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Energy Transfer by Heat ‘ I

> Heat is energy in transition across the system boundary — svrrouwome
solely due to the temperature difference between the system P ‘“ﬂ'
and its surroundings.

» A process during which there is no heat transfer is called
adiabatic process. - “Insulation
There are two ways a process can be adiabatic:
v" The system is well insulated.
v" The system and the surroundings are at the same
temperature.

ADIABATIC
SYSTEM

» The amount of heat transferred during a process between two states (1 and 2) is
denoted by Q12 or Q (in J or kJ).
Q=mxCxAT

v' Heat transfer per unit mass of a system is denoted by g (= Q/m)
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rgy Transfer
» For a system with a source heat and a heat sink:

Qner = Z Qfﬂ B Z Qour

» The heat transfer rate is denoted by (kJ/s = kW).
v'"When Q varies with time

fz szuH 3‘ﬂ]-i'_|
—|C m=2kg MR e
Q N J.er Ar=5s
I
v'"When Q remains constant 0=6kW

0 = QA
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Mechanisms of Heat Transfer

O Conduction: Transfer of energy from the more "~
energetic particles of a substance to the adjacent less

energetic one as a result of interaction between ¢
particles. i ™
Foneel M el
Convection: Transfer of energy between a solid surface === e
and adjacent fluid that is in motion and it involves the Al 2
combined effects of conduction and fluid motion. T T

'\—_\,\-
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 Radiation: Transfer of energy due to the emission of
electromagnetic waves (or photons)
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Energy Transfer by Wm

» Work is the energy transfer associated with force acting
through a distance.

Work = j Fdx  Unit: N.m=J Joule)

-T]

» Power = the work done per unit time.

» There are two requirements for a work interaction between a

system and its surroundings to exist:
1- There must be force acting on a boundary
2- The boundary must move
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Moving Boundary Work:

» The area under the process curve on a P-V
diagram is equal, in magnitude, to the work done
during expansion or compression process of a
closed system.

X3 Xs V,
W = [ Fdy= | PAdx = | PV
Significance of the Path: : -

» Each path will have a different area underneath it.

» The boundary work done during a process
depends on the path followed as well as the end
states.
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Energy Transfer

The work due to the relations between pressu

_Polytrophic process: PV" =C
PV"=C = F>1V1n = P2V2n — P =

C

n

e

PVi=pP. ¥V

W =iPdV =j'CV_ndV =Cj-V_ndV
1 1 1

W= C \V 1 |V2 _C V2—n+1 _Vl—n+1
—n+1V1 —n+1
W _ szznvz_n+1 . Plvlnvl—n+1 I :
—n+1 : . .
W = PV, — RV, i +

n—1
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\ Energy Transfer
O Isothermal process: PV =C e

PV=mRT=CorP=CN (T = Constant)

W= pav = jcdv CJ.dV—CIHE:PMIHE:mRTE
y v ooy Ty

] | | 1 1 | a a1 ve

@ Constant pressure process: X
W=[Pdv=PR[dv= _—
! ! v U .
BV, =V))=mF,(v, —v)) . Pay
Q Constant Volume process [ ]'
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e Work:

Work is the force acting through a displacement and the

the direction of force.
W =jP.dv

U For Polytropic process:
W = Plvl B P2V2
n-1
O For Isothermal process

W=I31V1In\$=l31vlln5

1

O For Isobaric process:
W =P x(V,-V,)

O For Isochoric process:

W = Zero
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| |4 Isobaric

T - T
{
Isochoric | Isothermal
2 a

10

Va \— Adiabatic
T] < Ta
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Energy Transfer

Determine the power required to accelerate a 900-kg car from rest
to velocity of 80 km/h in 20 s on a level road.

0 ———us80 km/h

. m =900 kg
Solution

— ————
-\

W=1/2m(V; -V})

2 - --.II
W=]f2(9i}ﬂkg}[[ gﬂ‘mm] —i}‘[ B,

3,600s 1000kgm*/s”

i
N,

W =222k]

The average Power

W = W _ 222K =11.1kW
At 20s
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Example Constant Volume Process =

A rigid tank contains air at 500 kPa and 150°C. As a result of heat
transfer to surroundings, the temperature and pressure inside the
tank drop to 65°C and 400 kPa, respectively. Determine the

boundary work done during this process.

Solution
A rigid tank has a constant volume and so dV = 0. P LDy b
; ;ﬂ AlR Hest Wp====== I
£, =300 kPa
W p— | _P p— Ei B b “’
.' P =400 kPa P IO y
T, =65°C
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: Energy Transfer
Example Constant Pressure Pr

A frictionless piston-cylinder device contains 10 kg of water vapor at 500 kPa
and 250°C. Heat is now transferred to the steam until the temperature reached

350°C. Determine the work done by the steam during this process.
Solution

From the table P
At P= 500 kPa= 0.5 MPa
and T, = 250 °C: | S (S 2

v, = 0.4744 mi/kg |
and T, =350 °C  Ama,
v, = 0.5701 m/kg. r

-

2 2 U, = 0.4744mikg Us= 050Im¥he
W=[PdV=P,|dV =

R,\V,=V))=mF,(v,—v,)

W = 10 kgx500 kPax(0.5701-0.4744) m*/kgx(1 kJ/kPa.m®) . _

Heat
W=479 k] m = 101bm
P =60 psia
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