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An experimental investigation of aerodynamic properties of the fixed 
curvature blade cascade has k e n  carried out.  This experimental study i s  
concerned with me determination of the blade losses, which are due to the 
pressure drop of a i r  flow along the blade height. These losses are divi- 
ded into; tototal; profi&e; and secondary losses. The fixed blade profile 
of steam turbine, N (90 -15 ) , was chosen and an set was desi- 
gned and constructed to carry cut this  investigation; for the flow Mach 
number ranges £ran 0.2 to 0.8. The aercdynamic losses, a t  several stat* 
W. along the blade high, were found to be affected by the charqe of flow 
Mach number. Their values were decreased with an increase in the value of 
flow Mach numiter, tran 0.2 to 0.6 and then started to  r ise  for flow Fach 
numbers greater than 0.6. So the smallest values of blade losses or the 
best values of cascade efficiency were obtained when the flow Mach number 
is equal to 0.6. 

The aerodynamic charac terestics of t u r h c h i n e  blade rows have cons- 
iderable m r t a n c e  because the performance of t u r h c h i n e  blade rows are 
very mch affected by the characteristics of blades and their relation to 
the overall blade losses. So the turbine blade losses are very important 
and play a v i ta l  role in the design of turbamchines. A literature survey 
clearly indicates that, the number of published p p e r g d e a l i q  with ' the 
effect of Mach number on the blade losses along the blade height in the 
curvature blade cascade are limited. However, Most of them are concerned 
with the determination of blade losses in  a straight cascade, [I - 53. 
Mobark, e t  al .  [ 1 2  , studied the inf hence of blade aspect ratio, changed 
frcm 0.145 to 0.664 and for the cascade exi t  flow Mach number ranged £ran 
0.4 to  0.6, on the total  energy loss coefficient and on the straight cas- 
cade efficiency. Their results showed that, the cascade tolral energy loss 
coefficient decreases with an increase of the blade aspect ratio. Sabry 
and Ibrahim 12 3 , studied the effect of Mach number has values (0.2 < M < 0.5 )  

and blade profile on the characteristics of blades, for different 
values of relative pitch, using a straight a i r  flow blade cascade. Their 
results shcwed that, the blade profile and the Mach number used have a sig- 
nificant effect on the blade losses. Herzing and Hansent31, studied the 
secondary flow phenanenon i n  t u r h c h i n e s  for Mach numbers blow 0.4. 
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They found that, the upstream wall b n d a r y  layer was swept across the 
blade passage. Siwerding and Wilputte c4 3 , studied experimentally the 
effect of Mach number and end wall cooling on the secondary flcw i n  a str- 
aight nozzle cascade. The tests were performed for the outlet Mach number, 
0.1, 0.6 and 0.8. Their results showed that, the secondary losses started 
to increase for both cases of Low speed and high speed flows. Gogoler, e t  
a l .  1 5 3  , studied the effect of blade chord on the friction losses i n  a 
straight blade cascade OF relative pitch depends on the existence of Elm 
separation. The decrease in the blade chord causes a monotonic increase 
in the friction losses. 

The primary aim of the experimental. investigation described here wds 
t o  determine the effect of Mach number and the distance along the blade 
height on the energy losses through the curvature blade cascade for the 
wide range of Mach number (0.2 < M < 0.8) . lhtal  pressure difference meas- 
urements across the blade cascade pitch; a t  several stations along the 
blade height; were obtained £08 scene flow conditions using a standerd 
blade nozzle profile, N(90°-15 ) . 

Blade chord 
Curvature cascade diameter 
Blade edge thickness 
Blade hight. 
Static pressure a t  cascade inlet. 
Static pressure a t  cascade outlet. 
Stagnation pressure a t  cascade intle. 
Stagnation pressure a t  cascade cutlet. 
Distance along the blade heigh. 
Total pressure difference, P -P Equ. (1) . 
Pressure difference, P - ~ ~ , % q u ? ~  (1). * 
Blade pitch 01 
Distance along the blade pitch. 
Inlet flow angle. 
Cutlet flow angle. 
Angle of blade setting. 

DIMENSIONLESS GRCUPS: 

K ; Specific heat ratio 
2 : Blade height/chord rat io  = L/b 
M : Mach number 
2 : Rela t ivepi tch=t /b .  
& : Pressure ratio = P /P 

: Profile 105s coeidci8At 
: Secondary loss ccxff icient 

T~ : 'Ibtal loss ccef f ic ient . 

2. APPARATUS AND MEASURING TE)2HNIQUES: 

The experimental set, shown in Fig. (1) , consists of ; the cascade 
arrangement; supply line and control systems; and the measuring instrum- 
ents. Two angles of cyood were used as an a i r  guide a t  the entrance of 



cascade to obtain an uniform flow upstream of blade channels an8 the angles 
were placed in  such away that  to allow an a i r  i n l e t  angle of 90 . The a i r  
flows in an open c i r c u i t  shcksn in Fig. (1). Air ccanpressors (1) were used 
t o  qive the required discharge and pressure. The a i r  flows frun the com- 
pressors through a pipeline to the a i r  tank and dryer unit ;  includes o i l  
and water separators ( 2 ) ,  a f t e r  t h i s  un i t  the a i r  flaws to the air tunnel 
(4 )  and then t o  the t e s t  section which contains the row o r  curvature cas- 
cade of blades s e t  in  a mounting device such tha t  various cascade a i r  in- 
let and ou t l e t  angles can be obbined. The a i r  flaw r a t e  and the pressure 
a t  the entrance t o  the a i r  tunnel is cmt ro l l ed  by a i r  tank and the press- 
ure reducing valve ( 3 ) .  

2.1- Measuring Instruments: 

The measurements were taken a t  d i f fe rent  values of mch  n&r. The 
following p b l g  shows the specifications for  the standard fixed blade prc- 
f i l e ,  N(90 -15 ) used here. 

For determing the aerodynamic charac ter i s t ics  of a i r  flow blade cas- 
cade, pressure measuring devices a re  used. In t h i s  experimental work, the 
stagnation pressure before and a f t e r  the cascade blade, i n  the a i r  tunnel 
and the  c u t l e t  flow angle were measured6 The o u t l e t  flaw angle was kept 
constant, duritlg the experiments, a t  15 . The difference between the st- 
agnation pressure i n  a i r  tunnel and the atmospheric pressure was measured 
for  the determination of the required Mach number by using the gas-dynamic 
table. 
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3. RESULTS AND DISCUSSION: 

3.1- Total  Pressure Distribution: 

A representative selection of t o t a l  pressure drop measurements ( A P . )  
across the blade pi tch a re  shown i n  Figs. (2-4). mese  values of (bp i ) '  
were measured a t  several s ta t ions  alcng the blade cascade height, S, for 
d i f f e ren t  values of flow Mach number, M. Curves of (S=O) represent the 
r e su l t s  which a re  taken a t  the center of the blade cascade height, while 
other curves a r e  for  (S)O) represent the r e su l t s  a t  variable distances 
( S )  along the blade height (The distance S ms measured £ran the mid 
height of the blade t o  the top of blade height) . Frcm each figure, it 
can be seen tha t  the maximum t o t a l  pressure drop (difference between the 
stagnation pressure, be£ ore and a f t e r  the fixed curvature blade cascade) 
occurs a t  the t r a i l l i ng  edge of the blade. While the minimum t o t a l  pre- 
ssure drop occurs scrne where in  the pitch depending upon the Mach number 
and the distance, S. This can be explained a s  the veloci ty distr ibut ion 
is not symmetrical with respect to the t r a i l i ng  edge due to its f i n i t e  
thickness and hence blade wake w i l l  be formed; i.e. the velocity of a i r  
i n  the blade wake rmst be smaller than t ha t  of the main flow and a pa r t  
of kinet ic  energy is exhausted in generat im and maintenance of vortices. 
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This w i l l  lead t o  a higher t o t a l  pressure difference a t  the t r a i l i ng  edge 
than tha t  in  the main flow. These values of total pressure difference a re  
var ies  £ran f igure  to the another according to the values of flow Mach num- 
ber, MI and the distance, S. 

3.2- Prof i le  Loss Coefficient: 

The prof i le  l o s s  coeff icient  is obtained frcm the follawing equation, 
re f .  1.23 : 

A Pi 

1- [1- q (1 - t) I 
k-1 ..... (1) 

A P i  - 
- L;I' ] [ 1- - (1- t) ] k 

A Po 

This equation was used by previous investigators for  determing the 
p ro f i l e  l o s s  coeff icient  i n  a i r  flow s t ra ight  blade cascade. Alexeeva and 
Boussova [ 6 J , found tha t  Equ. (1) my a l s o  be used for  obtaining the pro- 
f i l e  l o s s  coeff icient  in  curvature blade evade of higher values of cur- 
vature diameter t o  the blade height r a t i o  (2 >3) . Since in  cur experimen- 
tal work (DL) is about 12. Therefore, the assumption of u s h q  Equ. (1) 
here is valied. In  Equ. (1) , ( h p . / b  p ) is the average value along the 
pitch. This average value calculi!ited ?ran d i f ferent  measurements along 
the p i tch  a t  the center of the blade cascade cascade (S=O) and a l s o  a t  
variable distances (S) along the blade height, for  d i f fe rent  values of 
Mach number. The corresponding resul t s  a r e  i l lus t ra ted  in  Figs. (5 and 6 ) .  
Fran these f igures,  it can be seen tha t ,  for  each value of (S) ,  the pro- 
f i l e  loss coeff icient  decreases with the increase of Mach number (0.2<M<0.6) 

, while for  higher values of M(0.6<M<0.8), ( 7 ) ircreases sli- 
ghtly w i t @  the increase of (M) . This can be explained:& an increase of 
(M) , (0.2 < M <  0.6) , the f lcw density decreases, which causes a decrease in  
the boundary layer thickness, on the other hand an increase i n  the value 
of M causes an increase i n  viscosity, both ef fec t  w e t h e r  lead to a dec- 
rease in  the ( ) a s  (M) increases. For (M )0.6) , the diffusion flow 
hecanes more i n t  5 hsive, and then ( r ) increases. The r e su l t s  in  Figs. 
(5 and 6) a l s o  indicate that ,  for  ea% value of ( M ) ,  the  ( ?- ) decreases 
with the decrease of the distance (S) . Pr 

3.3- Total Loss and Secondary Loss Coefficients: 

Fig. (7) s h w s  the variation of the t o t a l  l o s s  ( T ) ,  the prof i le  l o s s  
( ?,) and the secondary loss ( ) coeff icients  with ihs flcw Mach number, 

M. 81 t h i s  f igure  the prof i le  losg coeff icient  was measured a t  (s=O), the 
total lo s s  coeff icient  was determined from Fig. (5) ,  by counting the area 
under each curve, where (M) has a constant value. The value of ( ?-,) was 
calculated, for  each value of M I  frcm the following relat ion.  

s t  r (-1 
Fran Fig. ( 7 ) ,  it can be seen tha t ,  (7-) decreases with the increase 

of M, (0.2 < M<O.6), while a t  M ,0.6 the vafue of ( 7;) starts t o  r i s e  
s l ight ly .  This can be explained a s  was discussed previcusly for  the ( r  ) . 
The same trend for  the secondary lo s s  coeff icient  was observed. These pr 



These secondary l o s s c ~  in a t,url.rnachine bhde peissiige are caused due to 
tbc? cmbinsd effect: of Lbde  curvature and the  bndandlary 1.ayers on the 
annugus pLls. Fig. (7 )  also indicates Wat, for the blade profile usd 
N W  -15 ) , the minimum value of losses tecuro a t  M = 0.6, i.e. tho best  
value of cascade eff iciemy cccurs a t  M-0.6. 

The aerdunmic cll;tuacterstic of f ixed t~lades of stcam t-urbLncs has 
been studied by means of ELxd curvature blade cascade, ~(98-15 ) ,  for 
the sange of h c h  numk~r  (0.2 < M < 0.8) . The mjor corrcluslms and results  
of this study elro s m r i z e d  klow : 

1- The to ta l  pressure diffeteme, across the curvaLure blade cascade was 
measured a t  varidble distances along the Made height and Lor different 
values of flow Mach r u m b a .  f t  has '3 riwm value a t  the t r a i l i rq  - 
edge, whJhile a t  the rnid1.e of pi  k h  has tlearly a constiirk. value f of a 
certain value of (M) and (S) .  The toLd presswe difference was fwnd 
to lx aaEFtxted by kmf-h of (M) and (S) . 

2- The profile loss coefficient was f w d  .to decrease wi th  the increase 
of &ch numkr until. (W0.6), af ter  tlmt: value of M, the profile loss 
coefficient increases with the hcrease of (M) . The distances aLang 
the blade height were fmnd to  have asignificant effect on the profile 
Loss coefficient. 

3- The to ta l  and secmdary loss coefficients were found to decrease with 
the increase of flow Mach number unti l  (&Q. 6) , after  that value they 
started t o  increase with the increase of M. 

4- The minimum blade losses, for the particular blade profile used in th i s  
study, were found to  k cccured a t  M . 6 ,  so the k s t  efficiency of 
this blade cascade cccurs a t  this value of ~ Z G W  Mach n\mker, 
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