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summary lecture 3
• internal energy, work, heat
• 1st Law of Thermodynamics
• cycles

• Qcycle = Wcycle

• power cycle
• refrigeration & heat pump cycle

• thermal efficiency, coefficient of performance
• examples of practical cycles

• Otto cycle, Joule cycle
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Power cycle 
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Example: Stirling engine 
Closed system
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Heat pump
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Opgave 2.20   (antwoord = 1.84 kJ/kg)
• 12 Polytropic compression
• 2—3 Constant pressure

Voor de oplettende lezer vergelijk formule 3.54 met voorbeeld 2.1
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properties of matter
• pure: invariable chemical composition, 

but different phases (thus no combustion!)
• only work through compression/expansion
• thermodynamic equilibrium: 

consider properties of state
• quasi-static processes: 

consider properties of state during process

Two independent properties:
• one mechanical (V), one thermal (T)
• E.g., p = p(T, V ) and U = U (T, V ) 
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p-v-T surface (gas)
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p-v-T diagram (solid, liquid & gas)
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L – liquid
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Extracting heat at constant pressure
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phase transition curves
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phase diagram
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T-v diagram
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p-v diagram
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quality

F = constant
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x = 0.75

a b

v' v v''

p
[bar]

250

200

150

100

50

0
0 0.01 0.02 0.03 0.04

v [m3/kg]

 = 300°C

m m m  
m'  : mass of water
m'' : mass of vapor

quality:

1m mx x
m m
 

   

total volume:
v v vm m m    

v (1 )v v v (v v )x x x         

( )x a a b 

C

Presenter
Presentation Notes
We gaan m kg water verdampen in een gesloten systeem onder constante druk. In het

coexistensiegebied (damp+vloeistof) verloopt het proces langs een isotherm (tevens een

isobaar natuurlijk). Stel we hebben m‘  kg water en m''  kg damp, dus m = m' +m''.



 = 300°C:

p = 85.81 bar

v’ = 1.4036 x 10-3 m3/kg

v’’ = 0.02167 m3/kg



x = 
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water, vapor, ice
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Presenter
Presentation Notes
Water is zowel voor het dagelijks leven als de techniek erg belangrijk.

(Speciale terminologie: vaste fase=`ijs', stollen=`bevriezen',

gasfase=`stoom' of `waterdamp').



Met water is iets bijzonders aan de hand (zie figuur).
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Heating water at constant volume
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Refrigerator met smoorklep
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Stoomtabellen (editie 5 of blackboard)

De oudere edities van het boek bevatten de zgn. 
stoomtabellen.  Deze tabellen zijn nodig voor het 
maken van de opgaves. We hebben alle tabellen op 
blackboard gezet.

(De nieuwe editie heeft geen tabellen meer die zitten nu verwerkt in het 
computer programma “Interactive Thermodynamics” . Dit programma 
kost echter 78 euro en voegt niet veel toe)
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problem 3.16 (gebruik stoomtabellen)

Steam is contained in a closed rigid container with a volume of 
1m^3

Initially, the pressure and temperature of the steam are 7 bars 
and 500°C, respectively. 
The temperature drops as a result of heat transfer to the 
surroundings. 
a) Determine the temperature at which condensation first occurs, 

in celsius, and 
b) the fraction of the total mass that has condensed when the 

pressure reaches 0.5bar
c) What percentage of the volume is occupied by saturated 

liquid at the final state?

Presenter
Presentation Notes
Teken p-v diagram



Tabel A-4: v = 0.1483 m^3/kg�Tabel A-2: interpoleren tussen 10 en 15 bar:�p = 10 + (0.1483-0.1944)/(0.1318-0.1944)*5 = 10 + 0.736*5 = 13.68 bar�T = 179.9+0.736*(198.3-179.9) = 193.4 dgr C

v = v_l + x (v_g-v_l) -> x = (v-v_l)/(v_g-v_l)�Tabel A-2: v_l = 1.0435x10^-3 = 0.0010435 m^3/kg; v_g = 1.673 m^3/kg�x = (0.1483-0.0010435)/(1.673-0.0010435) = 0.08807 -> 1-x = 91.19 %

v_l*(1-x)/v = 0.0010435*0.912/0.1483 = 0.642%
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Table A-4
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Table A3
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directions for home study
• Ch. 1, Ch. 2 (except §2.4.2) & Ch. 3 till §3.3.1 have been treated; read 

thoroughly!
• Do problem 3.1; do problems 3.2-3.21
• Next lecture: remainder of Ch. 3.
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