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A) Write brief notes on any 4 of the following topics: (1) 

turbulent hydrodynamic flows (2) boundary layer flows (3) 

potential flows (4) fluid transients (5) scaling laws. Make 

extensive use of the formula sheets provided. [THIS QUESTION 

IS WORTH 20%: EACH QUESTION PART IS WORTH 5%]  

 

B) Describe how you would calculate any 4 of the following: 

(1) critical speed for panel flutter (2) critical speeds for 

pipes due to internal flow (3) critical speeds for slender 

structures due to external flow (4) pressures generated 

beneath hydrodynamic lubrication thrust bearings (5) pressures 

and flows in a large pipe network by pressure iteration. Make 

extensive use of the formula sheets provided. [THIS QUESTION 

IS WORTH 20%: EACH QUESTION PART IS WORTH 5%]  

 

C) State the conservation laws for fluid flow. Outline briefly 

the derivation of the stream tube form of the laws from the 

integral form of the laws. State all assumptions and 

approximations. [THIS QUESTION IS WORTH 10%]  

 

 



 

D) Describe briefly the purpose, the setup, the procedure, the 

results and the conclusions of any 5 of the 7 labs conducted 

during the semester. [THIS QUESTION IS WORTH 10%] 

 

E) A pipe network on a ship consists of two closed storage 

tanks at different vertical heights connected by a pipe. A 

pump moves water at [60.0]/[3.79] GPM from the lower tank to 

the upper tank. Both tanks are large relative to the size of 

the pipe. For the lower tank, Z is 0m and P is 3BAR gage, 

while for the upper tank, Z is 10m and P is 2BAR gage. The 

pipe is 50m long. It is drawn tubing. The pump speed is 1750 

RPM. Its power is 500w. It is located 20m along the pipe from 

the lower tank. The NPSH suggested by the manufacturer is 5m. 

Assume that the vapor pressure of water is 5000Pa and that its 

density is 1000kg/m
3
. Also assume that the acceleration due to 

gravity g is 10m/s
2
. Note that 1 BAR is 100000Pa. Ignore K 

losses. Determine: (1) the head of the pump (2) the type of 

pump (3) the diameter of the pipe (4) the vertical height of 

the pump. [THIS QUESTION IS WORTH 24%: EACH PART IS WORTH 6%]  

 

F) A boat uses a U shaped pipe as a brake device by sticking 

it into the water. The pipe is 0.1m in diameter. The boat is 

moving at 10m/s. What is the brake force F on the boat? 

Imagine that the exit jet from the device was used to operate 

an ideal Pelton Wheel turbine. What is the maximum power that 

the Pelton Wheel could extract from the jet? [THIS QUESTION IS 

WORTH 16%: EACH PART IS WORTH 8%]  

 



 

BONUS QUESTION [5] 

 

 

 

A water sprinkler can be used as a turbine. Derive an 

equation for the power output of such a turbine. Assume you 

know the volumetric flow rate and all geometry. 
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[ρvCA]OUT - [ρvCA]IN 

 

= - [PAn]OUT - [PAn]IN + R 
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.
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hOUT -  hIN   =  hT  -  hL 
 

 

hL = (fL/D +K) C
2
/2g 

 



 

 

 

 

 

   D/Dt  ρ dV    =    ρ/t dV  +   ρ v.n dS   =  0   

         V             V              S  

  

 

 

 

 

        D/Dt  ρv dV   =    ρv/t dV  +   ρv v.n dS 

              V              V              S 

 

                                                

                =    σ dS     +     ρb dV  

                      S               V      

 

 

 

 

 

     D/Dt  ρe dV   =    ρe/t dV  +   ρe v.n dS                                      

           V             V               S 

 

                    =   -  q.n dS  +   v.σ dS  

                          S            S              

 

 

 

 

 



 

C
2
/2g + P/ρg + z  =  K 

 

C
2
/2   +  P/  +   gz   =     

 

 

 

H = X + Y Q
2
         

Q = C A    A =  D2/4 

 

X = Δ [P/ρg + z]         

Y = [fL/D + K]/[2gA2] 

 

 

 

N   =  [N Q]/[H3/4] 

 

 

 

NPSH = Ps/ρg + CsCs/2g - Pv/ρg 

 

d  =  (Po-Pv)/ρg  -  hL  –  NPSH 

 

 

 

P = Δ [T ω] = Δ [ρQ Vt R ω] 

 

P = ρg H Q 



 







/r (rh3 P/r) + r /c(h3 P/c) =  6 μ  S h/
 

                    (A PE + B PW + C PN + D PS + H) 

           PP   =   ——————————————————————————————     

                           (A + B + C + D)   
 

A = [(hE+hP)/2]
3 
 rP c

2
] 

 

B = [(hW+hP)/2]
3 
 rP c

2
] 

 

C = [(hN+hP)/2]
3  
 [(rN+rP)/2] / r2] 
 

D = [(hS+hP)/2]
3 
 [(rS+rP)/2]r2] 
 

H = - 6μ rP (hE-hW)/[2] 
 

 

 

ρ ΓS                  Γ = 4πSR Sinκ 

κ =Θ+ε     ε=tan-1[m/(n+a)] 

a = [R2-m2] - n      

α = x + [xa2/(x2+y2)]    

β = y – [ya2/(x2+y2)]  

 
 
 

δ* U     δ* =  (1-U/U)dy      δ*=Iδ   

ρ U2 Θ           Θ =  U/U(1-U/U)dy    Θ =Jδ 

U/U = (y/δ)1/n    τ = C ρU2/(Uδ/ν)1/k 

D/b = ρ U2Θ        τ = d[D/b]/dx = ρU2 dΘ/dx       

D = M bL REL
-1/m

 ρU2    W = C B ρU2/2          

P = [ D + W ] U 



 

CP = P / [ρN
2
D
2
]     CQ = Q / [ND

3
]     CP = P / [ρN

3
D
5
]                        

CP  =  P   /  [ S
3
/2  A]      CS  =  r / S 

CD = D / [[ρS
2
/2] A]     Re = SD/ν    Fr = S/√[gL] 

T = D/S     CT = T/T      St = T/T 

 

 

S
2
 = [ EI/[ρA] π2/L2 + T/[ρA] - P/ρ ] 

S = [4 + 14 Mo/M] So 

 

So = [EI]/[MoL
2
]]     Mo = ρA 

 

|ΔP| = ρ a |ΔS|      a = [K/ρ] 

K = K / [1 + [DK]/[Ee]] 

 

S
2
  =  [Tk

2
 + Dk

4
 + K/w + ρBg - ρTg] * 

[ρT/k + ρB/k + σ] / [ρBρT + σρTk] 

 

 

S = So M/Mo ζ a      So = D/T      Mo = ρD
2
 

 

 

S = β/T [Mδ/ρ] = βSo [δM/Mo] 
 
 

 

S = D/[ST]      T  = T 
 
 
 

Tn = [2L/n] [m/T] 

Tn = [L/n]
2
 [2/π] [m/EI] 

Tn = 2πL
2
/Kn  [m/EI] 



ρ ( U/t + UU/x + VU/y + WU/z ) + A = - P/x 

+  [ /x (μ U/x) + /y (μ U/y) + /z (μ U/z) ] 

 

ρ ( V/t + UV/x + VV/y + WV/z ) + B = - P/y 

+  [ /x (μ V/x) + /y (μ V/y) + /z (μ V/z) ] 

 

ρ ( W/t + UW/x + VW/y + WW/z ) + C = - P/z - ρg 

+  [ /x (μ W/x) + /y (μ W/y) + /z (μ W/z) ] 

 

P/t + ρ c2 ( U/x + V/y + W/z ) = 0 

 

F/t + UF/x + VF/y + WF/z = 0 

 

k/t + Uk/x + Vk/y + Wk/z = TP - TD 

+  [ /x (μ/a k/x) + /y (μ/a k/y) + /z (μ/a k/z) ] 

 

ε/t + Uε/x + Vε/y + Wε/z = DP - DD 

+  [ /x (μ/b ε/x) + /y (μ/b ε/y) + /z (μ/b ε/z) ] 

 

M/t = N      MNEW = MOLD + Δt NOLD 

 

TP = G μt / ρ    DP = TP C1 ε / k 

TD = CD ε       DD = C2 ε
2
 / k 

μt = C3 k
2
 / ε      μ = μt + μl 



 

 

P = T ω         T =  (M
.
VT R)      M

.
 = ρQ 

VIN = VJ      VOUT = (VJ - VB) K Cosβ + VB 

 

VB = R ω        VJ = k 2P/ρ 

P = M
.
 (VJ - VB) (1 – K Cosβ) VB               

CP  =  P / [P Q] =  P / [P Q] 

CS  = R / VJ 

 

SD = [2(PU-PD)/ρ]/[1-(AD/AU)
2
] 

SD = [2(PU-PD)/ρ]/[1-(DD/DU)
4
] 

Q = K SD AD     A = πD
2
/4 

Q =  S
k
 A

k
       A

k
 =  D

k
 D 

 

Σ PΔc Sin(θ- θ) 

Σ PΔc Cos(θ- θ) 

 

hL = [PU - PD] / [ρg] 

hL = f L/D C
2
/[2g] 

 



 

 



 



 

 

 



 

 

 

 

 


