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This report describes the construction and testing 
of a jet engine ejector tunnel erected in the Engine Labora-
tory of the National Research Council in Ottawa::. 

The tunnel was built for the purpose of simulating 
flight conditions around the nose of a Jumo 004 jet engine 
to be used in connection with icing experiments 

Velocity traverses near the nose of the engine 
indicated that speeds up to about 230 feet per second could 
be attained, and that a ratio of secondary to primary air 
flow of about 5,51 was reached, 

A brief investigation of the flow pattern around 
the nose of the engine has shown that at the speed attained, 
the alr strearL accelerates considerably before reaching the 
engine intal,,e and that the fliow breaks away rather badly 
from the outer skin of the cowling.
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2, MODEZ. TESTS 

As a preliminary step in the design of the full 
size tunnel, tests were made cn a simplified model as shown 
in Figure la The model tunnel consisted of a 75 in, length 
of moderately smooth bore pibe 5-3/32 in, inside diameter, 
At a point 54 inches from the entrance to the pipe was 
located a standard sharp-edged orifice plate of 3,57 in, 
diameter across which a water manometer was connected, 
Secondary air flow rate could therefore be calculated from 
the pressure drop across this manometer, At the exit end 
of the pips arrangements were made to attach varicus sizes 
of mixing tube, these being faired into the main tube by 
suitable plasticene throats The mixing tubes were such 
that their lengths were seven times their respective dia-
meters, 

The jet engine was represented by a short length 
of 081 in. Inside diameter pipe. turned down at the exit 
end to simulate the tail pipe of the Jumo engine, This 
nozzle projected into the plasticene throat and freely dis-
cnaraed cold air. The nozA.e was supplied by a 3-1/4 in, 
inside diameter air main, U-ne pressure as .leasured in this 
laain at a point about 25 feet back from the nozzle being 
30 lba per sq. in. Air flow as measured by a. Fischer and 
Porter flowmeter was 0032 lb per second approximately. It 
was estimated that this arrange:-ent gaae approximately the 
Saila jet velocity as that of tha Jumo 304 engine, 

-rests were carried cai- to determine the secondary 
air flow us4 rig a range of ,Ilxing tubes from 1-3/8 in, inside 
diameter to 5-5/32 in, insiee diameter, the throat position 
being a usted in each instance to obtain the maximum 
secondary flow °

In Figure 2, the calculated secondary air flow 
rate and the calculated secondary air flow velocity at the 
crifice hp,ve been plotted against the mixing tube diameter. 
rris shclos that the optimum Irixing tube diameter for maxi-
mum secondary flow is about 5 inches, Below 3 in mixing 
tube diaKeter, choking in the mixing tube causes consider-
able redaction in the secondary flow, It was evident that 
if choking was to te avoided in the full sized tunnel it 
ras imJertaat to avoid reducing the mixing tube diameter 
tco far. 

The value of the ratio of ithe secondary air flow 
to the primary air flcw for the 3-7/8 in, diameter mixing 
tube was calculated to ba approximately 3:1. 
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Considering now a full sized tunnel of appreximate_:
the sane, z,eometry as that of the modal, then the follc,7in= 
differences betnween the tv4o miL41t be expected: 

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

(2) The model jet is cold whereas the full scale jet 
operates at approximately 600°C. Hence the model jet has a 
much higher density, 

(3) The scale and temperature effects will be such as to 
allow of much better mixing of the primary and secondary gas 
streams ir the full scale tunnel than in the model° 

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

The design proceeded therfore on the basis that 
rnodel speeds could at least be attained Basic dimensions in 
the design of the tunnel were the fixed diameters of 18 in 
for the Jumo 004 jet pipe and 63 in, for the existing air 
inttke duct, 

CnSERFePION OF THE TUNNEL 

Figure 3 shows the la-out of the tunnel, ,ahile 
li,_-;ures 4, 5, 6 and 7 show vieNs of the assDmbly_ Air enters 
t'ne t,,Innel through the large wooden bellmouth whence it passes 
'hrough 20 feet of 63 in, diameter Intake duct to the working 
section, This is, in effect, a large cylindrical box 108 in 
in diameter aad 48 in, long, Air enters one side of this box 
throuj, the intake duct and leaves at the opposite side through 
a small entry flare into the parallel throat section housing 
the Jumo engine, "'his parallel section is 75 in in diameter 
and 12 feet long and is attached directly to the small end of 
the diffuser. The diffuser, or more truly, the diffuser-mixing 
tube tapers from 75 inches in diameter to approximately 106 
inches in diameter in a distance of 3?-1/2 feet, having an 
included angle of taper of 4 degrees. This gives a diffuser 
expansion area ratlo of almost exactly 2:1, 

The working section serves to produce an open jet 
around the nose of the engine which protrudes some 24 inches 
into it This section of the tunnel is provided with a 
sliding door by means of which access to the interior may be 
readily gained, 
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2he parallel throat section is divided by longi-
tudinal joints into three segments, the up2er two of which 
se.y be lifted out to provide access to the engine when any 
repair wcrk has to be done. 

Immediately under the parallel throat section is 
the test bed on which the engine is mounted. The engine 
mountins consist of two "N" shaped tubular frames attached 
to four pick-up points on the engine. These frames pass 
tnrpugh sponge rubcer-grommetted holes in the lower third 
segment of the parallel throat, so allowing the engine to 
move slidhtly longitudinally, but preventing any large air 
leakage at this position. The engine test bed is suspended 
by means of "Emery Pivots" at its four corners, the thrust 
being measured by a precimeter. 

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

The diffuser is made up of five sections, each 7-1/2 
feet long and supborted at the end of each of these sections 
by suitable frames. Owing to the unsatisfactory standard of 
the workmanship, the diffuser surface was rather irregular and 
it became necessaey to smooth out this surface by attaching 
strips of sheet metal at the jointsn 

lidth the exception of the working section which is 
of 1/8 in. thick plate, the sheet metal used throughout the 
tunnel is 1/16 ina thick mild steel. 

4. INSTRUMENTATION 

Engine Thrust was measured by means of a precimeter 
and a 100 ino mercury manometer. Calibration of the preci-
meter was carried out by means of a flexible steel strap, 
pulley, scale pan and dead weights. 

Range 0 - 3,000 lb. 
Accuracy ± 10 lb. 

Engine Speed was measured by means of a calibrated 
aircraft tachometer as supplied with the engine. 

Range 
Accuracy 

0 - 9,500 r.p.m. 
- 25 r.p.m. (approx.) 

Fuel Flow was measured by a calibrated Fischer and 
Porter flowmeter, 

Range 700 - 3,500 lb. per hr. 
Accuracy IF 10 lb. per hr. (approx.) 
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ENTRY END OF TUNNEL 

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

THE FRONT IS SAFETY BAR. 



EXIT END OF TUNNEL 

LOOKING BACK THROUGH THE DIFFUSER 
TOWARDS THE ENGINE JET PIPE 
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SHOWING THE ENGINE SET UP IN THE TUNNEL W 1TH 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 COIRNER. THE WORKING 
SECTION OF THE TUNNEL ENCLOSES THE NOSE OF THE ENGINE. 
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FIG. 7 
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FRONT VIEW OF THE TUNNEL PARTLY DISASSEMBLED AS 
DESCRIBED I N FIGURE 6. THE UPPER SEGMENTS OF THE 

PARALLEL SECTION ARE REMOVED. 
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Jet Pipe Temperature was measured by rneans of a 
Bristol Pyrometer and the standa7-d chroal-a1umel thermo-
couple supplied with this engine, 

Range 0 - 1,2000C. 
Accuracy 1:- 100C. (Approx. ) 

Pressures (Jet Pipe Total Head etc.) were 
measured with mercury manomet rs, 

Range 0 - 20 in,, 0 - 40 in, 
Accuracy ± 0,1 in, 

Velocities (Traverses across open jet and intake 
duct) were measured with standard pitot heads and water 
1-anometers. Velocities were then calculated from the ex-
pression V = 21,3N/T,h/P 
hare V - Velocity in feet per second 

T - Absolute Temperature °K. 
h Pitot differential in inches of water 
P - Absolute pressure in inches of mercury 

Range of Manometers 0 - 20 in 
Accuracy of Manometers 001 in, 

5, PERFORAANCE OF THE TUNNEL 

Initial tests indicated that there was consider-
able leakage of air into the tunnel by wa.: of the badly 
fitting joints and holes which had originally been cut in 
the entry duct for lights and other ecuipment Time spent 
in plugging up these lesks vas v,all rewarded by the improve-
nent in the general performance 

These tests also indimted that, owing to the high 
velocity of the air at the tunnE.1 intake, it ras necessary 
to take safety prcautions to iecp personnel a,r,ay from this 
part of the apparatus during running 

It Yvas expected that most of the diffuser would be 
fa'rly hot in operation and arranserents were made to allow 
for its expansion under these cond]tions, Howev;r, it was 
found that in act_kal op3ration., on17 the last few f et of the 
diffuser were warm, and even then, temperatures did not• 
exceed about K °0, This seems to indicate that the diffuser 
proportions Jere not far from the desired values- A tempera-
ture traverse at the diffuser exit showed that the temperatures 
in the gas-stream there were of the order of 80 5°C, and 
that there z,as relatively little vEriation in the 
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temperature across the se tion. 

Pitot tube traversas were made across the intake 
duct at a position 52 inches upstream from the worki_-ig section, 
and across the open jet in the worki-Ig section at a position 
10.3 inches upstream fran the nose of the Jumo engine. These 
travers s were made durinE sTIccossive runs using the same 
pitot t,:oe, From these resalts, air velocities were calculated 
arid arE, olotted in ]ji. ures and 9. It will be seen that the 
velocity distribution across the intake duct is fairly uniform 
except along the walls, as might be expected. Figure 9 shows 
that, in the open jet, thar) is a moderate increase in the air 
velocity in the area just allead of the engine intake and at the 
outer periphery of the jet stream. This is accompanied by a 
reductIon of the air velocity in the area just outside that 
encompassed by the engine nosa cowling. Velocities close to 
the engine nose appeared to be nearly identical with those in 
the intake duct, 

The diffuser exit velocity was measured and found to 
be about half the intake duct velocity. Considerable turbu-
lence at this position made it tmpossible to get an accurate 
readinz. 

TA2LE I. 

Pressures in the Tunnel. Inches of iator.(-ve) 

Position in Tunnel 
Corrected Engine R.P.M, 

7690 8530 8820 

7-1/2 ft. from diffuser exit 1005 1.9 2.1 

15 ft, from diffuser exit 2.5 4.2 4.6 

22-1/2 ft, from diffuser exit 3,8 6,4 7.2 

30 ft. from diffuser exit 5.0 8.9 9.4 

At working section 8.3 11.0 15.1 

In Table T is shown the depression measured at 
various parts of the tunnel and for various engine speeds, 
It uill be observed that the pressures in the Iforking section 
are lcw enough to rec'uire that the working section be designed 
with adeouate strength in compression. 
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In order to evaluate the drag of the engine the 
anEine was given a calibration run first in the complate 
tunnel add then in the partly disassembled tunael, as shown 
in Figure 6, For this latter run the two upper segments were 
removed from the parallel throat section of the tunnel, so 
rendering the front part of the apparatus ineffective and 
giving engine conditions similar to those obtaining in still 
air, It must be remembered that the ejector effect of the 
tunnel reduces the pressure both at the engine intake and at 
the engine exhausto liam pressure at the forrner position 
practically compensates for the depression in the working 
section, but there still remains the depression at the ex-
haust ghich will tend to increase the thrust of the engine, 
However, due to the considerable drag of the engine and 
support when the tunnel is operating, the net thrust is 
lower. In addition, the jet pipe temperatures differ greatly 
under the two operating conditions, being higher when the 
engine is running in the complete tunnel_ 

In Figure 10 the performance curves for the engine 
are plotted for the two conditions, These results have been 
corrected for barometer and temperature in ths normal way. 
The difference between the two thrust curves gives a rough 
figure for the drag of the engine and support in the tunnel 
Since the thrust has not been corrected for the exhaust 
depression this value for the drag wili be aboroximate only 
It will be observed that the exhaust total heads in both 
sets of results are very close, but that the specific fuel 
consumption is considerably higher when the engine is running 
in the complete tunnel. 

Additional tests •were also carried out to determine 
the flow pattern of the open jet around the nose of the Jumo 
engine gigure 11 shows the means initially employed to 
accomplsi, this. Three steel piano wires -rJere stretched at 
riget ar:les to the engine axis so that they were lying in 
tine vertical plane, Cotton tufts war) fastened every 2 inches 
along these wires to 'ndicate the direction of the air flow 
ohne this metnod served to show that there was considerable 
turbulence at the enter ad,,e of the open jet it was found to 
give an insufficiently detailed eicture of the flow 

A second metnod employed to determine the flow 
pattern made use of 3/16 in thick steel plate, painted white 
and mounted in front of the engine in the vertical plane 
This plate was paThted with a mixture of lampblack and kero-
sene of such a consistency as to show up the flow pattern by 
its smearing and canseouent drying Figure 12 shows the 
apbeara_ce of the plate after the test, It will be observed 
that the plate has been notched out to fit into the nose of 
the engine and show up the conditions just inside the intake. 
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The olate s_-_os that there is considerable breakaway of the 
air fioVu frp:, the leading ed:;,e. of the nose cowling, and it 
was found possible to trace the stagnatio_-1 lines, There is 
considerable acceleration of the airstrea,-,1 just ahead of the 
engine and also just inside of the engne nose, This latter 
is illustratei by the fact that at the trailing ed,e much of 
tne lamoblack has been blown r_ght off the plate, ,hile 
this 1-1 7,hod does not give a comoletely true picture of the 
air flov-:, due t.o t're "end plate effect", it does at least 
serve as a guide to conditions in the open jet 

The stagnation lines shown up by tnis method were 
used to calculate the approximate values of the engine mass 
flow and the secondary to primary air mass flow ratio for a 
given engine speed. It was found to be fairly easy to trace 
the stagnation lines back from the nose to the points at 
,/hich they intersected the vertical plane 10,8 inches anead 
of the nose, The latter plane was chosen because a hori-
zontal velocity traverse had previously been made there, and 
for this reason the average velocity was Imov,n. 7or the 
purposes of the calculation it was assumed that the avera, 
velocity across the horizontal axis in this plane equalled 
that for tha vert:cal axs. Averaging the dia-etrs on both 
sides of the plate for the air stream conta:ned cy tie stag -
nation linos ,:;aIa a fip;ure of 24-1/2 inches. Knoving the 
avera„,e velocity, tho area, tne pressure and the tomperature 
cf this air stream, the air mass flow of the angina ,:as cal-
c.ulated to be 45,6 lb, per second at 7,580 r,p,r, under 
star_dard conditions, Assuming a straignt line relationship 
La' reen mass flo7 and r,P.m., t'ne mass flu:, vas calculat 'd 
-- 7:700 rop,r--, at corr—tad seeed a valocit-y tra 

acress i-take a'Jct Lad been -ale roroa 
tnose fic_,Jras tne .r,ass air flow ror the intpke d-„.c.t as cr_d 
c-,lated as 227 cu, ft psr The rat'o of t'ne s ondary 
air floe' to tn,e primary a.o flow is th_3r,:fere: 

(2'37 - 45„8) : 45,8 = 5,46:1 
(at 7,700 rop,m. and at standard conditions) 

CCNCLUSIONS 

The jet engine ejector tunnel provides a r:aady 
i-Leans of producing large Iroderate-velocity air flovrs cheaply 
acf, simply Such tunnels should be ideal for producin,g, on 
the; ,.,round, the conditions of low to rrlodsrate-spead 

No special precautons are necessary to guard 
11:Jt undue heating in any part of the equi-omont, but on 

the ether hand, sor:le precautions should be taken to safe-
guard personnel working near the intake, 
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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. 
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The noise lsvel Is a little higher than that 
roticed with the bare enzine a-id is likely to be some:that 
unpleasant for personnel worliiig in close proximity to the 
tunne]—

V3locities inducd in this tunnel aere insufficient 
to prevent acceleration of t_le air stream just anead of the 

intae, It is sub itted that, even so the tunnel 
snould allo:/ more realistic colditiLns to ce attained during 
icing exper11-_-ants 

It is sugE;ested that if higher velocities ars to 
be used in a tunnel of t,lis desIgn, adecuate attention be 
given to the design of the working section, to the design of 
the diffuser, to the cowling of the engine and to the fairIng 
of the engine support It is probable tnat a closed jet of 
smaller section would also assist in raising the velocity 
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