Reynold's Equation:

Obtain the x-vel ocity distribution as afunction of y for smple shear flow between parallel plates.
Consider afluid between two parallel plates. The top plate moves at avelocity V, and thereis a
pressure drop in thex-direction, parallel to the plates. Thereisno velocity or pressure drop in the
z-, or y-directions, y isnormal to the plates. The effects of gravity are ignored and the flow is
steady-state. Assume Newtonian behavior.

Under these conditions, only the x-component of the Navier-Stokes equation is needed.
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Steady state means that the first term (derivativeintime) is0. Thereisno y or z velocity so the
last two termsare 0. Thereis not changein the x-velocity with x so the second term is 0. On the
right side there is a pressure drop in x and the x-component of velocity only changesin the y-
direction . The gravity term isdropped asit is assumed that there is no gravity effect.

For Newtonian flow hdv /dy? = dt, /dy. The Navier-Stokes rate of change of momentum
balance becomes:
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Of primary interest is the velocity distribution v, (y) that can be obtained by integration of this
equation between definitelimits. v, aty =0isOandv, aty = H, where H is the gap distance, is
V,. Doubleintegration yields:
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v,(y=0)=0,s0C, =0. v, (y=H) =V, so C, = hV /(H dP/dx) - H/2, then,

v(Y) _Flﬂ_'r;?zz H:Tr;’\//ﬂx_ 2%

S Y
= oh X y(y- H)+ VH

Thefirst term is quadratic with amaximum at H/2 as might be expected for a pressure driven flow.
The second term is linear, reflecting a constant rate of strain for simple shear in the absence of a
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pressure driving force. The two components are summed. This equation is asimple form of the
Reynolds equation.

The Reynold's equation for velocity isintegrated iny to yield theintegrated flow rate, q,,
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The Reynold's number for this systemisgiven by, Re = Hr V /h, wherer isthe density. The
integrated flow rate can be rewritten,
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The mass flow rate depends on the Reynold's number.



