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Forewazd

This report was prepared as an independent study by the

author ags a graduate sﬂudant in the Meshanical Englnesering

Department of the Air Force Institute of Technology, Wright-

Patterson Alr Force Base, The initlal 1dea for this projegt

was suggested by R. W. Medones, Chief Powerplant Enginasﬂ fép |
the Aﬁerican Helicopter Company.  Work on this aubjeot was )
carried out from 1 Jaruary 1955, to 1 Augnst. 1955, under the -

able guidance of Profsssor Andrew J. Shine of the vrMeohanica.lu

Engineering Depar‘c.mant. Va'lua.b'!.e asss.st.anoa on this progeet
was rendered by 1st Lt. Edward T. Pitkin of the Powarplant

: Laboratory, Wright Alr Development Genter, . and’ Wa.llace Ve

Lukey of the Meuhanioe.l Engineering Laboratory, United Btates

_Alr Foroe Institute of Teannology, both of Wrﬂ.sht-?arrerson

Alr Foroce Base. T | e
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Abatract o o
»-meh diemetor pulsejet engine was tested under :
f7sta*1o and veloolty Oﬂnditj°n“ with various tatl extt ;

«anslaa;var"&nﬁ ;num a 308 uanvangaﬂoe 5o 450 divergence.

_Qh'maptimhm oparatkns ansle wa obtained in terms of
whru"t an “thrust specifio fuel consumption. The nuee or

'hia ;orralation was atuéied. Hot anm 001d ensine dras
'ﬁainéd rqr various ram air veloaitiea, An'&ﬁﬁampt£~

was made tc usa axhaust gag temperatura as a thrust 1nd1-
Oator. All resulta are shown in sraphieal rorm.
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vtailpipe exit ansla for the engine, under both atatio and |
. vwelooity sonditions,  Tilpipe sections varying ‘from & 100

;iuanvarsenoa to a 450 divereanoa ware teated under variou!

‘aaveloped, thruat apeeific fuel oonsumptian, and comhustiqn
 ,chambar praasure for bha differant tall aaetiona and the
;;yvarlaua alr velooitiaao whinh ranga from statia to 125

'..feet per seaonda
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EFFECTS OF EXIT GEOMETRY AND EXTERNAL ATR FLOW
ON THE PERFORMANCE OF A PULSEJET ENGINE

I. Introduction

_This report, aesoribes testing prooedursa and rmaults
-ar -xperlmenme upon the narfUrmmnoo paramotore of & 5,0~
1nnh di&mater mulee jet engine which waa made bw the Amorioan-
Helﬂcopﬁer Divlaion of Fairnhild mngina and Airplane aorporﬁ‘j

Thla 1tem pravldes for the salectian or an aptimum

ducted air speeda. Raaults are shown in terms of net thrust'

Thls report also qubatantxatas the aarrelation between

the engine operating parametars "net, ﬂhrust“ and “combuationi

chamber pressure”, Evidence of hhia corvelation was first

introduced by the American Hellcopter CGompsny (Ref. 1).

A correlatliém of thrust with some easily obtained engine

-porameter 1s very desiratle. The pllot of an aireralt in

flight conld then have an ingtrument in the cockpit to in~

cote engine thmuiat uﬂdmn'any flight conditions. However,

c'!'

11 vitations were found which impalr the usefulness of ibis

" copfelation as n means of thrust indication,
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2

A gtudy was made to determine the effect of ram alr upon

‘engine thrust, thmst specific fuel consumption, and the re-
B lation betwaen net thrust and comtustlon. chadber pressure.

| (Hereafter, ,“t.hx'ust" will refer to "net thr'ust“, and “gross

* thrust" will be written as sevch.) In this teat, hot, drag

© wWas determined and cold drag vas found both with and- wi'bhaut
t.he engj,ne oow],ing fopr ram air valooit.ies rane;ing fz'c:m gbatle
‘t.o 100 reat per seaond. |

In conneetion with t'.he above major a'budy t.oples ' an

) attempt was ma.de 'bcb find a ra:l.a.tim b@twaen ex’hauat aa8 't.am-— L |
,pemture, and t.hmat. and ruel eonsumptian. . A:l.ao, a limit.ed
a’oudy was made to find the efrec’c- ‘upon mel consumpt.ton of 8

G-mah dqametev duct. over the tailpi;:s. R

s R

P
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II.. Egngrimenta; Equlpment and ;nstgggentagiog

,L!‘LMB_

The engine which has been tested ig & 5 O-inch

- dlametor pulsejet whose shell qnd tailpipe are made of
[‘:Inconel X, The englne. and tha thrust stand are shown in
 F1sure*1. Fisure 2 ehovs a schematio drawing giving the

baaie dimensions of tne engine.

[l

A8, 0~*nch length Was' removed ‘*am the 67@ ar'*%a'

t:tailpipe and other sections of the aame 1ength, Tt with
: ;}rdifrer9nt exlt. angles, - were mnda uQ replmca 1t, The ta11~
‘ - p1pe which Was orisinally ofi the engine hed a 13%0 divermf*
; ~;swnoa. The other axit &ngles used had I 0°, 5° 200, 300
‘and 450 divergence and 100 15° 259, and 300 eenvarg¢nce‘xu
W_Thesa maations, alona with ‘the original, are Shown xn |
ﬁ.;v‘Fisure B mhe hailpipe seutions were first held ﬁageﬂher :
“  £:w1th a high temperature silvar solder but finally ha& o
"”:be reintarce& wmﬁh spot«welded strips due to the fact that
| the high temper&tures enoounterad wers malting ‘the silver
901&6?. The 5.0-inch seations were attached ta the engine

§ ' with hcsac; mpﬂ.

Supperting Facigigges

Fuel Bystem. The fuel (JP-4) was supplied to the

engine at a qontrolled'preagﬁra of 100 pounds per sgquare




. onFG

~ tube mumber B3A-25), The calibration curve for this flow.

’ oham'har throngh a nozzie and then a n-rrnr-k- n bnff' .‘_‘1 ato =

ﬁhowa the 1nlet valves of the engineg) Tha Ameriaan Halin '

v‘:‘V dqtarmine the aptimum 1ooat1on of ‘the baffle plata and ﬂha 1
" bewt fuel 1njaction system for thé engine. It m:i.sht ve

100 puunﬁs per aquare in@h waa'suppaied to e turbine whieh,

vwas 5e&rad directly t0 & campreﬂsar (turbo~$upercharser‘

‘camprassﬂru The veiaeiﬁy of the air flow was suffieiently j

‘able. The ajr‘su@pit@d by the'compressor was ducted thraugh_

GAE 17

inoch, The flow of fuel was regulated with a valve in the

fuelgline and a flow meter (precision hore floﬁ'rator,

meter is shown in Flgure 4. The fuel entered the combustion‘.

and waslfurther diffused. The nouzle and haffle plate are

shown clsariy in Fﬂgufe B¢ (Note that the miﬁrOWQd view

eopter Bompamy (Rmf, 2) eonducted tests on thls enggne tq

ment loned ﬁhat the location of the batfle plate in relaﬁ )

4iom té tha nozzle 15 qulte eritical with resarﬁ to maximum :fﬁio;~
O thrust.

Aén ﬂaanlx ﬁxs&@a Qomp essedvair ah A preasure ef ;“

unit) “The alr flow useﬁ for tasting was supplied by this

high without the MLrnimg of fuel in the eombuation dhamber%
before the turbl na, @vmm thcugh ﬁueh faeiliﬁies Wors availw

g Swinck diameuer-pmpe and used for testing under varioua I At

conditlons, Sama of the oompressed ailr which was used to |

drive the turbine was used for coolinp tho combustion chambar

of the mmlasiet engine and for starting purposes, Two
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coolling tubes were used to direct streams of alr directly
on the comtustion shember., This cooling effect probably

decreosed the overall effsctiveness of the englne, but was.

nédepé&r‘y to prevent overhesating the englne in the wide

.famge'of narformanoa jmnosed'durins the teétsg The.étart"
© ing alr was supplied to the eng,ine t.h:vcmgh a tube moun't.ad

on the test stand 1n fr*nnt of the englne.. This tube Ls -

shom m Fie;ure 1..

QVg}a HEEQIH _QE g;gggg A&g /AT"J

//

‘J.‘he duct:mg system e:md pr'eassuru pmabe for m@aﬂuri'" S

) lprawum p.t*uba ,wm

tah«a ﬁalipi pa 8o Lha.t t.ha flaw m

U Vdmvex-ging awmuxz M‘
o that reg.lon might ”bea wnaiclweui pnmlia).,

i

'Axmm_.ﬁgg M."Azl&.

e
The ducting c;yste.nn For hesbmg un&exa ram alr cc)ndi- ’

L BRI

‘i‘.:ions is Bhown in Figure 7. The engling wWas an W.Lbn r,her

b

124C tail section aky ram alr waloultla” of O 29, 62 and

98 faet per seccnd, l’ll‘)fyh with apd vﬁ thoat. 1ha ("OW'L:IT\@“,

| i ; ‘ CAgaln each test was mads betwaen lean fuel sethings and
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rich flameout. Since it was difficult to use the pressure
probe to determine alr veloclty, the veleclity was firsd
calibrated as a function of turbine revolutions per mirmte.
This calibration ocurve 1s shown in Figure 8. TheJturbine
r“valat one per minute were read tuuhcmetar which
wa.s 5eared'to the turblne. Neither the tachometer nor the
turbine fual and air controls are shown in the array of
1natrumenta and aonﬁrola or Fmsura 9

| T wanyimnossible 1n hhis test to ﬁae the origin&l

tarting aly eystem baaausa ef the 1ocatien of the rem air;"
&uot.. Also, the hu*ltnin syaten of the engine (Rnr. 2) |
f&ﬂlad to give sufficlent adr to start the anglnn. Iha.
ang&na VAaman&nﬁed "oy ualng ﬁhe hign.valmwmty‘ram amr oﬂ‘
the rmm air ducting syatem.f_"

To measure the average eombuatian ahamber presaura
af the angina, a pressur@ line from a tap . 1n the com@us—'"
ﬁion‘chambev Wwas sonnected to & watar manometerq mhe

operatlng fraquenoy of the engtna wag 8o high nn&t thie

pressure indleatlion was quite steady under good Operatins

conditlons.

The thrust was measured with four strain gages, which

‘were mounted om two cantllever besms (a strain gage on

LS

@aanh cida of bhath Yaamal ard aormantad an b
e Al T L T S R o ~ 7 () e w W

P

ing would Indlcate only bending stresses in the beams,
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whlch corresponds to englne thrust or drag. The gtrain
pages and beam arrangement are shown in an enlarged view
in Flgure 10 aﬂd-also In Figures 1 and 7. The brldge cir~
oult is Ehowh on top of the stand in Figure 7. Due to the

intermittent and high frequency firing of the engine, a

well damped“recordlng-1nstrument wag needed to measure -
average thrust.  The Roxboro Baldwin Strain Recorder (Fig.
9) ‘wagcan meal :Lnatmment. Its reoordinga weré :Lnked on -

e alawlx rsvalvlng ciruular disc and the instrumenﬁ wag -
'aeaura:m to :Laaa than one-half pound of thmat. ;A oalli~
“bration waa made with waighte and the nurve ie shown in

‘¥,Fignre 115

Exhauat gaa tampar&turea were measurad with a tharmer

ﬂ;gauple maun&ad Rt the engine oxit (Flg“ 6). ‘The raadlnge |
. Mere obﬁainﬂd from 8 Brcwn Elaetrie Fyrcmeter which maasured

up to 2000@ Fg At timea this maximum ﬁamperatura wal em»

;ﬁﬂﬂdada P ) . ‘ ) )
A two channel. pyrometer was uae& to Tind the temperau"

ture indlcated by two-tharmmcauplea,maunted on th@ besms

beslde thé atrain'gages,‘ The purpose of these strain

,_g@gas wad to ascertaln the effect of the tampﬁraﬁure o

the thrust measurements.




|
|
i
i
i
i
;

Fraa

GA® 17

TII, Dipenmalonm of Regalts

The tall sections with angles of 159, 250, and 300

convergence proved unsatlafactory for engina oparation.

The engine could not be started when these sectlons were

used, The ability of converging tuber to operate was

’queatianed by Schultz end Granow 1ﬁ”“Gas—Dynamid Investiw

gations of the Pulsejet Tube" (Ref. 3) ap the result of e

,theoréﬁical snalysle. However, the 109 converging section

414 operate but gave very low thrust.. All of ﬁha’other

tall sections (all divergent) operaﬁed satiafactcrilya .”
The operatins frequency of the engine varled from 122

to 181 eyalea per eacond (Haf. 2:11). The frequency wag

highaat st lesn fuel settinga and dacraasad a8 fuel was

_inaraaaed until after the fual netting for - maximum thruat.“
'Then, 1f‘the enaine daid no* flame huts the rrequency‘would
apain rise rapldly, along with a sharp drcp in thruat and .
comtuetion shamber presiure., do the engine had the sane

. ,apérating Iraquency both at veryulean4and vory rich fue;

flu“ﬁ » . .
It should be mentioned that the tests were rn on ‘

different days under different atmoepheric conditions,

The exact eprrelation of atmospheric change wilth englne

cperation is not keown. However, an attempt was made to

test on the same day runs which would be closely compared,




¥~7betwaen thrust and combustlon presaure,v A plot af'the

‘7 'of thruat veraus aombustion ahamber preaaure tha ﬂarkenedu

points indicate data taken afteor maximimn performanee was

GAR 17

Static Condltions

- Combustlon chamber pressures versus fuel flows are

_plﬂtted in Flgure 12 for the static engine., This curve

1ndicatea th&t presqure rises with 1nereaaing fuel flow
) anﬂ reaehes a maximum at o fuaz flow of 70 0 pounda par
© hour with a 20° a1l section, while Figare 13 (Thrust ve
o Fuel. Flow under static eondxticns) lndlcatas o, maximum
_'t‘.hrust at the aeine mel Tlow wtth ’c.ha 1250 tad1 saguon.

"@!Thia #eems to- 1mp1y 8 fallaay in the preposedrro "g16%1

‘y-two parametars (Fig, 14) ahowa, howsver,,an almmmt 1inear S

‘”-relationshipa Fisure 14 also shmwa the reaaon for bhe

ff,suspected diacrepency above. Sinca the linea or the 1di”
}";}°o° 3009 and 4f° tall aection& &re a*moat para 1&1, ﬁhe -
"“oombuntion chamber pressure s higher for a gtveﬁ thruat{
at higher exit anglea, If the 300 or 450 aautiona had
_'miven,equal thrueta th@ uombuatﬂon praaaure would hmva
 “bean even higher, - In Flmure ¢4 and several other figures ”ﬁf'

reachad, The operutlon of the engine WES uaually very

erratic undar these conditicna and both thrust% and com«

Pustion preswures v&ried repildly, These readings, thera- |
fore, are probably not &s accurate as those taken in going .1
Irom & lean fuel sattinglto the optimum, ' | |

Figure 15 indicates thet for minimim thrust specilic



i
e,

Cthrust apeoi.fle el oonsumpt;mn ovexr 8 wider fuel . range,

5-— section after mu.m.mum uhl‘MBh hag beem z*@a 1l There
- bowld posaibly be some section betwean ti*za 19%0 and -l:.ha 200
H'?aaetion thah would give tha optimum parformanca.. However,
“tkit must ba eonaludeﬁ, that gr tha aactiéns tesﬁed the 12&9
'fsautﬂ.m c.i.va: tm be..,t. parfc:rmamez.» chex‘ pcint.a of 1@'&&!*&5'!:.:;;"
in Flgare :1,5 are tha Low fuel ranses of the 00 and mloo (100 -
:‘:fcmnversenoe) saotﬂonsor Ih is 4180 nobieeable that when the
‘ 'fexjt angle BXQeedﬂ 200 the perfcrmanea falla off with 1n*~-~“l§; ‘“'“
'T f;¢rea6ing exit smg_leu The fjatneaa of the ourvea imdigjﬁ
that tie ane;ina has th«a 'brai.’o of cons'bant thmst'ape 124
‘_ mefl oonsump’c.ion at maximum thrua“b and e..lao a.t 1_wer )
C va.maa. 7 ﬂ;awever, aperat.icn e.t the p'ﬂ.n’b"“ 'r" '

suddan dxop in ﬁhruat or rich flameoutu

‘ Taata Using Ducted Alp Arqggg bhe ai;p;gg
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fuel consumptlon, the 209 und 50 seetions are almost as good

a3 the 1”%0 section, dowavers the 10%0 aection has a loweP'

and hhs ourve. doaa not break ag sharply a8 tha curve of the

w-(fuea, riow Ls 70, o pounda pm‘ hcw') c oritle g
""--'aa.usa the ra.p.td aha.:naea d.n. t.he curvea a,fter .t*.hi,s pad.m 11~ : RN

dioate that inareaaea fuel flow wculd result 1ﬁ either 8 f

These tests simulated flight uondiﬁions around the
exlt of the englne without consi&ering the increase or de-
eroase in englne pertormance dus 4o ram aipr in the fromt of

the englne. This ducting system (Fig. 6) was used in ordex
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to hold other variables constant while making a study of
the effect of exlt geometry on engine operatlon with dirL"
flow over the exit, The maximum ducted alr velocity of

1258 fest per second dbés‘not_compare'with flighh speeds,

but the velooity was limited by the maximum turbine REM,
Figares 16, 17, 18, 19, 20, and 21 chow the best
ta11 sngla 1n terms of ‘thrust for duoted air valocitiea o
',or 0, a5, 50, 75, l00¢ and 125 feaet pev aeeond respe§~ ’
.tivaly for various fuel flows. While the 12 %° aaation

glves the best performance under moet GQﬂ@»gQL:ﬁQL

is not always the case. In Figure 18 (Veleo;ty =ﬂ5; fﬁfﬁlif?V-:'

Qpar seaond), the 200 section gives mwximum %hmuat atfbeth o
70,0 2hd 63.5 pounds per hour fuel uoneumptian and Figure =
L1y (V31°°it7 75 foot por secand) indicates that tha 3p° R
"~;;:qsaotiun aives waximn thruab a@ bqth 50‘0 and 45 3 pannds

*jper haurrfuel oonsumptiqn,;:;l

"ifhrust spaaitma fuﬁl conanmpticn veraua fusl ansumptian |
"—for-tail anslaa of 00, 50 19;&» 200 end 300 respaativelyt-'

at varioua ducted air velocities, The 12&0 tall seoction
(Pig.. 24) anduthe 300 section (Fig. 26)~appear to have the

» 1awest thrust speoifie fuel consumphtlon OVEP a wide range

'~Df fuel LIOWB for the most alr speeds. However, the 200

géotion (Fig. 25) also has & low thrust specifle fuel con-

P nour) has the lowest rending of any tell sectlion. There
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geems to be a strong trend for the thrust specific fuel

oonsumptian tc inoresse ap the ducted air veloolty in-

ereasasg Howevevg due to some unknown echanges in opsrat~

: ing conditions, the trend 15 not rcllawad in some caaea

(Fis. 24, for example),
The curves ‘of Figurea ?7, 28, 29, 30, ana 31 show

‘tnruat versus fual conaumptian for the varioua tail angles o
N under ducted air veloqity eanditiona@ The . thrust, in mnst

‘-easea, daoreaaas with ineraaaing air valoetty for any siven

fuel rlow.‘ The maximuin thrust of 18.1 pounda was obtained

) us&ng a 50 tail saatian ot no.velosity and a fuel flow of

70 paun&s par haur (Fig, 28) Hawever, the ﬁnruat at valan‘
oity for the 5O section Palls off rapid.l;yq On the othesr

"hand. the-laiq seetion givas only 17.8 pﬁunds of thruat at

ximumn Jut the thrust ie almcst the same far a wider

'range of velooities,

‘The. 0 tail &ngle (Figﬂ P?) 5ivea a gomd axam@le af

’ tha damreaaa in thmist with the inereass in veiaaity and

alao shovs the paar thrust quallitles an&_@mall cperatmgg'l
range of this tail seoctlon. |

Thrust versus comtustion chamber presaure was plotted
for the various tall sections (Fig. 32, 33, 34, 359 and 36)
with all painﬁa‘Paaorﬁ@d at all velocities 1o Qee iﬂ,auéofw
relatlon between the two parameters would hold at any speead,
The fipures prove the validiuy of the aﬂmumptichﬂ The poinia

Tfollow a naprrow linear band, and an averags line, in most

S T TR o AR VR TR AT S e,
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cassn, would miass an outside point by only ons pound of

thrugt for sny given somlmstlon pressure. This average

1ine 18 mot, however, the static line which is drawn on
the graphs. The 0° section (Flig. 32) shows such poow
praratlng charactariaticn that'no attempt wasg mede 4o

 find a correlation,

‘mmmm

Thie study was made to find the afﬂeat ar ram air on

thmat, thrust specific fuel consumptian, and the sorre-

l1lation between net thruat and amnmustlan chanmber preasure¢

Figure 39 indicates a definite lass in nat thrust due to
the. engine drag causad by ‘the ram aipy (about 16% loss of

' maximum thrust at & velaaity of 98 feet per second), How— '

ever, at inareaalng fuel flows the ram air appmrantly gives

better conbuetion. Thare a&ems to be equalization between

fincraaaed thrust due ﬁo bettar cumbuat:on and daareasad

thrust due to drag at a ram alr veloolty of 52 feet par
gecond whera the thruat is 1.3 paundm_gradter than at no

‘pam ali,

The minimum thrust speclflec fuel consumptlon changes
veary little with changesg in ram air velouities (Fig. 40).

‘However, at low fuel flows, the ram alr igs definltely det-

ritental to thd thraet specific Pusl comasimptlon,
Meure 41 shows the effect of ram aip on tha net

thmeat~conbushion pressure relntimship. The Lings are

e
Ia

ok
£
i

40

a

¥
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parallel and 1t is easgy to seo Just how much the ram alp
drag decreases the net thraist for a given combustion cham-
ber pressurs,

Hot Drag., The hot drag ls defined as the differemsce

between the é;r'oss thrust and the net thrust of sn engine

in operation in ram alr. ¥lpgares @"and 4% show the hob
drag for "t."w’c rom air veloc 1tiea, The met thrust 18 easlly
measumd w:l,t.h the at.ra:ln £EZO ar-mngemenm “mt it is nore
difficult to ob‘bam gross 'mmeha Sinee it has been shom
“ tha.t: the thmst ~ceom‘mmmon pre‘asmure relationship 18 valid,

thils correlation is used in obtaining gross thruat, Fipst,
a, net. i,hmat. e.nd nombust.ion "pr'easure are ob'cained under rs.m-
adr ocmdimms. Then for this combustion pregsure a thxust. "
(whigh correaponda to gross thmsb) is read from a ourve
whem the ram velori.ty is zero, The d.ifferems in f.hesa ‘
twc tbmgt men.an nemen‘bs is hot c‘irag 'm.d 1s pmefie..a.lly uonm

-stant for the_entire fusl flow tange, “In Figure 41 the

difference in thrust Eeiwéen any veloclty line and the

wtatis line is the hot, drag at thaﬁpﬁr*ﬁmﬁiw vélnaiw;

Goid Drag ‘." The cold drag is defined sz‘sv".r,ha drag

ca.used by ram alr on an engine which ig not in operation.

The englne cowling was removed in an effort to reduce thils

) drag and a slight reducllon was noted (Flg. 44}, However,

the engine thrust was lowsr vithout ihe aowling under all

4 medy,
P

i
' i ‘ ram velocities (Flg. 45), Evidemtly, the cowling ducts g
=y o . :
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the alr Into the englne inlet valves and this eoffect

improves engine performance,

 Ghanges in Eoglne Performance Due to Unavoldable Ohanges

in the Engine
The pulaelet engine will change performence with the

valightest provocation. Figure 37 shows thrust versus fuel

flow for varlous engine operating conditions, . Run nﬁmber

-fa was made. aftar tha valvea in the engina used 1n run rmm-

ver 1 nad}baan replaeaq by new ones. Run-numbar 2 was made

‘aftar the anginé of run number 2 had ite fuel'baffle plate

"Straﬂshﬁened; Aﬁ all timaé an attempt was made to match

the origlnai, conditianu. However, the maX1mmm thrust ‘
dropped from 16 2 paunds to 13, 4 paunds and the fuel ronge
decra&sad aonsidarably, The fawi that. these ehangea afﬂecﬁ—
ad the correlatibn batwawn Lm;aab and mwmbustion pregaure lis
shownnln Figure 38. .This.me&ns that svery time the engline
valves ba@émavwarn'dv the enginm“waﬁ‘repairéd, a néw com-

relatlon for thrust indication would havs to be found,

Lffect of 2 Ducted Talivipe on Fuel Consumphion

A limited attempt was mede to find the ePfeat on fual

flow of & 6-inch duct (ejJector confipureation) arocund the
engine talipipe as some reports lndlcate a decrease 1n fuel
flow with ducted enginesm Filgure 46. howsver, indlcates a

alight increase in fuwl consumption for all wvalues of thmot

~when the sngine la durhed. This 18 not weant, to condemn
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dueted engines. Thls author appreciates the fact that a
different size duct and/or o Aifferent lorcation of the

duet along the horizontal axis of the engine might give

beneflcial effects.

Fagms i e e 1k 05 1

. The exhaust saa temperatures showed 1o conaiatenﬁy
in their relatlonship ‘With thrust and fuel flaw. The mosn
common, trenﬂ was a dacrausing tamparaﬁura as fuel consumpw

- tion and~thruat 1ncreasad up to tha maximum thrustn- Tn&n,-F

right bafcra rieh flamecmt9 the. temperature would rise
| %3 _ - again. The QXhaust gas bemperatupes varled from 14500 F._
p to over 20000 Fo '

It wa.s notleeable that the hail angle :of 1@0 DNV Oxv

genceﬁnwhich gave the lowest thrust, ran gt muah higher
eXhaust tamperaﬁuréa thaﬁ Lhe oﬁher”seeﬁlcﬁa,wlmhe-tamperam
vtures could nut be reoordad sinee ﬁhﬁy ware alwmys over the‘
‘meximum of the 2000° Fo gynomabenﬂ The tail seation sivingiy
the nax+ ﬁighea+ temparatures was the Q“ mr atraight sa@niong

whieh also had rather poor thru&t,wharaﬂt@pistiﬂsn This
seemsz to 1ndicate that *ow thrust 13 wﬂsociated wlth high
exhaust temparatureao' Howeverg tha othar exit &ngles Loated

shoved almost th@jaame exhaust tampématures Arregerdless of

thelr thrust.

mem T R e
JAFA b}\.,u u.uu,: L VS R

englne performence seems impractlizal. For example, a high
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tomperature before rich flameout zould glve a very erron-
eous indicatlon i the englne operator did not know whether
he wag on the lean or rlch side of the o:pﬁlmum fuel settipga'
‘Anothér disadvantage is the fact that the tempemture at the.
exha.ust. might be affected considex*ably by the ext,ema.l en-=-

v 1ronman1; .

| M@.& g.f m m m M.umz:ﬁmmm
1] thcmccwplaa mmmtec‘i be"* de the ﬂtrain gRges

E showad 2 rocam temperature of 86° F - Maximam temperﬁaturas
during ensine opemtwn were 3,02‘3 P on th&r ;t'rcmt beam

and 116° P, on the rear beam, In order to da’oemine the
effect of this temparature rlaa on tha mrain gagaa and

- thus the thrust maammementa., the beams were prelonded ”
and mat was a.ppuad to the basa of. t,he beams with a b.mw '
torgh., Aa the tenperature varivgad from 85°% F, 0 :}.1;5 P,

the load measurement. romained constant. . Ii; 18 therefore Ho

" be -concluded that the ﬁempam’mm had no effect on the .

accuragy of the straln pgages or ARG HhEt messurements,

=

e
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IV, Concluslons

The 1234° dlverging tall angle geve the best overall
performance of the sectlons teghed ﬂnder‘both‘atatla
and véloclty cbn@itionsu{ However, there may be some
angle, between 12&0 end 20° which would sive even

better performanoeo

The use or'eihauat gas temperature as & thrust indi-

cator 1s not recommended because of the ineonsistent

correlation between thé,twb:parameters;~

Gombustimn @hamher avarage pressure ls a goad 1nd1w

aataﬁ af @ngine thruat ‘under statlc and valooity Ot~

ditiona, However9 gome calibration faaton wculd hava  ”
0 be pruvided for each ansine cnnfiguratian and . dheckn
ed,periodieally during‘tha 11fe of the engine,

The. thrust- combustion pressure qorralation-ocuid;be

misleading. since low préssure indicates low thrust ..

"atipoth 1eaﬁxand rieh fuel flows.,

A small and unavoﬂdabla nhange in the phvsiaal sngine

.navesaitates a new cn¢ibration Faauor (combustimn pres~‘

aurewthrust) for the engine,

Ra.m air decreases the net thrust of the engine be-

causgse of the inarense in engins 4rag.
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