COLM_19

A flat plate of mass, M, is located between two equal and opposite jets of liquid as shown in the figure. At
time /=0, the plate is set into motion. Its initial speed is Ub to the right; subsequently its speed is a function
of time, U(¢). The motion is without friction and parallel to the jet axes. The mass of liquid that adheres to
the plate is negligible compared to M.

Obtain algebraic expressions (as functions of time for £0) for:

a. the velocity of the plate and

b. the acceleration of the plate.

c. What is the maximum displacement of the plate from its original position?
Express all of your answers in terms of (a subset of) Un, V, 4, p, M, and t.
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COLM_19

SOLUTION:

Apply the linear momentum equation in the x-direction to a control volume that surrounds the plate as
shown in the figure below. Use a frame of reference (FOR) that is fixed to the control volume (non-

inertial).
t

p,VT

U(r)

plate with mass, M

di I lepdV+ J. Uy (purel dA) = FB,x +FS,x - I ax/XpdV (1)
! s cv
where
% J. u, pdV =0 (The CV’s x-linear momentum is approximately zero in the given FOR.) 2)
cv
[ . (pu-ar)=[(v =U)][-p (v ~U) a]+[~(V +U)][-p(V +U) 4]
(& left side right side
——p(V=UY d+p(V +UY 4 3)
= p(—V2 +2UV —U* +7? +2UV+U2)A
=4pUVA

Fpg, =Fs,=0 (Nobody or surface forces in the x-direction. The pressure everywhere is pam.)  (4)

,X

J‘ ayypdV ~M a;{—lt/ (Assume the plate mass is much larger than the water mass in the CV.) (5)
cv

Substitute and simplify.

dUu
4pUVA =-M — 6
P 7 (6)
du 4pUVA
DY __rpYra (7
dt M
< au 4pVA
= J'd; (8)
U=U,
wl U |- _4pra )
U, M
.'.izexp(—“pVAtJ (10)
U, M
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The acceleration is found by differentiating the velocity.
4pU,VA
229U _ _P_oexp(_ 4PVAf]

dt M M

The displacement of the plate is found by integrating the velocity in time.

U:ﬁ:UOexp _Aprat
dt M

t=t

J. exp (—%j dt

t=0

MU,
L 0| 1_exp _4plAt
4pVA M

The maximum displacement occurs as ¢ — .
MU,

" Xppax =
T 4pVA

J' dx =U,
x=0
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