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THE EFFECT OF COOLING AIR ON THE AERODYNAMIC
CHARACTERISTICS OF TURBINE NOZZLE CAS CADES

LTL. Ginzburgskly , Yu.S. Podobuyev , K.G. Rodin

For gas turbines only blades with the output of the cooling

air near the outlet edge are used for gas turbines. Jets of

cooling air coming out of openings affec t the aerodynamic char-
acteristics of the nozzle cascade . To investigate this effect ,
an experimental installation with a ring cascade was assembled at
the Department of Turbine Construction. A natural nozzle cas-

cade of the gas turbine was installed on this installation . The

velocity f ield of the flow behind the c~ scade was Investigated
with respect to the pitch and height of the blades with a change

in the relative flow rate of the cooling air.

The traversing of the flow at the outlet from the cascade

was produced by a three—channel probe . The flow rate of the

cooling air through the outlet openings was determined by the

equation

where

m = 1/~~~(th)~~~; 11(~~~~~~~ ,

here q().,~,) is the normalized density of the flow of mass through
the slot; p,, and p., are the static and total pressure In the
slot; F,, — the area of cross section of the slot ; A,1 — coeffi-
d ent of the flow velocity of the cooling air.

1
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IThe pressure Pi.. was measured In the receiver 1, and the re-
sistance of the channel 2—3 was considered by means of pre— j
limInary~.calibration (Fig. 1). Here ~~~~~~~~~~~~~~~~~~ •1

The method of the processing of the results of this experi—
inent has certain pecularitles. It is generally accepted to de-
termine the local losses as ~~~ 1_b -, where
Here, understood k~ usually by p., is the total pressure in front
of the airfoil cascades p . In our case, when the theoretical
flow rate of air through the cascade 0m is not equal to the flow
rate of the basic air G

~ 
owing to the Introduction of additional

, this assumption is not acceptable . The determination of
p’~ 

was produced on the basis of the following reasonings. The
cooling air, in the actual case blown through the slot, is con-
ditionally passed through the interbiade channel together wki with
the main ax air (G0) when p.~,=p . and T.=T,. Then the in-
crease in the air flow rate from to G~. —= G~ + G.~ through the
constant section F0 with constant density p0 leads to an Increase

times in the flow velocity of the air and (1+4)’

times In the magnitude of dynamic head . In this case the total

pressure before the cascade is the sought P i.e.,

.~~ 
_ _ _ _ _ _ _P m — P o +  2

and after transformation we finally obtain

p;, = p~[i ÷ O,5kM (1 +~~~,)‘]‘

where k Is the isentropia Index; M0 
— the Mach number before the

cascade ;

~~~ 
-a;-

Otherwise in the processing of experimental da data , the general—

ly accepted method Is used. In connection with the large volume

of works, the calculation was produced on the digital computer
“Promin’” for which a special program was compiled.

2
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The averaging of’ the parameters necessary for tDe con-
struction of the resultant graphs was produced according to~ themoment urn

, I.e., the loss factor in the nozzle cascade

J ~
p q () .~) sin ~ dl

JP ~~() .J sIn ai dt

where p~ is the local total pressure behind the cascade ; ~~ 
—

the local velocity coefficient behind the cascade ; ai — local
outlet angle of flow ;

J 
,
~P;.~ (A 1) sin a~ dl

arctg t~, =— 1

J 
~~p q Q ~1)s in u 1 dt

here A, and A, are the prejections of the velocity coeff icient on
the z and u axes.

The numerators and denominators of these expressiorns are ob-
tained by graphical integration.

Figure 2 shows the change in the angle a1 and velocity coef-
ficient A 1 along the relative step t for different magnitudes of’
the given flow rate of the air ~~ From the graphs given , it is
evident that the effect of the cooling air on the flow behind the
cascade is extended to a comparatively small zone, near the outlet
openings .

The concluding results of’ the processing of the experimental
data are given on Fig. 3, where plotted u along the axis of the
abscissa are the values of the normalized flow of the cooling air
and along the axis of the ordinates , the loss factor 

~ 
In the

nozzle cascade averaged with respect to the step.

On the basis of’ the obtained experimental data, the Internal

3
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4
efficiency of the turbine stage ‘i. with the loss I factor in the
working cascade ~,=O,O79 is calculated . The dependence of ‘~.
on ~~ (Fig. ~

) is determined by the nature of’ the curves

~i =h (~~) and ~~~~~~~~~~ From Fig. 14 It is evident that the
effect of the b lowing in of the cooling air on losses in the
nozzle ring casca de is comparat ively little : with an increas e in
the relative flow rate of the cooling air from 0 to 0.02 the

quantity ‘1. Is somewhat increased , and a further increase in k~~c

the air flow rate leads to a decrease in the efficiency of’ the
turbine stage. Such a regularity Indicates the positive effect
of the cooling air in small quantities when it b lows away the
boundary layer on the concave surface near the outlet edge . With
a sufficiently large quantity of cooling air (~~>O,O2) , the
structure of the main flow undergoes an ± unfavorable distortion,
and , apparently , separation phenomena are developed , which leads
to an increase in the losses of energy .

The effect of the relat ive flow of the cooling air on the
efficiency of the turbine stage should subsequently be refined by

conductinga test of the ~~ nozzle cascade at actual temperatures

of the gas and cooling air.

RI’A~q) 1U I

_ _ _ _ _ _ _ _  

1~~~~2 II

42 0.4 0.6 0.8 ‘Op

4p~

Fig. 1. DIagram of the nozzle blade being cooled : 1 — receiver of
cooling air; 2 — channel of feed of cooling air; 3 — tube for mea—
surement of total pressure of cooling air.

‘4
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Fig. 2. Change in the angle a1 (a) and velocity coefficient A1
(b) a~ along the relative pitch of the nozzle cascade at different
values of ~~: 1 — 0; 2 — 0.099; 3 — 0.0199; 14 — 0.0273; 5 —0.0317. KEY: 1) degree.

___

Si, 0ft~ On

Fig. 3. Dependence of the loss factor of the cascade on the rel-
ative flow of the cooling air.
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LL ~
Fig. 14. Dependence of the internal efficiency of the turbine
stage on the normalized flow of the cooling air.
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