
'I

Heatcapacity : Cu(T)=D
For vdW Sys. (See. obj#4-4-)

const. We know :

S= NRIn[-b) (n+a()+So

S #

#y - u= CRT- a/v
=> OS1 =Rin(b) + cRInTS
&U , = cR(Tf-To) -(= )

=> For sys2 .

Q=/TC(T)dT=TdT =EDIT- T2)

&Sc = Jirc => D (Tzf-Tzo)

-Stotal=S. +DSc= O -> max w
condition.

-> Rin
[Vf-b)

+cRIn +D (Tzf-T20) = o(Vo-b)

-> T2f = Tro- (b) - CRI
↓

->U .+ Q2+W3 = 0

-> Wa= - Qu-U =[D(Tr -F2)-cR(Ta-To)--
Max work



obj#6 . Heat Engines (Entropy

1
. Coefficients of Engines.

2. Carnot Cycles.

3. Measurability of
T

, andS

4. Engine performance (power

5. Other engine cycles .

Generally , we have : 1) (dQh+ dWn)+ActNews
=0

2 dS= 0= &Sh+So

=dQh
1 . Heat Engine, refrigerator, heat pump .

↳ Heat Engine .
Efficiency of the engine .

EnergySource The EEEdWrws I(Boiler, Furnace = 1-

iv FQh)
c-dQh)

3.RcETc(tQh)
Th 2 dWrws = (l=-

cold sys Mechanical * EEPw/ ToU
TC

EE >1W/ To ->P



2) For refrigerator : Extract heat from cold sys.

(Qc) To

Environment Th.
Er =

(-dW)
= 3 =

Th-TC

↑
TQh

1)Energy Conservation :

AQc)=W C-N) Qu= - tQc) + 1- tW)

refrigerator Power

To Plant(RWS)
2) Entropy :

oStotal = 0 = dSh * &Sc

tQc= (On) = I ↓ ↓

AQh +-
->Rc I (Q+W

>Qc(1-I) =I
> dQc=
TC

ER =
Th-To

* if Tc+ Th
, Ex -> large .

(or -> +) (why ?)

* if. Tc 0 , Er=> small Cor->0) (why ?)

3 heat pump: heat a warm sys.



Building The En =
IQh Th
I

Interior (-W) Th-To
↑
TQh

AQc)= T Eaw) T C-N)
Th-TC

Ambient 7 Power
Environment Plant(RWS)TC

2. The carnot cycle.

Hot

Auxiliary
sys.

RWS

cold

W

1) offers a manner by which heat are

conveyed to the RWS

2) can be restored to the initial state

at the end of the process.
"cycle" S 3) NOT enter the overall energy or

Entropy accounting.



T1 Tn"i > in "Y
,

i

To Isothermal TC Adiabatic

Expansion V Expansion.
(SA,TA) > · (SB

, TBs)

- 1 V

(SD, TD) E · (Sc . To)A

Iso thermal

InFi Impression
.

compression.

S

S
1) TA = TB = Th >TTT
2 SacSa . SB = Sc

,
Sc > Sp , Sp =SA

Qh Q

Efficiency : =
S - TiUS

= 1- I#S

Pr e.g. Assuming ideal gas.

(PV= nRT)
B

· EOS : P = PCS, V,N)

of the specific syst
i



3. Measurability of T and S .

1) why ?

· Engine efficiency : EE = 1- Im
· Et can be measured : by heat flux and work.

· define standard T.: ice/water/vapor

old sys . W/Tc
2) For "S"

. IQ = T: &S - dS=

4. Engine performance :

* Power output : work done per unit time .

knowing = (T2-T)
conductance (heat)

T S

Th Th

(warm) Tw
⑧ X ....... Th

1 V
W

D RWS

(Tepid) Th O - ....... Tc

Ta To
2

S .
Q

( M )max t =
& (T2-Ti)



(- Qh) QC
t = # ) Assume the adiabatic

On (Th-Tw) O (TE-Tc)
process takes neglible

time)

w = E . -Qh) = (1-2) = Tw-Tt
(Q2)

Tw
~ Tw

-> (- Qh)=TW

QCE FOR FOR W

=> + =


