COLM 32

A cart hangs from a wire as shown in the figure below. Attached to the cart is a scoop of width W (into the
page) which is submerged into the water a depth, /4, from the free surface. The scoop is used to fill the cart

tank with water of density, p.

cart has initial mass, Mo

V' — and initial velocity, Vo

scoop has width, 7, into the page

stagnant water

h

a. Show that at any instant V=VoMo/M where M is the mass of the cart and the fluid within the cart.
b. Determine the velocity, V, as a function of time.
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COLM 32

SOLUTION:

Apply the linear momentum equation in the x-direction to the control volume shown using the indicated

frame of reference. ya
X J

di J. uxpdV+ J. ux(purel dA) :FS,x +FB,x - '[ ax/XpdV
tCV CS Ccv
where

d
— dV =0
dt -[uxp

cv

(The x-linear momentum within the CV is approximately zero in the given frame of reference.)
[ . (pus-an)==v p(=vynw = pr*nw

cs
Fg . =0 (The pressure forces on the front and rear portions of the scoop cancel each other out.)
Fp,=0
av
a dV =—M
J. x/ X P dt
cv
Substitute and simplify:
dv

VW =——— M
p dt

Apply conservation of mass to the same control volume in order to determine the mass as a function of
time.

4 j pdV+Ipurel-dA=O
dt

cv cs
where
d am
— dV = —
ad P T
cv

I Pl -dA = _pVhW
CS

Substitute and simplify:
dM

M v =0
a P

M

M _ v
a r
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COLM 32

Substitute Eqn. (2) into Eqn. (1):

a ., _dv,,
dt dt
Tam _ fav

M %

0 VO
wM_ M

. v, M, V
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