Part lll. Linear Stability Analysis of Plane Poiseuille Flow




(gravity term neglected)
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Dimensionless Continuity Equation: vy + ﬂvy + v, =
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Boundary Conditions: Vx =V, =V, =0 a y=%1
Vy,Vy,V, bounded at x,z® *¥

Consider two-dimensional system with width effect neglected ...
By squire’s theorem, 2-D disturbance is the most unstable...



Steady-State: Vxs = Vys(Y) =1-y?, v, =0
P =p,+E8
efliX g

Linearized equations: V, (X,Y,t) =V, (Y) +V,(y) exp(ia(x - Ct))
v, (X,y,t) =0 +9, (y)explia(x - ct))
P(x,y,t) =P, +P(y)exp(ia(x - ct))

Use streamline function to linearize the system:
(two variables vx, vy can be unified into one variable, y)

y (%, Y,t) =y (y) +¥ (y)explia(x - ct))

b v, =- Ty _ Wy 11113; exp(ia(x - ct)):vx,s- y 'explia(x - ct))

b v,=—=0+iay exp(ia(x- ct))



Linearized equation of motion (x-direction) :
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Linearized equation of motion (y-direction) :
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- Unified equation: (elimination of pressure disturbance):
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Orr-Sommerfeld Egn.

Boundary conditions:
y(0)=y(@)=0
y'(0)=y'(®=0
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