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ABSTRACT

An experimental investigation was conducted on a straight
blade cascade with aspect ratio of unity teo control the
generation of secondary losses. Different geometries of
fence fitted to the suction side were used. Circular and two
dimensional cross sectional fences were tested. The results
3 show that the presence of the circular geometry fence on the
! suction blade side decreases the secondary losses and as
well the total losses. The effect of the two dimensional
fence on the secondary losses is not pronounced as that of
the circular geometry fence. However, it is found that the
| fitting of the two dimensional fence increased the secondary
losses in the turbine blade cascade.

INTRODUCTION

; Principal aerodynamic losses occurring in most of the
; 7 turbomachines aries due to the growth of the boundary layer
j and its separation on the blade and passage surfaces. Others
g occur due to wasteful circulatory flows and the formation of
§ shock waves. Non-uniform velocity profiles at the exit of
? the blade cascade lead to another type of less referred to
! as the mixing loss. Successful aerodynamic design of a
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turbine depends mainly on the accurate estimation .of the

losses. : :

One of the major losses in the turbine cascade is known as
the secondary loss. This loss occurs in the region of flow
near the end walls owing to the presence of circulatory or
cross flows. Such secondary flows develop due to the
combined effect of blade curvature and annulus wall boundary
layers, Ref. [1-4]. The pressure differentials across the
flow near the end walls give rise to circulatory. flows which
are superimposed on the main flow through the blade passage.
As a result of this, secondary vortices in the streamwise
direction are generated at the root and tip of the blade
[5,6]. The presence of these vortices in the main flow leads
to an increase of the energy loss, thus increasing the
possibility of an early separation of the boundary layer on
the suction side. Control or minimization of these losses is
a very important fact in the design of turbomachines. The
magnitude of the energy loss due to secondary flow depends
on the fraction of the passage height that affect the
upstream boundary layer thickness, Ref. [5].

A research on the flow through turbine blade rows was
reviewed by Hirayama [7]. Methods for controlling the
secondary flow losses in turbomachines were discussed by
Sabry et al [8]. These methods are classified to end wall
contouring {9}, cooling air injection into secondary flow
region [10], bumped blades [11]. Recently, secondary flow
and loss reduction in & turbine cascade can be controlled
using end wall fences, Ref. [12,13], It was found that the
presence of end wall fences decreased the secondary flow
losses in the turbine cascade. The previous investigations
were conducted for moving blades with high aspect ratios.

This paper aims to study the effect of fence fitted to the
suction side of a short blade on the secondary losses.
Therefore, an experimental study was carried out on a short
blade cascade with an aspect ratio of unity. Different
geometries of fences are tested. In addition, the
experiments are conducted at different inlet conditions.

EXPERIMENTAL APPARATUS AND MEASURING DEVICES

The experimental apparatus is shown in Fig.1. Dry air was
supplied from two electrical compressors to the tested blade
cascade through a-cylindrical settling chamber and two mesh
screens 20 mm apart to improve the flow uniformity at the
cascade inlet. The cascade consists of seven blades
fabricated according to Russian standardization [14]. The
cascade dimensions are given in table 1.
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Table 1 Geometry of blade cascade

Cascade parameters dimensions
blade chord, b _ 500 mm
blade aspect ratio, 1 1
pitch/chord ratio, t 0.7
inlet flow angle, ao 90°
outlet flow angle, « 15°

Fences with different sections were fitted to the suction
blade surface at 5 and 10 mm from the end wall as shown in
Fig.2. The geometry and dimensions of tested fences are

given in table 2.

Table 2 Geometry and dimensions of tested fences

Cicular fernice, d Two dimensional fence
F1 = 0.1625 mm F5 = 1.125 x 1.125 mm°
F2 = 0.24 mm F6 =2.25 x 2.25 mm°
F3 = 0.605 mm F7 =1.25 x2.25 mm°
F4 = 1.005 mm

The flow parameters downstream of the cascade was measured
using a three hole pressure probe, Pressure taps were
drilled neormal to the suction and pressure surfaces for
measuring the static pressure distribution; with the help of

multi-tube water manometer.
The experiments were conducted for different inlet Mach

number ranged from 0.1 to 0.4. The profile loss coefficient
(Tp } was determined by measuring the total pressure along

the pitch of the blade cascade and then was calculated u51ng
the formula given by Deish [14]
(k-1)/k

(k-1)/k 1 - [ 1 - (Apl/Apo) (1 - &) ]
T =& ‘
pr (k=1) 7k {k-1}/k
(1 -« ) [ 1~ (ap /fp ) (1 - €) ]
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where A p, = p01 - poz
Apo=p01-p2
and € =p, / Py

The cascade loss coefficient is obtained by plotting the
average loss coefficient against the blade height of tested
blade cascade. The gross of secondary losses are determined
by subtracting the measured midspan averaged loss
coefficient from the passage averaged loss coefficient.

RESULTS AND DISCUSSION

It has to note that the results show a representative
section of the experimental measurements. Energy losses over
the blade length are shown in Fig.3 and Fig.4 for different
Mach numbers. In Fig.3, the fences are attached to the
suction side at x = 0.1 whereas in Fig.4, fences are fitted
at x = 0.2. It is seen that, the profile loss coefficient at
the hub section of the fenced and unfenced blades is much
higher than that at the mid-span of the blade. However, it
is indicated that the profile loss coefficient decreased for
the cagse of fenced blades., For example, at M = .0.3 and x =
0.1, the profile loss coefficient decreases by about 18%.
This shows that the fences have a significant effect on the
generation of secondary flow. But the magnitude of the
profile loss is changed as the fence geometry and location
are changed. The existence of the circular fence tends to
reduce the profile losses compared with the twoe dimensional
fence. The diameter of circular fence and the attached
location are also so important as shown in Fig.3b. It is
found that the fenced blade (F4) reduced the losses compared
with the other fenced blades. From Figs.3 and 4 one can see
that the small diameter fence (F1) has a slightly effect on
the profile loss coefficient compared with the large
diameter fence (F4). This effect increases as the fence
diameter increased for the limit of tested diameters. Figs.3
and 4 indicate also the effect of two dimensional fence on
the profile loss coefficient. Two dimensional fence with
different cross sectional area are tested, namely : F5, F6
and F7, and indicate the same result. As a sample of these
results is presented in Figs.3 and 4, namely : the fence
that denoted as (F5). Generally, it can be observed from
these figurers that, the profile loss coefficient increased
vwhen the two dimensional fence is fitted on the suction side
of the blade. The main reason in which the two dimensional
fences show an increase in the profile loss can be explained
as follows. A side wall may be induces vortices in the main
flow. Moreover the presence of the side wall increases the
separation possibility.
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Fig.5 shows the variation of total and secondary losses
with the inlet Mach number for different fenced blades. It
is geen that the total and secondary losses decreased with
increasing the Mach number for all fenced blades. This
behavior is the same as that of unfenced blades. The
unfenced blades give higher values of {otal and secondary
losses. While, the reduction in the values of the total and
secondary losses are affected by the fence geometry and
position at which the fence is attached; as discussed
previously. The fenced blades ({F4) give smaller total and
secondary 'loszes than the other geometries. As discussed
above;" the generation of secondary flows is affected by the
fenice diameter and consequently the total losses are also
affected.

Figure 6 illustrates the effect of Mach number on the
secondary losses for F1 and F4 at x = 0.1 and x = 0.2. From
this figure, it is seen that F1 gives higher secondary
losses compared with those of FA4.

The' distribution of static pressure along the suction and
pressure sides is given in Fig.7 for unfenced and fenced
blades, namely (F4). The mean behavior with different
magnitude is the same for both cases. This figure indicates
that the pressure distribution along the pressure side
unchanged while the suction side pressure distribution is
increased. This leads to a decrease in the total loss and
confirmed the previous results.

CONCLUSION

Experiments were made to control the generation of
secondary flow in turbine blade cascade. Fences attached to
the suction surface of the blade were tested. Fences with
circular and two dimensional cross sectional area were
examined. The presence of these fences were found to have a
significant influence on the secondary losses. This
influence depends on the geometry of fence and the position
at which the fence is fitted. Circular fences fitted to the
suction blade side decrease the secondary losses, On the
other hand, the two dimensional fences increase the
secondary losses in the turbine blade cascade.

NOMENCLATURE

b blade chord t : blade pitch

1 blade height a inlet flow angle

1 : ag?f?t‘ratio.(I{P? A outlet flﬁw)éngle L
M : Mach number ps : pressure side

CF : circular fenced blade ss : sucﬁiqﬁiéiaé.

N :,ﬁormal blade . . d : diameter -



P, atmospheric pressure

P, total pressure before the blade cascade
poz: total pressure after the blade cascade
X : location of the attached fence (x/b)
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FIG(1) SHEMATIC LAYOUT OF THE EXPER{MENTAL APPARATUS

FIG { 2) Instaliotion of boundory layer fences
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FIG(S) THE "PROFILE LOSS COCFFICIENT ALONG THE BLADE HEIGHT

(X=0.1)
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