HWG6 (Thermodynamics I)
Due: 2015/06/09, 1 PM

1. Water at 150°C, 400 kPa, is brought to 1200°C in a constant pressure process. Find the
change in the specific entropy, using a) the steam tables, b) the ideal gas water Table A.8,
and c) the specific heat from A.5.

Solution:
a)
State 1: Table B.1.3 Superheated vapor s; = 6.9299 kJ/kgK

State 2: Table B.1.3 s, =9.7059 klJ/kgK
sp - 81 = 9.7059 - 6.9299 = 2,776 kJ/kgK
b)
Table A.8 at423.15K: 5%1 =11.13891 kl/kgK

Table A.8 at 1473.15K: sy, = 13.86383 ki/kgK
P
Sp - 81 =s$2—s¥1—RlnP—i=s$\2—s$1
s — 71 = 13.86383 - 11.13891 = 2.72492 kJ/kgK
c) Table A.5: Cpﬂ =1.872 kl/kgK

T, 1473.15
s - 81 = Cpoln ( T, )=1.8721n (7455 15 ) =23352 kJ/kgK
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2. We wish to obtain a supply of cold helium gas by applying the following technique.

Helium contained in a cylinder at ambient conditions, 100 kPa, 20°C, is compressed in a
reversible isothermal process to 600 kPa, after which the gas is expanded back to 100 kPa
in a reversible adiabatic process.

-

a. Show the process on a T—s diagram. iste!
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b. Calculate the final temperature and the net work per kilogram of helium. skp
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b) The adiabatic reversible expansion gives constant s from the entropy equation
Eq.6.37. With ideal gas and constant specific heat this gives relation in
Eq.6.23

2753

k-1
Ty = To(P3/Py) k =293.15 (100/600)°* = 143.15 K

The net work is summed up over the two processes. The isothermal process
has work as Eq.6.31

;W5 = -RTy In(P/P;) = -2.0771 kl/kg-K x 293.15 K x In(600/100)
=-1091.0 kl/kg

The adiabatic process has a work term from energy equation with no q

W3 = Cy(T5-T3) = 3.116 kl/kg-K (293.15 - 143.15) K = +467.4 kl/kg
The net work is the sum

wypr = -1091.0 +467.4 = -623.6 k) /kg

3. Water in a piston/cylinder is at 101 kPa, 25°C, and mass 0.5 kg. The piston rests on
some stops, and the pressure should be 1000 kPa to float the piston. We now heat the
water from a 200°C reservoir, so the volume becomes 5 times the initial volume. Find the
total heat transfer and the entropy generation.



Solution:
Take CV as the water out to the reservoir.
Continuity Eq.: my=my=m ;

Energy Eq.: m(u; —up) =1Q — W2
Entropy Eq.6.37: m(sp —s1) = I dQ/T +18; gen — 1Q2/Tres + 152 gen
Process: v = constant, then P = C = Pg .

Volume does go up so we get v =5 vy
State 1: v, =0.001003 m3/kg, u, = 104.86 kl/kg, s, =0.3673 kl/kgk

State 2: Py =Pgoa V2 =5 x 0.001003 = 0.005015 m3/kg; T, = 179.91°C

Xy = (Vo —Vg) fvfg =(0.005015 - 0.001127)/0.19332 = 0.02011,
up =761.67 + x5 x 1821.97 =798.31 kJ/kg

89 =2.1386 + xy x 4.4478 = 2.2280 kJ/kgK
From the process equation (see P-V diagram) we get the work as
Wy = Pgoat(vo — v1) = 1000 kPa (0.005015 — 0.001003) m3/kg = 4.012 kl/kg
From the energy equation we solve for the heat transfer
1Q2 =m[up —uy + wy] =0.5x[798.31 — 104.86 + 4.012] = 348.7 kJ
152 gen = m(s3— 81) — 1Qp/Tres = 0.5(2.2280 — 0.3673) — 348.7/473.15
=0.1934 kJ/K

5. A room at 22°C is heated electrically with 1500 W to keep steady temperature. The

outside ambient is at 5°C. Find the ﬂux of S (= &/T) into the room air, into the ambient
and the rate of entropy generation. sk

CV. The room and walls out to the ambient T, we assume steady state

Energy Eq.: 0= “i]el in— Qout => Qnut = V."(el in = 1500 W

Entropy Eq:: 0= Quu/T + Sgen 1ot
Flux of S into room air at 22°C: (.}fT =1500/295.15=5.08 WK
Flux of S into ambient air at 5°C: QJ"T =1500/278.15=5.393 W/K
Entropy generation: Sgcn tot = Qouth =1500/278.15=5393 W/K

Comment: The flux of S into the outside air is what leaves the control volume and since
the control volume did not receive any S it was all made in the process. Notice most of
the generation is done in the heater, the room heat loss process generates very little S
(5.393 -5.08=10.313 W/K)



6. A turbo charger boosts the inlet air pressure to an automobile engine. It consists of an
exhaust gas driven turbine directly connected to an air compressor, as shown in Fig.
P7.36. For a certain engine load the conditions are given in the figure. Assume that both
the turbine and the compressor are reversible and adiabatic having also the same mass
flow rate. Calculate the turbine exit temperature and power output. Find also the
compressor exit pressure and temperature.
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Figure P7.41
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Solution:
CV: Turbine, Steady single inlet and exit flows,

Process: adiabatic: g =0,
reversible: Sgen = i

EnergyEq.4.13: wp=hs-hy,
Entropy Eq.7.8: 54 =153

Compressor Turbine

The property relation for ideal gas gives Eq.6.23, k from Table A.5

k-1 1007N0.286
s4=53 —> Tq=T3(Py/P3) k =9232K| 79 =7932K

The energy equation is evaluated with specific heat from Table A5
wT = hy —hg = Cpg(T3 - T4) = 1.004(923.2 - 793.2) = 130.5 kl’kg

Wr = mwr = 13.05 kW

C.V. Compressor, steady 1 inlet and 1 exit, same flow rate as turbine.
Energy Eq.4.13: -w-=h;-h;,
Entropy Eq.7.9: s,=15;

Express the energy equation for the shaft and compressor having the turbine
power as input with the same mass flow rate so we get

-we=wp=130.5 kl’kg = Cpy(T7 - T;) = 1.004(T, - 303.2)

T,=4332K
The property relation for s, = s, 1s Eq.6.23 and inverted as
k
= 433.2\3.5
P, =P (To/T))k-1 = 100 kPa 03 2] =348.7 kPa

7. In a heat-driven refrigerator with ammonia as the working fluid, a turbine with inlet
conditions of 2.0 MPa, 70°C is used to drive a compressor with inlet saturated vapor at

—20°C. The exhausts, both at 1.2 MPa, are then mixed together. The ratio of the mass
flow rate to the turbine to the total exit flow was measured to be 0.62. Can this be true?
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Solution:

Assume the compressor and the turbine are both adiabatic.

C.V. Total: Compressor 1 Turbine

Continuity Eq.4.11: ms=my +my H:I}[
Energy Eq.4.10: [

mshs =mh; + mzhy

Entropy: msss=mys; +m3s3 + Sc.v.,gen
85 =ys1 T (1-y)s3 + Sc.v_gen/Ms

Assume y=m;/ms=0.62
State 1: Table B.2.2 h; =1542.7 kl/kg, s;=4.982 klkgK,
State 3: Table B.2.1 h;=1418.1 kl/’kg, s3=5.616klkgK
Solve for exit state 5 in the energy equation

hs =yh; + (1-y)h3 = 0.62 x 1542.7 + (1 - 0.62)1418.1 = 1495.4 kl/kg
State 5: hs=14954 kl/kg, Ps=1200kPa = s;=5.056kl/kgK
Now check the 2nd law, entropy generation

= Sc.v._gen/Ms = 85 - ¥51 - (1-y)s3 = -0.1669 Impossible

The problem could also have been solved assuming a reversible process
and then find the needed flow rate ratio y. Then y would have been found
larger than 0.62 so the stated process can not be true.

8. An initially empty 0.1 m3 cannister is filled with R-410A from a line flowing saturated
liquid at -5°C. This is done quickly such that the process is adiabatic. Find the final mass,
liquid and vapor volumes, if any, in the cannister. Is the process reversible?



Solution:
C.V. Cannister filling process where: Q;=0; W,=0; m; =0
Continuity Eq.4.15: my;-0=m,, ;
Energy Eq.4.16: mouy -0 =m; h;; . +0+0 = wuy=hy,
1: TableB.4.1 up=49.65, ug=201.75, h¢=50.22 all kl/kg
2: Py =Pyjpe; up=hy,e = 2phase uy>us; uy=ust+xoug
Xp =(50.22 - 49.65)/201.75 = 0.002825
= vy =vp+Xveg = 0.000841 +0.002825x0.03764 = 0.0009473 m3/kg
= my=Vi;=10556 kg ; m¢=106.262 kg; my=0.298 kg
Ve=mpve=0.089m’  V,=mgv,=00115m’
Process is irreversible (throttling) s, > sy

9. Steam enters a turbine at 200°C, 0.5 MPa and the mass flow rate is 2 kg/s. The steam
leaves the turbine at 0.1 MPa. For simple analysis, ignore the kinetic energy at the inlet
and the outlet. Calculate the power of the turbine (a) when the process is isentropic and
(b) when the efficiency of the turbine is 85%.






10. Air of 80°C and 0.5 MPa flows at 2 kg/s in a pipe. As the air flow through a valve, the
pressures decreases to 0.2 MPa. Calculate the temperature, speed, and entropy generation
rate of the air at the exit of the valve. Assume that the pipe wall is well insulated and the
specific heat of the air is constant.







