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Therrmnodynamlcs Properties

* Property

— any characteristic of a system which can be
guantitatively evaluated and which is related to
energy of system

— examples: m, V, E, p, T, S, H, ...
* Independent Properties

— Question: How many intensive properties does to take
to define a unique state for a known substance?

— Answer: Two - for simple compressible substances

» useful work done only by compression/expansion;
no E&M fields, no liquid surface tension,...

+ So if you know two properties, can predict the rest
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State Equations
* Relate TD properties

—e.g., Y=Y(T,p)
+ Examples
— Gibbs equation de P 15
(from 1stand 2nd Laws) ds = T v )
— caloric equations h=h(T,p)
of state e=¢e(T,p)

« Simplify by restricting ourselves to perfect gases

— obey Perfect Gas relation p=pRT
or (11.6)
pv=RT
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Pe rfect (Ideal) Gases
» Thermal (virial) state equation
p=pRT = p%T; R =8.3143J/mol - K =8.3143kJ/kmol - K
=1.9858cal/mol - K =15453 ft-Ib, /lbmol - R

» “Energy” state equations (Specific Heats)

de dh 50 T 2.0
¢, =——;¢,=—-;C,—¢,=R
d aT 40 | (CV/ {18
YN
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Perfect Gas — Entropic State Eq’n.

« Gibbs Eq. Tds=de+ pdv =de+ pdv+(vdp—vdp)
=de+ d(pv) —vdp

dh v =dh-vdp
ds=——-—dp
T 20,
:ﬂ_ﬂdp pv:F\?T
From state 1 to state 2 T Y (11.8)

SJgds=s2 —S :Tf—cp(T)dT - RT% :T_f—cp(T)dT —RinPz

T T P p T T pl

= [¢(T2)_¢(T1)]_ R |n(p2/ pl)

fn of T only fn of p only M445]




) p s State Equation
S, =S, =AS;, =[A¢12]—Rln(p2/pl) :pr(Tri—RM(pz/pl)

T

Cal. Perf. As;, =C, In(TZ/Tl)_ R |n(p2/ pl) (11.9)

General Calorically Perfect
* Pressure ratio 1.\/F
& — e(A¢12*A312)/R & — (_ZJ e*Aslz/R
Py p, T
L . cp/R
— ifisentropic Pz _ o P (T}
(As1,=0) Py p, T 7t
(11.10)
must be absolute p,T
AF4451

\
.

_Geo ol i —_
=eeehl = ; %—

State Diagrams

+ Useful to be able to visualize/graph state
relationships

— in engine (cycle) analysis, T-s an important diagram

Tds=c,dT —vdp
T P2>P dT = (T/c )ds+(v/cp)dp
@ 8T 6T
ds+ dp
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