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1. Chapter 7 Essential Concepts: 

 

 The First Law of Thermodynamics: 

 

Energy can be transformed from one form into another but cannot be generated or 

destroyed 

 

 The first law of thermodynamics for a closed system: 

 

𝚫𝑼 + 𝚫𝑬𝒌 + 𝚫𝑬𝒑 = 𝑸 − 𝑾 

 

𝑸 > 𝟎 𝒘𝒉𝒆𝒏 𝒉𝒆𝒂𝒕 𝒊𝒔 𝒕𝒓𝒂𝒏𝒔𝒇𝒆𝒓𝒓𝒆𝒅 𝒇𝒓𝒐𝒎 𝒕𝒉𝒆 𝒔𝒖𝒓𝒓𝒐𝒖𝒏𝒅𝒊𝒏𝒈 𝒕𝒐 𝒕𝒉𝒆 𝒔𝒚𝒔𝒕𝒆𝒎 

𝑾 > 𝟎 𝒘𝒉𝒆𝒏 𝒘𝒐𝒓𝒌 𝒊𝒔 𝒅𝒐𝒏𝒆 𝒃𝒚 𝒕𝒉𝒆 𝒔𝒚𝒔𝒕𝒆𝒎 𝒕𝒐 𝒕𝒉𝒆 𝒔𝒖𝒓𝒓𝒐𝒖𝒏𝒅𝒊𝒏𝒈𝒔 

 

 The first law of thermodynamics for an open system: 

 

𝚫�̇� + 𝚫�̇�𝒌 + 𝚫�̇�𝒑 = �̇� − �̇�𝒔 

 

 Know the definition of specific properties (some thermodynamic property per 

mass or # of moles) 

 

 Know how to use tables B.5, B.6, and B.7 

 

 

2. Chapter 8 

 

 Examples of nonreactive processes:  

 Heating and cooling 

 Compression and expansion 

 Phase change 

 Mixing and dissolving 

 

 State Properties: 

 For example, temperature, pressure, internal energy, and enthalpy 

 Independent of path 

 Dependent on the current equilibrium state of the system 

 



 

 

 

 

 Heat Capacities: 

 Polynomial form (see Table B.2): 

𝑪𝒑 = 𝒂 + 𝒃𝑻 + 𝒄𝑻𝟐 + 𝒅𝑻𝟑 

𝑜𝑟  

𝑪𝒑 = 𝒂 + 𝒃𝑻 + 𝒄𝑻−𝟐 

 

 Constant pressure: 

𝚫�̂� = ∫ 𝑪𝒑(𝑻)𝒅𝑻
𝑻𝟐

𝑻𝟏

 

 Constant volume: 

 

𝚫�̂� = ∫ 𝑪𝒗(𝑻)𝒅𝑻
𝑻𝟐

𝑻𝟏

 

 Ideal Gas: 

𝑪𝒑 = 𝑪𝒗 + 𝑹 

 

 Liquids and solids: 

𝑪𝒑 ≅ 𝑪𝒗 

 

 

3. Practice Problems 

 

Chapter 7 

 

1) (See HW 9) A turbine discharges 200 kg/h of saturated steam at 10.0 bar 

absolute. It is desired to generate steam at 250oC and 10.0 bar by mixing the 

turbine discharge with a second stream of superheated steam of 300oC and 10.0 

bar. 

(a) If 300 kg/h of the product steam is to be generated, how much heat must be 

added to the mixer? 

(b) If instead the mixing is carried out adiabatically, at what rate is the product 

steam generated? 

 

2)  A 10.0-m3 tank contains steam at 275oC and 15.0 bar. The tank and its contents 

are cooled until the pressure drops to 1.2 bar. Some of the steam condenses in 

the process. 

(a) What is the final temperature of the tanks contents? 

(b) How much steam condensed (in kg)? 

(c) How much heat was transferred from the tank? 

 



Chapter 8 

 

3) On a cold winter day, the temperature is 2oC, and the relative humidity is 15%. 

You inhale air at an average rate of 5500 mL/min and exhale a gas saturated 

with water at body temperature, roughly 37oC. If the mass flow rates of the 

inhaled and exhaled air (excluding water) are the same, the heat capacities (Cp) 

of the water-free gases are each 1.05 J/(g*oC), and water is ingested into the 

body as a liquid at 22oC, at what rate (in J/day) do you lose energy by breathing? 

Threat breathing as a continuous process (inhaled air and liquid water enter, and 

exhaled breath exits) and neglect work done by the lungs. 

 

4) A steam of pure cyclopentane vapor flowing at a rate of 1550 L/s at 150oC and 1 

atm enters a cooler, in which 55% of the feed is condensed at constant pressure. 

(a) What is the temperature at the condenser outlet?  

(b) Prepare and fill in an inlet-outlet enthalpy table. 

(c) Calculate the required cooling rate (in kW). 

 

5) An air conditioner cools 226 m3/min of humid air at 36oC and 98% relative 

humidity to 10oC. 

(a) Do a degree-of-freedom analysis to prove that enough information is available 

to determine the required cooling duty (rate of heat transfer). 

(b) Calculate the rate of condensation of water in the unit and the cooling duty in 

tons (1 ton = 12,000 Btu/h). 

 

6)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7)  

 

 

 

 

 


