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TADEUSZ TARNOWSKI
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An Experimental Study of the Flow Pattern Behind the Row of Turbine
Blades with the Mass-Injection Through Thei1 flailing Edges

1. Introduction

The injection of additional mass stream into the main flow through the blading of turbo-
machines is intęnded 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 ofincreasing the degree ofthe steam dehydration, causing
besides the erosion decrease by di,sintegrating the condensited droplets.

The previous theoretical and experimental investigations [1, 2, 4, 5f 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 supplemęnt 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 bęen carried out in a subsonic wind tunnel at the Institute
of Heat Machinery of Technical University of Częstochowa. The cascade of profi.les
TPL-I (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 sidęs. 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 p defined by the expression

U.
(0:- l, 

U"

* Technical University, Częstochowa.

(1)
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Fig.1. The investigated blade cascade

where Ę - 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) l (Fig. 1),

3. Experimental data

The experiment has pointed out that the position
(ąr)r=o is practically independent of the injection
(ąr)r=o is also-independent of the initial turbulence
the results reported by Elsner [3].

ofthe wake axis defined by the angle
coefficient p (see Fig. 2). The angie
intensity, which is in agreement with

Fig. 2. The wake axis for different values of
injection coefficient

l_ę=0, 2_tp=0.6, 3_q=7,04, 4-q=t,63, 5-c=uł
. -1, A-2, v-3, o-ą, e -3
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Fig, 3. Total pressure profile a) forup:|.5:b) for rp:),.g determined in the planes
1-x:0,0l, 2- x:0,201

The evolution of the flow pattern in the downstream direction a§ well as the process
.'''f the decay of additional mass-flow were experimentally studied with the aid of a totat
.3ressure probe in a number of control planes perpendicular to the wake axis.

The data obtained for the two different values of the injection coemcient Q:1,5 and

Fig. 4. The męthod of pressure distribution
ręduction

Fig. 5. The relative velocity differęnce as a func*
tion of i (valuęs of p according to Fig. 2),
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9:2.0 are shown in Fig.3. For rp:1.5 the shape of the total pressure distribution acfo§s
the wake does not exhibit the ęvident injection effect, whereas for Q:2.0 the stream in-
jected through trailing edges "fi.lls up" the wake, which cąn be observed even for the large
values ofthe i 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 (lU)^u"lU":f(i) may be considered as a linear one and expressed by
the relation

(AU)^' :mł+n (2)
ą

Experimental values of the param etęrs m and, n have been expfessed in terms of in-
jection coefficient p in Fig. 6. Presented curves show that for rp <1 the both parameters
are nearly constant, whereas for rp> 1.5 a rapid increase of n and simultaneous dęcrease of
rn Parameter can be observed. It seems that for p < 1 this is caused by the simultaneous

Fig. 6. Parametets m and z from eq. (2) plotted
against the injection coefficient p

Fig. 7. The relative velocity difference in terms of
injection coefficient p at the distancęs

t_r=l, z-r:z, s_r:s, ą-i:ą

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

The decaY of the quantity (/U)^^*lu"as a function of injection coefficient p 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
a=I9O localised at the axis of abscissa. It may be of interestthat q=1,90 corresponds
aPProximatelY to the value for which the both parameters m and n ftom es. (2) are equal
to zeto.

.-,l , o-2, ż-3, a-ą
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4. Final remarks

The experime ntal datapresented above permit to formulate the following conclusions:
_ in the range of iąjection coefficient a<I.O its influence upon the shape of pres§ufe

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 p:1.90,
_ for the given geometry of a cascade blade the mass-flow injection does not change

the localization of the wake axis dętermined by the angle (ąr)r=o.

Acknowledgment. The author wishes to expre§s 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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Doświadczalne bałlanie przepływu za palisadą profili przy wyitmuchu czynnika
przez krawęilzie spł}wu łopatek

streszczenie

Wydmuch dodatkowego strumienia masy do kanału przepły}vowego maszyn wirnikowych, mający
na cęlu chłodzenie łopatek w turbinach gazowych lub podgrzewanie roboczego medium w turbinach
:a parę mokrą, był przedmiotęm szeregu teoretycznych i doświadczalnych prac badawĆzych.

Przedstawiony w referacie materiał doświadczalny uzyskano podczas badań prowadzonych w tunelu
.erodynamicznym, przy wydmuchu dodatkowego strumienia ma§y poprzez szczelily w krawędziach
:płl,wu łopatek badanej palisady modelowej. Dodatkowy strumień masy doprowadzony do wnętrza

i,-patek poprzęz specjalne kolektory z zewlętrzlego źródła dmuchu - był okreŚlany za pomocą współ-

-1nnika wydmuchu p: LI*lt]",który Jako podstawowy parametr zmienny był zawarty w trakcie doŚwiad-

:zenia w ptzedziale E--O+Z. Pomiary pola prędkości były prowadzone w równoległych do palisadY

;łzszczyzlach kontrolnych w zakresie odległości x:(1+4) t.

Przytoczoly materiał doświadczalny pozwala wysnuć następujące wnioski końcowe:

- w szerokim zakresie wartości współczynnika p, strumień dodatkowej masy jest w przepływie
-= krawędzią łopatki stosunkowo szybko rozmywany,

- wydmuch nie powoduje zauważalnej zmiany kąta spływu strumienia,

- ,,wypełnianie" śladu krawędziowego występuje przy wartościach 9>1,9.
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9r<cnepnlrerrTaJlbnoe I{ccJIeAoBaHrłe Terlenl,rfl 3a peuleTnofi npołnłefi npu
BhltrycKe cpeAhl qepe3 BbIxoAlIbIe Kp0MKII JToIIaToK

PesIoN4e

Blrrrycr 4o6anolrłoro noToKa MaccLI B nporołrrrń KaHaJI poToplrblx Ma[I\IH, xoroprrż npuMenreTc,
B ra3oBblx rypozHax c IIeJrLIo oxJlaxĄeEu, Jlo[aToK, a. Bo BJIaxHoIIapoBbIx ryp6rłrrax c IIeJIbIo no.aorpeBa
pa6ouefi cpe4rr, 

'Blrrlrc' 
[peAMeToM prAa TeopeTl{qecKlłx Ił gxcllepuMenTanrnlrx ucc:re4onarruż.

3r<cneprłrrłerrrarrr,rrrrż rvareprłafl, trpeAcTaBJIeHHblń B AoxJIaAe, IIaKo[łeH Bo BpeM, IłccIeAoBaHI4ż,.
npoBeAeHHBIx B a9po,4lł1raMlł'łecr<ofi rpy6e IIpIł BbIxJIo[e go6aeouHoro noToKą MaccLI rrepe3 trIeJltr B BbI-
xoAHbIx KpoMKax LIccIeAyeMoŻ MoAeIEHoft peIIIeTKI4. ,Ąo6anovxrtż IIoToK MaccEI, noAagaeur,r_ft Bo BI{y-
TpeHIrIorc IloJIocTL JIoIIaToK Ił3 BHeI[Eero IłcTolIHIłKa qepe3 cneqlłaJlbHble KoJIJIeKTopbI, oEpeAeJIrlIc,
ilpfi IIoMotrItr Kos(!$uqrłerrra nbllrycKa Q: LI./ U", xoroprrfi, arnxrcb ocHoBHbIM IIep€MeHHBIM IIapaMeTpoM,,
3aKJIIolIaJIc' B llpeAeJrax cp:0+2. Vlzvlepeuua noJL cxopocTeż nponogrł:rrłcr B napaJrleJlbl]blx K p€ItreTKe
KoHTpolIbIIbIx nJlocKocTrx B Alłatra3ol{e paccroxrłrłź x:(1:4) t.

Ha ocrłose npeAcTaBJIeHHoro 3KcIrepIzMeHTaILHoro MaTepI4e.JIa Moxno cAeJraTb cneAyloĘ[e 3aKIIo-
rtuTeJIb}IbIe Bł,IBoAbI :

- B IIMpoKoM AĘanasone grłaqerrrłź ros(|$rłqNeHra p Ao6aBorrHblż IIoToK Maccbl §rrcrpo pa3MLI_
BaeTc, B [oToKe sa rrxogrłoż xporlłrłoż IonaTI(Il,

- BbIIIycK He IIpItlIIłHreTc, K 3aMeTEoMy I43MeHeEIłIo BLIxoAHoro yrJla noToKa,

- ,,3anoIHeHI.{e" xpoMovrłoro cle.qa. ilpo[cxoAtrT npu 3naqelrurx Q>1,9.


