PRORLEM 2.68

Known: Vertical piston-cylinder assembly contains air of known mass. The initial and

final volumes of air, and the heat transfer are specified.

Find: Determine the change in specific internal energy of the air, in kJ/kg.

Schematic and Given Data:

State 1 Pam =100 kPa
. = 2/
/’:lpnvsmn :gg?(zm VZ= 0.001 m?
piston
Air

mg=2.5 g = 0.0025 kg

Proc 1—-2
V,=2.5L=0.0025 m? rocess

Constant pressure process
O=-1kJ

Engineering Model:

(1) The air within the piston-cylinder assembly is the closed system.
(2) Kinetic and potential energy effects are negligible for the air.
(3) There is no friction between the piston and the cylinder wall.
(4) The process occurs slowly with no acceleration of the piston.

(5) The acceleration of gravity is constant.

Using a FBD with 2 F, = 0, determine p,;; which is the pressure exerted by the air at each

state of the process

Fatm =Pathpiston

Apision = 0.005 m?

Foir :PairApiston Mypiston&

State 2




PROBLE M ?-és(Cahﬁ'nueJ)

P air Apiston = Pam Apiston + mpistong

- (25kg)(9.892) N “ .

= 4 —Rston® 1 00kPa + S L
P =P = 0.005m* |kg-m|, s N
2 Py

S m

p,. = (100 +49)kPa =149 kPa

Thus the pressure of the air remains constant.

To evaluate W, in kJ, begin with Eq. 2.17, noting that the pressure is constant, and

integrate
v v, 1000—N—2‘| 1KJ l
w = [pav = p |av = p(V, - V;) =149%Pa(0.001 - 0.0025)m’ m =-0.2235k]
JP pil[ p( 2 1) ( )m ‘ 1kPa IlOOON-mI
Determine the change in specific internal energy, in kJ/kg, using the closed system
energy balance
AKE+ APE+ AU =Q -W
AU =Q-W =-1kJ —(-0.2235kJ) = —0.7765k]
AU =m(u, —u,) or (u, —u)= AT _—B.1eokd =—310.61—(1 R

m  0.0025kg kg
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