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SUMMARY 

$ The two-stage turbine from the J73 turbojet  engine  has  previously 
8 been investigated with both  standard  rotor  blading and  reduced-chord 

rotor  blading In order t o  ascertain  the  over-all performance k a c t e r -  
i s t i c s  of each configuration over a range of pressure r a t i o  and speed. 

both having high efficiencies over wide operating ranges, it was con- 
sidered of in te res t  t o  determine the performance of the first stage of 

and the over-all performance characterist ics of the first stage of the  
standard-bladed  turbine were obtained. The f irst  stage of the reduced- 
chord multistage  turbine was then  investigated  similarly t o  that f o r  the 
first-stage  standard-bladed  turbine and the   resu l t s  axe included  herein. 

-. Because the two turbine  configurations  exhibited comparable performance, 

" each unit. Necessary  modifications were incorporated  into the  turbine, 

The reduced-chord first-stage  turbine  operated at a peak brake 
internal  efficiency of over 91  percent  at a stage  over-all  pressure r a t i o  
of 1.4 and at 90 percent of the design equivalent  speed. The uni t  exhib- 
i t e d  high efficiency over a w i d e  range of operating variables, a s  found 
i n  the other 573 experimental  investigations. The over-all performance 
of the  standard and the reduced-chord first-stage  turbines was comparable 
over the   en t i re  range  investigated. Furthermore, t he  first stage of the  
multistage  turbine equipped with  the reduced-chord rotor  blades  pro- 
duced approximately  half the to ta l   tu rb ine  work output, as did the first 
stage of the standard-bladed turbine. 

JNTRODUCTIOM 

The performance of the two-stage turbine from the 513 turbojet 
* engine has been investigated at the NACA Lewis  laboratory  with both 

1 * %e information  presented  herein was  previously  given lfmftea 
distribution. 
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standard and reduced-chord rotor blading. - The experimental  investiga- 
tions were conducted on the  turbine as a separate  engine component a t  
a n  inlet   pressure 09 35 inches o f  mercury absolute  and at an i n l e t  tem- 
perature of  700' R. Both turbine  configurations  exhibited-peak eff i -  
ciencies of over 90 percent and yielded wide -eff ic ient  ranges of opera- 
tion. The results obtained from the  investigations of the  standard- 
bladed and the reduced-chord multistage-turbine  configur3tions are pre- 
sented in  references 1 and 2, respectively. 

0 
Because  of the apparently good perforgapce  .obtained from the 

multistage-turbine  investigations, it was considered of i n t e re s t   t o  
operate  the first stages of the  turbines  as  separate components i n  order 
t o  determine the i r  performance characteristics. The multistage turbine 
w a s  modified accordingly, a d  the first stage of the standard-bladed 
turbine was  investigated;  the  results are presented i n  reference 3. This 
f i rs t   s tage  operated  a t  a geak efficiency of over-90  percent a t  a stage 
pressure  ratio of 1.4 and 90 percent of design  equivalent  speed. More- 
over, the.single-stage  turbine  provided  high  efficiencies  over a rela-  
t ive ly  wide operating  range. 

. ." 

. .  . " .- . 

The single-stage  turbine  configuration  utilizing  the reduced- 
chord rotor  blades was  then  investigated .over -a range of -speed f r o m  2 0 .  

t o  130 percent of the  design  equivalent Bpe-ed and over a .range of stage 
pressure  ratio from 1.2 t.o 2,8 similar ly   to  that fo r  the -f i rs t -s tage 
standard-bladed  turbine  (ref. 3). The  inlet-gas s t a t e  was maintained 
at the same conditions as f o r  the  other investigations; t ha t  is, the - 

inlet pressure was 35 inches of mercury absolute._and  the  inlet tempera- 
ture  w a s  700' R. The over-all  performance-results  are again presented 
i n  terms of brake internal  efficiency,  equivalent work output, equivalent, 
weight flow, equivalent  rotor speed, and equivalent  stage  total-pressure 
ra t io .  For the convenience of the  reader,  the  results  are tabulated i n  
table  I. 

. - - - - . . . . . . . 

SYMBOLS 

The Tollowing symbols are  used i n  this report: 

E enthalpy drop based on torque measurements, Btu/lb 

cu 4 

M 

Q gravitational  constant, 32.174 ft/sec2 
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R 

T' 
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'r: 

J 

n 

'1 

a 

T 

rotational speed, r p m  

static  pressure,  in. Hg abs 

t o t a l  pressure,  in. Eg abs 

static  pressure  plus  velocity  pressure corresponding t o  axial 
coqponent of velocity,  in. Hg abs 

gas  constant, 53.345 ft-lb/(  lb) (%) 

t o t a l  temperature 

weight flow, lb/sec 

weight-f low pwameter  based on equivelent weight  flow and 
equivalent  rotor speed 

r a t i o  of specific  heats 

r a t i o  of inlet-air pressure t o  NACA standud  sea-level  pressure, 
p;/29.92 in. EIg abs 
L 

YO function of y, - 
'e 

brake  internal efficiency, defined as the   ra t io  of actual  turbine 
work based on torque measurements to idea l  turbine work based 
on inlet total   pressure p'  asd  dFscharge total   pressure  cor- 
rected  for  w h i r l  p '  1 

x, 2 

squared r a t i o  of c r i t i ca l   ve loc i ty   to   c r i t i ca l   ve loc i ty  at NACA 
@ gRT' 

standard sea-level temperature of 518.4' B, y + l  

Q-0 
Yo + 1 €q 

torque, f t - lb  
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Subscripts: 

CT critical 

e engine  qperating  conditions 

h -  hub 

X axi  a1 

0 standard  sea-level  conditions 

1 turbine-inlet measuring s ta t ion 

2 turbine-outlet measuring station 

APPARATUS AND INSTRUMENTATION 

Apparatus 

The standard and the reduced-chord rotors of the multistage turbine 
are  described  in  detail   in  references 1 and 2, respectively. The modi- 
f i c a t i o n ~  required t o  operate  the  turbine  as "Csipgle-st.igG unit are 
described in reference 3 and were incorporated-herein t i o r d e r  t o  deter- 
mine experimentallythe performance of .  the sLngle-stage turbine  uti l izing 
reduced-chord rotor blades. The ducting  required for the  turbine air 
supply and exhaust was unchanged. The power developed F r q m  the  turbine 
was again  absorbed  by the two dynamometers. A photograph of the  setup, 
shqwlng the  various components used to  investigate  the f i rs t  stage of 
the reduced-chord turbine  configuration, i s  presented in   f igure 1. 

Turbine instrumentation 

The single-stage turbine was instrumented in   t he  same manner as tha t  
described in   t he  corresponding investigation of the staud8rd-bMed tur- 
bine (ref. 3) .  Meaamements of total  pressure, static pressure, and 
temperature were made at the  turbine  inlet  and outlet   (stations 1 and 2, 
respectively,  fig. -2).  The. pressures and temperatures were  measured as 
described i n  reference. 3, -as were turbine r o t o r  speed, torque  output, and 
air weight flow. The Fnstrumentation a t  the dischmge measuring s ta t ion 
duplicated  the  interstage  igstrumentation  present .bu t  not  reported in   t he  
multistage-turbine  investigations of references 1 and 2 .  
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Turbine-inlet t o t a l  pressure p i  was calculated by the  methd 
described Fn reference 1. The turbine-outlet  total  pressure  p1 

defined  as  the  static  pressure  plus  the  velocity  pressure  correspondhg 
t o  the  axial  component of the  absolute  velocity, was  computed. This 
ca1cule;ted discharge t o t a l  pressure  penalizes  the  first-stage  turbine 
for   the  kinet ic  energy of the  rotor-exit  tangential  velocity component; 
the  first-stage  efficiencies  are,  therefore, on the  conservative  side. 

x, 2’ 

The single-stage  turbine, equipped with  the reduced-chord rotor  
blades, was operated  over  a  range of speed From 20 t o  130 percent of the 
design  equivalent speed (4041 r p m )  and over  a range of equivalent  stage 
total-pressure  ratio p ~ / p  1 f rom 1.2 t o  2.8 with constant nominal 
i n l e t  values  of pressure and temperature of 35 inches of mercury absolute 
and 7Oo0 R, respectively. 

1 x,2 

The variation of equivalent s W t  work output E/8cr,l with the 
weight-flow  parameter - i s  shown in figure 3 f o r  lines of constant 
turbine ro to r  speed N / d G  and constant  equivalent  total-pressure 

r a t io  pl/pl  . Brake internal-efficiency  contours are also included. 

(All performance parameters  presented have been corrected t o  NACA stand- 
ard  sea-level  conditions of 29.92 in. Eg abs and 518 .a0 R. ) It can be 
readily noted on the performance map ( f ig .  3) that efficiencies of 9 1  
percent were obtained in the  vicinity of an over-all  stage  pressure  ratio 
of 1.4 and 90 percent of the  design  equivalent speed.  Furthermore, the 
performance map indicates that high efficiencies w e r e  obtained  over a 
re lat ively wide range of speed and pressure  ratio. The stage perform- 
ance and the  region of peak efficiency are 8FmiW to  those  reported in  
reference 3 for  the  single-stage  turbine equipped with  standard r o t o r  
blades. It i s  Fnteresting  to  note  that u6e of reduced-chord rotor blad- 
ing i n  a mult is tage turbine results i n  a slight decrease i n  peak effi- 
ciency as comgared with the results obtained with the  standard  rotor 
blading (ref. 2) ,  whereas the  inverse was found f o r  the  single-stage 
turbine  configuration. The differences are small, however, and no d e -  
i n i t e  conclusions can be rea l i s t i ca l ly   d ram from them- 

1 x,2 

The performance map ( f ig .  3) was calculated from faired  values of 
PI 

equivalent w e i g h t  flow wK1 E and equivalent  torque-output E; 
81 61 

+ these  data are presented in figures 4 and 5, respectively. As indicated 
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on figure 4, it appears that the  turbine  stator chokes a t  over-all stage 
pressure  ratios greater than 2 .3  and at an equivalent weight flow of 
42.65 pounds per second. These values  agree  with  the  corresponding 
values  obtained i n  the investigation of the  f irst-stage  turbine having 
standard rotor  blades (ref. 3). Comparison of the  weight-flow curveB 
for the two single-stage  turbine  configurations  indicates  that  there is 
no appreciable  variation u 

Comparison of the  faired values  of equivalent  torque  output  (fig. 
5) with those  obtained  with the f i r s t - . s tage   s tuard-bhded  turbine 
(ref .  3) indicates  relatively  close agreement f a  the two f i rs t -s tage 
turbine c0nfigura;tions. A maximum variation of only 2 percent  prevailed 
a t   t he  higher  values of pressure  ratio and speed, the standard-bladed 
turbine producing more torque. 

The simultaneous small variation of equivalent  weight  flow and 
torque  output with pressure  ratio i s  reflected in the  computed brake 
internal  efficiencies. From a.comq?arison of the  efficiency  contours aS 
obtained  from  the two f i rs t -s tage turbine configurations, it can be seen 
that,  at speeds of 60 percent and above and over the range of stage 
pressure  ratio  investigated,  the two turbine  configurations  exhibited 
the same efficiencies  within 2 percent except fo r  low pressure  ratios a t  
120 percent of design speed, w h e r e  the reduced-chord turbine was 3 per- 
cent  less  efficient  than  the  standard-bladed  turbine. It can be con- 
cluded, however, that the over-all performance of the stamlard and the 
reduced-chord first-stage  turbines was generally comparable over the 
entire  range  investigated. 

It i s  deemed important to  point  out  that  the first-stage  turbine 
does  not  operate over t h e   e n t i r e   r a g e  of stage  pressure  ratio  presented 
when incorporated in the  multistage  unit. As stated i n  re feence  1, 
depign shaft  work for the 573 multistage turbine was 28.48 Btu per pound. 
From the  investigation of the  multistage  turbine equipped wlth the 
reduced-chord rotor blading (ref. 21, a measured first-stage pressure 
r a t io  of 1.60 was  observed at the  multistage  design  operating  point. 
This measured stage  presswe  ratio corrresporgs t o  a calculated  stage 
pressure  ratio of appro-tely 1.62. If tihe latter i s  considered the 
design first-stage pressure  ratio, it can be noted on the performance 
map that an equivalent  shaft work output of approximately 14.40 Btu per 
pound was produced. This represents approximately half the   to ta l  tur- 
bine  design work output. The same resu l t  was obtained  wfth the first- 
stage turbine  with  standard  rotor blades (ref. 3) . Hence, it can be 
concluded that' each stage of the  multistage J73 turbine, whether equipped 
with  standard  rotor blading or with reduced-chord rotor blading, produces 
approximately the sane work output. 

4 cu to 
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An investigation of the  over -a l l  performance of the   f i r s t   s tage  of 
the reduced-chord multistage 573 turbine produced the following results: 

1- A peak efficiency of over 91  percent w a s  obtained at an over- 
all stage pressure  ratio of 1.4 and 90 percent of the design equivalent 
speed.. 

2. The turbine exhibited h i g h  efficiency over a wide range of equiv- 
alent speed and over-all   stage  pressure  ratio.  

3. The over-all performance of the  standard and the reduced-chord 
first-stage turbines was caqmrable over the entire range  investigated. 

4. A t  the  design  operating point of the correspondingly  bladed 
multistage turbine, the first stage produced approximately half the 
to ta l   tu rb ine  work output. 

T 

REFERENCES 

1. Berkey, W i l l i a m  E., Rebeske, John J., Jr . and Forrette,  Robert E. : 
Performance Evaluation of Reduced-Chord Rotor Blading as Applied 
t o  573 Two-Stage Turbine. I - Over-All Performance with Standard 
Rotor Blading at I n l e t  Conditions of 35 Inches of Mercury Absolute 
and 70O0 R. NACA RM E52G31, 1957. 

2. Schum, Harold J., Rebeske, John J., Jr., and Forrette,  Robert E. : 
Performance Evaluation of  Reduced-Chord Rotor B l d i n g  as Applied t o  
573 ICwo-Stage Turbine. II - Over-All  Performance at m e t  Condi- 
t ions  of 35 Inches of Mercury Absolute and 70O0 R. NACA RM E53B25, 
1957. 

3- Schum, Harold J- : Performance Evaluation of Reduced-Chord Rotor 
Bladin@; as Applied t o  J73 TyoStage Turbine. III - Over-all Per- 
formance of F i r s t S t a g e  T u r b i n e  with Standard Rotor B l a d e s  at  Inlet 
Conditions of 35 Inches of Mercury Absolute and 70O0 R. NACA RM 
E53L28ay 1957. 



8 - NACA RM E53L29 

- 
Inlet 

P e a -  
tot81 

8 u F B I  

in. Ii 
abe 

54.88 

34.87 
34.84 

35.03 

34.76 
34.80 
3 4 . u  
34-81 
34.98 
35.12 

34.81 
54.77 

34-73 
34.80 
34.79 
34.87 
34.78 
34.86 

34.74 
34.81 
34.78 
34 .71  
34.75 
54.73 
54.78 
IC.  76 
34.77 
34.84 
54.72 
54.72 
54.84 
34.72 
34.71 
54.77 
54-71 
34.72 
54.76 
54.73 
34.59 
54.73 
54.70 
54-74 
54.75 
54-76 
54-77 
54-63 
54-73 
54.79 
54.72 
54.65 
54.70 
54-71 
54-81 
54-69 
54-72 
14.75 
14.74 
14.77 
N.67  
14-71 
14.75 
14.67 
54.68 
i4.73 
i4.76 
14.75 
14.72 
i4.67 
14.70 
i4.70 
84.78 
t4.78 
~4 .71  
l4.81 

84:w 
,4.85 
84.73 
,4.72 

Pi. 

- 

- 

- 
Wer-al 
.otal- 
lressur 
satlo, 
P i h ;  

- 
lJL8 
1.116 

1.164 
1.158 

1.170 
1.209 
1.239 
1.232 
1.225 
1 .m 
1 i244 
1.531 
I 3 7 1  
1-391 
1.395 
1.389 
1.396 
1.402 

1.339 
1.397 
1.464 
1 .&76 
1.502 
1.502 
1.m 
1.430 
1.495 
1.498 
1.481 
1.502 
t .693 
L.616 
1.644 
1.666 
t .669 
L.672 
1.670 
!.e67 
1.604 
1.B33 
1.750 . .776 . .788 
1.842 
1 .e64 

. .e57 

..a70 

..Bel 

. .758 . . a n  

..go2 
, .932 
..979 
..9m 
!.055 
!.027 
!.076 
.a45 
..953 
!.OS 
,.074 
!.US 
1.173 '. 2 u  
1.274 '. 255 
. 2 l 8  .m 
. 3 P  
.368 . u 2  . 438 
.499 

.433 

.526 

.644 

.592 

. . a6o 

- 

- 
Tmque 

f t - l t  
7 ,  

- 
d C  

t 

- I  
s 

" 

1 
1 
1 

1 
I 

1 
1 
I 
1 
I 
I 

1 
I 

I 
I 
I 
1 
I 
I 
I 
1 

I 
1 

1 
1 

2 
I 

2 
1 

2 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 

2 
2 - 

3ver-al l  
> O t a l -  
to -s ta t ic  
xee.suFe 
v a t l o  a t  

a 
8 
t 

2 
" 

: 

I . 
I 
3 
3 
3 
S 

3 
S 
3 
3 

L 

L& 

- 
55.4 

51 .1  
52.8 

%.a 
58.7, 
$7.3 
56 -1' 
35.1: 
54.2'  
s . 9 1  
41 .4 '  11.c: 
40.7. 
40.6: 
39 .8! 
59.3; 
39 .O; 
38.9. 

42.u 
42.U 42.54 

40.5: 
U.7C 

41.0E 
40.8: 
4Q.31 4u. 
40.1a 
42.6: 

42. 5: 
42.5f 

42.44 
42.3€ 

42.0€ 
42.34 

42.01 
U.62 
4l .51 
42. 65 
42.6: 
42.64 
42.61 
42.50 
42.51 
42.56 
42.52 
42.31 
42.51 
42.70 
62.55 
42.65 
42.61 
42.63 
b2.61 
k2.54 
b2.53 
L 2 . U  
42.45 
L2.61 
62.61 
L2.61 
L2.59 
L2.55 
L2.55 
L2.67 
L2.57 
L2.67 
L2.64 
L2.64 
L2.60 
L2. 60 
L2.54 
Lz.58 
12.58 

L2.50 
L2.x) 
L2.50 E 

~ t i o  e. 

$ht, 

1.158 
1.161 
1.162 

0.837 
.839 
.a43 
-841 

-748 
-778 
.782 
.786 

. .791 
.792 
,650 

- 678 
-657 

.68S 

.676 

.682 
-6Be 
.676 

0.845 
.842 

. 8 U  

.841 

.767 

.778 

.776 

.782 

.791 

.794 

.678 

.671 
.666 

. ,670 

.878 

.674 

.681 
-678 

7aJ.( 

6.99 . I  
700 .< 
699 .s 
701.4 
700.: 
700.: 
700.1 
701. I 
700 .c 
7w.: 
7 0 0 . 5  
m . 5  
700.5 

1 0 0 . 4  

700.3 
700.4  

701.6 
701.6 
701.5 
701.5 
700.5 

700.4 
700" 5 

701 -5  
700.5 
700.5 
700.6 
700.6 
'100.6 
700.6 
703.7 
700.7 
700.5 
700.5 
700 -5 
700.5 
699.6 
700.6 
700.7 

700.6 
700.7 

700.6 
100.6 
7M.6  
7W.6 
700.6 

700 -7 
m . 7  

7W. f  
700.7 
700.7 
701.7 
703.7 
703.6 
700.6 
700.6 
701.6 
700.6 
703.6 
701.7 
701.6 
101.6 
701.6 
100.6 
700.8 

701.1 
706.7 
rQl.7 
m.7 
Iw.6 
K x ) . E  

101.5 
101.7 
701.7 

mo.5 

700.6 

101.8 

685.8 
677.1 
674.8 
674.7 

608.1 
669 .8 
664.1 

664.0 
664.1 

667.0 
674.4 
658.3 
649 -2 
644.9 
643.6 
645.7 
643.5 
643.5 

666 -8  
651 -5 
839.1 
636.5 
832.2 
631.0 

6S3.0 
832.1 

633.9 
635.0 
658.8 

628 .O 
643.7 

622.5 
619 .O 
615.7 
813.7 
613.6 
616.2 
615.3 
659.5 
Bs4.8 
6 l5 .4  
509.7 
505.0 
BW.6  
598.1 
588.0 

598.7 

531.4 
S10.6 
501.8 
595.1 
5BB.6 
js5.9 
383.8 
581.6 
561 - 4  
330.7 
309.2 
595.7 
sac. 2 
577.6 
576 .a 
572.7 
168.3 
i69.1 
i80.8 
iBo.8 
i74.6 
i70.2 
S6. 7 
i64.4 
i52. P 
i69.8 
i64.6 
i62.8 

~ 8 . a  

556.9 

E 

1886 
9 41 

3306 
2828 

1884 
944 

2824 

3780 
w 3  

4254 

1686 
936 

2826 
3304 
3775 
4244 
4717 
5191 

1663 
944 

2834 
3306 
3774 
4246 
4719 
6196 
5665 
El35 

1865 
943 

2830 
5290 
5773 
4 2 6 0  
b718 
5192 
X 6 6  
3 1 4 0  

1886 
938 

125 
5305 
1775 
E44 
L 7 P  
i190 x83 
X40 

188Q 
935 

?e30 
uo2 
r775 
I250 
L717 
i l86 
is65 
1359 

,882 
2626 
I304 
373 
me44 
,715 
a91 
is65 
,125 
,768 
,770 
24% 
,717 
I190 
~668 
144 

,724 
198 
,685 
141 - 

981 
715 
S l B  
158 

1453 
loas 
8% 
713 
576 
485 
19a 

1346 
1658 

1089 
1251 

948 
847 
769 

1959 
2359 

1663 
1490 
1467 
l a 0  
1101 
8&8 
850 
746 
a51 
p 0 7  
1937 
1804 
1652 
1523 
-9 
1283 
1125 
1001 
2901 
2574 
2288 

1902- 
x185 

le04 
1656 

1382 
1556 

1269 
2991 

2457 
27758 

2282 

1982 
2109 

1645 
1725 
1574 
1461 
2812 

2425 
2552 

2270 
2l47  

1864 
1743 
1602 
e3w esn 
2zs2 
m.31 
1951 
1820 
1697 

2102 
1986 
1873 

lgas 

E 

1.163 

1.267 

1.241- 
1.239 

1.236 
1.227 
1.226 
1 . U 8  
1:424 
1.432 
1.406 
1.398 
1.398 

1.405 
1.395 

1.564 
1-644 

1.536 
1 .a2 
1.527 
1.513 
1.515 
1.x)o 
1.501 
1.510 

.537 

.584 

.m7-  

. 6 P  

.617 

.623 

.620 

.625 

.e25 

.6lS 

-581 

.605 
-602 

-615 
. 6 Y  
.615 
.618 

-628 
.628 

.626 
r 

c 

1 .9S6 
1.796 
1.725 
1.712 
1.694 
1.694 
1.697 
1.696 

1.672 
1.669 

.436 - 493 

.528 
2.35 
.544 
-546 
.545 
-557 

.551 

.487 .sl5 
-5s2 
.531 
.634 
-535 
.536 
.536 
-549 
.552 

2.244 
2.150 
2.019 
1,864 
1.906 
1.916 
1.896 
1.890 
1.867 
1.875 

.351 

.3a8 

.428 

.Go 

. m  

.470 

.478 .480 . a 7  . e3 

.un 

.us 
-440 
.4.50 
.463 
-459 

-466 
-462 

.474 

.475 
2.510 
2.477 
2.s2 l  

2.157 
2.224 

2.132 
2.075 

2.077 
2.114 

2.101 

. x 2  

.311 . S 6 1  

.377 .600 
. a 9  .a6 
.417 
-427 
.42l 
.255 
. a 2  
.312 
.346 
.542 
.36l 
.347 . 554 
.m 
.2&3 
.266 
.276 
. a 2  
.306 
.314 . 309 
.as1 
.w 
.2u 
. a 4  

-540 
-341 
-364 

.396 
-388 

-400 
.411 
.Ky) 
.412 
. a 6  

2.676 
2.579 
2.508 
2.454 
2.4U5 

2.367 
2.532 

2.233 
2.334 

. a 3  

. x 4  

.326 

.3S5 

-353 
.343 

.554 

. s a  

.s59 
2.732 
2.734 
2.705 
2.649 
2.597 
2.558 
2.586 

.e83 

.282 

. a 2  

.291 

. a 7  

.297 
,303 

. E 3  

.272 

.202 

.238 

.r 

a 

V 

. .~ 

2.777 
2.833 
2.804 
2.968 



. .  . . .  . 

I 

. .  

'" I 
L 

32m 
5 



* ’  
. . 

Rotor 

rFlow-straightening tubes 

I I 



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

1 1 .rl 1 .) 
L 

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



12 NACA RM E53L29 

43 

4 2  

41 

40 

u 39 

s rl 

1.0 1.2 1.4 1.6  1 .8  2.0 2.2 .. 2.4 2.6 2.8 3.0 
Over-all stage  pressure  ratio, ~ i / p A , ~  

Figure 4 .  - Variation of equivalent  nelght flaw with  over-all  stage  pressure  ratio 
at   different  speeds for J73 modified  single-stage  turbine equipped  with  reduced- 
chord rotor  blading. 
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Figure 5.  - Variation of equivalent torque  with over-all stage preeaure ratio a t  
different speeds far 573 modified single-stage  turbine equipped with reducecl- 
chord rotor blading. 
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