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Unit One

1.1 Analysis of Thermodynamic Systems

Thermodynamics is invaluable in the analysis of any system involving energy transfers;
the most common and practical uses of thermodynamics in engineering are in analysis of
systems containing some sort of working substance, usually in a liquid or gaseous phase,
which is flowing or circulating through the device. In this chapter we shall examine the
characteristics of a number of thermodynamic systems, mostly of this variety, and, in addition,
we shall look at the behavior of some more unusual devices which show promise of practical
utility in the future. These characteristics may be predicted from a combination of
thermodynamic analysis and experience with operating hardware. For the most part we shall
consider systems sufficiently idealized that analysis of their performance is within the range of
our studies thus far.

The systems of chief interest here are those which effect some sort of energy conversion.
In power-generating systems we are interested in converting the internal energy of
hydrocarbon fuel molecules, or the atomic energy of uranium or plutonium, into electric or
mechanical energy. In refrigeration systems we are interested in keeping some area cool by
continual removal of energy as heat from that arca. Most such systems involve a working
fluid, such as water or air, which is circulated through the system in a cycle. In steam power
plants (Fig. 1.1) the cycle is usually closed. While in gas power systems, such as the
turboprop engine (Fig.1.2),the cycle is often open (closed by the atmosphere) .

In addition, we now have the many consequences of the second law at our disposal and
are in a position to employ them in discussing the performance of thermodynamic systems.
The second law places strong limitations on the performance of thermal energy-conversion and
thermal transfer systems, and we shall examine these in the following discussions.

Especially important is the temperature-entropy plane; when matter undergoes a
reversible process, the sequence of states through which it passes traces out a line on the T-s
plane (Fig.1.3).Since the process is reversible, the energy transferred as heat to a unit of
mass of the substance is represented by the area under the curve on the T-s plane. If the

substance undergoes a cyclic process, there will be no net change in its interal energy over a

.
.
.
.
.
.
-
.
.
.

)

1 € €€ ,

ONIYIINIONT INIWGINOT ONV ININNOHIAND TVHNLOALIHOYV ¥0J HSITONI TYNOISSIH0Hd




|25+ A Ti2E IR Z 7) M4 [S—
Professional English on Architecture and Civil Engineering _‘

Boiler
/ High pressure hot steam
. \ 0, Turbine
. Pump Heal s5tice Generator
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: Condenser
H.ﬂ'.—— _L
1 -E Low pressure wet steam
Pump
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Fig.1.1 schematic of a simple steam power plant

£ Reduction gears Propeller shaft

fi; Acgessgrics 2-stage centrifugal compressor
52

% / 3-stage axial turbine
b

&

Fuel nozzles

/ Front bearing

Integral inlet duct A0 o1ar combustor Rear bearing

Fig.1.2  details of a turboprop engine

cycle,and consequently the net energy transferred to a unit mass of the substance as heat
during the cycle must equal the net energy transfer as work from the substance (work done),
and both equal the area enclosed by the reversible path on the T-s plane (Fig.1.4).The T-
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saturated-liquid lines

saturated-vapor lines
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Fig.1.3 the T-s clane is particularly useful

in showing amounts of energy transfer as heat

s process representation can therefore be a very graphic aid in comparing and evaluating

thermodynamic systems, and we shall make extensive use of it.
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Fig.1.4 the cyclic integral of T - s represents the net iE §
energy transfer as heat to the substance 2
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operating hardware
idealized
performance
energy conversion
power-generating
uranium
plutonium

working fluid
cycle

steam power plant
boiler

heat resource
condenser

pump

turbine

generator

gas power system
turboprop engine
integral inlet duct
reduction gears
accessories
propeller shaft
front bearings
2-stage centrifugal compressor
3-stage axial turbine
fuel nozzle

rear bearings
annular chamber
temperature-entropy plane
reversible

area

net

work
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enclosed adj . £ Y
graphic aid g i HE BY
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1.1 AAREHIDH

ST RERER N REN, RO EREKAMER, JANFETE
PEYRMRERMNARAMEETEM LENAR, X TRERREREANR
RS BE RS, EEED, RITBFR—ERNRENRE, ENSHRT
XFRR, o, BV BELRE RNEKE, ENEERESR TRMAELH
Mo XEARETT BN BTG BB AT E VS BOR T . AT K0 R4
T B, X R TR RN R R Z .

EXEBRIMNBXBHIERLAEMHEERENRR, BEFEINTHRSE
R, BAVBIER )RR IR0 T B N BB 7 Bl BUBR A B BE 22 D e RE R ML
. ZEMIR RET, MITBNEBH R AELENS K P ABUAFRE FEE
B REFEMARFLER LR, HIIUKRER, EUBEFR T RERE PR,
WA B (E 1D JEFEERE R, MRS RET , Blinik R
RRFHPUF(E 1.2) , EFEERIFOH(HBAKEHZ).

sk, BRATAEF L T EA RS SRR, e BN RE A FR
REBHEREN. B ERAH T ARBERMME B RE TR E , 8]
BET EATHE PR RN,

FHEEMRBHEE, YYRET—THIRN, EEHRRSESEEL
E T-s B LA H— &L (B 1.3), I THBREARK, UMM T RIELBAE
BRBETLUMR T-s B EXRKTHENERRER, WRYREH —MERT
B IBA, X TRMETFRUE TN ERA B SRR, BRI LR 27
A AR RY)RA RGBT YR LAZh 0 J7 K1 Sh A%t ¥ BE B (T
YEMITDh), —EERE T T-s B LSRR FCEWER(E 1.4), Bt T-s 32
BIA] LR SOt B BRAT LA ER A RE, RITET ZEAE.

1.2 The Carnot Cycle

The Camot cycle is the reversible cycle defined by two isothermal processes and two
isentropic processes (Fig.1.5) . Since a reversible isentropic process is adiabatic, the only
energy transfer as heat to a piece of substance undergoing a Camot cycle occurs during the
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Fig.1.5 the Camot engine

isothermal processes. The Carnot cycle constitutes a reversible 2T engine, and consequently
the ratios of the energy transfers as heat defined in Fig.1.5 are given by

Qu _ Tu
Q T
Its energy-conversion efficiency is therefore
W _ Ow-0c Tc
= — = /= =] - = 1
0 = O T W

The highest efficiencies will be obtained when the ratio T/ Ty is as small as possible. One
would like to add the energy as heat at as high a temperature as possible and reject energy as
heat at the lowest possible temperature.

The Carnot cycle operates as a refrigerator when reversed (Fig.1.6) . The area enclosed

Fig.1.6 the Camot refrigerator

by its T-s process path would represent the work required per cycle of operation, and we

J 39> o
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should like this to be as small as possible. This suggests that this relation can easily be
derived at will from dQ,,, = T'ds,since
Qy Ty(ss - s) Ty

Te(se = 81) — Tc
having T} as close as possible to T is most desirable. A refrigeration cycle is rated in terms

of its cop( coefficient of performance):
Pt = o o)

For the Camot refrigerator,
Qe T
PE0y-0Qc Ty-Tc

Unlike the efficiency, the cop can range from zero to infinity. For a Camot refrigerator

(3)

extracting energy as heat from a cold space at 0 °F and tra.ﬁsferxing energy as heat to an
environment at 60 °F,

_ 460 _
COP =350 -460 ~

Real refrigeration systems operating between the same two temperatures have cop values of
the order of 2 to 3.

An interesting use of the refrigerator is a heat pump. Here the objective is not to keep a

7.7

region cool but instead to keep a region (such as a house) warm.The energy transfer to the

hot space is then of prime interest, and it is customary to define the cop as

COPheat - pup =% (4)

Then, for a Cammot heat pump,

0T,
P = B~ 0o = Ty = T ()

For example, a Camot heat pump taking energy from the outdoors at — 10 °C and transferring

energy into a house at 20 °C has a cop of

oo 293
COP = 293 - 263

This means that the homeowner would be getting energy into the house equal to almost 10

=9.7

times the electric energy showing up on his utility bill. A practical heat pump may have a cop
of 3 to 4,but even this makes a heat pump far superior to direct electric-resistance heating
from the point of view of utility costs.

The Camot cycle is very useful in estimating limits of efficiency for given operating

7 €€ .
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