Q- A cylindrical tank of cross-sectional area A filled with a liquid to a height H. The
tank has a small hole at its base of area a (a < < A). Find the time during which the
liquid level falls to a height h = H/n (where n > 1).

Let y be the instantaneous height of liquid in the tank than, the instantaneous velocity
of flow through the hole is given by using Bernoulli's equation
1 1
P+ pvi +pghy = P, + pvi + pghy
Here P is the pressure, v is velocity, r is the density of fluid and h is its height.

As the area of cross-section at the top is much larger, at the top velocity of liquid is
negligible, height is y and pressure is atmospheric pressure. Just outside of the
bottom the velocity is say v, height is zero and the pressure is atmospheric pressure
thus

Pa+2p*0+pgy =P+ pv2+pgs0

givesv = /29y

Now let in a small time dt the level of liquid in the container falls by dy than the
velocity of the top level will be —dy/dt and thus using the equation of continuity
(A;v, = A,v,), we have

(=)=

Or A(—%) =a./2gy

dy _
Or _A<\/§ﬁ>_adt

Integrating above we get

h dy t
—A Hm—afodt
A hdy
Or —\/T—ng\/—y—at
Or —J%[Z(\/E—\/ﬁ)]=at

or =1 TR =15 (1-3)
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    P 1 +  1 2   𝜌   v 1 2 + 𝜌 g  h 1 =   P 2 +  1 2   𝜌   v 2 2 + 𝜌 g  h 2


    P  a +  1 2   𝜌 ∗ 0 + 𝜌 g y =   P  a +  1 2   𝜌   v 2 + 𝜌 g ∗ 0


  v =    2 g y


    A 1   v 1 =   A 2   v 2


  A  ( −   d y  d t ) = a   v


  A  ( −   d y  d t ) = a    2 g y


  − A  (   d y   2 g y ) = a   d t  


  − A   ∫  H h    d y   2 g y = a     ∫ 0  t  d t


  −   A   2 g   ∫  H h    d y   y = a   t


  −   A   2 g  [ 2 (  h −  H ) ] = a   t


  t =   A  a   2  g    (  H −  h ) =   A  a    2 H  g    ( 1 −  1   n )

