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Objectives

»  Ozellikle otomobil motoru ve kompresér gibi pistonlu makinelerde
yaygin olarak karsilasilan hareketli sinir isi veya PdV isi olmak
uzere degisik is bicimlerinin incelenmesi.

« Kapali sistemler (Sabit kutleli) icin Termodinamigin birinci yasasinin
enerjinin korunumu ifadesi oldugunun tanitiimasi.

- Kapali sistemler icin genel enerji dengesi bagintisinin gelistiriimesi.
« Sabit hacimde veya sabit basingta 6zgul 1silarin tanimlanmasi.

- |deal gazlarin i¢ enerji ve entalpi degisimlerinin hesaplanmasini
ozgul isilar ile iligkilendirmek.

« Kati ve sivi gibi sikigtirlamayan maddelerin tanimlanmasi ve bu
maddelerin i¢ enerji ve entalpi degisimlerinin belirlenmesi.

- Saf maddeler, mukemmel gazlar ve sikistirlamayan maddeler icin
is ve 1sI etkilesimleri igeren kapali sistemlerin (sabit kutleli) enerji
dengesi problemlerinin ¢cozulmesi.



HAREKETLI SINIR ISI

Moving boundary work (P dV work):
Bir gazin piston-silindir duzeneginde
genislemesi veya sikigtiriimasi sirasinda

gerceklesir.

oW, =Fds = PAds = P dV

W;_, — J P(!V
|

B

(kJ)

Sanki dengede durumu sistemin
her an dengede oldugu.

W, is positive — for expansion
W, is negative — for compression

Hareketli sinirla
iligkili is sinir isi Hareketli

diye adlandirilir. Suur
Gaz pistonu iterek ds _——Hl _______
diferansiyel
miktarinda hareket

ettirirken oW
miktarinda is yapar.




Process path

o

FIGURE 4-3

The area under the process curve
on a P-V diagram represents the
boundary work.

2 2
Area = A = J dA = J P dV
1 1

Bir hal degisimi
sirasinda
yapilan

sinir igi, ilk ve
son hallerle hal
degisiminin
yoluna baghdir.

The area under the process curve on a 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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Bir cevrim sirasinda yapilan

net is, sistem tarafindan
yapilan igle sistem Uzerinde
yapilan is arasindaki farktir.



Politropik, Izotermal ve Izobarik hal degisimi
P = CV 7" Politropik hal degisimi: C, n sabittir.

pP,V, — PV, Polytropic

2 2 .—n+1 _ b/—n+l
szjP(Z\/:JCV”(ZV:C - =
1 1 —n + 1

mR(T, — T))
W, = Polytropic and for ideal gas

|l — n

2 2
V.
W, = J PdV = J CU™l dy = Pvm(z) When n
| |

1

| — »n process

=1

(isothermal process)

2 2
W, = J pPdV =P, J dV = Py(V, = V) Constant pressure process
| |

What is the boundary
work for a constant-
volume process?

Politropik hal
degisiminin P-V
diyagrami.

P/

P\Vi = PV3

PV = comst.




EXAMPLE 4—1

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

Boundary Work for a Constant-Volume Process

Solution Air in a rigid tank is cooled, and both the pressure and tempera-
ture drop. The boundary work done is to be determined.

Analysis A sketch of the system and the P-V diagram of the process
are shown in Fig. 4—6. The boundary work can be determined from Eq. 4-2
to be

> 0
W, = J P =0
1
Discussion This is expected since a rigid tank has a constant volume and
dV = 0 in this equation. Therefore, there is no boundary work done during
this process. That is, the boundary work done during a constant-volume
process is always zero. This is also evident from the P-V diagram of the
process (the area under the process curve is zero).

EXAMPLE 4-2 Boundary Work for a Constant-Pressure Process

A frictionless piston—cylinder device contains 10 Ibm of steam at 60 psia
and 320°F. Heat is now transferred to the steam until the temperature
reaches 400°F. If the piston is not attached to a shaft and its mass is con-
stant, determine the work done by the steam during this process.

Solution Steam in a piston cylinder device is heated and the temperature
rises at constant pressure. The boundary work done is to be determined.
Analysis A sketch of the system and the P-v diagram of the process are
shown in Fig. 4-7.
Assumption The expansion process is quasi-equilibrium.
Analysis Even though it is not explicitly stated, the pressure of the steam
within the cylinder remains constant during this process since both the
atmospheric pressure and the weight of the piston remain constant. There-
fore, this is a constant-pressure process, and, from Eq. 4-2

2 2

W, = J PdV = Py, J dV = Py(V, — V) (4-6)
1 1

or

Wb - ﬂIP(](VZ - Vl)

P. kPa }
AIR Heat 00 ————7—— :
P, = 500 kPa <
T, = 150°C
P, = 400 kPa 400 |- —————— >
T, = 65°C

<V

since V = mv. From the superheated vapor table (Table A-6E), the specific
volumes are determined to be v, = 7.4863 ft¥/lbm at state 1 (60 psia,
320°F) and v, = 8.3548 ft3/lbm at state 2 (60 psia, 400°F). Substituting
these values yields

| Bt
W, = (10 Ibm) (60 psia)[ (8.3548 — 7.4863) fﬁ/lbm](M)
404 psia -

= 96.4 Btu

Discussion The positive sign indicates that the work is done by the
system. That is, the steam used 96.4 Btu of its energy to do this work. The
magnitude of this work could also be determined by calculating the area under
the process curve on the P-V diagram, which is simply P, AV for this case.

1;
\ FPy=60 pSill\

60 ~—— B ——

P, psia

W,

Heat
‘ Area=w),

v
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¥
|
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|
|
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|
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v, = 74863 v, =8.3548 v, ft¥lbm



EXAMPLE 4-3  Isothermal Compression of an Ideal Gas

A piston-cylinder device initially contains 0.4 m? of air at 100 kPa and 80°C.
The air is now compressed to 0.1 m? in such a way that the temperature
inside the cylinder remains constant. Determine the work done during this
process.

Solution Air in a piston—cylinder device is compressed isothermally. The
boundary work done is to be determined.

Analysis A sketch of the system and the P-V diagram of the process are
shown in Fig. 4-8.

Assumptions 1 The compression process Is quasi-equilibrium. 2 At specified
conditions, air can be considered to be an ideal gas since it is at a high tem-
perature and low pressure relative to its critical-point values.

Analysis For an ideal gas at constant temperature T,

C
PV=mRTy=C or PZU

where C is a constant. Substituting this into Eq. 4-2, we have

2
= |

In Eq. 4-7, P,V, can be replaced by P,V, or mRT,. Also, \,/V, can be
replaced by P,/P, for this case since P,V, = P,V,.
Substituting the numerical values into Eq. 4-7 yields

e 24V v v
PdeJ —dl/zCJ — =Ch—=PV,Ih—= @&
v v v

1 1 1 % 1 1

0.1 1kl
W, = (100 kPa)(0.4 m*){ In—
b= ) m)(n().df)(lkf’a-lnS)

= -55.5K]

Discussion The negative sign indicates that this work is done on the system
(a work input), which is always the case for compression processes.

<4

Ty = 80°C = const.

AIR
V,=04m? I
P, =100 kPa

Ty = 80°C = const.

0.1 04  Vm?



EXAMPLE 4-4  Expansion of a Gas against a Spring

A piston-cylinder device contains 0.05 m3 of a gas initially at 200 kPa. At
this state, a linear spring that has a spring constant of 150 kN/m is touching
the piston but exerting no force on it. Now heat is transferred to the gas,
causing the piston to rise and to compress the spring until the volume inside
the cylinder doubles. If the cross-sectional area of the piston is 0.25 m2,
determine (a) the final pressure inside the cylinder, (b) the total work done by

the gas, and (c) the fraction of this work done against the spring to
compress it.

Solution A gas in a piston—cylinder device equipped with a linear spring
expands as a result of heating. The final gas pressure, the total work done, and
the fraction of the work done to compress the spring are to be determined.
Assumptions 1 The expansion process is quasi-equilibrium. 2 The spring is
linear in the range of interest.

Analysis A sketch of the system and the P-V diagram of the process are
shown in Fig. 4-10.

(a) The enclosed volume at the final state is
Vy =2V, = (2)(0.05m*) = 0.1 m’
Then the displacement of the piston (and of the spring) becomes
AV (0.1 - 0.05) m’
A 0.25 m

The force applied by the linear spring at the final state is

F=kx = (150kN/m)(0.2m) = 30 kN

=02m

X

The additional pressure applied by the spring on the gas at this state is
F 30 kN

A 025m?

= 120 kPa

Without the spring, the pressure of the gas would remain constant at
200 kPa while the piston is rising. But under the effect of the spring, the
pressure rises linearly from 200 kPa to

200 + 120 = 320 kPa
at the final state.

(b) An easy way of finding the work done is to plot the process on a
P-V diagram and find the area under the process curve. From Fig. 4-10 the
area under the process curve (a trapezoid) is determined to be

200 + 320) kPa 1 kI
( ) [(0.1 = 0.05) 1113](71) = 13 k]
2 1 kPa-m

W = area =

Note that the work is done by the system.

(c) The work represented by the rectangular area (region |) is done against
the piston and the atmosphere, and the work represented by the triangular
area (region 1) is done against the spring. Thus,

W,

spring

1 kJ
1 3
=5[(320 — 200) kPa|(0.05 m”)| ————= | = 3k
j[( ) a]( m)(lkPa-ln3) J
Discussion This result could also be obtained from

W,

spring

= 2k(x3 — %) = 3(150 kN/m)[ (0.2 m)? — 02]( LK ) =3kl

| kN+m

P, kPa %

200

P, =200 kPa
Vv, = 0.05 m?

Heat



KAPALI SISTEMLER ICIN ENERJI DENGESI

R — AE ] e . .
Ein = Eou _AE;}**IL'“_ (kJ) Hal degisimi gerceklestiren herhangi
Net energy transfer Change in internal, kinetic, bir sistem icin enerji dengesi

by heat, work, and mass potential, etc., energies
Eil] o E(Jlll — ({Eh'\_-‘thIll/({T (kW) bll’lm Zaman
Rate of net energy transfer Rate of change in internal, Igln
by heat, work, and mass kKinetic, potential, etc., energies

Zamana gore degisim orani sabit oldugu durumlarda
O = QAT W= WAt, and AE = (dE/dr)At (kJ)

(kI/kg) Birim kUtle icin enerji
dengesi

ngren_ E-.;jkanz ﬁfsistem

' Enerji dengesinin
aEgimn_ aEglksul_ dEsistem veya afgiren_ Sf?-.glkzm_ f‘rfasistem diferanSiyel formu

Cevrim icin enerji

H..ne‘[_l;jk?l.n = Qnet_giren veya H"net,v.;lkfm: th_girml denklemi



Q = Qne[* giren = Qgimn o Q:;Jkan
'H_ J — 'H_:" — W

r
net; g¢ikan cikan giren

O

= net,giren

]'1’:11-:1.L_‘|I~:;m_ iE.«:i-:h:m veya Q—W=AE

Energy balance when sign convention is used: (i.e., heat input and
work output are positive; heat output and work input are negative).

P4 Pl ———————-______,\ \

Genel Q-W=AE |

Sabit sistemler O =W=AU

Birim kiitle basina g—w = Ae

Diferansiyel form o6g — dw = de | |

&

- 2=

Kapali sistemler igin birinci
FIGURE 4-11 yasanin degisik yazilis bigimleri.
Bir cevrim i¢cin AE = 0, boylece Q=W

<Y

Birinci yasayl matematiksel olarak kanitlamak olanaksizdir, fakat dogada birinci
yasaya aykiri herhangi bir hal degisimi bilinmemektedir, bu da yeterli kanit
saylimalidir.




Sabit basinc¢li bir genigsleme ve sikistirma
islemi icin enerji denkligi

Sabit basingta sanki dengeli hal
degisiminden gecen kapali bir sistem
icin genel analizde 1s1 gegis yonu Q
sisteme dogru ve W ig ise sistem
tarafindan yapildigi kabul edilir.

Egirm = Eg;tkan = "'J-"‘Esistem
—.  —— .
Is1, 15 ve kiitla ile Iy enerji, kinetik ve
transfer edilen net enerji potansivel enerjilerdeki defigim

0 0
Q— W= AU + AKE + APE

Q- Wdlﬁer _WS = U, = U,
Q = Wiger — Po(Vo — V) = Uy, = U,
Q = Wiger = (U + PV,) = (U + P V)

{;} - LHlll_l;:l' o Hl’ - HI (L‘Jj

Sabit basincta sikistirma ve
genigleme islemi icin:

AU +W, = AH

Sabit basingta hal degisim ornegi
We.in o Qout - Wb = AU

T’/Ve.'m o Qout — AH — n?'(k'Z - k‘l)

P kPa

300

m=25g

P, =P, =300kPa
Sat. vapor

- Qc-ul =3.7k)

L1l

=



FIGURE 4-14

For a closed system undergoing a
quasi-equilibrium, P = constant
process, AU + W, = AH. Note that
this relation 1s NOT valid for closed
systems processes during which
pressure DOES NOT remain
constant.

Vacuum
P=0
W=0

Heat

FIGURE 4-16
Expansion against a vacuum involves
no work and thus no energy transfer.



EXAMPLE 4-5  Electric Heating of a Gas at Constant Pressure

A piston—cylinder device contains 25 g of saturated water vapor that is main-
tained at a constant pressure of 300 kPa. A resistance heater within the
cylinder is turned on and passes a current of 0.2 A for 5 min from a 120-V
source. At the same time, a heat loss of 3.7 kJ occurs. (a) Show that for a
closed system the boundary work W, and the change in internal energy AU
in the first-law relation can be combined into one term, AH, for a constant-
pressure process. (b) Determine the final temperature of the steam.

Solution Saturated water vapor in a piston-cylinder device expands at con-
stant pressure as a result of heating. It is to be shown that AU + W, = AH,
and the final temperature is to be determined.

Assumptions 1 The tank is stationary and thus the kinetic and potential
energy changes are zero, AKE = APE = 0. Therefore, AE = AU and internal
energy Iis the only form of energy of the system that may change during this
process. 2 Electrical wires constitute a very small part of the system, and
thus the energy change of the wires can be neglected.

Now the final state is completely specified since we know both the pressure
and the enthalpy. The temperature at this state is

P, = 300 kPa

State 2:
e hy = 2864.9 kI /kg

} T, = 200°C (Table A-6)
Therefore, the steam will be at 200°C at the end of this process.

Discussion Strictly speaking, the potential energy change of the steam is
not zero for this process since the center of gravity of the steam rose some-
what. Assuming an elevation change of 1 m (which is rather unlikely), the
change in the potential energy of the steam would be 0.0002 kJ, which is
very small compared to the other terms in the first-law relation. Therefore, in
problems of this kind, the potential energy term is always neglected.

(b) The only other form of work in this case is the electrical work, which can
be determined from

1 kJ/s
W, = VI At = (120 V)(0.2 A) (300 s)(m) =72k

Py = 300 kPa
sat. vapor

State 1: (Table A-5)

} hy = hg @ 300kpa = 2724.9 kl/kg
The enthalpy at the final state can be determined directly from Eq. 4-18 by
expressing heat transfer from the system and work done on the system as
negative quantities (since their directions are opposite to the assumed direc-
tions). Alternately, we can use the general energy balance relation with the
simplification that the boundary work is considered automatically by replac-
ing AU by AH for a constant-pressure expansion or compression process:

Ein - Eout - AES)?S[EII]
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc., energies

Wein — Qou — W = AU
Woin — Oow = AH = m(hy — hy)
7.2kl — 3.7k) = (0.025 kg) (h, — 2724.9) kl/kg
h, = 2864.9 kJ/kg

(since P = constant)

P, kPa
I 2

= -
| H,0 300
| 2
: m=25g
: PI = PZ =300 kPa 120V
: Doymus buhar
R ——— 5 dak.

13



EXAMPLE 4—-6 Unrestrained Expansion of Water

A rigid tank is divided into two equal parts by a partition. Initially, one side of
the tank contains 5 kg of water at 200 kPa and 25°C, and the other side is
evacuated. The partition is then removed, and the water expands into the entire
tank. The water is allowed to exchange heat with its surroundings until the tem-
perature in the tank returns to the initial value of 25°C. Determine (a) the vol-
ume of the tank, (b) the final pressure, and (c) the heat transfer for this process.

Solution One half of a rigid tank is filled with liquid water while the other
side is evacuated. The partition between the two parts is removed and
water is allowed to expand and fill the entire tank while the temperature is
maintained constant. The volume of tank, the final pressure, and the heat
transfer are to be to determined.

Assumptions 1 The system is stationary and thus the kinetic and potential
energy changes are zero, AKE = APE = 0 and AE = AU. 2 The direction of
heat transfer is to the system (heat gain, Q). A negative result for @, indi-
cates the assumed direction is wrong and thus it is a heat loss. 3 The vol-
ume of the rigid tank is constant, and thus there is no energy transfer as
boundary work. 4 The water temperature remains constant during the
process. 5 There is no electrical, shaft, or any other kind of work involved.
Analysis We take the contents of the tank, including the evacuated space, as
the system (Fig. 4-15). This is a closed system since no mass crosses the
system boundary during the process. We observe that the water fills the entire
tank when the partition is removed (possibly as a liquid—vapor mixture).

(a) Initially the water in the tank exists as a compressed liquid since its pres-
sure (200 kPa) is greater than the saturation pressure at 25°C (3.1698 kPa).
Approximating the compressed liquid as a saturated liquid at the given tem-
perature, we find

System boundary

|_ _________ A
/ :
| Evacuated :
: space I
|

| <
| HEO I
: m=35kg I
I — . .
| P, =200 kPa < |
. T,;=25C |
____________ ]

200

Partition
-

Qin

Y

14



Vi = Vr@asec = 0.001003 m’/kg = 0.001 m*/kg
Then the initial volume of the water is

V, = mv, = (5kg)(0.001 m*/kg) = 0.005 m*

(Table A—4)

The total volume of the tank is twice this amount:
Vink = (2)(0.005 m?) = 0.01 m?
(b) At the final state, the specific volume of the water is
_ v 0.0l m>

V = =
? m 5kg

= 0.002 m*/kg

which is twice the initial value of the specific volume. This result is expected

since the volume doubles while the amount of mass remains constant.
At25°C: v, = 0.001003 m*°/kg and v, = 43.340 m*/kg (Table A—4)

Since Ve < Uy < U, the water is a saturated liquid—vapor mixture at the final
state, and thus the pressure is the saturation pressure at 25°C:

Py = Py @asc = 3.1698 kPa (Table A—4)

(¢) Under stated assumptions and observations, the energy balance on the
system can be expressed as

Ein o Eou(

——— ——
Net energy transfer
by heat, work, and mass

A ES}’S(&IH

—_—
Change in internal, Kinetic,
potential, efc., energies

O, = AU = m(uy — uy)

Notice that even though the water is expanding during this process, the sys-
tem chosen involves fixed boundaries only (the dashed lines) and therefore
the moving boundary work is zera (Fig. 4-16). Then W = 0 since the system
does not involve any other forms of work. (Can you reach the same conclu-
sion by choosing the water as our system?) Initially,

Uy = U@ osoc = 104.83 kl/kg

The quality at the final state is determined from the specific volume
information:

V=V 0.002 - 0.001

n= = =23X107
2Ty, 330001
Then
Uy = Uy + Xyilgy
= 104.83 kI/kg + (2.3 X 107°)(2304.3 kJ/kg)
= 104.88 kl/kg
Substituting yields

0 = (5kg)[(104.88 — 104.83) klkg] = 0.25 k]

Discussion The positive sign indicates that the assumed direction is correct,
and heat is transferred to the water.

Vacuum
P=0
W=0

Heat

15




OZGUL ISILAR

Specific heat at constant volume, c,:
Maddenin birim kutlesinin sicakligini sabit
hacimde bir derece yukseltmek igin gerekli
enerji.

Specific heat at constant pressure, c:
Maddenin birim kutlesinin sicakhgini sabit

basincta bir derece yukseltmek igin gerekli
enerji.

e
m=1kg
AT =1°C
Specific heat = 5 kl/kg-"C
"" . .
Sabit hacimde
S5kl ve sabit basincta
FIGURE 4-18 orgltl 's"?\:e‘;n;’ﬁ
Ozgll 1s1, maddenin birim . P
degerler helyum

kutlesinin sicakhgini bir
derece artirmak igin gerekli
enerjidir.

gazi icindir).

1 kg 1 kg
Iron Water
20 — 30°C 20 — 30°C
b ] N
4.5K] 41.8 k]
FIGURE 4-17

It takes different amounts of energy
to raise the temperature of different
substances by the same amount.

\/ = constant

m=1Kkg

AT = 1°C

c,=3.12 '

kg-°C

5.19kJ




Air Air
m=1Kkg m=1Kkg
300 - 301 K 1000 — 1001 K
- -
0.718 kJ 0.855 kJ
FIGURE 4-21

Bir maddenin 6zgul i1sisi sicaklikla
degisir.

* The equations in the figure are valid for

any substance undergoing any process.

° ¢, and c, are properties.

* C,lIs related to the changes in internal
energy and c, to the changes in
enthalpy.

« A common unit for specific heats is
kd/kg-°C or kJ/kg-K. Are these units
Identical?

Dogru mu yanhis mi?
c, daima c,. den buyuktur.

o
v=\or1),

= sabit hacimde, i¢ enerjinin
sicakhkla degisim

. _(“;Jf:")
F - LT

i »

= sabit basingta entalpinin

sicaklikla degisimi

Formal definitions of c, and c,,.



MUKEMMEL GAZLARIN IC ENERJI, ENTALPI VE

OZGUL ISILARI

A

Thermometer

i Water

a

|

|

|

| Air

| (highpressure)  Evacuated |
FIGURE 4-22

Joule’un deney duzeneginin
genel gizimi.

Joule showed
using this
experimental
apparatus that
u=u(T)

Mukemmel
gazlar icin, u, h,
c,, and c, vary

h=u-+ Pv

} h=u-+ RT
Pv = RT

u=u(T) h= h(T)
du = c,(T)dT dh = c,(T)dT

Au=u, —u, = J c,(T) dT
!

Ah=hy, —h = J c,(T) dT
1

mukemmel gazin i¢
enerji ve entalpi
degisimleri

sadece sicaklikla

degisir.

18



Dusuk basinglarda, tum gercek gazlar
mukemmel gaz davranisina yaklasirlar, bu
nedenle ozgul isilari sadece sicakligin
fonksiyonu olur.

Gercek gazlarin dusuk basinglarda 6zgul
Isilari mukemmel-gaz veya sifir basing

ozgul isisi diye adlandirilir ¢, and c,, ile
gosterilir.

Cpo
k)l kmol-K

60

50

40

30

20

r

Ar, He, Ne, Kr, Xe, Rn

| |
1000 2000
Temperature, K

1
3000

Y

Bazi gazlarin
mukemmel gaz
ozgul

Isilar (see
Table A—2c for
C, equations).

bazi gazlara iliskin u ve h
degerleri, kuguk sicaklik
araliklarinda hesaplanarak
tablolarla verilmistir.

Bu tablolar belirli bir referans
noktasi secip bunu 1 hali olarak
saptadiktan sonra 4-25 ve 4-26
numarall denklemlerdeki
integraller alinarak
hazirlanmiglardir.

Alr

T.K  uklke  h.klke
0 0 0

300 214.07 300.19
310 221.25 310.24

Mukemmel gaz tablolari
hazirlanirken, O K referans
sicakligi olarak secilir.

19



Ic enerji ve enthalpy, 6zgul 1sinin, ortalama
bir degerde sabit alindigi zaman degisir

U — Uy — Cu.a\--'g(.T2 o Tl)

kJ/k
hZ o hl — C/J.a\-'g(.g o Tl) ( g)

Air Air
V = constant P = constant
I, =20°C I =20°C
T, =30°C 5 =30°C
Au=c, AT Au=c, AT
=7.18 kl/kg =7.18 kl/kg

Au=cvAT bagintisi, sabit
hacimde olsun veya olmasin
tim hal degisimleri igin
gecerlidir.

p.ort

Yak]ﬂik

Gergek \

\
SR |

f] aft

T 1.

Kucguk sicaklik araliklarinda
ozgul 1silarin sicaklikla dogrusal
olarak degistigi kabul edilebilir.

20



Three ways of calculating Au and Ah

1. Tablolarla verilmis u ve h degerleri
kullanilabilir. Tablolar bulunabiliyorsa
en hassas ve en kolay yol budur.

2. ¢, ve c, degerlerini sicakligin t
fonksiyonu olarak veren bagintilari
kullanarak integral alinabilir (Table A-
2c). El hesaplari igin bu yol zaman
alicidir, ancak bilgisayarda yapilan
hesaplar icin ¢cok elveriglidir. Elde
edilen sonuclar ¢cok hassastir. Au = ¢y 5y AT

Au = u, — uy (table)
Au = ’ Cy () il
|

3. Ortalama 6zgul 1si degerleri
kullanilabilir. Bu yol kolayca . i
uygulanabilir ve 0zelik tablolari
bulunamadigl zaman ¢ok uygundur.
Sicaklik araligi cok buyuk olmadigi
surece sonuclar oldukgca hassastir.

Three ways of calculating Au.
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Milkemmel Gazlar icin Ozgiil Isi Bagintilar

h=u + RT. ’
dh = du + RdT
dh =c,dT and du=c,dT

ﬁ

~

J

Air at 300 K

c,=0.718 kIkg K\ -
R =0287 ,\.J,kg_]{} ¢, = 1.005 ki/kg K

or

20.80 kJ/kmol-K
8.314 kJ/kmol-K

} 2, =29.114 kiZkmol K

E'.-'
\ RH
Mukemmel bir gazin c, degeri c, ve R

biliniyorsa hesaplanabilir. Au
hesaplanmasinin ug yolu.

Cy» C, Ve R arasindaki baglanti
c,=c,t+R (kJ/kg - K)

j)

Mol esasina gore

c, =c,t R, (kJ/kmol - K)

/J

C[’ O -
k= -L zgul 1sI
v

C, orani

- Ozgll i1silarin orani da sicakligin
fonksiyonudur. Fakat 6zgul isilarin
oraninin sicaklikla degisimi ¢gok
belirgin deqildir.

« Tek atomlu gazlar icin k sabit olup
1.667 degerindedir.

- Hava ve iki atomlu gazlarin birgogu
icin oda sicakliginda 6zgul isilarin
orani yaklasik 1.4 degerindedir.

22



KATI VE SIVILARIN IC ENERJI, ENTALPI VE
OZGUL ISILARI

Incompressible substance: Ozgul hacmi veya yogunlugu sabit olan
maddedir. Solids and liquids 6zgul hacimleri bir hal degisimi sirasinda
hemen hemen sabit kalir.

i SN Iron
| Liquid e
| V; = constant e :
| C=Cy=¢6p
| = 0.45 kJ/kg K
| :
|
|
o J_ -4 TR T . —
FIGURE 4-34
FIGURE 4-33 Sikistirnlamayan maddelerin c, ve c,,
Sikistirilamayan maddelerin degerleri esittir ve c ile gosterilir.

ozgul hacimleri bir hal
degisimi sirasinda sabit kalir.
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Ic Enerji Degisimleri
du = ¢, dT = c(T)dT

2
Au=u, —u, = J c(T)dT (kJ/kg)
I

Au=co(—T)  (KI/ke)

Entalpi Degisimi
h=u+ Pv 0

dh =du + vdP + Pdv =du + vdP

Ah = Au+ VAP = ¢,,, AT + v AP (kJ/kg)

Katilar icin, v AP terimi ihmal edilebilecek kadar kiigiiktiir, bu nedenle Ah
= Au = ¢ AT. Sivilar igin iki 6zel durumla karsilasilabilir:

1. Sabit basincta hal degisimi, siticilarda ; (AP = 0): Ah = Au = ¢ (AT
2. Sabit sicaklikta hal degigimi, pompalarda ; (AT = 0): Ah = v AP

hepr = hfaor + Vsa (P — P @) Sikistirilmis sivi entalpisi

son terimin etkisi genellikle gok kiicliktiir ve ihmal edilebilir /1@ pr = fif @ 1 4



Summary

Moving boundary work
v' W, for an isothermal process
v' W, for a constant-pressure process
v W, for a polytropic process
Energy balance for closed systems

v' Energy balance for a constant-pressure expansion
Or compression process

Specific heats
v Constant-pressure specific heat, c,,
v' Constant-volume specific heat, c,

Internal energy, enthalpy, and specific heats of
iIdeal gases

v Specific heat relations of ideal gases

Internal energy, enthalpy, and specific heats of
Incompressible substances (solids and liquids)
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