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24 masna@uiiamaneslulauniiag (Table of Thermodynamic Properties)
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M3 NoNAe I AN 1z tTuveuiaIuM (saturated liquid) twaz lodudd  (saturated vapor)

a

TaguonmamauiaNdg 1Ay 6 Auaulia Ao gungll  (Temperature, T) ANUAY  (Pressure, P) (71
v A 09/} I @ o o 2 o .
anuaulsnglumnaisnuadluanududuysal) Ysmnassuny (Specific volume, v)
wasanumelusunig (Specific Internal energy, u) UsIaLIUNIE (Specific enthalpy, h) tag 191
Ao a o A
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LU Upg = (ug-uf) AIDY NIV mﬁsﬂummma’mnmﬁqmwgu 100 C %zﬁmmﬂumm‘u 101.

325 kPa 3/Sinasd iz 0.001043 mke uazindanuaeludume  418.99 kike taznin

a

A g’ A g A o A o =1 1Y) " W ] = o 12
Wmimm”lmﬂu"lamlmﬂqmﬁﬂn 100 C 92 UANUAULNNY 101, 325 kPa LB ULASINU IO
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Psnasduniz 1.672 mkg naziindesaumeludumz  2,506.0 kikg nindesmasaauguldii

' 9
1AoATiguYind 100°C zdessnuanuauvenih Idimiy 101 325 kPa uaznInAeIMsAILAL

Yo A A A o Y o Sa Y 1w A g v

Tiiudeaiigavgil 110°C wdessnanuauvonhldimidy 14338 kPa niedsamsliii

[ 9

= a

ihoalgauvgll 5°C wzdesannnuanveairldiviening 0.8726 kPa

Table 4 Saturated water: Temperature table

Temp Press. Specific Volume Specific Internal Energy Specific Enthalpy Specific Entropy
T P vy Vg us ugy ug hy hyg hy sy Spy Sg
‘c kPa m/kg  m/kg | kg K/kg  K/kg | K/kg W/kg  K/kg | K/kgK  K/kg K K/kg K
0.01 0.6117 | 0.001000 206.00 (0.00) 2,374.9 2,374.9 0.00 2,500.9 2,500.9 (0.0000)  9.1555 9.1555
4 0.8135 | 0.001000 157.12 16.81 2,363.6 2,380.4 16.81 2,491.4 2,508.2 0.0611 8.9895 9.0506
5 0.8726 | 0.001000 147.02 21.02 2,360.8 2,381.8 21.02 2,489.1 2,510.1 0.0763 8.9486 9.0249
10 1.2282 0.001000 106.31 42.02 2,346.6 2,388.7 42.02 2,477.2 2,519.2 0.1511 8.7488 8.8998

80 47.415 | 0.001029 3.405 33490  2,146.7 2,481.6 334.95 2,308.1  2,643.0 1.0754 6.5356 7.6110
95 84.609 | 0.001040 1.981 397.93 2,102.1 2,500.0 398.02 2,269.6  2,667.6 1.2502 6.1648 7.4150
100 101.325 | 0.001043 1.672 41899  2,087.0 2,506.0 419.10  2,256.5  2,675.6 1.3070 6.0471 7.3541
105 120.90 | 0.001047 1.418 440.09  2,071.8 25119 440.21 2,243.2 2,683.4 1.3632 5.9320 7.2951
110 143.38 | 0.001052 1.209 461.21 2,056.5 2,517.7 46136  2,229.7 2,691.1 1.4187 5.8194 7.2380

A g A o 4 o &
Tum5199 5 13UM519DUADI1T A5 19ANUAY  (Saturated water: Pressure table) 1JUa1514
Q‘ 1% g‘ qgj { I Q' [ . . Q' kY]
DUAVBININIAN1IZ N UV AUHAIDUA (saturated liquid) uae lodudy  (saturated vapor)
1 = o ~ ~ [ ] v A o YA 1 Al o Y @
W UReINUM 19N 4 tsauaermanuauonian BAnveasn uazguugondn T Ayesdaly

v
1 v a

v o o 4 A Y AAY o
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Wanrua auaNwanivuiiu 1 kg vazgunimvesleiiy x

5mnassw = 1U5mesveele + YSinasvesveunad

V= Vliquid + I/;mtpor
mv = Miiquid Viiquid + Myapor Vvapor
mv = (m— Myapor )vf + Mygpor Vg
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Myapor

)vf + - Vg

v=~1- x)vr +xy,

v=_~1- v +x(vr +v54)
v =vr — XV +XVf + XV g)
V=V + XUy (2.6)

o [ wad‘ < o o = v A
dmSuguamiaoug dduouIdluihueudeinune

u=1us+ xus, 2.7)
h= hf + thg (28)
S =S+ XSgrg (2.9)

a

MINN 6 uAAIAMANIAYDI 1oAY (Superheated Steam) d 15U loasanuavLaz gl
I~ wAaa 1T W Y] Qs’l ~ [ =& =3 = aly ¥ 1 - 1 1
Wuguaniodszaeny auiuianuaunie 39 Imgungila g uaziuaaza
Aadq ¥ A A U A A Iy o =2 A ' A
guninl wiimguaunia 4 sdeimaeld 13 dnvazvesmsne leastuniloumssdes i
Y] 1 J VoA A o vy A
anuauusazm Tuuausnazudasminan1iz leouia daeanuazainlumsasiadon
dunan o ANUIUYTe mauaulialagves leasz iaunnnnauamiaves lodusa isu
a a1 1 a A o A o ISP ' N
gangiived leaslimunnngurgives lodwuds eusiatlinmizves leasdisnnnineusiall
o A o 9 o tiy 9. 1 1 ' AAY
$umizveslodua iiudu anmstiaz lglumsasadeunaasod luanuzla wu Tunsaing
Y 9 v v
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M15197 6 Superheated Water Vapor

P= 10 KkPa P= 20 KkPa P= 30 KkPa
Tsat=  45.81 °C Tsat=  60.06 °C Tsat=  69.10 °C

T v u h s T v u h S T v u h s
°C_ mfkg Ky K/kg  K/kgK | °C mikg  k/kg  Ki/kg  KifkgK | °C mikg  K/kg  Kifkg  W/kgK

sat 14.671  2,437.2  2,583.9 8.1489 sat 7.648  2,456.0 2,608.9  8.1489 sat 5229  2,467.7 2,624.6 7.7675
50 14.867 2,4433  2,592.0 8.1741
75 16.035 2,479.5 2,639.8 83167 75 8.000 2,478.0 2,638.0 7.9926

T > Tsae 2 Superheated vapor
100 17197 25155 26874 84488 | 100 8586 25145 26862 81262 | T T, > Subcooled liquid

150 19.514 2,587.9  2,783.0 8.6892 150 9.749  2,587.3 27823 8.3680

AN 7 naanuaNiavesvedial louea  (Compressed liquid or Subcooled liquid)
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HAagMINNN 8 memqmﬁmmmmaumuaz"laaum“luauﬂa
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Y] Y @ 4 o” <3| A o & o 3’ "
ﬂ?ﬂfhﬂﬁ 2.1 mmgﬂiuwﬁdmiﬂquﬂuﬁmamﬂummmmanmmum WNRUDIUUMNY 50 kg

wazgam gl 90°C wamanuau luda uazilsinasveens Tonk
ad o d' gl ] [~ A o Water
A esnmihegluaniiziluvearaloudd sat liquid
m =50 kg
Y T=90°C
AU P = Psat @ Tsat 90 °C p=?
V=7
21035199 4 TdAANUALDUAT = 70.182 kPa

anuau ludumny 70.182 kPa foy
Table 4 Saturated water: Temper
1agn V=mv; m=50kg
° Temp Press. Specific Volume
v=v,@ Tsat 90 C r » v v,

d' OC 3 ke 3 K
NNNTNN 4 v =0.001 036 m3/kg L LT
v o 3 80  47.415 | 0.001029 3.405
AU V=mv =(50kg)(0.001 036 m /kg)

85  57.867 | 0.001032 2.826

=0.0518 m 90  70.182 | 0.001036 2.359

X 95  84.609 | 0.001040 1.981

151nesv09aumnNy 0.0518 m 7R3 100 101.325 | 0.001043 1.672

o ¥ gl 3| A o a2 o
faeai 22 ganszuengugnguusini luanigifuledwd ifSnas 05 m’ uazanudu

Y
150 kPa mmqmwgmmzmmm%m

a o 4 oy 1 [~ A o : :
35 Lﬁmﬂ1ﬂuwag1uaﬂwazgﬂu"la@uﬁa Piston-Cylinder
Y
A9l T=Tsat @ Psat 150 kPa l:l
A 9 L o o Water

1M 5 Idmgaigiiond=111.4°C Sat.vapor

a @ 1w o V=05m?3
gaungludumnu 1114 °C A} P= 150 kPa

LLag 31N V=mv; m=V/v T=?2 m=?

v=v, @ Psat 150 kPa
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Table 5 Saturated water: Pressure t

4 Temp Press. Specific Volume
NAMITNNS v =1.1594 m3/kg P T v v,
o & 3 kPa °C m’/kg m’/kg
AU m=V/v =(0.5m")/( 1.1594 m3/kg)
101.325 100.0 | 0.001043 1.6733
= 04313 kg 125 106.0 | 0.001048 1.3749
o " 150 111.4 | 0.001053 1.1594
Waved b ludaumny 04313 ke oY 175 1160 | 0001057 10036

v 9 9
feeafl 23 SavuIa 04 m’ usspiaz levhluan1izauga

Tnanarum 2.0 kg NANUAYU 6 bar (0.6 MPa) WATUIUNT

Y

1. Usmasuazinavedin

2. USinasuazuiavedle

N o

Y 9 v
A e leegluanizauganuuaaiig 2 egluniizoud

Ysnasvenin ( Vo) +dsmasvedle (V) = W5inasianua
Vi +V, =V
= 04 m (1)

Y

Y v
Wminveati (my) + tmiinvesle (my)

v v
MnIANIYLA (m)

m; +m, = 20 kg (2)
V, Vg

hl! V=mv ; —_—t— =20 3)
ViV,

VINANTN A12 NANWAN 0.6 MPa, vy = 0.001101 m/kg v, = 0.3157 m/kg

wnualu (3) ; ninaums (1) waz (3) w1 V waz V, 14

Y
Yinasvesth(vesrad) V. = 00008 m
Ysinasveslown V, =03992 m’
y 0.0008
e voa1i1(vearad) m, = ——— =0.7356 kg
0.001101
y 0.3992
Waved 1o m, = = 1.2644 kg Aol
0.3157

v Y
fedishl 24 loun 03 kgveneiluganszuengugngy  manzgamelidsinas 02 m

Y
ANUAY 200 kPa av1guini lori1 tazpunmvesle

a o

2 Y oy 1 g
im Glf)\‘]ﬂi’mﬁﬂ‘ﬂﬁfﬂu36110\‘]161!']’31L‘]Juf)3uli



TaoAoa3ameauia 2 quauia

AuANIAN 1 ANUAY P = 200kPa

Aaauian 2

— 0.66667 m/kg

& ¥ o = ) A a o
Hp9InIANUAUIIAT A Iasldas1an 5 TeanlSeunen v iy v, uag v,

fip,=200kPa
v, =0.001.61 m’/kg; v~ 0.88574 m/kg

Lﬁ’t’]\i‘tﬂﬂ v, <V <v, Llﬁﬂﬂ'jﬂ%ﬁﬁﬂWWLﬂuﬂJﬂQWﬁll
favi T=T

sat

@P_,200 kPa

15190 5 Tdsgaurglond = 1202°C

gl udumny 1202 °C
LHagan V=Vt XVpq
b4 _ _ 3
x =0.7524 150 75.24%
AN v oty 75.24%

Psinassumiz v = v/im =(02m)/(0.3 kg)

m=

E 3

V =

P =
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Water
0.2n’
0.3 kg
200 kPa

Table 5 Saturated water: Pressure table

Temp Press. Specific Volume
P T vy Vg
kPa °C m’/kg m*/kg
175 116.0 | 0.001057 1.0036
200 120.2 | 0.001061 0.88574
225 124.0 | 0.001064 0.79325
T
Tsat

v Y
daeean 25 o luganszuengugnquiouvenediiilsnas  0.02m’ aAnudu 800kPa uaz

Y
gaIMgii250°C W nanazndsnueluves o

a

A o 9 (;y g
im ﬁ@ﬂ@i?ﬂﬁ@ﬂﬁﬂ1u$sllf]ﬂll't‘]u']'ﬂlﬂuﬂguli

TaoAoa3amauia 2 quauia

Auauian 1 ANuAY P = 800kPa

Aaauian 2

guUnYil T = 250°C
A Y ]

1H999INIANUAUTIATINADL
Tael¥as199 5 TaonlSewmiioy 71U T,

1 o :Jl =
WUN T, =17041°C: T> T, auiuduiluloa
M131399 6 11 800 kPa 1taz 250°C 14

v =0293 m/kg; u=2,716.0 ki/kg

fuiua m =V =(0.02m)/(0293 m’/kg)

=0.06821 kg

T
T
P
Tsat
Vi V,
f '] v
P= 800 KkPa
Tsat= 170.41 °C
T 1% u h s
°C m’/kg Kl/kg K/kg  K/kg K
sat 0.240 2,576.0 27683  6.6615
200 0261 2,631.1 28398 6.8176
250 0293 2,716.0 29505  7.0403
300 0324 2,797.6 3,056.9  7.2345
12151
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naenumely U = mu = (0.06821 kg)(2,716.0 kJ/kg)

=18527kl

=
(=]
=

a

feeail 2.6 t9n931lussy ledudveneuTiion 20 °c Idanudoudn lhunsenigungl

IS [ I '

1ilu 40°c anusugametum s

Al o A o ] A o 3 a o A g
ah lesnnussyludensgl uazanalinffeuwlas duinalSnasdunzveneuliion
liasunilasdg vy - v,

a IS A o . A
Lsmwmﬂu"laaum e e V1=V, N 20°C

)
nnesepuTveseuTile (13194.2) v, =0.1494 m’/ kg

waz i 40°C wuh v, WouN 0.1494 m”/ kg waaehluanziniiuloas
namstieiyala lnsensdszning 900 1ag 1000 kPa v9amig A22 14
‘ﬁ 900 kPa v = 0.1559

1000 kPa v = 0.1388

Av (0.1388 — 0.1559), AP = (1000 —900)

Av

(0.1494-0.1559), AP = (1000-900) (0-1494 — 0.1559)
(0.1388 — 0.1559)

= 38 kPa
P, = 900+ AP

= 938 kPa 9 L)1)

2.5 GUMSANITVOIUNAIUANN (Ideal gas equation of state)

& A Y v Ao o &£ A ° & 9
GluLui’)‘ViTV]WTHNThlﬂllﬁﬂ\iﬁaﬂﬂﬁ1ﬂiUuﬂ5$ﬂ13ﬁLNFI@ “MIMUUATNIIE  ” BIADIVDN
waa lti?’ T w 1 9 U 3 dy o Y 1 wad A = 2
ﬂmﬁuwm‘lmmGl’é)ﬂl!f)ﬁﬂ%!@ﬁlﬁ@ﬂﬂi WQULW§1$%$W]iﬁﬁ’]ﬂ’]ﬁﬂﬁWﬂWﬂmﬁNﬂ@ﬂuG]Vllﬁﬁ@llﬂ 131
o & FY v o 7 A 1 A @ ' = A ;Ad
%’llﬂu@]’0\1ﬂi'lﬂﬂ'ﬂllﬁllwu‘ﬁm@ﬁﬂmﬁﬂﬂﬁﬁ'l\i‘]'J’]Hf@lliﬂ\iﬂu@fnﬂuli ﬂﬁﬁﬂ‘]elﬂHLi’éNHiJﬂﬁ

) a v Aa ¢ [ [ 4 A ~
ﬂ'lLLl‘L!ﬂ'lﬁll'lfﬂ]u'llﬂﬂﬂuﬂ’JTIfJ'Iﬁ'IfW]iGluQﬂG]N“] FUMIANVUTUNUTUDIAUTNUAVDITTITN

Y o aA o a . &£ g
IUAINUAAD TUNTANNICUDILUNTIUAN TN (Ideal gas equation of state) Fuurannms
[ a { 1 o J
VlﬂﬁENLL@$’L’f\‘ilﬂﬁﬂﬁﬂh‘lﬂ@lﬂﬁﬁﬂl@\iLLﬁvﬁﬁﬂDWNWuuluu@WﬂlﬁN uaaauawmﬁ ( Robert Boyle,

A ' a A 1 o &
Charle) waz Yoa31/v03 8 Tam 1a (Avocado) Nergil1 noAnssuvesnnana i uduiu

MUTUNT

Pv = RT (2.1)
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A = 4 ' A %) .
1o R A9 MAINTINaUDILNT (Universal gas constant)

R = 8.3143 kJ/kmolK

1w Tuana (n) gaaums (2.1) ala

nPv = nRT
PV = nRT (2.2)
910 m=nM §31U n=m/M unua'ld
mRT
PV = M
PV = mRT (2.3)
il R= X

M
A 1 A %) a osjl 1 %) a ~
R A9MANNUDINYYUAUUS) A1 R51]’&']\1ﬂ?%ﬂN“lﬂ!ﬂ‘]Jﬁﬂ;ﬂU@ﬂiN“ﬂ 1

[ 1 & A
FUMTANICMNULNANTUNIT (2.2) ‘H?ﬂ (2.3) 1559 TUMITEN1ILVOILATIUAN N
. . A 1 ° 9 Aa A a Y A Y %)
(ideal gas equation of state) NANNUWUULUUAINING Llﬂﬁnﬂ“]fuﬂll“l/‘li]ﬁﬂiihslﬂmﬂﬂﬂﬂﬂl,mﬁ
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Concussion : tT‘;“lJ ﬁ’wimﬁ 2
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3. ﬂmﬁuﬁaaﬁigﬂlﬁ)ﬂﬁ 15‘”%%!‘7]% (Independent Properties of a Pure Substance)
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[ Exercises : UULRNAT8UNH 2 ]

Thermodynamics I  Chapter 2 Properties of Pure Substances

Source: Cengel, Y.A,, and Boles, M.A,, THERMODYNAMICS :An Engineering Approach, 5
Edition in SI unit McGraw-Hill, 2006.

Home Work no.1

o

BoO©oo~No O

What is the difference between saturated liquid and subcooled liquid?

What is the difference between saturated vapor and superheated vapor?

Is it true that water boils at higher temperature at higher pressure? Explain.

If the pressure of a substance is increased during a boiling process, will the temperature
also increase or will it remain constant? Why?

What is the specific volume of saturated liquid water 300 kPa.

What is the specific volume of saturated vapor water 300 kPa.

What is the phase and enthalpy of water at 250 °C and 400 kPa.

What is the phase and enthalpy of water at 80 °C and 500 kPa.

What is the phase and enthalpy of water at 200 kPa and 0.7 quality.

What is the temperature of water at 5 MPa and 2,000 kJ/kg specific internal energy. Also
determine its quality.

Home Work no.2

11.

12.

13.

14.

15.

A 1.8 m® rigid tank contains steam at 220°C. One-third of the volume is in the liquid
phase and the rest is in the vapor form. Determine (a) the pressure of the steam, (b) the
quality of the saturated mixture, and (c) the density of the mixture.
A rigid vessel contains 2 kg of refrigerant-134a at 800 kPa and 120 °C. Determine the
volume of the vessel and the total internal energy. (answer: 0.0753 m®, 655.7 kJ)
A piston-cylinder device initially contains 50 L of liquid water at 200 kPa and 40 °C. Heat
is transferred to the water at constant pressure until the entire liquid is vaporized.

a. What is the mass of the water?

b. What is the final temperature?

c. Determine the total enthalpy change.

d. Show the process on a T-v diagram with respect to saturation line.

(answer: (a) 49.61kg, (b) 120.21 °C, (c) 125,943 kJ)
A 0.3 m’ rigid vessel initially contains saturated liquid-vapor mixture at 150°C. It is
required that if the water were heated it would finally reaches the critical state. Determine
the mass of the liquid and vapor at the initial state. (answer: liquid = 96.10 kg)
A piston-cylinder device contains 0.8 kg of steam at 300 °C and 1 MPa. Steam is cooled
at constant pressure until one-half of the mass condenses.

e. Show the process on a T-v diagram with respect to saturation line.

f.  Find is the final temperature?

g. Determine the volume change.
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