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Centrifugal Instability: Taylor Vortices 

Experiments indicate initially instability appears as axisymmetric 

disturbance such that 
𝜕

𝜕𝜃
= 0. 
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Taylor Solution Viscous Flow 

Axisymmetric (𝑟, θ, 𝑧) equations: 
∂

∂θ
= 0 

 

 

Decompose motion into basic solution plus perturbation 

𝑢̃ = 𝑈 + 𝑢   𝑝̃ = 𝑃 + 𝑝 

Basic Solution: 

𝑈𝑟 = 𝑈𝑧 = 0 

𝑈θ = 𝑉(𝑟) = 𝐴𝑟 +
𝐵

𝑟
 

𝜕𝑃

𝜕𝑟
= 𝜌

𝑉2

𝑟
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Basic solution already has already given and discussed. Perturbation 

equations obtained by substituting motion decomposition into 

axisymmetric (𝑟, 𝜃, 𝑧)  equations, neglecting nonlinear terms, and 

subtracting the basic solution. 

𝑢𝑟𝑡
−

2𝑉

𝑟
𝑢θ = −

𝑝𝑟

ρ
+ ν (∇2𝑢𝑟 −

𝑢𝑟

𝑟2
) 

𝑢θ𝑡
+ (𝑉𝑟 +

𝑉

𝑟
) 𝑢𝑟 = ν (∇2𝑢θ −

𝑢θ

𝑟2
) 

𝑢𝑧𝑡
= −

𝑝𝑧

ρ
+ ν∇2𝑢𝑧 

𝑢𝑟𝑟
+

𝑢𝑟

𝑟
+ 𝑢𝑧𝑧

= 0 ∇2=
∂2

∂𝑟2
+

1

𝑟

∂

∂𝑟
+

∂2

∂𝑧2
 

Since the coefficients only 𝑓(𝑟),  the solutions depend on exp z  and 𝑡  ∴  

assume normal mode solutions 

(𝑢, 𝑝) = (𝑢̂, 𝑝̂)𝑒𝑖𝑘𝑧+σ𝑡 

𝑧 → ±∞,  (𝑢̂, 𝑝̂) bounded ⇒ 𝑘 = real 

 

Substituting normal mode solutions into perturbation equations and 

eliminating 𝑢𝑧̂ and 𝑝̂ results in equations for 𝑢𝑟̂ and 𝑢θ̂, which are solved 

assuming narrow gap, as per Appendix A. 

𝑑 = 𝑟2 − 𝑟1 ≪
(𝑟1 + 𝑟2)

2
 

(𝐷2 − 𝑘2 − σ)(𝐷2 − 𝑘2)𝑢𝑟̂ = (1 + α𝑥)𝑢θ̂ 

(𝐷2 − 𝑘2 − σ)𝑢θ̂ = −𝑇𝑎 𝑘2𝑢𝑟̂ 

α = ω2/ω1 − 1,  𝑥 =
𝑟 − 𝑟1

𝑑
,  𝐷 =

𝑑

𝑑𝑟
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𝑇𝑎 = 4 (
ω1𝑟1

2 − ω2𝑟2
2

𝑟2
2 − 𝑟1

2 )
ω1𝑑4

ν2
= 2 (

𝑉1𝑑

ν
)

2

(
𝑑

𝑟1
) |ω2=0 𝑉1 = ω1𝑟1 

TA = ratio centrifugal to viscous force 

BC: 𝑢𝑟̂ = 𝐷𝑢𝑟̂ = 𝑢θ = 0 𝑥 = 0,1 

The eigenvalues k at the marginal state are found by setting σ = 0 in the 

narrow gap equations subject the BC, as per Appendix B. 

 

Solution small gap eigenvalue problem shows excellent agreement EFD 

𝜇 stabilizes the flow 𝑇𝑎𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 =
1708

(1 2⁄ )(1+𝛺2 𝛺1⁄ )
 

𝑘𝑐𝑟 = 3.12 ⇒ λ𝑐𝑟 = 2π𝑑/𝑘𝑐𝑟 = 2𝑑,  i.e., height one cell ≈ 𝑑  and 

vortices are square 

At the time 1923 Taylor solution and EFD were considered confirmation 

NS and σ𝑖𝑗 = −𝑝δ𝑖𝑗 + 2με𝑖𝑗 
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Taylor vortices for increasing 𝑇𝑎 

 

 

 

 


