COE_unsteady_cv02

A rigid, insulated tank that is initially evacuated is connected through a valve to a supply line that carries
steam at 1 MPa (abs) and 300 °C. The valve is opened and steam is allowed to flow slowly into the tank
until the pressure reaches 1 MPa (abs) at which point the valve is closed. Determine the final temperature

of the steam in the tank.

steam at 1 MPa (abs) and 300 °C

i insulated, rigid tank;
! initially empty;
| after filling, 1 MPa (abs)
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SOLUTION:

Apply the First Law (not as a rate equation but as a total change relation) to a CV surrounding the tank.
Assume uniform and steady inlet properties.

AE'CV +m0ut (h+%V2 +gZ) t -my (h+%V2 +gZ)_ = Qaddcd +VV0nCV
ou mn to CV
where Ecy is the total energy in the CV, mout is the total mass of fluid that has left the CV (it’s zero here
since the tank has no outlets), and min is the total mass that has entered the CV. The heat added to the CV
will be zero since the tank is insulated, and no other work is done on the CV besides pressure work (already
included in the enthalpy terms).

The change in total energy of the CV is:
AEy = my ey,
where ucv.t is the final specific internal energy of the fluid within the CV. Note that since the tank is

initially evacuated, the initial internal energy is zero. In addition, the kinetic and potential energies of the
fluid contained within the tank will be negligible after filling.

The kinetic energy of the fluid entering the CV is also negligible since the tank fills slowly, and the
potential energy contribution of the incoming stream is reasonably assumed to be negligible (changes in
potential energy are typically significant for gases/vapor only for very large changes in elevation).

Simplifying the First Law relation gives:
M Ueye =M, h

mn 'in

SlUeyp = hin

For 300 °C steam at 1 MPa:
h=3051.2kl/kg (steam tables from Moran and Shapiro)
= ucv,s=3051.2 kl/kg

At 1 MPa, ucvs = 3051.2 kJ/kg corresponds to a temperature of |[Tcv.f= 456.2 °C|.
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