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(71) We, MOSKOVSKY ORDENA 
LENINA ENERGETICHESKY INSTI-
TUT, a corporation organised and existing 
under the laws of the Union of Soviet 

5 Socialist Republics, of Krasnokazarmennaya 
ulitsa, 14, Moscow, Union of Soviet Socialist 
Republics, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which 

10 it is to be performed, to be particularly des-
cribed in and by the following statement: — 

This invention relates to apparatus, herein-
after termed a "turbo-separator" for separ-
ating a polyphase medium. 

15 Such a turbo-separator is intended for use 
for the separation of polyphase media in the 
turbines of atomic power stations. 

The term " turbo separator " is intended to 
mean herein a turbine stage which is rotated 

20 by the working fluid and operates to throw 
towards the periphery fluids or solid particles 
whereby to remove such fluids or solid par-
ticles from the remainder of the working fluid 
of the turbine. 

25 The term polyphase medium is intended 
herein to mean a medium which contains 
two phases, for example wet steam or a mix-
ture of a gas and solid particles. 

Various turbo-separators have been pro-
30 posed, for example V. D. Venediktov in " A 

study of operation of a turbine on a polyphase 
flow with liquid particles", "Energetika" Jour-
nal No. 2, 1964, USSR proposed such turbo-
separators comprising a guide assembly, a 

35 rotor and collecting chambers installed near 
the periphery of said wheel. 

It is particularly important to remove the 
heavy phase from the sections of the turbines 
operating with a polyphase working medium. 

40 According to die present invention there is 
provided a turbo-separator for a polyphase 
medium comprising a guide blade assembly, 
a rotor and collecting chambers provided adja-
cent the rotor periphery, each rotor blade 

having a varying profile from the root to the 45 
tip, the section being of turbine profile at the 
root and compressor profile at the tip and 
the angle of entry at the tip not exceeding 
90°. 

The chord of each rotor blade may increase 50 
from the root to the tip by a factor not 
greater than two. Preferably the exit angle of 
the blade profile decreases towards the tip. 
The distance between the blades of the rotor 
and those of the guide blade assembly is pre- 55 
ferably not less than one fifth of the height 
of the guide blade assembly. 

An embodiment of a turbo-separator in 
accordance with the invention will now be des-
cribed, by way of example, with reference to 60 
the accompanying diagrammatic drawings, in 
which: — 

Figure 1 is a longitudinal fragmentary sec-
tion of the turbo-separator for a polyphase 
medium; 65 

Figure 2a is a diagram illustrating one pass-
age through one pair of guide blades adjacent 
the roots and a diagram of the velocity vectors 
of the different phases of the working fluid 
at the exit from said passage for the separator 70 
of Figure 1; 

Figure 2b is a diagram illustrating a passage 
at the roots of two adjacent rotor blades; 

Figure 3a is a diagram illustrating a pass-
age through two guide blades adjacent the tips 75 
thereof and a diagram of the velocity vectors 
of the different working fluid phases at the 
exit from the passage for the separator of 
Figure 1; 

Figure 3b is a diagram of the passage 80 
between two rotor blades of the rotor at the 
periphery; and 

Figures 4a and 4b are diagrams indicating 
the path described by heavy phase particles of 
the working fluid over the surface of the rotor 85 
blades (side and plan views, respectively). 

Referring now to the drawings, a turbo-
separator for a polyphase medium for example 
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wet steam comprises a guide blade assembly 
1, (Figure 1) provided with conventional tur-
bine guide blades 2, a rotor 3 with blades 
4 and two phase-collecting chambers 5 and 6 

5 located adjacent the rotor 3 and intended for 
receiving the heavier phase of the polyphase 
working fluid, the space between the blades 2 
of the guide blade assembly and the chamber 
5 accommodating a collecting chamber 7 with 

10 slots 8 which are also used for discharging 
the heavier particles. 

The blades 4 of the rotor 3 have a con-
ventional turbine blade profile 9 (Figure 2b) 
at the root (section II—II in Figure 1) with 

15 a small blade pitch 

tk 

t - k = <0.5, 
b 

t.e. the ratio of the distance between adjacent 
blades to their chord (Figure 3b). 

Adjacent the tips (section I—I of Figure 
20 1), the blades 4 have a profile 10 (Figure 

3 b) with an increasing chord " b " for ensur-
ing a minimum relative pitch 

t n 

r n = <0.6 
b 

at the periphery. 
25 The blades 4 have a profile which varies 

with height, the angle of entry /? (Figure 4b) 
being always less than 90°. 

The exit angle a, of the blades 2 varies 
from aik at the root (section II—II, Figure 

30 2a) of the blade 2 towards its periphery (sec-
tion I—I) so that the exit angle a!11 of the 
working fluid flow will be less at the peri-
phery of the blade 2 (section I—I, Figure 
3a) than it is at the root. 

35 The decrease in the exit angle al3 of the 
working fluid flow from the guide blade 
asembly intensifies the twisting of the flow 
and improves the efficiency with which the 
heavier particles of the polyphase medium are 

40 dirown towards the periphery. 
The axial distance " a " (Figure 1) between 

the guide assembly 1 and the rotor 3 is made 
larger than it is in previously proposed turbo-
separators. 

45 This allows a larger quantity of heavier 
particles to be thrown towards the periphery 
and makes it possible to install the collecting 
chamber 7 with the slots 8. 

A decrease in the peripheral speed of the 
50 rotor blades 4 improves the separation of 

the heavier particles into the collecting cham-
bers 5 and 6 for which purpose it is desir-
able that the rotor 3 should be installed on 
bearings 11 (Figure 1). 

55 In this embodiment the rotor 3 does not 
generate shaft power and its blades 4 are so 
made that the periphery of each has an entry 

angle /3<X90° and functions as a compressor 
but the root (section II—II) of the blades 4 
of the rotor 3 functions as a turbine. 60 

The ratio of power at the tip and root 
sections of the blades 4 of the rotor 3 allows 
in each particular case obtaining any pre-set 
r.p.m. of the rotor 3 and the maximum effect 
of heavier component separation. 65 

The proposed turbo-separator for polyphase 
media can be used as a self-contained unit (for 
example, in the gas duct at the entry into 
an installation, etc.). 

A number of such devices mounted in tan- 70 
dem form a multi-stage turbo-separator. 

In such a unit the downstream stages will 
be still more efficient since at the entry into 
the guide blade assembly, the fluid will already 
have a high concentration of heavier com- 75 
ponents at the periphery. 

For this reason, it is highly efficient to use 
the proposed turbo-separator in multi-stage 
turbines running oa a polyphase working 
medium. In such an arrangement the turbine 80 
rotor is rigidly connected with the turbine shaft 
and rotates at the same speed with the latter, 
producing useful power, although with a lower 
efficiency than a conventional turbine stage. 

However, the maximum effect in separating 85 
the phases of the fluid flow will be achieved 
at low peripheral speeds (under 150 m/s) and 
therefore it is expedient that the rotor 3 
should be mounted on bearings 11. 

The use of such a turbo-separator in the 90 
capacity of an intermediate turbine stage makes 
it possible to separate the heavier component 
of a polyphase working medium because said 
heavier component damages the through-flow 
part of the turbine and reduces its efficiency. 95 

At the position of installation of the pro-
posed turbo-separator in the plant, it is expedi-
ent that the polyphase working medium should 
be extracted downstream of the rotor 3 so as 
to discharge the heavier component in the col- 100 
lecting chamber 6. This reduces the quantity 
of the heavier component returning into the 
flow in the through-flow part of the turbine 
plant and improves the efficiency of its 
removal. 105 

The removal of the heavier component 
together with part of the working medium is 
equally justified for the collecting chambers 
5 and 7 although in this construction it is not 
expedient to extract more than 1—2% of the 110 
working medium. 

The use of the proposed turbo-separator in 
the capacity of an intermediate turbine stage 
in a multi-stage turbine plant will, naturally, 
cause a considerable distortion in the velocity 115 
vectors of the working medium flow along 
the height of the blade at the entry to the 
adjacent downstream turbine stage. 

Therefore, if losses are to be diminished, 
the guide assembly 1 of the next stage should 120 
be made to take this distortion into account. 

The use of the proposed turbo-separator 
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in the capacity of the final stage in a multi-
cylinder turbine plant also yields effective 
results. 

By installing such a turbo-separator as the 
5 last stage in the first cylinder, it is possible 

to remove the heavier component and thus to 
dispense with a bulky and costly remotely 
installed separator. 

In this arrangement losses are far smaller 
10 than they are in the steam or gas duct and 

in the remote separator itself. 
To enhance the turbine efficiency, it is also 

desirable that a guide blade assembly should 
be installed downstream of the rotor 3 of the 

15 turbo-separator, when the rotor is installed in 
the capacity of a last stage, because the guide 
blade assembly reduces the swirling of the 
fluid flow which leaves the rotor 3. 

The turbo-separator for polyphase medium 
20 and the turbine plant incorporating it function 

as follows. 
The polyphase working medium passes 

through the guide blade assembly 1, leaves 
the blades 2 thereof at an angle a * (Figure 

25 2a) and is swirled. The heavier particles tend 
to move substantially tangentially to the cylin-
drical surfaces of the turbine casing. 

As a result, the bulk of the heavier com-
ponent moves towards the periphery (section 

30 I—I). 
Naturally, the greater the axial distance 

between the guide blade assembly 1 and the 
rotor 3, the greater the amount of this phase 
which will accumulate at the periphery. 

35 The heavier particles reach the collecting 
chamber 7 and are discharged from the 
through-flow part of the turbo-separator via 
the slots 8 together with part of the working 
fluid. 

40 The main flow of the working fluid 
approaches the entry to the rotor 3 with irre-
gularly distributed heavier particles along the 
height of the blade 4. Actually, all the coarser, 
heavier, particles are already concentrated at 

45 the outer half of the blades 4 of the rotor 
3 while the space near the roots (section II—II) 
is occupied by particles whose absolute velo-
city C' differs little from the velocity C 
of the working fluids. These particles follow 

50 the flow of the working fluid and actually do 
not come into contact with the blades 4 
of the rotor 3 since the relative velocity W 
of the particles also differs very little from the 
relative velocity W of the working fluid. 

55 This is the reason why the blades 4 of 
the proposed turbo-separator have at their 
roots a turbine profile 9 (Figure 2b) v/orking 
under optimum conditions. 

At the same time the bulk of the heavier 
60 particles is accumulated at the rotor periphery. 

Therefore, at the exit from the guide blade 
assembly 1, the heavier particles already lag 
considerably behind the main flow of the 
working fluid, i.e. the absolute velocity C" 

65 of these particles (Figure 3a) at the peri-

phery is far lower than the absolute velocity 
C of the working fluid. An even wider mis-
match of phase velocities is observed in the 
relative motion (the relative velocity W " at 
the periphery being much lower than W). 70 

The heavier particles contacting the blades 
4 of the rotor 3 are subjected, apart from 
the aerodynamic forces, to Coriolis forces and 
the forces of friction against the surfaces of 
the blades 4. The path of these particles over 75 
the surface of the blades 4 is determined in 
the first place by the direction of Coriolis 
forces. 

The aerodynamic forces divert the path of 
the heavier particles to the exit edge and, 80 
if the component of Coriolis force (at the 
entry angle /J>90°) also acts in this direction, 
the heavier particles will again be thrown into 
the flow of the working fluid and may fail to 
reach the collecting chambers 5 and 6. 85 

In the proposed turbo-separator and in a 
turbine plant incorporating it the blades 4 
are so designed that the Coriolis force vector is 
directed towards the entry edge of the blade 
4 because the entry angle j3 of the profile 90 
9 of the blade 4 is less than 90° (Figure 4b). 

Bearing in mind that the effect of Coriolis 
force is actually always higher than that of 
the aerodynamic force, the heavier particles 
of the fluid flow, contacting the blades 4 will 95 
stay on the surface of the blades 4 and move 
towards the periphery (section I—I) against 
the working fluid flow (Figure 4). 

Arrow A in Figure 4a shows the direction 
of the fluid flow. Thus, the probability of 100 
the particles in contact with the blades 4 being 
thrown into the collecting chambers 5 and 6 
is increased considerably. The particles deflec-
ted from the leading edges of the blades 4 
and the heavier particles thrown forward 105 
against the flow by Coriolis forces and returned 
by the working fluid flow will again come 
into contact with the blades 4 although at a 
greater blade height. 

The probability of these particles contacting 110 
the blades 4 of the rotor 3 increases with 
the reduction in the pitch of the blades 4. 

As a result, the heavier particles will also 
be discharged into the collecting chamber 
5. 115 

To raise the efficiency of removing the 
heavier particles, the collecting chambers 5 
and 6 (Figure 1) are so located that they 
can be thrown directiy into these chambers, 
such a location of the chambers 5 and 6 120 
having no adverse effect on the efficiency of 
the installation. 

By making the entry angle ft of the profile 
of the blade 4 smaller than 90° it is possible 
to direct the heavier particles contacting the 125 
surface of said blades 4 towards 
the periphery and against the flow of the 
working fluid. 

Intensive discharge of the heavier particles 
downstream of the guide blades into the col- 130 
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lecting chamber 7, improved trapping of the 
heavier particles- upstream of die blades 4 
of the rotor 3 by the collecting chambers 5 
and 6 in combination with the suction and 

5. extraction of a part of the working fluid con-
tribute to solving the urgent and vital engineer-
ing problems tof separating polyphase media. 

Naturally, the proposed separator can be 
supplemented with a number of the previously 

10 proposed constructions improving the removal 
of the harmful heavier components, for 
example, through slots from the blade surface 
of the guide blade assembly, by providing 
grooves at the entry edge of these blades. 

15 The use of the proposed turbo-separator in 
the turbines of atomic power stations makes 
it possible to dispose of remote separators and 
superheaters thus improving substantially the 
operational characteristics of turbines and the 

20. safety of the servicing personnel. 

WHAT WE CLAIM I S : — 
1. A turbo-separator for a polyphase 

medium comprising a guide blade assembly, a 
rotor and collecting chambers provided adja-

25 cent the rotor periphery, each rotor blade hav-
ing a varying profile from the hoot to the tip 
the section being of turbine profile at the 

root and compressor profile at the tip and 
the angle of entry at the tip not exceeding 
90°. 30 

2. A turbo-separator according to claim 1 
wherein the chord of the rotor blade increases 
from the root to the tip by a factor of not 
greater than two. 

3. A turbo-separator according to claim 1 35 
wherein the exit angle of the blade profile 
assembly decreases towards the periphery. 

4. A turbo-separator according to claim 1 
or claim 2 wherein the distance between the 
blades of the rotor and those of the guide 40 
blade assembly is not less than one fifth of 
the height of said guide assembly. 

5. A turbo-separator substantially as herein-
before described with reference to the accom-
panying drawings. 45 

6. A turbine incorporating a turbo-separa-
tor according to any one of the preceding 
claims. 

MATHISEN & MACARA, 
Chartered Patent Agents, 

Lyon House, Lyon Road, Harrow, 
Middlesex, HAI 2ET. 

Agents for the Applicants. 
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