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ANNOUNCEMENTS



Announcement

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!



RECAP



Recap

« Total energy of a system in the absence of magnetic,
electric, and surface tension effects is

VZ

E=U+KE+PE=U+m7+ng (k)

VZ

e=u+ke+pe=u+7+gz (k] /kg)



Recap

* Energy can cross the boundary of a closed system in two
distinct forms:
U Heat
U Work

System boundary

Closed Heat
system




Recap

» Total work is obtained by following the process path and
adding differential amounts of work (W) done along the way

* The integral of §W is not W, — W, (Work is not a property!)

« Systems do not posses work at a state
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Recap

System boundary System boundary

Electric oven Electric oven

Heating element Heating element




W = Fs (k)

T
W, = Fs = (;) (2nr)n = 2nnT

W, = Fs = 2mAT

Torque = Fr

F=kx (kN)

Rest
.‘ 1
% =1 mm pOSlthI’l _ 2 2
- I l X, =2mm Wspring — Ek(xz - xl)
F; =300 N

F, =600 N



Recap

« 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

Example processes that involve work but no heat transfer
interactions:

(Adiabatic) (Adiabatic)

(Adiabatic)
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QUIZ



THE FIRST LAW OF
THERMODYNAMICS



The First Law of Thermodynamics

* 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

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

Ein — Eout = AEsystem

This is known as the energy balance



The First Law of Thermodynamics

 Energy change of a system AEstem

Energy change = Energy at final state — Energy at initial state

AEsystem = Efinal — Einitiar = E2 — E4

Energy is a property, and the value of a property does not change unless the
State of the system changes
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The First Law of Thermodynamics

 Energy change of a system AEstem

AE = AU + AKE + APE
AU =m(u, —uq)

1 2 2

AKE = Em(V2 - V)

APE = mg(z, — z,)



The First Law of Thermodynamics

* Most systems encountered in practice are stationary:

&

% b

Stationary Systems

V,=V,—> AKE =0
AE =AU




The First Law of Thermodynamics

* Mechanisms of energy transfer, E;,, and E,;:

O Energy can be transferred to or from in three forms: heat, work,
and mass flow
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The First Law of Thermodynamics

* Mechanisms of energy transfer, E;,, and E,;:

 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

Mass
n

-

Control
volume

A

| A
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The First Law of Thermodynamics

* Mechanisms of energy transfer, E;,, and E,;:

O The only two forms of energy interactions associated with a fixed

mass or closed system are heat transfer and work

Mass
n

=

Control
volume

A

| A
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The First Law of Thermodynamics

« Heat Transfer (Q):

 Heat transfer to a system (heat gain) increases the energy of the
molecules and thus the energy of the system

 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

« Work (W):
1 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)

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

O 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

* Mass flow (m)

 Mass flow in and out of the system serves as an additional
mechanism of energy transfer

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

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

d 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
iInteraction



The First Law of Thermodynamics

 \We can sum the heat, work, and mass, and the heat
transfer:

Ein _ Eout — (Qin - Qout) + (Win — Wout) + (Emass,in _ Emass,out) = AEsystem

N

Net energy transfer by heat, work, and mass

Change in internal, kinetic, potential, ..., energies



The First Law of Thermodynamics

 \We can sum the heat, work, and mass, and the heat

transfer:
\_Y_;

Net energy transfer by heat, work, and mass

t — AEsysi:em

\_Y_}

Change in internal, kinetic, potential, ..., energies



The First Law of Thermodynamics

We can sum the heat, work, and mass, and the heat transfer

iIn the rate form:
\_Y_;

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

t — AEsysi:em

\_Y_}

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



The First Law of Thermodynamics

* The energy balance can be expressed on a per unit mass
basis as

€in — Cout = Aesystem



The First Law of Thermodynamics

* For constant rates, we can write:

Q = QAt

W = WAt



The First Law of Thermodynamics

* For a closed system undergoing a cycle, the initial and final
states are identical:

AE = Eipp —Eout =0 - Eip = Eoue

Wnet,out — Qnet,in - Wnet,out — Qnet,in

P A
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CLASS ACTIVITY



Class Activity

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

4 2 Oy = 500K

— h'()(’ \.I "l'\ll,lll = :“‘) U

U, =
Uy="? 8‘ N
{ £
\A

Fluid
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CLASS ACTIVITY



Class Activity

« 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

S mM/s
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CLASS ACTIVITY



Class Activity

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 Q = 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



Energy Conversion Efficiencies

« Efficiency, in general, can be expressed in terms of the desired
output and the required input as:

Desired output

Effici _
[T ictency Required input



Energy Conversion Efficiencies

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

_ Quseful
77comb,equip — HV

_ Useful heat delivered by the combustion equipment

Heating value of the fuel burned

(e- 9> Nheater 77furnace» 77boiler)



Energy Conversion Efficiencies

Heating value (HV)

Combustion gases
25°C  CO,, H,0, N,, etc.

!

[' LHV = 44,000 kJ/kg

| kg
Alr . asoli
>50( Combustion G‘;\;C‘I'C"C
— chamber i

C + 0, » CO,

CH4_ + 202 - COZ + 2H20
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Energy Conversion Efficiencies

 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?



Energy Conversion Efficiencies

« Combustion of methane can be written as:

CH, + 20, +2(3.76)N, » CO, + 2H,0 + 7.52N,



Energy Conversion Efficiencies

« Combustion reaction with a hydrocarbon fuel and air is written as:

CxHy + UOZ (02 + 376N2) - vCOZCOZ + UH20H20 + sz Nz

C: vCOZ =X
H: 2Vhp,0 =Y
Nz: Zsz - 3.76)(1702
VH y
02 vOZ = vCO2 —+ 220 =X + Z




Energy Conversion Efficiencies

« Air-fuel (AF) ratio:




Energy Conversion Efficiencies

* For heating systems annual fuel utilization efficiency is defined
(AFUE)



Energy Conversion Efficiencies

* For generator in power plants the overall efficiency is

7%

= - X X — .
Noverall Ncombustion XNthermal 77gene7‘ator HHVXm_fuel



Energy Conversion Efficiencies

« Efficiency of a cooking appliance

Energy Utilized

Effici _
fJictency Energy supplied to appliace




Energy Conversion Efficiencies

« Summarize efficiencies:

mechanical energy output  Epechout Erech ioss

Tmech = “prochanical ener gy input Erechin Eechin



Energy Conversion Efficiencies

« Summarize efficiencies:

mechanical energy increase of the fluid B Emech fluia B Whumpu

Npump = B

Mechanical energy input Wshart,in Whump

mechanical energy output Wshast,out Weurbine

Neurbine = 310 pamical energy decrease of the fluid |AE mech fiuidl  Weurbine,e



Energy Conversion Efficiencies

Summarize efficiencies:

Nturbine = 0.7 Noenerator — 0.97

1 Welect. out

1 n turbine-gen = Nturbine! generator
=0.75 x 0.97

=0.73

49



CLASS ACTIVITY



Class Activity

« Can the combined pump—motor efficiency be greater than either
the pump or the motor efficiency?



CLASS ACTIVITY



Class Activity

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.

(0
: / 73%
lcctl 1c Rdnéc
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