Q- A cylinder of hydrogen, 2m in height and with a 25 cm diameter, is dropped and
develops a crack of size 0.1 mm2. The gas is stored at 10 bar absolute pressure.
Estimate how long it takes for half the contents to leak out. Explain your reasoning
and assumptions.

Solution:

Volume of cylinder V = TR2L = 3.14*(0.125)2*2 = 0.098 m3
Initial pressure Pin =10 bar =10 Po, (Atm. pressure Po = 1.013*10° Pa)

Area of the crack A = 0.1 mm? =1.0*107 m? density of hydrogen at NTP p = 0.0899
kg/m?3

Assumptions

1. As nothing is told about temperature and the insulation, we assume the gas
temperature is equal to the atmospheric temperature and remains unchanged. Thus,
the process of leaking of the gas may be considered isothermal.

2. As coefficient of viscosity is not given the flow of the gas is non viscous flow.

The gas will flow out of the cylinder because of the pressure difference inside and
outside it. As the gas leaks out with time, the quantity of gas and hence the pressure
of the gas in the cylinder decreases. The initial pressure Pin is 10 bar thus the pressure
of the gas when the content becomes half will be Ps = Pin/2 = 5 Po.

Let at time t the pressure of the gas is P and the atmospheric pressure is Po then the
velocity of exit flow of the gas v is given by using the Bernoulli equation (Just before
expansion) as

Gives W= [/ e (1)
here p is the density of gas.

Now let the number of moles of the gas in the cylinder at time t be 'n" and in an
infinitely small interval of time dt, ‘dn’ moles flows out and rest of gas occupies the
whole volume V of the gas. The pressure of the gas inside reduces from P to P — dP.
Thus, from the gas law we get

PV=nRT - (A) and (P-dP)V=(n—-dn)RT - (B)
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Subtracting (B) from (A) and dividing by (A) we get
dn ap

n P ) — @)

The volume dV of the dn moles of the gas outside of the cylinder is given by
Po*dV =dn RT =dn PV/n (using ideal gas equation)
Or dv= 2.2,y

n Py

Using equation (2) we get
av=2:2,y=2L,y -(3)
P P,

0 Py

Now as the area of the crack is A and the flow velocity of the gas is v the volume
flow rate is given

dt P
Or dV = A /@dt

Substituting dV from equation (3) we ge

PV =A% f—Z(P_P") dt
Py p

dpP apr, [2
=22 [Zx dt

Or JP=Py  V Alp

Integrating for the final pressure Pin/2 in time t we get

Pin/2 dP _ AP0

(- ve sign, because the pressure decreases with increase in time)

Or 2[/P = P0|10P e p*t
Or 2[\/10P0_P0_\/5P0 Po] APO\/E*t
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Gives t= K\/5[3\/P—0—2 P,

A Py

Or = 0.098 v2x0.0899 [\/1013 - 105]

10-7 1.013%105

Or = 0.098 V2x0.0899 _  0.0416
10-7 V1.013%105 3.183%10°5

Or t= 21.78 min

= 1307 s
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   1 2 𝜌   v 2 = P −     P 0


  v =    2  ( P −     P 0 )  𝜌


    d n  n =   d P  P


  dV =     d n  n ∗   P    P 0 ∗ V  


  d V =     d P  P ∗   P    P 0 ∗ V =     d P    P 0 ∗ V


    d V  d t = A ∗ v = A ∗    2  ( P   −     P 0 )  𝜌


  d V = A ∗    2  ( P   −     P 0 )  𝜌   d t


      d P    P 0 ∗ V = A ∗    2  ( P   −     P 0 )  𝜌   d t


    d P     P −   P 0 =   A     P 0  V   2  𝜌 ∗   d t


    ∫    P  i n    P  i n / 2    d P     P −   P 0 = −   A     P 0  V   2  𝜌 ∗     ∫ 0  t  d t


  2    [    P −   P 0 ]    10 P 0    5 P 0 = −     A     P 0  V   2  𝜌 ∗ t


  2  [      10 P 0 −   P 0 −    5   P 0 −   P 0 ] =     A     P 0  V   2  𝜌 ∗ t


  t =       V  A    2   𝜌    P 0  [ 3    P 0 − 2    P 0 ]


  t =     0 . 098   10  − 7    2 ∗ 0 . 0899  1 . 013 ∗  10 5  [  1 . 013 ∗  10 5 ]


  t =     0 . 098   10  − 7    2 ∗ 0 . 0899   1 . 013 ∗  10 5 =   0 . 0416  3 . 183 ∗  10  − 5 = 1307   s


  t =   𝟐 𝟏 . 𝟕 𝟖   𝒎 𝒊 𝒏

