
r-direction 

ρ (
∂Vr

∂t
+ V𝑟

∂Vr

∂r
+

Vθ

𝑟

∂Vr

∂𝜃
−

Vθ
2

𝑟
+ V𝑥

∂Vr

∂𝑥
) = ρ𝑔𝑟 −

∂p

∂r
+ μ (

1

r

∂

∂r
(r

∂Vr

∂r
) +

1

r2

∂2Vr

∂θ2
+

∂2Vr

∂x2
−

Vr

r2
−

2

r2

∂Vθ

∂θ
) 

 
θ-direction 

ρ (
∂Vθ

∂t
+ V𝑟

∂Vθ

∂r
+

Vθ

𝑟

∂Vθ

∂𝜃
+

VθVr

𝑟
+ V𝑥

∂Vθ

∂x
) = ρ𝑔θ −

1

r

∂p

∂θ
+ μ (

∂

∂r
(

1

r

∂(rVθ)

∂r
) +

1

r2

∂2Vθ

∂θ2
+

∂2Vθ

∂x2
−

2

r2

∂Vr

∂θ
) 

 
x-direction 

ρ (
∂Vx

∂t
+ V𝑟

∂V𝑥

∂r
+

Vθ

𝑟

∂V𝑥

∂𝜃
+ V𝑥

∂V𝑥

∂𝑥
) = ρ𝑔𝑥 −

∂p

∂x
+ μ (

1

r

∂

∂r
(r

∂V𝑥

∂r
) +

1

r2

∂2V𝑥

∂θ2
+

∂2Vx

∂x2
) 

 
 
Assume: 

• Steady flow:   
∂

∂t
= 0 

• Velocity components Vr and V𝜃  are zero 

• Velocity component V𝑥 depends only on 𝑟.  

• Gravitational terms can be neglected. 
 
 
So you have: 
 
r-direction 

0 =
∂p

∂r
 

 
θ-direction 

0 =
∂p

∂θ
 

 
x-direction 
 

ρ (
∂Vx

∂t
+ V𝑟

∂V𝑥

∂r
+

Vθ

𝑟

∂V𝑥

∂𝜃
+ V𝑥

∂V𝑥

∂𝑥
) = ρ𝑔𝑥 −

∂p

∂x
+ μ (

1

r

∂

∂r
(r

∂V𝑥

∂r
) +

1

r2

∂2V𝑥

∂θ2
+

∂2Vx

∂x2
) 

 
with : 
 

∂Vx

∂t
= 0  (𝑠𝑡𝑒𝑎𝑑𝑦) 

V𝑟

∂V𝑥

∂r
= 0  (V𝑟 = 0) 

Vθ

𝑟

∂V𝑥

∂𝜃
= 0  (Vθ = 0) 



V𝑥

∂V𝑥

∂𝑥
= 0 (V𝑥 𝑑𝑒𝑝𝑒𝑛𝑑𝑠 𝑜𝑛𝑙𝑦 𝑜𝑛 𝑟) 

ρ𝑔𝑥 𝑛𝑒𝑔𝑙𝑒𝑐𝑡𝑒𝑑 
1

r2

∂2V𝑥

∂θ2
= 0 (V𝑥 𝑑𝑒𝑝𝑒𝑛𝑑𝑠 𝑜𝑛𝑙𝑦 𝑜𝑛 𝑟) 

∂2Vx

∂x2
= 0 (V𝑥 𝑑𝑒𝑝𝑒𝑛𝑑𝑠 𝑜𝑛𝑙𝑦 𝑜𝑛 𝑟) 

 
So we are left with: 
 

0 = −
∂p

∂x
+ μ (

1

r

∂

∂r
(r

∂V𝑥

∂r
)) 

 


