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1. [25 pts total, no partial credit.  Circle the most correct answer.] 
 
(02 pts) a. The displacement thickness of a boundary layer is, 
  
  i. the distance from the surface at which the boundary layer velocity is 99% that of the outer 

flow velocity 

  ii. a measure of the momentum flux deficit in the boundary layer 

  iii. a measure of the mass flux deficit in the boundary layer  

  iv. the distance from the leading edge at which the flow transitions from laminar to turbulent  

  v. a measure of the strength of an adverse pressure gradient  

 
 
(02 pts) b. In order to avoid cavitation in a pump, one should have, 
 
  i. NPSHA > NPSHR 

  ii. NPSHR > NPSHA 

  iii. NPSHA = NPSHR 

  iv. minor head loss < major head loss 

  v. a friction factor that isn’t in the wholly turbulent flow zone 

 
 
(02 pts) c. A boundary layer is a region of fluid adjacent to a boundary in which, 
 
  i. the flow may be approximated as inviscid 

  ii. the flow may be approximated as being steady 

  iii. the flow may be approximated as being fully developed 

  iv. the viscous stresses are significant 

  v. the pressure gradients normal to the surface are significant  

 
 
(02 pts) d. At the boundary layer separation point, 
 
  i. the pressure gradient is favorable 

  ii. the boundary layer is laminar 

  iii. the boundary layer is turbulent 

  iv. the wall shear stress is zero 

  v. the no-slip boundary condition no longer holds 
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(02 pts) e. Assume the skin friction drag on a flat plate in a laminar flow is given by F.  If the length of the 

plate is doubled and the flow remains laminar, the new skin friction drag is, 
 
  i. = 2F 

  ii. = ½F 

  iii. >F but < 2F 

  iv. > 2F 

  v. < ½F 

 
 
(02 pts) f. Positive displacement pumps generally have,  
 
  i. large head rises and low flow rates 

  ii. small head rises and large flow rates 

  iii. steady flow with few fluctuations 

  iv. head rises driven by changes in fluid momentum 

  v. constant working volumes 

 
 
(02 pts) g. Ideally, the operating flow rate for a pipe system with a pump should correspond to, 
 
  i. the flow rate at which NPSHA = NPSHR 

  ii. the flow rate at which the flow becomes turbulent 

  iii. the best efficiency flow rate for the pump 

  iv. the flow rate corresponding to the pump’s shut-off head 

  v. the specific speed of the pump 

 

 
(02 pts) h. At the drag crisis for flow around a sphere, 
 
  i. the boundary layer becomes inviscid 

  ii. a Karman vortex street appears behind the sphere 

  iii. the sphere is in the Stokes flow regime where viscous effects dominate 

 iv. the boundary layer becomes turbulent which delays boundary layer separation and thus 

decreases the drag coefficient  

 v. the Reynolds number based on the sphere’s diameter is 2300 
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(02 pts) i. A streamlined body is one for which, 
 
  i. the skin friction drag < the form drag 

  ii. the skin friction drag ≈ the form drag 

  iii. the skin friction drag > the form drag 

  iv. the Reynolds number is small 

  v. the lift coefficient is, by definition, zero 

 
 
(02 pts) j. In order to pump water from a deep well and avoid cavitation, it is best to locate the pump, 
 
  i. at the bottom of the well 

  ii. at the surface of the well  

  iii. at the midpoint of the well 

  iv. downstream of all of the minor loss mechanisms 

  v. where the flow rate is the largest 

  
 
(02 pts) k. The Momentum Integral Equation is useful for, 
 
  i. determining the transition Reynolds number 

  ii. calculating where boundary layer separation will occur 

  iii. estimating the boundary layer thickness from an empirically-derived boundary layer 

velocity profile 

  iv. filtering the random fluctuations associated with turbulent flow 

  v. converting from a Lagrangian point of view to an Eulerian one 

 
 
(03 pts) l. Why can a turbulent boundary travel further into an adverse pressure gradient region than a 

laminar one? 
 
  i. The pressure gradient normal to the surface is larger. 

  ii. It has more momentum. 

  iii. It has a smaller shear stress at the wall. 

  iv. It can’t. 

  v. Turbulent boundary layers only exist for favorable pressure gradients. 
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