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COMPONENT PERFORMANCE INVESTIGATION OF 571 TYPE I1 TURBINES 

111 - OVER-ALL PERFORMANCE OF 571 TYPE I I A  TURBINE 

By Harold J. Schum, Elmer H. Davison, and Donald A. Petrash 

SUMMARY 

The over-all  component performance character is t ics  of the 5 7 1  Type 
I I A  three-stage turbine were experimentally determined over a range of 
speed and over-all  turbine total-pressure r a t i o  a t  i n l e t - a i r  conditions 
af 35 inches of mercury absolute and 700° R.  The r e su l t s  are compared 
with those obtained f o r  the 571 Type I IF  turbine, which was previously 
investigated, the two turbines being designed f o r  the same engine appli- 
cation. Geometrically the two turbines were much alike,  having the same 
variat ion of annular flow area and the same number of blades f o r  corre- 
sponding s t a to r  and ro tor  rows. However, the blade throat areas down- 
stream of the f i r s t  s t a to r  of the I I A  turbine were smaller than those of 
the IF; "and the I I A  blade prof i les  were curve-backed, whereas those of 
the I I F  were s t raight  -backed. 

The I I A  turbine passed the equivalent design weight flow and had a 
brake in terna l  efficiency of 0.880 a t  design equivalent speed and work 
output. A maximum efficiency of 0.896 occurred at 130 percent of design 
equivalent speed and a pressure r a t i o  of 4 .O. The turbine had a wide 
range of e f f i c i en t  operation. The I I A  turbine had s l ight ly  higher e f f i -  
ciencies than the 1b turbine at comparable operating conditions. The 
f a c t  that the I I A  turbine obtained the design equivalent weight flow a t  
the design equivalent operating point was probably a resu l t  of the de- 
crease i n  the blading throat areas downstream of tb.e f i r s t  s t a to r  from 
those of the I I F  turbine, which passed 105 percent of design weight flow 
at the corresponding operating point. The t h i r d  s t a to r  row of blades of 
the IIA turbine choked at the design equivalent speed and a t  an over-all  
pressure r a t i o  of 4.2; the t h i r d  ro tor  choked a t  a pressure r a t i o  of 
approximately 4.9. 

INTRODUCTION 

The NACA Lewis laboratory i s  currently i three - st age 
Type I1 experimental turbines f o r  the J 7 1 t u r  This research 

.. 'J 



i s  par t  of a general study of high-work-output low-speed multistage tur- 
bines. Two different turbines were evolved f o r  the same engine applica- 
t ion, the Type IIF and the Type I I A .  Both turbines are  of conservative 
aerodynamic design with respect t o  Mach number, turning i n  a blade row, 
and w ~ r k  output per stage. Both incorporate f u l l y  shrouded first- and 
second-stage rotors  and unshrouded third-stage rotors.  The two turbines 
have the same number of blades i n  each corresponding blade row, and the 
annular-area variation through both turbines i s  the same. The two de- 
signs d i f f e r  i n  blade profi le  shapes and blade throat areas. The blade u 
prof i les  i n  the I I F  turbine -are straight-backed, whereas the IIA turbine 5 
employs curve-backed blades. The design throat area f o r  each row of K 

blades i n  the IIF turbine was greater than the corresponding area of the 
I I A  turbine as a resu l t  of different  design assumptions. 

Subsequent t o  the design of the III? turbine, a fur ther  analysis by 
the engine manufacturer indicated tha t  the throat areas through the 
s ta tors  were too large.  Accordingly, the turbine was fabricated with 
s t a to r s  having 97-percent of t h e i r  design throat areas. This turbine 
was then investigated a t  i n l e t  conditions of 35 inches of mercury abso- 
lu t e  and 700' R, and the over-all performance characteristics a re  re- 
ported i n  reference 1. A t  equivalent design speed and work, the turbine 
had a brake in terna l  efficiency of 0.877. However, the turbine equiva- 
l en t  weight flow a t  t h i s  operating condition was 5 percent greater than 
the design value, even though the s t a to r  flow areas had been decreased 
t o  97 percent of t h e i r  or iginal  design value. The IIE' turbine had a 
maximum efficiency of 0.886 a t  a pressure r a t i o  of 4.0 and 120 percent 
of equivalent design speed. I n  general, the I IF  turbine had a wide range 
of e f f ic ien t  operation. 

I n  addition t o  the over-all  performance, a detailed study of the 
in te rna l  flow conditions of this I IF  turbine was conducted a t  the equiva- 
l en t  design operating point (ref. 2) .  &sign stage work was obtained 
with loca l  indicated stage eff ic iencies  of 0.894, 0.858, and 0.792 f o r  
the f i r s t ,  second, and th i rd  stages, respectively. Contributing factors  
t o  the low efficiency of the t h i r d  stage may have been the re la t ive ly  
large blade t i p  clearance (0.100 in.)  and the f a c t  tha t  t h i s  ro tor  was 
unshroude d . 

The subject report presents the over-all  performance of the Type IIA 
turbine and compares the r e su l t s  with those f o r  the Type IIF turbine 
(ref .  1) i n  order t o  determine the e f fec t  of decreased blade throat areas 
downstream of the f i r s t  stat'or and curve-backed blades on over-all tur-  
bine performance. Reference 3 indicates tha t ,  within the range of Mach 
numbers encountered i n  the Type I1 turbine designs, the blade curvatures 
downstream of the throat sections of the IIA turbine blading would resu l t  
i n  no increase i n  blade profi le  losses over the straight-backed blading 
of the I IF  turbine. The effect  of the blading throat-area variations of 
the two turbines on turbine performance, however, i s  d i f f i cu l t  t o  predict .  
Consequently, i n  order t o  ascertain the e f fec t  of these two geometric var- 
iab les  on turbine performance, the IIA turbine was experimentally invest i -  
gated a t  i n l e t  conditions of 35 inches of mercury absolute and 700° R, 
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over a range from 20 t o  130 percent of equivalent design speed and of 
ra t ing  total-pressure r a t i o  from 1.4 t o  4.8. Turbine over-all perform- 
ance i s  presented i n  terms of brake in terna l  efficiency and equivalent 
work (both based on torque measurements), equivalent rat ing to t a l -  
pressure ra t io ,  equivalent rotat ional  speed, and equivalent weight flow. 
Measurements of interstage s t a t i c  pressure are  also presented. Addition- 
a l  data  are  included i n  table  I. 

- SYMBOLS 

The following symbols are used i n  t h i s  report : 

E enthalpy drop based on torque measurements, ~ t u / l b  

g acceleration due t o  gravity, 32.174 f t /sec2 

N rotat ional  speed, rpm 

P pressure, in .  Hg abs 

p: 
ra t ing  t o t a l  pressure, s t a t i c  pressure plus velocity pressure 

corresponding t o  ax ia l  component of velocity, i n .  Hg abs 

R universal gas constant, 53.4 f t - lb /  ( lb) (OR) 

T temperature, OR 

w weight flow, lb/sec 

- WN 8 606 weight-flow parameter based on product of equivalent weight 
flow and equivalent speed 

' r r a t i o  of specif ic  heats 

6 r a t i o  of in l e t - a i r  pressure t o  NACA standard sea-level pres- 
sure, p;l/29. 9 2 

& 
r s  z 

function of y, - 
re 
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brake i n t e r n a l  ef f ic iency,  r a t i o  of ac tua l  turbine  work based 
on torque measurements t o  i d e a l  turbine work based on i n l e t  
t o t a l  pressure pb and ou t l e t  r a t i ng  t o t a l  pressure p1  

x 9  7 

squared r a t i o  of c r i t i c a l  ve loc i ty  t o  c r i t i c a l  ve loc i ty  at 
NACA standard sea-level  temperature of 518.7O R, 

'G torque, f t - l b  

Subscripts: 

e engine operating conditions 

s Z MACA standard sea-level  conditions 

x a x i a l  

0,192939 
4,5,6,7, measuring s t a t i ons  (see f i g .  2) 
8 

Superscripts  : 

t t o t a l  o r  stagnation s t a t e  

APPARATUS, 1NSTRWNTATION;AND PROCEDURE 

The three-stage 571 Type I I A  turbine t e s t  i n s t a l l a t i o n  used i n  t h i s  
inves t iga t ion  i s  the  same a s  described i n  reference 1 f o r  t e s t i n g  the  
Type I IF  turbine .  A s  mentioned previously, the  Type I I A  turbine employed 
curve-backed blades and had smaller blade th roa t  areas  downstream of the  
f i r s t  s t a t o r  than did  the  Type I I F  turbine ( r e f .  1). The design throat  
a reas  f o r  the  IIA turbine were 94.7, 92.5, and 92.3 percent of those of 
t he  I I F  turbine f o r  the  f i r s t ,  second, and t h i r d  s t a to r s ,  respectively,  
and 94.9, 95.0, and 92.6 percent f o r  the f i r s t ,  second, and t h i r d  ro tors ,  
respectively.  The ac tua l  measured s t a t o r  th roa t  areas f o r  the I I A  t u r -  
bine a re  100.5, 95.4, and 92.3 percent of those f o r  the I IF  turbine f o r  
t he  f i r s t ,  second, and t h i r d  s t a to r s ,  respectively.  The measured var ia-  
t i o n s  between t he  corresponding s t a t o r  th roa t  areas f o r  the  I I A  turbine 
and the  I I F  turbine of reference 1 are  d i f fe ren t  from the  design var ia-  
t ions ,  because (1) the  s t a t o r  areas  of the  I IF  turbine as invest igated 
were intended t o  be 97 percent of the  design area,  whereas the  s t a t o r  
areas  of the  I I A  turbine a re  100 percent of design, and (2) these intend- 
ed  differences were fu r the r  a l t e r ed  because of manufacturing tolerance 



l i m i t s .  The r e s u l t  was the  measured var ia t ions  l i s t e d .  It should be 
noted, however, t h a t  the  IIA turbine  had smaller measured blade th roa t  
areas  downstream of the  f i r s t  s t a t o r  than the  IIF turbine.  

The sea-level  design conditions, as supplied by the  engine manufac- 
tu re r ,  and the  turbine design equivalent conditions axe a s  follows: 

The method of deriving these equivalent design conditions i s  presented 
i n  reference 4. The I I A  turbine w a s  designed so t ha t  the f i r s t  s tage 
would produce 42 percent of the  t o t a l  work, t he  second stage 34 percent, 
and t he  t h i r d  stage 24 percent. A photograph of the  over-a l l  turbine 
experimental, setup, showing the  various components, i s  shown i n  f igure  1. 

Work, ~ t u / l b  
Weight flow, lb/sec 
Rotational  speed, rpm 
I n l e t  temperature, OR 

I n l e t  pressure, i n .  Hg abs 

The instrumentation used i n  t h i s  invest igat ion w a s  the  same as de- 
scribed i n  reference 1; a schematic diagram of the turbine,  showing the  
instrumentation, i s  presented i n  f igure  2. Measurements of t o t a l  pres- 
sure, s t a t i c  pressure, and t o t a l  temperature were taken at the  turbine 
i n l e t  ( s ta t ion  0) and a t  the  turbine  ou t l e t  [ s ta t ion  7 ) .  I n  addition, 
s ta t ic-pressure  t aps  were i n s t a l l e d  on the  inner  and outer shrouds ahead 
of each row of blades. 

The I I A  turbine was operated at constant nominal i n l e t  pressure p 1  0 

Engine sea- level  
design conditions, 

zero r a m  

131.5 
169.0 
6100 
2160 

261.5 

and temperature Td corresponding t o  35 inches of mercury absolute and 

700° R. Nominal pressure r a t i o s  were imposed across the  turbine, and 
the  speed w a s  var ied from 20 t o  130 percent of the  design equivalent 
speed N/& f o r  each pressure r a t i o .  A range of r a t i n g  pressure ra- 
t i o s  from 1.4 t o  4.8 was investigated.  

W d i n e  
equivalent 
design conditions 

32.4 
40.3 
3028 

518.7 
29.92 

Values of equivalent torque (7/6) e and equivalent weight flow 
(w 6 - 8 1  c were p lo t ted  against  the  r a t i ng  over-a l l  to ta l -pre  ssure ra- 

t i o  7, and cunres were f a i r e d  f o r  each speed invest igated i n  order 

t o  minimize random experimental inaccuracies. The equivalent weight 
flows presented a re  corrected f o r  t he  f u e l  addit ion required t o  maintain 
'the 700° R i n l e t  temperature. The turbine -out le t  pressure ~ 4 , ~ '  upon 

which the  turbine e f f ic iency  i s  based, i s  ca lcula ted from the  measured 



t o t a l  pressure, s t a t i c  pressure, t o t a l  temperature, turbine i~e ight  flow 
(air flow plus f u e l  flow), and the known annular area a t  t h i s  measuring 
s tat ion.  Efficiency based on this calculated out let  pressure charges 
the turbine f o r  the energy of the rotor-discharge tangential  velocity, 
Therefore, the values of brake in terna l  efficiency vi ?resented are  

conservative. 

RESULTS AMD DISCUSSION 

The over-all  performance of the 571 Type 1: turbine i s  presented 
i n  f igure 3. The variat ion of equivalent shaft  ru.k E / B ~ ~  with the 

equivalent weight-f low parameter [wN/606) 8 f o r  lir. of constant equiva- 
l en t  rotat ional  speed N/K and rat ing total-prL - ;ure r a t i o  

p8" .  7 
i s  shown. Contours of constant values of brake in terna l  efficiency vi 
a re  also included. A l l  parameters are corrected t o  NACA standard sea- 
leve l  conditions (29.92 i n .  Hg abs and 518.7O R) . The design operating 
point i s  shown at the design equivalent speed and shaft work output 
(32.4 ~ t u / l b ) .  This design operating point occurred a t  an over-all 
total-pressure r a t i o  of 3.42 and an efficiency of 0.880. Values of e f -  
f iciency greater than 0.89 were obtained a t  ewivalent  speeds and work 
outputs greater than design. The maximum efficiency of 0.896 occurred 
a t  130 percent of design equivalent speed and a pressure r a t i o  of 4 .O. 
It i s  apparent from the performance map tha t  a broad range of e f f ic ien t  
turbine operation exis t s .  Comparison of t h i s  map (fig.  3) with tha t  f o r  
the Type IIF turbine (fig.  3, re f .  1) reveals tha t  the two turbines had 
comparable efficiency characteristics,  the I I A  turbine exhibiting s l ight-  
l y  higher values. It w i l l  be noted, however, tha t  the I I A  turbine han- 
dled l e s s  equivalent weight flow than the I I F  turbine a t  any given tur-  
bine speed. 

The efficiencies of the I I A  and ID turbines can be compared more 
readi ly by referr ing t o  figure 4, where these eff ic iencies  are presented 
as a function of the over-all total-pressure r a t i o  fo r  speeds of 70, 100, 
and 130 percent of design equivalent speed. The Type IIA turbine pre- 
sented a s l ight ly  higher efficiency (approximately 1 percent) f o r  the 
two higher speeds (figs.  4(b) and ( c ) ) .  A t  the design equivalent speed 
(f ig .  4[b)) and near the pressure r a t i o  a t  which design equivalent work 
was obtained f o r  the two turbines (approximately 3.4), the IIA turbine 
efficiency was on the order of 0.3 percent greater than tha t  f o r  the I I F  
turbine. The change i n  the blade throat areas and prof i le  shapes there- 
fore  resulted i n  only a s l ight  increase i n  turbine efficiency. 

The variat ion of equivalent weight flow [w&/8) s with over-all  

ra t ing  total-pressure r a t i o  f o r  the IIA turbine i s  presented i n  figure 
5 f o r  a l l  equivalent rotat ional  speeds investigated. The figure indi- 
cates  tha t  the turbine i s  choked above a pressure r a t i o  of 4.0 f o r  speeds 



above 70 percent. I n  t h i s  speed range, the choking value of weight flow 
(maximum weight flow f o r  a given speed) decreases with an increase i n  
rotat ional  speed. This indicates that ,  f o r  the rotat ional  speeds above 
70 percent, the turbine chokes somewhere downstream of the f i r s t  s ta tor .  

A t  the design operating point of 100-percent equivalent design 
speed and a work output of 32.4 Btu per pound, which corresponds t o  an 
over-all  total-pressure r a t i o  of 3.42, an equivalent weight flow of 40.4 
pounds per second i s  indicated i n  figure 5. This compares very closely 
with the design value of 40.3 pounds per second. A t  the corresponding 
design operating point f o r  the IIF turbine ( re f .  l ) ,  105 percent of de- 
sign equivalent weight flow w a s  observed. The reduction i n  blade throat 
areas downstream of the first s t a t o r  of the IIA turbine from those of 
the IIF turbine was probably the reason the I I A  turbine obtained the de- 
sign weight flow at the equivalent design operating point. 

The variat ion of equivalent torque ( ~ 1 6 )  8 with rat ing over-all  
total-pressure r a t i o  f o r  the various rotat ional  speeds i s  shown i n  f ig -  
ure 6. Over the range of conditions investigated, equivalent torque 
continually increased with pressure r a t i o  at a l l  speeds. This indicates 
tha t  turbine blade l imiting loading was not encountered i n  t h i s  invest i -  
gation. However, at the higher speeds and higher pressure ra t ios ,  the 
slope of these torque curves continually decreases, indicating tha t  a 
blade limiting-loading condition i s  closely approached. 

The variat ion of the s t a t i c  pressure p a t  the different  hub meas- 
uring s tat ions with rat ing over-all  total-pressure r a t i o  p ' /p9 a t  

0 x,7 
the design equivalent rotor  speed i s  presented i n  figure 7. All s t a t i c  
pressures were divided by the i n l e t  t o t a l  pressure pb i n  order t o  elim- 

ina te  experimental variations i n  the i n l e t  t o t a l  pressure. This curve 
i s  presented i n  order t o  determine which blade rows, i f  any, are choked. 
Blade-row choking i s  indicated from a plot such as figure 7 i f  the s t a t i c  
pressure at the entrance t o  the blade row (i .e., r a t i o  of the s t a t i c  
pressure t o  turbine-inlet  t o t a l  remains constant while the 
s t a t i c  pre'ssure at the e x i t  of the same blade row decreases as the over- 
a l l  total-pressure r a t i o  across the turbine i s  increased. When a blade 
row does choke, the s t a t i c  pressures a t  a l l  s ta t ions upstream of this 
blade row remain constant as the over-all total-pressure r a t i o  across the 
turbine is increased. 

From the foregoing discussion it may apgear from figure 7 t ha t  the 
f i r s t  s t a to r  i s  choked over most of the range of over-all total-pressure 
r a t i o  investigated. However, i n  the range of over-all pressure r a t i o s  
from 1.4 t o  4.2, small differences i n  the s t a t i c  pressure a t  measuring 
s ta t ion  1 persis t ,  but are somewhat d i f f i cu l t  t o  note readily because of 
the small scale of the ordinate. Actually, the first s t a to r  i s  unchoked 



over the en t i r e  range of pressure ra t io ,  because the s t a t i c -  t o  t o t a l -  
pressure r a t i o  at the e x i t  of the f i r s t  s t a t o r  (measuring s ta t ion  2), 
which i n  t h i s  instance i s  representative of the Mach number a t  t ha t  meas- 
uring s tat ion,  i s  f a r  from the choking value of 0.528. 

A blade-row choking phenomenon i s  indicated i n  figure 7 across the 
t h i r d  row of s t a t o r  blades, because the static-pressure curve a t  meas- 
uring s ta t ion  5 obtains a zero slope a t  and above an over-all ra t ing  
total-pressure r a t i o  of approximately 4.2, while the static-pressure 
curve a t  measuring s t a t ion  6 did not. Thus, the th i rd  s t a to r  row of 
blades i s  operating i n  a choked condition above an over-all  t o t a l -  
pressure r a t i o  of about 4-2. It should be noted tha t  t h i s  pressure r a t i o  
i s  well above the pressure r a t i o  at which the equivalent design turbine 
work was obtained (3.42). It would also appear from the static-pressure 
dis t r ibut ions a t  measuring s ta t ions  6 and 7 ( f ig .  7) tha t  the t h i r d  ro tor  
row of blades begins t o  choke at an over-all total-pressure r a t i o  of 
about 4.8 or  4.9. I n  the IIF turbine investigation ( re f .  l), the th i rd  
ro tor  choked a t  a pressure r a t i o  of 4.2. Changes i n  the turbine geome- 
t ry ,  then, resul ted i n  a s h i f t  i n  the i n i t i a l  choke point from the th i rd  
ro to r  f o r  the I IF  turbine t o  the t h i r d  s t a t o r  for  the IIA turbine. 

Because the t h i r d  s t a to r  of the IIA turbine choked a t  an over-all  
total-pressure r a t i o  of approximately 4.2, a l l  curves f o r  the preceding 
measuring s ta t ionshave  a zero slope a t  and above t h i s  choking pressure 
r a t i o  (see f i g .  7 ) .  It would also be possible f o r  the static-pressure 
curves preceding measuring s ta t ion  5 t o  obtain a zero slope simultaneous- 
l y  with the curve a t  measuring s ta t ion  5 i f  one or more of the blade rows 
preceding the t h i r d  s t a to r  choked simultaneously with the th i rd  s t a to r .  
m i l e  t h i s  i s  possible, it is not considered l ike ly  tha t  any preceding 
blade row chokes with the turbine design features such as they are.  It 
i s  concluded tha t ,  a t  the design equivalent speed, the th i rd  s t a to r  of 
the IIA turbine choked at an over-all  total-pressure r a t i o  of 4.2; the 
t h i r d  rotor  choked a t  a pressure r a t i o  of about 4.9; the f i r s t  s t a to r  
w a s  unchoked over the en t i re  pressure-ratio range investigated; and it 
i s  possible, but unlikely, tha t  other blade rows were choked. 

From an experimental investigation of the 571 Type I I A  three-stage 
turbine equipped with design s t a to r  areas and operated over a range of 
equivalent speed and total-pressure r a t i o  at i n l e t  conditions of 35 
inches of mercury absolute and 700° R, the following resu l t s  were ob- 
tained: 

1. A t  equivalent design speed and work, the turbine passed the equiv- 
a lent  design weight flow and had a brake in terna l  efficiency of 0.880. 
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2. The turbine had a wide range of e f f ic ien t  operation, a maximum 
value of 0.896 occurring a t  130 percent of design equivalent speed and 
a total-pressure r a t i o  of 4 -0. 

3. A t  design equivalent speed the th i rd  s t a to r  choked a t  an over- 
a l l  pressure r a t i o  of 4.2. Subsequently, the th i rd  rotor  choked a t  an 
over-all  pressure r a t i o  of about 4.9. 

4. A comparison of the over-all performance of the I I A  and I IF  tu r -  
bines at design equivalent speed and work indicated tha t  the use of 
curve -backed blades and the reduction of the blade throat areas down- 
stream of the f i r s t  s t a to r  i n  the IIA turbine resulted i n  a s l ight  in -  
crease i n  efficiency and a 5-percent decrease i n  weight flow. 

Lewis Flight Propulsion Laboratory 
National Advisory Committee f o r  Aeronautics 

Cleveland, Ohio, January 20, 1955 
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TAELE I. - DATA SUMMARY FROM EXPERI3SFXTAL IIWESTIGATION 

Rat ing  
over - a l l  
t o t a l -  
pressure 
r a t i o ,  

1.373 
1.380 

1 1.369 
1.368 
1.376 
1.372 

1.527 
1.537 

1.546 
1.539 
1.547 
1.564 1 1.568 

1 1.577 1 1.587 

1.744 1 1.761 
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1.807 i 1.823 
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TABLE I. 
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Figure 1. - Ins ta l la t ion  of 571 Type IIA three-stage turbine on ful l -scale  
turbine component t e s t  f a c i l i t y .  
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Figure 4, - Trariation of over-all turbine brake Ute- efficiency with over-all total-presswe 
r a t i o  at three different  rota t ional  speeds f o r  two S71 turbine configurations. 

(b ) Equivalent sped, 100-percent design. ( 0 )  Equivalent s p e a ,  130-percent design. 
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Figure 5. - Variation of equivalent weight flow with over-all total-pressure ratio for 
values of constant equivalent rotor speed, 
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Fzgure 6 .  - Varia t ion of equivalent  torque wi th  over-a l l  t o t a l -p ressu re  r a t i o  f o r  values 
of constant  equivalent  r o t o r  speed. 
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Engines, Turbo j e t  

Turbine Flow Theory and Experiment 

Turbines - Axial Flow 
i 

Schum, Harold J., Davison, Elmer He, and Petrash, Donald A. 

COWOMENT PEFO?ORMANCE INVESTIGATION OF 571 TYPE 11 'I'URBINES 
111 - OVER-ALL PEIIFORMANCE OF 571 TYPE I I A  TURBIPJE 

Abstract 

The 571 Type IIA turbine had a brake in terna l  efficiency of 0.880 
and passed the equivalent design weight flow a t  equivalent design speed 
and work. A comparison of the over-all performance of t h i s  turbine with 
tha t  of the Type I IF  turbine a t  t h i s  equivalent design operating point 
indicated tha t  the use of curve-backed blades and the reduction of the 
blade throat areas downstream of the  f i r s t  s t a to r  i n  the IIA turbine 

: resulted i n  a s l ight  increase i n  efficiency and a 5-percent decrease i n  
weight flow. 
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