COE_54

Five kg of water is contained in a piston-cylinder assembly, initially at 5 bar (abs) and 240 °C. The water is slowly
heated at constant pressure to a final state. If the heat transfer into the water for the process is 2960 kJ, determine
the temperature at the final state, in °C, and the work done by the water on the piston, in kJ. Kinetic and potential
energy effects are negligible.
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SOLUTION:
Apply the First Law to the water in the piston,
AE 6 =Oo — Wby > (1)
H20 H20 ¢ water !
where e !
AEmo = AUmo = m(uz2 — u1). 2)

The specific internal energy at the initial state (state 1) may be found from the thermodynamic tables for water at p1
= 5 bar (abs) and 71 = 240 °C. Note that saturation temperature for liquid water at 5 bar (abs) is 151.83 °C; hence,
the water must be in the superheated vapor region since 71 is greater than the saturation temperature. Using the
SHYV table,

w = 27079 kJ/kg,

vi = 0.46467 m’/kg,

h =2940.2 kl/kg.

The work done by the water on the piston is,

v,
WbyHZO=J‘pdv=p(vz_‘/l)=pm(v2_vl)’ 3)
v
where the pressure is constant (p1 = p2 =5 bar (abs)) throughout the process. Substituting into Eq. (1),
m(uz_ul):Qinto _pm(vz_vl): 4
H20
m("‘z TPV, U, _plvl): Oino » (5)
H20
m(hZ - hl) = Qinto > (6)
H20
Qinm
hy=h +—2 (7
m

where 4 is the specific enthalpy of the water. Substituting values,
h =2940.2 kl/kg
Qinto: 2960 kJ
m =5kg
= h2=3532.2kl/kg

From the thermodynamic two-phase liquid-vapor table for water at p» = 5 bar (abs), the saturated vapor specific
enthalpy is 2748.1 kJ/kg, which is smaller than /2. Hence, the water at state 2 will be in the superheated vapor state.
Using the thermodynamic superheated vapor table with /2 and p2, and interpolating,

v2 =0.7313 m/kg

Using Eq. (3) and the values for vi, v2, m, and p,
Whoy 120 = 667 K|

Sketches of the process on 7-v and p-v plots are shown.

TA p 4

p1=p2
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SLVM Table for H20

Liquid Vapor

Volume (v,

m’/kg)

Volume (v, | Internal Energy | Enthalpy
(ug, ki/kg) (hg, kI/kg)

2748.1

Press.
(bar)

Temp.
(€)
151.83 0.0010925

Enthalpy |Entropy (s;,
(h;, ki/kg)

Entropy
(s, kI/ke/K)

Internal Energy

(uy ki/ke)

1.8604

639.54 640.09 0.37481 2560.7 6.8207

SHV Table for H20
Internal
Temp. Volume Energy | Enthalpy | Entropy
(©) (m’/ke) | (ki/kg) | (ki/kg) | (ki/kg/K)
p=5.0 bar|= 0.50 MPa, T, =151.83°C

I3 037481 25607 27481  6.8207
IETT 040466 26101 = 28124  6.9673
200 0.42503 26433  2855.8  7.0610
240 0.46467 2707.9  2940.2 | 7.2322
280 0.50344 ] ; 7.3880
BEEZ 054169 28351 31059  7.5323
BEZ 057961 | 2899.1 | 31889 | 7.6677
BT | 061730 | 2963.7 | 32723 | 7.7955
440 0.65484 3029.1  3356.6  7.9170
500 0.71094 | 3129.0 | 34845 | 8.0892
Hm 0.80409 | 33004 | 37025 | 8.3543
700 0.89696 34785  3927.0  8.5977
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