
Task 1 

 

Initial length of the square-shaped steel plate edge 𝐿1 [m] 

Final length of the square-shaped steel plate edge 𝐿2 [m] 

Initial area of the square-shaped steel plate  𝐴1 [m2] 

Final area of the square-shaped steel plate  𝐴2 [m2] 

Initial temperature of the steel plate  𝑇1 [℃] 

Final temperature of the steel plate  𝑇2 [℃] 

Percentage of area increase   𝐴𝐼 [%] 

Coefficient of thermal expansion  𝛼 [1/K] 

 

Formulas: 

𝐿2 = 𝐿1 + 𝛼𝐿1Δ𝑇  

𝐴 = 𝐿2  

𝐴𝐼 =
𝐴2−𝐴1

𝐴1
∙ 100 %  

Solution: 

𝐴𝐼 =
𝐴2−𝐴1

𝐴1
∙ 100 %  

Substitute expressions 

𝐴𝐼 =
𝐿2

2−𝐿1
2

𝐿1
2   

Use algebra 

𝐴𝐼 =
𝐿2

2

𝐿1
2 − 1 = (

𝐿2

𝐿1
)

2
− 1  

Substitute expressions 

𝐴𝐼 = (
𝐿1+𝛼𝐿1Δ𝑇

𝐿1
)

2
− 1  

Use algebra 

𝐴𝐼 = (1 + 𝛼Δ𝑇)2 − 1 = 1 + 2𝛼Δ𝑇 + (𝛼Δ𝑇)2 − 1 = 2𝛼Δ𝑇 + (𝛼Δ𝑇)2 

 (𝛼Δ𝑇)2 can be omitted as it is very small 

 𝑨𝑰 = 𝟐𝜶𝚫𝑻 

Substitute initial values 

  



Task 2 

 

Initial pressure of the car tire    𝑝1 [Pa] 

Final pressure of the car tire    𝑝2 [Pa] 

Initial temperature inside the car tire   𝑇1 [K] 

Final temperature inside the car tire   𝑇2 [K] 

Initial molar amount of gas inside the car tire  𝑁1 [mol] 

Final molar amount of gas inside the car tire  𝑁2 [mol] 

Initial volume of gas inside the car tire   𝑉1 [m3] 

Final volume of gas inside the car tire   𝑉2 [m3] 

Universal gas constant    𝑅 [J/(mol K)] 

 

Constants: 

 R = J/(mol K)] 

Unit conversions: 

1 bar = 100,000 Pa 

𝑇 = (𝑇CEL + 273.15) K  

Formulas: 

𝑝1𝑉1 = 𝑁1𝑅𝑇1  

𝑝2𝑉2 = 𝑁2𝑅𝑇2  

𝑉1 = 𝑉2  

𝑁1 = 𝑁2  

Solution: 

 𝑝1𝑉1 = 𝑁1𝑅𝑇1  

 solve for 𝑉1/𝑁1 

𝑉1

𝑁1
=

𝑅𝑇1

𝑝1
  

𝑝2𝑉2 = 𝑁2𝑅𝑇2  

 solve for 𝑉2/𝑁2 

𝑉2

𝑁2
=

𝑅𝑇2

𝑝2
  

substitute expressions 

𝑉2

𝑁2
=

𝑉1

𝑁1
=

𝑅𝑇1

𝑝1
=

𝑅𝑇2

𝑝2
  

Solve for 𝑝2 

𝒑𝟐 =
𝑻𝟐

𝑻𝟏
𝒑𝟏  

substitute initial values 



Task 3 

 

Initial pressure of the car tire    𝑝1 [Pa] 

Final pressure of the car tire    𝑝2 [Pa] 

Initial temperature inside the car tire   𝑇1 [K] 

Final temperature inside the car tire   𝑇2 [K] 

Initial molar amount of gas inside the car tire  𝑁1 [mol] 

Final molar amount of gas inside the car tire  𝑁2 [mol] 

Initial volume of gas inside the car tire   𝑉1 [m3] 

Final volume of gas inside the car tire   𝑉2 [m3] 

Universal gas constant    𝑅 [J/(mol K)] 

 

Constants: 

 R = J/(mol K)] 

Unit conversions: 

1 bar = 100,000 Pa 

𝑇 = (𝑇CEL + 273.15) K  

Formulas: 

𝑝1𝑉1 = 𝑁1𝑅𝑇1  

𝑝2𝑉2 = 𝑁2𝑅𝑇2  

𝑁1 = 𝑁2  

Solution: 

 𝑝1𝑉1 = 𝑁1𝑅𝑇1  

 solve for 𝑁1𝑅 

𝑁1𝑅 =
𝑝1𝑉1

𝑇1
  

𝑝2𝑉2 = 𝑁2𝑅𝑇2  

 solve for 𝑁2𝑅 

𝑁2𝑅 =
𝑝2𝑉2

𝑇2
  

Substitute expressions 

𝑁2𝑅 = 𝑁1𝑅 =
𝑝2𝑉2

𝑇2
=

𝑝1𝑉1

𝑇1
  

Solve for 𝑉2 

𝑽𝟐 =
𝒑𝟏

𝒑𝟐

𝑻𝟐

𝑻𝟏
𝑽𝟏  

Substitute initial values 



Task 4 

Temperature of the condenser   𝑇1 [K] 

Temperature of the water vapor entering the steam turbine 𝑇2 [K] 

Temperature rise of the conder water   Δ𝑇 [K] 

Specific heat capacity of liquid water   𝑐 [J/(kg K)] 

Theoretic maximum efficiency   𝜂 [-] 

Electric power output of the plant   𝑃 [W] 

Cooling requirement in the condenser   Φ [W] 

Mass flow rate of the condenser water   𝑚̇ [kg/s] 

 

Unit conversions: 

1 kW = 1000 W 

 𝑇 = (𝑇CEL + 273.15) K 

Formulas: 

𝜂 =
𝑇2−𝑇1

𝑇2
  

𝜂 =
𝑃

Φ
  

Φ = 𝑚̇𝑐Δ𝑇  

Solution: 

 Temperature of the condenser: 

𝜂 =
𝑇2−𝑇1

𝑇2
  

Solve for 𝑇1 

𝑻𝟏 = (𝟏 − 𝜼)𝑻𝟐  

Substitute initial values 

Condenser water requirement: 

𝜂 =
𝑃

Φ
  

solve for Φ 

Φ =
𝑃

𝜂
  

Φ = 𝑚̇𝑐Δ𝑇  

solve for 𝑚̇ 

𝑚̇ =
Φ

𝑐Δ𝑇
  

 substitute expressions 

𝒎̇ =
𝑷

𝜼𝒄𝚫𝑻
  

Substitute initial values 

  



Task 5 

Total mass of water    𝑚 [kg] 

Mass of water that evaporates   𝑚evap [kg] 

Power of the electric heater    𝑃 [W] 

Electric energy consumed by the electric heater  𝐸heater [J] 

Electric energy needed to heat the water to its boiling point 𝐸water [J] 

and evaporate part of it      

Percentage of electric energy transferred to water  EP [%] 

Heating time     𝑡 [s] 

Initial temperature of the water   𝑇1 [K] 

Boiling point of water    𝑇b [K] 

Specific enthalpy of evaporation of water   ℎfg [J/kg] 

Specific heat capacity of liquid water   𝑐 [J/(kg K)] 

 

Unit conversions: 

 𝑇 = (𝑇CEL + 273.15) K 

 1 minute = 60 s 

1 kg = 1000 g  

Constants: 

 ℎfg = 2,260,000 J/kg 

Formulas: 

 𝐸heater = 𝑃𝑡 

 𝐸water = 𝑐𝑚(𝑇b − 𝑇1) + 𝑚evapℎfg 

𝐸𝑃 =
𝐸water

𝐸heater
∙ 100 %  

Solution: 

 𝐸𝑃 =
𝐸water

𝐸heater
∙ 100 % 

 substitute expressions 

𝑬𝑷 =
𝒄𝒎(𝑻𝐛−𝑻𝟏)+𝒎𝐞𝐯𝐚𝐩𝒉𝐟𝐠

𝑷𝒕
∙ 𝟏𝟎𝟎 %  

substitute initial values 

  



 

Task 6 

Mass of the ice    𝑚ice [kg] 

Mass of the water in the pool before adding the ice  𝑚water [kg] 

Pool width     𝑤 [m] 

Pool length     𝑙 [m] 

Pool depth before adding the ice   𝑑1 [m] 

Pool depth after adding the ice   𝑑2 [m] 

Pool surface rise    Δ𝑑 [m] 

Density of the ice    𝜌ice [kg/m3] 

Density of the water    𝜌water [kg/m3] 

Energy needed to transform the ice into liquid water  𝐸icetowater [J] 

Energy released when the pool of water cools to the final temperature 𝐸water [J] 

Initial temperature of the ice    𝑇1,ice [K] 

Temperature of the pool before adding the ice  𝑇1,water [K] 

Melting point of ice    𝑇f [K] 

Final temperature of the pool when all ice has melted and  𝑇2 [K] 

water and melted ice have reached a common temperature   

Specific heat capacity of the water   𝑐water [J/(kg K)] 

Specific heat capacity of the ice   𝑐ice [J/(kg K)] 

Specific enthalpy of fusion of water   ℎf [J/kg] 

Initial volume of the pool    𝑉1 [m3] 

Final volume of the pool    𝑉2 [m3] 

Volume of the ice    𝑉ice [m3] 

 

Unit conversions: 

 1 m = 100 cm 

 

Constants: 

 ℎf = 333,550 J/kg 

 𝑐water = 4,180 J/kg 

 𝑐ice = 2,090 J/kg 

 𝜌water = 1000 kg/m3 

 𝑇f = 0 ℃ 

Formulas: 

 𝐸icetowater = 𝑚ice[𝑐ice(𝑇f − 𝑇1,ice) + ℎf + cwater(𝑇2 − 𝑇f)] 

 𝐸water = 𝑚water𝑐water(𝑇1,water − 𝑇2) 

 𝐸icetowater = 𝐸water 

 𝑚water = 𝑉1𝜌water 

Δ𝑑 = 𝑑2 − 𝑑1  

𝑉ice =
𝑚ice

𝜌ice
  

𝑉1 = 𝑤𝑙𝑑1  



𝑉2 = 𝑤𝑙𝑑2  

𝑉2 = 𝑉1 + 𝑉ice  

 

Solution: 

 Water surface rise: 

𝑉2 = 𝑉1 + 𝑉ice  

 Substitute expression 

𝑤𝑙𝑑1 +
𝑚ice

𝜌ice
= 𝑤𝑙𝑑2  

solve for 𝑑2 − 𝑑1 

𝑑2 − 𝑑1 =
𝑚ice

𝑤𝑙𝜌ice
  

substitute expression 

𝚫𝒅 =
𝒎𝐢𝐜𝐞

𝒘𝒍𝝆𝐢𝐜𝐞
  

Substitute initial values 

Note, if you 1: have calculated how much the surface has risen after the ice has melt 

or 2: assume that the ice floats on the water as it is less dense than liquid water, then 

𝚫𝒅 =
𝒎𝐢𝐜𝐞

𝒘𝒍𝝆𝐰𝐚𝐭𝐞𝐫
  

Substitute initial values 

 

 Final temperature of the water: 

 𝐸icetowater = 𝐸water 

 Substitute expressions 

 𝑚ice[𝑐ice(𝑇f − 𝑇1,ice) + ℎf + cwater(𝑇2 − 𝑇f)] = 𝑚water𝑐water(𝑇1,water − 𝑇2) 

 solve for 𝑇2 

 𝑻𝟐 =
𝒎𝐰𝐚𝐭𝐞𝐫𝒄𝐰𝐚𝐭𝐞𝐫𝑻𝟏,𝐰𝐚𝐭𝐞𝐫−𝒎𝐢𝐜𝐞[𝒄𝐢𝐜𝐞(𝑻𝐟−𝑻𝟏,𝐢𝐜𝐞)+𝒉𝐟−𝐜𝐰𝐚𝐭𝐞𝐫𝑻𝐟]

𝒄𝐰𝐚𝐭𝐞𝐫(𝒎𝐰𝐚𝐭𝐞𝐫+𝒎𝐢𝐜𝐞)
 

 Substitute initial values 


