(% i1) kill(all)$

peter.vlasschaert@gmail.com,16/06,/2017 thermodynamics : ’Equation of State’ 1le) virial gas equation state The
virial gas equation of state ( thrid order) ideal gases: P*V=R*T*n ,” n = number mole
" non-ideal gases: Z = (P*V)/(R*T),Z ’ = compressibility factor ’ z = Z1 = Z2

(% i1) pl:(a+b+c+d)"3;

(p1) (d+c+b+a)

(% i2) p2:expand(pl);

(1) p2|d® + 3cd? + 3bd* 4 3ad® + 3¢*d + 6bed + 6acd + 3b2d + 6abd + 3a*d
+ ¢ +3bc? + 3ac? + 3b%¢ + 6abe + 3a%c + b2 + 3ab?® + 3a*b + a®

(% i3) coeff(p2,d);

(% 03) 3¢? + 6bc + 6ac + 3b* + 6ab + 3a®

(% i4) pl1:(P*V)/(R*T);

PV
RT
Z(V)=Z1=1+B/V+C/V 24D /V"3 Z(P)=72=1+B1*P+C1*P"2+D1*P"3

(p11)

(% i6) p3:Z1=14B/V+C/V 2+D/V"3; p4:Z2=14+B1*P+C1*P"2+D1*P"3;

B C D
Zl == 4 — 4 — +1
(p3) V+V2+V3+

(p4) 72 =D1P*+ C1 P>+ BIP+1
? P=P(T,Bi,Ci,Di,B,C,D) i=1,2,3....
(% i8) pbhiratsubst(pll, Z1, p3); p6:lhs(p5)*R*T/V=rhs(p5)*R*T/V;

PV V34 BV2+CV+D

RT (V3+BV?+CV + D)
(p6) P= v
(% p(i):=coeff(radcan(num(rhs(p6))),V"1)*V"i/denom(rhs(p6)); p00:num(rhs(p6))$

i12)  p000:ev(p00,V=0)/denom(rhs(p6))$ pt:p000+p(1)+p(2)+p(3);

coeff (radcan (num (rhs (p6))), V?) V*

(2) 09|p(i) :=

denom (rhs (p6))
(3) t|ﬂ n BRT n CRT n DRT
Py oy T rys Ty

72=7(T,V,Bi,Ci,Di,B,C,D) i=1,2,3...



(% p7:subst(pt, P, p4);
i13)

2
+CJ(RT BRT CRT DRT) L1

RT BRT CRT DRT RT BRT CRT DRT
+ D1 + 7

v Ve s

v iyve Tys T ya

(% p8:expand(p7);

i14)
8122 — BIRT Ci R2T? , BBIRT  Di R3T3 L 2B R2T? | BICRT
PRle= ="y V2 V2 V3 IE UE
3BDI R*T?® 2CC1R2T? B2C1R?T? BIDRT 3CDIR3T3
V4 + V4 + V4 toyr ot Vs
3B2DI R3T3 2C1IDR?*T? 2BCC1R*T? 3DDIR}*T® 6BCDIR3T3
S 7 7 72 R S 7
(5) B3DIR3T® 2BCIDR2T?> C2C1R2T?> 6BDDIR3T® 3C%2Di1RT?
+ o + o + o + = + T

3B2C D1 R*T3 2C C1DR®T? 6CD DI R3T® 3B*D D1 R®T?
V7 N V7 N Ve M Ve

)

n 3BC?DIR3T3 C1D*R?*T? 3D?DiR3T® 6BCDDI1R3T? n C3D1 R3T?

Ve L T R Vo N Vo

3BD2D1 R3T® 3C2DD1IR*T® 3CD2?DiIR3T?® D3Di1R3T3
+ + + + +1

V10 V1o vl V12

new 72 with old Z1 : coefficient comparing part 1 : new Z2

(% for i:1 thru 12 do pp(i):=subst(x"i, 1/V"i, p8)$ ppp(i):=coeff(rhs(pp(i)),x"(i))$

V9

i16)
(% pp(2); pPP(2);
i18)
BIRT DiIR*T?® 2BC1R®T? BICRT
_ 22 2 2
017|122 = C1 R®*T?2* + B B1RT 2* + 7 + 3 + 73 + 3
3BDI R*T® 20 C1R?*T? B2C1R?*T? BIDRT 3CD1IR3T3
i Ty Ty Ty s
3B2DI R3T® 2C1IDR?T? 2BCC1R:T? 3DDIR3T® 6BCDIR3T?
+ v + ' + v + 7 + 6
(6) B3DIR3T3® 2BCIDR2T? C2C1R2T? 6BDDIR3T® 3C2DI1IR3T?
+ Ve + Ve + Ve + Vv + V7
3B2C DI R*T® 2C Ci1DR?>T? 6CDD1R*T® 3B?2DD1R3*T3
+ v + Ve + 8 + 8
3BC?DIR3T® C1D?R2T? 3D?DIR*T® 6BCDDIR3T?® C®*DIR3T3
V8 T V8 + V9 T V9 V9
3BD?2D1 R3T® 3C?°DD1R*T® 3CD2?DiIR3T® D3D1IR3T®
+ VlO + VlO + Vll + V12 + 1
(% 018) C1 R*T? + BBIRT

part 2 : old Z1

(% for i:1 thru 4 do qq(i):=subst(x"i, 1/V"i, p3)$ qqq(i):=coeff(rhs(qq(i)),x"(i))$
i20)



(% qq(2); qqq(2);

i22)

B D
(% 021) Z1:Cx2+v+ﬁ+1
(% 022) C

coefficient : old Z2 ( 'p4’)

(%) ql:part(solve(ppp(1)=qqq(1),B1),1); q2:part(solve(ppp(2)=qqq(2),C1),1); q3:part(solve(ppp(3)=qqq(3),D1),1);
i25

B
1 _ B
(al) Bl = o7
BBIRT — C
(a2) C1 = - R2T?2

2B CI1 R?2T?2 4+ BICRT — D

(a3) DI = R3T3
(% qql:ql; qq2:ev(q2,ql); qq3:ev(q3,ql,qq2);
i28)
B
1 Bl = —
(qql) =T
BZ-C
(qq2) Cl=——poma
-D+BC-2B (B2-C
(qg3) D1 =— ( )

R3T3
find : Z2=%(P,T,C,B,D)

(% pq:ev(p4,qq1,992,993);

i29)
BP (B*-C) P? -D+ BC -2B (B?>-C)) P?
(7) pq|Z2 = — — ( ) 7| ( ) +1
RT R2T? R3T3
general : v=volume p=pressure Z=compressibility factor n= integer Z=1+sum(a(i)*1/v"i,i=1..n)

z=14sum(al(i)*p"i ,i=1..n)




