Equation Sheet for Midterm 2

Compresibility Factor and Virial Equation of State
Z="ral Py —7RT

Ideal

PVye = ZRT =RT[1+BP+CP* + D'P’ +...]
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Reduced Variables, Corresponding States and
Generalized Correlations

P T A%
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Table 3.1: Par ter Assi ts for Eq of State

For use with Egs. (3.49) through (3.56)

Eq. of State a(T,) o € Q W Z.
vdW (1873) | 0 0 18 2764 38
RK (1949) 772 1 0 008664 042748 13
SRK (1972) espx(Ti)" 1 0 008664 042748 173
PR (1976)  apr(T:w)f 14+4+v2 1—+2 007780 045724 030740
asri (T, @) = [1 + (0,480 + 1.574w — 0.176 2 )( ”’)}

2
tapp(Ty: @) = [1 + (0.37464 + 1.54226 0 — 0.26992 ?) (1 _7 )]

Cubic Equations of State

P= ﬂ—i (van der Waals EOS)
V-b V?
= RT _ a(l) (General Cubic EOS)
V-b (V+eb)(V+acb)
22
a(T) =¥ a(T,)R T, . b=0 RT.
PC PC

Pitzer Correlations and Equations

7=7"+0Z', z°:1+B°5, 7' =Bli,
T T

r by

B’ 0083—0;‘22, B' —0139—0172

T T

Molar heat capacity

For saturated liquids

i
t 1T,
v =y z{ = A+BT+CT? + D/T?

Entropy Equations and Second Law

A

n= (Carnot Efficiency)
Tl

=) AT 047, <
T rev T rev T irrev

TdS =dH —-VdP, TdS =dU + PdV

Derived equations

AS tCEdT (P, .

AS _ —pd——ln(ﬁj (ideal gas)
1

T, C
.[—d—T (solid or liquid, const. P)

AS = % (phase change)

Transition

AS;.. =0 (for a reversible process)
AS;.. >0  (spontaneous, irreversible)
Entropy Balance (note entropy is not conserved)

dscv QJ ;
= _N' L L A(mS), =S, >0
dt ;Tg,j + (m )fs gen
ans), =52
ms), = ZT—+ Sgn  (steady state)

1 lo,j

R 1R T
Gibbs Equations and Maxwell's Equations

dU =TdS—-PdV
dA =—-PdV -SdT

dH =TdS+VdP
dG =VdP-SdT

Pg1of3

S5l GLAE)
&) &) (F)-3)



Expressions Derived from Gibbs and Maxwell's

dH = C,dT +[V = T(%)

|o
pJ  (fluids,const compn)

dS=&dT—(a—V) dp
T ol /p

dH = C,dT +[V(1-BT]dP 5 ids)

ds = % dT - BVdP

dH'® = C#dT

‘ ig
dast =< gt Rgp
T P

(ideal gases)

Thermodynamic Properties of Fluids and
Residual Properties

n_ %) s_m o
RT r R RT RT
P
HR=H-H'¢ SR=Ss-§® VR=v_V¢ etc ...

R
w_ [d0%)] s w
RT or R RT RT
P

R P _ R P
S () ,H—:—TI(G—ZJ dp
RT | P RT  \aT), P
R P P
S_:_TJ[G_ZJ E_J'(Z 1) dpP

R JloT), P 3 P

T
H=HE+ [CEdT+H"
TO

Where T, and P, are reference conditions where
gas behaves ideally (e.g., H'=0 and S* = 0)
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Using Redlich-Kwong

R
H _7 1 714! nl 1+ 0.08664P.
RT T )
SR 0.08664P 2.467 0.08664P
—=1In| Z- ol In| 1+ L
T T ZT

Using Virial Equation and Pitzer Correlations

HY [ g 0675 m[B' B o.722ﬂ
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Sk 0.675 (0722
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Equation Sheet for Midterm 1 (for reference)

First Law General Ideal Gas

dU =0Q + oW PV =RT dwW = -P dV

AU'= Q + W Ch=C/+R du = CydT dH = CpdT
v, dQ = C.dT + PdV

W =—[P,dv'
v, dv dv

dQ=C,dT+RT—  dW =-RT—
§6Qcycle = _§ 8\%’/cycle V V

where § means to integrate around a cycle dP dP

dQ :CPdT_RT? dW :-RdT+RT?

H=U+PV
d0 = Svvap 1 Se pgy
R R
Phase Rule Adiabatic (Cp and Cy must be constant with T)
F=2-n+N PV/=PV] TP =T,
T (1]
Tl - V2
y:& W:(PZVZ_PIVI)
C, y—1
Mass and Energy Balance Isothermal
dam Q:—WzRTln\QzRTln5
&4+ A(pAu) =0 Vi E
dt .
Isobaric

A(pAu) =0 (steady state) )
Q=AH=[CdT W=-R(T,-T)
1

d(mU) L u’ . :
—— 2 =Q+W-A||H+—+2zg |m Isochoric

dt 2 « 2
o g Q=AU=[CydT
Q+W :AHH +7+ngm} !

& (steady state)
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