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1. SIMMARY.

A description is given of the installation layout of the tunnel in its
temporary building on the University site at Sandy Bay.

Investigation of the tunnel flow has revealed that it is satisfactory from
the points of viewof sjmmetry and freedom from separation for the proposed blade
testing. Curves for mass flow versus intake pressure drop have been drawn,

- An initial deflection in one piece of the drive shaft causes considerable
vibrations in the outlet section at approximately L4OO r.p.m. away from that
speed the vibrations are negligible.
| Suggestions are made within for. future improvement in instrumentation to

. measurement .
obtain the three dimensional flow Aj.n the working section.
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2. INTRODUCTIQN.

This paper is concerned with the work carried out under the direction
and supervision of Mr. E. Szomanski® since the arrival of the Vortex Tunnel

_in Tasmania in June 195L until the conclusion of the tests to detemine the

A

general flow conditions in the tunnel[in December 1955.)

2.1. General lLayout.

The tunnel and auxilliary gear was assembled in the temporary building
erected for it on the newUniversity site at Sandy Bay. For a detail.ed layout
of this building see Fig. No.l. It has four rooms, including the main tunnel
room and a combined motor room and workshop, both with concrete floors and
also two offices for the reseé.rch staff,

S8ince this is an open circuit tunnel, no windows were provided in the
-main hall, to reduce the number of external leaks; this also helped in dust
and sound proofing.

A full description of the tunnel may be found in M.E. i96n. It was
placed with its axis parallel to the side wall and six feet six inches away
from it, giving three feet minimum clearanée on the motor room side, and
providing a clear nine feet passage on the other.

An overhead monorail transporter, of % ton capacity, using a rolled
steel joist as a rail, runs from the main door parallel to the tunnel as far
'55 the working gection where it turns across to a turntable directly above
the tunnel axis. From there, two branches parallel to the tunnel serve the
‘working and intake sections.

The separate power supply enters the building at the south western end

through appropriate fuses and isolating switches, as required by H.E.C.

¥ Senior Lecturer in Fluid Dynamics, University of Tasmania.
= M.E. 196 A.R,L. by P. V. Crooks and W. Howard.



regulations, to the main switch, which is mounted on the tunnel room wall
adjacent to the motor room door. From there it passes through the wall to the
motor-generator set, the D.C. output of which is carried to ﬁhe tunnel motor
through the control panel (housing resistances) and an isola ting box, both
standing at the outlet end of the tunnel.

The 40 H.P., D.C. motor, which is supported on spherical bearings, drives
the rotor by means of a three piece shaft. Torque reaction from the motor
is transferred by an am fixed to the motor casing, to the weighing head of a
set of scales standing alongside.

2.2, Purpose of Tests,

The tests which lead to the determination of the velocity profiles af
different stations, along the tunnel, were conducted to obtain its flow
characteristic.

To maintain uniform conditions for the future testing of blades, it is
desirable to have velocity profiles as uniform as praéticable. Several steps
were taken in the design of the tunnel to achieve this end:

(1) Provision was made for a guaze to be fitted around the
peripheral intake.

(ii) To ensure an acceleratéd flow into the working section,
the entry consisted of a contracting annular passage.

(iii) No braces or supports were placed in the inlet passage.
(iv) The driving motor was placed at the outlet end of the tunnel.
It was anticipated that if any large regions of separation occurred in the

diffuser, these could be removed by the insertion of the gauze screens.



3. ERECTION AND PRELIMINARY RUNNING NOTES.

3.1e Condition on Arrival.

The general condition of the tunnel on arrival was good, with the exception
of the inner contraction piece. The laminations there ﬁere soaked-with salt water
and gradually began to peel. Owing to the extent of the damage it was considered
advisable to replace several péme_ls in this section. They weré those which were
first to be fabricated from the wood laminations, at which stage the glueing
technique had not been perfected. New panels have since been ins talled.

A ball race on the inlet carrying trolley was»fractured probably due to
(i) an overload on the race due to the proximity of the clamp,

(1i) a jar at some stage during transit.
The race was replaced with one of the 12 m.m. Hoffman type, since aFederal D5
was unavailable.

3.2. Erection.

During erection, one piece of the main shaft was set on blocks in the
core, This was accidently bumped and the end near the centre bearing burst the
plywood core. | A former was fashioned from pine and the tomm pieceé were drawn back
together by screws.

In bedding the structure down it was found that the floor was poorly cast,
air pockets being found in abundance. However the eightg- " Loxins Pprovided
ample anchoraée. Since the floor was uneven, wedges were hamered under the
frame at several places to remove some of the vibrations in the _'bunneg..

These were most effective in removing vibrations in the inlet sectime
Likewise the motor room floor was uneven and the bedplate was packed to tale
up the variations. -

The hood over the parallel section was removed and left standing for a

short period while fitting was being attended to. On replacing it, considerable



warping was evident, and a lot of trouble in the final fitting of it was
experienced.

Presumably due to the colder temperatures, it was found that the differential
contraction between the cast aluminium and steel in the outlet guide vane ring
assembly, the roots of nearly all these blades fouled with the shell piece.

This was remedied by filing the shoulders down a litte.

Alignment of the inner contraction piece was generally a difficult task.

The first part of this assembly to be fitted was the spiggot on the main tunnel
piece, into the grove on the outer contraction piece. The outer contraction piece
was set completely free fror_n the inner pie;:e » and by use of packing strips, was

adjusted to match the. spiggot; A1l the tierods to the inner piece were set

at that position>and it was found that the inlet guide vanes were fouling with the
| core. Any attempt to reciify this with the tierods produced a s;orain 1n the

outer contraction piece which in turn put it out of alignment with the si)iggot.

The clearance between the rotor and the inner contraction piece was also controlled
by the tierod adjustment. The setting of ‘the unit is this a process of trial

and error, which usually takes about three quarters of an hour. Several
modifications were suggested to remove some of the above difficulties:-

(i) Increase the number of tierods to eight, to hold the core piece more
firmly.

(ii) Remake the cylindrical core piece on the upstream side of the rotor,
fran wood laminations. This will allow a lighter construction.

(iii) Fix a rolled angle to the rotor shoulder wide enough to remove any
overhang of the blade roots., The core piece will be made correspondingly
shorter in length. This modification will eliminate the two clearances
at the.rotor blade row, which will be replaced by a single axial
clearance upstream of the blade row, between the new core piece and
the rotor body.

Of these modifications, only the first has been carried out, the second
one has been fabricated, but as yet is not fitted since the rotor alterations to

be made by A.R.L. are still outstanding. It has been agreed to make the rotor



lip integral on two new rotors instead of modifying the present rotor, See Fig.No.2.

303. Initial Runni.ng.

The crimped o0il stubs, after the first run were found to leak due to
the fir‘le 0il used., These were removed and the ends soldered.

Owing to the radial clearaﬁce, necessary for rotational movement,
between the shell piece and inlet guide vane carry'.mg ring, operation of the wom
drive- transfers the clearance from side to side according to the rotati_bnai direc-
tion, This effects the clearancé between the blades and the hub,

| Dﬁri.ng the early runs, a disturbing knock was observed in the 'bunl;xel-

motor., After several attempts to locate it, the noise was found to come from the
interference of the cooling fan with a small spot of weld lefi on oﬂe of the end
plates during fai:rication. This interference occurred only when the speed of the
motor,A which incidentally, was well away from the nomal operating range, cauéed
the particular deflection in the fan.

A short test was cbnducted by -t.he H.E.C. to determine the line voltage
drop and the current drawn on start_;iﬂg the motor. A voltage drép of 36 volts

s

from 220 volts to 18l volts was accompanied by a peak current of 29l amps.



i, INSTRUMENTATION

Lh.l. Introduction

The Rotary Cascade or Vortex Tunnel is one of the test units built by |
the Aeronautical Research Laboratories for compbessor blade research, designed
for the investigation of three-dimensional effects at low Mach numbers,

In this open circuit tunnel, air enters the peripheralA lintake %,hrough a
wire mesh, and is turned and accelerated through an unrestricted,a.r‘mular passage
to the inlet guide vanes, rotor and stator. Doﬁnstream from the warking section,
there is a short parallel annular passage, corntaining three bearing and transfer
case suppérts of the aerofoil section, and an annular diffuser, :'having a
constant innér diameter up -to the outlet section, where a fairing is provided
to obtain a radial outlet. Midway down the diffuser the"sha'f'b cgnt:}g:’ bearing
is supported on two cylindrical struts. A sliding throttle is fitted 'at'. the

diffuser outlet to vary the mass flow through the tunnel at constant rotational . .

3

speed.

. Inveétigation of the general tunnel flow was carried out w1th the sand-
cast and hand-cleaned S1. blades based on the CL profile. )

Estimates of the velocity distribution at the intake, and diffuser
ouﬁlet,, were made wn.th the vane anemometer. Mass flow and velocity profile
measurements in front of the inlet guide vanes were made with tw Pitot tubes_;
vwhilst estimates of velocify distribution throﬁghout the remai.nder.of the tunnel
were made with the cylindrical yawmeter.

Pressures from the yawmeter and Pitot tubes were registered on a multi-
tube inclined manameter and a single tube inclined manometer, each usingr
methyl alcohol as the balancing liquid. The multitube manometer was supplied
wrbh the tunnel and the single tube unit was fabricated at the University of

Tasmania.
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Reynolds' numbers up to 2.5 x 105 may be obtained using the three inch
chord blades.®

Same assistance in above experimental work was given by R. D. Cuthbert™
and D, A. Frith,®®

L.2. Electric Tachometer —o¢

As an electric tachometer, a standard unit of the type'fitted in Mustang
fighters,‘ was used. The counter was driven by itsbwn separate generator, which
was attached in this case to the motor support frame., A fla.t half-lnch fibre
belt was used to drive the generator from the shaft end coupling, used as a
pulley. e ~ ’

4.2,1, Principle of cXJ"«"1‘&m’:€’>/-/A'l'};e/.g‘c;;era.‘t:or output was carried to

the tachameter register whej;t drove a small electric motor. On the end of

the motor shaft was caryied mall circular magnetlc d:Lsc, whlch ran’ 1nside a-
copper cage, attached to the reglster needle. A blas spring stopped the .
rotation of the cage, +vhich was induced by the magnet,at the corresponding

- register position. . ' -

h.2.2., Calibration Procedure. Previous to this set of tests, runs -

with the tunnel had been confined to mechanical checking and testing of

canponents.

Calibration of the electric tachometer and torquemeter was completed

during test runs from 21st to 28th January 1955, and checked during subsequent

% For calculations and further description see M.E. 196 (A.R.L.) by P, V. Crooks
and W, Howard.

¥ Research Assista t,University of Tasmania.
¥%%x Hydraulics Demonstrator, University of Tasmania.

¥xxx Counter No. 563 Mk v Géa/3352.
Generator L3 - L6076.
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runs,all of them carried out W th thréttle fully open.

The calibration wagbbtained by comparisén of the electric tachometer
readings with true shaft speed as meagured by a direct counting device.¥

It was noted during the course of the test that thb eléctric tachometer
first registered at a true shaft speed of appr§xii:§ate1y~180 r.p.m. When the
motor had settled down™to a steady speed, readings were taken of the torque ,
current, voltage, tachometer and true shaft speed. The speed was tixen altered
by adjusting the Ward Leonard resistance. The motor was again allowed to
settle to a steady speed before readings were taken.Breaks occurred in the tests

at 252 r,pem. and Lili r.p.m, when they were held over till the following day. -

4.2.3. Calibration Curve. This was obtained by joining observed
points by a smooth curve; which was nearly a straight line except for several
small consistent waves. The maximum variation of these waves from the straight

line was approximately %1% of the value at the point in question.

Later readings, plotted on the same graph, were found to fall on the ~~

original curve, See Fig. No. 3. s

Lh.3. BRevolution Coun%r; A

A direct mechanical revolution counter™ was used to calibrate the

electric tachometer. , » °

Lhe3.1. Principle of Operation. The instrument consisted of a main

shaft which drove, through a  one hundred to oné reduction worm, a drum upon
vwhich was an indicating mark. This drum rdtated in a casing scribed with one
hundred divisions.

A connection to the rotating member was obtained by means of a rubber

cone pressed into the hole at the end of the main shaft,

% No. 106 See page I.

¥% No. 106 made by L. S, Starrett Co. Athol. Mass. U.S.A.
(on loan from Hydraulic Laboratory)
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The indicating mark on the.. drup could bé set in any desired position
since a spring loaded clutch connecteci the drum to the worhm wheel.

Readings ohtained fram this instrument were revolutions and when used
in conjunction with a stop watch,reyo%utions per minute were obtained.

Three readings of a particular shaft speed _were usec_l to obtain a mean
spee;i that was correct_to within one half of a per( cent, . This was checked by
comparison with an electric tachometer.®

Due to this high accuracy, the speed of the shaft as read with t};e
revolution counter No. 106, was taken as the basic measurement for the

tachometer calibratione.

- 4.lt.  Torquemeter.

A set of ‘springless scaled™fermed the measuring section of the
torquemeter. They were placed alongside the tunnel drive motor.

L.k.l. Principle of Operation. The . floating driving motor, which was

suspended on two spherical bearings was fitted With two radial deyms, one

on each side. The motors maction torque 'was carried through one of these to

the weighing head of the .scaifs; To the.other am, gbalance pan was attached. -
The scale range of the .torqu}meter was 150 ft. 1lbs, and with the help

of a bias weight, readings up to 300 ft., 1bs. could be taken. In additi:;x, a

weight scale reading o-;d. 1bs or 50-100 lbs. with the bias weight, was marked,

the length of the torque meter am being 3 ft.

Lh.hi 2. Calibration. Readings for this were taken at the same time as

those for the tachometer calibration. When the torque readings were plotted
against shaft speed as given by the direct reading instrument No. 106. several

notable characteristics were observed. The most important of these was the

%. Ser. No. 196 (on loan fram Electrical Eng. Dept.)
¥% No, S5173 made by Toleberk.
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severe discontinuity over the break in ‘the run from 21st to January 2lth.
This at first suggested a zero error in the torque readings, and consequently
a check readiﬁg was carried out. It was considered that a running up time of
five minutes before readings were taken was necessary to heat up the oil seals
‘and bearings to a steady running temperature.

The waviness in the torque curve at approximately 40O r.p.m. was
expected to be due to the vibrations in the éhell piece eiisting at that speed.
From +the torque re_'adings and the speed the shaft horsepowex; delivered from the
motoxr was calculated at each speed. The electrical input horsepower was
obtained from readings of the current and voltage. Each of these two variables
.were plottéd against the spéed so that a comparison could be.drawn.

Fran the continuity of the electrical input horsepower curve in the

L4oO-~L50 r.p.m. range, compared with that of the shaft horsepower, it was more
apparxrent that a zero error had been made with the torque readings.

However the more general inconsist.ency of the electrical input curve
could be expected, due to the small scale movements used for recording the
electrical components. Nevertheless it gave an approximately continuous curve
over -the break..‘ On the 25th January 1955, a single unbroken run over the
top section of the range was carried out and used in conjunction with a more
carefully read value for the zero torque, to obtain a camparison with the first
set of graphs. The following day, the lower speed range of this series was
tabulated.

The tachometer readings were plotted on the original curve and no
variatims were found. The torque curve showed a smooth trace in comparison
with +the first run, with very much smaller fluctuations in the vicinity of
50 re.p.ms. The zero speed torque reading was slightly higher than for the
previous run and conversely the torque at 600 r.p.ms. was slightly lower.

The curves of both shaft and electrical input horsepower were very
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much the same as the previous plot, the higher speed values of horsepower being
slightly lower in the latter case. Since the mean zero torque was obtained as

the mean of several readings, all different, it was considered that a segmental vari
variation may have been present, due to perhaps some maghetic effect in the motor
or an eccentricity of thé coil. For this reason, it was decided to compare the
zero torque readings at different rotational stations.

On 27th Jamary, 1955, using eight equally spaced stations about the
periphery of the coupling to the shaft, the corresponding torque values were
read. The stations were approached slowly so as not to overshoot the mark and
they were all approached from the same direction of rotation. ’Ihls process was
followed severalv times, using both directions of rotation,

It begame apparent immediately, that rotational position had no effect on
zero torque, since an erratic set of results was obtained in each case. However
the rotational direction made aconsiderable difference. This could be accounted
for by the fact that the spherical bearings supporting the motor had a noticeable
static friction, This exerts a restraining torque on ‘l:,he motor, which must b.e
overcome before the motor can move in either direction. A difference is thus.
obtained in the zero torque according to the direction of rotation and a zero
torque reading may be obtained anywhere between the limits of static friction.

In one case, the limits were 5.7 ft. lbs. and 7.8 ft. lbs. ahd these of course
depended on the scale setting. The choice of zero torque was then considered.

‘The static friction was assumed equal in each direction, so ‘that the true
Zero torque was taken midway between the maximum and minimum readings of the
static torque. In order to turn the shaft from that position a torque would be
built up but the motor casing would not move until the maximum zero torque had
been exceeded. Up to that stage, the reaction was carried by the static friction
in the bearings.

A new torque curve was obtained from readings taken on February lst 1955
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of torque versus speed using the newvalue for zero torque which was found with
the stationary motor positions. Because 'the curve appeared rather erratic, a
second run was carried out the following day.

The same value of zero torque waé obtained on each occasion, and the curve
for the second set of results was much more consistéht than the first, except
for the region from 430-500 r.p.m., over which the torque was considerably lower
than expected, This effect was spread over thev latter part and continued past

the first range of vibrations.

L. h.3. Calibration Curve. For each particular air density, a calibration

curve for the torque will exist. A typical curve is shown in the graph®
Tts shape was approximately parabolic and passed through a value of zero speed
torque of approximately 6 ft. 1bs. which was due to the static friction in the
oil seals and bearings.

The rate of increase steepened as the speed increased.

L.5.. Vane Anemometer™

This meter was used for velocity estimations at the radial entry and

diffuser exit.

i.5,1. Construction. Tee outer cylindrical tube , approximately 1.6 inches

long, had a diameter of slightly more than four inches, Coaxially mounted on two
sets of three solid spokes were the blade rotor and the counting device, the latter
haﬁng a maximum diameter of 2,1 inches. The rotor had eight sheet aluminium
blades of approximately one inch span, rivetted to eight integral spider amms
carried on the central shaft. The blades were tapered from tip to root.

4e5.2. Principle of Operation. The rotor drove the counter through a

disengaging bevel clutch to register on four dials, the feet, the hundreds of feet,

% Tig. 4.
#% No, C12338 made by Short and Mason, London England, N. H. Seward, Melbourne
; (Agency) on loan from A.R.L. .
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the thousands of feet, a.nd. the tens of thousands of feet of air which passed
through the meter. It was thus an integrating type which measured the

cunmulative é.mount of air that 'péssed thrpugh it. In order to estimate the velocity,
it was used in conjunction with a stop watch.

A1l the dials of the meter could be reset to zero with a small switch
located at the top of the periphery near the suspending handle. Situated
alongside this switch was the clutch lever. Readings were taken with the dial
facing downstream.® ,

Owing to the necessaril& .'ﬂimsy sonstruction of this type of meter, it
was not' intended for use of a 'repetitive nature, rather for occasional spot
readings. The continuous use of the meter may have been a contributing factor
to the clutch breakdown.

By taking a series of readings of the same air flow, a scatter of values
was obtained. This scatter was distributed over a range of approximately '.’.' 5%
of the mean value. For that reason repeat r'eadings were essential for results
within two per cent. The instrument was built for air velocities from 200 to
© 3,000 ft. per minute.

L.6. Cylindrical Yawmeter.®

The yawmeter, which was fabricated in Melboume at the A.R.L. workshops,
was used to estimate the velocity profiles in the working section and diffuser
of the tunnel. |

L.6.1. Construction, The instrument consisted primarily of a one

quarter inch diameter steel tube, approximately 34 inches in length and

plugged at each end. Ten inches from one end were the pressure holes in a short
brass section one and one half inches in length. From the openings the air
pressures were lead through internal tubes to the take off nipples, some six

inches_from the end of the tube._  Five inches from that end a parallel bar six_

% Ref. V.P. Tunnel staff A,R.L. per W. Howard. x% Y.No, - 1




17.

inches in length and one inch wide was fixed to the tube as a directional
datw. Initially the yawmeter was put together with solder which after some
wesks of use, broke down at several joints, causing erroneous pressure readings.
Tt was then despatched to A.R.L., Melbourme, where it was completely dismantled,
cleaned off, and remade using silver solder throughout.

h.6.2, Calibration. After the remaking, a new calibration for the zero

yav angle with reference to the datum bar was carried out. The calibration
was performed at A.R.L. using the Low Speed Cascade Tunnel as a parallel air
supply on August 25th 1955, |

The yawmeter was placed in the chuck attachment on the yaw traverse rig

of the Low Speed Cascade Tunnel, with the pressure holes about midway across
the air stmam.'

The indexing head was moved until the datum bar of the meter was approxi-
-mateljf horizontal. The levelling of this bar was carried out by placing a
spirit level on it and finely adjusting the indexing head. The average zero
bara ngle was found from several separate readings.

The tunnel was then run up to a speed of approximately 80 ft./sec. The
indexing head was used to adjust the direction of the tube until equal pressures
were obtained from the 45° tappings, these being compared on an inclined tube
alcohol manometer. Then the angle on the index register was read. A sample
of four or so readings of this value were taken and the mean value was found.

In the second part of the experiment the meter in the traverse rig was
renoved as a unit and replaced with the index head on the other side of the
. tumel. The same procedure for angle measurements was followed for the yawmeter

in its new position. The second part of the experiment was carried out to

-
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eliminate the error due to a difference in the absolute air angle from the

horizontal.

From the results, the zero bar angle was found to be 7.19°,

L4.7. Pitot Tube®

The pitot tube, which was used for mass flow measurements, was fabricated
at the Engineering Workshops of the University of Tasmania.

.7.1. Construction. The seven static pressure holes were drilled one

inch back from the total pressure hole on the two inch probe. The armm of the
Pitot tube was fifteen inches long from the probe to the clamping block. Joints

were sweated and silver soldered throughout.

4.7.2. Calibration. Since each Pitot tube may have slight variations from
the standard due to, for example, inaccufate tip shépe, misalignment of the
probe, surface finish of 'bhei probe, etc., a calibration run of the loéally made
Pitot tube against a substandard Pitot Tube®™ on loan from A.R.L. Variable
Pressure Tunnel, was carried out. | |

Aft.er having conducted a traverse with the locélly'made tube in front of
the inlét guide vanes the resultis were exam:.ned to compare the total statlc
_pressure difference at various stations across the stream. Since thls d:x.fference
was practically constant across the stream, at least from one inch cikear of the
walls, it was decided to take simultaneous rea.d:.ngs W:Lth the two tubes. They
were mounted from inside the core and were held in posi‘bion by means of a
wood clamp so that the total head holes were at. the s‘a.me_axiallposiﬁioﬁ.l

The standard tube was placed in such a way that the probe was parallel
to the axial stream and two and one half n_nches from the out.s:.de wall vwhilst’

the locally made tube was three and one quarter inches from the outside wall.

¥ EA3 - No.1
3% C 29812L, Made by C.I. Co. Ltd.
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The distance between the tubes was thus three quarters of an inch,

The pressures were taken to the multi-tube inclined manometer which was
set at an angle of arcsine 0,25.

With the throttle full open, a condition in which the velocity distribution
across the section did not vary appreciably with shaft speed, this speed was
set at a particular value, and the total and static pressures for each instrument
Were recorded.

The tubes were then interchanged and further readings were recorded.

Finally a traverse was done with each tube at a set speed of 393 r.p.m.

4.7.3. Calculations. By equating the static-total pressure-difference

to the manometric pressure difference for the standard Pitot tube, we obtain

P, - (B, - Voo 2 ZS‘A-IR)- - ¥ arc. &h
2g ——ree
L8
Voo = 2¢ ¥ ALc x Ah
[ERTE Ty
Voo -

8.18L4 x ,‘Ah (STANDARD)

¥

"I'he results from the local Pitot tube gave in general a lower value of the

velocity so that the calibration coefficient was increased. The equation for

°

the local tube became

-

Voo = 8.3338 5 A h o (,Local)-. |

: l‘& ATIR

It was seen from the equation that the value of the %relocity depended

A

largely upon the ambient air density. For that reason, it was essential that
the ambient temperature and pressure were known, so that, by reference to a

chart, the air density could be selected. The effect of humidity 'was neglected

- o Sam i
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%
ag a second order quantity. A sample of the variation is given below.

¥ ATR  0.07 1bs/cuft. Vo = 30,660 }A h
¥ AIR  0.076 1bs/cuft. Veo = 30.228 j Ah
YAIR 0,078 1lbs/cuft. Voo = 29.830 JAn

lie8 Barometer.

Owing to the considerable effect of the air pressure and témperature upon
velocity readings with the Pitot tube etc., it was decided to instéll a barometer
with a thermometer mounted beside if. |

" 1.8.1. Construction. A sawn-off glass jar two and one half inches high

and two and one quarter inches external diameter, with one quarter inch wall
thickness was chosen as a reservoir. The frame consisted of a one c'iu‘a}ber
inch mild steel bar three and one quarter inches wide and thirty four and one
half inches long, at the end of which was welded a platform to carry the
reservoir. The tube was supported on three blocks out from t.h_e main frame;
A perspex scale, graduated in tenths from. twenty eight to thir'.by two ‘in'clf.les s
was bolted to the upper support block. |

A zero indicator was screwed through thei _'rés.e:rvoiz" 1lid in order that
level fluctuatiqns could be adjusted by means of a threaded plunger adjacent
to 'At'he‘ pointer. The_ reservoir cover plate was held in place by four bolts
a.néhored in the reéervoi‘r bracket,

A themmometer, graduated from minus ten to one hundred and tén degrees
Centigrade was cemented to the barorﬁeter frame next to the barometer scale.

The unit was screwed to the tunnel wall'directly opposite to the working

section of the tunnel, with the scales at eye level.

¥ OSee Pankhurst and Holder: Wind Tunnel Technique.
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5. ENTRY FLOW.

To estimate the velocity distribution at the inlet to the tunnel, tle
rotational speed and throttle opening were maintained for the tests fram
February 3rd 1955 till February 1lith 1955.

5.1.1, Test Condition. The blades installed in the tunnel were, as

originally supplied, of the sand cast Sl type, incorporating the standard Ch
profile. The runs were carried out with full opén throttle. At this stage
the inlet gauze and its clamping rings(of Dee-section) weré not fitted.
Four radial stations were chosen for the tests close to the four adjusting
rods tieing the core to the shell., The radial deviation from the quadrant
points of the anémometer for each station was calculated:-

Station A: L° below the quadrant bar.

Station B: L° back .from bar towards station A.

Station C: L° below the quadrant bar.

Station D:‘ 4 on towards station A.

See Fig. |

5.,1.2, Test Procedure. Having set the shaft speed at some predetermined

value, the anemometer (for description of which see L. 5. ) was plaéed for each
of the stations at one of the seven, axial, equally-spaced positions. They
were three inches a.part', but since the entry width is 23.25 inches the last
position was ‘slightl'y less, i.e. 2.25 inches.

Be‘cause4the anemometer gave readings in feet of air that pass through it,
the velocity was measufed in conjunction with a stop watch. A constant time
interval of one minute was chosen, the result being a direct reading on the
instrument of feet per rﬁinute. Iﬁitial].y four readings were taken that gave
a repeat result within same 3%, and the avera-ges of these readings were used
for the profile plotting,

A second speed was selected and the velocities at the seven positions on
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the same bar were measured, care being taken to maintain the same shaft speed
for all the stations.

Once a camprehensive picture of the velocity distribution was obtained
for various speeds, of which five selected values weﬁe taken, the corresponding
distributions for the same speeds were obtained at the other three radial
stations.

5.1¢3, Results, The velocity distribution obtained at the first bar

(A) confirmed expectations, a maximum near the outer .shell lip, tailing off to
a minimum at the inner core lip. This was shown to conform very closely to the
distribution for a free vortex flow. Assuming the spaée between each station
was one unit of radius and that a centre existed four units on the downstream
side of. the station nearest the outer shell lip, we obtained the product

v.r at each station.

Station 1 2 3 L 5 6 7
V.r 3000 3100 3120 3080 2960 2970 3000

The product was practically constant right across the stream which indicated
that a free vortex motion was present.

The distribution at bar B (the bottom station) was affected by the severe
sheilding of the floor and framework. The profile at the three velocities
tested, showed a distinct peak at the midspan position, falling sharply to
either side. It was hoped that the modificgtions to the framework and placing
of the gauze and beadings at the inlet would smooth the flow out considerably
from its uneven condition.

At bar C the distribution was definitely influenced by the proximity of
the tunnel to the building wall. This had the effect of blocking off the

return flow to a certain extent on that side in comparison to the flow on the
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passage side of the tunnel. The nett effect on the velocity distribution at
bar C was to reduce the peak value near the inner lip and to increase slightly
the velocity nearer the outer lip.

A very similar effect was noted with regard to the top station D, with
slightly less marked increase in the low velocity region near the outer lip.

5.2.1. Beadings. On February 17th 1955 a new series of readings were

started so that a comparison could be drawn for the values of air entry
velocity with the beadings in place, with the previous set of readings. The
dif ference would indicate the amount of modification effected by the addition

of the beadings (Dee-section ring féirings) only. The gauze ﬁas still not
placed in position. ~The tests were suspended for a time (pending completion

of repairs) due to the break down of the anemometer. They were resumed on
March 2L4th 1955. A check run over the s.peed of 333. r.p.m. (1440 on register
dial) was made to compare the new results with those obtained before the instru-
ment's break down.

5.2.2. Results. In all four stations at the tested speeds it was found

that the velocity profiles.were al tered slightly in the same manner after
mounting of the beading. The peak velocity near the shell lip was reduced and
the region of low velocity had an increased flow. In other words, the beading
produced a 1e§e11i.né effect on the velocity profiles,

5.3.1., Frame Modifications. The main crossbrace which sheilded the

entry, at the bottom station,‘was replaced by two lighter braces not directly
in the stream. This modification has been noted on the drawing of the tunnel
frame members No, E602, It had a marked effect on the velocity profile,
removing the very pronounced peak near the mid entry position at bar B, and
generally producing a distribution very similar to those of the other three

statiéons. The velocities were, however, still lower in this region owing to
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the severe shielding by the floor.

S.h.l. Entry Gauze. The gauze was then placed in position around the

entry and clamped by the beadings. A new set of readings was conducted at 393
r.pem. (1,700 on the register dial) to determine the effect on the entry
velocity distributions.

Selte2, Results. A further improvement to the velocity distribution

was evident, At all four stations the distribution was now very even, e.g.
at station A, the velocity values across the entry from the shell lip to the

core lip varied in the form:
SHELL CORE
700 670 630 620 590 540 L75

This provided a very slowly drooping velocity profile from the shell lip to the
region of the core lip, where the slope became much steeper.

A similar pattern was observed in all four .stations a.nd the quantitative
values varied little except at the bottom station, where it was approximately
two thirds of the value at the other three.

It was noted that the guaze was very effective in evening up the

distribution, See Fig.Nos. 5,6,8.
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6, MASS FLOW CALIBRATIN.

The object of the calibration was to obtain curves for the mass flow
at the working section for given inlet pressure readings.

6.,1. Test Method.

As a forerumner to the main calibration and as a part of it, veiocity
profiles for various speeds and throttle openings were tabulated. The radial
traverse wasr taken at the start of the parallel section in fron of the inlet
guide vanes, At such a station the flow was predominantly axial.and was
assumed free from the effect of the inlet guide wvanes, being a distance of
three chord lengths upstream from the blades.

Eight stations across the stream at one inch spacings were chosen
to give a good representation of the velocity profile. The outside stations
were each one inch from the walls, since the blade chord was 9", The first se'b»
of profiles were recorded for full throttle opening, corresponding to thirty-
two inches of axial movement of the sliding value. |

Héving set the throttle at full open, the shaft speed was selected
and held constant while the static and total pressures were recorded.

This process was repeated for various throttle openings ra.nging from
the 32" ("full open") down to 4" and 3" opénings. |

Substantially the same rotational speeds were used for each throttle
opening in order that a more comprehensive picture could be obtained.

6.2. Velocity Profiles.

In general the velocity profiles were extremely flat, with a varié.tion
of approximately + 5% from the mean value, in the extreme cases. That
corresponded to a high rotational speed and 3 small throttle opening, in ﬁhich '
case the secondary circulation became marked. However as a~sample, the

variation for L0 r.p.m. at 6" throttle opening was - 1% to +0.7% with a mean
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velocity of 38.L45 ft. pci. In all cases the velocity had a maximum value in
the vicinity of the inner wall and a minimum near the outer wall.
In order to calculate the average velocity at the section, the mean

velocity had to be calculated, having regard to the radius of each station.

= wr = v was computed as the mean velocity.

= r

This value of t';he mean velocity was found to vary from a mean value

calculated as Tv , where n was the number of stations selected, by extremely

n
small amounts, For example at 667 r.p.m. and at 16" throttle opening, Zvr _ g1.08
’ Zp
while Zv = 81.1lL which corresponded to a percentage error of 0.08%. This was
n

entirely negligible considering the accuracy of the individual readings. For

this reason the mean velocity was referred to throughout as the value corres-
ponding to Zv .

n

The pressure difference Py - P

g corresponding to this mean velocity

was now compared with the pressure difference values in each case. and it was
found that without excep*t;ion the value lay between the va ues obté.ined

between stations 5 and 7, with a p;'edominance of the value at station-é. The
difference between the meah pressure difference and the value forstation 6

was at ail times far less than one per cent, and again in view of the possible
discrepancy for the pressure readings it was conisdered satisfactory to adop‘l;
station 6 as being a representative station for all combinations of throttle
opening and speed within the fé.nge tested. This range was limited in the lower
velocity values by the accuracy of the pressure readings. Thus a minimum
throttle opening of L inéhes was chosen., Shaft rotational speed provided the
upper limit which in no case lead to an onset of surge except with the very small
throttle openings below L inches. I£ seemed éertain that the tunnel would

not surge at any- of the greater openings since the first signs of surge appeared

only at L inches throttle, far less than 32" throttle.
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6. 3. Mass Flow Curves,

So that a picture of nesult.s- coﬁld be easily checked, curves for mass
flow against speed, a’? the various tﬁ;c'ottel openings were plotted. These
resulted in almost linear variations and enabled check results ‘to be compared

quickly. ' ‘ .
“ Since the curve for mass flow versus inlet pressure drop was the most
important one, it was drawn up for the pressures at station 6. The curve
- was a predominantly smooth parabola with a.marked scatter of values. The
derivétion of mass flow was then examined and found to depend on the ambieﬂt
air denwity. As a result the characteristic curve was drawn for three specific
- ambient densities, 0,074, 0.076 and 0.078 pounds per cubic foot. |
: Thus, knowing the ambient density we may immediately read the mass

flow for a given pressure difference. Intermediate density values are found

by extrapolation. °

-«

6.1, Non Dimensional Plotting.

All results were reduced to a non dimensional formm so that curves for

D:,_.J_—;% and P4 copld be drawn where N - speed in revs/sec.
o " Po D - Characteristic diameter
To inlet air temperature
, . Po inlet air pressure
. Pg outlet pressure at
measuring station.

s

The important Py was the total pressure value (at the station in question) and
this was dealt with more fully than the static value.

The total pressure was at all times less than the ambient pressure

Py, so that Pdy was always less than unity. Similarly Pds was always 1ess
Po Po

than unity. (Pdy total pressure at the station. These two conditions
Pds static pressure at the station)
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corresponded to turbine running state. In most compressor work Pdg and Pdy was

megsured after some work had been supplied so that Pdg and Pdt‘ were generally
Fo o B
_greater than unity. o

However since primary interest was centred in the inlet calibration

and discharge pressures were unavailable, values of Pdy and Pdg less than

] P, Py
unity, were accepted. ° °

Further, the drop in total pressure from Py, to Pd*b represented the
total head loss up to the station at all times. The greateét drop correSponded

to approximately 3" of water.

The velocity was represented by a function of the pressure difference , -

namely Pd{ - Pd; . Examination of the curves for ND  constant showed them to

be coincident for the various plots of M ﬁo versus Pdg , which was to
| | Po D2 P o
expected -since no head was supplied to the fluid up to the test station.

To check the effect of the inlet guide vanes on the flow at the test
section, 3 chords upstream the pressure readings at station 6 were recorded for
.several settings of the inlet guide vanes. No significant change in pressure

readings was noted.
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7. DIFFUSER FLOW.

In order to examine the flow in the diffuser, with a viewto find out
whether gauzes were necessary to remove separation, a series of runs were made
to determine the velocity distribution at several stations within the diffuser
section. In some cases the flow direction was also estimated to obtain a
clearer picture of the flow.

7.1, TIhstrumentation.

o The probe used for the examination was the yawmeter YNO-1, which by
equalising the two L5° tubes gave the stream direction, the L5° pressure
reaciings and the total head.

The rate of change of pressure on the surface of a cylinder in a
fluid stream, reached a maximum close to 45°, For that reason the value of the
pressure at that position was likely to be slightly inaccurate and variable. It
would however give a lead as to the order of the velocity, but the f‘esults
should not be considered qualitatively. Also since the indexing head for the
yawmeter was not available, no accurate readings for the flow swirl direction
were recorded, rather estimates than readings were fecorded. |

7.2. Test Procedure.

The investigation was carried out in two main stages

(i) when the inlet gauze was not in place
(ii) with the inlet gauze in place.

Further variations in these two conditions were shaft speed and throttle o;;em‘_ng.
The pressure readings were observed on the multi tube inélined
manometer at an angle of Arsine %-. The readings were taken in four axial positions
with four circumferential stations at each. Iheée circumferential stations
aére lette.red 4, B, C, D cornesponding-respectively to the mid open side of the

tunnel house, bottam, mid narrow side of tunnel house and top.



The four axial stations were, running down stma.rﬁ, as follows:
(i) Behind outlet guide vanes
(ii) At end of parallel section,
(iii) At mid diffuser.
(iv) At outlet.
Readings of wvelocity at outlet were radial velocity measured with the vane
anemameter, which has been described.
The géneral pattern followed was to choose a particular shaft speed,
(i.e. 1,700 r.p.rﬁ. on the electric tachometer), and take readings of the pressures
at all stations. Variations of speed and the throttle opening were then examined
with regard to some particular stations, sufficient to recognise any large
disturbance in the flow.
The results were examined in full for each axial position, followed
by an overall descriptionA. |

7¢3. Results.

7.3,1. Behind outlet Guide Vanes,

(a) Without Inlet Guaze.

At this axiai station only one of the four circumferential positions
was investigated, owing to the fact that the aluminium casing was slotted in
only one circumferential station A.v Readings were taken 1% chord lengths
behind the outlet guide vanes, midway between the wakes of two adjacent ocutlet
guide vanes. v

At the standard speed (1,700 on the electric tachometer) the velocity
distribution was raﬁher uneven, rising from a value slightly below the mean at
the outer casing to a peak value approximately one quarter span from the inner

wall. From the peak value it dropped rapidly towards the wall. This was
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probably qué.to three effects

(i) a flow sepafation from the core

(ii) an interference due to the slot
in the core (iii) a carry over of root éffects from the blades upstream,
Reduction of tunnel speed tended to reduce the peak velocity and give a more
even velocity distribution, nevertheless its baéic character was not changed.

(b) With the inlet gauze in place.

Apart ffom an approximate L:3 scale down of values, no change in
velocity distribution occurred when the gauze was placed. The peak velocity
occurred in much the same position % span from the core wall., Since it was
found that the alteration of throttle opening does not alter the shape of the
velocity distxfibution at a point up stream (in front.of the inlet guide vanes)
it was assumed that no substantial change occurred hehind the outlet guide |
vanes.

7+3:2., At the beginning of the Diffuser.

(a) Without the inlet gauze.

Four 5/16 holes were drilled at the circwnferential. stations A, B,

C and D at the be.ginning cﬁ' the diffuser., Readings were taken at each of these
stations with the tachameter registering 1,700 r.p.m. and with full throttle
opening.

At station A the velocity distribution had changed considerably from
that up stream at A behind. the outlet guide vanes. The maximum value had
shifted to the mid span position and the drop to the core was considerably
less abrupt. Towards the outer shell the velocity dropped to a value of
approximately 7/8 of the maximum, négle cting of course the boundary layer.

A change in the distribution was apparent at position B. At this



32.

position the mean velocityv was lower than at & and the peak had shifted even
further towards the outer shell, being at nearly 2 span., It was s_imilarly
characterised by a larger drop to the inner wall than the outer wall,

The distributioh at C was very similar to that at B except that the
peak velocity lay nearly at mid span and the drop towards the core was steeper.,
The mean value was approximately the same as at B and each were less than at A,

Examination of the profile at D, showed that a very large change had
taken place. The maximum velocity lay close to the core and the profile drooped
considerably towards the outer shell.  The mean value was much the same as for
B and C,

The velocity profile at A was studied for variation in shaft speed.
Increase in the speed from the 393 r.p.m. value to 526 r.p.m. caused a consider-
able jump in the peak velocity, though'its mid span position remained unchanged.
The boundary effect nearlthe outer wall was much enlarged, and near the core
wall, the readings showed a small blip in the profile, though it was considered
that that may be due to an external error.

At the lower speed of 270 r.p.m. (corresponaing to 1,200) on the
electric ’gachometer, the profile had become very flat with little wall effect.
(b) With the inlet gauze in place.

rThe effect of the inlet gauze at A. was to reduce the velocity to about
2 of its previous value, with only slight modification to the profile shape.
The peak value was made more predominant by a slightly increased slope towards
the outer shell,

7¢3.3. Mid Diffuser.

(a) Without the Inlet Gauze in Place. :

The profile at position A resembled very much the one for D at the
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beginning of the diffuser, having regard to the diffusion that had taken place.
This wauld be expected if a swirl of the order of ten to twelve degrees
remained in the tunnel past the outlet guide vanes. Estimations of swirl were
then qarried out using the yawmeter and a bubble protractor, and in fact were
found to be of that order. Thus the peak x}elocity lay close to the core wall
and the profile tailed awair to about 2/3 of the peak value near the outer |
shell.

The rota.t:".onal displacement of the velocity was found to occur gt
each of the _fOur circwnfémntial stations so that pdsition B corresponded to
the previous station A, C to B, and D to C. |

Apart from the rotation, very little modification to the profiles
was apparent.

The effect of increasing the shaft speed was very closely similar
tb the effect at 'bhé previous station namely a- more predominant velocity peak,
Also the reduction of speed gave a practically flat profile. |
(b) With the Inlet Gauze in Place.

At station A the gauze caused the wvelocity to drop to about 2/3 its
value without the gauze. The profile remained similar with a flow concentration
near the inner wall. |

" 7.3.4. Radial Diffuser Exit.

(a) Without the Inlet Gauze in Place.

Tests at the diffuser exit were rather extensive and as it has been
noted before, were carried out with the vane anemometer No. C 12 338.

At 1,700 r.p.m. on the electric tachoameter the flow at all four stations
was characterised by a eoncentration near the extension flair of the core
wall, dropping back to no flow at about 2/3 of the distance from this core wall

to the throtile shell. Closer towards the throttlé shell a back flow existed
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but owing to the very low velocities, no readings could be recorded.

At position A the velocity remained practically constant for about
1/3 the opening from the core flair then dropped abruptly to zero at about
2/3 span. |

In ccmpafison, the profile at B fell ‘steadily'from a higher maximum
adjacent to the core to zero in much the same position as A.

The profile at C was similar to that at B except that the peak
wvelocity occurred‘ slightly away from the wall.

An average of the profiles at C and A would give a profile very
sinilar to the one at D. This consisted of a dis;bribution, g.ra;duall'y dropping
' :f.‘rorﬁ a maximum near the wall to about % span, followed by a quiéker drop.

As with the previous station, a rotational ghange had taken 'place with
tﬁe profileé , consistént with the residual swiri. The effect of speed change
at bo;bh A and C which were the stations investigated for this change, was
found to be one of almost pure"scé.ling down of up from thé basi'c sPee.d'of'393
r.p.m. rI.“he distribu_tions themselves did not Changé to any measureable degree.
The effect of throttle- opening was also investigated in conjunction with '

. changes in speed. | |
The throttle opening was measured as the axial movement of the throttlé
shell from the fully closed position up to 32" for fully open. |

The effects ﬁere studied by taking the distribution at full open,
then cloéing the throttle further for each set of readings.
| On closing the throttle the first effect noted ﬁas a slight reduction
in the values of the main body of flow with no noticeabie change near the
bacic flow or dead water region. The flow still terminated in the vicinity of
18" opening., Further closing of the throttle, involving something less +than

18" opening, caused an increase in the high velocity region accompanied of
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course by a much more abrupt drop towards the throttle shell. Even though a
velocity increase did take place, the overall mass flow dropped.

" The velo_cities continued to rise with closing the throttle until the
small openings, in which condition the tunnel will not be run for blade tests,
did not allow the use of the anemometer.

(b) With the inlet Gauze in place.

Introduction of the inle t gauze made very little difference to the
velocity distribution at full throttle and 393 r.p.m. (corresponding to 1,700
on the electric tachometer). The distribution was made more even round the
four stations, except for station C which had a marked drop compared with the
other three. The wake‘ of one mid bearing support may be the cause of the drop.

The effect of speed on the distribution, as well as the effect of
throttle opening were found to be closely similar to the case for no gauze
i.e. pure scaling down for speed and little effect dowm to ign opening followed
by velocity increases on closing the throttle.

7.4, General Description of Flow in the Diffuser.

In the original condition with no inlet gauze, the flow in the
diffuser was characterised by' channelliﬁg of the flow due to regions of separation.
Considering the flow in the consecutive stationé from outlet guide
vanés to radial exit, a separation at the core was probably influenced 'by the
presence of the yawmeter slots in the core. This separated region was
apparently coiled round the tunnel core by.a residual swirl from the outlet
guide vanes (stators) s Since the velocity distribution down the tunnel showed
a marked resmeblance when a rotational displacement was accounﬁed for.
When the throttle was opened wide, the flow at the exit was governed

by the lip of the shell and the core body. The throttle valve had no
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méasurable effect until it was closed to something of the order of 18"-20"
opening. .

A more evenly graduated change would be obtained, should the throttle
valve diameter be reduced to nearer the shell diameter. That would involve
removal of the shell stiffening ripg .or at least a considerable reduction in
its thickness.

As it was usually the case in a diffusing section the velocity profiles
were characterised in most cases by a flow concentration away from the walls.
That was not the case at the exit, at which point the flow was separated from
the throttle valve and was concentrated against the diffuser core fairing.

After the inlet gauze was placed, no severe modifications to the
diffuser flow were apparent; In general the values at each profile were
reduced in proportion excep"c at the exit, where a change in the distributions
were present. The general tendency a_t thé exit was to reduce the flow near
the core and inc.rea.se the flow, in comparison, further towards mid stream.

Flow at position C of the exit, was distinctly reduced. An increase
of the swirl when the gauze was placed may have been the cause, since a small
separated region may have been displaced arowmd to the measuring station.

In conclusion, it may be stated that, for the present purposes, the

flow in the diffuser is satisfactory with a reasonably even flow distribution.
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8. CONCLUSINS.

8.1. Instrumentation.

To invesﬁigate the velocity in the working section, it appears essential
that a velocity measuring instrument with a very much smaller head than the
unit EA3. No. 1 be used. A hot wire instrument may be most satisfactory in
this application®, as it may be designed to yield directional readings as well.

The present yawmeter gives readings of flow direction, assuming no radial
flow components whatsoever., It is realised that the assumption is incorrect,
and it is probably in the investigatioﬁ of radial components that the tunnel would
yield most useful results.

Whilst the mounting of a hot wire instrument would be difficult, the

manipulation of a spherical-head yawmeter would be extremely difficult. Either
a parallel link or segménta.l traversing gear rﬁay be used with the three
dimensional yavme'bern. The type of tests for which the tunnel is used will
dictate the instrumentation necessary.

Since the substandard Pitot tube was accepted as a calibrating standard
for velocl't.y readings with other instruments, it is considered that a
recalibration would be advantageous.

The‘ yaumeter indexing head arrived dufing December 1955 andhas since
been assembled. The existing yawmeter (Y. No. i) cannot be used with this
carriage to give a full cover of the working section., A yawmeter of similar
construction butix}frith modified dimensions has been requested. Mr. Frith has

a2
proceeded using the present yawmeter in the available region to determine test

# N.A.C.A. Report 1168, Secondary Flows and Boundary Layer Accumulations in
Turhine Nozzles. By Rohlik, Kofskey, Allen & Herzig.

¥¥ Pankhurst & Holder Wind Tunnel Technique.
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procedure.

8.2, Entry Flow.

The entry flowhas been modified by frame alterations and the use of
an entry gauze, to a stage .where the distribution round the intake is even enough
for the prdposed blade tests. In front of the inlet guide vanes at station A
(where some measurements will be taken) the profile across the stream one inch
clear of the walls is particularly evén. A range of * 1% of the mean velocity
is representative of the variation.

8+.3. Mass Flow Calibration.

Curves for mass flow versus velocity head at position 6, station 4,
(Fig. N°10) in front of the inlet guide vanes, have been prepared from the
velocity profiles for various rotational speeds. The reading of wvelocity
head at that position, when used in conjunction with an air density chart,
yields the mass flow through the annular warking section. It may be more
convenient later to consider the mass flow per unit area in the working sectidn. ‘
This will be found by dividing the total mass flow by the area of the working
section, |

8.4 Diffuser Flow,

. The flow in the diffuser is subjedt to a residual swirl after having
passed the outlet guide vanes (stator). Small disturbances in the flow e.g.
the wakes from the three faired transfer case supports are handed round the
tunnel as the flow progresses to the outlef.

However no serious separation appears to be present and there is no
necessity of inserting the fauze in thé diffuser section. The inlet gauze

and frame alterations considerably imprbved the flow in the diffuser.
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