Microscopic Entropy.
Microscopic def. -

*measure of the molecular disorder of the system. Its
value isrelated to the number of microscopic states
available at a particular macroscopic state.

S =klIn(p) orAS=Kkln(py/py)
where p; is the number of distinguishable
microstates in the ith macrostate.

* # microstates - number of equivaent ways of
macroscopic arrangement.
emacrostate - distinct arrangement of molecules.

Configurational Entropy
Microstates

Macrostates

S =kin(l) § =kIn(2) S = kin(1)

1

Macrostates Can divide space into equal sized boxes
S = kin—N! N particles, M boxes, m; in box i
i  -factorial, 5 = 5-4-3-2-1

_Hlmi' Note 0!'=1

| =

_ 2! _ 2!
§ = klnﬁ § = klnﬁ
= kin(2) = kin(1)




Expand Volume

o6l
§ = klnm = kln(l)
_ 8|
S = kngo o
= kIn(1)

Stirling’s Approximation
For N > 100
INN!' = NInN - N
KINN! = NKINN—-N=nRINN—-N
L et each dot represent 1000 molecules

s = Kin—N S = kin N

"Nior._o (%')!(%')!...

Entropy change of mixing
L et each dot represent 1000 particles,

blue ASolue = nblueRlng
3

red A§'ed = r]redRmi

3 3

E_Nred = éNblue = I\Itotal

Entropy of mixing




3.3 MACROSCOPIC DEFINITION OF ENTROPY

*THE SECOND LAW OF THERMODY NAMICS
states that reversible processes and/or optimum work
interactions occur without entropy generation.

elrreversible - increase in entropy of universe,
(lost work).

*Reversible - no increase in entropy of the universe.
(no entropy generation).

*Proposed processes that would result in adecrease in
the entropy of the universe are impossible.

ENTROPY DEFINITION (Macroscopic)

10

Calculating S
d[U + KE+ PE] = dQ + dWg—-PdV

Constant pressure path

11

dSE dQI’EV
Tsys
As= ]9
Tws
a. any rev. path
b. Tgys is system property
Constant volume path
as = (Y -
Tsys '
| sothermal path (ig)
dQ = dU +PdV =

T
AS=CyIn=2 (%)
Tl

12




3.5 Carnot Engine, Thermal Efficiency

Energy Balance

Hot reservoir W et = Qp + O
TH L
- Definition _
0 nE_WS_“et:u%?
i o Qu
,\/ C) \; Ws et Entropy Balgqr?e fgroﬁ)toundary
\\»//// AS:O__—I__+—T—:
Qc Qy . Q. 'H c
Cold Reservoir T T Tc
n= net work ouput _ —Ws et Te Qc _ Tc n=1-2=
= N -_ - - H
heat input Q, Qyu Ty
13 14
3.6 Carnot Heat Pump
warm or hot E-bal 3.7 Internal Reversibility
*Maximum efficiency (or COP) when Carnot
temperatures match reservoir temperatures.
hot
16
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3.8 Real Process Equipment

*Outlet pressure will match reversible device.

Process Schematics

turbine
*Qutlet enthalpy will be higher.
eefficiency:
W, compressor
*puMp, compressor 1 = - 100%
Wact
w
oturbine, expander 1 = —2< . 100% pump
Wrev
heat exchanger
17 18
3.9 Entropy Balances Valve
Adiabatic Turbine, Compressor, Pump Steady-State  T,P [ j
d . Q.
- Smmln - Soutmout + + S
Bté %‘ ozut Zi - By Energy Balance
Turbine Calculations:
AH valvesirreversible
em = Zﬁ -100% where ou pou
- forig AS = CjInf — —RIn—| (*ig)
AH' isreversible(AS = 0) T" p'"
Tpin sout Nozzles (gas flow)
19
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3.10 Chartsincluding Entropy

21

apor

22

3.11 Steam Turbine Calculations

23

3.12 Multistage Turbines

Py P3

3
= only the last stage
T4 near saturation if
no reheat
reversible . = H, + nAH"'
\ 2 1M
S4Ss

24




Multistage turbines with Reheat

3.13 Pumps, Compressors

1 3 A
L2 T
" reheater
P3 = P2 assumed
T /
S H
25 26
3.13 Multistage Compression
1 2 3
P
T
S H
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Strategies for applying the S-balance.
New terms -

|s S-balance needed?

Syen Usually not pointed out.
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