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1. M-ff..t1il (30%) 

• ~ tl:I the Bernoulli equation ~J.tJfl Bernoulli equation t/.J1~i"ti~1iiJ? 

• Jfl IE% M-~ Developing flow, Entrance region J.-::J. .&. Fully developed 

flow 

• ~ ~ Reynolds Transport Theorem 

• M-~ Major loss and Minor loss 

• fJ !.<t Moody Diagram 
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2. (20%) 

Static pressure P is measured at two locations along the wall of a laminar 

boundary layer (as shown in the following figure). The measured 

pressures are P1 and P2, and the distance between the taps is small 

compared to the characteristic body dimension (6x=x2-xi << L). The 

outer flow velocity above the boundary layer at point 1 is U 1- The fluid 

density and viscosity are p and µ , respectively. Generate an approximate 

expression for U2, the outer flow velocity above the boundary layer at 

point 2, in terms of P1, P2, 6x, U1, p andµ. 

Hint: You can solve this problem from the one-dimensional Euler's 

equation above the boundary layer 

Outer flow 
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3. (30 %) 

Develop the differential equation for conservation of linear momentum (i.e. 

Navier-Stokes equation) in cylindrical coordinates by applying the control 

volume method to an infinitesimal control volume of dimensions rd0,dr,dz. 

( er is the normal stress and , is the shear stress) 

z 

[Hint] CY,.,. = - p + 2 µ av,. 
ar 

2 (
1 ave v,.) 

CYee =-p+ µ ; fJ0 +-;-
av 

(Yzz =-p+2µ-z 
az 

r,.e =,9. = µ(r_E_(Ve)+.!_ av,. J ar r r ae 
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4. (20 %) 

Experiments are being designed to measure the horizontal force F on a 

nozzle, as shown in the following figure. F = fn(~,M,p,µ,A,/4,L) 

~P = P1 - P2 • Determine the functional relationship between the 

horizontal force F and the independent variables using dimensional 

analysis. 
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