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INSTRUCTIONS: Answer guestion one and any other two questions

QUESTION ONE (30 MARKYS)

a) For an incompressible fluid, the velocity compomsantx, y and z-directions are
u =2x*+3y,v=-2xy + 3y°® + 3zy, determine whether the continuity equation is
satisfied (6 marks)
b) Discuss potential fluid flow (5 marks)

c) For the functionp = ax®y — y*to represent velocity potential vector of an id&atl, find

the value of a and the corresponding stream fumgfio (7 marks)

d) State the Cauchy-Riemann equations in terngs arid¢e (2 marks)
e) Describe the following fluid flows
i) Plane Poiseuille flow (2 marks)

il) Generalized couette flow (2 marks)

Meru University of Science & Technology is ISO 9001:2015 Certified
Foundation of Innovations Page 1



Test if the fluid flow with velocity fieldg = 2xi + xyZ + 2|2 is irrotational
f) y fieldg XyZ +yz

QUESTION TWO (20 MARKS)

a) The stream function in x-y plane is gissny :%x2y3 ,determine the velocity vecta of

this stream (4 marks)

b) State the Kutta-Joukowski lift theorem forrotating cylinder, explaining its practical
significance (6 marks)

c) Explain any four characteristics of idgaids (4 marks)

d) Discuss three differences between velquutential and stream function (6 marks)

QUESTION THREE (20 MARKYS)

a) Show that the streamlines and equipotentia$ifoem a net mutually perpendicular lines
(8 marks)
b) Determine the direction and amount oivffer unit width between two parallel plates
when one is moving relative to other with a velpat 3m/s in the negative direction, if

dp

1)

100X10°N/m?® and ¢ = 004Ns/ m*and the distance between the plates is | mm.

(4 marks)

c¢) Find the velocity potential, stream ftioe and the complex velocity of a uniform flow

inclined at an angle to the x-axis (8 marks)
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QUESTION FOUR (20 MARKYS)

a) Explain the following terms
I Circulation
i. Doublet flow
ii. Conformal mapping

\Y2 Stagnation point

b) Find the velocity potential and stream functioraafniform alongy -axis for which

u=0andv=V (6 marks)

c) A uniform circular tube of bore radigshas a fixed coaxial cylindrical solid core of

radius R. An incompressible viscous fluid flows through #renular passage under a

pressure gradieEt— ?j Determine the radius at which the shear streizeiistream is
X
zero given that the flow is laminar under steadyestondition. (5 marks)

d) Explain the concept of superpositioraimplex potential, hence for a flow around a

circular cylinder radius R with a uniform flow ofagnitude and doublet$)f strength p,

show that the complex potential functidr{z) = (U r + ﬁ) cosd+i(U,r - ﬁ)sine
r r

(5 marks)

QUESTION FIVE (20 MARKYS)
a) Test if the functionf (z) = Z’is analytic, takez = x+y (9 marks)
b) For a uniform flow along the x-axis with velocity,v = 0, find the complex potential

f(2) (11 marks)
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