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—. #HE3h H ¥ E (Thermal power plant)
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r AA4KF)H % E (combustion gas power plant)
A BAAL(internal combustion gas engine)
PR A AL E (gas turbine power plant)
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. A& I HEE (steam power plant)
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—. I & (working substance; working medium)
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# & (heat source; heat reservoir)

X TRMAFRIERRGZHE LM £ 4.

o AR —MIR ( heat source )
KR # R —% & (heat sink )
e 185 # /R (constant heat reservoir)
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12 KRG (RHER. BE. Khz)
kSR S

—. ZX
% % (thermodynamic system, system)
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B 50T R 697 FRMIT % S
e $FR(surrounding ):
SWRARET. RN A .

e 1 5 (boundary):
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3) AT AE:
a) WPEeg T TS 6 RA FEE
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=, A E;E
1. 3820 7T #2048
F2 40 TTE

¥ 7T % (one component system;pure substance system)
% 7L % (multicomponent system)

#AREK
# 48 % (homogeneous system)
£ #8 % (heterogeneous system)

ER: 1) RiHesth ek
2) EAE RS RYH—BRA;
FP LR RS —FBRTFE S BRE.
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2. BAAKEI M ERBR
#la & (closed system)
(##H=ZECM)
—&A R AL R
F v % (open system)
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3. LT RIE
4 # % (adiabatic system) —
PSR S S

Iz % (isolated system) —
5 I FTAEATH Kb R fe K L.

0=0

BRERR

4, &) 7 &% % (simple compressible system )
— T REWT AR, TR, HIFFAH R
B BB G RM i % 4.

EE .
1) IR 524 AR ERETH R A;

2) Fu 544z X%,
3) INZLRELHANY LR,
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# 1 FIKE (state of thermodynamic system )
— R RE NIRRT 426

KA SHL (state properties )
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2. REFAFBIK,
W F— 5042 L%
R - O

[ﬁdXZO -[IbZdX: laZdX

3. KRE

ok
)3 (extensive property )
52 &= (intensive property )

X: JREZOWHREABREZRE, olhm
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M. &EAFEAR (temperature and temperature scale )

=Y RN

M35 64 Rk — A F R N T
(zeroth law of thermodynamics)

A 3 BATA E FRAR KR AT oorlrsss saanfl s et =

(thermodynamics scale; Kelvin i i
scale;absolute temperature scale and |
Internal Celsius temperature scale)

| |
]

_273.151H0 45967 Ho & FH

{t}..={T} —273.15 ® @
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P

A RIBATABAH BAT

{T} . o={t} & +459.67
A KR ATFo T KIR AT

{t} «=5/9[{t} +—32]

[t} =9/5{t}  +32
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hEWHERE

&, /&7 (pressure)

25 & 71 p(absolute pressure)

%57 p, (py) (gauge pressure;
manometer pressure)

A% p,(vacuum; vacuum pressure)

4 3 X A&, (local atmospheric pressure)
p::)b_l_pe (p>pb) PE|
p=p,— P, (P<P,) o Pt
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1Pa :1ﬁ = 1MPa =1x10°Pa

m2

1bar =1x10°Pa

latm =101325Pa = 760mmHg
1ImmHg =133.32Pa

1mmH,0 =9.80665Pa

[e——

51 A4001441

[—

1 A4002771
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N AR R
FbAR AR (specific volume)

V 2 s e o
V= - $EREIRHAR  moikg

% . (density) AR IENES  kg/m®
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1-4 FHRES

—. F#KA (thermodynamic equilibrium state)

1. ZX: RAMRTHEGRIFRESHB RN R AT RS

o -7 (thermal equilibrium) :

ERINFAMERA LT, 20F. 2855 &L E
AR,

« /1°F-#7 (mechanical equilibrium) :
BERINFNERGFHT, ZAAR. 2&55
AL LR AR,

oHh I PTG LB S
— R R B A B P A0 ) P
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=, YRR EF AL

(pure substance state equation)

REFE  £(py,T)=0

1. BRRMRETAE
(ideal-gas equation; Clapeyron’s equation)

pv =R,T pV =mR T pV =nRT
2 3
p—Pa| N/m? | v—Im¥kg| T-K Py
R,—AMA# % (gasconstant)  j/(kg-K)
], R=MR,
R—i# ] Sk K R =8.3145J/(mol - K)

(universal(mglargas.copstant )
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. KAE54ALH4RE (parametric coordinates)
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1-5 TR PR SZAIERE

—. f#A 342 (quasi-static process;
guasi-equilibrium process)
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—. " #iTF2( reversible process)

T BRRTRRRZBEREK
Sd AR RG TAETEA
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T EHSIEN LR

® 3 shik it A2
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pA>Fcosa+ f +p A FEBSEE
(nonequilibrium process)

pA=Fcosa+f+p,A f#hits, T

pA=Fcosa+p,A (f=0) AL, TiH
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AR

15T 3 =/ 0 5+ A #EABL
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AANHBELAGEINTNMR G EHE
3.— KRR R T 4

4.7 3T 18 A2 AR

5.7 % LA T Al RS S E L LT
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—. Zh(work) &) & X Fa =T 1% i F2 49 )
1. ey sl
2. ThEgP A FE N BT AR R LA
MRTRIARAEY.
3. T#HiARHeTH P!

W= 5w :
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4. KT HE:

FRITIMESD A
ST RGN A

5. FhFeh R F L.
J gy, kJ
J/Is > W
klJ/s > kW

: 1kWh =3600kJ

www . kaoyancas . net

www . kaoyancas . net

< | < | » | »l|



www . kaoyancas . net

6. it
o A A g (useful work)4E A

W, =W -W, -W,

HF:  W—K3h (compression/expansion work);
W|_§’}%"~{$€'Iﬁ§
W, — HEJF KA

5] A7001331
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=. #F (heat)

1 &S RAd TR AR
Bt DR RN T

2. HEHE: FABAT
Z;,i;:z“‘ cc_73

3. Hf3: ] (kj) 0
4. HEXBRELAHE
(T-sA L) &+
Q=[Tds  (WiiLED
5Q =TdS

2 9 2t gu =2
7‘}}1\‘ j:4 ﬂi]iﬁi 24 www . kaoyancas.net
<| < | » | »|



“NES S P EESCE I
1.¥ 4B LA FAEFE NG,
2.¥) A E,
3.4t R 2T, WARREWNZESFE;
e REHS, BT RERGIRE;

A.h R % 8B it 7 B Sh KA AN EAE FALE G,
M AN BT TG IE Sh K A AR EAE A it
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AEAN LR, FhETER,
iii‘51~'%2°ﬁgfa i:i?i%ifkﬂi}3i<,

B GhETER, X AefT?
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1-7 #F PRI
—. &L
#H A b ) A2
B —RERKKE B, B jjdx = 0

=, TP E T J42R (reversible cycle and
Irreversible cycle )
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=, HHMAF (E=HEER) (power cycle; direct cycle )

&/ h
J 5

#r ik o
Fp ~vB AT -sB i at4t#t47;
GIREEEHE LR LT, BRAKRESIHKR LT,
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. # @ PR (reverse cycle)

A A 18R (refrigeration cycle)
AFF IR (heat-pump cycle)

N

2

ri

*&%%:%Aé%
FEIRE S BT 4TE 4T
wzw %zi*z’h
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B, RBIRZEFHIEAF:

A
(AW/l)

CIMEEEZS:
# 2 &E (thermal efficiency)

SCATF/ RS

%) A 2 3 (coefficient of performance
for the refrigeration cycle)

HE1Z 2 # (coefficient of performance
for the heat-pump cycle)

=
E —F www . kaoyancas . net
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5% R0 FF5—=4#
First law of thermodynamics

2-4 M2 A X KEFTFEEX

2-5 e A EFIE
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2—2 Jj?g‘\‘jj ‘)?‘L’ﬁg ( Ijil ﬁ%) %n ,\u\ ﬁl%oyancas net
—. #A%gE(internal energy)

a Uch
T4 7 fE
U< u. U, {#’%ébébﬁ‘é }fl(T)
Up— fZ(T,V)

. & (fEfE) #E(total stored energy of system)
# ) Fhe, NBREAE
E= U+Ek+E& e=U-+6 +€,
ZNEE  EIALRE

spsfiieget

K
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2-3 WA EH— AR

NRGR TS — R A G R E S Ae=
#I) 2 EHRAREEE

oW
ome —s — Smjej :>.
50 - r+dr
An: 0Q+ ) dme, Ak OW + dme,

AR seeg3g&: dE
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Smiei — — Smjej :>

50 T T+dr
BdeEJ{Z(e.Bm. —Z(eiéSmi)]JrSW

J tot

x  Q=AE +LT2 [Z(ejSmj )—=(gdm )]+V\/tot
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2-4 PFHOREARBEEHFER

Q= AE+I[ %[ e,5m; (e,ESm)]+V\/tOt

Maez, om=0  om =0 }
R ZNH U ALy,  AE =AU

Q=AU +W 0Q =dU + oW
q=AUu+Ww og = du + ow

F RIS AT — o e EARAX
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W’ [OAUSW 60 =dU +0W
q=Au+w 0g = du +ow

1) stFTi  0Q =dU + pdV
2) st [[)0Q =[]dU +[f]3W = Q,, =W,

3) X’H"&zl/ﬁ%iiﬂ 5HfBRXEZ, LERETWEH
“p . FAE KRS,
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14 E] 53] H,\*yf K www . kaoyancas . net

whl, #HEEk, £ AU #B: RAAKARS A
— P2 & ? FueR?

= AU + W
Q=0 W =0
0 HIU,=U,

%1 A4302661

BIA4303771
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Va2 44 34 7y 5 AR R B

1) BIF#HH %
L n A
2) R RS o x ke 8k
3) @ﬁﬁ*ﬁ'u
AN B A7 Bt s A 2 AME 2

4) T 35T A2 6 h 7T BRI IN IR ASE F.
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- b JE TN
2—5 REEEH %%

—. 31T (flow work; flow energy)FH
s (flow work; flow energy)

Pr [ ®

BN ZAATIHXFR I A EGIE.
PAAH = pv

www . kaoyancas . net
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I 76 3 6 R4

PV, — PyVy (= AL pv]) i

e EE

#ﬁ%ﬁ%ﬁp-v@ E-
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—. #& (enthalpy)

Z3: H=U+pV  h=u+pv

Bei: J (kI Jikg (kd/kg)

B RESHK.

L

gl RHEE TR AL AL ERE.

dH =c dT + V—T(é—vj dp
" ot ),
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=. RERshEEE 72 (steady-flow energy equation)

RAERAIFAE: 1) 2BE LSRR H T AL,
2) AE~,=0, AS,,=0, Amg, =0

& Ro&A A8 T AR,
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s . Cfl
WA N:0 k| Jo + U (ul + PV, + 5 T gzl]

) p) \=4 1
- AREBERANHRE: P, +0,, (uz + P,V, +§Cf22 + gzzj

= RGNEERENEE: AE.,
% S BT AIE : AEcy=0 0p1=0m2=0pn; Kh=u+pv

c. C:
(]C? T (:}-IZ - I--Il)-+_qm (: 5? o é;L:]'+_(]n1§J (:ZZ o zﬁ.) + F%S (/Q!)
:h ) 1 2_ 2 . B
q="n h1+2(cf2 Cfl)"‘g(zz 21)+Ws (B)
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ch? ::(:F12 —-H :)_F(qﬁ](: ;f 2 :]4_(qn1g’( Zl)'+-F%S (/\)
1
q:hz_h1+2( f2 C1)+g z _Zl)+Ws (B)
e
1) BN (B) AKX (C)
/_ Ty i T
1
q-Au= W, "‘( pzv\z__ p1V1)+{§(CfZZ _Cf21)+ g (Zz - Zl) }<C>
m%& " R !
o Lk
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2) # A h(technical work)— B AR LTSRS w,

/:WS+%AC5@
B (C) IW\
1

q— AU =W, +( PV, — p1V1)+§(Cf22 _Cf21)+ 9(22 _Zl)

q-Au=w+pv,—pv;, (D)

W =W—DP,V, + )V,
dw =dw—d( pv)
i AR
3w, = pdv—d( pv) =—vdp
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L.
q:hz—hlJrE(cf2 )+g Z,—1,)
(1 — Zﬁ&r] -F'\ﬁVE 'Eq‘iéi. (] _ Zﬁ;f] B J;f!\/cir)
0q = dh +dw,

0g =dh—vdp
4) BT Kb K &
8¢ =dh—vdp =d(u+ pv)—vdp
= du + pdv =du + 6w,

S DB, dHgE =, w=g-Au

D%*&ﬁﬁﬁﬁ&ﬁﬁi%ﬁ,ﬁxﬁﬁ%%¢
feEH A2 A Al
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0. TeE sl e T Rz A

1. KA. KA
(steam turbine. gas turbine)

iitkvin. 7 o
u, + p,v, = h1

Rl B %:
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2 EE M, KFEK (compressor, pump)
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3BT (BRI INPEETE)

(heat exchanger: boiler. heater etc.)

e IR

L} "
e T

048m
| 1
76 2m
_ S
; 3
o *
- E ;
s 3
ETHRBEE k ;
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s WL I Om
- " v
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1,
ul +§Cf1 + gzl + p1V1

1.
U, +§Cf2 + 0z, + PV,

A u+£cz+gz+B
2 f
Yo,
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1 A4312661

#1A4322661

51 A4332771

5l A4333771
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EER

1) e ZFALT AT 27k R .

2) ZEMV AR TG ER. Rk, LEARARET
LR AR SRR

3) BIAL333771P EH REBR AoFHEGERE, &R IefT?
— BRI IAA XA E I, MAF R

4) & AL3337717E R A b RATHFH 2,
EERTHBRE,

S ?

=
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