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• Assignment 1 is graded (solution is also provided)

• Do not forget about assignment 2 submission tonight 

• Assignment 3 is posted (more time for this submission)

• No class on Thursday (Instead problem-solving videos are 
uploaded on Blackboard)

• And we have our first quiz today! 
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• Total energy of a system in the absence of magnetic, 
electric, and surface tension effects is

𝐸 = 𝑈 + 𝐾𝐸 + 𝑃𝐸 = 𝑈 + 𝑚
𝑉!

2
+ 𝑚𝑔𝑧 (𝑘𝐽)

𝑒 = 𝑢 + 𝑘𝑒 + 𝑝𝑒 = 𝑢 +
𝑉!

2
+ 𝑔𝑧 (𝑘𝐽/𝑘𝑔)
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• Energy can cross the boundary of a closed system in two 
distinct forms:
q Heat 
q Work
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• Total work is obtained by following the process path and 
adding differential amounts of work (𝛿𝑊) done along the way

• The integral of 𝛿𝑊 is not 𝑊! −𝑊" (Work is not a property!)

• Systems do not posses work at a state

#
!

"
𝑑𝑉 = 𝑉" − 𝑉! = Δ𝑉

#
!

"
𝛿𝑊 = 𝑊!" (𝑛𝑜𝑡 Δ𝑊)
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• Work

𝑊 = 𝐹𝑠 (𝑘𝐽)

𝑊#$ = 𝐹𝑠 =
𝑇
𝑟

2𝜋𝑟 𝑛 = 2𝜋𝑛𝑇

�̇�#$ = 𝐹𝑠 = 2𝜋�̇�𝑇

𝑊#%&'() =
1
2
𝑘(𝑥"" − 𝑥!")
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• Consider a system undergoing a series of adiabatic 
processes from a specified state 1 to another specified state 
2.

For all adiabatic processes between two specified states of a closed 
system the net work done is the same regardless of the nature of the 

closed system and the details of the process



Recap
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• Example processes that involve work but no heat transfer 
interactions:



QUIZ
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THE FIRST LAW OF 
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The First Law of Thermodynamics
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• The net change (increase or decrease) in the total energy of 
the system during a process is equal to the difference 
between the total energy entering and the total energy 
leaving the system during the process

𝐸'( − 𝐸*+, = Δ𝐸#-#,./

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 − 𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑙𝑒𝑎𝑣𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 =
(𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑒𝑚)

This is known as the energy balance



The First Law of Thermodynamics
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• Energy change of a system Δ𝐸GHGIJK

𝐸𝑛𝑒𝑟𝑔𝑦 𝑐ℎ𝑎𝑛𝑔𝑒 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑎𝑡 𝑓𝑖𝑛𝑎𝑙 𝑠𝑡𝑎𝑡𝑒 − 𝐸𝑛𝑒𝑟𝑔𝑦 𝑎𝑡 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑠𝑡𝑎𝑡𝑒

Δ𝐸#-#,./ = 𝐸0'(12 − 𝐸'(','12 = 𝐸" − 𝐸!

Energy is a property, and the value of a property does not change unless the 
state of the system changes



The First Law of Thermodynamics
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• Energy change of a system Δ𝐸GHGIJK

Δ𝐸 = Δ𝑈 + Δ𝐾𝐸 + Δ𝑃𝐸

Δ𝑈 = 𝑚(𝑢! − 𝑢")

Δ𝐾𝐸 =
1
2
𝑚(𝑉!! − 𝑉"!)

Δ𝑃𝐸 = 𝑚𝑔(𝑧! − 𝑧")



The First Law of Thermodynamics
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• Most systems encountered in practice are stationary:



The First Law of Thermodynamics
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• Mechanisms of energy transfer, 𝐸MN and 𝐸OPI:
q Energy can be transferred to or from in three forms: heat, work, 

and mass flow 



The First Law of Thermodynamics
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• Mechanisms of energy transfer, 𝐸MN and 𝐸OPI:
q Each energy interactions are recognized at the system boundary 

as they cross it, and they represent the energy gained or lost by a 
system during a process 



The First Law of Thermodynamics
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• Mechanisms of energy transfer, 𝐸MN and 𝐸OPI:
q The only two forms of energy interactions associated with a fixed 

mass or closed system are heat transfer and work



The First Law of Thermodynamics
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• Heat Transfer (Q):
q Heat transfer to a system (heat gain) increases the energy of the 

molecules and thus the energy of the system

q Heat transfer from a system (heat loss) decreases the energy 
since the energy transferred out as heat comes from the energy of 
the molecules of the system



The First Law of Thermodynamics
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• Work (W):
q An energy interaction that is not caused by a temperature different 

between a system and its surroundings (e.g., a rising piston, a 
rotating shaft, an electrical wire)

q Work transfer to a system (i.e., work done on a system) increases 
the energy of the system 

q Work transfer from a system (i.e., work done by the system) 
decreases the energy of the system since the energy transferred 
out as work comes from the energy contained in the system 
§ e.g., car engines, hydraulic, steam/gas turbines produce work
§ e.g., compressors, pumps, mixers consume work



The First Law of Thermodynamics
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• Mass flow (m)
q Mass flow in and out of the system serves as an additional 

mechanism of energy transfer

q When mass enters a system, the energy of the system increases 
because mass carries energy with it (in fact, mass is energy)

q When some mass leaves the system, the energy contained within 
the system decreases because the departing mass takes out 
some energy with it

q When hot water is taken out a water heater and is replaced by the 
same amount of cold water, the energy content of the hot-water 
tank (the control volume) decreases as a result of this mass 
interaction



The First Law of Thermodynamics
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• We can sum the heat, work, and mass, and the heat 
transfer: 

𝐸#$ − 𝐸%&' = 𝑄#$ − 𝑄%&' + 𝑊#$ −𝑊%&' + 𝐸()**,#$ − 𝐸()**,%&' = Δ𝐸*,*'-(

Net energy transfer by heat, work, and mass

Change in internal, kinetic, potential, …, energies



The First Law of Thermodynamics
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• We can sum the heat, work, and mass, and the heat 
transfer: 

𝐸#$ − 𝐸%&' = Δ𝐸*,*'-(

Net energy transfer by heat, work, and mass

Change in internal, kinetic, potential, …, energies



The First Law of Thermodynamics
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• We can sum the heat, work, and mass, and the heat transfer 
in the rate form: 

�̇�#$ − �̇�%&' = Δ�̇�*,*'-(

Rate of net energy transfer by heat, work, and mass

Rate of change in internal, kinetic, potential, …, energies



The First Law of Thermodynamics
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• The energy balance can be expressed on a per unit mass 
basis as

𝑒#$ − 𝑒%&' = Δ𝑒*,*'-(



The First Law of Thermodynamics
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• For constant rates, we can write:

𝑄 = �̇�Δ𝑡

𝑊 = �̇�Δ𝑡

𝐸 =
𝑑𝐸
𝑑𝑡

Δ𝑡



The First Law of Thermodynamics
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• For a closed system undergoing a cycle, the initial and final 
states are identical:

Δ𝐸 = 𝐸'( − 𝐸*+, = 0 → 𝐸'( = 𝐸*+,

𝑊(.,,*+, = 𝑄(.,,'( → �̇�(.,,*+, = �̇�(.,,'(
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• A rigid tank contains a hot flid that is cooled while being stirred by 
a paddle wheel. Initially, the internal energy of the fluid is 800 kJ. 
During the cooling process, the fluid loses 500 kJ of heat, and the 
paddle wheel does 100 kJ of work on the fluid. Determine the final 
internal energy of the fluid. Neglect the energy stored in the 
paddle wheel



CLASS ACTIVITY
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• A fan that consumes 20 W of electric power when operating is 
claimed to discharge air from a ventilated room at a rate of 1 kg/s 
at a discharge velocity of 8 m/s. Determine if this claim is 
reasonable



CLASS ACTIVITY
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• A room is initially at the outdoor temperature of 25 °C. Now a large 
fan that consumes 200 W of electricity when running is turned on 
The heat transfer rate between the room and the outdoor air is 
given �̇� = 𝑈𝐴 𝑇" − 𝑇# where U = 6 W/m2C is the overall heat 
transfer coefficient. A = 30 m2 is the exposed surface area of the 
room, Ti and To are the indoor and outdoor air temperatures, 
respectively. Determine the nd oor air temperature when steady 
operating are established 



ENERGY CONVERSION EFFICIENCIES
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Energy Conversion Efficiencies
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• Efficiency, in general, can be expressed in terms of the desired 
output and the required input as:

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑜𝑢𝑡𝑝𝑢𝑡
𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑖𝑛𝑝𝑢𝑡



Energy Conversion Efficiencies
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• Heating value (HV) of the fuel is equal to the amount of heat 
released when a unit amount of fuel at room temperature is 
completely burned and the combustion products are cooled to the 
room temperature 

𝜂.%(/,-0&#1 =
𝑄&*-2&3
𝐻𝑉

=
𝑈𝑠𝑒𝑓𝑢𝑙 ℎ𝑒𝑎𝑡 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡

𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑒𝑙 𝑏𝑢𝑟𝑛𝑒𝑑

(𝑒. 𝑔. , 𝜂$.1,.& , 𝜂0+&(14. , 𝜂5*'2.&)



Energy Conversion Efficiencies
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• Heating value (HV)

𝐶 + 𝑂" → 𝐶𝑂"

𝐶𝐻6 + 2𝑂" → 𝐶𝑂" + 2𝐻"𝑂



Energy Conversion Efficiencies
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• LHV: When water leaves as a vapor

• HHV: When water in the combustion gases is completely 
condensed and thus the heat of vaporization is also recovered  

Could you provide an example when this is applicable?
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• Combustion of methane can be written as:

𝐶𝐻6 + 2𝑂" + 2 3.76 𝑁" → 𝐶𝑂" + 2𝐻"𝑂 + 7.52 𝑁"



Energy Conversion Efficiencies
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• Combustion reaction with a hydrocarbon fuel and air is written as:

𝐶:

𝐶7𝐻- + 𝑣*!(𝑂" + 3.76𝑁") → 𝑣8*!𝐶𝑂" + 𝑣9!:𝐻"𝑂 + 𝑣;! 𝑁"

𝑣8*! = 𝑥

𝐻: 2𝑣9!: = 𝑦

𝑁": 2𝑣;! = 3.76×𝑣:!

𝑂": 𝑣:! = 𝑣8:! +
𝑣9!"
2

= 𝑥 +
𝑦
4
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• Air-fuel (AF) ratio:

𝐴𝐹/1## =
𝑚1'&
𝑚0+.2

Φ =
𝐴𝐹#
𝐴𝐹
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• For heating systems annual fuel utilization efficiency is defined 
(AFUE)
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• For generator in power plants the overall efficiency is 

𝜂*<.&122 = 𝜂4*/5+#,'*(×𝜂,$.&/12×𝜂).(.&1,*& =
�̇�

𝐻𝐻𝑉×�̇�_𝑓𝑢𝑒𝑙
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• Efficiency of a cooking appliance

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑡𝑖𝑙𝑖𝑧𝑒𝑑

𝐸𝑛𝑒𝑟𝑔𝑦 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝑡𝑜 𝑎𝑝𝑝𝑙𝑖𝑎𝑐𝑒
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• Summarize efficiencies:

𝜂(-.4 =
𝑚𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑢𝑡
𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡

=
𝐸(-.4,%&'
𝐸(-.4,#$

= 1 −
𝐸(-.4,3%**
𝐸(-.4,#$
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• Summarize efficiencies:

𝜂1&(1 =
𝑚𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑙𝑢𝑖𝑑

𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡
=
𝐸(-.4,23&#5
�̇�*4)2',#$

=
�̇�1&(1,&
�̇�1&(1

𝜂'&6/#$- =
𝑚𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑢𝑡

𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑙𝑢𝑖𝑑
=

�̇�*4)2',%&'

|Δ�̇�(-.4,23&#5|
=

�̇�'&6/#$-

�̇�'&6/#$-,-
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• Summarize efficiencies:
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• Can the combined pump–motor efficiency be greater than either 
the pump or the motor efficiency?
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• The efficiency of cooking appliances affects the internal heat gain from 
them since an inefficient appliance consumes a greater amount of energy 
for the same task, and the excess energy consumed shows up as heat in 
the living space. The efficiency of open burners is determined to be 73 
percent for electric units and 38 percent for gas units. Consider a 2-kW 
electric burner at location where the unit costs of electricity and natural 
gas are $0.09/kWh and $1.2/therm, respectively. Determine the rate of 
energy consumption by the burner and the unit cost of utilized energy for 
both electric and gas burners. 


