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CALCULATING TEMPERATURE OF TURBINE BLADES WITH EFPUSION COOLING

Ve I. Lokay, S. G. Dezider'yev

Calculations shov that when the parameters of the « rking fluid
are sufficiently high, internal convective cooling of turbine blades
is ineffective. The temperature of the cuter surface of the blade

resains inadmissibly high and the temperature gradient in the sleeve

is too great.

It is for this reason that the so called effusion smethod of
cooling the flov part [3] has been the subject of ever increasing

attention. The outer vall of the turbine blade (sleeve) is made in

this case of a permeable sheet material.
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The lov relative curvature of the convex and concave parts of

the blade profile make it possible to analyze them approximately as
plates. The inlet and outlet edges can be regarded as the walls of
cylinders with a well known approximation. Presented in the present

work are the analytical relationships for calculating the

distribution of temperatures over the thickness of porous blade walls
under boundary conditions of the third type. In contrast to [1] and
[2), vhere the calculation is made under the assunptién that the
temperatures of the coolant and the walls are equal, this limitation

has been removed in the present article, increasing its accuracy [4].

Temperature Distribution with Respect to Wall Thickness on Convex and

Concave Portions of the Profile (Flat Wall)

The calculation scheme is shown in Fig. 1. Under stationary

conditions for a vall element of length dx 1

9erds — 95— 499 =0, &)

vhere
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q9x lz: ( dx )‘_' ( )
dt :
qxf‘:-f—)‘fc.x(:: ‘+d" 3)
dgy=a,(t—¢,), dx. )
ICI

ﬂero-f&-n;—: f - the area of the space surface of the wvall; Ju -
area of cross section of wall frame norsal to the stream of fluid;

A o, - heat conductivity of wall and volumetric heat exchange
coefficient averaged over thickness; t, to - temperature of wall and

coolant in studied sectionms.

The porosity of the material is usually characterized by the

quantity

laloe 50 (5)

Pe

vhere P~ P, is the density of the material without pores (solid) and

vith pores, respectively.

When the structure of the porous material is homogeneous, on the

basis of (5) ve easily come to the conclusion that numerically

fo=1—T=F. (6)
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| Considering equality (6), fros expression (1) wve find

- d
Ap = a, (t—1) = 0. (7)
On the other hand, according to the equation of enthalpies J
dgy =GiC ks, (8) i
vhere Go is the mass flov rate of the coolant inside the plate (f = 1

a2); C, - the average isobaric heat capacity of the coolant with

respect to wall thickness.

By comparing (%) and (8), wve find

GoC dty=a,({—t)dx (9)
or
= P,
dx GoCpo (10)

Lo

By jointly solving (7) amd (10), after certain simple

mathematical transformations and a shift to dimensionless variables
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}_.“L and 0-7‘,-. ve finally get

i _‘ Lyun® 320 (11)

dx dx? dx

-i' -i—
Here &, G.C,,'.’ G

The solution to equation (11) takes the form of
8=Cie""+ Cye™ + C,e™F, (12)
vhere a,, a,, and a; are the roots of the characteristic equation

a® + k,a* — kya= 0. (13)

Prom (13) it follows directly that a, = 0,

: * K
s = —-*2!' 3 l/T'*'kr

Thus, we finally get

0=C, + Cot™ + Cye™". | ke

Integration constants C,, C,, and C; are found from the boundary

conditions of the 3rd type (symbols shown in Pig. 1):




b

“r(l—ov)=);_;(%);-n'

t'
vhere " = —;

r

vhen r=0, from eguatioa (7) ia disensiopless fora
d2 ap®? 5 ;
ERY =gy,
(d;' )x‘-o % : o -

‘I
vhere 6 =",
tl'

Thus, we find

where

Oy (1 — ba,) (1 — byay)
AC, = | 0 (1 + b,a,) e [(1 + asb,) ™)

e

16, (I — boay)
AG=11 6" |(1+ap,)e”

1.0, (l—-a%—l;&) .

(15)

(16)

an
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1 (1~ beay) 0,
AC, = 1[(1 + a,b,)e”] 6}

s
1 (l a* = )Qh {

1 (1—byay) (1 —byay)
A=|1 |(1+ba)e™[(1+ba,) e

L (- ) (1-a )

Here, for the sake of brevity we will designate

X 1

A

M _p. il Rl T :
u'a bo, a, 13 br' %5’ S bm l G.C’. P d. ‘%

As an example Fig. 2 shows the temperature distribution with

respect to wall thickness, calculated by the described method (curve

3 1) . Here point 2 marks the temperature of the ocuter surface in the

case of convective coolant, calculated for the same starting data and

flov rate of the coolant. There is a sharp temperature in the case of
porous cooling. The dashed line (curve 3) shows the behavior of the k

temperature in the wall, calculated according to the method of [2)

with noticeable temperature distortion. Analysis shows that
calculation error here increases as the thermal head betveen the gas
and the coolant increases and also vhem %, ¢ and ¢, decreases. This

increase may reach 10-20o0/0 [5].

gk

Temperature Distribution with Respect to Wall Thickness in Vicinity
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of Blade Edges (Cylindrical Wall)
The calculation scheme and the main symbols are shown in Fig. 3.

Under the same assumption used earlier from the equation of thermal

balance
Griar— g, — dg, =0 (18)
ve can get
%*E‘F’%“G’%’Q‘ (19)

Here

vhere for brevity we designate

2ory ar,
= = - ==k .
' " GoCp, o

Equation (19) determine the temperature distribution in a

cylindrical wvall cooled by the effusion method.

Received 28 June 1967
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