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Heat Closed > \7

— — — System
Qnet Wnet =AE Work

Qnet = Qin _ Qout
Wnet = (\Nout _Win)other +Wb

Reference Plane, z = o

PdV

=

o C— N

E = Internal energy + Kinetic energy + Potential energy
E=U + KE + PE

KE=| mVdV =

PE = mg dz = mgz

z=0

AE = AU + AKE + APE
Q. -W, =AU +AKE +APE Q. —W, =AU
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W, = [.6W, = Fds = f%Ads
= [Pav
SW, = PdV FN—
Wy =Wricion +Wam +Werank

= Jf (Ffriction T Path+ Fcrank)dS
P=1f({)
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P ! P 2 1
v %
P-V diagram for V = constant P-V diagram for P = constant
W, = [ PdV =0 : :
L= | Pav = W, = ['Pdv = P[av = P(V, -7

P-V diagram for T = constant J. PdV = J. ﬂdV

RT
P=" = mRTln(EJ

|
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. Process Exponent n
The polytrophic process Constant pressure 0
Constant volume 00
PV " = constant Isothermal & ideal gas 1
Adiabatic & ideal gas k=Cp/Cy,
An ideal gas - polytrophic process
2 Consz‘
W, = [Py = j dv |
2 2 Const
W, = [Pdv = SV
LV, -8 1 l
= , 071 R(T,—T,
I=n _ R ) ,n=1
l—n
%
=PV1n(—2], n=1 %
Vi =mRTIn| -+ |, n=1
1
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Cv : The specific heat at constant volume for a constant-volume process.
Cp : The specific heat at constant pressure for a constant-pressure process.

C, = [%) and C, [Gh)
oT ), oT

Simple Substance

u=u(T,v)

and

h=h(T,P)

or

du=C dT—I—(

du—(auj dT+(au] dv
orl ), ov ),

8@1] dv
T

ov

dh - [a’“] dT+(ahJ ap
or ), oP

or

dh="C dT+(ah] dP
T

oP

. WWWAEGHBALLBLOG.IR
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u, h, Cv, and Cp are functions of temperature alone.

ou

du=C,dT +| — | dv
ava » (%j :T(ﬁ_f’] _p
- ov ) ; ol ),

du=C,dT + T(é—Pj —P}dv

oT

ov
o oh
Pzﬂ C,=C,(T) and (G_PJ =0
v r
2)-¢ .
or), v CV = (—)
( au] R dT ideal gas
| =rZ-p=pr-rP=0
ov /), v O = (dh J
./P - -
dT ideal gas
WWW.AEGHBALI.BLOG.IR
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— kI
p kmOI K Vibration mode
0o | \
- RU Rotation mode
2
{ \
_ Ru - d
§ R “Dumbbell model”
2 |
Translation mode

WWW.AEGHBALLBLOG.IR . . .
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CpO

kJ/(kmol - K)

60

40 2a

2b

30

Ar, He, Ne, Kr , Xe, Rn 14

20 -

P-V diagram for several processes for an ideal gas.

| | L
1000 2000 3000

Temperature, K

A=, 1, = [G(1)dT = G, (1~ T))
Mi=hy~h = [Co(DdT'=Cp, (1~ T))
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2d

b
2 Process 1-2a: Constant volume

T Process 1-2b: P = a + bV, a linear relationship
T, Process 1-2c: Constant pressure

v

P-V diagram for several processes for an ideal gas.

1.The best average value (the one that gives the exact results)
See Table A-2(c) for variable specific data.

2 2
C (T)dT C(T)dT
(_j't" ave — J‘l I and (:‘P ave — J‘l .
| 1, =1, ’ 1, =1,

2.Good average values are

c G0+, 0) . _C)+C.(M)

v,ave 2 P.ae 2
T, +T
Cv ,ave :CV (Tave) CP,ave :CP (Tave) Tave - : 2 :
WWW.AEGHBALI.BLOG.IR a . -
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2d

b
2 Process 1-2a: Constant volume

T Process 1-2b: P = a + bV, a linear relationship
T, Process 1-2c: Constant pressure

v

P-V diagram for several processes for an ideal gas.

3. values are the ones evaluated at 300 K and are given in Table A-2(a).

Come =Cy(300K) and C,,,=Co(300K)  Ah=h,—h = fCP(T)dT

T ' ! Lo f ' r f '
Ah=h —h = L; C,(T")dT" + ij C,(IYdI" h—h,, = Lf C,(T")dT
ar

T2 Al ! r Tl A r !
Ah=h,—h = jT.f C(T")dT —ij C,(T")dT

= (h2 o hr'ef ) - (hl o href )

or

I
h=h,., + - C.(1"dT

WWW.AEGHBALLBLOG.IR - . -
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2d

b
> . Process 1-2a: Constant volume

T Process 1-2b: P = a + bV, a linear relationship
Process 1-2c: Constant pressure

v

P-V diagram for several processes for an ideal gas.

r
AIR Approximation
T K u, kl'’kg h, kl'kg
Actual 2
0 0 0 . d §
. s . pav [T S I’ E
+ . + 1 i E
300 214.17 300.19 ! i
310 221.25 310.24 : g
. T F
WWW.AEGHBALI.BLOG.IR a s =
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Using the definition of enthalpy (h = u + Pv) and writing the differential of
enthalpy, the relationship between the specific heats for ideal gases is

h=u+Pv
dh=du+d(RT)
C.dT =C,dT + RdT

C.=C, +R
where R is the particular gas constant. The specific heat ratio k (fluids
texts often use yinstead of k) is defined as
= e
Extra Problem C. = kR and _ R
Show that " k-1 k-1
WWW.AEGHBALI.BLOG.IR @)‘.‘A dm h-l M)S
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C,=C=C [ﬁ) S8l 13y ST el qule 51
g .

du=C,dT =CdT (]S uples sl o1y wels gl *

dv =0
dh =du + Pdv° +vdP =du +vdP

(eld pudlas AS10 655 gl alico jolu g *
Ah = Au+VAP = CAT + VAP
1D mudlgS g ol o Lo Ji5 o gaze g Sl ol #*
= AUgyiq +V AP
= AU_., = CAT

solid —

Ah
Ah

solid

solid
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Ahliquid — Auliquid = CAT
ol Lo wul,s m
ANiguia = AUjguiq + VAP = CA’T +VAP
ANyquig = VAP
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