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1 Basic Definition

1.1 REERHREE

o PRENIIRHE:
o ZKIR#NJ1%EE (Vapor Power Systems): TJfi: Steam/Water
o MREN2EHE (Gas Power Systems): T X
= UL
= RAEAL
= BEREBNL
o HIRAIAGFELE (Refridgeration and Heat Pump Systems): Lfii: #ili25)

1.2 #AHER

i

o IOZH (closed system): =R (C.M.) ——SHMNETEYFA
® JFHZ (open system): fZHHAR (C.V.) —SIFEWBIE MR

Rtz

o HEMNZR: HINEAZ AR — AT

o (PSR (simple compressive system) : HERRI N AT AFIZELI))
o #afhZ (adiabatic system): SHNRIRER

o fIN.F& (isolated system): SANRTREBRZIAMTEY A

1.3 RIRSEEFRSSH

e Thermodynamic State

o steady state: IRASSEABEN Rk
o equilibrium state: FTESEORENEA, BIAREHZL

e State Properties

o extensive property: M,V ,U,E, H,S
o intensive property: T, p, | ZERIILELSE (v,u,h,s)

o Basic Properties: T, p,v
e Process

irreversibility:

o reversible:(quasi-steady & non-dissipative) (JEFIZASKZICFERD)
O irreversible

thermodynamic:

o quasi-steady HEFFAS
o isothermal S5
o adiabatic #afR



o isentropic

e Process para

1.4

° QW

Zeroth law of thermodynamics

“It"s a matter of experience that when two objects are in thermal equilibrium with a third object, they

are in thermal equilibrium with one another. ”

1.5 Temperature Scales
¢ Kelvin scale
e Rankine scale
T(°R) = 1.8T(K)
e Celsius scale
T(°C)=T(K)—273.15
e Fahrenheit scale
T(°F)=T("R) — 459.67 = 1.8T(°C) + 32
FHRICRAR BRE ERE
0K -273.15°C -459.67°F
273.15K 0°C 32°F
373.15K 100°C 212°F
2  Energy and the First law of Thermodynamics
2.1 Energy
e Internal energy: U
e Kinetic energy: Ej,
® Potential energy: F,
Total energy:
E=U+E,+E,
AFE = AU + AEy + AE,
2.2 Work

#itheh Output work CAMgIHEIIR) : W
Y. W WY (HERHUGRRIL YD) : W,
RERk Y / a4 /A #1Y) Expansion or Compression work:



W =pAV

oW = pdV
dw = pdv
o BNV /HEBtY):
AR RGE RGN TR A R HES D &
W, =pV

»
o [iighy) Flow work/energy(State property):
Wy =Y W, =A(pV)
Wy ; Vdp + pdV
dwy = vdp + pdv
¢ £{RY) Technical work:

W, = AE; + AE, + Why
§W, = W — 6W; = —Vdp

dw; = —vdp
Relation:
W’ = Wnet + Wf
Wi = AE, + AE, + Whet
W =W, + Wy
2.3 Heat
Conduction:
dT
= _kA—
@ " dx
Radiation:
Q = o AT*
Convection:
Q = hAAT

2.4  The first law of Thermodynamics

“During an interaction, energy can change from one form to another but the total amount of energy

remains constant.”

general form:

AE=Q-W
AE, +AE,+ AU =Q - W



differential form:

dE = 6Q — W'
time rate form:
dE . .
@ e
CLOSED SYSTEMS(C.M.)
1. differential form:
HORR— e IR RN
dU = 6Q — 6W 1)
du = dq — pdv (2)
OPEN SYSTEMS(C.V.)
1. differential form:
R—E
dE = 6Q — §W'

R D RO D RSN -
SW' = 6Woer + d(pV')
BRY), JERIE X
SW, = 6Woer + dEy + dE,

dH = dU +d(pV)

TFHR- BN — A REN:

dH = 5Q — 6W, 1.1)

dU = 5Q — oW (1.2)

dh = du + vdp + pdv
dh = dq + vdp (2.1)



du = dq — pdv
2. time rate & intergral form:
R—EM>E:
dE . .
Z_0-w
dt @

V2
e:u+7+gz

E :/ edm = epdV
cv cv

differential form:
dEcy = 6Q — 6W + d(ms)
Steady Flow:
0=460Q — 6W + mds

M (Reynolds Transport Theorem)

d . ., d
o Bows) =Q - W' = — (/CV epd?) + /CS epVndA

S S AR N D A

W = Wnet + / andA
cs

JEHE S
h=u+pv
/ hoVedA = [ (u+ Z)pV,da
cs cs P

SEESIYIVIES 7

. d V2
Q—Wnet:—(/ epdV)Jr/ (h+ — + g2)pVadA
at"Jov s 2

or
. . o V2
Q— Wyt = — epd¥V + (h+ — + g2)pV,dA
ot Jev cs 2

or
2

Q*Wnet—E/CV6pd7/+Z(h+7+gz)em572(h+7+gz

2.5 application

o AN Turbine Wheel

2 12
Wnet:m(‘/l sz

(2.2)



o 1L BIHL Gas And Steam Turbine
0= QCV - Wnet + m(hl - h2)
Wnet = m(hl - hZ)
o JESML/ZE Compressor and Pump
0= Qcv — Wyet +1i(hn — hs)
Wnet = m(hl - h2)

o W% /¥ #1#8 Nozzle/Diffuser

0= Qcv + m(h1+ V?lz) — 1n(he + V?;)
0= (o) + (L 2)
o HHER Heat Exchanger
Qov = 1i(hy — hy)

e “5ifi Throttling Process

hi = hy

3  Entropy and the Second Law of Thermodynamics

3.1 The Second Law of Thermodynamics

Clausius statement:
Heat can never pass from a colder to a warmer body without some other change, connected therewith,

occurring at the same time.

Kelvin Statement:
It is impossible, by means of inanimate material agency, to derive mechanical effect from any portion
of matter by cooling it below the temperature of the coldest of the surrounding objects.

Planck's Proposition:
It is impossible to construct an engine which will work in a complete cycle, and produce no effect

except the raising of a weight and cooling of a heat reservoir.

o FSTIBNHIL:

o MMESHIARM
o JLikmiEEARHI AL

o TR EHIEBIA:
o LA FT T

o JEikfiliEss — 2K ahHl
o H—AJE N ARTREMUE Mt Th

%chcle = %Qcycle <0



FRCEER L EIREIRIA
NI Ny o A Q1-Q2=W
BRI E R AR S EETFF/RY

%!
SIEET1
QL
v
Q2 Ul T W=Q1-Q2
L HERQ2
{RIRET2

EERT

QI+Q2  w=q1 QI W

{E’ml AY \\‘J?TZ

TR (REROZMEIRED : N7 RS HAE R 5 mEA T
KL

FIOKIHl CEER—TR) AR
o HITAIKEMl GEEMER) AE100%4 9T

e
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3.2 Reversible Process

Reversible Process <= No internal irreversibilities

< 0: Internal irreversibilities present

chycle <0
=0:

No internal irreversibilities

3.3

I. Kelvin Scales

In Carnot Heat Engines:

def Tg

9c e = ¢(Tc, Tn) = Ty

(@ )cycle

II. Clausius Inequality

9 = —Ocycle; Ocycle
T 5 ycies Y

> 0: Internal irreversibilities present

=0: No internal irreversibilities
III. Entropy

Definition:

as - ()
T rev

- [ (7).

TdS equation in reversible system:
TdS = dU + pdV

Tds =dH — Vdp

Tds = du + pdv
Tds = dh — vdp

Closed System

basic relation:

(single reservoir)

Propositions of The Second Law of Thermodynamics

(system boundary heat exchange)



differiential form:

Condition Relation:

Common:

Adiabatic:

Reversible:

Isentropic:( <= Adiabatic+Reversible)

IV Increase of Entropy Principle

In isolated system:

Open System

differential form:

Steady Flow:

time rate & intergral form:

dSCV = @

_ (%
ds = (?>b + do
or

dS = dSs + 68,

ds = 6o
_ (%@
= (%),
as=0

(%),

dSiso =65, > 0

T

1]
0= ?Q + 6S54,cv + mds

ds Q .
(E)sys = Z? +0o

—+ 6Sg,CV =+ d(ms)



3.4 Heat Engine and Heat Pump/Refrigerator

Heat Engine

Thermal efficiency:

o chcle QC
= — 1 =2
Qnu Qn
To
Nmaz = = T_H
Refrigerator
Thermal efficiency:
_ Qo Qo
chcle QH - QC

Tc
S

Heat Pump

Thermal efficiency:

& = QH _ QH
chcle QH - QC

£ Fg—
mazx TH . TC

3.5 application-efficiency

® isentropic turbine efficiency

Wnet

— = (h1 — hy)
m
_ hi—hy
K h1 — has
e isentropic compressor and pump efficiency
—W ;
— 2 — (hy — h
- (h2 — h1)
ne = has — hy
T hy—hy

® isentropic nozzle efficiency



2 2

LN
2 1T T
Vi /2

Mnozzle =
(V£/2)s

3.6 Exergy W Anergy M

e Exergy and Anergy in Heat

Environment at T, System at T’

Exergy:

Ez,Q - Wmaz = (1 - _)Q

Anergy:

T
Eng=Q—E;q= ?OQ = Qemit

e Exergy and Anergy in System

Definition: Maximum theoretical work from system and environment to reach an equilibrium
Closed System

Overall:

0 = dU, + dU, + dW,
88, = dSis = dS, + dS.

System:

6Qrev = dU; + 5Wmam
5Wmaa: = 5Wz +p0st

Environment,at To, po:

_6Qrev = dUe + podVe
76@7‘51} = TOdSe

Maximum Work:
W, = —dU, — podV; — To(dSy — dSs)
We = (U —Uy) +po(V — Vo) — To(S — So) + (Er + Ep) — ToS,

Exergy(a kind of Potential):
E, = (U —-Uy) +po(V — Vo) — To(S — So) + (Ex + Ep)

or
E, = (U =) +po(V = Vo) = To(S — Sp)



€ = (u + pov — Tgs) — (uo + povo — T()S())

Exergy Change:
dE; = dU + podV — TodS

5
dE, = 6Q — (§W — podV') — TO(FQ +58,)
b

T
dBE, = (1— FO)JQ — (6W — podV') — Ty65,
b

2
T
E,—F = / (1- Ti)a@ — W — po(Va — V)] — THAS,
1

e FExergy transfer of Heat transfer

e Exergy transfer of Work
W —po(V2 — W]

e Exergy destruction

THAS,

Simplization

Ez—Eleq—Ew—Ed

Isolated and no work process:
AE = —E4

time rate form:

steady state:

Open System

Exergy:

E, = (H — Hg) — Tg(s — So) AP (Ek AP Ep)
E, = (H — Hy) — To(S — So)



Exergy Change

time rate form:

Sa

J

steady state:

specific flow exergy:

Other System

TAAEARARR Tt

o Ei-ER

ez = (h—Tps) — (ho — Toso)

T, - : dVey . d
*Tj)Qy—(ch—po p7 ) —Too = dt/cvezpd“//Jr/CAezpan

0= Z(l - Fj)Qj — Wey + Zmieﬁ - Zmeefe —Tyo
J i e

V2
ef:(h7h0)7T0(8730)+7+gz

ef = e; +v(p— po)

TdS = dU + dW + 6W,
Wymaez = TdS — dU — pdV

F=U-TS
f=u—"Ts
E:c:Wu,v,maz:(UfTS)f(U()*TOSU) :FfFO

FNZIERL A e [HR L &)

o SElR-EH

G=H-TS
g=h-Ts=u+pv—Ts
E; = Wupmaz = (H —TS) — (Ho — ToSo) = G — Gy

GOSN EHEE (HHE) [RER)

e Exergetic Efficiency

Turbines

W Ey
€f1—€f2:a+—
_ W/

6f1 — efg



Compressors and Pumps

3=

d

- :ef2*€f1+g
_ €f2 — €f1
—W /1

Heat Exchanger Without Mixing

(e — ef2) = me(ess — egs) + Eq
me(ess — ef3)

€ = —
m(es1 — ef2)

Heat Exchanger With Mixing

ha(es — ep3) = meless — eps) + By
The(efs — ef2)

€ = —
Thn(ef1 — efs3)

e Cost Rate

4 Thermodynamcis Relation

4.1 Legendre Transformation
f*(il?;,ll!;,...,.'lf;) = Zitmz —f($1,(1)2,...,$n)

du = Tds — pdv
dh=Tds+vdp < H=U + PV
df = —sdT —pdv< F =U—-TS
dg=—sdl +vdp& G=H —-TS

4.2 Drivation

du = Tds — pdv
Ou
Tﬂ)v
_
P="% 5
dh = Tds + vdp
T:%>
0s/,
__Oh
=% S



dg = —sdT + vdp

89)
s= 29
ar ),
0:3—9)
op)r
4.3 Maxwell Relation
oy )
ov s_ Os
ory _ov
Op 8705 »
%) -%>
ov), 0T
0s 77@
Op ) r oT »
4.4

Basic Parameters

Volume Expansivity

Isothermal Compressibility

Isentropic Compressibility

Temperature Coefficient of Pressure



)
du = cydT + [T(a—é),)v — pldv

4.5  Specific Heat

_(9hN (05N Lp(Ov) (2r
@=\ar),~"\ar),*"\ar) \ar),
dc, %p
=r(Z£L
<8U>T (aTZ)U
A )
), \or?),

_ Ov op\ _ a_2
C=Cy = T<8T>p<6T>v = Tpvay B = TUIiT

_a_ (&) ()
’Y—cv_ Op )\ Ov sins
Velocity of Sound

Joule-Thomson Coefficient



5 Evaluating Properties
5.1 Ideal Gas & Real Gas

Equation of State

e Ideal Gas
pv = R,T
pV = NKT = nRT = mR,T

pV,, = RT
® Van der Waals

a

(p+ W)(Vm —b)=RT
RT a

P=y "% V2

m

a b
(p+ m)(v - M) =R,T

e virial EoS
B  C
PV =RT(1+ 3+ 35 +

Properties of Ideal Gas

ay =

N[ =

pr=0

du = ¢, dT



dh = c,dT

The Law of Corresponding State (Real Gas)

e Compressibility factor

e pseuoreduced specific volume U ELASAFA

Compressibility factor Z

12

1.1

08

08

a7

08

05

Cy dv
ds = —dT + R,—
s T + v
c dp
ds = TpdT—Rg?
p
Dr=—
pc
n_ T
Tc
vV
U= ve Ve
7P/
RT
Z:f(pT’TT)
v — pCVm
" RT¢

Lee-Kesler Simple Fluid Compressibility Factor

=ZRT =:-:Z={P—V]
R

: Reduced temperature  ©

plot by izé

o 03 0.5 1.0 2 3

Reduced pressure Pr

5

10



Properties of Real Gas

_ T Olnz
K= c, \ 0T »

oT

du = cUdT+pT<6lnz> dv

Olnz
= c,dT —vT
dh = c,d v (8T )pdp

@y Olnz dv
ds = ?dTJrzRg[l-i-T( T )1,] .

c Olnz dp
ds = 24T — 2R, |1+ T —
=7 zy{+<3T>Jp



6 Vapour

6.1 Phase Graph

Critical

Pressure

6.2 Equilibrium Conditions
Thermodynamics Criterion

e Entropy Criterion

e Other Criterion

o Exergy Criterion

dE = dU + podV — TpdS <0



dE = dU + pydV — TydS = 0

o TIsothermal & Volume-Const

dF>TV =dU — d(TS))

s

dF>TV =dU — d(TS))

s

o Isothermal & Pressure-Const

dG) = dH — d(TS))

dG) o dH — d(TS)>

Chemical Potential:

dU =TdS — pdV + pdm

s = Lau + Pav — Fam
T T T

Phase Equilibrium Condition-Single Unit Multi-Phases

® Thermodynamics Equilibrium

T =T
® Mechanics Equilibrium

p* =p’
® Phase Equilibrium

ue =’

*Phase Equilibrium Condition-Multi-Unit Multi-Phases

® Thermodynamics Equilibrium

=1
® Mechanics Equilibrium

P =p
® Phase Equilibrium

u=u

® Chemical Equilibrium

<0
TV

=0

TV

<0

T,p

=0
Tp



> ik =0
i,a

6.3 Gibbs Phase Law
F=C-P+2

6.4  Clausius-Clapeyron Equation

ue =y’
1
dp® = dp’
1
vdp; — s*dTs = Uﬂdps — Sﬁde
1
dp, P — s _ l
dTs — v8 —ve (v —v*)T,
Low-Pressure Approximation
l 1 1




6.5 Process of Evaporation(Constant Pressure)

e 6.6 T-sB& Cryogenic Engineering
T, °C A
500
Critical
400 - state
300 Saturated

liquid line

200

Saturated
vapor line

100

| | | | | | | | »
0 1 2 3 4 5 6 7 8 s, kl/kg'K




p [MPa] 8 8% 8 2w o~ 2
— 600 — 3700
O
el 2600 3600
— 2400 _
500 3500
h kJrk 2p00 % ( /
[kJfkg] . 13400
2000
400 \ g ; 3300
‘ 3200
140
300 3100
1200,/4 3000
. 1000, A% 2900
800 W
207\ 2800
600, .
100 =\ 2700
y, =
200, = f\// : 2600
= £
0 1 2 3 4 5 6 7 8 9
s  [kJ/kgK]

¢ Heating of Liquid

Liquid:Subcooled — Saturated

@ =his—ho

(‘9_T> _r
0Os pi cpl

Slope: EEMRLZ Rt

e Evaporation

Saturated Liquid — Saturated Vapor

l= hv,s - hl,s = Tg(sv,s - Sl,s)

FE Dryness

My
r=—-
m; +m,

e Heating of Vapour

Vapour:Saturated — Overheated



Qv = h— hv,s

Slope: &AL N, I8 H BT RN E 8 R
oy _ T
(35)11_%,1,

At=t—1t,

T E Degree of Overheat

e Varied Pressure
Liquid:
AR 55— EREE IR 59, T-sEH KT IS BIARRNE R L AR E &
Wet Vapour:
T-sPEHBlEE IR M LT
Dry Vapour:
SUETE EREREEIZMD, T-sE R 7RI E AL _ BT
Supercritical Fluid:

T-sE ARG iR



e 6.7 h-sBl——Thermal Engineering

Mollier-h, s Diagram

for Water Steam

5000 f

4000

p=1000 bar

3000

2000

Enthalpy h in kd/kg

1000

Entropy s in kd/(kg x K)

ki T

TP BT, IR RO I R
taFnkLk

S RIGHN, AHRE

EES

BHX SRR FES
BRI OV ESZ
SRR T L A

EiRZk

AR AREREYN, IR ERHRIN T REN T
ERRXOIMESL, STELES
DOV £

10




ERL
oh\ v [ Op
(5), -7l 2() ]
RE LR E

EFEL

e 6.8 p-hEl—Refrigeration Engineering

P-hdiagram for water

20MPa ||| :

10MPa [

SMPa ff-- -

2MPa |} oo of- ‘ / oo fore [t RO R CRLER RRTR

Pressure

IMPa |-

0.5MPa ||

T OO 'S N . Entropy

0.2MPa |} ]| foeeey T S ‘ S SO S I B N

100kPa

50 kPa [

20 kPa [} .- : : /B0 ' o P B R SR SO T

10 kPa

5kPa

2kPa 0%, 306 1%, 5% 8 T P g 141 N U SO

1 i in I I i 1 i plot by izz1
1000 1500 2000 2500 3000 3500 40
Enthalpy (kJ{kq)

1kPa
0

7 Ideal Gas Mixture and Moist Air

® Mass Percent




i
w; R,
® Mole Percent
n;
T =
i Zl i
M= — = &i vt _ M.
R

M;

T = —

T M

e Dalton's Law (Law of Partial Pressures)
[HAER
Di n;
Ty = — = —
P n
e Law of Partial Volumes
JENEER
gim VT,
1 V n 1

® Thermal Properties of Ideal Mixtures

u= E wiu; orU, = E ZiUn
i i
h = E w;h; orH,, = E z;H,, ;
i i
cy = E Wicy; OrCy ;m = E ziCv mi
i i
& = E wicp; OrChpm = E 2iCpmi
i i

s = E w;s; orS,, = E NG
i i

I i R AR SRR B R -

ASmmiz = —R Z z; In z;

[



7.1 Moist Air

e Absolute Humidity

e Maximum Absolute Humidity (Saturated Air)

FII R TKE D EAK T HIBAIE ] (Saturated Vapour Pressure)

_Ds
PR
atT;, p, < ps
® Relative Humidity
P _ Dy
Ps Ds

e Dew Point and Dew Point Temperature

FESRMFREEARES FpFd), RIRSFNEZFE R
FHEIE R NKZERIREA/NT H % AR E (Dew Point Temperature)

atpuv T > Td

FRIS RIS, BRSO RER S w
Rt R KSR EA/ N T HAREAIRE (Adaibatic Saturated Temperature)

ats,, T' > Ty

¢ Moisture(&E2E)

d= "2 —0.6202 —0.622— 2 — 0.6220—2
mg DPa P—Dv P — ¢Ds

¢ Enthalpy of Wet Air

H = m,h, + m,h,

AH_
h& — = ha+dh,

7.2  Bulb Temperature

Dry-bulb Temperature

t — TREE, WRIEINRET
Wet-bulb Temperature

EFE



7.3

’-EE
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« EZTEZ

ZFEd - ZFEPU - EETd

o EMLZ
ha + dhy + (dy — d)B = kg + duwhow
b
h+(dw+dh' =hy=h
Eh = ET
o Eilfk

h = cpat + d(ho + cpot)

ﬁ“ft - fﬁgil’ghﬂ + Cp,vt

o EMEEELZ

74 BESEE
o HGRTILEL
ez Ok
Ad
o I/ REIERE
g=hy—h
€ = foo(Ed)

o AT FERRAD)

h1 + (dz —dl)hw =hy = h1 = hy

o fFAIMR /X ENINE
e>0/e<0
o RAKE
KBNS I i, B TIEAIRG, I EMRE100%Zk, STEEB/D., BRI R

q+ (di — d2)hy = (h1 — ha)



o BRRE
qm,al + Qm,rﬂ = Qm,aS
Qm,aldl + Q7n,a2d2 = QTn,a3d3

Qm,alhl + Qm,aZhZ = Qm,a3h3

dmal _ d3 —dy _ h3 — hs
dm,a2 dy —ds hy — hg

EETI

RENE

Alr exit

‘Warm
water
Air
inlet
Cool
water

FRZZRARE, SHRURE, BUKRES, ks, SHASKEFT, THREAEENZ N2
b4
e BRI R BRI, bR ki A LR BRI S8 C A I /KIRE,

qm,a(h4 - hS) = qm,wlhwl - qm,w2hw2

Qm,a(d4 - dS) = gmwl — gmw?2

q _ Qm,wl(hwl - th)
" (ha — ha) — (dg — d3) a2

8 Ideal Gas Thermodynamic Process

Au = Cﬂ(Tz - Tl)
Ah = c,(T, — T7)

T2 V2
As:cvlniJnglnv—1

In P2
D1
v

:Cplnv2 +cvln?
1 1

T
:cplnf ~R,



Assuming Reverse

8.1

Polytropic Process

n=k
(s = constant)

n=-1
n=0
(p = constant)

c=

n=k
T n=+oc |
n=-1 (v = constant)
“n=-0.5
0 n=1
n =1 (T =constant)
v
pv"™ = const
qg=c(Ta —T)

—— e, EESFS IR

op _p
ov v
or T
ds ¢
n
m:<1
p1 V2



1
w=—— (P11 — prve)
1
= ——R,(Th - T
— Rl - To)

n-l

1 p2 n
- 1_ (22
—— RyTi( <p1> )
1 p2 n
= 1-— (£
po— 1p1v1( <p1> )

d—p+n@:0
Y4 v

——7 (Prv1 — p2v2)

n
=—R,(T1 - T
n_1 o(Ty 2)
n-1

n P2\ "
=2 = (22
" RyTy( (p) )

n P2\ "
= 1- (£
— 1p1v1( <p1> )

8.2 Constant Volume

+
n = too, pv=>° = const , v = const

c=cy
Au=c,(T; —T)
w=0, w, = —v(py — p1)
q=cy(T> — T1)

8.3 Constant Pressure

n:O,pUO:const,p:const

op _
ov
o _1
s ¢



Ah = Cp(T2 - T])
w=p(vy —vy), w, =0
q= cp(T2 - Tl)

e 8.4 Isothermal

n=1, pv=R,T = const, T = const

op _ _p
ov v
oT

g—o
c = +o0o

Au=0, Ah=0

w= Rngn(%) = w, = R,TIn(2)
1

D2
q=T(s2—51)

e 8.5 Adaibatic(and Reverse)

n =+, pv’ = const, s = const

Gy _ @
v v
8T7:t
ds °
c=2"7
n—1

Au = CU(Tz — Tl), Ah = Cp(T2 — Tl)

M
(P1’01 —P2U2) y Wy = ,YTI(IM& *PzUZ)

w =
-1
q=0
(EREE )y = 2 — 14 T
Cy Cy
_ 1
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9 Compressible Flow
9.1 Steady Flow Basic Equations

Continuity Equation

V(pV) =0
{
d(pcsA) =0
1
dA  dc; dv
—+—-—=0
A cy v

Energy Conservation Equation
1,
6q = dh + dw, = dh + dwe + §dcf + gdz
Entropy Conservation Equation
dq
ds=d ds, > —
s Sf+0sg 2> T
Equaiton of State
fp,v,T)=0
9.2 Isentropic Flow

Characteristic Equation of Isentropic Flow

(D% Ma 2 %f

% = (Ma® - 1)%
o Categories
PiRIbaES SRR RESEEKN
RIAZBCye] Ma <1 cr<ec
i) Ma>1 cr>ec
e Bt iniah Ma=1 e =c

e Heat Capacity Ratio-Ideal Gas

_ v(0p
7= p\ov ),
e Speed of Sound-Ideal Gas

¢ = /pv = /7R, T(Local Speed of Sound)



9.3 Nozzles and Diffusers

Nozzle
dp<0,dV>0

SN

Flow — p

’ Ma<1

(Subsonic)

e

Flow —p

M :

a>1
(Supersonic)

Basic Equation

Diffuser
dp<0,dV>0

_—

—» Flow

Ma<1 -

(Subsonic)

SN—

—p Flow
“ Ma>1
(Supersonic)

3% BE DHE EhH #R ESE
R dey >0 Ma < 1(IFFEER) dp <0 dv >0 dA <0
S des >0 Ma > 1(BFEEREN) dp <0 dv >0 dA >0

WY R dey <0 Ma > 1(BFEERE) dp >0 dv <0 dA <0
W RS dej <0 Ma < 1(TPFEERE) dp>0 dv <0 dA>0
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Irreverisble Adiabatic Flow

o IR

=
Cf2

/2 R —hy
W= 22T W hy

2

=
9.4 Adiabatic Throttle(4&#¥557)
hs =~ hy
S92 > 81
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F—FERER LIRS RKE RO LS, REMRNERERE (b =0)

o RURMIX

o RAMIX

o RAREZIEHpN

o LEANRE, TEARIRE

o RARRETY, WRBWEEFREERKNELREZT

10 Compression and Compressor
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11  Vapour Power Cycle
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11.1 Carnot Cycle of Vapor
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11.2  Rankine Cycle
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11.3 Improving Performance Cycle

Reheat

| Heheat section

— Low-pressure
turbine

High-
pressure

turbine
Conde nﬁerk

Pump

N

Steam
generator

Fig. 8.7 Ideal reheat cycle.



o WRZINTE
o RETIIRINGE, WAIEHRAER

Regeneration
o RIREIAEIR
ERKE, ZIRRHATIRUKELE KB E

o SR EIARREIR

Fig. 8.9 Regenerative vapor power cycle with one open feedwater heater.

renerator

(n
=

Closed
feedwater]

heater

) —t=

Fig. 8.11 Regenerative vapor power cycle with one closed feedwater heater.
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12 Gas Power Cycle

12.1 Brayton Cycle

Combustion mitiated

Intake
vilve
opens,

Exhaust valve

opens

exhaust
vilve 3
ey
closes Yy
Exhaust
closes
Intake
Top dead Bottom
center dead center
Volume

o RHE
1

FARICRBEIS E EH KT 2

o fEMFIHE

w = wr — w¢

SEINF DRI m BN, 3 oy b
v

Tu
Topt = T_C

_r
) 2001 = 2 20v-1) (+H{BERILELY)



EPOIREES

nr = Z—i(i’?&’—ﬁ%m@%ﬁ?&)

ne — Z—i(&%mﬁé;gﬁ%)

St IS S (iR ANE IS 2 TN b2 S Sy &1

FEASAHUEBERAEE EAAN R A FBUE, TEARGICRIEE, IR R
o MYE

ne, = —— (IERREE)
€2,Q

Mt = MNe,NCarnot

12.2  Regeneration
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12.3  Ericsson Cycle (Bl Z % ELE-+iEAHD)

{a) (i)

12.4  Stirling Cycle
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13.1 Reversed Carnot Cycle
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Fig. 10.2 Comparison of the condenser and
evaporator temperatures with those of the warm
and cold regions.
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14 Chemical Reaction
14.1  WFEFHEHREYE
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o ERARRRIEE A
Qy— Qv =RTAn~0
14.2 Hess's Law
o HRAVTEANE (% RE R R RS )

Qp=AH =Y (njAH )y — Y (niAHy,)re

o BRRAVTEABRL (R BIMIHRER R A RAIHRIG %)

Qp=AH =Y (mAHei)re — Y (njAH. ;)

i j
14.3 Kirchhoff's Law
PP SRS R

d
% = zj:njcm,p,j - zi:nicm,p,i

dQ.
daT = 2]: njcm’zaj - Xl: niCm,z,i
14.4 IERRRIEE

T;
~AUY = AU, = / > " nChy;dT
T

0 jpr

—~AH) = AH,, = ! > " njChypsdT
B jpr
145 RE&XIN
AF = AU + T( 3§TF)V

OWu v maz
Wu,V,maz =—-AF = _Qv - T(Sl - 52) = _Qv +T A4
ar ),



S - g

AG = AH+T(88A—TG)p

OWopmaz
Wu,p,maz =—-AG = *Qp — T(Sl — Sz) = 7Qp +T 2 wpmaz
ar ),
— it
aWu,z,mam
Wu,w,maz = 7Qx - T(Sl - S2) = 7Qx + T(T>Z

14.6  Chemical Equilibrium

WETEER
AG = AG° + RTln%
YONS:)
AG’ = —-RThK,
K, = K (RT)*"
THERSERERAYD

PEPE
Wu,p,maz = RT(ln Kp —In %)
DPAPB

Le Chatelier, H. Princple
Nernst's Law(The Third law of Thermodynamics)

%,ILI%J(Q + Wu,maz) =0
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