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1. Property Determination — Simple Compressible Substances

Points to remember

1. In general, two independent intensive properties are required to fix a state. Intensive properties
are T, P, and the per—unit—mass properties v, u, h, s, and, for saturated subtances, x.

2. For saturated substances, P and T are not independent. If T is given for a saturated substance,
then P is fixed, and visa—versa. So P and T alone will not fix the state of a saturated substance.

3. If the problem is dealing with water, R—12, or some other condensing substance, use the
appropriate property tables. If the problem deals with air, O, No, or some other gas, use the
ideal gas law.

Example Problems

1. Determine the specific volume v, internal energy u, and enthalpy A of water under the following
conditions.
SOLUTION:

a) 7.5 MPa, 100 °C: The first step is to determine whether the state is saturated. Checking a
saturated pressure table for water, we see that, at 7.5 MPa, T,,;=290.4°C > 100°C — so the state
is a compressed liquid. Often we don’t have property tables for substances in this region — so we
estimate the properties using the saturated temperature table.

v(7.5 MPa, 100°C) = v;(100°C) = 0.001043 m? /kg

(7.5 MPa, 100°C) & 1;(100°C) = 418.75 kJ /kg

h(7.5 MPa, 100°C) & 7y (100°C) + v;(100°C)[7.5 MPa — Pyur (100°C)]
— 418.9 + 0.001043[7500 — 101.32] = 426.6 kJ /kg

b) 4 MPa, 360 °C: This state is a superheated vapor — because 360 °C > Tsu (4 MPa) =
250.3 °C. Looking in a superheated water table (table D.10*) for P = 4000 kPa, we see that we
need to interpolate:

360 — 350
400 — 350

1
= 0.066448 + 5[0.073377 —0.066448] = 0.067834 m?/kg

v(4 MPa, 360°C) =~ v(4 MPa, 350°C) + [v(4 MPa,400°C) — v(4 MPa, 300°C)]

Performing similar calculations to obtain u and h yields
1
u({4 MPa, 360°C) = 2827.6 + 3[2920.6 — 2827.6] = 2846.2 kJ/kg
1
h{4 MPa, 360°C) = 3093.4 + 3[3214.1 —3093.4] = 3117.5 kJ/kg

¢) 150 kPa, 10% quality: We use the saturated water pressure table (D.9) to obtain

v(150 kPa, z = 0.1) = v;(150 kPa) + z - v14(150 kPa)
0.001053 + 0.1 - 1.15612 = 0.11667 m® /kg

u(150 kPa,z = 0.1) = u;(150 kPa) 4+ & - u;4,(150 kPa) = 466.74 4+ 0.1 - 2052.9 = 672.03 kJ/kg

* tables refer to Howell and Buckius, Fundamentals of Engineering Thermodynamics. Use the
appropriate table from your thermo text.



h(150 kPa,z = 0.1) = hy(150 kPa) 4z - hy,(150 kPa) = 466.9 + 0.1 - 2226.3 = 689.53 kJ /kg

d) 158 °C, 90% quality: First, we have to interpolate in the saturated temperature table to
obtain the saturation properties at 158 °C.

158 — 155
160 — 155

158 — 155
160 — 155
v(158°C, = = 0.9) = 0.001100 4 0.9 - 0.32145 = 0.29041 m®/kg

Similar calculations for u and h yield

v (158°C) = 0.001096 + 0.001102 — 0.001096] = 0.001100 m? /kg

014 (158°C) = 0.34514 + 0.30566 — 0.34514] = 0.32145 m?® /kg

u(158°C,z = 0.9) = 2369.7 kJ /kg h(158°C,z = 0.9) = 2545.8 kJ /kg
e) saturated liquid at 100 kPa: This property can be read directly from table D.9:
v(100 kPa, sat.liq.) = v;(100 kPa) = 0.001043 m®/kg
u(100 kPa, sat.liq.) = 1;(100 kPa) = 417.20 m® /kg
R(100 kPa, sat.liq.) = h;(100 kPa) = 417.3 m®/kg
f) 5 MPa, 430 °C: Here, we need to interpolate in the superheated tables, (D.10):

430 — 400

/| N fend B ————
v(5 MPa,430°C) = 0.057792 + 150 — 100

[0.063252 — 0.057792] = 0.061068 m* /kg

u(b MPa, 430°C) = 2963.1 kJ/kg  h(5 MPa,430°C) = 3268.4 kJ/kg

2. Find the following properties from the saturated and/or superheated tables.

a) (P = 85 psia, h = 500 Btu/Ibm): We're in the English tables now. From the saturated
pressure table, E.9,

h = 500 Btu/lbm = (85 psia) + x - h4(85 psia) = 286.4 Btu/lbm + x - 897.9 Btu/lbm

Solving for x:
. 500 — 286.4

897.9
b) h(u = 850 Btu/lbm, z = 0.5): Here we have the relation

=0.238

u = 850 Btu/lIbm = u; + 0.5 - uy,

There’s only one point in the saturated tables at which the above will be satisfied. To find it,
however, we have to guess the state. The results of this iteration procedure follow. A pressure was
guessed, u; and u;, were obtained from table E.9, and u was calculated from the above equation.
The pressure guess was then refined, and the procedure repeated.

iteration P (guess), psia w(P.z = 0.5), Btu/lbm

1 400 770.61
2 1400 845.06
3 1500 849.24
4 1600 853.06



The solution is between the final two guesses. Interpolating between these values:

850 — 849.24 _

We now use this pressure to interpolate values of h; and h;y from table D.9:
h; = 614.31 Btu/lbm Ay = 554.58 Btu/lbm

h{u = 850 Btu/lbm,z = 0.5) = 614.31 + 0.5 - 554.58 = 891.6 Btu/lbm

¢) h(u = 1350 Btu/lbm, v = 1.5 ft3/Ibm): If we had a listing of properties as a function of
u and v, we'd be set — but this is not the case. So, we have to construct a new table. Looking
in table E.10, for P between 450 and 600 psia, we see that when w is around 1350 Btu/lbm, v is
around 1.5 ft3/1bm — which is where we want to be. The first step is to interpolate values of v and
h for v = 1350 Btu/lbm:
P.psia w, Btu/lbm v, ft3/lbm A, Btu/lbm

450 1350 1.8467 1503.8
500 1350 1.6614 1503.7
550 1350 1.5095 1503.6
600 1350 1.3833 1503.6

We could now interpolate the last two entries in the above data to obtain A for v = 1.5 3 /lbm
— but there is no need to do so, because we see that h is nearly constant over the listed pressures.
So
R(u = 1350 Btu/lbm,v = 1.5 ft*/Ibm) = 1503.6 Btu/lbm

3. A rigid container is filled with steam at 700 kPa and 200 °C. At what temperature will the
steam start to condense when the container is cooled? To what temperature must the container
be cooled to condense 50% of the water mass?

SOLUTION: First we obtain the specific volume of the steam at 700 kPa, 200°C. The steam is in

a superheated state, and we need to interpolate between the pressures of 600 and 800 kPa in table

D.10.
700 — 600

800 — 600
The container is rigid — so the volume remains constant. The steam will
start to condense at a temperature 75 when v = vy (7%). Looking in the sat-
urated temperature table, we find that for 7' = 160°C, v = 0.3068 m?/kg
— so the condensation temperature is

v(700 kPa, 200°C) = 0.3521 + (0.2608 — 0.3521) = 0.3065 Eg/kg

\

T ~ 160°C

As the water is further cooled, the volume still remains constant. At a
temperature T3, half of the mass will be liquid. Consequently,

v =0.3068 m*/kg = v;(T3) + 0.5 - vy, (T3)

To accurately solve for T3, we would need to guess a value of 73, look up the values of v; and vy,
at this temperature, evaluate the above equation, and see if it is satisfied. Thus, it would be an
iterative solution procedure. As an approximation, however, we note that v; < vz —so

0.3068 m3 /kg

=0.6136 m®/k
05 0.6136 m” /kg

Vg &



Using this value of v;,, and interpolating in table D.8, we find

0.6136 — 0.66702 o
T35 =130 + 058071 — 0.66702(135 —130) = 133.1°C

4. The pressure gauge on a 0.8 m® oxygen tank reads 200 kPa. Determine the amount of oxygen
in the tank if the temperature is 18°C and the atmospheric pressure is 95 kPa.
SOLUTION: Here we assume ideal-gas behavior. The gas constant for O2 is 0.2598 kJ/kg - K, and
the absolute temperature and pressure are 291 K and 295 kPa. The mass in the tank is then

_ PV (295 kPa)(0.8 m®)
 RT  (0.2598 kJ /kg - K)(291K)
=3.12 kg

Closed Systems: Boundarvy Work (PdV work) and the First Law

The boundary work done on a system during a process from state 1 to state 2 is given by:

Va
Wi o=+ / PdVv
Jv,
Notice the positive sign —this is somewhat arbitrary. For this particular sign convention, work done
by the system is considered positive. That is, if the system is compressed (resulting in a negative
dV), the work will be considered negative. Likewise, if the system expands (i.e., work done by the
system) the work has a positive sign.

Some thermodynamics texts define work done by the system as negative — in which case a
negative, rather than positive, sign appears in the above equation. No particular convention is
right or wrong — the important thing is to make sure that the first law is written consistent with
the sign convention. For example, for a closed system the First Law of Thermodynamics can be
written

Qro—Wio=Fy—FE

In the above, ()15 is the heat transfer during the process, and F; and Fy are the system’s total
energy at states 1 and 2. The sign convention adopted for the above equation implies that heat
transferred to the system and work done by the system are considered positive. Alternatively, if we
defined work done on the system as positive, then the first law would be written Q1 o + Wi o =
Ey—Fy.

Example Problems

1. The piston-cylinder apparatus at right encloses 0.7 kg of water. Ini-
tially, the water is saturated, with 90% of the water by volume in the
vapor phase, and the temperature is 200 °C. Heat is added to the
system, and the water expands until the piston reaches the stops. At
this point the volume of the system is 0.014 m®. Heat is further added
until the water reaches a saturated vapor state.

a) Determine the initial quality, specific volume, and internal energy of the water.
The initial state is specified as a saturated mixture. We’re given the proportion of vapor by

volume — to determine the properties, we’ll need the proportion by mass, or the quality x.
mg  (Vy/vg) Vg v v + Vg
:I; = — = — = —_—" +— = 0-9 *
m (V/v) Voo, Ug
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where V' and v are the total and specific volumes of the mixture. Everything in the above equation
is known except z. Solving for z yields

1(200°C) 0.001156
21 =09 —=09- = 0.0758
= 14(200°C) — 0.9 - 174 (200°C) 0.1271 — 0.9 - 0.12597

The initial specific volume and internal energy are then

v; = 0.001156 4 0.0758 - 0.12597 = 0.0107 m? /kg
u1 = 850.32 + 0.0758 - 1743.0 = 982.4 kJ /kg

b) Calculate the work done by the water during the expansion. /l\ P

The water expands until the piston reaches the stops - at P ’ \
which point the total volume is 0.014 m®. The work done by the / 3 \
water during this process is '

Va [}
W12_/ PdV = P (Vo — V) /
Jv ! 1 2

since P is constant. The pressure is the saturation pressure at '
200°C, and the total volume at state 1 is /

Vi = v -m = (0.0118 m*/kg)(0.7kg) = 0.00826 m®
So, the work is evaluated as
Wi 5 = 1553.9 kPa[(0.014 m®) — (0.00749 m*)] = 8.92 kJ

Work is positive — because the system expands.
¢) Determine the final temperature and internal energy of the water.

The water is a saturated vapor (z=1) at the final state. Since the system’s volume is constant
from state 2 to 3,
0.014 m*

0.7 kg

Going to the saturated steam tables, we look for a v, equal to v3. From table D.8, we see that, for
T = 305°C, v, = 0.0199 m®/kg — which is close enough.

vy =wv2 = Vo/m = =0.02 m* /kg

T3 = 305°C  ug = uy(305°C) = 2557.6 kJ/kg

d) Using the first law (@ — W = AU), calculate the total heat transfer @ to the water during the
process.
Rearranging the 15 law:

Q13 ="Us— Uy + Wi = (0.7 kg)[(2557.6 kJ /kg) — (997.1 kJ/kg)] + 8.92 kJ = 1101 kJ

2. A polytropic process is one in which the pressure and volume are related by the equation
PV™ = constant

where n is a specified constant. Derive an expression for the work done by a gas undergoing a
polytropic process between states A and B in terms of P4, V4, Py, Vi, and n.
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SOLUTION: Expressing P in terms of V', and using the formula for the work;

Vv, Vv,
B B d
Wa_p = / PdV = const x / v

Va JVa Vn
const

_{ 1—n
constxln(E), n=1

\ Va

The constant can be related to the initial and final states by

(V5" =Vy™), n#1

PV™ = constant = P4V} = PgVyg

Using this in the expressions for the work, we obtain

1
Hjﬂ%%—&WLn#l
Wa B = {

Vi
PiValn| — =1
L AAn<VA)7 n

3. An ideal gas is contained within a piston-cylinder apparatus
as shown. The mass and cross sectional area of the piston
are 50 kg and 0.005 m?, and the initial volume, pressure, and
temperature of the gas are 0.0025 m3, 101.3 kPa, and 20 °C. ,r
The pressure of the environment is 1 atm. Initally, the piston
is resting on stops. Heat is added to the gas until the piston
has travelled a distance of 0.2 m.
a) Draw the process on a P — v diagram.
b) Calculate the work done by the gas. .
¢) Determine the final temperature of the gas. Q

SOLUTION: As heat is transferred to the gas, the temperature and pressure of the gas increase.
However, as long as the force exerted upwards by the gas against the piston is less than the forces
acting down on the piston, due to the piston weight and the atmospheric pressure, the piston will
remain on the stops and the gas volume will remain constant. At a critical gas pressure, the upward
and downward forces will be balanced, and the piston will begin to rise. Performing a force balance
on the piston yields

PA = PymA+myg

Solving for Ps:

my (50 kg)(9.81 m/s?) kPa
P=—" 4Py, = 101.3 kPa = 199.4 kP
2Ty Tl 0.005m? 1000 Pa : *
Further heat transfer to the gas will now cause the system -5
to expand. The pressure of the gas, however, is maintained at P

the constant value of P, = 199.4 kPa by the constant forces act-
ing down on the piston. The overall process thus consists of a
constant-volume process followed by a constant pressure process.
On the P — V diagram, the process would appear:

7V
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The work performed by the gas is given by

Va
Woas = / PdV = Po(Vo — V7)) (pressure is constant)
Jv,

= P,AV = PyAAz = (199.4 kPa)(0.005 m?)(0.2 m) = 0.1994 kJ

We use the ideal gas law, PV = mRT, to find the temperatures. For the constant volume
process between states 1 and 2,

T T Py 199.4
o2 =722 =293 K —os — 5767 K
PR TP 101.3

And for the constant pressure process between states 2 and 3:

BT g Ve VerAde oo 00025+ (0.005)(0.2)

2 S — =8074 K
Vo VW Vs Vs 0.0025

4. Nitrogen, initially at 25°C and 120 kPa, is contained within a 0.1 m3 rigid, insulated (non-heat
transmitting) container. A 500-W light bulb inside the container is turned on, and begins to
heat the nitrogen. Considering that the container is designed for a maximum pressure of 500
kPa, how long will it take for the container to explode? Use the first law (@@ — W = AU) and
table D.4 to solve this problem.

SOLUTION: The container is rigid —so we can assume the volume remains constant during the pro-
cess. Consequently, at the maximum pressure of 500 kPa, the Ny temperature would be (assuming

ideal gas behavior):
P, 500
To=T1— =298 — =1241.7T K = 7°
5 55 98 130 7 968.7°C

Also, the mass of the gas is constant, and obtained from the ideal gas law:

PV (120 kPa)(0.1 m?)
- - —0.1357 k
"7 RT, T (0.2968 kJ kg - K)(298 K) &

The amount of energy that the light bulb would have to transfer to the gas to attain the bursting
pressure is obtained from the first law:

Wius = Ua — Ur = m[u(Te) — u(Ty)]
Interpolating from the Nitrogen table (D.4):
Wi = 0.1357 kg[995.83 — 221.44]( kJ/kg) = 105.1 kJ
The light transfers energy at the rate of 500 W. The amount of time required to transfer Wy, is

3
_ Wbulb _ 105.1 x 10° J —9102 s
Wouip 500 J/s

t




First Law — Open Svstems
The first law applied to a control volume can be written in the general form:

8 ) V2 . \[2 . .
EECV: Z m[h+7+gz]inlet5_ Z m[h+7+gz]outletS_W+Q

inlets outlets

The key to correctly applying this equation to open system problems is knowing which terms are
important, and which can be neglected.

1. Steam flows steadily through an adiabatic turbine. The inlet conditions of the steam are 12.5
MPa, 500°C, and 80 m/s, and the exit conditions are 10 kPa, 92% quality, and 40 m/s. The
mass flow rate of the steam is 25 kg/s. Determine the turbine inlet area and the turbine power
output.

SOLUTION: The turbine is steady, so the time derivative in the first law can be neglected. Adi-
abatic means Q = 0. There’s only one inlet and one outlet, and thus for the steady problem
mi1 = 1e = 1h. We can also neglect potential energy changes. The first law reduces to:
2 2
(s + 2) — (hs + )] =~

Interpolating from D.10, the inlet state is
12.5 MPa, 500°C : v = 0.03036 m®/kg, h; = 3343.3 kJ /kg
and the exit state is, from D.9,
10 kPa, 2 =0.92: hy =191.7+0.92 - 2393.3 = 2393.5 kJ /kg
The inlet area is obtained from the continuity equation:

AV 25 kg /s)(0. 3 /k
o AV (25 ke/s)(0.003036 m7/ke) 05 2
vy 80 m/s

The power output is:

. 402 — 802

= — oo J . = - /]
w 25 kg/s - (2395.5 — 3343.3 + 2000 ) =23.8 MW

Work is positive — meaning that the turbine produces work.

2. Steam flows steadily through a turbine at a rate of 25,000 kg/hr, entering at 8 MPa and 450°C,
and leaving at 30 kPa as a saturated vapor. If the power generated by the turbine is 4 MW,
determine the rate of heat loss from the steam.

SOLUTION: Enthalpies at the inlet and exit state are obtained from the tables:

8 MPa, 450°C : hy = 3273.5 kJ/kg, 30 kPa, sat. vapor : he = 2625.5 kJ /kg
The heat transfer rate is obtained from the first law. Neglecting Ake, we have:

Q=m-(ho—h))+W

25,000 kg/hr
= 2 5/ (2625.5 kJ/kg — 3275.5 kJ /kg) + 4000 kJ /s = =500 kW
3600 5/hr ( /kg /kg) + /s



The minus sign means that heat is transferred from the turbine.

3. Refrigerant-12 enters an adiabatic compressor as a saturated vapor at -20°C and leaves at 600
kPa and 70°C. The mass flow rate of the refrigerant is 0.25 kg/s. Determine the power input
to the compressor and the volume flow rate of the refrigerant at the compressor inlet.

SOLUTION: The properties of R-12 at the inlet state are obtained from table D.11:

—20°C, sat. vapor : vy = 0.10891 m®/kg, h, = 342.68 kJ/kg
and at the exit state, which is superheated, we use table D.13:
600 kPa, 70°C: he = 394.22 kJ/kg
Neglecting heat transfer and Ake, the power input is given by:

W = —riv- (hy — hy) = 0.25 kg/s - (394.22 kJ/kg — 342.68 kJ/kg)
= —12.89 kW

The work is negative because power is consumed by the compressor. The volumetric flow rate at
the inlet is given by

V =y = (0.25 kg/s)(0.10891 m? /kg) = 0.0272 m3 /s

4. Air enters an adiabatic nozzle at 500 kPa, 200°C and 30 m/s, and leaves at 100 kPa and 180
m/s. The inlet area of the nozzle is 120 cm?. Determine (a) the mass flow rate through the
nozzle, (b) the exit temperature of the air, and (c) the exit area of the nozzle.

SOLUTION: From the continuity equation:

104 2
s _ViAl  ViAP (30 m/s)(120 101 m?)(500 kPa) o ke /s
v RT (0.287 kJ /kg - K)(473K) oo ol

Assuming constant specific heats for the air, the first law for the nozzle is

V2 V2
eo(Te=Th) + 5 = 5 =0

Use the value for ¢, given in the air table at 200°C. Solving for 1> yields

1 1 kJ
T, = 200° - - .Z./1 s)% — s)?] - =184.6°C = 457.6K
b = 200 C+1.O249kJ/kg-K 5 (180 m/s)* — (30 m/s)?| 00— 184.6°C = 457.6
The exit area is found from the continuity equation:
ViA VoA V1T, P, 457.
o= T2 4, = 121-A1:W)-1200m2:96.7cm2
U1 U2 V2T1P2 (180)(473)(100)

5. Refrigerant-12 is throttled from the saturated liquid state at 800 kPa to a pressure of 140
kPa. Determine the temperature drop during this process and the final specific volume of the
refrigerant.
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SOLUTION: At the throttle inlet, the enthalpy is k1 = 231.39 kJ/kg. The first law for the throttle
reduces to

Using this value of & and F» = 140 kPa, we find that h; < ho < hy—so the exit state is a saturated
mixture. The exit state is then, from interpolation,

Ty = Tsqt(140 kPa) = —23.1°C

ho—h;  231.39—179.05
hug 162.23 0323

T2

v = v+ vy = 6.816-10* 4 0.323 - 0.1287 = 0.04221 m* /kg

6. 0.6 kg/s of water at 70°C enters a mixing chamber, where it
is mixed with a flow of cold water at 20°C. The mixed flow
leaves the chamber at 42°C. Determine the mass flow of the 3
cold water. Assume the mixing takes place at 300 kPa. ’r
SOLUTION: Let state 1 refer to the hot water, 2 to the cold
water, and 3 to the mix. Combining the fist law and conservation
of mass for the mixing chamber yields

mihy + 1mohy = (hy + 1ha)hs
For liquid water, Ah =~ ¢AT. Solving for r: 1 Z

Ts— Ty . 42 — 20
= mMo — ——
T —T, ° 70—42

My

0.6 kg/s = 0.47 kg/s

7. Air enters the evaporator section of a window air
conditioner at 14.7 psia and 90°F with a volumetric

Ay : ] | —  —L 1
flow rate of 200 ft°/min. Refrigerant-12 at 20 psia —_ 3

and with a quality of 30% enters the evaporator at a' r

a rate of 4 Ibm/min and leaves as a saturated vapor I

at the same pressure. Determine (a) the rate of heat \‘ K" Z_ &
transfer from the air, in Btu/hr, and (b) the exit 2 __r l ‘

temperature of the air.
SOLUTION: The mass flow rate of the air is

V. VP _ (200 ft® /min)(14.7 Ibf /in®) (144 in?/ft?)
v RT (53.34 ft - Ibf /ITbm - R)(550 R)
The inlet and exit enthalpies of the R-12 are

Mair = = 14.43 Tbm/min
hi =6.774+ 0.3 - 69.627 = 27.662 Btu/lbm hs = hy = 76.401 Btu/lbm
Assuming constant specific heats for the air, we write the first law for the entire evaporator as
MairCp(T2 — T1) air + 1 p—12(he — h1)p—12 =0

nR ho — hy 4 48.74 Btu/lbm
Ty =T — -2 — 90°F — .
2 e Cp %0 14.43 0.2401 Btu/lbm - R

=33.7°F
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The heat transfer from the air is the heat transfer to the R-12, so
Qair = _QRflg = —melgAhRflg = —11700 Btu/hr

This is the capacity of an average-sized window air conditioner.

8. An insulated rigid tank is initially evacuated. A valve is opened, and atmospheric air at 100
kPa and 25°C enters the tank until the pressure in the tank reaches 100 kPa, at which point
the valve is closed. Determine the final temperature in the tank. Assume constant specific
heats.

SOLUTION: The process is adiabatic, no work is transferred, the enthalpy entering the tank is
constant, and nothing leaves the tank — so the unsteady, open-system first law reduces to

Moty — MU = Minlin

Furthermore, the initial mass of the tank m; is zero, and from conservation of mass ms = m;,. We
then have
U9 = hzn

For constant specific heats:

Ty = cyThn — Ty = 2T = kTy, = 1.4 298K = 417.2K = 144.2°C

Co

Second Law Analysis

A statement of the Second Law of Thermodynamics is that the change in the total entropy
(system + environment) during a process must be greater than or equal to zero:

AStot - Assys + ASenv >0

If the process is totally reversible, then the equality will hold. Otherwise, the inequality is the case.
Entropy, S, is a property. Important relationships between § and other thermodynamic prop-
erties are given by the Gibbs equations:

TdS=dU+PdV TdS=dH-VdP

1. 1 kg of air, initially at 200°C and 1 atm, is enclosed in a rigid container. The container
is allowed to cool, and ultimately reaches the ambient temperature of 20°C. Determine the
change in entropy of the air and the environment. Prove that the 2"? law is satisfied.

SOLUTION: For an ideal gas, we can use the Gibbs equations to derive:

T
2 JdT PQ)
ASeys = m cp— — RIn | —
Yy [,/Tl P T <P1 ]

For variable specific heats, we have

ASgys = m[so(T2) — s0(T1) — RIn <%)]

12



13



The process is isentropic:

\'%
22— h—h
9 1 2
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Tlcomp =

. . W?)l
V =rmuv = =
Wy,
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QH - THAS QL = TLAS
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Tg =

Nen =

Weyrh = hg — hy = 456.9 Btu/lbm

Wnet

qH
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