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Review Availability and Exergy

0 Mass balance for CV: dmCV z S
out
» For CM: m=constant out

0 Energy balance for CV:

dEcy . . . v2 . v?2
Tt =Q+W+Z:min h+7+gz —zmout h+7+gz
in out

in out

» For CM: dEcy = dUcy + dKEcy + dPEcy = Qdt + Wdt
0 Entropy Balance for CV:

mlnsln mOUtSOUt + G

out

. ds ,

dt — LuTy,
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Review Availability and Exergy

O Availability or non-flow exergy for closed systems:

® =m¢ep =m[(u—uy) + Py(v—vy) — Ty(s —sg) + ke + pe]

0 Relationship between useful work and availabllity:

T
Wactusetot (E -E )+po(v V) T (SZ_Sl)_ZQ {1_?J+T6tot

J j

a

= Wien =P~ @, ZQ{ LJ TG, T, = temp. of reservoir

or Wact use,CM _(D CD ZQ [
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Review Availability and Exergy

0 Stream availability or flow exergy:

V2

quml/):m[(h_ho)+7+g(z_zo)_To(S_So)]

0 Exergy balance for CV:

dPcy . . : Ty , dVey .
= Min Yin — Mout Your + Qj 1——|+(Wev +po — To0cy
dt 2 2 Z T, dt
in

out j

dVCV

V.VCV — V.vuse — Po dt

O Irreversibilities or exergy destruction Ioy = T, 6.y
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Review Availability and Exergy

0 Heat Engine (power cycle):

» Thermal efficiency (based on First Law):

» Reversible heat engine (Carnot heat engine)

Nthermal HE,rev = MCarnotHE = 1 — 7~ 7 =
Qx|

» Second Law efficiency/effectiveness

— For reservolirs;:

. _ Wheel 1Qul = 1011 , Q|
th LHE — — - LT T
e Qu Qx| Qu
Q) . TIAS| T,
Ty|ASy] Ty
. . Nthermal HE . |Wout,use| . 77th,act|QH|
€ILHE = TMILHE = . - T 6 = T,
Carnot,HE Qy |QH| ( _ E)
. - 77
| Wout,use | =MNth,Carnot

— Finite temperatures:

26b.5 © Davide Ziviani

€ILHE = MILHE —

AY,



Review Availability and Exergy

0 Heat Pump (Air-conditioning/Refrigeration):
» Coefficient of Performance (cooling mode C):

Q1|
COPC,act — W
» Reversible heat pump cycle (cooling mode)
Iy,
COPC,Carnot — T, — T,

» Second Law efficiency/effectiveness

— For reservoirs: A COPcact  Pgq
HP,C — - :
COPC,Carnot w

— General expression: COPc¢ gct

g =
HP.C COPC,Carnot
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Review Availability and Exergy

0 Heat Pump (Heating):
» Coefficient of Performance (heating mode H):

_|ox]
COPy act = —
» Reversible heat pump cycle (heating mode)
Ty
COPH,Carnot — Ty — T,

» Second Law efficiency/effectiveness

— For reservoirs: . COPy qct CDQH
HE, H COPH Carnot W

— General expression: COPy gt
€HPH —

COPH,Carnot
26b.7 © Davide Ziviani




Review Availability and Exergy

O Turbine (adiabatic):

: .. _ |Wactuall
» Isentropic efficiency: Mtis =
|Wisentropic |
e . W, m
» Exergetic efficiency/effectiveness & = | s aCt“al}J/
in — Yout
0 Compressor/Pump (adiabatic):
» |sentropic efficiency: N = —sentropic
' Wactual
: . . _ lpout — win
» Exergetic efficiency/effectiveness: & =W i
actua
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Review Availability and Exergy

0 Heat exchanger without mixing and adiabatic (c=cold stream; h=hot stream):
» EXxergetic efficiency/effectiveness

_ me (lpc,out B l/)c,in)

EHXx = =
mp (lph,in - l/)h,out)

O Direct contact heat exchanger (mixing) adiabatic:

» Hot stream: 1 i, (Vs — y)
" _
» Cold stream: 2 Emix = Thj(l/ij — ¢§>

» Mixed stream: 3

0 General definition of second law efficiency/effectiveness:

Exergy recovered Exergy destroyed

Exergy supplied Exergy supplied

€ =
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