SecondLaw_23

An isolated system of total mass m is formed by mixing two equal masses of the same liquid, assumed
incompressible with the same specific heat c, initially at the absolute temperatures 71 and 72. Eventually the system
attains an equilibrium state.

a. Determine the amount of entropy produced in terms of m, ¢, T1, and 7.

b. Demonstrate that o must be positive if 71 # 7.

liquid 1 liquid 2 liquid 1+ 2
mass, Yam mass, Yam —» mas;, m
specific heat, ¢ specific heat, ¢ specific heat, ¢
temp, T temp, T2 temp, Ty
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SOLUTION:
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1

Apply the Entropy Equation to a control volume that includes the liquids,

8Qinto
AS = [ Qintocv L+ 0+ RinMS — Loue MS, (1)
where,
AS = AS; +AS, = Imcin (3) +mcin ( 2) (assuming incompressible and constant specific heats), 2)
J, SQ”‘+CV 0, (the control volume is isolated), 3)
YinMS — You:ms = 0 (the control volume has no inlets or outlets). @)

Substitute and solve for the entropy production,

—1 AP L Iy Ty
o =zmcln (T—) + smcin (T—z) =Zmc [ln (T_l) +in (E)]’ 6)
TZ
f

o = —mcln (Tsz)’ (6)
Applying the 1% Law to the same CV,

AE = Zinm(h + ke + pe) - Zoutm(h + ke + pe) + Qinto — Wby (7)
where,

AE = AU + AKE + APE = AU = AU, + AU, = 2me(T; — Ty) + 2me(T; — T,), ®)

AE = —mc(ZTf Tz) (assuming incompressible and constant specific heats),

Yinm(h + ke + pe) — Zoutm(h + ke + pe) = 0 (the CV has no inlets or outlets), ©)

Qinto = 0 (the control volume is isolated), (10)

Wy, = 0 (the control volume is isolated), 11
Substitute and solve for Ty,

Ime(2T; — T, — T,) = 0, (12)

T = (T, + Tz). (13)
Substitute Eq. (13) into Eq. (6) and simplify,

meln [ 7(T1+T2) ] (16)
1T,
o _ 2(T1+T2)?
% =In [—Tsz ], (17)

2

Note that in order for o> 0 (to satisfy the 2"¢ Law),
M) S | > T2 4 2T\T, + T2 > 4TyT, => T2 — 2T,T, + T2 > 0, (18)

4T T,
(T, —T,)* 2 0. (19)

Equation (19) is equal to zero if 71 = T2, which results in o= 0 and an internally reversible process. Equation (19) is

greater than zero when either 71 > 72 or 72 > T1, which corresponds to o> 0 and an internally irreversible process.
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