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The outlet conditions of supersonic compressor rotors designed for very high total pressure
ratios can be highly supersonic (impulse rotors). Then the following stator blade row has to
build up high static pressure ratios at supersonic inlet conditions. This paper describes part
of a research work which should answer, if it is at all possible to realize such high static
pressure ratios in a cascade. Cascades with convergent-divergent blade passages were
designed and optimized by boundary layer calculations. In a first step no flow turning was
incorporated in the blade sections. A three-shock-type cascade was found to be an optimum
design. The wind tunnel measurements resulted in static pressure ratios of the order of 6 and
total pressure ratios of 0.77 at inlet Mach numbers of 2.2. In a second step the flow turning to
axial direction was realized. For that two types of cascades were built and tested. One was a
tandem type cascade and the other a single row cascade. The experiments at inlet design
conditions resulted in static pressure ratios of the order of 6.5 and total pressure ratios of
0.72.
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Experimental Investigations of Supersonic
Cascades Designed for High Static

Pressure Ratios

R. FUCHS H. STARKEN

INTRODUCTION

Theoretical considerations for supersonic
compressors indicated possible high stage pres=-
sure ratios for the impulse rotor and shock-in-
stator type compressor stage {1). In this
case, the impulse type rotor has to be designed
for high energy input by large flow turnings.
The static pressure rise is very moderate or
even zero, Only the stator converts the kinetic
energy into static pressure. Therefore, the
rotor outlet flow enters the stator at super-
sonic velocities. The stator flow is then de-
celerated to subsonic velocities and turned to
axial direction.

The shock-in~-stator stage might also be
preferable in view of the control of shock-
induced flow separation. Another reason for
a look at the impulse type compressor is that
especially the impulse rotors showed some en=-
couraging results (2-5), Bubt as shown by the
review paper of Klapproth (6), the stage per-
formances in all cases were unsatisfactory,
probably caused by the following stator (7, 8).

1 Numbers in parentheses designate Refer-
ences at end of paper,

1 = chord length
M = Mach number
p = static pressure
py = tofal pressure
t = pitch
x = coordinate from the leading edge in
chord direction
b = cascade overlapping {tandem cascade)
d = trailing edge~leading edge distance
( tandem cascade)
AVR = axial velocity-density ratio
R = flow angle (measured against cascade
front)

NOMENCLATURE

Reference (6) gives an explanation by
showing that the total pressure recoveries of
all tested stators were lower than normal shock
recovery and drop rapidly with increasing inlet
Mach number.

From fthis state-of=-the-~art, the presented
cascade investigation started., The aim was to
design a stator cascade for a high inlet Mach
number (M-~ 2) which should reach a total
pressure recovery higher than obtainable by a
normal shock wave,

From the rotor results of Reference (5)
and Table 1 of Reference (6), as well as from
theoretical considerations, it follows that for
suitable stator inlet angles the axial outlet
Mach number of the rotor must be supersonic.
This has to be considered in the stator cascade
design.

If rotor and stator are not correctly
matched, it may happen that the rotor is
throttled too much by the stator, In this
case, the design supersonic flow in the rotor
cannot be started.

By = sbtagger angle (measured against cascade
front)

Suffixes
1 = uniform inlet conditions
2 = uniform outlet conditions
PS = pressure surface
83 = suction surface
A = first cascade of a tandem cascade
B = second cascade of a tandem cascade
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It may be that this was also a reason
iiifor the unsatisfactory stage results achieved
in the past. The unthrottled test results
showed this failure., In order to overcome
this problem, the stator blades must be mov-
able,

CASCADE WITHOUT TURNING

Cascade Design

A very simple way to decelerate a super-
sonic flow is that by normal shock wave., But
the total pressure losses caused by a normal
shock are increasing rapidly with Mach number,
Fig., 1 shows the total pressure ratios for
Mach numbers from 1,0 to 2.8,

For upstream Mach numbers greater than
2,0, which was our design goal, the resulting
total pressure ratios are lower than 0.72. To
make the thing worse, the shock-boundary layer=-
interactions will cause separation for upstream
Mach numbers higher than 1.,3. The separation

causes higher losses and the real total pressure

ratio will be even lower than the theoretical
one,

For cascades which decelerate the flow
from high supersonic velocities to subsonic

;%velocities, the aim must therefore be to re-

duce the total pressure losses caused by shock
waves and boundary layer separations., In order
te reduce the high losses caused by a single
normal shock, one possibility is to decelerate
the flow by several oblique shock waves or even
an isentropic compression as suggested by
Oswatitsch (9).

This methed has been applied successfully
for supersonic intakes. The static pressure
ratios of the multiple shock system can be de-
signed in such a way that nc boundary layer
separation should be expected,

In order to apply this method tec super-
sonic cascades, one has to keep in mind the
periodicity requirement and the design condi=-
ticns caused by the axial supersonic inlet
flow, From both, it follows, as has been
shown in Reference (10), that the first
oblique shock wave must run into the blade
passages or, as a limiting condition, may be
positioned just in the cascade front,

A computer program for the design of
an optimum cascade has been developed, The
superscnic part of the flow was computed by

== the method of characteristics and the boundary

'layer by the integral method of Walz (11). A%t
the loci where the shock interacts with the
boundary layer, bthe method of Walz failed be-~

Py T !
P \\\\\\\\ |
08{— -+ |
064 - —+
041—
021 e
00 — : } , - ‘ ,
10 14 18 22 26  ——

M,

Fig, 1 Total pressure ratio of a normal shock

as function of fthe upstream Mach number

cause of the high pressure gradients in the
main stream, Therefore, a subroutine based on
the method of Reshotko and Tucker (12) was
used, For a desigh-inlet-Mach number of 2,0,
several types of cascades were computed.
Promising results were obtained with the 3-
shock=-type~cascade of Fig., 2.

In order to simplify the first phase of
the project, no overall flow deviation was in-
corporated in the first design. The inlet
Mach number is reduced by two oblique shocks
from 2,0 down to 1.2 at the cascade throat.
Ag before, the first oblique shock is placed
Just in the front of the cascade., This case
was chosen as the design condition, because
then no double shock system doeg occur at the
pressure side., The second oblique shock runs
into the blade passage, A reflection on the
suction side is prevented by bending the suc-
tion side at the interaction point.

The normal shock is positioned as much
upstream as a stable position is possible;
that means Jjust downstream of the throat,
Therefore the Mach number in front of the
normal shock is only slightly higher than 1.3,
Behind the normal shock, a subsonic diffusion
is obtained in the divergent part of the cas-
cade passage.

Experimental Resulfts
The design cross-section-ratio from inlet

to throat of the cascade fulfilled the theoreti-

cal starting criterium of Kantrowitz, Donald-
son (13) and Eggink (14), However, in the
cascade wind tunnel experiments, the inlet
Mach number had to be increased to start the
supersonic flecw, After starting had been
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Fig, 2 Supersonic Cascade DFVIR-SAV 16, De-
sign data: My = 2.0, By = 139 deg, B5 = 1l

deg, t/1 = 0.348

Fig., 3 Schlieren picture of started but un-
throttled supersonic cascade M = 2,18

achieved at a Mach number of about 2.2, the
inlet Mach number cculd not be decreased enough
to reach the design value of 2,0,

The lowest possible inlet Mach number
reached in the tests was between 2,1 and 2,2,
At the minimum Mach number, the position of the
first oblique shock wave was already in the
cascade front (Fig. 3). It seems that the
effective wedge angle at the profile leading
edge was about 2.5 deg larger than the metal
angle,

Insufficient boundary layer correction
at the leading edge may be one possible reason.
A second one may be the profile-side wall-wedge
effects, But even more important was the
throttling behavior of the started cascade.

By increasing the back pressure above a certain
relatively low value, the supersonic flow broke
down; the normal shock being far away from its

design position,
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Fig, 4 Static pressure distribution on pres-
sure and suction side, maximum throttling.
Ml = 2.2; By = 139 deg, =~~~ computed _____
measured

To avoid this upstream reaction, the
sidewall boundary layers had to be reduced,
Therefore the experimental setup was changed.
Additional metal sidewalls were built inside
parallel to the wind-tunnel windows and in
order to stabilize the subsonic flow metal
wedges were added on both the sidewalls, re-
sulting in a streamtube contraction, Without
this contraction, the axial velocity density
ratic varied considerably from test to test.

However, no Schlieren visualization of
the blade passages were possible under these
conditicons, The shock positions could only
be observed by a mercury-manometer-battery
which showed the static pressure distribution
inside the profile passage., Along midspan of
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suction and pressure side of ftwo adjacent
blades, 15 static pressure holes shcwed whcther
the design shock pattern were realized or nct,

As a result c¢f this modification of the
test section, the back pressure of the cascade
could be changed easily between the unthrottled
case and the maximum design value,

An example for the measured profile pres-
sure distribubion is shown in Fig, 4., The
dotted line is the design pressure distribution
at the new inlet Mach number M = 2,2, Trom
the measured distributicn, it can be concluded
that the normal shock wave is in the design
position, which is the maximum throttled case.
The design and the measured distributions are
similar but there are certain discrepancies at
the shock~boundary-layer interaction points.

The total pressure pio at the cascade
cutlet was measured at midspan by a traversing
pitot tube. The static pressures Pq and Po at
inlet and outlet of the cascade were taken from
static pressure holes on the sidewalls, The
outlet flow angle Bp was measured by a conven=
tional three-hole~probe, The inlet flow angle
81 is prescribed by the cascade setting in the
wind tunnel, because at supersonic axial velocci-
ties no unique incidence condition is valid.
The inlet flow angle could be changed by rotat-
able wind tunnel side walls., Mean values are
derived from the test data of the measuring
nlanes. The data reduction procedure is de=
seribed in Reference (15). In the diagram of
this paper, mass averaged values are presented.

In Fig. 5, total and static pressure
ratios are presented for the design inlet flow
angle 81 = 139 deg and three different inlet
Mach numbers but all at maximum back pressure.
High, total pressure ratios were obtained at
low, minimum total pressure ratios at high Mach
numbers, In order to show the advantages of
the new cascade design, the theoretical pres-
sure ratio for a normal shock is also drawn in
Fig, 5, It can be seen that compared with a
single normal shock, there is considerable gain
in total pressure when decelerating the flow by
a multiple-shock cascade,

CASCADES WITH FLOW TURNING

In order to use the described cascade for
a stator blade row behind an impulse-type rotor,
a flow turning to about axial direction has to
be achieved., For this purpose, two types of
cascades were built and tested, One of them
was a tandem type cascade and the other one
was a single row cascade, The main reason for

? 10
09 ™~
i \\\normal shock
p |
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]
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37 56 7 8
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Fig. 5 Total pressure ratio of the tested
cascade at three different inlet Mach numbers
and at maximum back pressure compared with
normal shock relation

the tandem cascade wag the exlistence of a suit-
able high turning MCA blade section which could
be used easily as subsonic part of the cascade.

Tandem Cascade

The first row of the tandem cascade is
the three-shock-type-cascade SAV 16 previously
described., The second row is a cascade of MCA
(multiple circular arc) profiles with a turning
of 49 deg (Fig. 6).

The wind tunnel tests offered no real
problems in starting the cascade. Fig. 7 shows
a Schlieren picture of the completely super-
sonic flow throughout the cascade,

But again, the additional inner metal-
sidewalls parallel to the windows had fto be in-
stalled in order tc establish the design normal
shock position, However, there was a second
reason to use the metal-sidewalls. Because
the high-turning angle would result in a much
too high subsonic deceleration, the flow cress
sections downstream of the throat had to be re-
duced, This was done by adding metal wedges
on both the sidewalls,

The mass averaged mean values of total
and static pressure ratio are presented in
Fig, 8, These are results for an inlet flow
angle of Bq = 139 deg, three different inlet
Mach numbers but always at optimum back pres-
sure, Again, the lowest Mach number belongs
to the measuring point with the highest total
but lowest static pressure ratio and the high-
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Fig., 6

Supersonic DFVLE-~tandem cascade with

turning to axial direction, M, = 2.0; By =
139 deg; Gy = 14 degs /1y = 0.348; B8 p =

sB

120,5 deg; 1;/1B = 0,362; b = 18 rm; d = 48 mm

Fig. 7 Schlieren picture of sbtarted but un-
throttled tandem~type cascade, F& = 2,33 81 =
129 deg

est Mach number belongs to the lowest total
but highest static pressure ratio.

As can be seen from Fig. 8, the total
pressure ratio results are remarkably better
than the normal shock relation at fthe same
static pressure ratio, In comparison to the
results of the cascade without turning for the
same inlet Mach number, fthe total pressure
ratio is worse but the static pressure ratio
is higher,

Single Row Cascade

The single row type cascade with flow
turning is designed such that it corresponds
in its front part to the cascade without turn-

P, \\<normal shock
P.. 08
h 08 N S SAV16

6 °234 N
+2.40
05
T2 3 4 5 6 7 8
—
P, /P,

Fig, 8 Total pressure ratio of tandem type
and single row cascade without turning. 81 =
139 deg

ing. The subsonic part is shaped parabolically
to turn the flow to axial direction., This
area must not show a throat section (Fig, 9).

During the wind tunnel tests, again ro
starting problems cccurred (Fig. 10). The
starting behavior of this cascade was even
better than that of the tandem type cascade.
Again, the additional inner metal sidewalls
with wedges had to be Installed to be able to
throttle the cascade and to lower the pressure
rise caused by the high turning.

The mass averaged mean values of total
pressure ratio and static pressure ratio are
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Fig, 9 Supersonic cascade DFVILR-SAV 21 with

turning to axial direction.

My = 2,05 By =

139 deg; By = 125 deg; t/1 = 0.26

Fig., 10 Schlieren picture of started but un-

throttled single row type cascade.
Bq = 139 deg

Ml = 2,23

presented in ¥Fig, 11, These are again results
for an irlet flew angle of B7 = 139 deg, three
different inlet Mach numbers and optimum back
pressure, The lowest inlet Mach number belongs
to the result point of the highest total pres-
sure ratio and lowest static pressure ratio

and vice versa.

It follows from I'ig, 11 that the results
are always better than for a normal shock at
the same static pressure ratio, In comparison
tc the tandem type cascade, the results are
slightly werse because at equal inlet Mach
numbers the total pressure ratio is the same,
but the static pressure ratic is smaller,

CONCLUSTONS

The subject of this paper was to answer
the question if it is possible to convert the

N
Py
P, o8f—1- -
07 v
©2.27
06— 9230
5 2.40
05 W |
i
=3 % 6 7 38
—
p,/Pp,

Fig, 11 Total pressure ratio of single row
cascade with and without turning, and of tandem
type cascade By = 139 deg

high total pressure, for instance, behind an
impulse-type rotor, into high static pressure
and how large would be the associated total
pressure locsses,.

Three different cascades of the 3-shock
type were designed and tested at an inlet Mach
number of Iy = 2.2 and an inlet flow angle By =
139 deg. The results are:

In all three cascades, it was possible %o
obtain a high static pressure ratio between
5,7 and 6,5,

The ftwo cascades with flow fturning to
axial direction achieved higher sfatic pressure
ratios fthar the cascade without flow turning.

The static pressure ratic cf the tanden
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type cascade was slightly higher than that of
the single row turning cascade,

The total pressure ratios of all three
cascades (0.77-0.72) were remarkably higher
than those of a single normal shock at equal
static pressure ratios.,

The total pressure ratio of the cascade
without flow turning was higher than those of
the cascades with turning.

The total pressure ratios of the two
cascades with turning were equal.

The starting behavior of the single row
turning cascades was bebtter than that of the
tandem cascade,

As would be expected, there are certain
difficulties to start the supersonic flow at
the high area contraction ratios inherent in
the cascade design, Because in a compressor
it is not as easy as in the wind tunnel fo in-
crease the stator inlet Mach number, variable
stator blades might be required there,

In order to start the axial supersonic
flow in the exit of an impulse type rotor, it
would be necessary in any case to use a variable
stator blade row,

It is intended to investigate this in the
near future by testing a variable blade section
of the SAV 21 %type in a rotating machine, Some
preliminary work on a variable cascade has al-
ready been performed,
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APPENDIX

Cascade geometries and experimental data:

1.

1.

DFVLR-SAV 16

{x-coordinate measured in chord-direction starting at the

1 Profile coordinates

leading edge).

pressure side

X Y
0.000 - 0.0000
0.035 - 0.0009
0.068 - 0.0018
0.103 - 0.0027
0.137 - 0.0037
0.172 0.0046
0.207 0.0055
0.245 0.0065
0.279 - 0.0073
0.314 - 0.0080
0.349 - 0.0085
0.384 - 0.0089
0.418 - 0.0091
0.453 - 0.0093
0.488 - 0.0092
0.522 - 0.0091
0.557 0.0089
0.592 - 0.0086
0.627 - 0.0082
0.661 - 0.0076
0.696 - 0.0070
0.731 - 0.0064
0.765 - 0.0056
0.800 - 0.0048
0.835 - 0.0040
0.870 - 0.0031
0,904 - 0.0021
0.939 - 0.0012
0.974 - 0.0001
1.000 - 0.0000
1.2 Cascade geometry
1 = 130 mm
t/1 = 0.348
BS = 144 degree
design: M1 = 2,0
Bl = 139 degree.

suction side

X y
0.000 0.0000
0.035 0.0037
0.069 0.0074
0.104 0.0111
0.139 0.0148
0.174 0.0185
0.208 0.0222
0.243 0.0259
0.278 0.0296
0.313 0.0333
0.347 0.0370
0.382 0.0407
0.417 0.0444
0.450 0.0480
corner
0.450 0.0480
0.485 0.0472
0.517 0.0462
0.551 0.0450
0.586 0.0435
0.621 0.0415
0.656 0.0392
0.690 0.0366
0.725 0.0336
0.760 0.0303
0.794 0.0267
0.829 0.0229
0.864 0.0188
0.899 0.0144
0.933 0.0099
0.968 0.0052
1.000 0.0000
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1.3 Experimental data for By = 139 degree, maximum back pressure
1.3.1 Point x j§
My o= 2,20 M, = 0.762
pt1 = 1.293'5 Pascal ptz/ptl = 0.781
P; = 0.1197's " Po /p1 = 5,738
Re, = 1.7'6 AVR = 1.47 o
2
By = 139.5 degree. g
Loss coefficient profile (p - p, )/(p - pq) s %
ty Tttty Tl g
(measured in equal steps over one pitch). %
0.270 continued: %
0.278 0.224 f
0.289 0.209 g
0.299 0.198 6
0.307 0.190 5
0.308 0.185 3
0.307 0.181 8
0.302 0.186 5
0.292 0.187 $
0.280 0.202 )
0.262 0.213 3
0.244 0.230 N
0.244 *
s
1.3.2 Point A 2
My = 2.30 M, = 0.820 g
= 1.184'5 Pascal /p, = 0.76 8
ptl > Ptz ptl 5
P = 0.094'5 pz/pl = 6.184 8
Re; = 1.6'6 AVR = 1.592 3
Bo = 139.5 degree 8
Loss coefficient profile (p, - p, )/(p - py) E
tl t2 tl 1 o
0.199 continued: é
0.199 0.379 5
0.201 0.381 R
0.204 0.373
0.208 0.356
0.204 0.333
0.212 0.310
0.236 0.281
0.271 0.252
0.311 0.226 ~
0.344 0.204 -~
0.368 0.185
0.173
10




1.3.3 Point ©

Ml = 2.36 M2 = 0.800
Pt; = 1.075's Pascal Pt,/Pt, = 074
p, = 0.079'5 Pp /Py = 6.616
Re, = 1.4-108 AVR = 1.595
82 = 139.5 degree
Loss coefficient profile (p, - p, )/(p, - P;)
b Ty T
0.170 continued:
0.185 0.396
0.205 0.378
0.232 0.349
0.257 0.313
0.289 0.278
0.319 0.254
0.349 0.235
0.373 0.227
0.391 0.227
0.401 0.232
0.405 0.248
0.268

2. DFVLR-Tandem

2.1 Profile coordinates
chord length suction side pressure side
X Yss Yps
0.00 0.000 0.000
0.05 0.023 0.018
0.10 0.044 0.036
0.15 0.065 0.050
0.20 0.086 0.064
0.25 0.106 0.075
0.30 0.124 0.085
0.35 0.139 0.092
0.40 0.149 0.096
0.45 0.156 0.099
0.50 0.160 0.101
0.55 0.161 0.099
0.60 0.159 0.097
0.65 0.153 0.092
0.70 0.143 0.085
0.75 0.130 0.077
0.80 0.113 0.065
0.85 0.092 0.052
0.90 0.066 0.036
0.95 0.035 0.C18
1.00 0.000 0.000.
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|
2.2 Cascade geometrie
First cascade: DFVLR-SAV 16 <
Second cascade: MCA
]B = 125 mm = 18 mm
t/1B = 0.362 d = 48 mm
BsB = 120.5 degree. .
=
2.3 Experimental data for By = 139 degree, maximum back pressure %
2.3.1 Point A i
M1 = 2.23 M2 = 0.563 &
Py = 1.182'5 Pascal p, /p, = 0.719 g
1 ' 0 2 g
Py = 0.105'5 Po /p1 = 6.529 g
Re, = 2.1-10° AVR = 1.729 -
By = 95 degree %
Loss coefficient profile (p, - p; )/ (py - Py) %
1 2 1 2
R
-
0.328 continued: a
0.356 0.301 <
0.378 0.292 2
0.390 0.288 2
0.396 0.285 g
0.398 0.281 3
0.391 0.277 %
| 0.3381 0.269 g
0.364 0.257 2
0.346 0.246 5
0.328 0.240 g
0.313 0.253 %
; 0.258 g
2.3.2 Point O 5
Moo= 2.3 M, = 0.573 g
p = 1.276'5 p, /p, = 0.658 S
tl _ \ t2 tl _ N
p;” = 0.952'5 p,“/py = 7.064
Re1 = 2.1'6 AVR = 1.764
Bo = 85 degree.
53

12




2.

3.

Loss coefficient profile (p

3 Point

.374
.380
.412
.434
.447
.452
.448
.439
.428
.417
.408
.399
.387

COO0OO0OOCOCOOOOOOO

+

#

Loss coefficient

OO0 OOOOOCOOCOCOO

.395
.425
.448
.461
.465
.464
.461
.453
.444
.436
.428
.420
.413

continued:

0.380

OCOOOOOCOOCOO

2.40

1.218'5 Pascal
0.084"

2.0'6

.375
.366
.358
.350
. 346
.330
.316
.293
.283
.286

5

profile

t

continued

OO OOCOCOCOOOCOO

.408
.400
.393
.383
.371
.356
. 344
.331
.323
.330
.363

-ptz)/(ptl

"pl)

0.574
0.630
7.322
1.787
96 degree

13

220z 1snbny 0z uo 3senb Aq ypd-2¢-16-12-9€08 1 0} 00A/SS6 1L 6EZ/9E0V L 0L LOOA/EEL6L/LL6 L 1D/Pd-sBuipeaooid/ | ©/610 swse uonosjjodjelbipawse//:dny woy pepeojumoq



3.3 Experimental data

14

DFVLR-SAV 21

Profile coordinates

pressure side

J

HOOOOOOODOOOOOODOOOODOOOODOOOOOO
. P T T T T S T S S

t/1

3.3.1 Point ©

My

P
t
P1

Re1

.000
.013
.025
.039
.052
.067

OCOOCOCOCOOODOOOOOOOCOOOCOOOOOOOOOCOOO
—
w
(o]

3.2 Cascade geometrie

100 mm
0.26

125 degree.

2.27

1.189'5 Pascal

0.099'5
1.6'6

suction side

M,

ptz/pt
Po /Py
AVR
B2

h—

0.703
0.710
6.149
2.01

94

X Y
0.000 0.000
0.039 0.020
0.078 0.039
0.118 0.059
0.157 0.079
0.196 0.099
0.235 0.118
0.274 0.138
0.317 0.157
0.352 0.169

corner
0.352 0.169
0.391 0.181
0.431 0.191
0.470 0.198
0.509 0.202
0.548 0.202
0.587 0.199
0.627 0.193
0.666 0.184
0.705 0.172
0.744 0.156
0.783 0.139
0.823 0.118
0.862 0.096
0.901 0.071
0.940 0.044
0.979 0.016
1.000 0.000

for By = 139 degree, maximum back pressure
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Loss coefficient profile (p

OCOOCOOOOCOOCOOOOOO
w
()]
~J

3.3.2 Point V¥

M

Pt
Pi
Re1

1

2.30

1.6'

6

continued

OCOOCOOOOOoOOO

t

H

Loss coefficient profile (p

COOOOOOODOOTCOOOO0O

3.3.3 Point [

M1

p
ty

P1

Rel

.282
.292
.305
.317
.353
.378
.395
.420
.429
.438
.448
.456
.460
.458

2.40

"

0.087'5
1.6'6

continued

OCOOOCOCOOOOOO0O

.457
.448
.440
.402
.389
.353
.332
.299
. 305
.301

L]

1.273'5 Pascal

1.217'5 Pascal
0.095'5

t

-ptz)/(ptl-pl)

M = 0.634
ptz/pt = 0.657
Po /p1 = 6.406

AVR = 1.81

Bo = 97 degree
=Py )/ (py -Pq)

t, t, "1

M, = 0.637

Pt /pt = 0.623
1
p2§p1 = 6.926
AVR 1.81
8, 94 degree

15
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Loss coefficient profile (ptl—ptz)/(ptl-pl)

.489
.497
.502
.505
.506
.496
.486
.477
.456
.439
.402
.383
.360
.330
.316
.309
.310
.332
.355
.385
.415
.446
.470
.490

COOCOOOOODODODOCOCOOOOCOCDOOOCOOT
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