Salutions to Chemical and Enginggring Thermodynamics, 38

31 (a) System = Ball (1) + Water (2)
Energy balance: MU/ + M,UJ — MU} — M,U: =0

= MCy (T =)+ M)Cy (T —-T)=0;also T/ - 75 . Thus
e MCy T+ MyCynTy _ 5x10° x05x75+12x10° x42 x5
M,Cy, + M,Cy, 5x10° x05+12x10° x42
=831°C
[Note: Since only AT's are involved, °C were used instead of K)].

(b) For solids and liquids we have (eqn. 3.4-6). That AS=M J G d—; = MG, ln% for the case in
1

which G, is a constant. Thus

Ball: AS =5x10° gx 05— x1n{8'31+273'15}=—531.61i
g K | 75+27315 K
= 53161
Water: AS=12x10° gx 42— ><1n{8'31+273'15}=+596.22i
2K 5+27315 K

and

AS(Ball + Water) = 59622 —53 1.61% =64.6 1%

Note that the system Ball + Water is isolated. Therefore
J
AS = Syen = 64.61E

3.2 Energy balance on the combined system of casting and the oil bath

MCCV_C(Tf - 7;’) + MOCV.D(Tf - 1;’) =0 since there is a common final temperature.

20 kg x o.si(Tf —450)K +150 kg x 2.6l(Tf —450)K =0
kg-K kg-K
This has the solution T'= 60°C = 313.15 K
Since the final temperature is known, the change in entropy of this system can be calculated

from AS = 20 x 05 x ln(w) +150% 2.6 ln(w) _41358
27315+ 450 27315+50 K

3.3 Closed system energy and entropy balances
du . . dv dS O .
—=0+W, - P—; —==+S8,,:
dt QO+ dt " dt T ¥

gen

Thus, in general O = T ‘;—f — T8, and
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VK:d_U_Q a d_U_Td_S+TS pd_V
' dr dt dt dt
Reversible work: W% = W *(S,, =0) = 40 _pd5  pd”
dt dt dt
(a) System at constant U & V = d—U =0 and d—V =
dt dt

i('5, =0)= g - £

at
P
(b) System at constant S & P = as =0 and ar =0= Pd—V = i(PV)
dt dt dt
so that
. ., dU d dad
W, (Sgen = 0) = W5 = = +—( V)= —(U+ PV)= —
34
700 bar, 600°C ~ — - Q—»—  10bar, =2
Steady-state balance equations
a_ =0=M,+M,
dt
oA A 0 awo . .
%:0: M+ M0, + F10 4 —P7d¥ = M, + MyH,
or /1, = I,
Drawing a line of constant enthalpy on Mollier Diagram we find, at P =10 bar, 7 = 308°C
At 700 bar and 600°C At 10 bar and 308°C
Y =0003973 m*/kg ¥ ~02618 m’/kg
H=3063 kJ/kg H ~3063 kl/kg
§=5522 kl/kgK S=17145 kJ/kgK
Also
0
%=0=M1S1+M2S2+€ + Syen =
) . S A oA kJ
= Syen = My(S, = 5)) 00 =2 =5, 5, =7.145-5522 = 1623——
M] kg-K
3.5
o— 2
System L 2]
W

Energy balance

constan

AU = (Uf ~UL)+(Uf ~U!) = B2 1y e~ [PBVvgiume





