
Properties of a Pure, Simple Substance 
 
A pure substance is one of uniform and invariable 
chemical composition 
 
For our purposes a simple substance is taken as one for 
which if the values of two intensive properties are known 
all the other properties can be found, e.g., u= f(T,P) 
 
 
P-v-T Relationship 
 
A material can exist in the 

1.  solid phase 
2.  liquid phase 
3.  vapor (gas) phase 
4.  a mixture of the phases at equilibrium, e.g., melting, 

vaporization or sublimation 
 
Through experiments it is known that temperature and 
specific volume can be considered as independent and 
pressure determined as a function of these two: P= p(T,v) 
 
The graph of such a function is a surface, the P-v-T 
surface. 
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P-v-T surface of a substance that contracts on freezing 
(common metals) 
 

 
 
 
Note the step decrease in specific volume (step increase 
in density) when going from liquid to solid 
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P-v-T surface of a substance that expands on freezing 
(water) 

 
 
Note the step increase in specific volume (step decrease 
in density) when going from liquid to solid 
 
3-D surface plot not very useful, more instructive to look 
at 2-D projections 
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P-T plot for substance that expands on freezing 

 
 
 
Only single-phase regions observed 
 
Two-phase regions appear as lines (edge view) 
 
Triple point represents edge view of the triple line where 
all three phases co-exist 
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P-v plot for substance that expands on freezing 

 
 

The dome shaped two-phase region composed of liquid 
and vapor is called the vapor (or saturation) dome 
 
Constant temperature lines shown in P-v plot are called 
isotherms 
 
Above the critical point isobars and isotherms do not pass 
through the liquid-vapor region 
 
The critical point defines the maximum pressure, i.e., 
above the critical pressure a liquid and vapor cannot co-
exist at equilibrium 
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In single phase regions the state is fixed by any two of the 
properties P, v, T (independent) 
 
In the two-phase regions, P and T are not independent so 
the state cannot be fixed by P and T but it can be fixed by 
P and v, or T and v 
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T-v plot for substance that expands on freezing (water) 
)

) 

 
Constant pressure lines are known as
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Consider the following constant pressure heat addition 
process:  

 
 
Vapor 

Q

 

Liquid 

Vapor 

Liquid 

QQ 
A L 

Temperature rises 
Small inc. in v 

Tem  
Larg

Tem
Mod

L 

A 

T 

 

L V 
p. constant
e inc. in v 
Isobar 

B 

V 
 

V B 
perature rises
erate inc. in v
V 

38



Characteristics of the saturation dome 
 

C.P. 

Liquid-Vapor 

Liquid saturation 
line (first sign of 
vapor)

Vapor saturation 
line (first sign of 
liquid) 

isobars 

v 

Superheated 
vapor 

Subcooled 
liquid 

 T 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
The state where a phase begins, or ends is called a 
saturation state 
 
Joining the saturation states defines the liquid saturation 
line (left of critical point) and the vapor saturation line 
(right of critical point) 
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Psat(T*)  isobar

P* isobar 

T  
 
 
 

T*  
 
 Tsat(P*) 
 
 
 
 
 v 
 
Saturation Temperature – temperature of a liquid-vapor 
mixture at equilibrium at a pressure P*,denoted as Tsat(P*) 
 
Temperature where the P* isobar crosses saturation line 
 
 
Saturation Pressure – pressure of a liquid-vapor mixture 
at equilibrium at a temperature T*, denoted as Psat(T*) 
 
Pressure where the T* isotherm crosses the saturation line
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 Superheated Vapor: T* > Tsat(P*) 
 
 

Vapor saturation line 
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Subcooled liquid: T* < Tsat(P*)  
 
 Liquid saturation line 

P* isobar

(P*,T*) 

 
Tsat(P*)  

 T* 
 
 
 
Compressed liquid (same as subcooled liquid): P* > Psat(T*) 
 
 Liquid saturation line 

Psat(T*) isobar 

P* isobarTsat(P*) 
 
 
 

T*  
 

(P*,T*)
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A 

Liquid-vapor

C

B

VL 
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 v 
 
Between points L and V you have a mixture of liquid and 
vapor at equilibrium 
 
The mixture mass M consists of the vapor mass Mv and 
the liquid mass ML, so that 
 
                       M M ML V= +  
 
At any point between L and V, say C, we define the vapor 
quality x as 
 

x M
M M

v

v L

= =
+

mass of vapor
mass of vapor + liquid

 

 
Note:   at point L    x = 0 
 
            at point V    x = 1 
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The liquid in the mixture has properties at point L and the 
vapor in the mixture has properties at point V 
 
∴

⋅ = +

= − +

− +

= − +

= − +

The mixture specific internal energy is

     

dividing through by M

the same applies to the other specific properties
e.g.,  specific volume 
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Property Tables 
 
Tables are used to define the relationship between P,v,T 
and of u.  Also given are values of enthalpy h (= u+Pv) 
 
 

Superheated 
vapor Table 

Compressed 
liquid Table 

Saturated liquid  
-vapor Tables 

T  
 
 
 
 
 
 
 
 v 
 
 
Microscopic view: at equilibrium the rate of water 
molecules leaving liquid phase = rate of water molecules 
leaving liquid phase 

P

Q

T 
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Example: 
A cylinder-piston assembly initially contains water at 3 
MPa and 300oC. The water is cooled at constant volume 
to 200 oC, then compressed isothermally to a final 
pressure of 2.5 MPa.  Sketch the process on a T-v 
diagram and find the specific volume at the 3 states. 
 
 
 State 1 
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State 1:   
From the saturated water (liquid-vapor)  table A-3:  
               3MPa (30 bar) Tsat= 233.9oC 
since T1 > 233.9oC   superheated vapor 
 
From the superheated water vapor table A-4: 
               3MPa and 300oC v1= 0.0811 m3/kg 
 
State 2: 
Cool at constant volume, so v2= v1= 0.0811 m3/kg 
 
From the saturated water (liquid-vapor) table A-2: 
               200oC vL= .001157m3/kg, vV= .1274 m3/kg 
because vL< v2< vV we have a liquid vapor mixture 
 
recall,  v = (1-x) vL+ x vV 
 
               = vL+ x (vV - vL) 
 
v2= v1= 0.0811 = .0001157 + x (.1279-.0001157) 
 
x= 0.633     i.e., 63.3% vapor by mass 
 
State 3: 
Compress isothermally to 2.5 MPa, so T3= T2= 200oC 
 
From the compressed liquid water table A-5: 
               200oC and 2.5 MPa  v3= 1.155x10-3 m3/kg 
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 P1
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 v 
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Refer to graph above and compressed liquid tables and 
note v and u change very little with pressure at a fixed 
temperature, say T* 
 
Therefore, a reasonable assumption for engineering 
calculations is: 
 
      v(T,P)=vL(T) 
 u(T,P)=uL(T) 
 
For example, if you have a tank partially filled with water 
and air, if you increase the air pressure the water level 
does not drop that much  specific volume remains 
roughly constant  
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