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FORMATION OF THE FIOW PATH OF A TURBINE BY UNDERCUTTING

BLADES OF THE INITIAL STAGE

A M, Zavedovskiy, et. al,

The asrodynamic characteristics ere given for a series of stages formed by
undercutting the blades of the initial stage.

The work of the I, I. Polzunov Centrsl Boiler and Turbine Institute [1] shows
that at the present time it is advisable to form and celculate the flow paths of
turbines by the method of "model stages®,

This method specifies the formation of the flow path from the initial stage
by undercutting the blades for the given operating conditions of a group of stages,
and in certain csses, of the entire flow path of an individual turbine cylinder
or of the turbine as a whole,

In order to be able to use the initial stage in the formation of the flow

path, it is necessary that it have the following chasracteristics:

0l = (u/ey). (1)
Cali =@ (u/c(',), (2)
y=c,/c(;=F(“/C‘;l, (2')
q=f(D. u/c(',),- (3
b=F (S. . u/c(',), (4)
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ay, Bs, aa = (D, 4, ucp), (5)
(W) opg, =1 (6)
where n: is the efficiency of the stage on the rim of the runner without using the
output of the preceding stage;
4 is the circumferential veleecity for a mean diameter Dm;
06 is the veloocity corresponding to the totel drop to the stage;
L is the axial component of the velocity at the output of the stage;
¢ 18 the degree of _reactivity;
0 i the use factor of the output velocity of the preceding stage;
@q9 Bz, G, are the engles of outflow from the channels of the flow path;
A= Dmllr
where lr is the height of the runner blade.
In sddition, we need materials which would enable us to determine the chenge
in the above-mentioned characteristics resulting from undercutting the blades
and changing their widths.

The characteristics of the initial stage and the corrections to them can
theoretically be obtained in two ways: a) by caloulation and b) by testing the
stage in rotation,

At the present time it is still iupossible to obtain by ths calculetion method
with acceptable acouracy for practical purposes the above-mentioned coharacteristiocs,
and in particular the corrections to these characteristics related to underocutting
the blades, At the present state of the investigations ef the elements of the
flow path such data can be obtained only by testing the initial stages in rotation,
The calculation method at the present time can be used only during the designing
of the initial stage. A stage thus designed requires, as a rule, adjustment during
testing, in order to obtain ssrodynamic and strength characteristics whiech quali-
tatively me®t modein requiremsnts,

At the present tims our task is to create a series of initial stages which
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would satisfy tbes requirements of steam- and gas-turbine construstion.
a) b) °)

/’\

Fig. 1. Profiles of different cross sec-
tions of the runner blede and the channels
formed by these profiles, Cross sections
at the following distances from the root
diamster:

a) 5.22 m, b) 16,31 om, o) D_ d) 49 mm,
e) 60 mm, n

The present article contains data conserning one of the initial stages devel-
oped at the Central Boiler and Turbine Institute, and it is shown thet under cer-
tain conditions it is possible to consideradbly change the geometrical dimensions
of the initial stages without any appreciable change in the efficiency, the flow
ocharacteristics, the reactivity, and other indices of the stage.

Yor stages with twisted blades the simplest case is to undercut the guide
vanes of the initial stage on the side facing the turbine shaft and to undercut
the runner blades from the top., From the point of view of the technolcgy of manue-
fecture of the blading such undercutting is very convenient and sdvantagecus, since
the blades are cut from the free end and the root does not shift relative to the

root cross sections of the bledes of the initial stage.
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TABIE

Date on the Stages Studjed st the Central Boller and Turbine Institute

M : Guiding apperatus runner
b~ ‘A
o4 — : T - 1 =
ze bm | 'g| tg| Bg| gl tg| Tg| ¥, o | ip| bp|Br | x| tp] 00| Tp| T
P| 45 | 2655{ 635 | 235 | 16 | 60 | 149 | 2,70 | o646 | 2855 63,5 | 21.0 %l.w 7 | 12,00 0.50 | 3,02 | 0.68
S . g
| s5 |22 | s | 235 6 | 88 | 1472] 2,13 | o634 272 | s0 | 21.8 % “| | Loy 4220 | 0
. a,
e
mfoea [ |42 |05 | 6| 88| 4| L | 00| 2w | e |z | B0 g |y 028 | 190 | 081
w| 74| 27 |3 | 2s 8, 54|19 1,40 | 0600] 257 | 3 | mo % 7 | 10,90 03 | 1.60 | 0.8
* DNumerators of fractions indicate width of blade at the top; denominators

indicate width at root.




The initisl stage hes cylindricsl guide vanes with a profile close to TH-2
TsKTI. The runner blades are twisted acéording to the law %'’ ¢ = gonst, The
initial profile of the runner blade (at the root) is similar to the root cross
asection of the first stage of the low-pressure section of the GT=12 LMZ,

Figure 1 shows the profiles of five cross sections along the height of the
runner blade and the channels formed by theae profiles. The lower pair of profiles
refers to the cross section located at a distance of 5.22 mm from the base of the
profile portion of the blades; the second pair refers to the cross section 16,31 mm
from the base; the third pair of profiles is established for Dn; the fourth refers
to the cross section 49.0 mm from the base of the blade, and the fifth pair refers
to the eross section 3,5 mm from the peripheral portion of the blades,

The runner blades were underocut from the top during the tests. The number of
these blades, as well as their angle of instellation, remained the ssme in all the
stages obtained after undercutting,

The guide vanes were undercut from their free ends. The number of them was
varied in such a way that in the stages obtained after undercutting the pitch at
the mean dismeter was kept approximately constant. Detailed geometrical deata con-
cerning the stages studied are given in the Table. The design of the flow path
of the initial stage is shown in Fig. 2.

The runner blades were unshrouded; the guide vanes were sesled at both ends
into the turbine frame, so that there were no leasks between them and the rotor
during the tests. This must be born in mind when using the test data given in
this article,

The angles of installation of the guide vanes y‘ vere changed several times
during the tests on each newly obtained stage. The limits of these angles were
38%30' and 46°30'.

This led to a corresponding cshange in both the degree of resctivity and the

streamline conditions of the runner blades with a resulting chenge in ths efficieney.



Fig. 2. Design of the flow path (a) e)

and efficiensy on the rim n® (b): NN Y
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In the basic tests the closed axial gap S amounted to 25 mm, In order to
asgertain the effect of a change in the megnitude of this gap, certain tests were
oarried out at S = 10 to 40 mm,

The Re values (caloulated from the chord of the blades) varied from 1.0 105
to 1.9 105.

The compressibility ocriteria reached M = 0.6.

The results of a study of the stages are shown in Figs. 2 to 8.

Figure 2 shows the values n: af (u/cb) at different values of the relative
radial gaps obtained during teating of the initiel stage with A = 4.5.

As cen be seen from the curves, the stage has very good efficiency indices,
At gaps of 0.5 to 1,0(, the ones most often encountered in stages with long blades,
the efficiency values on the rim of the rumner without using the output velocity
of the preceding stage at an optimum value of u/cb are equal to 0,87 to 0,89,

This means that when used as an intermediate stage this stage will have an effic-
ienoy of 0,91 to 0.93 at the radial gaps usually encountered,

The uniform pressure fields at the output of the stage (Fig. 3) attest to the

fact that the stage being investigated, even when playing the role of an intermediate
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stage, will retain high efficiensy values not only at the optimum value of u/c")

but in the entire region of change in u/gé ocourring in the tube installations,

8) ‘periph b) “ periph c¢)% periph

s e o

600 650 J550. 80 650 500 600 Py

Fig. 3. The change in the total pres- ' .
sure (excess) behind the stage along YT W T UHi
the radius: Al ! z,‘l / :
a) u/c('> = 0,475; b) u/c") 2 0,575 - / \d° ! ! '
¢) u/e!l = 0,650, 2R gy Tt
° .' il |
8511 f | '
! '6»7 : 3 BE ”zb‘ .
| ! . .
i : SRS
] .‘ . i ,'“ .
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Fig. 4. The chenge along the radius w’a) b) ‘c)
of the degree of reaction in the stages: 4 i U
1A i L

a) when “/°('> = 0,475 b) when u/c(') s 0,575 " ! 'j f
¢) when u/cb = 0, 650 2 b b
1) = 451 2) 2= 5.5; 3)a= 6.3 W3 3 T3
4)r=T.4 .
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The meny data on the values of ,,: obtained during the testing of the stages

newly formed by undercutting blades with the same angle of installation of the

guide vanes (Y8 = 42°50') showed that the values of ﬂ: begin to decrease noticeably
only when ) increases greatly., For exsmple, when u/c") = 0.6, an inorease in )\ from
4.5 %0 5.5 decreased n: by O.3%; an increase up to 6,3 decreased ﬂ: by 0,88, A
noticeable decrease in n: (by~2%) ococurred only when the heights of the blades
were decreased by 40% (A = T.4) by comperison with the initial stage (A= 4.5), It
should be noted that in this case the relative height of the blades Ir (see Table)

decreased fram 3,02 to 1l.5.
The lower part of the graph in Fig, 2 gives the efficiensy corrections whieh



take into account the change in A as a result of undercutting with Ys kept equal
to 42°50'. In order to obtain the efficiency with undercutting taken into sosount,
it is necessary in the case of the sorresponding relative gap to determine the
officiency of the initial stege from the basic graph in Fig, 2 end from it subtract

the An: for the corresponding A. For a pumerical example see Fig, 2.

40—
= —
o A
L /H] 10 1 i

Fig. 5 The change in the efficiency
of a stage as a function of the gap
between the blade olusters,
Tests showed that when the blades are cut in one and the same cross sections
the degree of reactivity increases, For example, in pessing from )\ = 4.5 to
A= 6,3 ¢ inocreased from 0 0.49 to LA = 0.54 on the periphery and from ¢, = 0,11
to 'r = 0,19 at the root.
Consequently, leskages on the periphery and suction at the root are increased,
and the streamlining of the runner blades deteriorates somewhat, thereby causing

a decrease in efficiency.
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G
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Fig. 6. The change in the flow Q20
characteristics of the stege o_/u 0% < a

' o =
and °z/°6 as a function of u/c;° SN w
for the ratios f/!'r = 0,005 to oy o ,
0,025, a% WG,
4% aw an

An effective method making it possible to retain high efficiency during
undercutting is to vary the angles of installation of the blades for the purpose
of decreasing the degree of reactivity to optimum values, For example, when the
engle of installation of the guide vanes y_ was kept at 42°30" and the blades wers
cut up to A= 6,3, the efficiency decressed by Aq: = 0,8, When the angle of instel~
lation of the guide Venes of the stage was changed to Y = 40°30', the decrease

in efficiensy by comparison with the initisl stage smounted to caly 0.3, It is



interesting that the degree of reactivity desreased in this csse: at the periphery

'p = 0.52 to O, 45, end at the root ’r = 0020 to 0,12,

Figure 4 gives an idea of the degree of reactivity at different A and u/o")
and with an angle of installation YB = 42°50'.

Figure 5 shows the change in the maximum efficiensy of the stage as a functioa
of the closed axial gap. The shape of the curve corroborates the existing opinion
concerning the determining role played in the given case by two basic factors:

the effect of nonuniformity of the flow in front of the runner and friction losses

on the annular surfaces.

Figure 6 shows the flow characteristics of the stages. The value of cz/u
was found to be practically the same in all stages under all regimes and for the
entire zone of gaps being investigated, The same applies to the characteristic

y =¢_Jfel,
0 Wl

w10 NG

1

w s \\
a4 G
w7 —N
o as
aw 0
a2 44 n <\
w W Sy

(] /¥4

/AE

S

0 af 62 43 a4+ 45 G5 47 a8 49 W

Fig. 7. Curves of distribution of areas
and moments of resistance and inertia of
the oross sections along the height of
the blade,

From the initisl steges it is necessary to present data characterizing the
strength properties of the blades, In the case of the stage desoribed in the
present article these data are given in Fig. 7 in the form of curves of distribu-
tion of oross-sectional areas and of moments of resistance and inertia along the

bheight of the blades.
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Mg, 8. The change along
the radius of the angle a

1
in the initial stege for
different regimes:

1) u/°6 = 0,475; 2) u/ca =
= 0,575; 3) \1/66 = 0,650

Figure 8 illustrates the direction of flow behind the guide vanes of the ini-
tial stege. The data are given for different regimes.

Sonolusions

In order to form a bleding apparatus satisfying modern technical and econcmic
requirements, the method proposed in the present article can be used, It consists
of the followings

A series of stages is formed from the initial stage by undercutting the run-
ner blades from the periphery and the guide vanes from the side facing the shaft,
In s0 doing the pitch of the guide vanes is kept constant at the mean diameter.

In e large cutting of the blades a favorable value for the degree of reaction is

achieved by varying the angle of installation of the guide vanes alone,
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The recommended method of forming the flow path of turbines is simple and
convenient from the point of view of the teshnology of menufacture and ensures the

possibility of widely unifying turbine stages,

1. & M Zavedovskiy and K. . Babepko, Instructions for the Aerodynamic Calecula-
tion of thes Flow Path of Stationary Gas Turbines, "Energomashinostroyeniye*,
No, 12’ 1957-
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