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SUMMARY 

Model scale jet noise data are presented for a variety of internal 
lobed mixer nozzle configurations for takeoff power settings in a static 
environment. The results are presented for a 17.5 cm diameter fan nozzle to 
show the effect on noise levels caused by changes in geometric shape of the 
internal, or core flow, nozzle. The geometric variables include the lobe 
discharge angle, the number of lobes, spacing between the center plug and 
lobe valley, lobe side wall shape and axial contour of the lobes. An annular 
plug core flow nozzle was also tested and is used as a baseline for compara­
tive purposes. Comparison of data from the internal lobed configurations 
showed that the most dominant effect, in terms of the effect on full scale 
perceived noise levels, was caused by a change in the lobe discharge angle. 
The results showed that increasing the discharge angle caused an increase as 
large as 7 dB in sound pressure levels in the high frequency portion of the 
spectra. Changes in the other geometric variables cause negligible effects. 

INTRODUCTION 

Early studies have shown that a decrease in turbofan engine specific 
fuel consumption at cruise conditions can be obtained by mixing the fan and 
core flows upstream of the nozzle exit (refs. 1 to 3). As a result of this 
benefit, with the promise of increased fuel savings, programs to investigate 
the performance characteristics of different internal mixer nozzle designs 
have been conducted by the Federal Government and private industry (refs. 4 
to 9). The lobed mixer nozzle design (fig. 1) appears to be the most bene­
ficial compared to other mixer designs, in terms of thrust per unit of fuel 
used (refs. 2 to 4). In addition to the improved performance shown by this 
design, jet noise suppression benefits have also been reported (refs. 10 to 
12). The potential for jet noise suppression was the impetus for the experi­
mental work undertaken and reported herein. 

This work is in support of the NASA Energy Efficient Engine (E3) pro­
gram for the development of a fuel efficient high bypass turbofan engine. 
For such a new engine it is desirable to determine in advance whether or not 
it is likely to satisfy current noise regulations. Therefore, model scale 
noise data presented herein were obtained at the Lewis Research Center on a 
variety of lobed internal mixer nozzle configurations to determine the noise 
generating characteristics of these designs. 

In particular, results are presented to show the effect on noise levels 
caused by changes in geometric shape of the internal, or core flow, nozzle. 
The geometric variables include the lobe discharge angle, number of lobes, 
spacing between the center plug and lobe valley, lobe side wall shape (scal­
loped, cut-back, corrugated), and axial contour of the lobes. In addition 
to the lobed configurations, an annular plug core flow nozzle was also tested 
and is used as a baseline for comparative purposes. The same outer nozzle 
(shroud or tailpipe) was used for all configurations. Data acquisition was 



limited to a range of flow conditions to give subsonic exit Mach numbers and 
are presented primarily for a typical takeoff power setting. A performance 
test program was conducted concurrently (not included herein but reported in 
reference 9) directed toward developing an improved mixer design methodology 
using a combined analytical and experimental approach. A limited amount of 
shroud exit plane temperature profile data are presented herein to indicate 
the degree of mixing. 

APPARATUS AND PROCEDURE 

Facility 

A photograph of the flow facility used for the acoustic experiments is 
shown in figure 2. A common unheated laboratory air source supplied flow 
for two parallel flow lines, one line for the inner, or core, nozzle and the 
other for the outer, or fan nozzle. Each flow line had its own air control 
and flow measuring stations. Mufflers in each line attenuated flow control 
valve noise. The air for the inner nozzle was heated by a jet engine combus­
tor and combustion noise was attenuated by a second muffler located down­
stream of the combustor. The air for the outer nozzle was unheated. The 
large flange upstream of the nozzle exit (fig. 2) was covered with foam rub­
ber to minimize reflections. Also, the nozzle shroud show in figure 2 was 
used for the concurrent performance tests and was replaced with a clean 
design for the noise tests. . 

Sideline microphone arrays were used for the noise tests. Microphones 
were placed at a constant 5.0 meters distance from and parallel to the noz­
zle axis (except for the most rearward microphones), as shown in figure 3(a). 
The angles (e) are based on the centerline of the nozzle exit plane. The 
microphones were located at positions corresponding to multiples of 5 degrees 
(except for microphones 9 and 18) based on an assumed jet mixing noise dis­
tribution. The effective jet noise angles are also indicated in figure 3(a). 
Both centerline microphones and ground level microphones were used (fig. 
3(b)). The centerline array consisted of 0.635 cm condenser microphones 
with the protective grids removed to improve the microphones' performance at 
high frequencies. The ground level array consisted of 1.27 cm condenser 
microphones placed at the equivalent acoustic ray locations as the corres­
ponding centerline microphones, 1.0 cm above grade. A detail of the ground 
microphone installation is shown in figure 3(c). The ground plane of the 
test area was composed of asphalt interspersed with patches of concrete. 

Test Nozzles 

A schematic of the annular plug core nozzle configuration is shown in 
figure 4. The shroud, or tailpipe, was common to all configurations and had 
an exit plane diameter of 17.5 cm. The ratio of fan flow area to core flow 
area at the core nozzle exit was estimated to be between 2.58 and 2.86 (the 
smaller ratio was obtained from a comparison of unheated fan and core flow 
rates at the same pressures, and the higher ratio was determined from design 
drawings). The axial distance from the inner nozzle exit to the shroud exit, 
or length of the mixing chamber was about 16.3 cm for all configurations. 

A photograph of a typical mixer nozzle configuration is shown in 
figure 5. Center plugs were contoured to give a constant area distribution 
through the core passage upstream of the core nozzle exit. Downstream of 
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the exit all plug contours were the same. Fan to core area ratios (as deter­
mined from the ratio of flow rates) varied from 2.40 to 3.50. 

The mixer nozzle geometry was varied to investigate differences in 
mixing effectiveness and performance of the nozzles caused by the variations 
of mixer geometry (reported in ref. 9). A summary of the variations to the 
mixer nozzle is shown in figure 6. The variations include the number of 
lobes, axial contour of the lobes, discharge angle, gap height between the 
central plug and valley of the mixer nozzle, and side wall modification. 
The number of lobes (which determines the periphery of the mixer nozzles) 
ranged from 12 to 24 with the majority of the acoustic data obtained from 
the 12 lobe configurations. The axial contour determines the amount of 
turning of the core flow with contour A providing the most turning, contour 
B the least, and contour C an intermediate case. Configurations with the 
large discharge angle with contour B (configurations 6, 6C and 6CS) also had 
an airfoil. shaped lobe contour to determine if internal losses could be 
minimized in this manner. The effect of gap height was compared for two 
nozzles with the same ratio of fan flow area to core flow area (configura­
tions 3 and 5). Details of the lobe design for configurations 3, 5, and 6 
are shown schematically in figure 7 and will be helpful in discussing the 
acoustic results. It should be noted from the figure that configuration 5 
not only has a larger plug gap height, compared to that of configuration 3, 
but also a smaller lobe discharge angle. Sidewall modification included 
scalloping and cutting back (physically removing metal from the mixer walls), 
and corrugating the wall. A photograph of the corrugated wall mixer with 
the shroud removed, is shown in figure 8. 

Procedure 

All tests were conducted with steady-state subsonic flow conditions for 
specified nozzle total pressures and temperatures. Total pressures and tem­
peratures were measured in low velocity regions upstream of the mixing cham­
ber. Noise measurements were made for equal core and fan stream pressures 
with pressure ratios (ratio of total pressure to atmospheric pressure) set 
at a typical takeoff power setting"of 1.6. Fan flow was unheated for all 
tests whereas core flow was heated so that the ratio of core temperature to 
fan temperature was set and maintained at 2.5. A summary of the flow condi­
tions for the acoustic tests of all configurations is given in table I. Fan 
and core stream ideal exhaust velocities (VF and VC) were calculated by 
assuming isentropic expansion using the nozzle pressure ratios. The ideal 
mixed velocity from the shroud exit (VM) was then calculated from the equa­
tion shown in the symbol list. As shown in the table, by-pass ratios (ratio 
of fan flow to core flow) ranged from 3.56 to 5.71 for the configurations 
tested. 

After a steady-state flow condition was attained, an on-line analysis 
of the noise signal from each microphone in succession was made. One-third 
octave band sound pressure level spectra were digitally recorded and subse­
quently processed to give free-field lossless data at the microphone loca­
tion. To convert to free-field (free from ground reflections) the assumption 
of a pure harmonic point source and infinite ground impedance was made and 
ground reflection corrections were calculated for each microphone and fre­
quency (ref. 13). The measured spectral data for each microphone were then 
adjusted for the ground reflection. Atmospheric attenuation of the noise 
signal was added to the spectral data to give lossless spectral data (ref. 
14). A single spectrum for a given angle (from nozzle inlet) was. obtained 
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by combining the two sets obtained from the ground microphones and center­
line microphones. The spectrum from the ground microphones was used over a 
frequency range from 100 to 1000 Hz and the spectrum from the centerline 
microphones was used over a frequency range from 5000 Hz to 80 KHz. The 
data from both microphones were arithmetically averaged over the intermediate 
frequency range from 1250 to 4000 Hz. 

Analysis of the data showed that internal flow noise contaminated the 
high frequency end of the sound pressure level spectra. Additional testing 
disclosed that the internal noise originated in the core nozzle feed line. 
The data presented herein were corrected for internal noise in the following 
manner. Noise levels were measured with the shroud and core nozzle removed 
and flow from the core nozzle feed line only, at a rate comparable to that 
with the nozzle installed. The feed line spectra were then subtracted loga­
rithmically from the mixer nozzle spectra. As a result of this correction, 
the frequency range over which the data are presented is reduced from the 
desired maximum value (80 KHz) since the internal noise levels, in some 
cases, were greater than the mixer nozzle noise levels. 

Configurations 1 (fig. 4) and 3, 5, and 6 (fig. 6) were used to obtain 
total pressure and temperature distributions at the shroud exit for subsonic 
flow conditions as part of the concurrent performance tests reported in re­
ference 9. Pressure and temperature rakes were positioned at the shroud exit 
in a plane coincident with the centerline of the lobe (for the mixer config­
urations) for these measurements. Details of this instrumentation and proce­
dure are given in reference 9. 

AERODYNAMIC RESULTS 

Four nozzle configurations were tested to determine radial variation of 
total pressures and total temperatures at the shroud exit for takeoff power 
settings. The measurements were made during the concurrent performance tests 
and are presented herein to indicate, qualitatively, the losses and degree 
of mixing of the configurations tested and also to explain partially the 
differences in acoustic characteristics of the nozzles. Mixer nozzle per­
formance results, primarily for cruise conditions, are reported in detail in 
reference 9. 

Pressure profiles for two configurations are shown in figure 9 and are 
typical of the results for all nozzles tested for these flow conditions. 
Included in the figure are data for the annular plug core nozzle (configura­
tion 1, fig. 4) and a basic 12 lobe mixer nozzle (configuration 3, fig. 6). 
The ratio of local total pressure to core (or fan) nozzle total pressure is 
plotted as a function of radial position in the figure. The ratio of pres­
sures is close to unity (0.96 to 0.98) near midstream and falls off to as 
low as .92 to .94 near the nozzle centerline and/or shroud wall. 

Total temperature variations for all four nozzle configurations are 
shown in figure 10. The results for nozzles with a nominal by-pass ratio of 
3.8 are shown in figure 10(a). Included are results for the annular plug 
core nozzle and the mixer nozzle with the air foil shaped lobes and large 
discharge angle (configuration 6). The core flow from the annular plug noz­
zle undergoes no change in temperature from the measuring station upstream 
of the core nozzle exit to the exit of the shroud. The mixer nozzle, how­
ever, shows a considerable decrease in core temperature from 717 K to a peak 
temperature of 540 K with the peak displaced radially outward. The shroud 
peak exit velocity for the configuration with the mixer nozzle is, approxi­
mately, 15 percent less than that for the configuration with the annular 
plug nozzle. 
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Results are compared for two different mixer nozzle configurations with 
a by-pass ratio of 5.6 in figure 10(b). The mixer nozzles are essentially 
the same except for the difference in gap height between the center plug and 
lobe valley (see fig. 6). For the larger gapped nozzle (configuration 5) 
the shroud exit temperature near the nozzle centerline is reduced only 
slightly below that of the core nozzle exit temperature. Reducing gap height 
(configuration 3) causes the shroud exit temperature to be reduced consider­
ably below that of the core temperature, with the peak temperature displaced 
radially outward. Peak velocity difference for the two configurations is of 
the order of 13 percent. 

ACOUSTIC RESULTS 

Acoustic data, in terms of sound pressure level spectra at various 
directivity angles, are presented to show the differences caused by varia­
tions to the core nozzle geometry. A comparison of data is made between the 
annular plug and lobed core nozzle configurations followed by a comparison 
for variations to the lobed core nozzle. The variations for the lobed core 
nozzle comparisons are limited to lobe discharge angle and plug gap height. 
Other variations, such as number of lobes and sidewall treatment showed no 
appreciable effect on far field noise characteristics. Lobe contour was 
found to have a minimal effect on the noise characteristics. Finally, a 
comparison is made between the lobed core nozzle noise characteristics with 
that for a conical and coaxial-coplanar nozzle. 

Comparison of Lobed Mixer Nozzle Data With 
Annular Plug Core Nozzle Data 

The annular plug core nozzle configuration (configuration 1, fig. 4) 
incorporates a free mixing process since the fan and core streams are not 
forcibly mixed upstream of the shroud exit. Aerodynamically, this nozzle 
serves as a baseline, or least efficient, mixing configuration. 

A comparison of the acoustic results for a lobed internal mixer nozzle 
(configuration 3) and the annular plug core nozzle is shown in figure 11. 
The data for configuration 3 are also representative of the results that 
were obtained for configurations 3S and 9, shown in figure 6. Therefore, it 
is inferred that sidewall scalloping and number of lobes had no appreciable 
effect on the noise characteristics of internal lobed mixer nozzles. 

Spectral characteristics at three different directivity angles are shown 
in figure 11. At a directivity angle of 46°, figure II(a), the two nozzles 
exhiblt approximately indentical spectral levels and shapes over the 
frequency range shown. At 95°, figure II(b), the sp~ctra for the two config­
urations begin to diverge with the lobed mixer nozzle having smaller low fre­
quency noise levels and larger high frequency levels, with essentially equal 
peak levels. In the rear quadrant at a directivity angle of 139°, figure 
II(c), this trend continues to progress with the lobed mixer nozzle configu­
ration showing considerably smaller low frequency noise levels and lower 
peak level with larger high frequency levels. 

The decreased low frequency noise with the internal lobed mixer nozzle 
is attributed partly to its lower peak nozzle (shroud) exhaust velocity and 
partly to the inverted nature of the velocity profile" (as implied from the 
pressure and temperature profile curves of figure 9 ~nd 10, respectively). 
The increased high frequency noise with the lobed mixer nozzle is believed 
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to be primarily internal noise caused by fan flow across the outer surfaces 
of the lobes, as suggested in reference 15, or by core flow scrubbing the 
interior surface of the shroud nozzle, or by a combination of both. The 
inverted velocity profile characteristics has been shown to increase high 
frequency noise levels (ref. 10) and could also be a contributing factor. 
If the high frequency noise is internally generated it will become a rela­
tively more important contributor to the total noise in a forward flight 
environment. This is a result of the relative attenuating effects of for­
ward flight on jet mixing noise and internal noise. This was pointed out 
and substantiated by experimental data in reference 15. 

Effect of Variation in Lobe Discharge Angle 
for the Lobed Internal Mixer Nozzle 

A comparison of sound pressure levels for two lobed internal mixer noz­
zle configurations with different lobe discharge angles is shown in figure 
12. Data for configurations 3 and 6 are shown in the figure. A direct com­
parison of the difference in geometry of the two internal nozzles is shown 
in figure 7. Increasing the lobe dischage angle increases penetration (dis­
tance from nozzle centerline to outer extremity of the lobe) and generally 
increases the mixing effectiveness (ref. 6). Mixing effectiveness was not 
evaluated for the configurations tested in this program due to the lack of . 
sufficient information. However, the similarity of the temperature profiles 
for configuration 6 (fig. 10(a)) and 3 (fig. 10(b)) implies that these con­
figurations had approximately the same values of mixing effectiveness. The 
deviation from the general trend of increasing mixing effectiveness with 
increase in penetration is possibly a result of flow separation induced by 
the large flow turning angles occurring in the core nozzle of configuration 6 
(ref. 6). 

The data for configuration 6 in figure 12 are representative for the 
results that were obtained for configurations 6CB'and 6CS of figure 6 illus­
trating that sidewall cutback with scalloping has little effect on the noise 
characteristics of internal lobed mixer nozzles. 

As shown in figure 9 and 10 the shroud exit plane pressure and tempera­
ture profiles for the two configurations of figure 12 are approximately the 
same implying that nozzle (shroud) exhaust velocity profiles are approxi­
mately the same (at least in a plane downstream of the lobe centerline). 
Since total flow rate is the same for both configurations (even though by­
pass ratios are different) and noztle exhaust velocities are about the same 
the two configurations are compared on the basis of the same ideal thrust. 

The data in figure 12 indicate that in the foward quadrant at a direc­
tivity angle of 46°, figure 12(a), the sound pressure levels are approxi­
mately the same over the given frequency range. However, in the rear 
quadrant at 95°, figure 12(b), and 139°, figure 12(c) the data begin to di­
verge at about 4000 Hz. At 139°, figure 12(c), the sound pressure levels for 
the large discharge angle configuration are approximately 7 dB greater at a 
frequency of 20 kHz. The increase in high frequency noise is speculated to 
be caused by increased flow inpingement on the inner surface of the shroud 
downstream of the core nozzle exit resulting from the increased lobe dis­
charge angle and increased core mass flow. The increased core flow is an 
unavoidable circumstance since increasing the lobe discharge angle, while 
holding other geometric parameters constant, results in larger core area and 
consequently lower by-pass ratios for a given total flow. 
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The increase in high frequency noise is detrimental to the perceived 
noise levels when scaled to full size. For example, extrapolating the model 
scale data at 139° to full size by a factor of 10 (at a distance of 335 
meters and standard day) increased the perceived noise level for the large 
discharge angle configuration by 4 PNdB over that for the smaller discharge 
angle configuration. In addition, as mentioned previously, if the increased 
high frequency noise is internally generated forward flight would have a 
relatively small attenuating effect on the total noise. 

Effect of Variation in Mixer Nozzle Plug Gap Height 

Acoustic data showing the effect of variation in plug gap height are 
presented in figure 13 for configurations 3 and 5 (figs. 6 and 7). The two 
configurations were designed to have the same fan and core stream flow areas 
at the core nozzle exit plane. As a consequence of this restriction, config­
uration 5 has a small discharge angle (fig. 7) in addition to having a larger 
plug gap height (compared to that of configuration 3). 

A comparison of the total temperature profiles of figure 10 implies 
that the velocity profile of configuration 5 more nearly approximates that 
of the annular plug core nozzle configuration (configuration 1) with the 
peak velocity occurring on the axis of the nozzle, while configuration 3 
exhibits an inverted velocity profile. 

The acoustic data of figure 13 show that at a directivity angle of 46°, 
figure 13(a), the large gap nozzle has slightly larger sound pressure levels 
for frequencies below 1200 Hz. At higher frequencies the two nozzles have 
ab~ut the same values of sound pressure level. At a directivity angle of 
95 , figure 13(b), sound pressure levels for the two nozzles are the same up 
to 2000 Hz, and then the levels for the large gap nozzles become less. 

At 139°, figure 13(c), the large gap nozzle has greater low frequency 
noise levels and smaller high frequency levels. This trend was similar to 
that found for the annular plug core nozzle configuration, when compared to 
configuration 3 (fig. 11). It is assumed that the increased low frequency· 
levels for the large gap configuration is a result of its larger peak nozzle 
(shroud) exhaust velocity and decreased high frequency levels is a result of 
the smaller lobe discharge angle and consequent lessening of internal noise 
generation, along with the elimination of the inverted velocity profile which 
may contribute to the increased levels of configuration 3 at high frequency. 

Comparison of Lobed Mixer Nozzle Data With 
Predicted Conical Nozzle Spectra 

A comparison of sound pressure level spectra at different directivity 
angles for a lobed mixer nozzle (configuration 3) with that predicted for a 
simple conical nozzle is shown in figure 14. The prediction for the conical 
nozzle was calculated by the method outlined in reference 16 and includes 
source position corrections. The comparison was made for the same value of 
ideal thrust for both nozzles. The conical nozzle exhaust velocity and total 
temperature was the same value as the mass-weighted values of the mixer noz­
zle, causing and increase in the area for the conical nozzle of about 35 
percent. Also shown on the abscissa in the figure is a second scale that 
identifies the frequencies and sound pressure level region associated with a 
full-size engine having a nozzle diameter ten times larger than that of the 
models (1.75 m for the mixer nozzle shroud and 2.03 m for the conic nozzle). 
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At a directivity angle of 46°, figure 14(a), the conical nozzle is shown 
to be louder in the low frequency end of the spectrum up to about 2000 Hz. 
Above this frequency the two nozzles have the same values of sound pressure 
level over the limited frequency range shown. At 95°, figure 14(b), the 

. trend is the same except, at this angle, the frequency range over which the 
conical nozzle dominates is extended to about 4000 Hz. Above 4000 Hz, again 
the two nozzles have the same sound pressure levels. Farther back in the 
rear quadrant at 139°, figure 14(c), the conical nozzle still dominates in 
the low frequency end below 2000 Hz. Above 2000 Hz the conical nozzle sound 
pressure levels become progressively lower than those of the lobed mixer 
nozzle. The results at 139° for the conical-mixer comparison are similar 
(except for levels) to those that were observed for the annular plug-mixer 
comparison shown in figure 11(c). These observations give further support 
to the notion that the inverted velocity profile of configuration 3 substan­
tially influences the noise characteristics. 

Perceived noise levels calculated for the case shown in figure 14(c) 
show that the conical nozzle is 3 PNdB quieter than the internal lobed mixer 
nozzle. This was based on a scale factor of 10, distance of 335 meters, and 
for a standard day of 59° F and 70 percent relative humidity. 

Comparison of Lobed Mixer Nozzle Data and 
Coaxial-Coplanar Nozzle Data 

A comparison of internal lobed mixer and coaxial-coplanar noise data is 
shown in figure 15. The coaxial nozzle data were obtained as part of the 
work reported in reference 17. The cycle conditions are given in the accom­
panying table of figure 15 and it should be noted that the cycle conditions 
for this comparison differ from those for other comparisons reported herein. 
The ideal thrust for the mixer nozzle configuration (configuration 3) is 
approximately 9 percent greater than that for the coaxial nozzle so that no 
attempt was made to alter the data for the slightly different cycle condi­
tions. The total area of the coaxial nozzle is only 1.5 percent greater 
than that of the mixer nozzle shroud. 

At directivity angles of 46°, (fig. 15(a)), and 95°, (fig. 15(b)), the 
two nozzles have approximately the same values of sound pressure levels over 
the entire frequency range shown. In the rear quadrant at 139°, figure 
15(c), the coaxial nozzle has larger sound pressure levels for the frequen­
cies below 4000 Hz. Above this frequency the levels and trends for the two 
nozzles are the same. The full scale perceived noise levels (scale factor 
of 10, 335 meters distance, and standard day) calculated from the data of 
figure 15(c) shows that the coaxial nozzle is 4 PNdB louder than the mixer 
nozzle. 

CONCLUDING REMARKS 

The experimental work reported herein indicates that the lobe discharge 
angle of the core nozzle had the greatest effect on far-field noise charac­
teristics for efficient forced mixer nozzle configurations. The effects of 
changes in the lobe discharge angle are most noticeable in the rear quadrant 
near the peak noise location. An increase in high frequency noise was ob­
served, believed to be caused internally by increased scrubbing of the in­
terior surface of the shroud by the core flow, when the discharge angle was 
increased. The increased high frequency content results in increased values 
of perceived noise levels at full scale. In addition, when the noise is 
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generated internally, the total noise reduction would be relatively small in 
forward flight. 

A secondary effect was noticed by increasing the gap between the center 
plug and lobe valley. In this case, however, increased low frequency noise 
and decreased high frequency noise were observed near the peak noise loca­
tion. An examination of the temperature profile at the shroud exit showed 
this configuration to be an inefficient mixing nozzle. 

Changes in other geometric variables such as number of lobes, lobe side 
wall shape (scalloped, cut-back, corrugated), and axial contour of the lobes 
caused negligible effects on the noise characteristics. 

A comparison of the mixer nozzle spectral data with the spectrum pre­
dicted for a conical ,nozzle showed that, near the peak noise location, the 
mixer nozzle had smaller values of low frequency sound pressure levels and 
larger values of high frequency levels. The increased high frequency noise 
content of the mixer nozzle resulted in a 3 PNdB increase in full scale per­
ceived noise levels for the case considered. 

A comparison was also made between mixer nozzle data and coaxial nozzle 
data at about the same values of ideal thrust. Near the peak noise location 
the mixer nozzle had smaller values of low frequency sound pressure levels 
whereas in the high frequency end of the spectrum the levels for the two noz­
zles were the same. Full scale perceived noise level for the coaxial nozzle 
was 4 PNdB greater than that for the mixer nozzle. 
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A,B,C, 
CB 

CS 

O~on 
~RC 
R F 
SO 

TC 
TF 
Vc 
VF 

VM 
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APPENDIX - SYMBOLS 
(All dimmensions in SI units) 

lobe contour defined in figure 6 
designates that sidewall of internal lobed mixer nozzle is cutback 

(see fig. 6) . 
designates that sidewall of mixer nozzle is cutback and scalloped 

(see fig. 6) 
diameter of simple conical nozzle 
ratio of core stream total pressure to ambient pressure 
ratio of fan stream total pressure to ambient pressure 
distance from center of nozzle exit plane to microphone location 
designates that sidewall of intrnal lobed mixer nozzle is scalloped 

(see fig. 6) 
core stream total temperature 
fan stream total temperature 
core stream ideal velocity calculated by assuming isentropic 

expansion from core stream pressure to ambient pressure 
fan stream ideal velocity calculated by assuming isentropic 

expansion from fan stream pressure to ambient pressure 
ideal mass weighted mixed velocity defined as WFVF+WCVC 

core stream weight flow 
fan stream weight flow 

WF+WC 

distance upstream of nozzle exit plane measured parallel to nozzle 
axis at microphone sideline locations 

directivity angle defined as angle from nozzle inlet 
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w 

Confi gurat i on Pressure 
ratio, 

PRF 

1 1.60 

3 1.60 

5 1.60 

6 1.60 

8 1.60 

9 1.59 

10 1.60 
'--------------

+ VM = WFVF+WC'IC 
WF+WC 

Fan stream 

Total 
temperature, 

TF oK 

288 

297 

296 

286 

289 

290 

288 

TABLE I. - NOZZLE FLOW CONDITIONS FOR ACOUSTIC TESTS. 

Core stream Ideal nozzle exhaust By-pass +ldeal mixed 
velocity. m/sec ratio, velocity 

WF/wc '1M. m/sec 

Flow Pressure Total Flow Fan Core 
rate, wF. ratio, temperature, rate, wc, stream, YF. stream, 'I c, 
kg/sec PRC TC oK kg/sec m/sec m/sec 

5.71 1.60 720 1.43 270 428 3.99 3lJ2 • 

6.00 1.60 743 1.05 274 435 5.71 298 

5.93 1.60 737 1.13 274 433 5.25 299 

5.48 1.60 717 1.54 269 427 3.56 304 

5.93 1.60 728 1.24 271 430 4.78 296 

5.98 1.59 726 1.13 269 427 5.29 294 

5.69 1.60 720 1.41 270 428 4.03 301 
'--------- ,---



Figure 1. - Schematic of internal lobed mixer nozzle design. 

Figure 2. - I nternal mixer nozzle test faci lily, 



Microphone B, Rd' Y, Effective 
number deg m m jet noise 

angle 
1-10 46 6.93 4.84 45 
2-11 68 5.39 2.02 65 
3-12 95 5.02 -.44 90 
4-13 115 5.51 -2.33 no 
5-14 129 6.48 -4.04 125 
6-15 139 7.60 -5.75 135 
7-16 148 9.39 -7.96 145 
8-17 151 9.39 -8.21 150 
9-18 154 9.39 -8.43 153 

A--, 
_-__ Nozzle axis 

r Ground microphone 

5·1~O'3. " i ""',,,, " , I 9 
~1~0~ __ ~1~1 ____ ~1~2 __ ~~!~1~4 __ ~lr5~1~6~17~8 

/ 4/ 5 6 7 
Microphon«;/ LCenterline microphone 
number.../ locations 

18 

(a) Plan view. 

Figure 3. - Microphone layout. 

, 
~~.L Nozzle 

,0.635<1:. M~icrOPhone 

a---- l-, r 5.0 m centerline 

L7m /' 
\ 0.32 cm Th ick ,.. Centerline of 1. 27 cm 

\ ••• , PI"~ .k"."''' 
,rI. 27 cm Grou nd 

" microphone , 
, , 
'\.. Grade (asphalt 

and concrete) 
(b) Elevation view A-A 

\ I 

\=-tijf- em- Toward nozzle 
_ \, . exit 

'-Grade 

(el Ground microphone installation detail. 

Figure 3. - Concluded. 



rShroud common to all configurations 
\ 
\ 
\ 

T 
17. 5cm diameter 

Figure 4. - Schematic of reference annular plug core nozzle config­
uration. Configuration number 1. 

Figure 5. - Typical internal lobed mixer nozzle. (Configuration 3). 



Nozzle <t -'\ , 
--'--

Number of lobes, special Contour Contour 
features B C Integers denote 

12 3, 3S 4, 4S configuration 
12. Increased plug gap height 5, 5S number 

12, larger discharge angle, 6, 6CB, 6CS CB-cutback 
airfoil shaped lobe S-scalloped 

12. Corrugated side wall 7 
CS-cutback and 

scalloped 
15 8 

16 9 
24 10 

Figure 6. - Summary of lobed internal mixer nozzle configurations. 

r Shroud 
I 

r---------------------__I 

/-Center plug 
,/ 

----- /----------
/ 

Nozzle axis ... '/ 

Figure 7. - Detail of lobe deSign for three mixer nozzle configurations. Twelve lobes, contour B. 



Figure 8. - corrugated wall mixer nozzle. (Configuration 7). 

1.0 

Core 
nozzle 

configu ration 
I-Annular plug 
3-Basic mixer 

, ___ -Nozzle centerline 

Core stream 
temperature, 

K 

720 
743 

000 0'2l 

Fan stream 
temperature, 

K 

288 
297 

r Sh roud exit 
\ radius 

Figure 9. - Variation of total pressure across shroud 
exit plane. PRF = PRC = 1. 6. 
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configu ration temperature, te mperatu re, 

K K 

0 I-Annular plug 720 28B 
<> 6-Large lobe discharge angle 717 285 
0 3-Basic mixer 743 ~7 

BOO ' 
!::. 5-Large core gap 737 ~5 
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Radial position, cm 
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(Il) Nominal by-pass ratio" 5.6. 

Figure 10. - Total temperature profies at shroud exit Measurements 
for lobed mixer nozzles made downstream of lobe centerline. 
PRF" PRC "1.6. 
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Figure 11. - Comparison of spectral data for annular 
plug core nozzle and lobed Internal mixer core 
nozzle. NOlzle pressure ratio, 1. 6. Nominal tem­
peratures,. TC " 7"5Z K. TF • 243 K~ 



N 

~ 
~ 
!<3 
~ 

ai 
'C 

~ 
.!!! 
OJ ... 
::1 

'" '" ~ 
c. 
'C 

'" ::1 
0 
VI 

o Large discharge angle, configuration 6 
o Small discharge angle, configuration 3 

90 t- . 0 ~B 
B€lo~90~ ~8° 

80 t- 9ijij 0 
9@ij9 

70 ' (a) 

lOOt 0 ij~Bee8Bgoo 00 
90 eoij 0 

. ij~€l 
@ 

80 C 

70 I (b) 

100 r- 00 
ij~~Q 0B8 000 8ee8~ ~~eO ODD 0 

90 reB DO 

Figure 12. - Effect of variation in lobe discharge angle on 
sound pressure level spectra for the lobed internal mixer 
nozzle. Nominal pressure ratio" 1. 6. Nominal tempera­
tureSTC-732K. TF"293K. 
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Figure 13. - Effect of variation in plug gap height on 
sound pressure level spectra for the lobed internal 
mixer nozzle. Nominal pressure ratio 1.6. Nom­
inal temperatures TC "732 K. TF " 293 K. 
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Figure 14. - Comparison of sound pressure level 
spectra for a lobed internal mixer nozzle and pre­
dicted spectra for a conical nozzle. Both nozzles 
operating at the same value of ideal thrust. 
PR"I.6, Vm"298m/sec, Tm"363K, Dcon" 
20.3 em (model size). 
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Pressure Temperature, Flow rate, Velocity, 
ratio, Te- wc' Vc, 
PRc K kglsec m/sec 
1.36 594 1.33 320 
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Fan stream 

Pressure Temperature, Flow rate, Velocity, Mixed 
ratio, Te. wf' Vh, Velocity, 
PRF K kg sec m sec Vm, 
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Figure 15. - Comparison of sound pressure level 
spectra for a lobed internal mixer nozzle and a 
coaxial nozzle at approximately the same value 
of ideal thrust. For coaxial nozzle, inner noz­
zle diameter" 10.0 cm, outer nozzle diameter 
" 17.6 cm, 'area ratio" 1.9 
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