PRINCE OF SONGKLA UNIVERSITY, FACULTY OF ENGINEERING
Final Examination: Semester 2 Academic Year: 2009
Date: February 23, 2010 Time: 9.00 - 12.00

Subject: 230-213 Chemical Engineering Thermodynamics Room: Robot
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Z:EK:HEI—) ...3.38)
RT RT
zb—P ...(3.50) an(T) ...350
bRT
Z-B
Z =1+ - ...(3.52)
P=ab sz rop)
P Ya(T)
=0~ ...353 =72 354
B T 3353 ¢ or

Z'=p +(Z+8ﬁ)(Z+Gﬁ)[1+ﬁ—ﬂ_Z] 3560 Z,=p
q

Table 3.1: Parameter Assignments for Equations of State
For use with Egs. (3.49) through (3.56)

Eq. of State a(T,) o € Q g Z.
vdW (1873) 1 0 0 1/8 27/64 3/8
RK (1949) 77172 1 0 0.08664 0.42748 13
SRK (1972) asgi(T,; @) 1 0 0.08664 0.42748 13

PR (1976) apr(Ts ) 1++4/2 1—2 007780 0.45724 0.30740

2
Taspi(Ty; ) = [I + (0.480 + 1.574 » — 0.176 w?) (1 - T,’/Z)}

2
fapr(T,: w) = [1 +(0.37464 + 1.54226 w — 0.26992 ?) ( 1 — T,,‘/Q))

Table A.2: Values of the Universal Gas Constant

R=8314Tmol" ' K~! =8314 m3 Pamol~! K~!
= 83.14 cm3 bar mol~! K1 = 8,314 cm3 kPa mol~! K—!
= §2.06 cm3(atm) mol~! K—! =62,356 cm3(torr) mol~! K1
= 1.987(cal) mol~! K~! = 1.986(Btu)(Ib mole)~}(R)~!
= 0.7302(ft) (atm)(Ib mo) ~ (R)~! = 10.73(ft)3 (psia)(lb mol)~ 1 (R) ™!
= 1,545(ft)(Ibe)(Ib mol)~L(R)™!
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0.422 0.172

0 1 _
B)=0.083——- ...(3.65) B;=0.139-—1= ...(3.66)
RT
Cij 0 1
B, =—=(B’ +o,B')
R
G _BP (6.54)
RT RT
R
H__P E—d—Bj ...(6.55)
RT R\T dT
R
S __PdB ...(6.56)
R RdT
Case I: %0 [=—1In| 9P ...(6.65a)
oc—¢ \l+epb
ﬁ:b—P Z:L whence — = pb
RT PRT Z
[=—1 h{z“fﬁj ...(6.65b)
c—-¢ \Z+¢gp
Casell: e=0 I= pb = p
l+epb Z+égf
dB’ 0.675 dB' 0.722
=——— ...(6.89 —=— ...(6.90
dT;,li ]-;'2‘6 ( ) dT;’} ]-;‘52 ( )
dB, R | dB’ dB'
— +0)i4
dT P, |dI, 'dI,
dB  ,dB, dB , dB
— +2 12 + 22
aT Vi JT B4R Y JT Y2 aT
Ing,=Z,~1-1n(Z,- B.)~q1, ...(11.37)
¢ _/ ...(11.34) 6, = i ~(11.52)

P y.P
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B=y’B,+2y,y,B,+y.B,,  (1162)
B= y1B11 +,V2B22 +y1y2512 with 512 = 2312 —B11 _322

. P
Ing, = E(BH +326,,) -(1163a)

. P
Similarly, Ing, = E(B22 +320,,) .(1163b)

a)l.+co. 1/2
., = Lo ar70) T —(T T ) (l—k..) (11.71)
ci ¢ ij

ij 2 cij
Z_.RT . Z . +7
p.=—4 Y an z.="9 _a1.73)
cj oy . cij
cij
1/3 . ,1/3)
V' +V
| c cj
Vi = 5 (1174)

GE
szl Iny, +x,Iny, (12.6)

Iny, =x’ |4, +2(4,, — 4,)x,] (12.10a)

Iny, =x*[4, +2(4, - 4, )x,]  (12.10b)
GE
x,%, RT
Whend=B=C=..=0, G*/RT =0, Iny, =0,9, =7, =1,

and the solutionis ideal.

= A+ B(x-x,)+C(x-x,)>  (12.14)

E

IfB=C=..=0,then:

xlszT:
Iny, = Ax? (12.15a)  Iny,=4x}  (12.15b)
G* _ Al’zAél

XX, RT  Al,x,+ 4x,

(12.16)

! ’

-2 2
y
Iny, =A{2£1+—}2—xlj (12.172)  Iny, =A;l(1+@j (12.17b)
A21x2 A12x1
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FromEq.(11.41): y®,P=xyP™ (14.1) O, = (;:’m (14.2)
The Antoine Eq.(6.71) = InP*™ =4 - B, (14.3)
T+C,
: P 1
Eq.(11.61) = ¢ =exp_— B, +—2—ZZy,yk(25lj -5,) (14.4)
ik
where 5,=2B,-B,~-B, 6,=2B,-B,-B, with §;=6,=0,efc., and 5, =9 ,,etc.
At saturated vapor : o = exp—’j"?—}-— (14.5)
sat l
Bii(P_})iA )+§Pzzyiyk(25ij_5ik)
Eqgs.(14.2) +(14.4) + (14.5) gives : D, =exp RiT £ ...(14.6)
sat 2
For a binary system; @, =exp Bu(P - PlRT) + £y50, ...(14.7a)
_ psat 2
®, = exp 2P )+ Pyo, ..(14.7b)
RT
xy, P y,®,P
From Eq.(14.1), y, = "L ..(14.8 = ..(14.9
q.(14.1), y, o, (14.8) X, ) P (14.9)
Because Z,- y, =1 andzix,. =1, solved for P.
xvy‘PSaf 1
P= il ..(14.10 P=c——— ..(14.11
Zi: D, ( ) Zyiq)t ly. B ( :

i

Read 7, {x;}, constants.
Setall ;= 1.0,
Evaluate {P}, {y,}.
Cale: P by Eqg. {14.10).

Calc. {v;} by Eq. (14.8).
Evaluate {d,}.

A

No

Print 2, {y,}. Yes

A

I8P << g?

Calc. P by Eq. {14.10).

A

Figure 14.1: Block diagram for the calculation BUBL P.
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1. (60 AZUUL) wiwam f, £, 4. 6.V, H*, S*uaz G? vo932UV

ethylene (1)/propylene (2) luaoug i Nigungil 150°C ANUAU 30 bar Lo y, = 035
TaglFeuns (11.63)

o v
Avun 1
auliAvea ethylene: 7, = 2823 K, P, = 50.40 bar, (0, =0.087, Z, =0.281, ¥, =131.0 cm’mol”’

propylene: 7, =365.6 K, P, =46.65 bar, 0,=0.140, Z. =0.289, V., = 1884 cm’mol
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2. (25 azuuw) wsimumA { uaz ¢ vod Acetylene 1325 K uae 15 bar Taold

Redlich/Kwong equation

Amuald doyavoq Acetylene: T, = 308.3 K, P, = 61.39 bar ttag () = 0.187
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3. (25 Azuww) aumsas I liueuuieldunudoyadulse@nT1onAIn (The activity coefficients)

AMTUTTUVYOIHAINTUNIANG T T wag P Agf
Iny, = x;(0.273 + 0.096x,)
Iny, = x/(0.273 - 0.096x,)

= < o o/ Y
) WHIUNIUT NI GE/RT sumsz‘uuﬁ

o 1 4 o ) [
v)  wlssgaamumsildnnde n) iwewannaumsdmiy iny, uag ny,
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4. (30 azuuy) WAl fAzoifaiulezmaveanwiou (The heat of effect) oAy CaCl,
4 4
1 Tua adduensazatedalsznoudie CaCl, 1 Tua uag H,0 25 Tua Tunszuaumslolasmes-

4 = £ o
1o (Isothermal) 7 25°C Taal¥¥oya Heat of Formation 91 25°C #aaaIfeming

13 AH

25°C

CaC12<S) -795.80 kJ

CaCl,in 10 mol H,0 | -862.74 kJ

CaCl, in 15 mol H,0 | -867.85kJ

CaCl, in 20 mol H,O | -870.60 kJ

CaCl, in 25 mol H,O | -871.07 kJ

— + )
o —> @
—_— + + 3

CaCl,(25H,0) + CaCl,  =——>
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5. (40 Azuuw) wanudmiufuddmivveanamauninn figungd 55°C griauelilae
G"  0.59(1.42)
xRT  0.59x +1.42x,

sat

4
TAUNITUIUDTT (The van Laar equation) Ao

dnnuiulevesasilsznoudan 1 waz 271 55°C o P* =8237kPauay P, =37.31 kPa

23f1IM1 BUBL P 71 55°C uazigmaveunaddl x, = 0.75 Tasldauns (14.1) uaz (14.2) de
A 4
Fuilszans liSea (Virial coefficients)

B,, =-963 cm’mol, B,, = -1,523 cm’mol ' tiag B,, = 52 cm’mol '
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