
Thermodynamics IThermodynamics I

Asst.Prof.Dr.DenpongAsst.Prof.Dr.Denpong SoodphakdeeSoodphakdee
Department of Mechanical EngineeringDepartment of Mechanical Engineering

Chapter 3Chapter 3
Energy Transfer by Heat, Energy Transfer by Heat, 

Work, and MassWork, and Mass



ผศผศ..ดรดร..เดนเดนพงษพงษ  สุดภักดีสุดภักดีภาควิชาวิศวกรรมเครื่องกลภาควิชาวิศวกรรมเครื่องกล  คณะวิศวกรรมศาสตรคณะวิศวกรรมศาสตร  มหาวิทยาลัยขอนแกนมหาวิทยาลัยขอนแกน [2]

Heat TransferHeat Transfer
HeatHeat ::-- the form of energy that is the form of energy that is 
transferred between two systems (or a transferred between two systems (or a 
system and its surroundings) by virtue of system and its surroundings) by virtue of 
a temperature difference.a temperature difference.
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Heat TransferHeat Transfer
Heat has energy unit kJ (or Btu)Heat has energy unit kJ (or Btu)
Heat transferred between state 1 and 2 is Heat transferred between state 1 and 2 is 
denoted by denoted by QQ1212 or just or just QQ..
Heat transfer per unit mass of a system is Heat transfer per unit mass of a system is 
denoted by denoted by qq..

   (kJ/kg)Qq
m

=
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Heat TransferHeat Transfer
Heat transfer rate :Heat transfer rate :-- amount of heat amount of heat 
transferred per unit time, denoted by    .transferred per unit time, denoted by    .
Amount of heat transferred during process Amount of heat transferred during process 
determined by determined by 

Q

2

1

    (kJ)
t

t
Q Q dt= ∫
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Energy Transfer by WorkEnergy Transfer by Work
WorkWork ::-- the energy transfer associated with a force  the energy transfer associated with a force  
acting through a distance.acting through a distance.
Work is also a form of energy transferred like heat, Work is also a form of energy transferred like heat, 
therefore has unit of energy such as kJ.therefore has unit of energy such as kJ.
Work done during a process between state 1 and 2 is Work done during a process between state 1 and 2 is 
denoted by denoted by WW1212 or just or just WW..
Work done per unit massWork done per unit mass

   (kJ/kg)Ww
m

=
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NegativePositive

Energy TransferEnergy Transfer
Formal sign conventionFormal sign convention
–– HeatHeat transfer transfer toto a system a system 

and and workwork done bydone by a a 
system are system are positivepositive

–– HeatHeat transfer transfer fromfrom a a 
system and system and workwork done ondone on
a system are a system are negativenegative
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Energy TransferEnergy Transfer
Heat and Work are energy transfer mechanisms Heat and Work are energy transfer mechanisms 
between system and its surroundingsbetween system and its surroundings
–– Both are recognized at boundaries of a system that Both are recognized at boundaries of a system that 

is both heat and work are is both heat and work are boundary phenomenaboundary phenomena
–– System posses energy, but not heat and workSystem posses energy, but not heat and work
–– Both are associated with Both are associated with processprocess, , not a statenot a state. . 

Unlike properties, heat and work has no meaning at Unlike properties, heat and work has no meaning at 
a statea state

–– Both are Both are path functionpath function (i.e. their magnitudes (i.e. their magnitudes 
depend on the path followed during a process as depend on the path followed during a process as 
well as the end states (start and end).)well as the end states (start and end).)
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Energy TransferEnergy Transfer
Heat and work are Heat and work are path functionpath function..
Path functions have Path functions have inexact differentialinexact differential
designed by symboldesigned by symbol  δδ..
Differential amounts of heat and work are Differential amounts of heat and work are δδQQ
and and δδWW, respectively., respectively.
Properties are Properties are point functionspoint functions..
Point functions have Point functions have exact differentialexact differential designed designed 
by symbol by symbol dd..
Example of differential of volume is Example of differential of volume is dVdV..
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Energy TransferEnergy Transfer
Total volume change during a process Total volume change during a process 
between states 1 and 2 isbetween states 1 and 2 is

Total work done during process 1Total work done during process 1——2 is2 is

2

2 11
dV V V V= − = Δ∫

2

121
   (not )W W Wδ = Δ∫
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Electrical WorkElectrical Work
Electrical power is the rate of work done by Electrical power is the rate of work done by 
electrical charge.electrical charge.
Electrical work done during a time interval can Electrical work done during a time interval can 
expressed in terms of current expressed in terms of current II and potential and potential 
difference difference VV..

2

1
   (kJ)

or    (kJ)
e

e

W VI dt

W VI t

=

= Δ
∫
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Mechanical Forms of WorkMechanical Forms of Work
The work done is proportional to the force The work done is proportional to the force 
applied (applied (FF) and the distance traveled () and the distance traveled (ss).).

2

1

       (kJ)

 (kJ)

W Fs

W F ds

=

= ∫
If there is no If there is no 
movement, no movement, no 
work is done.work is done.
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Moving Boundary WorkMoving Boundary Work
The expansion and The expansion and 
compression work is compression work is 
often called  often called  moving moving 
boundary workboundary work or or 
simply simply boundary boundary 
workwork..
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Moving Boundary WorkMoving Boundary Work

bW F ds PAds PdVδ = = =

2

1
  (kJ)bW PdV= ∫

Area under the process curve on 
P-V diagram is equal, in 
magnitude, to the work done 
during a quasi-equilibrium 
expansion or compression 
process of a closed system. 
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Boundary WorkBoundary Work
The net work The net work 
done during a done during a 
cycle is thecycle is the
difference difference 
between the between the 
work done by work done by 
the system and the system and 
the work done the work done 
on the system.on the system.
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Constant Volume ProcessConstant Volume Process
During a process where volume of the During a process where volume of the 
system is kept constant, the boundary system is kept constant, the boundary 
work is then equal to zero (work is then equal to zero (dVdV = 0)= 0)

2
12 1 0W PdV= =∫
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Isobaric ProcessIsobaric Process
A constant pressure process is called A constant pressure process is called 
isobaric processisobaric process..
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Isothermal ProcessIsothermal Process
A constant temperature process is called A constant temperature process is called 
isothermal processisothermal process..

mRTP
V

=

2 2
1

1
lnb

VmRTW dV mRT
V V

⎡ ⎤
= = ⎢ ⎥

⎣ ⎦
∫

For ideal gas
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PolytropicPolytropic ProcessProcess
During actual expansion and compression During actual expansion and compression 
processes of gases, pressure and volume processes of gases, pressure and volume 
are often related by are often related by PVPVnn = C= C, where , where nn and and 
CC are constants.are constants.
A process of this kind is called a A process of this kind is called a 
polytropicpolytropic processprocess..
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PolytropicPolytropic ProcessProcess
nP CV −=

2 2
1 1

n
bW PdV CV dV−= =∫ ∫

2 1 1
2 1

1
1 1

n nn

b
CV CVCVW

n n

− + − +− ⎡ ⎤⎡ ⎤ −
= = ⎢ ⎥⎢ ⎥− + −⎣ ⎦ ⎣ ⎦

1 1 2 2
n nC PV PV= =

1 1
2 2 2 1 1 1

1

n n n n

b
PV V PV VW

n

− + − +−
=

−

2 2 1 1

1b
PV PVW

n
−

=
−

2 1( )
1b

mR T TW
n
−

=
−

PV mRT=For ideal gas

where  1n ≠
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PolytropicPolytropic ProcessProcess
For the special case of For the special case of n = 1n = 1 the boundary the boundary 
work becomeswork becomes

2 2 1 2
1 1

1

lnb
VW PdV CV dV PV
V

− ⎛ ⎞
= = = ⎜ ⎟

⎝ ⎠
∫ ∫
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ExampleExample
A A pistonpiston--cylindercylinder devicedevice
initiallyinitially containscontains 100100 kgkg ofof airair
atat 100100 kPakPa andand 300300 KK.. TheThe airair
isis nownow compressedcompressed slowlyslowly
accordingaccording toto thethe relationrelation
PVPV1.31.3 == constantconstant untiluntil itit
reachesreaches a a finalfinal pressurepressure ofof
15001500 kPakPa.. DetermineDetermine thethe workwork
donedone duringduring thisthis processprocess..
((RR == 0.2870.287 kJkJ//kgkg..KK))
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Gravitational WorkGravitational Work
Potential energy change equation is Potential energy change equation is 
derived fromderived from

F mg=

2 2
2 11 1 ( )gW FdZ mg dZ mg Z Z= = = −∫ ∫
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Acceleration WorkAcceleration Work
Kinetic energy change equation is derived Kinetic energy change equation is derived 
F ma=

dVa
dt

=

dVF m
dt

=

dsV
dt

=

ds Vdt=

2 2 2
1 1 1a

dVW Fds m Vdt m VdV
dt

⎡ ⎤= = =⎢ ⎥⎣ ⎦
∫ ∫ ∫

2 2
2 1

1 ( ) kJ
2aW m V V= −
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Shaft WorkShaft Work

Fr=T

F
r

=
T

(2 )s r nπ=

(2 ) 2 (kJ)shW Fs rn n
r
τ π π⎡ ⎤= = =⎢ ⎥⎣ ⎦

T

2shW nπ= T
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Spring WorkSpring Work

springW Fdxδ =
F kx=

2 2
spring 2 1

1 ( )
2

W k x x= −
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ExampleExample
A A pistonpiston--cylindercylinder devicedevice containscontains 0.050.05 mm33 ofof a a gasgas initiallyinitially atat 200200 kPakPa.. AtAt thisthis statestate
a a linearlinear springspring whichwhich hashas a a springspring constantconstant ofof 150150 kNkN//m m isis touchingtouching thethe pistonpiston butbut
exertingexerting nono forceforce onon itit.. NowNow heatheat isis transferredtransferred toto thethe gasgas,, causingcausing thethe pistonpiston toto riserise
andand toto compresscompress thethe springspring untiluntil thethe volumevolume insideinside thethe cylindercylinder doublesdoubles.. IfIf thethe crosscross--
sectionalsectional areaarea ofof thethe pistonpiston isis 0.250.25 mm22,, determinedetermine ((aa)) thethe finalfinal pressurepressure insideinside thethe
cylindercylinder,, ((bb)) thethe totaltotal workwork donedone byby thethe gasgas,, andand ((cc)) thethe fractionfraction ofof thisthis workwork donedone
againstagainst thethe springspring toto compresscompress itit..



ผศผศ..ดรดร..เดนเดนพงษพงษ  สุดภักดีสุดภักดีภาควิชาวิศวกรรมเครื่องกลภาควิชาวิศวกรรมเครื่องกล  คณะวิศวกรรมศาสตรคณะวิศวกรรมศาสตร  มหาวิทยาลัยขอนแกนมหาวิทยาลัยขอนแกน [27]

Conservation of Mass Conservation of Mass 
PrinciplePrinciple

Net mass transfer to or from a system Net mass transfer to or from a system 
during a process is equal to the net change during a process is equal to the net change 
(increase or decrease) in the total mass of (increase or decrease) in the total mass of 
the system during that processthe system during that process
Total mass Total mass Net change in mass

entering the system leaving the system within the system
⎛ ⎞ ⎛ ⎞ ⎛ ⎞

− =⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠

in out system    (kg)m m m− = Δ



ผศผศ..ดรดร..เดนเดนพงษพงษ  สุดภักดีสุดภักดีภาควิชาวิศวกรรมเครื่องกลภาควิชาวิศวกรรมเครื่องกล  คณะวิศวกรรมศาสตรคณะวิศวกรรมศาสตร  มหาวิทยาลัยขอนแกนมหาวิทยาลัยขอนแกน [28]

Conservation of Mass Conservation of Mass 
PrinciplePrinciple

Mass balance for a control volumeMass balance for a control volume

Can be written in rate formCan be written in rate form

( )2 1 systemi em m m m− = −∑ ∑

system /i em m dm dt− =∑ ∑
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Conservation of Mass Conservation of Mass 
PrinciplePrinciple

Mass balance for steadyMass balance for steady--flow processesflow processes

Total mass entering CV Total mass leaving CV
per unit time per unit time

⎛ ⎞ ⎛ ⎞
=⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠

   (kg/s)i em m=∑ ∑
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Flow Work and The Energy of Flow Work and The Energy of 
A Flowing FluidA Flowing Fluid

F PA=

flow    (kJ)W FL PAL PV= = =

flow    (kJ/kg)w Pv=
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Total Energy of a Flowing Total Energy of a Flowing 
FluidFluid

Total energy of simple compressible Total energy of simple compressible 
system per unit masssystem per unit mass

2

ke pe    (kJ/kg)
2

e u u gz= + + = + +
V
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Total Energy of a Flowing Total Energy of a Flowing 
FluidFluid

Total energy of a flowing fluid per unit Total energy of a flowing fluid per unit 
massmass

( )ke pePv e Pv uθ = + = + + +

2

ke pe     (kJ/kg)
2

h h gzθ = + + = + +
V
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Total Energy of a Flowing Total Energy of a Flowing 
FluidFluid
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