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Thermodynamics|

SomeUsefulFormulae

1 Control Mass

Continuity Equation

m = constant

First Law

Compression-gansionvork

2
W, = / PV
1
For polytropicproceesPV" =c,
PV, —P\V.
W, = 2 i—nl L n#l

SecondLaw

For isothermalprocess

25Q _1Q
1 T T
For reversibleprocess
1S5 gen = 0
For adiabatigprocess
1Q=0
Thereforefor areversibleadiabaticprocess
$-8 = 0
-8 = 0

Thereforeareversibleadiabaticprocesss anisentropicprocess.



2 Control Volume
2.1 SteadyState SteadyFlow (SSSF)

Continuity
3= g =0
| e
First Law
. V? . V2 . .
> m (hi + 7‘ +gzi> -5 e (he+ 7"" +gze> +Qw—Wey=0
1 e

SecondLaw

IZMS—ZmeSe'FJZ%-FSJenZO

Reversibleprocess

Sen=0
Adiabaticprocess

Q=0
For oneinlet-oneoutletdevice, areversibleadiabaticprocesss thereforeanisentropicprocessyith

S=%
2.2 Uniform StateUniform Flow (USUF)
Continuity

(mp—my) =3 m-3me

First Law

V3 % V3
m, <u2+72+gzz> —m <u1+71+gzl) =>m (hi+7'+gzi) —Zme(he+7e+gze> + Qov —Wey
e

SecondLaw

M- M =3 ms - F st [ S8 g
3 GibbsEquation

Tds = du+Pdv
= dh—-vdP

This equationholdstruefor all simplecompressiblesubstances.



4 Propertiesof Pure Substances

4.1 Vapor-Liquid PhaseEquilibrium

For a specificpropertyg (suchash,u,vsetc)underthedome

4.2 I|deal Gas

Ideal GasEquations of State

du
Uy — Uy
dh
h2 - hl
SpecificHeatsand Ideal GasConstants
Entr opy Relationships
ds

Q= @ + Xy

C.dT
2
/ C.dT
1
C/(T,—T,) if C,isconstant

CodT

2
CpdT
e

Cp(T,—T,) if Cpisconstant

R=R/M
CP
=P _k
C
dT  _dP
2 dT P
Cpo— —RIn2
L PT TR

T. P, .
Cpln=2 —RIn-2 if constantC,
T 1

P, .
s, -t - Rln51 otherwise

e T R

/ Cv— + RIn—

Cvln— + RIn— if constanC,
T Vi



Isentropic Procesdor Ideal Gas
For variablespecificheats

For constanspecificheats

PV

P _ (% “
R, Vi
T

T

T

T

Il
/N
I\J< ||—\<
N~

T
-

Theabove four relationshipsalsohold for areversiblepolytropicprocesswith the polytropicexponentn replacingk.

4.3 IncompressibleSubstance

Equation of State

du=ch = CdT
2

u-u=h—h = /10dT
c(

T,—T,) if Cisconstant

Entr opy Relationships

du
ds = +
2 dT
A

T . .
= CIn=2 if Cisconstant
T

C=constantanusuallybe assumedor incompressiblesubstances.



5 Heat Engines,Heat Pumpsand Refrigerators

Thermalefficiency of heatengine

Whet

Qn

Qi—Q
Q4

N =

Coeficient of PerformancgC.O.P)of HeatPump

Coeficient of PerformancgC.O.P)of Refrigerator

Carnot Cycle

6 Isentropic Efficiency of Engineering Devices

. W

Nwrbine = Ws

Ncompressor = W
Vg/Z

Nhozzle = @



7 Irr eversibility and Availability
Availability:
W= (h- TOS) - (href - TOSref)
Irreversibility:
= ToShen

Work in an SSSFprocesswith heatgainQ, from T, andheatlossQ, to T,:

Whe = Qy (1— E) + (W, — W) — |
TH

SecondLaw Efficiency (Effectiveness)

Turbine:
=V
2 (W, —We)
Compressor:
(W, —We)
r’z - W
net

8 Power and Refrigeration Cycles

8.1 Ideal Rankine Cycle

1-2:Isentropiccompressiofin pump

2-3: Constanpressuréeatadditionin boiler

3-4: Isentropicexpansionin turbine

4-1: Constanpressurédeatrejectionin condenser

Working fluid is usuallywateror othertwo-phasesubstance



Work andheattransferformulae:

Wp h, —h,
= V(P —P)
o0, = hy—h,
0 = h—-h
Also
S = S
S = K

8.2 Ideal Air Standard Brayton Cycle

p=c
3

T 2 p=c

1-2:1sentropiccompressiofin compressor

2-3: Constanpressuréeatadditionin heatexchanger

3-4: Isentropicexpansionin turbine
e 4-1: Constanpressurdneatrejectionin heatexchanger
e Working fluid idealizedto beair

Work andheattransferformulae:

We = h—h
o, = hy—h,
d = h—h
Also
S = S
S =



For constanC,

We
a, =
I
0 =
Also
o
T
T _
T
For variableC,
P
Py
Pra
Ps

8.3 Ideal Air Standard Otto Cycle

e Ottocycleis apiston-g/linder cycle (controlmass)
e Modelssparkignition (Sl) engines

e 1-2:Isentropiccompression



e 2-3: Constanwolumeheataddition
e 3-4:Isentropicexpansion

e 4-1: Constanwolumeheatrejection
e Working fluid idealizedto beair

Procesd-2:

Proces-3:

Us;— U,

Process3-4:

Proces<l-1.

Up— U,

Thermalefficiency of Otto cycle (For constantCy)

wherer, is the compressiomatio.

MeanEffective Pressure:

Ntn

k=1

P\ *
(—2) if Cp congtant
P

(—1> if Cp constant
vz
—1W2
C/(T,—T,) if Cpconstant

2%
C/(T3—T,) if Cpconstant

Sy
k-1

P\
(—4> if Cp constant
Ps

Vo k-1
(—3> if Cp constant
V4

—3Wy

C/(T,—Ty) if Cyconstant

1%
C/(T,—T,) if Cyconstant

I
=
I
/N
l\)<|l—‘<
N———
i
=~

I
[N
|
—~
=
<
N—r
T
=



8.4

Ideal Air Standard DieselCycle

1-2:1sentropiccompression
2-3: Constanpressuréneataddition

3-4: Isentropicexpansion

e 4-1: Constanwolumeheatrejection

e Working fluid idealizedto beair

Procesd-2:

Proces-3:

Process3-4:

Dieselcycleis a piston-g/linder cycle (controlmass)

Modelscompressiomgnition (Cl) engines

—1Wp

243
= Cp (T3 - Tz)

k-1

- "

if Cp constant

= G (T,—T,) if Cpconstant
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Proces4-1:

Up—Uy = 10
= C/(T,-T,) if Cpconstant

Thermalefficiengy of Otto cycle (For constanCy)

8.5 Ideal Vapor Refrigeration Cycle

Simply Rankinecycle run backwards

Notehow points1,2,3,4have beenshifted

1-2:Isentropiccompressiofin compressor

2-3: Constanpressuréeatlossat high-temperatureource

3-4: Isentropicexpansionin expansiorvalve

4-1: Constanpressurédieatgainin evaporator

Working fluid is usuallyrefrigerantor othertwo-phasesubstance
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