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Name:______________________ Student ID: ____________________________ 
Exam 1; Time: 5:00PM – 7:00PM; Location: Ball Hall 210; Exam type: Open book (Only text book is allowed) without 

any additional writing or attachment. (Do all six (6) problems, with each problem having equal weight.) 

 

Q1. A thin 20 cm by 20 cm flat plate is pulled at 1 m/s horizontally through a 3.6 mm-thick oil layer 

sandwiched between two plates, one stationary and the other moving at a constant velocity of 0.3 m/s, 

as shown in Figure. The dynamic viscosity of oil is 0.027 Pa.s. Assume the velocity in each oil layer 

varies linearly. 

(a)  Plot the velocity profile and find all the location where the oil velocity is zero. 

(b)  Determine the force that needs to be applied on the plate to maintain this motion. 
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Q2. A device for measuring the specific gravity of a liquid consists of a U-tube manometer as shown. 

The manometer tube has an internal diameter of 0.5 cm and originally has only water in it. Exactly 2 

cm3 of unknown liquid is then poured into one leg of the manometer, and a displacement of 5 cm is 

measured between the surfaces as shown in the sketch. For these conditions, what is the specific 

gravity of the unknown liquid? 
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Q3. The density of a liquid is to be determined by an old 1-cm-diameter cylindrical hydrometer 

whose division marks are completely wiped out. The hydrometer is first dropped in water, and the 

water level is marked. The hydrometer is then dropped into the other liquid, and it is observed that the 

mark for water has risen 0.3 cm above the liquid-air interface. If the height of the original water mark 

is 12.3 cm, determine the density of the liquid in (kg/m3).  
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Q4. A flow field has velocity components of u = - (4x + 6) m/s and v = 10y m/s where x and y are in 

meters. 

(a) Determine the equation for the streamline that passes through point (1 m, 1 m). 

(b) Find the acceleration of a particle at the same point. 
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Q5. Three circular pipes are connected to the rectangular water tank as shown in the sketch. If the 

average velocities of water flowing through the pipes are vA= 4 ft/s, vB=6 ft/s and vC=2 ft/s, determine 

the rate (ft/s) at which the water level in the tank changes. The tank has a width of 3.5 ft (into the 

page) 
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Q6. A syringe in used to inoculate a cow. The plunger has a face area of 500 mm2. The liquid in the 

syringe is to be injected steadily at a rate of 300 cm3/min. The leakage rate past the plunger is 0.1 

times the volume flowrate out of the needle.  With what speed in (mm/min) should the plunger be 

advanced?   
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