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Worked exercise Topic 2

Assume you have a vertical cylinder of radius 10 cnand height L m, equipped

with a piston. The piston is separated from the badom of the cylinder a distance of
10 cm and this cavity is completely filled with ligiid water at 80°C. The piston
begins to move vertically very slowly and the wholensemble is maintained at 80
°C. The piston stops when reaches a distance of 1from the bottom. Look in the

web for the equilibrium water vapor pressure at 80°C and 10 °C and for the
density at 80 °C and answer the following questionga) What would be the

pressure inside? (b) What would be the level of viar and how many moles of
water have passed to the gas phase? (c) What distanshould the piston be
displaced to completely evaporate all the water? jdAt the distance set in section c)
the piston is fixed and temperature is decreased 20 °C. Would water condense?
How much?

Solution:

a) As the piston moves a vacuum is created in dviyc
the piston leaves below. Water evaporates to fi# t
vacuum until water vapor pressure equals the dxjiwifn
value at 80 °C. You can look in the web
1
<>

http://www.engineeringtoolbox.com/water-thermal-
properties-d 162.html

10 c$

finding P(H20, 80 °C) = 47.5 kN/fm= 47.5-18 N/n? =
47.5-16Pa

20 cm

b) The amount of water in the gas phase can belatdd assuming ideal gas behavior,
but for doing so you will need the gas constardappropriate units. You can look in the

web http://en.wikipedia.org/wiki/Gas_constdiniding 8.314 mPak *mol™.

= 47.5103Vgas Pa
8314x(273+80) Pam®*-K *-mol *.K

where \fasis the volume of the gas cavity.

= 00173/, 1)

Now the problem is calculating the volume of the gavity since the evaporated water
decreases the liquid water level. We can set @uptbblem in the following way:

Initially, before the piston begins to move, thetevavolume in the liquid phase isiV
(init) = T 0.7 (0.1) = 3.142- 1&m>. After the piston moves, the total cylinder voluise
Vey = m0.% (1) = Vyas + Viig(after), where Vasis the volume of the gas cavity and
Viiq(after) is the volume of liquid water after evagorg n moles.
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But Vig(after) = M (init) — V,, that is to say, to calculate the liquid waterwoé after

the evaporation we need to subtract the volumevapearated water from the initial
liquid volume. To calculate the volume of liquid tathat has passed to the gas phase
we need the density of water at 80 °C. You can Idok it in the web
http://www.engineeringtoolbox.com/water-thermalypedies-d_162.htmlifinding p =
0.972 g-crit.

nxM mol
= o - N*189 m°'_3 =n1852cm’ =n 18520°m’ (@)
Pri,0 goc 0972g-cm

Therefore, the volume of the gas cavity is

Vs =V, =V, (after) =V,, =V, (init) +V, = 3142107 - 314210° +n 185210° =
3)
=0.028278+0.0173x 185210°°V,,, = 0.028278n°

Replacing this value in equation (1) we arrivetie humber of moles of water in the
gas phase:

n =0.017%0.028278 = 4.892- 1bmoles.

To calculate the level of water after evaporatiom meed the volume of liquid water
Vig(after) = Mg (init) — Vi, = Viq (init) - nx18.52.1¢ = 3.142-1C0 - 4.892-10
x18.52-1¢ [B.142-10. This means that the volume variation is insiguaifit.

c) To completely evaporate all the water, the vaumwmf the gas phase must
accommodate all the water at a pressure equakteapor pressure of water at 80 °C (=
47 500 Pa). The number of moles of water in thepyase would be

vV, (init 10°m? m cm’
. iq (NI Oy 6 s _ 314210°m x10°cm r_rl x 0972g-cm —169668moles (4)
Mo 18g-mol

Therefore,

__V _ nRT _169668x 8314x353
ml0? Pmi0*? 47500% 77107

=3337m (5)

d) The pressure inside the cylinder is 47,500 Ndrich corresponds to the equilibrium
vapor pressure of water at 80 °C. If temperaturéesreased to 20 °C, water will
condense up to the point at which vapor pressunaledghe equilibrium value at 20 °C,
which is

P°(H,0, 20 °C) = 2.3 kN/fm= 2.3-16 N/m* = 2.3- 16 Pa

Now the question is how much water can be accomtaddaside a cylinder of 333.7
m length at 22,300Pa?. The answer is easy assudaabgas behavior
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-2
G PV oo 23071078337 _ o0
RT 8.314x29¢

The amount of condensed water will be the diffeegnetween the moles in gas phase at
80 °C and a 20 °C = 169.668 — 9.898 = 159.77 moles.



