


CHAPTER 22 :

heatengnes , entropyandzndlaw of thermodgnamics

Sector I :

Defīnition of " Heat Engine
"
:

Adevicetakesinenergybyheat.operates.in

agdeandexpelsomeofitsenergygmeansofwork.lt
engli



Defnition of " Weng
"
:

Workdone.by the engne

Weng ⼆ 1 Qnl -1 Qcl

_

⼆

inagdicprocess.theworkdone.by

theengineADistheendosedareainl-jap-VdiagamDe.fi
nition of

"

Thermal Eficieng
"
:

e =yā-19点必-_- = 1 -器
Perfect Engne : Qc = 0

,
e = 1

fkevin-Plankformthe.si/awZofthermodgnamic
⇒ Impossibktomakea perftengne ,



怎只螡 ⇒

Refrigeratorl※
蕊笹饕品恐碧悲。

irreversibk.lt



Sector 3 : Carnot Engne
Carnots Theorum :

No heatengneoperatingbetweentwoenergyreseroirsanbemoreefic.ie
ntthanacarnotenginebetweenthesametworeserwirs.AM
heatengnes.ae/essefficientthanthecarnotengne

beeausedonotoperatethnghareersibkgde.Reve.rs
ibkgdeiInaP-Vdigram.cn
engnestartsfromaninitidstatusandbacktothe.in

itid statethroughtheso.me path ,



P-VdigramforaamotengneiThenetworkdone.bytheengine :

Weng = Q - Qc
*

Sinceitgoesbacktotheinitials.ae :
△ Ein ⼆ 0 *

p ^ ˋ

ˋ /

1 A
'Qhl1

,ii., WengiTni、

1

Dli-hhC.li ⼀ Tc

Qce
⼆nā-19点必-_- = 1 -器



Ina arnot engne :

{ W ⼆ rnln的

mi = pf ftp.Afterthederioation
⇒ earnot = 1 - 仙巡 = 1 -i
( Eficieng ofacarnotengne )

AHCarnotengnesoperatingbetweenthesame.tw

otemperaturehaethesameefficieng.SIif Tc = 0.ec ⼆ 1

if 在 ⼆ T.ec ⼆ 0

-

|
Notpossibe <-



Coeficieng of Performance ⼆ 台 :

Copc ⼆ 10点 ⼆ ⼀
⼼

⼀ Heatingf1Qnl-1Qd

==幾 ⼆ 套
⼆ 蔬

i.GR =焉
。 Cogf

Sector 4 : Ottogde

Gasdineengnennnnnn.ph
1

、
⇒ Adiabatic

'
\ C

1Bocessiifiili-i.TA-i.no
v

02 81



-eotto ⼆ 1 -

(告 )…

( 告 ⇒ Gmpression Ratio )

Sector 5 : Entropy

Zeroth Law :

{ a a :

Emperature ,
T

Internal Energy ,

△

EīntzdLaw ˋ Entropy ,

S

⇒ Thermodgnamics
Statisticd Mechanics }

_

器器蕊蕊台
四

1LIsolatedsystemstendtowarddisorderandentropyis.cn<-
measureofdisorde.rs



Micro states :

{𨰻毕管簽
⼀ o

Maao states :

A discriptionoftheonditionfromamacrosopicpointofview.be
pressure ,

volumeanddensiyofgastodescribk.Theentireuniverse.is
moving

intoagreaterdisorderstate.Theentropyoftheunive.rs
e

{ nīncreasesīnallrealprocesswnnnnnnnnnnnnnn
Another wg ofdescribing Idtaw :

dS = df



-

Definition of dQr :

Amountofheattransferredintof.int…叫Constant

becausetheprocessisuinfinitestimdYPointoftheonce.pt
:-(. DependsontheendpointCIndependenttothepat.tn )
2. Entropycanbecdculatedforareversibkpathwiththeso.me
initidandfndpoint.ggl For īrreersibkprocess ) 、

3. Describe the " change
"

Whokin
entropy 。



Sector 6 :

Iftheprocess.is

irreversibk.thenthetotdentropyofanisolatedsys.am
dwaysincreases.Inareversibkprocess.tk
totalentropyofanisolatedsystemremainsonstants.IE
ntropychangeinthermalonductionil.is

⼆ t.to



2. Entropy change isafreeexpansion :

IǕ
奾
雙唇懋

-

dW = 0
,
此 ⼆ 0

dEin ⼆ 0
, ⼼ = 0

( ⺎ = Tf )

Caritus.es ⼆ Sfds = S{毕
( Since dQ ⼆ 0

,
正 ⼆ 下 )

Findareversibleprocessinsteadoftheirreversible.process
,whichhasthesameinitidandfindstate.si

⇒ Isothermal reversibk expansion

△S = S!些 =,=1id.nu
⇒ dEin ⼆ 0 i.SI dQr ⼆ fdwx



i. s = fdw = nRln管 , 0
( For

agasexpendfromh-VfattemperatureTJForalimitedp.ro
ces.si

△5 ⼆ fds ⼆ f些

LTisnotaonstant.de
⼆

positivewhenabsorbingheat-ngtivewhenexpelinghe.at )
l. Carnot Gde :
Tdchangeīnentropypㄟ 1

Ai Qn forthe gde :
i ˊ

-1t IB LS ⼆ △Sn ⼗ 九SciilQcv but 1点半、
⼆ 晉
⼀⇒ 以 ⼆ 0 fora carnot engne



2. Non ⼀ Carnot Gde :

Areersiblegdezts
⼆ 0 ⇒ 毕 ⼆ 0

⇒

Theintegrationoerachosedpath3.Gnsideraquasistatic.ee
rsibkprocessforanidealgas.E.li :

dEint ⼆ dQr ⼗四⼀上

dQr ⼆ dEint ⼀ dw Theworkdone

⼆ dEint ⼀ pdv onthe.gs :
⼆

dEint-nRTE-PV-nRT-nadT-nRTE-p-nRTfi.os.si
些 = Sǚna年 ⼀ n叫皓

= nalnl到正
⼀ nRlnl器 )

⇒ sdependsonyontheinitialandfindstateofthesyst.cm
。



4 Entropychangeīncdorimetric
process :

1雨 nīcnn
Q = 1 - Qn )

C , Cz innrnnnennn

Tc Th

M.C.de ⼆ L-mzC.hn )

m.GL T-Tc ) = I-M.GL T-T )

T = mGTchmc.tm.cz
s = f些 +9些

⼆ m.GS璵 + me.SE千
⼆ m.c.hn喜 + m.c.tn喜 > o



Seetor 7 :

㘥 -1爾-
Wi ⼆点 CThetotdnumberofpossibkbcationsofasingkmd.ecuks )

⇒ Numberofwgsthatmdeculescanbeplaced.in
thevdume.ThenumberofwgslocatingNmdecules.is

" Wi = wǐ
"

Wi = ( 蚩 )
'̌
= wǐ

Wf ⼆ ( 器)N = Wf
N

器 = ( 蚩⺮ (散⼉
= (告)N



仍在 (哭) = kdnl器) N

= nNAKBGL器)

KBlnwf-KBlnwi-nRlnlfjsf.si
= nRlnl器)

i://s-Entropyisameasureofdisorde.ro


