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Quiz 8.

Oil (1= 0.4 N-s/m?) flows between two fixed horizon- ]

tal infinite parallel plates with a spacing of 2-h =5 mm. h y
The flow is laminar and steady with a constant pres- |

sure gradient dp/dx = -900 N/m?. Start with the Navi- X
er Stokes equation and determine the flow rate q h

passing between the plates (for a unit width). (

6u+8v_0
ox 9y

) ou ou ou dp 0%u  0%u
Navier Stokes: p(E-I_uE-H]@) = _E“‘ W+a_yz

Continuity:

Solution:

Since the flow is steady, du/dt = 0 and as the flow is parallel, v = 0, thus du/dx = 0 from the continuity
equation. Then, the Navier Stokes equation is rewritten as

0%u 1 /dp _
= _(_> (+ 4 points)
dy? u\dx

By integrating the Navier Stoke equation twice to yield

1 /dp
uzﬂ(a>y2 +cay+o

To satisfy the no-slip boundary conditions, i.e. u = 0 at y = £h,

Cl = O
1 rdp\ ,
€2 = _Z(E> h
Thus, the velocity distribution becomes

_Ldpy oo -
u—ﬂ<a> (y* — h?) (+2 points)
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Let g be the flow rate per unit width,

h

= d
a f_hu(Y) Y (+2 points)

By using the velocity distribution from the Navier Stokes equation,

1 sdp
— 2 _ h2
1= f_h 20 (dx) % = hDdy

— _i(d_p) h3
3u\dx

For u=0.4 N-s/m? dp/dx =-900 N/m> and h = 0.0025 m,

1= 73004 N-s/m?) (900 N/m*)(0.0025 m)*
2

m .
=234x%x107% -~ (+2 points)
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