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+Phase can be changed fireni GHeio
another.
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* qumd = O teNP0HZE

+ Saturated Liguic=\Vaporivinxtures=sigud
and \Vapol: Phases Ceexist

- : ANOUTTO
condense
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Phiase:-ChiangePlroCEsSES o)
PllrerSUSstances

1=V diagram
for therheatng

PIOCESS) Of

Waler: at

e nStant : Saturated
p 'ESSUIE. ; mixture
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Critlcal golp (
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SaulliateaNiegueNine
SatlEies \Vapeiiineg
CompressedliguaNesIen
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Critical
point
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VAPOR
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LIQUID-VAPOR
REGION
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SUPERHEATED
VAPOR

|

COMPRESSED)
LIQUID
REGION
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REGION
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P-V dlag ram Of a Critical
substance that point
contracts on
freezing.
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LIQUID + VAPOR

Triple line

SOLID + VAPOR
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2oy Dlzic| s for Prizise-
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P-v diagram of a
substance that
expands on
freezing

(such as water).
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Critical
point

LIQUID + VAPOR

Triple line

SOLID + VAPOR
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Substances Substances

, that expand that contract

\on freezing on freezing

Cri }_1' cal

= Triple point
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Chiange PleCESSESH N AISIiaLe

P-v-T surface of a
substance that contracts
on freezing.
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2oy Dlzic| s for Prizise-
Chiange ProGCESSES  PESlriase

P-v-T surface of a
substance that expands on
freezing. (like water)
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< Entnalpy/As e conmuineiGrNoiepENy
H=_L
+Enthalpy’ per unit mass

h=u+Pv
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Table A-4
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Sat.
Temp. press

SC kg

T B

85 SIS0
90 70.14
95 84.55

T

Specific
temperature

Corresponding
saturation
pressure

[14]

sat

Specific volume
m?/kg

Sat.
vapor

0.001 033
0.001 036
0.001 040

!

Specific
volume of
saturated
liquid

Specific
volume of
saturated
vapor
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|Lilel cipiel
POIF StAles
U, h,
m*/kg kl/kg  kl/kg

P =0.1 MPa (99.63°C)

Sat.
100
150

1300

1.6940 2506.1 2675.5
1.6958 2506.7 2676.2
1.9364 2582.8 2776.4

7260 4683.5 5409.5

P =0.5 MPa (151.86°C)

Sat.
200
250

a a ! a o
ﬂTﬂ?%T?ﬁ?ﬂﬁiNLﬂ?ﬂﬁﬂa AMSIAFINT THANAET Ui

0.3749 2561.2
0.4249 2642.9
0.4744 2723.5

2748.7
2855.4
2960.7

= @ ¥ ¥ of v
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Example

A Mass ol 200rgmox:
saturated IquIcNVaLer
IS completely
\/aporized ata
constant pressure; of
100 kPa. Determine
the volume change ofi
the water.
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KNOWN.
m

Quality :; x = ——

total

where Migtal = Miiquia T Myapor = My +
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Mixouire

Saturated vapor
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I Elejtije]=Velgor

AVEIEdgeNaIUE GIFSPECTIICATOIUIERIE
gualIty,

V=V, +V,

MV,, = (M, —Mgy )V +mgyV,
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Syetiveiisie] Efe|tfcl=\/zi00)f
Mixouire

AVerage oi Intermal enerayentnel pyans
OLNEr PrOPEIES

Uy = Ug + XUy,

h, =h, +xh
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Example

A rigiditank ContannsiioNg
off water at 90 C. 16 Kg of:
the water Is/in the liguia
form and the restis I tne
\/apor: form, determing

(a) the pressure In the tank
and

(b) the velume off the tank:

'Iril'lr._
= 0.001036

a a ! = ot A Q/ ¥ ¥ of oA
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Example

An 80-1= vessel contais4kg
ofi refrigerant-12;at a pressure R-12

of 160 kPa. Determine e

(a) the temperature of tine
refirigerant,

(b) the quality,

(c) the enthalpy: ofi the 3
refrigeranL and ;fj 0.0006876 ;;Ein_mu ;: E&’tﬂ
(d) the velume occupiedly =1008  h,=179.41

the vapor phase.
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SUPEHTEEIEdN/ 2 0)]

+ | QWErrpressures

v, M, h

(P <P ava gIVENTIT) r°c| mikg Kike  kikg

+ Higher temperatures
T - Sat. | 1.6940 2506.1 2675.5
( = Tsat el glven P) 100 | 1.6958 2506.7 2676.2

+ Higher specific volumes [ Eadl Bt saliar it

RNV R AP | 1300 7.260  4683.5 5409
; P = 0.5 MPa (151.86°C)

+ Higher internal energies Sat. | 0.3749 25612 27487
(I ELVERIRTRPN | 200 | 04240 26429 28554

250 1 0.4744 27235 2960.7
+ Higher enthalpies
(h'>h, ata given Por T)
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Example

Determinertne
lEmperature ol Wateraia
state off P = 0.5 VIParana

h = 2890 kJ/kal
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Example

[Determine thenmiennal
enerngy. ol compressed - liguid
Water at 60°C analsHviPa;
using

(a) data firem the
compressed liguid tanle and
(b) saturated liguid data.
\What Is the error involved in
the second case?

a a ! = ot A Q/ ¥ ¥ of oA
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+ Example reference state:
— Water : saturated liguid at0.01°C
— R134a : saturated liguid at -40°C

a a 4 a o = Qs U i of v A
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eguatenrtar el etesseN eSSl

eatlires ana SPECHICAOIUMENOIE!
Silelsjeclplel= s ezl )zl ) equation of state.

+ Property relations tiat invelVEs GIEN
properties of a stnstanceratequiiisriim
state are also called - s (711 o] g Mo #5 A D

(1>

J
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1.

AP OIFINASErOIFEISUIISTENCENSICEN I RENOEES
[SIEOVE tHErCHIUICAINENMPENEIES

| I

SnaISTReEaSem
a state of conden Allon;

+ At low pressures tie Vollime oira 0asis
proportional terits temperature

p-R[ ] or Pv=R
V

/

= a 4 a o a Y T 1 o v A
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......
..........

Bram -mole of a.substan

ﬂﬁgé.ﬂrbar cHl ?ékgq Kg r

10.73 psia - ft3/IbmoI - Universal gas constant
1545 ft - Iof/lbmol - R

= a 4 a o = Y ! ¥ of U =
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Example

[Determime themassi ol tHE aNAIraNG o
\WHOSE dimeEnsIeRareZdmxsmxoniratlon
kPa and 25°C,
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ConpressikniAEaCho);

A Measure o Deviation remiled eal=East BEneVio)N:

.. 10.85.0 2.4

Percentage of error
Involved in assuming
steam to be an ideal
gas, and the region
where steam can be
treated as an ideal gas
with less than 1
percent error.
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CoOMPRESSIPINAECICION

AtlVieasureroirBeEViaenNieimN e e =G SHSEIVID)]
# herdeviatenNiemNuEeIFaESNIENENVIBIgel:
a gIVEN temperattrereneNoessuie el
accurnately/ eracecountedNiems /e
Correction factor cal IEA COMKESSTINIILY
factor, Z.

Z:ﬂ or Pv=/ZRT or ¢

RT

a a 4 a o a Y T o v A
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Compressipiy Eacio);

A Vieasure o Deviation memild eal=Gas BEneVio)N:

e o L JCEEY
ﬁ--_-k

T ‘ .

-
e

a a 4 = ot A Q/ ¥ ¥ of oA
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Eng]r eermJ |LE GRS OIVET

S/ C lOrlOJJJFJr‘J eEURENREERYACEREY U0

=swillisolve Iar SEISteIrnon=lineaisalgenIciand
differential eguations;

- also prievides publication=qualityplots; Jinearant o=
linear regression; eptimization; Unit cCoRVErsIon antiConsISIEnEy,
checking, and uncertainty analyses:

+ Bullt-in functions are provided for thermodynamicand
transport properties ofi many/ Substances; INCIUEINGSteanyails
refrigerants, cryogenic filurds, JANAE {2l eS
hydrocarbons and psychrometrics.
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ERgInECHNGEUaNRNSEIVET

r- o
& EES Commercial: C:\PROGRAM FILES\EES32\USERLIB\EXAMPLES\Property_Calculator.ees A=

File Edit Search ©Opkions Calculate Tables Plabs  Windows Help Examples

i Equations Window El@l@ Ll

a2 Diagram Window

Specify two mdependent properties to find aII other properties

ad ble values must be s
Unit System: SI I Select a fluid: Stvam l

Specify one independent variable

Pressur& I = [kPa]

Specify another independent variable

Temper-ature I = [C]

T =300.0 [C] p = 200.0 [kPa] h = 3071.4 [kJ/kg]

= 7.892 [kJ'kg-K] u=2808.2 [kJkg] V=13162 [m° kg]

¥ =100.00

sturns quali to be 100 for = compre iquid state : 100 for & superhested state T

Plot T-2 | Plot T-» | Plot P-¥ | Plot P-h | Plot h-s |

a a ! = ot = Qs U ¥ of o
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