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ABSTRACT: 

A s  an extension to the study of aerodynamic praperties of fixed wrv- 
ature blade caxade in the previars paper, I. s t a t i c  case, by the authors, 
an experimental investigation has been carried at to establish the effect  
of the distarvse betwen the fixed and w i n g  blades an the characteristics 
of steam turbines blades. The blade losses ate '. obtained by measuring 
the to ta l  presbure drop across the blade pitch and along the blade height 
a t  the end of the t rai l ing edge i n  the blade cascade. The blade losses 
were f w d  to depend on bth af f S w  Mach number and the distance between 
the fixed and mowing blades, have m i l l e r  values a t  higher values of these 
distances. The distance between the fixed and w i n g  blades were chosen 
b % l,&.5, 2 , 2.5 and 3 centimeters. A standard fpedoblade profile, 
N (90 -15 ) , and a standard rowing blade profile, M(35 -25 ) , were used in 
th is  investigation, while the f 1 w  Mach number was ranged £ran 0.2 to 0.6. 

In order to have an adequate understanding of the performance of tur- 
kmachine, an experimental investigation was made on a dynamic model, .. 
which sirmlate a stage of steam turbin consists o£ fixed curvature blade 
cascade and moving blades. No  experimental w r k  appears to have been car- 
ried cu t  and no analysis made in order to investigate the effect  of the 
distance between the fixed and moving blades (i.e. for the dynamic case) 
cn the performance af blades cascade, The effect  of flm Mach number 
(0.2s M c0.8) and the distance a 1 9  the blade height on the characteris- 
tics of fixed k l d e  withcxlt existance on w i n g  blades (i.e. for the st.- 
tic case) has been studied, using an a i r  flow curvature blade cascade by 
the authors, [ l]  . The resutls  sharJed that, both of flow Mach number and 
the distance a l q  the blade height b v e  a significant effect  m the blade 
losses. Ccusnetshow and Prou~curiakav [ 2 J , carried at an experimental 
wrk  on a cascade blade under subsonic flow condition with the object of 
determining the opthum number of moving blades. They found that  the aptih, 

n e r  of w i n g  blades depends an the relative pitch and h n d a r y  layer 
tnickness. 
Sherstyuk, et.al.  1 3  3 , found the losses of the f i r s t  stages of steam tur- 
bines with different values of relative height and relative pitch and 
their  dependence on the flaw Reynolds number. 
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The objectives of the experimental w&k presented here were ; 
Obtaining infomation regarding to the effect of the distance between 
the fixed and mcwing blades, L, .on the blade losses, the output p e r  
of the generator and the speed of rotor a t  different values of flow 
Mach n h r  . 
Determining the effect of the flow Mach number on the blade losses, 
power of the generator and rotor speed a t  variable distances between 
the fixed and w i n g  blades. 

Obtaining a clear picture akxlt the effect of rotor constant speed on 
the blade losses. 

,r. 

Finding the effect of the disr: rotation on the blade losses, a t  const- 
ant distance between the  fixed and m o v S r g  blades, for different values 
of flow Mach number. 

Finally, establishing a clear idea a k u t  the ccmparison between the 
dynamic model, used here, and the s tat ic  one which has discussed prev- 
iously and their effects an the turbcnrachines design. 

L. EXPERIMEKC4L APPARATUS AND METH3DS OF MEASUPDENT: 

The experimental set-up used in the experiments is the same apparatus 
used in the prwicus part (part I. s ta t ic  case), L l l  , except the t es t  se- 
ction m s  mcdified by added the mhg blades, which situated in a circul- 
ar disc w n t e d  an the axis of a Dc-generator, Pig. (1). The disc was 
m n t e d  on the front of the trailing edges of fixed blades in  qjch away 
that, the M e t  f lm angle for the mwirq blades is equal to 35 and the 
distance between the fixed and w i n g  blades can be changed fran one cent- 
imeter to three centimeters. The experimental work was carried cut on 
standard blade profile with constant blade height and setting angle f8r 
b t h  fixed and &twv blades, blade profile dimmsions'for fixed N(90 -15'). 
and nrxring M(35 -25 ) are given by L4) . The following table w h s  the 
a l l  profile specifications which were used here. 

In this  experimental mrk, the following measurements were carried 
out a t  different values of Mach number . The stagnation pressure (P ) 
M o r e  and (P 2) after the cascade and also in the a i r  tunnel were &su- 
red by pitot Lbes. The total pressure drop ( A p .  = p -p 2 )  and the oth- 
er stagnation pressures were available through a a tub?'&-ter. The 
measurements were taken a long the blade pitch. Measurements of the total 
pressure loss and the outlet a i r  flow angle are obtained fran a traverse 
along the casr~ade, usirg a special meachanisn, a short distance downstream 
of the blades. So the movement distance of the pitot tube can be obtained. 
The stage output power of the generator and the rotor speed are measured. 
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The output power (PI is the result of rmltiplying the volt (V) and the cur- 
rent (I), The volt (V) was measured by a digital voltemebr , while the 
current (I) was measured by an ammeter. The rotor speed of the disc (n) 
m s  measured by a speed-meter in  r.p.m. 

j , RESULTS AND DISCUSSION: 

3.1- Effect Of The Distance Between Fixed And Wirq Blades (L) On The 
Tbtal Pressure Drop: 

The total pressure drcp (bpi) across the blade cascade pitch (t) was 
fcund to depend upon the distance bebeen the fixed and msvirq blades (L) . 
Arepresentative selections of measurements af total pressure drop (bpi)  
along the blade pitch, for different values of Mach number (M) and (L) , is 
given i n  Figs. (2-4) , Fran these figures it can be deduced that, the maxi- 
rmm value of the total pressure $cop crxurs a t  the trailing edge of the 
blade and has a higher value a t  a smallest value of the distance, L(IP1 an) 
than that a t  heighest value of L, a t  (L=3 ran) . For the same Mach nmkr  
used, the figures also indicate that, the variation of ( A  p. ) along the 
cascade pitch have the same trend, and depends u p  bokh o f h h  rwnber (M) 
and the distance (L) , where ( b p. increases with the increase of (M) and 
also ( A  pi) h r e a s e s  with the dbrease of the distance (L). 

3.2- Effect of The Distance Between Fixed And Wing Blades on the Profile 
Loss Coefficient : 

Fran the previcus subsection, the total pressure difference (bpi)  
was f a n d  to depend rn the distance (L) . Therefore, the profile loss coef- 
ficient ( T depends also on the values of (L) according to the following 
equation, Yr . P Pi k-1 

Where, A P ~  = Pol - P,;! 
- 

A Po - Pol - P2 

& = ~g Pol 

p and p are defined praricusly, p is the static pressure a t  cas- 
cade &et ana2k is the specific heats ra&o = C Cv. d 

Fig. (5) shows the variation of the profile loss coefficient with the 
Mach number, for different values of (L), the dashed curve shows the resu- 
lts for the case where the case o£ fixed blade only (i.e. there is no m- 
ing blades used). Fran these curves it is clear that, for each value af 
(M),  ( T ) increases with the decrease of the distance (L) and for each 
value ofphe distance (L), ( 7- ) increases with the decrease of (M) . This 
can be explained as, the ai r  f%w prior to the mvhq blade passages, mee- 
ts with the leading edges d the mwiq blade profiles, the presence of 
which causes a disturknce i n  the flow and increasing of the blade energy 
losses. This disturbance travelling against the f l w ,  and hence these ' 

losses are inversely prqarticnal to the gap between the fixed and w i n g  
blades, so the losses increase with the decrease of the distance bewen 



the fixed and m i w  blades. Frm this figu're it can blso be seen that, 
the ( ) has a bigger value in  the case of existing the w i n g  blades 
than &E for the case of using fixed blades only, (static case). 
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3.3- Effect OP The Distance Between Fixed And Wing Blades (L) On The 
Power Of Generator (P) : 

The autpltpcwer of the generator was determined according to the rel- 
aticn, (p = V.1 watts); The measurements of both of (V) and (I) were taken 
for different values of (L) and (MI. The results are shown in Fig, (6 ) .  
Frm this figure, it can be deduced that, for each value of (L), the cutput 
F r  (PI increases with the decrease of the di.starke (L) . Fig. (7) shows 
the variation of the outpt pawer (PI with (L), for different values of (MI 
a t  canstant speed of rotor (n = 1500 r.p.m) . A ccmparison between th res- 
u l t s  illustrated in Fig. (6), where the rotor has a variable speed (n # conts.), 
with those in  Fig. (7) , where the rotor has a constant speed (n = const. ) , 
indicates that, the output power, for each values of (L) or ( M I ,  has a 
higher values in the case of (n f const.) than that in the case of (n = const.) . 
3.4-  Effect Of The Disfance Between Fixed And Moving Blades (L) Ckl !Che 

Rotor Speed (n) : 

Fig. (8) shows the variation of the rotor speed (n) with the distance 
between the fixed and moving blades (L). for different values of (M) and 
for the generatmr is loaded (i.e the field current (I) is adjusted a t  rated 
value by the variavle resistance) . Fig. ( 9 )  shows this variation with the 
flow Mach number for the case of the generator is not loaded. Fran these 
figures it can be seen that, for each value of (MI , the speed of rotor (n) 
increases with the decrease of the distance (L) and also, for each value 
of (L) , the speed of the rotor (n) increases with the increase of (M) . 
This may be due to that, t h  speed of rotor is praprtional to the air  
velocity a t  the fixed blade exit. So the decrease of cutplt power and the 
speed of rotor with the inctease of the gap bebeen flbred and w i n g  bla- 
des (L) is thought to be a result of two factors: the f i r s t  cd them is that 
the nonhamjenious flow field behM the fixed cascade. The flow field 
becomes more hanogenious due to turbulent mixing for the case of large 
value of (L) . This is always accanpanied by a loss af Mechar~ical energy. 
The seccnd reascn is that ,  the increase of the gap (L) leads to increase 
of fluid portion escaping £ran the miq blades this is based on the str- 
etching of free jets. 

3.5- The Total, Profile, and Secondary Inss Coefficients A t  Constant Dist- 
ance Between Fixed And Moving Blades a t  (L = 1 cm) : 

The results are shown i n  Figs (B-ll), The total loss coefficient 
( 7 ) in Fig. (11) , was determined fran Fig (10) by counting the area under 
each curve, &re M=c%nst., the secandary loss coefficient ( ?-) , Fig. (11) , 
was calculsted by subtracted the value of ( ( 7,) a t  (S = 0) f r m  the 
lx~tal loss coefficient a t  each value of (M) us&.~ig. (11) indicates a cam- 
parison between the three coefficients, 7 , 7 and T , for L = 1 cm. 
For each value of ( M ) ,  the total loss c o e k i c i g t  c u d  has a heighest 
values than the other loss coefficients. Also fran this figure it can be 
seen that, the loss coefficients decrease w i t h  the increase of Mach number 
(MI . 



3.6- The Profile Loss Coefficient A t  ' (S = 0 ; L = 1 an) For Different. 
Values ,af 'The 'Rotor 'Speed (ri) : 

Fig. (12) indicates the variation af the profile loss ~ 0 e f f  icient with 
the Mach number (M),  for bl cm and S=O (i.e the measurements were taken 
a t  the mid height of the blade). The dashed and dotted curve represents 
this variation when the generator is not loaded, While the dashed curve 
represents this variation for the case where the generator i s  loaded. The 
other three curves are for n=lOiX), 2 W  and 3000 r.p.m. Fran this figure 
it can be seen that, for each value af (n) ( T  decreases with the incr- 
ease of (M) , while for each value of (M) , ( 7 Pf decreases with the incre- 
ase in the value of (n).  This can, be explaink%, for constant values of 
M and L, as,an increase d the rotor speed (n), the flow resistance throu- 
gh the w i n g  blades increases and the pressure increases in the gap bet- 
ween the fixed and w i n g  blades, this leads to a decrease of pressure drop 
on the fixed blades arid hence a decrease in the profile loss coefficient. 

The following conclusions can be drawn f ran the previous discussion. 
The total  pressure difference across the cascade pitch, the profile 
loss coefficient, the output px.?r o£ the generator and the rotor speed 
were fami,  . fq-each.hch nmaber!used, 'to lracrease w i t h  *-ease of 
the distance between' fixed and m i n g  blades. While, for each distance 
between fixed and winj blades, the ouwt pwer and the speed of the 
rotor were found to increase with the increase of Mach nlrmber. A t  cm- 
stant rotor speed, the same effect was obtained. Also, for the case of 
generator is not loaded, the rotor speed has the same effects like those 
when the generator is loaded. 

A t  constant distawe between fixed and moving blades, the profile loss, 
the secondary loss and the total  loss coefficients were found to decre- 
ase with the increase of Mach number. C 

The profile loss coefficient was found to  decrease w i t h  the increase of 
Mach Nvnber a t  cmstant rotor speed, and also m s  found to depend on 
the generator whether it is loaded or not. 

A caq+rison between the results in frhe case of existing the w i n g  
blades with that where no m i n g  blades exist '(usual cascade) dmnst -  
rate that, the profile loss, secondary loss and total  loss coefficie- 
nts have a higher values, in the case of m i n g  blades exist, than 
those obtained £ran the usual cascade, arid these values =re found 
to depend cn the values of distance between the fixed and m i n g  blades, 
L, and the flow Mach number, M. For example, for M . 6 ,  the profile 
loss coefficient increases by about 62% a t  L=l cm and by abwt 23% a t  
L=3 an, the seccndary loss coefficient increases by abwt 46% a t  L=1 an, 
and the total  loss coefficient increases by about 38% a t  L-1 an. While 
for W.2 ,  the profile loss coefficient increases by a b u t  813, the 
secaxlary loss coefficient increases by about 72%, and the total loss 
coefficient increases by a k u t  79%. 

This study indicates that, the assumption which, previously, has been 
used by previous investigators for using the results obtained £ran a 
fixed blade cascade in the turbanachines design is not well correct. 
Therefore, the effect of the m i n g  blades on the performance af cum- 
ature blade cascade m s t  & taken i n  the consideration. 
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