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The various forms of microscopic
energies that make up sensible energy.

Some Physical Insight
to Internal Energy

Sensible energy: The portion of the
Internal energy of a system associated
with the kinetic energies of the
molecules.

Latent energy: The internal energy
associated with the phase of a system.

Chemical energy: The internal energy
associated with the atomic bonds in a
molecule.

Nuclear energy: The tremendous
amount of energy associated with the
strong bonds within the nucleus of the
atom itself.



Thermal = Sensible + Latent
Internal = Sensible + Latent + Chemical + Nuclear
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The internal energy of a system

is the sum of all forms of the Nuclear
microscopic energies. energy




Mechanical Energy

Mechanical energy: The form of energy that can be converted to
mechanical work completely and directly by an ideal mechanical device such

as an ideal turbine.
Kinetic and potential energies: The familiar forms of mechanical energy.

e — E + K + o7 Mechanical energy of a
mech = p " 2 ° flowing fluid per unit mass

P V2 ) Rate of mechanical
gz

Eech = Me ey, = m(; T B + energy of a flowing fluid

Mechanical energy change of a fluid during incompressible flow per unit mass

‘mech — P + ) + g(:z — :1} (k]/kg)

Ac

Rate of mechanical energy change of a fluid during incompressible flow

AE . =iidAe . = m( ; + ; + g(z, — ﬂ-i]}) (kW)
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Mechanical energy is illustrated by an ideal hydraulic turbine coupled with an
ideal generator. In the absence of irreversible losses, the maximum produced
power is proportional to (a) the change in water surface elevation from the
upstream to the downstream reservoir or (b) (close-up view) the drop in water
pressure from just upstream to just downstream of the turbine.



MECHANICAL FORMS OF WORK

There are two requirements for a work interaction
between a system and its surroundings to exist:

- there must be a force acting on the boundary.
- the boundary must move.

Work = Force x Distance :

< \)

W=Fs (kJ) ,‘

The work done is proportional to the
force applied (F) and the distance
traveled (S).

When force is not constant

y

W = [ Fds (kJ)

J1



Shaft Work

T .
T=F - F=— A force F acting through a moment
r armr generates a torque T

s = (2mr)n This force acts through a distance s

T
W, = Fs = (?)(2ﬁm) = 29nT (k])  shaft work

| - ——
The power transmitted through the shaft sh = <7

Is the shaft work done per unit time

W, = 27T (kW)

Torque = Fr

Shaft work is proportional to
the torque applied and the number of
revolutions of the shatft.



When the length of the spring changes
by a differential amount dx under the
Influence of a force F, the work done is

oW = F dx

spring

For linear elastic springs, the displacement
X Is proportional to the force applied

F =k (kN)

K: spring constant (kN/m)
Spring work
14 = %ﬁ;(.rﬁ —x7) (k)

spring 2

X, and x,: the initial and the
final displacements

Spring Work
Rest
position dx

p F
Elongation of a spring
under the influence of a force.
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Rest
x =1 mm‘L position

X, =2 mm

AA
= 300

F, =600 N
The displacement of a linear spring
doubles when the force is doubled.



Work Done on Elastic Solid Bars

o) .

W stic = [ Fdx = [ o,Adx (kl)
J1 J1

— v — — — — — — — — — — — — —

X l I P

Solid bars behave as springs under the
influence of a force.
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Rigid wire frame

Work Associated

Surface of film

with the Stretching Miswbls
of a Liquid Film s g vire
! F
Surface tension work
2 b _
W iiface = J o, dA (kJ) Sx
1
dA = 2b dx "
O-S
F = 2bo, >
Liquié film % Wire

Stretching a liquid film with a U-shaped
wire, and the forces acting on the
movable wire of length b.



Nonmechanical Forms of Work

Electrical work: The generalized force is the voltage
(the electrical potential) and the generalized
displacement is the electrical charge

Magnetic work: The generalized force is the
magnetic field strength and the generalized
displacement is the total magnetic dipole moment.

Electrical polarization work: The generalized force
IS the electric field strength and the generalized
displacement is the polarization of the medium.



ENERGY CONVERSION EFFICIENCIES

Efficiency is one of the most frequently used terms in
thermodynamics, and it indicates how well an energy
conversion or transfer process is accomplished.

Desired output

Efficiency = —
Required input



Efficiencies of Mechanical and Electrical Devices

Mechanical efficiency

Mechanical energy output E . cch out | E echloss

MNmech — : . o
et Mechanical energy input E

mech. in mech, in

The effectiveness of the conversion process between the mechanical
work supplied or extracted and the mechanical energy of the fluid is
expressed by the pump efficiency and turbine efficiency,

Mechanical energy increase of the fluid —"\Emm fluid W oump.
npump - B '
Mechanical energy input Wi W oump
Mechanical energy output W (patt out W turbine

Miurbi . : . - -
Woime Mechanical energy decrease of the fluid AE W

mech, fluid ‘ turbine.e
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Py~ Py,and P, = P,

. .2
I et v _ mV5/2

Nmech.fan = The mechanical efficiency of a fan is
’ Wihaft,in Wihaft,in the ratio of the rate of increase of the
_ (0.506 kg/s)(12.1 m/s)?/2 mechanical energy of air to the
N 500 W mechanical power input.

= 0.741



Mechanical power output W ou

Motor: Mmotor — - ) —
Electric power input W ieetin

e o W
. Electric power output elect. out
senerator: Noonerator — : : =
BNt Mechanical power input W,

% A K
V}pump.u AEn‘u.:lcrh.["ll.licl Pump-Motor

npump—motor - npumpnnmmr o o ' oY
overall efficienc
Wclcct.in "Vclccl.in y
Wclccl.out 1':Vclcct.out Turbine-Generator

nlurl}inc—ﬂ‘n — nturbincnc*n‘rﬂlmr : : 11
ge gener: . overall efficienc
Wt ‘ AEnm:h.fluid‘ y

urbine. e
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Hturbine = 0.75 Ngenerator = 0.97

W

elect. out

| Turbine

(] L
L L
—— .L Generator U'
- . U L
The overall efficiency of a turbine— ]
generator is the product of the

efficiency of the turbine and the
efficiency of the generator, and it
represents the fraction of the
mechanical power of the fluid
converted to electrical power.

nturbine—gen = nturbinerlgenerator

=0.75x0.97
=0.73



Ic Enerji Hakkinda Bazi Fiziksel Gozlemler

o \OP\‘

Muolekiller Muolekiller
yer degistirme dinme
A
® i
'
Elektron Molekiiler
yer degistirmesi titregim
& @
& &
3 &
- s
elektron Miikleer

Duyulur i¢ enerijiyi
olusturan molekuler
enerji bicimleri.

e
l, Duyulur

ve gizli

(1 ‘* enerii

Kimyasal
enerji

Mikleer
enerji

Bir sistemin i¢ enerjisi,
mikroskobik enerjilerin
butin formlarinin
toplamidir.

Duyulur enerji: Sistemin i¢
enerjisinin, molekdullerin

kinetik enerjisiyle iligkili olan
bolumune denir.

Gizli enerji: Sistemin, faziyla
ilgili bu i¢ enerjisine denir.
Kimyasal enerji: Bir molekalun
atomlari arasindaki kuvvetlerle
ilgili i¢ enerjiye denir.

Nukleer enerji: Atom cekirdegi
icindeki parcaciklar arasinda
var olan baglarla iligkili cok
buyuk miktarlardaki ic enerjiden
de s6z etmek gerekir.

Is1 = Duyulur + Gizli

Ic Enerji = Duyulur + Gizli + Kimyasal + Niikleer
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Mekanik Enerji

Mekanik enerji: Ideal tirbin gibi mekanik bir cihazla, dogrudan ve
tamamen mekanik ise donugebilen enerji bicimi olarak tanimlanir.

Kinetik ve potansiyel enerji: Mekanik enerjinin bilinen formlaridir.

P V2 Akis halindeki bir akigskanin
Crnech — ; T o + 2z mekanik enerjisi (birim kitlede)
Akis halindeki bir (gug
: _ _ P Vv’ formunda) akiskanin mekanik
Emech — M€y — M ; + 7 + 8< enerjisi

Sikistirilamaz (yogunluk sabit) akiskanlarda mekanik enerji degisimi (birim katlede)

P,— P,  Vi—V;
Aemech — p + 2 + g(ZZ o Zl) (kJ/kg)

Sikisgtirilamaz (yogunluk sabit) akiskanlarda mekanik enerji degisimi (gu¢ formunda)

P2_Pl V%_V%

P e -a) W)

AE.'mech = ﬁZAemech = m(
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ISIN MEKANIK BICIMLERI

m Sistemle gevresi arasinda bir is etkilesiminin olabilmesi icin iki kosulun saglanmasi
gerekir:
B Sinirda etkiyen bir kuvvet olmahdir

B Sinir hareket etmelidir.

is = Kuvvet x Yol Eger kuvvet sabit degilse

W = Fs (kJ)

W= FF ds (K

]

Yapilan i, uygulanan kuvvete (F) ve
kuvvetin etkiledigi uzunluga (s) baghdir.
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Mil Isi

Moment kolu r'ye uygulanan _ _ I
F kuvveti, T burulma momentini olusturur =t — F= r
Bu kuvvet s uzunlugu boyunca uygulanmaktadir s = (27Tr)n
o T
Mil lsi W, = Fs = (—) (27rrn) = 27nT (kJ)
r

Mille iletilen gug, birim zamanda . .
yapilan mil isidir Wg = 2mnT (kW)

li'rmj|= EEF;T

F

Burulma momenti = Fr

Mil isi, uygulanan burulma momenti ve
milin devir sayisi ile orantihdir.
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Bir yaya kuvvet uygulandigi zaman uzunlugunun

degistigi bilinen bir olgudur. Bir F kuvveti uygulandigi W — Lﬁ:[ 2 "]
: . et e ¥ay 2R A2 ‘1]
zaman yay dx diferansiyel buyukligu kadar uzarsa,
yapilan ig
oWy, = Fdx X, and x,: yayin baglangi¢ ve

Dogrusal olarak esneyen yaylar igin, yer sondakiiyerdedistimelendir.

degisimi x, uygulanan kuvvet F ile dogru orantilidir
F = kx (kN) k: yay katayisi (KN/m)

(kJ)

Yayin, bir kuvvet

Serbest o
‘o =—r1 - TE— etkisi altinda Serbest
LN Xp=2mm uzamasl. konum elx
F =300 N Dogrusal bir yayin
uzamasi, kuvvet iki x

F, = 600 N kat arttirillirsa, iki kat olur.

2
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Esnek Kati Cubuklar Uzerinde Yapilan Is

2 2
W, = J Fdx = J o, A dx (kJ)
1 1

Sivi Tabakalarinin Gerilmesi ile llgili Is

2
i | Wme;r = J; o, dA (kI)
L
: : Kat tel cergeve
| : Film yiizeyi ;F:;‘Iﬂl'l:k i
i Cil
I cubuklarda ” L iy F Sivi
l — bir kuvvetin :i filminin

| | b [

X ' |

etkisi altinda e e hareketli
"1_ yay gibi %ﬁ“’ bir telle

davranirlar. ! ' i.
P — gerilmesi
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Mekanik Olmayan is

Elektrik isi: Genellestirilmis kuvvet voltaj (elektrik
potansiyeli), genellestiriimis yer degisiminin elekirik yiki
olarak alindigi is bicimi.

Manyetik Is: Genellestiriimis kuvvet olarak manyetik alan
gucunun, genellestirilmis yerdegisimi olarak manyetik ki
kutuplu momentin alindigr ig bigimi.

Elektrik Polarizasyon Isi: Genellestiriimis kuvvet olarak
elektrik alan gucundn, genellestiriimis yerdegisimi olarak
ortam polarizasyonunun (molekutllerin iki kutuplu elektrik
donme momentlerinin toplami) alindigi is bigimi.
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ENERJI DONUSUM VERIMLERI

m Verim termodinamikte en ¢ok kullanilan ifadelerden bir tanesi olup, enerji
donusumunun veya hal degisim gecisinin nasil iyi bir sekilde
basarilacagini gosterir. (Etkinlik veya verim olarak isimlendirilir).

Elde edilmek istenen deger
Etkinlik =

Harcamasi gereken deger
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Mekanik ve Elektrikli Duzeneklerin Verimleri

Mekanik verim

Alinan mekanik enerji E mek. ¢ E ek, kayip

MNek — . . P =
e Verilen mekanik enerji E ek o E

mek, g

Verilen veya alinan mekanik gug ile akiskanin mekanik
enerjisi arasindaki donusum igleminin mukemmellik
derecesi pompa verimi veya turbin verimi olarak tanimlanir.

Akiskanin mekanik enerjisindeki artis AE mek. akiskan Wp-:umpa. f
Tlpompa — : : T T W
Verilen mekanik enerji W il g W]:lnmpa
Mmek, akiskan — Emel:, c Emel-:, g
Alman mekanik enerji ij[,.; W wsbin
Marbin - —

Akiskanin mekanik enerjisindeki azaltma B | AE ek alas | - W

ttirbin, ¢

|ank, alﬂgkanl = Enwk, g Emel-:, C

Fan

— i =0.50 kg/s
—®

—_—

—

V| =[}, V2= 12 m/s

=4
Pi=P,
AE kaoskan MV 32
Tj k. I;- = - = =
e Wil Whilg
_ (0.50 kg/s)(12 m/s)%/2
S0W
=0.72

Bir fanin mekanik
verimi, fan ¢ikisindaki
havanin kinetik
enerjisinin, fana verilen
mekanik guce oranidir.
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Alman mekanik giig W

Motor: = =
e Ml motor Verilen elektriksel gii¢ W
elek, g
- Alinan elektriksel gii¢ we]ek,g
Jenerator: W ioneratir — . — = —
Jener: Verilen mekanik giig W il «
- o H:]:IDH'I.]_H.f o AE mek, akiskan
ﬂpumpa-mntw - npmnpanmnmr - ;. - .
Welek, i Welek, g
o o H.:E' lek, ¢ . Hr:elek, ¢
ntiirtnin-_ien - ntl'.irbjnnienemtﬁr - . o .
W tiirbin, ¢ AE mek, akiskan

Turbin-jenerator birlesiminin toplam verimi tlrbin
verimi ile jenerator veriminin carpimidir ve elde
edilen elektrik enerjisinin akiskanin mekanik
enerjisine oranini gosterir.

Motor verimi

Jenerator verimi

Pompa-motor verimi

TUrbin-jenerator verimi

Mhiirbin = 0.7 Mienerator = 0.97

Miibinjen = Thiirbin Tjeneratir
=0.75 x 0.97
=0.73
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