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r~~~~~~I SUMMAR Y

I A one~.uizth scale model test progi’w~ was 00nducted in the Boeing-Wichita Acoustic Arena witri the purpose
at sTtproving the previously developed Coancta exhaust suppressor system by reducing the size and cost
without reduang rio’s. suppression capability This improved exhaust suppressor system wOuld then be
placed behind a test stand enclosure to lo,n~ a Complete d.mountabte test cell syalirn . Th. reduction in size

1 of the exhaust suppressor system was accomplished by. (1) moving the eecondwy au inlet) from the side 50
above 5* e~ector Coanda which greatly reduced the width and (2) by r.duong the Cosnda surtaca len~ t’
from a 90 bun ID 66 which shortens the Coanda height and allows a shorter stack weight while m.ntsiiwig

1 the reQuired length of acoustiCally treated exhaust stack,

Flow dynam~~ and acoustic testing we aCcomplished wIth several exhaust muffl~ (stack ) conflgi.walons
• ncfu~ ng short versions with singie and dual acoustic splitters and acoustic wedges at the bad’ Wall and. tall

stack without Splitters or wedges These t sts were run using s nozzle flow that reproduced (as near as
I posaiblef the afterburning flow Conditions (T )el - 31 70F PVPa — I ~43) for the TF3O-PW-4 I 2A engine The

modal fouls diameter was one-sixth that of th, full scale engine nozzle Pwust at full aftsrburnsng .

I The resulte of thas~ tests indicated that the exhaust stack configurations with acoustic baffles ( splitters) in the
flow should not be used Sn production with the current Coancla configuration This was concluded because at
locai hot areas on these splitters with measured temperatures as high as I 370 F The dual wedge
configur ation u.ø not demonstrate any such temperature problem however. the improvement in acoustic
attenuation was not significant enough to allow a reduction in stac* height to the 30-foot liii scale height
simulated It is possible that configurations *i~~~ acoustic splitters could be used if the mixing ir’ the e,SctorI
and Coanda turning were increased Ia lower the t emperature of fIo~ into the stac* It may tie possible Ia do
this with the development of a wiOer e’~ector Coanda system

The recommended configura tion from the results of 5*5. tests was a 40.1001 stack height with no splitters or
wedges in the staci, the 65-degree Coanda surface and thr,e $actor transition with an enclosure ti~at places
5* secondary air nt.akes above the Coanda. e~eclor set
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PR EFACE

The oev lopment of the Navy Coanda exhaust suppressor system began in 1971 with the awarding of a
fe sib.lity study contract to Boeing-Wichita . Existmg round range supprsssors for military aftsrburning
engines were waler-cooled units pumping up 50800 gallons of water per minute into the exhaust plume 50 cool
the 3000 F exhaust g . s  and reduce the flow irelodify, This resulted in excessive maintenance problms due
to corrosion arid a dirty , sooty exhaust and compounded operational and system compiexity with ~~r~~olS.
plumbing , pumps. etc. The Navy recognized the ~fe cycle cost advantages of an air -cooled system and that
the Coancte effect may be the key ID development of an operationally suc’i eiefti afterbumlng ist deflector
since it requires no components of the suppressor in the exhaust flow

The success of the original feasd,~ty study resulted in follow-on development work by Boeing-Wichita for the
Navy . .;uiminating r~ a full- cale Coanda exhaust suppresso r demonstr ation unit that was successfully
demonstratsd in late 1975.

Since that successful full-scale demonstration of a demountable suppressor . the Navy has awarded
Boeing-Wichita a contract to develop specific adapt ations of the Coanda suppr essor for improved
demountable configurations. retrofit of existing class ~~ test ceiie arid ~‘Plush-house ’ (airouatI sncloe.d) type
ground runup suppressors This document reports the results of the analysis and tests performed ID improve
the dsmountable test cell configur ation by rsduortg size and cost.

It
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I I. INTRODUCT ION

In 1971 Boeing-Wichita was awarded a competitive f4~vy ciyflract ( N00 158-72-C-1053) 10 StUdy the
feasibility of r.*tkzmg the Coanda effect as an afterbuming ~ei exhaust deflector in an air -cooled ground runup
noise suppresaor Most U S mlita ry ground runup suppressor s existing at that nm were water-cooled,
utilizing up to 800 gallons of water per minute to cool the higher than 3000’F after ~uming exhaust plums . This
rS$uflsd xl corrosion problems. a lirry. sooty sxhaust arid compounded operational and system complexity

3 with controls. plumbing, pumps. liftuaers arid water supp ly Military suppressor users preferred an sw-cooled
system but none na~ been developed that were operationally successful.

The tgTi Navy contract was the fir-st of tour Navy Coanda no.s suppressor contracts awarOed ¶0
Boeing-Wichita . The analysis arid model tests accomplished under that contract (reported in Reference (a)) S

proved the teesib~ity oS using the Coenda effect for ~e( deflection and illustrated the advantageous no.11
clirectrvty cnan.ge due to refraction The second contract N0OI 56-73-C- i 194 awarded in 1973) made use of
scale model testing to develop a configur ation suitable b r  full-scale d monsir flon . The resulis Of that
contract were reported in Reference (b) In 1974 the third Navy contract ( NOO 156-74-C- t 710) was awarded
under which a fij I-scale Coenda suppressor demonstration unit was built and successfully demonstrated .
The Iij l-scaJe test program was reported in Ref erance (ci . Adr~bon& model scale testing widudsd in thai
program was reported in Reference (di

The fourth Navy contract , under which the work dsscnbed in this report wu a~~~mplished. was awarded in
1976 This contract ( N00 140- 75..C. 1229) had the following multiple task ob~Ict1veS:

• Jet Eng ine Demountabee Test C..ll Phase - Improve the demount~~le test cell configuration by
increasing exhaust muffler nOise suppros,s.on to allow a reduction in exhau st system size and cost

• Jet Engine Class C Tesi Cell Exhaust System Pha se Develop a configurat ion tar retr ofit of
exis~ ig ~~~~~ tes t Cells to the Coancia air -cooled exhauSt suppressor system .

• Aircraft Hush -House Exhaust System Phase Develop a means of adeptirig the Coanda
air -cooled exhaust suppressor system ~o a hush ~hOuse app lication

• Coanda Exhaust Suppressor System Design Handbook Develop the necessary procedures
and parametric data necessary to provide a comprehensive outline of the method used to make a

lr st out ’ design of a Coenda exhaust suppressor system with a grven set of exhaust conditions

Each of these task,s is reported in separate final reports The task resu lts reported ii this document are for the
Jet Engine Dernountab4e Test Cell Phase

a Ballaro: R E .  Brass. 0 W.. and Sawdy , 0. T ., ‘Feasibility and Init ial Model Studies of a
Coanda Refraction Type Noise Suppressor System . ’ The Boeing Company , Wichita. Kansas,
Document 03-9068. J~~uary 1973

b Ballard . P E.. and Armstrong. D L .  Configuration Scale Model Studies of a Cowida/R.fraction
S Type Noss Suppressor System. The Boeing Company. Wichita. K ansas, Document D3.-9258.j October 1973 .

c. ‘ Test Cell Experimental Program Coanda~ Refraction Noise Suppr ssicn Concept — Advanced
Development. ’ Final Technical Report fOr Navy Contract NOO 1 56.74-C- 1710.  Navy Document
Number NA€C-GS€ D-97 . The Boeing Company . Wichita , Kansas. March 1976

d. ‘ Aircraft System Or*-Sixth Scale Mode l Studies. Coanc ia Refract ion Noise Suppres .on
Concept - Advanced Development . Final Technical Report for Scale Model Portion of Navy
Contract NOO l 56-74-C-1710. Nav y Document Number NAEC-G SED-9t The Boeing Company.
Wichit a . Kansas , Marc h 1 976
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The primary O0~Ict1ve of this talk was to stream line ’ the opera tional configura tion of the a clallng lu -scale
demonstration unit by reducing true overall suppressor size while martsr~ing or improving its noise
suppression Capabilities . ThIs was to be accomplIshed with analytic studies end one-sixth scale model tests.
The prinppal configura tion changes attempted were

• Reduction of Coan da Sur face turning angle from 90 to 65 thus allowing a shorter stack heigl’ut.

• Reduction of the Coarucia enclosure size.

• Movement of the secondary air inlets from true sides to the top of true enclosur e This allows a large
reduction in suppressor width .

• Several exhau st muffler configur at ions such as single and dua l acoustic splItters and acoustic
wedges at the back wall of the enclosure .

This work will finalize the recommended design for a production version of Ibis recsntiy developed Coanda
exhaust suppressor system tar demountable test cell appicatlon

2
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I. TUT EQthPte~XT AND PROC EDURES

A. Test £~uipment. The following pat agrapris Oescnbe the test facility . Itui data acquisition equ(lmeflt
arid the test model, mck~~ng ~i. instrumentation used

I TEST FACIIJTY The mooed estsig was accomplished In the Bosing-Wiofulla A~~usbc As ena
ac*flty shown on Agure I The Arena wall ii 16 test hi~~u . inclined al an angle of 30 degrees to the vertical and

is 100 feet in ~ ameter at the base The burner ( Plot gas g.ner am’ isa two-stags Configuration The first stage
s a J 47 ~et engine burner can and spray nozzles, capable of reaching gas Iemperatta- S of 1500’F at true
I S-pound per second maximum airflow ra t e The seconci, or afterbisning stage. consists of a central fuel
spray nozzle arid e.gni radial spr ay bus and a flame holder This stage is water eclieted and can boost the ~ef
exhaust temper stise to 3300 F Th primary airflow source bias 300 psia line pressure A secondary airflOw
source ‘a available with a flO pea line pressure wSh a maxrxjm ~~~ aiø of 40 pounds per second of coici aw to
simulate fan ~~ws The burner controi instrumentation, fuel and airflow conti’ols are housed in a small building
nSxt to true Arena with a win~~~ for visuSl obeerva~~n or th. model These controls arid metnsnentatioru are
shown on Figure 2 .

2. DAT A ACQUI SI TION EQUIPM E NT

a The data ac~~~aion instrumentation. computer arid printer are housed at a remcit site arid
ate Shown on Figure 3 A pictorial block diagram of the Acoustic Arena ciata acquisition system is Shown on
Figuwe 4

b The Arena data acquisition system is built around the Vivian 620 1. thn.-Coinpi iter . which isa
Qeneraf purpose digital computer The Central processing unit of true computer u a 12K memory system
The input ousput system ~ro’v ides tie interlace between the computer electronIc System and tP*
.d.ctro-mechwucaf devices that input data to the computer or ousput the computed results The Besnive CR1
cathode ray h~ e terminal .naotes control ~i ttte corn~~rn~ wio true ~~me isle tree ciata ~rhe Tn-Data model

4036 provides progiam loading or storag. of data on magnetic tape The mu*~ lexer allows each channel to
be sampled ssquent~~y or rwdbmby . as re~~sred. The A 0 converter converts the analog signal to a digital
voltage level A pressuse scanner valve allows ai ~ e total pressures to be measured Dy the swue , 5.0 paid
tren diic* Anio.eru t pressure was measured by a 15 ps&a transducer A second pressure scanner valve and

2.5 paid transducer were uied to measure stat ic pressures Statha m pre ssure tran sducers wars used

c. Temperature measur ements were tlken through tour temper ature scanner s Thenn ocouples
were r on-Constan tar i and Crornei - Alumel . Pace and Rese rth Incorporated reference unctions were used .

For both timperaturso and pressures. sigr~a~ processing was accomplished by use of a B & F
Instruments, kt~ sugnat conditioner and a Dynam ics amplifier The conditioned signat was Connected ID a
monitor panel which permitted mar~ al monitoring capability as well as calibration monitoring.
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• The fuel flow *U 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 line The signal was conditioned by a Cos
signal conditioner arid true sQuel sent to the monitor panel The flow rates ~~ e Mo displayed on digital
vOltiuuIts(1 In die test control room The monitor panel inputs were paralleled to true muft~ilsxat input panel
where Itather monisoivig was poesil~e The signals ttieri went m b  the multVoexer Ii processing.

I. The acoustic instrumentation system begins with the Bru el & KàW Models 4135 and 4136
rr~~ophone buttons . These are coupled to General Ra~so Model 5eO-P42 prw~ lift.rs A mlaoØ~ons
scanner selects due proper channel for input to the aiAogw amplilier Pot signal processing The General
Radio Model 1925 Real-time Ana lyzer integrates Itie signal over an eight second time nterval ari d the
computer interlaces the Sigri*l to di. Computer tnput The taj fueld acoustic microphones are fluati mounted In
disks, U sh own on F igure 5 to obtain ground plane data that are free of reflective InterferenCe Two computer
progrwus were used for data acquisition One program was used ton performance data arid true other for

dat& when recorded

g. The ICOUStiCI program allows manual selection of true microphone data to be recorded When
th data from eacti microphone we analyzed , the computer signals the microphone scanner to advance one
position Data are taken sequentially The analyzed acoustic iSis are printed in tabular form arid plots of SPL
v rsus frequency in one-third octave bands Compilations of OASPL and PNL converted to PuS-scale
equivalent astances are also provided . Examples of the acoustic data output format are iliusti’aIsd on Figure s
6 arid 7

Pu The performance program provided automa tic data acquisition Once the program was
started. aS parameters were sam pled and the scanners automatically controlled by the computer The raw
performance oata . in the form of digital voltages, were converted to engineering units and calculation
performed In the CPU The dat a were then listed in t abulated form Typical sample performance data output
formats are i~.isPsied on Figures 6 arid 9

3 MOOEL DE SCRIPTION

a The Coencia demountabee test cell has ~w enclosure sections the test stand flclOsurs .
including due primary air intake, and the epector Coanda enclosure, including the secondary air Intake and
exhaus t muffler (stack ) Only the latt er enclosure was simulated in Itisse model tests A Cutaway &awiflg of
true Complete tes t cell as ‘t is currently visua lized s shown on F igure 10

b. The epe~~ r COanda enclosure was I abncat.d xi two sections The forward section. ef~.ch

includes the secondary ax intake , was f abricated of wood and simulates the internal tines of the enclosure and
tr ue seCondw y air vutalis The aft s ction of the e~ec1or Coanda enclosure w$’uicti includes the exhaust muffler
(stack) was fabricated of sheet Steel and simulates the enclosure and stack internal ‘n et Both sections are
stlu,~ln on Figures II and 12 with a short Stack Configuration

c. The secondary air intake baffles were fabricated with wooden frames an impervious septum
xi die center and 50 perc ent open area perf orated steed plate f ace sheets on each Side The acoustic backing
material was one inch thick JoI’uns-Maruville Glue-Mat 1 200 fiberglass The baffle leading edges are rounded
to -~~~~~~~ -~~~~ belknouths The secondary at intake consists of 17 flow passages that simut all Pull-scale

of 4 675 inches by 14 feet 196 69 P12) The bathes are 24 inches long which simulates 12 feet at Pull
sca’e An acoustically treated secondary air .ntake ~~~er was provided with In opening facing forward for the
purpose of isolating the noise emitt ing from this in t el from the far fietd microphon e msasu~emant3 Pt also
Shields the microphon e placed above the inlet (to measure ttie attenua tion provided by the intake baffles)
from noise emitting from the exhaust stack Figure 13 shows the intake ~~~er installed on the model.

0 Several exhaust stack configur ations ware tested. as shown on Figures 14 through 20. For
each ~.~onflgura tion . the sidewsll$ of Wi lower aft enclosure, as well as all inner surf aces of the xhausl Stack . 5
are acoustically tree*d with .Johns -Manvulle Glue-Mat 1200 berglass back ing and 50 percent open area
perfora ted lace sheet
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e The single spitter exhaust stack configuration (Figure. 14 and 1 5~ Pies a singte spatism

I attached to the forward and aft stack walls and c.ntereo on the Coantis flow The splItter is equivalent to 36
nch.s thick i fud scale) with a center impervious septum , Johns-M~~v1fle Gf -Mat 1200 backing material end
50 percent open ar ea peilorated ptate acs sheet A sioping back wall that reaches to the floor Pi similar
acoustic treatment that is equivalent to 24 inches ~iic~ ~tuN scale). An exhaust stack extension that is

I equivalent to 24 feet (hi scale) was provided that i acoustically treated and Pies the same a~sa sectional
~mensions U the lower stack outer walls. TPwi s*~~i PiaIgllI provI~~s a configuration with the same L H reao

2 acoueIi~~hy treated areai~~w atea~ as a stack with a local height of 40 tee’ arid WI internal wi~~’

I $1011 equal to 60 InChes (fuN scale) This is the seine flow pesaage width as the cor~ 9ur$bOfl with the
spatter mien the spitter width is si’ckided Both the sort stac* outer waN end me s~~~ e*teiieion we
provided with the cepabI’ty of v eiywig the backing depth between 2 ~, inches end 4 13 wictnes ( model scale)
Al contlgui ations ate provided with ~he capabmty of herd well covering thI acoustic tresfrfleflt

I The ~~al spitter configurat ion Figures 16 end 17) is similar to the single 501111W exCept that
two spitters, e c f l  equivalent to 8 inChes (‘UI scale) thick . we pcaceo in the Wiorl exhaus t stack . The sanie
acoustic treatment was used for the single spitter is i.eed. onty hall as thick The stack walls are left the

I same as with the single spitter

g FIgure 18 iListi’aSps Ni typical consvuctnon of the exhaust s~~ k spitter with the perforated
ace sheet end acoustic b~~~~~ matenat removed

Pt The acoustic wedges up the back wail of the encfoe~se and stack . shown on FIgures 19 arid
20. Pnave the if ted ~ producing a large L H ratio while removing the splittel from the honest end higliae*

I ‘.elo~Ay flow These i-wv wedges are equivalent lb eiglw Peel deep (PUS scale) and ~~ch Pies a base ws~~t thit is
Pnait the wi~~ i al the back wall The lace sheet is 50 percent open area perks alsO plate and the backing
rna$srt~l is .JohVie-Mei’vile Gtas- Mat 1200 The remainder of the stack arid enclosure walls is left the seine as
in previous tests

i A ~mensaonat schematic of the spector set wid C.oarida surface used inside tie enclosures
desatsd above is shown or F ?$, 21 The epectom sat is tabn calsd of 090-inch t~ck stainless steei arid tt’ne

I Coav~~ ~f 2S-incti tisca rnt~ st sl A 5’~ pomt sPudure and ground plane are provided for tie specitMi.
Cos1~~ arid acoustic enclosures Th, ground plane simulates a 60-inch ( PuS scale) c~s*wice below tie en~~ie
centemwt. F.gure 22 shows thi spector set installed on the ground plans and support stiucture, and Figure 23
ShowS tie eii~~ on of the Coarida surface end an acoustic burner cover The purpose of tie burner cover was
to isolate any ~~ r~ r riose generated frnjn ti5 m5icffl)pti()fl5 OC$tIOfl5 since ONy ltiS s*t*ausl flOllS was lb be
neas&,ed Figure 24 shows the interior of th burner cove end Figure 25 sho~~ the exhaust nozzle, spector
arid burner cover end sat. interf ace The burner ~~ er irid plate was used only when no spector Cowin g
enclosure was present ~ . forward wall of the spector Coenda enclosure became the ~ vider between the
burner ~~ vef arid WICIOSUne whenever iii enclosur, was being tested see Figure 11)

1 I BisI~~ nags Med with swid were used around tie entire tower enclosure . as shown on Figures
3 26 and 2’ , to isolate the wsIl trwemilsd noise This was necessary since -i ns very ~ ffi ouS to simulate

hi-scale wall trifl$ tnis$.On charac ter istics ri rnode4 scale and previous fij i- scale testing has shown
• 

- adequate wall trInsmsss.on loss cepebiaty

•
~~~1

I
I

til ~~~~~ ~~~~ 
-
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FiGURE 25: RELATIONSHI P OF NOZZLE. EJ ECTORS AND END PLAT E OF BURNER ACOUSTIC
COVER
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4 INSTRUMENTATI ON

a. Figure 26 shows tie relationship of the exhaust nozzle lb the ejectors and Coanda surface
Th, location of the ejector and Coanda surface pressure and tir nperstis e instr umentation is also shown
Each of the three .~ectors has four static pressure ports and four outside surfa ce temperature thermocouples.
The Coanda surface has eight each of static pressure ports arid outside surface temperature thermocouples
at approximately 10-degree intervals on tie centerline starting at the entr ance lb tie Coari da.

b The exhaust Mow charac tenstics above tie center of tie Coenda surface were measured by
sri exit rake ( shown Oil Figure 29) which has 14 ach of tota l pressure probes ar id tota l temperature probes
The probe positions are incremented based on a Ioganthmic scale with the smallest increment nearest tie
forward wall of the Coan~a. This was required to measure tie most number of points where tie vefoaty
~ adien t was largest Figure 30 shows the exit rak e installed at the exhaust stack exit inócatrig how exhaust
flow Ctiaracieristics were measured with the enclosure around the Coanda surface

C. Figures 31 . 32 and 33 show the location of tie thermocouples added lb the enclosure end
exhaust stack for tie single splitter , dual splitter and acoustic wedge confIguration, respectively These
thermocoup les were lb measur e the surf~~~ temperatures atta ined by tie enclosure ar id exhaus t staca urine
waits.

d Four static pr essure probes were located in tie enclosure interior with two centrally located
below tie inlet t one on each sidewall ) and two cantr alty located below the exhaust stack t one on each
sidiwall ) Th, probes were pOsitioned 10 inChes above ground These probes determined the cell depression
in the inlet arid exhaust are as of the Cowda enclosur e System

e The enclosure nlet~s) was instrumented lb determine tie secondary flow entrainment Each
chan nel wi tie m ist had a static pressure port at the centerline approximately 0 75 channel width s downstreWl
rom the start of the constant area section after the bellmoutti These static pressure pickups were pl~~~d on a

m ovable inlet rake as shown on Figure 34

I The acoustic instnjmentation included 12 far field and 3 neat field microphones The tar field
positions were at I S-degree intervals between 15 degrees and 180 degrees from the nozzle exit plane at a
ra~~~gj c~stanc. of 25046 - 4 1 67 fee t The far field microphone array was shown in the photo on Figure 5 The
near field positions included two exterio r and one inter ior to the enclosure as shown on Figures 31 . 32 and 33
in tie photos on Figures 35 arid 36 Acoustic data recorded was 24 on -third octave band s between 315 Hz
and 65 K H Z  monet scate t which was converted by the computer to fulL-scale equivalents between 50 Hz and
10 XHZ

g. Table 1 s a liSt of the instrumentation used and the accur acy requirement pl~~~d on tha t
instru mentation

24
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TA&f I
INSTRUMENTATION REOUSRIMENT LIST

Locati on and ‘~~ssurements Unite No ~~~igs

pressure pets 12 10.OlbAnib.
Cosnda surface static preesure pals $ 100 lb Amb. ± 1%
Enclosure Inlet static pressure pets 17 13.0 lb Mnb. ± 1%
Encloeure Irneilor static pressure pels 4 13.0 lb Amb. ±1%
Lilt rake totel presaure pets 14 Amb~lb 17.0 t112%
E)eeIo~ metal surface Isrnps,ature ‘F 12 Amb. lb 1300 ± 2%
Coands metal surface teln5ielature •F S An*. 10 1200 t 2%
Lj~cfosu~e Intedor ~ d t .jsI$ I$iaØSiature F 3 AflIb. lb 600 ± 2%
Exhaust stack metal surface
temperature:

• TaI st.Ck WSUiGUt Sp*taI ‘F 17 Amb. lb 1000 ±2%
• Sitoit stacit wttii skigle spills.. F 17 Amb. lb 1200 ±2%
• Short stack with duel splitter F 10 A.~ib. tO 1200 ±2%
• SliceS stack with dual wedge. ‘F 10 Amb. tO 1000 ±2%

‘F 14 A.nb. to 1400 ±2%
Pw fleld miuuphonaa 12 3010140 t 1 d

NeS~R5ld 1fliCIflpiIO41b55 *dS 3 70 10 100 t i dS

* Dsta a recorded In one-thWd octave SPt. (re. 0-002 dyneicm2)

33
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N In ad~ tlon lb the unsPumentaflon listed, the fol lowing (Table 2) snwonmental and flow
iata were recorded

TABLE 2
ENVIRONMENTAL AND FLOW CONDITiONS REQUIRED

location and Msssuremsnts Units No. Range Accuracy

Arnblsrit preeeure psla 1 13.0- 14.2  ± 1/2 %
Nozzle exhaust total pressure psi. I Amb. lb 35 ±1/2%
NoWe ezhsust presaure rello — 1 1.2 - 2.0 ± 1%
Arnolant tempe ra ture F I — ±2%
Nozzle exhau st gsa temperature F I Ainb. 50* ±2%
AdS cooling water In temperature ‘F 1 40 10 50 ±2 %
AIB coo1ln~ sises. oi~ temperature F I 40 10100 ±2%
Noule skflow lbissc 1 0 107.5 ±1%
Primary burner fuel flow Ibisec 1 0*0 .1 ±2%

After burn er fuel flow lb isec 1 010 .3 ±2%

A/B coollng wete. flow Ibieec 1 010 12 ±2%

Wlnd sp.ed m p h  I O to 2O ±5%

Wkid direction deg. I 010 360 ±10’

Relative humIdity S 1 0 to 100 ± 2%

*Aflsrburnsr temperature us calculated IFOITI airflow arid fuel flow data used lb set up afterburner
condition .

S. Test Procedures.

a The target values of afterbu rner nozzle pressure ratio ar id exhaust gas total temperature were
1 943 and 3630 q respectively. for ~mulabon of the exhaust of a TF3O- P-4 ¶ 2A engine Exit temperature was
et for each run by setting to a constant value of burner fuel flow at the targ et afterburner nozzle pressure ratio

This rnetticxi ~l setting exhaust temperatur e was necessary due to ac* of instrumentation capable of
rneasunng ti l. extremely high exhaust gas temperatures used for tne test

b A calculation procedur e was developed to determine the exhau st gas temperature based on
~h burner fuel flow , airflow , wate r lackit heat loll arid an assumed burner efficiency of 95 percent A heal
balance was *nflen about the afterburner shown schematically ~n F igure 37. resulting in Eguation ( 1)

34 

. -—-. ‘ 
-J



I
Cooling Waler Out

T 
_ _ _ _ _ _ _ _ _ _ _ _  

WH,O

r 
— — - ~~~~.~ ii,o

T1~ _ 
-

~~~~~~~~~~~~~~~~~ 
hout

Fuel ~ U Li cooong waler In

~f AJI f f
I I

FiGURE 37: ARENA AFTERSURN(R SCHEMATiC

W I A B (h ta ‘ ?7 8 H~ ) W~~~h cut W~~o C P H O  ( ‘T H~
4) ) d un h in (1)

Solving Egual’on ( I )  or exhaust flow entha~ y ~ ~~ ) results in Equation (2) .

W f A B t P~
t ta ‘ ‘ )

~~~~~~~~~ 
W H O  C P H O  (

~~
T H2 o) +

h~~~~~. 
* (2)

wout

Equations 3) and 4) below ate stated equa tions for combustion products from Aefetenc. it

ha~~ ReTfl . R8T6 R 5T 5 • R 4 T’ * R313 .R2T2 • R 1 T
(3)

A
0 through A 8 are constants defined in Section VII

~~~~R i 5 T 8 .R ,? T l .R ,5 T 6 .R ,5 T 5 .R ,4 T 4 .R ,3 13 .p ,2 l 2 . R,

(R 10 thr ough A , 8  are constant s defined in Section VU

Equations (3) ana 4 frOm Reference (it have a Stated temperature ~*fl9 of 300’ to 4000’R However, the
eflects of disassociation are nor be eved to be included ~n the equations

f a~h .~h .
I f ai

Using Equations 2 3 . 4( and 5t with wpropnate test data aSows an iter ative solueon for pet aid

H ~~~pe~~ure
Ref e GENE 0-A Program for Calculating Ossign and Off-Design Perkwmanoe for Iurbo~et and Turbofan

Engines. ’ NASA - Lewis Research Center Oocum.nt Nianber 1N04662 , February 1972 .

El
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b The model configur ations tested and the data recorded during those test runs ate shown In
Table 3. Each test condition was set up as near the desired nozzle pressure arid exhaust temperaturs as was
practical. A period of time for thermal stab.kzation was allowed at each power setting prIor lb recording data.
Measurements were recorded for aM instru mentation with in each data column checked for acfi configura tion

c. Tabulations of the standard environmental and flow condition data were recorded for each test
condition , as well as model configuration ident itying informa tion , Al static pressur e probes . meta l sur face
temperature thermocouples, and Coanda exit rake total pressure and tempera ture prob es were assigned
identification coding. The measured data were recorded in tabula, latin for each test condition in the units
wecdled by the instrumentatIon requirements.

d. Tota l secondary at inlet airflow was obtained by calc*$atlng and summing the airflow through
each channel Cross sectional area for each channel at the probe location was determined by the channel
wicati and ino~ement between probe movements A discharge coefficient for the secondary *ir inlet blilmouth
of 098 was used in the airflow calculation

e. E~ t raks totat temper ature arid total pressure data were used lb calculate M~~ i number and
velocity of flow at each probe location . Th.se data were tabulated and the vslodlly profiles computer plotted.

A~~ustic data reduction included conversion of the 24 one-third octave band model scale
measured data lb full-scale equivalent frequencies, including conversion lb standard day conditions arid
application CA absorption coefficien ts for the model scale frequencies and distance The data were tabulated
in one- third and fij i octave bend SPL as well as computed OASPt. and ‘A’ weighted SPI The One4wd
Octave SPt. values were computer plotted

36
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I
NI. TEST RESULTS

The pertinent results of the testing previously outlln d are discussed in the following paragraphs:
A. Aerolhermodynamlc.

1 The calculatio n procedure descr ibed in VII B above was used to calculate the exhaust gas
temperature tar esch vald data run based on the pressure ra tio and fuel flow values recorded. The resulting
exit temperatures are listed in T.bls 4 The average exhaust temperatur e CA 356VR was deemed adequate
although it was about 80 degrees below the target temperature of 3630 R.

2. Figure 38 compares the measured secondary inlet pressure loss with the predicted loss calculated
fr~rfl boundary layer solutions for the inlet flow The secondary airflow rate was calculated from the inlet rake
static pressure measurements taken in the constant area section of the inlet flow passages The rsire was
positioned on the inlet centerline 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 flow profiles for each position The resulting ar es
weighted flow rates were summed lb obtain an estimate CA the total secondary air inlet flow rate .

3 Table 5 presents secondary at entrainmen t data including a breakdown of entrainment by indIvidual
components. The entrainments at the efector inlets (W ,i.  W~~. W53) are calculated values obtained with
Boeing computer codlngs. These values could not be accurately measured without costly additional
instrumentation The total secondary air entrainment at the second and third s~ectors arid the Cowida eiif~~~
is a value measured at the secondary air inlet (W5) The total system entrainment would include the calculated
first e~ecior entrainment and the measured inlet airflow (W.i • W~) The Coerida surface secondary air
entrainment (W~*) Is the measu red “let secondary airflow (W g) minus the calculated second and third e~sctor
entrainment w52 W 3 )  The Coenui. surface en trainment coefficient ø~ shown as EQuation (6), is the
ratio of Coerida surface secondar y air entrainment to the total airflow entering the Coanda surface (W ~~~).

W 5 - (*e2a —  ____  — —  (6)

W,et • ldV~~ • *5~

4 Figure 39 gives surfac, temperatures and pressur es along the centerline of the Coanda surf ace at
the ~~ ations shown on F igure 28 without the acoustic enC1~~ure The stat ic pressure data indicate good flow
attachment through the length of the surface The surface temperature data indicate a peak temperatu re of
162~~R (1 l8rF ) which exceede the design goal by ‘68 degrees

5 Figures 40 throug h 43 pre~~nt Coanda surf ace temperatures and pressures along the center line at
the locations shown on Figure 28 for configurations with the enclosurs T hese data show that the stack
configurat ion had little effect on ttie Coanda surface pressur es and temper atures which indicate, in turn , a
negligible effect on Coanda flow att achment 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 148 1 R (102 1 F) which ~s 147 degrees cooler than without the
enclosure The reason for the increa sed cooling s the position of the secondary air inlets The e’ectors and
Coanda surface are immersed in t~e cool secondary air being entra ined by the Coanda surface mixing .
E ffort s to norm akze the Coarid a surface temperatures by refsmng to amb ien t or primary fet temperature were
abandoned because the mixing process precludes agreement throughout the temper atur e range Actual
measured surface temperatures ar e tfiere*xe presented on Figures 39 through 43

6 Figure 44 shows the flow conditions at the exit of If ie Cosnda surfece with rio enclosure present as
illustrated on F9se 29 These flow velocity. Mach number arid exit total tefT~ er ure profiles indicate
•xCs*erit flew attachment to the Coends surface at the exit (85.degree) position The p55k flow velocity is
seen to be only fIve inches ( model scale) from the Coends surface Coands surface cooing is also excellent
as seen by the peak flow total temperature of I 750’F at approximately two inches from the Cosrida surface
while the metal surface temperature of the Coarida at tha t point was only 1425 R ( average from last
thermocouple - see Figure 39)
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TASLE 4
NOOE1~ A/S EXIT TEMPERATURE CAA..CULATE O FROM ENThALPY R$SE*

Run No. Exit Temp. R Run No. Exit Temp. R

10 3515 45 3521
15 — 46 3540

20 3573 47 3550
21 1170 4$ 3523
24 3581 50 3520
25 3529 51 3586
26 3390 52 3562
27 3496 53 3620
21 3492 54 3538
29 3572 55 3573
30 3606 56 3646
31 3507 57 —

32 3570 58 -

33 3522 59 -

34 3553 60 3563
36 3561 31 3534
37 3541 62 3582
36 3645 63 3569
39 3515 64 3551
40 3551 65 3518
41 3509 86 3561
42 3543 67 3521
43 3555 88 3514
44 3506 60 3566

_________________ _________________ 
71 3571

Enth alpy ties tweed on fuel flow. UIV a 13.400 BTUILb and a burne r eflkilancy
of 96 pe~cant

Test averag e •xit temper ature - 3561 ‘R
Standard Deviation • ~ 43.4 F

40
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IIIL:
Sym bol Run No. Exhaust Stack Configuration

o 21 Short St ck. Single Splitter
.003 0 27—30 Short Stack . Single Splitter

A TaN Stack. No Splitter
51—54 Short Stack . Dual Wedges

Q 4$ Short Stack. No Splitter
— Pved~ ted

002 4 ~ I I
1i Table 3 for Coriiplete Conflgurstlon Definition

.0015

.001 1 _ _ _ _  _ _  -
10 15 20 25 30 40 50 50 7 0 1 1 90 100

Unfit Airflow - 
W~~~~~~

I ; a.
FiGUR E 30: SECONDARY AIR INLET PRESSURE LOSS VS. INLE T AI RFLOW

F;
41r
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TABLE 5
SECONDARY AI RFL OW ENTRAINMENT

S.condar~ let Ejector 2nd & 3rd rotal Flow Cosnde Coanda
A/B Nouk Inlet Secondary Ejector Entering Ssciondsry !nuainmant 
Mesa flow AIrflow ~~~~~~~~~ ~~~~ nme~ Coands ~ eainmeni Coalflolent

Run Modal ~~~~~~ ~~~~V5 *51 *•2 + 
~‘53 ~‘0P *~$ *os/*~p

lumb~ Configuration (Lbs~~ec) (LbsdS.c) (Lbs/Sec) ~Lbs~~ec) (Lbs~~sc) (Lbs~~.C) 
_ _ _

26 7.41 20.96 2.35 1.51 11.27 10.45 1.73

2 7 3 0  
ort acltwlth 

*733 io.w 2.32 1.50 11.15 1647 1.66

wIthout 7.45 1717 2.34 1.51 11.30 16.36 1.45

4$ ~~~:~~
I w$ th_ 

744 1616 2.35 1.53 11.32 15.03 1.33

I rItti 
*742 17.65 2.33 1.52 11.27 16.13 1.45

* Averag, values tot the run numbera shown

>Burnsr Unfit alrffow plus fuel flow

to standsrd day conditIons (* ~~ / ~~

~EJ~I T J J
*51 ~~~‘2 ~~•3

-

~~~~~~ 
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I 1 801

1 1000

I Dssfon Goal
1 — — — — — — — — —— — — — — — • —

1400

I
I 1201

AVerage A/S No~~ie Temp • 3661’R
0 Ave.sge A/ S No~~I. P. R. . 1.943

1000 •
Symbol Run No.

0 2 0
0 24

$09.  A 25

See Table 3 for Configurat ion Definition

100

• D4$t nco from Coinds Ent ra nce ~~C’~55
1.00

0.96

a

092

I
0.11

I __________________________________________

FIGURE 3t COANDA SURFACE PRESSURES AND TEMPERATURE S - NO ACOUST iC ENCLOSURE
&~ f CONFiGURATiON
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1600

Dssfln Goalp — — — — — — — — — — ~~~~— — — —~~ — — — _ .
1400 .

I O

I 1200

Avera ge AIR Nozzle Temp • 3520 R
Avera ge A/S Nozzle P.R. — 1.667i: s TI

See T ble 3 for Conflgdr.llon DsflnftIon
600 .

I I I

0 10 20 30 40 30
• Distance from Coends Entrance — Inches

l•0~
a.

0.96

S
I •

I 01$

0.84

FIGURE 40: COANDA SURFACE PR ESSURES AND TEMPERATU RES - SNORT EXHAUST STACK
WITH ~~NGLE SPLITTER CONFIGURAT iON
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I
I Des~~~ Goalp — — — — — — — — — — — — —*— — — — — —

1400 S

1~ t 
_ _  

_ _Avsrag. A/B Nozzle Temp - 384rR

1 8 Avsrag e AlI P”W P.R. . 1.847

S Symbol Run No.

o II
I A 66
I 0 17(‘3 800 -

0 66
O 71

See Table 3 ~~ Conilgurabon ~~~n*tion
Soc .

0 10 20 30 40 30
DIstance from Coands Entrance Inches

1 .00
Ca.

I
*

C

8J Ij 0.66

0.84 -

I . FIGURE 41: COANOA SURFACE PRESSU RES AND TEMPERATU RES - SHOR T EXHAUST STACK
f WITH DUAl. SPUTTE R CONP1OURAT)ON
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1401 . 

— — — t•• —I. — — — — — —
$

c 1201i
A~I .Iag* A/I N~~~~e Temp. • 3174 fl
Ai sisge A/S Motile P.R. - 1164

! I $ ymbol Run No.

0
8 A o (  WIth DI~~0 $4~ Wedge

66
0 5$ W~O~~~~

See Table 3 ~~ Confl urabon Definition
600 •

£ 1 1
0 10 20 30 40 50

DIstance from Coands Entranoa - Inthaa
1 .(•

0.11

c •.

1~ 
.

a. 0.62 .

J I
011 • • 5

0J4~

FIGURE 12: COANDA SURFACE PRESSURES AND TEMPERATURES - SHORT EXHAUST STACK
WITH AND WITHOUT DUAl. WEDGES
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I
Oes~~n Goal

1 1400 
— — — — — 4 4 

— ~~~ — — —
G 9

GI 1200 .
Average A/B Nozzle Temp. - 3544 R

5 A~. erag e AIB Nozzle P.R. a 114$

II ~~~~~ 
Symbol Run No.

I
I 1 800 .

See Table 3 Icr COflflguIItIOfl DsflnWon

I 1 )  20 ~0 ~0

1.0 0 DIstance from Coends Ent rance — Inchee

0.96

I I - b

I . 0.92

I . 44
I 0.8$ -

1 084 .

, 1
I FIGURE 43: COANDA SURFACE PRESSURES AND TEMPERATUR ES - TALL EXHAUST STACK

WITHOUT SPUTTE R ON WE DGES

1

_ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~~~~



- -__— ~
_ - - -—~~--- --

NAEC-62- 112

~~~ 000 0

~~~~~~ I —
0

0

0

0 0
I 0

4 .~ a. c~~~~ -

r 0
0 ~~~~~~ ~~~~ 

I —

0

I a’.
0

I
I 

—
~

0

0 0
0

I I 1 P P
.- -

— ______

0 ~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘N

0

1 0

0

4 
* 

0

:
-

FI GURE 44: COANOA EXIT FLOW VELOC ITY. MACH NUMSIR AND TEMPERA TURE PROFiLES - NO
ACOUSTiC ENCLOSURE
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~‘ FIgures 45 throu~~ 47 present exhaust stack exit flow velocity . Macf’ number and t~mpIratuts profiles tar

Sach Jt the three short stack configurations t sted ( single spitter , dual splitter and dual wedges AM tnre

‘ 
configurations liustrste~i a region of reverie flow ( shown by negative velocities) near the forward wsii of the
exhaust stack This is cau~~~ by the 65-degree exd from the Coand.~ s IfaCe Ink) a vertiCal 90-degree) exhaust
stack . The velocity in these reverse flow regions was estimated using the pressure reading from the exit total
pressure sue as a stat ic pr s$4%s and ambient pressur, as the tota l pressure This prncedur e was used whirl rake
pressure measurements were below ambient which .ndicates local reverse flow Use of these ski pressure
readings as static pressures ts an acceptable proce~~~e dus to the low velocities in the reverse flow regions

8 Tables Send 7 ‘is~ the e’ector surface temperatures along the top and side c ntertln s, respectively, tar the
various 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 aflerburning nozzle tempera~~es a’s also presented In genera l , t h re is no
signthcarit Change in ReCtor surface temperatures due to c~~~ges in stack configur ation or removal of the acoustic
cover from the seconuary air net There isa sq~flcant change in efsclor surface tsmperatures. however - between
the conAguration without an enclosure and those that are enclosed. The reduoad erector tsmpsrskses with the
sn~Josws present are due to the secondary air inlet position ~usl as was discussed ear lier for the Coanda sitfioe
temperatures With the enclosure installed , the maximum average temperature was at the exit of the first igector
and was 966F which is b low the design game of 1000 F

9 Tab4e~ 8 through 11 list the •xt’iaust muffler inter nal surface temperatures for the vanous model
configurstion s at afterburn ing pr imar y nozzt. condi t ions The location of the thermocouples where the
measurements were tauen was shown on Figur s 31 32 and 33 The values listed are m irages as’ aU test runs of
that particular confIgur at ion Also kg iso are the max imum and minimum deviations from that average The large
deviations shown are riot the result of poor r s t ’~ ‘nentation but ratha’ from the urge fluctuations within the exhaull
st~~ due to turbulen t flew ‘heia 3at.a indicate that Coricla surface mixing hal to be rr~ rOved before a
configuration with splitters could be used The single splitter had local areas that re~~~ed I 295 F average
er’iperatiwe while the duil spurner configurat ion reach ed 370 F These ternp.ratur s exceed the I 000 F design
goal by tOO much to ensure expected life cycles The dual wedge configur ahon did not demonstrate any Such

~emperatur s regions bec$use here were rio componen ts immersed di rsctty in the honest portion of the exhau st
flow This was also true for the tall stack configura tion *4’ich Piao no splitters or wedges

S. Acoustics.

I me use of model for acoustic testing *5 give indications cit configur ation superiority when the same
acousZ lining design as uied The magnitude of the afi nughOn Obtkined from model telling may not be attributed
~c tult-scale hardware since the lining m.tsnsus were riot physically scaled , for example, the ratio of fiber dismetir to
wavelength or the scaling of perforated sheet hole diameter and thickness Therefore, the direct companion Of
model acoustic esu its to fu -scate CI’,tenOn must not be inter pr eted as having or riot having satisfied a particula’
full-scale criterion - since the linings were not and possibly cannot be precisely scaled ~1Owever - as stated above.
ifldic.IhOnI can be gained as to which configurat ions are superior acoustically FuIl- sc~le linings must then be
optimized and designed to provide the ciec.ssary Suppressor noise reduction to satisfy the acoustic criterion

2 The primary acoustic ob~ectIve of this program was to compare (by One.ii xtti scale model rests) several
7 confIgurations as’ exhaust muffler for a demount able exha ust suppre ssor system utilizing the Coanda air-c ooled

concept as applied to a Modet TF3O-P-4 12 nozzl, at &lert,urnlng operation Two ~ning thicknesses of stack wall
lining were tested for relative acoustic per formance ~ ~~ ~~~~~~~~~~~~~~~~ lOW freqUSflCy 5flir’lU *bO’~l Of the
~t~ickir lining, if any Four different short stack configurations were tested to establish which oe,.gn was acoustically
superior These consisted of no spitter single spitter dual splitte r and dual wedge short stack configur ations The
test results were compared to MIL-P4-83 1 558. Grade II ~~4lnOri on a 250-toot scale radius

I

_ _  _ _ _
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I TABLE 6
EXHAUS T MUFFLER TEMPERATUR ES - + 17

SHORT STACK WITH SINGLE SPUTTE R CONFiGURATiON (1’s - 70~~~() F)

Averag e Measure d
Thsnnocoupis Ternp ratwe With

PAimbsr General Location Maximum and Minimum
(See Fig. 31) (See FIgure 31 for Exact Location ) Deviation (°F)

Stack Forward Wa ll - Lower 711

134 Stack Forward Wall — Upper 386

Stack Sidewall — Upper Forward 837

Stack Sidewall - Upper Aft

TV Stack Sidewall - Canter 1023 ~

Stack Sidewall — Lower Forward 802

Stack Sidewall - Lower Aft 88$

136 StCCII AR Wall - Lower 884 + 32

131 Stack Alt Wa ll - Upper 
— 

956 + ~~

SpINIer t.aeding Edge — Forward 1294 ~

1 41 Splitter Leading Edge — Center 1129

145 SpUtter Leading Edge - Aft - -

SpUtter Sidewall - Upper Forward 922

Splitter Sidewall - Upper Aft 1034

145 SpUtter Sidewall — Center 1136

145 SpUtter Sidewall - Lower Fo1 mrd 1296 + 25

147 SplItt er Sidewall — Lower Left $12

Enclosur. Floor - A f t  206 + ~~

196 Aft Enclosure Sidewall - Upper 56$ 4. 113

Aft Enclosure Sidewall - Lowsr + 46

55

~~~~~~~~~~~~~~~~~ 



___

NAEC •92-1 12

TABLE 9
EXHAUST MUFFLER TEMPERATURES - +10

SHORT STACK WITH DUAL SPUTTER CONFIGURATION (T 5 - 54 - ~~F)

Avera ge Msssursd
Thermocouple T.inperature With

Number General Location Maximum and Minimum
(See Fig. 32) (See FIgure 32 for Exact Location) Deviation (‘f)

EnclosureFloor - Aft 210 + 8
195 Aft EnClosure Sidewall 73$
179 Aft Enclosure SIdewall 649

Stack Sidewall — Upper Forward J 772 ±26
172 Stack Sidewall - Upper Aft 1 970 ±31
773 Stack Sidewsi — Canter 1019 +33
174 tack Sldsi..,aIl — Lower Forward $03 ± ~

Stack Sidewall — Lower Aft 901 +23
170 Stack Forward Wall - Upper Outboard P.ee’ge 317 ±19

Stack Forward Wall - Upper Center Paaa.ge 824 ±20
Stack Forward W.iI — Lower Outboard Passage 1164 t 1~

170 Stack Forward Wall — Lower Center Passage 131$ ± ~
tack Aft W.ll - Upper Outboard Passage 862 ±27

Stack Aft Wall - Upper Center Passage 1006 ± 4
183 Slack Alt Wa6 — Lower Outboard Passage 925 ±27
183 Stack Aft Wall - Lower Canter Passage 

- 

$70
Splitter Sidewall — Upper Forward 737 ±40
Outbosni Paee~~~ _ _ _

_ _ _ _ _ _ _ _ _ _ _  

SpUtter S4~~._~ l — Upper Forward Canter Passage 1302 ± 14
196 SpUtter Sids~ aM — Upper Aft Outboard Passage 1043 ±31

~~~~ T~~ Sputter Sidewall - Upper Aft Cents, Passage 106$ t i l
195 SplItter Sidewall - Center Outboard Passage 1115 ~~~195 SplItter Sidewall - Center - Canter Passage 1229 ±10
190 Spllitsr SldewsJl - Lower Forward 

- 

1197 +33
Outboard .~~~~~~~~~ 

_ _ _

191 SpUtter Slds~ .J - I.ow’er Forward C.nisr Passage 1370 ±12
192 SpUtter Sidewall - Lower Aft Outboard Passage MO ±~~— 

T95 Sputter Sld.~ all - Lower Aft Center Passage MO ~ 5
194 SplItter Leading Edge Forwird 1388 ±26

Splitter Leading Edge — Canter 1219 +21

_ _ _ _ _ _ _ _ _  

SputI.r Leadlng Edg. -Af t  
______________
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I
TABLE 10

EXHAUST MUFF LER TEMPERATURES - 
2I SHORT STACK WITH DUAL ACOUST iC WE DGE CONFIGURATION (T~ - 45 F)

Averag e Msaaursd
i Thermocouple Temperature With
I 

Number General Location Maximum and MInimum
(See FIg. 33) (See FIgure 33 for Exact Location Dsv$atlon (F)

I 16$ Aft Enclosure Sidewall — upper 517

170 Aft Enclosure Sldsws$l — Lower 41$ a

I 171 Stack Sidewall - Upper Forward 36$

S*ack Sldew.ll - UpperAft

L T73 Stack Sidswall - C.nter 902~~~~~
_ 174 Stack Sidewall - Lower Forward $10 ~

175 Stack Sldewall-Lowsr Aft

170 Stack Forward Well — Upper Comer 331 + ~~~

177 Stack Aft Wall - Upper Centar ~~~
170 Stack Forwar d Wall - Lower Corner 517 ~

179 Stack Forward Wall — Lower Center $18 “~

L î Ø Stack Aft Wail - Upper Corner + 4$

1 181 Stack Aft Wall - Upper Center 176 + ~

193 Stack Aft Wall - Lower Corner + 41

193 Stack Aft Wall — Lower C.nter MO + $2

T~~~. Wedgs Leadlng Edge-Upp er 924~~~~~~

Tg we~ige Listing Edge - Upper Center 140

196 Wedge Leading Edge — Lower Center 545 + 41

Wedge Leading Edge — Lower 392 + ~~~

1 ~1o1 Wedg. Slds1’all - Upper Center + 52

Wedge $ldswell — Lower Canter 671 +

I T~92 Wsdg. Sld~~ all - Lower 1~ 1 +

I
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TABLE 11
EXHAUST MUFFLER TEMPERATUR ES -

TAU. STACK CONFIGURATION (Ta - 93’?)

Avsrags Measured
Thermocouple Temperature With

Number G ne~~ Location Maximum and Minimum
(See FIg. 31) (See FIgure 31 for Exact L ocation) Deviation (‘F)

Forward Stack Wall — Lower Section $66

Fo~ mrd Stack Wall — Lower Ssction 961

13$ Stack Sidewall — Lower Section 1069

13$ Stack S1d.~ aU — Lower SectIon 964

Stack Sld..~..U - Lowsr Center 119

Stack Sidewall — Lower Section 1043

129 Stack Sidewall — Lower SectIon 641

139 Aft Stack W~~ — Lower Section 151

131 Aft Stack Wall — Lower Center 829

T33 Foiws.d Stack Wall — Upper SectIon 466

Fon~mrd Stack Wall - Upper Section 741

136 Stack Sidewall — Upper Section 577

135 Stack Sidewall — Upper Section MO

13$ Stack Sidewall - Upper Section 162

Stack S1d*i..a$ — Upper SectIon 1026

139 Aft Stack Wall — Upper Section 941

139 Aft Stack Wall — Upper Section 1001

Enclosure Floor — Aft 216

Aft Enclosure Sidewall — Upper 41$

157 Aft Enclosure Slds.. 1l - Lower 193

• 196 Forward Enclosure Sidewall N
r
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3. Al lined suglaci areas ccrwstad of Johns-MwviIe Glee-Mat 1200 matinal covered w~~ perforated
st~.e of 45 percent open ares, St 64-inch ~temetsr holes arid 047 • inch Ihick nsss This mat inal is a mechan ically
bonded glass fiber insulating bfer*et for use to I 200’F It is manufactured eneisly of long textile glees fibers and
~~ntains n~ binders. thereby WUflfl9 m echanical wf l.gnty dunng extended exposur e at elevated lsIT~ sratursS

4 No attim~$ was made to optimize the lining design expenmentally ID obtain in~iproved acousec
3, perlormarice The matenai selected was based on tenWerature reguwemsnti and lead time avwlebllty The

acousecalfy preferred matsnai ~J -M Cerafeft ) had a lead time inoompalbl s wis~i the test schs~ie Nis  wisc~ aIsd
that the Cer alel wouk~ peilorm tielter than the Glee-Mat 1200 but the magr*ids of impruverner* is uncertain
~ tho~ wa~~~

5 The lining matinal as mwufactured and de vwad. was not of LeWkwm thickness and density.
Thara&ve. the matinal tor escn acousi’c panel was wssgl~i5d and an averag e density calc~~~led The lining natinsi
acoustic propertiss are thus given in terms of the average density tpd) and average resialvity (rS~licrn ) The
resistivity was determ ined by flow r sistinci testing and defined as a hxiction of density by -

R —  11 $ P275 (raylfcm)

where p is the density (pcfl .

The acoustic penele for the suppr essor components had the properti es given r~ Teble 12

TABLE 12
ACOUST iC P ANE L PROPERTiES

Llnk~g Average A israg e
Thlskness DsnsRy Resistivity

____________________________ ___________  
(PCF) [R A VL CM )

Short stac*. wsus(1) 2.75 11.63 100.5

Short stack walls (2) 
— 

4 . 13 11.56 90 33

Tall stack extensIon (1) 2.75 11.41 86.96

Tall stack extensIon (2) 4.13 11.71 104.4

$Ingle splltter 2.75 1 1 7  102.2

Dual splitisi 1 .3$ 11.2$ 92.0

Dual wedge * 10.50 77 . 1$

Enclosure back well 4.13 12.1$ 114.1

Enclosure lower sldewslle 4.13 11.43 96.9

Secondery sir U ilet .94 10.45 74.8

Figure 19

Nsts: Unlng thicknesses ire model scale.
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TABLE 13
ACOUSTiC TEST CONFIGURATION SUMMAR Y

Run Number

10 26 31 32 33 36 37 3$ 39 40 41 44 45 4$ 65 5 0 5 0 6 0  61 53 71

1. Nodel no~~le X X X X X X X X X X X X X X X X X X X X X
2. Secondsi’y air osvsr X X X X  X X X X X X  — — — —3. $hovl stack( 1) X X X X X X X

4. Shorl stack (2) X * * X * * * *
S. Tall slack (1) X X *
I. Tall stack (2) * X
7. B.ck wsil itnIng X X X * X X X X X X X X X X X X X X X *
S Lower wsll lirdng x * x * * * *
9. Slngls splltter x x  x ** I

10. Dual epUttsr I I *
i t .  Ouai~ .msdgs I

All runs had burner cover except Run No. 10

* Denotes hard wall sismants

(1) Denotes 2.75-Inch linIng thIckness (16.5-Inch fu ll scale)

(2) Denotes 41 3-Inch lining th ickness (24.0-Inch full scale)

6 The test configurations that produced significant acoustic resuits are defined Vt Table 13. These
configurations repr esent a par ametnc vanstion of suppressor elements to desermini which corvtw aaort produced
the best ~~~ s.~~~reesion using the hn.ng design discussed above The short stact’ (I~.~ -scale 30-loot h.qit) and
*ll S*5C~ f fiiI-~cafe 4-tool P11cM) ‘A*Zed two lining Ifticlinesies. 2 75-inch and 4 1 3-inch model scale (16 5-inch
and 24 0-inch) I i.4 scaie. respectively) The a00ustiC effectiveness of each lining element was determined by
testing with P’ard w.* substituted toe the anings

Th~ wals of the suppressor were WWibagQId (Figures 26 arid 27) to prevent sound tranlm4aion
through the walls from .stablshs ng the a00ustic noise floor toe the suppressor system An acousti cely trealsd
burne r cover (Figures 23. 24 and 25) was placed around lie primary burner and afterburner section to elimiats the
engine test cell The sandbag ged wails and the burne r cover pernucted the acoustic evaM mailon of t i e  secondary air

and exhaust stack wuthCoA I9llllCWt noise contribution from the walls a id  simul.Isd engine enclosure This
condition was vunfled experirneritaly

9 The on -sixth scale model sound pressure levels were measured at giound level on a 41 674oo1
radius (250-loot kill icale at 1 5-ds’gise intervals from 15 degrees 10 160 Isgr.es me aanos pltenc Miacr IMon
removed from the third octave band model sc-ale data, the frsquenoes translated ID full scale arid V s  standard day
(77’c and 70 percent relative humidity atmosphenc corrections epgflsd 10 obtain the full- scale 25O-~~ t data. The
third octave band ~ata were converted to f 1.4 octaves so that direct companion ~~ ald be made ID the Grads II
criterion of MIL N-63 1558

60
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I
The Grade II Criterion apples to a microphone height of lIve feet above the ground ptwe Sound pressure
levels measured near the grou nd plane will not e*Jvbit the amplitude interferenc, produced at the tive-l~~l
microphone by acoustic path enijth differen ces between the direct and ground piane reflected signais
Thetefote, the ground plane acoustic data presented here will be conservatively high . A theoret ical estimate
of the magnitude that the ground plane microphone exceeds that of a f1v -toot high micrOp hone for source
heights of 30 feet and 54 feet 0*1 of short and tail stacks) at a horizontal distance of 250 feet is shown on
Figure 48 Thee, corrections should be subtracted from the ground plane measured data for a nor. iccur ate
comparison 10 the M lL -t ’4-831558. Graoe H ci-itenon

me tw field data we presented in tout sets so that direct comparisons can be made to determine the relative
acoustic efficiencies between configis-stions The baseline data ~ cx the 1F30-P--412 model nozzle at
afterburner condition and the MIL -fll-83 1 558 , Gra ds II ~w field criterion are represented on each data set tot
the 12 angles between 15 dsgr.ee ar id 160 degrees

me ~r3t iata set. F igw.s .s9 to SI . determin es the lining efficiencies for Pie short single spitter st~~~i
conllgui’ations with the 2 75-inch wa ll lining Refer to Table 13 for the exact configuration definibon Thee.
compari sons show the eftsctiv*y of the lined stack walls and the lined splitter relative to their herd w~~~
counterVarls The data ndicit• Via l the suppress or redirected the sound radiation producing levels hIgher
than the ossesne at severa l angutar locations This set of u sia shows that significant attenuation (10 10 15db
in the rnidfrequency range ) can be obtained with a single splitter elliott stack using Pie lining design lecuseed
previously The overall A-weight ed sound pressure level (0* d8A ) is aiso given toe each corWigurstion

The second data set - Figur e. 52 to 54 . competes the performance 04 the tall stack configuratio ns utilizing
2 5-~cf’ and 4 13-m ph wall linings and with and without the secondary e, sniet cover The eftsceveness 04
the wall lining was determined relative to the har d wall configu ra tion The comparisons show that Pie
4 1 3-v~~i lining di~ss not produc e significantly higher attenuabons than the 2 “S-inch lining and. therefore. for
tive lining ussqi - the thinner lining was as effective The configurations with and without the econdwy er
inlet cover i ndicate that the a,c inlet did not contribute significanlty to the tat held levels Therefore , the far f, ld
levels we determined by Wie noise r adiated Prom the exhaust 5t$C k since the noise radiated from the
W~~ sQgSd supPressOr walls was risigniticant

The third data set Figures 55 to 57. compares the configur at ions Ifia t shOw the trwsition from the 30-foot (rio
spitter) ‘0 the 54-toot lui•scale stack height Originally , two kill-scale stac* heights were selected to be
tested, a 30-toot st~~ with one or two splitters and a 40-foot stick without splitters The 30-foot stack single
spitter divided the flow area into two oassages with 40-inch u 1’ scaie duct heights me proposed 40-toot
stack was 10 have Vie same flow ares To prevent the ner ees~ ‘I odi fying the structiwe of Pie model at the
stack location. the .i ç’r of the short stack was extendec 10 a height of 45 teat (kii-scale which results in an
ugulvalent length to duct Pie~~ tt ratio 10 th at of the proposed 40-toot stack Ther efore the 54 o04 at-id 4O toot
sta ck will provide $miiilet acoustic attenuation however - the I 4-loot maess. in stack height will result in lower
levels on the ground mane at the 250-’oot full-scale radius due to t ’~~ diteCtivit y 04 the s*ai~i Assuming S Inset
relationship between the stack height end directrvity effect , the amount to be added 10 the measured 54-loot
stack lets to obtain the approxima te 40-foot stack levels can be obtained Thus comparing Runi 40 and 4 1
fpr Pie 30-~oot and 54 loot has-r i wall stacks and dding 14 24 if the difference to the levels for the lined 54-loot
stack riat a will gee the approx imat e levels for the 40-toot lined stack Thu computat ion was not applied to the
data su-ic. the ‘m~xx1ant feature of the companions is the relative performance of the different configura tions
The spectrum ifterences between the hard wilt and lined configurations ~~ the two stack heights give the
respective lining afllfluatlon$

The fourth data set . Figures 54 through 60. compares those short stack cor figum at ions that utiliz emPist
spitters or wedges The wedges were t~~ ted to determine tt-ieir low frequenc y effectivity The companions
show that Piey provide more attenuation at the low frequencies (below 500 Hz) but less ii the high
fr ncses than the dua l soiltet configur ation

61
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Symbol ~~~ Is- jç~~ so- ~~~~~~ atio~ (See Table 3)

— — — 90.00 90.00 10.00 90.00 Pa Field Crite rIa MIL-N431 56$ Grade N
10 104.46 10S.01 110-50 114.30 5::: ~-t . T~-30-P-4I2 ARarburnsr Notile

0 25 97.15 96.21 97 57 10.77 Total Stack Lined WIO m I s t  Cover
31 100.23 9&6$ 94.64 95.29 Total Stack Unsd WIInlst Cover

+ 33 90.63 94.70 95.55 IS.54 Total Stack Lined. Herd Sack Wall
X 39 97.49 94 9S 95.24 91.54 Had Wall SplItter . Stack Waite & Sack Wall Lined
• 30 101.71 101.30 104.37 107.91 Total Had Wa ll Stack. Lined Sack Wall
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______  
____  - - -~~~~~~ - .- -

Symbol Run OA DSA IdeoUftostlon (See Table 3)
is- _

— — — 10.00 90.00 90.00 90.00 Par Field Criteria MIL-N-S3ISIS Grads N0 10 115.41 120.56 124.73 133.00 9 te, TF-30-P-412 A lsrburner Nozzle
90.06 95.13 102.13 101.90 To~~~Stack Uned WIO InIst Covsr

31 97.46 100.40 102.21 102.15 To~~ Stack Lined WIInIst Cover
4’ 100.20 90.91 103.70 103.35 To~~ Stack Uned, Nerd Sack WedX 100.10 101.12 106.15 104.25 Had Wall Splitter, Stack Walls & Sack Wed Lkied
• 105.31 iiOso i i ip s lIO.17 To~~~Hard WalI $tsck.Unsd Sack Wall
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FI GURE 50: FAR FIELD ACOUSTiC DATA - is-. 90’. 100’ AND 120’ POSiTiONS — SNORT EXHAUST
STACK WITH SINGLE SPUTTER CONFIGURATION
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NAEC-92.112
OA DSA

_ _ _ _  
1~~~ ~~~~~ 

1
~~ 

1~~ ldent*flcalton (See Table 3)

1 - - - 90.00 90.00 90.00 90.00 Far Field Criteria *t.-N43168$ Grade $
~ 10 139.74 133.47 105.71 95.71 5~~elkis, TP-30 .P’-413 Allsrburnsr Nozzle
l~ 26 101.45 103.53 104.47 102.59 Total Stack Lined WIO m i s t  Cover
a 31 102 71 103.36 10602 103.00 Total $~~~k Lined Wllnlst Cover
+ 33 104.06 104.72 106.96 104.10 Total Stack Lined, Herd Sack Wal l
x 39 105.15 106.19 107.21 106 .20 Herd Wall Splitter . Stack Waits & lack Wall Lined
• 30 112.16 112.73 113.31 11117 Total Herd Walh $tadk. Llnsd lack Wall

- is ~~~~~~~~~~~~ 
is is

r ~~~~
- - — ra._ , .,  is ‘ r a. .— ‘is .m is

I . is__ - isis ~~~~~ r,j.~~~. is is

is — Am ~~~~~~~ 
I
~~~~~ - isl? S

— * 
his “ ~~ ~~~~a-’~~~ pa

a ~~~ 

.~~~~~~~~~~~~~ ‘ 

a

a is

a i s , .  ~~

— \
Is .- 

___
S_a

-~ 
I -

is - 

-- ,
‘.

_
I-...- is •- 

- — 
- 

a

_ _ _  N
‘S - a~~~~ .5 ‘is • 15? a is , 

-

• ‘ i s

is ______ - — A - - ‘ A — — — is I - I — £ 1 4 - - —
is ‘N — is ‘is is is is ‘5 is is is is is is

— ra.__._ .. — is

a. ‘a a-a is is isa
r a. ~~~~~~ is a-a is .s is is — is~ _J  is is

is is

a -is-

~~ — --~~~~- • 
a~~~~~~ aS ~~~~~~~ .a - - is

:: ::~~~~~~~~~~~~~~~~~~~~~~~~ 

L: ::
_

is ,. aS~~~~~~~~~ ’is . isa 
~~~

_ 
I&,i~~• isa]

• is - I & j A A ,_~~ — 5 A_ S a —

is ‘a is is is is is is is ‘is is is is is is is

FIGURE 51: FAR FIELD ACOUST iC DATA - 130’, 100’. I II’ AND 190’ POW IONS —

SHORT EXHAUST STACK WITH SINGLE SPUTTER CONF IGURATION
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NAEC.92.112

OA DSA

Symbol ~~~ is- 30’ ~r as- Id~~ftflCst IOfl (laS Table 3)

- - — 90.00 90.00 90.00 90.00 Pa Field Criteria l~ L-N431 551 Grads I
10 104.46 106.06 110.50 114.39 Sasellne. TF-30--P .’412 Afterburner Nozzle

O 36 97.33 92-11 91.10 90.39 54 Pt. Total Stack Lined WI1SJ .ln. Wall Unkig
a 37 96.96 91.46 90.46 0016 54 Ft. Total Stack Lined WIO inist Cover
+ 41 102.90 101.35 102.43 102.73 S4 PL Toad Hsrd Wall Stack
x 45 97.79 94.03 91.22 00.32 54 Ft. Total Stack Lined W124.$ in. Wall Unln
• 45 97.75 92.57 50.6* 59.90 Run 45 W~O Inlet Cover
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FIGURE 52: FAR FIELD ACOUS TiC DATA - IS’, 30’, 45’ AND 90’ POSIT IONS -
TAU. EXHAUST STACK WITHOUT SiNGLE SPUTTER CONFIGURATION
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— ------——— -. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

1
OA DSA 

~~~~~~~~~~ (5•• Table 3)
• 

Symbol Run 7s- 10’ 100’ !~~I — - — 90.00 90.00 90.00 90.00 Fur Field Criteria MIL-$43156S Grade N
10 1164* 120.56 134.73 133.00 S.s.ftns , TF-30.-P-412 Afterburner N~~~ e

0 30 95.73 $1.77 90.01 10.50 54 Pt. To~~ Stack Lined Wilt-SM. Wall Lining

I a 37 90.14 90.31 90.50 90.45 MPL Total Stack unsd W/O Inhst COvSr
+ 41 104.13 103.00 104.29 104.31 54 Pt. Total Hard Wall Stack
X 45 90.54 90.29 91.4$ 10.4$ 54 Pt. Total Sleek Lined W12&$ In. Wed Lining
• 46 90.64 55.55 10.73 90.57 Run 45 W/O Inlet Cover
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i FiGURE 53: FAR FIELD ACOUSTiC DATA - 70’, 10’, lOS’ AND 120’ POSITIONS -
TALL EXHAUST STACK WITHOUT SINGLE SPUTTER CONFIGURATION
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NAEC-92- l 12

6ym~
oi Nun !.~~~. ‘°‘ j~~ 

lJ nUfloaIlon (see Table 3)

- — — 10.00 10.00 9-0.00 90.00 Per’ Field Criteria MIL—N431 551 Grade N
10 120.74 122.47 100.71 10.71 SisSline. T!-30-P-412 Afterburner NoizIeO 3S 10.17 90.41 90.47 90.02 54 Pt. Total Stack Lined W1lS-5.4n. Wall Lining

a 37 10.40 00.64 99.36 99.79 54 FL Tota l Stack Lined W/O inlet Cower
+ 41 106.00 101.70 101.65 101.23 54 Pt. Total Har d Wall Stack
X 45 91.11 90.13 09.15 90.33 54 Pt. To~~ Stack Linsd W124.1 In. Wall Lining
• 46 90.25 10.03 90.11 99.40 Run 4$ WIO Inlet Cover

a
is &iS~~~~ Yis - isisa

— — a a • ‘ is — . ais~~~~aS ~~~~~a is - usa
a • is

a
‘is — ‘5 —

* a
a ‘I a

‘E~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S

. 

‘

~~‘S i ’  ‘S - 
1a-’~~- ’ 

-..
~~~~ S• p S

: 
_ _is — •— — - - - - - . — - - — • -  I — is —S - _

~_~
_
~

_ - S — .~-&_ — - ~~— 1— —- 4~__.~._

is ‘a — is is is is is is ‘is is is is is is us
• is r __,,___._._._ . • is

‘ — — a-S is ~~~ ‘—S - is S 
‘is — — a-S ~~~~~~~ • is

• is a.. is ,a-4~~~~~~~.a • ‘is.

-is .- ‘is ..

a-
a

“a .. a S ~~~~~~ a

is -~~~~ a

FIGURE 54: FAR FIELD ACOUST iC DATA - 135’. 100’, I II’ ari d I SO’ POSI TIONS - TALL EXHAUST Ii
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OA DSA
Symbol Run i~~ 30’ w so’ IdWldflCStJOfl (Si. Table 3)

- - — 90.00 90.00 90.00 90.00 Fur Field Criteria ~~L-N-431 560 Grade II
0 10 104.40 106.09 110.50 114.39 Sa.elkw. TP.30’-P-412 Afterburner No~~1e0 32 100 97 96 51 96.12 91.22 30 Ft. Tota l Stack Lined WlIS.54n. W&M LinIng
£ 36 97.33 93.11 99.51 99.39 54 FL Total Stack Lined W/lSJ 4n. Wall Lining
+ 37 9196 91.45 10.46 09.96 54 Pt. Total Stack Lined W!O Inlet Cover
X 40 100.96 101.21 104.30 109.53 30 Pt. Herd Wed Stack
• 41 102.90 101.35 102.43 102.75 54 FL Total Herd Wed Stack
• 44 96.37 9655 96.72 96.00 30 FL Total Stack Lined W/24.$ In. Wall Lining
* 46 97.7$ 94.03 91.22 99.32 54 Pt. Total Stack Lined Wf24.1 In. Well Lining
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FIGURE 56: FAR FIELD ACOUSTICAL DATA - II’. 30’, 45’ AND 00’ POSITiONS -
EFFECTS OF STACK HEIGHT AND LINING THICKNESS
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NAEC.92-1 12
OA DSA

Run 75’ 90’ 105’ 120’ idantIflu allon (See Tab le 3)

— — — 90.00 90.00 — 90.00 Per Field Criteria MIL-N43155S Grads N
10 111.49 120.56 124.73 133.09 5 juII-~s, T!-30-’P-412 Afterburner Noule

O 32 96.9$ 91.39 102.56 103.02 30 Pt. Total Stack Lined WIIS.54n. Wal l Lining
£ 36 99.73 97.77 90.01 90.50 54 Ft. Total Stack Lined WI1S.64n. Wall Lining
+ 37 90.14 90.31 90.50 90.45 54 Pt. To~~ Stack Unsd WIO Inlet Cover

- X 40 107.67 101.14 110.10 110.96 3O FL Herd W.N $lack
• 41 104.13 103.90 104.29 104.31 54 FL Total Herd Wall Stack
4 44 99.70 101.07 103.30 103.34 30 FL Total Stack Lined W124J In. Wall Lining
* 46 90.54 90.29 91.4$ 90.41 54 FL Total Stack Lined W~24.1 In. Wall Lining
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FIGURE 56: FAR FIELD ACOUST iCAL DATA -70’, 90’, 105’ AND 120’ POSITIONS -
EFFECTS OP STACK HEIGHT AND LINING THICKNESS
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~~~~~~~~~~
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I OA DIA
Symbol 

.~~~~~~~ 135’ 150’ ._i1~ _. 100’ Ident IfIcat Ion (See Table_3)

I - - - 90.00 90.00 90.00 Far Field Criteria MIL-N-13155B Oi*ds N
O 10 136.74 132.47 106.71 as 71 eelk’i.. TP-30.-P.412 Afterburn er N~~~ s
O 32 104.04 106.00 107.11 107.07 30 Ft. Total Stack Lined WiltS-In. Wal l Unlng
£ ~~ 10.17 99.41 99.47 10.02 54 FL Total Stack Lined WiltS-In. Wall Lining

I + 31 90.40 99.64 $0.36 99.71 54 Ft Total Stack Lined , W/O Inlet Cover
X 40 110.25 112.16 113.73 112.14 3O FL Herd WaM Stack

i ~~‘ ~ 103.00 101.70 101.96 101.23 S4 Ft. Total Hard WaIl $tack
1 44 10606 106.24 I OS.02 105.36 30 Ft. Tota l Stack Lined W124.1 kL Wall Lining

* 45 91.11 itS3 S.15 90.33 54 FL To~~ Stack Lined W124.5 Ii~ Wall Lining
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NAEC-92.1 12
OA OSA

Symbol 
~~~~~~ is’ ~~~~ ~~~~ 

IdentIfIcation (See Table 3)
— — — 90.00 90.00 90.00 90.00 Far Field Ciltsda MIL..N-131 58. Grade N
O 10 104.4$ 10505 110.50 11439 aeeline, TF-30.P-412 Afterburner N~~zle
0 56 95.51 97.34 94.71 94.07 Dual WedgS
£ 51 19.97 95.50 97.45 97.31 W/O Dual Wedge or Splitter.
+ 59 95.51 94.99 96.76 97.10 Dual Splitter
X 80 97.$7 94.15 96.22 97.31 SIngle Splitter

61 99.19 96.63 96.27 95.67 Dual Splitter Willar d Lower Walls
4 82 106.25 106.14 107.13 106.73 Dual Wedge, Total Herd Wall
* 71 105.36 105.54 105.1$ 109.54 Dual Splitter. Total Herd Wall
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FIGURE 50: FAA FIELD ACOUSTIC DATA - 10’, 30’, 45’ end 80’ POSITiONS - COMPARISON OP
SINGLE AND DUAL $PUTTER$ AND ACOUSTIC WEDGES
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OA DSA
Symbol Nun ~~ go ~~~ ~~~~~

. IdenUfkat$On (Ses TabIe 3)
- - 00.00 10.00 00.00 90.00 Far Field Cdleila MIL-N-531 51 Grads N
O 10 115.40 120 50 124.73 133.09 S.~~~~.. TP-30 .P-412 Atterbar ner Nozzle
0 56 16.50 97.40 91.11 19.06 Dual Wedge

T £ 53 9793 99.03 100.57 102.25 WiO Dual Wedge or SpItts ~s
+ 50 19.0$ 101.43 104.46 102.47 Dual Splitter
X 99 96 2$ 101.00 102.71 102.45 SIngle Splitter
• 61 19.07 101.43 103.11 102.52 Duel Spilul,, Willar d Lower Wells
• 62 105.17 109.05 110.47 112.30 Oual Wedgs. Total llerd Wall
* 71 1 10.14 112.31 113.05 112.17 Dual lpllttat, To(al hierd W91
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FIGURE 99: FAR FiELD ACOUST IC DATA - 70’. 90’. 109 and I 20 POSITiONS - COMPARISON
OP SINGLE AND DUAL IFt JTTI*S ANO ACOUSTIC WE DGES
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NA€C.g2.112
OA DSA

Symbol Nun j~~~ 150’ 1W j~~~. 
oatlon ($~ Table !)

- - — 90.00 90.00 10.00 1000 Far Field Crite ria MIL-N.131 $11 Grade N
0 10 139 74 lfl.47 105.71 9571 I~~u - ~s, TP4O ..P-412 Afterburner NozziS
0 55 99.96 100.20 104 10 103 .26 Dual Wedge

51 101.14 102. 14 106.96 105.01 W/O Dual Wedg. or Splitters
+ 55 101.64 102.57 106.41 104.21 Dual Splitter
X 80 100.06 101.22 104.39 102.16 SIngle SplNte~

61 101.74 105.41 103.71 103.13 Dual splitter W/Herd Lower Walls
• 62 112.06 112.60 114.25 114.35 Oual W.dge, Total Hard WaU
* 71 113.55 113.30 115.50 115.33 Dual Splitter . Total Har d Wad
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I
me nw ai p~~~ nt~~ ~~ s one- third octave band b$$aS On Fegurs 61 The msaophone tOCsbOVie
and idenuficahon are ~ven on Figure 31 ~hese d t a  we representI~v of the lound pressure leveit that exist
anterior to tha supQIessor system Thee. data are from Run 39 101 the sh ort sin~ e (*tler utac~ contigur anon
w~~i ths sI~~k and spatter walls hard The sllectivity 01 the secondary sir mist ~ning is wi )catad by lie
c~ftetenc. bet-oem the levels 01 miciognones P44 and N6. The &oustic pe.loimarice 0* the secondary mist
was adequate r 4 ~~ve to th~ periormance c~f the exh~~~~ suppr essor system An accura te detsuninabon ci
the sound r$~ atsd from the secondary air inlit could not be obtained ssn~~ lie noses tatjslsd from the
exhaust staci exit was the dominant noise source of lii ~~~~rsssor system
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IV. CONCLUSIONS

The condusions that may be drawn from his series ci model tests we

• The 66-degree Coen€* flow turning was sufficient to aMow lie how to exit vsttlcaly from lie 5th
wisiout dett~nsntal impingement of ttie aft 5th waS The acousec w dges seem te cause more
Iflachinieni to the aft 5th waS thai the other cmrmguraboris For thai configur ation , a greeter
turn ing angle (I. . 73 dsgrsse) would cause a more unilorm stack flow l’iow,vet, or a~~ is0c
reasons this would probably requit, an m~ sw an st~~fi height

• Movement of the secondary air inlets to above the fecIors arid Coenda surface proved
advantages because Of the additional Cooing provided to lice. components

• The configuration utiiZIng acous5c spitter panels in ~ e exhaust muffler is not acceptable tee
c*srsnly cleeignsd) from a metal Surface temperature Standpoint The laS 5th without spitters
and the acoustic wedge configuration . fiOwWve-. d.monstt*terj acceptable sithaust muffler
surface temp.r$bjrse

• The 2 75-r.cti stack ~nmg perform ed comparable to me 4 1 3-inch bn.ng This w~~cstes that thsee
Wwig dsiqim have thicxhesaes such that b r  the fr gu ncy range listed. lie surface ampedenc.
01 the ~wigs spproxlmates lie ctiaractensac impedance of the matenal IJ-M QIess Mat 1200)
TPie indicates a posa~ *?y tha t lie thickness of lie model irwig could be redu~~~ hither
Addeoflal esaig would be rer~uesd to dsWr,m~ne he minimum hnsng th.oineu

• ~ $ ~54.fØ()~) g~~~i~ *~~ the $uQIfiOV acoustic co figuration solid

• The best short 5th configurations , from lie acoustic standpoint , wets lie dual wedge aid duel
spatter conf%g saticns The superior configura tion oh the two would hh~~ to be dScidSd from full
scale o~~m~~~~~ ~~~~~

•
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I
V. RECO MM eNDATIONS

The folowing recommendations are made bms d on the results of me tesang dseo-ibed in this report arid the
primary goais o4 th~ Navy Coands ground noise suppressor prograni :

• Model testing should be accomplished will lie goal oh I rflprOvIflg lie mixing in the e~edors arid
Cosida flow turning The result oh improved mixing would be lower ten~ er-ab ’e arid t~~~r velocity
flow throu gh die exhaust s muffler I staoi ) so that configur ations with spitters could be used This
co~ad pceM ly be accomplished by widening the i~sciors and Coends surf aoi thetsby inoreesing
the ar ea of flow av aM_ble for mixing. reducing me height of the shell of hot flow .nterw -ig die
Cow da surface e$wch. in ftim. would reduce the mixing length

• The recommended produceOn oon5gurison consists of an exhaust 5th withoi~ spitters or
wedges and with a h~~. exit sisa equal to that used for the configurations with splitlsra 16 67 test
wide by 1967 a.et deep wIuchi ~.131 squar e feet Ml scale) The stack height above ground should
be at west 40 lest with lii capability Of adding to his height. ~ necessary. to i mprove Wlous$c
si.~presason The exhaust muffler 5th waIs arid lower aidosuts bh wall ehoiid be m e d  wilt at
least 35 percent open perforslsd sheet tihed by 16 indies oh acoustic tssstmsrlt (Jahr*-~~~~1Ue
1000 sense Spwigi~s or equivalent The •

~~~~~~ .nctoeur. should be die doi~ le, isolated waS
~~isth~~~n developed previously aid reported ii Reference 3 The secondary av inlets should
be placed above the e~sc1ors and Coanda $ui1~~~ as ii die model leased The ofscfor arid Coenda
,ulac. coriftguratt ons Wiown on Figur. 21 scateri uc to fill size (65 model) should be used This
recommsndsd configuration 5 pr enteØ in more dstaS on the Reference (I) cormguratiori C~~i4ri9

drawings supplied to dis Navy

Reference ~ Naval M Engineering Center Drawing 69OASIOS . Dr awing Tree - Noise
Suppressor System . Coancia Refraction

L



VI. REFERENCES

a. Ballard. R~ E. . Bi’see. 0. W , an~ Sawdy . 0. 1. FeasibilIty and Ini t ia l Model Studies oh a
Coanii& Refraction lype Noise Suppressor System . ’ The Boeing Company. Wichita . Kansas.
Document 03-9068. Jaiuary 1973

b. SaSerd. R E . aid Am~~~Uung. D. L.. ‘ConSgurseon Scale Model Studlles 01 a CosndaiRsli-action Type
Nose Suppressor System , ’ The Boeing Company . WkSiia. Kansas. ~~~ sttent 03.9258. October
1973

C, Tse* Cell E,zpenmental Program Coenda~ Refr ction Noise Suppression Concept - Advanced
Fwia~ T.c?vi~~ Report for t’~.vy Contract NOO l 56- 74-C 1710. Navy Document Number

MAE C -G SED-97. The Boeing Company , WKtista. Kansas. Mardi 1976.

d Aircraft System On~.Sixth Scale Model Stud ies , Coan da iRelractlon Noise Suppr ssston
Concep t - Advaiced Devstopmsnt. FInal Tedincal Report for Scale Model Portion 01 Navy Convect
N00156-74C-1710, Nsvy Oocuinent Number NAEC-GSED-g9, The Boeing Company . W~~wta .
Kaisas, Mard i 1976

• ‘GENE 0-A Program for C~~~iating Desigr’i and O6-0es~~, P.rlomwios for Tisbo~st ari d Tuibohai
Engs’ies, NASA — Lewis Research Center Document Nuinøsr TN04652. F bruwy 1972

Naval Air Engineering Cente r Drawing 690AS 106 . Drawi ng Tree -~ Nose S,~~~eseor System.
Coend& Refraction

76



NAEC-92.112

VS. UST O~ ABBREVIATiONS. ACRONYMS AND SYMSOS S

A R E~scior ares ratio - ratio of .gectoi- minimum flow area to primary exhaust nozzle wee

~~~~~~ Specific heat oh water

I a Fuel-to-sir ratio

h Total intha~ y. bluiIb

Total entha~ y for air . btui~

EnthaVy oh incoming tuel (assumed to be 23 btuib)

Entha~ y correction factor for corv~~stion produI~~. btulto

Total entPh*,y oh afterburner inlet airflow. blui~

tour lotsi nhia~,y oh afterburner exhaust. btuib

141j Lower heating value 01 fUll . 18,400 btu~b

P 5 An It ien t pressure. psis

P 5 Static pres ure. gsa

P R Nozzle pressure ratio - exit total pr ewJe ambient

R Resistivity . rsyl cm

R0 — 1  7558886

2 502006 1

P2 -2576844 •

P3 2 1839628 .

R I — 16794594 . i~~” 12

P5 -302 5 6 6 1 8  . ia’-’5

P5 1 270283 w io ”~~
P7 -20752522

P8 1 .254425

30 58153

738 16638 .

~~
2 

6 1293,5 10~~~

RI3 
4 5906332 10~~~

1
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NAEC-92.’l 12

LIST OP ABBREVIATIONS. ACRONYMS AND SYMBOl S (CONT D)

RI4 249 21698 * 1 O ” l O

RI5 - 84102208 w

1 7021525 • 10” ~7

— ‘  9050949 x 10 ” 2 ~

RI8 9 0848388 .

T Temperature . R or F

Afterburner inlet temperature . 1R

Tout Afterburner exhaust tempe atur . R

Cooling water inlet temperature. R

Cooling water outlet temperature. R

Cooing wate r temperature rise, deere..

Total airflow at Coarida entrance. b sec

Wcs Secondary au’f low entrained along Coenda surface. b eec

We1 Seconoary air’ftow entrained at first .~.ctOr entran ce. b s.c

W~~ S4conctery lirfiow entrained at second e’ector entrance. b sec

Secondary $~~4~~~~~ entrained at third e’ector entr ance . b/sec

~~ A B Afterburner tuel ‘low . b 5*C

Pnmsry burner tust flow , lb sac

Cooing water flow rate , b sec

~~ B. W ,14 Total 41 sKri aust flow . *, sec

W5 Measured secondary air int ake airflow , IbiSec

a Coenda entrainment coefficient - Wc~~ Wep

Amb.snt temperature (~R) 518 67

Ambient pressure (p~~~ 14 696

P Oensity . pcf

Afterb ur ner efficiency

fl0
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