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"INFLUENCE CF INJLCTION ON SURFACE
PRESSURE COEFFICIENTS FOR AN
AZROFOIL MODEL"

BY
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This paper gives some lights about the change in surface
pressure coefficients for an aerofoil model dus to the normal
and tangential injection at the leading edge of the teat model.
Effect.s of accelerated and decelerated main flows (¥ = + 3°)
also had been investigated with and without injection. In all
caseg of flow types, the injection through a row of normal holes
gives é.high absolute values of surface pressure coefficient
only near the leading edge, But tangential injection gives mo-
derate increasc in absolute value of surface pressure coeffi-
clent along the aerofoil surface., The greater injection para-
meter, the bigger change in pressure coefficient and the bigger
abgolute value of pressure coefficient,

NOUENCLATUR:

3 injection Haraneter, (u2/u¢,)

c aerofoil chord length, mm

e, surface nreasure coeffigient = (p = pﬂ)/%—?ui
" gurface »Hressure, N/m

Y nainotrean static vressure, Iu-’/m2

2 aerofoll surface longth in flow direction, mm
t aerofoil thickness, mm

Uy gecondary air velocity, m/sec

Uy mainstream velocit:, n/3ec

X coordinates in zaerofoil direction

X chordwise surface distance, mm

X non-c¢imensional length = xO/s
y coordinate normal to aerofoil chord direction



The continucus increase in specific power and thermal eff-
iciency of a modern gas turbine hae led $o high tubbine inlet
temperature while maintaining the skin of the bladss at relat-
ively low temperature for long life expactancy., This low temp-
erature can be obtalned by injecting a coolamt flow through
holes distributed mlong the surface of the structure.

Injection technique has been widely employed in the modern
technology specially in cooling of combustion chamberq.[1;,
gas turbine blades [2 ], and for drag reduction in aircrafy
n

applications [3]which is important improving the serodynamic
performance, :

The present work gives an experimental study about the eff-
ects of the injection in boundary layer om the surface pressure
coefficients for aerofoil immersed in a mainstream flow. Due
to the complexity of the aerodynamical proecess of injestion in
the boundary layer [4], the primé gbject of the present experi-
ments was to obtain a better understanding for the change in
the surface pressure coefficients due %o the injeotion tech=
niques with negative and positive pressure gradient for an
aerofoil test model, g

2-_Appargtus_And Operating Conditions

The present investigation is cgrried out in an open wind
tunnel which provides the test surface with a uniform streanm
at controlled velocities. These velocities range between 15 to
30 m/sec. The tunnel is illustrated in Pig.1.

The teat section of the wind tunnel is 300 % 300 mm in
crosa-section. A photograph for the test model and test section
deacribing the different parts is given in Pig.2.

The aerofoil is symmetrical with total length of 155 mm
and a4 maximum thickness of 20 mm. Wajor dimenslons of the test
model are shown in Fig.3a. 12 surfacése presgsure taps for mea-
suring the pressure distribution were 'arranged on the aerofoil
surface, b ,

" The test model supported horizentally at the center of the
test section on a steel spindle through a divided angle as
shown in Pig.3b. This is to examine the effectes of the accele=
rated flow effects at different angles of -inclination.

~The secondary air ig supplied by a reciprocating compressor,
plenium tank, regulating valve and metering orifice. The comp-
reased air passes through a needel valve, thin caliberated
orifice for measuring the injectant flow rate, and an air dis-
tributer that can make a uniform film formatiom.

The inje¢ted air is introduced to the leading edge of the
aerofoil model through a different two injection models Fig.3ec,
One. of them to examine the effects of the normal injection
and the other for tangential injection., The injection holes
have 2,5 mm diameter. Sketches of the injection models con-
figurations are given in Fig.3-d,
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FIG, 1 SCHEMATIC DIAGRAM OF TEST APPARATUS.

FIG. 2 A PHOTOGRAFH FOR THE TEST MODEL AND TEST
' SECTION,
1- Test sectien, 2- Test medel,
3= Air Distributer.
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2= _Sontroling Parameters

‘ The surface nressure coefficient can be obtained by anplying
bernmoulli equation between a ooint in free stream and any point
at azrofoil surface, It is given by the following relation [5]:

' 1 2

C = —_— —_—

5 (p 13”)/2 guuao

where: '

nressure on aerofoil surfacs

mainstream pregsure

o

e
L mainstream velocity
¢,: mainstream density

Por a given value of ux,tﬁé pregaure difference can be measured
:i-nd‘c0 can .be evaluated. '

4-_Test esults And Discussion
The results obtained from experiments of the present work
are reported as follows:

In this case the air moinstream flows around the band of
tae jets, This interaction between the normal jets and thne
nainstream induces a low pressure condition immediately after
jets in downstream direction. This is clear from the tuft
atudy for normal injcction on flat plate Pig,4,[6].

FIG, 4 TUFT STUDY
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Increasing the injection parameter (f) increase f$he abso-
lute value of the surface Dresaure coefficient only &t the
leading edge region (for - 3° £ # € + 39), This is due to
normal 1nJect10n which has own effects near the injection
region [ 6] :

For the case of zero angle of ineclination, Fig.5, the effect
of injection extend to a chordwise distance x = 0.6. Maximum
absolute value of surface pressure coefficient = 2,5 occurs
with injection parameter equal to 1.0, The absolute value of
the surface pressure coefficient decreases with increasing
the distance from the leading edge and with decreasing the
injection parameter (B). The effect of injection on the sur-
face pressure coefficient for the accelerated flow is gmaller
" than in the foregoing two cases,

Also, for the same injection parameter the decelrated flow Fig.6
has more effect on the suﬁface pregsure coefficient value than
zero incidence case, For = 1,0, the maximum absoclute value

of surface pressure coefficient is = 3. The effect of injection
in that case extends to a distance nearly 0.4 of the serofoil
surface length.

The surface pressure coefficient in the case of accelerated
flow { %= + 39) is given in TFig.7 for different injection
" parameters.

The tongential injection has an effect not only near the
leading edrse recion but: over the wnole =meroforl surface. As in-
dicated in Figs, 8—-10 the change in the surface pressure coef-
ficient extend zlong the chordwise distance with a moderate
rate specinlly for the decelerated flow.

In this case the sgecondary flov moves uniformaly parallel and
remaing closer to the aerofoil surface, Thus the tangential
injection insures a mocderate increase in the surface onressure
coefficient along tlie aerofoil chordwise for the conastant,
accelerated, and decelerated flows as indicated in tigs.S — 10.
Increasing thie injection caranmeter B increase the absolute
vaiuec 'of the surface pressure coefficients

The sresent study is in azreement with tne previous visua-
lization stucy {6].

2z_Sonelusions

From the present study it is seen that the tangential in-
jection is oreferable thon normal injection. It has an effect
on the value of the surface pressure coefficient on the whole
aerofoil surface.

From another voint of view, the tangential injection has
a reaction force against the drag force, while the normal in-
jection hasg a reaction force against the 1ift force,
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