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Auxiliary TD Functions

» Now formally introduce a set of TD properties that are
sufficient for the development of chemical thermodynamics

(and most other thermodynamic considerations)
— T, p,v(or V) : readily measureable
— U, S (oru, s) : less directly measureable

also have physical interpretations
* Also, can be convenient to use following TD properties

— Enthalpy H=U+plV h=u+pv
— Gibbs Free Energy G=H—TS g=h-Ts
(or Gibbs Function)
— Helmholtz Free Energy F=U-TS f=u-Ts
(or Helmholtz Function) Extensive intensive
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Properties of Enthalpy
» Consider substance undergoing change of state 152

12

» For a closed system (control mass)
- MLaw: AU, =0 + W),
= AH;, =0, + Wy, V-V,
a. constant p process W, =—f pdV - (V,=V))

and onl dV work O for isobaric CM, no
compare to oLy pdr WOIX Q othei work given by

b. constant J process for no work CM,
and only pdV work (=0) given by
c. isolated system
eg, chem. rxn.in - =>AU=0, AV=0, Q—W=0 ’AHIZ :V(pz_pl)‘

rigid, adiabatic vessel

enthapy not “conserved’ in isolated system =Api

AE/ME 6765




(%)

_Georgia |
= qeen||

Sehool of Aerospace Enginesring

Useful Work for Flowing Systems

* For flow systems, convenient to work with control

u ..] i
volume CV (open system) ?(t/‘ L
3,
» For general CV (shape changin : )
g . ( p " ging, i Ecy — /!
accelerating) can write 1% Law as Pt
KE Cv P
e=u+mv?/2 gyt e, —~ -
all defined as positive into CV dEy/dt i CS(0 CS(t+dt)
/ A A Vo
s 1 ; — ~ V=vel. of mass
Q + Wu + I/Vb(mndary + I/Vbady dt IpedV + J‘e(pvrd ’ n)dA I crossing CS
energy transfer rate into CV rate of change of net rate energy flows out relative to CS
from Q + W energy inside CV  of CV carried by mass

— if no body forces, no viscous forces, CV shape fixed

.. d
O+W,— | p\v-n)dAd=— | pedV + | elpv,,, -1 )dA4
st( ) dté[/ CIS( #)
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Useful Work for Flowing Systems

O+, - [ p( va)ia=2 [ pedv + [e(pv,, i)
cS dZCV CS

Flow Work: mass entering/leaving CV has to “push” its way in/out

* Further limit consideration to stationary CV (=v=v,)

or reference frame is CV
J‘e(pvrel ﬁ)dA + J.p(vrel : ﬁ)dA = J. j(pvlel n)dA
cs cs cs

2

| oY
o P2
thal t 2 .
Y | (RS PN
of mass crossing CS cs

-

=V

.. d S PRV
O+W, =Chc'|;pedV+éfs[h+‘;J(g/re,-n)dA
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- Unlform Steady Flow System

stationary in Q+I/Vu - IpedV+ J(h_,.j(p{}ﬁ)dA
dt cv cs 2

reference frame

« Example for system where mass inflows/outflows are

uniform and CV is in steady-state O a=0/m
— steady: my,, = m,,, = m, and dE,/dt =0 N
. v v _ -
Q+ VI/M = m(huut + Om J m(hin + mJ .% —?
2 2 min [ mout
— assuming negligible KE change /
O+W, =ik, ~h,)= |q+w,=h,,—h, i/ — W i

— for example if thls was an adiabatic valve, g and w, =0
= h,,~ h,, , isenthalpic process
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Second Law for CV

* In similar fashion, can write 2" Law for CV

X er d ~ .
A+ |=dA=— |psdV + |s(pv,, n)d4
JST dtc-[, 5.;( X

QA_ wall
« For simple, steady flow system example |
PAj-’_g:m(Sout _Sin):>£+ q :Snut _Sin —_— _—>
T:vall m Twal/ min— — mout
* Combine with previous energy result

W, = (haut - hin)_ T\ {( out m) 7 / m}

Wu,min in = (hout - hin )_ Twall (Som‘ - Sin ) .

previous CM result
= (hi,, - hgu[ )_ Twa[[ (Sin —Sout ) Wy max our = (UinUoud) =181~ o)
Ah replaces Au for flowing system
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Useful Work for Reacting Systems
* Consider CM which changes from state 1 to state 2 at
constant T because of a reaction (change in composition)

— Istand 2" Laws same
AU, =0+W ASIZZQ/T+PS

somorkoulyy — _AU,, +TAS,, ~T 7
— again get maximum (useful) work out for reversible process

* Combine

* If COHStant V I/Vu,max,out = _(U2 - TSZ )+ (U] - TS] ): _}72 + E
(ISOChOHC) W, ou< —(F2 - Fl) constant T and V
(so no pdV work) .
« If constant p Wy masous =—Us + pVs =TS, )+ (U, + p¥, = TS,)
(isobaric) =—(H,-TS,)+ (Hl 78,)= -G, +G,
VVu, out < _(Gz - Gl) constant T and p
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General Condltlons for Chemical Equil.

 Consider similar analysis as above but in
differential form AND no other work but pdV work

* Istand 2nd Laws dU=80+W =80 —pdV dS =80/T +6F

« Combine TdS —dU - pdV =61 20 puyitibrium
) for isolated ¢ 0 0 Condition
a or 1solateda system TdS—d/ﬁ—pWZ 0 = dS>0
((], 14 constant) 0 S,ux COmMposition

b) for constant 7, V' TdS—dU—PWZO y = dF<0
dF:d(U—TS):dU—TdS—S/ZT F,,;, composition

c) for constant 7, p TdS dU—pdV > 0
an actual process doesn 't have to take
place at constant conditions, e.g. (Tp), to Sﬂ"'TdS —~dU-pdV— V# 20 = dG<0
G,,;, composition

use l'h'ese relations; can be used to define d(ST)-dU—d(pV)=d(ST) - dH = -dG ™™

equilibrium composition at known (T,p)
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