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§ core region --- perturbation method 
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(3) Dimensional equations 
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(4) Dimensionless equations: 
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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: 
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(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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§end regions 

matching conditions: Hx
x

v
v 




   as   0  ,   

boundary conditions: Hyyxvu   ,0 and  0at    0,  

(1) integral analysis 

(a) momentum equation 
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
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
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
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
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Noticed that 

(BCs)   and  0at    0,       0

(MC)  at    0  and  (BC)  0at    0      0 

(MC)  at    0 and  (BC)  0at    0     0
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H
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Hyyvu
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u
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
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






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

 

 

Moreover, because of 

 

(BCs)   and  0at    0 , 

(MC)    and (BC)  0at     0 , 

2
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x
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x
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





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





 

Therefore 
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
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



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Or in dimensionless form 
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(b) energy equation: dxdy
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 
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
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


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
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
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





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





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Noticed that  

 

(BCs)    ,  0at     0

(MC)     as    

(BCs)   and  0at     0

1

Hyy
y
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T

HyyvT



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Therefore 
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Or in dimensionless form: 
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(2) Guess reasonable profiles for velocity and temperature in the end regions: 

(a) x-velocity:  








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
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

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

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
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Ku  with the following constraints on f: 
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        as    0               0)1(

        as    0               0)1(
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
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(b) y-velocity: from continuity equation 
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boundary conditions: 0)(        ,  0  and  0at    0 1  xgHyyxve  
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(c) temperature profile:  


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
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


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
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Consequently, 

 

 
2

1 1 1 1
1

linear part
correction part

, 2e c c

K H x x K H
T T y x

L L

                    
 

 

(3) results: substitute (2) into (1): 
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3
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2
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

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








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
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







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2
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after rearrangement: 







 










 1

4

1

5
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1440 4
1

2
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L
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K H  

1440725760

2
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2
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1 HH Ra
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HK
K

Ra

L

HK















  

two equations for three unknowns:   ,    , 21 KK  for given values of HRa
L

H
  and  . 

 

(4) third equation: Noticed that the flow is symmetric about the geometric center of the 

cavity. Thus 

 
2

1
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2

1
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1
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i.e.                        
2

1
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(5) solve the system of algebraic equations: define 
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
  

and rewrite equations as follows 
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thus 

(a)  

13 2
1 11
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
           
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 given HRa
L

H
  and    find 1K  by root-searching (b) with  replaced by (a) 

(6) The conduction-referenced Nusselt number: 
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(in terms of dimensional variables) 
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