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SRANIEC € A0INE IS am energy conversion machine
tplele CJJJo i9S eat irom a suitable source and
sONVENLSia portion of that heat into useful work.

ShEisource is usually a fluid (gas, liquid or gas-
h, idimixture).

_-l' _,—"""'

€ommon fluids used are water and steam (also
pentane ammonia, chloropentafluoroethane).

-8 Heat engines are devices or machines that
convert heat into work by a cyclic process.
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J/PESTof Heat,Engines

Mot heat englne — the “ideal™ engine.

rnot Heat pump
T1

a't ) m»

T

2

(@)
Figure 3.3. Two combinations of continuous heat and work flows between a high
temperature (7,) and a low temperature (T,) heat reservoir, allowed by the First and
Second Laws of Thermodynamics. The ellipse represents a device that can produce
work from heat or utilize work to move heat from a lower to a higher temperature,
For reversible systems (see text), Case (a) is a Carnot heat engine and Case (b) is a
Carnot heat pump. Adapted from Levenspiel (1996).
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> Carplgdio) ove 3limportant theorems about heat
erume,. i
r\JJ e 9 ersible heat engines operating between the
- San 9e two temperatures must have the same
* ..:9 |C|ency
= “‘*ReverSIbIe heat engines have the highest efficiency at
— the same temperatures.

— The reversible heat engine that has the larger
temperature difference has the highest efficiency (i.e,
it produces more work)
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Rankine cycle engines have some
eheracteristics that restrict efficiency:

o _)Q ' “tlee materials cannot tolerate high
pre sure steam above 600 degrees C.

I —_— -'.h.-—
—* .—I—I—-'

-i- Combustlon temperatures are much higher;
8 -—1000 1500 degrees C.
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Syster ..com

iayion cycle
3 \/\/or_}/lr j filuid is always in the vapor phase

= er' loss in the conversion from liquid to gas
| aparlzatlon) phase is avoided as well as
";—___; ﬁurmg condensation in the cycle.

== — _p.l"' -
"
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=== Total cycle efficiencies approach 28%!

,"5"




=
==
—_— —

MiiEgrated or comblned power cycle
~ Blf \/_rf )| turbine heat is used as a heat source
'f #a Rankine cycle system.

| Ural gas fueled Brayton cycle turbine
: frnked to a steam (Rankine) cycle system has
= __very high overall efficiencies; 60% or better.
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o Ty r\/s- dré commonly used
—Ji or.* park ignition (Otto cycle)
SIEIfor compriession ignition (Diesel)

Jj ich is:more efficient?

e = Technlcally, the gasoline engine produces more
= ~energy at the same compression ratio.

® Typical compression ratios for SI engines are 8-12;
12-24 for CI engines.

® Diesel engines are more efficient as a result.
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0.05 Rankine cycles Steam Rankineand -

Ocean thermal and
organic Rankine cycles

as turbine cycles
. (fossil ﬁreg?

1

lI]IIlIl | IIIIIII| | Iillllli

40:501:::25 100 1,000 10,000
Ty (C)

Figure 3.12. Practical efficiencies for heat-to-work conversion in various heat engine
cycles of interest in sustainable energy applications and corresponding Carnot limits,
as affected by heat source temperature. Heat is assumed to be rejected at average

ambient conditions, 1.e., 25°C and 1 bar pressure. Source: Tester and Modell (1997).
Reprinted with permission of Pearson Education, Inc.
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J Fnjn" zycles
J FOr e nstant mMass of gas, the operation of a
JEELENEINE IS a repeating cycle and its PV
rJJ <l am Wwill'be a closed figure. The idea of an
= “engine cycle is illustrated below for one of the
= mplest kinds of cycles. If the cycle is operated
- clockwise on the diagram, the engine uses heat
~ to do net work. If operated counterclockwise, it
Lises work to transport heat and is therefore
acting as a refrigerator or a heat pump
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ngine Cycles

LV 2. Work done on gas

Volume
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AlReonditioners'and Heat Pumps
RIgEOnaItioners and heat pUmpPS are heat endines like the
EislElElof: They make good use of the highr quality and flexibility
of ~Jeccr1m' In that they can use one unit of electric energy to
rmruer._ lore tham one unit of energy from a cold area to a hot
dred. “example, ani electric resistance heater using one kilowatt-
flotige) electrlc energy can transfer only 1 kWh of energy to heat
== yolrhouse at 100% efficiency. But 1 kWh of energy used in an
=== glectric heat pump could " pumﬂ 3 kWh of energy from the cooler
ﬁ'# outside environment into your house for heating. The ratio of the
~ = energy transferred to the electric energy used in the process is
— = called its coefficient of performance (CP % A typical CP for a
commercial heat pump is between 3 and 4 units transferred per unit
of electric energy supplied
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eff 2V Ol OUr engines is limitea by the Laws of
ermorI namlcs

Prele ch onstiraints (materials, engineering) decrease

IPETEIHIC ncy of our working engines compared to the

laler) ’Tarnot engine.

-_-:_;f_'j':iE" Sfelare 3 common types of engines used today in our
/stems.

= " e ”I'-radltlonal fossil fuel powered engines vary in their
effiiciencies.

e Modern engineering practice has attempted to increase
the efficiency of our energy production systems.
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