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ABSTRACT

This paper was conductedto explorethe potential of passive control via slotted bladings in linear cascade
configurations undestall condition Through an extensive 2Bumerical study, the effects of location, width and

slope of slots were analyzed and the best configuration was identified. Based on the optimal slot, the 3D aerodynamic
performances of cascade were studied andnfheence of slotted blading to control endwall flow was investigated.

Both 2D and 3D calculations are performed on steady RANS solver with standprildn turbulence model and

low Mach number regime. The total loss coefficient, turning angle and flwalizations on the blade and ewdll

surfaces are adopted to describe the different configurations. The obtained results show, for 2D situation, that
maximum ofalmost28% reduction in loss coefficient had been reached and the flow turning was edcres
approximately & Concerning 3D flow fieldshe slots marked their benefit and delays the boundary layer separation

on both end wall and blade suction surface at mid.span

Keywords: High loading slotted bladesSecondary flow, &arationLow Machnumber

NOMENCLATURE
C: skin friction coefficient X  chordal slot location
C, static pressure coefficient Y  dot width
¢ chord length y* non-dimensional distance
M Mach number W, inlet velociy
P  atic Pressure angle of attack

_x_
(S

inlet flow angle

turning angle

stagger angle

mass averaged total loss coefficient

solidity

angle formed by slot axis and mean camber

Po1 inlet stagnation pressure
R. coanda radius

R, pressure surface radius
Re Reynolds number

r. Sotleading edge radius
rr dot trailing edge radius

-/

S relative dynamic pressure line
t thickness at imrsection of slot axis and mee
camber line
1. INTRODUCTION efficiency by producing high losses. The evident

. o . objective of engineers facing this undesirable
It is of main interest talecrease the weight and length phenomenon is to control it by mitigating or eliminating
of compressor by reducing the number of blades oryhe separation zones. A lot of researches have been
stages for a desired pressure rise. The problemysne in the area of flow control but the passive mdnt
encountered in front of this reason is the rise in the levelathod remains the preferable tools because of their
of loading and diffusion which the boundary layer gimpiicity and cost effectiveness. The basic principle of
separation carbe occurred.It is well known that  passive flow control is to energize the low momentum
separation is the main factor to reduce drastl_cally thelayers near solid surface without adding extra energy in
aerodynamic performances of compressors in Hrbo 5der to overcome stronger adse pressure gradient

engines. It decreases the operating range by generating,q therefore avoid the flow separation. All of the
instability such as rotating stall and surge, and reduces
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passive approaches used in turbo machinery such as 2. NUMERICAL PROCEDURE
vortex generators, Gurney flaps, slots and tandem

bladings haye been' derived from methods successfullyz_l 2-D Configuration Cascade
applied to aircraft wings. fle slots represent one of the
older methods to control boundary layefo the In the preprocessing step, the geometry and mesh are
aut hordéds knowledge, t h er aevetoped i GAMBIE .nThe ggeorhetryndefipitiore giveso u s
investigations of slots in real turbo machinery the study field limited, in streamwise, by inlet and
applications. One of the two dimensional investigations outlet located at approximately 1.2 chords away from
which was conducted taletermine the potential of the leading edge and trailing edge, respectively, and, in
slotted cascades for obtaining a wide range of operatiorpitchwise, by two periodic identified bgolidity ,

and a large stall margin of compressor stages are carried1.25. Between these four boundaries, the high
out by Zhou et al (2008, 2009)In Zhou et al. (2009 cambered blade NACA 65(18)10 profile has been
work, three kinds of blade slot treatments were chosen. It is built by creating real edges from a 26
designed ad the results indicate that the performance points table, taken from the referenceEshery et al

of cascade can be improved by effective slot position(1958) The blade is provided by a slot with constan

and structure. InZhou et al (20M) work the slot sectionY and characterized by a stagger anyel®
solution was designed on the stator blade in order toand a chord lengtb=0.127mFig. 1.

explore their effect on the single stage compressor
characteristic. The slot effect was positive to improve
compressor performance and enlarge stable operation
region. As experimentally investigated in annular
compressor cascade with slotted blade®Rbgkenbach

et al (1968, 1970) the effectiveness of thslots
appears in the region of mid span, but near both end
walls the control gave poor performance and marked
their inability to minimize the secondary flow losses.
Moreover, the results indicated that no benefit was
achieved in the wall region by the dition of wall
vortex generators or inter blade secondary flow fences Fig. 1. Geometric model with slotted blading

to original slots. Concerning the control with tandem

airfoil, the recent three dimensional numerical study It is well known that the existence of singular points,
which performed byic. Gumphyet al. (2010)showed ~ which represent in this investigation  the slot
an improvement in the perimance over a single blade corrers, provoke a pressuregradients between their
rotor and the end wall flow losses had an importantupstream  and downstream and consequently the
effect. Yasuoet al (2005) used a bowed compressor separation of boundary layer in these zones. The
cascade to ameliorate the performances in endwalremedy of this problem is to design slot geometry with
region. The numerical results indicated that the bowedcurves irstead broken lines as shownFig. 2. The slot
stacking blade enhaed the spanwise transport of low data are chosen from the reference repdsteldnder et
momentum fluid inside the endwall boundary layer al. (1966).They are summarized as follow:

from sidewall towards the midspafmhe control with

the bowedshape of blade decreased the number ofX: Chordal slot location

vortices developed in the region of corner stall and Y: Width slot

reduced the levedf total pressure losses. The effects of t: Thickness at intersection of slot axis and mean
the control appear remarkably when the blade loading iscamber line

increased. Quite recentlidergt et al. (2011)proposed  ry: Slot trailing edge radius0.0001Zm

an endwall groove to influence on the secondary flow r.: Slot leading edge radiy®.09%

structure. The numerical and experimental resutiee  R:: Coanda radius0.792

promising, the strong interaction of low momentum end R, Pressure surface radius; 1.73

wall fluid with the suction side boundary layer was / : Angle formed by slot axis and mean camber line.
considerably decreased and the secondary flow
structure was significantly influenced by the
aerodynamic separator. Furthermore, the spanwise as
well as pitchwise extension of separation in the corner
stall was mitigated and the losses were redutée.
present article focuses on numerical investigation which
firstly exploresthe best configuration of cascade where
the slot jet energizes the low mentum flow in order

to delay or eliminate the separation boundary layer and
thus enhance the aerodynamic performances of the
highly loaded compressor cascades. Different slot
locations, slot slope angles and slot widths are studied
in order to achieve thisebjective in 2D configuration.
The second part consists in studying the influences of
the optimal slot on secondary flogtructures at off
design condition.

Periodic

Slot chordal
location

Fig. 2. Slot geometry nomenclature
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The grid generation represents the subdivision of theincompressible regime ankte turbulent model with
studyfield into discrete control volumes. Two types of wall functions. Therefore, the governing equations
mesh are applied, a structured mesh in the vicinity ofrepresenting continuity, momentumk-€ transport
blade surfaces to capture the severe gradients in thequation are discretized using ethfinite volume
region of boundary layer and an unstructured mesh inapproach applied in FLUENT solver. It is convenient to
the remainder of computational domain. Thallw simulate one flow passage limited by two interfaces
functions model needs to adjust the thickness ofbecause the row compressor represents a cascade with
neighboring cells to blade surface with the value of an infinite number of blades. At these interfaces or
0.0005 chords in order to satisfy the condition periodic boundaries the pgiple of ghost cells is
30<y’<100, where, y* is the characteristic non introduced. Consequently, the real and ghost cells are
dimensional distance from the wall. The total numider o allowed to overlap without need to interpolate the flow
cells for a typical cascade configuration is about 26000.variables with another blade passages. At all solid walls
The independence grblution is obtained after several such as pressure, suction surfaces, and slot walls; the no
attempting improvements. Since each model needs a&lip and impermeability condition is imposed. At the
different mesh, it is inappropriate to show all slotted inlet, the velocity components, turbulence intensity and
cascades tested in this work. hydraulic diameter are specified. On the contrary, at the
outlet, the velocity components and turbulence
parameters are extrapolated from neighboiimgrior
cells.

Therefore,only representative mesh of slotted cascades
with a chordal locatiotiX=0.3%, a widthY=4mm, and a
slope ¢ =45 is shown inFig. 3(a) Detailed 2D mesh
corfigurations are shown irFig. 3(b) to Fig. 3(d) To validate the numerical model; a comparison between
respectively for the leading edge zone, trailing edge onecomputational and experimental results is carried out.
and in the slot. The experimental dataomes from theEmery et al
(1958) report The comparison is shown Fig. 4 for
IO the surface pressure diswition on a NACA 65(18)10
cascade without slots and reported in terms of relative
dynamic pressures=2(P,-P ) / {£)pwhere Py, is the
upstream stagnation pressure. The operating conditions
Seaadeoe are set at frestream Mach numbeM=0.085 and
Reynolds numberbased on blade choriRe=245000.
The cascade has a stagger adgid 3, blade angle of
attack/;=17° and solidity/ =1.25 The shown result in
Figure 4 and other numerical outputs for many tested
configurations give a good agreement with
experimental dateited inEmeryet al (1958)

Fig. 3(a). Computational grid for the slotted cascad: 28
with X=0.35¢,Y=4mm,and ¢ =45
Numerical result ~(extrados)
_ Numerica
24 Qumeﬂrav&\( (intrados)
TR Experimental data (extrados) [Emery et a]
ey vy Sy Yy,
ﬁﬁ*‘ﬁéﬂ%{&x&éﬁ'*ﬁ;‘ﬂ < 5 = data (intrados) [Emery etal]
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Fig. 4. Comparison between experimental and
numerical results for blade surfageessure
distributions without slotd;=17°, =13 ando =1.25)

2.2 3-D Cascade Configuration

BeforeThe 3D geometry is provided by the optim2
Fig. 3(d). Local mesh around slot location D slot and has been developed with the same precedent
cascade parameters: chord lengtkr0.127m, stagger
In the processing stethe FLUENT solver is used as a angleA=13, sol i dity & =1.25. The asp
CFD-tool for solving the governing equations. The flow Which gives the thit dimension is equal to unitfig.
model considered in the ment investigation is based -
on two dimensional situation, steady state,
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Quilet experimental results, the numerical ones obtained by the
present authors are better compatedYasuo et al
(2005)ones
0 64 =  Experimental data ( Yasuo et al )
— 2 Numerical results
Fariedie endwall > 08 ——— Numerical data ( Yasuo et al )
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Fig. 5.3-D domain with boundary conditions for the Relative Span zh
slotted cascade Fig. 7(a). Spanwise distribution of pressure loss
. ) coefficient: comparison between experimental anc
The grid generation represents two types of elements, a numerical results

structured mesh in the regions of inlet and outlet to
minimize the number of cells and an unstructured mesh
in the blade passagéhe endwall region of the cascade
was meshed using quadrilateral and triangular elements 2
with refined grid near solid surfaces. The total number
of cells for 3D cascade corduration is about one
million, Fig. &
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Fig. 7(b). Spanwise distribution of turning angle:
comparison between experimental and numerical re:

Fig. 6.3-D representation of compuiamal grid for the
slotted cascade 3. RESULTS AND DISCUSSION

At all solid walls such airfoil, slot and end walls; the no 3-1 Investigation and Parametric Analysis

slip and impermeability condition is imposed. At the | the parametric study will be carried out on the basis
inlet plane, the velocity dl_strlbutlon and flow angle of 5t 5 cascade configuration with a constant angle of
the free stream are prescribed. The v_elocnty careps attack/ ;=39 which gives a beginning of separation at
and turbulence parameters, agxit plane, are  apoyt 70% of the relative chord lengBigure 10shows

extrapolated from neighboring interior celld. was  this separation zone for which the pressure gradient
assumed that therbulence intensity of the inlet flow is  gi51tg leveling off

1%.

) . The influences of location, width and slope of the slot
This solver already gave accurate results, comparingye syccessively exdned. Each control parameter is
Yasuoet al (2005) experimental reults of 3D flows  gygied independently and the efficiency of control is

characteristics for a two dimensional cascade, referingynajyzed on the basis of the mass averaged total loss
to a NACAGS blading with a camber angle ofB) a  cpefficient and the turning angle.

stagger angle of 32° a solidity of 108 and an aspect
ratio of 23. The incoming fluid inlet angle was 47 The objective of this section is to identify the optimal
and the Reynoldsumber based on chord length wag 2  slot location by fixig the width and slope ag&=2mm
10°. and / =45. The analysisis carried out on eight

) . o locations, seven adjacent positions are separated with
For this test case geometry, the spanwise _dlstrlbutlon 0% 0% of the relative chord lengtand one other position
total pressure loss coefficient and deflection angle argg |gcated at 35%of the relative chord lengthThe
shown in Figs. 7(a) and 7(b)respectively. The  procedure to determine the location of the stoto
deflection angle is defined asf ={b,; whereb,a n @ byraw the slot centerline at an anglewith the mean

are the angles between inlet and outlet flow, jjhe and passed it through the suction surface. The
respectively, and the axial directio@ompared to the
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produced intersection represents the desired chordal sldgtatic presure coefficient distributiorFig. 10 the loss
location X on the suction siddzigure 8shows that the  coefficient appear high. This increase is produced by
lower loss coefficierst are located in the range of the mixing losseslue to the high velocity of the main
locations between 30% and 5086 the relative chord flow in this region.Figure 9 shows that the different
length and the best loss coefficient is identified when locations of the slot used with the widfx2mm and
the slot is positioned at 35%f the relative chord the slope” =45 influences negatively but slightly the

length turning angle.
ore The influence of slot width is studiefidr the optimal
- position X=0.3% and the fixed value of slot slope
0.165 [~ :450.
[ Reference cascade (unslotted) / 15
’§ 016 1} — 4 Suctionside
E N —— Pressureside
0.155 |- _ o5
I B
5 - g °f
(=} - Q :
= 0.15 x § 05 :
0.145 g 1F
B o
N 2 s
[ 7] NN NN FENEE FENEE NN NWES FWS NN S S g
) 01 02 03 04 05 06 07 08 09 1 2
Sot location (relative chord)
-25
. . . . . )
Fig. 8. Loss coefficient for differenglot locations 20 0.2 oa 08 08 1
(Y=2mm andr :450) Relative chord

re coefficient on blade surface

about 70% of the relative chord lengtrand the without slot ¢;=3¢, /=13 andA=1.25)
minimum pressure poins close to the leading edge,
Fig. 1Q the optimal locatioix=0.35%c o n f i r ms LThenreselts @ereported fig. 11andFig. 12for the
criterion, which said that # slot would be located different widths from Ito 11mm. The positive effect is
approximately halfway between the minimum pressure obtained when the width is increased as far as the value
point and the separation point. Y=6mm. The two width&¥=6mm andY=7mm give the

) i same lower value of loss coefficient but the slot width
Second, the reason for the higher losses marked in th§-7mm leads to high turing angleig. 12 Therefore,
region downstream the locatiotr0.5c, in particular in - the optmum corresponds to the threshold value
the separation zone, is the insufioi slot jet  y=7mm. Beyond this optimal value, the increasing in
momentum to energize the surface suction boundaryhe |evel of losses represents the sign of the thicker of

layer. This insufficient slot jet momentum is resulted boundary layer set by the higher values of slot width.
from the weak difference pressure level between

First, since the position of separation point is located at F9- 10-Static pressu

suction and pressure surface shown by the static o1re
pressure coefficient distribution #ig. 10. Concerning o165 E
the slot located in the detachment zdhes inadvisable E T Reference cascade (undlotted)
to exhaust the slot flow into the separated region 016
because it cannot effectively turn the primary flow back ‘§ 01555_
toward the suction surface. g |
37 — g 0.15 -
F S r
36 F B 0.145F
F 2 o
35 r
F 0.14 -
= 34 o
g F 0.135 F
~ 33 F
@ F F
f=2) F Wi Y N SN RN SNEEE fETEY RN SRR SR SR S
8 32F S R I 2N B TR TR
g a1 b Refer ence cascade (unslotted) Yot width (mm)
S ok T, Fig. 11. Loss coefficient for differenslot widths
b (X=0.3% and/ =45
28 - Similarly, in order to analyze the influence of slot slope,
2702"‘.""."".H".H".HH.w.w.w.w. the optimal control parameters such the position

01 02 03 04 05 06 07 08 09 1
Yot location (relative chord)

X=0.3% and the widthy=7mm are used for three values
of the angle” ; 3¢, 45’ and 68. The results, shown in
Fig. 13 indicate that the best result corresponds to the
lowest tested angle =30. In fact, with the fixed exit
slot on the positionX=0.3%, at suction side, and the
different entries slot, at pressure side, which correspond
to the anglessr =3, 45 and 66, the pressure

Fig. 9. Turning angle for differenslot locations
(Y=2mm ang” =45

Third, in spite the high difference pressure level in the
region upstream the locatioX=0.3c, illustrated by the
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difference, between the entry and the exit of slot,
increases when the slot slope becomes less stiff. This i
confirmed by the static pressure coefficient distribution
in Fig. 10 The numerical experimentation presented
here provides us d#fent solutions to reduce the mass

Figure 15 shows the comparison of velocity magnitude
$ields and streamlines between the slotted and unslotted
cascades and illustrates the siigant influence of the
optimal slot jet momentum to eliminate boundary layer
separation. In this configuration cascade, the passive

averaged loss coefficient and increase the turning anglecontrol with slotted blading proves his efficiency to
The best solution is obtained for a slot located at 35%eliminate the flow detachent.

of relative chord length, a slot widti=7mm and a

slope, defined by the angle between the slot centerline

and the mean chamber lingy =3(°. The relative
reduction of loss coefficient is up to 28.3% and the
turning angle increase wittf, Fig. 14

37
36
35
34
33

32

31 Reference cascade (unslotted)
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28

b b b b b b b b b b bl
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Fig. 12.Turning angle for differenglot widths
(X=0.35%c and/ =45
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Fig. 13.Loss coefficient for diffezntslotslopes
(X=0.3% andY=7mm)
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Fig. 14.Turning angle for differerslot slopes
(X=0.35c and Y=7mm)

576

Vim's)
4078
4077

(@)

V (m/s)

(b)

Fig. 15.Velocity cortours and streamlines for the
best configuration (X=0.35c, Y=7mm afid=30"), (a)
Unslotted cascade, (b) Slotted cascade

3.2 3-D Investigation with Optional Slotted
Blading

All results in this 3D investigation are obtained with
the sameprecedent operatingonditions: inlet free
stream Mach numbdvi=0.085 and Reynolds number,
based on blade chor®e=245000. In the first part of
this paragraph, numerical results for initial blade profile
without slot are compared with slotted blade profile.
Figure B showsthe spanwise distribution of pitchwise
averaged total loss coefficient for bathses calculated
at an axial position 50% downstream from the trailing
edge.

The total losses are strictly the sum of those due to the
skin friction on blade surfaces andceadary losses.
Since losses of the slotted case exhibit lower values
over both regions end walls and mid splaa slot has in
this situation the capability to control secondary flow
and boundary layer separation.
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Fig. 16. Comparison of pitchwise masweraged total
pressure loss coefficient for initial blades (up) and
slotted ones (bottom) at x/Cax=16=52

Figure 17show the spanwise distribution of pitchwise
averaged t ur nThis gturniagn grigle (
distribution indicates that the slotted blade
configuration gives better values as we&le secondary

flow produces the areas of the overturningl amder
turning at around 12% span for each two cases with Fig. 18(a).Total pressuréoss coefficient contours
different level and evolution. downstream the cascade for initial blades (up) ant
slotted ones (bottomp,=52at x/Cax=1.5
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Fig. 17. Comparison of pitch wise mass averaged
turning angle for initial blades (up) and slotted one:
(bottom) at5X%/ Cax-=

Figure 188 represent the ake identified by the
contours plot of the total pressure loss coefficient on a
cross plane located at 50% of axial chord downstream. _ o
the blade trailing edge. It can be seen that the total F'9- 18(b).Total pressure loss coefficient contours ¢
pressure loss coefficient contours are symmetric about Plade and side wall for initial blades (up) and slotte
midspan in tw cascades. In controlled case the loss ones (b5t om), b
coefficient is slightly skewed near the end wall and . o
their highest values appear near the end wall under thd? order to give more detailssigs 19¢) and 19b)
effect of mixing with secondary flows. represent th_e streamlines colored b}aa_xelocnty on
blade and sidewall surfaceEhe stall regions act as a
The decreasing in total losses on the sidewall andblockage effect which reduces the main primary
blades surfacesosvnstream the slot is marked in the passageThe cascade without slot is influenced by a
controlled cascade as depictedHig. 18(b). Therefore,  large amount of reversed flow in both corner and mid
the slot contributes to decrease the loss coefficient ovegpan which increase the blockagophenomenon in
the whole passage as it was already found in ptDe 2 passage aredhe end walls surfaces are qualified of
configuration stalled regions. The area of separation zones in the
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controlled blade changes significantly compared with It can be seen that the slot jet in the controlled cascade

the baseline cascad&he results for the off design
condition is globally shova positive effects of the slot
to mitigate the secondary losses.

Axial
velocity
(m/s)
29.7
253
20.9 |-
16.5
12.2
7.8
34
-1.0

Fig. 19(a). Limiting streamlines on the suction surfac
for initial blades (ypd

Fig. 19(b) Limiting streamlines on the endwall for
initialb | ades (up) and s#58t

eliminate the boundary layer separations both in the
corner on end wall and at mid span on the suction
surface. However, the zone of suction scefside the
corner remains stalled.

The presence of the adverse pressure gradient in the
blade passage and the cross flow from pressure to
suction side in the boundary layer of the sidewall give a
region characterized by the accumulation of low
momentumfluid and the development of reverse flow.
The structures of the vortices within the coraeil are
illustrated in Figs. 206) and 20f). In the cascade
without slot the streamlines show a stronger reverse
flow represented by a vortex perpendicularte end

wall surface and extended almost over the entire span.

Corner
vortex
////
\\
.
— 4
e \
== nddry

la

. separatioy

Boundary layer
separation vortex

Fig. 20(a) Limiting streamlines on the blade and
endwall for unssPott e
Blockage zone

in the corner
upstream the slot
/

Blockage zone
in the corner
downstream the slot

Vortice of U
ups tream coj

Fig. 200). Limiting streamlines on the blade and
endwal |l for s#58tted

578



M. RamziandG. AbdErrahmanéJAFM, Vol. 6, No. 4, pp.571-580, 2013

The stuctures of the particle traces near the suctionBruneay C.H., E. Creusg¢D. DepreyrasP. Giliéron
surface of the slotted blade are different from those and |. Mortazavi2012). Active andPassiveFlow
obtained for initiakcaseln the former, the vortex due to Control around Simplified Ground Vehicules.
the secondary flow is rolling up toward the mid span. Journal of Applied~luid Mechanis 5, 89-93.

This creates a weknown accumulationof low

momentum fluid and the development of reverse flow. Emery,J. C, L.J. Herrig, J. R.Erwin and A.R.Felix

In the latter, the presence of slot creates two counter  (1958) Systematic TweDimensional Cascade of
rotating vortices. These two vortices represent two legs NACA 65-Series Compressor Blades at low
of a single vortex and are situated near the trailing edge. SpeedsNASA report 1368

The two counter vorties are the responsible for the

obtaining of poor performances either total loss Hergt, J, W. Klinner, C. Steinert,and E. Dorfner
coefficient or turning angle. (2011) Detailed Flow Analysis of a Compressor
Cascade with a NonAxisymmetric Endwall
Contour. 9" European Conference on
Turbomachinery, Turkey

This vortex is coexisted with another vortex due from
the end wall flow. On the other hand, the three
dimensional flow fields in corner stall tie controlled
cascade indicate that the stronger counter vortex iﬁ_inder C.G. and B.A. Jones(1966. Single Stage
weakened with the creation of another two vortexes. E>’<perimental Evaluation of Slotted Rotor and
The onset of the first comes from the corner upstream Stator Blading, Part lAnalysis and DesigrNASA
the slot and the second is from the corner downstream  ~p £ 544 PWA FR713

the slot. Moreover, the vax of boundary layer '

separation is eliminated. Seemingly, the control of Linder, C.G. and B.A. Jones (1966). Single Stage

p;foﬁl;e tvo(;tex atstatll tC?Td't'on ga_s the pretdomlnant Experimental Evaluation of Slotted Rotor and
eriect 1o decrease total loss and Increase wrning even g0, Blading, Part #iData and Performance for

three vortices may exist near end walls. Slotted Rotor 1 NASA CR54546, PWA FR11Q

4. CONCLUSION Linder, C.G. and B. AJones(1966). Single Stage
Experimental Evaluation of Slotted Rotor and
Stator Blading, Part VIData and Performance for
Slotted Stator 1 and Flow Generation RodMASA
CR-54549, PWA FR2286

Numerical experimentimns were performed in the
highly loadedlinear compressor cascade with NACA
65(18)10. The influences of location, width and slope
of the slot were successively analyzed in twe
dimensional configuration. Under off design condition,
the maximum relative daiction of loss coefficient was
up to 28.3%, when the slot jet was located
approximately halfway between the minimum pressure
point and the separation point, the slot width reached
the threshold value and the slot slope became less stiff.
Moreover, a diffeence of about Bbetween the turning
angles with and without slot can be obserdedhree
dimensional situation, the optimal slot marks their
ability to reduce the secondary flogtructures and
eliminate the boundary layer separation at midspan and
the corner stall. This benefit appears in the case where
the incoming flow angle was large and the boundaryROCkenbaCh’R' W, J. A Bren_t, and B. A. Jo_nes
layer separation was occurred. Thus, another work (1970. Single Sit%ge Exp_erzlme?tal Evaclluatlon of
under design condition might be proposed to explore gompretssorPB?Amgl V.V't dSI(D)ts_ an fSXortex
the potential of slotted blading to control endvilaws. enerators, Fart Analysis and vesign ot stages
In the end, because the slot jet is exhausted with the 4 and 5NASA CR72626, PWA FF8461

same direction of the main flow, it has the capability to .
energize the boundary layer and control the separate(lJQOCkenbaCh’R‘ W and B. A. Jon_es(197(). Single
Stage Experimental Evaluation of Compressor

flow on the suction surface of bladdowever,as the ) !
: " 5 Blading with Sots and Wall Flow Fence$NASA
secondary flows have a thfent structure and different CR72635, PWA FF8597,

direction the slot jet loses its impact to manipulate the
secondary flow. Therefore, the solution to control the . .
secondary flow structures is to use an active tool on theROCkenbaCh.R' W. (1968. Single Stage Experlmen_tal
lateral endwalls. Like suction or blowing, these $ool Evaluauo_n of Slotted Rotor and Stator Blading,
can be proposed in the future works in parallel with Part IX-Final Report CR-54553, PWA FFR2289
slotted bladings to improve aerodynamic performances
of the axial compressors.
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