
57:020 Mechanics of Fluids and Transport  Fall 2009 

EXAM2    Solutions 
 

Problem 1: Linear momentum equation (Chapter 5) 

Information and assumptions 
• ρ = 999 kg/m3 

• Vj = 30 m/s 

• Aj = 0.01 m2 

• θ = 30° 

• Frictionless cart 

• Jet velocity magnitude remains constant along the 
vane surface 

Find 
• The restrain force Fx 

Solution 
For a control volume that surrounds the vane and cart, the continuity equation gives, 
ߩ  ௜ܸ௡ܣ௜௡ ൌ ߩ ௢ܸ௨௧ܣ௢௨௧  
 
Since ௜ܸ௡ ൌ ௢ܸ௨௧ ൌ ௝ܸ, thus ܣ௜௡ ൌ ௢௨௧ܣ ൌ ௝ܣ (+1 point) 
 
 
The linear momentum equation in the horizontal direction is 
 න ܸߩݑ ڄ ො݊݀ܣ஼ௌ ൌ ෍  ஼௏ (+2 points)ܨ

or െ ௝ܸߩ ௝ܸܣ௝ ൅ ൫ ௝ܸ cos ߩ൯ߠ ௝ܸܣ௝ ൌ െܨ௫   
Thus, ܨ௫ ൌ ௝ܣߩ ௝ܸଶሺ1 െ cos  ሻ (+5 points)ߠ
 
 

For ρ = 999 kg/m3, Vj = 30 m/s, Aj = 0.01 m2, and θ = 30°, 
௫ܨ  ൌ ൬999 kgmଷ൰ ሺ0.01 mଶሻ ቀ30 ms ቁଶ ሺ1 െ cos ሻל30 ൌ 1205 N (+2 points) 
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Problem 2: Energy equation (Chapter 5) 

Information and assumptions 
• Q = 220 m3/h 

• ρ = 999 kg/m3 

• Friction head loss hL = 5 m 

• Δz = 2 m 

• De = 5 cm 

• α = 1 

Find 
• Pump power in kW delivered to the water  

Solution 
Energy equation: ݌ଵߛ ൅ ଵߙ ଵܸଶ2݃ ൅ ଵݖ ൅ ݄௣ ൌ ߛଶ݌ ൅ ଶߙ ଶܸଶ2݃ ൅ ଶݖ ൅ ݄௅ (+2 points) 

 
Let “1” be at the reservoir surface and “2” be at the nozzle exit.  Then, 
ଵ݌  ൌ ଶ݌ ൌ 0 (gage)  ݖଶ െ ଵݖ ൌ 2 m  

ଵܸ ൎ 0  

ଶܸ ൌ ܣܳ ൌ ௘ܦሺߨܳ 2⁄ ሻଶ ൌ ሺ220 mଷ h⁄ ሻሺh 3600s⁄ ሻߨሺ0.025 mሻଶ ൌ 31.12 ms   ݄௅ ൌ 5 m (+4 points) 

 

The energy equation with α1 = α2 = 1 becomes ݄௣ ൌ ଶܸଶ2݃ ൅ ሺݖଶ െ ଵሻݖ ൅ ݄௅  

or ݄௣ ൌ ሺ31.12 m s⁄ ሻଶ2ሺ9.81 m sଶ⁄ ሻ ൅ 2 m ൅ 5 m ൌ 56.4 m (+2 points) 

 
The pump power is ܲ ൌ ሶ݉ ݄௣ ൌ ௣ൌ݄ܳ݃ߩ ൬999 kgmଷ൰ ቀ9.81 msଶቁ ൮220 mଷh3600 sh൲ ሺ56.4 mሻ ൌ 33,778 W ൌ 33.8 kW 

(+2 points) 
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Problem 3: Exact solution (Chapter 6) 

Information and assumptions 
• Steady, paralle, viscous flow 

• No pressure gradient in the flow direction 

• U = 0.2 m/s 
• b = 5 mm 

 

Find 
• Velocity distribution across the plates and 

flow rate between the plates per unit depth 

Solution 
(a) For a steady flow (∂/∂t =0) with v = w = 0 and for a zero pressure gradient in the flow direc-

tion (∂p/∂x = 0), the Navier-Stokes equations (also by using the continuity equation,  ∂u/∂x = 0) 
reduce to ߲ଶݕ߲ݑଶ ൌ 0 (+5 points) 

So that ݑ ൌ ܿଵݕ ൅ ܿଶ  
 
By using the boundary conditions, u = 0 at y =0 and u = U at y = b, ܿଵ ൌ ܷܾ

  ܿଶ ൌ 0  

Therefore ݑ ൌ ܷܾ ݕ ൌ 0.2 m s⁄0.005 m ൌ 40 ڄ ݕ ሺm s⁄ ሻ (+3 points) 

 
 
 
(b) The flow rate per unit depth is ݍ ൌ න ௕ݕ݀ݑ

଴   

Thus, ݍ ൌ න ܷܾ ௕ݕ݀ݕ
଴ ൌ ܷ2ܾ   

ൌ ሺ0.2 m s⁄ ሻሺ0.005 mሻ2 ൌ 5 ൈ 10ିସ mଶ s⁄  (+2 points) 
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Problem 4: Dimensional analysis (Chapter 7) 

Information and assumptions 
ܦ • ൌ ݂ሺߩ, ܸ, ݀ሻ 
• For model: D = 17 lb, d = 1 ft, V = 4 ft/s  

• For prototype: d = 30 ft 

• For water: ρ = 1.94 slugs/ft3  

• For air: ρ = 2.38 × 10-3 slugs/ft3  

Find 
• Pi parameter and the drag D of the prototype 

Solution 
 

(a) From the pi theorem, 4 -3 = 1 pi term required.   
 Π ൌ ܦ ڄ ௔ߩ ڄ ܸ௕ ڄ ݀௖ (+2 points)ሺܨሻሺିܮܨସܶଶሻ௔ሺିܶܮଵሻ௕ሺܮሻ௖ ൌ  ଴ܶ଴ܮ଴ܨ

or ሺିܶܮܯଵሻሺିܮܯଷሻ௔ሺିܶܮଵሻ௕ሺܮሻ௖ ൌ  ଴ܶ଴ܮ଴ܯ

׵ Π ൌ ଶ݀ଶ (+3 points)ܸߩܦ

 
 (b) For similarity between model and prototype, 
ଶ݀ଶܸߩܦ  ൌ ௠ߩ௠ܦ ௠ܸଶ݀௠ଶ  

where, the subscript m stands for ‘model’.  Then, 

(+3 points)

ܦ ൌ ൬ ௠൰ߩߩ ൬ ܸܸ௠൰ଶ ൬ ݀݀௠൰ଶ  ௠ܦ

ൌ ቌ2.38 ൈ 10ିଷ slugsftଷ1.94 slugsftଷ ቍ ቌ10 fts4 fts ቍଶ ൬30 ft1 ft ൰ଶ ሺ17 lbሻ ൌ 117 lb (+2 points)
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