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"EFFECTS OF HOLE INCLIRATION ON THE FILM

COOLING TECHNIGUES®

BY

u
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This paner pregesnis an experimental investigation on the
injection characterietice of a single hole at the leading
edge of 8 flat nlate lmmersed in mainatream air.

The 1nfluence of the hole diemeter, hole inclination angle,
and presaure difference coefficlente on the flow rate coeffi-
clent of an injection hole 1ls investlgated.

For designing film cooled blades, it 18 necessary to pre-
dict the characterestics of the coolant flow rate from each
injection hole. It ie found that the maximum flow rate coeffil-
cient occurs at a hole inclination angle of 35 ° for different
hole diameter and different pressure coefficlent. Flow rate
coefficlent increases with increasing preseure coefficlent.

NGENCLATURE:

A Cross sectional area of the hole cm? )
¢ho Secondary pressure coefficient = (p, - pw)/%giu.
e " " " with gzero injection rate
d dole diameter cm

U Fresaure N/cm2

t Temperature ¢

45 Coolant flow rate m3/sec

Re Reynolde number = E;Q

U Pree stream velocity m/Bec
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Injection valocity (wzcondery eir veloeity) m/s
Flow rate coefficient dimensionless
Injection angle dsgree
Density kg/m3
Dimensionless ratia,
Film heafing (cooling) e?fectivness;
(Twa - 2)/(T2 ~T)

N‘Qunmﬁ

INDIGES:

2 Secondary {coolant) #f1low
e Zero injection rate

- Free stream

1., INTRODUCTION

The remarkable increase of turbine inlet tempereture in
wodern gae turbine enginee has been achlieved not only by the
davelonment of high-temperature materiale but slsc by the
improvement of cooling structure of turbine bledeam, The pro-
tectlion of flrt and circumferential surfaces have studied1* 2.
Many kinds of convection-cooled turbine blades have been deve-
loved during the past few yearsB, and recently hollow-atruc-
ture blades adooting hoth convection and film cooling have
aspeared, These blades are not only cooled from the inside
by convection and imoingement of c¢ooling air introduced thr-
ough passages in thier roots and tip oortions, but also shie-
lded from outer aot sases with a film of cooling sir injected
through holes on their surfacen.

For designing film c¢ooled blades, it 1B neceesary to pre-
dict the characterestica of the coolant flow rate from each
injection hole,

In this paver an exnerimentel study is performed on injec-
tion characterlatics from a single hole on a flat plate imme
ersed in a stream parallel to the vlate surface. Effects of
the diameter and the sngle of hole inclinmation onm the injec-
tion characteristice and the eoffpctivensns of the film cool-
ing are investigated,
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2, DESCRIPTION P TAST M.THCDOLOGY AND E4UIPMENTS
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The tewt rig and the plate model are constructed as shown
in Fig.(1). All pertinent symbole are defined on this' figure,
The coolant flow rate coefficient for round holes located near
the leading edge for a flat plate ie considered., The injectors
have different diareter holes inclined at different angles.
The asngles are 20, 35, 50, 65, and 9C degree inclined against
the flat plate surface in order fto facilitate Investigation of
flow rate characteristice of the inclined injection holes near
the leading edge that can make good film formation of coolant.

The model was set at the center of the test eection of an
open wind tunnel with ite axis parallel to the mein flow dire-
ction. The model width i# 300 mm., and the injector is located
at the center of the model width rear the leading edge. The
geometry of the hole iz changed by cianging the injector for
different =zngles. Tha secondarry =2ir was supplied from a blower
through a control valve and an orifice. The maln sir flow was
at ambient temnerature and its velocity U, for these experim=-
ents was about 17 m/gec a2nd thas tennerature of secondary air

, ©
wag egual to 5S¢ TV,

— -y vy —— -~

3.1 Inijectdion 2low i %e Coefficient

Por injection test, recults of the flow rate coefficient
is defined as follows:

The flow rate 4, is ¢xorcssed

‘29 = .\-uﬂ’ = J\»O:A VQ{‘_)Q - ‘0@)/92 LI R ) (’)
Dividing 2q.(%) b the ~ain flow dynamie pressure (when a
maln flow exisgtz), .z.(1) yields

N3
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Fig.(1) Test Rip
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or
u Aottt
2 \earg, = x\lepp - o) (2)
where:
1
®p2 * (py -2 )/7 E,ui ’

1 2
GUe = (pe '53,,)/2'53.,"‘”

Pigure (2) shows the flow rate coefficient (&) which ie defin~-
ed by Eq.(2). Theae results indicate that the coefficlents are
largely variable with the pressure-coefficient differences
(cpz - cpe), The tendency of a change in the coefficient (&)
ig nearly aimilar to each other. Decreasing the injection angle
(towerd tapgential injection), the level ¢f the flow rate in-
creases, Maximum flow rate coefficient (&) occcurs nearly at

a hole inclination angle of 35 deg to the main stream directw
ion. The flow rate coefficlent is more senaitive to the ore~
geure~coeffinolent diffarence in the case of holes with larger
diameter than that with emaller one, The flow rzte coefficient
() depends on the hole diameter, the hole angle of inclina-
tion and the nrespure diffsrence coefficiente (cp2 - cje) as
nentioned mbove,

The flow rate coefficient (o) is drawn versus the inclinpa-
tion engle of the injection hole (8). Chis relation is given
in FPig,(3) for two valuea of (cp2 - e T 0.5 & 1.0) and diff-

erent hole diametera d = 3 & 6 mn. (ne may conclude from the
figure that, the maximum injection flow rate charatteristdss
has a larger value for the injection through hole with a large
diameter then that with a smaller one, The injection flow rate
characteristice have s peak value at about 35° angle of in=
clination for holes of different diamelers.

3.2 Pilm Cooling Effectiveness
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The film cooling effectivernencs 1a determined from the
following relation:

1= (Typ = T,)/(T5 = T,
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Fig.2 Flow Rate Coefficient For Hole Dinmeter d = 3 & 6 mm
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Pig.(3) Plow Rate Coefficient Versus Injeciion Angle

?1g.(4) ghowa the Tilm cooling effectiveness for the cese of
the ontimum inclirnetion af t'e iniection “ole ( = 350) to the
plaete angle. It is cleaer thzt thre qaxi-mm value of the effect=
ivereess decreases along the distance “=r from the injection
hole.,

cCRCLUSILNS

The princinal conclusiong of the study are summarized as

Tollows:

1« An emperimentel orocedure aug been Jdescribed which predict
the injection cheracteristice of a single nhole at the leadw
ing edge of 2 flat 2lete Immereed in moingtrean air,

2- The hole diarneter, mole ilnclination angle, and preasure-
difference c¢coefficient 2128 an influernce on the flow rate
coefficient, “oreover, the mexicum flow rute coefficient
occurs at a hole inclination zngle of 35° for different
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hole diameters and different pressure ceefficlient

3~ The larger diotance from the injection hole along the plate,
the amaller effectiveness of the film coolling,
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