ChE 374-Lecture 25-Integral Momentum Balance
o Integral Momentum Balance

— Find Forces or Accelerations

o« SF =2 [, p0dV + [ pt5 - idA.
— For uniform properties:
¥ F = 4(m®) + (i) out — (T 10)in
— For uniform properties and Steady State:
T F = (X i0)out = (T 1d)in
* TAKE THIS EQUATION LITERALLY.
- Vector components are positive in the positive coordinate direction.
- 1 = pAlv| is a scalar quantity, always positive.
— Note: m# is momentum flow rate.
— Note: pU¥ is momentum flux.

— Note: pv, v is x-momentum flux.
e Choose a control volume

— Not limited to the fluid
— Choose it perpendicular to inlets and outlets
— The momentum balance is WITH RESPECT TO THIS CV.

* So velocities are RELATIVE to the control volume.
* Also,  is also relative to the control volume.

e Forces are (1) BODY; (2) SURFACE; (3) OTHER

— Body forces are gravity (mg).

— Surface forces are Pressure (always normal to CV, and towards the CV); and viscous forces (usually
neglect at inlets and outlets where the flows often cross the boundary).

— Other forces are external, like bolts, the ground, and other anchoring forces, etc.

e Momentum flux correction factor corrects for nonuniform flow at inlets and outlets. Similar to kinetic
energy correction factor.

BT = % [v?dA. B =4/3 for laminar
av = % Jv3dA. a =2 for laminar

e Example: Flow through a nozzle.

— Restraining force is F = A, (P + pv}(1 — Ay /A2), where (1) is inlet, (2) is outlet, and F is in the
direction opposite the flow.

e Example: Flow deflected 90 degrees:

— Restraining force is F' = rhw, with force directed opposite the flow.
e Example: Flow deflected 180 degrees:

— Restraining force is F' = 2rhwv, with force directed opposite the flow.
e Example: Flow deflected 6 < 90 degrees:

F. = muv(l — cos#), x is flow inlet direction, and F, is opposite the flow direction.
F, = rw(sind), y is perpendicular to inlet direction, and F} is with the direction of deflection.
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