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Sumary

,/’1;;6 present report is a continuvation of an interim
report dated 8th August, 1951, The latter report dealt with the
flow in a model casing whereas the present reports deals with a
similar investigation on the 'Reavell’ compressor inlet’casiﬁg
which is to be part of the 9in x 9in supersonic wind tummel in-~
stallation, |

fo the basic condition the flow had a civounferemtial
instability* caused by the splitting of the inlet flow around the
central shaft fairing. In addition the main flow through the
casing was under-turned by approximaﬁely 20°, Consequently the
flow at the exit annulas was unsteady and changes of 300 in the
exit flow direotion were found, It was also found that at least

four guide vanes were stalled in any one flow configuration. -

The instability was prevented by a flat dividing plate

placed behind the central shaft fairing, but smooth flow at exit,
in the vicinity of the plate, was only possible when curved.fairn
ings were added to both si&és‘of the plate, A gauze écreen, of
30 wires per inch, placed at entry, ﬁartl& reduced the unsteadi~
ness at exit but it had lTittle effect on the flow direction and
did not unsfall theVguide vanes. A perforated plate, having-%

inch diameter holes and 50 per cent blockage, similarly placed,

had 11ttle or no effect. -

3

The guide ..,

& In the previous report this same type of instability was

called radial. It is now considered that circumferential in-

stability is a better dﬁscripﬁion of the phenomenon,
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The guide vanes were unstalled by adding curved exten-
sions to their leading edges; The 1arge changesvih.the flow
direction across the annﬁius at exit were, however, only reduced
by modifying the internal contour of the casing., With these
modifications flow angle variations of between 5° and 10° were
obtained at exit. The velocity at exit was not uniform over the
exit passages between the guide vanes, but the variations, which
were not unduly large, wefe caused bymsécondary flows and the

wakes from the vanes.

This investigation has clearly shown that in the basic
condition the unsteady, non-uniform flow at the exit from the
inlet casing, which is immediately upstream of the first sfaga of
the compressor, will tend to cause periodic stalling of the rota-
ting blades in'fhat stage. Since the relative velocities are
high the danger of running into stalling flutter cannot be over-
looked, especially as the cascade effect may reduce the critical
flutter speed of the isolated blade.  Stalling flutter, which
usually takes place in the Pundamental torsional mode, may be g
aggravate& by a high order resonance occuring at the given rota-
tional speed of the compressor. ‘

The suggested modifications to the design of the inlet
bcasing should prevent stalling of the first stage blades ‘of the
compressor caused by upstream, unsteady, non~uniform  flow.

1. Introduction

, | It was found in an earlier investigation (see interim
report dated 8th August, 1951) of the flow in a model inlet casing,
having similar design features to the 'Reavell! compressor inlet
‘casing, that the flow at the exit annulus could be made reason-
ably uniform by the addition of a curved dividing fairing at the
rear of the central shaft fairing and two circular arc turning -
vanes, The present report deals with flow observations in the
'‘Reavell' compressor inlet casing incorporating these and other

modifications. - R S :
The - flow in the basic condition was subjected

to careful investigation in order *to ascer- '

tain whether or not the suspected unsteadiness and non-uniformity

of the exit flow was of sufficient magnitude to cause periodic
stalling of the rotating blades in the first stage of the axial

COmpressor,

In this rebort a flow is described as unstable when
the complete body of fluid in the section ﬁnder consideration
oscillates with a regular or irregular‘period,,and each flow con-
figuration can be visually observed. The flow is described as

unsteady when in a small region under consideration, the 'mean'
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.vgldcity (as recorded by a ménometer) varies with time in a very

irregular manner.

The flow is described relative to the geometrical con-
flguratlon used in these tests (see Fig. 1) and should not be con-
fused with that of the final installation. The words under or ‘
over and above or below relative to the upstream wind direction B

are used for convenience. (See Fig.1).

2. Apparatus
The 'Reavell'.compressar inlet casing‘Was_connected to

an extension to the No.2 Blower type wind tumnel.

 The flow observations were made with the ald of nylon
threads fixed to the inside cf the casing, end a traversing rod
with a nylon thread attached

The guide vanes and fairings were constructed of stiff
cardboard and thin sheet metal.

~The guide vanes and the péssages are numbered in accord-

ance with the notation given in figure 1.

3, Flow Observation

3.1 Basic Oondition

The tuft investigation showed that the flow over and
érouﬁd the central shaft fairing was unstable. The upstream fluid
showed a tendency to flow elther over or under the central shaft
fairing with a consequent movemenb of the stagnation line on the

central shaft fairing (see Pig. 2 ref, 1) In each conflguratlon

~the overall flow was steady except in +the region behind the central

shaft fairing where the wake oscillated through approximately 90
On only one occasion '3id the flow change unaided from one config-
uration to the other. Tt was however, possible to effect this
ohange by disturbing the flcw at inlet.

The pos1tlons of the tufts at exit in the clockwise and

_ anticlockwise flow conflguratlon are sketched in figures 2 and

3 respectively. These diagrams show the tufts on the developed ‘
surfaces of the outer casing and thp central shaft falrlng. It
is shown that the flow direction is not constant across the annu-

lus and in passages 3 and 7 the flow is under—turngd.(negative

Aangle) by approximately 20°,  Vanes 2,3,6,7“and 8 were partially

or completely stalled. Very unsteady flow was present in passages
2,4,5,6 and 8. ~ It is dimpossible in diagrams of this type to in-
dicate the random and rapld changes about a mean in fluied direc-
tion due to the oscillatory nature of the flow and it must be noted

that the unsteadiness is much greater than the dlagrums show.
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3,2 Basic Conditlon plus a gauze (30 wires per inch) at entry -

The flow over and around the central shaft‘fairihg now
divided equally at a sﬁationaiy stagnation line, and was steady
apart from the wake oscillations behind the inner casing. 4(Seev
para.3.1), . It was not possible; on disturbing the flow down-
stream of the gauze,'toicausé‘the'fluid to flow mainly under: or
éver the central shaft fairing. ’ |

The flow at exit, although somewhat steadier than in the
condition described in para. 3.1, nevertheless still suffered large

changes in flow direction caused by the oscillatory flow; the stall-

ing of the guide vanes and the underturning.

3,3 Basic condition plus 2 rear dividing plate (passage 5)

The posiﬁion‘and shape of the plate are shown in figure
6a, The 030111aﬁ10ns of the wake were now prevented but a

large region of ‘'dead' flow was present on both sides of the plate.

. The flow pattern at exit is sketched in figure b, It
is shown that large angular variations in flow direction across °
the annulus are present and vanes 2;3,6 and 7 are stalled. It
was noticed that the dividing plate had increased the flow un~
ste@dihess but had eliminated the oscillatory nature of the flow,

The addition of a gauze at entry reduced the unsteadiness

but the flow configuration was unchanced

3,4 As 3.3 plus a curved fairing around the flat dividing plate

Thé geometry of the curved fairing can be seen in figure
6b,and.£he flow pattern in‘figure 5, It is shown thaﬁ the flow
has been improved in passages 4, 5 and 6 but vanes 2,3,6 and 7 are
still stalled. = Leading edge slats of small chord fitted upstream
of;these vanes eliminated the stalling but the large angular var-

iations in the flow direction at exit still remained.

It should be noted that the shape of the curved fairing
was .unchanged throughout the remainder of the test. The optimum
shape was difficulﬁ to determine and it is likely that its shape
could be modified to advantage. In fact later tuft in&estiga~ |
tions showed that a slightly different shape blendlng more into
the shaft fairing would be d631rable.

3.5 As 3.l plus a perforated plate at entry

The perforated plate had 0.5 inch diameter holes and
50 per cent blockage. Theqflow downstream of the plate was very
unsteady especlally in the reglon between the entry and the central
shaft falrlng, and was greater than in the basic condition (see
para. 3.1). The flow at exit showed little or no.change fram

that described in para 3.4 above.  When the perforated plate
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was repiaced by a gauze (30 wires per inch) the unsteadiness at

exit was reduced.

3,6 As 3.4 plus a lonﬁ central cuide vane

' The position of the vane, in passage 3 only, is shown
in figure 7a. It can be seen that the leading edge of the vane
wes not in the direction of the oncoming flow, This vane was
completely stalled. Vene 2 was unstalled although eddying Flow
was present in passage Z. The'floW'Was.very unsteady in passage,
L.

- 3,7 As 3.4 plus 2 short centiral guide vane

The position of the vane in passage 3 is shown in fig-
ure 7b. Although the leading edge was now set in the direction
of the upstream flow 'breakawsey' was present on the upper surface

and. both vanes 2 and 3 were stalled.

3.8 As 3.4 plus a vane extension forward of guide vane 3,

This vane extension was set so that its profile coin-
cided as closely as possible with the local stream directions,
T+ was noted that vane 3 was unstalled and the flow in passage
> was more uniform. The flow in passage L. was however, worse.
A careful imvestigation showed (i) that the guide vane extension
had partly prevented the flow in the upper.part of ‘the casing
from reversing its direction and entering passages 2 and 3 and
(1) the reversed flow frqn the outer ca31ng had entered passage
L and had mixed with the stalled region on the uppcr surface of

the vane exten51on.

3.9 .As 3,8 plus a vane extention forward of guide vane 2.

The vane extensions to guide vanes 2 and 3 together
with the flow configurations are shown in figure 8., The leading
edge of the extension to vane 2 had to be carefully set to pre-
vent stalling. The change in flow direction across the annular
passage in section 3 was still approxxmately 20° and a standlng
eddy could not be ellmlnated,by local movements of the guide
vane extensions. The gulde vanes were now in turn lengthened

and shortened but the exit flow. configuration could not be changed.

3,10 As 3.4 plus a gauzeT(BO‘wifes per inch) placed in the

annulus upstream of .the guide vanes .

The position of the gaﬁée is shown in figure 9. The
tuft conflduratlon was very 51m11ar to that described in pare-
graph 3ol abcve but the flow was much steadier although not as-
steady as might have been expected. Vanes 2, 3, 6 and 7 were

stalled and 1argebangular'variations'1n ‘flow direction occurred.
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No doubt some improvement could have been obtained with a gauze
of greater resistance but the losses involved would not have been

acceptable,

3,41 As 3.10 plus vane extensions forward of guide vanes
2 and 3.

The addition of guide vane extensions (see para. 3.9)

wstalled vanes 2 and 3 but large changes of the outlet flowlangle

(0% to'+ 25°) occurred across the annulus of passage 3.

3,12 As 3.11 plus a gauze at entry

The flow disturbances were reduced and it was now found
that the flow in passage 8, in the lower half of the casing in
which guide vane extensions were not fitted, was better than-in
passage 2. This suggested that the vane extension to the guide
vanes were disturbing the flow unduly. ’

3,13 As 3,10 plus a gauze at entry and a vane extension

forward of guide vane 3

Tn this condition all vanes in the upper half of ‘the
. -casing were unstalled and the flow was steadier than in any of
the previous tests. The large change in angle across the ann-

ulus was however still present.

‘In order to correct this large annular variation in the
outlet flow it was necessary both to prevent the air in the outer
sections of the casing from reversing its direction and entering
passage 4, and to a lesser extent passage 3, and to improve the

flow in these oubter sections.

3.14 As 3.4 plus an outer casing Plat plate falring |

The position and extent of the plate is shown in fig-
ure 10. (Tt was fitted in the lower half of the casing only).
It was hopéd, by this method, tb improve the flow in the outer
sections of the casing by suppfeSsing the large angle of the

casing at entry.

No change in_the flow configuration, described in
paragraph 3.L above, could be observed,

3,15 As 3,k plus a long internal splitter plate

The plete is shown in figure 11. It was hoped o
feed passages 1, 8 and 7 from the 'inner' and passages 6 and 5
from the 'outer' flows. Observations showed that disturbed flow
in passage 7 was caused by a partial breakaway‘from the sharp
radius between the external casing and the outlet amnulus. Dis=-
turbed flow in passage 8 was due to uneven mixing at the trailing

edge of the splitter plate as well as 2 reversal in the direction
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of the flow in the outer channel

3. 16 As 3,k plus a short internal splltter plute

~ The plate is shown in figure 12. It was shown that
little chﬂnge in flow direction occurred across the annulus at
Apassage 7. This declded improvement had therefore been obtalnéd
by suppr6331n¢ the small radius on the external casing (see para.
3, 15),  The flow was, however, disturbed in passages 8 and 6
"0W1ng to 1nterference of the upper and 10wer flows at the ends of
- the plates.

3,17 As 3.4 plus modified outer casing

~ The outer casing (Lower half only) was modified as
shown in figure 13, The new inner surface-provided a smooth
‘entry at its forward end, and joined the rear plate curved fair-
ing_at its downstreem end., In addition the sharp radius in the

outer casing was elimineted.

Observations showed that the angle distributions across
the annulus in passage 7 WGre uniform within 50, but’guide vanes
6 and 7 were stalled. A surprising feature, in this condition,
was the steadiness of the flow in section 8 whereas the flow in

section 6 showed a tendency towards: reversal.

3.18 As 3,17 plus guide vane extensions forward of v&nes‘
6 and 7

The size and shape of the vane extensions wére changed -
until vanes 6 and 7 were unstalled. The geometry of the vanes
is shown roughly in figure 13, - The tendency to flow reversal

‘was still present in section 6.

3,19 As 3.18 plus a guide vane extension forward of vane.S

Thls vane extension is also shown in figure 13, This
modification prevented the flow: reversal in section 6 by divert-
ing the flow in the outer sections of the casing through ‘the

lower part of section 5.

In‘fhis condition the angular variétion'of the flcw‘
over the annulus of the complete lower half of the ca51ng was

between +5 and +10°,

3. 20 Asg 3, 19 plus a gauze at entry

The addition of the gauze did not ohange the flow config~
uration but it did improve the steadiness. It was now noticed
that disturbed flow in passages 5 end 6 was caused by the joint
between the’ourved‘fairing»on the rear dividing plate and the new

internal fairing.
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3,21' As 3,19 plus a fillet at the joint between the inner fairing

and the curved fairing on the rear dividing plate

The disturbed flow in passages 5 and 6 was now reduced
by the addition of this curved fitlet., The flow configuration is

shown in figure 15,

Further modifications were now considered unnecessary
as the flow at exit satisfied approximately the conditions of uni-
form steady flow and the angle distribution varied from +5° $o
+10° outside the wakes from the guide vanes, Total head distrib-
ubions confirmed that the flow was approximately uniform (see

paragraph 4).

3,22 As 3,21 less the curved fairing,on the rear dividing plate

The fairing on the rear dividing plate was now removed

to investigate whether or not, in view of the other modifications,

its presence was necessary.

Flow observations showed that extremely unsteady flow

was present in passage 5 and to a lesser extent in 6.

»

4;‘ Total head distribubion at exit

Accurate total head distribubtions at exit could not be
obtained in the basic condition owing to the flow unsteadiness.
Tn the Final condition (see para. 3.21) the total head distribu~
tion is given in figure 1l4. This contour diagram shows clearly
that secondary flows between the guide vane annular passages are

responsible for the slight nonruniformity.

5, Discussion

The flow observations in the basic condition have shown
%hat the front stagnation line, on the central shaft fairing, is
only stationary when the flow upstream has no assymmetry. The
filow at the>exit annulﬁs has variations in direction, outéids’the
wakes and 'dead water' regions behind the guide vanes, of about 300;
In certain cases in the vicinity of the fdéad water' regions com-
plete reversal of direction is fouhd. First stage periodic

stalling in the axial.cbmpressor will therefore occur.

Since the relative velocity of the rotating blades in
the axial compressor is high it is probable that the blade stall-
ing may precipitate stalling flutter. Unfortunately no theory

-of the latter phencmenon exists and no experimental results are

to hand to predict accurately the critical stalling flubter speed
in the present:caSQ. It is known, however, that this speed is
considerably lower than the binary flutter speed, and may be

further reduced owing to the cascade effect, In addition,
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experimental results have shown that stalling flutter occurs in

the fundamental torsional mode but this may also be modified by
the caScade effeof. Blade stall flutter may therefore be aggra~
vated by a high order borsional resonance occurring at any,ccﬁ—
pressor rotational speed in the running range. The above dis— 
cussion shows that it is nnperatlve to prevent first: stage perlodlo
stalllng.‘ This can only safely be aocompllshed if the inlet
ca51ng 1s modified to glve a ve1001ty dlstrlbutlon at ex1t which

is sensmbly uniform.

The unstable circumferential flow was eliminated by %the
infroduction.of a curved divided fairing at the rear of the central
shaft fairing. The steadiness of the flow at exit was improved
by adding a gauze at entry but a perforated plate had little or no
effect.

A gauze having 30 wires per inch was used in the tests
but for strength and safety considerations in the actual install-

ation a gauze having 10 wires per inch is considered adequate,

‘The flow path around the central shaft fairing was
approximately helicoidal at a pitch angle of mearly 45° although
this angle varied along the shaft fairing and in the vicinity of
the curved rear fairing, The flow in the outer section of the
casing was circumferential and reversed its direction in moving
towards the exit passages. The ma jority of the first stage guide

vanes were therefore operating at very high incidence and in regions

of severe cross flow,

The modified internal contour of the outer casing, which

- increased the radius of curvature just upstream of the exit annulus, -
in combination with extensions to the firét stage guide vanes was
found sufficient ‘o produce a veloéity distribution at exit which
was sensibly uniform. Wlthoui these extensions the guide vanes
were badly stalled., The test procedure was not of sufficient
accuracy to predict the most efficient shapes for the guide vane
extensions, éspecially as the existing guide wvanes were cambered
aerofoils set at an incidence to produce a pre-swirl of about

+6°,  The experimental leading edge angles of the extensions are
probably within + 2150. Tt is suggested that the extensions should
be about 1/8 inch thick at their curved leadlna edges and that »
their thickness be gradually increased to blend with the shape of
the existing vanes. A further minor improvement could be ob~

tained by thinning the trailing edges to a minimun dimension.

The present geries of tests have been conducted on
‘ modlflcatlons to elther the lower half or the top half of the cas=

ing but only in one or two cases were ‘the modifications effected
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in "bo‘bh halves éi.rdiil“haneously. " This method of procedure 'ha[&‘“bhe
advantage that the flow in the basic condition could always be
compared with an improved flow. It was noted in all caseés that
the flow pattern in the unmodified helf of the casing was un-
changed when various modifications were introduced to the other
half,  This fact, together with the knowledge that a synmetri-
cal flow configuration was cbtained in the case of the basic con-
dition plus a curved, divided rear fairing, suggested that the
final modifications,, when fj.’cted to both halves of the ‘casing, ‘
would produce at exit a velocity distribution which is symmetricél

and sensibiy uniform, -

Reference

1. An interim report on flow observation tests on a mode‘lk
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The Staff of the Aerodvnahios Department.

Summary

In order to obtain information regarding the poss=-
ible flow in the inlet casing’of the 9in x 9in supersonic wind
tunnel 'Reavell' axial flow compressor, flow cbservation tests
have been made on a model casing connected to the working sec~
tion of a straight-through type blower wind tunnel. The mod~
el casing geometry was different in some detail from the acfual

compressor . although the main features were retained.

It was found that the flow in ‘the basic condition
had a radial instability caused by the splitting of the inlet
flow around the central shaft fairing. A movement of the
'rear' stagnation region on the latter fairing of about 270°
was experienced. The flow changed from one conditioh’to

the other in a random manner.w The frequency. varied from
appfoximately 6 to 60 oycies per second. Considerable eddy-
ing of the flow occurred at the rear of the'fairing where the

two streams rejoined, ) ' o =

In addition, the main flow through the casing was
under-turned by approximately 200, Due to the radial instab-
ility and the under-turning, an instability of the outlet flow
"from the casing was experienced, The flow direction varied

by + 20° with a frequency of the same order as stated above.

The radial instability wa.s cured by a flat plats and
fairing placed behind the central shaft fairing, It Was_found
that the under~turn1ng could only be prevented.by guide vanes
placed 1n31de the casing Two guide vanes were found to be
sufficient to prevent breakaway of the flow around the 1nner
bend of the casing and to render the outlet flow axial. In
the latter condition the flow was not. perfectly steady but 1t
.was considered that little further improvement could be made . .

unless a complete cascade of vanes was used.
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The test results above should form a guide to the

‘modifications necessary on the actual compressor inlet casing.

1. Introduction

The present series of tests were conducted in order
té obtain information regarding flow conditions in the com=-
pressor inlet casing of the 'Reavell' compressor used on the
new 9in x 9in supersonic wind tunnel,‘ This information was
‘required primarily to explain the fatigue failure of the
blades on the similar compressor running at N.G,T.E. and to
assist in the design of the necessafy modifications. to the in- .

let casing.

A detailed investigation was not undertaken, but
sufficient experimental work was done to form the basis for

future work using the actual compressor inlet casing.

2. Apparatus

A simple model of a typical inlet casing‘Was manu~
factured from 16 gauge aluminium plate. The geomet:, is
shown in figure 1. The model was notla true to scale repre-
sentation of the actual 'Reavell' compressor inlet casing but
was such as to be easily made and connected to the working sec-
tion of the No.?2 Blower type wind tunnel. (The.distribution
of‘veloéity‘across the outléﬁ section cf this wind tunnel is
senéibly uniferm (+ 1 per cent) and the boundary layer thick-

ness is approximately 1in, ) - : : .

The flow observations were made with'%he aid of
nylon threads fixed to the inside of the casing, and a trav- .

ersing rod with a nylon thread attached.

A The»gﬁide vanes and fairings were constructed of
stiff cardboard.

3. » ‘ FLOW OBSERVATION
(1) Basgic Condition

The tuft invéstigati0n showed that a radial instab-
1lity of the flow was caused'by unsymmetrical flow conditions
over and around the central shaft fairing. The consequent

movement of the 'rear stagnation region' was about 270°,
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The oscillatory flow was random and had a frequency varying~

from 6 to 60 cycles per second.

This flow condition is represented in figures 2a, 2b

and 2c,.

The remainder of the inlet flow was under—turned by
approximately 20° in passing through the casing, as éhoWn in
figure 2d.‘ The.combination‘of the radial oscillatory flow and
the under-turning caused an instabilityiof the flow at the out-

let from the casing as. shown in figures 2b and 2c.

Photographs of the nylon threads around the outlet
are shown in figures 3a, b and ¢,  Figure 3a shows the tufts
on the'left.hand side of the outiet are pointing 60° upwards
from the horizontal whilst figure 3¢ shows the tufts pointing
similarly but in a downwards direction, Figure 3b shows the

tuft configurdtion in an intermediate condition.

k.

(i1) The casing plus a flat plate behind the central
shaft fairing '

The position of the flat platebis shown in figure L
and details of the flow are given in figure 5. It is seen
that the radial iﬁstability has been eliminatéd but the under-
turning is still present as well as a breakéway Qf the flow
around the inner radius and there is considerable eddying of

the streem in the‘neighboufhood of both sides of the flat plate.'

5.

(iii) As (i1) plus a curved fairing around the Plat plate

In order to reduce the violent eddying of the flow
near the flat plate and to, improve the turning of the stream
a curved fairing was added as shown in figure-6. The latter
figure also shows the curved forward fairing, see § .6 velow.
The associated flow condition is shown in figure 7 where it

can be seen that the flow is much steadier around the outer

sections of the casing but under-~turning and'breakaway‘is still

present near the inner sections.

/6. ...



' (iv) As (iii) plus a curved forward fairing

A small falrlng wa.s added to. the. forward end of the
central shaft falrlng (dlametrlcally opposite to the flat plate)
in order to improve the flaw around the immer radius. This 1is
shown in figure 8, It was found that 1ittle further improve-

ment to the flow was gained by this modification.

7.

(v) The casing vlus the small forward fairing only

The flow in this condition is shown in figure 9. It

is seen that in this case, also, the radiai instability is pre- -

vented but the flow behind the central shaft fairing is_very un~
steady and is worse than in case (ii) (see paragraph L above).
The flow is however, steadier near the immer radius. '

80

(vi) As (iii) plus a circular arc turning vene near %o

the inner radius :

Cases (iv) and (v) suggested that the breskaway near
‘/the inner radius and the under—turnlng could be prevented by

- inserting a clrcular are turnlng vane of gpan equal to the
qasing width, The geometry of the vane is shown in figure 10,
The flow pattern is shown in figure 11’ahd it is seen thét the
breskawa; has been eliminated but a smail amount of under-

turning still rem~ins.

(vii) As (vi) plus a circular arc.turning vane on the

casing centre line

The geometry of this vane is given in figure 10..
From figure 12 it is seen that the under-turning has now been
stopped., The ouﬁlet,flow from the casing was, however, not ccm-
rletely steady but all the nylon threads oscillated through
" about BO,the mean direction,being'approximately parallel *to the
. axial direction. ' o |

/ 100 .‘0'00



10,

Cviii) As (vii) but the inner gulide vane was removed

In this conditicn the breakaway near the inner radius

was not prevented.

11, Conclusions

1. In the basic condition a radial instability of the

flow in the casing existed caused by unsymmetrical flow condi-

" tions around the central shaft fairing although no assymmetry -

of the inlet flow could be detected. The flow remained in any
one state for a perlod varylng fram 1 to 6 seconds. The flow
was under-turned i about 20° and breakaway of the flow was

present near to the inner radius of the casing.

2, _ The radial instability was prevented by inéerting‘a
plate between the rear of the central shaft fairing and the
outer radius of the casing; but the outlet flow was still un--

steady,and the un&er—turning and breakaway persisted.

3, The flow in the outer sections of the casing was im-

proved by fitting a curved fairing to the flat plate.,

L, o The breskaway and under-turning were prevented by the

insertion of two guide vanes inside the casing.

5. . It is proposed to repeét this series of tests using
the actual compressor inlet casing. It can then be seen
whether the addition of the rear curved fairing and the two

giide vanes will render the flow sufficiently steady, uniform

‘and axial in orde. to be certain that the condltlon of the flow
in the inlet casing will not be a factor in the stalllng of the-

\ t.ades in the compressor.

MEP
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