Thermodynamics
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state of a system, state quantities p,V, T, N+

systems Isolated vs. non-isolated
closed vs. open

steady state — time of relaxation

equilibrium process reversible process cyclic process

Temperature

based on the thermodynamic equilibrium of systems principle
Zeroth law of thermodynamics

T :T ( p’V) p = const. =T = T(V) V=const.=>T = T(p)

Absolute  {PTeSSUre p=p,(1+t) gas-thermometer scale

_ed
Zero »*

~273.15 " 100 (Celsius) VT 273,15

oc—l

Celsius scale
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absolute temperature scale —=T, T =T, +t

thermodynamic scale triple point + energy from the
Carnot cycle effectivity

Perfect (ideal) gas

| N |

oV PV, NPV, Nns1,013.10°-0,0224,

=n-8314 =n- R, = const.
T T, T, v, 2173 ot

Equation of state for perfect gas

pV =nR T = N%T = NKT

A

R, = 8,314 J-mol-*-K-! gas constant (molar)
k=1,38066-102° J-K! Boltzmann constant



_ _ HRW-Ch19
Kinetic theory of gases gas pressure

monoatomic molecule + wall perpendicular to x direction

2mv,  change of the linear momentum due to collision

X

N, S‘- At“ molecules with positive velocity v,; interacting

— 1

2V*,.” .+ with the wall during a time of At

N 50, At(2mo,,) = s’ At = FAL P=
Y v

w | T

N.
P; :_mv

p= Zp, Z—mv :92Niv§i N=>N

v_i = %Z N.v? v; X-component of the RMS speed
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v’ %ZN,vf RMS speed * fes
I L]
B m 2 N _Z—EE 9 o .:.. .
p_vlanvxz _vax _3 mo . ®
- L
pV:Nm?:ZNﬁim?j = NKT o °  o°°
X 2 X e @ s -

1 — 1 . ..
Emvi :EKT Equipartition theorem

%m? = ng monoatomic gas molecule

diatomic molecule W, :ng

1 s
Internal energy of perfect gas U = NSEKT =§”RmT



Speed distribution of molecules

5% N =10° N = [ f (v)do

[s.m™]
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3.10 - T=200K Maxwell's-Boltzmann

speed distribution

2 1020 |

1.10% 4

200 400 600 200 1000 o [m.s’]

Van der Waals Equation
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Differential heat equation - Conduction

heat transfer AQ decreased by Ax layer heat-up T EZ T
2 35 1

Q1 — Q2 = (g1 — q2)SAT = —AqSAT

g = areal heat flux density

Q; Q

P

Q1 — Q, = cAmAT = cpAVAT = cpSAxAT = —AgSAT

Al _ _Za — _AgradT = —AVT er
P = T Ay q=—-AgradT = — Fourier’s law
oT ¢ specific heat capacity [J-kg-1-K-1]
Cp——/lVZT =R, _
or p density of matter [kg-m-3]

/. thermal conductivity [W-m-1-K-1]

P, volumetric heat power density [W-m-3]



Stationary conduction

1. time independent, no heat source
2. one-dimensional heat transfer

dT

VT =0 — = const.
dx
T(x)= L ETl X+T,
Q_ ,.dr
dt dx T,
T, —-T
= ]2 LS L
Q, 1
L .
R, =— thermal resistance

HRW-Ch18

area S
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Convection and Radiation

Convection heat transferred by a fluid

Radiation

d°wW

rprial il o =5,67-10°W-m?.K*

¢ surface emissivity

P=coST* Stefan-Boltzmann law of radiation



heat capacity of matter
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dT 50 I 1 It’)tlifine(sl) 1, 1
2
C g . Chlorlne c?romr;—ne(g)Br IOd}HE(g}LGadclmlum Gd B
specific heat capacit C=— g L T
p pacity bt (g L
m ‘é 20'Helurjqriorlsﬁ|cg\cg GeKrh)ﬂF?tE# Xenon Os'f I---Radﬂn_ l
< | *Beryllium Be 2R
S 104 *BoronB . .
. C - | :82;282 g %g;’:ﬂg;%)l nonstandard state) ] K
molar heat capacity C,=— )
n 0 20 40 60 80 100
atomic number
substance aluminium | copper gold silver zinc mercury ethyl
alcohol
c [kJ-kg1-K1] 0,900 0,386 0,126 0,233 0,387 0,140 2,4
C. [J-mol-1-K1] 24,3 24,5 25,6 24,9 25,2 28,3 111

Dulong-Petit law
Cm

= 24,9 J-mol*-Kt for metals = 3R,
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First law of thermodynamics

dQ =dU +dA

perpetual motion machine of the first kind does not exist
P

A work done by gas

p = konst

Piston area S

dA=Fdx = pSdx= pdV

o
0”
N/
R R e @ ( V)
0'0000:000 pz, 5
5 3RS
CRRLRELKRKS




_ HRW-Ch18
heat capacity at constant volume

(dQ), du _dU .
ST ._dT U =Gt

heat capacity at constant pressure

e N, !

L 2
— % — dU :‘( dA) p“- 3 O cijlrat
dT dT . dTLS
amse 52 Rotation
oL L L —————————— 3{./‘_)
p dV andT l Translation
{)20 5IU l(IJU 2'.")() ﬁ(IJU ]()I{)O ‘_’(]I{)U 5(:(]{) l().(ll()(]
Temperature (K)
C,=C, +nR, Coo =Cuv R, Mayer’s relation
S S S (s+2)
lJ ::Eir”QmT- C“J ::EErW{nd1- (:mV ::EEF%n (:mp:: 2 FQm
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Quasistatic processes

Isothermal process

T = const. Boyle-Mariotte law
pV =nR T =konst dU =0 dQ = pdV
2 2 1 V p
1 1V Vi P,
p O (p,V)

@ (p,V2)

_




Isochoric process
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V = const. Charles’s law P
Py (pszz)
P (p,,72)
= = const. pdV =0 dQ=dU
Q=nC, AT P (P 7))
V=i<0nst V
Isobaric process
p = const.
|74 , p
— = const. Gay-Lussac’s law
r (p,7) (p..V2)

p = konst -—---—-

2 2
A=[pdv =p[dv=p(V,-V,)
1 1

dQ =dU + pdV Q=nC_AT




Adiabatic process HRW-Ch18

dQ =0 -
pV¥ =const.  Poisson equation K = C”‘p
mV
dA=-dU
dA=-nC_,dT = pdV N OLIZN0
ndT = ——P—dv
CmV
pdV +Vdp=nR _dT / O (1)
dT = pdV +Vdp 7% V
-C
................... S SR
__P dVv = pdv +Vdp K‘dv +dp —0 =>xInV+Inp=K
CmV Cmp _CmV \% P

pV* = const.
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