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Evaluating Thermodynamic Properties
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The PThe P--VV--T Surface for WaterT Surface for Water
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The state principle...The state principle...
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One independent propertyOne independent property for for 
each way that the energy of each way that the energy of 
the system can be varied the system can be varied 
independently.independently.

Experimental basisExperimental basis for the for the 

description of the description of the 

thermodynamic statethermodynamic state
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The number of independent The number of independent 
properties that uniquely describes  properties that uniquely describes  
the state of the system is the the state of the system is the numbernumber
of relevant work  interactions plusof relevant work  interactions plus
one.one.

Experimental basisExperimental basis
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Simple, compressible Simple, compressible 

systemssystems

In simple chemical systems, there is only In simple chemical systems, there is only 
oneone way to alter E,  or U, by way to alter E,  or U, by workwork via a via a 
quasistatic process.quasistatic process.

p, Vp, V
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Work interactionWork interaction

Heat interactionHeat interaction SurroundingsSurroundings

SystemSystem

externalF

Q

Interactions = 2Interactions = 2
Properties Needed = 3Properties Needed = 3

Simple chemical systemsSimple chemical systems

A First Course in Thermodynamics
© 2006, F. A. Kulacki Mod 09 Slide 8

Evaluating Thermodynamic Properties

f(p,V,T) = 0f(p,V,T) = 0

p = p(V,T)p = p(V,T)

V = V(p,T)V = V(p,T)

Simple compressible systemsSimple compressible systems
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pp--VV--T surfaces...T surfaces...
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PP--vv--T SurfacesT Surfaces

V V 

T   T   

P(V) for a given T 
pp

p(T) for a given V

V(T) for a
given p
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State equationsState equations

f(p,v,T) = 0

p(v,T) = p

v(p,T) = v

T(p,v) = T

f(U,V,T) = 0f(U,V,T) = 0

U = U(V,T)U = U(V,T)

V = V (U, T)V = V (U, T)

T = T(U,V)T = T(U,V)
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The pThe p--VV--T surface T surface 

for water... for water... 
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Ice cube Ice cube 
andand
pure water vaporpure water vapor

SolidSolid--vapor equilibrium.vapor equilibrium.

The PThe P--vv--T surface for waterT surface for water
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At a total constant pressure....At a total constant pressure....

Ice cube Ice cube 
andand

water vaporwater vapor

p

Water vaporWater vapor
and and 

liquid waterliquid water

p

p

Water vaporWater vapor

Add heatAdd heat
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The pThe p--VV--T surface for waterT surface for water

• Solid in equilibrium with vapor (0 oC)

• Solid in equilibrium with vapor and 
liquid (0 oC)

• Liquid and vapor in equilibrium             
( 0  < T < 100 oC)

• Saturated Vapor (T = 100 oC)
• Superheated Vapor (T > 100 oC)
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Critical Point

The PThe P--vv--T surface for waterT surface for water

A First Course in Thermodynamics
© 2006, F. A. Kulacki Mod 09 Slide 17

Evaluating Thermodynamic Properties

The pThe p--T plane for waterT plane for water

Liquid

VaporVapor-- LiquidLiquid

Critical PointCritical Point

Vapor

Triple Point 

p p 

T T 

Solid
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LiquidLiquid--vapor vapor 
dome (twodome (two--phase)phase)

vTriple line (solidTriple line (solid--
liquidliquid--vapor line)vapor line)

p 

Critical pointCritical point

Triple pointTriple point

Tc

PP--v diagram for waterv diagram for water
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v

p 
Tc

T = Tsat
p = psat

T = TT = Tsatsat

p = pp = psatsat

pp

ppcc
Vapor-liquid
equilibrium at
p and T.

VaporVapor--liquidliquid
equilibrium atequilibrium at
p and Tp and T..

PP--v diagram for waterv diagram for water

A First Course in Thermodynamics
© 2006, F. A. Kulacki Mod 09 Slide 20

Evaluating Thermodynamic Properties

Quality...Quality...
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Liquid at p,TLiquid at p,T Surroundings

Vapor at P,TVapor at p,TVapor at p,T

LiquidLiquid--vapor equilibriumvapor equilibrium
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pp

Saturated LiquidSaturated LiquidSaturated Liquid V

Saturated VaporSaturated VaporSaturated Vapor

Critical PointCritical PointCritical Pointgl VVV +=

gl vvv +=

lgfg vvv −=

The twoThe two--phase region for waterphase region for water
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Quality, x, allows location of states
inside the vapor-liquid region.
Quality, x, allows location of statesQuality, x, allows location of states
inside the vaporinside the vapor--liquid region.liquid region.

pp

V

gl vvv +=
gf vvv <<

gvfv

v

Relations in the twoRelations in the two--phase phase 

region (vaporregion (vapor--liquid equilibrium)liquid equilibrium)
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v

p 
Tc

T = Tsat
p = psat

T = TT = Tsatsat

p = pp = psatsat

pp

ppcc
Vapor-liquid
equilibrium at
p and T.

VaporVapor--liquidliquid
equilibrium atequilibrium at
p and Tp and T..

lv gv
Specific volume of
the liquid at p and T
Specific volume ofSpecific volume of
the liquid at p and Tthe liquid at p and T

Specific volume of
the gas at p and T
Specific volume ofSpecific volume of
the gas at p and Tthe gas at p and T
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Internal energy in the vaporInternal energy in the vapor--

liquid regionliquid region
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Key concepts and termsKey concepts and terms
Critical point

P - v - T surface

Quality
Saturation pressure

Saturation temperature

State equation
State surface

The State Principle

Triple point


