3-1 = PURE SUBSTANCE

A substance that has a fixed chemical composition throughout is called a
pure substance. Water, nitrogen, helium, and carbon dioxide, for example,
are all pure substances.

A pure substance does not have to be of a single chemical element or
compound, however. A mixture of various chemical elements or compounds
also qualifies as a pure substance as long as the mixture is homogeneous.

Compressed Liquid and Saturated Liquid

Consider a piston—cylinder device containing liquid water at 20°C and
I atm pressure (state 1, Fig. 3-5). Under these conditions, water exists in the
liquid phase, and it is called a compressed liquid, or a subcooled liquid,
meaning that it is not about to vaporize. Heat is now transferred to the
water until its temperature rises to, say, 40°C. As the temperature rises,
the liquid water expands slightly, and so its specific volume increases. To
accommodate this expansion, the piston moves up slightly. The pressure in
the cylinder remains constant at 1 atm during this process since it depends
on the outside barometric pressure and the weight of the piston, both of
which are constant. Water is still a compressed liquid at this state since it
has not started to vaporize.

As more heat is transferred, the temperature keeps rising until it reaches
100°C (state 2, Fig. 3—6). At this point water is still a liquid, but any heat addi-
tion will cause some of the liquid to vaporize. That is, a phase-change process
from liquid to vapor is about to take place. A liquid that is about to vaporize is
called a saturated liquid. Therefore, state 2 is a saturated liquid state.

State 1

Heat

FIGURE 3-5
At 1 atm and 20°C, water exists in the
liquid phase (compressed liquid).



Saturated Vapor and Superheated Vapor

Once boiling starts, the temperature stops rising until the liquid is com-
pletely vaporized. That is, the temperature will remain constant during
the entire phase-change process if the pressure is held constant. This can
easily be verified by placing a thermometer into boiling pure water on
top of a stove. At sea level (P = 1 atm), the thermometer will always read
100°C if the pan is uncovered or covered with a light lid. During a boiling
process, the only change we will observe is a large increase in the volume
and a steady decline in the liquid level as a result of more liquid turning
to vapor.

Midway about the vaporization line (state 3, Fig. 3—7), the cylinder con-
tains equal amounts of liquid and vapor. As we continue transferring heat, the
vaporization process continues until the last drop of liquid is vaporized (state 4,
Fig. 3-8). At this point, the entire cylinder is filled with vapor that is on
the borderline of the liquid phase. Any heat loss from this vapor will cause
some of the vapor to condense (phase change from vapor to liquid). A vapor
that is about to condense is called a saturated vapor. Therefore, state 4 is a
saturated vapor state. A substance at states between 2 and 4 is referred to as a
saturated liquid-vapor mixture since the liquid and vapor phases coexist in
equilibrium at these states.

Once the phase-change process is completed, we are back to a single-
phase region again (this time vapor), and further transfer of heat results
in an increase in both the temperature and the specific volume (Fig. 3-9).
At state 5, the temperature of the vapor is, let us say, 300°C; and if we transfer
some heat from the vapor, the temperature may drop somewhat but no con-
densation will take place as long as the temperature remains above 100°C (for

P =1 atm). A vapor that is not about to condense (i.e., not a saturated vapor)
is called a superheated vapor. Therefore, water at state 5 is a superheated
vapor. This constant-pressure phase-change process is illustrated on a 7-V
diagram in Fig. 3-10.

State 3

M Saturated
vapor

T=100°C |  Saturated
———— liquid

FIGURE 3-7

As more heat is transferred, part of the
saturated liquid vaporizes (saturated
liquid—vapor mixture).



Saturation Temperature and Saturation

Pressure

It probably came as no surprise to vou that water started to boil at 100°C.
Strictly speaking, the statement “water boils at 100°C™ is incorrect. The cor-
rect statement is “water boils at 100°C at 1 atm pressure.” The only reason
water started boiling at 100°C was because we held the pressure constant at
1 atm (101.325 kPa). If the pressure inside the cylinder were raised to 500 kPa
by adding weights on top of the piston, water would start boiling at 151.8°C.
That is, the temperature at which water starts boiling depends on the pres-
sure; therefore, if the pressure is fived, so is the boiling temperature.

At a given pressure, the temperature at which a pure substance changes
phase is called the saturation temperature 7. Likewise, at a given tem-
perature, the pressure at which a pure substance changes phase is called the
saturation pressure P_,. At a pressure of 101.325 kPa, T, is 99.97°C. Con-
versely, at a temperature of 99.97°C, P_, is 101.325 kPa. (At 100.00°C, P, is
101.42 kPa in the I'TS5-90 discussed in Chap. 1.)

Saturation tables that list the saturation pressure against the temperature {(or

the saturation temperature against the pressure) are available for practically
LEIPRETHLLE O LIS VAMOT SLATLS L F1se
r.oC 4 (superheated vapor).
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The combination « + Pv is often

encountered in the analysis of control
volumes.

Pa-m’=
kPamikz = kKikg
bar-m® = 100 kI

MPa-m® = 1000 kI
psi-fit’ =0_18505 Bt

FIGURE 2-26
The product pressure x velume has
EMETEY UMits.

3-5 = PROPERTY TABLES

For most substances, the relationships among thermodynamic properties are
too complex to be expressed by simple equations. Therefore, properties are
frequently presented in the form of tables. Some thermodynamic properties
can be measured easily, but others cannot, and the latter are calculated by
using the relations between them and measurable properties. The results of
these measurements and calculations are presented in tables in a convenient
format. In the following discussion, the steam tables are used to de monstrate
the use of thermodynamic property tables. Property tables of other substances
are used in the same manner.

For each substance, the thermodynamic properties are listed in more than
one table. In fact. a separate table is prepared for each region of interest such
as the superheated vapor. compressed liquid, and saturated (mix ture) regions.
Property tables are given in the Appendix in both 51 and English units. The
tables in English units carry the same number as the corresponding tables in
SI, followed by an identifier E. Tables A—6 and A-6E, for example, list prop-
erties of superheated water vapor, the former in 51 and the latter in English
units. Before we get into the discussion of property tables, we define a new

property called enrhalpy.

Enthalpy—A Combination Property

A person looking at the tables will notice two new properties: enthalpy i and
entropy 5. Entropy is a property associated with the second law of thermody-
namics, and we will not use it until it is properly defined in Chap. 7. However,
it is appropriate to introduce enthalpy at this point.

In the analysis of certain types of processes, particularly in power gener-
ation and refrigeration (Fig. 3-25), we often encounter the combination of
properties 1 + PU. For the sake of simplicity and convenience, this combina-
tion is defined as a new property, enthalpy, and given the symbol A:

h=u+FPu (ka/kg) (2-1)
0T,
H=U+pPV ikl 3-2)

Both the total enthalpy H and specific enthalpy h are simply referred to
as enthalpy since the context clarifies which one is meant. Notice that the
equations given above are dimensionally homogeneous. That is, the umit
of the pressure—volume product may differ from the umit of the internal
energy by only a factor (Fig. 3-26). For example, it can be easily shown that
1 kPa-m® = | kJ. In some tables encountered in practice, the internal energy
u is frequently not listed, but it can always be determined from u = k- PU.
The widespread use of the property enthalpy is due to Professor Richard
Mollier, who recognized the importance of the group w + PV in the analysis of
steam turbines and in the representation of the properties of steam in tabular

and graphical form (as in the famous Molher chart). Mollier referred to the
group u + PU as hear content and rotal hear. These terms were not quite con-
sistent with the modern thermody namic terminology and were replaced in the
1930s by the term enthalpy (from the Greek word enthalpien, which means

ro hear).



1a Saturated Liquid and Saturated
Vapor States

The properties of saturated liquid and saturated vapor for water are listed in
Tables A—4 and A-5. Both tables give the same information. The only dif-
ference is that in Table A—4 properties are listed under temperature and in
Table A—5 under pressure. Therefore, it is more convenient to use Table A—4
when temperature is given and Table A—5 when pressure is given. The use of
Table A—4 is illustrated in Fig. 3-27.

The subscript fis used to denote properties of a saturated liquid and the
subscript g to denote the properties of saturated vapor. These symbols are
commonly used in thermodynamics and originated from German. Another
subscript commonly used is fg, which denotes the difference between
the saturated vapor and saturated liquid values of the same property. For
example,

U, = specific volume of saturated liquid

U, = specific volume of saturated vapor
U, = difference between U, and U, (thatis v, = v, — Uf)

The quantity hg, is called the enthalpy of vaporization (or latent heat of
vaporization). It represents the amount of energy needed to vaporize a unit
mass of saturated liquid at a given temperature or pressure. It decreases
as the temperature or pressure increases and becomes zero at the critical
point.

Specific volume

Sat m?/] kg
Temp. press. |Sat. Sat.
°C kPa liquid vapor
T Py Vr US

85 57.868 (0.001032 2.8261
90  70.183 (0.001036 2.3593
935 84.609 [0.001040 1.9808

! !

Temperature Specific

volume of

saturated

liquid
Corresponding Specific
saturation volume of
pressure saturated

vapor
FIGURE 3-27

A partial list of Table A—4.



|
m EXAMPLE 3—1 Pressure of Saturated Liquid in a Tank

|

m A rigid tank contains 50 kg of saturated liquid water at 90°C. Determine the pressure r.aC4

W in the tank and the volume of the tank. T — e
SOLUTION A rigid tank contains saturated liguid water. The pressure and volume Sal. liquid

of the tank are to be determined.
Analysis The stae of the sawrated liguid water is shown on a 7-U dizgram in
Fig. 3-24. Since saturation conditions exist in the tank, the pressure must be the saturation

pressure at 907C:
The specific volume of the saturated liquid at %07C is
U= Vg gre = 0.001036 m¥/kg (Table A-4)
Then the total volume of the tank becomes FIGURE 3-28
V= mu = (50 kg){0.001036 m*/kg) = 0.0518 m* Schematic and T-v diagram for
Example 3-1.
\ ) |
EXAMPLE 3-2 Temperature of Saturated Vapor in a ]
Cylinder 1
|

7

= 280.99°F

RE 3-29
watic and P-v diagram for
ple 3-2.

A piston—cylinder device contains 2 fi* of saturated water vapor at 50-psia pressure. I
Determine the temperature and the mass of the vapor inside the cylinder.

SOLUTION A cylinder contains saturated water vapor. The temperature and the
mass of vapor are to be determined.

Analysis The stae of the saturated waler vapor is shown on a P-v diagram in
Fig. 3-29. Since the cylinder contains saturated vapor at 50 psia. the emperature inside
must be the saturation tempe rature at this pressune:

T="T & 50 = 28.99°F (Table A-5E)
The specific volume of the saturated vapor at 50 psia is
V=V, g 0 puia = 8.5175 ft¥Ibm {Table A—SE)
Then the mass of waler vapor inside the cylinder becomes
3
=V 2 0235 Ibm

v 85175 ft¥/bm



1b Saturated Liquid—Vapor Mixture

During a vaporization process, a substance exists as part liquid and part vapor.
That is, it is a mixture of saturated liquid and saturated vapor (Fig. 3-21). To
analyze this mixture properly, we need to know the proportions of the liquid
and vapor phases in the mixture. This is done by defining a new property
called the quallty x as the ratio of the mass of vapor to the total mass of the
mix ture:

x= T 3-3)
w here
i) = Mgy +mm :Jl:lr_r+.l'rig

Quality has significance for sarurared mixiures only. It has no meaning in
the compressed liquid or superheated vapor regions. Its value is between
0 and 1. The guality of a system that consists of sarurared liguid is 0
{or O percent), and the quality of a system consisting of samrared vapor is
1 {or 100 percent). In saturated mixtures, quality can serve as one of the two
independent intensive properties needed to describe a state. Note that the
properiics of the samrated liguid are the same wherher @t exisis alone or in
a mixiure with sarurated vapor. During the vaporization process, only the
amount of saturated liquid changes, not its properties. The same can be said
about a saturated vapor.

A saturated mixture can be treated as a combination of two subsystems:
the saturated liquid and the saturated vapor. However, the amount of mass
for each phase is usually not known. Therefore, it is often more convenient to
imagine that the two phases are mixed well, forming a homogeneous mixture
(Fig. 3-32). Then the properties of this “mixture” will simply be the average
properties of the saturated liquid—vapor mixture under consideration. Here is
how it is done.

Consider a tank that contains a saturated liquid—vapor mixture. The volume
occupied by saturated liguid is V., and the volume occupied by saturated
vapor is V,. The total volume V is the sum of the two:

V=V+V,
V=ml—mV,, = mU+mu,
my=m, —m,—ml, = (m—mW+ml
Dividing by m, yields
Vg = (1 = x)U,+ 20,
since x = mg.l"m‘. This relation can also be expressed as

Upg = Uy +xU,  (m7kg) 2-3)

where U, = U, — U,. Solving for quality, we obtain

uarg - U_r
"'r.fa

xr=

(=-5)

FPorTd

Critical point

FIGURE 3-21

The melative amounts of liquid and
vapor phases in a saturated mixture
are specified by the gualiry x.

¥
Smsﬁ: vapor Vg
e — Saturated
I~ U 1~ liguid-—vapor
5 i liquid mixture
a3
FIGURE 3—-32

A two-phase system can be treated
as a homogeneous mixture for
COTVEMIENCE.
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FIGURE 3-33
Quality is related to the horizontal
distances on P-v and T-v diagrams.
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FIGURE 3-34

The v value of a saturated liquid—
vapor mixture lies between the U, and
v, values at the specified T or .

Based on this equation, quality can be related to the horizontal distances
on a P-U or T-V diagram (Fig. 3-33). At a given temperature or pressure, the
numerator of Eq. 3-3 is the distance between the actual state and the saturated
liquid state, and the denominator is the length of the entire horizontal line that
connects the saturated liquid and saturated vapor states. A state of 50 percent
guality lies in the middle of this horizontal line.

The analysis given above can be repeated for internal energy and enthalpy
with the following results:

gy =+ xu,  (K/kg) (2-6)
hyg=he+xh,  (Kika) @-n

All the results are of the same format, and they can be summarized in a single
equation as

Yag = ¥ HX3,
where vy is U, u, or k. The subscript “avg™ (for “average™) is usually dropped
for simplicity. The values of the average properties of the mixtures are always

berween the values of the saturated liquid and the saturated vapor properties
(Fig. 3-34). That is,

YrE Yo S ¥,
Finally, all the saturated-mixture states are located under the saturation

curve, and to analyze saturated mixtures, all we need are saturated liquid and
saturated vapor data (Tables A—4 and A-5 in the case of water).

| ]
EXAMPLE 34 Pressure and Volume of a Saturated Mixture =

|
A rigid tank contains 10 kg of water at 90°C. If 8 kg of the water is in the liquid form g
and the rest is in the vapor form, determine (o) the pressure in the tank and (&) the m
volume of the tank.

SOLUTION A rigid tank contains saturated mixture. The pressure and the volume
of the tank are to be determined.

Analysis (a) The stale of the saturated liquid-vapor mixture is shown in Fig. 3-35.
Since the two phases coexist in equilibrium, we have a saturated mixture, and the pressure
must be the saturation pressure at the given lemperature:

P=P_ gqc=T.183 kPa (Table A—4)
(k) At 90°C, we have U, =0.001036 m¥kg and v, = 2.3593 m¥kg (Table A—4). One
way of finding the volume of the tank is to determine the volume occupied by each
phase and then add them:
V=l +V =mu +myu,
= (8 kg)(D.001036 m¥/kg) + (2 kg)(2.3593 m¥/kg)
=4.73m*

Another way is to first datermine the quality x, then the average specific volume 1,
and finally the total volume:

= = :ﬁ:ﬂ_z
10 kg

£
ay



r.oCcy

U= U_I’+ xLI'B
= 0001036 m¥/kg + (0.2)[(2.3593 — 0.001036) m*/kg]
= 0.473 m¥/kg E
and I me=8kg |
V=mu = (10 kg)(0.473 m¥kg)= 473 m?

Discussion The first method appears to be easier in this case since the masses of each
phase are given. In most cases, however, the masses of each phase are not available, and
the second method becomes momr comvenient. Bl

|

|

[

I
v =0 w =21 U mifkg
0001036 U, = 23563 ik

- FIGURE 3-35
m EXAMPLE 3-5 Properties of Saturated Ligquid—Vapor Schematic and T-v diagram for
u Mixture Example 3—4.
|
B An #0-L vessel contains 4 kg of rfrigerant- 134a at a pressure of 160 kPa. Deermine
{a) the lemperature, (b) the quality, (c) the enthalpy of the refrigerant, and (d) the
volume occupied by the vapor phase. P, kpap
R-134a
SOLUTION A wvessel is filled with mfrigerant-134a. Some properties of the P=160kPa
refrigerant am to be delermined. m=4kg
Analysis (a) The state of the saturated lguid-vapor mixture is shown in Fig. 3-36. At
this point we do not know whether the refrigerant is in the compressed Hguid, superheated
vapor, or sairated mixture region. This can be determined by comparing a suitable prop-
erty to the saturated liquid and saturated vapor values. From the information given, we can
determine the specific volume:
; 160 . e MFC
p=Y 0080 m 00 mkg ‘ NS
m 4kg I I .
At 160 kPa we read U= 00007435 U= 012355 u m¥kg
UI:E.CH]J‘?435m3Ikg hy=31.18 h,=24114 b Kike
_ 3
v, =0.12355 m/kg (Table A—12) FIGURE 3-36
Obviously, U, < U < U, and the mefrigerant is in the satmrated mixture region. Thus, Schematic and P-u diagram for
the temperature must be the saturation temperature at the specified pressure: Example 3-3.

=T, 101 =—15.60°C
{b) Quality can be determined from

v—uw -
_ r_ 00200007435 _ oo

U,  0.12355-00007435
{c) At 160kPa, we alsoread from Table A—12 that b, = 31.18kl/kg and by, = 209.96k/ke.
Then,
h= hy + xhy,
= 31.18 kiVkg + (0.157)(209.96 ki/kg)

() The mass of the vapor is
m, = xm, = (0.157)(4 kg) = 0.628 kg
and the volume occupied by the vapor phase is
V, =mu, = (0.628 kg)(0.12355 m¥kg) = 0.0776 m* (or 77.6L)
The rest of the volume (2.4 L) is occupied by the ligoid.

Property tables are also available for saturated solid—vapor mixtures.
C Properties of saturated ice—water vapor mixtures, for example, are listed in
Table A-8. Saturated solid—vapor mixtures can be handled just as saturated
liguid—vapor mix tures.

- T T L



(1] I # Tt T T T T o TTmTm e eTm e
TAC| mikg  klkg kI
P —0.1 MPa (90.61°C) 2 Superheated Vapor _
SaL | 16941 25056 26750 In the region to the right of the saturated vapor line and at temperatures above
0| 16050 25052 26758 the critical point temperature, a substance exists as superheated vapor. Since
. 150 19367 25829 27766 the superheated region is a single-phase region {vapor phase only), temperature
: : : : and pressure are no longer dependent properties, and they can conveniently be
F3007 73605 46873 4133 used as the two independent properties in the tables. The format of the super-
P=0-5MMPa (15183 heated vapor tables is illustrated in Fig. 3-37.
Qar. | 03748 IS0 2T74sf In these tables, the properties are listed against temperature for selected
200 [ O 42503 Te43 3 TESSE pressures starting with the saturated vapor data. The saturation temperature is
o 2 0ATAAd ITITE 9610 given in parentheses following the pressure value.

Compared to saturated vapor, superhe ated vapor is characterized by

Lower pressures (F < P at a given T7)
Higher iemperatures (7> T, at a given P}

FIGURE 2—-327 Higher specific volumes (V > v_at a given Por T)
4 partial listing of Table A—6G.

Higher internal energies (s > w, at a given For T
Higher enthalpies (h > h_ at a given P or T)

EXAMPLE 3—6 Cooling of Superheated Water Vapor

Ome pound-mass of waker fills a 2.29-1* rigid container at an initial pressure of 230 psi
The container is then cooled to 100°F. Determine the initial temperature and final
pressume of the waler.

SOLUTION A rigid container that is filled with water is cooled. The imitial
temperature and final pressure are to be determined.
Analysis The initial specific volume is

Vv _ 2279f°

U=—=""" _ — 2729 fiYflbm
m 1 Tbm

At 250 psia, the specific volume of saturated vapor is U = 1.8440 fi’/1bm
(Table A—5E). Since U, > U/ the water is initially in the superheaied vapor region.
The iemperature is determined to be

HAD
} T, = 550°F (Table A—6E) 250 psia

1 Ibm
229 ft

P, =250 psia
v, = 2.29 ft*/1bm

This is 2 constant volume cooling process (U = Wm = constant), as shown in
Fig. 3-38. The final stale is saturaied mixture and thus the pressure is the saturation
pressure at the final temperature:

T,= 100°F
Uy = Uy = 2.29 ft¥bm

Discussion When a substance undergoes a process in a closed rigid tank, the specific
volume remains constant, and the process appears as a vertical line in the P-U diagram.

} Py=P gy =09505psia (Table A4E) 1

|
m EXAMPLE 2-7 Temperature of Superheated Vapor

: Determine the temperature of water at a state of P = 0.5 MPa and h = 2890 kl/kg.
[ | FIGURE 3-38
SOLUTION The temperature of water at a specified state is to be determined. Schematic and P-v diagram for
Analysis  At0.5 MPa, the enthalpy of saturated waler vapor is h, = 2748.1 klkg. Since Example 3-6.
h> h,, as shown in Fig, 3-39, we again have superheated vapor. Under0.5 MPa in Table A-6
we mad T4

T.°C h, kKikg
00 2855.8
250 2961.0

Obwiously, the emperature is between 200 and 250°C. By linear interpolation it is
determined to be

=y

&
=
-

Tr=2163°C

|
I
[
|
[
!
k



3 Compressed Liquid
Compressed liguid tables are not as commonly available, and Table A—7 is
the only compressed liquid table in this text. The format of Table A7 is very
much like the format of the superheated vapor tables. One reason for the lack
of compressed liquid data is the relative independence of compressed liquid
properties from pressure. Variation of properties of compressed liquid with
pressure is very mild. Increasing the pressure 100 times often causes proper-
ties to change less than | percent.

In the absence of compressed liquid data, a general approximation is
to mear compressed liguid as saruraied liguid ai the given temperaiire
(Fig. 3—40}. This is because the compressed liquid properties depend on

Given: P and T

FIGURE 3-40

temperature much more strongly than they do on pressure. Thus, A compressed liquid may be
approximated as a saturated liquid at

V= ¥rgT =8 the given lcmpl:m*urc.

for compressed liquids, where y is U, u, or k. Of these three properties, the
property whose value is most sensitive to variations in the pressure is the
enthalpy k. Although the preceding approximation results in negligible error
in U and u, the error in & may reach undesirable levels. However, the error in

h at low to moderate pressures and temperatures can be reduced significantly
by evaluating it from

FIEFI_I"E'.I--I_ UJr&lri_:]_F!_I&r] 13—9,

instead of taking it to be just i, Note, however, that the approximation in
Eg. 3-9 does not yield any significant improvement at moderate to high tem-
peratures and pressures, and it may even backfire and result in greater error due
to overcorrection at very high emperatures and pressures (see Kostic, 2006).
In general, a compressed liquid is characterized by

Higher pressumes (P > P_, at a given T') '

Lower temperatures (T < T, at a given P)
Lower specific volumes (U < U,at a given Por T)

Lower internal energies (u < w at a given Por T)
Lower enthalpies (h < k cat a given Por T)

But unlike superheated vapor, the compressed liquid properties are not much
different from the corresponding saturated liquid values.



[ |
g EXAMPLE 3-9 The Use of Steam Tables to Determine

: Properties
B Determine the missing properties and the phase descriptions in the following table
for waker:
T,"°C P, kPa u, Kl/kg x Phase description
() 00 0.6
(b) 125 1600
(c) 1000 29350
(d) 75 500
(e) 830 0.0

SOLUTION Properties and phase descriptions of water are to be determined at
various states.

Analysis (a) The quality is given to be x = 0.6, which implies that 60 percent of the
mass is in the vapor phase and the remaining 40 percent is in the liguid phase. Them for,
we have saturated liquid-vapor mixture at a pressure of 200 kPa. Then the iemperatrme
must be the saturation emperatre at the given pressme:

At 200 kPa, we also read from Table A—3 that u,= 504.50 kl/kg and u, = 2024.6 kl/kg.
Then the average internal energy of the mixture is
= :..r_r+ Xl
= 504.50 KI/kg + (0.6)(2024.6 kl/kg)
=1719.26 k) kg

(&) This time the temperature and the internal energy are given, but we do not know
which table to use to determine the missing properties because we have no clue as
to whether we have saturated mixture, compressed hiquid. or superheated vapor.
To determine the region we ame in, we first go to the saturation table (Table A—4)
and determine the u, and u, values at the given temperature. At 125°C, we read
wp= 524.83 kl/kg and u, = 2534.3 kl/kg. Next we compare the given u value to these
u and u, values, keeping in mind that

if  w "y we have compressed liguid
if oy T M, We have saturated mixture

if > we have superheated vapor



r.oCs

151.83
T3

FIGURE 2-42

Atagiven P and T, a pure substance
will exist as a compressed liquid if
T<T.gp

In our case the given u value is 1600 ki‘kg, which falls between the u and u_ values at
1257C. Themefore, we have saturated liquid-vapor mixture. Then the pressure must be
the saturation pressure at the given temperatume:

P=P_gse=B223kPa (Tahle A—4)
The quality is determined from

= il 1 600 — 524.33:'1535
iy 2095

The preceding criteria for determining whether we have compressed liguid,
saturated mixture, or superheated vapor can also be used when enthalpy h or specific
volume U is given instead of internal energy w, or when pressume is given insiead of
temperature.

() This is similar o case (b), except pressum is given instead of Emperature.
Following the argument given above, we read the s, and u, valves at the specified
pressure. At 1 MPa, we have uy= 761.39 kl/kg and u, = 2582.8 kI/kg. The specified
u value is 2930 kl/kg, which is greater than the u, value at | MPa. Therefore, we
have superheaied vapor, and the temperature at this state is determined from the
superheated vapor table by inkerpolation to be

T=3952°C (Table A—6)

We would leave the quality column blank in this case since quality has no meaning
for a superheated vapor.

() In this case the temperature and pressure are given, but again we cannot tell
which table to use to determine the missing properties because we do not know
whether we have saturaled mixture, compressed liquid, or superheated vapor.
To determine the mgion we are in, we go to the saturation table (Table A—5) and
deiermine the saturation temperature value at the given pressure. At 500 kPa, we have
T, = 151.83°C_ We then compare the given T value to this T_, value, keeping in
mind that

il T<7Tygmenr Wehave compressed liguid
il T=T.yamenr Wehave saturated mixture

if T>Tygpenp Wehave superheated vapor

In our case, the given T value is 75°C, which is less than the T, value at the specified
pressure. Therefore, we have compre ssed liguid (Fig. 3-42), and normally we would
delermine the internal epergy value from the compressed liguid table. But in this
case the given pressure is much lower than the lowest pressure value in the com-
pressed liquid table (which is 5 MPa), and therefore we are jostified to treat the
compressed liguid as saturated liquid at the given temperature (not pressure):

U= g e = 31399 kl/kg (Table A—4)

We would leave the quality column blank in this case since quality has no meaning in
the compressed liguid region.

{€) The guality is given to be x= 0, and thus we have saturated liquid at the specified
pressure of 30 kPa. Then the temperature must be the saration temperature at the
given pressure, and the inienal energy must have the saturaed quid value:

T= Tﬂ,ﬁ RS0 kPy — lTl.muC
U= g gsum = 131.00 k)/kg (Table A-3)



