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Poland*

A Contribution to the Problems of Turbulence Structure in a Flow Through
the Turbine cascade Blades

Introduction

The behaviour of turbulent boundary layer on the surface of turbine blades has been

:le subject of numerous (e.g. [1, 2,3f etc.)papers. The complex nature of the phenomenon

=akes, however, this problem qtill open for further, intensive investigations.

The present results are the fragments of a more extensive work, dealing with aerodyna-
:ics of the fluid-flow-machinery blading, carried out at the Institute of Heat Machinery
.-i the Technical university of częstochowa. The report ręfers to experimental analysis
_: a boundary layer on the surface of stator blades under the conditions of variable inlet
.:gle and different initial turbulence levels.

Experimental stand and procetlure

The experiment has been carried out in an open-circuit, low-speed wind tunnel. The
.:ator cascade blade under investigation (Nl2 profite) was mounted in the outlet channel
:: the wind tunnel by means of an exchangeable set of angular walls (Fig. 1 and 2), which
.'iorved the inlet angle ao to be varied in the range 45+I35 degrees.

The initial turbulence of an incoming flow was generated by a special grid installed
:. the channel in front of the cascade blades. Regulation of the distance between the grid
::d the inlet edges of the blades made it possible to obtain the variation of the initial
::lbulence intensity eo within the limits of 2.8 to l09%.

In order to achieve the higher turbulence level and to stimulate, upstream of the

.:.ted cascade, the flow patterns similar to that occurring in actual turbomachines, it was

:=cided to produce a turbulence by means of a moving grid or so called "eddy-genera-
-:r''. as shown schematicallyin Fig.2.

The basic instruments applied during the experiment were DISA hot-wire anemometer
._,d RFT l/3-octave frequency analyser. The temperature sensors wele mounted in a spe-

: :1 support provided with a guide roll movęd over the cam repfęsenting exactly the profile

x Technical University, Częstochowa.
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624 J. W. Elsner, J. Witczyński

Fig. l. The tęsted cascade blade Fig. 2. The §cheme of the experimental set-up
7 - outlet chamel of the wind-tumel, 2- set of angular

walls, 3-eddy-generator, 4-cascade blade

under investigation. The above device allowed, consequęntly, for continuous measure_
ments of mean as well as fluctuating velocity distributionsalong lines parallel to the surface
of the profile.

Experimental results

The rePorted investigations do not refer to the boundary layer over the whole surface
of the profile. The experimental analysis has been limited only to the suction side near the

Fig. 3. Examples of the mean velocity distributio.
in a boundary layer on the suction side of the bladc

profile for ao:90' and eo:10.9)(
1-x2=Q§6, 2-x2:0.65 mm, 3_ 1ę2:O.$6, {_a.=
:1.0mm, 5- x":1.5pp, 6- X2:2.omm, s:s/250-distm
rom the trailing edge (see Fig, 1) referred the circumference ef

th9 whole profile (290 mm)

00
trailing edge ofthe blade wherę boundary layer, because ofits considerable physical thick-
ness, was the most suitable for detailed examination.

The examples of mean velocity distribution in several surfac€s parallel to the blade
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Fig. 4. The intensity of the turbulence of the boundary layer as a function of a) inlet angle

a6 fof e6:10.9%,b) initial intensity of the turbulence eo for ao:90"
I _ x 2: o.5 fim, 2, x2 : o,65m, 3 _ J2 :0.8m, 4 _ x2: !,omm, 5_ xz = 1,5m. 6 _ x z:2,omm

profile have been presentęd in Fig. 3. As it could be expected one may observe a rapid

increasę of the boundary layęr while approaching the trailing edges of the cascade blades,

Figures 4a and4b show to what extent the longitudinal turbulence intensitY at a flxed

point;fa boundary layer is influenced by the change ofthe inlet angle o{o and the turbulence

level of incoming flow. The first of the quoted figures points out an interesting feature,

namely that the increase of €o causes the dęcrease of the bound ary Layęr turbulence level

Fig. 5. Turbulencę intensity distribution in
the downstream direction for ąo:90" and eo:

:10.9%
:'-x2:0.5mm, 2-x2:0,65lm. 3-xz=0.8m, 4- xz:

= 1.0mm, J- rz = 1.5mm

_rn the suction side of the cascade blades. The curves plotted in Fig. 4b show that the boun-

3ry layer becomes the more turbulent the more inlet angle differs from its nominal

.:lue.
In Fig. 5 the longitudinal turbulęnce intensity distribution is shown, A characteristic

truliarity of the results consist in an evident groWh of the turbrrlence level in the downstre-

rr ditection. This effect may be explained by the existence of a local positive static Pressure

_r-d.ient nęar the trailing edges of the blade profiles. As a result, in the equation of turbulent
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the production term - ą, aUjax, has a positive value, which means that the turbulenr
motion is carried and intensified by the energy transferred from the mean flow througb
the turbulence shear stresses.

The obsęrved growth of the turbulence intensity

l:

u:u 
u1

U

is the result not only of the noticed- increase of turbulent energy but also of the simultaneotLi
decręase of the mean flow velocity in the outlet triangle region of thę blade passagr
(see Fig. 3). It can be also seen that in thę considered part ofthe blade passage the turbulen-
ce intensity in the outer flow, i.e. outside the boundary layer, becomes practically indepen-
dent of the co-ordinate xr.

A bettęr insight into the microstructure of turbulent boundary layer may be obtained
by the analysis ofthe kinetic energy distribution over the various frequencies z ofturbulent
fluctuations. If one assumes that the velocity fleld is quasi-steady, i.e. statistically homog+^

neous with respect to time, then energy distribution function.E'l(z) must satisfy the equa-
tion

It is more convenient sometimes to consider the energy-spectrum function in terms of
the wave-number łr:ZnnlUt instead of the frequency n. Then

@-

l ErQ)dn:u|
o

In the experiment undęr discussion the distribution function Er&r) has been determi-
ned from the equation

,,(k):*,7*

using results of the measurements carried out with the aid of a hot-wjre anemometer and
a frequency analyser,

The results obtained, for two different inlet angles do:90o and ą0:600, have been
presented in Figs. 6a and 6b. It can be easily seen that the shape ofcurves in question de-
pends greatly on the choice ofthe observation point in the downstream direction.
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Fig.6. Energy §pectrum in a boundaryJayer flow for x":1.gmm and a) o.o:600, b) ag:!6o

/ _l= o.3l 3, 2 -;= o.14,s-i= o.or

The above mentioned experimental data illustrate the charactęt of changes occurring in
,ji turbulence structure of the boundary layer when approaching the trailing edge of the blade
::oflle. Among other parameters the integral microscale A7 of theturbulęnt motion (a mea-
.:re ofthe average dimęnsion ofthe largest eddies) can be calculated on the ground of the
:eiation

1l ,. E{kr)n,:zł:\ź
The curves plotted in Fig. 7 indicate that 17 noticeably decreases when approaching:

:he trailing edge. This fact means that in the turbulence structure the smaller eddies (cor_
;esponding to the higher wave-numbers) begin to prevail.

As a supplement to the previous conclusions, the evolution of the energy-spectrum
:unction Er(kr,l) in the downstream direction is shown in Fig. 8, forthreegiveninlet
engles ao:60o, 90o and l20" and for two different values of wave-numbet kr:I and kt:
:4 cm-1. In the both recently męntioned figures quantities 1, and E1 arc plotted against
:rme l connected with a given point of the boundary layer by means of the equation.

l

xl-x|: l uręlat.
'o

1e subscript 0 indicates the farthest boundary layer cross-section locali zed at tbe distance
; :91 mm from the trailing edge of ablade.

R.esigning from a more subtle quantitative description of the results it can be noticd
uił.: lhe curves plotted in Fig, 8 have approximately parabolic character. That allows to
-r.§Lme that in range of adequately high wave-numbęrs the energy spectrum function
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Fig. 7. The evolution of the turbulence macroscale z11 in
the downstream direction, for
l - qo:60a, 2_ ąo=9oa, 3 _ do= 1żO"

Fig. 8. Time-dependence of the energy spectrum function
, 1 - ąo:60o, 2_ do:9oó, 3- do:12oo

Er(kr,l) can be expressed by the relation of the type

Er(kr, f):const ,Er(kr, /o) exp|C(t-t*)zf ,

where l* refer§ to a suitably chosen valuę of the time-parameter. In Fig. 9 the ratio of the
quantities q:|El(kr)lullr,,calculated for the same wave-numbers but at two extreme points
of the boundarY laYer, is presented. In spite of a certain irregularity of experimen tal data the
area between the dashed lines confirms the previous conclusions and expresses the general
tendencY of changes occurring in the microstructure of a turbulent boundary 1ayer. The

24
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Fig. 9. The ratio of the relative energy spectrum func-
tions, calculated in two extreme points (i:0.0l+l",
s:0.313+ro) of the boundary layer for the initial

turbulence level eo : l0.9 o/o

I - qo = 60o, 2 - ag : jQ, 3 - ąo= lZOo

main feature of this tendency can be indentified with the fact that nearer to the trailing
edge ofthe blade Profile the contribution ofbig eddies in the kinetic energy ofa turbulent
motion noticeably decreases (see e,g. Fig. 8) whereas the contribution of the smallest
eddies increases at the some time.

Final remarks

A certain caution in formulating general conclusions based on the results described
above is needed because of the limited scope of the investigations. Even so, the
exPeriment has shown that for a given cascade the kinętic energy of a turbulent

{i"-t) |sec]

(t .ź 
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motion in the boundarY layer on the §uction side of the blade profile increases noticeably
in the downstream direction and simultaneously the energy spectrum distribution move§
towards the range of higher wave-numbers.
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K npo6łeue cTpynTypbl ryp6yłenruocra B TeIIeHLil qepe3
pemeTl§y rylńrrrHux JIo[aToK
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Ilr norrYTerrłux Pe3YJIbTaToB cJlelłreT, 9To xaparTepucTlłKa r:yp6yrreHruoro florpagtrqHoro cJIo,

: ':vRrełrrłofi cTe[eHIł 3aBIłcZT oT BxoAnoro yrJIa troTora u B ropa3Ao Menblnefi cTeneHIł oT IIpeABapa-"l:j.'ofi rYP6Y.lreHrrroctlr. Orxłorrerrlre BxoAHoIo yrna oT ero HoMIłHaJIBEoro 3gaqe}rux cnoco6crryerl ":':cTaHtrIo rYP6YłerrrrocTlr B norPantrqaoM cJloe Ha JloflaToul{ou npo(lrłrre. Typ6yłerłrHocTb Ilolpa-
! 
':: "fo 

cJio' PacTeT C YMeHbIIIarctr{I'IMC' PacOTora}lełl Toqrrł rradlrogenz.r, rax oT noBepxgocTli JIonaTNu,
:-j 'i ]T Bblxo.u,HoŻ xPourrł nPoSunł. B srou nocłe4neM cJlyqae Hadnro4aercx ra1xe cTpeMnel{Ee K llepe-

i{]-::j-Ino cIIeKTPa rYP6YneurrłOż eH€Pr.'I{rł no HanpaBJlenrłrc 6olrnrrłx BoJl}loBblx guceJl, qTo,BJIreTcfli 
] :. ! !. }l u3MeHerłrłŻ, nponcxogrllJax B MlłxpocTpyxrype Te!{eHIlr.

przyczynek do problemu struktury turbulencji w przepływie przez palisadę
Iopatek turbinowych

s tre szczen i e

PrzedstawionY w referacie materiał dotyczy wyników doświadczalnej analizy warstwy przyściennej
;' r|arunkach zmiennego kąta napływu oraz różnych poziomów wstępnei turbulencji strumienia.

UzYskane wYniki wYkazałY, że ńarakterystyka turbulentnej war§twy przyściennej jest w znacznym
::oPniu zaleŻna od kąta naPływu strumienia, natomiast oddziaływanie turbulencji wstępnej jest mało
::3czące, OdchYlenie kąta napływu od jego wartości nominalnej powoduje wzrost turbulencji w warstwie
-:zl'Ściennej na Profilu łoPatki. Burzliwość warstwy przyściennej rośnie w miarę zbliżania się punktu
::serwacji zarówno do Powierzchni łopatki, jak również do krawędzi spływu profllu. W tym ostatnim
::zlPadku obserwuje się również tendencję do przesuwania się widma energii turbulentnej w kierunku,:ekszych liczb falowych, co jest wyrazem zmian zachodzących w mikrostrukturze ptzepływu.


