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First law for a thermodynamic cycle 

• Based on experimental evidence, first law for a 
thermodynamic cycle is given as in eqn 5.2 p.97. 

 

 

• The total heat transfer around the cycle equals the 
total work around the cycle. 

• As an exercise apply the first law to the 
thermodynamic cycle of the simple steam power 
plant, and the vapor compression cycles in chapter 
one. You should take into consideration the sign for 
both work and heat. 

 

 

 

  WQ 
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Vapor compression cycle 

 

 

 

• -Q condenser + Q evaporator =- W compressor 

 

• Q condenser- Q evaporator= W compressor 

  WQ 
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First law for a process 
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Undergoes a cycle changing from state 1 to 2 by process A and returning from state  2 

to 1 by process B 

The system changing from State 1 to 2 by process A and returning to 

state 1 by process C 

Subtracting the equations we get: 
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 Energy of the system  
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 the quantity (dQ -dW) is the same for all processes between 
states 1 and 2 

 Therefore, (dQ -dW) depends only on the initial and final states and 

not on the path followed between the two states.   

 That is this quantity is a point function, which means that it is 

a property of the system,  
 It is called the energy of the system and is given symbol E 
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First law for a change of state of a control mass 

• By choosing an arbitrary cycles A-B and A-C as shown 
in figure 5.2 p.98 and applying first law to them you 
conclude that the difference between heat and work 
is constant or path independent as given in eqn 5.3, 

 

• This new path independent function is called the total 
energy of the system E, hence first law for the control 
mass is given by eqn  5.4 as differential form or eqn 
5.5 in the integrated form. 

 

• 𝐸2 − 𝐸1 = 1𝑄2 − 1𝑊2 

WQdE  
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First law for a change of state of a control mass 

• dE/dt = + energy in – energy out 

• Integrating from 1 to 2   

• Energy in and out with flowing material also across boundary in form 
of work and heat. 

• E2-E1 = Energy transfer in – energy transfer out= Q –W 

• Energy added as heat is positive while energy added by work is 
negative according to the sign convention. 
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Total Energy 

• The total energy as given in eqn 5.6  consists of the potential energy 
PE, the kinetic energy KE and the internal energy U,  

• E = KE+PE +Internal energy 

• dE=d(KE)+d(PE)+dU    

• Now first law is written as in eqn 5.7 

 

• But  KE = (½)mV2,  PE = mgz 

 

 

 

WPEdKEddUQ   )()(
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First law for cm 

• However when the known forms of PE and KE are substituted in the 
first law we obtain the integrated form of the first law in eqn 5.11 p. 
101. 
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Internal energy 

• Nature of the internal energy, U, is well explained in chapter two 
pp.24-26.  

• In summary you make think of internal energy in microscopic level as 
the energy of molecules and this energy is of two parts: kinetic and 
potential energies. Kinetic energy of molecules takes different forms 
as translation kinetic energy when molecules move, rotational energy 
as they rotate and vibration energy of the bonds between atoms, 
more atoms means more vibration modes and larger kinetic energy. 

• The specific internal energy or internal energy per unit mass u is a 
property of substance similar to temperature, pressure and specific 
volume. Hence it can be tabulated along with the other properties. 
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Internal energy 

• See tables in appendix B. In 
saturation region internal energy of 
saturated liquid is given as uf and 
internal energy of saturated vapor 
as ug. 

 

• As an exercise determine the 
internal energy of steam with  90% 
quality at 100 oC. 

• See e.g 5.4 p. 125. 

 

fgf xuuu 
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Problem Analysis & solution technique 
• Draw schematic of system 

• Show boundary of the system ( c.v or c.m) 

• Show flow of mass, if any, and of energy heat and work 

• Write initial and final states if given 

• Draw T-v or P-v diagrams showing all states and processes 

• Properties model steam and refrigerant tables , ideal gas and so on. 

• Equations including mass conservation and energy equation for c.m or c.v 

• Solution technique finding all states , finding heat and work etc.  

 

• Work e.g 5.5 p. 127 

• Work e.g 5.6 p.132 
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Example 5.5 p.127 
• A vessel having a volume of 5 m3 contains 0.05 m3 of 

saturated liquid water and rest of saturated vapor at 
0.1MPa. Heat is transferred until the vessel is filled with 
saturated vapor. Determine the heat transfer for this 
process. 
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Example 5.6  
• A cylinder fitted with a piston has a volume of 0.1 m3 

and contains 0.5 kg of steam at 0.4 MPa. Heat is 
transferred to the steam until the temperature is 300 oC, 
while the pressure remains constant. Determine the 
heat transfer and the work for this process. 
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𝑊 = 𝑃(𝑉2 − 𝑉1)=P(mv2-V1) 

𝑈2 − 𝑈1 = 𝑚(𝑢2 − 𝑢1) 

Find v1= V1/m then x1 then 
u1 at 0.4MPa, 
State 2: 0.4MPa , 300oC Uploaded By: Mohammad AwawdehSTUDENTS-HUB.com
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Example 3.11 
The piston/cylinder setup shown in Fig. 3.20 contains 0.1 
kg of water at 1000 kPa, 500◦C. The water is now cooled 
with a constant force on the piston until it reaches half of 
the initial volume. After this it cools to 25◦C while the 
piston is against the stops. Find the final water pressure 
and the work and heat transfer in the overall process, 
and show the process in a P–v diagram. 
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Thermodynamic property enthalpy 

• Combination of thermodynamic properties forms another 
thermodynamic property, enthalpy is one example of such property. 
Total enthalpy is H and specific enthalpy is h and it is defined as 

•  H= U + PV     and       h = u + Pv 

• Refer to appendix B to get values of enthalpy. Note in saturation 
region enthalpy of saturated liquid hf  and enthalpy of saturated 
vapor hg , hfg for evaporation or latent heat 
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Enthalpy 

• Enthalpy of mixture  of liquid and vapor : 
• An example of how the enthalpy appears in problems is the 

isobaric expansion of simple compressible control mass. 
Refer to p. 108 for development of such example. 

• Question: Find enthalpy for the following: 
Water  200 oC, 1 MPa;  R-12 10 oC , 70% quality;  and water at 
critical point. 

•  Internal energy u may be calculated from the enthalpy 
values as, 

 u = h-Pv  
•  Question: Calculate internal energy of  superheated  

ammonia vapor at 1200 kPa , 100oC. 

fgf xhhh 
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A cylinder fitted with a piston has a 
volume of 0.1 m3 and contains 0.5 kg of 
steam at 0.4MPa. Heat is transferred to 
the steam until the temperature is 
300◦C,while the  pressure remains 
constant. Determine the heat transfer 
and the work for this process. 

Example 3.12 
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• Specific heat is defined as heat added per unit mass per degree. 
specific heat = dq/dT     

• In general the temperature is related to pressure and volume by state 
equation, but T =f ( P, V). 

• When heating you may fix P or V. 

• Specific volume at constant volume Cv is the heat added per unit mass 
per degree keeping volume constant. 

•  Specific heat at constant pressure Cp is the heat added per unit mass 
while keeping pressure constant. 

Constant –volume and constant –pressure specific heats 
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Constant –volume and constant –pressure specific heats 

• First law per unit mass: du = dq- dw also dw= Pdv 

• Then at fixed volume Cv  =dq/dT=du/dT 

• At constant pressure recall dq = dh 

• Then Cp = dq/dT = dh/dT 

• Specific heats as function of temperature are given in table A.6 while 
specific heats of gases at 300 K is given in table A.5. 

• For solids and liquids only one value of specific heat, since raising 
temperature does not effect significantly pressure and volume. 

• Specific heats for various solids and liquids are listed in Tables A.3 and 
A.4 in the appendix 
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Internal energy, enthalpy and specific heat of ideal gases 

• Recall the ideal gas eqn  

 Pv = RT 

• It can be shown that for an ideal gas the internal energy is a function of 
temperature only. This was demonstrated the first time by Joule in 1843, see 
Joule experiment and analysis in p. 135. 

• Sine internal energy of ideal gas is a function of temperature only  

 u = f (T) only 

•  then the specific heat at constant volume Cv  =dq/dT=du/dT 

  Cvo  =du/dT             du = CvodT, the subscript o denotes specific heat of ideal gas 

Integrate to get 

∆𝑢 =  𝐶𝑣𝑜𝑑𝑇
𝑇2

𝑇1
            Function of  Cvo  is given in table A.6  
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Joule experiment 

• Two chambers one gas a second vacuum, water bath 

• Open valve and gas expands into both chambers, no change in 
temperature. 

• No heat transfer, no work, why? Hence no change in u 

• Now pressure and volume changed however u did not change 
meaning u is not a function of P,V. results it is function of T only. 

• For ideal gas u=f(T)  only 
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Specific heat at constant pressure 
• Similarly it can be shown that enthalpy of ideal gas is a function of 

temperature only (prove this using definition of enthalpy). 
 h = u +Pv = f(T) + RT  
• The specific heat at constant pressure for ideal gas Cp = dq/dT = dh/dT 
   becomes  Cpo = dh/dT   then  
 dh = Cpo dT   
Integrate to get 

∆ℎ =  𝐶𝑝𝑜𝑑𝑇
𝑇2

𝑇1
  see table A.6 for the function 

ℎ2− ℎ1 =  𝐶𝑝𝑜𝑑𝑇 −  𝐶𝑝𝑜𝑑𝑇 = 
𝑇1

𝑇0

𝑇2

𝑇0
 ℎ𝑇2 − ℎ𝑇1   

For hT see table A.7 for air and A.8 for other gases 
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Constant specific heats 

• Assuming Cvo  is constant then 

 u2 –u1 = Cvo (T2-T1) 

•  Assuming Cpo constant then 

 h2-h1 = Cpo (T2-T1) 

• Constant specific heats are given in table A.5 at 100kPa and 25 oC 

 For air  Cpo = 1.004kJ/kg.K , Cvo = 0.717 kJ/kg.K 

• Question: find the change of internal energy and enthalpy for 
nitrogen as it is heated from 300 to 360 K. 
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Dependence of specific heat on temperature 
• Dependence of specific heat on temperature is 

illustrated in figure 5.11 p.137, from the figure 
note the following: 

• Monoatomic gases such as the noble gases 
specific heat is constant regardless of 
temperature. 

• Diatomic gases such oxygen nitrogen and 
air weak dependence of specific heat on 
temperature, and for most applications it 
can be assumed as constant specific heat 
specially in narrow temperature ranges. 

• Polyatomic gases such as water and carbon 
dioxide specific heat dependence on 
temperature is strong. 
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Dependence of specific heat on temperature 

• temperature specific heat dependence can be explained in 
relation to the modes of vibration of the molecules.  

• As more atoms means more bonds and more vibration modes 
and stronger temperature dependence on the internal energy 
and hence the specific heats.  
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Relation between specific heats 

• From h = u +Pv = u + RT , the differential with T 
 dh = du + RdT ,     but du = CvodT,   dh = Cpo dT   then 
  Cpo dT = CvodT + RdT   divide by dT    to get 
 Cpo = Cvo + R  or  
 Cpo – Cvo = R 
Check for air  R= 0.287 , Cpo = 1.004kJ/kg.K , Cvo = 0.717 kJ/kg.K 
• For mole basis 
             Cpo− Cvo = 𝑅  
• See example 5.7 p. 139 
• Work e.g 5.8 p. 140 
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Example 5.7 p. 139 

• Calculate the change of enthalpy as one kg of oxygen is heated from 
300 to 1500K, assume ideal gas behavior. 

• Most accurate using ideal gas tables A.8  

 h2 – h1 = 1540.2 – 273.2 = 1267 kJ/kg 

Integration of specific heat as function of temperature will give a good 
result. Table A.6 for Cp(T) 

 Assuming constant specific heat gives a reasonable but not accurate 
result. Cpo at 300 K from table A.2 

 h2-h1 = Cpo ( T2- T1) = 0.922* 1200 = 1106.4 kJ/kg  

 which is low by 12.7%  
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Example 5.8  
• Cylinder fitted  with a piston has an initial volume of 0.1 m3 and 

contains nitrogen at 150 kPa, 25 o C. The piston is moved , 
compressing the nitrogen until the pressure is 1MPa and temperature 
is 150 o C. During process heat is transferred from the nitrogen and 
the work is done on the nitrogen is 20 kJ. Determine the amount of 
this heat transfer. 

• 1𝑄2 = 𝑚 𝑢2 − 𝑢1 + 1𝑊2 

• 𝑚 =
𝑃𝑉

𝑅𝑇
=

150𝑋0.1

0.2968
∗ 298.1 = 0.1695𝑘𝑔. 

• 1𝑄2 = 𝑚𝐶𝑣𝑜 𝑇2 − 𝑇1 + 1𝑊2 

• 1𝑄2 = 0.1695𝑋0.745𝑋 150 − 25 − 20 = −4.2𝑘𝐽 
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The first law as a rate equation 

• The first law as a rate equation is given 

     
𝑑𝐸

𝑑𝑡
= 𝑄  − 𝑊  

 

• such form will be used when applying first law to control volume in 
the next chapter. 

• See key concepts and formula page 145. 
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End of First Law for CM  
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