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§ core region --- perturbation method 
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(3) Dimensional equations 

0







y

v

x

u
 

x

T
g

y

u

x

u

yy

v

x

v

xy

u
v

x

u
u

yy

v
v

x

v
u

x 





























































































2

2

2

2

2

2

2

2

 




























2

2

2

2

y

T

x

T

y

T
v

x

T
u  

 

(4) Dimensionless equations: 

(a) 0
**









y

v

H

v

x

u

L

u cc    0     








y

v

x

u
 

 

(b) 
    

L

Tg

H

u

HL

u

LH

v

L

v

LH

u
L

vu

x

T
g

y

u

x

u

yy

v

x

v

xy

u
v

x

u
u

yy

v
v

x

v
u

x

cccc
ccc

































































































                                     

2

2

2

2

2

2

2

2

3

*

2

*

2

*

3

*2*

2

**

 

 

 
L

H

u

v

LHu

Lvu

c

c

c

cc
*

*

2*

2**

 

 11
Pr

2
2/1

2*

2/1

2*

3*
 













 HH RaRa
L

cc

c

L

H

L

H

uLHu

Lv
 



2 
 

 11
Pr

2/1
*

2/1

2*

2*
 













 HH RaRa
L

cc

c

HHuLHu

LHv
 

 11
Pr

*2*

2* 1  









 HH RaRa
L

cc

c

LLuLHu

HLu
 

 11
Pr

1
22*2*

3* 1  











HH RaRa
L

cc

c

H

L

H

L

uLHu

Hu
 

 1
Pr

1
2

2

35

222

32* 1































HRa

c
H

L

THgTHg

LTHg

THg

L

LHu

LTg
 

 

Therefore 

 

x

T

y

u

x

u

yy

v

x

v

xy

u
v

x

u
u

yy

v
v

x

v
u

x

RaH









































































































  1
2

2
1

2

2

2

2

2

2

Pr

or 

 

x

T

y

u

x

u

yy

v

x

v

xy

u
v

x

u
u

yy

v
v

x

v
u

x

RaH






























































































2

2

2

2

2

2

2

2

Pr
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(5) perturbation solution 
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Substitute into dimensionless equations: 
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(6) Terms multiplied by the same power of  are grouped together and set equal to zero: 

 

(a) 0 : 

(3)                0            

(2)               0

(1)                0    

2
0

2

0
3
0

3

00
























y

T

x

T

y

u

y

v

x

u

 

(b) 1 :  

(3)                                               

(2)           
Pr

(1)                                                        0                            

2
1

2

2
0

2
0

0
0

0

1
3
1

3

2
0

3

2
0

3
0

0
0

0

11

y

T

x

T

y

T
v

x

T
uRa

x

T

y

u

xy

u

yx

v

y

u
v

x

u
u

y

Ra

y

v

x

u

H

H






































































 

 

(7) proper boundary conditions 
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(8) Solve solutions systematically 
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It turns out the systematic solution has the same form at all orders in . Therefore, 
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(2) Guess reasonable profiles for velocity and temperature in the end regions: 
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(b) y-velocity: from continuity equation 
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(c) temperature profile:  
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