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Module 2: External Flows

Lecture 7: Solution of Thermal Boundary Layer Equation

The Lecture Contains:

B Thermal Boundary layer equation
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Module 2: External Flows
Lecture 7: Solution of Thermal Boundary Layer Equation

Thermal Boundary layer equation :-
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Figure 2.3: The growth of thermal boundary layer

describes the growth of thermal boundary layer on a heated at plate. The boundary condition for the
situation described above is g0} = 1, #{~c) = 0. Therefore , 7 =7T_ «aiT. - T.) .

Let us assume T, = T,,(x}[ a general case]

On substituting 17 = {1/, fr—’ix : |, we can write different derivatives as,
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Dividing by _,I'JH

J“—_'[IIII:T“ - Tx}] YT _H"_ (2.38)

This equation could be put in the form :

x(dl, /de) kB (n) fm#'(n)
To(x) = Tw — pepf'(m)0(n) 2 (m8(n)

(2.39)

This equation can be solved by using the method of separation of variables. This leads to :

x(dT,, [dx)
_ 2.40
Tolx) =T, A (2.40)

Wall temperature has to follow this relation :

I
d{In(Ty — To)} = —A (2.41)
r
Integrating we get,
In (T, = T.) = Alnz + C (2.42)
So,
(T — To) = Ca?
When

A=0,T,=T.+C (constant wall temperature)
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Again

k8" (1) fm#'(n)

he, T e T 27 me(m & (249

H;E:f} o éfﬁf = Af'¢ (2.44)
¢ + F—)’ 8 =APrf' (2.45)
6 + % f6 = APrf'e=0 (2.46)

In this equation f is known from Blasius solution. The boundary conditions are:
y=0T=T,—n=00=1
y=00,T =T, —n=00,0=0
T =T +6(Ty — To)

where

(T, — T) = Ca?

The final form of the boundary conditions are #(0) = 1 and #{o0) = 0.
Let Y; = # and Y; = @ then

Y _% Yy + APrIY, (2.47)

with ¥, (0) = 1 and Y{(ac) =0

The numerical solution using Runge-Kutta method can be obtained via following steps :
1-Guess a value of Y,(0) or #'(0)

2- Solve for ¥, V5

3- Check if ¥i(~c) =0, ie.. #(c) =07

4- If yes, stop. The calculated #(r)’s are correct solution
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5- If no,correct and e'{u]. or Y(0) repeat the calcualtion
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Analytical solution, if } — ()
2.48)
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Now Hl[’x} = () will result in :

o Pr o8
-1 = C/ e~z Jo flr)drg3 (2.51)
0

1
C=-
= e I i e

N =L [ F(r)dr g,
B(n)=1- “J_‘D_ 5 (2.53)
I e~ F I 10 g3

Nu, = Nusselt number = ""—'

_ _J | 2T B
- —L‘[JTI.';ﬂIyL;:ﬂ = |:'mi' Oy =10 (2.54)
[T“u' = T‘T.-] [T'-vl - T'\}
We know ,
aT o8

T=Te+8 (Ty—Ta) = 2 T

o~ oy ¢

i a8 an f (2.55)
h- = (_}Ijr d |q=|l:l — _JEEH {U} \'

Nu; = hTT = —6(0) L (259
; 5
_-;\‘.T'III ) . 1/3 (2.57)
Re17 = —#(0) = 0.332 Pr" (0.6 < Pr < 10)

The solution was obtained by Pohlhausen .
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