CHAPTER III

EXERGY, ENERGY LEVEL AND ENERGY UTILIZATION DIAGRAM
IN ENERGY INTEGRATION
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1) Law of conservation of enexrgy : A H = Q- W (1)
2) Law of increase in entropy : AS 2 Q/T (2)

For physical processes such as heating, cooling,
mixing, and separation, no chemical reactions occur, and all the
materials remsin unchanged only their thermodynamic states are
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changed in the control volume. At the steady state, the moles of each
component entering the process mist be equal to that leaving the

process.

For chemical processes such as reactions, on the

contray, some of the materials converted. However, the gram atoms

mtl‘ﬂp?nrfthemt and
e /A H and the entropy
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increase /\ S caused L tie oce: \\‘\\ ined as follows.
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the process are defined
based on the input and -~ : "of the materials, the process
J may release heat
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Figure 3.2 Flow of heat @ and work W.

3.1.2 Huwﬂmmptuf.-’_\.ﬂm‘déﬁforu?m

4 new conrept of heat and work introduced by Ishida
[21] has greatly simplified the thermodynamics of a process system.
The following four special processes below have neither input nor
output of materisls.
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Heat source : When a heat reservoir releases a quantity of heat @ at
the temperature T, it may be regarded as heat source a process. In
this case .&Hand,&ﬁfnrthel‘raatmﬁeus shown in Figure
3.3 (a).

Heat sink : Similarly when a hea-.t reservoir absorbs a gquantity of

heat @ at the temperature T, Wmﬁﬁm‘d&ﬁfurnasshm

in Figure 3.3 (b).

Heat Sink
Cg) = il
A AS = AH/T
= Q/T
Figure 3.3 A 'S ‘268 t'heat Source and heat sink
Work source : When a D tleases a quantity of work W,

its A H and A S_are .as shown in F 3.4 (a).

‘sbsorbs a quantity of W,
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Figure 3.4 &HMQSfaramkmmmﬂmrksink

Work sink : Si ;—7———
imﬁﬂmﬂas.&u ,

A process which consists of materiasl flow can be
represented by Figure 3.5. HNote that, energy flow is not included in
the A H and /A S of a process.
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/A H = Houtl + Hout2 - Hinl - Hin2
A S = Soutl + Sout2 - Sinl - Sin2

present process system A4S 1‘-;,:::,-.-;-.-'.‘.‘

AAYEININIALINT 5
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Figure 3.6 Concept of a process system.

The increase in entropy is caused by irreversibility
in the system. |
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3.1.4 Exergy Change of a Process, AE
The word EXERGY comes from combining “"ex” which means

i

out” and "erg” which is a unit of work. Then, exergy is defined as

the work that is available in & material stream as s result of its

nonequilibrium eonditions relative toc some reference condition. Since
LY

the sea level and atmospheric garditions serve as the ultimate sink

(7
Thus,
So (8)
In summary : § LS YR of conservation of energy

3.1.5 Apmmtimt.utm haat mhﬂg&
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processesl. Gmara.llyme mmtl‘ntamtalﬂ the

Wﬁ?ﬂﬂ w*r"amma B

2 constitute a process system,
Haut Source (Th)

3 erto the following equations are applicable.
E ;: ZAH = AHh+AH = 0
Pl SASi = ASh+ASL 2 0
‘\___,; AH = -@ ; ASh =-Th
Heat Sink (T1) AH = Q ; ASl = QTl

Figure 3.7 Process scheme of heat exchange
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-@Th+&Tl 2 0
B - W S TR
. Th 2 T1 (9)

That is, heat must flow from & higher to a lower temperature.

second law is that the quantity of energy
in terms of & oifibeadEsAOA/fulk \ law deals with the
quality of energy 06 ’ le. According to the
exergy concept, WVa 5 formg of energy of the same quantity may
differ in their pc é jety. The same thing
can be said of the t different temperature
levels. Hence, a new ailability factor, or simply
energy level

(10)
It describes the a@\;mt of exergy in & certaih quantity of energy, in
other words, the eXergy concent is the maximum fraction of energy

. mmqﬂmmw EJ']ﬂ‘i

The basic eguations for any binary process system are

1. A HL = A Hed+ A Hea = 0
2. A8 = A Sed + /A Sea =T
3. SAEL = AEed+ AEea £ 0O

The significant of the availibity factor can be shown as follows.
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Thus -2 AEi -2, (/A Hi - To/\Si)

0+Tol A Si 3 g

| A (A5 AR

= /\ Hea (Aed - Aea) = 0

n

"

M ‘ = o/ esa
AN TN TN R TTVIE TR B
q
Hence, we may conclude that a process, in which Aed <
Aea happens at some points, is infeasible even if the average Aed is
much greater than the average Aea. The point at which the difference
between Aed and Aea is smallest (but nonnegative) is called the pinch

point.
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3.2.3 Special Form of Energy Level, A

The availability factor, or energy level, of heat and

work is given by

Heat AH =@ and AS = T
The exergy change of eguation (7Y can be rearranged as
AE

(12)

gual to 1 - To/T which is

equivalent to ef ?‘N\ snges its temperature

from zero to infinigy g \ f A changes from minus
infinity to unity. 2 uni 'k\\ value of energy level of
::" temperature). Energy level

heat occured at infinit€ t@mperat
is equal to zero when iEs Y reference state or
ambient temperat ';-:';_"-T"-‘E——'———— 'I lower than reference
state, A ;* : : Wture approach to

zero (low tmnmn‘)ha becomes mi infinity (see Figure 3.9).

ok @umwﬁﬁ;m
vy el hae) bt

For work, the energy level is equal to unity.
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T = aeees level of work and

level of heat at infinite temperature

3.3 Exergy Loss
By plot

transformed energy dHes -he'-“amoe & of exe gy loss in the subsystem
5.0f a heat—donating line

LY

ISV = J
and heat-accepting ] v_shows whether the heat

[
supply is enough c ﬂntmmttnatorw h level of heat is in

ol m.,m NN e
> IR T T B < =

integratfion based on this diagram have been recently discussed by
Umeda et al.(1973).
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