Chapter 4  Volumetric Properties of Pure Fluids

84-1.Theldeal gas
1. The model of the ideal gas:
O The gas particles can be considered zero-volume points in space.
@ The total volume of the ideal gas can’t be neglected.
©There are no interactions, attractive or repulsive, between the individua gas
particles.
O Hii gas particle fidl 7] - - RIfVE 2 or ifjf e
© The'mass of the gas particl es cannot be neglected.

2. Theideal gas!aw & PV = nRT or PV = RT

84-2. PVT Behavior of Pure Substances
1.Pure substances = Measure the vapor pressure at different temperature
& Fig. 3.1. isafigure of pressure-vs.-temperature curves
(DLine1-2:
Othe sublimation curve, separates the solid and gas regions.
@®solid-vapor line, points on the solid-vapor line describe those state in which
solid and vapor arein equilibrium.

(2)Line 2-3:
Othe fusion curve, separates the solid and liquid regions.
®solid-liquid line, points on the solid-liquid line describe those state in which
liquid and salid are.in equikibrium.

@)Line 2:C:
Othewvaporization€urve, separates theliquid and gas regions.
@ liquid-vapor line, pointsonthe liguid-vapor line describe those state.in which
liquid and vapor are in equilibrium.

|
A @ ==L Fluid region
|

(4)All three lines meet at the triple point, where
the three phases coexist in equilibrium.

Pressure

Vapor  «

(5)Point C = critical point
G PR critical pressure P, ~eimaion T

=2 critical temperature T, 7

Temperature
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O The highest pressure and highest temperature at which a pure chemical
species can exist in vapor/liquid equilibrium.

®Homogeneous fluids are usually classified as liquids or gases.
U The distinction cannot always be sharply drawn, because the two phases
become indistinguishable at the critical point.

©point B > vapor - J[Iffradny liquid ?
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@Theregion, T>T.and P> P, = fluid region.
& ®No phase boundaries " = 11525 liquid or gas °

® Reduce the pressure at constant temperature =» no vaporization occurs.
® Reduce the temperature at constant pressure =» no condensation oceurs.

OThe gas region is sometimes divided into two parts by the vertical line
across Te.

Owapor: A gas to the left of this line, which can be condensed either by

compression at constant temperature or by.cooling at constant
pressure.

@supercritical fluid : T > T, including the fluid region.
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() Figure 4-2 )
2.PV diagram:

(2)Figure 4.2(b) shows the liquid, liquid/vapor, and vapor regions of the PV
diagram, with four isotherms superimposed.
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Olsothermson Fig. 4.1
% evertical lines
®T > T, = do not cross a phase boundary.
@®|sotherms on Fig. 4.2(b)
% @not vertical lines
®T < T. = adiscontinuousline.
®T > T, asmoothline.

L Here thel qu|d and vapor phases cannot be distinguished from each z

opert’ i s '
arelatlonco gP,V,and T wh maybeexpr
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®The simplest equation of state isfor an ideal gas, PV =RT.

® An equation of state may be solved for any one of the three quantitiesP, V, or T
as afunction of the other two.

(2) If V is considered afunction of T and P, then V = V (T, P)
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w:{ﬂ] s m dp
oT oP
P T

®Define:

@\olume expansivity: B —1 (ﬂ)P

v oT

quid water of 0~4

©|ntegration of —V =B dT — k dP then yields: }

ST,

-=>euthern Taiwan Unlver3|ty

For liquid acetone at 20°C and 1 bar,
p=1.487x10*C*t  «=62x10° bar™ V =1.287 cm’g™
For acetone, find:

oP
Thevaueof (—), .
(@Thevau (6T)v

(b)The pressure generated by heating at constant V from 20°C and 1 bar to 30°C.
(c)The change in volume for achange from 20°C and 1 bar to 0°C and 10 bar.
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real gas IR AR 0 bl
1 [E1=F

f E 2 }
(©)] 1 mol ideal gas, &
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where V isthe molar volume of the gas.

O For anonideal gas, this quotient may not equal 1.

Defined the compressibility factor z, then ﬂz Z or —=Z
RT RT
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#*The values of compressibility factor depend on the pressure, volume, and
temperature of the real gas.

@ Define: reduced temperature : T,= Tl

[

reduced pressure P, = PE ; reduced molar volume \2 =

v
Ve

1

TR
42 53
20.4

ity + (ED)
647.3 0.58
405.5 0.59
51 0.6
49.7 4163
285.9 460.4 §
835 (Hydrocarbons)

89.98 1846 3055  0.60 432  0.139 0267
: 0.60 » }
0.64 : [

18551 281

Soﬁm‘erﬁ 'Ia%lsiva‘im Eﬁmyemty

Zk CH, 1913 1895 3086  0.61 0.113

#*Experimental observation shows,
For different fluids> T, & P, ﬁl[ﬁjﬁ\ﬂj = exhibit similar behavior

All fluids, when compared at the same reduced temperature and
reduced pressure, have approximately the same compressibility factor,
and all deviate from ideal-gas behavior to about the same dearee.
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Example4-2: =4I T,P=> T}V

A tank isfilled with 170 g of NH5..The pressure and temperature in the tank are 40.8
am and 384 K, respectively. Find the volume of these ammonium gases by using
compressibility factor Z.

pv/RT

Compressibility factor, &
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Example4-3: =IHIT,V=> P
A tank (28.32 liter) isfilled with 109.8 mole of O, at -25°C . Find the pressure of these
O, gases by using compressibility factor z. 71.1 atm

4-8



2. The Virial Equations :

the forces

ibility factor

and are dependent o

the third virial coeffici

_F7% Virial equation |

state in terms of pressure

the third vi r.ial

Southeka-tatvan University

O HRFE A TR
B’=B/RT ; C’=(C-B%/(RT)? : D’=(D-3BC+2B%/(RT)?

©Virial equationsE | I'| ™ pukaa i

PV = RT + B’P + C’P? + D’P® + -
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i z_ﬂ_1+f’+%+3+-----)p_ R, BRT,CRT (117 359)
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All isotherms originate at the value Z = 1 for P = 0. In addition the isotherms are
nearly straight lines at low pressures.

eC

(Qifgéh =B’+2C’P+3DP? + ---

0z =, BP
e = =B, .‘.
(aP)T @P=0)
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® = s [ R Virial equation 193 T 1> B 10 W
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Figure 4-5
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For a gas of pressure low enough so that the virial expansion may be truncated to Z =
1 + B'P, show that the equation for isothermal work in areversible compression is

W =-RT In(%) the same as for an ideal gas.

2
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Example 4-6:

Gas X enters areversible, isotherma compressor at T, and P; and it is continuously
compressed to P,. Please calculate the work per mole of X required to run the
compressor if X follows the equation of state PV = RT + BP, where V is the molar

volume of X and B is a constant.

Offli™| virial equati

\*?Eai‘é(*?“*‘bﬁlji&[ JrgT)ﬁJ FL" ]
: Iga#ﬂ [

Southerdarwanniversrs:

4¢11f~ van der Waal s equation
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Table 4-2 ﬁﬁfj‘ﬁiﬁﬁ real gas I HFd=L

Van der Waals:
(p+—?—) (V—6)=RT
V2

Macleod :
a(V—8)=RT

Beattie-

Southemr F&@wan dniversity

d :-ﬁe““/‘? w=aa

Redlz';ck—Kwang-'

[—I—- ' ](V —b)=RT
T2V (V +8)
RS

Pe

5=0.0867 EE—”
c

a=0.4278
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(3)FE % » 7 % Cubic equation of state 4 BRI s » (HIFL A F- 2 hL FHFH 0
PRI« A5 B0 A RLE CEIGHERT - (L0 R 26
TP o T g R e R |

p= RT _ 0(\/}_77)
CH)VEZ+ RV A)

e constants, aand b, are the van der Waals constants for a particular gas. j
/' 1 .q %le
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volume™/jizhl nb = A [S1-10 (V-nb)
T
R 5~ il 30057 ¥ excluded volume FLELEIAAS 4 fF -

3 V= 2a(S)

excluded volume=4V,

@ TIF
[ L

=T T, VP> 57 der Waals

e
?fﬁ?f H]the

A e g 3
van der Waals

atmfmole®  I/moie

0.04278

CHio(0)
CiH, (s0)
CsHy ()
cO

5
m and avolume )

der ua%on.

N\
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Example 4-8:

Consider a 5.0 mole sample of ammonia, NH3, that has a pressure of 5 atm and a
temperature of 500 K. Predict the volume of this sample of gas using the van der
Waals equation.
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5. Determination of the van der Waals constants

O L 25 [ L BBl [V P, L [IRET, SE R

(1) The van der Waals constants can be derived from T, P, and \2; :

herm exhibits a horizontal i

T

Swtohve*r ﬂ?farwaﬂ @nwei?sqty

. 3V¢=b+ Rl . qy2- 2 . = =
P, ’ Pc ve Pc
L az3PWd bz =
3
2
.,.chsRTc an 27(RT,) . =R
8P 64P, 8P

C C
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PV
Zc= c ¢ =

R-I-C

ol w

®The Z. values can be calculated when the critical states have been found (1] P,
Te,Ve =T
O [ o IS Zo [ > P TN P, Te Ve Fat BT i

Example 4-9:

erties at the critical point)
5 B A i

egn. of state="?

= 33.9 bar
9.8 cm®/gmole

(d K from egn of state.

F) ALK S
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