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(technical thermodynamics)

0
o
E]

)
i)l

Rr

0
0K

) = & F&H(thermo-chemistry)
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(classical thermodynamics)
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Superheatar
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gases
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Air preheater
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water
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Vapor—a
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Steamn generator

High-pressure, low-temperature
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(J pump
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(super heater)
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(condenser)
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(2) YW= AIOIZ (the vapor-compression refrigeration cycle)

Evaporator

Cooled Air
(Returned

1o Room)

(Taken in

From Room)

Expansion Device

Hot Exhaust Air
{Returned Outdoors)

Suction Line

Condenser

Compressor

B o e o e el

Discharge

Line
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(1) MHl(system)
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ZMe
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cing <

| (surrounding)2t ot0f FAH (boundary)dl 2

off ==

0]
Z=2|(surrounding)
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Z Al (boundary)
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JHEHA.

PN
=.

UM AHESI= OHH2

41 (working substance)
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AHEH 2 (Properties)

(1-1)

Ct.

[

N &

of Z

0

EHEoil 2
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tOH,

[¢]
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|
(=

EZI

—

of
I8t & =
-/ T/ -/

2]
I(characteristic equation)

=/

T= f(p, V)

15, &

i X, g,
MNA
o

X

=
e

Bl
I =, LA
v= f(T, p),

=5 =,
X

 SZAZUA AL =2 H

ALEH 2f (extensive perties) :

AtEH 2 (intensive properties)
ex) 2¢, ot
ex) =,
F=(pv,T)
p= f(v, T),

(2) AtEHAl(equation of state) £= E
S H| A Kl A

@ AHEH(state)

Ct.
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(cf) HIJI= & SH(irreversible change)

© Jt9H 5t (reversible change)

)
B

-

<0
1

i0J

o0l

2 2

1S}

)

=5
=

|

ivE
[}

S|
=

t( adiabatic change)
Z 2| EZ2ZH 5 (polytropic change)

249 5l(isothermal change)

A 2t Sl (isobaric change)
A X 5l (isometric change)
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S& (LA, caloric)0lCt.”

(process)

Hl(system)LH 2
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constant :
constant :

V = constant :
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=
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ayer, Joule(18424

: ®
<

g2 2N SSs o XIS s HEHOICH

At Aol UMOI BAHZE AMBEMORZ ZHGIH FASIO| J|xEE.
O =29 2o &5 Hlu

25 . 280 BERdle EHUHRIL 2%
gzt 0 280] ERote 2HUHRXS =
(2) 2%(temperature)

S8 E A4dole 22 2S0HUKS 2#sHEE X822z HAlote 22l .
@ 2CH - 2EE FHEHOZ ULEU=E HE J10I2M 2&Hs0 2 229 22 422 018
@ 29 ==

2 MEY . 2o HEN HSEH[s2HE]S HEoz &
1 " 29 3=z&¥s 38ez &
I OH

£(0.01C, 0.6117kPa, 0.006233at)

@ (Anders Celsius) : 252 HEO2 HZF IIYot O =48 29 YEES 0, , Y
H2 100, 2 ol 1/1008t AHS 1C2 EAIS 2EFHT. (06 SHAAHOA AFR)

® (Daniel Fahrenheit) : 2&°] MEQZ EZ= Y6t 0IM =48t 29| YEES 32, , =
BIME 212, 2 o0 1/1808t AE 1°FE HAISH 2EXHE, (92 S HOAM AIR)

© (absolute temperature)

Charles® B0 2otH JtA= 20| S [ 2& 1T ASSU Ot 0C LMol MEV.Y
1/273.15% SOttt =, SWEH A+ a = 1/273.15.

tC mel MA Ve

V= Vb oV = (16 )y,

273.15 273.15
(273.15+ t)

1-2
273,15 V0 (-2

MetM t = -273.15 COIH V = Q0ICH
JIMe &

d8e=z

=, OISl 2= -273.15CJ =0 Ol 2&

2 88X
dgt 22 ct ettt

gty H2%
Kelvin? ZURT(EM=E=2)
(1-3)
Rankin® ZU2C(SMNEL)
(1-4)
(3) @otst H 0 Y=
e S ZXOF M 32 SH(2ZH) 22 Z2EE AH0 AS M & SHe M2 SHE MEfH U
1-7 X&)
(1) Xt&(Dimension) : 2c|& SAS UE M 2(E), HA, MLS22 SHE AF6te J2 (X
gh)
Ql=[ A% B" CcV¥... ] (1-5)
HIIIM —Q: S
A B C, ... |2
FoaBy ... Jl2g A, B, CHl CHst X2



A2 = [LI/[T) = [T ']

(8] = [22][JtsE] = IMIILI/[T2 ] =MLt 2]

(2] = [E]/[HAE] = [FI/[L?2]=1FrL %]

(&} = [&]/[0t=%] = [FI/[L)/[1 %] = [FL ™ v~ 2]
© xSXk (Dimensionally homogeneous)

rr

O

A =B+CY M SHAHSL; 2HEGO0l A2 B+Ce= =&t g2 22l 2 &
=Ct.
(0il) 10[ kg, ] = 5(m)+4(sec)
IM] # [L] # [T]
O FLTAHLI MLTHI2| 2t
Newtonl 2SH = : F= ma
[F]l= [M][LT ?]= [MLT 9
[M]= [FL 'T %
(2) =t2I(unit)
=cl &2 IAJIE UEIWD| a3l Hlne JlEez &= SE9 .
= S2E¥9 AJ| = £&=X x ©<
2 1-1 2 ©2[H2 dHlw
HHcte =z4 T
MKS CGS Ct2| MLT Al FLT A
21 0] m cm L] L]
S kg g M] [FL T4
Al 2t S S [T] [T]
= kem/s’ | gcm/s® IMLT™ F]
OHL—IXl 2/ 2 2/ 2 22
(2e) kgm?/s°|gcm?/s ML“T™] [FL]
£2  |kgm?¥s’|gem?/s® IML?T™ | [FLT™
otad | kg/ms®| g/cms® ML7T™]| [FL™
(3) SI &9 24
@ SIEH
JI2S2A(7o0) © 201(m), 22k (kg), Al2Hs), EF(A)
gaastN 2 (K), 22l (mol), Z2=(cd)
CHR(20H) : EH2(rad), &HI2H(sr)
D RESAT7H), JIEt

T
Y
m

1n
2 40 Ho

®
@D
o
J
==

ro
_>'|_|
o

0
Ay



-8 o}

(=]
bl &

& (Pressure) @ p
X

n—~
A
s
9|I_I

10

gor

{ & &&ol=s

- % (1-7) F

r

SH(UA, JIF) : 2, DH : S=(stress) a A

(1) =<
@ CGS &=
1bar = 10° dyne/cm® = 10° mbar = 10° N/m® = 10° Pa
imbar = 10° Pa = 1 hPa(hecto Pascal)

@ S| &©=l
1pa(pascal) = 1N/m2
@ B (BHES)
1281 1at= lkg;/em® = 10mAq
@ HEEUIIY 1 SEINETI EEAE(g=9.80665m/s? = 9.81m/s*)2 1 LTIt 13.5951g/cm>2 £=2
F9o| =0 760 mmE LIEtH=E &4
1 atm(atmosphere) = mmHg = kgi/cm? (=at)
= kPa = mbar = mAQ
CHel Ao 0
© 1003.9 mbar
_ 1003.9 _ 2. )
1.03323x 013 95 1.02369568 kg /cm “=1.02kg /cm
1003.9 )
=760x% 01395 =752.9869233 mmHg = 753.99 mmHg
700 mmHg
_ 700 _ 9 . 2
—1.03323Xm—0.951659211 kg /cm “ =0.96kg /cm
700 )
=1O1.325X%:93.32565789 kPa = 93.33 kPa
—1 100 _ -
=1x —60 0.921052632 atm =0.92 atm

® g2 (absolute pressure) : p,l kg Jcm % abs, ata, at]
AMIZES J|ZOR o U
@ 22 (gauge pressure) : p [ kg /cm % g. atg. atu]




g0l HIILECL =2H(FY)

paz p0+ p (1_8)
O

g0

o
S
[
HI
a
HC

“ATorr= 1mmHg= 133. 3224Pa

101. 325 x10 °

T 760
AsAAE P
I|15 - A= - = —
co X m7]%p ) ><100(%) (1-10)

0

0K
H
rr
ne
=]
e
g
i)

[OI& 1-2] HE WOI(760 mmHg)&EH0IA 700 mmHg S ZHD &
(sol) ZUE:P,= Py- P,=760mmHg- 700mmHg

= 60mmHg(Torr)

MEBE: x= %‘jxmo= %xmo: 92. 1%
[GI M 1-3] THDIIOl 1003.9 mbar & I CHSOl e HUHQROZ T ata QI
(1) 25kg /cm “2 JHOIXI (2) 700 mmHgQ AZ LA
(3) IREIt 90%
(sol)

1atm = 760mmHg = 1.03323kg/cm2= 101. 325k Pa= 1013. 25mbar

1003. 9
1 = = X—— =
(Dp,=pe+ P = 1.03323 1013 25 * 25= 26.02ata
1003. 9 700
2 = - = K—— - X =
(2)p ,= po p = 1.03323 X7 T - 1.08323 X = 0.072ata



e q00 > p,= —0i2E

Po 100

@
P
I
H
X
|

_ _ XPo _ X
Pa= Po Pg = Po oo = Po(1- 100)

1003, 9 90
><— - —
1.03323 %7913, 25 1 00 )

0. 102369 ata

p= kg/m”]
G ~y kngQ/m
- G _ TR (1-11)
=V [ — ]
(2) HIEZ(specific weight)
ct

SAMEY 222 €

y= [kg;/m?] (1-12)

_Q_M_ 3
X

)
=
a
@
i®)
D
(@]
=
O
<
S
C
3
D
e

eS|
2 28 e s¢2 =20 AXlote M

2 Moz Y& L= HISES 901U
v= v [mg/kg]
m
_ Vi3
v= E[m /k:_qﬂ (1-13)

—_

-11 20 HIg 2 Egt
2

1) Z2F(quantity of heat)dt HIE
J

—

Azt m kgl SHO 2 dQ Ot JlhE 2R 2EHSE dtet otH die dQol dlastl mol gtelel
StCt= 22 degez 21 UL
dt o daQ
m
dQ o« mdt
daQ = [ kJ] (1-14)
(cf) S&Hct2 |
dQ
dt o« G
dQ o« G dt
dQ = [ kcal]
OIIA Hldlats= C2 SHS MEN 2 DSAEZ A (Specific heat) Olet StCH. HIZ2 {d
=& 1kg2 1C =0l=0 228 Z0|C.




_ —dQ - 4o i (1-15)
C mdt [V kgK ] Gdt [kcal/ kg (C]
(cf) =& (heat capacity) : C'
22 mo SAE 2E 1TE0l=0 2esh g2t
C'= mC [kJ/K] (1-16)
o HIZ COF 252 2H S0l dFE A SH 258 M2 Sele 2
1Q o= [ kJ] (1-17)
D 2T 2to 2
@ C= f(t): HZ0| 2= 9 A0l LH
2 2 2
dQ= mCdt= mC dt
1 1 1
1Q 2= mC(t o= t 1) [kJ] (1_18)
19 2= C(t o t,) [kIJkg]
O Hex2 28 2
‘B & 4=(Point function) : L& AMEHOIO| St M 24 H
5 D
SdV o=V v
AZ[WAE, WE]etz=(path function) : 2FCtol AFEH&20H 220
T HAEE S+2N E2HF DI2EEHS &=,
ZAHSHME S L8l SiCH
2 2
16Q=1Q2=Q1a2 16Q¢Q2-Q1
2
16W = Wy = Wy
® C=f(t) : HIY0l 229 &4 = A} AUS
p) p) 2 2
, dQ-= mCdt= m Cdt=m . f(t)dt
2
. Cdt
m to- t)= MC (t - t
1Q 2 (tz-t1)(2 1) (to- ty)
2
Cdt
! (to- t )= C (to- t;) [kIkg] (1-19)

2T, )

0IIM C,2 ¢, t,Al012 BRHL.




CITI=

192 = C ,(tye- ty) [kIJkg]
A
c 2
K ,
- !
S Cu [-——-ppmnge—oor ]
& :
]lI E
| .
f ty t
Temperature
J8 1-5 BZHIE
@ X2
HE2 XA & AEIN T2 2 s 201 2280}
@ HIZ(Cp) @ 20| LHS AU AL HIL.
® HBIZ(C,) « MAEO LAES AEHOAMS HIE.
© (ratio of specific heat ) : k
A0y 3EHIE2 .
k= (1-21)
JIH Cp> C, k>1
oHXl, DA : Cp'z. C, k=1
(2) ==
SISt - J(Joule)
&S| kcal, Btu, Chu
@ 1 kcal : &= IILBI0IA =48 2 1kgri2 1T S0/=0 2R Zat,
@ 15Ckcal [kcahs]
1 kcalis : EZ& UIIL0IHAN == 2 1kgiE 14.5CUHAM 15.5CIHHAl =0l=0l 228t L&k
©® ™ kcal [kcalm]
1 kcaly @ E= UIILGHHA =28 2 1kgi2 0CTOA 100CHHA =0l=0 Z8 29 1/100

© =Ml kcal [kcalin]
1 kcalis = 4186.5 J
1 kcaln, = 4186.05 J
1 kcaln = 4186.8 J
1 kcal = 427 kgr m = 4.2 kJ

1427 x9.81 m/s’
@ 1 Btu(British Thermal Unit) : =& HIIL6t0A ==&t 2 1IbE 1°F =0l=0l 228 2
1 Btu = 0.252 kcal
@ 1 Chu(Centigrate Heat Unit) : =& IILo0HA ==& 2 1IbyE 1C =0l=0 ZR28 Z&.
1 Chu = 9/5 Btu

(1-20)



et HI & =25 SR 2%
22(1) mi Ci 1y tm
2Z(2) ma Co to tm

t, <ty 2ot t <t, <t
AU oA Q= — Q-= BH)0IS2 Q+ Q=0

(1-22)

;1m L
[ X1-4] 6 kg2l ZH QR0 25°C2 2 220JF SO{UCE. 04I(01l 200C2 P2l 5 kg2 EACIH S THEH
29| 2= ? G, 29 HIE2 4.187 kJ/kgK, 29 HIZE2 0.4648 kJ/kgK 0l 2|2 HIZS 0.386
kJ/kgK OIC}.
(1) AR RO &40l gi= HR
(2) ARZ29 SFEA0| 20 kIO B
(sol) 1m® = 10%= 10°m¢ 0122 14 =10 °* m®
2t p= AT m gy 2o wc =1000kg/m*0|22 29 =&t n

m = pv = 1000 x 22x107° = 22 kg

n
EmLCL t

i=1

Zm7C;

i=1
_ (6 0.4648 X 25+ 22 X 4.187 X 25+ 5 < 0.386 < 200)
(60.4648 +22 % 4.187+ 5% 0.386)
= 928.49C
omCit, — @
(2) t, = ZT

i=1

t =

m

(6 0.4648 X 25+ 22 X 4.187 X 25+ 5 X 0.386 X 200) — 20
(6 0.4648 +22 X< 4.187+ 5% 0.386)

= 28.28C



Jg 1-6 €

W= = FS cosh

(1-23)
1.8=.5cosh
(3) IIHEANAKX E£=

SHMe ?X L=

o SHA (| Xl (Mechanical energy) @ F
S0 Qo gMc= ollX
@ X ol Xl (potential energy)

" E p
. o E p= Gz [kgfm]
i E p= [kg m ¥s?= [Nm] (1-24)
E
ep= GP = z [m] (1-25)
@ 23 oA (kinetic energy) @ E 4
. _ G 2
. (D1ws) ' E = 2g ) [ kg m]
E .= [kg m Zs?= [Nm] (1-26)
E K (1)2
= = m 1-27
e i G 2 [m] ( )
(4) S0IUX : @
A 230 2o M= oA
dQ= mCdt (1-28)
(5) JIEF : &Il AKX, & OIAXI, A2l XK.
1-12 S (Power) = UE. 2B : W
Sl AP B 2
aw
= — 1-29
7 ( )
(]

1W=1J/s=1Nm/s = 1l<:ng/s3
1k W= kgfm/s = kcal/h
1kg m/s = 9.81IN/s =

9. 81W

1hp(horsepower, 7)) = 76 kg m/s= 0.746kW = 550lb ft/s= 641.6kcal/ h

1PS(pferdestarke, =PF® )= 75 kg ;m/s= 0.7355 kW= 542.5lb ft/s= 632kcal/ h
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g g
o= y==k /kd:c:ka:-l-C
1
HEMS y=g" /x”dx: —— "+ C
n+1
o1 A 1 1
of A y=— —dr=Inzx+C
x x
% =" fde=¢e"+ C
Xl == y=ce edr=e +
2) 3&¥&
FEHES 228 2842s HEols Y¥=E dH=0Ict oftH, HE T2 EHAHOILL 21

T

Vi y::(x)

/bf(a:)da: =lim En]f(xk)Ax

n—o0 k=1
a(Ot2HB)OI A b(RAZ)NIXI H2BHCH 2t B
-o|0]: 2&f(x)% a%t b2 S2H&Q &

-S& ; &01, 2L, 5&2 AHel

3
on)f (62° — 4z +3)dx
1

6 3 4 4 3
——[3:(: 2ac +3x]1

=(232-23%+33)—(21°—21%2+31) =42



