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SUMMARY

This report describss the construction and testing
of a Jet engine ejector tunnel srsctsd in ths 2Zngine Labora-
tory of the National Research Council in Ottawa.

The tunnel was built for the purpose of simulating
flight conditions around th2 nosz of a Jumo 004 Jet engine
to be ussd in connsction with lcing experiments.

Vz2loecity travzsrszs nesar the nose of the sngins
indicatad that spseds up to atout 230 fset per second could
b2 attained, and that a ratic of secondary te primary alr
flow of about 5.2:1 was reachsd.

A brief investigation of the flow pattern around
the nose of the engine has shown that at the speed attainsd,
the alr stream accelerates considerably before reaching the
sngine intake and that the flow bresaks away rather badly

Irom the outer skin of the cowling
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WMODEL TEETS

As & preliminery step in the design of the full
size tu*nclP tests were made cn s simplified modal as shown
in FPigure L. The modsl tunnel ceonsisted of a 75 1in. langth
of moderatsly smooth bere pipe &- 3/52 in, inside diameter.
AT a 901nt 4 inches from the sntrance to the plps was
lcceated a standard sharp-edged orifice plate of 3,57 in
“1an@t@r across which a water manomstsr was connected.
Szceondary air flow rats could therefore be calculated Crom
the pressurs drop across this manonveter. At the exit end
»f thie plps arrangements wers made to attach varicus sizes
of mixing tube, these being fsired into the main tube by
sultable plasticene throats. The mixing tubes were such
thoat tneir lengths were ssven times their respsctive diae-
metars.

e

The Jjet englire was represented by a short length
of 0.81 in. inslde diameter pipe., turned down at the exit
end to simulate the teill pipe of the Jumo engine. This
nozzle y“ojected into the plasticense throat and freely dis-
charged cold air, The noz:le was supplied by a 3-1/4 in.
inside dilameter alr main, ths prassure as neasured in this
main at a point about 25 feet back from the nozzle being
30 1lb. per sc., in. Alr flow ag meessurad by a Flscher and
Perter flowmetsr was C.322 lb. per szcond approximately. It
was sstimated that this arrangsrent gave approximatzsly the
sara j2t veleoclty as that of ths Jumo 004 englne.

?esis were carrilad out to determine the sscondary
air flow using a range of uiKiLF tubss from 1-3/8 in. insids
diamstar to 5-5/32 in. inside diemstsr, the throat position
being a“iusted in each iastance to obtain the maximum
szcondery flow,

I Figure 2, the calculated secondary air flow
rate and the calculatzd sscondary alr flow veloclty at the
crifice have baern plottad a“airst the mixing tube dlameter.
Tris shows that ths cpitimum mixing tubs dismeter for maxi-
mum g2condary filow is about 5 inches., Below & in. mixing
tube diamster. ckhoking in the mixing tube causes consicer~
able reduction in the seccondary flow. It was esvident that
if choking was to be avoided in the full sized tunnel it
was important to avold rsducing the mixing tube diameter
teco far.

The value cf the ratic of tbe secondary alr flow
%o the primery air flew for the 3= /8 in, dismeter mixing
tube was calculatad to bes approximately 3:1.
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Considering now a full silzed tunnel of approxizsztz_7
the seanmz gsometry as that of ths model; then the follcsinz
differances bestwsen the Two might bs expacted:

(1) Separation from the orifice plate in the model would
give higher losses, but would tend to shield the air supply
pice line which has & higher drag than the full scale arrange-
ment .,

{2) The modsl jet is cold wrhareas the full scsls jet
operatss at approximately 600°C. Hence the model jst has a
much higher density.

(3) The scale and tsmperature effects will be such as to
aliow of much better mixing of the primary aand sscondary gas
strzams in the full scals tunnel than in ths model.

It was considered that (1) and (3) would outweigh
(2) sc that dsductions from the model tests would be on the
vessimistic side.

The design proceedad tharafors on the basis that
model speeds could at lesast be attained. DBasic dimensions In
the desgign of the tunnel wers the fixed diametsrs of 18 in
for the Jumo 004 Jet vpipe and 83 in. for the existing air
inteke duct.

CONSIRUCTICN OF THE TUNNEL

Figure 3 shows the layout of ths tunnel, while
Fizures 4, 5, 6 and 7 show views of the assonbly. Alr enters
th2 tunnel through the large wooden bellmouth whence it passes
through 20 feet of 63 in. dlamster intake duct to the working
secticn., This is, in seffect, a large cylindrical box 108 in.
in dismester and 48 in. long., Alr enters one side of this box
through the intake duct and lsaves at the oppoosite side through
a small entry flars into the parallel thrcat section housing
the Jumo engine. This parallel s=sction 1s 75 in. in diameter
and 12 feet long and is attached dirsctly to the small end of
tlie diffussr, The diffuser, or more truly, ths diffuser-mixing
tubes tapers from 75 inches in diameter to avproximatsly 108
inches in diamstsr in a distance of 37-1/2 fest, having an
included anglz of tapsr of 4 degrees, This givss a diffuser
expansion arsa ratlic of almost sxactly 2:1.

The werking ssctlon serves to preoduce an open jeb
around the nose of the engine which protrudes soms 24 inches
into it. Thils secticn of ths ftunrel is provided with a
sliding door by means cf which access to the interior may be
readily gained.
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The parallel throst section is divided by longi-
fudinal joints into thrse segments, thse upper two of which
may be 1lifted out to provide access to the engine when any
repalr werk has to b2 done.

Immediately under the parallel throat section is
this test bed on which the engine is mounted. The engine
mountings consist of two "N" shaped tubular {rames attached
to four pick-up points on the engine. Thess framss pass
through spongs rubter-grommetted heoles in the lower third
segment of the parallzl throat, so zllowing the engine to
move slightly longitudinally, but prsventing any large air
leakage at this position. The =2ngine tast bed 1s suspended
by means of "Emsry Pivots"™ at its four corners, the thrust
being measursd by & precimeter.

Engine services such as fuel lines, electric power
supply, hydraulic throttle controls, gauge connections, etc.
are carrisd down beside one of the legs of the "N" shaped
framss,

The diffuser is made up of five sactions, each 7-1/2
feet long and supportsd at the end of sach of these sections
by sulitable frames., Owing to the unsatisfactory standard of
the workmanship, the diffuser surfacs was rather irrsgular and
1t became nscessary to smooth out this surface by attaching
strips of sheest matal at the joints.

With the exception ¢f the working secticn which is
of 1/8 in, thick plate, the sheet metal used throughout the
tunnel is 1/16 in. thick mild stsel,

INSTRUMZNTATION

Engine Thrust was measured by means of a precimester
and & 100 in, mercury manomster. Calibraticn of the preci-
meter was carrisd out by means of a flasxible steel strep,
pullsy, scales pan and dead wsights.

Range 0 - 3,000 1ib,
Accuracy ¥ 10 1b.

Engine Speed was measursd by means of a callbrated
aircraft tachometer as suppliesd with the engine.

Range 0 = 9,500 r.p.mo
Lecuracy Y 25 p,p.m. (approx.)

Fuel Flow was measured by a callibrated Fischer and
Porter flowmeter.

Range 700 = 5,300 1lb. per hr.
Accuracy ¥ 10 1b, per hr, {approx.)

. —— i ——
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ENTRY END OF TUNNEL

SHOWING LARGE WOODEN BELLMOUTH
AND NOSE OF THE ENGINE. BAR AT
THE FRONT IS SAFETY BAR.

e e, . I




FIG. S
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EXIT END OF TUNNEL

LOOKING BACK THROUGH THE DIFFUSER
TOWARDS THE ENGINE JET PIPE




SHOWING THE ENGINE SET UP IN THE TUNNEL WITH THE TOP
TWO SEGMENTS OF THE PARALLEL THROAT SECTION REMOVED
FOR PERFORMANCE TEST OF THE BARE ENGINE. TEST BED IS
VISIBLE IN THE LOWER LEFT HAND CORNER. THE WORKING

SECTION OF THE TUNNEL ENCLOSES THE NOSE OF THE ENGINE.
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FRONT VIEW OF THE TUNNEL PARTLY DISASSEMBLED AS
DESCRIBED IN FIGURE 6. THE UPPER SEGMENTS OF THE
PARALLEL SECTION ARE REMOVED.
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get Pipe Temperature was messursd by means of a

pristol Pyrometzr and the standard chromel-alumsl tlermo~
couple supplied with this engine

Range o = 1,200%%C,

Accuracy T 10°C. (Approx. )}

Pressurcs (Jet Pipe Total Head etc.) were
mesasursd with mercury manomstsrs,

Range 0 - 20 in., 0 =~ 40 in.
Accuracy 0.1 in.

Velcoccitliss (Traverses across opsn jet and intake
duct) wers measursd with standard pltot h2ads and water
ranometsrs, Velocitiss wers then caleculatsd frem the ex-
pression V = 21,34/ T.L/P
ihers - Vzlocity in fest por second
- Abscluts Tempersturs CK,

Pitot differsntiszl in inches of water
= Absolute prsssurs in inches of mercury

oI =
;

Range of Mancmetars c -
Accuracy of Manometars ¥ 0.1 1in.

PIRFORAANCT OF THE TUNNEL

Initial tests indicated that there was consider-
abl° lzakage of alr into the turmel by way of the bedly
fitting jownts and holess Nulch had orlglnally been cut in
tL entry duct for lights and othker sculpmeant. Time spsnt
in nluvg;Lg up thess leaks was w21l rewarded by the improve=
rient In the general pzrfcormance.

These tests also Indizatad that, owing to the high
valoclty of the alr at the tunnel intake, 1%t was necsssary
to take safety precautions to keep porsonnel away from this
part of the apparatus during running.

It was expectad that most of thse diffuser would be
fa’riy hot In opsration and arrangersents were made to allow
for its exparsion undesr thess condlitions, However, it was
found that in actual opzravion. only the last few feset of the
diffuser were warm, and svsn then, temperaturss did not
axcesd about 50°C. This ssems to indicate that the diffuser
preportions wars not far from the dassired values., A tempersa-
ture travsrss at ths diffuser exit shcewsd that the Cemperatures
in the gas-stream thars wers of the crdsr of 80 ¥ 590, and
that there was relatively little veriation in the
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tempsrature across the ssction,

Pitot tube traversss wers mads across the intake

duct at a position 52 inches upstrsam from the working sectiocn;
and across the open Jet in the workiag section at a position
10,8 inches upstrsan froa the nose of the Jume sngine., These
traverses wers meade durlng succsssive runs using the same

itot tute. From thesz resalts, air velocities wsre calculated
and ars plotited 1in Figurss 8 and 9., It will be seen that the
valocity distribution across the intaks duct is fairly uniform
sxcept zalong the wallg, as might be expected. Filgurs ¢ shows
that, in the cpsn Jzt, therz 1s a moderate Increass 1n the air
veloclity in the arsa just ahsad of the engine intske and at the
outsr periphery of the jst stream. This 1s accompanied by a
reduction of the air velocity in the arsa just cutside that
ancompasssed by the sngine nose cowling. Velocities close to
the asngine nose appearad o v2 nearly identical with those in
the intake duct,

The diffussr exlt vslocity was measured and found to
out half the intake duct velocity, Considerabls turbu-
at thils position mades 1t impossible to get an accurate

e
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TAZLE I,

Presgures in the Tuunal. Inches of Water (=ve)

Position im Tunnel Corrscted Zngine R.P.M.
76390 8530 8820
7-1/2 ft. from diffuser exlt 1,05 1.9 2.1 |
15 ft. from diffuser exit 2.5 4.2 4.6 ?
tez-1/2 ft, from diffuser exit 3.8 6.4 7.2
30 ft. from diffuser exit 5.0 8,9 9.4
At working section 8.5 14,0 15.1

In Tanlze I is shown the depresslon measursd at
various parts of the tunnel and for various engine sps=ds.
It will be observed thnat the pressurss in the working ssction
are lcw enough to rscuire that the working ssction bs designed
with adecguate strength in compression.
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In ordsr to evaluats the drag of thz 2ngine. the
angine was glven a8 cslibration run first in the complete
tunnel and then in the partly disasssmbled tunasl, as shown
in Migurz 6. For tnis latter run the two upper ssgments were
removed from the parallsl bLhroat section of ths tunnel; so
rendering the front part of the apparatus Insffective and
zlving 2nginse conditions similar to those obtaining in still
air. It must be resmemberzsd that ths ejesctor eflsct of the
tunnsl rsducss the pressurs both at the engine Intaks and at
the szngine exhaust. Ram pressure at the formsr pesition
practizally compsnsates for the depresslon in the working
szction, but tnere still remains the dsprassion at the ex-
hagust which will tend to increase the thrust of the engine.
However, due to ths coansiderable drag cof the engline and
support when the tunnsl is operating, the net thrust is
lower, In eddition, the jet plpe temperatures differ greatly
under the two operating coaditions, being higher when the
sngine 1s running in the complete tunnel.

In Figure 10 the performance curves for the engilne
ars plotted fer the two conditlons. Thess results have besn
corrected for barcometer and tempsrature in ths normal way.
The differsencse bstwesn the two thrust curves gives a rough
figure for the drag of the engins and support in the tunnsl.
Since the thrust has not besn correctsd for the exhaust
depression. this value for the drag will bs apzroximate only.
It will be observed that the exhaust total hzads in both
sets of results are vary closs,; but that the specific fuel
consumptlion is considerably higher when the engine 1s running
in the complets tunnel.

Additional tests wsre also carried out to determine
the flow pattern of the open j2t around the necss of the Jumo
engine. Figurs 11 shows ths means 1n;t1ally employad %o
accomplish this, Thress stesl plano wirses wers stratchad at
rigirt ansglss to this engine axis so that t a2y wers lying in
the vartlcal plans. Cotton tufts wer: fastsnsd every 2 inches
alonb shesz2 wirss to ‘ndicabtz the dirsction of the alr flow.

wkile this mzthoed ssrvad to show that thers was considerable
turbulence at the outer edgs of the cpen jst., it was found to
give an Insufliciently detailsd picture of the flow.

A socond matnod employed to detsrmine the flow
pattern made use of 3/16 in. thick stesl plate, painted white
and mounted in front of the engine in the vertical planea
This plate was painted with a mixture ¢f lampbiack and kerc-
sene of such a consistsncy as to show up the flow pattern by
its smearing and consecusnt drylng. Filgure 12 shows the
appaarasce of the platz aftsr the test., It will bz obssrved
that the plats has bsen notc“,d out to f£it into the nose of
the engine and show up the conditicons just inside the intake.
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The ol ~OWSs that thzrs is considerable bLreskaway ol the
aly Il buu lezading edga of the noss cowling, and 1t
wes o o lﬂ te trava the stagnation lines, Thesrs is
considefabla accelsration ¢of ths alirstream just ahzad of the
sngins and also JUSb insids of the sngine nosz, This lattzr
is 1llustretzd by Ches fact that at the trailing edgs much of
tne lamgnlack has besa blown riznt off ths plate. Jhils
this nzohod dess not give a completesly trus osicturse of the
alr flow, due to ths "snd plate effect™, 1t doss st least
szrve as & gulde to coanditions in the opsn Jet,

The stagnation lines shown up by tinls method ws
uszd to calculats the approximats valuss of the engine mass
flow and the sscondary te primary alir mass flow ratio for a
glven zngline speed., It was found to be fairly easy to tracs
the stagnaticn lipes back from the noss to the points at
which they Iintsrsected ths vartical plans 10,8 inches ahead
of the nose, The lattsr plans was choszn bscauss a hori-
zontal valoclity travers:s had prsviously besn made thers, and
for this rsascn the averags velcclty was known, rfor ths
purposss of the calcula“ion it was assumed that thes avserag:

zlocity across the horizonstal axis in this 2lans

bhac for the vsrtical axis. Aversaging the diamstors

sides of the plats for ths alr strasm coabtalnsd oy ths stag”
nation linss gave a figurs of 24Dl/~ inches, Hnowing ths
averags valoclity, ths arsa, tne pressure and thas tsmpsraturs
of this ailr stream, the air mass flew of thz znginz was cal=
culatsd to be 45.€6 1lb, gsr sscond at 7.580 r.p.m unds
starderd conditions., Assuning a straight line rslationship
cztwesn masg low and r.o.m., the mass flow was calculat:d
en 7,700 r.p t owhick :t2d speed a vslocity tra-
V3IrS® alross baan nads zarllisr.  rrom
tizzs2 [igurs Por th ! duct was cul-
culatad P bio of the socondary
air Tlo

CCNCLUSIONS

The Jet engine sjzctor tunnsl providss a rzady
gzans of producing 181 moderate-velocity alir flows chizoply
znd simnly Sucl tunnels should be idsal [or producing, on
the ur i low to modsrate~spssd flight

ar:z nscaessary to gusard
a. cof tkhes squipment, but on
3¢ should bz taken to safe-
guaer intskse.




FIRST METHOD USED TO
DETERMINE FLOW PATTERN AT NOSE
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FIG. 12
ME-167

FLOW PATTERN NEAR NOSE OF JUMO ENGINE

SECOND METHOD
ENGINE SPEED 7600 R.P.M.

VELOCITY AT POINT 10.8 INCHES AHEAD OF NOSE

185 FT. PER SEC. (APPROX.)

SHOWING METHOD OF USING STAGNATION LINES

TO CALCULATE ENGINE MASS FLOW. VERTICAL

STREAKS ARE BRUSH MARKS. LIGHT COLOURED

AREAS INSIDE INTAKE ARE THOSE WHERE THE

HIGHER VELOCITY HAS COMPLETELY REMOVED
THE _LAMPBLACK.




age o
M=-16%
The noise lsvel 1s & l1ittle higher than thsat
noticsd with the bars engins and is likely to be somewhat
ungleasent for personnsl worling in closs proximity to the

tunnel.

Valocitiss induc=d
it acczlzsrestion of th
a¥e. It is subwittzsd that, =avan so, ths tunnsi
oW more rzalistic conditicns to e attainzsd during
rimen

in this tunnsl ware insufficient
2 alr stream just sikzad of the

It is suggested that if higher velocitiss ars to
used in a tunnel of tindls design, adecuate attenticn be
ven to the design of the working section, to the design of
he diffuser. to the cowling of the engine and to the fairing
of the engine support It is probatls that a closed jet of
smaller secticn would also assist in raising the velocity.
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