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TADEUSZ TARNOWSKI

Poland*

An Experimental Study of the Flow Pattern Behind the Row of Turbine
Blades with the Mass-Injection Through Their Trailing Edges

1. Introduction

The injection of additional mass stream into the main flow through the blading of turbo-
machines is intended to cool gas turbine blades operating in elevated temperatures, or to heat
working medium of turbines for wet or slightly overheated steam. In wet steam turbine stages
the injection of additional mass-flow — especially with the enthalpy higher than that of the
main flow — has a positive effect of increasing the degree of the steam dehydration, causing
besides the erosion decrease by disintegrating the condensated droplets.

The previous theoretical and experimental investigations [1, 2, 4, 5] concerned mainly
the injection through slots in blade trailing edges or in their direct vicinity. They dealt
with the flow losses determination and the influence of edge geometry upon the turbine
stage efficiency.

The present experimental data supplement the results of other authors. They were
obtained during the examination of stator blade cascade while injecting additional mass-flow
through blade trailing edges. :

2. Experimental procedure

The experiments have been carried out in a subsonic wind tunnel at the Institute
of Heat Machinery of Technical University of Czestochowa. The cascade of profiles
TPL-1 (Fig. 1) with the thickened trailing edges has been examined.

The cascade walls had holes connecting the inside of each blade with collectors situated
at both its sides. Through these holes an additional mass-flow was injected from an exter-
nal source. A control of the source capacity allowed to obtain a change of the injection
coefficient ¢ defined by the expression

; ®

* Technical University, Czgstochowa.

[631]
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Fig. 1. The investigated blade cascade

where U,, — the velocity of additional mass-flow injected through the slots of blade trailing
edges, U, — the velocity of isentropic expansion of the main flow. The investigations were

carried out in a number of planes parallel to the cascade blades in a range of the co-ordi-
nate x=(1-+4) ¢ (Fig. 1).

3. Experimental data

The experiment has pointed out that the position of the wake axis defined by the angle
(1)y=0 is practically independent of the injection coefficient ¢ (see Fig. 2). The angle
(#1)y=0 is also-independent of the initial turbulence intensity, which is in agreement with
the results reported by Elsner [3].
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Fig. 3. Total pressure profile a) for p=1.5, b) for ¢p=2.0 determined in the planes
I1—x=0.01, 2— x=0.201

The evolution of the flow pattern in the downstream direction as well as the process
of the decay of additional mass-flow were experimentally studied with the aid of a total
pressure probe in a number of control planes perpendicular to the wake axis.

The data obtained for the two different values of the injection coefficient p=1.5 and.
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Fig. 4. The method of pressure distribution Fig. 5. The relative velocity difference as a func--
reduction tion of x (values of ¢ according to Fig. 2)
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¢=2.0 are shown in Fig.3. For ¢g=1.5 the shape of the total pressure distribution across
the wake does not exhibit the evident injection effect, whereas for ¢p=2.0 the stream in-
Jected through trailing edges “fills up” the wake, which can be observed even for the large
values of the x co-ordinate.

The relative values of maximum velocity differences, calculated according to Fig. 4,
have been plotted against the variable x in Fig. 5. It is evident that in the investigated flow
range the function (4U),.,/U,=f (X) may be considered as a linear one and expressed by
the relation

(A [é)max= e S (2)

Experimental values of the parameters m and n have been expressed in terms of in-
Jection coefficient ¢ in Fig. 6. Presented curves show that for p<1 the both parameters
are nearly constant, whereas for ¢> 1.5 a rapid increase of n and simultaneous decrease of
m parameter can be observed. It seems that for p<1 this is caused by the simultaneous
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Fig. 6. Parameters m and n from eq. (2) plotted  Fig. 7. The relative velocity difference in terms of
against the injection coefficient ¢ injection coefficient ¢ at the distances
1% 1 27 > 5 55y

injection action of the main stream upon the additional mass stream. For ¢>1, on the
other hand, the additional mass-flow is causing an ejecting effect upon the main
stream.

The decay of the quantity (4U),,,,/U, as a function of injection coefficient ¢ for several
distances from the cascade blades has been shown in Fig.7. The most characteristic feature
of the experimental data consists in the fact that all curves intersect at the same point
9=1.90 localised at the axis of abscissa. It may be of interest that ¢p=1.90 corresponds
approximately to the value for which the both parameters m and # from eq. (2) are equal
to zero.
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4. Final remarks

The experimental data presented above permit to formulate the following conclusions:

— in the range of injection coefficient ¢ <1.0 its influence upon the shape of pressure
and velocity distribution in the wake behind the cascade blade is negligibly small,

— the wake is “filled up” with the additional mass-flow not until the injection coefficient
reaches its critical value ¢=1.90,

— for the given geometry of a cascade blade the mass-flow injection does not change
the localization of the wake axis determined by the angle (&;),-o.

Acknowledgment. The author wishes to express his sincere thanks to J. W. Elsner
for many valuable suggestions and his continued guidance in all phases of this work.
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Doswiadczalne badanie przeplywu za palisada profili przy wydmuchu czynnika
przez krawedzie splywu lopatek

Streszczenie

Wydmuch dodatkowego strumienia masy do kanatu przeplywowego maszyn wirnikowych, majacy
na celu chlodzenie lopatek w turbinach gazowych lub podgrzewanie roboczego medium w turbinach
na pare mokra, byt przedmiotem szeregu teoretycznych i do$wiadczalnych prac badawczych.

Przedstawiony w referacie materiat dos§wiadczalny uzyskano podczas badan prowadzonych w tunelu
2erodynamicznym, przy wydmuchu dodatkowego strumienia masy poprzez szczeliny w krawedziach
splywu lopatek badanej palisady modelowej. Dodatkowy strumie masy doprowadzony do wngtrza
iopatek poprzez specjalne kolektory z zewnetrznego zrodia dmuchu — byt okreslany za pomoca wspol-
czynnika wydmuchu ¢ = U,,/Us, ktéry jako podstawowy parametr zmienny byt zawarty w trakcie do§wiad-
czenia w przedziale ¢=0--2. Pomiary pola predkosci byly prowadzone w rownolegtych do palisady
piaszczyznach kontrolnych w zakresie odleglosci x=(1-+4)¢.

Przytoczony material do$wiadczalny pozwala wysnué nastgpujace wnioski korcowe:

— w szerokim zakresie wartosci wspolczynnika ¢, strumienn dodatkowej masy jest w przeptywie
=z krawedzig lopatki stosunkowo szybko rozmywany,

— wydmuch nie powoduje zauwazalnej zmiany kata splywu strumienia,

— ,,wypelnianie” $ladu krawedziowego wystepuje przy wartosciach ¢>1,9.
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OKCIepPUMENTAIbHOe HCCIeA0BaHNE TeveHusi 3a pemeTkoil npoduieii npn
BBIIYCKE Cpelbl Yepe3 BBIXO/IHbIE KPOMKH JIOHATOK

Pesrome

Beimyck 1062B0YHOTO IIOTOKA MaCCHI B IPOTOUYHBINA KaHAT POTOPHAIX MAITHH, KOTOPHI IPAMEHSIETCST
B Fa30BbIX TYPOMHAX C HENHIO OXJI2XKAECHNUS JIOMATOK, 2 BO BI2XHOMZPOBHIX TypOMHAX C HEB0 IOIOTPEBA.
paboueti Cpenpl, ABIAIICA IPEAMETOM Psifia. TEOPETHYECKHX M SKCIEPAMEHTATHHbIX HCCIICTOBAHM.

OKCIEpUMEHTAILHBIN MaTeprall, NPEACTABICHHBIN B JOKIaae, HAKOMIEH BO BPEMS MCCIICHOBAHUIA,
TIPOBEICHHBIX B a9DOAMHAMUYECKOM TPyOe IPH BBIXJIONE XOO2BOYHOIO MOTOKS. MACCHI Ye€PE3 INEIN B BhI-
XOJHBIX KPOMK2X HCCIECyeMOW MOMEIBLHOM pemeTkn. JJ00aBOYRBIN MOTOK MaCChI, MONABAEMBINA BO BHY-
TPEHHIOIO MOJIOCTH JIOMATOK M3 BHEIIHETO MCTOYHUKA Yepe3 CIENUAIbHBIE KOJIJIEKTODPHI, OMPEHEIsiCs
Ipu oMo Ko3ddunuenTa Beinycka. ¢ = U,/ Us, KOTODBIH, SBIAACE OCHOBHBIM MEPEMEHHEIM IIAPAMETPOM;.
3aKII0YalIcs B mpenenax ¢ =0--2. VismepeHus moiisi CKopocTel TpOBOAMIACH B NAPAIUICNBHEIX K PEIIETKE
KOHTPOJIBHBIX INICCKOCTSIX B JUANa30He paccTosumii x=(1--4) ¢.

Ha ocHOBE IIpeICTaBIEHHOTO 3KCIEPUMEHTAIBHOTO MATEPHLNIA MOXKHO CAETATH CHEHYIOMHAE 3aKIII0~
YNTEJIHHBIE BHIBOABI:

— B IIMPOKOM [H2l230HE 3HAYEHHI KO3(hdunuenTa ¢ n100aBOYHBIM MOTOK MaCChl OLICTPO PA3Mbl~
BaETCS B IOTOKE 32 BEIXOJHOM KPOMKOM JIOTIATKH,

— BBIIYCK HE MPUIAHSETCS K 32METHOMY M3MEHEHUIO BBIXOAHOTO YIJI2 IOTOKA,

— ,,3aI0JIHEHKE’” KPOMOYHOTO CIeL2. IPOUCXOOMT TIPH 3HAYCHHUSX ¢>>1,9.



