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Thermodynamics and energetics I: Exercise 10, Solution

1. Given: p; = 4 bar, i = 35°C, po = 18 bar, V = 1 m3/min, steady state, internally
reversible and isothermal process, neglect changes in kinetic and potential energy, ideal
gas. Ry = R/My,

(a)

First law of thermodynamics for open systemS'

ABev _ o~ +Zm g Zm he+ g
dt = YCov CV i gzi e e gZe
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0

0= Q12— Wip+ m(hy — hs)

Entropy rate balance:

dch Z +Zmi.si_zme.se+@
i e 0

Note: As compression is isothermal and only the working fluid is considered

to be in the control volume: T}, =T} =T, = 35 °C.

Entropy change for an ideal gas:

55— 81 = $°(Ty) — s°(T}) —Rayr - In (32) = —431.203 J/(kg - K)

~~ P
0
RairT
v = L = 0.2209 m® /kg
b1
V
m = — = 0.0755 kg/s
U1

Q1o = mTy(s2 — 51) = —10.03 kW

The enthalpy of an ideal gas is only a function of temperature, hy = h;

Wis = Q12 = —10.03 kW
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Alternatively:

2 2 2
: RairT . d .
Wiy = —m/ ’Udp = —m/ 1dp = _mRairTl/ _p = mR, T In (]ﬂ> = —10.03 kW
1 1 p 1 D D2

(b)

Control Volume (a)

Control Volume (b)

Assuming that Q5 and s; — s, are unchanged compared to (a), it follows that:

. . le le
-2 — =— - —=2.02W/K

(c¢) Although the process is internally reversible, there are external irreversibilities in the
vicinity of the compressor due to the heat transfer at a temperature different than air
temperature.
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2. Given: p; = 38 bar, T3 = 650 K, w; = 10 m/s, po = 1.5 bar, Ty = 310 K, wy
steady state, perfect gas (¢, = 2.5R), negligible potential energy.
Additionally: Mo, = 32 kg/kmol, Ro, = R/Mo, = 259.813 J/(kg - K)

= 750 m/s,

(a) First law of thermodynamics for open systems:

dECV

2
—ch—ch+Zml <h +—+,(}Z/) Zme ( —e+%)
W—/

0

Therefore, the specific heat transfer ¢;5 = Qm /1 is:

w?  w?
. — _ h _ h o 1 2
q12 ( 1 2) (—2 —2 )

U)Z w2
=—¢(Th = T3) — (—1 - —2>

2 2
= —3.5-259.813 - (650 — 310) — 0.5 - (10* — 750%)
= —27.98 kJ /kg.

Specific entropy chnage:

T,
. Rln
So S1 = Cp n (T1> (pl)
1 1 1 3
—35-259.813 - In (%) —959.813 - In (M)

3.8 x 106
= 166.47 J/(kg - K).

(b) Would need to know at what temperature the heat transfer occurs.
(c¢) Entropy rate balance:

dscv

Z +Zmi'81—zme‘se+dcv

Therefore, using the results of (a), specific entropy generation is obtained as:

&
% _ _q?lj + (55— 1) = 262.89 J/(kg - K).
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3. Given: m =1 kg, T7 = 240 °C, p; = 20 bar, Ty = 290 K, po = 1 bar; ignore kinetic and
potential energy.

T

| 2b

Exergy change neglecting kinetic and potential energy changes

By — By = (Uy — Uy) +po(Va — V1) — To(S2 — Sh)

From CoolProp Data: u; = 2582.862 kJ /kg, s1 = 7.609 kJ/(kg - K), v; = 0.191 m*/kg
From exercise description: p = const= 20 bar. and v, = 2v; = 0.382 m* /kg

Using CoolProp Data: us, = 2611.528 kJ/kg, s9, = 7.696 kJ/(kg - K)

By — By = 1-(2611.528 — 2582.862) + 100 x (0.382 — 0.191) — 1 - 290 x (7.696 — 7.609)
By — By =226 kJ

At constant temperature

Exergy change neglecting kinetic and potential energy changes

By — By = (Uy — Uy) + po(Va — Vi) — To(S2 — Sh)

using CoolProp, the final state data is: wug, = 2583.115 kJ /kg, so, = 7.630 kJ /kg/K,
From exercise description: 7' = const. and v, = 2v; = 0.382 m® /kg

By — By =1-(2583.115 — 2582.862) + 100 x (0.382 — 0.191) — 1 - 290 x (7.63 — 7.609)
By — By =13.3kJ

4. Given: n = 1000 mol COy, V = 7 m® = const., p; = 4 bar, |Wee| = 12 kW, ¢t = 1 min,
resistor has negligible mass, ideal gas model, neglect kinetic and potential energy changes, Ty =
20 °C, pp = 1 bar
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Control Volume

(a)
t . .
Welec = _/ |We1ec|(t)dt - _|We1ec| -t =-T720kJ
0

Note: Electricity supplied to the control volume is considered as work. The minus
sign is due to the convention that when work is done to the system it is negative.

(b)

Exergy change neglecting kinetic and potential energy changes:
By — By = (U — Uy) + po(Va — Vi) — To(S2 — 1)
0
First principle of thermodynamics:
AU = Uy — Uy = Q12 —Wiag = —Wepee = 720 kJ
0

Note: The work provided to the resistor is converted to heat inside the control vol-
ume (Q12 = |Weee|) and this heat is provided to the system, therefore it is positive.
Considering a control volume without the resistor and considering a term of heat pro-
vided to the system instead of work provided is also correct. With this hypothesis,

AUy = Uy — Uy = Q12 — Wig = [Weree] = 720 kJ  (same result of before)

0
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T, =P 3368 K

nRk
For the perfect gas:

AUlZ = ncv(TZ - Tl) = Welec
Welec

ne,
RT:
Do = nv 2 = 4.3 bar

Entropy change for ideal gas:

T ~ P
SQ —Sl :TL'MC()2 -cpln (—2) —71-]\4002 -Rln <FQ)

T )
cp=C+ R

8.314 3615 8314 43

Sy — Sy =1000-44- (4.5 - 1 100044 - 22 (22

271 (4.5 =) - Inl5g575) — 1000 T,

AS ~ 2.05kJ/K
B2 — B1 = (U2 — Ul) — T()(SQ — Sl) = AU12 - ToAS =119.6 kJ

()

Closed system exergy balance:

2
T
Bg—Blz/ (1—%)5@2— W—po(Va—V2) | =  Tyo
N b 4 0 Exergy destruction

0
T(]O' == _(B2 — B1> - Welec = 600.4 kJ



