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. ABSTRACT:

As an extension to the study of aercdynamic properties of fixed eurv-
ature blade cascade in the previous paper, I, static case, by the authors,
an experimental investigation has been carried out to establish the effect
of the distance between the fixed and movirng bladeg on the characteristics
of steam turbines blades. The blade losses . are - obtained by measuring
the total pressure drop across the blade pitch and along the blade height
at the end of the trailing edge in the blade cascade. The blade losses
were found to depend on both of flow Mach number and the distance between
the fixed and moving blades, have smaller values at higher values of these
distances. The distance between the fixed and moving blades were chosen
to bg 1,8.5, 2, 2.5 and 3 centimeters. A standard fgxedoblade profile,
N(90"-15"), and a standard moving blade profile, M{35 =25"), were used in
this investigation, while the flow Mach number was rarged from 0.2 to 0.6.

1. INTRODUCTION:

In order to have an adequate understanding of the performance of tur-
banachine, an experimental investigation was made on a dynamic model, ..
which similate a stage of steam turbin consists of fixed curvature blade
cascade and moving blades. No experimental work appears to have been car-
ried out 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)
on the performance of blades cascade. The effect of flow Mach number
(0.24M <0.8) and the distance along the blade height on the characteris-
tics of fixed balde without existance on moving blades (i.e. for the sta-
tic case) has been studied, using an air flow curvature blade cascade by
the authors, [ 1] . The resutls showed that, both of £low Mach number and
the distance along the blade height have a significant effect on the blade
losses. Cousmetshouv and Prouscouriakev { 2] , carried out an experimental
work on a cascade blade under subsonic flow condition with the object of

determining the optimm number of moving blades. They found that the optim.

un number of moving blades depends on the relative pitch and boundary layer
thickness.

Sherstyuk, et.al. [3), found the losses of the first stages of steam tur-
bines with different values of relative height and relative pitch and
their dependence on the flow Reynolds number. '
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The objectives of the experimental work presented here were ;

1. Obtaining information regarding to the effect of the distance between
the fixed and moving blades, L, on the blade losses, the cutput power
of the generator and the speed of rotor at different values of flow
Mach number .

2. Determining the effect of the flow Mach number on the blade losses,
power of the generator and rotor speed at variable distances between
the fixed and moving blades. )

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

4. Finding the effect of the disc rotation on the blade losses, at const—
ant distance between the fixed and moving blades, for different values
of flow Mach number. ‘

5. Finally, establishing a clear idea about the comparison between the
dynamic model, used here, and the static one which has discussed prev-
icusly and their effects on the turbomachines design.

2. EXPERIMENTAL APPARATUS AND METHODS OF MEASUREMENT:

The experimental set-up used in the experiments is the same apparatus
used in the previous part (part I. static case), {11 , except the test se-
ction was modified by added the moving blades, which situated in a circul-
ar disc mounted on the axis of a Dc-generator, Fig. (1). The disc was
mounted on the front of the trailing edges of fixed blades in sgch away
that, the inlet flow angle for the moving blades is equal to 35~ and the
distance between the fixed and moving blades can be changed from ocne cent-
imeter to three centimeters. The experimental work was carried out on
standard blade profile with constant blade height and setting angle f8t
both fixed and gov' blades, blade profile dimensions*for fixed N(90 -15%,
and moving M(35°-25") are given by [ 4] . The following table whows the
all profile specifications which were used here.

Chord [Relative |Relative|Blade Edge gungigt se%&gs
Profile . , . .

om height pitch |thickness | degree |. a@%g e
N(90°-15%) | 33.33 1 . 0.75. 1. ] 15 38
M(35°-25°% | 2441 | 1 | o1 | 2. 257 | 8

] In this experimental work, the following measurements were carried
out at different values of Mach number . The stagnation pressure (P _,)
before and (P 2) aftet the cascade and also in the air tunnel were mg%su-
red by pitot Bfibes. The total pressure drop (8p, = p 1P, 2) and the oth-
er stagnation pressures were available through a U tub® maftémeter. The
measurements were taken a long the blade pitch. Measurements of the total
pressure loss and the cutlet air flow angle are obtained fram a traverse
along the cascade, using a special meachanism, 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 (P) is the result of multiplying the volt (V) and the cur-
rent (I), The volt (V) was measured by a digital voltemeter, while the
current (I) was measured by an ammeter. The rotor speed of the disc (n)
was measured by a speed-meter in r.p.m.

3. RESULTS AND DISCUSSION:

3.1~ Effect Of The Distance Between Fixed And Moving Blades (L) 'On The
‘Total Pressure Drop:

The total pressure drop (bpi) across the blade cascade pitch (t) was
found to depend upon the distance between the fixed and moving blades (L).
Arepresentative selections of measurements of total pressure drop ( Api)
along the blade pitch, for different values of Mach number (M) and (L), is
given in Figs. (2~4), Fram these figures it can be deduced that, the maxi-
mum value of the total pressure Hrop occurs at the trailing edge of the
blade and has a higher value at a smallest value of the distance, L(L=1 cm)
than that at heighest value of L, at (L=3 cm). For the same Mach number
used, the figures also indicate that, the variation of (Ap,) along the
cascade pitch have the same trend, and depends upon both of ‘Mach number (M)
and the distance (L), where (Ap,) increases with the increase of (M) and
also (A Pi) increases with the dicrease of the distance ().

3.2- Effect of The Distance Between Fixed And Moving Blades on the Profile
Toss Coefficient:

From the previous subsection, the total pressure difference (Api)
was found to depend on the distance (L), Therefore, the profile loss coef-
ficient ( Tr) depends also on the values of (L) accordinrg,bto the following

equation, I . AP: “ k-1
‘1 r-i-x2a-n )%
T =% Bo
Pr C ) k=1 P k=1
1~ (-2 ta-en R
( )[ 5, ]
Where, Ap; = Pol = Po2
AP, T Pgy T P
& =py py

, p,;. and p, are defined previously, p, is the static pressure at cas-
cade oShet and°k is the specific heats rafio = C;/Cv'

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 of fixed blade enly (i.e. there is no mov-
ing blades used)., From these curves it is clear that, for each value of
M), (1. ircreases with the decrease of the distance (L) and for each
value ofPthe distance (L), ( 7- ) increases with the decrease of (M). This
can be explained as, the air £2bw prior to the mwing blade passages, mee-
ts with the leading edges of the moving blade profiles, the presence of
which causes a disturbarce in the flow and increasing. of the blade energy
losses. This disturbance travelling against the flow, and hence these
losses are inversely proporticnal to the gap between the fixed and moving
blades, so the losses increase with the decrease of the distance between -
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the fixed and moving blades. From this figure it can blso be seen that,
the ( T ) has a bigger value in the case of existing the moving blades
than thBE for the case of using fixed blades cnly, (static case).

3.3+ Effect OF The Distance Between Fixed And Moving Blades (L) On The
Power Of Generator (P):

The output power of the generator was detemmined according to the rel-
ation, (p = V.I watts); The measurements of both of (V) and (I) were taken
for different values of (L) and (M). The results are shown in Fig. (6).
From this figure, it can be deduced that, for each value of (L), the cutput
power (P) increases with the decrease of the distance (L). Fig. (7) shows
the variation of the cutput power (P) with (L), for different values of (M)
at constant speed of rotor (n = 1500 r.p.m). A comparison between the res-
ults 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), has a
higher values in the case of (n ¥ const.) than that in the case of (n = const.).

3.4~ Effect Of The Distance Between Fixed And Moving Blades (L) On The
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 generator is loaded {i.e the field current (I) is adjusted at 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. From these
figures it can be seen that, for each value of (M), 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, the speed of rotor is prcportional to the air
velocity at the fixed blade exit, So the decrease of cutput power and the
speed of rotor with the increase of the gap between fixed and moving bla-
des (L) is thought to be a result of two factors: the first of them is that
the nonhanogenicus flow field behind the fixed cascade. The flow field
becomes more hemogenious due to turbulent mixing for the case of large
value of (L). This is always accompanied by a loss of Mechanical energy.
The second reason is that, the increase of the gap (L) leads to increase
of fluid portion escaping fram the mowing blades this is based on the str-
etching of free jets.

ance Between Fixed And Moving Blades at (L =1 cm):

The results are shown in Figs (10-1l). The total loss coefficient
(T in Fig. (11), was determined fram Fig(l0) by counting the area under
eachi curve, where M=const., the secondary loss coefficient ( T.), Fig.(1ll),
was calculated by subtracted the value of ( (7..) at (5 =0) From the
total loss coefficient at each value of (M) useB.Fig. (11) indicates a com-
parison between the three coefficients, 7., T.._ and 7. , for L = 1 cm.
For each value of (M), the total loss coe £icikht curvE has a heighest
values than the other loss coefficients. Also fram this figure it can be
seen that, the loss coefficients decrease with the increase of Mach number
(M) 3
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3.6~ The Profile Loss Coefficient At (S =0, L = 1 cm) For Different
Values ‘of The Rotor Speed (n):

Fig. (12) indicates the variation of the profile loss coefficient with
the Mach number (M), for L=1 cm and S=0 (i.e the measurements were taken
at 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 varlation for the case where the generator is loaded. The
other three curves are for n=1000, 2000 and 3000 r.p.m. From this figure
it can be seen that, for each value of (n) (7..) decreases with the incr-
ease of (M), while for each value of (M), (Tpf decreases with the incre-
ase in the value of (n). This can be explain&d, for constant values of
M and L, as'an increase of the rotor speed (n), the flow resistance throu-
gh the moving blades increases and the pressure increases in the gap bet-
ween the fixed and moving blades, this leads to a decrease of pressure drop
on the fixed blades and hernce a decrease in the profile loss coefficient.

4. CONCLUSION:

The following conclusicns can be drawn from the previous discussion.

1. The total pressure difference across the cascade pitch, the profile
loss coefficient, the output power of the generator and the rotor speed
were . found, .for-each Mach.number:used,’ to increase with the Jucrease of
the distance between fixed and moving blades. While, for each distance
between fixed and moving blades, the cutput power and the speed of the
rotor were found to increase with the increase of Mach number. At con-
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.

2. At constant distance 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. « '

3. The profile loss coefficient was found to decrease with the increase of
Mach number at constant rotor speed, and - also was found to depend on
the generator whether it is loaded or not.

4, A comparison between the results in the case of existing the moving
blades with that where no moving blades exist “(usual cascade) demonst-
rate that, the profile loss, secondary loss and total loss coefficie-
nts have a higher values, in the case of moving blades exist, than
those obtained fram the usual cascade, and these values were found
to depend on the values of distance between the fixed and moving blades,
L, and the flow Mach number, M. For example, for M=0.6, the profile
loss coefficient increases by about 62% at I=1 cm and by about 23% at
I=3 cm, the secondary loss coefficient increases by about 46% at L=1 cm,
and the total loss coefficient increases by about 38% at L=1 cm. While
for M=0.2, the profile loss coefficient increases by about 81%, the
secondary loss coefficient increases by about 72%, and the total loss
coefficient increases by about 79%.

5. Thig study indicates that, the assumption which, previously, has been
used by previous investigators for using the results obtained fram a
fixed blade cascade in the turbomachines design is not well correct.
Therefore, the effect of the moving blades on the performance of curv-
ature blade cascade must be taken in the consideration.
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