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EFFECT OF AXIALLY NON-UNIFORM
ROTOR TIP CLEARANCE ON THE PERFORMANCE
OF A HIGH SPEED AXIAL FLOW COMPRESSOR STAGE

K. Mohan and S. A. Guruprasad
National Aerospace Laboratories
Bangalore, India

ABSTRALT

An  axially non-uniform type of rotor tip
clearance was conceived and tried on a single stage
compressor. This concept is basad on the advantages
of a smaller tip ciearance in the front portion of
the blage and a iarger clearance in the rear portion
which allows a higher tip ieakage flow to interact
with the passage sacondary fiow, casing wail
boundary layer, separated flow on the blade suction
surface and the scraping vortex, which are more
prominent at the rear portion of the
Experimentai resuits indicated that an axially non-
uniform
of a compressor stage. Providing the tip ciearance
in the compruessor casing instead of at the blade tip
indicated certain advantages. An ‘optimum’ value of
rotor tip olearanog was noticed for this ocompresser

stage, both for axiaily uniform and axially non-

uniform claarance.

NQMENCLATURE :

t = C(Clearance butween rotor tip and casing liner

Pe = Total pressurae

Te = Total temperature

n = Adiabatic afficiency

CN = Corrected spead of rotation, rpm.

¥ = Ratio of specific haats

m = Corrected pass flow rate

Cp = Specific heat at constant pressure

PR = Total Pressure Ratic

Subscripts:

1 a Compressor inlet [(Total pressure measuring
station)

2 - Rotor inlet

3 Rotor outlat

& = Compressor outlet (Total pressure measuring

station)
With reference to smaller tip clearance
With reference to larger tip clearance

blade, -

clearance can provide improved performance.

RAREAK

INTRODUCTION:

The rotor tip clearance in an axial flow
compressor has been an important toplc of investiga-
tion as it considerably influences the pressure
rise, efficiency, stall margin and radiai shift of
streamlines in the fiow passages of the compressor.

Many investigators have conducted experiments on
compressors wWith widely varying geometric and aero-
dynamic paraseters to find out the influence of
rotor tip gap on  compressor performance
1,2,3,4,5,11,15].,* And ali the experimgnts that
have been conducted so far have axiaiiy unifors

rotor tip clearance i.,e., the tip clearance has the
same value from the leading edge te the trailing
edge. These investigations have revealed that as
the tip clearance is reduced the efficiency of the
compressor intreasdy, BHut too smaii a clearance may
not be. the most desirable clearance, as the tip
clearance flow is known to beneficially interact
With the passage secondary fiow, annulus waii bound-
ary layer and blade suction surface boundary layer
[4,9,12,19]. Therefore, at very low lavels of tip
clearance, the efficiency actually decreases with
the decrease in tip gap thereby raeversing the trand
that prevailed at higher leveis of tip ciearance.
This gives rise to the concept of ‘'optimum' tip
clearance, which gives tha maximum efficiency of the
compressor stage (4,9,19). But this phenomenon
{i.e., optimum clearance} was not noticaable in ali
the compressors, as in some compressors the effi-
ciency continuedtto increase with the decrease of
tip ciearance all the way [4,5],

Further, it was observed that with the aitera-
tion of the tip gap the stail wmargin limit was
altered; and tip gap affected both the inception and
geometry of rotating stall.

= Numbers in the square brackets are the referen-
ces listed at the end of the paper.
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Nogn-uniform Clearance:

It is clear that tip c¢learance flow is
influenced by several factors and also it will, in
turn, influence other flows in the blade passage
like the main flow, passage secondary flow, annulus
wall boundary layer, blade suction surface boundary
layer, etc, GSince the tip clearance flow is in the
opposite direction of passage secondary flow near
the casing (Fig.3?, it will reduce the magnitude of
the secondary flow and consequently the losses due
to secondary flows, The leakage flow is also found
to be beneficial in decreasing the annulus wall
boundary layer growih (11] and also in reducing the
boundary layer separation on the blade suction
surface [12]. Further, the 'Scraping effect’ (due
to the relative motion between the casing wali and
blade tip? influences the pressure distribution on
the blade surfaces near the tip and its effect is
opposite to that caused by the tip clearance [10,
151.

Further, as the air flows from the leading edge
to the tralling edge of the blade the thickness of
the boundary layer alsoc continuously increases,
wWhich results in a thicker boundary layer in the
rear haif cof the blade and also on the rear half of
the end walls. The passage secondary flow is due to
the flow of air through the boundary layers on the
two blade surfaces as well as on the hub and casing.
Since the thickness of the boundary layer is more in
the rear portion of the blade surfaces and end
walls, the passage secondary flow and the annulus
wall boundary layer in the casing, wWill be wmore
pronocunced at the rear portion of the blade.
Further, the blade suction surface boundary layer
gets separated close to the trailing edge; and the
scraping vortex often appears in the rear half of
the blade tip [141.

Since the tip clearance flow interacts
beneficially with all the four phenomenon indicated
above (i.e., secondary flow, casing boundary layer,
blade boundary layer and the scraping vortex) and
these are more profounced in the rear half of the
blade, it becomes obvious that wore tip leakage flow
would be desirable at the rear half of the blade.
At a particular value of the larger tip gap (optimum
gap? it is quite likely that the tip clearance flow
Wwill substantially neutralise the adverse effects

caused by the above four phenomenon. Therefore, a
larger tip clearance at the rear half would be
beneficial. Based on this analysis the new concept
of axially non-uniferm clearance has been formu-
lated. In this new concept a smaller clearance is

provided from the leading edge t0o midchord <(which
provides the well established advantages of a
smaller clearance), and a larger clearance from mid-
chord to the trailing edge (Fig.4).

In view of the above considerations, experimen-
tal investigations were carried out at the National
Aerospace Laborateries, Bangalare, to determine the
influence of axially saon-uniform rotor tip clearance
on the performance of a high speed compressar stage.
Further, experiments were also conducted on axially
uniform tip clearance, so that the compressor
performance with both axially non-upiform and
uniform tip clearances could be compared.
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Fig. 4 Method adopted for providing rotar tip.
clearance

Method ef Providing Botor Jip Clearance:

In the present investigation the rotor tip
ciearance was provided by machining tha casing ring
surrounding the rotar blade (Fig.4). In this
method, a softer material likea araldite was
epbedded in the ®»ild steel spacer ring enveloping
the rotor blade, and this araidite ring was machined
te the required specification. Initially, the liner
was machined to provide s uniform rotor tip clear-
ance of 0.25 mm end subsequently to higher values af

uniforn & non-uniform clearance {(clearance refers to

non-rotating tip clearance). This method was adopt-
ed as 1t would not only be economical and easier,
but also it may have several aerodynamic advantages,
which have been discussed elsewhere in the paper.

Daescriptlon of the Experimental Facility:

Experlmental investigations were conducted
using the single stage axisl flow compressor (Fig.l)

in the Prapulsion Division of the National Aercspace
Laboratories. The detaiis of the compresspr are as

foilows!

Rotor tip diameter, D 0.450 m

Hub-tip ratio at rotor inlet = 0,525
Hub-tip ratic at rotor outlet = D.60
Number of blades in the rotor = 2]

Type of blading = NACA design (6X thick, symmetrical
circular arc profile).

Blade cheord at tip, C = 0.0842 w
Stagger angle at tip = 47"
Solidity at tip = 1.25
Solidity at hub = 2.05
Blade mean height, h = (.1008 m
Aspect ratia = 1,04
Number of blades in the stator = 18
Selidity at tip for the stator = 1,05

Mach triangles at tip corresponding to
9054 rpm gre as follows!

Rotor inlet relative mach no = 0.79
_Rotor inlet axial’'mach no = 0.43
Rotor blade tip mach no = 0.65
Rotor cutlet relative mach no = 0.99
Stator inlet mach no = 0.51
Stator autlet mach no = (.40

The coampressor was driven by a8 variable speed
1150 KW D.C. Motor through & step up gear box and an
optical torquemeter. Thae mass flow through the
compressor and the pressure ratio were controlled by
operating the exhaust throttle wvalve located
downstream of the compressor, This is an open loop
facility with the air flowing through the bell
mouth, experimental compressor, axi-radial diffuser,
volute, exhaust ducting, venturimeter and exhaust
throttle valve (Fig.2). Four total pressure rakes
were installed at measuring stations 1 and & (Fig.l?}
to measure the total pressure at compressor inlet
and outlet. These total pressure rakes consisted of
15 pitot tubes stacked radially. Oetails of the
exparirental facility and instrumentation are given
in refs.6 and 7,

Experimental Procedura:

Tests were conducted first with five uniform
tip clearances of 0,28, 0.5, 1.0, 1.5 and 2.0 nm and
the compressor stage performance was evsluated.
Subsequently, test runs were made with four axially
non-unifarm tip clearance of 8,5 - 1.0 mm, 0,9 - 1.8
om, 0.9 - 2.0 mm and 0.5 - 2.5 mm. In this case the
tip ciearance from leading edge to "mid-Chord was
maintained constant at 0.9 mm, For each of the
above tip clearances, test runs were made at three
different speeds of the compressor (corrected speeds
of 5561 rpm, 7760 rpo and 5054 rpm) and at eech
speed the air mass flow was varied fram paximum
{exhaust throttle vaive fully open) to the mass flow
corresponding to the stall point.

Evajuation of Test Parametes:

The average total pressure at both the inlet
and outlet of the compressor stage was found by the
area averaging wethod. The total pressures, mass
flon rates, and input torque, were measured using
total pressure rakes, venturimeter and optical
torqueneter respectively. The mass flow rates and
the rotational speeds were corrected to standard sea
level conditions. The adiabatic efficiency of the
compressor stage wes calculated based on torgue
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measurement and applying appropriate caorrections for
bearing and disc friction losses [8,13], The
efficiencies were also calculated based on air
temperatures at inlet and outlet of the compressor
stage. The stall point was determined by observing
the sudden change in compressor noise level and
tone. The observations on stall were also cross
checked using hot wire anemometer probes. All the
experinental data was fed to a computer based data
acquisition system (MACSYM  350) for an-line
processing and obtaining compressor performance.

Results and Discussions:

The results obtained on the influence af
uniform and non-uniform rotor tip clearance on the
performance of the compressor stage are shown in
Figs.5,6,7,8 and 9.

The results for axially uniform and axially
nan-uniform tip clearance are discussed separately
in order to indicate guantitatively the differences
in compressor behaviour with the alteration in tip
gap. In the case of uniform tip clearance the
clearance was altered over the entire chord length,
whereas in the case of non-uniform clearance the
clearance from the leading edge to midchord was NOT
" altered (Kept constant at 0.5 mm), but only the

clearance from midchord to trailing edge was altered.

Axially yniform rotor tip clearance!

An  analysis of the results indicated that the
adiabatic efficiency of the compressor stage conti-
nuously increased as the tip clearance was reduced
from 2.00 mm to 0.50 mm at each of the three correc-
ted speeds i.e., 5561 rpm (131 m/s}, 7760 rpm (183
m/s) and 9054 rpm (207 m/s). The increase in effi-
ciency for each of the speeds were 6.0% 4.34% and

3.45% respectively. The trends are shown in Fig.5-

and 6,

But when the tip clearance was reduced lower
than 0.5 mm (to a value of 0.25 mm}, the efficiency
actually decreased by 2.88X, 3.37% and 3.2B%X respec-
tively at each of the three speeds. This indicated
that this compressor stage reached its maximum stage
efficiency when the tip clearances was 0.5 mm (this
clearance represented 0.5% of blade height and 0.6%

of blade chard), This, perhaps, is the optimum tip
clearance for this particular compressor stage
(Fig.6). However, there wWas only a marginal change

in the pressure ratio with the decrease of tip
clearance, The efficiencies shown in Fig.6 (as well
as in Fig.B) are the maximum values obtained for any
tip gap and for a constant speed.

Regarding the stall margin, with the increase
of tip clearance upto 1.5 mm the stall margin also
increased at all the three speeds, (Fig.5). But
there was no further improvement in stall wmargin
when the tip clearance was increased from 1.5mm to
2.00mm.

Axially non-uniform tip clearance:

When the clearance from mid-chord to trailing
edge was increased in steps of 0.5 mm, the
efficiency decreased for each of the three speeds
(Figs.7 & B),
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Fig. 7 Compressar perfarmance characteristics
with dlfferent axially non-uniform tip
clearance

The decrease [n efficiency when the clearance
vas increased from 1.0 mm to 2.5 om was 4.19X, 1.92%
and 1.06X% respectively for each of the three speeds.
Similarly, whaen the clearance was 2.0 nmm, the
decrease In efficiency was 3.80X, 1{.592X and -D.6i¥
t{actually an increase). The trends clearly indicate
that the increase af tip clearance in the rear half
of the biade, does not reduca the efficlency signi-
ficently, (wheress in the case of uniform clearance
the decraase in efficiency with the increase of
clearance was quite significant, as indicated ear-
lier},

The efficiencies of 0.5 - 1.5 mm combination
non-uniforn clearance appear to be as good as ( or
even slightly better than) 1.0 mm uniform clearance
and wuch better than 1.5 mm uniform clearance.
Similarly, 0.5 - 1.0 mm combination of non uniform
clearance appears to heve alnost the same efficiency
e’ 0.9 oo uniform clegarance and much better than 1.0
mm uniform cleArance. Further, the stall margin for
thae combination of 0.5 - 1.0 mm was higher than with
unifore clearances of gither 0.5 or 1.0 mm (Fig.9).
Thus, the combination of 0.5 - 1.0 mm was not only
better than a8li other non-uniform confiqurations but

also pgtter than gven 0.5 mm uniform clearangs.

Adiabaotic efficiency

Nonuniform clearance

0.95r Clearonce from leading edge to mid-chord
constant (Q.5mm)
8 a r-1
090 - o
8 a
- o CN=5561rp.m
o CN27760rpm | © o
4 CN=9054r.pm
0.85 . L 1 R

1 J
1.00 1.50 2.00 2.50
Cleargnce from mid chard ta trailing edge (mm)

Fig. 8 Variation of efficiency with tip
cleagrance {oxially non-uniform)

This indicates that although the tip ciearance ig
higher in the rear portion of the blade, the effi-
ciency has not decreased. It is possible that tha
higher tip clearance flow at the rear portion of the
blade has effectively neutralized the adverse
effects due to the passage secondary flow, casing
wall boundary layer, separated blade boundary layar
and the scraping vertex, resulting in the ieproved
perfornance of the compressor.

Regarding the changes in stall margin, it dio
nat follow any particular ordar when the tip clear-
ance (from widchord to trailing edge) was altered
(Fig.7}). However, for all the four combinations of
non uniform tip clearance the stall margin was
positive (i.,e. batter) as compared to the reference
line. (For determining the stall margin for any
value of Lip viearance - both uniform and nonuniform
- the stall line at a uniform clearance of 0.5 mm
was taken as the ‘referance line').

Effacts of Providing the Clearances in the Casing:

It is necessary to oxamine the effects of
providing the tip ciearance by machining the casing
liner instead of the blade tip (for both unifarm and
non-uniform cases}. The increase of stall wmargin
with the increase of tip clearance may be alsc due
to the fact that the higher tip ciearance was
obtained by increasing the depth ¢f the groove in
the casing liner. Although this configuration is
not similar to the casing treatment, where the depth
of machining (of the treated casing) is about 20X to
50X of the blade height [16], byt still the wmachined
groove in the casing liner appears to have provided
the required benefit for the prevention of stall.

Further, wmachining the casing (instead of the
blade tip) may have certain advantages - the radial
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shift of the streamlines would be reduced, and the
main flow 1 muth less disturbed. It 1is quite
likely that the leakage flow through the tip would
also be reduced because the leakage has Lo pass
through the boundary layer material entrenched in
the groove, The step in the groove could reduce the
direct flow f{undeflected) through the clearance

space, Further, any econfiguration of the tip
clearance can be obtained without disturbing the
blade tip and the profile. The clearance can also

be effectively combined with the casing treatment,
and the blade tip and the casing wall can be at the
same level.

Among the possible disadvantages of providing
the clearance in the casing are the effects of the
steps in the casing associated with the formation of
the clearance groove in the casing. But since the
steps are in the annulus wall boundary layer, where
the velocities are comparitively smaller, the prob-
lems, if any, may not be serious. Even in the
casing treatment many configurations are introduced
in the casing, like skewed slot, honey comb, circum-
ferential groove, etc. Compared to these confiqura-
tions, the clearance groove in the casing will cause
far less disturbance in the airflow. Further, if

the adverse impact of the steps is considerable, the
edges can easily be rounded of f or champhered.

In this context, the implications eof machining
the blade tip to provide the increase in clearance
was also examined, This methed also has certain
disadvantages, In this case there will be a direct
flow through the glearance space which is undeflec-
ted and is, therefore, not available for doing work.
Further, by machining the blade tip, the height and
geometry of the blade would be altered; consequently
the tip speed and the work output would be diffe-
rent. Therefore, the change in compressor perform-
ance cannot be attributed solely to the change in
the tip gap. Other factors mentioned above could
also affect the compressor performance. And in the
case of non-uniform clearance, the changed geometry
of the blade tip may have more significant impact on
compressor performance, And in the case ©of non-
uniform clearance, the changed geometry of the blade
tip may have more significant impact on compressor
performance.

Comparison of Efficiencies:

When experiments are condutted with different
rotor tip clearances or configurations, accurate
determination of the changes in efficiencies {(with
the c¢hanges in tip clearance or configurations) is
important.

When ever the compressor efficiency with
respect to a particular tip cleararce is mentioned,
it 1is necessary to clearly indicate whether the
efficiency is at the stall peint, or it is the peak
efficiency for that speed, or it is with reference
to any other operating point on the constant speed
line. For comparing the efficiency with respect to
any other value of clearance, both the efficiencies
must have the same reference.

Here again it could be further pointed out,
that even if the efficiencies are evaluated, say, at
their respective stall points for the two clear-
ances, the operating peints in the compressor map
will be different; with the result the mass flow
rates, pressure ratios and power inpyt will also be
different. Therefore, from an analysis of the expe-
rimental results although it may be possible to
infer gqualjitatively that with the decrease of tip
clearance the efficiency increases, guantitatively
the values obtained could be misleading. This 1is
because the quantum of change in the efficiency is
not solely due to change in the value of tip clear-
ance, but it may be partly due to alterations in
other parameters like pressure ratio, mass flow,
etc., since the locations of the operating points in
the compressor map are different in the two cases.
For, it is well known that for any compressor {even
Wwith a fixed tip clearance and fixed speed) the
efficiency undergoes a change when the operating
point in the compressor performance map is shifted.

In order to overcome the above difficulties and
anamglies, & different procedure could be used which
is proposed below:

The adiabatic efficiency of a compressor stage
is ‘given by the expression :
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-

Isentropic work of coampression
for a given pressure ratio and
a given mass flow rate

Actual work of compression for
the same pressure ratio and
same mass flow rate.

The above expression can be rewritten (B] as

mCp Toi [(904/Pm];_! -l]
] 8 =-=s=sseccecleccmcccccsccara = -{2)
(Net Power Input to the
Compressor stage)

When wa try to compare the efficlencies of the
compressor stage with two different clearances (or
configurations), say ‘ts' (smaller tip ciearance)
and 'ti' (larger tip clearance), first the effici-
ency ‘A with 'ts' is experimentally evaluated
corresponding to a mass flow rate of m{s), pressure
ratio of (PRJ)s and a speed of (CN)s. Next, when the
compressor stage is operating with the larger tip
ciearance 'tl', the exhaust throttle valve and also
the gpged are slightly readjusted so that we get the
same mass flow rate [(m)l = (m}s) and the same pre-
ssure ratio [ (PR)1 = (PR)s). This manipulation of
exhaust throttle valve and speed will have to be
done iteratively till we get the same operating
point for 'tl' (i.e.,, the mass flow rate and the
pressure ratio are the same), but the speed (CN)}
will be different. Since the losses are apparentiy
mora w«hen the tip clearance is large, additional
work input is regquired to account for these higher
josses, To cbtain this additional work the compre-
gsor blade speed has to be increased. Therefora,
(CN}1 will be higher than (CN)s.

Refarring to equation (2) the numerator wil}l be
the same for both the cases ('ts and 'ti1'). But the
denominator wlll be different for each case - higher
in the case of *t1' and lower for the case ‘'ts'.
Therafore, the efficiancy for 'tl' (larger clear-
ance) wWill be lower than for 'ts' (smalier clear-
ance). The vaiues of efficiencies obtained by the
above procedure are accurate and are truly indica-
tive of the change in efficiency due only to thae
change in tip clearance. No other factor, other
than the change in tip clearance, is involved in
affacting this change of efficiency. It nust be
pointed out here, that this procedure should be used
gnly for comparing the efficiencies. However, for
obtaining the complete performance map of the coo-
pressor (with 'tl'), the usual standard procedure
(of keaping the spead constant) shouid be followed,

gptimigation of the Non-Unifors Rotor Tip Clearance

In the experiments described in . this paper
since the combination of 0.9 om - 1.0 mm clearance
has given encouraging results we have to examine
whether it is possible to improve the tip configura-
tion stiil further. The foilowing factors are to be
considered for obtaining further Iimprovements. A
larger clearance should be provided only at those
locations where it can be benaficial and at other
locations along the blade tip only smaller clearance
should be provided. Therefore, from tha jeading

edge up to about 50X of the chord, very small clear-

ance (purely from mechanical considerations) may be
maintained. From about 50X of the chord the tip gap
could be increased graduaily (not necessarily in a
singie step as in the present experiment) in such a
way, the interaction of the tip leakage flow with
the secondary flows, casing wall boundary layer,
etc., can give beneficial results.

In order to estimate the magnitude of the tip
clearance flow that would be required in the rear
portion of the blade (and the corresponding tip gap)
it is necessary to know approximately the magnitude
of the secondary flows, thickness of the casing wall
boundary layer, location of the separation of blade
boundary layer, atc, (It should be mentioned here
that the passage secondary flow in a compressor
rotor is somewhat weaker as compared to that in a
corresponding cascade. This is because in a compre-

-ssor rotor, there will be a streaowise component of

vorticity at the inlet. Therefore, the secondary
flow, which depends upon the difference between the
streamwise components of vorticity at exit and
injet, get reduced. However, if the flow turning is
high, the rotor blades have low aspect ratio and the
inlet boundary layer has a steep velocity gradient,
then the secondary flow in a compressor rotor could
still become quite significant, This appears to be
the case in the present investigation with tha NAL
compressar’.

After maklng an analysis of the four parameters
mentioned above the tip clearance flow and the tip
gap could established. Because of the compiexity of
tip clearance flow and its interaction, this has to
be done only by a trial and error process (as it has
been for casing treatment). Further, in the case of
non-uniform clearance, the tip gap flow will be much
more complex than the uniform clearance. Flow visua-
lisation technigues like laser anemometry and holo-
graphy could be valuable aids for determining this
complex type of improved tip configuration.

Qotimisation of the Uniform Iip Clearance!

In the present investigation, it was found that
for this compressor stage an optimum tip clearance
{i.e., the tlp cliearance at which the adiabatic
efficiency has the maximum value) exists. It is
also known that ail comprassors do not have optimum
tip clearance. It is not ciear why this anomaly
exists. One reason could be that the tip clearance
flow is extremely complex and is influenced by so
many factors. Tharefore, the pattern of air flow
through the tip gap does not necessarily depend only
on the value of tip clearance but also on several
other factors, with the result the existence or
otherwise of an optimum clearance {(uniform} depends
upon the pattern of air flow through the tip and its
interaction with secondary fiows, casing boundary
layer etc, It may also be pointed out that expre-
ssing the tip clearance as a percentage of blade
height or blade chord could be misleading; because
any two compressors having the same percentage value
of tip cilearance (expressed as a fraction of the
blade height or chord) may have entirely two . diffe-
rent types of tip clearance flows if other influen-
cing factors are different for the two compressors.
With the result each type of compressor may have its
own value of tip clearance, which will give the pest
efficiency.
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Concluding Remarks:

Experimental investigations were carried out on
a new type of rotor tip clearance to find out the
possible improvements in the performance of an axial
flow compressor stage.

Different types of axially uniform and axially
non-uniform rotor tip configurations were wused in

the investigatiens. For each configuration the
adiabatic efficiency and stall margin were evalua-
ted. The effects of providing the tip clearance in

the compressor casing instead of the usual method of
providing the clearance at the blade tip were exam-
ined. Analysis was made of a method of accurately
determining the change in compressor efficiency due
to the change in tip clearance or configuration.

The results are summarised as follows:

1, An axially non-uniform rotor tip clearance will
have definite advantages over axially uniform
clearance. The clearance from the leading edge
upto midchord should be smaller (purely from
mechanical considerations): and the clearance
from mid chord to trailing edge should be
larger.

2. An 'Optimum' value of tip clearance was noticed
for this compressor stage, for the cases of
both axially uniform and non-uniform clearances

3. With the increase of tip clearance there was
improvement in stall margin for both the cases.

4, Clearance formed in the compressor casing
appear to provide more benefits than the
clearance obtained by machining the blade tip.

5. Improvements in adlabatic efficiencies obtained

by changing the tip clearance or configuration, '

should be determined by very accurate wmethods

or procedures, This is very essential in order

to compare and suggest better tip clearance
configurations.
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