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Quiz 7.  Consider steady, incompressible, parallel, laminar flow of a viscous fluid falling between two 
infinite vertical walls.  The distance between the walls is ݄, and gravity acts in the negative ݖ-
direction (downward in the figure).  There is no applied (forced) pressure (݌׏ ൌ 0) driving the 
flow – the fluid falls by gravity alone (݃௭ ൌ െ݃).  Calculate the centerline velocity (along 0 = ݔ 

line) if the fluid is glycerin at 20°C and ݄ = 2 mm.  Assume the flow is purely two-dimensional (ݒ 
= 0, ߲ ⁄ݕ߲  = 0) and parallel to the walls (0 = ݑ). 

(For glycerin @20°C, 1,260 =  ߩ kg/m3, 1.49 = ߤ kg/m⋅s) 

 

 

Solution 

Continuity: 

 
డ௨డ௫ ൅ డ௩డ௬ ൅ డ௪డ௭ ൌ 0  or  

డ௪డ௭ ൌ ׶  0 ݑ ൌ ݒ ൌ 0 

Since 
డ௪డ௧ ൌ 0, 

డ௪డ௬ ൌ 0, 
డ௪డ௭ ൌ ݓ ⇒  0 ൌ  .ሻ onlyݔሺݓ

z-momentum: 

ߩ  ቌ డ௪డ௧ด௦௧௘௔ௗ௬ ൅ ݑ డ௪డ௫ถ௨ୀ଴ ൅ ݒ డ௪డ௬ถడ డ௬⁄ ୀ଴ ൅ ݓ డ௪డ௭ถ௖௢௡௧௜௡௨௜௧௬ቍ ൌ െ డ௣డ௭ถ׏௣ୀ଴ ൅ ௭ตିఘ௚݃ߩ ൅ ߤ ൮߲22ݔ߲ݓ ൅ 2ตడݕ߲ݓ2߲ డ௬⁄ ୀ଴ ൅   2ต௖௢௡௧௜௡௨௜௧௬൲ݖ߲ݓ2߲

or  ݀ଶݔ݀ݓଶ ൌ ߤ݃ߩ  

ݔ߲ݑ߲ ൅ ݕ߲ݒ߲ ൅ ݖݓ߲߲ ൌ 0 

ߩ ൬߲߲ݐݓ ൅ ݑ ݔ߲ݓ߲ ൅ ݒ ݕ߲ݓ߲ ൅ ݓ ݖݓ߲߲ ൰ ൌ െ ݖ߲݌߲ ൅ ௭݃ߩ ൅ ߤ ൭߲22ݔ߲ݓ ൅ 2ݕ߲ݓ2߲ ൅ 2ݖ߲ݓ2߲ ൱ 

Continuity: 

z-momentum: 
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Integration of z-momentum equation gives, ݓ ൌ ߤ2݃ߩ ଶݔ ൅ ݔଵܥ ൅  ଶܥ

B.C. 

ݔሺݓ  ൌ ݄ 2⁄ ሻ ൌ 0: 

0 ൌ ߤ8݃ߩ ݄ଶ ൅ ଵܥ 2݄ ൅  ଶܥ

ݔሺݓ  ൌ െ ݄ 2⁄ ሻ ൌ 0 

0 ൌ ߤ8݃ߩ ݄ଶ െ ଵܥ 2݄ ൅  ଶܥ

ଵܥ  ⇒  ൌ ଶܥ ,0 ൌ െ ఘ௚଼ఓ ݄ଶ 

Thus, 

ݓ ൌ ߤ2݃ߩ ቆݔଶ െ ൬2݄൰ଶቇ 

Centerline velocity: 

ݔሺݓ ൌ 0ሻ ൌ ߤ2݃ߩ ቆെ ൬2݄൰ଶቇ ൌ െ ߤଶ8݄݃ߩ  

or 

ݓ ൌ െ 1260 kg mଷ⁄ ൈ 9.81 m sଶ⁄ ൈ ሺ0.002 mሻଶ8 ൈ 1.49 kg m ڄ s⁄ ൌ െ4.15 mm s⁄  
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