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SUMMARY

A one-sixth scale model test program was conducted in the Boeing-Wichita Acoustic Arena with the purpose
of improving the previously developed Coanda exhaus! Suppressor system by reducing the size and cost
without reducing noise suppression capability. This improved exhaust Suppressor system would then be
placed behind a test stand enciosure to form a complete demountable test cell system. The reduction in size
of the exhaus! suppressor system was accomplished by: (1) moving the secondary air inlets from the side 10
above the ejector/Coanda which greatly reduced the width and  (2) by reducing the Coanda surface length
from a 90° turn to 65° which shortens the Coanda height and allows a shorter stack weight while maintaining
the required length of acousticaily treated exhaust stack.

Flow dynamics and acoustic testing were accomplished with several exhaust muffier (stack) configurations
Including short versions with single and dual acoustic splitters and acoustic wedges at the back wall and a tall
stack without splitters or wedges. These tests were run using a nozzie flow that reproduced (as near as
possible) the afterburning flow conditions (Tjet = 3170°F, Pt/Pa = 1.943) for the TF30-PW-412A engine. The
model nozzie diameter was one-sixth that of the full scale engine nozzie throat at full afterbuming.

The resuits of these tests indicated that the exhaust stack configurations with acoustic baffies (spiitters) in the
flow shouid not be used in production with the current Coanda configuration. This was concluded because of
local hot areas on these splitters with measured temperatures as high as 1370°F. The dual wedge
configuration did not demonstrate any such temperature problem; however, the improvement in acoustic
attenuation was not significant enough to allow a reduction in stack height to the 30-foot full scale height
simulated. It is possible that configurations with acoustic splitters could be used if the mixing in the ejectors
and Coanda turning were increased 10 lower the temperature of flow into the stack. It may be possible to do
this with the development of a wider ejector' Coanda system.

The recommended configuration from the results of these tests was a 40-100t stack height with no splitters or
wedges in the stack. the 65-degree Coanda surface and three-ejector transition with an enclosure that places
the secondary air intakes above the Coanda/ejector set.
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The development of the Navy Coanda exhaust suppressor system began in 1971 with the awarding of a
feasibility study contract to Boeing-Wichita. Existing ground range suppressors for military afterbumning
engines were water-cooled units pumping up 1o 800 galions of water per minute into the exhaust plume 1o cool
the 3000°F exhaust gases and reduce the flow velocity. This resulted in excessive maintenance problems due
10 corrosion and a dirty, sooty exhaust and compounded operational and system complexity with controls,
plumbing, pumps, etc. The Navy recognized the life cycle cost advantages of an air-cooled system and that
the Coanda effect may be the key to development of an operationally successful afterburning jet deflector
since it requires no components of the suppressor in the exhaust flow.

The success of the original feasibility study resuited in follow-on development work by Boeing-Wichita for the
Navy, culminating in a full-scale Coanda exhaust suppressor demonstration unit that was successfully
demonstrated in late 1975.

Since that successful full-scale demonstration of a demountable suppressor, the Navy has awarded
Boeing-Wichita a contract to develop specific adaptations of the Coanda suppressor for improved
demountable configurations, retrofit of existing class “C" test cells and "hush-house” (aircraft enciosed) type
ground runup suppressors. This document reports the results of the analysis and tests performed 10 improve
the demountable test cell configuration by reducing size and cost.
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L. INTRODUCTION

In 1971 Boeing-Wichita was awarded a competitive Navy contract (NO0156-72-C-1053) to study the
feasibility of utilizing the Coanda effect as an afterburning jet exhaust deflector in an air-cooled ground runup
noise suppressor. Most U.S. military ground runup suppressors existing at that time were water-cooled,
utilizing up to 800 gallons of water per minute to cool the higher than 3000°F afterburning exhaust plume. This
resuited in corrosion problems, a dirty, sooty exhaust and compounded operational and system complexity
with controls, plumbing, pumps, diffusers and water supply. Military suppressor users preferred an air-cooled
system but none had been developed that were operationally successful.

The 1971 Navy contract was the first of four Navy Coanda noise suppressor contracts awarded to
Boeing-Wichita. The analysis and model tests accomplished under that contract (reported in Reference (a))
proved the feasibility of using the Coanda effect for jet deflection and illustrated the advantageous noise
directivity change due to refraction. The second contract (NO01568-73-C-1794 awarded in 1973) made use of
scale model testing to develop a configuration suitable for full-scale demonstration. The results of that
contract were reported in Reference (b). In 1974 the third Navy contract (NO0158-74-C-1710) was awarded
under which a full-scale Coanda suppressor demonstration unit was built and successfully demonstrated.
The tuil-scale test program was reported in Referance (c). Additional model scale testing included in that
program was reported in Reference (d)

" The fourth Navy contract, under which the work described in this report was accomplished, was awarded in
1976. This contract (N0O140-76-C-1229) had the following multipie task objectives:

o csine

e Jet Engine Demountable Test Cell Phase -~ Improve the demountable test cell configuration by
increasing exhaust muffier noise suppression to allow a reduction in exhaust system size and cost.

e Jet Engine Class "C" Test Cell Exhaust System Phase - Develop a configuration for retrofit of
exsting “‘C” test cells to the Coanda air-cooled axhaus! Suppressor system.

° Aircraft “Hush-House  Exhaust System Phase - Develop a means of adapting the Coanda
ar-cooled exhaust suppressor system 1o a “hush-house” application.

; e  Coanda Exhaust Suppressor System Design Handbook - Develop the necessary procedures
. and parametric data necessary 10 provide a comprehensive outline of the method used 1o make a
“first cut” design of a Coanda exhaust suppressor system with a given set of exhaust conditions. i

Each of these tasks is reported in separate final reports. The task results reported in this document are for the |
Jet Engine Demountable Test Cell Phase. :

Reterances

a Ballardg'R E. Brees. D. W, and Sawdy, D. T.. "Feasiility and Initial Model Studies of a
Coanda/Refraction Type Noise Suppressor System,” The Boeing Company, Wichita, Kansas,
Document D3-9068, January 1973.

b.  Ballard, R E., and Armstrong, D. L.. "Configuration Scale Mode! Studies of a Coanda/Refraction
Type Noise Suppressor System,” The Boeing Company, Wichita, Kansas, Document D3-98258,
October 1973.

¢c. “Test Cell Experimental Program Coanda/Refraction Noise Suppression Concept - Advanced )
Deveiopment.” Final Technical Report for Navy Contract NOO156-74-C-1710, Navy Document -
Number NAEC-GSED-97. The Boeing Company, Wichita, Kansas, March 1976,

d. “Aircraft System One-Sixth Scale Model Studies, Coanda/Refraction Noise Suppression
Concept - Advanced Development,” Final Technical Report for Scale Model Portion of Navy
Contract NOO156-74-C-1710. Navy Document Number NAEC-GSED-98, The Boeing Company,
Wichita, Kansas, March 1976,
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The pnmary objective of this task was to “streamiine’ the operational configuration of the existing full-scale
demonstration unit by reducing the overall suppressor size while maintaining or improving its noise
suppression capabilities. This was to be accomplished with analytic studies and one-sixth scale model tests.
The principal configuration changes attempted were:

*  Reduction of Coanda surface tuming angle from 90° 1o 65° thus allowing a shorter stack height.
*  Reduction of the Coanda enclosure size.

¢ Movement of the secondary air inlets from the sides to the top of the enciosure. This allows a large
reduction in SupPPressor width,

Several exhaust muffier configurations such as single and dual acoustic splitters and acoustic
wedges at the back wall of the enclosure.

This work will finalize the recommended design for a production version of the recently developed Coanda
axhaust suppressor system for demountable test cell application.
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i. TEST EQUIPMENT AND PROCEDURES

A. Test Equipment. The following paragraphs describe the test facility, the data acquisition equipment
and the test model, including the instrumentation used.

1. TEST FACILITY. The model testing was accomplished in the Boeing-Wichita Acoustic Arena
factlity shown on Figure 1. The Arena wall is 16 feet high, inclined at an angle of 30 degrees 10 the vertical and
i 100 feet in diameter at the base. The burner (hot gas generalor) is a two-stage configuration. The first stage
iS @ J47 jet engine burmer can and spray nozzies, capable of reaching gas temperatures of 1500°F at the
15-pound per second maximum aifiow rate. The second. or afterburning stage, consists of a central fuel
spray nozzie and eight radial spray bars and a flame hoider. This stage is water jacketed and can boost the jet
exhaust temperature 10 3300°F The primary airflow source has 300 psia line pressure. A secondary airflow
source is available with a 80 psia line pressure with a maximum flow rate of 40 pounds per second of cold air to
simulate fan flows. The burner control instrumentation, fuel and airflow controls are housed in a small building
next 1o the Arena with a window for visual observation of the model. These controls and instrumentation are
shown on Figure 2.

2. DATA ACQUISITION EQUIPMENT

a. The data acquisition instrumentation, computer and printer are housed at a remote site and
are shown on Figure 3. A pictonal block diagram of the Acoustic Arena data acquisition system is shown on
Figure 4.

b. The Arena data acquisition system is built around the Vanan 620/L Mini-Computer, which is a
general purpose digital computer. The central processing unit of the computer has a 12K memory system.
The input/output system provides the interface between the computer electronic system and the
slectro-mechanical devices that input data 1o the computer or output the computed resuits. The Beehive CRT
(cathode ray tube) terminal enables control of the computer and the printer lists the data. The Tr-Data model
4038 provides program loading or storage of data on magnetic tape. The muttiplexer aliows each channe! to
be sampled sequentially or randomly, as required. The A/D converter converts the analog signal 10 a digital
voltage level. A pressure scanner vaive allows all the total pressures 10 be measured by the same + 5.0 psid
transducer. Ambient pressure was measured by a 15 psia transducer. A second pressure scanner valve and
a + 2.5 psid transducer were used 10 Measure static pressures. Statham pressure transducers were used.

¢. Temperature measurements were taken through four temperature scanners. Thermocouples
were lron-Constantan and Cromel-Alumel. Pace and Research Incorporated reference junctions were used.

d. For both temperatures and pressures, signal processing was accomplished by useof aBA F
Instruments, Inc. signal conditioner and a Dynamics amplifier. The conditioned signal was connected 10 a
monitor panel which permitted manual monitoring capability as well as cakbration monitoring.
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e. The fuel flow was measured by a 1 gpm turbine-type flow transducer in the primary fuel line
and a 5 gpm turbine-type flow transducer in the afterburner fuel ine. The signal was conditioned by a Cox
signal conditioner and the signal sent 1o the monitor panel. The flow rates were aiso displayed on digital
voitmeters in the test control room. The monitor panel inputs were paralieled 10 the multiplexer input panel
where further monitoring was possible. The signais then went into the multiplexer for processing.

f. The acoustic instrumentation system begins with the Bruel & Kjaer Models 4135 and 4136
microphone buttons. These are coupled 10 General Radio Model 560-P42 preamplifiers. A microphone
scanner selects the proper channel for input 10 the autogain ampiifier for signal processing. The General
Radio Model 1925 Real-time Analyzer integrates the signal over an eight-second time interval and the
computer interfaces the signal 10 the computer input. The far fleld acoustic microphones are flush mounted in
disks, as shown on Figure 5, to obtain ground plane data that are free of reflective interference. Two computer
programs were used for data acquisition. One program was used for performance data and the other for
acoustic data, when recorded.

@ The acoustics program allows manual selection of the microphone data 10 be recorded. When
the data from sach microphone are analyzed, the computer signails the microphone scanner 10 advance one
position. Data are taken sequentially The analyzed acoustic data are printed in tabular form and piots of SPL
versus frequency in one-third octave bands. Compilations of OASPL and PNL converted 1o full-scale
equivalent distances are also provided. Examples of the acoustic data output format are illustrated on Figures
"Sand 7

h. The performance program provided automatic data acquisition. Once the program was
started, all parameters were sampled and the scanners automatically controlled by the computer. The raw
performance data, in the form of digital voltages, were converted 10 engineernng units and calculation
performed in the CPU. The data were then listed in tabulated form. Typical sample performance data output
formats are illustrated on Figures 8 and 9.

3. MODEL DESCRIPTION

a. The Coanda demountable test cell has two enclosure sections: the test stand enclosure,
including the primary air intake, and the ejector/ Coanda enclosure, including the secondary air intake and
exhaust muffier (stack). Only the latter enciosure was simulated in these model tests. A cutaway drawing of
the compiete test cell as it is currently visualized is shown on Figure 10

b. The ejector/Coanda enciosure was fabncated in two sections. The forward section, which
includes the secondary air intake, was fabncated of wood and simulates the internal lines of the enclosure and
the secondary air intake. The aft section of the ejector/ Coanda enclosure which includes the exhaust muffier
(stack) was fabricated of sheet steel and simulates the enclosure and stack internal ines. Both sections are
shown on Figures 11 and 12 with a short stack configuration.

c. The secondary air intake baffles were fabncated with wooden frames, an impervious septum
in the center and 50 percent open area perforated steel plate face sheets on each side. The acoustic backing
material was one inch thick Johns-Manville Glas-Mat 1200 fiberglass. The baffle leading edges are rounded
10 produce inlet bellmouths. The secondary air intake consists of 17 flow passages that simulate full-scale
dimensions of 4 875 inches by 14 feet (96 69 12) The baffles are 24 inches long which simulates 12 feet at full
scale. An acoustically treated secondary air intake cover was provided with an opening facing forward for the
purpose of isolating the noise emitting from this inlet from the far field microphone measurements. It also
shieids the microphone placed above the inlet (to measure the attenuation provided by the intake baffles)
from noise emitting from the exhaust stack. Figure 13 shows the intake cover installed on the model.

d. Several exhaust stack configurations were tested. as shown on Figures 14 through 20. For
each configuration. the sidewalls of the lower aft enclosure, as well as all inner surfaces of the exhaust stack,
are acoustically treated with Johns-Manville Glas-Mat 1200 fiberglass backing and 50 percent open area
perforated face sheet.




AVHHY INOHJOHOIN DULSNOJY 01314 HY4 S 3HNOLY

NAEC-92-112




L
12

UATE 19 LT 7¢
TINE 17 &7
oMU o 3
WX 98 e
LR S
e W LRSEC
e e

ar e

s W 23
TR 4 2
MECWY) 18

MOZDLE Pesowd TERS
T LG
WrORISEC

OR S vE ek
- e e

FIaR 14

Lw SAME vy (oM (MmO THRE CRLL
PR SHORT STmr & (s MEDGE N0 COVER
N N0 S

S
FINCPSIA

1

PROPSIAG 14 1e
w

oG

. 53
na

AT 0 Y e
TinE 37 o
GRiINDe 11 @

(O W 3
L RN R T

B ™e

(S 11
L RS T SN

101

FCOUSTIC MERSUREMENT Prsiew 1o e

a’e

Ce w0

TRODEGF > 44 o

L R

NULDLE Preows TR
FEE THE CDRGF »

L LT B T

SENS (DRVLTY 1ML 2

in

e SEALE WY COME DRMOUNMTMLE CELL
FERF SMORT STrs & (Ase MELUR “MO CuvaN
UM NG %

PPN 14 ae

MDA aSe

PIMAPS N

L o

LUOCHT IuN 105

n so
- e o iie @ im0

SPLOIN D R eey M
L

i

2 o¢~oo¢ao~vo.

-0 MU L

§ .
i

i

! ‘onh‘.Q.ncc.‘noannxnonaann

Sasggiaraeaassaseesanencnss !g

RLITRT T

L L LR LR

sRaeegggesd

reseRgREags

bbb B

dﬂl‘ﬂ'ﬂ‘.

FIGURE 6: EXAMPLE OF INDIVIDUAL MICROPHONE ACOUSTIC FIGURE 7: EXAMPLE OF ACOUSTIC SUMMARY DATA




NAEC-92-112

83 o
TR JECLEEEETLLHLFEEE :
5:9; g; . ;§ ° g
f:g% = ;.;; '8
- x MBSOV TBRVUTYSANEN DN
5. B ) S -*gs::ggz::::::ga::t 5
" - :
4 § f §=
!"i ﬂ g..ﬂnnunnunnunnnuunn g
g 3 2= _-§=========a======= g3
ig" !.a § ¥ : “g
foasd ol ¢ ; :
ed T ~ ~ ~ ~
DK BRUTRT ORI :
i : g g : *‘g
2
s L. et :
3$g:§ ;3 :2¥¥!g¥523153!§ 'auaandauaauaaaaang .
H I 3 ¢
g;,§§ Ef  4s33885882232% ¥ s3SIBEsEPRInTINNND g
fg R L L R R R ] DANDEOARAMBIIAANAARAANNNNOANAAANANNS
agad §§;g:::::::::::::::::z.::~§;55=:s:::::ss::::::
w' ¥ .1 ;g gg 2:::: ag;* R
SRR T
28« h §3¥3a1223828830828500050000 T TN
"""'"""'00"""""" New """"

dddddddddddddddddddddddddddddd dd ‘ﬂ .-

o HinpEER I e R

:
- ~ 5: - é
if ;' e
253 k =
!?955 6§ g
53 B‘ ﬂgd s’ﬂv‘ﬁk'f\ﬂﬂﬂﬂ.ﬁﬁkﬂﬂkk.ﬂ"..ON‘..NGN.Q".N...::N. .'5
S S3i MMESEnRRRCETISIYSTENERNETRROCLERINANAACEINE 8
§3132 33883882333
O+ 55
i *3 :‘ 2E300 28RS TYEIIIRTILSROILIIIRRRINASINSILINNLLLT
3335, i. PfanuddsgagaddssannunnNagssssaddsnssssssssssssss S
R L IO I PN e §
AL PR EREERRR TR HTTHEH L L EEEEE




(AVMYLND) T13D 1S31 FVEVINNONIQ VONYOD 01 IHNDI




NAEC-92-112

"tT

COANDA ENCLOSURE MODEL INSTALLED ON SUPPORT FLOOR

FIGURE 11:
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FIGURE 15: SINGLE SPLITTER EXHAUST STACK MODEL
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FIGURE 17: DUAL SPLITTER EXHAUST STACK MODEL
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FIGURE 18:

TYPICAL EXHAUST STACK SPLITTER CONSTRUCTON
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FIGURE 19: SCHEMATIC OF ACOUSTIC WEDGE EXHAUST STACK CONFIGURATION

FIGURE 20: ACOUSTIC WEDGE EXMAUST STACK MODEL
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o. The single spiitter exhaust stack configuration (Figures 14 and 15) has a single spiitter
attached 10 the forward and aft stack walls and centered on the Coanda flow. The spiitter is equivalent to 36
inches thick (full scale) with a center impervious septum, Johns-Manville Glas-Mat 1200 backing matenal and
50 percent open area perforated plate face sheet. A sioping back wall that reaches 10 the floor has similar
acoustic treatment that is equivalent 10 24 inches thick (full scale). An exhaus! stack extension that is
aquivalent 10 24 feet (full scale) was provided that is acoustically treated and has the same cross sectional
dimensions as the lower stack outer walls. This stack height provides a configuration with the same L/H ratio
(1/2 x acoustically treated area/flow area) as a stack with a total height of 40 feet and an internal width
aimension equal to 80 inches (fuil scale). This is the same flow passage width as the configuration with the
splitter when the spiitter width is exciuded. Both the sort stack outer walls and the stack extension are
provided with the capability of varying the backing depth between 2 75 inches and 4 13 inches (model scale).
All configurations are provided with the capability of hard wall covering the acoustic treatment.

. The dual spiitter configuration (Figures 16 and 17) is similar 10 the single splitter except that
two spiitters. each equivalent 1o 18 inches (full scale) thick, are placed in the short exhaust stack. The same
Acoustic treatment as was used for the single spiitter is used, only half as thick. The stack walis are left the
same as with the single splifter.

g Figure 18 illustrates the typical construction of the exhaust stack splitter with the perforated
face sheet and acoustic backing material removed.

h. The acoustic wedges up the back wall of the enclos.re and stack, shown on Figures 19 and
20, have the effect of producing a large L'H ratio while removing the splitter from the hottest and highest
velocity flow These two wedges are equivalent 10 eight feet deep (full scale) and each has a base width that is
haif the width of the back wall. The face sheet is 50 percent open area perforated plate and the backing
matenal is Johns-Manville Glas-Mat 1200 The remainder of the stack and enciosure walls is left the same as
N Previous tests.

L. A dimensional schematic of the ejector set and Coanda surface used inside the enclosures
described above is shown on Figure 21 The ejector set is fabricated of 0890-inch thick stainless steel and the
Coanda of 25-nch thick mild steel. A support structure and ground plane are provided for the ejectors,
Coanda and acoustic enciosures. The ground plane simulates a 60-inch (full scale) distance below the engine
centertine. Figure 22 shows the sjector set installed on the ground plane and support structure, and Figure 23
shows the addition of the Coanda surface and an acoustic burner cover. The purpose of the burner cover was
10 isolate any burner nose generated from the microphone locations since only the exhaust NOISe was 10 be
measured. Figure 24 shows the intenor of the burner cover and Figure 25 shows the exhaust nozzle, ejector
and burmer cover end plate nterface. The bumer cover end plate was used only when no ejector/ Coanda
encliosure was present. The forward wall of the ejector/ Coanda enclosure became the divider between the
bumer cover and enclosure whenever an enciosure was being lested (see Figure 11).

. Buriap bags filled with sand were used around the entire lower enciosure, as shown on Figures
26 and 27, 10 solate the wall transmitted noise. This was necessary since it is very dificull 10 simulate
full-scale wall transmission characteristics n model scale, and previous full-scale testing has shown
adequate wall transmission 108s capabiiity
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. 5.42
2nd Ejector 3rd Ejector
AR. = 1.66 (49.8 In? Exit Area) AR. = 1.87 (56.0 In2 Exit Area)
Mat'! - 090 CRES Mat'! - 090 CRES

FIGURE 21. DIMENSIONAL DRAWINGS OF SCALE MODEL COANDA SURFACE AND EJECTORS
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FIGURE 23: COANDA AND EJECTOR SET INSTALLED ON GROUND PLANE AND SUPPORT
STRUCTURE WITH BURNER ACOUSTIC COVER
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FIGURE 24:

FIGURE 25: RELATIONSHIP OF NOZZLE, EJECTORS AND END PLATE OF BURNER ACOUSTIC

COVER
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VIEW SHOWING INTERIOR OF BURNER ACOUSTIC COVER
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FIGURE 26: MODEL WITH SHORT EXHAUST STACK, WALL TRANSMISSION ISOLATION
(SANDBAGS), AND BURNER ACOUSTIC COVER
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FIGURE 27: MODEL WITH TALL EXHAUST STACK, WALL TRANSMISSION ISOLATION
(SANDBAGS), BURNER ACOUSTIC COVER AND SECONDARY AIR INLET

ACOQUSTIC COVER
23
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4. INSTRUMENTATION

a. Figure 28 shows the relationship of the exhaust nozzle 10 the ejectors and Coanda surface.
The location of the ejector and Coanda surface pressure and temperature instrumentation is also shown.
Each of the three ejectors has four static pressure ports and four outside surface temperature thermocouples.
The Coanda surface has eight each of static pressure ports and outside surface temperature thermocouples
at approximately 10-degree intervais on the centeriine starting at the entrance to the Coanda.

b. The exhaust flow characteristics above the center of the Coanda surface were measured by
an exit rake (shown on Figure 29) which has 14 each of total pressure probes and total temperature probes.
The probe positions are incremented based on a logarithmic scale with the smallest increment nearest the
forward wall of the Coanda. This was required to0 measure the most number of points where the velocity
gracient was largest. Figure 30 shows the exit rake installed at the exhaus! stack exit indicating how exhaust
flow characterstics were measured with the enclosure around the Coanda surface.

c. Figures 31, 32 and 33 show the location of the thermocouples added 10 the enclosure and
exhaust stack for the single spiitter, dual splitter and acoustic wedge configuration, respectively. These
thermocouples were 10 measure the surface temperatures attained by the enclosure and exhaust stack inner
walls.

d. Four static pressure probes were located in the enclosure intenor with two centrally located
below the inlet (one on each sidewall) and two centrally located below the exhaust stack (one on each
sidewall). The probes were positioned 10 inches above ground. These probes determined the cell depression
n the inlet and exhaust areas of the Coanda enclosure system.

e. The enclosure inlet(s) was instrumented 10 determine the secondary flow entrainment. Each
channel in the inlet had a static pressure port at the centeriine approximately 0.75 channel widths downstream
from the start of the constant area section after the belimouth. These static pressure pickups were placed on a
movable inlet rake as shown on Figure 34

. The acoustic instrumentation inciuded 12 far field and 3 near fieid microphones. The far field
positions were at 15-degree intervais between 15 degrees and 180 degrees from the nozzie exit plané at a
radial distance of 250/6 = 41 67 feet. The far field microphone array was shown in the photo on Figure 5. The
near field positions included two extenor and one intenor 10 the enclosure as shown on Figures 31, 32 and 33
in the photos on Figures 35 and 36. Acoustic data recorded was 24 one-third octave bands between 315 Hz
and 65 KHz (model scale) which was converted by the computer 10 full-scale equivalents between 50 Mz and
10 KMz

g. Table 1 is a list of the instrumentation used and the accuracy requirement placed on that
nstrumentation.

24
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FIGURE 29: COANDA EXIT Py AND Tt RAKE INSTALLATION

FIGURE 30: EXHAUST STACK EXIT Py AND Ty RAKE INSTALLATION
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TALL EXHAUSY STACK MODEL WITH NEAR FIELD MICROPHONES INSTALLED

FIGURE 36:




Location and Measurements Units No. Range Accurscy
Ejector static pressure peia 12 | 10.0 to Amb. 1%

Coanda surface static pressure psia 8 | 10.0 to Amb. 1%

Enciosure inlet static pressure psia 17 | 13.0 to Amb. 1%

Enciosure interior static pressure paia 4 | 13.0 to Amb. 1%

Exit rake totel pressure peia 14 | Amb. to 17.0 2%
Ejector metal surtace temperature . 12 | Amb. to 1300 2%

Coanda metal surface temperature °F 8 | Amb. to 1200 2%

Enclosure interior sidewall temperature F 3 | Amb. to 600 2%

Exhaust stack metal surface

temperature:

e Tall stack without spiitter * 17 Amb. to 1000 2%

* Short stack with single spiitter * 17 | Amb. to 1200 2%

e Short stack with dual spiitter b 16 | Amb. to 1200 2%

¢ Short stack with dual wedges y 19 | Amb. to 1000 2%

Exit rake total temperature F 14 | Amb. to 1400 2%

Far field microphones *ae 12 | 5010 140 +14d8

Near fleid microphones *o 3 | 7010180 t108

*Mnmmmmm(mmwm
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h. In addition to the instrumentation listed, the following (Table 2) environmental and flow

condition data were recorded: w
.
: TABLE 2
ENVIRONMENTAL AND FLOW CONDITIONS REQUIRED
Location and Measurements Units No. Range Accuracy
Ambient pressure psia 1| 138-142 s
Nozzie exhaust total pressure psia 1 | Amb. to 35 1w
Nozzie exhaust pressure ratio - 1] 12-258 i1
Ambient temperature F 1 - bt
Nozzie exhaust gas temperature F 1 | Amb. o taw
A/B cooling water in temperature F 1| 401080 2%
A/B cooling water out temperature °F 1 | 401to 180 be %
Nozzie airflow Ib/sec 1 |0w7s 1w
Primary burner fuel flow Ib/sec 1|0t %
Afterburner fuel flow Ib/sec 1|03 he
A/B cooling water flow Ib/sec 1| 9t012 T
Wind speed mph 1 | 0t020 5%
Wind direction deg. 1 | 0t 360 s
Relative humidity -~ 1 | 0to 100 2%

“¥-Afterburner temperature is caiculated from airflow and fuel flow data used 1o set up afterburner
condition.

8. Test Procedures.

a. Thetarget values of afterburner nozzle pressure ratio and exhaust gas total temperature were
1 943 and 3630°R, respectively, for simulation of the exhaust of a TF30-P-412A engine. Exit temperature was
set for each run by setting 10 a constant value of burner fuel flow at the target afterburner nozzle pressure ratio. !
This method of setting exhaust temperature was necessary due 10 lack of instrumentation capable of |
measuring the extremely high exhaust gas lemperatures used for the test.

b. A caiculation procedure was developed 10 determine the exhaus! gas temperature based on
the burner fuel flow, airflow, water jacket heat loss and an assumed burner efficiency of 95 percent. A heat
balance was written about the afterburner shown schematically in Figure 37. resulting in Equation (1)
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FIGURE 37: ARENA AFTERBURNER SCHEMATIC
wa/B"'h’"BHv"wou“ou’wH,O Cpu,0 (4TH0) ~Winhin )

Soiving Equation (1) for exhaust flow enthaipy (h o) results in Equation (2):

WiaBM+MgH,) - WH 0 CPH.O (4TH,0) + Winhyp
P out = @

Wout

Equations (3) and (4) below are stated equations for combustion products from Reference (e).

n.-n.fﬂ.n,ﬂ.n,t‘.nsrfua,r‘oa,r:’.nzrzoa,r.no o

(R through R g are constants defined in Section VII.)
(4)
hk-anabR'7T70R'QTG0R,5T50R“T‘0R'afaﬁrﬂ'z'rz’ﬂ“TOR'O

(R ¢ g through R ¢ g are constants defined in Section VII.)

Equations (3) and (4) from Reference (e) have a stated temperature range of 300 10 4000°R_ However, the
effects of disassociation are not believed 10 be included in the equations.

K ha+ ‘"'"'E
1+ (fa) (5)

Using Equations (2). (3). (4) and (5) with appropnate test data allows an iterative solution for jet exit
temperature.

Ref o: "GENEG-A Program for Caiculating Design and Off-Design Performance for Turbojet and Turbotan
Engines,” NASA - Lewis Research Center Document Number TND-6552, February 1972.
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b. The model configurations tested and the data recorded during those test runs are shown in
Tabile 3. Each test condition was set up as near the desired nozzle pressure and exhaust temperature as was
practical. A penod of time for thermal stabilization was allowed at each power setting prior 10 recording data.
Measurements were recorded for all instrumentation within each data column checked for each configuration.

¢. Tabulations of the standard environmental and flow condition data were recorded for each test
condition, as well as model configuration identifying information. Al static pressure probes, metal surtace
temperature thermocouples. and Coanda exit rake total pressure and temperature probes were assigned
identification coding. The measured data were recorded in tabular form for each test condition in the units
specified by the instrumentation requirements.

d. Touwummmmwmmmmmm
mm.mmmummunmmummmwmm
width and increment between probe movements. A discharge coefficient for the secondary air inlet belimouth
of 0.98 was used in the airflow calculation.

e. Exit rake total temperature and total pressure data were used 1o calculate Mach number and
velocity of flow at each probe location. These data were tabulated and the velocity profiles computer plotted.

f. Acoustic data reduction included conversion of the 24 one-third octave band model scale
measured data to full-scale equivalent frequencies, including conversion 10 standard day conditions and
application of absorption coefficients for the model scale frequencies and distance. The data were tabulated
in one-third and full octave band SPL as well as computed OASPL and “A” weighted SPL. The one-third
octave SPL values were computer plotted.
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. TEST RESULTS

The pertinent results of the testing previously outlined are discussed in the following paragraphs:
A. Aerothermodynamics

1. The calculation procedure described in VII.B. above was used to caiculate the exhaus! gas
temperature for each valid data run based on the pressure ratio and fuel flow values recorded. The resulting
exit temperatures are listed in Table 4 The average exhaust temperature of 3551°R was deemed adequate
although it was about 80 degrees below the target temperature of 3630°R.

2. Figure 38 compares the measured secondary iniet pressure i0ss with the predicted loss calculated
from boundary layer solutions for the iniet flow. The secondary airflow rate was caiculated from the inlet rake
static pressure measurements taken in the constant area section of the inlet flow passages. The rake was
positioned on the inlet centertine for Runs 26, 46 and 48. The rake was located in four different positions for
Runs 27 through 30 and 51 through 54 to measure inlet fiow profiles for each position. The resulting area
weighted flow rates were summed 10 obtain an estimate of the total secondary air iniet flow rate.

3. Table 5 presents secondary air entrainment data including a breakdown of entrainment by individual
components. The entrainments at the ejector inlets (We1, We2. Wea) are caiculated values obtained with
Boeing computer codings. These values could not be accurately measured without costly additional
instrumentation. The total secondary air entrainment at the second and third ejectors and the Coanda surface
is a value measured at the secondary air iniet (Wg). The total system entrainment would include the caiculated
first ejector entrainment and the measured inlet aiflow (Wa1 + Wg). The Coanda surface secondary air
entrainment (Wcs ) is the measured inlet secondary airflow (Wg) minus the calculated second and third ejector
entrainment (Wg2 + Wa3). The Coanda surface entrainment coefficient (). shown as Equation (6), is the
ratio of Coanda surface secondary air entrainment 10 the total airflow entering the Coanda surface (Wep).

a - - (‘)
ww WM - W., - W.z - W.3

4 Figure 39 gives surface temperatures and pressures along the centeriine of the Coanda surface at
the locations shown on Figure 28 without the acoustic enciosure. The static pressure data indicate good flow
attachment through the length of the surface. The surface temperature data indicate a peak temperature of
1628°R (1168°F) which exceeds the design goal by 168 degrees.

5. Figures 40 through 43 present Coanda surface temperatures and pressures along the centeriine al
the locations shown on Figure 28 for configurations with the enclosure. These data show that the stack
configuration had little effect on the Coanda surface pressures and lemperatures which indicate, in tum, a
negligible effect on Coanda flow attachment and mixing. However, when these data are compared to Figure
39, it is apparent that the presence of the enclosure is beneficial to Coanda surface cooling. With the
enclosure, the peak surface temperature was 1481°R (1021°F) which is 147 degrees cooler than without the
enclosure. The reason for the increased cooling s the position of the secondary air inlets. The ejectors and
Coanda surface are immersed in the cool secondary air being entrained by the Coanda surface mixing.
Efforts to normaiize the Coanda surface temperatures by referring to ambient or primary jet temperature were
abandoned because the mixing process preciudes agreement throughout the temperature range. Actual
measured surface temperatures are therefore presented on Figures 39 through 43.

6. Figure 44 shows the flow conditions at the exit of the Coanda surface with no enclosure present as
dlustrated on Figure 29 These flow velocity, Mach number and exit total temperature profiles indicate
excelient flow attachment to the Coanda surface at the exit (65-degree) position. The peak flow velocity is
seer: 10 be only five inches (model scale) from the Coanda surface. Coanda surface cooling is aiso excellent
as seen by the peak flow total temperature of 1750°F at approximately two inches from the Coanda surface
while the metal surface temperature of the Coanda at that point was only 1425°R (average from last
thermocouple - see Figure 39).
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TABLE 4
MODEL A/B EXIT TEMPERATURE CALCULATED FROM ENTHALPY RISE*

Exit Temp. ‘R

-
o §RERRRER2EE
§38383883613 2

Run No.

SISIRSAB23I3LR285228388L88K

Exit Temp. ‘R

R3 @
: a

-

—

3515

Run No.

SPRAICERRRARBSNAISE82393993

T

“Enthalpy rise based on fuel flow, LHV = 18,400 BTU/LD and a burner efficiency

of 95 percent.
Test average axit temperature = 3551 "R

Standard Deviation = + 43.4 °F



See Table 3 for Coraplete Configuration Definition
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FIGURE 38: SECONDARY AIR INLET PRESSURE LOSS VS. INLET AIRFLOW
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TABLE 5
SECONDARY AIRFLOW ENTRAINMENT

L:vmnd c«m-wm (Lba/Sec) | (Lbe/Sec) | (Lbe/Sec) | (Lbe/Sec) |(Lbe/Sec) | (Lbe/Sec)
26 mm‘m 741 | 2096 2.35 1.51 1.27 19.45 173 |
2730 | goot Sontter | ¥733 | 1097 232 15 | 1118 | 1847 1.66
i 46 wm 7.45 17.87 2.34 1.51 11.30 16.36 145 ;
:':"‘“':""’"" 744 | 1658 2.35 1.53 11.32 15.03 133 '
51-54 ::nmm *7.42 17.65 2.33 1.52 1.27 16.13 1.45

% Average values for the run numbers shown
[T=>Burner iniet airflow plus tuel flow
[X=>Referred to standard day conditions (WY&, /34)
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Average A/B Nozzie Temp = 3561°R
Average A/B Nozzie P.R. = 1.943

10004

Symbol  Run No.
(@] 20
0 24
800} A 25
8 See Table 3 for Configuration Definition
g

Coanda Surface Static Pressure Ratio ~ PP,
o

1

FIGURE 39: COANDA SURFACE PRESSURES AND TEMPERATURES - NO ACOUSTIC ENCLOSURE
CONFIGURATION
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FIGURE 40: COANDA SURFACE PRESSURES AND TEMPERATURES - SHORT EXMAUST STACK
WITH SINGLE SPLITTER CONFIGURATION
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. FIGURE 41: COANDA SURFACE PRESSURES AND TEMPERATURES - SHORT EXMAUST STACK
WITH DUAL SPLITTER CONFIGURATION
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Average A/B Nozzie Temp. = IS74'R
Average A/B Nozzie P.R. = 1.954
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See Table 3 for Configuration Definition
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FIGURE 42: COANDA SURFACE PRESSURES AND TEMPERATURES - SHORT EXMAUST STACK
WITH AND WITHOUT DUAL WEDGES




FIGURE 43: COANDA SURFACE PRESSURES AND TEMPERATURES - TALL EXMAUST STACK
WITHOUT SPLITTER OR WEDGES
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7. Figures 45 through 47 present exhaust stack exit flow velocity, Mach number and temperature profiles for
each of the three short stack configurations tested (single splitter, dual splitter and dual wedges) All three
configurations illustrated a region of reverse flow (shown by negative velocities) near the forward wall of the
exhaust stack. This is caused by the 65-degree exit from the Coanda surface into a vertical (90-degree) exhaust
stack. The velocity in these reverse flow regions was estimated using the pressure reading from the exit total
pressure rake as a static pressure and ambient pressure as the total pressure. This procedure was used when rake
pressure measurements were below ambient which indicates local reverse flow. Use of these rake pressure
readings as static pressures is an acceptable procedure due 0 the low velocities in the reverse flow regions.

8. Tables 6 and 7 list the ejector surface temperatures along the top and side centeriines, respectively, for the
vanous model configurations. The locations of these thermocouples were shown on Figure 28. The values shown
are averages for all test runs of that particular configuration, along with the maximum and minimum deviation from
that average. The ambient and afterburning nozzle temperatures are also presented. In general, there is no
significant change in ejector surface temperatures due 10 changes in stack configuration or removal of the acoustic
cover from the secondary air inlet. There is a significant change in ejector surface temperatures, however, between
the configuration without an enciosure and those that are enciosed. The reduced ejector temperatures with the
enclosure present are due 10 the secondary air inlet position just as was discussed earlier for the Coanda surface
temperatures. With the enclosure installed, the maximum average temperature was at the exit of the first ejector
and was 986°F which is below the design goal of 1000°F

9. Tables 8 through 11 list the exhaust muffler internal surface temperatures for the various model
configurations at afterburning primary nozzle conditions. The location of the thermocouples where the
measurements were taken was shown on Figures 31, 32 and 33 The vaiues listed are averages of all test runs of
that particular configuration Also listed are the maximum and minimum deviations from that average. The large
deviations shown are not the result of poor instrumentation but rather from the large fluctuations within the exhaust
stack due 0 turbulent flow These data indicate that Coanda surface mixing has 10 be improved before a
configuration with splifters could be used The single spiitter had local areas that reached 1295°F average
tempecature while the dual spiitter configuration reached 1370°F  These temperatures exceed the 1000°F design
goal by 100 much 10 ensure expected life cycles. The dual wedge configuration did not demonstrate any such high
temperature regions because there were no components immersed directly in the hottest portion of the exhaust
flow. This was aiso true for the tall stack configuration which had no splitiers or wedges.

B. Acoustics.

1. The use of models for acoustic lesting will give indications of configuration superority when the same
acoustic lining design is used. The magnitude of the attenuation obtaned from model testing may not be attnbuted
10 full-scale hardware since the lining matenais were not physically scaled. for example. the ratio of fiber diameter 10
wavelength or the scaling of perforated sheet hole diameter and thickness. Therefore, the direct comparison of
model acoustic results 1o full-scale critenon must not be nterpreted as having or not having satisfied a particular
full-scale critenon, since the linings were not and possibly cannot be precisely scaled However, as stated above.
indications can be gained as to which configurations are supenor acoustically. Full-scale linings must then be
optimized and designed 10 provide the necessary suppressor noise reduction 1o satisty the acoustic critenon.

2 The primary acoustic objective of this program was o compare (by one-sixth scale model tests) several
configurations of exhaust muffier for a demountable exhaust suppressor system utikizing the Coanda air-cooled
concept as apphed 10 a Model TF30-P-412 nozzie at afterburning operation. Two lining thicknesses of stack wall
lining were tested for relative acoustic performance to determine the additiona! low frequency attenuation of the
thicker lining. if any. Four different short stack configurations were tested 10 establish which design was acoustically
supenor. These consisted of no splitter, single splitter, dual sphitter and dual wedge short stack configurations. The
test results were compared to MIL-N-831558, Grade |l critenon on a 250-foot scale radius.
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TABLE 8
EXHAUST MUFFLER TEMPERATURES -

NAEC-92-112

MSTACKWWWWMM(T.-N-w F)

Average Measured
Thermocoupie Temperature With
Number General Location Maximum and Minimum

(See Fig. 31) (See Figure 31 for Exact Location) Deviation (°F)
+ 64
T2 Stack Forward Wall - Lower LL LI
+ 38
T24 Stack Forward Wall - Upper 386 _ 4
T2s Stack Sidewall - Upper Forward 837 :g
+ 4
T26 Stack Sidewall — Upper Aft 963 - 22
T27 Stack Sidewall - Center wes * S
T28 Stack Sidewail - Lower Forward sz * 3¢
+ 60
T2 Stack Sidewall - Lower Aft 888 _ oo
T30 Stack Aft Wall — Lower sss * 32
T3 Stack Aft Wall - Upper mjg
Ta0 Splitter Leading Edge - Forward 12’4:3
38
Ta1 Splitter Leading Edge - Center "a:n
Ta2 Splitter Leading Edge - Aft - -
Taa Spiitter Sidewall - Upper Forward 922 ::
Tes Splitter Sidewall - Upper Af 103 * 37
+ N
Tas Spiitter Sidewall — Center 136 _ o
Tes Spiitter Sidewail - Lower Forward 1208 * 2
Ter Spiitter Sidewall — Lower Left B
+ 45
Tes Enclosure Floor - Aft 208 © o5
Tes Aft Enclosure Sidewall ~ Upper 568 :'2
Te7 Aft Enclosure Sidewall — Lower w7 * 38

e
§ [ o—
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TABLE 9
EXHAUST MUFFLER TEMPERATURES -

+10

SHORT STACK WITH DUAL SPLITTER CONFIGURATION (Tg = 54 _ o°F)

Average Measured
Thermocouple Temperature With
Number General Location Maximum and Minimum
(See Fig. 32) (See Figure 32 for Exact Location) Deviation (*F)
Tes Enclosure Floor — Aft 210 + 8
~ Yoo ARt Enciosure Sidewall 738
Tr0 ARt Enclosure Sidewall 649
¥ Stack Sidewall - Upper Forward 772 428
T2 Stack Sidewall - Upper Aft 970 31
~rs Stack Sidewail — Center 1010 £33
Y74 | Stack Sidewall — Lower Forward 3y |
" T7g Stack Sidewail — Lower Aft ~ 901 +23
— Tre Stack Forward Wall — Upper Outboard Passage 37310 |
“Tny “Forward Wall — Upper Center Passage A0 |
Y78 ( Forward Wall - Lower Outboard Passage T8 1T
“Tre Stack Forward Wail — Lower Center Passage RLLER
Tso Stack Aft Wall - Upper Outboard Passage 082 +27 ‘
“Tgy | Stack AR Wail — Upper Center Passage 1005 + 4
~ Tga Stack At Wail - Lower Outboard Passage 925 127
o3 Stack Aft Wall - Lower Center Passage ~ 870
Yos Spiltter Sidewall — Upper Forward 737 140
Outboard Passage
Tas Spiitter Sidewall — Upper Forward Center Passage 7302 ¢+ 14
" Tee Splitter Sidewail - Upper Aft Outboard Passage T 1043 +31
Vg7 Spiitter Sidewall - Upper Aft Center Passage 1088 ¢11
~Tes Sidewail - Center Outboard Passege _ 1118 +37
Yoo = ~ Center Passage 1220 +10
Yoo Spiitter Sidewall — Lower Forward 1107 18
Outboard Passage
" Yoy Splitter Sidewall — Lower Forward Center Passage 1370 +12 |
o2 Spiitter Sidewall - Lower ARt Outboard Passage 880 +23 |
~Te3 Spiltter Sidewall — Lower AR Center Passage L) ‘
“Toa | Spiitter Leading Edge Forward 1368 +26
~ Tos Spiltter Leading Edge - Center 1219 + 21
Tos | Spiitter Leading Edge - ARt 893 117
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TABLE 10
EXHAUST MUFFLER TEMPERATURES -
SHORT STACK WITH DUAL ACOUSTIC WEDGE CONFIGURATION (Ty = 45

+2
s

Averags Measured
Thermocouple Temperature With
Number General Location Maximum and Minimum
(See Fig. 33) (See Figure 33 for Exact Location Deviation (°F)
Teo Aft Enciosure Sidewall - Upper 517 :T”t
7o Aft Enciosure Sidewall — Lower oot 2
71 Stack Sidewall — Upper Forward o 'O
Tr2 Stack Sidewall - Upper Aft m:”
T Stack Sidewall - Center m:ﬁ;}
T7a Stack Sidewall - Lower Forward uo:g
Trs Stack Sidewall - Lower Aft mri::
T7e Stack Forward Wall - Upper Corner mjz
n Stack Aft Wall - Upper Center nojfg
Tre Stack Forward Wall - Lower Corner pey *o-58
Tre Stack Forward Wall - Lower Center sn:ﬁ
Teo Stack Aft Wail — Upper Corner ...::
Te Stack Aft Wall - Upper Center m:&
Te2 Stack Aft Wall — Lower Corner m::
Tes Stack Aft Wall — Lower Center m:g
Tor: Wedge Leading Edge - Upper 24 * B
Tos Wedge Leading Edge - Upper Center mjf
Too Wedge Leading Edge - Lower Center s * 0
T100 Wedge Leading Edge — Lower ~ é-
Tion Wedge Sidewall - Upper Center m:g
Ti02 Wedge Sidewall - Lower Center m::
T102 Wedge Sidewall - Lower m:ﬁ
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TABLE 11
EXHAUST MUFFLER TEMPERATURES -
TALL STACK CONFIGURATION (Tq = 82°F)
Average Measured
Thermocouple Tempersture With
Number General Location Maximum and Minimum
(See Fig. 31) (See Figure 31 for Exact Location) Deviation (*F)
Forward Stack Wall - Lower Section 855
Tae Forward Stack Wall — Lower Section 958
Tes Stack Sidewall — Lower Section 1088
Tae Stack Sidewall — Lower Section 954
Y27 Stack Sidewall — Lower Center 19
Tos Stack Sidewall — Lower Section 1043
T29 Stack Sidewall — Lower Section 841
T30 ARt Stack Wall - Lower Section 181
Ts1 Aft Stack Wall — Lower Center 929
Tas Forward Stack Wall — Upper Section 464
Ta3 Forward Stack Wall — Upper Section 746
Tae Stack Sidewall — Upper Section 577 :
Tes Stack Sidewall - Upper Section sss
Tae Stack Sidewall - Upper Section 952
| Ts7 Stack Sidewsll — Upper Section 1028
i Tas Aft Stack Wall - Upper Section 91
Ta9 ARt Stack Wall — Upper Section 1001
Tes Enciosure Floor - Aft 218 i
Tes | ARt Enclosure Sidewall — Upper as ’
Ter Aft Enclosure Sidewall — Lower 193 i
Tes Forward Enciosure Sidewail )
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3. All lined surface areas consisted of Johns-Manville Glas-Mat 1200 matenal covered with perforated
sheet of 45 percent open area, 5/64-inch diameter holes and 047-inch thickness. This matenal is a mechanically
bonded glass fiber insulating blanket for use to 1200*F It is manufactured entirely of long textile glass fibers and
contains no binders, thereby assuring mechanical integrity durng extended exposure at elevated temperatures.

4. No attempt was made 10 optimize the lining design experimentally to obtain improved acoustic
performance. The material selected was based on temperature requirements and lead time availability. The
acoustically preferred matenal (J-M Cerafelt) had a lead time incompatible with the test schedule. It is anticipated
that the Cerafelt would perform better than the Glas-Mat 1200 but the magnitude of improvement is uncertain

without testng.

5. The lining material, as manufactured and delivered, was not of uniform thickness and density.
Therefore, the matenal for each acoustic panel was weighed and an average density caiculated. The lining matenal
acoustic properties are thus given in terms of the average density (pcf) and average resistivity (rayl/cm). The
resistivity was determined by flow resistance testing and defined as a function of density by:

R =118 2275 (raylicm)
where p s the density (pcf).
The acoustic panels for the suppressor components had the properties given in Table 12.

TABLE 12
ACOUSTIC PANEL PROPERTIES
Lining m Average

(Inches) (PCF) m_
Short stack walls (1) 275 11.83 100.5
Short stack walls (2) 413 11.58 99.33
Tall stack extension (1) 275 11.48 96 99
Tall stack extension (2) 413 mnn 104.4
Single spliitter 275 "z 1022
Dual spiitter 1.38 11.26 92.0
Duai wedge * 10.59 77.60
Enclosure back wall 413 1218 1141
Enciosure lower sidewalls 413 11.43 95.8
Secondary air inlet R 2 10.45 749

“See Figure 19
Note: Lining thicknesses are model scale.
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TABLE 13
ACOUSTIC TEST CONFIGURATION SUMMARY
Run Number
10 | 26| 31(32 (33|36 |37 |38(39 {40 | 41|44 |45 |46 |55|58 |59 |60 |61 |62 | 71
1. Model nozzle X I x fx o fxfx fx] x| x| x|xfx{x|x|x|x|x|x
2. Secondary air cover X|x|x|x X{x|x|x|x|x
3. Short stack (1) X|x|x|x X|x|x
4. Short stack (2) X x| x|{x|{x|{x|x|x
5. Tali stack (1) X|x X
8. Tall stack (2) x| x
7. Back wall lining xIx | xsklx]xxxxfx]x]x/x]x/x]x|x|x|x]|xk
8. Lower wall lining x| x| x| x|3|%|%
9. Single spiitter x|x X *| % X
10. Dual spiitter X X *k
11. Dual wedge X
Notes:

All runs had burner cover except Run No. 10
K Denotes hard wall slements

(1) Denotes 2.75-inch lining thickness (16.5-inch full scale)
(2) Denotes 4.13-inch lining thickness (24.8-inch full scale)

6 The test configurations that produced significant acoustic results are defined in Table 13. These
configurations represent a parametnc vanaton of suppressor elements 1o determine which combination produced
3 the best NOISe SUPPressIon using the lining design discussed above. The short stack (full-scale 30-foot height) and
tall stack (full-scale 54-foot hexght) utilized two lining thicknesses, 2.75-inch and 4 13-inch model scale (16.5-inch
and 24 8-inch) full scale, respectively). The acoustic effectiveness of each lining element was determined by
testing with hard walls substituted for the linings

7. The walls of the suppressor were sandbagged (Figures 26 and 27) 10 prevent sound transmission
through the walls from establishing the acoustic noise floor for the suppressor system. An acoustically treated
burner cover (Figures 23, 24 and 25) was placed around the primary burmer and afterburner section to stimulate the
engine test cell. The sandbagged walls and the burner cover permitted the acoustic evaluation of the secondary air
inlet and exhaust stack without significant noise contribution from the walls and simulated engine enclosure. This
condition was verified experimentally.

8. The one-sixth scale model sound pressure levels were measured at ground level on a 41.67-fcot
radius (250-foot full scale) at 15-degree intervals from 15 degrees 10 180 degrees. The atmospheric absorption was
removed from the third octave band model scale data, the frequencies transiated 10 full scale and the standard day 1
(T7*F and 70 percent relative humidity) atmospheric corrections apphed 10 obtain the full-scale 250-foot data. The i
third octave band data were converted 10 full octaves so that direct comparison could be made 0 the Grade i
criterion of MIL-N-831558.
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The Grade |l critenon applies to a microphone height of five feet above the ground plane. Sound pressure
levels measured near the ground plane will not exhibit the amplitude interference produced at the five-foot
microphone by acoustic path length differences between the direct and ground plane reflected signais.
Therefore, the ground plane acoustic data presented here will be conservatively high. A theoretical estimate
of the magnitude that the ground plane microphone exceeds that of a five-foot high microphone for source
heights of 30 feet and 54 feet (exit of short and tall stacks) at a horizontal distance of 250 feet is shown on
Figure 48 These corrections should be subtracted from the ground plane measured data for a more accurate
companson 0 the MIL-N-831558, Grade ii critenon.

The far fieid data are presented in four sets so that direct compansons can be made 10 determine the relative
acoustic efficiencies between The baseline data for the TF30-P-412 model nozzie at
afterburner condition and the MIL-N-831558, Grade |l far field critenon are represented on each data set for
the 12 angles between 15 degrees and 180 degrees.

The first data set, Figures 49 to 51, determines the lining efficiencies for the short single splitter stack
configurations with the 2.75-inch wall lining. Refer to Table 13 for the exact configuration definition. These
comparisons show the effectivity of the lined stack walls and the lined spiitter relative to their hard wall
counterparts. The data indicate that the suppressor redirected the sound radiation producing levels higher
than the baselne at several angular locations. This set of data shows that significant attenuation (10to 15dbd
in the midir equency range) can be obtained with a single splitter short stack using the lining design discussed
previously The overall A-weighted sound pressure level (OA dBA) is aiso given for each configuration.

The second data set, Figures 52 to 54 compares the performance of the tall stack configurations utilizing
2 75-nch and 4 13-inch wall inings and with and without the secondary air inlet cover. The effectiveness of
the wall ining was determined relative 10 the hard wall configuration. The comparisons show that the
4 13-inch lining does not produce significantly higher attenuations than the 2. 75-inch lining and, therefore, for
this ining design, the thinner lining was as effective. The configurations with and without the secondary aw
inlet cover indicate that the air inlet did not contnbute significantly 1o the far fieid levels. Therefore, the far field
lovels are determined Dy the noise radiated from the exhaus! stack, since the noise radiated from the

sandbagged suppressor walls was insignilicant

The third data set. Figures 55 10 57, compares the configurations that show the transition from the 30-foot (no
spiitter) 10 the 54-foot full-scale stack hesght Onginally, two full-scale stack heights were selected 10 be
tested, a 30-foot stack with one or two spiitters and a 40-1oot stack without splitters. The 30-foot stack single
spiitter divided the flow area into 'wo passages with 40-inch full-scale duct heghts. The proposed 40-foot
stack was !0 have the same flow area. To prevent the necessity of modifying the structure of the model at the
stack location, the length of the short stack was extended 10 a height of 45 feet (full-scale) which results in an
equivalent length 10 duct hesght ratio 1o that of the proposed 40-foot stack. Therefore, the 54-foot and 40-foot
stack will provide similar acoustic attenuation. however, the 14-100t increase in stack hewght will result in lower
lavels on the ground plane at the 250-foot full-scale radius due 10 the directivity of the stack  Assuming a linear
relationship between the stack hesght and directivity effect. the amount 10 be added 10 the measured 54-foot
stack data to obtan the approximate 40-foot stack levels can be obtained. Thus, comparnng Runs 40 and 41
for the 30-foot and 54 foot hard wall stacks and adding 14,24 of the difference 1o the levels for the lined 54-foot
stack data will give the approximate leveis for the 40-foot ined stack. This computation was not apphed 10 the
data since the important feature of the compansons is the relative performance of the different configurations.
The spectrum differences between the hard wall and lined configurations for the two stack heights give the
respective lining attenuations

The fourth data set. Figures 58 through 60, compares those short stack configurations that utilize either
splitters or wedges. The wedges were tested 10 determine thew low frequency effectivity. The comparnsons
show that they provide more attenuation at the low frequencies (below 500 H2) but less at the high
frequencies than the dual spiitter configuration.

61
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W/iniet Cover
Stack Lined, Hard Back Wall

Stack Lined

OA DBA
T

Symbol 15° . 80
“n 90.00 90.00 90.00 90.00 Far Fieid Criteria MIL-N-831558 Grade |l

104.46 108.08 110.50 114.39 Baseline, TF-30-P-412 Afterburner Nozzie

9785 9521 97.57 90.77 Total Stack Lined W/O iniet Cover

100.23 94.68 9464 96.29

10
26
n

B e e

Walls & Back Wall Lined
Wall

Wall Spiitter, Stack

Hard Wall Stack, Lined
Average 49
Average A8

otal
Hard

otal
Al

[

96.56 98.54
9749 9498 98.24 99.84
04.37 107.91
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Symbol Run OA DBA identification (See Table 3)
g . ey S W W
90.00 90.00 90.00 90.00 Far Field Criteria MIL-N-831558 Grade Il
10 116.49 120.56 124.73 133.08 Baseline, TF-30-P-412 Afterburner Nozzie
26 9905 96.13 102.83 101.90 Total Stack Lined W/O Inlet Cover

(U]

o

: 31 97.48 100.40 102.28 102.15 Total Stack Lined

A : 100.26 99.99 103.70 103.35 Total Stack Lined, Hard Back Wall

= 100.89 101.12 105.15 104.25 Hard Wall Spiitter, Stack Walls & Back Wall Lined
39 10831 110.60 111.96 110.87 Total Hard Stack, Lined Back Wall
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FIGURE 50: FAR FIELD ACOUSTIC DATA ~ 75", 90°, 105" AND 120* POSITIONS - SHORT EXHAUST
STACK WITH SINGLE SPLITTER CONFIGURATION
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Symbol Run 138 150 168 180 \gentfication (See Table
- 90.00 90.00 90.00 90.00 Far Fleid Criteria MIL-N-831558 Grade Il
10 12874 12247 108.71 98.71 Baseline, TF-30-P-412 Afterburner Nozzie
26 10145 103.52 104.47 10258 Total Stack Lined W/O Inlet Cover
31 10277 103.38 105.02 103.09 Total Stack Lined W/inlet Cover
33 10408 104.72 10598 104.10 Total
38 10815 108.18 107.26 106.28 Herd
3 1216 1273 1ML 11187 Total
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FIGURE 51: FAR FIELD ACOUSTIC DATA - 138", 150", 165" AND 180" POSITIONS -
SHORT EXMAUST STACK WITH SINGLE SPLITTER CONFIGURATION
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OA DBA
- 90.00 90.00 9000 90.00 Far Fleld Criteria MIL-N-831558 Grade I
1 10446 108.06 110.50 11439 Baseline, TF-30-P-412 Afterburner Noxzie
38 97.33 92.11 8989 89.39 54 FL Total Stack Lined W/16.5-in. Wall Lining
7 96.96 9145 9048 08986 54 Fr. Total Stack Lined W/O Inlet Cover
49 102.99 10135 102.43 102.75 54 Fu. Total Hard Wall Stack
45 97.78 9403 9122 8932 54 FL Total Stack Lined W/24.8 in. Wall Lining
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FIGURE 52: FAR FIELD ACOUSTIC DATA - 15°, 30, 45" AND 60" POSITIONS ~
TALL EXHAUST STACK WITHOUT SINGLE SPLITTER CONFIGURATION
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Jdentication (See Table 3)

Far Fleld Criteria MIL-N-831558 Grade Il
Baseline, TF-30-P-412 Afterburmer Nozzie

54 Ft. Total Stack Lined W/16.5-in. Wall Lining
54 Ft. Total Stack Lined W/O Inlet Cover

54 FL. Total Hard Wall Stack

54 FL. Total Stack Lined W/24.8 In. Wall Lining
Run 45 W/O Iniet Cover

- Average AD Nusme Temp - 33T 0
| Average A'® Namme PR - S48
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FIGURE 53: FAR FIELD ACOUSTIC DATA - 75, 90°, 105" AND 120" POSITIONS -
TALL EXHAUST STACK WITHOUT SINGLE SPLITTER CONFIGURATION
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OA
Symbol Run 1350 1500 185 100"
- - - 90.00 90.00 90.00 90.00
o 10 120.74 12247 10871 90.71
(v] 38 90.17 89.41 809.47 90.02
a 37 90.40 89.64 8936 89.79
- 4 103.00 101,70 10165 10123
xX 45 n 8983 88.15 90.33
o 46 90.28 90.03 89.40
e s ® < Average A8 Nasste Teme - MXI A
r Average AS Mot PR« | 8
AL .

Avevoge 40 sz Temp - I A

A A

v -
« L
Feoam——y -

identification (See Table 3)

Far Fleld Criteria MIL-N-831558 Grade Il
Baseline, TF-30-P-412 Afterburner Noxzie
54 FL. Total Stack Lined W/16.5-in. Wall Lining
54 Ft. Total Stack Lined W/O inlet Cover

§4 Ft. Total Hard Wall Stack
54 FL. Total Stack Lined W/24.8 In. Wall Lining
Run 45 W/O Inlet Cover
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FIGURE 54: FAR FIELD ACOUSTIC DATA - 136", 150", 165" and 180" POSITIONS - TALL EXMAUST
STACK WITHOUT SPLITTER CONFIGURATION
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¥
3

|

|

| Symbol Run 15 30 4 e

t ] - - 9000 90.00 90.00 90.00

| 4 o 10 10446 108.06 11050 114.39

| o 32 10097 9581 9672 99.22

| - 38 9733 %211 8989 8939

E + 37 9696 9145 9046  89.86

| X 40 10066 10127 10430 106.53
° 41 10299 10135 10243 10275
- 4 9837 9568 9672 98.00
x 45 9778 9403 9122  89.32

-

R S N € 2 e e e

NAEC-92-112
Identification (See Table 3)

Far Fleid Criteria MIL-N-831558 Grade Il
Baseline, TF-30-P-412 Afterburner Nozzie

30 Ft. Total Stack Lined W/16.5-in. Wcil Lining
54 Ft. Total Stack Lined W/16.5-in. Wall Lining
54 FL. Total Stack Lined W/O Inlet Cover

30 Ft. Hard Waill Stack

54 FL. Total Hard Wall Stack

30 FL. Total Stack Lined W/24.8 In. Wall Lining
54 FL. Total Stack Lined W/24.8 in. Wall Lining
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OA DBA

Symbol Run 75 90 1080 120 Identification (See Table 3)
- - - 90.00 90.00 - 90.00 Far Fleid Criteria MIL-N-831558 Grade Il

u} 10 11649 12056 124.73 133.08 Baseline, TF-30-P-412 Afterburner Nozzie

o 2 98.68 98.38 10285 103.02 30 Ft. Total Stack Lined W/16.5-in. Wall Lining
a 38 89.73 87.77 90.01 90.59 54 Ft. Total Stack Lined W/16.5-in. Wall Lining
- ” 90.14 9031 9050 9045 54 Ft Total Stack Lined, W/O Iniet Cover
x 40 107.67 108.14 110.10 110.96 30 Ft. Hard Wall Stack

® L)) 104.13 10369 104.29 104.31 54 Ft. Total Hard Wall Stack

* 44 99.70 101.07 103.30 103.34 30 Ft. Total Stack Lined W/24.8 in. Wall Lining
X 45 90.54 9029 9148 90.48 54 Ft. Total Stack Lined W/24.8 in. Wall Lining
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FIGURE 58: FAR FIELD ACOUSTICAL DATA ~T78°, 90°, 105° AND 120" POSITIONS -
EFFECTS OF STACK MEIGHT AND LINING THICKNESS




30 Ft. Total Stack Lined W/16.5-in. Wall Lining
54 FL. Total Stack Lined W/16.5-in. Wall Lining
54 Ft. Total Stack Lined, W/O Inlet Cover

30 FL. Hard Wall Stack

54 Ft. Total Hard Wall Stack

30 Ft. Total Stack Lined W/24.8 In. Wall Lining
54 FL. Total Stack Lined W/24.8 In. Wall Lining

|

HAH+0oX+p 003

A

LN
N

-
R
N

.

-

-

i —
-

&,

-

“« m wm =
-~ Promueney ~

ACOUSTICAL DATA - 135°, 150°, 165" AND 1
EFFECTS OF STACK HEIGHT AND LINING THICKNESS

i




NAEC-92-112

i
:
;
k
:

F ) 10 10448 108.06 110.50
: L) S5 98.81 97.34 94.71
: a 58 99.97 98.50 97.45

+ s9 98.68 94.99 95.76

X 60 97.87 95  96.22

® 61 99.19 96.63 96.27

-+ 62 10525 10694 107.13
1 X n 10586 10564 108.18
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FIGURE 58: FAR FIELD ACOUSTIC DATA ~ 15°, 30°, 45" and 60° POSITIONS - COMPARISON
SINGLE AND DUAL SPLITTERS AND ACOUSTIC WEDGES
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NAEC-92-112 OA DBA
Symbol Run 1390 150" 185" 180" identification (Ses Table 3)
- - - 90.00 90.00 90.00 90.00 Far Fleld Criteria MIL-N-831558 Grade
) 10 12074 12247 108.71 "K|n Baseline, TF-30-P-412 Afterburner Nozzie
o 55 9986 100.20 10419 10328 Dual
KN 58 101.94 10204 10596 106.01 W/O Dual Wedge or Spiitters
- 59 101.64 10257 105.41 1040 Dual Spiitter
xX 680 10068 101.22 10430 10298 Singie Spiitter
S L.} 101.74 0241 103.77  103.52 Duai Spiitter W/Hard Lower Whails
> 62 11268 11280 11426 11438 Dual Wedge, Total Hard Wall
X tal 11266 1132 11550 11583 Dual Spiitter, Total Hard Wall
.
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FIGURE 80: FAR FIELD ACOUSTIC DATA - 135", 150", 165" and 180" POSITIONS -~ COMPARISON OF
SINGLE AND DUAL SPLITTERS AND ACOUSTIC WEDGES
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and identification are given on Figure 31. These data are representstive of the sound pressure levels thal exist
Intenor to the suppressor system. These data are from Run 39 for the short single splitter stack configuration

with the stack and spiitter walls hard. The effectivity of the secondary air inlet lining is indicated by the
difference between the levels of microphones N4 and N6. The acoustic performance of the secondary air inlet
was adequate relative 10 the performance of the exhaust suppressor system. An accurate determination of
the sound radiated from the secondary air inlet could not be obtained since the noise radiated from the

exhaust stack exit was the dominant noise source of the SuppPressor system.
FIGURE 61: NEAR FIELD ACOUSTIC DATA -~ SHORT EXHALST STACK CONFIGURATION WITH
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IV. CONCLUSIONS

The conclusions that may be drawn from his senes of model tests are:

The 65-degree Coanda flow turning was sufficient to allow the flow 10 exit vertically from the stack
without detnmental impingement of the aft stack wall. The acoustic wedges seem 10 Cause more
attachment to the aft stack wall than the other configurations. For that configuration, a greater
tuming angle (L.e., 73 degrees) would cause a more uniform stack flow. However, for acoustic
reasons. this would probably require an increase in stack height.

Movement of the secondary air inlets 10 above the ejectors and Coanda surface proved
advantages because of the additional cooling provided 10 those components.

The configuration utilizing acoustic splitter panels in the exhaust muffier is not acceptable (as
currently designed) from a metal surface temperature standpoint. The tall stack without spiitters
and the acoustic wedge configuration, however, demonsirated acceptable exhaust muffier
surface temperatures.

The 2.75-inch stack lining performed comparable 10 the 4.13-inch lining. This indicates that these
lining designs have thicknesses such that, for the frequency range tested, the surface impedance
of the inings approximates the charactenstic impedance of the matenal (J-M Glass-Mat 1200).
This indicates a possibility that the thickness of the model lining could be reduced further
Adaditional testing would be required 10 determine the minimum lining thickness.

The tall (54-fo0t) stack was the superior acoustic configuration tested.

The best short stack configurations, from the acoustic standpoint, were the dual wedge and dual
spitter configurations. The supenor configuration of the two would have 10 be decided from full
scale optimization studies.




V. RECOMMENDATIONS

The following recommendations are made based on the results of the testing described in this report and the
prnmary goais of the Navy Coanda ground noise Suppressor program:

Model testing should be accomplished with the goal of improving the mixing in the ejectors and
Coanda flow turning. The result of improved mixing would be lower temperature and lower velocity
flow through the exhaust's muffier (stack) so that configurations with splitters could be used. This
could possibly be accompiished by widening the ejectors and Coanda surface thereby increasing
the area of flow available for mixing, reducing the height of the sheet of hot flow entering the
Coanda surtace which, in turn, would reduce the mixing length.

The recommended production configuration consists of an exhaust stack without spiifters or
wedges and with a flow exit area equal 10 that used for the configurations with splitters (6.67 feet
wide by 18 67 leet deep which is 131 square feet full scale). The stack height above ground should
be at least 40 feet with the capability of adding 10 this height, if necessary, 10 Improve acoustic
suppression. The exhaust muffier stack walls and lower enciosure back wall should be lined with at
least 35 percent open perforated sheet backed by 18 inches of acoustic treatment (Johns-Manville
1000 senes Spinglas or equivalent). The lower encliosure should be the double, isolated wall
construction developed previously and reported in Reference 3. The secondary air inlets should
be placed above the ejectors and Coanda surface as in the model tested. The ejector and Coanda
surtace configurations shown on Figure 21 scaled up 1o full size (6 x model) should be used. This
recommended configuration s presented in more detall on the Reference (1) configuration control
drawings suppled 10 the Navy

Reference (1) Naval Ar Engineenng Center Drawing 690AS108, "Drawing Tree - Noise
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V. UST OF ABBREVIATIONS, ACRONYMS AND SYMBOLS
Ejector arearatio - ratio of ejector minimum flow area to primary exhaust nozzie area
Specific heat of water
Fuel-to-air rabo
Total enthaipy. btu/ib
Total enthaipy for air, btu/ib
Enthalpy of incoming fuel (assumed to be 23 btu/ib)
Enthaipy comection factor for combustion Products, btu/Ib
Total enthaipy of afterburner iniet airflow. btu/ib
Total enthaipy of aherburner exhaust. btu/ib
Lower heating vaiue of fuel. 18,400 btu/lb
Ambient pressure, psia
Static pressure, psia
Nozzie pressure rato - exit total pressure/ambient
Resistvity, rayl/cm
-1 7558886
25020051 « 10!

-2576844 x 1075
21839826 ~ 102
~16794594 « 10~ 12
~30256518 = 10~ 15
1.270263 = 10~ '8
-20752522 « 1022
1.264425 » 10~ 28
30 58153

73816638 « 102
6.129315 «10~4

-4.5006332 » 107
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LIST OF ABBREVIATIONS, ACRONYMS AND SYMBOLS (CONT'D)

2.4921698 x 10~ 10

-8.4102208 x 10~ 14

1.7021528 x 10~ 17

~1.9050949 x 10~21

90848388 « 10~28

Temperature, *R or “F

Afterburner inlet temperature, ‘R
Afterburner exhaust temperature, ‘R

Cooling water inlet temperature, *R

Cooling water outiet temperature, *R

Cooling water temperature nse, degrees

Total airflow at Coanda entrance, ib/sec

Secondary airflow entrained along Coanda surface, ib/sec
Secondary airfiow entrained at first ejector entrance, ib/sec
Sacondary airflow entrained at second ejector entrance. ib/sec
Secondary airflow entrained at third ejector entrance, ib/sec
Afterburner fuel flow, ib/sec

Primary burner fuel flow. ib/sec

Cooling water flow rate, ib/sec

Total jet exhaust flow. ib/sec

Measured secondary air intake airflow, ib/sec

Coanda entrainment coefficient ~ Weg/ Wep

Ambient temperature (*R)/518.67
Ambient pressure (psia) 14,696
Density. pcf

Afterburner efficiency
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