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A transonic compressor rotor  with double-circular-arc blade sections 
w&s designed and tested to investigate the -c effects of using 
a short blade chord and a hi@ aspect ra t io .  This report  presents the 

Y blade-element performance and pe~Yormance an&lys is .  The design total- 
. pressure r a t io  of t h i s  rotor was 1.35 at  a carrected  speciflc w e i g h t  flow 

of 31 - 3 pounds per Second per swami foot of f'rontal area with the rotor 
geerating at a  corrected t i p  speed of loo0 feet per second. 

A sha.rp increase i n  blade-element losses near the t i p  of the  rotor 
was noted as speed  increased from 90 t0 100 gercent of corrected design 
speed. !Ibis increase in loss was duly attributed to blade loading and 
not to excessive shock losses. 

There was goOa agreement for as1 speeds at the   t ip  and mew sections 
between  measured deviation angles at minimum-loss incidence  angle and 
deviation angles determined by C a r t e r ' s  rule. 

A simplified-radial-equilibrium calculation for design speed was 
made at the rotor outlet t o  determine if the lnethod. was applicable f o r  
this design. Ekcept for radii near the hub, comparison of the  calculated 
and measured s ta t ic  pressures indicated good agreement at the lower weight 
flows. At the high w e i g h t  flow, agreeEnt near the hub was better than 
that experienced at the lower weight flows; however, there was a slight 
deviation between the two values near the tip section. 

The use of a short  chord length and high aspect r a t io  in this type 
. of transonic compressor &sf@ caused no serious problems i n  performance 

I for the Reynolds nuniber and Mach umber  levels  encountered i n  these tes ts .  
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a 
A transonic compressor rotor with double-circular-arc blade sections 

has been designed and tested at the NACA Lewis Laboratory t o  investigate 
the aerodynaudc effect  of using  short chord lengths for  relative inlet 
Mach numbers  up t o  1.15. Reference 1 describes the 1.5-inch-chord rotor 
used i n  t h i s  investigation. It also contains the design procedure, mass- 
averaged over-all performance, radial variations of rotor-inlet and 
-outlet  conditions, and rotating-stall  characteristics. 

M 
01 co m W s report extends the results and analysis given i n  reference 1 

and provides more detaLls on the operation of this campressor rotor. Thf6 
information is provided by presenting  the blade-element characteristics. 
The blade-element resul ts  also add t o  the available design data fo r  the 
use of double-circular-arc a i r f o i l s   i n  compreasor rotors. 

Measured radial variations of rotor-outlet static pressure are cam- 
paxed Kith the static pressure computed from the siwlified-radial- 
equilibrium  equation. This concept i s  one of the bases f o r  current com- h 

pressor design procedures and  under some circumstances may require altera- 
t ion   for  compressors havlng short chord lengths and high aspect  ratios. 

For an inlet-stage compressor rotor,  the  design system may account 
for the effects of wall boundary layers through the use of a correction 
fac tor   in  the continuity  equation. Data on this boundary-layer b1mkag.e 
factor are also presented i n  t h i s  report. 

Y 

CCBERF,SSOR DESCGN, APPARATUS, AND TEST PRocElxTRE 

The 1.5-inch-chord transonic compressor rotor and t e a t  r i g  are de- 
scribed i n  reference 1. However, it is desirable t o  restate 80me of the 
general  design  characteristics. These are: 

(1) Design total-preesure  ratio of 1.35 .exclusive of losses i n  wall 
boundary-layer regions 

(2) Design corrected  specific weight flow of 31.3 pounds per second 
per square foot  of frontal   mea 

(3) Design corrected t i p  speed of loo0 feet per second 

(4) Inlet hub-tip  radius  ratio of 0.5 

(5) Aspect r a t io  of 3.0 resulting from a 1.5-inch chord length and 
18-inch t i p  diameter (rotor-tip  solidity i s  0.95) 

( 6 )  Design adiabatic  efficiency of 0.93,  computed by use i n  design 
of an  empirical radial variation of blade-element lOSSe6 
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The mass-averaged perfonimce of t h i s  transonic compressor rotor i s  shown 
%. i n  figure 1. 

The geometry of the measured rotor  blade elements i s  given i n  table I. 
Figure 2, which is a schematic diagram of the compressor test section, 
shows the  amrofimate  locations of the measuring stations upstream and 
downstream of the  rotor. The instruments and their use are described i n  
reference 1. 

(TI 
w 
co The ro to r  (photograph i n   f i g .  3) m s  tested over a range of w&&t 
crl flow at 60, 70, 80,  90, and 100 percent of design speed according to  the 

procedure outlined i n  reference 1. 

Id S O r o R - G J X D E - ~  -CE 
2 
P &dal-flow-compressor blades are u6~ldl.y formed by radial. stacking 
3 of blade prof i les  or blade elements. %lese sections l i e  on assumed stream 
3 surfaces of revolution, w h i c h  acre formed by rotating assumed streamlines 

about the a s  of the rotor. To simplify  design and analysis af t b l s  
rotor,  the  streamlines that l i e  in the rz-plane (created by the ajds of 
rotation and a Mus perpendicubz t o  i t )  were assumed t o  be strdght 
Unes. They also w e r e  assumed t o  divide  the annular passage height into 
equal-percentage radial increments at the inlet a d  outlet  of this rotor 
blade. 

I 

Blade-element performance of this rotor is presented in   f igure  4 
f o r  f ive speeds at three blade-element  sections. These sections me 
Located at 84, 50, and LO percent of the passage hei&t frm the  outer 
wall and are  called hub, mean, and t i p  blade elemnts,  respectively. 
The blade-element characteristics  plotted agELinst incidence angle in flg- 
ure 4 me: relative  t0ta1"presswe-~oss  coefficient G; deviation -e 
Eo; rotor-inlet  relative Mach nunher %; &aJ"velocity r a t io  Vz,4/Vz, g; 

blade-element loading represented by the diffusion  factor D (ref'. 2) j 
work coefficient (noudfmenaional temperature-rise coefficient) aFI/Ut; 

and blade-element adiabatic  efficiency x. The calculations and signif- 
icance of the vazious parametere i n  rotor-blade-element andpis are dis- 
cussed i n  references 3 and 4. (All symbols used i n  this report are de- 
f ined   in  the appendix.) Reconstruction of ve lodty  diagrams is  possible 
by means of these parmetera. 'Be velocity-diagram  notation for a blade 
element i s  shown i n  figure 5. 

2 

Relative  Total-Pressure-Loss  Coefficient 

The variations of the relative  total-pressure-loss  coefficient with 
incidence  angle fo r  five Bpeeds and three blade elements are shown i n  
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figure 4. The loss trends  are generally similar t o  previously  reported 
rotor-blade-element data (ref a .  3 and 5 t o  7) and two-dimensional cascade \ 
t es t   resu l t s  on double-circular-arc ~&rfoils (ref. 8). The variation of 
the loss coefficient at the hub and mean blade-element sections will be 
discussed first.  

r \  

Hub and mean blade  elements. - A t  the hub (fig. 4(a)) i n  the 
incidence-angle  range  investigated, the loss-coefficient  level is about 
the same for  all speeds at which t W s  compressor rotor was tested. A t  
the mean section  (fig. 4(b)) for   incihnce angles  greater  than 6O, there 
are also only small differences i n  loss-coefYicient level among the vari- 
ous speeds tested. Below incidence angles of 6O, the  loss-coefficient 
level and variation  with incidence  angle differ with speed or Mach number 
level. Thus, for the mean section  (fig.  4(b)), the low-loss incidence- 
angle range decreases  with  increasing Mach nmberj and the value of the 
minimum-loss incidence  angle becomes greater at the higher speeds. Simi- 
lar trends have been observed i n  other  rotor  tests  (refs. 3 and 7) .  A t  
the hub, the increase i n  loss coefficient with a decrease i n  incidence 
an&e W&E not  observed, possibly because the sections were not tested 
over a wide enough incidence-angle.  range. 

To compare the hub- and mean-section loss levels with past results, 
loss coefficients  in  the  region af minimum loss taken from f d r e d  values 
of figure 4 are sham i n  figures 6(a) and (b) plotted  against correspond- 
ing faired values of diffusion  factor D, a blab-element loading param- 
eter (ref. 2 ) .  The diffusion  factors &e wen below the Umiting  value 
of 0.6'for cascades. The measured hub- and mean-section losses are low 
and, also, am about equal t o  lou-Qeed two-dimensional cascade Losses 
(ref. 2) . Therefore, it ' appeaxs that the use of short chord lengbhs 
did not  cause flow S.eparation and high losses in ++e hub and mean blade 
regions i n  the range of Mach  number, Reynolds number, and turbulence 
level experienced i n  these tes t s .  

Cascade t e s t  results (refs. 9 'and 10) show that the losses increase 
with decreasing Reynolds number in the c r i t i ca l  Reynolds nmber range. 
For  cascades, the crplticaJ. Reynolds number value  (based on chord length) 
l i e  8 Somewhere between l.0>c105 and 3. Om05. !Be value of c r i t i ca l  Rey- 
nolds number varies  with blade velocity  distribution,  free-stream tur- 
bulence level,  and'condition of the blade surface. The lowest blade- 
chord Reynolds numbers for the hub section occurred at 60 percent of 
design speed. The d u e s  of these Reynolds numbers wen.  approximately 
2.6XLO5 f o r  an in l e t   t o t a l  pressure of X )  in&es of -merc&y absolute: " -  

Hub-section Reynolds numbers at de6ign speed were about 3.7>(LO . 
, "  .. . 

5 

Tip blade elemnt.  - Figure $(c) shows the  variation of relative 
total-pressure-loss  coefficient with incidence angle for  the t i p  section, 

' which is located about 10 percent of the passage height away fr& the I 

outer wall. 
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'phe loss variations -of the t ip  section of this short-chord rotor 
follow  previously  reported data fo r  similar rotor blade sections of longer 
chord length. A t  speeds b e l o w  design (Mach  numbers below L O ) ,  there i s  
l i t t l e  var ia t ion  in  loss level among the various speeds tested. However, 
at design speed (Mach number of 1.0 or above), the losses e higher than 
those at the lower speeds.  Flgure 4(c) aLso s h m  an  increase i n  the 
blade-element loading (diffusion  factor D) with an increase i n  speed. 
Since the deviation-angle  levels (fig. d(c) ) vary only s l i&t ly  with 
speed, the changes in diffusion-factor level &re caused by the decrease 
i n  the  axial-velocity  ratio with increasing speed (fig.  4(c)). 

I 

Both Mach  nuniber level  and loading can affect  the tip-section Losses. 
~n previous investigations of transonic compressors (ref. 3 and 5 t o  7), 
values of loss'coefficient  new minimum loss at each  speed were plotted 
m u s t  diffusion  factor  in an attempt t o  sepmate effects of Mach number 
and loading  levels. Figme 6(c) shows such a plot   for  the t i p  sectfon of 
this short-chord ro to r  along with dsshed lines which indicate  the range 
of tip-section data given i n  reference 2. 

c 

The measured losses of t h i s  rotor correlate well with  prevlous re- 
sults. Figure 6(c)  indicates that: 

., 
(1) Mach number effects (shock losses) on losses were not great 

enough to  cause losses outside the range of d u e s  obta5ned from a nun- 
ber of campressors-having  conventiond ( s ~ b s o n ~ c )   t i p  performance. 

(2) Increased blade loading probably  accounts f o r  the higher losses 
at design speed. 

Figure  4(c) shows that there i s  generaSly an increase i n  diffusion- 
factor  level with increasing speed; however, the marked  change i n  loss 
level occurs only for  the change i n  speed from 90 t o  100 percent of cor- 
rected  design speed. No increase in   losses  with diffusion  factor was 
observed at speeds up t o  90 percent of design,  because the low-speed dif- 
fusion  factors were less than 0.4. Reference 2 shows that tip-section 
losses  increase with diffusion factar only when the diffusion  factors 
are greater than 0.35 or 0.40. 

The preceding  attempt t o  separate Mach number and loading effects 
must be qualified because of the wide spread in the correlation data of 
tip-section loss and diffusion  factor given i n  reference 2 (shown by the 
dashed lines on f ig .   6(c)) .  The wide spread i n  the data may indicate 
that diffusion  factor i s  nat the only influence on tip losses, and such 
effects as t i p  clearance,  casing boundary layer, secondary  flow, inlet 
guide vanes, and so forth, may be the cause of scat ter .   unt i l  these e,&ji- 

evaluate Mach number and loading effects with any certpinty. 
.. t ional  effects can be estimated, it will be d i f f i c u l t  t o  separate and 
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Since the measured losses agreed with previous results, it seems that 
the use! of a brt chord length i n  this type of transonlc compressor de- - 
sign caused no serious loss problems for the Mach number, Rsynolds number, 
and turbulence levels experienced i n  these tests. Iclp-section R e v  
numbers at design speed were about 5.W@ based on blade chord length. 

Reference 1 rep&s that ma,xlmuln efficienoy a t  d e e m  speed wa8 
attdned at Less than the design corrected  specific weight flow of 31.3 
pounds per second p=r s q p z e  foot of frontal  area. A t  design weight flow, 
the rotor actually operates i n  a choked condition as shown i n  the over-all 
performance map (fig. I). TkLe m a t i o n  of loss coefficient with inci- 
dence angle (fig. 4) further i l lus t ra tes  this condition. Operation at 
design wei&t flow corresponds t o  operation at the larest incidence angles 
e m  on these curves. For the mean and t i p  sections (figs. 4(b) and 
(c) ) , there is evidence of choking as mntioned previously i n  this report. 
At  th$s operating point, Losses and deviation anglee are high, and there- 
fore design work input and p ~ s s u r e  ra t io  were not obtained at design 

H) 
m co 
M 

might flow. 

Devlation Angle 

If &sign presaure ra t fo  i s  t o  be obtained f o r  a particular blade row, close design control i s  necessary over the flow direction at the 
outlet of the blade row. Deviation  angle was used as a parmeter fo r  
o u t k t  flow direction. W e  &viation angle 6O i s  &fined as the 
between the outlet-relative-Etir-velocity vector and the tangent t o  the 
blade meart camber line at the trailing edge ( f ig .  5). In compressor de- 
sign, it is also desirable t o  be abls t o  predict the deviation angle oyer 
the range of incidence angle encountered hy the rator. 

The variation of measured deviation angle with incidence  angle i s  
given i n  figure 4 fo r  the  t ip,  mean, and hub sections. Above Choktng in- 
cidence angle (lowest valule & incidence  angle for each speed), deeat ion 
angk is independent of speed within a scatter ap appmximate3y lo for 
the t i p  and mean blade sections. Tbe deviation-angle trend at the mean 
and t i p  sections for incidence angles approaching choking values is aid- 
lar t o  the loss-coefficient trend with incidence angle i n  that the meas- 
ured  deviation angles increased wLth decreasing  incidence angles. How- 
ever, at the hub, the deviation angle continued decreasing with decreas- 
ing incidence angle f o r  all speeds. 

The measured deviation angles at udniwna-loss incidence aagles are 
compared with values obtained from Carter 8 r u l e  (rer. 11) in figure 7 .  

. The deviation  angles are plotted against  percent deaign speed merely t o  
catalog  the data. V a l u e s  of the deviation  angles  (fig. 7) are taken from 
the f aired curves of figure 4 at the mbnimtnn-loss incidence angles. 

I 

I 

The deviation a n g l e s  at minianrm lose for the t i p  section agree very  
w e l l  with the values obtaned from Carter's rule. The agreement for the 
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mean section  ie  not  quite BO good, since  the measured values are a l i t t l e  

is only a smaU vasiation of deviation  angle with speed over the 
of speed investigated. T9.xI.s result agrees with past experience  (ref. 4), 
wbich has indicated that Msdh nunber level 'has l i t t le  effect  on the mag- 
nitude of the devjation angle fo r  Low losses. A t  the hub section, how- 
ever, there is an apparent  variation in deviation angle with speed. Re- 
examination of the plot of deviation angle against incidence angle i n  
figure 4(a) indicstea 8 possible reason f o r  t h i s  apparent variation. A t  

I higher. A t  both t i p  and mean blade 8ections (figs. 7(b) and (c)), there 

w 
(D 
Q1 a fixed SI@@ Crp incidence, deviation angle  tends to  increase sI3ghtl .y 
w with an increase i n  Mach number. I n  addition, there i s  an appreciable 

m a t i o n  i n  deviation angle with incidence angle - somewbat greater than 
e m c t e d   f o r  a Ugh-solidity  section (uh = 1.61) f r o m  cascade data. TBe 
minimum-loss incidence angle for the hrib section aLso W e s  a great deal 
with speed  (about 4O). The conibination of the akrewnt iomd item could 
produce the large  apparent change in deviation angle with speed at the 
hub section. 

A 

RAIEAL EWIJBRIUM 

In current  canpressor  design  procedures, the slmpllfled-radiel- 
equilibrium  equation is often used t o  campUte the radial static-pressure 
variation across the passage behind a rotor. 2be simglified-radial- 
e qpilibrium e quation 

.. 

was used t o  determdne the gradient of a ta t ic  pressure acros8 the pass- 
i n  the  design of t h i s  rotor (ref. I) - % &welopent of t h i s  equation 
from the equations of motion r e a r e a  the following  assmptiona: 

(1) The vlscous ahear farcee m negligible. 

(2) The flow i s  &&l.ly symme+rlc. 

(3) W radial velocity components are zero. 

( 4 )  Radial accelerations due ta streamline curvatures i n  the rz- 
plane m e  zero. 

In a short-chord, high-aapect-ratio compressor r o t a  of the type 
discussed ia  t h i s  report, streamline c u r v a t m s  could be important. 
simplified-raihl-equilibrium equation  then might not apply in predicting 
the radial variations of flow conditions at the  rotor  outlet. 

P 

- 
To check the validity af the simplified-radial-eguilibrium equation 

as a deafgn tool, maswd stxttic-pressure variations with radius (rotor- 
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outlet  station) compared with s t a t i c  pressures cmputed from the 
simpU.fied-radia.l-equLUbrium equation i n  figure 8. Data given for 
three weight flows at design speed. 

The s t a t i c  pressures were  computed frm an integration of equation 
(I) , following the procedure outlined i n  reference 3 

The measured s t a t i c  preswuce at the mean radius  (r4 = 7.00 in . )  was used 
as the  reference static pressure pmf. The computations employed mas- 

values of rotor-outlet total pressure, t o t a l  temperature, and abso- 
flow  angle. 

Figure 8 s h o w s  that the measured and courputed s ta t ic  pressures agree 
w e l l  over a portion of the passage for- all three might flows at de- 
speed. Harever, the simplified-radial-eqpilibrim values depart 
the measured values i n  the tip region far the high weight flaw and 

i n  the hub regton fo r  the  two lower w e i g h t  flaus. 

~t can be assumed that .the preceding  depmtures M s e  from the pres- 
ence of 'streamline curvature, wfiich i s  neglected i n  the cslculation of 
static-pressure  variation with the simplified-radial-equilibrim egus- 
tion. Streamline curvatures i n  this compressor of constant t i p  diameter 
are caused by the cmbined  effects of the hub contour and rad ia l  abifts 
i n  the flow as it passes through the rotor. A t  the two lover flows at 
design speed  (Pig. 8), radial shifts in   the flow have l i t t l e   e f f e c t  and 
the hub curvature causes the  difference between measured and simplified- 
radial-equilibrium s t a t i c  pressures. Far the high weight flow, a shift 
i n  the flow toward the hub creates streamline  curvatures  opposite f r o m  
those induced by the hub contourj and a difference between  .the asea8ured 
and  computed s t a t i c  pressure appears near the outer wall as sham on 
figure 8.  

W A I L - ~ - L A Y E R  BLOCKAGE FACIM[R 

Wall-boundsry-layer blockage factor K i s  defined a8 the ra t io  of 
actual  integrated weight flow t o  the ideal integrated weight flow (as- 
suming no boundary layers). The rotor-inlet and -outlet blockage fac tors  
f o r  this . rotor   are  given i n  the following table: 
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ut/+, K2 K* W&/%, 
ft/sec lb/(sec) (sq  ft) 
800 

28.9  800 
0.988 0.959 29.3 

.989 .945 23.1 - 800 
-998  .956 

loo0 31.3 .954  -987 
lo00 

-98% .937 27.8 lo00 
.987 -955 30.0 

a w The design values of 0.985 for  K2 and 0.96 f o r  K4 were assumed from 
a previous investigation (ref 3) ech used the 8- t e s t  rig 
iIlStmtiOQ. 

A transonic axial-flow compressor rotor with double-circulax-axc 
airfoil blade sections was designed ad. tested t o  investigate the aero- 
dyu8n.d~ effects of using short chords and bigh aspect ratios. The follow- 
ing results were obtained from this experimental iwestigakion of the 

* 

.I blade-element performance : 

1. The use of a short chord length and high aspect ra t io  i n  this type 
of transonic conrpressor design caused no serious Lass problems for the 
Reynolds number and turbulence  levels  experienced fn  these tests .  

2. A t  the  tip  section, 8 sharp increase i n  relative  total-pressure- 
loss coefficient resulted wben speed  increased from 90 t o  100 percent of 
corrected design speed. This increase in Loss appeared to be caused 
drily by blade loading and not by excessive shock losses. 

3. Variation i n  relative  total-pressure-loss  coefffcient  with dif- 
fusion factor i n  the 1aw-loSs incidence-angle range agreed with results 
Of P E H O U S  iDST6tfgatfOUS. 

4. The deviation awe8 at the tip section agreed closely w i t h  
values  obtained by carter's rule. At both t i p  and mean blade sections, 
there was very llttle variation of deviation  angle with speed at minimum 
loss over the speed range investigated. 

5. A t  all radii except neaz the hub, there was good agreement be- 
tween masured  static  pressures and static  pressures computed from the 
simplified-radial-equilibrium  equation at design speed for the lower 
weight flows. However, for  the high weight f l o w  at design speed, w e -  
utent between the tw-o values of s ta t ic  pressure ne= the hub T m p m V e a  with 
a corresponding d3.ssgreement near the t i p .  

c 

Lew3s Plight Propulsion Iaboratory 
I Hational Advisory Committee for  Aeronautics 

Cleveland, Ohio, June LO, 1955 
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APPEmIx - SyMBOLs 

A diagram i l lust rat ing the air and blade angles and the velocities 
i s  presented in figure 5 to  more completely define s o m  of the symbols 
used. 

The following symbols are used in + a s  report: 

Af compressor frontal  area based on rotor-tip diameter, 1.767 sq f t  

C P specific  heat of air at constant pressure, gtu/(lb)(%) 

D =fusion factor (ref. 2) 

@; acceleration due t o  gravity, 32.17 ft/sec2 

E tot& enthalpy, c p g ~ ~ ,  sq ft/sec2 

i 

P 

r 

T 

U 

v 
W 

2 

B 

ro 

incidence  angle, angle between inlet-relative-ajr-velmity vectar 
and tangent t o  blade mean  camber line  at  leading edge, deg 

Joule ' S constant , 778.26 f t-lb/Btu 

wall-boundary-layer blockage factor 

Mach number 

t o t a l  preesure, l.b/sq f t  

s t a t i c  pressure, B/sq f t  

radius measured from a x i s  of rotation,  in. 

t o t a l  temperature, OR 

blade speed, ft/sec 

air velocity,  ft/sec 

weight flow of air, lb/sec 

axis  of rotation 

air-f low angle measured  from a d s  of rotation, deg 

blade angle, direction of tangent t o  blade mean camber line a t  lead- 
rn 

ing or t ra i l ing edge, deg .I 

. .. 

. 
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6 ra t io  of inlet total. pressure t o  NACA standad total-  pressure, - P1/2117 

deviation angle, ana between outht-reative-air-veLodty vector 
and tangent t o  blade mean camber line at trailing edge, deg 

‘1 adiabatic temperature-rise efficiency 

c# e r a t io  of compressor-inlet t o t a l  tempratwe to NACA standard tern- 
m 
(0 
0 4  

perature, Td5L8.6 

P astatic  density of dr, Ib/cu ft 

Q 

3 
solidity, ra t io  of blade chord measured along s t r e a m  t o  average 
blade spacing 

- 
cn rehtive  total-pressure-laas  coefficient [ref. 3) 

Subscripts : 
. b blade element 

h hub of rotor 

ref reference value 

t t i p  of rotor 

z a x i a l  direction 

e tangential  direction 

1 depression task 

2 upstream of rotor,,  location of inlet static-pressure rake 

3 rotor inlet 

4 rotor  outlet 

Superscript : 

I denotes  conditions relat ive  to  blade ruw 



12 NACA RM E55FlO 
. 

NB?EKENCEs 

1. Tysl, Edward R., Schwenk, Francis C., and Watkins, '%oms B. : mri- 
mental Investigation of a Transonic Compressor Rotor with a 1.5-Inch 
Chord Length and an Aspect Ratio of 3.0. I - Design, Over-All Per- 
formance, and Rotating-Stall  Characteristics. NACA RM E54L31, 1955. 

2. Ueblein, Seymour, Schwenk, Francis C., and Boderick, R o b e r t  L.: 
Diffusion  Factor for Estimating Losses and Mmiting BLaae Loading8 
i n  Mal-Flow-Compressor Blede Elements. WCA RM ESml, 1953. 

3. Schwenk, Francis C . , Ueblein, Seymour, and Lewis, George W., Jr. : 
Experimental Investigation of an Axial-Flow Compressor Inlet Stage 
Operating at Transonic Relative Inlet Mach Numbers. 111 - Blade- 
Row Performance of Stage with ~ s s s o n i c  Rotor and Subsonic Stator 
at Corrected Tip Speeds of 800 and loo0 Feet Per Second. NACA RM 
E53G17, 1953. 

4. Ueblein, Seymour: Review of' EL&-Performance Mal-Flow-Compressor 
Blade-Element Theory. NACA RM E53L22, 1954. 

5. Sandercock, Donald M., Xeblein, Seymour, and Bchwenk, Francis C.: 
Experimental Investigation of an Mal-Flow Campressar Inlet Stage 
Operating at Transonic Relative Inlet Mach Numbers. Tv - Stage and 
Blade-Row Performance of Stage  with Mal-Rischarge  Stators. NAW 
FiM E54C26, 1954. 

6 .  Robbins, W i l l i a m  H., and G l a s e r ,  Frederick W. : Investigation of an 
Axial-Flow-Compressor Rotor with Circular-Arc Ellades Operating up 
to a Rotor-Inlet  Relative Mach N m b e r  of 1.22. 'IrlAcA RM E53D24, 
1953. 

7. kwis, George W., Jr., 8nd Schwenk, Francis C.: Bcp=ri?rental Investi- 
gation of a "ansonic  Mal-Flw-Compressor Rotor with Double- 
Circular-Arc Airfoil Blade Sections. II - Blade-E=Lement Perf'ormance . 
NACA RM ES4J08, 1955. 

8. Andrewe, S. J.: Tests Related to the Effect of Profile shape and Cam- 
ber Line on  Compressor Cascade Performance. Rep. No. R.60, British 
M.G.T.E., Oct. 1949. 

9. hwmn, 1. V.: An Investigation  into the Effect of Reynolds Nuuiber 
on a Casce.de of Blades with Rxrabol3.c  Arc  Camber Lines. Memo. No. 
M.195, Brltish N.G.T.E., Nov. 1953. 

10. Herrig, Joseph L., Wry, 3 % E S  C., a& m n ,  Jdhn R. : Systematic 
Two-Dimensional-  Cascade Tests of XACA 65-Series Compressor B-8 
at Low Speeds. NACA €34 L51G31, 1951. 

ll. Carter, A. D. S . :  The Low Speed Performance of Related  Aerofoils i n  
Cascade. Rep. No. R.55, British N.G.T.E., Sept. 1949. 

Ir 

M m 
u) 
M 



HACA RM E55F10 
L 

. 

Radius, 
in. 

Inlet, Outlet, 
r 3 r4 

9 .oo 

5.00 4.58 
5."  5.15 
6.32 5.93 
7*00 6.71 
7.68  7.49 
8.04 7.90 
8.36  8.27 
8.60 8.54 
9 .# 

I deg I 
0.95 

50.6 44.6 
1.03 

"" 1.89 
9.4 37.7 1.61 
20.0 41.0 1.40 
28.9 44.2 1.25 
36.5 47.1 1.13 
40.0 48.6 1-07 
42.8 49.8 

~ 1.00 
"" "" 

"" 

13 



. .  .... . . . . . . .  

, I ;  

I . . . .  rp.w . . .   . . . . . . . . . . .  . . . .  . . .  ... 



-. . 

, 1 

.. . . .. 

L b 

3693 
. .  

1. L 

I " 

. .  



16 

Figure 3. - 1.5-Inch-chord traneonic compreesor rotor .  
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(b) R a d i u s ,  7.00 inches (mean). 

Figure 4.  - Continued. Rotur-blade-element data for 1.5-inch-chord transonic canpressor 
rotor at varioue speeds. 
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Figtrrs 4. - Concluded. Rotor-"element aStS for 1.5-lnch-chol.a COmpreSSOr 
rotor at VariDUB ape&. 
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Figure 5.  - Velocity-dlsgfam notation for blade elenaent. 
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(b ) Radius, 7.00 inches (mean}. 
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(c) Radius, 8.60 inches (ne- tip). 

Figure 6. - Variation of rotor-blade-element losses with d i f -  
fusion factor i n  low-loss range of incidence angle. 
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(a) Radfus, 5.64 inches (near hub). 

8 (b) Radius, 7.00  inches (mean). 
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Speed, percent  design 

( c )  R a d i u s ,  8.60 inches (near t ip) .  

Figure 7 .  - Deviation angles at min-.l.rmlm-loss 
incidence  angle f o r  1.5-inch-chord transonic 
compressor rotor and comparison with values 
computed  from CaSter'8 rule. 
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Figure 8. - Comparison between rotor-outlet static pressures 
(survey) and s t a t i c  pressures computed by assuming simpli- 
f ied radial equilibrium at design speed. 
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