was established. 
acoustic calibrator was used to apply a known noise level at the reference 
frequency of 1000 Hz to each microphone. 
1000 Hz was applied at all frequency bands. 
ducers were calibrated by applying a static pressure differential on the 
transducer in a vacuum chamber. 
converted to the equivalent dB value, which, combined w i t h  its associated 
transducer voltage output, provided the required calibration value. 

A constant-level input was applied at each one- 

Prior to each d a y ' s  testing a Photocon model PC-125 

The dB increment obtained at 
The Kulite pressure trans- 

The static pressure differential was 

Acoustic data acquisition and reduction.. The acoustic data acquisi- 
tion and quick-look data reduction systems are shown in the lower half of 
figure 4-4. 
paper tape as inpt, it provided the on-line capability to obtain PNL, 
OASPL, and the one-third-octave-band SPL's, Quick-look data for a selected 
micromone were checked regularly during the testing. 

The quick-look system is also shown in figure 4-9. Using the 
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The system used for final data reduction, outlined in figure 4-10, 

uses the digital tape in combination wfth punched cards as the input. 
Calibrations and standard-day corrections were applied first to generate 
model-scale one-third-octave-band SPL and W P L  for each microphone. 
model-scale level was then projected back to the source, scaled to the 
full-scale four-engine configuration, and projected to a 152.4-m (500-ft) 
sideline (or flyover) distance and to a 152.4-m radius, using standard-day 
attenuation factors, 
ing infomation for each microphone : (1 ) model-scale one-third-octave-band 
SPL and OASPL, (2) full-scale 152.4-m sideline or flyover one-third-octave- 
band SPL, OASPL, PNL, TCF, and PNZlT, ( 3 )  full-scale 152.4-m radial one- 
third-octave-band SPL, OASPL, PNL, TCF, and PNLT, and (4) noy values for the 
sideline/flyover spectra. Nachine-plotted spectra and directivity plots 
were available on request. The full-scale noise levels result from geo- 
metric considerations only and do not include forward speed effects, shield- 

ing, 

Each 

The standard outputs (see fig, 4-10) list the follow- 

and other corrections necessary to simulate the full-scale aircraft. 

Kulite surface pressure data were reduced by the same process, with 
model-scale data being projected to the flap surface. 

Models 

The static tests were conducted on one-fifth-scale two-dimensional 
wing/flap models, in two test series. 
appeared promising on the basis of literature search and analysis were 
screened in series 1. 

2. 

Noise-reduction concepts that 

Those found best were further optimized in series 

The noise-reduction concepts tested in series 1 were variations of 
the flap and nozzle configuration defined in figures 4-11 and 4-12, de- 
signated baseline A. 

series 2. 

aerodynamic performance caul6 be achieved with a different flap and nozzle 
design. 
therefore used as the starting point for much of the testing in eeries 2. 

The airfoil sections of the two baselines are defined in appendix B. 

Limited tests of baseline A were also conducted in 
Other testing, however, indicated that lower noise and better 

A second baseline, baseline B, shown in figures 4-13 and 4-14, was 
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In addition to the flap contour, nozzle position, and flap deflection 
differences seen in the figures, the baselines differ in the following 
respects : 

Baseline A Baseline B 
17.67 cm (6.95 in) Nozzle diameter, model scale 

Trailing edge sweep angle 0.281 rad (16.1") 0 
20.20 cm (7.95 in) 

Third-f lap gap Standard flap gap Reduced flap gap 
(sm) (m) 

The nozzle diameter and sweep changes were introduced to bring Baseline 
The reduction in the B closer to recent NASA aircraft study configurations. 

width of the slot, or gap, between the second and third flaps resulted from 

series 1 tests that showed the narrower gap to be beneficial, The third- 
flap gap variations tested are listed below in percent of wing chord: 

Baseline A 

Reduced flap gap (FU?G) 

Standard flap gap (SFG) 
0 75% 
l e 5 %  (Bh) 

Enlarged flap gap (EFG) 3.08 

Baseline B 
1.2% (B/L) 

2.4% 

In addition to the baselines and third-flap gap variations discussed 
above, the following configuration variables were tested: 

Third-flap trailing edge treatment and surface treatment 
Fairing over one or more flap slots 
Internal blowing from trailing edge or from near trailing edge of 
third flap 
Trailing edge sweep angle 
Interchange of conical nozzles between baselines 
Fluted mixer nozzle with several ejector variations 
Nozzle position relative to wing/flap 
Removal of one or more flaps 

Table 6-111 lists in chronological order all of the configurations 

tested. 

with respect to the wing and flaps for the mixer nozzle tests and the tests 
with conical nozzles in off-baseline positions. 

Figure 4-15 through 4-20 show, to scale, the location of the nozzle 
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Figures 4-21 through 4-29 are photographs of the third-flap treatments, 

Details  of materials and construction are  given i n  figure 4-30 and t ab le  4-1. 

The flow-resistances of the feltmetal  t r a i l i n g  edges ( f ig .  4-28), given i n  

rayls, are the manufacturer's nominal values f o r  steady-state flow. 

Figure 4-31 shows baseline A with the a i r  supply l i n e s  t o  the t h i r d  f l a p  
for i n t e rna l  blowing t e s t s .  
tes ted : 

The following s l o t  positions and widths were 

Position 
Trail ing edge 

Width, model scale 
0.064 crn (0.025 i n )  
0.127 cn (0.05G i n )  
0.254 cm (0.100 i n )  
0.152 cm (0.06G i n )  
0.152 cm (0.060 i n )  

Upper surface, 2.5 cm (1.0 i n )  from t r a i l i n g  edge 

Lower surface, 2.5 cm (1.0 i n )  from t r a i l i n g  edge 

The width of the t r a i l i n g  edge s l o t  was  adjusted by a s e r i e s  of screws 

t h a t  deflected f l ex ib l e  sheets which formed the upper and lower t r a i l i n g  edge 

surfaces. 
upper o r  lower surface blowing. The assembly was symmetrical so  that  the s l o t  

could be located on e i t h e r  surface. 

A t r a i l i n g  edge assembly with a flush s l o t  e x i t  was i n s t a l l e d  f o r  

The mixer nozzle, which had 24 lobes, and t r ea t ed  e j ec to r  are  shown i n  
figures 4-32 through 4-34. 
carrtilevered from the i n l e t  l i p ,  which was attached t o  the centerbody by three 

s t ru t s .  
t reated e j ec to r  t he  mixing section was formed of 3O-rayl feltmetal .  

covered with a I.3-cm (0.5-in) layer  of f l ex ib l e  open-cell foam which i n  turn 
was covered with a th in  brass sheet. 

The cyl indrical  mixing section of the e j ec to r  was 

The hardwall e j ec to r  had a sheet aluminum mixing section. In  the 
It was 

One of the f a i r ings  used t o  cover the f l a p  s l o t s  i s  shown i n  f igure 4-35. 
Segmented fairings covering individual s l o t s  were also used. 
were taped i n  place with alumin-m tape. 

All f a i r ings  
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Figure 4-21.- Compliant (rubber) T.E. for baseline A. 
Polyurethane wedge, grade 60. 



Figure 4-22.- Porous (metal foam) T.E. for baseline A. 
Retiment wedge, grade 20 (coarse) nickel.  



Figure 4-23.- Perforated T.E. f o r  baseline A. Brass sheet,  
0.058-cm dia. holes, 18% porosity. 



Figure 4-24.- Serrated T.E. for baseline A. Metal wedge, 
teeth and gaps 0.32 cm wide by 3.23 cm long. 
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tant rubber wedge, grade 3 

Open-cell sponge rubber wedge 

FTgure 4-25.- Compliant (rubber) T.E. *s for baseline B. 



dge with membrane 

Brunsmet (perforated metal sheet with pressed f iber  f i l ler  in holes)  

Mgure 4-26.- Porous T.E. * s for  baseline B. 



Brass plate, 18% porosity, with rubber tip 

Figure 4-27.- Perforated T.E.'s for baseline B. 



Figure 4-28.- Feltmetal sheet T.E.'s for  baseline B. 
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Medium steelwool stuffing 
" -".."_̂I . 

Mgure 4-29.- Interiors for porous, perforated, and feltmetal T.E.'s 
with cavities, baseline B, 



\t- s t u f f i n g  

Baseline A 

Trai l ing Edge Tip 

Baseline B 

Figure 4-30.- Third-flap sections and nomenclature. 
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Figure 4-3.1 .- Baseline A windf laps  with a i r  supply t o  third flap.  Takeoff f lap  sett ing.  
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Figure 4-32.- Baseline B with mixer nozzle and treated ejector.  
Landing f lap set t ing .  
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Figure 4-34,- Treated ejector. 
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Mgure 4-35.- Baseline A with one-piece f a i r ing  and T.E. blowing. Takeoff f laps .  
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Table 4-1. - Third-flap trailing edge trea-tments. 

3rd F lap  Trailing Edge lTee.t.Rnt 

series 1 Test . 
l y p  sdrrsce m t e r l a l  Isscription 

corrpl ient  Polyurethane wedge, Grade 60 

POrOUe Retimt, Het.lPo*m, Grade 20 

pei-roret.3.' Brass P l a t e .  .058 Cm D1.Wt.r Holes ,  1% Porous 

Per fo ra t ed  *, ,, ,I , I . ,  

Serrated Sermted Ketal Plate. Teeth and Gap .j2 FB by 3.2) cm 

series 2 wet 

Type sJrrsce Ident .  r a t e r i a l  m s c r i p t i o n  

Compllarit 

Conpl iant  

CompllPnt 

POl-OW 

P e r f m e t e d  

POZO.8 

?el t.eta1 

Fel tmets: 

pe r fo ra t ed  
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OF POOR QUALITY 



Blank page 

4-44 



5. WIND TUNNEL TEST DEWRIFTION 

Facilitg 

The facilities used for the wind tunnel testing were the Lockheed- 
Georgia low-speed wind tunnel shown in figure 5-1 and the adjacent 6 7  
building, which houses the acoustic data acquisition equipnent described 
in the previous aection. 

Wind tunnel.- Figure 5-2 shows the general arrangement of the tunnel, 
which haa a closed loop and two test sections. 
a 6700-~att electric motor directly coupled to a fixed-pitch six-bladed 
fan made of laminated Sitka spruce. 
fan speed. 
measured by Baratron transducers with an accuracy of 0.17 of the reading, 
is the source of the q measurement. The time-dependent variation in q is 
negligible at low speeds and is about 4.8 N/m at the high end of the range. 

The tunnel is powered by 

Tunnel q is controlled by varying 
Settling-chamber-to-test section static pressure differential, 

2 

The test was conducted in the second and smaller of the two test 
sections, which is designated the low-speed section as distinct from the 
V/STOL section. 
test conditions the test section was lined with a 5.1-cm (2-in) thickness 
of open-cell flexible foam, as shown in figure 5-3. 
sheets of plywood a c h  were attached by drive-screws to the wooden floor 
(including the turntable), walls, and ceiling of the test section. 

To minimize acoustic reflections and approach anechoic 

The foam was glued to 

Figure 5-4 shows the control and data recording area, which is adjacent 
to the test sections. 

A six-component Wramidal external balance system, shown in figure 
5-5, is installed under the test section. 
restrained by links connecting the balance to precision weighbeams. 
weighbeam is self-balanced by moving a jockey weight along the beam as a 
function of the applied load. 
linear encoder to an accuracy of 2 0.0127 mn. 
encoder is converted to the appropriate signal level by solid-state logic 
for entry into the data acquisition system. 

The forces on the model are 
Each 

The position is measured by an optical 
The electrical output of the 

Three ranges of balance readout 
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sens i t i v i t i e s  (high-resolution, basic, and extended-range ) are provided t o  
accomodate a wide range of loads. 

The overal l  accuracy of the balance has been calculated and checked 
experimentally. The accuracies of the s i x  components are approximately: 

Strut-Supported 
N l - S p a n  Model 

Lift 

Drag 
Side Force 
Pitching Moment 
Rolling Moment 
Yawing Moment 

Floor-Mounted 
Semispan Model 

Side Force - + 4.4 N 
mag - + 1.8N 
Lift - +13.3 N 

Yawing Moment f: 1.4 m-N 

Rolling Moment 2 1.4 m-N 
Pitching Moment f r  4.1 m-N 

Acoustic data acquisit ion faci1itg.- The G7 building, previously 
described, houses the acoustic data acquisit ion e q u i p e n t  and is  located 
approximately 200 m from the wind tunnel t e a t  section. 
manned during the t e s t  t o  acquire and pa r t i a l ly  reduce the acoustic data. 
A d i r ec t  comunioations l i nk  was ins t a l l ed  t o  coordinate the tes t ing.  

This area was 

Instrumentation and Data Handling 

Acoustic.- Twelve 6.35-mn (O.25-in) E&K model 4136 microphones were 
in s t a l l ed  i n  the t e s t  section as shown i n  f igure 5-3. 
were attached t o  the ends of 2.5-cm diameter wooden dowels approximately 
0.5 m long vrhich were supported horizontally from 5-cm diameter s t e e l  pipes 
mounted t o  the f l o o r  or  ceil ing.  
used, w i t h  a l l  microphones located on a 2.44-m (8-ft)  radius. 
alone t e s t s ,  the microphones were located as shown i n  figure 5-6 and f o r  

a l l  other t e s t s  as shown i n  figure 5-7. 

The microphones 

Two arrangements of the microphones were 
For nozzle- 

The microphones were the same as those used i n  the s t a t i c  t e s t s  except 

that E&K model UAO385 nose cones, calibrated by the manufacturer, were 

attached t o  the t i p s ,  

shield faced in to  the wind. 

l i n e  dr ivers  which were located a t  the bases of the s t e e l  pipes. The l i n e  

The microphones were mounted so t h a t  the point of the 

The E&K microphone cables were connected t o  
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drivers boosted the acoustic signals for transmission over the 300-m shielded 
coaxial cables (type RG-58) which ran to the 6 7  building. The data acquisi- 
tion and reduction equipment in 6 7  was identical to that described in sec- 
tion 4, Static Test Description. 
same as in the static tests. 

Data processing and output were also the 

Tunnel relative humidity was measured with a hand-held sling psychro- 
meter. 
tion. 

'Punnel temperature was measured with noma1 wind tunnel instrumenta- 

i-iero/propulsion.- The tunnel balance, previously described, measures 
the lift and drag forces on the wing/flap portion of the model, These are 
forces resulting from jet impingement on the flap and from freestream flow 
around the wing and flap. The simulated engine was mounted non-metric from 
the wirig/flap model and balance. Nozzle forces were not measured. 

Nozzle pressure ratio was measured by three total pressure probes 
located 1.5 nozzle diameters upstream of the exit plane and referenced to 
local tunnel ambient pressure, 
xSPid sharpedged orifice in the air supply system depicted in figure 5-8. 
Temperature at the nozzle exit was assumed to be the same as that measured 
at the orifice. 

Nozzle airflow was measured using a standard 

The data acquisition and reduction system iil the wind tunnel was used 
The wind tunnel data acquisition f o r  all aero/propulsion data processing. 

system, shown schematically in figure 5-9, is located on the operating floor 
of the wind tunnel building adjacent to the control console area. The sys- 

tem consists of the CDC 1700 computer main frame, high-speed paper tape 
reader and punch, magnetic tape units, disc units, line printer, plotters, 
digital displays, and other peripherals. The six-component balance data, 
pitch angle, tunnel flow conditions, and nozzle airflow and exit pressure 

data were input into the digital multiplexer for data reduction and were 
also displayed on the control console (fig. 5-4) and the digital display 
rack shown in figure 5-10. 

was controlled from the teletypewriter. 
on magnetic tape and also provided on-line output of reduced data and plot3. 

The multiplexer fed data to the computer, which 
The computer output was recorded 
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Data reduction was  accomplished by standard computer programs f o r  such 
parameters as C 

purpose parameters such as &J 

data. 

pressure r a t i o ,  and supply a i r  temperature, using a velocity coeff ic ient  of 

0.995. For the s t a t i c  runs, 7'T and d F1l were computed from the calculated 
nozzle gross t h r u s t  and the measured wing/flap forces, 

speed runs, corrected Cx and CL were computed by adding the measured C and 

C 

coeff ic ient ,  CT. 

and Vw. A new program was writ ten t o  compute special- L 
and t o  assemble and p r in t  out the desired 

Nozzle gross th rus t  was computed from the measured airflow, nozzle 
! T  

For the forward- 

L 
and the appropriate components of the calculated nozzle gross thrust D 

EyIodels 

viilinR/flap and fuselage.- Figures 5-11 through 5-13 show the basic model 
and the var ia t ions tested.  The model, bu i l t  t o  evaluate mil i tary STOL trans- 

ports ,  represents the baseline a i r c r a f t  a t  one-tenth scale,  
f l a p  were mounted on the tunnel balance i n  e i t h e r  of two t r a i l i n g  edge 
sweep posit ions,  0 o r  0.26 rad (15"). The f'uselage was mounted on the turn- 
t a b l e  f loo r ,  which was non-metric from the balance. 
where the wing passed through the fuselage shel l .  
were elevated 12.7 cm ( 5  i n )  above the foam t o  raise the fuselage center- 
plane above t h e  boundary layer,  

The wing and 

Clearance w a s  provided 
The wing and fuselage 

The t e s t  section of the flaps comprised the inboard and center f l a p  

segments shown i n  figure 5-11, a span of approximately 61 cm (24 i n )  o r  7 
times the nozzle diameter of 8.64 cm (3.4 i n ) ,  
t o  nozzle diameter had given sat isfactory r e su l t s  i n  the s t a t i c  t e s t  program, 

This r a t i o  of t reated span 

The exis t ing inboard and center f lap  segments were b u i l t  up with metal 
powder and epow t o  the  contour of baseline B of the s t a t i c  t e s t s .  The out- 

board segment was  outside of the t es t  span and was not reworked. 

third f lap ,  which has a chord of only about 2.5 cm, was made of perforated 

metal wrapped around a leading edge rod, s tuffed with wire wool, and tacked 
with solder along the trail ing edge. Also shown i n  figures 5-11 and 5-13, are 

the upper and lower fairing sheets t ha t  cover the second and t h i r d  s l o t s  t o  
provide a single-slotted flap,  

The t r ea t ed  

The edges of the f a i r ings  were smoothed with 
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wax on installation. 
rad (650) for landing were tested with both triple- and single-slotted flaps. 

Flap angles of 0.576 rad (33") for takeoff and 1.134 

The nozzle was approximately centered on the flap test section, which 
placed it near the inboard-to-center flap split line and associated brackets. 
To minimize bracket noise, the bracket behind the nozzle was removed and the 
inner ends of the hardwall flaps were supported by submerged dowels to the 
corresponding inboard segments. 
two segments in a single piece. 

The treated third flap extended across the 

Nozzle and air supply.- The 8.64-cm diameter conical nozzle was sized 
to simulate the scaled thrust of one baseline engine (344 N) at 1.3 pressure 
ratio. 
to accommodate changes in wing sweep. 

A slip joint with an O-ring seal allowed the nozzle to move axially 

The air supply system is shown in figure 5-8. The piping was mounted 

on the 3.66-10 (12 ft) cliameter turntable in the tunnel floor. 
was non-metric but rotated with the model during pitch change. 

The turntable 
The riser 

section of the supply pipe was faired, and a two-position mount under the 
turntable floor allowed the piping to be raised or lowered several centi- 
meters to hold the same impingement point when wing sweep was changed. For 
minimum internal flow noise, most of the supply pipe downstream of the 
mufflers was 15 to 20 cm in diameter, giving a duct Mach number of less 
than 0.1 5 at 1.3 nozzle pressure ratio, and the bend radius at the top of 

the riser was as large as possible. 
used in the static tests. 

The two mufflers were similar to those 
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Figure 5-1.- Aerial view of wind tunnel. 
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I A l l  12 mikes located on 
2.44-m (8-ft) spherical  radius. 

I 

-- 
View of 0.524-rad 

s ide l ine  plane 

Figure 5-6.- Microphone numbers and locations i n  
wind tunnel f o r  nozzle-alone t e s t s .  
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Turntable 
3.66 m dia. 

f-.. - 

Plan view 

0 - 0  rad \ 
I 0.524 rad 
I 

A l l  12 mikes located on 
I 

2'094 I rad r2 .44-m (8-ft) spherical radius 
I 

I Section view 

0.524 rad 
--- 

Figure 5-7.- Microphone numbers and locations i n  wind 
tunnel t e s t s  with airplane model instal led.  
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CHANNELS 
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CONTROL 

WRITER 
----- TELETYPE- 
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I CHANNELS 1 ANALOG 
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I -  
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Figure 5-9. - Data system schematic. 
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\ 6, = 1.13 rad 
(landing) 

12.7 cmJ 

Figure 

2.07 m /+ 

Turntable 

5-11.- Models of baseline B and var ia t ions tes ted i n  wind tunnel. 
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6. TREATMENT OF ACOUSTIC DATA 

The methods used in developing the acoustic results presented in later 
sections are explained below. 

Corrections 

Source-power correction.- A correction for the effect of ambient tempera- 
ture and pressure on the noise produced by a jet discharging into an atmo- 
sphere has been developed. The correction, referred to herein as the source- 
power correction, is distinct from the correction for sound attenuation over 
a distance as a function of atmospheric temperature and relative humidity. 
The source-power correction is calculated as follows: 

Tamb 3 *std 2 
Tmid pamb 

AdB = dBstd - dBmb = 10 log (-1 (-) 

where T and P are absolute temperature and pressure. 

The source-power correction was not included in the  data reduction 
computer programs. It has been calculated for all test runs and has been 
incorporated in the results to the following extent (unless noted otherwise). 

Corrected - PNL' s , PICL8I' s , directivity plots 
Uncorrected - Spectra 

The corrections are listed in table 6-1 and can be applied to the 
spectra if desired. 

scaling.- The tests were conducted at nominal scales of one-fifth for 
the static program and one-tenth for the wind tunnel program. The data 
reduction computer programs used the nominal scale values to calculate f'uI.1- 

scale noise levels and frequencies. 
the most important factor in noise scaling) differed from the nominal, 
especially in the static tests, which used three different nozzles. 
is desired to compare full-scale results on the basis of the true full- 
scale nozzle size, to eliminate nozzle size effects on noise the following 
increments must be added to the data reduction program outputs. 

The actual scales (based on nozzle size, 

If it 
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Mind tunnel tests - +0.2 dB 

0.0 dB 
-1.2 dB 
tl.l dB 

Static tests, 17.65-cm (6.95-in) conical nozzle 

Static tests, 20.19-cm (7.95-in) conical nozzle 
Static tests, 191 -cm 2 ( 29.6-in2) fluted nozzle 

The size correction has not been applied to basic results or to spectra, 
tabulated or plotted. The correction has been applied, however, in all 
comparisons. 

Grourid reflections.- It w i l l  be seen in the discussion of spectra that 
reflections from the concrete pad cause peaks and valleys in the low-frequency 
end of the static-test spectra. It is also shown that the perturbations can 
be calculated and corrected for. This correction has not been applied. 

Ground reflections affect not only the details of the spectrum but also 
the absolute level of the spectrum and of the resulting OASPL and PXL, The 
data from the jet-alone tests of the 17.65-cm conical nozzle were used to 
develop an empirical correction for the effect of ground reflections on PNL, 

shown in figure 6-1. Figure 6-1 is based on the assumption that reflections 
to a microphone directly above the jet are dissipated by refraction in the 
jet and can be ignored. The figure shows the increment that must be added 
to the PNL at any other microphone angle to correct it to the noise level of 
the overhead microphone. 

Ekcept in section 1 1 ,  Application to Aircraft, in which the effect of 
reflection is considered in determining the PNL of the reference aircraft 
under actual operating conditions, none of the PNz's or spectra presented 
herein have been corrected for ground reflection. Thus comparisons of FFL's 
or spectra at different elevation angles or fore-and-aft angles include the 
increment due to the ground reflection difference as well as the increment 
due to the directivity pattern of the configuration. 
same angular coordinates are considered to be unaffected by reflection. 

Comparisons at the 

Presentations 

The basic acoustic data elements acquired in a typical run sequence cf 
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the static test program are defined in table 6-11. 
run sequences produced about 25O,OOO data elements and the wind tunnel pro- 
gram produced about 7O,OOO. 

reduced to concise form and presented in tables and curves. 
presentation have three objectives: 

The 237 static-test 

To be intelligible this mass of data must be 
Reductioa and 

O Comparison of configurations 
O Establishment of accuracy and validity of data, including 

winnowing out of wild points 
Determination of operative acoustic mechanisms O 

hany presentations provide a mixture o f  the three types of information, 

The presentations used in this report are described below in the context 
of the static test program. The wind tunnel data presentations are similar, 
with some differences due the different nature of the tests. It is important 
to understand the difference between the types of presentations, as they give 
slightly different results in what appear to be the same circumstances. 

- PNLM,- Configurations are usually compared in this report on the basis 
of maximum perceived noise level (PNIM), a concise measure that relates 
directly to the objective of the program - the reduction of maximum sideline 
PNL. 

explained below. 
The derivation of P b i i  is shown schematically in figure 6-2 and is 

O The signal from each microphone was converted to PNL at standard day 
(75"C, 70% relative humidity) for four TF34 engines at 152.4-m 
(500-ft) sideline, or 152.4-m flyover for tests with the microphone 
arch in the flyover plane. No correction was applied for shielding 
by intervening nacelles or fuselage. 

O PNWI is the maximum sideline (or flyover) PNL exhibited by any 
microphone, The microphone with the highest PNL depends on the 

directivity pattern of the configuration. 
distance to the sideline or ground at angles toward the nose or 
tail of -:he aircraft, m a x i m  PNL's always occurred on the central 

microphones. 

Due to the increase in 
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O Most configurations were t e s t ed  a t  four V . ' s ,  and a few a t  more 
than four. In  a l l  of these cases PNIM was  curve-fitted against  

log V. by l e a s t  squares. €'NU4 was plot ted against log V .  i f  fewer 
J J 

than four V . ' s  were tested. 
J 

J 

O P W i  was read from the f i t t e d  o r  plot ted curve a t  150 and 250 m/s. 

S t a t i c  t e s t  chronolou. - Table 6-111 summarizes the perceived noise 
r e su l t s  obtained i n  the s t a t i c  t e s t s .  Heavy l i n e s  indicate the end of each 
day of testing. All configurations were t e s t ed  a t  flyover, since configura- 
t i on  e f f ec t s  are stronger i n  the flyover plane; i n  addition, flyover i s  

important i n  the community noise problem, and flyover data are often d i r ec t ly  
comparable t o  r e su l t s  reported i n  the l i t e r a t u r e .  Fktensive t e s t s  were also 

conducted a t  0.524 rad (30')  below the wing, the approximate angle f o r  m a x i -  

mum s idel ine noise. 

Table 6-111 l ists  PNLM a t  150 and 250 m/s j e t  velocity,  read from the 

f i t t e d  o r  plot ted curve; the exponent of Vj; the  s c a t t e r  of the PNUA'S ( the  

average absolute difference between the measured and curve-fitted values) i f  

the curve-fit was used; and the microphone number of the maximua-PNL micro- 
phone. The t ab le  includes only the two microphone arch angles t h a t  were 
used i n  most of the t e s t s  - 1.572 and 0.524 rad (90" and 3 0 " )  below the wing. 

Other angles were tested on only a few configurations; t h e  r e su l t s  are pre- 

sented i n  the discussion of direct ivi ty .  

Spectrum tables.- PNLM i s  the most concise descriptor of the noise of 
a configuration. A t  the  other end of  the scale ,  providing the  most complete 
acoustic data, are  the tabulated spectra of appendix A, which l is t  curve- 

f i t t e d  SPL's f o r  f i v e  one-third-octave bands an octave apart  (315, 630, 1250, 

2500, and 5000 Hz), and curve-fitted OASPL, f o r  a l l  microphones f o r  every 

configuration tested i n  t h e  s t a t i c  program. A s  i s  indicated schematically 
i n  f igure 6-3,  the  SPL's and OASPL's were curve-fitted against log  V 

l eas t  squares and the curve values a t  250 m/s are l i s t ed .  
l i s t  the V .  exponent and the average sca t t e r  of the data points about the 

f i t t e d  l i ne .  

by j 
The tables  also 

J 
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Spectrum and directivity plots.- Conventional spectrum plots and direc- 

tivity plots are also presented in section 7, Static Test Acoustic Results, 
and section 9 ,  Wind Tunnel Acoustic Results, to define noise characteristics. 
The spectrum plots show 
octave bands. In model-scale spectrum plots, the frequency scale is as re- 

corded and the SPL's are standard-day values at the measurement radius of 
6.15 m (20 ft). In full-scale spectrum plots, the frequencies are reduced 
by the nominal scale factor (one-fifth for the static tests, one-tenth for 
the wind tunnel tests) and the dPL's are full-scale four-engine values ad- 
justed for distance in accordance with the angle of the selected microphone. 
Unless noted, spectrum plots are not source-power-corrected. Source-power 
corrections for all run sequences are listed in table 6-1 and can be applied 
if desired. 

SPL vs center frequency, for the 24 one-third- 

Directivity plots show f'ull-scale four-engine sideline or flyover PNL 

vs angle from the nose of the aircraft. All directivity plots are source- 
power-c orre c ted. 

Smoothed PNLM.- As a means of reducing the scatter of the PNZM's .about 
the fitted curve, the directivity data for each V. in the test sequence of 
a given configuration were collapsed to a single directivity characteristic 
and smoothed. 

J 

The procedure is illustrated in figures 6-4(a) and 6-4(b). 

Figure 6-4(a) shows a typical set of directivity plots. To define a 
single smoothed characteristic, these data were plotted separately, on trans- 
parent paper, and moved up and down until they appeared by eye to be super- 
posed, as in figure 6-4(b). A single curve was then drawn through the full 
set of points and transferred back to the individual plots, from which the 
values of the smoothed PNLM's were then read. This procedure draws on more 
of the available information than does the use of unsmoothed PNLlrI's. 

duperposing the plots as described above assumes that the same V ex- 
j 

ponent applies at all microphone angles. This assumption ignores under- 
lying acoustic mechanisms but gave good superposition, with no appearance 
of bias due to V It would have been informative to have displaced all 

j '  
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plots  i n  accordance with the same V .  exponent ( f o r  a given run sequence) but 
t h i s  was not feasible.  

J 

Comparing smoothed and unsmoothed PNLM curve-fi ts  f o r  26 a r b i t r a r i l y  
chosen configurations showed that  smoothing had l i t t l e  effect .  On the 

average, s c a t t e r  was reduced from 0.16 t o  0.73 PKdB, 

by 0.05, and P W i  was reduced by 0.19 PNdB a t  195 m/s. 

comes about as follows: smoothing r e j ec t s  PNL peaks tha t  l i e  above the smoothed 

curves; the c re s t s  of t i e  smoothed curves, however, are usually f l a t  enough t o  

span several  microphones, a t  l e a s t  one of which normally shows a PNL equal t o  

the smoothed peak; thus there i s  l i t t l e  tendency f o r  smoothing t o  increase 

PIWVI. 

V .  exponent was reduced 
The reduction i n  PNUI 

J 

None of the smoothing e f f ec t s  discussed above are significant.  It i s  

concluded that  unsmoo€hed PNLMfs describe max imum noise levels  about as w e l l  

as smoothed PNUVs, although the l a t t e r  make use of more of the t o t a l  avail-  

able data. Only unsmoothed PNLp.Ifs are presented herein. 

S t a t i s t i c a l  Treatments 

$ t a t i s t i c a l  treatments of the s t a t i c  t e s t  data are described below, The 

wind tunnel data cannot be similarly treated.  
precludes the use of a curve-fit of PNL vs V and the wind tunnel program, 
dce t o  time and cost  constraints,  did not include repeat runs of the same 
configuration. 

The influence of wind speed 

j’ 

Variab i l i ty  within a run sequence.- The va r i ab i l i t y  o f  the noise data  
from any microphone during a given run sequence i s  excellent. T h i s  can be 

i l l u s t r a t e d  i n  three ways: 

Back-to-back m y .  On several occasions runs were repeated without 
shutting down. m example of the results i s  shown i n  figure 6-5. 
of data  have been corrected t o  a j e t  velocity of exactly 195 m/s. 

b i l i t y  from run t o  run i s  indicated by the standard e r ro r ,  s,  of the d i f f e r -  

ences a t  the  varioua microphones. 

Standard e r ro r  i s  calculated as: 

Both sets 

The varia- 

In t h i s  case %he standard e r ro r  i s  0.26 dB. 
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where x i s  the o f f s e t  from the mean and n i s  the number of values, 

Superposition. us i s  shown i n  figure 6-4(b), t i g h t  groups of points 
are typically obtained when runs a t  four V . ' s  a r e  superposed. Except a t  

the three a f t  microphones, where noise levels  are  inherently more variable,  
the standard e r ro r  of the four PIG'S a t  a given microphone, averaged over 
five randomly-selected d i r ec t iv i ty  plots ,  turns out t o  be 0.26 PNdB, the  same 

value found i n  the back-to-back case. 

J 

Curve-fits a t  specif ic  frequencies. Appendix A shows tha t  va r i ab i l i t y  

over the V .  range i s  even l e s s  when each microphone i s  allowed t o  seek i t s  

own V .  exponent. The s c a t t e r  of OASPL, and thus also of PNL, about the 

f i t t e d  curve is typical ly  0.1-0.2 dEi; the  corresponding standard e r r o r  i s  

probably of the order of 0.1 dB o r  less .  

J 

J 

Variabil i ty between run sequences,- Variabil i ty i s  s l igh t ly  greater 
when the data from run sequences on the same configuration tes ted a t  various 

times i n  the program are compared. 
250 m/s j e t  velocity and a t  1.572 and 0.524 rad (90" and 30") below the wing, 

of a l l  configurations with a s ignif icant  number of repeated t e s t s .  The stan- 
dard e r ro r  i s  0.31 PNdf3. 

i n  figure 6-6 are  discussed i n  section 7, S t a t i c  Test Acoustic Results. 
Configurations not t e s t ed  repeatedly can be assumed t o  have similar standard 
errors. 

Figure 6-6 p lo t s  the PNLM's, a t  150 and 

(The noise levels  of the configurations shown 

Confidence intervals.-  U s i n g  the standard e r ro r  j u s t  obtained, aPProxinate- 

ly 0.3 PNdB, 

between two configurations, X and Y, can be calculated f o r  any desired con- 

fidence l eve l  and f o r  any combination of the number of repet i t ive t e s t s  of 

X and Y. 

l i s t e d  below f o r  a go$ confidence level ,  

confidence in t e rva l s  applicable t o  the measured P W  difference 

Figure 6-7 i l l u s t r a t e s  the procedure. Confidence intervals  are 
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Confidence Intervals, PNdB 

90% Confidence, s = 0.3 PNdB 

No. of Tests Number of Tests of Configuration Y 
of Config. X 1 2 3 4 5 6 7 8 9 10 

I 

2 

3 
4 
5 
6 
7 
8 

9 
10 

+- 
0.8 ~ , 7  
- 0.8 0.6 0.6 
0.7 0.6 0.5 0.5 

0.7 0.6 0.5 0.5 0.4 
0.7 0.6 0.5 0.4 0.4 0.4 

0.7 0.5 0.5 0.4 0.4 0.4 0.4 
0.7 0.5 0,5 0.4 0.4 0.4 0.4 0.4 
0,7 0.5 0.4 0.4 0.4 0.4 0.4 0.3 0.3 

0.6 0.5 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.3 

- 

The table shows, f o r  instance, that if two configurations, each tested 
once, are compared, one can be 90% confident that the true difference in f;! I2 

is within 2 1.0 PNdB of the measured difference, Although baselines 
were tested repeatedly, each treatment was usually tested but once on a 
given baseline; in general, therefore, an uncertainty band of 2 0.7-1.0 PI;@- 

must be applied to measured treatment effects to insure 90% confidence in 
tne result, Thus the measured effects of passive treatments, usually less 
than 1 PNdB, are too small to be reliably evaluated from a single test 
of a treatment. The confidence interval can be reduced to 0.4-0.5 PNdr7, 

however, by grouping similar treatments, as is done later, in the discus- 

sion of flap treatment effects in section 7. The assessment of passive- 
treatment effects without repeated testing would require a step improvement 

in the state of the acoustic instrumentation art. 
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(a) Individual directivity plots. 

Figure 6-4.- Application of smoothing to directivity plots, 
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(b)  Superposed d i r ec t iv i ty  plots. 
Figure 6-4.- concluded 
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Figure 6-5 .- PNL repeatabi l i ty  i n  back-to-back runs.  
Vj = 195.0 m/s. 
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Configuration X, 
tested once configuration Yt 

tested once 

+ Measured Adl3 = 3.0 
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Confidence in t e rva l  = - + 1.0 dB f o r  9% confidence and N = 1,  1 . 
Y, tes ted twice X, tes ted once 

0.3 8 =-7 = 0.212 dB- 

I I 

Confidence in t e rva l  = 2 0.8 dB f o r  9% confidence and N = 1 ,  2. 

Figure 6-7.- Derivation of confidence intervals.  
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TABLE 6-1.- Source Power Correction, dB, 
(To be added t o  tabulated data) 

Tee t 
I D  
1-157 -0.1 
- 

169 0.0 

213 -0.2 

229 -0.3 
271 ,' 

279 -0.4 
287 -0.5 

324, 
336 +0.2 

340) +o. 3 
353 * 
406 -0.6 
420 

3 -0.4 
435 / 

443 

448 j -0.4 
468 / 

482 1 
486 

490, 

502 
506 0.0 

296 )-0.1 

439' -0.9 

474'1 -0.2 

, +0.1 

495 +0.2 

Run EO. 
1 

15 
16 
35 

+1.3 

+O* 7 

(a )  S t a t i c  t e s t e  

1-501 2-291 ' ,  

-0.1 

-0.2 

518. 
522' 

536, 

538' -0.5 
552 
556 -0.6 

567' -0.5 
573, 
577''. -0.3 
605 1 
614 +O.2 
622 +0.3 
630 -0.4 

640 +0.3 
(1.572 r a a l  

640 +O.1 

(0.524 rad) 
2-173 -0.1 

(1.572 rad) 

173 +0.2 
(0.524 rad) 
230 +0.3 
240 +0.2 
260 +0.3 

(1.572 rad) 
260 +0.5 

(0.524 rad) 

2-606\ 
614if0*1 

618', 0.0 

630' -0.1 

626 

634, 

638' +o. 3 
654.. 

676 

705, 

71 7 /  
725 -0.1 

658 +0.4 

680 +0.2 

709 +0.1 

733 -0.2 
749 

75l' tro . 3 
757, 
765 -0.4 
777 -0.1 
781 -0.2 

789 -0.3 

797' +0.2 

8oy +O.l 

801 

817, 

2-825 0.0 

833 +0.1 

891 

909. 

921 .)' 

841' +o . 2 

~ 5 '  +o . 3 

917\ +0.2 

929 +0*3 

941 ' +0.4 
969, 

1020 +0*9 
11.572 rad) 
1020 +1.0 
(0.524 rad) 
1033 +1.0 

(b)  Wind Tunnel Tests 

152 +0.5 174 +1.0 232 +0.7 
159 183 249 

52 +1.2 +1,0 55 

lS4 +1.2 160 
198 

173 231 

122 +0.7 168 +0.7 147 

148 +0.8 
151 

56 +1.3 

+I .1 ;; +0.9 

76 

169 +0.9 198 +0.9 36 
51 
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7. STATIC TEST ACOUSTIC RESULTS 

Jet Noise 

Figure 7-1 shows the variation of PNL with jet velocity for the five 
nozzle and nozzle/ejector configurations tested without a wing/flap model in 
the static program. 
what would be the flyover plane if the wing and flap were present. 

The curves are for the microphone arch horizontal, in 

Figure 7-1 (a) compares the two conical nozzles, with the PIC of the 
larger corrected to the area of the smaller. The curves agree with 0.7 dB 

at the central angles, from 1.048 to 2.094 rad (60" to 120") aft. 
ence of 1.5 to 3 dE3 at the extreme angles of 0.524 and 2.618 rad (30' and 150") 

may  be attributable to the effect of nozzle size on noise refraction in the jet. 
Refraction effects increase rapidly at forward and aft angles. 

The differ- 

Figures 7-l(b) through 7-l(d) cover the fluted mixer nozzle, alone and 
with the hardwall and treated ejectors. The five configurations are compared 
at 195 m/s in figure 7-2. The treated ejector makes the mixer nozzle quieter 
by about 1 dE3, while the hardwall ejector makes it noisier by 1-2 dB; the 
light sheetmetal mixing section of the hardwall ejector presumably responds to 
internal turbulence and radiates its own noise. 

Jet noise spectra of the smaller conical nozzle at two velocities are 
sham in figure 7-3 for the same angles as the PNL-velocity c k e s  of figure 

7-l(a). 
remain high to relatively high frequencies, while the spectra at the forward 
and aft angles fall off faster. 

The scales are shifted so that the two spectra for each microphone 

Baseline Configurations 

- PW,.- Figure 6-6 compares the PNUI's of the two baseline configurations. 
In this figure the PNllV's of baseline B have been reduced by 1.2 dB to cor- 
rect for the larger and thus noisier nozzle of this baseline. It may be seen 

t h a t  baseline B, initially thought to be quieter than A, is actually about 

1.4 di3 noisier at 0.524 rad below the wing at takeoff (takeoff flap setting, 

250 m/s V.). The difference is larger, up to 2.0 dB, at other combinations 
J 
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of angle and jet velocity that are less significant to takeoff noise. The 
aerodynamic advantage of baseline B more than offsets its higher noise, 
however, as is discussed in section 11, Application to Aircraft. 

Directivity.- Figure 7-4 s h m  the directivity patterns of the baseline 
configurations at takeoff flaps and 195 m/s jet velocity. 
full-scale P N a  at 152.4-m (500-ft) sideline or flyover against angle aft of 
the nose of the aircraft, for a series of elevation angles. Repeat runs are 
plotted together to show the consistency of the data. 
compared in figure 7-5. 
the actual jet velocity and 195.0 m/s. 
curve-fitted over the range of jet velocities tested but the directivity 
plots draw on only the 195-m/s runs. 

The figures plot 

The baselines are 
A l l  points are corrected for any difference between 

The PNLM data just discussed were 

The baseline A curves at I .572 and 0.524 rad below the wing,  figure 
7-4 (a) and (b), show runs 1-241 and 1-243 to be 1 
rest of the data, for reasons unknown. 
from the PNU4 repeatability plot, figure 6-6. 
1 -241 and 1-243 is also, however, the source of the 0-rad and 1.048-rad 
curves of figure 7-4(c); these curves have therefore been lowered by I RW3. 

The consistency of repeat runs in all other cases is excellent for both base- 
lines. 

PNdB high compared to the 
These runs were therefore eliminated 

The sequence containing runs 

When the baselines are compared (fig. 7-5), it is seen that baseline A 

is quieter than baseline B by quite close to 2 PNdB over much of the underwing 
hemisphere. The only significant exceptions are well aft of the wing, where 
noise levels are inherently more variable. 

In general neither baseline exhibits the two-lobed directivity pattern, 
with a forward lobe from the jet and reflected jet and an aft lobe from trail- 

ing edge noise, that might be expected. The two effects apparently combine to 
yield a smooth peak just forward of the w i n g .  

Spectra.- Figure 7-6 compares the spectra of baseline A, takeoff flaps, 
at the flyover microphone in seven repeat runs. 

two runs tail off fairly smoothly out to the highest frequencies, 

ing spectra have a knee at 5000 Hz fu l l  scale, 25,000 Hz model scale. 

The spectra from the first 

The remain- 
Atmo- 
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spheric attenuation is strong at these frequencies, so test ternreratwe and 
relative humidity were checked to see if they might correlate with the 
distinction but no pattern was found. A l l  temperatures were between -4°C and 
+ l O ° C  (25 and 49°F) and all relative humidities were between 65 and 80$, with 
no correlation between either factor and the presence or absence of the knee. 

The peaks and valleys that are prominent at 50-200 Hz full scale and per- 
sist to 500 Hz in figure 7-6 and the rest of the static-test spectra are 
caused by ground reflection. Frequencies for maximum reinforcement and can- 
cellation of direct and reflected signals have been calculated from the 
geometry applicable to figure 7-6 and are compared to the observed frequencies 
in the following table. 

Interference Frequency, Hz, Full-scale 
Cancellation - 

Calculated - 35 104 173 242 
Observed (fig. 7-6)- 650 100 160 250 

Calculated - 69 138 204 278 
Observed (fig. 7-6)- 80 125 200 31 5 

Reinforcement - 

The agreement between the observed and calculated values is as good as can 
be obtained with one-third-octave-band resolution. 

Reflection effects become indistinguishable at frequencies higher than 
those listed above, where multiple reinforcements and cancellations within 
each one-third-octave band diminish the net effect. Bcept in figure 9-5, 
reflection effects have not been corrected for in this report. 
are constant at a given microphone and arch angle, however, so spectra are 

directly comparable on this basis. 

Reflections 

iidditional takeoff spectra for the two baselines and for baseline A 

with the fairing over the flap slots are presented in figures 7-7 through 
7-$1. 

phone are grouped, while the spectra of the various microhpones are separated. 
Microphone locations are defined in figure 4-7. 

Shifted scales are used so that comparable spectra at a given micro- 
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Figures 7-7 and 7-8 show baseline A spectra: in the flyover plane at 

two jet velocities in figure 7-7, and in the flyover and 0.524-rad ( x o )  
elevation planes at 195 m/s in figure 7-8. 
noise as distinct from jet noise can be seen on all but the most forward 
and rearward microphones in figure 7-7. The shifted spectra at the two jet 

velocities are approximately superimposed at the lower frequencies, where 
flap interaction noise has its greatest effect, while the high-velocity 
curve is about 5 dB above the low-velocity curve in the 3000-Hz range, where 
jet noise is more important. The difference can also be expressed as a 
higher velocity exponent for jet noise than for flap interaction noise, 

The effect of flap interaction 

From microphone 1 to microphone 8 the spectra in the 800-5000-~~ range 
of figure 7-7 become progressively flatter as one moves aft, then become 
steeper again at microphones 9 and 10. Roll-off at 245 m/s varies linearly 
from 6.5 dB per octave at microphone 1 (0.524 rad aft) to 3.0 dB per octave 
at microphone 8 (1.832 rad aft), 
dlj per octave higher, 

Roll-off at 170 m/s is consistently 0.5 

The effect of reducing elevation angle from flyover to 0.524 rad (30') 

below the wing, shown in figure 7-8, is primarily t o  flatten the spectra by 
diminishing the hump at 315 Hz caused by flap interaction noise. 
action noise is directed predominantly downward rather than to the side. 

Flap inter- 

Figure 7-9 shows baseline B noise spectra at two velocities, A 4-5 dB 
spike appears at 120 m/s jet velocity at 2500 Hz full scale. 
whose cause was not determined, is submerged by jet noise at 195 m/s. 
Otherwise the spectra patterns are similar to those of baseline A. The 
similarity is also apparent in figure 7-10, which compares the spectra of the 
two baselines directly. 
than baseline A by up to 5 dB. 
considered, the average difference between the baseline spectra appears to 

be consistent with the 1-2 dB difference in PNL noted in the discussions of 
baseline P W i ' s  and directivities. 

The spike, 

The main difference is that baseline B is noisier 
When the difference between BPL and PNL is 

The final figure of the group, figure 7-11, shows the spectra of base- 

line A in the floyver plane, with all slots covered by a fairing, Comparing 
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f igures  7-11 and 7-7, the pr incipal  e f f ec t  i s  a marked f l a t t en ing  of t he  

curves. Roll-off a t  195 m/s i s  i n  the 2-4 dE3 per octave range, compared 
t o  3-6 without the fairing. 

i n  both cases. 
noise, which peaks a t  the lower frequencies. 

Roll-off decreases back t o  about 1.8 rad a f t  
The f l a t t en ing  is  due t o  the reduction of f lap  impingement 

Figures 7-11 also gives an impression of shallower low-frequency 

ground-reflection peaks and valleys than does figure 7-7. Comparing the 

same microphones i n  the two f igures ,  however, the differences are  small. 

Effects of Configuration Variables on PNIM 

In  the following discussion, as throughout the report, negative noise 
increments indicate that the configuration was quieter  than the baseline 
and are favorable. All abbreviations, such as RFG f o r  reduced f l a p  gap, IviNTZ 

f o r  mixer nozzle with t reated ejector ,  etc. ,  are  explained i n  appendixc. 

Effects of f l a p  treatments.- It is  noted i n  section 6, Treatment of 

Acoustic Data, t h a t  f l a p  treatment e f f ec t s  are d i f f i c u l t  t o  ident i fy  con- 

clusively from single comparisons; the effects  are of the order of 1 Or 

l e s s ,  while the confidence in t e rva l  f o r  a 90% confidence l eve l  with a s ingle  
comparison i s  1.0 PNdB. Perforated and f l ex ib l e  t r a i l i n g  edges, however, 
were tes ted repeatedly; they appeared t o  have favorable e f f ec t s  i n  the  se r i e s  
1 s t a t i s  t e s t s  and were fu r the r  explored i n  se r i e s  2. To achieve the  lower 
corfidence in t e rva l  t h a t  applies t o  repeated testing, a l l  comparisons involv- 
ing perforated, perforated and wire-wool stuffed,  o r  f l ex ib l e  trail ing edges 
were grouped. In  the perforated groups no d i s t inc t ion  was made between degrees 
of openness o r  between the presence and absence of a membrane. In  the f l ex ib l e  
group a l l  hardness grades were considered together. The results are shown i n  

t ab le  7-1 and are summarized i n  the t ab le  that  follows this paragraph. Table 

7-1 l ists:  treatment effects  on P W  by elevation angle and J e t  velocity;  the 

number of repeat t e s t s  involved f o r  the baseline and the treatment; and the 

applicable confidence in t e rva l ,  which averages 20.7 P N B ,  The t ab le  below shows 

only treatment effect ,  averaged over elevation angle and j e t  velocity. 
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Summary of Flap Treatment Effects 

Baseline 

B/L A 

B/L A + Fairing 
A/L B 

B/L B + Fairing 

5/L k 

B / L A + R F G  

B/L x + Fairing 

B/L B + NNTE + Frg 

Effect of Treatment on PNLM, PNdB 
Test Perforated Perforated and Flexible - Series T.E.'s Stuffed T.E.'s T.E.'s 

1 -0.3 -0.6 0.0 

1 -0.9 -1.4 

2 +0.4 +0.4 +0.4 
2 +0.2 +0.1 +0.2 

2 0.0 

2 0.0 

2 -0.4 

2 0.2 -0.1 

Both perforated and f l ex ib l e  t r a i l i n g  edges showed de f in i t e  promise i n  
Series 2 rescinded the promise, s e r i e s  1. 

1-2 PNdB 

i n  se r i e s  2. Moreover, the gains achieved on baseline A i n  s e r i e s  1 were 

not duplicated on the  same baseline i n  s e r i e s  2, although the baseline PNLM's 
were consistent i n  the  two series.  

Treatments t h a t  were beneficial  by 

i n  s e r i e s  1 were detrimental by about 0.5 PNdB on the new baseline 

The difference between s e r i e s  1 and s e r i e s  2 i n  the e f f ec t  of treatment 

It i s  shown i n  section 8, S t a t i c  Test aero/ on baseline A may well be real .  
Fropulsion Results, that  the forces on the baseline A wing/flap def ini te ly  
sh i f t ed  between the two t e s t  s e r i e s ,  w i t h  a corresponding change i n  the t r a i l -  
ing edge velocity prof i les .  

The flow f i e l d  of baseline A was d i f f e ren t  i n  the two se r i e s ,  and the 
difference m a y  account f o r  the change i n  treatment effects .  The general con- 
clusion t h a t  must be drawn, however, i s  t h a t  passive treatments may reduce PNUI 

by 1-2 p ~ d ~  

mental by up t o  0.5 PNdB. 

under the most favorable flow conditions but may also be de t r i -  

Effect of fairing.-  The e f f ec t  or. P U l  of covering the f l a p  s l o t s  with 

a f a i r ing  i s  shown i n  t ab le  7-11. The e f f e c t  i s  substant ia l  a t  a j e t  velocity 

of 150 m/s, where f l a p  interact ion noise i s  l e s s  overridden by the noise of 

the j e t  i t s e l f ;  the  reductions a t  t h i s  J e t  velocity are 3-5 PNdB a t  flyover 
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and 1-4 PNdB 0524 rad (30 ' )  below the wing. At 250 m/s Vj, jet noise is more 
dominant, and the reduction is in the 1 PNB range, 

The V. exponent of F%LM for baselines A and B are 7.0 without the fair- J 
ing, which is in the expected range for flap interaction mJL. 

fairing the exponents are 8.1 and 8.8 respectively; these are typical of pure 
jet PNL exponents (approximately 8.5 for the conical nozzles in the present 
program). The fairing apparently reduces the flap interaction contribution 
and makes total noise behave like jet noise in respect to V. exponent. The 
exponent with the fairing, however, is surprisingly sensitive to the moderate 

configurational difference between the baselines. 

With the 

J 

Affect of third flap gap.- Figure 7-12 shows the effect on mi of vary- 
ing the width of the gap between the second and third flaps. The average 

slopes of the curves (increase in PNdB for a 1%-wing-chord increase in 

gap) are: 

1.572 rad below wing - 
0.524 rad below wing - 

Baseline A Baseline B 
1.2 0.5 
0.7 0.2 

The effect of a change in gap is seen to be about twice as great at flyover 
as at the 0.524-rad sideline condition, and baseline A appears to be con- 
siderably more sensitive to gap than baseline B. 

Zffect of mixer nozzle.- As would be expected, the mixer nozzle with 
acoustically-treated ejector (MNTE) yields the greatest takeoff P W  reduc- 
tion of any of the configurations tested. This nozzle configuration signi- 
ficantly reduces the mixed jet velocity, as is shown in the velocity-profile 

curves of a later section. The following table shows the effect of the mixer 
nozzle and treated ejector. 
191 em (49.6 in ) for the 20.20-cm (7.95-in) 

conical nozzle of baseline F3, 2.2 PNdB has been added to the MNTE data to adjust 
for the difference in nozzle size. The 2.2 PNdB corrects only jet noise; other 
size-dependent corrections, such as increased trailing edge noise, inflow 

Since the mixer nozzle has a primary area of 
2 2 2 2 (29.6 in ) compared to 320 cm 

noise, and jet turning noise, were not considered. 
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Effect of Mixer Nozzle With Treated Ejector on PMM 
-c_ 

No. of t e s t s :  B/L,MNTE 
I 
I 

0.524 
O sidel ine plane] 

291 

Affect of 0.262 rad T.E. sweep, PNdB 

No. of t e s t s :  swept, unswept 
Confidence in t e rva l ,  PNdB 

Effect of sweep ang le.- The e f f ec t  of varying t r a i l i n g  edge sweep angle 
from zero t o  0.262 rad (15") i s  available on baseline B, takeoff f l aps ,  with 
the standard third-f lap gap. A s  the following t ab le  shows, the indications 

a re  t h a t  sweep i s  favorable a t  flyover and unfa,vorable 0.524 rad below the 
wing, The increments are  small, however, and the  t rue  e f f e c t  i s  probably 

negligible. 

-0.7 -0.3 +0.7 +0.2 
2,1 2,' 

- +0.8 l -  +0.8 

Effect of Trail ing Edge Sweep on PNLM 
0.524 I 

O sidel ine 

Internally-blown configurations.- Table 7-111 shows the e f f ec t  of third-  

j '  
f l a p  in t e rna l  blowing on PNIM a t  150 and 250 m/s primary j e t  velocity,  V 

and on V .  exponent. 
plus primary) i s  shown i n  parentheses, assuming f u l l  spanwise coverage (wing- 
span l e s s  15% f o r  fuselage etc.)  of the reference a i r c r a f t .  Bleed percentages 

up t o  11.6% were t e s t ed  but percentages above about 5% are unreal is t ic  because 

the fan bleed a i r  ducts g e t  too big i n  the c r i t i c a l  segment between the fan 
nozzle and the w i n g  t r a i l i n g  edge, 

Bleed flow as a percentage of t o t a l  engine airflow (fan 
J 



The V .  exponents of table  7-111 were calculated by curve-fi t t ing PNLM 
J 

against V .  without regard t o  the velocity of the third-flap s l o t  efflux; thus 
the V .  exponent decreases when s l o t  noise begins t o  make i t s e l f  heard above 

J 
primary j e t  and f l a p  interact ion noise, since s l o t  eff lux noise i s  independent 

of V Nith the narrowest s l o t  (0.064 em), the V .  exponent begins t o  f a l l  

off a t  a s l o t  velocity of about 200 m/s. 

it makes i t s  e f f ec t  on V .  exponent evident a t  progressively lower s l o t  

veloci t ies ,  

J 

j' J 
A s  the s l o t  ge t s  wider and louder 

J 

n t  an engine nozzle velocity,  V 

action noise i s  r e l a t ive ly  low, and blowing from the t h i r d  f l a p  almost 
invariably causes an increase i n  PMM, regardless of s l o t  width, location, or 
velocity. 

of 150 m/s, zero-bleed je t / f lap inter-  
j' 

The two decreases (0.2 and 0.3 PNdB) are small compared t o  the con- 
fidence in t e rva l  of 
verified.  

u t  a V .  of 250 
J 

with t r i p l e - s lo t t ed  

velocity. In three 

approximately 0.7 PNdB and cannot be considered 

m/s,  approximately takeoff t h rus t ,  a l l  s l o t  locations 
f l a p s  show decreases of about 0.5 PNdB a t  a t  l e a s t  one s l o t  
of these cases (the two narrower trail ing edge s l o t s  and 

the lower-surface s l o t )  the decrease pe r s i s t s  over a range of s l o t  veloci t ies ,  
which tends t o  show t h a t  the reductions are  rea l .  Nith t r a i l i n g  edge blowing, 
t he  optimum s l o t  velocity decreases as the s l o t  gets  wider; it i s  apparent 
t h a t  t r a i l i n g  edge blowing reduces je t / f lap interact ion noise but the reduc- 
t i on  i s  soon limited by the noise of the s l o t  i t s e l f .  

Nith the f l aps  f a i r ed  over, zero-bleed noise a t  takeoff i s  lower than 
with t r iple-s lot ted f l aps ,  reducing the opportunity f o r  noise reduction. 

The narrowest t r a i l i n g  edge s l o t ,  however, s t i l l  shows a decrease of 0.5 P N B  

a t  the optimum s l o t  velocity. The wide t r a i l i n g  edge s l o t  and the s l o t s  
upstream of the t r a i l i n g  edge show only noise increases. 

It appears t h a t  takeoff noise reductions of approximately 0.5 PNdB are 

achievable with t r i p l e - s lo t t ed  flaps with blowing from the th i rd  f l a p  e i the r  

a t  the t r a i l i n g  edge o r  on the lower surface upstream of the t r a i l i n g  edge, 
and t h z t  s i a i l a r  reductions are achievable with unslotted flaps with t r a i l i n g  

edge blowing, The associated bleed requirements f o r  f u l l  spanwise coverage 



are in the range of 2 to 4% of total engine airflow. Blowing from the 
upper surface was less effective than from the other locations and was 
generally detrimental. 

Surface Pressure Fluctuations 

Surface pressure fluctuations along the nozzle centerline plane were mea- 
sured on selected configurations by means of small high-frequency transducers 
shown in figure 4-8. Figure 7-13 shows the configurations tested, the trans- 
ducer locations, and the overall fluctuating pressure levels (OAFPL' s)  ob- 
tained, The transducers and wiring failed progressively during the tests, 
due to the severe environment of the high-velocity jet, so the later tests 
covered only a limited number of locations. 

Figure 7-14 shows the model-scale surface pressure spectra at one jet 
velocity for most of the configurations tested. Corresponding far-field 
spectra from the flyover microphone are also included for comparison. 
figures are split into a first-and-second-flap sheet and a third-flap sheet 
when necessary for clarity. 

The 
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(a) Conical nozzles. 

Figure 7-1.- Effect of j e t  velocity on Pm.Nozzle alone. 
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(b) Mixer nozzle. 

Figure 7-1 .- Continued. 
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Figure 7-1 .- Continued. 
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(d) Mixer nozzle with t reated ejector.  

Figure 7-1 .- concluded. 
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Figure 7-2 .- Fore-and-aft directivity, jet-alone noise. Vj = 195 m/s. 

7-1 5 



SPL 
mod 
6.1 
rad 

I *  a, 
.el sc1 
5 4  
t ius  

T 

31 5 6 30 I 250 2500 5000 IOOOO 20000 40000 
one-third-octave center frequency, model scale, Hz 

Figure 7-3,- Jet noise spectra, 17.67-cm conical nozzle. 
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(a) Baseline A, taiceoff. Flyover. 

Figure 7-4.- Fore-and-aft directivity. V = 195 m/s. J 

7-1 7 



112 

108 

104 

scalc 
-m 

100 

92 

88 

84 

0.4 0.8 1.2 1.6 2.0 

Angle from nose, rad 

(b) Baseline A, t akeof f .  0.524 rad below wing. 

F igure  7-4, - Continued. 
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(c) Baseline A, takeoff. Effect of elevation angle. 

Figure 7-4. - Continued. 
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(a) Baseline B, takeoff. Flyover. 

Egure 7-4. - Continued. 
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(e) Baseline B, takeoff. 0.524 rad below wing. 

Figure 7-4. - Continued. 
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( f )  Baseline B ,  takeoff. Effect of elevation angle. 

Figure 7-4. - Concluded. 
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Figure 7-5rBaseline directivities. Takeoff. 
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Figure 7-6,- SPL spectra,  baseline A, takeoff.  
Flyover, microphone 6. VJ = 195 m/s. 
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Figure 7-7. - SFL spectra,  comparison of j e t  veloci t ies .  
Baseline A ,  takeoff,  flyover. 
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Figure 7-7 .- Concluded. 
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Figure 7-8.- SPL spectra,  baseline A, takeoff. V = 195 m/s. j 
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(b)  Microphones 6-10. 
figure 7-8 .- Concluded. 
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figure 7-9.- SPL spectra,  baseline B, takeoff, flyover, 7-29 



SPL, a, 
full scale ,  
1 52.4-m 

T 
t 

10 dB 

800 100 200 400 1600 3150 6300 

7-30 

One-third-octave center frequency, f u l l  scale,  Hz 

( a )  Microphones 1-50 

Figure 7-10. - SPL spectra,  comparison of baselines 
A and B, Takeoff, flyover. 
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Figure 7-70. - Concluded. 
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Figure 7-12. - Effect of t h i r d  f l a p  gap on PNLM. 
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Figure 7-14.- Surface and far-f ie ld  spectra. 
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Figure 7-14.- Continued. 
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Figure 7-14.- Continued. 
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Figure 7-1 4. - Continued. 
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Figure 7-1 4 .- Concluded. 
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TABLE 7-11.- EFFFCT OF FAIR~CNG OVER FLAP s m s .  TAKEOFF. 

I 

- 
Angle below wing, rad 

v j ,  m/s 
~ _ _ ~  ~ ~ 

Baseline A 

Effect on PNLM, PNdB -3.5 -1.2 -1 .o +0.2 
No. of tests: f a i r ed ,  unfaired 11,2 492 
Confidence in t e rva l ,  PNdB - +0.5 - +0.6 

Baseline B -4.3 0.0 -2.9 -0*9 
794 2'3 

- +0.4 - +0.8 

B/L B + SFG + 0.262 rad sweep -5.3 -1.1 -3.8 -1 e 9  
+ 17.67-cm nozzle 2,1 1,1 

+1 .o - - +0.8 
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8 ,  STATIC TEST AERO/PFtOFVIBION FESWS 

Aero/Propulsion Performance 

The evaluation of a wing/flap/notcle configuration from the noise 
standpoint involve8 its e f f e c t  on a i r c r a f t  performance as w e l l  as on 
noise. The trade-off between noise and perforrmince md their  integration 
i n t o  a s ingle  c r i t e r i o n  are discussed i n  section 11, Application t o  Air- 
c r a f t .  To provide performance inputs t o  the evaluation, nozzle and wins/ 
f lap forces were measured i n  the s t a t i c  t e e t  program. Noczle axial force 
and ve r t i ca l  force (normel t o  the wing), and wlng,/flrp forces in the r i n g  
geometric axes, were measured with load c e l l s ;  t r a i l i n g  edge blowing force 
was determined from s l o t  airblow, pressure r a t i o ,  and velocity ooefficient.  
These data were reduced t o  two parforsvlnce parameters - je t  turning effio- 
iency and j e t  turning angle. 

Turning efficiency and turning angle. - Turning efficiency, a a ignif i -  
cant parameter i n  the evaluation of configuratione, l e  the r a t i o  of the 
momentum of the turned stream, i n  the lift-drag plane, t o  the nozela exit 
mmntum. It is a measure of the viscous lasses i n  the flap system and 
of the diversion of je t  momentum toward the t i p  and roo t  of the wing, out 
of the lift-drag plane. Tbrning angle is the angle through which the je t  
is turned, i n  the same plane, as determined by the r e su l t an t  force vector 
on the r i n g  and flap. 

evaluation. 
shown i n  figure 8-1. 

Turning angle is  a minor f ac to r  i n  configuration 
The derivation of turning efficiency and turning angle is 

Both parameters relate only to primary nozzle moansntum. Trai l ing 

edge s l o t  manentum, if any, was taken out i n  the calculation of turning 
efficiency and turning angle and waa put back i n  as a eeparate f ac to r  i n  
the evaluation of configurations. 

Application of turning efficiency. - The static teste meaeured the 

e f f e c t  of configuration on turning efficiency and turning angle a t  zero 
speed. 

condition, a f t e r  takeoff,  the s t a t i c  results were combined with the rind 
tunnel l i f t  and accelerating-force ( thrust  minus drag) data, which define 

To allow configurations t o  be compared a t  the c r i t i c a l  noise 
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the charac te r i s t ics  of the complete three-dimensional wing throughout 
the operating regime of in te res t .  The Principle  was a s  follows: 

Lift and accelerat ing forces with and without a perforated 
th i rd  f lap were measured i n  the  wind tunnel over the 

appropriate operating range. 

J e t  turning eff ic iency and turning angle, with and without 
a perforated t h i r d  flap, were measured i n  the wind tunnel a t  
zero forward speed. 

* The proportionality of l i f t  and accelerat ing force increments 
t o  turning efficiency increments obtained i n  the wind tunnel 
t e s t s  with the  hardwall and perforated t h i r d  flaps was assumed 
t o  apply t o  a l l  treatments. That is, 

I/ ( A ( "/ T) treatment, s t a t i c .  r i g  

( A ( ? T) perf. t h i r d  flap,  W/T 1 

Eetimating lift and drag e f f e c t s  i n  thie  manner involves l i t t l e  
e r ro r  for moat of the treatments tested, which have minor e f f ec t s  on the 

flow f ie ld ,  s imilar  t o  the e f f e c t  of a perforated th i rd  flap. The same 
procedure bad t o  be used i n  comparing the two baselines and t h e i r  var i -  
an ts ,  however, a s  wind tunnel data  on baseline A were unavailable. 
Since the baseline configurations have markedly d i f fe ren t  flow fields, 

the comparisons i n  these cases are only general guides. 

Performance results. - figurea 8-2 through 8-5 show typica l  plot8 
of jet turning eff ic iency and angle. The data are sunmnrieed i n  t ab le  

6-111, which lists the ef f ic ienc ies  and angles read from the curve8 a t  
150 and 250 m/s j e t  velocity. It can be seen that j e t  veloci ty  has 
l i t t l e  e f f ec t  i n  most cases. 

The turning ef f ic ienc ies  of the baseline configurations and t h e i r  
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major var iants  are cornpared a t  takeoff and 250 V l a  figure 8-6. 
The p lo t  shows t h a t  the data aro consistent and repeatable. For example, 
t e s t s  of baseline B w i t h  0.262 rad (15.) t r a i l i n g  edge sweep show a 
t o t a l  spread of 0.5% efficiency In three separate s t a t i c  test series. 
Efficiency is  consistently s l i gh t ly  lower i n  the wind tunnel than on 
the s t a t i c  r ig ,  due presumably t o  minor differences between the models. 

J 

Figure 8-6 a l s o  s h a e  that bareline B is more e f f i c i e n t  thu! base- 
l i n e  A by 2.0% without a fairing and 4.5% with a fair ing,  and that the 

ine t a l l a t ion  of a perforated and stuffed third flap reduces the turning 
efficiency of baseline A by 2.0%. 

Baseline A i n  series 1. - Ffgure 8-6 show8 only the series 2 
The turning efficiency of baseline Awae r e s u l t s  f o r  baseline A. 

approrimstely 5% lower i n  ae r i e s  1 than i n  ae r i e s  2, as is ehm ia 
figure 8-7. As is indicated below, there i e  every reason t o  believe 
that the difference i e  real and that it i s  due to  the sens i t i v i ty  of 
baseline A t o  small changes i n  the location of the wing and flaps 

relative t o  the nozzle. 

1. Consistency of force data.  

consiatent. Baseline B tracks across three a t a t i c  tsst series 
and the wind tunnel tests; the difforences between s t a t i c  r i g  and 

wind tunnel data are consistent; f a i r i n g  and treatment e f f ec t s  are 
as would be expected; baseline A r e a u l t s  are repeatable i n  series 1 

and again i n  se r i ee  2; even the difference between the two eeriea' 
is consistent i n  regard t o  f a i r ing  and treatment effecte,  

All of the force data are remarkably 

The force 

data appear i n  every way t o  be r e f l ec t ing  real conditions. 

2. Agreement with rake data. The t o t a l  pressure surveys provide 
independent ver i f icat ion of the force data. 

the centerplane t r a i l i n g  edge velocity p ro f i l e s  measured i n  the 

two series. "he series 2 prof i le  is  fuller than the  eeriee 1 pro- 
f i l e  on the l a e r  surface and about the same on the upper surface. 
If two-dimenaional flow is  asaumed (same pro f i l e  a t  a l l  EpanWiae 

Figure 8-8 compares 
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locations),  integration of the prof i le8 shons 13s more mouienh and 
turning efficiency i n  series 2 than in aerie8 1. If axial sgametry 
(of the upper-surface and lower-surface flows, separately) is assum- 
ed, the corresponding difference is  2is. Although these calculated 
differences are larger than the measured force difference of 5$, 
they substant ia te  the existence of a s ignif icant  change i n  aero- 
dynamic performance. 

3. Sensi t ivi ty  t o  nozzle position. 
baseline A is  more sensi t ive t o  amal l  differences i n  the posit ion 
of the nozzle relative t o  the wing and flap8 than baeeline B but 
the  cross-sections (figs.  4-11 and 4-13) indicate that  such m y  well 
be the case, especially i n  regard t o  attachment of the spreading 
jet t o  the under surface of the wing. The j e t  graze8 a s ign i f i can t  
extent of the wing chord i n  baeeline A, as may be seen i n  the o i l  
flow patterns of figure 8-9. A small difference in nozzle height 

or angle may have a large e f f ec t  on attachment and on Coanda turning 
i n t o  the flap cove, and thus on jet spreading and viscous losses. 
I n  baseline B, grazing is  negligible,  as is  shorn i n  figure 8-10. 

The greater v a r i a b i l i t y  of baseline A i s  believed t o  be due to these 
factors.  

mere i 8  no hard evidence that 

There i s  a poss ib i l i t y  of mispositioning the w i n d f l a p  model rela- 
t fve  t o  the nozzle, since the two were independently mounted. 
nozzle was ins t a l l ed  on the a i r  supply l i n e ,  w h l l e  the w i n d f l a p  was 
adjusted by cranks from its om support based on plumb l i n e s  to a lay- 

out on the concrete pad. 

series 2 as soon as its performance shift was known. 
positioning measurements were made, however, i n  series 1. 

The 

The adjustment of baseline A was checked i n  
Only the i n i t i a l  

Although the effect ive mechanisms cannot be ident i f ied,  it is  sur- 
mised that the flow changes causing the performance shift of baseline 
A are a l s o  responsible f o r  the change i n  the e f f e c t  of treatment on 
baseline A noise between series 1 and series 2. As is  discussed i n  
section 7, S t a t i c  Test Acoustic Results, t r ea t ing  the t h i r d  f lap 
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t r a i l i n g  edge reduced baeeline A noise by 1-2 dF3 i n  ae r i e s  1 but  yielded 

no noise reduction i n  series 2, 

e f f e c t  differences are related t o  the performance shift. 
It i e  bypothesleed that the t r e a b e n t -  

As an a id  t o  better understanding the acoustic and performance 
character is t ic8 of the configurations tes ted,  several techniques were 
wed t o  define the flow f i e ld  f o r  both the free jet and the je t  i n  the 
preeence of the wing and flap. 

t o  obtain veloci ty  prof i les  i n  the exhaust wake a t  the approximate 
locations indicated i n  the sketches on the velocity profile plota. 
rake was canted and rotated i n  azimuth t o  point the probes i n t o  the loca l  
flow. 
on the flaps, and t u f t s  were wed  to determine flow direction and vortic- 
i t y  i n  the exhaust wake. 

A 7Fprobe t o t a l  pressure rake was used 

The 

Flap surface flow patterns were aleo obtained, using o i l  emsared 

Free j e t e .  - Hguree 8-11 and 8-12 ehow the non-dimensionalized 
velocity p ro f i l e s  of the free jets for the 20.19-om (7.95-in) conical 
nozzle and the mixer nozzle with treated ejector.  
the 73-probe rake positioned across the mixer lobes and just  behind the  

e jector ,  posit ion lB, the d i sc re t e  wakee f o r  each lobe are evident. 
The peaks have dieappeared 13 ejector diameters downatream a t  position 

3. 
the f lap would be, the ejector  decayer nozzle reduces the peak velocity 
t o  approximately 0.75 of the jet  velocity a t  the nozzle exft. 
equivalent t o  reducing nozzle pressure r a t i o  from 1.5 t o  1.25, 
shown in figure 8-12, there is no reduction i n  the peak velocity f o r  a 
conical nozzle. 

In figure 8-11 w i t h  

As ie shown by the p ro f i l e s  a t  posit ions 2 through 4, near where 

This i s  
As is 

Baseline A. - The spreading of the exhaust flow on the flap is 
shown in figure 8-13 f o r  baseline A a t  a takeoff f lap angle of 0.698 rad 
( 4 0 O )  w i t h  a wing sweep of 0.281 rad (16.1.) and a 17.65-cm conical 
nozzle. 
but a t  posit ions 3 and 4 a t  the center of impingement the exhaust 

The free j e t  character is t ic  is  exhibited a t  poeitione 1 and 2, 
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f l a t t e n s  and spreads, exhibit ing a wall flow character is t ic ,  s t i l l  with 

negligible reduction i n  peak velocity. 
rake aligned with the flow, there is a considerable reduction i n  velocity. 
The profile shown i n  figure 8-14, which was taken i n  the first tes t  f o r  
the same configuration, agrees w e l l  wi th  prof i le  4 of figure 8-13. 

A t  posit ions 5 and 6 with the 

figure 8-15, a l so  f o r  baseline a t  takeoff, provides a general de f i -  

n i t ion of the exhaust f l o w  direct ions overthewing as determined by 

taping tufts t o  the upper and lower surfaces of the flaps. 

mate thickness and shape of the jet, as described by the 1OSbvelocity 
l i n e s  shown, were measured using a hand-held wand with a t u f t  on the end 
t o  determine where the ve loc i t i e s  appeared t o  be approximately the same. 
This qual i ta t ive information was combined with the rake velocity pro- 
files to  determine the approximate lO$-velocity l ines ,  
of vort ical  flow e x i s t  around the je t  boundary w i t h  a large vortex on 
the  inboard side of the  j e t  as shown. 

The approxi- 

Varying degrees 

Figure 8-16 depicts the flow f i e l d  of baseline a t  the landing flap 

s e t t i n g  of 0.960 rad (55'). 
ten farther forward on the flap and spreads considerably more, as would 
be expected since the impingement point moves forward due t o  the increase 
i n  f lap  angle. 

Compared t o  takeoff, the j e t  starts t o  f la t -  

The baseline A f lap and nozzle configuration appears t o  be non- 
optimum for external blowing i n  that the first s l o t  i s  shielded from t b s  

jet  and contributes l i t t l e  t o  j e t  turning. Figure 8-9 shows evidence of 

t h i s .  

then enters  the second and t h i r d  s l o t s ,  with aubstantial  flow separation 
i n  the wing cove and first s l o t .  "he nozzle could be moved farther a f t  
and pitched up more t o  energize the first s l o t  and,provide b e t t e r  l i f t .  

The exhaust flow impinges s l i gh t ly  on the wing lower surface and 

Baseline B. - figures 8-17 and 8-18 show velocity p ro f i l e s  f o r  
baseline B with 17.65-cm conical nozzle and 0.262 rad (15') wing sweep. 
Flaw spreading is  similar t o  t h a t  of baseline A, shown i n  figures 8-13 
and 8-16, except that  spreading s t a r t s  a l i t t l e  f a r the r  forward, This 

8-6 



i e  due t o  the impingement being f a r the r  forward and the  notzle being 
pitched more i n t o  the flap, as is  shown by comparing figures 4-13 and 
4-14 with f igures  4-11 and 4-12. 

Figures 8-19 and 8-20 show veloci ty  p ro f i l e s  f o r  baseline B w i t h  a 

20.19-cm conical nozzle and zero r ing  meep. 
the same as with the  17.67-om notzle except that the  wall jet  is thicker  
because of the larger nozzle. 
or ientat ion of baseline B, there is l i t t l e  flow separation i n  the r i n g  
cove and s ign i f i can t  exhaust flow i n t o  the first s l o t  as well as the 

other two s l o t s .  

The spreading is essent ia l ly  

Figure 8-10 shows that, f o r  the nozzle 

Figures 8-21, 8-22, and 8-23 show flow pat terns  f o r  ba8eline B with 

the f a i r i n g  on the lower surface. 
t o  the t r i p l e - s lo t t ed  flaps 18 the absence of flow on the upper surface, 
as is shown by a comparison of profile 4 for the two cases. 

The most notable difference compared 

Prof i les  4 and 5 of figure 8-24, sharing exhaust flaw i n  and around 
the flaps, a r e  similar t o  prof i les  2A and 4A of f igure 8-11 f o r  the free 
j e t ,  indicat ing that there  is  l i t t l e  spreading of the jet  on the f lap 
w i t h  the  mixer nozzle and ejector. 
ever, show spreading similar t o  that obtained on the other oonfigurationa. 

Prof i le  7 of figure 8-24 does, how- 
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.:olientiim equations f o r  controi  volume . -- 
'i = 9 ~ COS e, -qty ?-,; COS Sm - F~~~~ COS SF 
i, = F~ sineE +flr:23 sin&, + F~~~~ sinSF 

,?imuitaneocs s o l s t i o n  f o r  2 unsnowns 

-1 6 ,  = tan ( (  r, - Fz:sin8, - ~ ~ ~ ~ ~ ~ i n 6 ~  )/( -D + F~ c o s e E  - F~~~~ cos Sf ) )  

4 .1 = ( I/P, ) ( (  L - F s i n  e, -  sin 6F l 2  + ( -n + F ~ C O S  eE  cos^ 2 h  
E 

;,:*ere 

L, D at-..; pE a r e  measure(: force& an? Fslot i s  computed from measurea s l o t  a i r -  

- 

f iow,  temperature, ap., pressure. 

Figure 8-1. - Derivation of thrust vector 
angle and turning efficiency, 
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Figure 8-8. - Velocity prof i les ,  baseline A. Comparison 
of s e r i e s  1 and se r i e s  2 resul ts .  Takeoff, 
VJ = 245 4 s .  
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Figure 8-9.- Oil flow pat te rn  on wing/flap. Baseline A ,  landing. 
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figure 8-10.- O i l  f low pattern on wing/flap. Baseline E. 
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Figure 8-22.- O i l  flow pat tern on wing/flap. Baseline B with one-piece 
f a i r ing  and 0.262 rad (15") sweep. Takeoff. 
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9. WIND TUNNEL ACOUSTIC RESULTS 

Ane c hoi city 

To determine acoustic conditions within the treated wind tunnel, 
measurements of jet noise were made from the nozzle to the wall, normal to 
the jet centerline. 
field, 2) the Hall radius, 3) the acoustically-reverberant field and 4) any 
standing wave patterns, all as a function of frequency. The results for 
one-third-octave band levels whose center frequencies range from 500 Hz to 
80,000 Hz are shown in figure 9-1. 

The purpose was to identi* 1)  the acoustically-direct 

For frequencies greater than 2,000 Hz, which scales to 200 Hz for the 
full-scale aircraft, SPL falls off at a rate of 6 dB per doubling of dis- 

tance at a radius of about 2.44 m (8 ft) - where the microphones were located. 
In the very-high-frequency bands the roll-off is even greater, indicating that 
atmospheric absorption is significant at the higher frequencies and larger 
radii. 
is close to 6 dB per doubling of distance. 

In the 500, 1,000, 1,250, and 1,600 Hz bands, the reduction of noise 

The 630- and 1250-Hz bands indicate the presence of standing waves near 
the 2.44-m radius. 
read up to 5 dB high at this angle during the test. 
and 125 Hz full-scale. 
slopes at the selected radius. 
nozzle diameters and is 4 wavelengths 
500 Hz. These ratios indicate that far-field conditions should prevail. 

These one-third-octave bands are therefore expected to 
They correspond to 63 

The other 22 one-third-octave bands have anechoic 
In addition the microphone distance is 27.5 

at the lowest frequency of interest, 

The Hall radius, at which the direct noise level is equal to.the re- 
verberant noise level, is at least equal to the distance to -the microphones 
for all one-third-octave bands. The only identifiable reverberation effects 
are at the previously mentioned 630 and 1250 Hz bands. 

These results indicate that for practical purposes the acoustic radia- 
tion data are uninfluenced by the presence of the walls, floor, and ceiling, 

either in level or in directivity, and that the data represent free-field 
conditions . 
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Forward Speed Effects 

Method of analysis.- Forward speed e f f ec t s  were determined from spec- 

t rum p lo t s  of the type shown i n  f igure 9-2. 
microphone number t o  location.) 
a t  forward speed and SPL a t  zero speed (tunnel o f f )  against  frequency, f o r  
each forward speed tes ted.  

(Refer t o  figure 5-7 t o  r e l a t e  
The curves plot  the difference between 3PL 

‘The curves r e f l e c t  two effects .  xt the lower frequencies, jet /f lap 
interact ion noise is overwhelmed by the noise o f  the  tunnel i t s e l f .  The 
recorded signal i s  e s sen t i a l ly  wind tunnel background noise, which increases 
rapidly w i t h  decreasing frequency and increasing forward speed. 

Above a cutoff frequency, which increases with increasing tunnel speed, 

tunnel noise fades out,  leaving a region of uncontaminated jet/f lap inter-  

action noise. I n  most casee the piotted differences i n  this region are  rea- 

sonably consistent over the frequency range and a re  monotonic functions of 

forward speed. 
ing the plot ted dB differences ( a t  a given forward speed) over the region 
from the cutoff frequency t o  80,000 Hz. 
curves, i s  the frequency above which the t o t a l  s ignal  exceeds the tunnel 
noise l eve l  ( j e t  o f f ,  a t  the same forward speed, from curves not presented) 
by a t  l e a s t  10 dB. 

Forward speed e f f e c t  i s  calculated from the  curves by averag- 

The cutoff frequency, l i s t e d  on the 

Jet-alone results.- F’igure 9-3 plots  SPL increment, obtained as explained 

above, against forward speed. 
t o  41.2, m/s (80 kn), the highest  forward speed tested.  

With few exceptions the trends a re  l i nea r  out 

F’igure 9-3(a) shows the e f f e c t  of forward speed on jet-alone noise, 
A t  angles o f  1.572-2.094 rad (90-120°) a f t  the reductions due t o  forward 
speed a re  about 10% l e s s  than i s  predicted by r e l a t ive  velocity ( j e t  velocity 
minus forward speed) t o  the s i x t h  power. 

sheets of f igure 9-3 as a visual  reference, although it i s  applicable only 

t o  the j e t  noise component of the t o t a l .  

l i n e  i s  shown on a l l  6 
The Vrel 

Lower e f f ec t s  of forward speed on j e t  noise were found a t  the forward 

and a f t  angles than a t  the cen t r a l  angles. The data of von Glahn and 
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Goodykoontz (ref. 9) are shown for comparison. Their data, obtained with 
a smaller nozzle in a 33-cm-diameter freestream flow, equal or exceed the 
relative velocity to the sixth power theory even at the most aft angle. 

Jet/wing flap results.- Figures 9-3(b) through ( e )  show the effect of 

forward speed on noise for the following conditions: 

Figure 9-3(b) - Flyover, triple-slotted flap 
Figure 9-3(c) - Flyover, single-slotted flap 
Figure 9-3(d) - Sideline, triple-slotted flap 
Figure 9-3( e) - Sideline, single-slotted flap 

Three trends are apparent in the curves - 
O Azimuth angle, (Refer to each figure individually.) Noise reduction 

with forward speed is maxim at the central angles and smaller or 
negative at the forward and aft angles. This  pattern is similar to 
the variation of the jet-alone curves (fig. 9-3(a)). 

O Elevation angle. (Compare figure 9-3(b) with (d), and 9-3(c) with 
Noise reduction is maxim in the flyover plane and becomes (e).) 

progressively smaller or negative as elevation angle decreases to 
the sideline plane and thence to the wingtip. 

O Number of slots. (Compare figure 9-3(b) with (c), and 9-3(d) with 

(e).) 
triple-slotted flaps. 

Noise reduction is greater with single-slotted than with 

The effect of incorporating the perforated third flap on the baseline 
was detelmined at a few points, plotted in figures 9-3(b) and (d). 
difference between the perforated and solid third flap can be seen. 

No 

figure 9-4 presents a series of cross-plots o f  figure 9-3 against angle 
aft, at the tested forward speeds. 

been discussed in connection with figure 9-3. 
The trends shown in these curves have 

Little information on forward speed effects on EBF systems is available 

in the literature for comparison to the present data. Falarski (ref. $ 0 )  
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tested a nearly-full-sized turbine-powered model in a reverberant tunnel. 
He reported a reduction of 1-2 dB at 30.9 m/s (60 h) at an angle that 
appears to be about 2 rad (120') aft and 0.8 rad (45") below the wing. 
present data show an increase of about 3 dB at this location (fig. 9-3(e)) 
but are consistent with his results if his microphone was in fact somewhat 
farther forward. 

The 

1 

Jet noise 1 Slot exit flap 

Goodykoontz (ref. 11) reports a decrease of 2-3 dB at 51.5 m/s (100 kn) 
in tests of a small model on an outdoor r ig ,  

at central flyover microphones, which is in reasonable agreement with the 
present data, considering the difference in flap and nozzle design. 

koontz, however, shows less reduction in forward speed effect at the forward 
microphones than do the present data, and reports an increase in forward 
speed effect to -5 dB at the aft angles, while the present data show a marked 
decrease. A difference in the relative proportion of flap interaction noise 
and jet noise between this model and the present models may account for some 
of the discrepancy. 

He reports a decrease of 3 dB 

Goody- 

__ - 
Effect of' fwd speed - 
Shape - 
Location - 
Effect of more slots- 

- _ _ _  - 

-- 
--___^- 

Interpretation of results.- The trends of forward epeed effect with 

I interaction noise , 
Noise decreases Noise increases I 
Cylinder, then sheet Sheet(s) 
Forward and below Aft 

No effect Noiee increases 

_______ 

__ -- 1 -- 

Other sources, such a8 wing scrubbing noise and fiap leading edge, scrubbing, 
and whole-body noise, are huereed in the jet and thua are minimally affected 

by freestream velocity, 

Jet noise. Jet noise is the noise developed in the jet and jet/free- 
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stream mixing region, from the nozzle t o  the deflected j e t  sheet downstream 
of the flaps.  

e a r l i e r ,  
e x i t  plane) and smaller a t  forward and a f t  angles. 

J e t  noise decreases Mth forward speed, as was  discussed 

The decrease is  g rea t e s t  a t  the central  angles (near the nozzle 

The j e t  noise region i n  an EEP configuration comprises an expanding 
cylinder forward of the flaps and a j e t  sheet that s t a r t s  forward of the  f l aps  
and extends downstream of the l a s t  trail ing edge. Microphones i n  the forward 

quadrant of the flyover plane are exposed t o  noise from the whole region; 

micrqphones a t  lower elevation angles have an unobstructed view of the 

cyl indrical  part of the j e t  but an increasingly edge-on, ra ther  than f ron ta l ,  
v i e w  of the sheet; a f t  microphones are  shielded from a l l  portions except the 

f i n a l  sheet downstream of the  flaps. 

Slot  e x i t  f l a p  interact ion noise. This noise i s  the  noise created by 
the s l o t  e x i t  flow and i t s  interact ion with the f lap  upper surface and trail- 

ing edge and with the freestream. It increases, ra ther  than decreases, with 

increasing forward speed, because the pressure f i e l d  behind the flaps becomes 

increasingly negative as forward speed increases, inducing higher slot e x i t  
veloci t ies .  Since s l o t  i n l e t  t o t a l  pressure i s  dictated by nozzle pressure 
r a t i o  and is  independent of forward speed, the reduction i n  s t a t i c  pressure 
downstream of the s l o t  causes an increase i n  s l o t  e x i t  velocity and thus i n  
s l o t  e x i t  f l a p  interact ion noise. 

The expected increases i n  s l o t  e r d t  velocity w i t h  forward speed appear 
t o  be consistent with the observed noise increases. Surface pressure dis- 

t r ibut ions were not measured i n  the  present program. Other data, however, 
( f o r  example, reference 12) show pressure coefficients (C 's) of -5 t o  -15 

a t  the  s l o t  exit i n  the blown region of an EBF system. 
-10, a noise-velocity exponent of 8, and a nozzle e x i t  velocity of 245 m/s, 

y ie lds  a calculated noise increase a t  41.2 m/s (80 kn) of 3.5 dB, 
happens t o  be almost the same value as the maximum noise increase observed 

i n  the t e s t  program (fig.  9-3(d)). 

C 

composite e f f ec t  of many sources. 

P 
Assuming a C of 

P 

This 

The agreement i s  for tui tous;  the assumed 

and exponent are probably i n  error ,  and the observed noise increasers the 
P 

The underlying mechanism' f o r  an increase 

9-5 



in slot exit flap interaction noise with forward speed is considered, however, 
to be valid. 

The slot exit flap interaction noise field can be expected to form a 
series of sheets, one for each slot, which radiate most strongly to microphones 
behind and above the flaps. 
by the fact that they see (to the degree dictated by their locations) the 
edges rather than the faces of the sheets. 

Microphones off to the side should be influenced 

Combined effects. Table 9-1 shows how the characteristics of the two 
noise-source fields combine to explain qualitatively how forward speed effect 
on noise varies with view angle and configuration (single-slotted or triple- 
slotted flaps). 
m/s (80 kn), as read (or in three cases extrapolated) from figure 9-3. The 

notes relate the measured forward speed effects to the noise characteristics 
and noise field geometry discussed in the preceding paragraphs. 

euamarize previous t e x t  and are not further discussed, 

The table lists noise increments for a forward speed of 41.2 

The notes 

Application of results.- It seems reasonable to assume, on the basis of 
the curves of figure 9-2 and similar curves for other configurations, not 
presented, that the forward speed effects developed herein are applicable 
to the entire spectrum and thus to OASPL and PNL. 

not used in deriving the present results but there is no indication that 
frequency has a significant effect on noise increment. It is suggested that 
the present results, with judicious consideration of configuration differ- 
ences, can be used to estimate forward speed effecks on other flap designs. 

Low-frequency data were 

Acoustic Data Correlations 

Jet noise.- Jet noise data from the wind tunnel at zero-forward speed 
and from the outdoor rig are compared below to jet noise data from references 
13-16. The comparisons address velocity exponent, and spectrum shape, level, 
and directivity. 
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The experimental studies reported in references 13-16 were conducted 
in anechoic or outdoor environments, wing small conical nozzles with cold 
flow, and are generally considered to be of excellent qualiw. 
tunnel data from the present program are generally more extensive than those 
of the references in that (1) forward arc noise was measured and (2) although 
the jet was &symmetric, measurements were taken at several locations 
around the jet. 
to 80,000 Hz. 
sion was more extensive than in the present test and the nozzle internal 
surfaces had smoother contours; the resulting nozzle mean velocity profiles 
and turbulence levels were not recorded, however. 
the variation in jet decay rate associated with these parameters could ex- 
plain observed differences. 

The wind 

Further, the present data were obtained at frequencies up 
In the references, on the other hand, upstream noise suppres- 

It is quite possible that 

Velocity exponent. OASPL velocity exponents from the references and the 
current program are sunnnarized in the following table. 

Velocity Exponent of QASPL 
Angle from nose, rad 
0.524 1.572 2.61g 

Present program - 
Static rig, 17.67-cm nozzle - 7.3 7.3 7.9 
Wind tunnel - 7.4 7.6 8.7 

Lush (ref. 13) - NR 7.5 9.0 
Ahuja & Bushell (ref. 14) - NR 8.0 8.8 
Tanna & Dean (ref. 15) - NR 7.5 8.9 
Olsen, Gutierrez, & Dorsch (ref. 16) - * * * 

NR - Not reported 
* - Not reported. Exponent of spherical acoustic power = 8.0. 

The exponents obtained in the present program tend to be slightly lower than 
those from other sources but are in general agreement both in magnitude and 
in variation with angle. 

Spectra.- Spectra from the present program and other sources, normalized 
to wind tunnel conditions, are compared in figure 9-5. Figures 9-5(a) and 
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9-5(b) present comparisons at four circumferential angles in the nozzle exit 

plane, where the effects of refraction and convection on directionality are 
minimized. 
500 and 630 Hz, which are probably associated with standing waves in the 

tunnel. Standing-wave effects in this frequency range were noted in the 
discussion of wind tunnel acoustics (fig. 9-1). 

$ = 0, which appears to have a 2-dB measurement error, the wind tunnel 
spectra agree well with each other. 

The wind tunnel spectra (fig. 9-5(a)) exhibit SPL increases at 

Except for the  spectrum at 

The outdoor r i g  spectra of figure 9-5(a) are also internally consistent 
and are approximately 4.5 dB higher than the wind tunnel spectra. 
9-5(b) shows that these two groups of spectra straddle the data from refer- 
ences 13-16, which have been normalized to the wind tunnel conditions as 
carefully as possible. Velocity corrections were minimized by selecting 
velocities as close as possible to the nonnalized velocity. The one-third- 
octave-band frequencies were adjusted for the Strouhal frequency shift. A l l  

data were measured in an anechoic environment so there were no ground reflec- 
tion effects to be considered, 
less", i. e. , atmospheric absorption losses would reduce these spectra by 
about 0.5 dB at high frequencies. Further corrections due to ambient at- 
mospheric pressure and temperature were not made because 'hese conditions 
are not always defined in the references. These effects are considered to 
be 2 0.5 dB. Complete accounting for the environmental factors would pre- 
sumably aid in further collapsing the data, although the spread shown 
generally amounts to some 2.5 to 3 dB and includes notable changes in 
spectral shape. 

Figure 

The data of references I5 and 16 are "loss- 

Figure 9-5(c) compares 1.046 rad (600)  aft of the nozzle. (Spectra at 
this angle are not reported in reference 16.) Here the wind tunnel and out- 

door rig data show better agreement in themselves and are contained within 
the spread of the spectra from the references - about 5 dB, compared to 2.5, 
to 3 dB in the nozzle plane. 

Little is available on jet noise in the forward quadrant, At 0 = 1.048 

rad (60° ) ,  the present wind tunnel data are in good agreement (approximately 
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- + 1 dB) with the data of reference 14. 

however, are approximately 5 dB high. 

The data from the outdoor rig, 

There appears to be a difference between jet-alone noise measured at 
one-fifth scale on the outdoor rig and at one-tenth scale in the acoustically- 
treated wind tunnel, with the wind tunnel data indicating noise levels some 
4 dE3 lower than the outdoor r i g  in the forward and mid locations and 2 dB 
lower in the aft quadrant, even after allowing for known differences. The 
velocity exponents and spectrum shapes and directivities, however, are similar. 
Similar discrepancies between jet-alone noise data from different types of 
facilities are indicated in unpublished data obtained by N. N. Peddy of 
Lockheed. There is some evidence that the environment (anechoic, reverberant, 
semi-reverberant, etc.) may cause this anomaly by modifying the radiation 

impedance at the source, thus affecting the acoustic power output of the jet, 
This phenomenon is partially, although not satisfactorily, disoussed by 
Beranek in reference 17. 

Jet/flap interaction n&e.- Figures 9-6 through 9-10 compare the data 
on jet/flap interaction noise from three sources: the data on baseline B from 
the outdoor rig and from the wind tunnel are compared in figures 9-6 through 
9-8, and the data on baseline A from the outdoor rig and from a full-scale test 
using a T F 9  engine are compared in figures 9-9 and 9-10, 
between tests are smaller than the jet-alone noise spread of approximately 5 
dB, and in the case of the TW/outdoor rig comparison are generally in the 
range of 0-1 d.T3. 

The differences 

Outdoor rig vs wind tunnel. Figure 9-6 shows how the curves of FPU4 vs 
V .  from the outdoor rig and wind tuMel compare. The wind tunnel data are 
J 
lower, as in the case of jet-alone noise, the difference ranging from 0 to 3 
dB. 
which also parallels the trend of the jet-alone exponents. 

The V. exponent is 8.2 for the wind tunnel and 7.0 for the outdoor rig, 
J 

Figure 9-7 shows the outdoor rig circumferential directivity pattern 
in the nozzle exit plane, with the corresponding wind tunnel points at 

elevation angles of 0.524 and 1.572 rad (30° and 90"). The wind tunnel daLa 
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at elevations of 0 and 1.048 rad (0' and 600) are suspect in this data set 
and are not shown, but the wind tunnel directionality pattern is expected 
to follow that of the outdoor r ig.  The PNIM differences jut noted - 1.2 

PNdB at flyover and 0.4 PNdB at 0.524-rad (30') sideline - agree exactly 
with those obtained by averaging the differences over all microphones in the 

respective planes. 

Flyover spectra from the two tests are compared in figure 9-8. The 
wind tunnel spectra were measured anechoically; the outdoor spectra were 
converted to anechoic conditions by calculating, and correcting for, the 
effect of ground reflection in each one-third-octave band in the low-frequency 
range, ut 1.048 and 1.572 rad (600 and 90')  from the nose the outdoor rig 
spectra are 2-3 dB higher up to 3000-5000 Hz and very close at higher fre- 
quencies. The PNL differences associated with these spectra, from top to 

bottom on the figure, are +1.7, +1.4, and -0.4 PNdB, where positive indi- 
cates that the outdoor results are higher. 

In sum the acoustic data from the two facilities differ by about 1 PNdE3 

at 195 m/s jet velocity (the outdoor data being higher) and yield very similar 

one-third-octave-band spectra at several locations. Considering the differ- 
ences between the two-dimensional outdoor model and the three-dimensional 
wind tunnel model, the agreement between the two sets of results is con- 
sidered to be very good. 

Outdoor rig vs TF34 test. This comparison is presented in figures 9-9 
and 9-10. 

described in reference 18. 
reference but are unpublished data for the internal-mixing nozzle shown below. 

The tests of the TF$ engine with the baseline A wing/flap are 
The data used, however, are not included in the 
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This nozzle gave the most uniform conditione at the nozzle exit plane and 
thus most nearly approximated the outdoor r i g  teat. 

Figure 9-9 shows that when the data for baseline A in the present out- 
door rig tests are corrected to the 
the flyover PNUi vs V. curves for the two facilities coincide exactly. The 

J 
directivity patterns in the nozzle exLt plane (fig. 9-10) differ by 2 dB at 
0 elevation angle but agree within I dB or less at most other angles. 
concluded that the one-fifth-scale outdoor facility provides a realistic 
simulation of full-scale conditions. 

nozzle area and exit temperature, 

It is 
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Figure 9-1 .- Distance roll-off i n  wind tunnel, j e t  alone. Microphone 
a t  nozzle height on radius normal t o  centerline.  V = 195 m / s .  
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Figure 9-2.-  Effect of forward speed on noise spectra. J e t  and baseline 
wing/flap configuration, takeoff setting. v = 245 m/B j 
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Figure 9-2 .- Continued. 
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Figure 9-4. -Continued. 
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Figure 9-4 .-continued. 
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(b) Data from references and present program, 1.572 rad (90") aft of nose. 

figure 9-5.- Jet-alone spectra, static, normalized to wind tunnel conditions 
(Vj = 245 m/s,  D E 8.64 cm, R 5 2.44 m, anechoic). 
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(c) Data from references and present program. 2.618 rad (150") aft of nose. 

figure 9-5.- Concluded. 
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Mgure 9-6'. Comparison of noise characteristics, wind tunnel and 
outdoor r ig ,  noxmalieed to anechoic wind tunnel conditions. 
Baseline B, takeoff flap setting, flyover. 



full scale, 

Elevation angle, rad 

Figure 9-7.- Circumferential directivities, 1.572 rad (90") aft of 
nose, normalized to anechoic wind tunnel conditions. 
Baseline B, takeoff flap setting, V = 195 4 s .  j 
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Frequency, HZ 
Figure 9-8. Wind tunnel and outdoor r i g  spectra, normalized 

to anechoic wind tunnel conditions. 
takeoff flap setting, flyover, v = 195 4 s .  
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j 



=, - 9  

full scale, 
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j' 

Figure 9-9. -Comparison of noise characteristics, outdoor rig and Aill-scale 
TFP test, normalized to full-scale, four engines, hot-flow 
conditions. Baseline A, takeoff flap setting, flyover. 
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Figure 9-10.- Circumferential directivities, 1.572 rad (90") aft 
of nose, normalized t o  full-scale hot-flow conditions. 
Baseline A, takeoff flap setting, VJ = 245 m/s. 
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TABLE 9-1 

NOISE INCFZE3BNTS AT 41.2 M/S (80 m), dB 

More slot e x i t  f lap Interaction noise, 
which inoreases With folwsrd apeed; 
less noise reduotion 

- F o l l m  jet-alone pattern; 
less noise reduction at 
forward angles \ 

r o  

Elevation angle, rad 

Angle from 
nose, rad 

0.524 (3") 
1.048 (60") 
1.309 (75") 
1.572 (90") 
2.096 (120") 

- ~ 

Single-slotted flaps 

-4.9 
-5.6 
-5.1 
-4.9 
-1.3 

0.524 
(30" 

-3.4 
-2.8 
-2.6 
-3.3 
+1.7 

-1 .o 

0-0-0 

L Shielded from most jet noise, uhich 
decreases w i t h  forward speed; partly \ N  
exposed to slot exit flap interac- 
tion noise, which increases with 
forward speed; noise reductions 
small or negative 

- - ~~ ~ 

Triple-slotted flaps 

-2.2 

-3.4 
-3-5 
-3.2 
-1.9 

0.524 
(Yo 

-1 .o 
-1 -8 
-1 .4 
-1 .o 
+3.4 

+0.6 

0-0-0 

Less direct view of jet sheet noit 
which decreases with forward speec 
less noise reduction 
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i 0. WIND TUNNEL AERO/PROPULSION mums 
hrward Spoed Rbeulte 

The e f f e c t s  of t r a i l i n g  edgo sweep angle, t h i r d  flap treatment, and 
number of s l o t s  on w i n d f l a p  performance are d i s c u s e d  below i n  term of 
the  three parameters most s ignif icant  t o  takeoff and landing wrfonnancer 
Cx during takeoff ground r o l l ,  CL during climbout, and CL during approach. 
The first two, converted t o  takeoff f i e l d  length sens i t i v i ty  factore,  are 
used i n  the noise-performance tradooffs in the next section, Application 
t o  Airoraft. The e f f e c t  of configuration on approach CL l e  discweed 
below; no landing distance sens i t i v i ty  factor i e  wed, hawever, s h o o  
landing is not c r i t i c a l  in determining tho required f i e ld  length of the 
reference airorsf% and its modifications. 

Ekplanation of performance increments. figure 10-1 indicstas  
schematically how the performance xmps, figures 10-2 through 10-7, am 
used. 
simply the Cx increment a t  P( = 0 and a constant CT of 1.4. 
on climb CL l e  the CL increment a t  a constant CT of 1.4 as before, along 
a climb gradient going through the CL and Cx of the baseline a t  CT = 1.4 
and c4 = 0.14 rad (8.). (Cl imb gr.dient is equal to C d C L  and thus to  
the elope of a l i n e  on a CL vs Cx map. 
graphical interpretation.)  The e f f e c t  of configuration on approach CL 
is  the CL increment on the landing-flap map a t  a CT of 1.4, along a 
glide slope again defined by CT = 1.4 and o( = 0.14 rad. 

"he e f f e c t  of a configuration change on Cx during ground r o l l  i s  
The e f f e c t  

Glide slope has a eimilar 

An angle of a t t ack  of 0.14 rad (8.) wae used i n  these comparisons 
and i n  deriving f i e l d  length sens i t i v i ty  f ac to r s  because, due t o  a i r  
supply interference l imitat ions beneath the r ind  tunnel f loor,  it was the 

highest Lx tested; the actual  angle of a t t ack  of the reference aircraft 
is 0.17 rad (10.) during climbout and 0.19 rad (11.) during approach. 

The selected CT of 
during climb (CT = 

(cT = 1.29 a t  38.6 

1.4 is  close t o  the CT of the reference a i r c r a f t  
1.44 a t  43.8 m / ~  (85 knots))  and during approach 

m/s  (75 knots)), These o( and CT differences 

both 
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are  believed t o  have only a d n o r  e f fec t  on tple comparisons discussed 
below and on the sens i t i v i ty  fac tor  8nd f i e l d  length calcul8tione. 

Configuration e f fec ts .  The performance data fo r  tho various con- 
f igurat ions a t  forward speed a r e  summarized i n  figures 10-2 through 10-7. 
Figure 10-2 shows the performance of the baseline configuration, which 
has t r ip le -s lo t ted  f laps ,  no trailing-edge sweep, and no treatment. 
l eve ls  and t rends of the data agree with wind tunnel data f o r  s imilar  
configurations from references 19 and 20. 

The 

Ffgure 10-3 shows the e f f e c t  of wing meep. The d88hed l ines  are 
baseline curve8 transcribed from the p r d o w  figure. 
t r a i l i n g  edge from 0 t o  0.262 r8d (15.) has no e f f ec t  on Cx during the 
takeoff run but reduces CL during climb and approach by approximately 
4 and 3% respectively. 

Sweeping the wing 

Figures 10-4 and 10-5 comp.re the Singh-SlOtted f l8p with the 
t r ip le -s lo t ted  f l a p  f o r  wing sweeps of 0 and 0.262 rad (15.). 

case8 the Cx of the  single-slotted f l a p  16 higher during the ground run 
by approximately 10%. During climb there is a 2% improvement i n  CL fo r  
the single-slotted f l a p  wi th  the swept wing and no e f f e c t  fo r  the un- 
swept wing. M n g  approach, CL f a l l s  off for  the 8ingle-8lOtted f l a p  
by approximately 6%. 
with a single s l o t  and a large f l a p  deflection the flow remains f a i r l y  

well attached over the upper surface. 
f igure 31 of reference 21. 

In both 

This is a moderate decrease, indicat ing that even 

A similar r e s u l t  is seen i n  

The e f f ec t  of adding a perforated t h i r d  f l a p  is shown a t  the take- 
mr the t r ip le -s lo t ted  f l a p  with zero off f l a p  se t t i ng  in f igure 10-6. 

sweep, there  is a 3% penalty t o  Cx and a 5% penalty t o  CL f o r  adding 
treatment on the t h i r d  f lap;  with 0.262 rad sweep there  is a 3% improve- 
ment i n  Cx and a 4% penalty t o  CL. For the single-slotted flap with 

0.262 rad sweep, treatment causes a 3% reduction i n  Cx and a 2% reduction 
i n  CL. 
The penal t ies  a re  probably due t o  viecoue losses associated with the 
treatment. The lone improvement is unexplained, 

The swept and t reated configuration was not tested a t  takeoff. 
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The e f f e c t s  of treatment with landing f l aps  are shown i n  figure 

10-7. 

penalty t o  CL f o r  the single-slotted flap. 

penalty may be due t o  the treatment causing flow separation on the upper 
surface of the t r a i l i n g  edge. The single-slotted f lap flow is  apparent- 
l y  separated both with and without the treatment, yielding the sama per- 
formance for both. 

The CL penalties for  the t r iple-s lot ted flap are 3-5$, with no 
The t r iple-s lot ted flap 

S ta t i c  Turning Efficiency and Angle 

Figure 10-8 shows turning efficiency and turning angle measured 
s t a t i c a l l y  i n  the wind tunnel. 
from the s t a t i c  r ig ,  as was discussed i n  section 8, Sta t i c  Test Aero/ 
Propulsion Results. 
and d Fv than i s  seen i n  the s t a t i c  t e s t a ,  presumably due t o  the 
r e l a t i v e l y  larger treated area. 
versus t r iple-alot ted flaps ie similar t o  the e f f e c t  seen i n  the s t a t i c  
r i g  tests. 

The r e s u l t s  agree well with test r e s u l t s  

Treatment causes a larger reduction in both 7 

The e f fec t  of single-slotted flaps 

Sweep was found t o  have no e f f e c t  on 1 and 6,. 
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Mgure 10-1.- Definitions of performance increments. 
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Figure 10-2.- Aerodynamic CL-Cx maps, wind tunnel test, 
baseline B. 
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CX 

Figure 10-3.- Aerodynamic C -C maps, wind tunnel test, 
baseline B. b&ct of wing sweep. 
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cX 

figure 10-4.- Aerodynamic CL-% maps, wind tunnel tests, 
baseline B. Single-slotted versus triple- 
slotted flaps. 
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Figure 10-5.- Aerodynamic CL+ maps, wind tunnel test, 
baseline B + T.E. sweep = 0.262 rad. 
slotted versus triple-slotted flaps. 
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Figure 10-6.- Aerodynamic CL-Cx maps, wind tunnel t e s t .  
Baseline B and variations,  takeoff,  &T = 
0.576 rad. 
(18% perforated plate  with s tuff ing) .  

Effect of third-flap treatment 
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Figure 10-7.- 

-2 

- 0  -1 -2 

cX 

Third Flap 
Treated 
Solid - - -  

cX 

Aerodynamic CL-CX maps, wind tunnel t e s t .  
Baseline B and variations,  landing,&^ = 
1.1% rad, 
(18% perforated plate w i t h  stuffing). 

Effect of third-flap treatment 
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Confimration 
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Figure 10-8,- Thrust vector angle and turning ef f ic iency ,  
wind tunnel test. Takeoff, dF = 0.576 rad. Vo = 0. 
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11 APPIJCATION TO AIRCRAFT 

Reference Aircraf t  

The e f f ec t s  of a configuration on both noise and performance must 
be considered i n  evaluating its des i rab i l i ty  f o r  use on low-noise a l r -  
c r a f t .  
is shown i n  f igure 11 -1 . 
(67,000 l b ) ,  a wing area of 74.5 m (801 f t  ), a design range of 926 km 
(500 n,m.), and a design takeoff f i e ld  length of 762 m (2500 f t ) .  The 
f i e l d  length is based on Federal Aviation Regulations, which specify a 
10.7-m (35 f t )  obstacle, engine f a i lu re  a t  the c r i t i c a l  speed, and a 
3% climb gradient a f t e r  the  fa i lure .  !!'he engines a re  four TF'34'8, each 
having a takeoff ra ted th rus t  of 41,370 N (9300 l b )  and a nozele inside 
diameter of 88.5 cm (34.8 in ) .  The corresponding mixed-flow exhaust con- 
d i t ions  a re  400° K (72OoR), 265 4 s  (870 f t / s ) ,  and 1.375 pressure r a t io .  
The relat ionship betueen J e t  velocity and nozzle pressure r a t i o  is shown 
i n  f igure 11-2 f o r  the ful l -scale  and cold-test  temperatures. 

The a i r c r a f t  used i n  t h i s  report  a s  the bas i s  fo r  such evaluations 
It has a takeoff gross weight of 30,400 kg 

2 2 

The landing f i e l d  length of the reference a i r c r a f t  is  564 m (1850 
f t ) .  
points. 
c r a f t  is approximately 0.524 rad (30.) above the observer, and this  

eievation angle is used i n  the  present evaluations. 

Thus takeoff i s  c r i t i c a l  from both the noise and performance stand- 
Maximum s ide l ine  noise has been found t o  occur when the a i r -  

The maximum s ide l ine  je t / f lap  interact ion Em, of the reference a i r -  
c r a f t  is approximately 106.9 PNdB, a s  derived below: 

S ta t i c  t e s t  r e s u l t s  corrected t o  full scale  (four 

J Tw's), 152.4-m, 0.524 rad (30') elevation, V 

= 250 d e .  Baseline A, takeoff f l ap  se t t ing .  From 
f igure 6-6, PW = 109.2 P N ~ B  

Correction t o  takeoff VJ (265 4 s ) .  

6-111, V exponent = 7.5- 
S ta t i c  t e a t  r e s u l t s  a t  v 

j 

From t ab le  

J 
= 265 m/a - 111.1 PNdB 
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Correction f o r  ground ref lect ion,  test pad 

t o  free f i e l d  - 
Correction f o r  ground ref lect ion,  free 
f i e l d  t o  normal t e r r a i n  - 
Correction from cold t o  hot j e t  - 
Correction f o r  shielding by fuselage 
and nacelles,  equivalent t o  1.2 engines 
blocked - 
Forward speed e f f e c t  a t  43.8 4 s  

(85 kn), from f igure 9-3(d) - 
T o t a l  corrections,  fu l l  scale  a t  t es t  
conditions t o  a i r c r a f t  i n  f l ight - 

-0.1 PNdB 

91.0 PNdB 

-1.6 P N ~ B  

-1 -5 PNdB 

- -2.0 PNdB 

-4.2 PNdB - 
Jet/flap interact ion noise of reference air- 
c r a f t ,  152.4-111 sidel ine,  0.524 rad (30.) elevation - 106.9 PNdB 

Evaluating Design Modifications 

Off-design evaluation. - zko methods of configuration comparison are 
presented herein. 
t o  be r e t r o f i t t e d  with the modification being considered; nei ther  the air- 
frame nor the engine are resized or reoptimized. 
pacts a i r c r a f t  performance as w e l l  as noise, it is  assumed that the engine 
is  simply th ro t t l ed  o r  overboosted as required t o  achieve the same takeoff 
f i e l d  length as the baseline. Thus the modified a i r c r a f t  and the baseline 
a i r c r a f t  have the same performance a t  takeoff and throughout the mission. 
The effect of the engine power change on noise is calculated and the noise 
difference a t  constant f ie ld  length i s  used as the c r i t e r ion  for comparing 
the modification t o  the baseline and t o  other modifications. 

In  the first, the baseline engine/airoraft is  assumed 

If the modification im- 

Optimum-design figure of merit.- The foregoing method of evaluation 
is  straightfornard but  does not consider r e l a t i v e  cost-effectiveness and 
thus does not r e f l e c t  the f u l l  potent ia l  achievable with the modification 
when the designer i s  free t o  reoptimize the a i r c r a f t  and engine t o  meet 
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the mission constraints.  
operation of the baeeline and design-point operation of a reoptimized 
system can be large, 

The difference In Mx: between off-design 

For example, i n  the ca8e of a modification which reduces f i e l d  

length, it i s  only necessary t o  retard the t h r o t t l e  t o  achieve constant 
f i e l d  length. 
reoptimized engine/airframe, however, any o r  a l l  of wing area, engine 
s i ze ,  and fan bypass r a t i o  may be reduced, resul t ing i n  improved cruise  
efficiency, lower weight, decreased production costs,  and lower DOC. 
The question t o  be answered, then, is  how much noiee reduction can be 

obtained by re-investing these cos t  savings i n  a quieter  ( a lbe i t  more 
cost ly)  engine cycle. 

This reduces noise but does notklng t o  DOC. With a 

Generalized noise-performance-cost trade-of f a  f o r  optimum engine/ 
airframe designs have been developed i n  an extensive study of quiet  STOL 

a i r c r a f t  f o r  short-haul transportation, reported i n  reference 19. FDr a 
matrix of ehort-range short-takeoff design-point a i r c r a f t  similar t o  the 
reference a i r c r a f t  of the present report ,  reference 19 shows that s i d e -  

l i n e  noise is  a strong function of both design f i e l d  length and engine 
cycle (or fan pressure r a t i o ) ,  
i s  a l so  a strong function of design f i e l d  length and engine fan preesure 
r a t io .  

Rwther, the reference shows that DOC 

These r e su l t s  a r e  summarized i n  f igure 11-3, where the constant 
s idel ine noise levels  are associated primarily with a constant fan nozzle 
pressure r a t i o  (or  bypass r a t i o  and engine cycle). 
s idel ine noise a t  a constant f i e l d  length is t h e  cost  of the greater 
engine/airframe w e i g h t  and poorer cruise efficiency associated with higher 
bypass r a t i o  (or lower fan pressure r a t io ) .  It i s  t o  be noted, however, 
t h a t  t h i s  cos t  (of the engine cycle change) is the  minimum necessary fo r  
s idel ine noise reduction: engine cycle change costs  lees i n  DOC than does 
the operation of oversized engines a t  reduced t h r o t t l e  set t ings,  f o r  
example. 

The cost  of reduced 

The referenced s tudies  were necessarily parametric i n  nature and 
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addressed only state-of-the-art flap/high-lift performance. 
not sensi t ive t o  the effects  of configuration refinements such as trail-  
ing edge treatment, flap gap variation, and variations in flap/nozzle 
geometric relationships.  The second evaluation method used herein, re- 
ferred t o  a8 the optimum-design f igure of merit (W), aseesses such 
modifications i n  terms of the noise reduction achievable through reopti-  
mization of the modified baseline airplane, while maintaining baseline 
values of design f ie ld  length and d i r e c t  operating cost  (DOC). 

r e a l i t y ,  such optimization is required when the proposed modification 
impacts performance or weight, and therefore f i e l d  length. 

They were 

In 

Evaluation by MIM l e  based on the f a c t  that any change i n  f i e l d  

length capabi l i ty  has an equivalent value i n  DOC, and the DOC change can 
be invested t o  change s idel ine noise level.  
d a t a  of f igure 11-3 have been cross-plotted i n  figure 11-4 t o  establish 

d i r ec t ly  the equivalence between f i e l d  length change and s idel ine noise 
l eve l  change a t  constant DOC. 

For ease i n  application, the 

In sumaary, then, the  n e t  PNdB change ref lected i n  the FUM is the 

algebraic sum of the measured noise change and the noise change r e su l t i ng  
from constant-D0C conversion of f i e l d  length change t o  noise, from figure 

11-4. 

Evaluation Procedure8 

Both of the evaluation methods described above require the same 
two inputs - the e f f e c t  of the modification on s idel ine PNLM 0.524 rad 

(30° )  below the wing and the e f f e c t  on takeoff f i e l d  length. 
is  obtained from the tes t  data. 

the e f f e c t  of the modification on four factors:  

The former 
The l a t t e r  is calculated by considering 

O Accelerating force during ground r o l l .  
wind tunnel data, as discussed i n  section 10, Wind Tunnel Aero/ 
Propulsion r e su l t s .  

This is derived from the 

O Lift coeff ic ient  a t  climbout, a l so  from the wind tunnel data. 
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O Fuel weight, determined from nozzle velocity coefficient cbnge, 
i f  any, and from weight and drag e f f e c t s  on cruise  fuel .  

Operating weight empty (Om), estimated i n  coneultation with 

design personnel 

The s e n s i t i v i t y  of takeoff f i e l d  length, over the required obstacle 
with an engine failure a t  the c r i t i c a l  speed, t o  each of the above f ac to r s  
was determined f o r  the reference a i r c ra f t .  
of takeoff f i e l d  length t o  a 1% increase i n  each of the four factors  were 
obtained : 

The f o l l d n g  e e n s i t i v i t i e s  

* Accelerating force: - 0.5% f i e l d  length 

* Lif t  coefficient:  - 3.w f i e l d  length 

fie1 weight: + 0.6% f i e l d  length 

' OWE: + 2.9% f ie ld  length 

The fuel weight and OWE s e n s i t i v i t i e s  would be eseent la l ly  equal i f  

based on absolute rather than percentage weight change, as fuel weight 

is approximately 4550 kg (10,000 lb) and OWE is approximately 20,500 kg 
(45,000 lb). 
four parameters t o  calculate  the percent change i n  f ie ld  length. 

These s e n s i t i v i t i e s  were applied to  the change6 i n  the 

IFOr the off-deeign-operation evaluation, the t h r u s t  change required 
t o  return the a i r c r a f t  t o  the  baseline f i e l d  length was then calculated 
and the  j e t  velocity associated with the new thrust wae read from figure 
11-5, which comes from the Tm engine specification. Velocity change 
was converted t o  s ide l ine  PNIM change by means of the appropriate V 

exponent. 
e f f ec t  of the modification were added algebraically t o  obtain the masure 
desired - the ne t  PNLM increment due t o  the modification. 

j 
The noise change due t o  th rus t  change and the measured noise 

In the MM evaluation, measured PNIM increment was plotted against  
f i e l d  length increment on figure 11-6. 

the plotted point and the otpimized-aircraft-family curve is  the lVi¶ of 
the modification, 

The difference i n  PNLH between 
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Both evaluation procedures express the effect  of the modification 
Negative values are favorable, in- i n  terma of a ne t  change i n  noise. 

dicating a decreaee i n  noise compared t o  the reference donfiguration. 

Evaluation Results 

Effects  of modifications on reference a i r c r a f t  noise.- The table 
that follows shows the e f f ec t s  of the most signif icant  modifications and 
canbinations of modifications on the noise of the reference a i r c r a f t .  
The center  columns of the table show the e f f ec t s  of the configuration on 
aerodynamic perforxuence, i n  t e rm of f i e l d  length, and on measured noise. 
Where two modifications are combined, the measured noise increment comes 
from a test of the  combination, not fran the sum of two increments. The 
las t  two columns show the integrated e f f e c t s  of the configuration on 
constant-field-length noise, first on the basis of off-design-point 
operation of the reference aircraft, then on the basis of a reoptimized 
a i r c r a f t  and engine, 
the baseline A nozzle/wing/f lap configuration, the basic configuration 
of the reference a i r c r a f t .  

A l l  modifications i n  this table are compared t o  

No third-flap passive treatments are compared, as treatments had 

no conclusive e f f e c t  on noise and caused a reduction i n  aerodynamic per- 
formance. 
was reduced from 0.698 rad (40*) t o  0.646 rad (37.) t o  avoid the excessive 
drag and f i e l d  length penalty associated with the former angle. 

In a l l  comparisons the takeoff flap s e t t i n g  of baseline A 
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Effects  of Modifications on Reference Aircraf t  Noise 

Effect of Mod(s) 
Modification(8) on F/L on P N I ~ ~  

Baseline B -26.1s +1.4 dB 

Third-f lap i n t  . blowing +2.3% -0.5 dB 

B/L B + mixer nozzle 
and treated e j ec to r  -27.9% -3.0 dB 
B/L B single-sl .  flap -28.2% +1.6 dB 
B/L B + bQVE + SSF -22,s -2.0 dB 

Net A PNU.  0.524-rad 
(30.) sidel ine plane 
Off-Dee. Opt.-Dss. 
OPeration Fad 
4.4 dB -14.3 dB 
-0.4 dB 4.5 dB 

-4.1 dB -19.4 dB 
4 . 3  dB -15.1 d~ 
-2.9 dB -15.2 dB 

The table indicates  t h a t  incorporating baseline B and the mixer 
nozzle and treated e j ec to r  gives more improvement i n  reference a i r c r a f t  
noise than any other change, both i n  off-design operation and i n  a re- 
optimized a i r c r a f t .  The potent ia l  noise reduction i s  19 PNdB. It is 
assumed t h a t  the e j ec to r  shroud slides forward and stows after takeoff, 
as on some turbojet-powered conmercial transports,  but that the lobed 
mixer nozzle is fixed. 

A l l  four modifications involving a change t o  baseline B show 

excellent noise reductions on the M)M basis, although baseline B has a 
higher measured noise than baseline A (by 1.4 and 1.6 PNdB) unless it is 
combined w i t h  the mixer nozzle and treated ejector.  
baseline B is i n  i ts  better aerodynamic performance, which is  due pri- 

marily t o  the elimination of wing sweep and a more e f f i c i e n t  flap turn- 
ing system, 
decrease shown. 

The advantage of 

Wing sweep accounts f o r  16.1% of the 26.1% field length 
The other 10% is due t o  a 2$ better turning efficiency. 

Both modifications that use the mixer nozzle and treated ejector  
a l so  show up well on the FOM basis. This is again due largely to im- 
proved performance, although the mixer nozzle configurations also pro- 
vide d i r ec t  noise reductions. 
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Third-flap in t e rna l  blowing has l i t t l e  e f f e c t  on noise or high-lift 

performance but the blowing system weight and associated drag cause a 
emall f i e l d  length penalty. 
able M)M. 

This modification shows the only unfavor- 

The r e s u l t s  are qui te  d i f f e ren t  if the modifications are ins t a l l ed  
d i r e c t l y  i n  the reference a i r c r a f t  without reoptimitation (off-deaign- 
operation column i n  table) .  
is only 4 PNdB instead of 19. Second, the baeeline B flap system without 

the mixer nozzle and treated e j ec to r  becomes a poor choice instead of a 
good one, and i n  f a c t  r e s u l t s  i n  a ne t  noise increase of 0.3 or 0.4 PNdB. 
The ranking8 of the modifications i n  off-design operation are e s sen t i a l ly  
the eame as their  rankings i n  terms of d i r e c t  e f f e c t  on noise, as t h r o t t l -  
ing or overboosting without changing engine cycle or wing area has only 
a emall e f f ec t  on noise. 

First, the maximum achievable noise reduction 

The comparieone i l l u s t r a t e  the  point made earlier: better aero- 
dynamic cha rac t e r i s t i c s  allow noiee t o  be reduced by simply t h r o t t l i n g  
the engine; greater reductions can be achieved, however, by increasing 
engine bypass r a t i o  and reducing wing area. 
asaociated w i t h  the bypass r a t i o  increase substant ia l ly  reduce8 noise. 
Although engine cos t  increases, and c ru i se  drag and nacelle manufacturing 
cos t s  a l s o  increase due t o  the increased nacelle diameter, theee in- 
creases are o f f s e t  by the reductions i n  cruise  drag and wing manufactur- 
ing cos t  associated with the smaller wing area, leaving DOC and field 

length unchanged w i t h  a substant ia l  reduotion i n  noiee. 

The reduced je t  veloci ty  

Effects  of individual modifications on a i r c r a f t  noise.- The purpose 
of the preceding table was t o  show how much the noise of the reference 
a i rcraf t  could be reduced. 

therefore the baseline A wing/flap/nozzle configuration. It i s  a l s o  
of i n t e r e s t  t o  examine the e f f e c t  of each modification individually, 
when applied i n  various circumetancee. 
this investigation. Since the effect  of a modification (mixer nozzle 
and treated ejector ,  baseline B, or single-slotted f l ap )  i e  sametimes 

The s t a r t i n g  point of each comparison was 

Table 11-1 shows the reeults of 
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established d i r ec t ly  by a single comparison and sometimes by difference, 
the e f f ec t s  of the modification are distinguished from the supporting 

data by parentheses, 

The top  section of t ab le  11-1 showe that adding the mixer nozzle 
and t reated e j ec to r  always r e su l t s  i n  lower a i r c r a f t  noiee, regardleee 

of the s t a r t i n g  configuration and of whether t he  basis  of evaluation is 
off-design-point operation o r  py)M. The center section shows that switch- 
ing from baseline A t o  baseline B can be qu i t e  helpful or mildly detri-  

mental. 
improvement) when applied t o  a configuration that  does not include a 
mixer nozzle and treated ejector  but s t i l l  provides a 5 or  6 PNdB benefi t  
when added t o  a mixer nozzle and t reated ejector .  
basis baseline B i s  detrimental by 1 

noise. 

On the FaM basis baseline B i s  most beneficial  (11 or 14 PNdB 

On the off-design 
PNdB because of its higher measured 

The bottom section of the table  shows that changing from the triple- 
s lo t t ed  t o  the single-slotted f lap has l e e s  e f f e c t  than either of the 

other modifications. 
not include a mixer nozzle and treated e j ec to r  but increases noise i f  it 
does, since the combination of mixer nozzle and single-slotted flap has 

both higher measured noise and lower turning efficiency than the mixer 
nozzle and t r iple-s lot ted flap. 

It reduces noise i f  the s t a r t i n g  configuration does 

Urnitations of evaluation.- It is  important t o  recognize that 
the evaluation pr inciples  used herein, although based on sound pr inciples  
and valid within the i r  range of application, must be used with caution. 
Aerodynamic e f f ec t s  a r e  much more s ignif icant  than d i r ec t  e f f ec t s  on 
noise i n  the comparisons presented but the sens i t i v i ty  factors  used deal 
only w i t h  f i rs t -order  effects  and do not recognize the nonl inear i t ies  
t h a t  arise a t  s ignif icant  perturbations from the baseline. 
an a i r c r a f t  with baseline B f l aps  o r  wi th  a mixer nozzle my uncover 
problems not considered here. On the other hand, however, it i s  perhaps 
a s  l i k e l y  that  a f lap and nozzle configuration can be found that rill do 
even better than baseline B. 

valid basis f o r  configuration selection. 

The design of 

Comprehensive design studies a r e  the only 
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Figure 11 -4. - Noise/f i e l d  length tradeoff a t  constant DOC. 
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Figure 11-6.- Figures of merit for modifications to reference 
aircraft w i t h  baseline A nozzle/flap system. 
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TABLF: 11-10 W E C T  OF INDIVIDUAL MODIFICATIONS ON AlRC€UE" NOISE. 

O Modification is underlined. 

O Effects of modification are shown in parentheses. 

O Negative differences are favorable: modification reduces field length 
or noise. 

Configuration 

B / L B + M  

B/L B + SSF 
B/L B + SSF + 

B/L  B + SSF 
B/L B + SSF 

B/L B + MNTE 
B/L  B + MNTE 

B/L B + SSF + W E  
B/L B + SSF + MNTE 

B / L B + E  

B / L B + I W E  
B/L B + MNTE + 

Lf erence 
Conf ig . A F h  - APNLN 

Worn Ref. Config. 

-26.1% +1.4 dB 

-5.9% -0.9 dB 

(-26.1%) (+1.4 dB) 

-50% -0.9 dB 

-17.1% -4.4 dB 

-2.0 dB a, (+.1.4) 

-26.1% +I04 dB 
-28.a +1.6 dB 

( -2.1%) '(+0,2) 

-17.1% -4.4 
-12.3% -3.4 dB 

( +4.8%) (+I.o d ~ )  

Net APNLM 
( X 0 )  side: 
off -Des . 
Operation 

(-5.0 dB) 

+0.4 dB 
-4.1 dB 

( y . 1  
-1.1 dB 
-3.9 dB 

(-2.8 d ~ )  

(+0.4 dB) 

-1.1 dB 
+0.3 dB 

( + l o 4  dB) 

-5.0 dB 
- 4 1  dB 

7ze-l 

-3.9 dB 

(-1.1 dB) 

+0.4 dB 

*&e) 
-5.0 d~ 
-3.9 dB 

(+1.1 dB) 

0 . 524-rad 
ne plane 
opt. -Des. 

FOM 

(-13.8 d ~ )  

-14.3 dB 
-19.4 dB 

( -5.1 dB) 

-3.9 
-10.0 dB 

( 4 . 1  dB) 

(-14.3 dB) 

-3.9 dB 
-15.1 dB 

(-11.2 dB) 

-13.8 d~ 

7%%) 
-10.0 dB 

( -3.9 dB1 
-14.3 dB 

,f%e) 
-13.8 
-10.0 dB 
77x5 
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Cold-flow teste of externally blown flap oonfiguratiapr, were conducted 
at one-fifth scale in au outdoor statio tert facility and at one-tenth 
soale in a large acaustioally-treated closed-throat wind tunnel. 
jective of the program was to develop the technology and develop techniques 
to reduce jet/flap interaction noise. 

The ob- 

In the etatic facility, noise war) measured by eleven ndcrophones on a 
rotatable arch of 6.15-m (204%) radiw. 
awed by twelve microphones in a fixed array covering the uudoruing quarter- 
sphere at a radlua of 2.44 m (8 ft). 

Noise in the wind tunnel wa8 m a -  

Aero/propdleion forces on the model 
were measured in both programs. 

The static models represented tw0 triple-slotted flap deeigab 8% both 
takeoff and landing settings, two conical noselee, and a fluted mixer nozzle 
with removablm ejector. 
primarily vari~us of p o m e  and flexible edges, were temted. Internal 
blowia from the third-flap trailing edge and its Vicinity, u wall am fair- 
ings covering the flap slots and variations in slot clap, trsiling edge sweep 
aagle, and nozzle position were tested extensively. 

third-flap trtbiling-edge laodificatiane, 

The wind tunnel model was tested in a semispan vereitm With one coni- 
The configuration variable6 in the Wind tunnel teet were flap c a l  nozzle. 

setting, triple-slotted or single-slotted flaps, eweep angle, am3 the use 
of a solid or  perforated third flap. 

Static Test Results 

At the takeoff flaps and takeoff jet velocitp, the beat reeulto w i t h  

passive flap treatments e h m d  noise reductions of approximately 1.5 PNdB 

both in the flyover plane and in the sideline plane at 0.524 rad (30') eleva- 

tion. 
both planes, the original design, baseline A, being better than bseeline B 
in regard to noise but less efficient aerodynslaically. BlaJiw from the 

third flap reduced noise by approximately 0.5 PbldB in the flyover plane; 

The two basic flap designs also diffemd by appro-tely 1.5 PNdB in 
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blaring was not t e s t ed  i n  the s idel ine plane. The mixer norrle and t reated 
ejector  reduced noise by approxinutelJ 6 PNdB i n  the flyover plane uad 4.5 
PNdB in the aideline plane, oompsred to ther buscline B noczle md f l a p  

crystern. The redwt ions  due t o  covering the f l a p  s l o t s  were appraximately 1 
PNdB a t  flyover and 2 PNdB a t  r ideline,  

Wind Tunnel Teat Rerrulto 

The e f fec t  of forward speed on jet-8lone noise in the nozzle e a t  
plane m e  approximately proportional t0 the  re la t ive  velocity ( j e t  to free- 
stream) to the sixth power, The ef fec t  of forwald speed on j e t / n a p  in te r -  
action noise was s t r o w 4  directianal.  
takeoff, the increment a t  41.2 4 s  (80 kn) varied froln -3 dB a t  the central  
angle8 i n  the flyover plane,to -2 dB a t  there angler in the 0.24-rrd (30') 
sidel ine plane, +l dB a t  the wingtip, and +3 dB a t  the af% microphone in the 

0.524-rad sidel ine plane. 
d i rec t iv i ty  pattern l e  the sum of (u1 underwing source, primarily j e t  noise, 
t h a t  deereases With forward speed, and an overwing source, aseociated w i t h  

f l a p  e l o t  e x i t  flow, t h a t  increases wi th  forward speed. 

Hth t r iple-s lot ted f l a p  a t  

The data euggeet that the fo rmrd  rpeed ef fec ts  

Applioation t o  Airoraft  

The martrmmr 152.4-m (5OO-ft)  s idel ine noise of the swept-wing reference 
a i r c r a f t  a t  the o r i t i c a l  0.524-rad (30.) elevation angle after takeoff was 

detennined from the te8t data to be approximately 107 PNdB w i t h  the refer- 

ence nozzle and f l ap  system. Holding a constant f i e l d  length, a flap/nor;sle/ 

pylon r e t r o f i t  t o  the best  oombination of noise reduotion conoepte, including 
the mixer nozzle and etowable ejector ,  wauld re8a l t  in a noise reduction of 
about 4 PNdE (3 PNdB d i r e o t  noise reduction plus 1 PNdB due t o  lower required 
j e t  velocity). However, noiee level8 approaching 19 PlJdB lower than t h a t  of 
the refereme a i r c r a f t  appear t o  be at ta inable  w i t h  a new aeroctpnsmicslly 
optimized aircraft and engine cycle, 
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Abbreviated ful l -scale  152.4-m s ide l ine  (or flyover) spectra for a l l  

microphone location8 and a l l  confi(lurations teated in the s t a t i c  program 
are l i r t e d  in the following table.  
apart ,  w i t h  full-ecale center frequencier of 315, 630, 1256, 2500, and 

Hz, were eelected a8 representative of the more impOrtaat and 
portion of the s p e c t m .  
ragged becauee of m d  ref lect ions,  uMle above 5ooo Ht the sigral l eve l  
begins t o  get  too l aw f o r  val id  meolution. The SK'e In each band, a8 w e l l  
as QASPL, were curve-fitted against  108 VJ f o r  e8Ch mlc~phone. 
l i r t  the curve-fitted SPL'e and WPL a t  250 m/e, the exponent of VJ, and 
the sca t t e r  of the points about the f i t t e d  curve. 
ident i f ied  by reference t o  tab le  6-111 a t  the appropriate n m  number.. 

Flve one-third-aotave bands, an octave 

caaeietent 
A t  frequenoies below 315 €h, tbe rpectra are often 

The tab les  

Configurations o a n  be 

Almost all configurations and microphanee ehow SPL doorea ing  with in- 
creasing frequenay, aa i n  spectrum plots.  The exponent of V is l e se  con- 

j 
e ie t sn t  but usually increases w i t h  increasing frequency. The V exponent 

Li 

f o r  OASPL i n  the tab les  is close t o  low-frequency SPL exponents, einae high- 

frequency noiee levels  are too l aw  t o  have mch impact on QIISPL. 

! h e  data in these tables  have not beon corrected for the e f fec t  of 
ambient temperature and preseure on source power, diecussed in eeotion 6, 
Treatment of Acouetic Data. The applicable corrections are l i s t e d  in table  

6-1. 
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MID 

113 250 OF SCAT- 260 of SCAT- 250 OF SCAT- 
OCT M I S  V J  TER M I S  V J  TER W S  V J  TER 

HUN8 157- l b 4 r  HICIUC(I0YLU 90 O C O I C f I  I L L # *  WINOTIC- 

FHtQi SPL, LXP. SPLr EXP. ' SPLI EXP. 

MIKC I ,  so oco A f i  M I I C  2, 48 D ~ O  I I I N C  3, no PCO 
315 
n3o 
la80 
35UO 
uouo 
MAICL 

95.9 4.02 .a7 

m.3 s.77 * I ¶  
77.2 7.40 .I2 

01.7 n.n2 .m 
n7.i n.no .a3 

im.7 ¶.an .zs 
M I K C  b g  9G DE8 A f T  * I K C  7r 97.5 UCO W I N €  0 ,  105 DLO 

318 w.3 7.04 . l a  90.7 7.47 . I !  06.4 0.97 .a9 
n30 w.1  7 4  .ne v4 .a  7.47 .it 92.2 n.4n .a1 

iaoo nn.1 ?.id . in  90.3 6.1. .ti7 88.3 7.1n .c9 
asuo n5.a n.9n . i t  a7.0 n i d i  .In 81.3 7.7n .06 
nouo 79.0 1.23 .an a1.n n.35 .21 0 1 . 1  n.no .2a 
m4scL in7.2 5.95 i a v  1un.o 5.38 ,117 io7.n o.nn .IT 

SPL, EXP. SPLl EXP. SPL, EXP. 
250 OF SCAT- 25Q OF SCAT- 250 OF SCAT- 
M/S V J  TER M/S VJ TER W S  V J  TEH 

C l l C  4, 75 DCB 

98.0 0.25 .39 
93.7 7.14 .no 
n9.n n.nn .(I 
ne.4 4.71 .5v 

107.7 n.07 ,a4 
81.5 4.53 -30 

h l U E  V I  120 DCO 

92.9 e.48 .w 
nn.n *.4n ,e4 

n2.n e.79 .PI 
84.6 7.13 , l b  

77.7 b.84 .e6 

AFT nr mnnc 

TABLE A-1.- ABBREVIATED STATIC-TEST SPECTFU. 
TEST SERIES (500-FT) SIDELINE OR FLYOVER. 

FULL 
1. 

SCALE, 152.4-M 
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MID 
SPLI t X P .  FHE6, SPLI LXP. S P L e  LXP. ' SPL, EKP. SPL. EXP. SPL, EXP. 

113 230 OF SCAT- 260 OF SCAT- YSO OF SCIT- 250 OF SCAT- 250 OF SCAT- 250 OF SCAT- 
OCT HIS V J  TER w s  VJ TER Y/S VJ TER n/s VJ TER WS VJ TER MIS VJ TEH 

M I K L  I ,  30 UEO ACT 

i z y n  77.9 0.54 .AS 
1 5 u o  7n.7 0.31 . I P  
DOUO Cl.3 0.73 .3b 
l A O C L  07.2 5.24 . 4 I  

Yl.0 7.40 qUh 91.9 e.79 .a3 
16 .2  7.e0 . & I  80.3 7.74 . I I  
v8.o 0 . w ~  .3e 83.7 u.13 .am 
t8.7 0.82 .30 81.1 9.*7 .II 
II.0 9.21 .lS 74.7 9-01 -so _.. 
1Uj;Z s i09  ; l U  103.4 8.62 .44 

M I K E  7, 9 7 . ~  uru MiuE I ,  10s OEO 
YO.1 5.01 1.30 07.7 4.33 . I 4  

10.9 7.e7 .se 79.e 5.11 .a# 

1 u 1 . 4  5419 .?I 90.2 -20. 9.19 

85.3 5.81 *IO 03.4 4 . W  .88 
13.1 7.21 -55 02.4 5.14 .*9 

18.1 7.87 .J4  77.4 7.40 1.40 

WllHS 213- 2 Z 0 ,  ' I IEROCYOHLY 0 IILGUEEB B C L I h  YINOlIC- 

WIIL I ,  sn oEn L C T  *;&E 2. 48  OEU * t < f  3 ,  eo nto 
31s 02.0 7.49 . i s  88.2 7.40 .22 n9.e 7.01 .ZI 

tsun 67.1 9.~9 .ZU (4.3 9.3~ .so 76.5 9.50 .so 
bnun 01.2 9.34 .so 87.2 o . 7 ~  .JI 73.2 u.34 .sn 

6JP 78.7 0.00 .4(1 lt3.b 0.08 .J'J 87.4 (1.20 -33 
1250 71.2 8.75 .ZU I P . 3  4.55 - 2 0  C3.h 9.22 . 4 Y  

b b Y C L  07.1 5.9J .PO 1UU.b 0.31 -16 I O ? . l  8.40 .I2 

M l K L  b, 00 O C U  &FT * I I C  7. 97.5 IIEU M I K L  0 ,  105 DLR 

J I I  nv.0 7 . 1 4  .IJ ue.8 6.e.s .12 ns.1 5.50 .IS 
eso 1 4 . 5  7.e9 627 u3.4 7444 . I ?  ~ 3 . 1  0 .11  .a5 
1250 12.7 9.24 .sa ut.3 0 . 1 2  .25 o1.0 7.79 . 1 3  
dnuu 1n.o 9.e~ .SI 19.4 9 . 1 ~  .JZ 78.~ u.pe . a i  
UISCL iin.4 6.91 . ) a  ~ 8 . 8  6 . e  .25 0u.z e.se .an 
bIW0 75.0 9.00 .4U 15.0 9 - 1 1  .Jl 76.Y 0 . 5 5  . I 4  

S I B  9*.3 3.00 . I 9  
e m  94.8 e.68 .4u 
1180 sO.1 0.59 .I2 
asuo 8 4 . 4  0,oa .3Y 
#DUO 70.2 8.40 .7b 
V b W L  100.0 3.37 .49 

n w o  213- Zen. *IEIIPHO 

M I I C  I ,  30 UEY ACT 

315 R1.7 b.76 .lY 

1250 71.7 7.99 .1J 
250n 03 .0  R,b7 .2Y 

O b S C L  97.7 4.lh . I 7  

080  74.4 6.w .ne 

s o m  49.0 7.79 .so 

H I I E  6 ,  90 UEU A f l  

315 01.0 5.9P .07 91.9 5i99 
6.30 07.3 b.5S .21 Ob.4 7.22 

1250 Oq.1 8.17 . I .  81.0 9.12 
15uo 75.1 &.eo .51 t7.0 0459 
bnun 6 8 . 4  8 . 4 0  .2a 8O.e 0.18 
bASPL 100.1 5.11 .I7 l U O . 0  0.01 

oe.3 5.30 .ZI 
91.e e.72 .?I  

14.5 8.7e .zu 
01.9 u,e4 .IO 
1n7.o 3.03 .om 

07.8 8.53 . I 6  

17.9 e.65 .zn 
79.3 0.34 . a 4  
04.5 8.00 +23 

73-3 8-09 .u3 
84;i 7;v3 ;as 
99.2 5.20 . i n  

H l K E  0 ,  I05 nC6 

.Id 90.1 5-82 .20 

.zo 04.3 a . 1 3  . I *  

. I S  10.3 0.49 .I9 

. z o  7e.2 m.7~ . 1 3  

.45 10.9 0.n2 .IO 

.14 09.5 b.86 .I7 

C I N E  4, 75 OCS 

91.1 7.22 -23 
87.0 7.90 .IO 
R 4 . 1  9.90 - 4 8  
10.0 tu.. .an 
7e.1 9.91 .3z 
101.9 e.43 . I I  

B I K E  Y e  120 OEQ 

w.7 8 . 4 1  . e t  
03.6 7.42 ,SZ 
8 1 . 0  e.36 .53 
75.5 0.21 .49 

10a.4 e.oi . I S  
80.2 7.92 .34 

h I I C  4 ,  75 O L Q  

u8.e 5.90 .ne 
95.b 6-75 . I 0  
80.1 1.4b . I 2  
03.0 9.04 -29 
70.9 8.5e .OI 

$00.0 5.25 .on 
P I M E  Y ,  120 tm 
90.6 ).be .S(i 
0b.G 7.74 .25 
81.9 7.98 . I 5  

73.h 8.01 .39 
1113.7 7-82 . I 2  

79.1 8.71 .nu 

C I N E  1' 75 DLG 

90.9 0.04 .26 
07.4 7.25 .IO 
00.9 9.39 . I P  
73.S 9-00 - 2 2  

100.7 5.04 .33 
eo;& 9.40 .I). 

B I K L  Y. 120 ace 
03.4 3.23 .54 
78.9 e.sa ,e5 
74.5 7499 
70.0 7.47 .eo 

MIUC 11, 16U 816 

8947 7.w 
84.6 7408 

?1.4 #Lao 

101.6 7111 

77b1 7176 

6a.t a w  

TABLE A- I - CONTINCJED. 

A-3 



MID 

I / 3  250 OF SCAT- 260 Of SCAT- 250 OF SCLT- 
OCT M/S VJ TER Y/6 V J  TER Y/S V J  TLR 

FHLQi SPLe kXP. S P L o  EXP. ' SPLI EXP. SPLo EXP. 
250 OF SCAT- 
M/S V J  TER 

SPL, EXP. SPLt EXP. 
aW OF SCAT- 250 OF SCAT- 
Y/S VJ TER n/s VJ TEN 

11.1 IUd* -10 81.1 10;. 118 
11.1 0.61 .08 11.1 0.77 .04 

104.1  8.48 .04 i o ~ ~ r n  a.88 .I* 

88.3 7 . 1 4  .So 
nsb4 7 . w  .3u 
17.1 I . V O  .ao 

, .a7 qz.s 7.74 .an 84bn 7.43 .3z d?a.s i i n u  .IS 
. P I  17.6 7.44 .ao 6a.1 7.85 . I S  18.0 n.83 .sa 
,43 83.4 7 ~ 7 n  .IO 79.4 ~ . 4 9  .Os 1 3 1 1  9.80 .70 
. I O  00.8 0.22 .33 1n .p  0 .16  .SI 14 . )  IS.* i.oe 
. i n  77.2 8 . 2 1  .49 11.9 B.18 .84 50.1 11.. 1.44 

, .ao IUS.# 7.04 ,zn 101 .8  1.70 .sa u6.n n ~ n r  ,an 

A-4 



* I lY  

1/3 230 OF SCAT- 260 OF SCAT- 250 OF SCLT- 250 OF SCAT- P S l  OF SCAT- 250 OF SCAT- 
O C T  M I S  V J  TER MIS VJ TER M/S V J  TER MIS V J  TER M/S V J  TER M/S VJ TEN 

SPL, ESP. y rL*  EXP. SPL, EXP. F H t Q i  SPLl EXP. W - 1  EXP. ' SPL, EXP. 

. -. . . -. . 
71.0 ?.W .I4 
1OS.I 7.81 a4U 

TABLE A-1.- CONTINUED. 

A-5 



MID 

113 250 OF SCAT- 2CO Of SCAT- 530 OF SCCT- 250 OF SCAT- 254 OF SCAT- 250 OF 5CAT- 
OCT M/S V J  TER Y/S V J  TER M/S V J  TER M/S V J  TER Y/S V J  TER M/S V J  T t M  

FHtQ,  SPL, LXP. S P L I  EXP. SPL, EXP. SPLt EXP. SPLI EXP. SPLI tXP .  

rll*l  210- 110. *IEP~CUBNEI 30 DLOnELS 8 Z L I  

H I N E  I ,  so ULU ACT a. 10 o f o  

315 ni.7 7.11 isv *7.4 7.511 . > I  

i z a o  7n.9 7 .08  .oa (IP.~ ¶.?v . a i  
d W 0  77.3 6.75 .2m 18.4 1 . 9 9  , d e  
w v n  64.6 7.14 .UY t2.q 0.411 . I S  
~ I O C L  03.1 5.2? .of 100.0 n.11 ,zo 

OJO 19.8 0.57 .Of nS.7 7.93 .I5 

r i r f  6, PU UEY ACT )IirE 7, W.5 ucu 
315  01.7 6 . 6 8  . I 1  Vl.3 6-46 .UP 
610 0'4.0 7.27 . t l  ((1.6 ?&ab .U? 

1230 r 4 . s  7.9u .oe u4.2 1.24 .I2 
(12.4 0.57 .In 

8LSPL 102.0 5.7¶ .I6 1Ol.b 0.03 .UO 

NE* YO n m n c c o  BLL 
MIIC 2, 4 5  DES 

ua.6 6.w .a5 

1s.1 8 . m  .JS 
19.2 n.31 .11 
f 2 . 6  7.34 . a5  

1U4.4 5.49 . I ¶  

mime 7. 97.s IIEY 

110.9 7.05 .39 

VO.4 9.06 .?3 
V2.5 1.09 .23 
(I1.8 8.93 . I 2  
(14.8 1.97 . I O  
10.3 0.57 . z3  
tu6.o %.ne . I I  

U WINOIIC- 

h l < €  3 ,  60 D L O  

90.3 7.39 .SO 
nn.9 7.12 .u11 
C4.b 8.64  .I5 
81.3 11.34 .ZI 
77.t (l.70 .28 
IOi.5 5.99 .21 

M I U C  0 ,  105 Of0 

n9.7 1.18 .SI 
07.8 I.** .31 
04.4 0.91 .15 
81.8 9.40 .I2 
18 .9  V.17 .lJ 
ini.5 0.02 .09 

IC n i w e i 1 ~ -  

UlKf 3,  6 0  nCB 

90.6 8 - 0 5  .28 
92.7 6.00 .ZS 
07.5 0.75 .21 
81.8 a . 4 n  . I S  
7n.1 7.51 . I $  
101.1 5.13 .aU 

M I X €  0 ,  105 DLO 

9s . i  0.37 
91.5 n.gn .zo 
on.4 7.81 .a9 
13.1 8.1b 813 
10.4 0.34 .11 
1nn.u 5.49 . I T  

315 83.b 8.03 .2U 07.6 7.75 .JO 90.1 7.59 .34 92.C 7.72 .30 92.7 7.02 .LU 

1 2 Y O  78.1 9.20 .3Y  62.1 9.45 .J7 84 .1  V.54 .3U 85.1 9.70 . I 5  8563 9.11 . 4 0  
o m  10.1 7.91 !os 15.4 8 . 5 ~ 1  . I &  17.1 11.73 .*(I 18.0 8 . n ~  ,z5 e~.i 0.52 .IU 

asuo 8e.e 0.08 .IU t7.1 9.07 . a2  80.0 IO.. ,4n 4i.a 111.. .SI 02.4 IO.. 
unuo 62.0 n.58 .IO 10 .0  8.57 . I S  74.0 0.33 .so 77.4 P.SZ . 11  7i.u u.73 .3r 
UASCL 06.5 0 . l Z  621 lUO.3 6.311 .I6 lOJ.0 b.13 .24 103.9 b,b4 .27 104.1 b.04 .I5 

*/IC bo 90 DE0 LCI CINE 7, 07.5 UCII  M I K C  0 .  I05 OLE h l K C  V I  120 DE0 M I K C  l U ,  135 DE0 W I I E  1 1 ,  15U U C Q  

SI5 
6JO 

IDS0 

TABLE A-1.- CONT3rNUEI. 

A-6 



HID SPL, CXP. 

113 I50 OF SCAT- 260 OF SCAT- Y60 OF SCLT- 250 OF SCAT- OF SCAT- 250 OF 5CAT- 
OCT H/S V J  TER W/S V J  TER M I S  V J  TER M/S V J  TLR W/S V J  TER M I S  V J  TEH 

FHLQ, SPLl LXP. SRI EXP. ' SPLe EKP. SPL# EPP. SJLI EXP. 

N W 8  296- 299, 31FRUCM8NE* PO RCOYEE8 LILLOM W1NBTIL- 

M l X C  I ,  30 UCU AFT h I * E  2. I S  OEO R I U C  3,  60 FCO 

SI5 86.6 5.94 -98 UI.9 7.91 .J9 96.6 b.96 .28 
630 81.0 8.26 . I 7  d1.6 6.05 e67 93.8 1.37 . 3 4  

2500 71.9 8.73 - 7 0  16.8 111.. e26 81.5 8.35 .I9 

DIUPL 01.7 I . 8 U  - 3 1  103.5 3.77 . $ I  107.6 5.31 .PU 

M I K C  b e  9n OCY IC1 R l K C  7 ,  97.0 ' N U  M l l F  1, I O 8  n l l l  

1250 713.5 0.78 1.21 83.6 8 . w  1 . ~ 5  88.7 v.31  t . 1 0  

bnuo 88.7 b.bi  .an 07.7 n.99 .JO 75.7 8.134 .IJ 

C I N E  4 ,  7¶ OLD 

98.8 6.73 .96 
97.7 9.73 .2¶ 
89.0 8.9'2 *85  
81.2 9,66 . 4 3  
77.7 9.07 ,b3 

109.8 be77 - 2 3  

*Ire c ,  120 DE6 

315 83.9 9.08 .70 
6 J I  78.1 6.76 .2J 

~ 2 5 0  73.6 8.b8 . I d  
25UO 87.9 7.23 + & I  
DUUO 61.5 5.&6 .73 
l I l P L  01.0 5.92 .2J 

h I K C  6, 90 UEY l F 1  

313  00.5 b.52 .40 

I250 84.3 8.59 . 8 Y  
YOU0 81.9 9.78 A53 
DOUO 77.3 8 . I I  1.01 

630 15.9 7.01 . S I  

a I s p L  11n.7 9.38 . I &  

92.3 8.73 
811.1 v.119 
C I . 6  Y . S 1  
81.1 8 .06  
77.u h.91 

103.3 0.3s 

BINE n, 105 

95.8 b.52 
84.5 l.23 
1 n . i  1.39 
76.6 8.36 
72.7 8.72 
89.0 0.06 

.m 

.no 

.37 
I .UD 
.73 
. S J  

DLB 

.?' 

. C 1  

. I 3  

.?I 

.!In 

. 3 0  

93.7 7.¶2 - 1 2  
10.2 7 - 6 1  -13  

82.6 0.17 . b O  
ns.2 9.50 .LO 

CINE 4 ,  75 DL0 

91.b 7.22 .93 
91.0 8 .84  .27 
ne.* 9.34 . ~ 7  
81.1 d . 4 3  .e9 
79.L 8.73 * 7 7  
IU4.2 0.d7 .21 

L I K E  Y ,  i z n  OCQ 

e1.4 7.86 .77 
d7.0 e . b q  .B2 

82.1 J.b4 . I 4  
75.b 0 . 2 4  .2d 
71.3 V . 0 3  . I 1 1  
99.3 7.35 ,23 

8 I R t  IU, I35 DEU * I % C  I ! ,  IOU YLQ 

6b.7 8.7b ,47 78.a I i 6 9  -07  
81.9.0.6B , 4 3  73.7 7.15 . I 1  
78.1 / . D I  .48 60.7 7.11 .BO 
7b.2 8.49 .27 63.3  7.68 .31 
69.b 7.II2 .6U 37.8 7.37 . 4 6  

101.1 7.Y0 . I 7  9¶.S 9 -35  .3U 

7 9 . 4  /.JI 1.07 86.2 713U .be 
77.9 0.31 . 6 V  70.7 5.60 1.U8 
73.7 0.47 . I J  73.1 5.29 5.86 
Ob.2 7.UP .3u 6 8 . 8  4.1U 6-33 .. .. .~.. 
W i I  7;S7 l i 3 7  39.8 I i l b  8.13 
9b.I 7.11 . I d  99.7 6 . 7 0  .*e 

315 8Q.6 b.?l  I.0U 13.7 6.79 - 6 7  90.2 8.96 .24 19.7 b.67 .35 69.2 1.80 .a8 

1 2 Y O  76.4 b.09 1.25 82.8 0.22 a d 5  85 . I  (1.42 .I11 86.7 9.87 - 5 0  85.8 * . I 6  .!I1 

DllUO 65.7 5.16 .7U 1 3 . 3  6 .OV .YO 80.5 0.71 1-71  8 0 , I  b.26 - 5 6  78.4 D.98 .29 

6313 70.4 5.60 .77 1 4 . 0  a.cv 1.12 89.7 9 . 1 8  .u 91.b 1.33 .72 89.9 0.96 .SP 

PTUO 72.0 7 . w  1 . 3 9  l b . 3  5.69 .59 84.6 9 . 1 9  . 4 4  83.5 b.86 .so 6 I . n  0.82 , I D  

u ISPL  97.1 6.99 .74 1 u o . 4  6 . 8 1  .TI t n 4 . 1  $ . ¶ I  .20 105.3 7.50 .z8 1112.3 7 . ~ 8  .58 

H f a e  6. 911 OEM A F T  h I U E  7 ,  97.b N U  M I K E  I l r  10% n f B  * I N C  V I  110 DE0 M I U C  t u ,  I 3 b  DE0 M I N E  11, 180 OLD 

315 92 .1  9.91 . 4 1  v 0 . I  6 . W  .43 90.9 7.43 .e.V V 6 . 0  tu.* .70 87.2 v.27 .37 78.3 7130 .61  
630 0 0 . 8  6.74 . I 3  19.0 7 - 1 1  . V I  89.7 7.15 .68 88.2 (1.34 m38 81.6 7 - 3 0  .bll 69.6 Ab24 .58 

1230 8n.8 8.zb .94 85.8 6.82 .37 86.1 8.07 -23 83.2 b.70 ,78 76.9 7 . w  .sa 66.3 s t 3 8  .b¶ 
lSU0 ~ 8 . 7  8 . 4 I  1.nb 12.6 6-90 . I 5  83.0 8.74 ,I5 80.3  6 - 6 5  - 2 2  7S.b 7.88 .33  63.8 6.16 .22 
$nun 8 1 . 9  7.67 .w 77.7 1.38 .m7 80.3 7.37 1.25 75.0 1.05 1.07 7o.b q.u7 .22 m i 6  5.20 1 . 0 4  
UIYPL i o i . 8  7.no .om 102.2 7.34 .IY itv,I 8.51  .?3 in6.b 9.07 .39 101.7 u.a6 - 3 ~  96 .1  047u . i i  

T m  A-1.- CONTINUED. 



MID 

113 150 OF SCAT- 2L0 OF SCAT- 250 OF SCAT- 250 OF SCAT- 250 OF SCAT- P50 OF SCAT- 
OCT M/S V J  TER Y/S  V J  TER Y / 5  V J  TER H/S V J  TER M/S V J  TER M I S  V J  TEM 

SPL, EXP. SPLi EXP. SPLI LXP. FHtO, SPLt CXP. sa., LXP. * SPLt EXP. 

YI lY8 300- 3110 MICI1CMIUCU SO D t O Y L E l  I L L O M  WIUIIIC- 

01.0 b.b7 .30 
Q1.b 0.78 .e1 
87.6 7.29 .bU 
88.1 0.59 .bb 
10.3 7.42 . 2 i  
ins.5 7 . 1 1  . I Y  

I ( W 0  324-  331, It IFRUPHOHEY 90 OEGYLES B t L U l  WINOTIC- 

M I N E  I ,  311 DELI a f T  M I K C  21 4 0  U t l l  H l K C  3 1  10 FEO 

315 80.9 7.23 .n4 uu.0 6.30 .e5 01.9 7.n4 .in 
6.30 83.0 7.37 . I 1  V 1 . b  9.01 -17 94.1 0.11 .1I 
1250 78.4 7.Ob -31 U3.n 0.47 .LO 90.1 10.8 .1U 
YBUO 72.1 0.S4 .74 77.5 9.53 - 7 4  14.6 IO.* .7¶ 
unuo a4.4 0.08 .21 11.2 9.21 . 3 ~  71.4 8 .43  1.03 
V I I C L  o0.n 5 . 2 1  .au l u 3 . 4  e.34 ..tt 107.0 5.95 .2z 

H I K C  6, 011 UCU AFT MIKC 1 ,  97.5 UEY MIKE 8 1  I05 DE0 

SII 9n.1 s.47 .am u7.5 n.33 .*I 93.2 4.09 .72 

raao 0o.e 0.99 1.24 85.7 8.35 .7U n5.1 7.42 .2I 
bJ0 04.3 7.n8 .60 V 1 . b  7.37 1 - 2 1  09.4 7.n5 .IO 

Y8UO n4.b 9.22 1.31 83.9 9.30 - 1 3  12.4 U. l l2  830 
POUD On.3 0.57 .Ol I7.0 9.S2 ~ 4 0  79.0 0.98 1.41 
VAUCL 107.7 5.91 .35 IUB.4 e . n I  e l 1  105.7 0.b4 e 2 2  

MIKC 4 ,  75 OLO 

97.1  5.97 .na 
9b.9 9.22 .36 
06.U 0.77 .52 
03.5 0.07 .30 
77.7 9.09 ,I2 

100.3 b.21 .29 

BIKC Y r  I20 OCO 

92.7 7.50 .Ob 
09.0 9.1.3 .55 
04.9 9.54 .49 
01.1 0.22 .90 
73.e o m  ,e5 
101.1 7.90 -23 

TABU A-I.- CONTINUED. 

A-a 



MID 

113 250 OF SCAT- 2CO OF SCAT- X I 0  OF SWT- 250 OF SCAT- 569 OF SCAT- a50 OF SCAT- 
OCT M I S  V J  TER W 6  VJ TER W S  V J  TER M/S V J  TER M/S V J  TER U/S V J  TEN 

S R I  EXP. ' SPL, EYP. SPLI EPP. SPLI EXP. SPLI CXP. FHLQ, SPLi EXP. 

. 
N U N 1  321-  331, M I E R O C Y ~ N C J  30 OIOREt8 W L O U  YINOTIC- 

M I K C  1, 3 o . o ~ ~  A P T  M I S E  2. I S  O E I I  M I K E  3, no nto P I K E  I ,  7a DLO h l i L  8 ,  ra.0 DIE A F T  er u88c 

315 13.7 9.21 .ev am.0 n455 . Y O  92.3 8.07 .t.4 92.9 ~ . 5 e  . I n  9o.1 o.vb .ea 

l15F 73.m n.50  .)e 01.7 9.11 .25 n4.c u.00 . Z I  07.1 tu.. ,I53 01.3 u.u7 .ea 
a5un nn.5 9.21 -15  ii.0 9.15 -12  a1.1 113.. .73 n 3 - I  1 l . r  - 3 1  7n.7 u.uo .56 

6JD 77.2 6.6b .3U 05 .0  I.50 - 2 0  19.0 9.7.3 ab1 19.1 7. IB - . 7 I  00.0 0.30 .5b 

,119 
. I?  
- 1 7  
.JO 
.m 
. I I  

8 M Y  

.PI 

. I 8  

.SI 

. I 3  

.55 

.2& 

.ON hINOTl?- 

U I K C  3,  no nro 
87.3 7.7) .Ob 

1I.1 0.65 .09 
m5.e 7.12 .05 

81.1 7 . 1 ~  .OB 
10.1 7.33 ,09 

101.9 b e 3 3  .O? 

PlKC 8 ,  105 BE0 

91.3 1.32 .SO 
90.0 n.12 .m 
17.7 8.8m . Z I  
m4.o 7.77 .OV 

tnz.9 7.72 . i o  
81.5 7.M .OO 

a o . ~  7.71 .an LO LOO .OD 
11.7 7.11 -10  .o 100 .DO 

70.7 7.17 $37 LO LOO .oo 
71.1 m,as .SI b o  eo0 - 0 0  

7O.b 1 .41  .OS LO LOO .OO 
LO LOO .OD 101.7 1.37 A31 

WIKC 6, 90 OCY ACT M I M E  7r  97.b UCO MIKE 8 ,  105 D l 0  RIKC V ,  I20 DCO MIKC I U ,  130 DL1 MIKE 11, IOU DCO 

M U W  3 I o -  317, micaoPuoNis so nkonEL8 OLLOI U I N B T I C -  

UIKC I, 30 DES ACT *IKE 2 ,  I D  U L V  hlKL 3,  I O  DZG *lSE I r  75 DCO MIKE 5 ,  W.0 l l t Q  AFT Of NOSE 

315 n 0 . i  7.41 . t i  03.2 7.71) .zb 14 .2  7.52 ..a 15.0 7.51  ,om mm.9 7 . ~ 0  .OI 
630 7n.4 7 . m  .IO 82 .5  7.55 . I S  nz.8 7.39 .23 84.9 6.11 .za n1.u 0 . 1 6  , l a  

1950 75.1 e , i e  . i ~  0 1 . 2  m.me .am n4.u 9.32 .DV m4.z 1.01 .?I e1.u 0.50 ,ID 
YOUO 70.9 8.33 .*I 711.5 n.97 .&e n t . 4  9.32 .a 82.1 9.21 -09 m2.2 *.u7 .os 
DOUO 62.5 m.33 .23 71.5 9 . m  . p a  7e.e v.27 . ? I  7m.1 9.39 .on 78.1 0.00 .?I 
U A O C L  92.V 5 . I 8  ;lU V7.2 8.01 .IO 99.1 b.36 .1J U9.8 be71 .IO 99.11 b.VS . I 1  

MIS€ 8, PO DEY ACT M l U C  7. 97.5 U C l i  M I U E  8 .  1115 OCQ PIKE Y I  1'20 DE0 HIRE I U ,  I35 DL0 RIKt 11. I O U  DLQ 

i o  .nu .UD 315 ma.1 1.11 .zu (17.9 m.12 .05 ne.9 7.97 .S I  m1.9 1.03 1.34 76.1 7.10 , I O  
e30 ms.9 0.23 . I $  (14.9 7.03 .YS (15.3 1.80 . I U  80.3 5 . m  1.17 73.3 7 . w  ,an .o LOU .uo 

r z a n  15.3 0.08 .DO 03.1 o.ea .ZI ns.0 8.37 .zu 71.2 6.27  1.39 71.e 7.74 . ~ m  .o .o'J .OD 
1IIUO 01.7 8.92 .I1 10.9 0.97 . I 1  R0.7 9.19 .26 75.4 6.92 1.37 b8.4 8.b2 ,5a .o *oo .uo 

.o ;ou .OD 
oAmCL v9.e m.91 .OI v9.0 7.m . I I  99.m 7.12 . l e  97.3 7.51 .77 91.7 7.11 . I 1  .o e o ' )  .UO 
5 0 U D  77.7 9.22 ;Zd I e . 9  P i 1 7  . I 5  77.4 V.34 .2J b9.L 0.72 1.60 39.h 7 . W  .59 

TABU A-I.- CONTINUED* 

A-9 



M I D  
SPL, EXP. 113 250 OF SCAT- 260 OF SCAT- 250 OF SCAT- 250 OF SCAT- 954 OF SCAT- 950 OF SCAT- 

OCT M/S V J  TER Y/S VJ TER W S  V J  TER Y/S V J  TER H/S V J  TER M/S V J  T t H  
FHtQ, SPLI EXPO SPL. EXP. SPL, EX?. SPL, EXP. SPL, EXP. 

1nCS 90 OIaMLI BKI 

M I M L  a, 40 rice 

w.9  1.01 .U8 
86.2 ab84 . I 3  
88.W IU.. . 49  
81.4 0 . m  .I? 
70.2 *.a* . S I  

IUO.0 0.7I .a4 

MiKr 1, 01.8 ut. 

91.4 0.JS .I1 
90.4 0.01 .00 
08.0 0.81 . I 4  
88.8 0.10 *I1 
80.0 8.80 111 
lU8.1 1.81 . I t  

B I M C  4.  75 o t a  

96.8 6.W . I 3  
94.4 1.30 .IO 
B7.8 s.nr .am 
83 .8  9163 .78 
76.7 B.18 . I 3  

106.1 5 .91  .06 

L I K E  Y ,  I20 oca 

90.1 6.77 . I 8  
B6.b 1.86 . I 3  ' 
13.7 B.nm . I &  
79.7 8.34 . I 5  
74.2 1 . 1 3  .a6 

103.3 1.50 .I7 

5 I N E  8, 12.1 OLO A f T  If MBBL 

Y6.0 8 - 4 1  . I 4  
93.3 J . 4 8  .31 
81.1 8.57 .I2 
83.1 u.u7 .33 
77.8 8 . Y l  .OD 
108.7 a.70 .OS 

M I X t  IU, I35 DfO M I K t  11, 1BU DLO 

B3.0 6.21 .3b .o .nu ,oo 
61.4 e.oe .a6 .o .nu .no 
7 8 . J  1 . 1 3  .OU .o .nu .un 
74.B 7.¶b . l b  .o ine .un 
b6.1 1 . 1 4  . I ¶  .n .nu .un 
99.1  e.86 .ae 10 .nn .un 

*klwS 3 5 2 1  359, * IL .RUCMbNEI I  30 BEOYELB BLLBh WINOTIC- 

M I U E  I ,  SO OEU AFT M I K E  2, 4 B  ULO *lUE 3 r  6 0  O € G  M I % €  4 ,  75 UfO M I M E  Br U2.S OLO AFT Bf N80f 

3 1 5  41.0 7.63 - 4 1  86.1 7.29 .U3 117.B a.06 .GV 0B.b b . 6 4  .OS 69.b e . @ b  .311 
LJF 711.1 7 . ~ 3  .IU 114.7 8 . 4 1  .2n Is.? (1.00 .ov U?.O 1.78 .ob b6 .9  B.II . I $  

11bn 74.3 8.77 ;I1 01.3 0.04 .I12 B3.4 P.04 .09 1 4 . 1  6.92 .IO 63.0 8.96 .IS 
m m  66.3 8.54 .as (5.8 0.73 .21 78.3 v.69 .I4 60.0 9.3~ .37 60.4 v.96 .Ob 
DOUG 56.3 n.24 . 3 ~  01.5 8.02 . I S  71.4 n . l a  .u7 74.3 8.00 .22 7 4 . 3  v.ua .04 
R A V L  VT,J 5.83 ;oe 98.2 e.oa . I ¶  ino .1  3.89 .os 1o0.0 6.22 .os 1 ~ 0 . 1  e.23 .09 

M I U L  e, 90 DLU A r T  M I K E  7, 97.5 UEU M I K E  8 ,  101 OfR M I K E  Y ,  I20 O E G  MlkC l U ,  I30 Ut0 M l N L  11, LOU U t 0  

31s  vn.0 o.9A . I $  aq.6 6 . 0 3  .lb 117.0 7.31 .$u 8 4 . 4  e.uS .B I  71.3 e.17 .46 .o i o u  .no 
.o .ou .uo 

.n .nu .on 

I J O  17.3 7.81 61s U6.0 7.36 . U 6  115.9 7.23 .36 82.4 b.Bh 1.4b J 6 . 4  J . a b  .3Z 
1290 63.b 8.9~ . t u  83.B 8 . 8 8  .I5 n3.e 8.91 .zz 8 0 . 1  7.6~ 1.32 7 a . 1  J . B ?  . l a  - 0  bOU .UO 

3 1 8  117.7 7.38 
630 ~ B4.2 7.43 

I l l 0  110.1 8-69 
1 I U O '  73.4 9.B8 

.AWL 99.6 8.5B 
nouo 04.3  9.30 

M I K C  6. PO 1 

SI8 99.1 1.00 
630 93.9 7.7w 

i a i o  81.6 9 . s ~  
*BOO 84.9 v.72 
l o o 0  18.8 6.91 
8ASCL 107.7 6.36 

ICE A C T  

.2u 
i o 3  

.SU 
. l Y  
. I O  

.aa 

'43.0 7.12 
v o . l  7.60 
u4.9 9.07 
19.2 9.92 
10 .9  n.92 

IU4.0 6.01 

L I K L  7, 97.1 

V B . ~  n.34 
93.1 7.40 
(19.0 0.1s 
88.3 9.72 
J9.0  8 ,¶U 

iun.9 6.10 

.27 

. I 8  

. Z I  
- 1 9  

.I2 

.a 

u t a  

.I5 

.\I8 

. l *  

. l ¶  

.58 

. I 1  

.BW YIN'dTIC-  

U I K C  3, 6 0  nco 
a n a  8.91 .m 
92.6 7.zn .a3 

82.5 v . 5 4  . i n  
B7.b 6.9B .2b 

7¶.b B.51 .UZ 
1OI.b ¶ .¶9  . I 1  

B I K E  11, 105 ntu 

01.0 6.91 .oa 
87.e u.33 . I I  
114.0 9.12 . I I  
80.1 11.70 . i n  

10y.7 5.119 .os 

95.3 0.68 .07 

M I K E  4, 7 3  OLE M I X €  5, 12.5 OLG AFT ilf NBSL 

06.0 6.67 .30 99.3 1.59 . I I ,  
v5.1 7.67 .OP 94.7 J . Y O  . I V  
80.2 0.27 ,65 68.n u.00 . Z I I  
63 .b  8.93 1.26 6 4 . b  0 .19  . I *  
77.8 R.29 .OO 7B.9 U.18 .OS 
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SPLe EXP. MID 

I /$  250 OF SCAT- 260 OF SCAT- YSO OF SCCT- 250 OF SCAT- 
OCT M/S V J  TER W/S V J  TER M/S V J  TER M l S  V J  TER 

FHtQv SPLf LXP. SPLi EXP. ' SPLI EXP. SPLI EXP. SPLI EXP'. 
360 OF SCAT- 850 OF SCAT- 
Y/S VJ TER Y/S VJ T M  

~ I I I C  Q ,  ua.8 ~ t e  LFT or MOIL 

;o ;ou ;so 

97.7 
93.1 
17.1 
03.3 
77.6 

I07. I  

87.7 I.31 .OD 
14.6 7.46 i o 3  
I O . 0  I .12 .03 
11.1 1.81 .7* 

W . 4  0.37 4 0 1  
b4.8 1.80 beg 

M I K E  4 ,  70 DC. MIKE I, w . 3  o t o  I 

91.2 e.32 .ao 9a.i e.w . i t  
*I.2 7.3I .D4 94.0 7.UO .11 
90.1 1u.0 , 4 ~  m.7  q.17 .a1 
14.9 m.97 .IS 14.7 *.a& .5a 
7e.4 1.87 .7a B0.e i.19 6 1 %  

107.0 o.ei  .oa 107.1 5 . v  .ID 

MINL YI 1¶0 Ot0 M I K E  lU, 1SQ DE# 

m.3 7.43 .au 
13.7 e.11 .LI 

76.7 &.a7 .SU 
71.6  1.91 .an 
01.3 7.71 .a4 

10.4 I . 4 1  .3U 

I t 1  I t  N I S C  
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MID 

I / J  250 OF SCAT-  2CO OF S C A T -  Y50 OF SCCT- 250 OF SCAT- 064 OF SCAT- 250 OF SCAT- 
OCT M/S V J  TER Y/L V J  TER M/S V J  TER W S  V J  TER Y/S V J  TER W S  V J  TEH 

SPLv EXP. ' SPLo EXP. SPLI EXP. %'Le EXP. SPLt EXP. FHtO, SPLI EXP. 

W WlNeTIC- 

M I < €  a. 60 

w.8  7.46 
06.4 6.51 

87.7 V.13 
02.3 7.08 
76.7 5.07 

1ne.9 5.94 

M l I C  f s  105 

OI.3 0.24 
e2.2 7.44 
89.0 o,ao 
01.0 5.6a 
84.1 6.99 

107.2 b . 5 8  

06.2 5.03  -53  
01.0 7.80 .46 

110.1 0.09 .Z6 

315 98.5 8 . 3 0  ,Ob Y3.3 8.41 .27 93.4 9.14 .IO 94.1 9.50 .IO .n .uo .ou 10 ( 0 0  - 0 0  
630 g0.0 6.51 (27 VI.I 8.99 .in e1.5 0.79 .zu 07.0 o.na .a .YO .ou .o .ou .oo 

1a50 07.6 8.41 .a7 a8.n a i u  .!IO 87.0 0.51  .IO 04.0 0.44 .nz .n .uo .ou .o .oo .uo 
2nuo In.8 7.07 -4. (15.7 7-88 .44 04.6 0 - 1 0  -13 01.8 8.50 .22 .n .UO .ou 10 LOU .uo 
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SPLi EXP. F H t Q i  SPLI EXP. CPLD EXP. ' SPL, EXP. SPL, EXP. SPLI EXP. 
1/3 ZbO OF SCAT- 260 Of SCAT- Y50 OF SCAT- 250 OF SCAT- 260 OF SCAT- 150 OF SCAT- 
O C T  H/S VJ TER M/6 V J  TER M/S V J  TER M/S V J  TER W S  V J  TER M/S WJ TEH 

i B N  UIYEPIP- 

HIMC 3,  LO nrs 
aa.6 7 . ~ 4  .ZZ 
86.9 ..as .si 
14.8 1.64 .a1 
82.4 8.18 .21 

io3.n e.12 .on 
18.1 1.64 . I 4  

M I N E  8 ,  101 nro 
W.0 8.64 . I 3  
11.0 1.11 .s2 
1?.1 0.?9 .I3 
14.4 8.45 .O? 
ai .*  u.55 .17 

104.8 1.30 .a8 

.Oh WIwolIC- 

M I N F  3,  60 OCO 

l 8 . 0  7.?6 .Ob 
16.1 7.13 .?I 
81.1 8-69 , I 3  
1t.6 o.ni .a3 
71.6 0.11 . i n  

103.1 6,bb . I 3  

* l M f  8 ,  101 DLO 

W.6 # . S a  .I9 
91.0 8.42 .OB 
R7.5 8.51 . l 9  
84.2 1.39 . I 3  
81.8 8.71 .07 

104.1 U.16 .24 

MI11 6, 18.8 U t @  

91.4 1.W .ab 
w . 2  *.a* .01 
87.1 1.87 .04 
86.1 8.W .Or 
11.* 1.1s . la  

w11t I U ,  I36 0 1 1  

iua.4 7 .a3  .IO 

.n .uo .nu 

.n .uo .ou 
,n .uo .no 
.n .uo .nu 
.I1 .uo .ou 
. I l  .uo .oo 

ACT #I *8@C 

mime 1 1 )  160 ace 

.a I O U  $ 0 0  

.o bno .oo 

.o &nu .uo 

.o 4ou .oo 
,o )OU .ua 
.o &nu .OD 

AI? 1I N11t 

*IKL 11, 160 oca 

.o *(Io .oo 

.o .DO .oo 

.o .OU .uo 

.o *ou 'UO 

.o bou .on 
( 0 0  .OO 

.o L O ~ J  .un 
t o  LOU .OD 
- 0  400 a 0 0  
40 bOO -00 
i o  .00 .00 
i o  LOU .oo 
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M I D  

I I 3  250 OF SCAT- 210 W SCAT- X I 0  O f  S C M -  250 OF SCAT- 269 OF SCAT- 150 OF SCAT- 
OCT M I S  V J  TER M I S  V J  TER MIS V J  TER MIS VJ TER MIS V J  TER M/S V J  TEH 

FHLO, SPLo EXP. 5 p c e  EXP. ' SPLe EXP. SPLI  EXP. SPL, EXP. SPL, LXP. 

M I K C  1, IOI at0  

l t . a  1.u .00 
90.7 1.14 . IS  
10.1 1*t1 .om 
1I.t 7 . m  .09 
41.1 7.10 .I4 
lOI.8 1.11 .IO 

19.1 7.SI - 2 1  
17.7 7.16 .IO 
14.7 7.66 -16 
1a.7 7.17 , I 4  
1a.a a.04 . I T  

IO2.b 8.46 .07 

N l U C  V I  lzn DLO 

315 91.5 7.7e .30 u 1 . 3  7 . e ~  . I @  91.0 1 .13  .ai 93.b 9.07 .ao 

Ill0 oe.4 7.60 .IU sb.8 7.79 . l a  06.7 7.44 ,011 13.3 7.07 . l a  
z5un n4.5 7.94 .au 04.4 7.33 .I? n4.0 7.16 . l a  81.1  ?A79 . I I  

030 80.5 7.b4 .lb 00.3 7.44 .UP 90.0 7.7Z .IU 87.1 7 - 7 7  . l a  

1OUO 10.9 7.70 -07  81.1 7.3b - 0 1  01.4 7.91 -05 

MlKL I ,  30 OLU ACT * ( I C  2 ,  I5 DLO 

315 07.3 7 - 2 3  .2V W.6 7.04 -115 
bJn 04.5 7,bb .I1 09.6 7.40 -11 

YSUO 7S.b 9.12 .Sb 10.0 9-14  SUO 

UASCL O I . 9  ¶.e5 .?J 1U4.1 5lld . I 4  

i a s n  70.5 o . e i  .ID 1 4 . 0  0.09 . in 

LOUD b5.v 7.43 . i n  73 .1  0.19 .*a 

* i r e  e ,  90 OLY APT n1nc 7, 97.1 ULY 

w . 4  &.SI 
91.1 7.57 
86.0 8.70 
83.7 0.03 
o0.e 8.31 

105.9 0.29 

H U N 1  486- 41## * I C W C W B N E 1  90 OCOWEE1 OCLOb IIYOTIC- 

U I U C  I ,  so ocu LPT nimc a .  45 m e  niuc 3,  eo 

311 Ob.9 7.01 -33 V Z . 5  7 i 0 4  . I 3  95.4 b.30 
6JO W.6 6.01 - 4 4  08.9 n.91 . I 4  01.5 b.99 
1250 7a.1 0.00 .as 13.9 0.49 .so nb.8 8 . 9 ~  
YBUO 71.5 7.74 .eu 71.5 1.81 .so 81.4  8.10 
OOUO 61.8 7.40 .a1 70.1 7.bb - 4 7  75.4 7.74 
8 A W L  09.0 5.01 .1J IU3.b 5 -68  .a3 ln6.1 5 - 2 7  

h1UC 4 r  7 0  DES 

96.7 6.10 ,sa 
93.9 7.39 .S4 
87.4 9.51 .I2 
63.7 Veb6 - 2 9  
ao.0 0.69 . I I  

100.7 5.w .SI 

h l l t  9, 1Wl D C 1  

(11.1 7.14 .ao 
18.1 1.11 .IO 
14.1 1.119 . I 1  
81.1 L-18  .PI 
77.7 8 . u  ,zs 
101.o ataa .a@ 

N l N C  4 ,  7.J 010 

97.3 6.45 . I 9  
94.a 7.00 .PO 
07.4 8.50 -19 
03.1 8.5b e 4 4  
77.8 8.04 - 3 0  

107.0 0.08 .OP 

RIUL v, im  DEO 

9 l . b  7.31 - 4 0  
61.0 7-92  rob 
03.b O r 2 4  . I 4  
80.8 8.bO n28 
74.5 .¶ .I8 .a0 

1nr.s 7.68 .m 

(11111 5, 88.6 D C O  ACT 8P W 1 C  

9l.U L.19 .1m 

1I.6 8.W .tt 
OS.1 7.11 .a8 

19.0 8 .M .4U 

?.#I 1x8 
108.1 1.88 111 

M I N E  IO, 131 010 ~ I I C  1 1 .  1.0 ncm 
r O  .UO .oo b o  100 e 0 0  
.U .UO .00 ( 0  .OU .OO 

e 0  1OU .ULl .a .uo .ou 
.o .UO .00 ( 0  600 a 0 0  
.a .uo .au .O (00 -00 
.o .UO LOO .O 100 a 0 0  

.a .uo :oa .a LOO .oa 

M I U C  0 ,  sz.5 o t o  

vo.3 o.sa .IU 
94.0 7.42 .OD 
678s U . b 3  .OV 
b3.0 (1.14 .40  
70.4 7.87 .32 

100.8 3.70 .17 

MIKE l U ,  130 OCO 

04.7 3.70 . I C  

8 i . a  q . b e  .47 
78.0 10;. .bV 
72.3 1 1 4 .  1.56 

102.1 6.27 .a4 

64.8 8 - 3 1  . I S  

ACT @C NO1C 

U I N L  11) 15U DE0 

.o .ou .uo 

.n L O U  .uo 

.o .cu .un 

.o .uu .uo 

.o .OU .un 

.o .ou .00 
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MID 

U 3  250 OF SCAT- 2CO OF SCAT- Y50 OF SCCT- 250 OF SCAT- 259 OF SCAT- 250 OF SCAT- 
OCT M / 5  VJ TER W S  V J  TER MI5 V J  TER M/S V J  TER R/S V J  TER MI5 VJ TEN 

SRI FXP. ' SPL, EXP. SPL, EXP. SPL, EXP. SPLI EXP. FHtPi SPLr EXP. 

S I 5  01.1 1 - 6 0  .OY 
6.90 84.1 1 . 1 E  .21 
lZS0 10.1 8.21 . l a  

. a 8 0 0  12.4 0.82 . I S  
W U O  62.1 6.03 .Ob . @ A W L  09.1 5.31 . l Y  

R I U C  8. OU D E I  A C T  

318 99.1 E.35 .21 
010 95.5 1 .04  .oa 
I250 81.1 8 ~ 9 4  .Ob 
asuo 81.7 9.51 .oa 
uouo 11.9 0.06 .2 l  
U b 8 C L  101.1 5.7s . I I  

Y1.3 7.11 .a3 
19.0 1.01 . I 4  
81.1 8.19 .so 
79.0 9.39 . I ¶  
89.8 1.0. .21 

l U 3 . 8  6.OU .us  
NIKE 7, 91.5 uco 

V1.9 6.ZU - 1 5  
YI.4 1.9a .1s 
01.9 8.19 .U¶ 
0b. l  8.87 *I2 
I*.¶ I . 6 2  .so 

I U L . 1  5.19 .I19 

05.6 6 .49  . in  

18.8 0.94 .on 
nz.1 9.38 . I I  
18.2 ? , E O  .IO 

ino.2 5.01 .OI 

R I N ~  n,  10s DCI 

91.5 1.10 - 1 4  

9 E . 5  b.21 .09 
91.9 7.¶3 .On 
81.2 0 . ~ 1  .ne 
03.0 9.19 . I 1  
19.9 0 .16  . I 6  

1ns.n 0.44 .17 

~ 1 1 ~ 0  ¶lo -  813, ~ I L ! R O ? H ~ N € ~  90 DEOYEE8 O t L  

M I K C  I .  30 DEW AFT M I K E  2, 4 5  UER 

S I ¶  81.0 1.03 .27 Y2.1  1-01 - 3 5  
630  84.2 1.22 i l u  09.6 1 . 2 5  . I ?  

P B U O  72.8 8.33  .37 70.0 0.81 - 3 8  

DbICL 99.0 5.33 .01 I U 3 . 4  5L19  . I t  

izm 18.9 1.92 . I T  0 4 . 1  4.68 .z1 

LOUD 64.0 1.17 . i d  Ia .1  8.14 .an 

M I U C  E ,  90 D E I  A C T  M I K E  1. 91.5 UEU 

115 98.1 ¶.Q9 . l b  '47.4 8.07 - 2 1  
E30 93.0 8.01 .13 Y l . 1  E.61 .DO 
lZl0 8 E . Q  0.02 , I 8  11.2 8 . 5 U  . I S  
aduo 83 .1  0.26 .04 83.9 8.48 . 4 0  
llouo 10.1 8.01 .za 7v.2 8.10 .zo 
U b l C L  101.0 5.W .22 IUb.1 5.04 .IO 

.@Id  MIMITIC- 

MINC a, 80 D I ~  

90.1 8.00 -92 
11.1 1.18 .01 
84.1 1.91 .az 
80.9 a.07 . I O  
10.8 1.14 . I 3  

102.0 e.21 .a5 

M1KC a, I08 D E I  

93.1 8 - 8 1  .1¶ 
91.1 0.83  .38 
11.a 1.18 .05 
13.1 8.90 .2P 
10.1 8.17 .*I 

104.2 1.22 .E6 

. O W  UINBTIC- 

R I U C  3, 00 ncc 
94.9 b.13 .I1 
92.0 7.70 
In.? 9.11 .SIT 
01.9 9.12 -24  
16.0 I . 0 3  -4.I 

108.9 8.58 .U9 

M I K E  1. io5 o t e  

90.8 1.46 .32 

11.5 0.23 .06 
19.1 8.2U . I 7  

105.1 6.43 .DO 

94.1 6.03 .2Y 

18.3 8.32 -.u1 

98.0 6.31 
9 4 . 1  1.51 
81.2 E.68 
03.1 9.11 
11.1 1 . m  

l O E . 9  5 * 8 ¶  

MIKC 1, 7 ¶  D C 8  

91.0 8.0* ,38 
09.2 8.12 .03 
01.0 1.40 -23 
12.9 1.80 .?e 
10.1 1.33 - 4 1  

1os.1 E.77 .08 

M I K E  9. 120 DE0 

94.1 1.13 e39 
81.2 1.68 . I 3  

P I K E  4, 15 acn 

96.2 6.20 .a2 

86.1 8.70 . I $  
82.8 0 .85  .32 
78.0 1.16 .a2 

108.1 5.78 .I2 

R I K E  Y .  120 DEB 

01.7 6.71 .43 
81.8 1.21 .a0 
83 .3  7.72 - 3 4  
60.0 8.19 .44 
10.2 0.04 . 4 1  
IOS.1 1.52 ~ 3 2  

94.0 1.50 .22 

A f T  OF W I S E  

n i x E  11, ISU oco 

in A00 .UD 
.n LOU .uo 
.o bOU .un 
.O bOU .Oi l  
.o .ou .uo 
.o LOU .uo 
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M I D  

I /J  250 OF SCIT-  260 OF SCAT- YSO OF SCAT- 
FHtDl 5PLI U P .  SPLD EXP. SPL, EXP. 

OCT M / S  VJ TER MIS V J  TER M I S  V J  TER 

v2.4 7.01 
a9.4 7.40 

78.8 1.41 
ll.3 6.06 
1U3.4 5 - 6 0  

M I l C  7, V?. 

91 .4  0.00 
u t a  1.01 
#?.I 1.09 
84.8 1.4s 
19.1 6.00 
IU6.1 5.13 

13.0 1.m 

.so 

.a1 

.49 

.46 

.42 

.lS 

5 uc1 

.u* 

.l* 

.10 

*51 
.UP 

.a* 

04.* 5.98 
01.8 7.46 
86.S 8.11 
81.8 7.81 
70.7 1.91 
l01.b 5.33 

MtlC 8 ,  105 

98.0 1.10 
*a*? 7.36 
86.9 ?.e4 
8a.a 7.10 
7 * 4  7.08 

101.1 8.9? 

315  17.7 7.31 .ZP 

I l i a  79.0 6.85 .S I  

DOUO nn.0 2 . 5 0  .ow 

6JO I 4 . 5  1.15 :21 

Y5UO 12.9  3.bO .34 

l l l C L  99.1 5.51 . I 1  

M I N €  6, 90 DEY ACT 

315 98.3 6.11 .I2 

1210 87.4 b.99 .Ob 
Y5UO 03.1 1.27 - 0 2  

* A W L  107.4 5.60 .2U 

1130 93.7 7.36 ./a 

eoun 80.5 1 . 6 3  .nu 

vz .2  n.08 . I (  95.8 1.22 

13.7 7 .08  . ¶ O  06.7 7.48 
(10.2 7tO2 .20 92.1 7.bS 

I 9 . 4  3-80  . V I  02.7 3.48 
7s.5 z . r a  .37 10.5 2.18 

lU3.9 5.89 .I1 106.5 Y.87 

>E8 

*17 
.12 
.eo 
.49 
.28 
. I ?  

OLO 

.OS 

.OO 

. I V  

. I 9  

.26 

.a? 

3 1 5  a7.0 7.35 . 5 Y  ‘41.5 0.11 .‘In 05.4 6.22 . & I  

izsn 70.3 a.30 .lis 83.7 8 . 3 0  . X I  06.7 m.10 .59 
p,m 72.7 0.75 .ZY  19.2 1.97 . I I  n2.n n.91 .a5 

h l l l  n3.8 b.7n . I 1  U9.l 6-91 .J2 92.0 7.50 .IO 

l o i i n  h 1 . 5  2.03 .7U 11.5 3 i 8 U  .78 13-6 3.09 -08 

IIRC 4, 75 DCO 

96.1 0.88 .29 
93.8 6-01 .OO 

LlNC 4 ,  15 ocs 

91.7 0.48 . I Z  
94.1 1.54 .28 
07.6 1.44 .a9 
03.9 3 1 0 8  .39 
80.7 2.13 .nO 
106.4 5.53 .u4 

IINC v ,  i z n  D L O  

91.4 7.11 -25 
011.8 1.40 .32 
02.9 1.45 .a3 
m.3 0 . 8 0  .49 
7b.5 6.00 .53 

105.11 7.63 .a! 

Y6.2 5.53 . t 5  
93.5 8.52 ~ 3 0  
88.9 0.45 .23 
83.1 9.43 .22 
70-2 4r48 -56 ~ _ _  . . . 
106.2 1.31 . I 4  

CIKL v, im nee 
91.0 7.3R -95 
87.5 1.55 .b4 
83.3  7.76 . 4 0  
80 .8  8.73 .b2 
76.1 1 .20  .02 

105.0 7.49 .42 

SPLl EXP. SPL, EXPe 
a50 OF SCAT- 950 OF SCAT- 
MIS VJ TER M I S  VJ TEn 

ACT b C  N W C  

MIKC 11, 100 oco 

.O .ou .on 
LO .oo .UO 
.u ~ O U  .un 

t o  LOU .on 

L o  too  - 0 0  

.O 100 .UO 

M I M I  1, 82.5 Bf.1 AFT OC N08E 

98.9 7.11 -42 
94.2 7*¶9 .SI 
87.7 8.86 . 4 I  
04.7 0.40 . I 1  
79.1 5,PJ .79 
107.1 5 . w  .zo 

M l N F  10, 130 DCO M I K E  11, 16U N O  

09,a 1.11 .I9 .o ,no .u9 
8s.a 7.74 .sz .o .nu .uo 
79.0 7.Y1 .0U i o  &nu .on 
77.11 8.7P .I9 .n .nu .on 

lUI.3 7.79 .Ob .n .nu .uo 
71.7 1.49 . 4 7  .U IOU .UO 

A-I 6 
- 

TABLE A-1.- CONTINUED. 



FHLQ, SPLt tXP-  SPL, EXP. ’ SPL, EXP. SPLt EXP. SPL, EXPe SPL, LXP. M I D  

113 ZbO OF SCAT- 210 OF SCAT- %IO OF SCFT- 250 OF SCAT- 260 OF SCAT- P50 OF SCAT- 
OCT M/S V J  TER M/S V J  TER M/S VJ TER M/S VJ TER Y/S VJ TER Y/S V J  T t H  

WIKC I l r  I4 io DCI 

.oa 

.oa 

e 0 0  
.OB 
.OO 

.OO 

.o LOO .BO 315 9g.1 6.01 .IU u8.z 6.40 . i d  w.7 5 . 7 1  .is 98.0 ?.no .44  6v.n 1.10 .4a 
mm ~4.o 7 .37  .ob V P . ~  7.87 . I I  9 1 . 3  7.15 . I ?  07.7 6.01 .IZ 81.7 7.10 ,81 .o 6 0 0  LOO 
1250 m7.9 m.om . IU 01.5 1 . 0 7  . 1 6  n7.3 1.65 .PI 04.1 8.60 -18 79.4 8.46 .IU L O  LOU .OO 
2RUO R A . 1  9.34 . Z Y  86.8 9.40 .U1 85-6 P.51 - 0 8  11.7 1.P8 . lfl ?6.1 8.18 -70 

8h WINBTIC- 

M I K E  3,  60 DCO 

Pm.1 0 . 7 0  .3s 
P2.0 7.w .u7 

ns.8 u.54 .27 

inm.8 5.m~ . I ?  

87 .1  9.11 .D7 

70.P 8.50 . I 5  

M I I F  8 ,  105 DLB 

90.0 8.40 .04 
 PI.^ 7.m~ . IU 
07.4 8.01 . P I  
84.P P.37 .I2 
o2.r u.25 .as 
1n6.m 8.71 .a$  

W I N €  4 ,  75 DCO 

om:* 5 . 8 ~  .PB 

PI;o 1U.. .P3 
88.2 9.80 .PI 
04.0 P.01 .23 

101.8 B.EP .1P 

B I K E  0 ,  I P O  ote 

PI41 7435 -20 
07.1 1-46 .a0 
0s.o a.18 .25 
81.7 7.75 a 1 0  
70.3 8.10 *I1 

105.0 7.43 -17 

P4;l 8.11 .27 

W I N €  0, M2.B OK0 

98.1 0 . 0 3  e o 4  
P3.P 1.71 .?4 
00.3 *.IO .oe 
eo,* Y.UP .I2 
81.8 0.01 .?I 
107.4 J . P I  . I 8  

M I K f  l U ,  131 O K 0  

05.4 6.98 ,07 
11.4  0.m7 .2u 
7e.4 7 . 4 3  .OP 

101.2 7 . 4 3  . O I  

76.b ?.e0 .Sa 
7 1 . 6  7.48 .SI 

ACT OF N88t 

MIKC 11, LBO OK0 

i o  ,OD .DO 
.o LOU .UO 
.a IOU .un 
.a i o u  .un 
.n &nu .UO 
.o +nu .uo 

W l K L  Br m2.B DLO A I 1  1 P  NODL 

97.4 6.W -39 
03,s ..in .DO 
90.2 Q.82 b 7 6  
10.1 o.as .IS 
U r ?  Q.01 .37 
i0m.v O.UQ ; I O  

WINK IU, 115 DEO M I N E  1 1 ,  IBO DEI 

.o 100 .OD 18.1 1.19 .A0 
10 100 .oo 8S.0 Q . U 9  .48 
10 .ou .00 11.1 0.11 .a2 

78.3 L.16 . ¶ I  i o  .ou ( 0 0  
74.0 q.as . I O  .a .OD .DO 
101e7 o.aa  .47 .o hou .on 

TABLE A-1.- CONTINUED. A-1 7 



SRt ESP. * 
1/3 250 OF SCAT- 2M OF SCAT- 
OCT MIS V J  TER M/h V J  TER 

SPLt ESP. 
250 OF SCAT- 
MIS V J  TER 

SPL, EXP. SPLl EXP. 
OW OF SCAT- P50 OF SCAT- 
1115 V J  TER MIS V J  TEM 

n t w  1 1 ,  18u DCS 

.o *ou .00 
i o  LOO .00 
- 0  bOU . U l l  
.O .OU .UO 
.a 600 .UO 
IO LOU .UO 

A-38 



ICD 

.18 

. I J  

. I ?  

. I 1  
- 0 4  
.OB 

Of1 

YUeI 5971 600,  I ( I E W U C M 8 N f I  UO OLIKEES OLLOL WlW@llC- 

MIKE I, SO OCE 4?T WIKL 21 45 DEB RlKC 31 60 I 

315 8S.l 6.08 .13 
630 80.9 0.06 J J  
1250 75.9 8.77 . l V  . 
1800 80.1 8.10 .3U 
I O U 0  60.8 7.3D .Sa 
I A I C L  90.3 4.03 - 0 0  

M I K E  8 ,  90 O f Y  ACT 

31s Q3.4 6-71 . I 1  

1150 85.1 8-84 .?l 
YSUO 82.7 8.45 

8 I W L  107.2 8.77 .lY 

630 09.4 7.40 .a4 

v w o  77.7 7 .03  . in  

91.8 7.0b 
01.7 0.44 
13.6 9.06 
78.6 0.31) 
72.7 7.03 
106.v n.64 

*li l t  0 .  105 

92.2 1.27 
W.8 0.03 
85.7 e.72 
n2.4 8.70 
7S.I 8.55 

i w . v  8.5~ 

M I M C  4,  75 

va.4 6.94 
oa.8 a.01 

81.1 0.86 
' 78.7 0.06 

84.1 8.30 

107.4 5-84 

WIKC V .  1Pn 

. 90.7 7 - 4 1  
I O . ?  1.11 
b4.0 8-19 
81.8 8-81 
78.2 0 .48  

104.4 5.24 

oee . I 3  
a 3 4  
. S I  
032 
. I S  
a 12 

I llco 
.I5 
.26 
.SI 
.02 
. 4 0  
.20 

TABU3 A-I.- CONTINUED. 



M I D  

113 250 OF SCAT- 
OCT M/S V J  TER 

FHtQi SPLi EXP. 5pc, EXP. ' 
260 O f  SCAT- 
M/S V J  TER 

ice 00 ncsmcm ecLe 

N I X E  2, 48 DCO 

w . 0  7.99 .IO 
78.8 766b - 1 1  
70.7 otae .I9 
7a.4 o m  . I I  
0b.I 8.¶b .U¶ 
U8.b bb48 .I10 

W I & C  7. 87.8 018 

I7.0 7-89 -28 
81.4 7.72 . I I  
a2.9 7.82 .U1 
Ul.8 8410 .u7 
77.7 7.79 . I S  
IU0.4 7.00 .IO 

SPLI EXP. 
250 OF 5CF.T- 
M/S V J  T f R  

'I YIYOllP- 

WINL 3, 00 IC. 

14.2 7.30 . to 

71.1 8.81 .oil 

01.0 7.70 -00  
79.3 8.18 .07 
71.8 1.01 .I9 

98.6 b.00 . I?  

*lac I, IO8 De0 

7b.b 8.44 . O I  
99.0 b.81 - 0 9  

SPLt EXP. 
250 OF SCAT- 
W S  V J  TER 

SPL, EXP. 
a50 OF SCAT- 
M/S V J  TER 

SPL, U P .  
250 OF SCAT- 
M/S V J  TEIl 

C I N E  4. 75 DE0 

98.3 0.26 .a6 
93.8 6.72 -12 
89.3 8-22 ,IO 
86.2 1-81 .26 

IU7.1 0.67 -03 

h I I E  Y .  120 DE0 

80.9 0.91 .sn 

64 .1  5 . 4 ~  .?I  
80.7 6.43 .2u 
77.5 6 . w  .so 

08.0 4.77 .07 

74.0 0.9P .88 
66.1 7.11) .20 

CINE 4 ,  71 DE0 

v2.8 6.74 .12 
88.9 7.35 .OP 
85.9 8.57 .U'I 
12.4 6.13 .ZL 

101.6 3.17 . O Q  

* I%L v ,  t i n  n m  
87.5 5 . 5 9  .34 
13.9 5.77 .34 
81.7 7.00 .IS 
77.0 n.94 . IJ  
65.4 ¶.21 1.33 
09.1 5.84 .29 

77.7 0 .17  .71  

77.4 7.1d . I $  
70.8 7.11 .I2 

101.5 7,Ol ,71 

M I K E  11, I O U  OLD 

i o  .ou .DO 
.o tau .on 
.o hou .on 
.o .ou *on 
.o .0u .UO 
.o .OO .OO 

AFT OC U l 8 L  

W I I C  11, I I U  I C 6  

.O  10U .UO 

.o .u1J .un 

.o  .nu .UO 

.u &no .UO 

.o .ow .UO 

.o .nu .oo 

A-20 
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MID 

1/3 250 OF SCAT- 260 OF SCAT- US0 OF SCCT- 250 OF SCAT- 250 OF SCAT- a50 OF SCAT- 
OCT M I S  V J  TER M/S V J  TER H/S V J  TER H/S V J  TER Y/S V J  TER 115 VJ T W  

F H t Q ,  SPLP FXP. SPLP EXP. ' SPLe EXP. SPLt EXP. SPL, EXP. SPLI EXP. 

.Ob MINOTIC- 

M l U C  3,  80 OLQ 

qu.1 7 . 0 3  .a2 
8n.a 7 . 8 4  . I S  
83.0 8 . 7 3  ,am 
80.8 in .*  .SI 

ini.8 6 .m . 1 3  
73.b Y.23 .a2 

PlUL 8 ,  105 DCY 

17 .8  6 .53  , I 2  
18 .8  7.33 .09 
83.1 a .5b  . I 2  
60.4 Q . I O  , a 9  
77 .5  v.20 .I2 

$no.* 7 . 1 s  .IO 

316 71 .7  
6JO 6 9 . 7  

i t s o  n5.7 
P ~ I J O  eo.2 
UOUO 1 O . Q  
U A 8 ? C  82.8 

MIKE e,  

e m  8z.1 

snuo 7 1 . 8  

315 8 3 1 7  

1290 7Q.7  
P 5 U O  77.4 

V A I C L  Q4.Q 

Ib .7  7 . 0 7  
1 4 . p  7 . 1 1  
71 .8  7 . 8 0  
8 7 . 9  7 . 7 3  
8 0 . 7  7 4 3 3  
M7.1 6 .67  

M I K E  7 ,  Q 7 .  

.o .OU 

.o i o u  

.o doll 

.o 100 

.o r O U  

.o .OU 

70 .b  8 . 7 b  
7P.O 7 . 1 7  
7e .b  7 . 8 2  
74 .3  7 . 9 2  

91 .0  0 . 7 4  
00.3 7 . 7 8  

M I N E  8, 105 

84.1 11.21 
8s.n 7.e.9 
81.0 n.72 
80.4 n.47 
71 .4  8.01) 
01.1 7.10 

MIKC e, Q O  DLY A C T  * I R E  7 .  9 7 . 5  U E I ~  i i i c  8 ,  I05 PCB 

N I U L  4 ,  73 oco 

82 .2  b . 8 1  .4J 
mo.8 7 . 1 7  . S I  
70 .2  7 .J2  .39 
75.b 7 .67  . I 8  
70.11 7 .93  .ea 
9 3 . 2  e . 7 0  . 2 9  

* l K E  Y ,  120 DL0 

85.1, 7.41 . 3 7  
13 .3  7 . 6 0  .3a 
80.8 7 .72  .42 
78.7 8.01 . 4 3  
7 3 . 2  7 . 9 4  
01.1 7 .16  . sa  

LIKf 4 ,  75 Of0 

75.8 e.os . 4 ~  
73.7 6 .72  . zn  
70 .9  7 . 0 2  .39  
0 7 . 2  7 .35  .42  
38.1 7 . 1 2  -59  
b8.2 6.54 .38 

rim€ Y ,  1211 nro 

H I K L  6 ,  S2.5 DtO L f l  IF M88E 

7 6 . 7  r.31 . 4 1  
74 .5  n .07  .51 
71 .7  1 . 1 3  .57 
67 .5  7.b7 ,54 
30.6 7.84 . 34  
87.11 0 . 4 7  .37 

m I I L  I U ,  I 3 8  OLE M I N E  11, 1BU ULO 

.o .OU .un 7 6 . 5  7 . 1 7  .¶5 78.1 7 . 3 1  .a7 7 6 . 4  7 . m  .ee 72.5 7 . 8 8  .37  

.o .DO . U O  7 e . 3  7 . 7 1  .w 76.3  7 .52  . 4 4  74.0 7 . 7 2  .35 68.z 7 . W  .47  

.o .OD .uo 114.0 n,c6 .71i 6n.8 7 . 8 7  .65 S4.u 8 .78  .18  43.0 7 .4b  .35 

.O .OO . U O  73.1 7 .66  .13 72 .0  7 - 3 3  * 4 8  69 .9  7 - 7 0  .6b 63 .7  7 - 0 4  -38 

.O .00 .UO 71 .9  8 - 5 3  .74 69.4 7.77 .48 b4.n 7 . 4 0  .57  1 7 . 8  7 . 3 4  .ab 

.O -00  .UO L8.b 7 .%9 .SI R8.U 7 .01  .47 8n.3 7 . 1 7  .Sa 85.8 7 . 8 b  -48 

TABU A-I. - CONTINUED. 
A-21 



M I D  

I / 3  250 OF SCAT- 214 OF SCAT- 2.50 OF SCLT- 
F K t Q i  SPLI 6XP. SPLI EXP. ' SPLe ESP- 

OCT M I S  V J  TER Y/h  V J  TER W S  V J  TLR 

V I U C  I r  $0 ULH b F l  

315  4 0 . 1  h.19 .5. 

lzan 6n.o 5,ui .2v 

I A S C L  nn.s 6 . 3 1  .31 

h J 0  h4.7 5.58 .3b 

YSdU 34.3 6.00 .34 
D l i U 0  45.1 6.7h .3b 

UIIL 6 ,  90 U C U  a t 1  

1 1 5  n2.0 7.07 .su 
hJO R 0 . O  0.*7 . 5 V  

11911 77.4 7.27 .hU 
15c1tI 73.0 7.52 .0J 
annn 7n.0 7.72 .7u 
8 b s P L  0 7 . 0  L.bU .SJ 

M I N F  3 ,  no DEG 

C I R F  0, ids n t o  

ai.8 7.18 .CP 

7n.n n.01 .III 

C t . 5  7.32 .bl 

78.4 7 . 0 1  .L? 

73.1 U.70 .b2 
04.2 7.19 .$iI 

SPLe EXP. 
250 OF SCAT- 
MIS VJ TER 

rllE 4 .  I b  U€G 

76.9 h . 4 9  - 5 1  
71.8 6.7b .22 
74.8 7.10 ..Ill 
72.3 7 - 1 1  .e2 
66.1 7-27 .31 
19.7 h.50 .II 

M I M E  V I  I20 OED 

12.4 1.37 .I7 

77.1 7.71 , l o  
80.5 7.5) , 4 8  

79.u 6.67 .52 
1o.u 7.05 .s4 
93.3 7.n7 ,.IS 

r t x e  I, 7.1 nco 

~ I S C  Y. i z n  OEQ 

n3.4 7.42 .48 
81.1, 7.21 . * I  

7n.9 7.91 . i 3  

7J.b 7.91 . I 8  
70.1 7.bR . 0 4  

94.0 7.11.1 , I 0  

SPLI EXP. SPL, EXP. 
250 OF SCAT- 150 OF SCAT- 
w s  VJ TER w s  VJ Ten 

TABLE A-I.- CONCLUDED. 
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MID 

i / 3  250 OF SCAT- 250 O f  SCAT- Y50 OF SCCT- 250 OF SCAT- 
O C T  M/S V J  TER Y/S V J  TER M/S VJ TER U/S V J  TER 

FHtOi SPLt UP. S R I  EXP. SPL, EXP. SPLI EXP. 

31s  8n . i  4.25 . 2 ~  wu.6 4.311 .sn 10.0 4.32 .#a 
h J n  71.8 5 . 4 1  .24 19.2 1.47 . a 3  70.4 5.3q , I S  

*nun 711.5 7.31 .I* 11.9 7.30 - 4 -  7 v . 7  7 50 ** 
I250 74.9 b.34 .5U 16.4 6 - 5 1  . I n  77.0 6.78 .7e 
d * O O  74.1 6.19 .9b 15 .5  6.29 . I O  76.3 6.37 ,7r 

318 

1150 
Y8UO 
BOUO 
B I I C L  

e m  

M I  

a i l  
e30 

sou0 

1250 
ZIUO 

B I I C L  

1y.s s.ie . s i  
00.0 3.I7 .25 
83.4 3.b: -11% 
4a.e 3.3: 1 .18  
41.4 11.43 .37 
75.b (.Ob .a3 

INC e, oo OCY b i  

72.0 4.m . 1 3  
71.8 5.49 . P I  
07.8 0.27 .47 
65.8 b.21 .74 
10.9 1-18 .ZP 
8 4 . t  4.40 . I 8  

ee.5 x.08 

(19.e 4.49 
b11.0 5.68 

$11.1 4.25 
40.4 1.72 
19.7 5-91 

r T  R l N L  7, 97. 

/3.9 4.42 
11.7 1.40 
en.3 6.32 
00.0 11.29 
m0.e 7 . 5 ~  
88.1 4.38 

69.7 3.75 

13.2 5.41 
m.8 4.77 

M t N I  1. IO8 

73.1 4.36 
72.2 5.55 
h9.0 0.57 
67.5 b,?9 
12.* 7.42 
11.1 4.60 

3lI L7.b 3.51 - 3 1  10.7 Pi87 . 40  
63P 64.0 3.44 .21 71.1 3.12 . I 3  
l25n -9.1 1.53 .4J 84 .3  4.33 . 40  

bnUO 52.5 5.41 .¶e 38.0 q.be -25  
YIUO 35.7 3.80 .17 e1.7 4 . a ~  .YO 

U I M C L  7P.3 4.12 . I Y  M3.8 3.09 .I9 

P t u  v, fin oca 

73.11 4.b8 .I0 
71.1 Sa93 .IO 
l l . h  7.111 .I2 
6L.S 6.23 .58 
01.5 7.61 .zu 
84.0 5.116 . i n  

M I U L  4 ,  75 D E I  

WL, EXP. W L I  EXP. 
YW OF SCAT- 250 OF SCAT- 
Y/S V J  TER M/S V J  TEK 

*!NE Or  82.5 ULO 1).7 0f W I E  

78.R 5.49 .31 
77.n * .a1  . I P  

73.1 a . m  .do 
7u.0 0 . m  .PI 
9t.3 ..uz .24 

73.9 8.W .e7 

* l K l  IU, 135 OLO M l t f  11, IOU Ut0 

77.4 a.u4 , I J  
70.8 a.80 .?a 

611.4 n.sz .SJ 
ao.3 %.fa .SU 

74.11 b.82 . 3 Y  
72.7 8.53 .5S 

A-23 



M I D  SPLt EXP. 

1/3 I50 OF SCAT- 2 M  OF SCAT- 250 OF SCCT- 250 OF SCAT- 254 OF SCAT- 150 OF SCAT- 
OCT M / 5  VJ TER Y/6  VJ TER W/S VJ TLR Y/S V J  TER Y/S V J  TER M/S VJ TEH 

**'*I 230- 239, *IEYUPWUNfJ VO I L R Y E t b  RtLL)!. IlNnTI?- 

FHtQt  SPL, 6XPs S R t  EXP. ' SPLe EYP. SPL# EXP. SPL, EXP. 

nro 

- 2 2  

.I3 

. 1 I  

.I1 

.I2 

.as 

oro 

.a3 

. ? I  

.P7 

.11 

.?I 

. I 8  

* I X t  1, 82.5 u t 0  

79.9 I . 2 B  . I 3  
nu.1 J . ~ O  .z5 
77.9 & , 9 I  .IO 
7S.2 >.SI .a 
71.3 *.b2 .25 
92.Z I . e 7  .UO 

M I r r  I t * ,  Id5 u t 0  

78.v s . n r ,  . I $  
t1.3 6.11 .ou 
76.7 1 . 1 5  . I V  
71.5 0.10 . I V  
71.11 1.93 .lJ 
u0.u n.18 .oa 

u t n t  I, w . 5  ntc A F T  w WSE 

71.3 J.25 . I 7  
f 2 . 5  J.16 .n7 
7? .4  0.31 .21 
7U.5 0.W5 .OB 
b I . C  1.73 ,n8 
OA.9 5.19 . I 8  

Y I X E  IU, I J ~  n t o  M t n r  1 1 ,  IIU uco 
73.7 7.18 .2c $7.8 5.78 . ? I  
72.11 1.w . I J  67.4 6 . 4 1  . z b  
71.3 7.84 . l V  0 4 . 6  6,eb - 1 5  
LO.1 7.53 . 2 1  40.3 6.A7 -39 
81.8 1.89 . l r  49.2 n . l u  .uO 
m $ , v  0.70 . i n  79.8 s i01  . 1 3  

79.2 J . I9  .PU 
78.3 5.52 . I 1  
77.0 7 . ~ 9  . a d  
71.8 7.11 .a& 
7 P . I  7.¶* -26 

315 77.0 4 . 4 2  .28 78.9 5.33 + 5 0  78.5 5 .70  .31 77.6 5.92 *1b  7B.3 7.Ub IO2 71.9 b r 2 l  . I 3  
630 77.8 5 .88  . I 1  IU.2 6 - 2 2  - 2 0  79.6 0.53 . I 7  78.7 6 - 2 9  .02 7D.U 6 . W  . I 3  74.1 7 ' 1 1  .24 

9 W f l  77.7 7.39 . I 4  1 9 . b  6.81 - 1 7  79.8 8.23 .30 77.4 7.29 -10  77.U 7.58 .OP b 9 b l  bb36 .b3 
50U6 71.1 7.58 . I d  16.9 *.It. - 2 7  77.2 8.1U .28 71.0 8 - 1 4  -05  7 2 . 1  ..DO -18  6 l I I  7.43 - 1 7  

IZSB 77.2 6.19 .IU 19 .8  7 . 9 ~  . I 9  79.2 7.37 .3u 77.8 7.15 .17 77.8 7 . w  . I D  71.2 7 ~ 0 6  .IS 

TABU A-11. - CONTINUED. 
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SPLe EXP. 
YSO OF SCCT- 
W S  V J  TLR 

.OW IINBTIC- 

M I M C  3,  eo oca 

13.7 3 .14  .OY 
13.1 5.62 . I ?  
71.1 C . 0 0  .I9 
11 .3  7.73 . l Y  

85. I  4 - 0 0  .lb 

UlKE O r  I05 I l E O  

19.1 5 .18  .7? 
80.3 0.03 - 1 4  
79.2 1 .25  .on 
80.4 7.92 . I '  
70.2 v.no .on 

.02.3 b .41  . I 5  

n4.1 7.10 .ra 

SPL, EXP. 
250 OF 
W S  V J  

CllL 1, 75 

15.2 1.53 
7b.5 5 - 1 6  
71.1 7 .91  
75.b 8 - 1 1  
10.4 8.89 
89.1 5.12 

rinc Y ,  1111 

11.5 5.58 
79.7 6.45 
18.9 7.1P 
14.0 7.on 
15.1 8 * 2 I  
91.3 0.01 

SCAT 
TER 

CIKC I t  75 OLa 

a15 
b30 

laso 
@BUD 
8OUO 
D A I C L  

J I I  
6JO 
I180 
88UO 
I O U 0  
DA8tL 

1 n . i  6 . 1 5  
oe.1 4.59 
01.1 5.87 
59.9 8.99 
51.0 1.71 
81.4 5.m 

M I K E  7, 91. 

10.9 7.76 
7b.9 6 - 8 3  
I7.9 8.39 
71.1 8.01 

Y1.5 1.01 
64.9 3.29 

14.1 b.11 
70.8 0 .08  
n9.0 7.08 
68.0 8 .w  
se.8 8.37 
83.1 6.29 

RIKL 0 ,  103 

19.5 1.80 
7b.9 b.16 
11.2 8 .20  
73.1 8.35 
b0.b 1.61 
-1 .8 7.n1 

94.b b.09 .I? 

W l K C  9, 120 OL'J 

8e.a 7.13 .ae 
83.2 b.88 *Ib 
83.I 7.95 *14 
19.1 8.00 .23 
71.9 8.2e . ( I  
97.9 8-80 , I 7  

*IKC Y,  120 DE0 

19.e ? . rn  .19 

7a.1 1.95 . I *  
1 l .9  b.55 , I 5  

70.1 1.99 .2S 
b2.4 0.31 .25 
91.0 1 .04  .I? 

SPLv EXP. SPL, LXP. - a50 OF SCAT- 250 OF SCAT- 
M/S V J  TER W S  V J  TEN 

MIKE 4 r  75 OLU 

111 81 W 8 C  

* ! i f  6, r2.5 o t e  A C I  8 1  ~ 8 8 ~  

77.3 0.77 .32 
74.I 8.W .31 
75 .3  7.IO .31 

61.1 7.83 .28 
L8.b 5.02 .23 

e9.1 7.81 .z7 

MIKC lU, 135 DL0 WIKC I f ;  15U O L O  

TABLE A-11.- CONTINUED. 
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I .  

i 
1 

04.7 7.2b .117 Yb.1 0.8n .Ow 
* I . *  7.111 .I17 93.4 7.14 .zs 
~ 4 . 4  u.?a .a7 11.2 0.011 .z.i 
1l.J '4.64 .?R 02.5 9.1) ,311 
11.3 8.46 .an 7 3 - 6  N.11 - 4 1  

nq.0 1.17 .It  
Bb.B 1.511 . I 1  

Rl.1 1.hb .21 
13.0 0.15 . a t  

7n.1 0.28 .zn 
r m . a  6.30 . I I  

* I K C  1 1 ,  IBU uco 

.o .I lU .un 

.U bcu .n,o 

.lI .ltU .llO 

.II .IN .tin 

.U .ou .un 

.I1 .PU .un 

00.4 8.20 . l b  
on.? 7.20 .27 
ns.1 0.19 .n8  
80.3  8.W .35 
72.7 . a i  

102.5 9.41 , I I  

* I * €  9 ,  I20 OEO 

.a .on .oo 

.u .on .DO 

.n .on .oo 

.o .OO *a0  

.o .on ,nu 

.o .OD .oa 

19.5 b.68 - 1 5  
11.1 1 . n ~  .SI 
1 4 . 7  1.65 . I I  
62.7 u.n* .nq 

1 n t . b  /.nu .un 
7 7 . 1  1 . 6 7  .3J 

c 
c TABU A-I1 - CONTINUED. A-26 



OCT M/S VJ TER MIS V J  TER 

Y I W 8  331- 338, HIORbPHUNE8 Y O  DEQREEO d t L O N  WINOTIC- 

M l K F  3, 8 0  DCG 

82.4 7.74 .2b 
81.1 8 .30  .I7 
78.2 0.73 .22 
7e.3 v . 1 5  .PP 
89.4 8.81 *as 
9S.I 7.40 .lb 

? I K f  8 ,  I O U  D t G  

87.1 U.79 .E2 
88.1 0.78 .28 
83.6 0.00 .SS  

78.3 U.66 .38 
nz.3 u.n .PI 

99.2 a.21 * l a  

IPSO 7q.e 8.11 . (a 8 i . a  0431 .2b 
XWO 77.5 9.02 . I 2  10.1 Oi8b . I 8  
bnun 71.2 9 . n ~  . I P  74.5 9.62 - 3 1  
DIYPL 04.7 7.59 .m  ve.0 8 . a  -24 

SPL, EXP. SPL, EXP. SPLt EXP. 
250 OF SCAT- Y60 OF SCAT- P50 OF SCAT- 
Y/S V J  TER Y/S VJ TER MIS V J  TEH 

TABU A-I1 .. COWTDJUED. 
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SPL, EXP, 
250 OF SCAT- 
Y/S V J  TER 

SPL, LXP. SPL, EXP. 
260 OF SCAT- a50 OF SCAT- 
M/S V J  TER W S  V J  TEN 

00.4 7.21 . b l  92.2 6.09 -16 
87 .1  7 . 0 7  .u7 86.4 7.1s .SI  

318 94.4 8.91 .?I Y5.5 8.48 .J6 97.9 9.81 .IS 
630 92.7 9.10 is4  Y I . 8  8 . 8 s  .SO 04.3 0 .25  .13 

iaoo 89.5 6.73 . I T   YO.^ 8.91 .ao 00.5 6.94 .zu 
PSOO 17.0 8 . ~ 4  .4u 87.2 * .sa  .a a7.5 9.03 .an 
8ouo 82.8 o.oa .4b 62.3  8.53 . r n  13.4 e.18 .a* 
Db8CC 105.J 1.11 . l U  IU5.6 7 . l Y  .Z7 107 .3  8.36 .I4 

M I K E  8 ,  8 l . 5  D L 0  b C T  8* NOSE 

94.3 U e Y ?  -07  
9 1 . 7  8.n5 .3J 
9O.U 0.19 .74 

82.2 0.J0 .b9 
8e.a p.31 .nu 

103.3  1.10 .!e 

M I N E  I U I  I35 DLO C I N C  I l r  180 DEB 

87.6 7.89 . 4 1  

7 9 . 0  7 . 1 1  .b8 

6 9 . 3  7 . 0 1  .68 
I U S . *  7 . 1 2  .Zb 

62.3 7.13 *57  

75.7 7.54 .37 

TABU A-11.- CONTINUED. 
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HID 

113 230 OF SCAT- 2M OF SCAT- US0 OF SCAT- 
OCT M/S VJ TER M/6 V J  TER M/S V J  TER 

FHtQt  SPL, U P .  5 R e  EXP. ' SPLe EXP. 

N7.7 3.52 a37 
UI.4 e.32 .J7 
I 9 . 7  7.55 . % 9  
15.2 8.19 .5V 
01 .3  0.15 e31 
U7.4 5.b l  - 2 0  

M I K E  7 ,  97.5 l l f U  

05.7 5.12 .zu 

19.1 6.73 .3? 
01.0 1.35 .a2 

89.2 7.37 .an 
98.0 a . i i  .IIP 

Ib.0 7.34 - 3 7  

L4.5 r . n 5  
114.1 8.73 
10.9 0.14 
?7.l 11.30 
88.2 8.54 
48.5 *.nu 

M I N C  ?, I O B  

82.7 3.e~ 
78.e 5 - 6 5  
74.V b.32 
7l.S S.53 
n4.5 7.27 
P3.9 5.?b 

SPL# E$P. WL, EXP. SPLi EXP. 
250 OF SCAT- PW OF SCAT- 150 OF SCAT- 
W S  V J  TER Y/S V J  TER M/S V J  TEN 

PIKE 4 9  75 O C O  

90.0 5.99 .21 
no.o c.40 .zi 
82.1 7.27 .n7 
17.6 7.9e .IS 
e9.n 8 . 3 1  . I Z  
YV.0 5.66 *I7 

M I R E  V ,  120 OEQ 

87.7 5.h4 ,SI 
84.2 5 . 8 6  .31 
80.2 h.53  .51 
7e;s e.e i  .33 

v7.0 5.61 .so 
B7.8 7.03 ,4B 

94.4 B.97 .s3 
89.1 be42 -30  

A-29 



M I D  

1/3 250 OF SCAT- '260 OF SCAT- YSO OF SEAT- aS0 of SCAT- iIW OF SCAT- a50 OF SCAT- 
SPLIW* ' SPLrEXP. ZPLI WP. SPLe EXP. WL, EXP. FRLQt SPLI tXP9 

OCT VJ TER w c  VJ TER M/S VJ TIR MIS VJ TER w s  VJ TER w s  VJ Ten  

w . 4  1.81 
04.4 9.04 
w.a *,as 
Ob,* 1.70 
80.1 @.ea 
10e.o 7.33 

. 
' W  WINGIIC- 

M I I I L  3, eo nra 

ee.9 Y.09 .IO 
04.0 e.78 . l a  
01.1 7.69 . I ?  

110.5 0.a4 .on 
i n a . 5  8.64 .o$ 

M I K C  0 ,  10s O f U  

en.1 s.n? .IZ 
10.1 6 .25  .43 
ny.7 7.19 .a3 
79.1 5.57 .b* 
71.0 7.51 .as 

IOJ.8 $.e* .1J 

85.5 b.32 .7J 

M I N E  Ro S 1 . 5  OLO ACT @F N D I C  

9n.7 n.10 .37 
95.3 1 . 1 1  ,37 
03.1 8 . l h  .a? 
87.3 7.48 .1u 
83.9 s.ai .ia 
1u0.3 e.ia .as 

IU, 133 nca M I K L  1 1 .  ISU uce 

v7.4 6.n~ .*I 98.1 7.49 . I S  
W . I I  n.71 .be 03.0 7.v~ .la 
01.7 7.m .OI 19.7 9.05 .za 

A-30 



M I D  

1/3 250 OF SCAT- 260 OF SCAT- Y50 OF SCCT- 
OCT M I S  V J  TER M/S V J  TER M/S V J  TLR 

FHtQi SPLI LXP. SR, EXP. SPL, EXP. 

YUNI 4* 410, n i c n w w N c m  30 wancta DILW WIYWIC. 
.*- 

M I U L  I ,  30 o w  A C T  MIKC a .  411 OLO R I U C  a, 8 0  are 
818 
630 

11110 
Y5UO 
I O 0 0  
@ A W L  

*!*e 6 ,  90 OEY r?T M I K C  7. 97 .1  #EO M I U C  a ,  101 De0 

ais 95.7  b.49 .w w . 3  6432 .a9 08.11 (1.47 .IJ 

i a i o  1 7 . 9  7 .37  . I ?  17.9 8.06 . ~ 5  ~5.4 7 . 1 ~  .SO 
b30 0 1 . 4  b.5b ; I .  Ul.5 7437 -17  86.9 b.18 . I 5  

SPL# ECP. 
250 OF SCAT- 
W S  V J  TER 

MIME Y ,  i m  DCI 

W.9 7.30 . I 4  
9 0 . 1  8 .72  e74 
85.0 b.85 - 7 0  
79.7 11.19 $98 
74.8 ?.a@ *e1 

104.6 8 .89  -13 

C I K C  Y,  t a n  DEO 

91.b Ob47 .34 
88.8 b.49 *2¶  
Rb.4 7.87 .ad 
79.h b.00 .78 
75.h 7 . 6 7  .23 

105.9 6 .2b . I 5  

M I K E  4 ,  7 5  OCB 

SPL, EXP. SPL# EXP. 
a69 OF SCAT- 250 OF SCAT- 
W S  V J  TER 1115 V J  TEN 

94.3 7 .28  . I 4  0 4 . 9  7.u4 . P I  

68.0 8.02 .22 88.7  ll.so . U P  
02.9 ? . v i  .47 82.1 7 . ~ 4  .ea 
7 8 . 8  6 . 8 8  .27 76.. 8 - 8 6  - 4 8  

91.9  ?.31 ~ 2 1  91 .3  7 .10  - 0 3  

315  93.2  7.42 .Sa (I7.V b .92  .6b InO.0 6.10 ,76  09.2 S.60 ab5 1UI.V 0.09  .a5 
bJ0 87.2 b.92  -38 Y4.0 7.17 - 6 2  05.3 7 - 1 9  ~ 4 2  95.1 6 . 7 2  - 2 2  91.8  7 . 7 3  .?a 

1250 81.3 0.00  . I7  86 .9  7.89 . I 7  89.9 (1.54 ,311 92.3 8.60 . I 8  94 .2  0 .10  e 1 1  

1500 71.b  b.02 . S I  10.0  b.07 .70  81.9 6 . 4 0  . O l  01.4 5.95  ~ 3 5  8 5 . U  b.bO -75  
>DUD b7.4 8.81 ,AS /S.O 8 - 2 6  a45 7b.9 8.18 .?a 70.6  I . 4 I  .LO 113.4 9.40 .22 
E A S C L  inr.7 s . 9 2  .?a Iuh.6 5.90 .30 1n8.9 s.nb .12 110.0 5.98  .22 111.2  e.% .2* 

)It .€ 6 ,  9E OEY A F T  * l U E  7,  97 .5  UEU M I N E  8 ,  105 DLB h l K E  '4, 120 llE0 M I K E  111, 1311 Of0 M I U E  l l r  IOU DL9 

315 90 .9  6.01 . 2 1  101.1 h.74 .US 9 l . 7  8.34 .I2 92.8 2 . 8 0  .IV 
OS0 0 5 . I  7.10  .I5 95.b 7 .20  .#19 94.8 0.96  .I6 4'9.2 0.35  - 2 1  

12Sn 92.2 8 .31  .P8  Y2.S  1 . 1 1  .20 91.9  11.12 .19 8b.V 7.49 
a m o  16.7  s . 9 9  .71 81.2 5.61 .DI n4.3 s.08 , 32  00.1 s.87 .03 
soun n 1 . r  0 . ~ 9  . I S  82.7 8.48 . 4 3  82 .2  8.0s . 5 ~  76.11 r . 5 9  .32 
E L U C L  110.5  5 .96  .25 110.2 b.11 .35 109.2 5.88 . 4 4  Iflb.7 b .27  , I 1  

TABLE A-I1 CONTINUED. 
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MID 
FHLOI SPL, LXP. SPLI EXP. ' SPL, EXP. 

113 250 OF SCAT- OM OF SCAT- Y s a  w; SCLT- 
OCT MIS V J  TER Y/S V J  TER M/S V J  TLR 

IMLIJ eo D ~ O Y C L I  BEL 

M I I L  2, 45 0f.U 

90.2 7.21  .a4 
8e.9 1.57 .3n 
j9.5 8.00  .a 
59.9 6.15 .W 
e6.z n.ev .SI 
Y8.9 **25 .22 

M I K C  7, 97.5 l l t Y  

v3.9 7.ie .so 
83.9 n.33 .sa 

70.1 a.37 .m 

87.9 7.52 .IO 

70.0 6 - 8 4  .35 

l U l . 0  6-21 .J7 

881 U I W T I C -  

htNC 31 60 OCS 

91.3 7.02 .si 
1 1 . 1  n.13 .IU 
71.1 6.84 .89 
69.0 11.13 .sn 
100.2 5.93 . I 4  

*tic a, 10s ncm 

W.8 7.39 .3? 
84.3 8.81 *49 
7a.e e.*& ,sa 
7 1 . 7  *,ea .e9 

86.3 b.e5 .E5 

W.8 1-15  -39 

101.2 b.56 .2? 

315 91.7 7.40 .3U 
(130 I5.7 b.97 .W 

Z W O  70 .0  5.41 1.bU 

D A U P L  l O ? . I  b.10 . I 2  

izso m . 8  8.00 .4a 

uooo 61.7 e.97 . I I  

M I K E  e, 90 ofw A C ~  

315 99.7 b.55 . I 8  
nao 95.3 7.37 . i n  

1 2 Y O  99.2 8,bO .OII 
dIU0 84.3 5.81 1.27 
uouo 81.2 7.33 .SY 
8ASCL 109.8 6.98 .05 

Y7.8 7.59 
9 4 . 1  7.e i  
87.0 a.20 
f 8 . 7  5.w 
77.3 7.1s 
lU7.0 b.38 

R I K L  7. 97. 

Y9.9 6.7b 
'95.7 7i¶O 
v3.1 8.57 
83.¶ ¶e09 
83.0 7.99 
tu9.e b i o s  

.Ob UIUBTIC- 

MIIL 3, eo nco 

99.4 e.bO .?$ 
95.5 7.66 .Ob 
89.6 8.b4 .07 
81.3 b.22 .9I 

ln8.9 b.21 - 1 1  

M l R F  8 ,  105 0f.B 

98.2 b.90 .32 
94.0 b.87 .34 
90.7 7.77 .A7 
83.3 3.06 -78 
8t.5 7.23 *75 

77.1 ?.2¶ .59 

ln8.b 5.93 

5PLs EXP. 

Y/S V J  TER 
zsa OF SCAT- 

* I N €  I ,  75 OLO 

Ha.? 0.21 
86.7 7.14 eb3 

7b.b 6 . 7 0  l.3b 
12.9 7.97 .eo 

r 1 ; 9  s;57 - i s 9  
09.0 1.93 .52 

CIKC Y ,  120 aEo 
94.9 7.47 * I 8  
90.1 6-89 ~ 3 2  
8 6 . 3  7.6b ,30 
70.b 5 . 0 0  .b3 

c i n c  I ,  75 O L O  

99.0 e.48 .59 
97.3 7.33 .43 
03.0 8.99 .3¶  
83.0 0.01 1.10 
79.7 8.oe . l a  

111.0 e.54 .?e 

W I ~ L  Y ,  IZO oca 

93.1  e.a7 .I? 
89.4 0.75 ,4e 
ae.6 T i e l  ,so 
79.5 5.47 1.00 
74.n e.11 . i n  
i0e.u e.45 .z? 

SPLI EXP. SPL, EXP. 

Y/S V J  TER Y/S V J  TEN 
OF SCAT- a50 OF SCAT- 

ACT e~ wnsc 

M l K t  5 ,  W l . 5  D I O  APT IC N8SL 

89.1 b.JO .IOU 
8 4 . q  n.Jb  ,41 
R2.8 1.7u .49 
7S.C 0.110 1.14 
73.9 u.14 .39 
98.6 5.43 . S I  

M I # €  10, 13b DE0 M I # €  11, 160 U t 3  

79.7 5.j 
7e.7 0 .1  

105.1 7.1 

TABU A-11.- COWTINUED. 
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MID 

1/3 250 OF SCAT- 260 OF SCAT- X I 0  OF SCCT- 250 OF SCAT- a60 OF SCAT- 250 OF SCAT- 
OCT M/S V J  TER H/S V J  TER H/S V J  TER H/S V J  TER 1 1 6  V J  TER W S  V J  TBH 

FHtO, SPL, EXPi SPLi EXP. ' SPL, EYP. SPL, EYPI SPLv EXP. SPL, LXIJ. 

*UMI 484- 491, I 1 C I W Y ( N C l  10 DC81111)  W L I N  WlYI7lC- 

315 01.7 7.53 .42 96.9 7.49 .el 96.7 0.44 .64 99.8 0.43 +37 101.2 7.16 .lb 
030  8A.0 7.20 e45 V3.2 ?e59 ~ $ 1  95.3 7.84 .09 97.1 8.10 - 3 4  97.3 8.U3 -41 
1230 8d. t  7-05 ,48 97.7 ebb4 -36 88.5 8.26 .8b 92.8 9.20 -34 94.0 0.57 .29 
Z l U O  00.0 4.95 l . b 3  I7.4 5-07 I . U *  80.7 b.Ob ,78 82.2 3sb2 1.02 83.6 1.14 1.17 
YOU0 64.7 6.92 . I 4  75.9 7.28 - 4 4  75.6 b.04 .I7 8014 8-51 - 5 1  a l - 0  #-?I - l a  

MI1118 491. 507, W I C R l l C H 8  

*IXE I ,  30 UCY ACT 

315 87.4 7.18 .3J 
6 4 0  8 t . 6  6.04 ;2b 

1250 74.0 7.00 . I 8  
2500  M . 5  5.63 .9V 
3 U U O  59.6 b.84 '.27 
U A W L  97.3 b.39 . I 8  

M I K C  6, 90  OEM b ? T  

315 93.7 7.32 ,03 
LJI) OO.b 7.49 . l J  
I250 68.7 11.87 .Zb 
25UO R0.7 6.23 .72 
5 0 U O  77.2 7.64 . I O  
u i w L  i aa . i  6.48 .07 

NLU 30 9 C P Y E I I  N E 1  

M I * €  2, 45 B t ' l  

vn.8 7.33 .II 
U3.9 R.05 . I 3  
8 z . 1  7.00 .m 
12.6 5.29 1.12 
I U . 4  7.3b -29 

1UO.I 6.29 q28 

MIKE 7, 97.5 UEU 

Y5.9 I . 6 2  .I7 
Y0.8 7.b8 .36 
19.6 9.13 -30  
12.8 7.10 1.119 
18.7 8.2s e 2 8  
lU4.b 7.01 .23 

. I*  W I W T I L -  

* i < r  3 ,  no nEo 

01.7 6-99 , U 8  
A9.h 7.64 .IC 

77.9 5.V6 .a2 
72.5 b.87 .BU 

101.8 b.11 .OS 

HIKE O r  107 DEI( 

04.0 7.56 .24 

14.5 7.76 .as  

n9.1 7.~7 .39 
ne.2 8.78 .ao 

1ns.8 7.15 .in 

11.0 0.65 1.00 
77.0 7.60 .08 

NU*# 508- 515, * IERUCH8NEY 9 0  DEOYECS UCL8h WIUGllC- 

n i i c  I ,  so UEII A C T  * I * E  z ,  48 GEU V I X F  3, 60 oco 

316 90.7 7.03 .42 Y 5 . 4  6.91 - 4 1  97.5 5.16 .80 
hJO R6.b 7.11 .lU U3.0 7.47 -23 05.7 7.45 .23 

1230 8 0 . 8  7.14 .ov a8.i 0.57 .z5 89.6 8.40 . i n  
~ 5 u n  74.0 7.97 . I @  8 1 . 8  8 . ~ 8  .SZ 03.5 7.75 .zs 
8 0 W  64.4 b.04 .27 1 5 . 4  6.3V .,I2 75.0 5.12 .IV 
8lJPL I n l . 8  b.05 . I J  IUC.3 0.20 a19 1Oa.9 b.05 .Uh 

M I ~ L  n, 9c DEI* IFT M I K E  I .  97.5 SIEU n t u  8 ,  iw nEe 

315  97.5 5.98 . Z Z  V9.4 6-52 .Jb 97.. 6.65 .6* 
C J O  9q.7 7.bU . I 4  Vb.8 7.72 ..$I 93.7 7.04 .58 

173* 01.1 1.37 .IU V2.b 11-15 .YO 00 .9  8.07 .58 
a5un 1b.6 7.95 .ov 07.9 1.08 , $ o  80.7 s.nz . r n  
m a  10.0 6.54 . I S  i 1 1 . 6  6.~7 .w  10.u 0 . ~ 4  . 5 4  
l A U P L  100.0 5 . 6 0  .Ob lU9.5 5.Pb 108.4 h . 0 7  .bV 

L I M E  4 ,  75 UCO H i n t  5, W.5 D t O  A?.( 8 F  Nb8C 

04.U 7.23 .SI 9 4 . 1  I . 2 7  . 5 Z  

88.2 8.59 .I7 89.2 b.07 .2Q 
91.1 7.01 .35 91.1 7.97 .eo 

02.2 7.n7 ,no  b0.P 7.14 1 . 1 4  
76.3 r.5n ,011 77.2 @.a4 .IO 
104.3 6.79 .26 1113.7 0.75 - 2 2  

? l X E  9, .  I20 DL4 H I K L  l U .  133 OLO MIKE I I ,  I5U DLO 

86.6 6 -16  .47 a8.2 0.04 .3U 8 8 . 3  7,Ib .I7 

79.2 7.24 .72 80.2 7.74 . I P  90.0 ?.ab -06  
02.3 O.ua .47 6 4 . 1  b.70 .45 13.4 6 ~ 0 8  .a4 

L I K E  4. 75 OCG 

98.5 5.91 .04 

92.3 n.95 .47 
15.1 n.43 .a5 
7B.J 7.04 . S I  

F I ~ F  Y ,  rzn DEO 
93.r 6.49 .48 
00.0 6.b7 , I 6  
66.5 7.56 .IO 
12.1 7.~9 .14 
75.b 6 .51  .I5 
107.1 6.51 . I 6  

96.7 7.S5 .3b 

110.1 6.30 .44 

H I K E  5, 8a.s OLO 

99.4 0.43 .lU 
PI.* 8.JO .lU 
93.2 'J.19 .2U 
87.3 8.06 . I *  
61.2 7.54 .22 

i i n . 3  6.84 .a 

NlKE lU, 136 DCO 

86.8 b . 4 6  .34 
87.0 7 . W  .68 
b3.U 7.84 .34 
77.4 7.41 .5v 
IO.? b.U4 .27 
IU4.8 7.1b .38 

M I K E  I f ,  15U OCO 

.o .OU .uo 
a 0  10U a 0 0  
.o .ou .DO 
i o  LOU .oo 

.o LCU .uo 

.O .OU b U 0  
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M I D  

1/3 ZbO OF SCAT- 
OCT MIS V J  TER 

FHtO, SPLI U P .  

315 03.5 7.01 .a# ’ 
n3o 90.3 ?.e8 . I I  
1’250 88.5 8.67 -09 
Y 5 U O  13.5 8-17 -01 

SRI EXP. ’ 
2 M  OF SCAT- 
Y/6 V J  TER 

I N E Y  30 DLONEEb LlCLlb 

M I R C  2, 4B ULB 

V1.4 7.83 - 6 4  
09.2 7.w .I9 
62.0 ? a b 3  -88 
70.7 7.3b .7a 

1uo.7 6.17 .u 
89.2 6b10 .$g 

* 1 I C  7, 97.B 0f.Y 

VB.8 7.55 - 2 4  
u0.8 7.na .SI 
09.4 1.93 .a5 
81.9 a.n4 .JI 
78.a ? b 7 8  .a0 
1u4.z 13.7~ .a* 

SPL, EXP. 
Y50 OF SCLT- 
M/S V J  TLR 

I U I N O I I C -  

MIRE 3, no nee 

91.1 8.71 e37 
19.4 7.43 . I 1  
14.8 7.m , I #  
80.) 7.31 , I 8  
71.7 n.oo .05 

101.0 B.08 .09 

M I R E  1. 101 OED 

SPL, EXP. 
250 OF SCAT- 
Y/S V J  TER 

SPLI LXP. SPLI EXP. 
W J  OF SCAT- a50 OF SCAT- 
Y/S V J  TER M/S V J  TEN 

315 W.9 6 . 0 7  .3U V5.0 b.72 .44 97 .7  5 . 7 6  .81 98.7 5.83 a18 99.4 b.111 . I 1  
CJ I I  a7.a 7.18 .OY V5.7 7.7V .I1 9b.h 7 .50  . I 4  97.3 7.57 012 Q7.9 8.U3 s a 7  

315  v0.n 5.9h .4u v9.n 6.2a .25 96.9 5.06 .si 93.2 b.uo - 2 4  81.4 8.~8 .34 .U .ou .oo 
OJO 91.5 7.11 . 1 7  9o.n 7 . 3 0  .a 0 4 . 3  e.07 .a? 90.G h.54 .zo 8m.n 7.30 .n :ou .un 

i z s o  91.7 n.74 .4u vz.5 n . 3 ~  .sa 9 1 . 4  11.04 .m n6.a 7.41 .zo n4.7 0 . 1 4  .ZU .u .ou .00 
.a .ou .oo  suo 17.0 7 . 9 8  -7e 87-6 1 - 0 2  - 4 0  a n - ?  7 - n s  .a8 02.. 7.72 .27 7 0 . 1  8.09 .37 

L I I W S  516- 523 ,  M I E S U P M ~ N E Y  30 I lLOYEES 0EL8W LINeTIC- 

M I K E  1, 30 OEU A V T  mtmE 2. 45 UEB H I U F  3,  LO nee 

315 111.7 b.48 .31 ‘41.3 7.3U .YO 91.4 h.39 .I13 

1290 11.0 7.fl7 .34 d3.U 7.011 .1n 44.4 7.32 .34 
l5uO 6 0 . 1  7.bl ,42 17 .1  7.65 . & I  10.9 7.43 .1L 

b l l l ? L  07.3 E.03 .2U 1 U I . O  6 - 0 8  - 2 9  101.8 5.72 012 

N I X E  6, PO U t U  AFT M I K E  7, 97.5 UEU 81RF 1, 105 DE0 

*in 13.4 7.16 . I *  V 0 . 5  7.97 .z5 9n.4 7 . 5 ~  . I I  

anom 5n.8 5 . 7 8  . & I  89.6 8.11 . 4 0  71.5 5.02 . 1 3  

11% 01.6 8.M . l a  U6.1 7.48 .J4 93.5 0.11 .3?  
hin on.4 7.12 . 3 ~  V I . $  7 .71  . 4 4  co.8 7.27 . lr  

19.1” 1 0 . 2  I . 7 4  -11 VO.1 a.9* .011 ”8-5  (1.43 - 3 2  

TABLE A-11. - CONTINDED. 
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MID 

113 210 OF SCAT- 
O C T  M / S  V J  TER 

FHtO, SPL, EXP. 

*II*- 554- 5b3r 4ICR8VHI 

H I X L  I ,  JO UEU r f l  

1 1 5 .  -1 .0 7.48 .5J 

1730 7.1.3 n.w .w 

ancir 41.3 9.41 .7m 

hJl' a 1 . 2  8 .27  1.07 

d W 0  71.4 8.b3 .Lb 

PIYPL 00.1 7.17 .31 

* I * E  6 ,  Vn UTI r C 7  

3 1 1  07.7 4.17 . t a  

i w n  -7.2 . i . ~ i r  . n ~  
1-110 L4.I 4.37 ,IO 
bileif: 70.19.27 .3#  

hJli  I1.2 7.33 - 4 8  

(IIIPL In7.9 7.17 .3b 

SPL, EXP. 
#SO OF SCAT- 
MIS V J  TER 

.Ob Y l L I b T I C -  

hl<E 3, LO n f G  

81.5 7.1~7 . a i  

85.7 v,n8 -39 
r3.n v.31 . 4 *  

in2.o 8 . ~ 2  . I I  

* ! m f  c ,  $0'1 n t u  

02.9 8 , n i  .74 
16.1 7.39 . 4 R  
17.2 8.113 .e3 
13.9 8.02 .66 
79.C V . 2 0  .BV 
1na.n n.2~ ,57 

87.1 7.93 - 1 7  

1b.4 Y.¶P . 7 S  

SPL# EXP. 
250 OF SCAT- 
M/S V J  TER 

on.5 6.09 . I S  

68.7 7.71 ,3n' 
in2.u 7.0n .SI 

76.3 b.60 - 1 1  
73.4 0.91 -4b 
73.b 7.37 - 4 2  

SPL, EXP. SPL, LXP. 
559 OF SCAT- 250 OF SCAT- 
W S  V J  TER Y/S VJ TEH 

80.9 6.08 .Or 
76.0 8 . 0  ,82 
74.3 7.90 .1u 
7 l . U  L.PP ,n4 
ed.3 1.71 .7r 

103.8 I.97 .43 

L C l  8 f  N # 8 t  

31s 17.3 7.13 . I T  

1250 77.1 7.7a .*a 
YBJO 12.9 8 . 1 )  . ~ i  
snun 67.1 8 . ~ 6  - 1 7  

630 81.5 7.38 .3¶ 
98.9 8.40 .3U 
91.1 8.80 . I 1  

87.1 q.08 - 1 4  
93.2 9.w .IS 

109.4 83.8 9.28 0.01 .a* .a4 

*IIN8 57x7- 1 7 7 ,  *1CRIJPl tCNLI  SO O C Q Y E E S  UEL8. MINGlIL- 

V I N E  I ,  30 UEU 4 f I  W l K E  2, 4b lrfJ H I U E  3,  bo l lLG 

315. 13.3 7 . 7 2  .I/ 87.9 7.93 .ao 81.9 7.58 .a9 

1250 73.0 7.52 .nu I9.7 8.35 .JB 81.3 8 . 1 4  .32 

botio 61.2 8.71 .ow t1 .4  1.92 ...I 71.3 8 . n ~  . I S  

bJ0 17.5 7.26 .¶a U5.1 8-01 - 5 2  16.8 8.07 .A5 

4qUD h9.3 8.49 .3Y  Ih.4 4.b4 .5b 79.3 1.17 .35 

U I J C L  OV.2  b.94 . I S  lU2.2 Lab2 e23 In1.V b.39 .DO 

M I N E  6, 90 U E U  I C 1  *IRE 7.  97.5 UCU M I N E  8 .  195 nEB 

311 04.5 1.411 .37 Y4.h 1.39 ..37 93.3 8.35 .71 

1250 11.1 1.1b .32 87.b 8 - 2 2  .Pa 17.0 9.13 .b5 
d ' 1 W  82 .7  8.21 .35 13.3 4-89 .Jb 112.4 8.17 . 4 4  
L I l l l O  77.9 8.04 .3b 77.7 8.99 -96 10.7 9.11 .54 
VIYCL $03.5 6.77 .2U I U I . 3  7.37 a30 104.b 7-63 .38 

nso 1 0 . 4  8 . 1 4  ,am 8 8 . 1  1 . i ~  ..I 17.8 7.78 .ea 

c imc 4 ,  71 nca 

94.1 8.40 .I9 
91.8 8.78 , 4 1  
07.e 1.98 . I T  
83.5 8.98 .31 
77.a 0.26 .a4 
104.4 6.1n . z 4  

M I K C  Y. 12n nco 

114.5 b.41 e 0 2  
81.0 6.86 . ¶ I  
77.0 1-67 .33  
73.6 7.50 , 4 0  
~8.7 7 . ~ 1  .56 
1'13.1 7.35 .11 

TABU A-11.- CONTINUED. A-35 



WL# UP. 
250 OF SCAT- 
M/S V J  TER 

5PLv EXP. SPL, EXP. 
abo OF SCAT- 250 OF SCAT- 
MIS VJ TER w s  V J  TEH 

90 .7  1.24 
91.1 l.13 
81.0 S.19 
a1.1 *.a0 
7b .1  *bo7 

1111.1 9.00 

MIUC 1 ,  9 7  

91 .7  7 - 0 1  
u4.4 S.11 
Yl.0 1.1. 
11.3 l lb ( I1  
81.0 1.49 
tu6.4 6.oa 

. 4 9  97 .9  7.33 
95.7 8.46 
PI.* 9.22 
85.9 ..e3 
10.1 9.16 

109.4 *.IO 

? M E  9, !IO 

93 .7  1.10 
n9.o 8 . s ~  
e0.b 6.44 
7 9 . 1  1.11 

106.9 h.19 

96.0 7.61 

630 P3.4 7.4b .3b Y3.7  7.36 ~ 1 6  0 4 . 3  7 .61  .111  89 .1  b . W  e 2 5  05 .0  b.J9  ~ 2 8  .U 100 .UP 
1180 '41.1 1.47 .I7 YO.7 8 - 3 1  ..I1 00.9 6 . 4 1  . 1 4  86.2 1-61 . I ?  61.11 7.34 .3U - 0  &@u boo 
YBUD 87.3 1.83 .w s7.2 8.82 .49 87.7 n.4a .ia ea.7 7.53 .u7 76 .1  t . 1 7  . 07  .n LOU .CQ 
SOUO 81.1 8.43 .ZJ 81.4 I . 3 8  .%,I 83 .0  8.43 . 56  7 1 , s  7.71 .06 b9.9 / . 7 5  .ld 60 tOU - 0 0  
IIAICL 106.5 5 . 6 7  .CY l e 7 . 7  5.68 .*I  1n7.0 ~1.66 .SI 1Ja.r 6.83 . I T  1 ~ 5 . 4  b.91 . O J  .o .ou .UO 

TABLE A-I1 - CONPINUED. 



SPLo EPP. 
260 OF SCAT- 
Y/S W T u 1  

t I K €  4 ,  75 OCO 

94.4 b.75 .27 

90.1 8.01 .34 
91.1 7.03 .a4 

SPLe EXP. SPLI EXPi 

ll/S V J  TER M/S V J  TEN 
aw OF SCAT- as0 OF SCAT- 

bCT 1C M11f 

04.a bblS .SO 
11.1 1.31 . E l  
110.1 5.95 .ab 

A-37 



311 
630 

1210 
mu0 
oouo 
I b 1 C L  I 

90.I 7.66 .bb 
07.1 7.71 .St  
0 l r 3  7 . w  .35 
7a . i  6.47. .OP 
67.7 0.10 -19 

.3* 95.4 7.70 ,10 09.0 7.00 ,30 .o .ou .OO 

.a7 o9.o 7.12 . Z I  06.1 7.fi7 .I4 .o b o o  .an 

.53 n6.c 7.57 .oi 6s.n 1.70 .04 .o LOU .un 
.o .DO .on 

.as 78.1 7.11 .n5 73.1 1.53 . I *  .o 100 .no 
.u :go .00 .S?I 1u7.0 7.40 .a5 107.4 7.91 .IO 

.3U 79.4 5-55 ,bS 75.2 0. I1 , 8 3  

316 04.9 7.82 

1050 77.2 7.71 
a m  73.8 o.t.3 

b30 00.4 7.18 

bOUO LO.0 1.91 
U b I C L  101.9 b.09 

b.04 .SY .O bo0 .on 

76.U 7.bb .31 .u Lou .on 
8n.i / , i o  .av .o .oo .uo 

70.4 e.ui -47  .o .cu .OO 
lU7.0 r .ao .za 10 101) . ' IO 

TAB= 8-11.- CONTINUED. 
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M I D  

1/3 250 OF SCAT- 1M OF SCAT- 850 OF StCT- 
OCT M/S V J  TER Y/6 V J  TER M/S V J  TfR 

~ 1 1 ~ 8  676- 679,  MICRUCM8NEI Y O  OCORCE0 BfL8M NlN611C- 

FHtQ, SPLf EXPO SPLI EKP. ' SPLe EPP. 

M I K E  I ,  30 UEU I F 1  

315 01.4 7 - 5 1  .36 
hJD I 5 . 0  6.97 .3Y 

1210 70.7 11.04 .1v 
YSUO 60.1 5.39 1.46 
bnun 04.7 7.37 . ~ b  
O l U C L  ln2.0 b.28 .17 

MIIC 6, 90 OEY I f1  

3 1 0  08.9 0.59 .IP 
6 4 0  04.7 7.43 .2I 

I 2 J O  00.9 9 - 4 8  . I V  
SSUO 17.3 1 . 4 0  1.19 

D l Y I L  100.8 6.11 .cV 
*nun 70.5 7 . m  .?a 

R I M E  2, 65  

W7.3 7 - 8 1  
vs.0 7.73 
6b.3 8.37 
17.6 6.33 
18.3 7-80  

1ub.3 6.6'2 

R I M E  7, 97 

v1.9 n.04 
V 4 . 2  7.17 
VI.¶ 8.51 
61.5 4.72 
W . 2  7,bb 

1'Jb.I 6.0II 

OEP 

.57 

.I? 

.02 

.24 

.u 

.a ueu 

. 4 0  

.45 

.37 

. V 8  
-13 
.b3 

h l N C  3. 60 n f E  

en.3 6.30 . * 4  

18.8 n.s4 . I 4  
04.7 7.60 .32 

8Q.7 8.15 .07 
7b.l 7.38 .411 

i n 6 . i  0.36 .u3 

MINF a ,  107 nfe 

07.8 6 . 8 0  - 3 4  
0S.8 7.13 .32 
00.4 7.00 .34 
82.8 S.17 .7b 
I 1 . l  7.80 . I 5  

l0a.7 6.11 * b l  

MIKC- I ,  3u IJEU n r l  

3 1 5  .n .nu .ou 
(IJO .o .nc .ou 
IZSO .n .on .nu 
asuo .o .oo .ou 
bnuo .n .on .w 
u i w L  .n .uo .nu 

M I K E  6, 90 OEY Arl 

316 95.3 8.18 .ab 
630 02.7 8.06 .a4 
I250 P0.7 8.81 .22 
d3uo 117.4 8.43 .3r  
bnU0 I I l .6  8.31 . I 7  
D l a C L  In7 .0  6.77 . I Y  

U I U E  2. 4s  

68.9 7.6b 
06.2 7.83 
U2.b 8.22 

r4 .1  9.05 
1U4.8 6.25 

F I K E  7. 97. 

v7.7 8.81 
w4.3 0.58 
92.7 q . i b  
U8.9 9.00 
63.5 0 .05  

lU7.8 7.28 

19.5 n.73 

MlCF 3, 6 0  OE6 

91.4 7.83 .I4 
89.2 7.03 .SI 
n6.s 0.48 .za 
n4.0 u,es .z3 
76.7 8.58 .I6 

106.5 6.4b . I 4  

*irr 1, 105 DEB 

v9.4 V.18 .44 
95.4 8.76 -53  
93.0 9.10 ,39 

I 4 . 0  8.98 * 4 4  
108.8 7.72 +32 

19.t 8.71 . s z  

W L ,  EPP. SPLI EXP. SPL, EXP. 

W S  VJ TER R/S VJ TER n/s VJ TEn 
150 OF SCAT- 360 OF SCAT- 150 OF SCAT- 

M I K E  4 .  75 OCO 

09.0 6-13 . I¶  
05.b 7.81 . 4 l  
91.b 9.115 .40 
11.1 8.53 ,e5 
78.8 8.18 .os 

R l U L  u, 120 OCO 

109.9 b.S¶ - 4 1  

b l K C  4 ,  75 DE0 

94.7 8.65 .34 
92.1 8 -54  - 1 7  
91.0 9 - 2 5  - 2 1  
87.11 9.14 .27 
81.3 9.54 . 4 5  

tn8.z 7.04 - 0 8  

r i i E  v ,  izn OEO 

98.9 9.33 .20 
90.6 7.71 - 4 2  
87.U 8.08 .a0 
113.9 8.02 .so 
78.1 *.le .SI  

1oo.u a.nz .39 

ClKL 4 ,  75 DCO 

e5.1 *.so .so 
91.5 8 . U I  . I¶ 

00.8 87.8 9.01 9.19 . I 3  .a0 
81.0 0.28 . I 7  

IU8.Z 7-09  .20 

CIKL VI 120 Or0 

. .  
81.6 7 . W  ,1b .o .DO .no 
71.1 4.27 1.79 .o LOU .uo 
69.7 b.n7 . S I  .o (00  .uo 
lO2.0 b . U l  .4Y .o .DU .oo 

80.4 7.01 .Sa .o iou .on 
76.8 7.75 .69 .o .no .no 
69.9 7.77 .14 .o &nu .no 

107.3 8.U7 .30 .o &nu .on 

M l C f  5 ,  (12.8 DtO b?T 8F M88E 

94.7 u.20 .45 

87.8 0.12 .5u 
82.1 '4.W .bV 

IU7.b 7 . W  .3S 

M I R E  tu, 135 DL0 ( r l l f  l l r  100 OCE 

87.7 7.89 . I 9  * o  LOU .UO 
.o 100 .oo 8I .b b..7 .SI 

00.1 7.48 .IS .o .no .00 
78.0 L.V7 3.89 .o .go .OD 
71.B a.49 -39 .o LOU .a0 

.O 100 .UO 

02.1 0.19 ,3B 
92.3 0.24 .43 

107.1 l r V 9  .20 

TABLE A-11.- CONTINUED. 
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SPLI EXP. ' SPL, EXP. 
M I D  

113 250 OF SCAT- OM Of SCAT- 850 OF SCLT- 
OCT M/S VJ TLR M/6 V J  TER M/S V J  TLR 

FHtO, SPLo EXP. 

MIKC 1 1  

S I 1  .o 
630 .a 
1290 .o 
SDUO .a 
sono .o 
L46CL .O 

M I K L  6, 

311 88.9 
b30 99.7 
la80 B1.2 
21UO 11.9 
oouo no.5 
#48CL 10*.6 

, 30 OCtl ACT 

.no .nu 

.OD .nu 

.oo .ou 

.on .nu 

.OD ;ou 

.on .OU 

, 00 U t Y  A ? f  

6.11 .3# 
7.16 .32 
..I1 .lZ 
1.u .*a 
7.3b .a3 
¶.ab .33 

M I K E  2 ,  4 1  

97.4 7.43 
Y2.9 7.45 
M8.b *.Ob 
78.Q 6.07 
11.2 7.m 

lU6.l 6.19 

UIKL 7, 97. 

Y9.2 6.84 

Y I . 8  8.44 
e1.I 4.W 
80.1 7-13 
lU8.3 S i 7 0  

u4.8 7.m 

SPLI ESP. 
250 OF SCAT- 
MIS V J  TER 

k l K e  4 ,  7 1  DL0 

04.7 n.15 .41 

01.1 9 . 1 4  .a7 

80.0 8.40 .a0 

M I N C  Y ,  r2n J E O  

PZ.2 11.13 .23 

8b,.9 8-97 - 2 9  

108.0 7.11 -17 

P I U C  4 1  75 U L O  

9(1.tl 8.50 .41 

91.1 o.ns . I S  
87.0 8.80 .z7 

91.7 0.23 .42 

8O.b 8.50 ,42 
107.9 b.97 . ? I  

h i i e  u, 120  nco 

98.2 8.92 .37 

82.8 7.40 .zz 
1u0.1 7.07 .43 

89.9 7.3q .I5 
8b.3 7.13 .n7 

76.6 7.311 .I5 

PINE 4 ,  71 OCO 

hlNC 4 8  75 OLO 

100.7 6.55 . I S  
97.4 0.00 .IO 

03.b 6.20 .OS 
80.b 8.31 .39 

111.4 6 - 0 1  .a0 

LIKE 9 1  110 nEO 

93.1 9.04 . I Z  

6 .3s 
6 .I5 
9 .27 

s . I 3  
2 *lo 
s .on 

SPLI EXP. SPL, EXP. 
am OF SCAT- 250 OF SCAT- 
M/S VJ TER W S  VJ TEN 

M I K C  I l r  IOU DC8 

.O (no .oo 

.a LOU .oo 

.o /ou .oo 

.o ,nu .uo 

.o (OU .oo 

.o .nu .uo 

98.n e.47 .3u 
93.2 8.4s 
91.9 8.W .23 
lb.Y 1.11 .DO 
81.9 11.89 .I1 
107.4 7.U5 .OS 

M I I L  111, I35 DE0 

87.3 ?.a2  .mu 
e l . ¶  8.03 .Pa 

7b.11 7.49 .I3 

108.6 7.72 .SI 

79.3 7 . u  .66 

69 .9  1.u .¶0 

M I K C  l l r  ISU OCO 

.o .nu ,no 

.o .no .uo 

.u i o u  .on 

.a .ou .a0 

.o ,nu .un 

.n ;no .on 

M I K C  81 82.6 Ob.* N T  O f  W 9 O f  

98.6 8.01 .a9 
9 a . n  11.84 .a8 
91.9 I . U 9  .no 
87.4 1.10 .OD 
* I . ¶  8.7# .30 
107.5 8.91 .I# 

M I K C  I U t  I56 D E 0  M I K C  11, 110 DL0 

8e.n 7.8~ .39 .o .ou .oo 
02 .9  7 . 1 a  .34 .a iou .uo 
81.9 8.44 .3#  .o .OU .UO 

M I * €  8 ,  89. 

l U U . 3  b.71 
98.9 7 . W  
93.1 8 . Y 4  
113.7 8.1n 
81.4 I.U9 

110.8 b.53 

M l K l  I U S  I31 OLO M I W  11, IOU OCO 

67.b 6.33 .42 .o cnu .uo 
8s.n 6.80 . l a  .o bnu .uo 
72.1 4.66 1.71 .a L O O  .oo 
69.4 b.41 .IO .o ,nu .uo 

.o .nu .DO 

81 .2  7.00 - 2 9  e 0  bOU - 0 0  

101.7 6.79 .sv 

TABLE A-11.- CONTINUED. 
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1ur1.3 6 . 4 4  . * I  
91.7 7.43 .aa 
'40.2 8.5L . I 3  
1 4 . 3  8.19 .J2 
10.9 7.92 .47 
1UI.b 8.91 +!I4 

91.1 L.99 . I 4  
81.1 7.10 .03 
nm.1 8 . 1 1  . I I  
81.9 7.79 -30 
70.1 7.86 .IO 

IUI.1 5.90 ,5b 

TABLE A-11. - CONTINUED. 
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MID 
FHtOt SPLI LXPi 5pL1 EXP. ' 

I / 3  250 Of SCAT- 2 M  OF SCAT- 
OCT M/S V J  TER Y / 6  V J  TER 

NUN8 7?5- 7 S l r  MICIOCW8dC8 90 OCalCES YCL8 

M I K C  I ,  30 DLU ACT * I R E  a. 41 D L I ~  

SPL, EXP. 
550 OF SCAT- 
MIS V J  TER 

I. UIWOTIPI 

M I K C  3 ,  60 oeo 

9I.5 8.64 .Oh 
05.1 7.59 .I8 
87.0 7.99 .a3 
13.9 8.64 ,24 
75.9 7.67 .37 

1no.o 8.91 .os 

*INC n, 1 0 1  nte 

04.6 8.22 .IS 

19.9 s.ao .27 
17.0 e.43 . I 9  

01.7 1.28 .09 

12.7 8.27 .27 
107.5 8.49 . I 3  

SPLv EXP. 
250 OF SCAT- 
W S  V J  TER 

C I K L  4 r  73 OCO 

101.7 7 . Q  .46 
97.b 1-11 .46 

8b.4 9.13 . S I  
92.0 v.3n .IT 

10.2 -.so .S I  
11'1.4 6.31 .34 

r i w  v ,  1217 nLe 

SPLt EXP'. SPL, EXP. 
YSO OF SCAT- 950 OF SCAT- 
Y/S V J  TER Y/S VJ TEN 

c9. i  3.117 , I .  91.8 7.3. . ) I  
nu.2 9 . w  .ZJ n5.4 7431 . I I B  
78.3 1.10 .28 79.3 7.48 .05 
7 I . n  7.22 . P I  71.7 7.7b - 1 2  

315 03.5 1 - 5 6  . l U  Y1.I 1-31  - 2 7  91.4 8.30 .97 90.1 6 - 9 5  .49 90.b ?.U2 .37 
830 79.9 7.09 .5U W . 2  7.34 .25 17.9 7.38 ,917 17.4 7.57 ,25 on.* 7 . 1 7  . d e  

l25n 74.1 7-32  .78 UI .7  0.32 .J9 13.3 I . 0 1  .b3 17.1 as97 . 4 4  06 .u  8.22 ,33 
2suo c7.3 7.01 .e7 j6 .1 6.bu 4 1  79.0 0 .00  . 31  01.7 ~ . 7 1  .ai 60.1) 8.38 .sa 
10110 S9.1 7.11 .78 88.9 7.60 .46 71.9 7.63 - 1 7  76.2 1.86 -32 77.1 # .e7  - 4 1  

.nu W I N G T I P -  

H l N C  3, LO 

93.6 7.4b 
o1.n 8 . ~  
n5.1 8.1s 
1 1 . 1  v.05 
74.n 8.61  
1m.4 5.112 

NlKf 1 r  101 

06.2 b.92 
90.5 7.24 
17.4 x . m  

79.3 #.os 
ins.1 a.wi 

14.2 U.24 

P I N E  4 ,  75 ncG 

0 6 . 8  o.43 .22 
92 .0  7.46 .no 
07.1 n . %  . t i  
12.4 1.21 ,31 
74.5 7.81) . I I  

r i N E  v ,  1211 I I E ~  

87.1 n.In , 1 4  
03.9 I.06 .ns 
8o.n 6 . 4 2  . I N  

I U 5 . 2  5.27 . I O  

92.3 a.29 - 4 3  

7b.V 11.72 . I 2  
ln5.C d.02 . I 1  

M i x f  s, (12.1 nto 

97 .0  0.v7 .4a  
03.1 8.11 . I 1 1  
~ 6 . 3  &.a+ . 1 3  
84 .1  v.n1 .I2 
79.3 U . A l  .If 

1U7.l- 0.J8 . I 8  

H I S t  I l l r  13- L l t G  

R6.3 8.d9 . 2 I  
84.3 U.Zh .IO 
n0 .x  9.38 , 4 4  
77.4 Y.09 .24 
77.5 0.85 . 4 2  

1'12.1 8.46 .uv 

4 f T  8F W S f  

ll11M1 733- 740, 4 1 C I ) O P M 8 N t I  JO nl l iWEEb UtL8U NINOTIC- 

M I K C  I .  30 UET A F T  -IRE 2, 4 0  U E l l  hlNE 3. 40 D E 0  * l l l E  4 r  75 DEB H I K L  b r  82.5 DCO AFT OF NOSE 

R7.b 7 . 4 4  . l b  

11.1) U . 4 1  . I R  
7Il.l V.44 . S I  

n4.7 e . 3 ~  .u 

70.3 n,n4 . I P  
1no.5 3.74 . 1 1  

M I K C  I t  101 nC14 

OI.L 6.71 .17 91.4 r . 7 9  .2m 
86.8 7 .01  .05 8n.u n.48 .do 
u4.t 8 .51  .rig nq.3 u.82 .37 
80.7 0.32 . I P  L I1 . I  10;. . 3 Y  
74.4 n.51 . I S  7m.9 10;. .4a 

IW.II 5 . ~ 3  .os 11.2.(1 m.95 . Z Y  

F I R E  V I  I9n OFQ h l K f  I " ,  13¶ D t G  H I N F  11. IbU UE6 

53.3 6 . 9 0  .27 8n.a n.44 .27 83.8 6.3u . 4 4  
81.4 7 . 2 9  .LO 76 .1  f .7b  . 3 ?  70.1 6.74 eb3 
77 .Q 7.3* , I 4  77.2 0.4# -28 71.3 1.I.2 . 4 3  
75.4 7.91 . l q  b7.R * . I 8  .3!J 66.3 8.71 .b4 
10.4 7.61 . z 4  b r . 4  8.26 .ZY 01.1 A : Z ~  .bo 
98.3  ?.51 .23 97.9 7 .12  . 3 4  09.1 7.#b .30 
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FHtQt SPLI U P .  SPLI EXP. ' SPLe EXP. SPL, EXP. WL, EXP. SPL, LXP. 
M I D  

1/3 250 OF SCAT- 2 M  OF SCAT- YE0 OF SCCT- 250 OF SCAT- 960 OF SCAT- a50 OF SCAT- 
OCT M/S V J  TER Y/S V J  TER M/S V J  TER M I S  V J  TER M I S  V J  TER Y/S VJ TEN 

8S.7 7.10 .3Y 
11.8 1.36 . I 3  
11.6 *, I1 i o 4  
11.2 8.40 i I Y  
03.2 0.M . I 1  
I 8 .4  1-41 . I 4  

u1.5 7494 .aa 
18.4 8.84 .10 
a . 1  9.48 . o w  
18.1 9.87 .I1 
) t .4  8.91 -06 

IU3.2 6.77 . I ?  

9O.P 6.62 * a 1  
9t.O 7.14 .I2 
07.1 q.tn .nz 
77.3 7.19 . I 1  

105.1 5.08 ,I1 

83.0 0.0R - 1 4  

n i i c  4 ,  15 

09.3 be26 
15.0 7.6* 
03 .1  @ . I *  
79.7 1.39 
74.3 8.11 

101.1 5.11 

IIKL U, 12I 

53.b 1.11 
01.4 1.74 
71.0 1.20 
75.1 7.9. 
70.7 1 - 0 8  
98.S 1-61 

hlKE 4 ,  75 OLO 

90.0 b.20 .29 
Ob.7 7.JR . I 9  
83.9 0.05 .OW 

74.8 8.40 - 0 4  
101.7 5.b1 . I 9  

01.2 9.59 .IO 

M I K C  Y ,  1zn oca 

05.7 7.a~ . I 6  
04.? 7.05 *IO 
62.1 0.04 -15  
08.2 C.34 . I 3  
15.0 3-82 -05  
99.8 7.110 .ao 

TABLE A-11. - CONTINUED. 
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M I D  

113 2>0 OF SCAT- 1M OF SCAT- YSO OF SCLT- 250 OF SCAT- as0 OF SCAT- 950 OF SCAT- 
SPL# LXV. FHtQ, SPLp LXPi 5-1 EYP. ' SPL, EYP. SPL, EPP. SPLi EXP. 

OCT M/S VJ TER M/S VJ TER MIS VJ TER MIS VJ TER n/s VJ TER M/S VJ  TEM 

Nuns 785- 776, MtcnuCno*fY YO n t o 1 1 ~ ~ 8  etLuw W I N O T I C -  

PI14 4 ,  75 O t B  

96.7 7.UP . 4 I  
94.8 0.16 . 4 3  

PIIC v ,  t i n  nco 
91.2 1 . 0 0  - 4 3  
87.1 7.72 .I9 
84.0 1 . 4 4  ,I2 
81.8 *.77 .an 

184.5  7.07 .w 
78.9 N . 5 1  .3¶ 

MIKL 8, 82.5 n t s  

96.5 1.48 . l a  
92.. 8.21 . I 4  
86.5 *.a3 .37 
82.11 *.e* .61 
78.U u.u* .5u 

105.7 0.44 . I 7  

M I K E  I U ,  IS6 O I O  

85.1 7.J7 .61 
8l .U 1.89 .7v 
8o.n 8 . v  . a i  
7n.3 8.51 .71 

1oi.n 7.43 .47 
71 .0 .8 .46  .71  

ais 87.5 7.01 .37 
630 64.5 7.29 .a5 

uouo 61.9 8.10 . zs  
VIICL 1nn.o 5.31 .au 

I R J O  7 9 . l  1.64 .04 
#SUO 72.5 9.06 . I 7  

M I R C  6 ,  00 OLY ACT 

3 1 1  18.3 7.11 . I U  
630 93.8 7.v2 . I 3  

S O 0 0  79.2 * e a *  .3b 
U I I C L  107.5 6.21 -17 

I ~ J O  ao.1 9.74 .*I 
YSUO 85.1 IO.. ,a7 

05.8 7.62 . I 3  
92.1 7.85 .25 
C0.b 9.8b .Oh 
LZ.6 IO.. .?I 
74.1 Y.06 * 4 U  

inn.? 9.74 .a3 

W I N F  a ,  IUS niu 

07.0 5.12 a33 
00.8 0.75 .33  

n4.n 1.68 .SI 
79.0 1.59 . 4 l l  

in6.v 5.68 . S I  

17.1 8 . l b  .46 

97.5 n.10 

17.6 (1.73 
94.0 1 - 1 2  

83.3 9.6 i  
76.0 8,OO 

187.0 Y.30 

r i u c  v ,  IZO 

92.3 8.25 

na.7 9 - 5 6  

1113.5 8.34 

17.0 U.17 
84.8 0.UI  

77.0 U.27 

.23 
-23 
. Z l  
.37 
. I 1  
.26 

O t O  

m39 
.26 
.20 
.O? 
.22 
a 4 2  

CINE 4 r  75 UCG 

w . 3  3.77 . i n  

no.6 6.71 .22 

147.2 5.16 , I 1  

PIXI: u. i m  OEO 

15.2 e.7n . 4 1  

77.5 7.78 .94 
72.1 7.72 i.no 

'43.6 0.71 . I 6  

84.4 9.23 -36 
76.7 8 . 3 0  .b4 

d1.8 0.97 - 4 1  
79.4 7.b3 . 4 3  

99.0 h.54 . I 0  

M I l t  S t  dl.5 OLR 

V9.3 9.17 .28 
93.9 1.14 .IU 
89.7 0.J7 . I J  
85.1 0.49 . I 4  
79.7 0.J7 .I1 

107.7 a.vz .ID 

MIKE i u ,  135 nLo 

07.f l  0.03 .57 
8l.V 0.34 .28 
77.b 0 . 0 3  .4U 
I2.Z 7.99 .62 
64.6 1 . 9 3  .4J 

101.17 J.U7 .74 

AFT I C  W S L  

* I N E  1 1 ,  ISU oco 

01.1 7417 .s7 
15.9 7 i 1 4  .so 
79.3 6.13 .a7 
73.0 0.3u .58 
6 5 . 1  8 .60  .4n 

103.4 7.1b .29 

TABLE A-IIa- CONTIMJED. 
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=TI.. LCI.. 
PM OF SCAT- X I 0  OF SCLT- 
Y/S VJ TER Y/S VJ TER 

SPLt EFP. 
260 OF SCAT- 
M I S  V J  TER 

sPL* EXP. SPLe EXP. 
PSI3 OF SCAT- 150 OF SCAT- 
M/S VJ TER Y/S V J  Tfn 

99.4 6.38 .36 
e5.0 7.57 . I 8  
69.4 0.52 .OP 
14.9 8 . 1 8  -27 
rn0.0 7.88 .IU 

108.7 0.06 .OY 

1u0.0 0.39 .49 

Yn.3 1.82 . e *  
65.6 8.1U . J I  
w . 4  m.87 .45 

Y4.6 7.5D .SL 

1816.3 5.69 . 4h  

63.2 7.01 .?e 
79.1 7.UB . b d  
77.1 7.u7 . I 0  
L I . 4  7.17 .LC 
sn.8 h.95 . n u  

'43.1 ?,01 .2S 
q 9 . b  7.37 . I 3  
67.9 1.77 ,.I2 
a . 9  n.7b ,210 
1n .o  n.r.4 . I O  

1111.8 h.51 d l 9  

43.l 1.35 .13  
8n.b 7.79 -15  
18.1 1.10 .I5 
LI.5 8.91 . I 1  
rn.5 8 .14  . Io  

103.7 be75 - 1 1  

C l l L  4 ,  7Y oco 

100.0 7.4( .b3 
97.1 8 v b I  . I 3  
90.5 9.12 - 2 2  
85.0 9.27 .I5 
77.3 # . V I  .23 

101.8 6.51 -30  

CINE Y e  I20 DE0 

92.3 b.53 .25 

87.0 6.44 .30 
13.1 8.16 .34 
77.B 0.23 .I5 

18.3 7.11 . 1 7  

104.1 6.33 . I '  

TABU A-11.- CoHTINuED. 



SR, EXP. ’ SPLI € * P a  SPLI EFP. SPLv EXP. SPL, EXP. 
A/J 250 OF SCAT- 2 M  OF SCAT- Y50 OF LCCT- 250 OF SCAT- 064 OF SCAT- 250 OF SCAT- 
OCT M/$ VJ TER ws VJ TER M/S VJ TER ws VJ TER HIS VJ TER w/s V J  TEH 

* I * €  1 ,  4s U E I I  

.o .OU 

.o .UU 

.o .ou 

.o .UU 

.a .nu 

.n .a11 

315 01.0 8.U2 .IU Ob.2 6 .b4  .Jb  
bJn 9n .7  7 .82  . l Y  Vl.2 8.13 s J 8  
I250 9 0 . 0  11.79 .n/ v1.2 0.12 . zq  
i 5 u o  an.6 0.40 . I U  07 .7  0 . u ~  .22 
aniro ~ 0 . 9  7 . 7 2  . l a  01.4 8.34 .A5 
B I W L  1nr.5 7 .31  .n3 11~s.o 7 . 9 2  .ZP 

91.11 7 . 3 1  .21 
U8.4 7 .71  .44 

81.5 8 . m  -33 
8 l . O  *.sa .so 

7 i i 1  7;ri ; s i  
lO3.I  b . 1 2  .I5 

C I U C  Y ,  12n nre 

88.0 D . 1 0  . I 6  
85 .7  b . 8 5  .32 
84 .7  7 . 0 1  ..3r 
110.5 1 - 6 3  , I 7  
7 4 . 0  7 .7h  ,I2 

1U0.7 Lab7 .29 

.OW WINOTIC- 

hlUC 3, 6 0  eEG hlNE 4 ,  7 9  UZO 

Ue.4 7 . 3 1  .?9  00.8 7 . 7 5  ,3b  
0 7 . 1  7 . 6 9  .so 0 9 . 6  a.on . S I  
~ 4 . 3  0.10 .up  88.0 *.PI . 1 9  
82.1 8.22 . l b  8 4 . b  R.74 .42 
?4.7 7 . 2 5  . l h  7 7 . b  R.02 . I O  
IO2.S b.U7 . I 9  1 0 4 . 4  7 - 4 1  - 4 4  

C I N E  e ,  105 nto * t i c  v ,  120 OEQ 

02.1 7 . 9 3  . s i  88.5 7.4n .3n 
00.9 8 . 9 3  .SL 80 .7  8.20 .IO 

nz.7 11.58 . I *  7 7 . 0  7.87 . t o  

05.4 8 . 9 0  . I 9  9 4 . 8  8.53 .23 

88.2 N.04 .all 04.0  5.20 . 1 b  

10h.I  7 - 8 0  .?a 107 .2  4.38 .I2 

n l x t  8 ,  W.8 O t O  b C l  I C  N O W  

M I N t  I, 8 2 . 1  O K 0  bCT I F  NOSE 

Y1.h I . d 7  .ID 
oq.0 1 .18  .OD 
89.1 0.82  .07 
04.3 8.P4 . l e  
7 7 . 1  I . 4 1  . l P  

103.4 7 . 1 3  . I 4  

M I N E  t u ,  1st n t o  * i c e  1 1 ,  I O U  oca 

811.4 7 . S 3  a 4 0  .o .ou .uo 
81.1 8.W .5u 
78 .0  /.DL .av .o .oo .oo 

.o .OU -00 

0 0  b O u  SUO 

73 .7  7 . w i  .61 .o !OU .00 
7 0 . 7  0.03  - .a8  

115 80.1 7 . 7 7  .3M V I . 8  8.32 .3Z 01.2 8.3V ,111 6 6 . 2  b .94  .25 74 .1  0.M .47 7 # . #  7 ~ 0 7  -3s 
6JO 1 4 . 9  7 . 6 4  - 2 4  87 .S  7 . 8 8  . Z L  Ob.5 7 .n7  .3P 04.1 b.b7 .a3 6P.U B.15 .(I4 7 1 . 1  8.48 .80 
1250 R Y . 5  8 . 2 7  . l a  Oh.? R.71 . I 5  n6.2 8.40 .I5 84 .b  7 . 7 3  .31 37 .6  0.18 . a b  6710 5 1 1 1  .DO 
l l u n  1 1 . 3  0.06 .04 8 2 . 7  $ . b l  e27 84.2 U.61 .32 00 .4  7.b3 ,139 04.1 b . 0 7  .A6 L3.4 e t 3 8  a 7 3  
anlkn 77 .7  7.UQ -9” I 7 . 2  U.65 - 2 7  7 7 - b  8 - 1 9  - 4 2  75 .0  7.bb . I O  5 b . I  B.V8 . I 4  54.4 b.08 - 4 0  

ORIGINAL PAGE IS 
OF POOR QUALITY 
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M I D  

1/3 250 OF SCAT- 2M OF SCAT- & I O  OF SCLT- 
OCT M/S V J  TLR M/S V J  TER H/S V J  TER 

F H t Q t  SPLi BXP. SPLt EYP. ' SPLe EXP. 

'11'1 U I . 2  7 . I I  . I /  

. . .~ 
O I J P L  tn7 .5  6.11 .31 

9*.7 1.17 .I18 
04.5 P.66 . f lO 
17.5 N . Ib  . 2 V  
81.3 II.51 .23 
74.7 7.81 .?I 

107.0 5.14 .OM 

61.1 7.46 .3. 
nn.8 7.111 .?I 
71.0 7.3s .sa 
w . 6  7.99 .JJ 
48.3 7.2s . I O  
97.n 5.07 . 2 ~  

av .9  7.3% .1h 

je.0 8.en .19 
-17.4 ~ . n i  .*I 

87.1 7.73 . I 2  
41.7 1 . 2 1  . . S I  

lU2.2 h.11  . I 5  

SPL, EFP. 
250 OF SCAT- 
w s  VJ TER 

P I M E  I ,  75 o t o  

oi.1 7.59 .an 
19.3 7.81 . a 8  
n8 .o  8 . m  .31 
8 I . 3  8.71 .35 
77.8 e.57 . I O  

1Oa.b 7.12 .3b 

r l i i  v t  1211 oca 

94.7 * . I 7  ,I5 
18.8 .27 
85.3 7,5? .IO 
12.1 1 - 4 1  a l l  
77.h 7.86 .m 

106.7 0.10 -12'  

74.11 7.37 4 2  
I O I . I  7.31 .as 

t imc 4 ,  75 uLn 

09.6 -.en . z o  
V 6 . 1  7.89 ,I8 
w . 6  0.49 . 3 n  
m3.1 n.e2 . I O  
77.9 lJ.I .7 . l I  

109.3 0.19 .SZ 

V I S E  Y ,  1217 DFR 

ea.3 * . a n  .22 

84.U 7.19 . I 2  
11.1 7.11 . n 3  

103.11 n . 5 4  .an 

1 I . C  11.99 .71 

75.6 7.32 . 7 I  

P I N E  I ,  7s O L G  

93.11 7.23 e 3 1  

87.1 8.V7 ~ 2 9  
9O.I 7.86 , I 1  

SPLs EXP. SPL, EXP. 
;IS4 OF SCAT- S50 OF SCAT- 
L(/S V J  TER M/S V J  TER 

.I] ,nu .uo 
7 6 . X  1.71 . 5b  .n inu .oo 
70.7 1.8s a 4 8  .u .nu ,un 

105.4 (1.23 .l9 ,o .nu .no 

7V.I  7.44 .6U 

811.i 8.1s , l a  
80.3 I . U O  . I 4  
74.e 7.01 .PO 

101.1 8.74 . I 1  

w . 7  n.08 .&3 
$e.7 7.37 . I )  
41.2 8 . 6 3  . d ~  
63.5 n.31 e77 
J7.7 * . I 9  .19 

1.15.0 7.39 .118 

91.3 7 . m  .)I 
81.5 7.27 .5a 
80.7 7.9P . 4 1  
75.e 1.75 .4U 
be.7 7.88 . I 7  

1 ~ 3 . 1 '  7.33 .eu 

$0.0 7 t 7 b  . l Z  
(3.5 7.44 .a1 
t 7 . 8  7 r e l  .U9 
71.0 7 - 6 1  .I1 

101.0 7b04 - 1 4  
6z.e 7 . w  .as 

TABU A-11.9 CONTINUED. 
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R l K F  L r  IO¶ O C O  

0 3 . 4  8 . I b  . 37  
L1.9 7 .11  . 4 I  

M I K C  V I  I20 OLE 

74.8 3 . k 9  .Le 
7 0 . 8  3 .07  ( . I 2  

87 .4  4 . 1 8  1 - 4 1  
81.6 4 . 2 4  1.11 

19 .n  a.aa 1.09 

9 v . a  * . i n  $ 3 7  

SPLv EXP. SPLI exr, 
YW OF SCAT- 150 O F  SCAT- 
H I S  VJ TER W/S V J  TEN 

315 7 3 . 4  5.8V -4.3 
h.30 60.S b . U I  .37 

I 2 5 0  6 I . D  7 .h1  .2.3 

blldfl 4 3 . 7  5.85 .3h 
UAYCL 44 .4  S.71 - 3 4  

m i n  5 4 . 3  5.31 1.28 

n3.0 5 ,4¶  . I 7  8 3 . 7  8.2h - 2 3  82 .7  ¶.UP .OS 
70 .7  n.52 .I6 8 O . I  7 . 2 3  .30 79 . .  8.70 .1J  

137.7 6 .n7  . S I  70.1 7.bO . 8 I  0 9 . 1  D.JO . 3 9  
51.9 5 . 9 3  .32 b2.1 7 . 9 0  .51 62.3  7 - 3 6  .IS 
01.0 8.38 - 0 7  9 3 . 4  1 .91  .2l 92.3 b.21 .Ob 

7 1 . 7  7 . 4 2  . I IS 7 8 . 0  1 .17  . 2 5  71.n 7 . 2 7  . I I  

M I K E  6, 30 U E U  A F T  h t X E  1 .  97.5 IIEU M l K F  O r  10'3 DEB *lKE 9 ,  I20  UCR W I N E  IU, I30  OLD PINE l l r  15U OCO 

315 
0.30 

I OS" 

n7.a 4 .7a  . 1 7  (14.1 0.118 .IO 82 .9  m.17 .47  7 8 . 2  1.92 .nb 7 1 . n  B.u6 . 3 9  
79.3 n.83 .n4 1 9 . 3  6.61 .m 7 9 . 5  7 . 1 9  .a2 7n .3  6 . 7 0  .37  70.1 3.91 .55 

bnun 6 3 . 6  7.1n . 1 3  - 5 . 7  8 . 1 1  . I I ~  67.3 r .17  .a6 n3.0 6.95 . Z I  52.lr 8 . 7 6  . ¶ I  

. __  7 3 . 4  7 . 7 5  . l a  I h . 0  1.111 .*I2 7 b . l  A . I P  . I 8  7 3 . 3  7 . 2 2  . 21  66.2  7 - 3 1  . I 2  
l5 l ln  7 1 . 2  h.2C .Ill 1 2 . 2  h.0S .24 13.1 7 . 3 0  .Ill 7 0 . 4  6 - 2 1  a 5 1  5 9 . 0  3 - 7 1  .68 

b.Ay?L 0 2 . S  5.28 .nJ '43.2 5 - 9 3  . I I Y  02 .9  6.P2 .23 i 9 . n  5 . 6 4  . I O  85.11 8 . d 6  - 2 1  

TABLE A-11.- CONTINUED, 
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MID SPL, LXV. 
S K I  EXP. ' SPLe EXP. SPL, EFP. SPL, EXP. 113 250 OF SCAT- 1M OF SCAT- X I 0  OF SCF.1- 250 OF SCAT- PSO OF SCAT- a50 OF SCAT- 

OCT MIS V J  TER M I S  V J  TER W S  V J  TER Y/S V J  TER Y/S V J  , TER M I S  V J  TEH 

FHtQt SPLI tXP .  

7e.2 6.1a  .3z 
73.8 6.11  + 0 1  
bS.9 6.19 &OU 
50.6 5.11 (48  
53.6 4.9s .34 
g7.l 1.21 ,I2 

83.5 8.20 . I ?  
b l . 3  B.78 . l U  

ais 
i a s o  

b 3 0  

ueuo 
1RUO 
V A 8 C L  

84.3 1.40 .om 
as.8 e.30 . I I  
80.0 7.4s  .24 
76.4 6 - 8 7  .SB 
75.1 7.64 .a0 
es.8 5.39 .04 

n9.0 b . C I  .I1 
117.1 h.50 . I S  
114.2 o.ns .ZI# 
I I . 4  h.bU .1l 
711.4 r.3h .21  

inr1.n 3 . ~ 6  . I I  
7 4 . 1  7.1d .'I9 
97.1 9.34 * I h  

.I1 ,n'J .!I1 

.n ,nu .uo 

.n .nu .u* 
. I I  ;nu . o n  

ORIGINAL PAGE L5 
OF POOR QURPdTkP 

TABU A-11,- CONTINUED. 
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MID 
FHL6, SPLt LXP. SPLI  ESP. SPLI EXP. 
1/3 130 OF SCAT- Z M  OF SCAT- IS0 OF SCLT- 
OCT M I S  VJ TER Y / 6  VJ TfR M/S V J  TLR 

M l K t  2, 4 1  OLU 

.o .OU .tin 

.o .ou . l l O  

.o .ou .*IO 

.O .on .#in 

.o .oo .UP 

.o .oo .I10 

M I N E  7, 97.8 O t U  

8a.n 4.41 .aJ4 
84.7 6.03 .I1 
83.4 1.70 . I I  
a i . 3  6 . w  .a4 
11.9 7.8J e l l  
*8.6 1.13 . I 9  

MIKE 3 r  60 I I C l  

m1.8 *.as ..I 
10.7 *.ne . I *  
18.1 7.40 .I1 
77.0 7.01 - 4 1  
11.0 9.70 .2? 
01.7 3.42 *lP 

b l l E  8, la5 D€U 

n7.0 6.99 .?a 
85.5 7.44 .43 
13.8 a.06 . I P  

19.3 m.35 .dit 
81.8 b.9J .33 

V9.0 b.20 .23 

I M L ~  Po DcmcLs wi 

MIME 2, 48 D L O  

.o .oo .uo 
*o .DO .UO 
.o .oo .I10 
.o .OU .uo 
* o  .ou .uo 
.o .no .uo 

MIML 70 W.8 UCU 

1b.1 6.27 .a6 
14.9 6.99 -17 
aa.8 0.m .so 
ei.1 ?.fa .sa 
71.5 a i01  .44 
Y8.1  8.10 .P4 

SPLI EXP. 
250 OF SCAT- 
W S  VJ TER 

* ire  4 ,  7s DCO 

04.? e.llP .zu 
03.6 b.33 . I ?  
o a . ~  7.91  ,zn 
79.4 1.16 .31 
74.c 8.OY ,211 
91.1 ¶.OS .I4 

* t i c  Y. $20 ne* 

82.8 6 . 4 I  .a1 
79.9 7.43 .21 

96.7 6.41 .IO 

8¶,4 b.84 ,lb 

78.4 6.8s ,a8 
74.8 7.61 .ta 

SPL, EXP. SPLl EXP. 

W S  VJ TER W S  VJ TEN 
am OF SCAT- a50 OF SCAT-  

MI11 11, 1SU QL6 

.o .oo ,oo 

.o .oo - 0 0  

.o .ou .OO 

.o .ou .oo 

.o .no .oo 

.o (OU - 0 0  

81.6 3.01 .26 

78,s 7.bZ .67 
76.8 b.41 - 9 4  

6 1 . i  e.97 .w 

TABLE A-11.- CONTINUED. 
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P I A  5.09 .5S 
R7.4 6.M . I 9  
R O I I l  7.27 .33 
7b.I 6.53 . 44  
70.6 h.B7 .I9 

101.3 5.43 .13 

M I K E  I ,  30 UEti AFl 

315  7S.7 5.72 .30 
nso 71.6 6.20 .IY 
r?~)n 71.1 7.49 .on 
d ' I U 0  c5.9 5.1c .7% 
m u n  on.? 7.43 .ZJ 
0AS.L 92.7 6.53 -2) 

M I M E  b, 9 0  D E U  L f T  

313 R5.b h.44 .Otl 

1750 R1.b 7.58 . l J  

bOUO 7h.7 7-71 - 2 4  

LSO 1 4 . 4  7.u~ .nu 

25uo 10.7 6.89 .w 
U I J C L  9q.3 5.31 . I .  

N I X E  2 ,  4 5  bLll C l N C  3, LO DE6 

12.3 5 . 5 8  . I t  
Rl.8 0.15 .@I 
78.9 7.44 .PLI 
77.4 6.5b .IS 
71.9 7.29 . I o  
98.5 3.67 .UP 

M I N E  7. 07.5 i l F U  F l W  L ,  IOS DE0 

a7.4 6.04 . % a  n7.n c.91 .27 

~3.7 g.28 .2n 13.11 8.21 . s a  
85.4 7.4b . l d  15.2 7.30 .SC 

"1.6 7-80 - l b  111.8 7.51 - 3 1  

SPLI EPP. 
250 OF SCAT- 
W S  V J  TER 

MINE 4 .  7s nee 

84.0 b.2S .22 
83.9 7.14 .I7 
82.5 8 - 5 8  - 4 1  
7u.5 7.43 ,3s 
,74.5 8.81 .a+ 

9o.v 6.175 . i p  

P I N E  v, 120 n t o  

, m . ~  6.91 .nr 
63.0 6.71 .ne 
80.2 7.bR .nV 
79.1 be58 -17 
75.7 7.97 .24 
97.0 b.46 .Oa 

r i u c  4 ,  75 or8 

93.0 b.28 ,55 

83.b H.12 .57 
88.1 7.~7 .35 

78.7 b.32 ..lo 
73.7 7.55 . 4 I  

IUZ.1 5 .58  .so 

r iu t  Y ,  izn nro 
85.0 5.61  - 2 5  
03.2 b.22 .29 
80.2 7.24 ,I7 

75.1 7.ln .28 
713.9 9 .91  .a8 

97.3 1.39 . I U  

W l K C  4 r  75 OCQ 

91.2 6.Un - 1 3  
87.0 b.87 . I 1  
41.7 o . i n  .ad 
78.7 7.83 . I S  
73.u 7 * 8 $  - 0 1  

* I K C  Y .  1217 IIEO 

l U l . 1  5 .43  .D7 

8S.7 5 -63  -18  
83.1 5.u.Y .JZ 
80.4 7-15 - 3 4  
79.3 6 - 2 0  -23 
75.2 7.UO . t o  
07.1 5.23 0 1 7  

8S.7 5 -63  -18  
83.1 5.u.Y .JZ 
80.4 7-15 - 3 4  
79.3 6 - 2 0  -23 
75.2 7.UO . t o  
07.1 5.23 0 1 7  

M I N E  75 DCO 

85.? 6.96 e 3 5  
03.b b.8n .23 
R2.7 0.67 -31  
79.4 7.71 .30 
74.b 8.01 - 2 8  
99.h 6.13 ,I0 

+ I K E  Y ,  120 DFO 

s2.r 6.40 .13 
8b.U 6.97 .31 

79.b 7.17 -23 
78.7 6.11 
75.5 7.bn .21 
97.1 6.51 .?4 

SPL, EXP. SPL, EXP. 
154 OF SCAT- 3.50 OF SCAT- 
Y/S V J  TER M/S VJ TER 

AFT R? N88E 

V I N E  l l r  15U OLD 

.a *DO .uo 
S O  ( 0 0  .00 
.o ,OD .on 
.o .DU .DO 
.o *ou .uo 
.u ,110 .UO 

M I K E  Io 12.5 D t O  L I T  8P N88C 

U l K L  I U ,  133 D E 0  M I N C  I I r  I 5 U  Or0 

6 1 . 3  a.29 .a9 r o  .oo .oo 
i o  .ou .uo 82.3 7.14 .2Z 

79.7 8 . w  .pa .o .DU .DO 
17.2 6.W .40 .D 100 .UO 
72.3 8 - 4 8  . 3R  .o ,oo .uo 
95.6 0 . ~ 1  .3a .O &nu .uo 
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S R I  EXP. SPLS EXP. 
I/J 250 OF SCAT- 2 M  OF SCAT- it50 OF 6CL1- 
OCT M/S V J  TER Y/S V J  TER Y/S V J  TER 

SPLe EFP. 

Y/S V J  T U I  
250 OF SCAT- 

ClNC 7 ¶  UCO 

83.1 6.96 . I 4  
8l.b 7.10 -19 
79.2 8.15 .Os 

7 l . l  8.30 - 4 4  
76.4 7.47 .ne 
94.6 9.07 .an 

C I I L  V ,  120 at0 
77.5 4.40 - 4 8  
73.8 3.86 .e9 
71.8 5.05 - 7 1  
71.0 4 -47  1-13 
67.6 5.84 ,** 
91.2 5 . 9 ~  .an 

WLI EXP. SPL, EXP. 

M I S  V J  TER W/S VJ TEtI - aw OF SCAT- as0 OF SCAT- 

3 1 5  86.5 7.51 .?J u0.3 7.02 .SI 91.7 e.13 . 1 3  94.3 6.86 . ~ 3  93.7 0.45 .II 
i a j o  76.7 0 . 2 3  . I I  82.0 n.67 .a 83.1 1.11 .a2 85.7 8.29 . I I  18.u 1.84 .a8 
Y5UO 71.8 7.02 .07 16 .8  7.22 .SI 19.8 7.07 . ~ i  81.4 7.39 .ai 01.5 7.77 .5u 
snun n5.3 8.28 .I# 11.0 1.27 .ob 73.8 7.50 .37 76.4 9.05 .OP 76.6 0 . Iu  .44 

6JO 82.7 7.05 .31 d1.1 7.13 . 4 I  11.5 7.06 .01 89.7 7.18 a 2 5  8e.S 7.46 .3U 

# A W L  01.1 0.63 .41 lUU.9 0.42 - 3 1  101.7 5.69 .OS 102.8 b.34 e 2 0  101.4 6.3s .a4 

M I ~ E  6, Po DEY A r T  W I S E  7. 97.5 ULY MINC I, 105 ocs MIIL v. I a n  oca * t K c  IU, 136 aim * t a t  11, 180 oca 

U I W 1  921- 921, *ICPbCMDNEJ J O  nt0IlEt.S d C L  

M I K E  I ,  3u UEY r F T  0 1 I E  2 ,  43 LEI; 

s t y  1n.t n.92 .ze 

1 2 ~ 0  79.0 7.57 .u 
b0110 97.8 6.6O .4u 
UAICL 01.9 e.75 .SP 

6JO ?6.9 b.84  .3C 

25UO 61.0 6.99 e 6 2  

M l l C  b, 90 UFU .fT M I U E  7, 97.5 UE@ 

315 85.3 4.92 .5J 01.6 8 - 6 7  e27 
010 81.8 5.bb .?Y 19.4 1.11 .I17 

1190 71.5 6,5Y .I/ 1 4 . 1  5-88 -13 
PbUIl 77.2 5.85 .65 11.3 9.29 .SO 
u n m  73.2 6 . 7 ~  .sa e7.4 n.13 .za 
t211*L 95.8 9.27 . I U  v4.4 9.43 .I18 

8-  YINOTIC- 

*INC 3, 60 

17.3 e.33 
15.1 8 .06  
I O . 6  1.18 
77.4 8.70 
71.1 7.12 
97.2 e.11 

V l l f  8 ,  105 

8 i . n  4.75 
78.P 5.88 
74.3 e.*I 
?1*3  5.73 
67.0 6.1¶ 
93.5 n.49 

ACT *F W a f  

T W  A-11.- CONTINUED. 
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MID 

SPL, EXP. SPL, EXP. 1/3 250 OF SCAT- 2 M  OF SCAT- 250 OF SCCT- 250 OF SCAT- P60 OF SCAT- 250 OF SCAT- 
O C T  M I 5  V J  TER H I S  VJ TER M I S  V J  TER H/S V J  TER M/S V J  TER H/S VJ TEK 
FHtQr SPL I LXP. WLI EXP. ' SPL, EXP. SPL, EXP. 

31s n3. i  7.50 . I U  
nsn nn.2 8.1c .a$ 

B ' I U O  7n.9 7.51 . I J  
m d n  n 4 . 1  n . i u  .4b 

123D 70.3 8.51 .SJ 

U I ¶ S L  01.7 b.65 .SJ 

19.1 1.n7 .n4 
n6.9 7.79 .3n 
1 2 . 4  11.19 .zu 
73.5 7.46 . l I  
inn.3 u.51 . I U  

79.5 b.87 .2Q' 

F l K f  b,  90 OEV I F 1  M I K E  7, 97.5 llCU UlKF L I  105 UER 

3 1 5  0 0 . 6  6 . 4 4  . IJ  u1.8 7.26 . i n  911.6 O . I I  .IZ 
nJo 81.8 7.02 .IJ 11.1 7.93 . 1 5  n7.n 7.71 .u7 
iaso 11.0 1 .20  . I I  u5.n n.811 . (a  n4.0 8 . 5 1 ~  . P S  
i lv in 1 1 . 5  7.28 .7h 81 .9  7.39 . > I  n2.7 c.92 .II 

VISCL 1 n t . n  5.82 .IV 1ai1.7 4.51 . I *  1nc.o 0.71 .II 
bUUO 77.1 7.76 . I 7  11.1 R.7U . 1 4  79.2 U.87 .52 

M I K E  2 .  4 5  DEI4 

.n .w .:in 

.n .nu . W I  

.> . I I U  .gin 

.n .itu . , in 

.n .nu . t i 1  

.o .nn .'I1 

* l N F  7 .  07.5 LIEU 

VI.0 7.89 . I 7  
18.3 7.75 .Lt 
N5.8 0 . 1 1  . P 0  
12.5 7.511 .SI 
1 8 . 4  ..h2 . 4 *  

1111.7 h.06 . I 2  

81<' Sr hU nE(r 

17.4 e.40 .OS 
85.3 7 .91  .IO 
I 2 . b  9.56 .2r 
10.2 0.w .77 
74.7 7.10 . ? A  

inn.1 h . 7 1  . I I  

R I K F  P I  1-35 I l C l i  

00.8 1 . 3 2  - 1 0  

n4.0 k .31  . Y I  
13.2 7.n0 .37 
79.5 n . 1 4  .nc 
1n7.1 7.32 . i u  

I 7 . 2  7.119 . I 7  

M I K L  1, 30 OLU I C 1  

318 85.8 7.22 .bJ 
630 83.0 7.b8 . I V  

1010 77.0 8.23 -36 
95UO 71.5 b.17 .22 
B0I iO h5.b 7.25 . I 4  
U A W L  96.n 6.10 .nz 

M I # €  b, 90 DLY A C T  

310 91.7 5.94 - 0 7  
830  87.9 b.30 .08 

IVJO 8 4 . 1  7.39 .Ob 

60UO 70.7 7 . Ib  .DM 
Y ~ U D  81.11 8.03 . I V  

UAlPL 101.2 1.60 . 0P  

9 2 i 3  0 . 1 4  
ne.6 6.05 
83.0 7.58 
79.6 b.2D 
73 .1  b.39 
101.6 I . h 6  

M I K E  7 ,  97.5 OLU R I M E  I ,  I05 

VI.3 6 - 1 7  -13  88.9 5.b3 
1I.I b.78 ,46 8b.h h.60 
85.1 1 .01  .PP ' 84.6 7.83 
112.9 6.83 . I )  n3.n 0.31 
79.1 7.78 .s6 80.1 7.7a 

1UI.9 6 - 3 5  .Zb 101.3 6 - 2 7  

F IKE 2, 11) OER R l K r  3 1  b0 

17.n 4 .82  13.. 03.3 o . 1 ~  
41.1 I.53 Il.. 89.0 0.7b 
41.7 I . 4 8  37.. 83.5 7 .b I  
J1.0 3.97 3b.e 79.8 0.2U 
J6.1 3.91 32.. 73.7 b.97 
8 2 . I  q.Ob 47.. ln2.3 5.72 

. 3 4  

.34 

.uv 

.39 

.3U 

.35 

nro 

.37 

.59 
'.53 
. I 8  
. I 3  
. 4 2  

D I O  

. I 3  

. S I  

.3? 

. I I  
- 1 5  
-23 

CIIC I .  75 nm 
9n.9 7.111 .so 
88.1  *.it .zo 
86.1 0.20 .33  

75.9 m.na .14 

* I R E  v,  !an OLO 

12.7 h . 1 ~  ,nR 
nn.4 6.29 .z7 
77.7 7.30 . ? I  
77.5 5 .91  .II 

o6.b 0.11 . in  

6 1 . C  8 . I Q  . I 2  

1UI.5 h.27 -25 

73.9 7.15 .I1 

# I N E  I ,  75 ncG 

R9.2 7.50 .J7 

8 I . b  0.17 .38 
I 1 . P  h.37 .33 
7b.7 0.90 .SJ 

I I I 0 . L  h.S0 . I 3  

n7.11 7 .91  . I N  

P I K E  Y ,  I P I I  nEn 

79.7 3.70 . I S  
77.8 0 . 1 1  .sn 
77.5 5.10 , h i  

111.7 b.5n . I I  

71.1 h.8? . I 7  
Oh.P * , I O  , I O  

R I M E  4 ,  75 DLG 

91.2 n . 7 ~  .a6 
89.9 7.73 * 5 5  
85.9 1.11 . 5 I  
81.5 4.91 . I t  
7b.8 5.Ub .48 

102.6 b.25 .33 

NIIE Y ,  tzn nEo 

82.3  a.04 .19 
80.7 6.07 .u 
76.n 6.96 .35 
73.9 5.22 .w 
69.V 5.93 * 5 4  
95.0 6.m .si 

APT I C  Molt 

U l K t  0 ,  (12.5 P t G  AFT *i HOSE 

89.7 11.49 . I S  
87.7 b.J7 .b9 
95.a U.29 . 5 I  
82.11 1.Vb .9J  

1 0 f l . I  0.02 , I 7  

ulnr l u I  I35 Dt9 .PIKE I l r  1-U V t O  

77.7 u.39 . 5 1  

./I .UU . 0 U  70.1 7.14 , I 8  

.I( .I10 .flu 74.0 7 . IV  . I 5  

.II .IIO .nu 69.1 7.a1 .IS 

. I (  .tin .nu 05.0 7.06 .n 

. II  .un .ou 17.n 6.95 .at 

. , I  .W ,011 13.7 7.52 .a( 

TABLE A-11.- CONTINUED. 
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90.0 #.a7 .a7 

w . 4  *.I* ,48 
87.1 8.03 ,ab 

I I . 4  0.18 .IU 
73.7 9 . l A  ,ab 
101.4 7.10 .au 

83.4 ?.VU . I 4  

14.P 1.2b - 1 9  
10.1 1.7b .?O 
02.0 0.34 .tb 

1v.8 n.15  .JP 

~7.7 &.a7 .IS 

M I U E  I ,  V7.b llCU 

87.2 7.99 .29 
$4.6 1 . 3 1  . tu 
82.3  0.37 .JI 
11.4 n.05  .IP 
11.3 *.ab .J2 
Y9.0 7.53 . I *  

84.3 7.35 
nz.1 C.PE 
77.11 8.18 
7Y.3 8 .85  
n6.5 8 . i ~  
01.0 e.90 

* t w  n ,  105 

17.7 7.17 

12.1 1.13  
10.2 8.90 
73.7 *.io 

15.1 1.56 

09.4 7.63 

W G  4 l K C  4 ,  75 U L O  

.an 87.5 8.64 , I S  

.13- 84.1 9.UI -11 

.#e 8a.11 0.71 .05 

. l h  77.5 9.47 . I 8  

. I J  b9.7 9.bb - 1 4  

.OJ 09.7 7.m , I O  

D E B  M I I C  Y. 120 oca 

.am 12.7 7.95 .a4 

.SI 10.2 e.11 -17 

.45 77.b 1.11 -32 

.b7 71.1 8 .40  -37 

.IC 97.4 7.69 .UI 

.U5 b4.0 7.b2 018 

U E Y  qn n t o n m s  ati 

H I R E  2,  45 DC't 

VO.3 6eb5 .+5 

83 .8  7.72 .43 
8n .J  7.75 .J$ 

19.1 1.38 ,u 
1u.3 1.34 .17 

lUI.5 h e 4 1  -47 

M I N E  7. 97.5 M Y  

U2.b 1.77 . 4 4  
88 .8  7.21 .47 
ll5.0 7.6U .bO 

iu3.a n.61  .w 
S2.3 ?.ab .43 
Ib.4 1.34 .67 

.Ob IIUBTIC- 

M I U F  3,  bU DE0 

00.8 6.61 .3J 
19.3 7.09 .AU 
15.0 7.2b .SU 
81.8 7.90 .31 
72.b 7.1b . I 8  

102.3 b.24 .ab 

niri L .  I U 5  ~ c e  
92.7 0.72 .57 

16.2 7.87 .7n 
89.1 7.81 ,bU 

1 3 . 1  8.Ob .I8 
77.4 8.5P .b4 
103.7 b.79 .b5 

#u*8 ~ ( 1 3 3 - 1 n 4 0 ,  ~ I C R B L W ~ N E Y  30 n L b Y E t 8  RtLdW WIUQTIC- 

*IN€ I ,  3U UCY A C T  M I K E  1,  4 5  U E I I  MICE 3, 6 0  nEG 

315 11.8 7.36 .94 65.8 7.42 ..I5 87.0 n.40 .2u 

,7310 75.1 7.15 .ob 6u. l  7.7~ . * I  115.8 8.09 . 4 0  
deun s7.1 7.11 .ah 15.7 1.65 .75 ak.2 8.59 .b6 
unun 51 .3  8.37 .w 07.4 1.61 . V I  70.2 7.98 .a7 

bJU 78.4 7.30 .5U 83.2 7.b9 e 4 8  15.7 7.74 .b6 

U I I C L  06.1 b.17 .53 90.1 6-11 a53 99.8 5.91 a 4 1  

M I W C  b, PO U t Y  L C T  M I R E  7, 97.6 i l L U  R I 8 E  1, I05 DEB 

315 nq.7 7.27 .so u11.0 8 . 1 5  ,4a 80.0 7.17 .a6 
6Jn n6.b 7.45 .SI 85.6 7 . 1 4  .e7 15.2 7.97 .b1 
125n n7.4 7.5s . 3 1  82.9 n.4b .12 13.2 8.43  .47 
2 W O  10.1 8 . 1 1  ,24 80.1 9 . 4 4  .b2 11.3 V.25 -63 
8nu0 74.2 8.31 .bl 14.4 0.74 -74 7S.l Y.58 -56 
U I W L  1nO.b 7.03 .am 1u1.3 1.~1 .w i n z . 0  0.03 .AI 

PnIlSE 

W I K E  4 ,  75 DCB 

93.3 b.91 +JP 
90.4 7.15 - 4 5  
87.0 7.00 .&I 
11.7 n.81 .sz 
74.6 8.82 .5n 
IO3.b b.96 -4b 

h l r C  Y e  I20 O L E  

91.2 7.49 .43 

82.7 7.82 .a1 
80.2 7b51 , 48  

81.3 9.00 - 4 5  

101.3 7.05 *5b 
73.2 9.01 .e7 

W I K L  Y e  120 DEB 

81.9 5.bO -57 
79.0 6.25 - 4 8  
78.1 b.26 e 5 5  
75.6 6.81 * 5 5  
b9.2 7.27 -29  
97.6 b.75 .47 

TABLE A-11.- CONCLUDED. 
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APPENDIX B 

WING/%U OEOMETHC 

Baseline A 

Figures El and B-2 and tables B-I and B-I1 describe the geometry of baseline 
A used i n  the s t a t i c  model t e s t  a t  one-fifth scale, The sketch a t  the top of 
figure E-1 shows how the 2-0 wing model was oriented t o  simulate the same T.E. 

sweep as the reference airplane. 
the inboard and outboard engine positions with the T.E. of the wing model 
centered on the j e t  a x i s  as shown. 

t ion  i s  given a t  t h i s  station. 
the wing and wing cove coordinates,which are given i n  table B-1. 
defines the f l a p  locations and geometry and table B-ZI  gives the f l a p  coordi- 
nates. 

The model nozzle was located half-way between 

All of the wing and f l a p  geometric informa- 

The sketch a t  the bottom of figure El defines 

Figure E 2  

Baseline B 

Figures B-3 and B-4 end tables B-I11 and 'B-IV give the same type of information 

f o r  baseline B. 

contour shapes, are noted. First, the wing T.E. is a t  0'. Second, two wing 

planes are used, as defined i n  figure B-3. 
reference f o r  the wing and wing cove coordinates given i n  table B-I11 and i s  

also the reference fo r  defining f l a p  angles as shown a t  the top of figure B-4. 
The f l ap  angle, 8 ,  i s  the angular movement of the flaps from the stowed (cruise) 
position. 
tions (section 4) and i n  locating the flaps i n  f igure E&. 

Two differences from baseline A, other than chord length and 

The wing chord plane (WCP) is  the 

The wing reference plane (WRP) i s  used i n  defining the nozzle loca- 

B-1 



\ 

5 - 

~ 1 1  wing/flap geometric information 
is given a t  t h i s  cut. 

6m 

2-D wing model 

i Reference airplane 
I f  

48 in.  \ 

4 . E .  = 
30.681 i n  -\1 I 

-91 .584 

Figure E l . -  Wing geometry, baseline A. 



Flap 1 82.5% c 

WRP 

Takeoff 
Flap 1 Flap 2 Flap 3 

~1 \<Flap reference 

Pivot (center of LER) I 

LandinR 
Flap 1 Flap 2 Flap 3 

I / 

8 ,  dqg 
A, i n  
B, i n  
N, i n  
P, i n  
D, i n  
LER, i n  
C, i n  
R ,  i n  

\ 

0 20 40 15 35 55 - .207 3.607 8.285 - -207 - - 
-0103 . 835 3.359 -0103 - - - - - - 3.898 - - - - - 5.2% 
,007 .058 0 007 .058 0 
.187 .250 -123 .187 -250 .123 

4.315 5.753 6.472 4.315 5.753 6.472 - - - - .432 .432 

Flap reference 

A l l  dimensions are f o r  one-fifth-scale model. 
7 

Figure B-2.- Flap geometry, baseline A. 
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A l l  dimensions are for one-fifth-scale model. 

Mgure B-3.- W i n g  geometry, baaeline B. 



r ’ 

Takeoff 
Flap 1 Flap 2 Flap 3 

e ,  deg 18 28 33 

B, in 1.110 2.780 4.620 
LER, in .615 0860 335 
C, in 5 375 3.455 3.080 

A; in 0 4.915 7 741 

Flap 3 Plane parallel to WCP -I 
d t h  flaps stowed for cruise 

LandinR 
Flap 1 Flap 2 Flap 3 
9 55 65 

-115 4.220 5-90 
688 4*7% 7.665 
.615 .860 335 
5 0 375 3.455 3.080 

Figure B-4.- Flap geometry, baseline B. 
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APPENDIX c 

NOMENCLATURE 

Symbols 

C 

C. ll 

cL 

cT 

cv 

C 
P 

D 

D 

D 
F 

F/L 
P .. 
f: 

Fslot 
FX 
L 

L 

v .  
,I 

‘re1 
Vslot 

wing  chord length, cm 
nozzle discharge coefficient, W 
lift coefficient, L/qoS 

surface static pressure coefficient, (p - p,)/q 
gross thrust coefficient, Fdq0S 

me ashideal 

nozzle velocity or thrust coefficient, Fmeas’Fideal, 
where Fideal me as is based on W 
thrust-minus-drag coefficient, Fx/qoS 
drag in flight direction, applicable to airplane or wind 
tunnel test, N 
wing/flap reaction force parallel to WRP, applicable to static 
test, N 

nozzle exit internal diameter, cm 
thrust at nozzle exit or flap blowing slot, N 
takeoff field length, m 
nozzle gross thrust, N 
thrust at flap blowing slot, N 
accelerating force, thrust minus drag, FE-D, N 
lift normal to flight direction, applicable to airplane or 
wind tunnel test, N 
reaction force normal to WRP, applicable to static test, N 
unit of perceived noisiness 

2 surface static pressure, N/m 
freestream static pressure, N/m 
wind tunnel or freestream dynamic pressure, 5 p Vo , N/m2 

radius from noise source to microphone, m 

2 

2 

unit of flow resistivity, N-s/m 3 
2 wing area, m 

local velocity in w a k e ,  m/s 
mean nozzle exit velocity, m/s 
relative velocity between jet and freestream, V 
mean velocity at flap blowing slot, m/s 

- Vw, m/s j 
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'me as 

'ideal 
o( 

JF 

A 

T T  

B/L 
BPR 
dB 
DOC 

m 
Er'yj 

EPNdB 

UP. 
FOM 

frg. 
L.E. 
L/S 
LSWr 

PiNHE: 

NNTE 

NPR 

wind tunnel, freestream, or airplane velocity, m/s 

airflow, kg/s 
measured airflow, kg/s 
ideal airflow based on measured total pressure, kg/s 

angle of attack between WRP and flight direction, rad; nose up 
is positive 

third-flap deflection angle, rad 

thrust vector (or turning) angle; angle in lift-drag plane through 
which Jet is turned, relative to WRP, as measured statically, rad 

incremental change of parameter 
turning efficiency; ratio of momentum of turned exhaust stream, 
in the lift-drag plane, to nozzle exit momentum, as measured 
statically, $ 

azimuth angle from nose of aircraft, rad 
sweep angle of wing T.E., rad 
elevation angle from source to observer in nozzle exit plane, rad 

Abbreviations 

baseline 
bypass ratio 

decibel, referred to 0.0002 dyne/cm 
direct operating cost, cents/available seat statute mile 

externally blown flap 
enlarged gap between second and third flaps 
effective perceived noise decibel 

exponent 

figure of merit, noise reduction achievable by reoptimization of 
modified reference aircraft, PNdB 

fairing 
leading edge 

lower surface 

Lockheed-Georgia low-speed wind tunnel 
24-lobe mixer nozzle with hard (untreated) ejector shroud 

24-lobe mixer nozzle with treated ejector shroud 
nozzle pressure ratio referred to ambient pressure 

2 
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OAFPL 

OASPL 
OWE 

ma 
m 
PNIM 
PNLT 
FCM 

P.P., PP 
RFG 

m 
SPL 
SSF 

TCF 

T.E., TE 

TSF 

u/s 
U W  
WRP 

overall fluctuating pressure level, dB 
overall sound pressure level, dB 
airplane operating weight empty, kg 
perceived noise decibel 

perceived noise level, PNdB 
maxirmrm perceived noise level, PNdB 

tone-corrected perceived noise level, PNdB 
pulse code modulation 
perforated plate 
reduced gap between second and third flaps 
standard gap between second and third flaps 
sound pressure level, dB 
single-slotted flap 
tone correction factor 
trailing edge 
triple-slotted flap 

upper surface 
unslotted flap 

wing reference plane 

c-3 



Blank P a e  

c-4 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Experimental STOL Transport Research Airplane, Volume I1 - 
Propulsion and Noise, Lockheed-Georgia Company, ~ 2 w O 0 1 1 ,  1972. 

Curle, N.: me Influence of Solid Boundaries Upon Asrodynuaic Sound. 
Proc . Royal SOC. (London), UJl , 1955. 

Hayden, R.E.: Aundamental Aspects of Noise Reduction from Powered- 
uft Devices. SAE 730376, 1973. 

Fink, M.R.: Mechanism of Ekternally B l m  Flap Noise. AIAA 73- 
1029, 1973, 

Ffarrcs Williams, J.E.; and Hall, L.H.: Aerodynamic Sound Generation 
By mrbu len t  Flow i n  the  Vicini ty  of' a Scat ter ing Half Plane. 
J. Fluid Mech. (Great Br i ta in) ,  Vole 40, Par t  4, 1970, pp. 657-670. 

Potter ,  R.C.: An Ezperhent  t o  Examine the  Effect  of Porous Trail- 
ing Edges on the Sound Generated Eky Blades i n  an Airflow. 
Laboratories - Research Staff ,  NASA CR-66565, 1968. 

Wyle 

Searle, N. : 

Results, Volume I1 - Acoustics. Lockheed-Oaorgia Company, 
LG73ER0041 , 1973. 

NASA QueSTOL l/'j-Scale Model Propulslon/Acou6itlcs Test 

Experimental STOL Transport Research Airplane, Volume I1 Appendix - 
Propulsion and Noise. Lockheed-Georgia Company, Ix)72EROOll ,  1972. 

von Glahn, V.; and Goodykoontz, J.: Forward Velocity Effect8 on Jet 
Noise With Dominant In te rna l  Noise Source. NASA TWX 71438, 1973. 

Falarski, M.D.: 
Equipped w i t h  an Externally Blown Jet  Flap Including Reeults a t  
Fbrward Speed. NASA "WX 2749, 1973. 

Acoustic Character is t ics  of a Semispan Ring 

Goodykoontz, J.: 

Propulsion Technology Briefing, held a t  NASA Lswis April 4-5, 1973). 

(Paper presented a t  the Short-Haul Aircraf t  

R-1 



12, Smith, C.C., Jr.: Effect of ng Aapect Ratio and Flap Span on 
Aerodynamic Character is t ics  of an Externally B1 

Madel. 

Jet-nap WOL 
Iangley Working Paper LWP-1068, July 26, 1972. 

13. Ush ,  P.A.: Measurement of Subsonic Jet  Noise and Comparison With 
Theory. J. of Fluid Mech., 5, (3), 1971. 

14. Ahujs, K.K.; and Eushell, K.W.: An Experimental Study of Subsonic 
Jet  Noise and Comparison W i t h  Theory. J. of Sound and Vibration, 

E, (31, 1973. 

15. Tanna, H.K.; and Dean, P.D.: Lockheed-(3eorgia Company. To be 

published i n  J. of Sound and Vibration. 

16. Olsen, W.A.: Outierrez, O.A.; and Dorsch, R.G.r The Effect  of 
Nozzle I n l e t  Shape, U p  Thicknoes and Exi t  Shape and Size on Sub- 
sonic Jet  Noise. NASA TMz[ 68182, 1973. 

17. BBranck, L.L. : Noise and Vibration Control, McGraw-Rill, N.Y. , 
1971, pp. 145-146. 

18. Samanich, N.E.; Heidelberg, L.J.; and Jones, W.L.: Effect  of 
Exhaust Nozzle Configuration on Aerodynamic and Acoustic Perfor- 
mance of an Externally Blown Flap System with Qiet 6:i Bypass 
Ratio Ibgine. NASA TMX 71466, 1973. 

19. Quiet Turbofan STOL Aircraf t  for Short Haul Transportation, Final 
Report (Volume I). 
Georgia Company, NASA CR-114612, 1973. 

Lockheed-California Company and Lockheed- 

20. Fhperimental STOL Transport Research Airplane, Volume I11 Appendix - 
Aircraf t  Performance, S t ab i l i t y  and Control. Lockheed-Georgia 
Company, LG72ER0011 , 1972. 

21. Roe, M.H.; Renaelaer, D.J.; and Quam, R.A., e t  a l :  STOL Tact ical  
Aircraf t  Investigation - E ~ t e r n a l l y  B l m  Flap, Volume I1 - Design 
Compendium. Rockwell Internat ional  Corp., AFFDL-TR-73-20. 1973. 

K-2 


