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CALCULATING TEN PERATURE OP TURBINE BLADE S WIT H EFFUSION COOLING

V. I. Lokay, S. G. Dezider ’yev

Calculations show that When the paraaeters of the ~ rking fluid

are suffic iently h igh, interna l convective cooling of turbine blades

is ine f fective.. The te•perature of the outer surface of the blade

renains inadnissibly high and the te.perature gradien t in the sleeve

is too great.

It is for this reason that the so called effusion net hod of

cooling the flow part [3]  has been the subject of ever increasing

attent ion. The outer wa ll of the turbine blade (sleeve) is nad e in

this case of a per. eab le sheet nate r ial.
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The low relative curvature of the con vex and concave parts of

the blade profile lake it possible to analyze the n approzinately as

plate s. The inlet and outlet edges can be regarde d as the wall s of

cylinder s with a well known appro xinatio n. Presented in the present

work are the analytica l relationships for calculating the

distributi on of te.peratures over the thickness of porous blade Walls

under boun dary conditions of the third ty pe. In contrast to [1) and

[2]. where the calculation is made under the assumption that the

temperatures of the coolant and the walls are equal, this limitation

has been removed in the present article, increasing its accuracy [18 ].

Temperatur e Distribution with Respect to Wall Thickness on Conve x and

Concave Portion s of the Profile (Flat Wall) - •

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

• condit ions for a vail element of length dx

(1)

where

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~
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(2)

7 f d t \
— i. (3)

dq,~~ ç ( t—t 1) .dx. (14 )

Here J~~-95~
; f — the area of the space surface of the wail; /ei —

area of cross section of wall frame normal to the strea. of fluid;
— heat conductivit y of wall and volumet ric beat exchange

• coefficient averaged over thickness ; t, t• — temperature of wall and

coolant in studied sections.

The porosity of the material is usually char acterized by the

quantity

[~ 
Pc P. (5)

Pc

where PC” Ph is the den sity of the mater ial without pores (solid ) and
• 

with pores , respectively.

When the structure of the porous material is homogeneous , on the
basis of (5) we easily come to the conclusion that numerically

f~~~~~~L1~~P. (6)
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Considering equality (6),, from ez~r.ssion (1) we find

(7)

On the other hand , accord ing to the equation of entha lpies

dq~~ 0.C~dt., (8)

where G~ is the mass flow rate of the coolant inside the plate (f = 1

ma); C~ — the average isobaric heat capac ity of the coolant wi th

respect to wall thickness.

By comparing (14) and (8), we find

O.C,0 dt,=z 1, (t — 4)dx (9)

• or

it, %
itt o.cpo (10)

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

mathematical transformations and a shift to dimensionless variables
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and I._~~~, we finally get

(11)
dc’ dx’ dx

Here ~~~ =— ~
‘ ;

The solution to equation (11) takes the form of

0 = Ciefu I + C~e°” + C~e’~’, (1 2)

where a 1, a m, and a3 are the roots of the characteristic equation

a’+k 1a1 — k ,a=O. (13)

From (13) it follows directly that a1 = 0,

~ 23 — ~~ ± + k,.

Th us, we finally get

0~~ C1 + C,e” + C,e~~. 
(1 14)

Integration constants C1, C2, and C3 are found from the bou ndary

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

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~
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when i= O

(15)

where

0’ 1 4 — 
to.O~~

~~~~~~~~
F ti.

when c=I

ar (1_ 0
~~~~~~(~~);~~ 

(16)

where r = 1.;

vh.a =O , from •gmation (7) in dimsssi~~Les~ form

~~~ ~~~~~~~~~~~ (17)
\dx’/~.,o Ap • 

-

where

Thus , we find

C1 ==~~~-;  C9 =~~ t~; C,= . - ~~!- ,
where

I ( 1 — b,a ,) (1 — b,a,) 
-

= or ~(1 + bra2)e”l ftI ± Q3br)e ”J

(I_ a~~~)(1_a~±t.)

I 0~ (1 — b,a,)
= I 0~ 1(1 + a,b~) e°’j ;

i o ~ (I_a~P~)
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I ( I — b ,a,) O~ ,
1 [(1 + a2br )e’~] 

0~’

I (I_a 3 _
~ .)O~

1 (1 — b 0a,) (1 —b,a,)
= I ~(1 -

~
- br Q2) e°’I 1(1 + b,a~).e~”I

1 (1 _ a~
_
~~) ( i_ a ~

_
~ _)

Here, for the sake of bre v it y we wil l, designate

— b  — ‘~~~ 
___ —= U0, — r’ 

— “i., & (1 —
%I~2

As an example Fig. 2 shows the temperature distribution wi th

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

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

case of convective coolant , calculated for the same s tar t ing  data and
• flow tate of the coolant. There is a shar p temperature in the case of

porous cooling. The dashed line (curve 3) shows the behavior of the

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 between the gas

and the coolant increases and also when s,,, ~ and 
~ decreases. This

• increase may reach 10—200/o (5] .

Temperat ure 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 Pig. 3.

Under the same assumption used earlier from t he  equat ion of therma l

balance

— q~. — dq, =0 (18)

we can get

(19)• dr’ dr’ dr

Here

~~
=- -; ~~~~~~~~~~~ ~~j=k~,1 +-~ -;

r r’

where for brevity we designate

~ 
=k1,, 

~~~~~~~

Equation (19) determine the temperature distribution in a

cylindrical wall cooled by the effusion method..

Received 28 June 1967 
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