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1. all of theormodynamics in one sheet.
(a) [PDF
(b)

2. polytropic process diagrams
(a)
(b)

3. first and second laws diagrams
(a)
(b)

4. Gas laws
(a)
(b)
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Entropy change equation

Process that causes irreversibility Enthlapy definition
1. Friction
2. Unrestrained expansion [ |
Solids/Liquic
3. Heat transfer from hot to cold body o s‘/ fauds "’“" Gas
4. Mixing of 2 differrent substances dh = du +d(Pv) o RT
2
5. i%R loss in electric circuits dh = du+Pdosvdp so
6. Hystereris effects h=u+RT
4 = 0 incomoressible), and do = 0 dh - du+RdT
7. Ordinary combustion dh =~ du dh - C.dT + RAT
dh =~ CdT dh = CpdT
= Tz hy—hy = Cpln 2
h, —hy = Cln 2—hy = Cpln 7
1

Non—‘F|DW

Flow

Valid at any instance of time. Stead

y or not steady flow.

6Q = 6W+dE

[ 1
Solids/Liquids Ideal Gas
I |
d .
ds = dT_q (by definition, entropy law) ds = Tq (by definition, entropy law)
_dwidu _ dw, du _ dw+du _ dw , du
T T7T T T T
- Laev+La(cT) - Lapv+Ldem
C
~i(pavevar)+ Srar =+(pdv+vdp)+%d1’
“ Py dar
=gl gdPr G = Eav+ Lap+c, L
but dP = 0 since incompressible, but Pv = RT, hence
and dv is very small, so
ds:CdTT ds:Rq,—V+Rd?P+CVdTT
T _ Vo Py T2
sz—s,:clnﬁ sZ—sl-RInV1—+Rlnp—1+(:VInT—1

where E = U + KE + PE

Or, itcan be written as follows
(ignoring KE and PE changes to the
control mass)

‘ Qcv. + Mi(h+KE +PE); = Wey.+he(h + KE + PE), + ‘:—f
|

How to get this below from the above??

f
Non-steady state (Transient, state change)

[Qcv. + mi(h+ KE+ PE), = Wey.+me(h+ KE + PE), + (mau; —myuy)|

Qu2 = Wi + m(uz — 1)

]2

Usually Simplifies to

As a Rate equation

‘ch. + mihi = Wey.+mehe + (Mauz —myup)

HAm

State 1

State 2

ds=Cp 4 -REL

Non-flow
I

R
m(sz ~$1) = 7+ Sgen “j““

transient

&
$2=51 = 7 +Sgen

0= misi —mese + 22 +Sgen

5
0= 5i—Se+ 3 +Sgen

&
‘ M2S2 —M3S1 = M;iSj — MeSe + Tq + Sgen

steady state. m; = me = m

Qcv. + m(h +KE + PE); = Wey.+m(h + KE + PE),
Qcv. + mhi = Wey.+mhe
Qev. = Wey.+m(he —hi)
q-=

W+ (he — hi)
[

Steady state devices:

Heat exchanges, Nozzle,
Diffuser, Throttle, Turbine,
Compressors and Pumps

GAS

[
Ideal gas, Any process

P1Vi P2Vs
T

mass constant

Entropy change determination formulas, for an ideal gas, ANY proces

T

type

2 Cvy
sz—sl=J ——dT +R 1n
1 T

2 Cpy P,
s;—s,:J’ ——dT -R1ln —
1 T P

T, 2]
Cyo 1n '1‘_ +R1ln —

Assume (S2 81 =
constant, 1 Vi
V2 specifi
- heat T2 P
2 Soling S; -8 = CpD 1n _’.l‘ -R1ln _P
1 1
1 Table A6

Any gas, any process
u; -u; =Cy (T2 -Ty)

h; -h; =Cp (T2 -Ty)

n#l
_ (P2v; =P, vy)
1-n
R (T2 - T1)
Bounddry = -
Work 1-n
WORK

Using o o A
Table — 2
s;—81 = (s}, —st,) —RIn5*
du = Cyo dT ATor ‘ 2 1= ( T2 Tl) Py
dh = Cpo dT
Cpo—-Cw=R
w Ideal Gas Process classification
|
|
irreversible reversible
| 1
l
General formulas for reversible Gi | poly i
compressible processes eneral polytropic process formulas for,
2 5Q P VR = tant — ganeval
S; =81 = — Sqen 50 = constani Dmggzt
1 ds = —
T
&W=Ppav

| D —smwen—g)

‘ 1°% Law 6Q = 6W + 6U

‘ enthlapylaw H=U+ PV

Gibbs
equatigns

so

dH=dU + (PdV + Vdp)

Shaft work (for FLOW

Shaft|work

General
polytropic
relation

Entropy change determination formulas,
for an ideal gas. polytropic process type

Specialized polytropic
processes work formulas

Sy - 81 = (ch%) 1n (:—i

n =0 (constant P)

n = oo (constant V)

n =1 (constant T)

n=k, constant entropy

Bounday Soundary Shaftwork (for Boundary Shaft work (for
o
Work FLOW process only) Work FLOW process only) Shaftwork (for FLOW
N Bound process only)
w= (P2 V2 - Pz V2) _ a w=-J-vdP ok
=R (T,-T,) w——lvP S s w vdp
2T w= RT, 1n (—’] | :
Shaitwork ‘ P2 P, w (P2 V2 - P2 V2)
(for FLOW v, = -P; v; — =
fioe - =R1‘,1n[—2) w P1V,lnP 1-k
only) w=-(Pe Ve - P; Vi) vi i R (T, - Ty)
2~ 41
= -R (T - T;) v 1n [22 R 1n F¢ = —_—
E = v —_ = - N —_ -
o vtd Verffy this, what R oy 140 P, 1-k
Bmopy  volumeis this? *
change Ve
=RT; 1ln —
T Entropy| : Vi w= (Pe Ve = Py V3)
sz-sl=cv°ln ('1‘_) change 1-k
1 b kR
s;-s1 = RIn(22) “Tox T
1 Entrop:
Total specific work for steady state flow process where only sz
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shaft work is involved (no boundary work). Valid for ANY
reversible

e
Wootal = [, v dP +

rocess (do not have to be polytropic;

A 9@~ 202

f

Figure 1: thermodynamics




P V" = constant

We have a total of 7 unknowns. 3 in state 1, 3 in state 2, and n, the polytrpoic

process exponent. P 1
If given any 5 out of these 7, then the remaining 2 can be found. V1 ] Polytropic process
For example, if we know T1, P1, V1, n, P2, then we can find V2, and T2 T1
State 1 State 2
P n = constantV Process lines to left of adiabatic
line means negative Q (i.e. heat
OUT), on the right are positive Q_
COMPRESSIONQU (i.e. heat IN) process
ADRANT Heat OUT @N’
processes processes
‘\ lgnore this quadrant in real
) engineering equipments Clock wise,
[ g g equip. n=0,1,k,infinity
[}
Y Initial
state
s point =0 const
S
n=1,
A const T
lgnore this quadrant in real s
L . ey Heat IN EXPANSION
engineering equipments 4 /‘ e QUADRANT
:Z:‘zi‘f/ n=k, adiapatic, const S
v
T n=k constS
A
n =o constantV
, , ‘ n=0,
lgnore this quadrant in real . P
. o . cons
engineering equipments A
]
4
4
- 4
Initial »° EXPANSION
il QUADRANT
2 point « n=1 const
N .2 d I 4 T
COMPRESSIONQU .®
ADRANT o®
o L J
- -
lgnore this quadrant in real
. . o Clock wise,
engineering equipments =0, 1K infinity
v
S
Polytrpoic process
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Figure 2: polytropic process diagrams



Laws of thermodynamics

[ ‘ |
First law Second law
This is also called the law of conservation of emergy

The eatropy of an isoluted system increases in all real processes and is
‘ conserved in reversible processes.

‘ (13
(homr . 17w for sl s Chopter 6 The AVAILABLE energy of an isolated system decreases in all real
Q1 2-Wi =E;-E; 12 Law for control volume processes (and is consorved in reversible processes)
E =U+PE+KE ‘ The 2* law says that work and heat energy are ot the same. It is easier

1o convert all of work fo heat emergy, but not vis versa. i.e. work energy is

| Qin + Win + mi(h + PE + KE); = more valuable than beat enorgy. Heat can not be converted completely and

‘ ‘ Qout + Wout + Me(h + PE + KE), + (Mauz — myuy) continuowsly into work.
Chaptor 5.5 Chapter 5.6 So, 2+ law dictates the direction at which a systom state will change. It
onthalpy Cv Cp will move to a state of lesser avallable energy
H=U+PV Specific hoat Is the Stead: T i
h=u+Pv amount of heat required Sf:tey r;:t):::m Entropy Is constunt in a reversible adiabatlc process.
=u 1o raise the femp. of o 2 50
Derived from first Law unit mass by one degres S2-S1=[ F +Sen  Sgn 20
by setting P constant

o= (,;u) Adiabatic process Sgen = 0 = reversible process
aT )y

5Q — W = m(uz - uy) | 8Q = 0 = adiabatic process

a‘Q—IPdV:m(uz—u,) Cp:(%)p Whet = he = hi . . .
5Q - P(Va— V1) = m(uz - uy) Solids and liquids: Use W Hence, S, = S; for a reversible adiabatic process
39 = P(v2 = v1) + (Uz — 1) average specific heat C. W = | T e
80 = (Puz & ug) = (Pus + ) € = G Forsolis andlguids he Actual boundary work Wy, = [P dV — Wi
192 = ha —hy

Gibbs relations

Note: Even though enthlapy was derived by the Tds=dusPdy

assumption of constant P, it is a property of a

system state regardless of the process that lead Tds=dh-vdp
to the state. [ [ ‘
dh = du+d(Pv) b, oG
_ o sh = [ =2dT
dh = du+(vdP+Pdv) Solids, Liquid T T

| \ sp-s1 =59, —s9 ~Rln % Using table A.7 or A.8
T,
! s2-s1=Clngz  s;-s; = Coln= —RIng= Constant Cp,Cy

For solids and liquids For ideal gas :
‘ s;—5; = Cy Inﬁ —Rln% Constant Cp, Cy
. - Ko o
For solids and liquids, dv = 0 du = Cuo dT = e
since almost incompressible, hence dh = CVO dT PO'ﬂY"PIC process
dh ~ du+(vdP)  For Solids and Liquids e - Cpo R 2\/ :cc\)/nst?nt
- = 2 _ (o
Also for solids and liquids, v is very small, hence Po vo Pr (Vz ) .
dh~du  For Solids and Liquids g = (% &
Hence for solids/liquids, dh ~ du ~ C dT specific work (work is moving boundary work, [P dv

Wiz = 1ffn(Psz -Pvy) = %(Tz -Ty) n#1l

By Nasser M. Abbasi
Imagel.vsd P
Wiz = Pwilngz =RTilnZ = RTulngh n=1

Figure 3: first and second laws diagrams



Solids/liquids

ds = C, 4L _ R4~
P
T P GAS

|
Ideal gas, Any process

Entropy change determination formulas, for an ideal gas, ANY process type

Any gas, any process

P1V1 - P2V2  fassconstant | u, -~u; =C, (T2 -T;) |
T Ty T, v,
Assume 52'51=Cv0 ln — +R 1ln — |h2-h1=cp (TZ'T1)|
Ty Vi
2 Cy,
sz—sl=j—dT+R1n— T, P,
1 T Y1 | sowing 52'51=CP01nT—-RlnP— n#l
2 Cp P, 1 1 >
sz—sl=J $ 4T -R1n — w=fpdh,_w_ (P2 v2 - P2 v2)
1 P ) = —
1 Table A.6 1-n
Using
Table 0 0 Py R (T, - Ty)
L S —S1 = (83, —s7,) —RIn3% Bound = —
du = Cy dT ATor (s1, —s7,) Py Boundiry P
dh = Cpo dT WoRK
Cw—-Cw =R
po Vo I Shaft work (for FLOW
Ideal Gas| Process classification shaftlwork process only)
irrevelrsible | ibl e ws= i (Pe Ve = P; V3)
| reversible w=_J‘ Vv dp 1-n
] i nR
General formulas for reversible 1 pol i = T, -T;
compressible processes General polytropic process formulas for 1-n ( e i)
2 6Q pyh tant general
- = -_— = constant — polytropic
S2 S = . + Sgen process n#l
General n
polytropic Pz (TZ \ﬁ ( Vl ]n
MM relation —_—=— = | —
| py | p, \1) \v,)
1 Law 50 = OW + 8U enthlapylaw H = U+ PV

so dH=dU + (PdV + Vdp)

Gibbs
equatigns

Substitute into

®

Specialized polytropic
processes work formulas

Entropy change determination formulas,
for an ideal ol i

R

(e ) 1 (5
S2 -8S1 = + — n|—
2 1 v 1-n T1

n =0 (constant P)

Boundary
Work

w= (P, V2 - Py vp)

n = oo (constant V)

|
| S ——
Shaft work (for

n =1 (constant T)

Boundary
Work

Boundary

Work FLOW process only)

j_l;—|
Shaft work (for

FLOW process only)

e
w=-J v dp

n=k, constant entropy

Boundary
Work

Shaft work (for FLOW
process only)

e
w=-J vdp
i

W= -f vdp
= R (T, -T,) m i w=RT 1n[P1] )
= A —
Shaftwork ‘ 2 e —(P2 Y2 - P2 VZ)
(for FLOW =-P; v; =
Pforcess _ P P = RT; 1n [V—Z] w=-Piviln ; 1-k
only) w=-(Pg Ve -P; v;) vi i R (T, - T;)
=-R (T, -T;) V2 e
= P 1 —_ = - 1 —_— -
CE;?gpey Verify this, what 1vain ( vy ] RT; 1n P, 1-k
Entropy volume is this? *
change
T, =RT; ln —
s2 - 81 = Cpy 1n ('1'_) T2 Entropy] ’ Vi w= (Fe Ye =Py va)
1 S2 - S1 =Cv° 1n (_) change| 1-k
T, kR
P = -T;
Sz—Slz—Rln(P—2 1-k (Te = T:)
1 Entrop:
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Total specific work for steady state flow process where o
shaft work is involved (no boundary work). Valid for ANY
reversible process (do not have to be polytropic)

nly

V2-V3
2

e
Weotar = — [ v dP +

+ g(zi - Ze)

Figure 4: gas laws

Sz—Sl=0



