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Entropy change equation

Process that causes irreversibilty h = u+ Po/| Enthlapy definition r L |
1. Friction Solids/Liquids deal Gas
2. Unrestrained expansion . m‘ﬂ . ! . :
olds/Liquids Ideal Gas
3. Heat transfer from hot to cold body | | dq » _ d_q .
4. Mixing of 2 diferrent substances dh = du+ o) - ds = < (by definition, entropy law) ds = T (by definition, entropy law)
5. %R loss in electric circuits dh = du+Pdo+vdp s0 _dwidu _dw , du _ dwidu _ dw | du
©. Hysterers effects P = 0 fincomoressible), and do = 0 :h: u; RTR ot 1 ! 1T ! 1 j 1T T
7. Ordinary combustion dhede S =Py +1d(CT) = 3 dPv) + +dCT)
dh = CdT dh = CydT 1 [N
’ = 3(Pav+vdp) + ST ~Lpdvivary+ Srar
hz ~hy = Cln 1 ho—hy = Cyln 3= P vyl T J
: - FdvegdPr G = Bave aprc, L
but dP = 0 since incompressible,
. P but Pv = RT, hence
‘ | and dv is very small, so p & T
- R4V ,ROE at
Non-Flow Flow ds= cdb ds = R +RG-+Cu g
| T, 73 P, T2
Valid i  time. Stead dy fl -5 = == s2-81 = RIng= +RIn5% +CyIn ==
50 = oW+ dE /alid at any instance of time. Steady or not steady flow. s;-8,=C hT, 2 — S1 A H vin 2

y . T N |
reE = U + KE + PE ‘ch + mi(h+KE +PE); = \‘ch.+mg(h +KE+PE), + ¢ |
O, itcan be written as follows

(ignoring KE and PE changes to the
control mass) |

Oz = Waz +M(Us —ts) [Qcv. + mi(h+ KE+ PE), = Wey.+ma(h+ KE + PE), + (mauz —myuy)|
: : \ \

How to get this below from the above??
— C,dL _Re
ds = CpF- —RE

k
Non-steady state (Transient, state change)

Non-flow
I

T

As a Rate equation

Usually Simplifies to

‘ch + mihi = Wey.+mehe + (Mauz — myuy) m(s; =51) = 22+ Sgen [ !

gy transient

.
$2-51 = 7 +Sgen

0= misi — Mese + 5 + Sgen || MSz — M3y = MiSi — MeSe + 22 + Sen

=

—5— Eh
State 1 0= §i—Se + 5 +Sgen

State 2

[
steady state. m; = me = m
!

Qcv. + m(h+KE + PE), = Wey. +4m(h + KE + PE),
Qev. + mhy = Wey.+mh,

Qcv. = Wey.+m(he —hi)

q=w-+(he —hi)

Steady state devices:
Heat exchanges, Nozzle,
Diffuser, Throttle, Turbine,
Compressors and Pumps
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|
Ideal gas, Any process

Any gas, any process
ntropy change determination formulas, for an ideal gas, ANY process type
PiVi _P2V2  rssconsane up-u; =Cy (T2 -Ty)
T T2 T, v,
pssume |52 =81 = Cyy In — +R1n — hy -h; =Cp (T2 -T1)
c Ty Vi
2 Cy, V2
5;—5,=I—dT+Rln— T, P,
1T Y1 | soking s; -85, =Cp lIn — -R1ln — n#l
T P.
2 Cp, P 1 1
s;—s;:f—udT—Rln—z w szdv _ (B2 v2 =P v3)
1T P, Table A6 1 - 1-n
0 Py R (T, - Ty)
s;—81 = (53, —s%.) —RIn2 Bounddy - —_—
du = Cyo dT ATor T2 T P1 Work 1-n
dh = Cpo dT ‘ WORK
Cwo-Cw =R
po VO e Shaft work (for FLOW
ldeaIGas‘Process classification shattlwork process only)
I | W (Buve-Bv.
irreversible i = o Yo =By Vi)
reversible e 'J“’ ap 1-n
General formulas for reversible i = -
eneralformulas for reversi General polytropic process (o T (T
2 6Q n 1 genera
S, -8; = T + Sgen P V" = constant gm«;z: n#l
Gener:

polytropic
relation

5
V2

:

enthlapylaw H = U+ PV
dH=dU + (PAV + Vdp)

so
Entropy change determination formulas,

for an ideal gas, polytropic process type

it Substitute nto
ibbs . R T,
equatigns Specialized polytropic sz - 81 = (Cygy + 1n 2
processes work formulas 0 1-n Ty
= tant
n =0 (constant P) n = oo (constant V) =1 (constant T) n=k, constant entropy
Boundary ‘ Shaftwork (for ‘ Shalw‘./uvk('ov
Work 5;:::“"/ FLOW process only) 5":’1"’" FLOW process only) Shaftwork (for FLOW
W= (Bava-Bav) [vas B
w=-| v
= R(T,-T B
(T, -1 [w=o0] .:m,ln[_‘) ‘
Shaftwork By P. (P2 V2 - P, V3)
(for FLOW = -P, v; — =
roces - mman(2) W= TRV I 1-k
ony) w= - (P Ve - Py V;) 1 : R (T, - Ty)
2 =Ty
=R (T -Ti) s hviin |2 = -RT; 1 Fe TT1ix
ory w=0 Verify this, what R v FoRLAR T 1-k
gopy  volume s this? *
ange v,
=RT; 1n
s T2 nuonf : w= (P ve = Bs Vi)
s2 - 81 = Cy 1n (—) change| 1-k
Ty
P = -
Sz—S1=—R|n(P—2> 1-% (Te = Ts)
1 Entrop,
Total specific work for steady state flow process where only s2

shaft work is involved (no boundary work). Valid for ANY
reversible process (do not have to be polytropic)
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Figure 1: theé'modynamics



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

P1
process exponent.
If given any 5 out of these 7, then the remaining 2 can be found. V1
For example, if we know T1, P1, V1, n, P2, then we can find V2, and T2 T1
State 1

P V" = constant

‘[ Polytropic process

State 2

P n=co constantV Process lines to left of adiabatic
line means negative Q (i.e. heat
OUT), on the right are positive Q_
COMPRESSIONQU (ie. heat IN) process
ADRN Heat OUT m
processes processes
“ lgnore this quadrant in real
[} 2 ? i Clock wise,
s engineering equipments ok ity
\
) Initial
state
oint
L Fe
) Y
n=1,
AN constT
lgnore this quadrant in real s
L . o Heat IN EXPANSION
engineering equipments A /‘ processes QUADRANT
::::3574/ n=k, adiapatic, const S
v
T n=k const$S
n =c constantV
, , 4 n=0,
lgnore this quadrant in real A tp
P . cons
engineering equipments R4
4
4
4
o 4
Initial ,° EXPANSION
190 QUADRANT
. point « h=1 const
A Y ~ 7T
COMPRESSIONQU .®
ADRANT ®
Py L J
-
lgnore this quadrant in real
o o o Clock wise,
engineering equipments n=0.1,K,infinity
A 4
s
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polytropic process diagrams



Laws of thermodynamics

‘This is also called the law of conservation of emergy

[
Chapler 5. 14 Luw for coairel mass
Qio—Wip=E;—E;

E=U+PE+KE

|
Ghapter 6
1 Law for control volume

Qin + Win + mi(h + PE + KE); =
Qout + Wout + Me(h + PE + KE),, + (Mauz —myu;)

Chapter 5.5 Chapter 5.6
onthalpy C. Cp
H=U+PV Specific heat is the Steady Transient
h=us+Pv amownt of heat required state State
10 raise the temp. of @

Derived from first Law
by setting P constant
=

5Q—8W = m(uz —u;)

ou

unit mass by oue degree

Adiabatic process

5Q-[Pdv = m(uz —u1) Co= (5 )p Whet = he —h;
3Q—P(V2 V1) = m(uz —u1) Solids and liguids: Use W
‘average specific hoat C.

89 = P2 = v1) + (uz —uy)

50 = (Pvz + z) — (Pus +uy) Cv = Cy For solids and liquids

1Q2 = hz —hy
Note: Even though enthlapy was derived by the
assumption of constant P, it is a property of a
system state regardless of the process that lead
fo the state.
dh = du+d(Pv)
dh = du+ (vdP +P dv)
|

Second law

The eatropy of am isolated system increases im all real processes and i
conserved in reversible procssses.
o

The 2+ law says that work and heat energy are not the same. I
1o convert all of work to heat energy, but not vis versa. L.e. work energy is
more valvable than beat energy. Heat can met be converted completely amd
contingously info work.

So, 2 law dictates the direction at which a system state will chamge. It
will move to a state of lesser avallable energy

Entropy Is constant In a reversible adiabatic process.
2 5
S2-81 = [} 2 +Sgn

Sgen = 0 = reversible process

Sgen > 0

8Q = 0 = adiabatic process
Hence, S, = S; for a reversible adiabatic process

Wiest = [T dSgen
Actual boundary work Wy, = [P dV - Wiex
Gibbs relations

Solids, Liquid

For solids and liquids

For solids and liquids, dv = 0

since almost incompressible, hence

dh ~du+(vdP) For Solids and Liquids

Also for solids and liquids, v is very small, hence
dh~du  For Solids and Liquids

Hence for solids/liquids, dh ~ du ~ CdT

By Nasser M. Abbasi
Image1.vsd

| s2—s1=Cln :4
For ideal gas *

du = Cyo dT
dh = Cyo dT
Co-Cw=R

Tds =du+Pdv
Tds = dh—vdp
ldeal Gas

T C
st = [y, a7
5251 =59, —s§, ~RIn % Using table A.7 or A.8
$2-51 = Cpoln % —RIn :{ Constant Cy,Cy
s2-s1=Cy In% -RIn+ Constant Cp,Cy
)
k=<
Polytrpic process
PV" =constant
P. v, \"
=)
P. T, \ "%
= (3)
specific work (work is moving boundary work, j'P dv
Wip = 4 (Pavo —Pivy) = (T, -T1) n=1

RT:In -

Wiz = Pyvilngt = RTyIngt = =on-1

Figure 3: first and second laws diagrams



Solids/liquids
= a1 _ Rde
ds=Cp5 -RG

GAS

[
Ideal gas, Any process

] Any gas, any process
Entropy change determination formulas, for an ideal gas, ANY process type
PiVi_ P2V2 concont [u-uw=C (T,-T1)|
Ty Tz T, v,
assume |S2 =81 =Cyy In — +R1ln — |1’12—1'11=Cp (Tz—Tl)I
c constant Ty Vi1
2 ¥v V2 specific,
S; -S; = ——dT +R 1n — T, P,
r T Y1 | sohing s2-81=Cpyln — -R1ln — n#l
2 Cp P. T Py
0 2 2 -
S, -8, = —— dT-R1ln — w=[”lv U e (P2 v2 - P; v3)
1 T Py Table A6 * - 1-n
Using
Table 0 0 P, R (T2 - Ty)
— S;—S1 = (53, —57,)—RIn3% ) -2 1
— A7 T T. Boundgry =
du = Cyo dT ATor 2 ST P, Boun ——
dh = Cpo dT WoRK
Cwo—-Cw=R o Shaft work (for FLOW
Ideal Gas Process classification Shaft process only)
|
| w= (Pe Ve = P; V;)
irreversible r e = e Ve iVi
revelrs|b|e vap 1-n
1 nR
General formulas f ble i = -T,
menr:f’::s:;:\;:;:srsr:svem General polytropic process formulas for 1-n (Te = Ty)
2 5Q P Vn general
- i constant —  polytropic
S2 S; = + Sgen process n# 1
1 T
D n
polytropic > | P2 (Tz \ n-1 (V1 ]
D mr( s 22 _(Z2)mE [
| . = | p, \1) \v,)
17 Law 50 = oW + 6U enthlapylaw H = U+ PV

Gibbs
equatigns

so dH=dU + (PdV + Vdp)

Entropy change determination formulas,

Substitute into

for an ideal gas, polytropic process type

- ’ T,
Specialized polytropic Sy - S1 = (Cyp + 1n
processes work formulas 0 1- T,

R
n

n =0 (constant P)

| n = oo (constant V) n =1 (constant T) n=k, constant entropy
| R — |
Boundary Boundary Shaftwork (for soundary Shaftwork (for |
—_ FLOW process only) Work FLOW process only) Shaftwork (for FLOW
d ly)
w= (P, vy, - Py V3) ﬁ W‘—JeVdP Q—‘ ":_J«emp ml::ary processorjr .
= . w=-| v
=R (T, -T i * i
(T2 1) m : w=RTlln{—] | I
Shaftwork I {e,) P (P2 V2 - P; V3)
W S .
process crran[X2) ||w=-Biviln P
only) w=-(Ps Ve -P; v;) P P;
Vi R (T2 - Ti)
Eft =R (T -Ti) —Pvln(vz] =-RT; 1 B
. a:’gpg W Verify this, what T v, ) - 140 P, 1-k
Elntropy volume is this? *
change Ve
T2 =RT; 1n —
sz - 51 =Cpy 1n (—) T, v, W= (Pe Ve - P; V;)
Ty s2 - 81 = Cyy 1n (T_) cEr:‘au:gFg N 1-k
1 kR
i) = (Te -T;)
s2 —s1 = —RlIn( 5% 1-x 7
1 Entrop!
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Total specific work for steady state flow process where only S, -8
shaft work is involved (no boundary work). Valid for ANY 2 1

reversible process (do not have to be polytropic)

e VE-vE
Wil = — [V dP + ==

+ g(zi - Ze)

Figure 4: gas lawss



