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Editorial

These Special Issues of the Transact,ions of Flui,d-Flow Mach,i,nery, Nos. 113
and 114 contain selected paperc from the International Conference on T\l,rbi,nes
of Large Output devoted to commemorate 100th Birthday Anniversary of Prof.
Robert Szewalski. The conference wa§ held in Gdańsk, Poland on September
22-24,2003.

The Conference is a continuation of previous conferences held at the Insti-
tute of Fluid-Flow Machinery PAS in former years dedicated to technology of
steam turbines. Series of conferences bearing the same name took place in the
years 1962, 1965, 1968, 1993. In 1997 organised has been a conference on steam
turbines and related topics, but with a slightly amended title - Problems of Flui,d,-
Flow Machinery. At present at the Institute of Fluid Flow Machinery there are
conduced research of fundamental character encompassing both the issues related
to steam turbines and fundamentals of power engineering,

Organisers of the present -conference have returned to the traditional name,
i.e. Conference on Turb,ines of Large Output to mark the respect to the memoTy
of Professor Robert Szewalski (1903-1993), the founder arrd a director of the In-
stitute of Fluid-Flow Machinery for several years, and initiator of the conference
series devoted to the problems of steam turbines.

The Editors ale vely grateful to the referees of the papels presented in this
issue of the Transacti,ons of Fluid,-Flow Machźnery: J. Badur, W. Batko, E. S.
Burka, J,T. Cieśliński, P. Doerffer, A. Gardzilewicz, B. Grochal, J. Kiciński, G.
Kosman, T. Król, J.Krzyżanowski, J. Mikielewicz, A. Neyman, W. Ostachowicz,
R. Puzyrewski, R Rządkowski, J. Świrydczuk, M. Thela, T. Uhl andZ. Walczyk.

We appreciate cordially the manifested authors interest in our conference.
Special thanks aTe conveyed to Ms 'Maya' Bagińska, for her fruitful editorial help
related to directing the papers to reviewers and correspondence with the authors
of contributions.

Prof . J arosław Mik,i,elewt cz
Editor-in-Chief

Dr Ed,ward Sli,wicki,
Managing Editor
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ROMUALD PUZYREWSKI*and RAFAŁ BIERNACKI

Yolute scroll as an alternative to guide vanes at inlet
to a turbine

Gdańsk Technica] University, Department of T\lrbomachinery and F]uid Me-
chanics, G. Narutowicza 11/12, 80-952 Gdańsk, Po]and

Abstract
This research was undertaken as a preliminary investigation into the possibility of feeding

;i:,ł11 into a turbine by means of a flow-vectoring volute scroll, intended as a replacement for
:. :onventional guide vane ring in the first (control) stage of the turbine. A volute-shaped

l]Ę1 ca,t} serve to distribute flow evenly along the circumference of the blade ring, The volutes
.:r-idered in this paper are also intended to generate correct angular momentum in the stream,
$: ,.:at correct rotor inlet angles can be obtained by means of the volute alone. A one-dimensional
.n-, ,.-tical model of compressib}e flow through a volute is proposed and evaluated. The empirical
":":frcients needed for its closure are derived, for a range of volute configurations, from 3-D
iLL-*erical simulation. An ordered series of virtual volute models has been constructed and three-
u:-ersional flow computations have been carried out for these models. The results obtained
i:-" 3-D computations have been confronted with the corresponding predictions yielded by the
-l analytical model. The differences found are small, confirming the usefulness of the 1-D

:r,:,:el for preliminary design. The data obtained from the 3-D numerical flow simulations for a
:li;:ber of volute configurations have been evaluated to extract information on flow uniformity
.o,Lr: rther key parameters of the stream, These results were subsequently interpolated over a
-*.;i? of volute configurations, systematized according to two key geometrical factors, Within
,i:",]]_. space, optimized volute shapes were selected, on the basis of flow angle and flow uniformity,
i * o svstem oftwo matched volutes ofdifferent throughputs. Flow through these paired volutes
rrs:hen evaluated numerically at full design flow as well as at various levels of partial flow, to
s:;:__:ate comparison with existing partial admission schemes,

3L:trvords: Turbomachinery; Steam turbine; Volute inlet; Volute duct; Scroll casing; Guide

'Corresponding author. E-mail address: puzyrews@pg.gda.pl



100 R. Puzvrewski and R. Biernacki

The concept of angular-momentum generating vo-
lutes

T\rrbine admission by means of a volute or scroll casing is employed in some
typs of hydraulic turbines, as well as occasionally in steam turbines. In all such
cas6, however, the scroll inlet is seen only as a means of distributing inflow uni-
formly. It is followed by an independent ring of guide vanes which selves to vector
the flow at a suitable angle before it enters the rotor.

Figure 1. Example of a momentum-generating volute,

The significant innovation in volute scroll design, as discussed in this paper,
b the concept of controlling the angle of flow entering the rotor blading by mearrs
of the volute duct alone, dispensing with guide vanes altogether. Through spe-
cific alterations of volute geometry it is possible to generate controlled amounts
of angular momentum in the mass flow within the volute, causing the medium
to €xit the volute duct helically at the desired angle. The research undertaken
Ę the authors aimed to demonstTate, on the basis of numerical simulations, that
tbe rolute scroll can be used to generate exit angles within the range required
br direct feed onto rotor blading of existing turbines, while simultaneously ful-
fini.t the conventional function of distributing the mass flow uniformly along the
circrrmference of the blade ring.

ż one-dimensionalmodel

Flow through the volute may be modeled as the 1-D process shown in the
fuiĘ process graph (Fig. 2), where state 1 corresponds to volute inlet, state
2 to its outlet, and state 2s represents the conditions at the outlet if the process
b med to be isentropic.

On the basis of the above graph, one can formulate the following closed system

i

l

j
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Figure 2. łr, - s graph of flow through a volute,
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mhh seven unknown quantities: prt pyl p2sl .llz2l u02) h2 and, h2",
These equations include inlet parameters (known quantities - subscript 1),

mtlet Parameters (subscript 2), theoretical isentropic outlet parameters (sub-
miPt 2s) and dimensionless ratios of inlet parameters to outlet parameters (sub-
mipt r). For example, the ratio r, = rtlrz is the ratio of inlet to outlet radius
d §ration. The quantities ur2 and ug2 are the axial and circumferential compo-
nP,TtSr resPectivelY, of outlet velocity. In addition, two empirical coefficients make
et aPPearance in the equations: /(y (angular momentum conservation coefficient)
łm'rl 7 (Process effi,ciency). These coefficients are dependent on three-dimensional
ilrrrnetrY of the volute scroll; they cannot be obtained within the constraints of
Ńe one,dimensional model. In order to close the model, the empirical coefficients
mnmst be assumed, or supplied on the basis of either experimental or numerical
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simulation data. In the course of the current project, numerical simulations of
volute flow were carried out and their results evaluated to supply tabulated valus
of Ky and 17 for varying volute geometries.

The above system of equations can be transformed to yield a single non-
Iinear equation with a single unknown pr, representing the dimensionless ratio ol
plessures at inlet and outlet from the scroll duct:

pł +nĘuis1 (łrł _+r,)2 : lłrTrr Q - N|,r|) (E

With the flow parameters at inlet known, and the values of the empirica-
coefficients supplied, equation 8 may be used to obtain exit pressure and conse
quentiy the other parameters at volute outlet.

In this context it becomes desirable to predict the influence of changes il
empirical coefficients Ky and 4 on the solution of Eq, 8. The equation can onl1-

be solved implicitly, the unknown pr occurring in the form of several factors wir;
fractional powers. Consequently, the coefficients Ky and n may be seen to influ-
ence the solution in a complex non-linear way which is not immediately evideni
from the form of the equation.

Results obtained from 3-D numerical simulations indicate that, for a broac
Iange of volute duct configurations, the value of Ky falls into the 0.4 * 0.8 range_

rvhereas efficiency 4 remains consistently above 0.5. Taking these ranges into
account, a parametric analysis of equation 8 has been carried out by solving the
equation iteratively for Ky varying from 0 to 1, and 4 from 0.5 to 1. The results
(obtained in terms of pr) were in turn used to derive the values of other releverł
quantities at outlet. Some relationships obtained in this analysis are i}lustrated
in the plots below.

3 Uniformity criteria

The one-dimensional model discussed above operates on the n,Lean values d
l,olute outlet parameters, and makes possible to calculate these mean values onl5_

It provides no information on the distribution of parameters over the circumfer-
ence of the outlet slit. However, volute admission scheme, as investigated in this
project, is intended both to yield the flow angles required by first stage rote
blading directly at exit from the scroll, and to provide uniform distribution d
this angle and of mass flow over the entire rotor ring. Thus for the 1-D modd
to be relevant, it must be supplemented by a definition of quantitative unifor-
mit1, criteria for at least these two parameters. The values of uniformity factor
characterize 3-D geometries of various volute configurations, rather than the l-D
nodel; they can be determined by analyzing data from simuiation runs over fr,
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Figure 3. Ratio of inlet to outlet pressure p. for large and small volute ducts, in terms of Ky
and 4.

7/"":: "

Figure 4. trxit angle c for large and small volute ducts, in terms of Ky and r.,.

J-D numerical mode] of the vo]ute.
The exit plane from the volute scroll is a narrow circular ring, which in the

-':merical model is subdivided into small finite regions corresponding to the neigh-
:,"lrhoods of computational grid nodes. Having performed weightedl averaging in
:ię radial direction of the values at individual nodes, one obtains a discrete dis-
:,::bution of parameters as a discrete function in terms of angle d, corresponding
;,: arc distance along the exit ring.

-The values at individuai nodes have been assigned weight factors proportiona| to
rlłs: flow rate through the neighborhood of the given node.
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In this context) the non-uniformity factor may be defined as a form of de-

viation of this function /(d) with respect to its mean value /", which may be
expressed as:

D(f): d-* - d-i, u(0)|f*l@))2d0 (9)

where tł(0) is a suitable weighting function. For the purpose at hand, however,

the definition above should be modified, reflecting the fact that the function in
question is a discrete distribution with a constant interval between points in the
circumferential direction. This allows one to write

0_r*

I
d-i.

D(l):
lffi.-,

;rlf-f@))-;-1

(10)

where rn is the nrrmber of points, the single mean bar designates the radial aver-

aging already carried out, and the double mean bar designates the mean value of
the function over the entire exit area. The function so defined, after normalizing
with respect to the mean value, yields a dimensionless coefficient constituting a

quantitative measure of circumferential non-uniformity in volute outflow for an1'

desired scalar parameter, e.g. for the exit angle o:

/V; - (11l

4 Volute geometry

The dimensions of the turbine to which the volute inlet is to be fitted, i-D-

cluding in particular the dimensions of the inlet plane to the first rotor blade
ring, fix some of the dimensions of the volute scroll - its outlet slit dimensionn
in particular. The shape of the scroll duct, on the other hand, may within sou!
constraints be'varied so as to obtain a geometry which optimizes flow exit angh
and uniformity of flow distribution, and minimizes losses. Topologically the ro-
lute duct has the form of a gradually narrowing tube with its inlet at the iłidc
end and its outlet taking the form of a longitudinal slit along the tube. This tuba
is wound around the axis of the turbine, forming a closed ring.

A series of preliminary numerical computations, made for a number of gw,
metrically diverse volute variants, has shown that description of volute shape nrry
be simplified to include just two key quantitative parameters, which have the mc6

1

=a *ź@- a(0))2
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urc.:icant bearing on the character of the outflow. One of these key paTameters i§
t[u* :aiio §" of inlet to outlet cross-sectional areas. The other parameter, defined
!nlu:Ę- as convelgence factor C, describes the pattern of convergence (narrowing)
lu :-:* r,olute duct along its length.

(I2)

]- lhe formula above, d is the diameter of the duct at the given angular dis-
lruur l. and D is the diameter of the duct at inlet. Influence of the convergence
rumł;,r C on the shape of the scroll duct is schematically illustrated below.

l:1- cone; C:0.5 -paraboloid of revolution;C:0 - cylinder

Figure 5. Effect of the convergence factor C.

j:r _':ou]d be noted that, were the flow is lossless and frictionless, one would
ffifi§1 :: obtain the most uniform outflow for a linearly decreasing cross-sectional
rurt] lf ;;e duct (i.e. for C : 0.5). For a real flow, however, the optimal value of
^t nor,, :eviate considerably from that reference.

T!* '.aliąlls of volute scrolls that have been investigated in detail weTe con-
ffMT*&] :or a range of ,S" and C factors. It was found that the exit angle a
łlmmmĘ$Ęr,:1ding to the entrance angle for rotor blading) depended primarily on
t[*, m,,li.,=rtas flow uniformity depended mainly on C. Flow through small and
]Mm l[:'_i€S w&§ numerically simulated for the following combinations of these
ml T,łe,L.-rr-eters:

Table 1. Investigated volute shape variants.

C\s.
Large volute small volute

0.302" 0,236 0.194 0,310 0.244 0.201
0.3

0.5

0,67

ll:ĘŁ- through the volutes was modeled at the design point corresponding to
illtltll[ i_łicing of the turbine. The operating medium was superheated steam at
Tt[ i_ exiting from the volute at 8.63 MPa. Inlet velocities were set at different

d,(0\:r(zr-a\C\/ \ 2r )
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values for volute variants of different inlet areas, so a§ to obtain total mass flor
rate through both volutes of 58 kg/s (the large volute carried $, and the smal }
of this total throughput).

Figures 6 and 7 below show the actual shape of some of the investigated volute
variants, illustrating the influence of the ,9, and C factors on volute geometry.

Pigure 6. Large volutes for S. : 0,302, C : 0.67 and for S. - 0,194, C : 0.3,

Figure 7, Small volutes for S. - 0.310, C: 0.67 and for S. : 0.201, C : 0.3.

5 Flow parameters and boundary conditions

The fluid modeled was superheated steam at 790 K (517"C) inlet temperature
and outlet pressure of 8.634 MPa. Inlet velocities varied between the different
configurations, so as to yield a combined mass flow rate of 58 kg/s through
both volutes (This flow was spht t - } between the large and small volutes:
the resulting velocities are listed in Fig. 8.). Uniform velocities were specified as
boundary conditions at inlet, and a tubular introductory section was added to
the model for the velocity profile to develop in before reaching actual inlet to the
volute.

Quantities k and e, needed for modeling turbulence within the flow, were
estimated on the basis of inlet dimensions and an assumed value of turbulent
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5"+
Large volute small volute

0.302 0.236 0.194 0.3]. 0.244 0.201

a\€. ln-
-et veloc-
:,l [m/s]

159.17 2o3.64 248.72 l49.2l 189.95 23o.64

r.let ł 186.21 304.8 452.4s 163.64 265.2 390.98

:r]et € 54100 L28I47 255860 6L024 l42055 281282

parameters at

F'igure 8, Inlet boundary conditions varying between volute configurations,

3tensity I of 7%. Back pressure at exit from volute was set at 8.634 MPa, based
ja data from existing turbine inlet.

6 Flow parameters at outlet from volute
The values of key parameters at computational grid nodes at the outlet plane

-;re been obtained from numerical data for all the simulation runs. These data
or-ere then processed to obtain the distribution of radially-averaged values along
::e length of the outlet slit. The distributions wele plotted as a function of an_
g:_ar distance along the volute outlet. Sample plots of exit angle distributions
j:: all the investigated variants are shown in Fig, 9 below, separately for the

"nge and the small volutes. Note that the entrance to the small volute is offset
:, 180o with respect to the large volute; hence the different position of inlet/tip
:-slurbances on the two sets of plots.

l.f§. }old. 90tl.t &llo

other fluid
inlet.

!..t..l..t ł l i.,!,,i.,ł,,t.,t "!. i, |. ł

ilg:re 9, Variation in exit angle a along the outlet slit for variants of large and small volutes.
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The mean values of exit angles for all the variants weTe also obtained, and
the non-uniformity factors were subsequently calculated in accordance with the
scheme discussed above. These are tabulated in tables 2 through 4. The same
method was used with respect to other parameters at volute outlet. The values
for non-uniformity factors, along with other relevant results, were interpolated as
functions of shape parameters S, i C to determine the optimal configuration of
the large/small volute assembly.

Table 2, Comparison of ideal to actually obtained exit angles,

C\ooa
Large volute small volute

15" 12" 10" 15 12" 10"
0.3 18.155" 20,480" 16,978"
0.5 22.I35" 18.44I 14.598" 22.472" |8.776" 16.011
0.67 20.016" 16.265" 25,080" 23,402"

Table 3. Non-uniformity factors obtained for exit angle a,

Table 4. Non-uniformiĘ factors obtained for mass outflow.

C\s.
Large volute small volute

0.302 0.236 0.194 0.31 0.244 0.201
U.3 0,468882 0,40417 a.447019
0.5 0.171208 0.149125 0.205567 0.123829 0,16648 0.199168
0,67 0.166845 0.213948 0.279803 U.JJU9Uó

On the basis of numerical data it was also possible to calculate the r7 and Ky
coefficients needed for closure of the one-dimensional model. The coefficients thrrs
obtained made it possible to verify the accuracy of the theoretical 1-D model b1,

confronting its predictions with simulation results for the same inlet palameters.
Differences between the values yietded by the l_D model and obtained from

flow simulation were minor a§ shown in Tab. 5. Particularly good agreement
between these results could be observed in these variants for which parameter
distribution was moTe uniform (i.e. the non-uniformity factors were relativel1,
small). This relationship is not unexpected, as it is precisely non-uniform trans-
verse distributions that the l-D model cannot account for. For relatively uniform

C\s.
Larse volute small volute

0,302 0.236 0,194 0.31 0.244 0,201
U.J 0.492313 U.4t4ó4b o,447019
0,5 0.267072 0,236018 0.254974 0.1,4219 0,180102 0,199168
0.67 o.127263 0,218926 0.429203 0,508009



C\s"
Large volute Smal1 volute

U.;1|)2 0,236 ().194 0.31 o.244 0.201
0.3 17.307" 19.730" 16.280" +1-D calc.

18.155' 20.480" 16.978" + 3-D data
0.5 2I.464" 1 / .JJ.) 18.832" 22.I55 1,8.244" 15.318" el-D calc.

22.I35 18.44l" 14.598, )n,1.7ra 18.776 16.011" e 3-D data
o.67 I9.778" 15.891" 22.848" 19.835" el-D calc.

20.076 16.265 25.080" 23.402" + 3-D data

109Volute scroll as an a]ternative to guide vanes at inlet to a turbine

Table 5. Mean exit angles predicted by the 1-D mode1 and obtained from 3-D simulations.

iistributions, the values of exit ang]es predicted by the 1-D model are consistently
, -,n,er than the obtained 3-D values by about one deglee. This is a systematic
ilscrepancy that can easily be rectified by including an appropriate "fudge" cor-
:łction factor in the 1-D model.

.;* #;X

;:-,
,,,_"**'

lr..
H"
sma]I volu

} ffiffi
Velocity vectors at outlet from the
uniformity.

,,,::r,,

,*41

l=
-: ,;:re 10.

f':,

.....

te for variants vrith poor and good

Velocity vectors at out]et from
design load.
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.
! ::a :

;

optimized set of large and small volutes, at fullthe

l
r::e 1]
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7 conclusions
Flow parameters obtained in the numerical simulation runs fell into the range

required for proper operation of the turbine. Evaluation of the data indicates
that the admission volute is capable of generating flow angles suitable for direct
feeding into first stage rotor blading, obviating the need for guide blading. F\rr-
thermore, the flow angle can be precisely calibrated to match the rotor by making
systematic adjustments to the geometry of the volute duct. The proposed one-
dimensional model of volute flow yields results consistent with the results of a
more complex three-dimensional computation, raising the possibility of utiliz-
ing this simple model for preliminary design of angular momentum generating
volutes.

Received 10 April 2003

References

[1] R. Biernacki: Twi,n Volute Admi,ssion as an Altelnati,ue Inlet Configuratiotl
for a Steam Turbine, PhD Thesis, Gdańsk University of Technology, FacuĘ
of Mechanical Engineering, 2002.

t2] R. Puzyrewski, A Teufelberger: B.D. Patent Nr. 32 Ą2 713: Inlet Casiltg
for Steam Turbine, Miinchen, 1982 (in German).

[3] R. Puzyrewski: U.S. Patent 5 215 /136: Inlet Casi,ng for Steam Turbi,tlĄ
USA t991.

R. Puzyrewski: Non-uniformity factor of outlet parameters for
shapes of nozzle bladźng, Report of the IFFM Gdańsk, No. 400/99.

P. Krzyślak, P. Flaszyński: Infl,uence of non-unźform admission on the
of the fi,rst group of stages, Proc. of SYMKOM'99, Tech. Univ. of Łódź,
115, 1999.

[6] D. Reiss: Numeri,cal fl,ow simulation for uolute cas,ing, Universitdt Stut
Stuttgart 1998 (in German).

t4]

t5]


