
230-213 Midtenn 2010
I I

: Name Code :

Prince of Songkla University

Department of Chemical Engineering, Faculty of Engineering

Examination paper: Midterm Exam

Date: December 19, 2010

Subject: 230--213 Chemical Engineering Thermodynamics

Semester: 212010

Time: 13.30-16.30

Room: S 817

QJ. .::!II 0 ...

'VI '\.l.1 n o~u~ \l3JamueJ tiEl'U

"'-1' If ... • ""~... , ......, i1J0\t1U1f1~M"'1M",,, ...OM'1OLon"1'1 c;'I ')L1J1MO"nOU (Close book)

~ eJ~qjlf1~~'Yn:n,-::~nMA4 .yj~;j[J'\.l.i1[JT'I[JiieJfI....1~el\l ~1'\.l.1'\.l. 1 ~~'\.l. ~,jl~el\ltiel'U"~
';:-.,. t "0 d ,..l! ., ., VI .,
, el"t'tl/1f1 'VI'\.l.lbfl'el\l,.ll'\.l.1nbbl.fl: E-dictionary ~'iJl'V1eJ, tiel'U L~

~ el"tqjlf11~.yh,jEltiel'U~1[J~'\.l.tiel (28 ;]'\.l."U) ,,~

~ el"tqjlf1t~~;j[J'\.l.filf1el'U~I'\.l.'VItr\ln':mM"~ n,ntn':'?lIMfilf1el'U"3J~~[J\l~EI

"'-1' 1fS/...... .... "" ......
, i1J0\t1U1f1~MM!JU!JilJLon"1'1 LFI'10"F11""UlL LLa:::'Jc;'Ifil!Jnu~o",

';:-.,. 1 ' If .... ... ...
, i1J0\t~1f1~M"'11Jo ..ouoon~1nMO"..Ou

GOod LUCK
Merry ChriStmas and Happy New year 2011

Items Full scores Your scores

1 15

2 30

3 40

4 15

Total 100

fl7 .iYihno \l~fl~

iI iI
~DDf1'IJDffD'lJ

1/12



230-213 Midterm 2010
I I

: Name , Code :

Mathematic Models and Tables for solving the following problems

Vlrlal Equations

z= PV =1+ BP
RT RT

Cubic Equations

Generic Equation

For vapor :

For liquid:

p=op,.
T"

Generalized Correlations tor gases

B=B~
RT'c

Bo = 0 083 _ 0.4:l2
. l6 'T,.

Generalized Correlations fair liquids

Rackeit Equation

M~ 1.092(ln~ -1.013)--=--"'--~--~
RTn 0.930-T,..

Two Phase System

dp sat sn':
Phase transition from liquid to vapor; -- = ---,-

dT TliV v

Iv [ J038M 1-1
--= ---"
Ml Iv 1- T '

n "•

Gas Mixture
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Residual Properties

T

H =H~s +JettdT + H R
,

To

T ='£ +~
am 2'

H =HiS + (CIS) (T-T,)+HR
o P H 0 ,

S =SiS + (CiS) In£ - Rlni.. + SR
o pST, P,

o 0

!is =(ets) InT2 _ Rln P2 + SR _ SR
P:: T, p, 2 I

I I

(CIS)
P H =A + BT + C (4T2

- T,J: ) +~
R am 3 am I 2 T,J:

I 2

(CIS) [D ]
P s =A + BT/m + TamT/m C + ( \2;
R ~~J

SR ::_p[dB
O

+mdBIJ
R r at, sr;

BO = 0.083 _ 0~:2 , BI = 0.139- 0;4~2, dBo 0.675 dBI 0.722
--=-- -=--
a'T,. T 2.6 ' ar, T 5.2

r r r r

H
R
=~+mi!f1 SR =tl+m!rl

RT" RT" RT" , R R R

Table A.2: Values of the Universal Gas Constant

R=8.314Jrnol- 1 K- 1 =8.314rn3 Parnol- 1 K- 1

= 83.14 ern3 bar mol-I K- 1 = 8,314 em3 k:?a mol-I K- 1

=82.06 ern3(atm) mol:"! K- 1 =62,356 ern;i(torr) mol"! K-1
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Table 3.1: Parameter Assignments for Equations of State

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

Eq. of State aCT,) (J € Q '11 Zc

vdW (1873) I 0 0 1/8 27/64 3/8

RK (1949) T,-1/2 1 0 0.08664 0.42748 1/3
SRK (1972) aSRK(T,; w) t I 0 0.08664 0.42748 1/3

PR (1976) apR(T,; w)* 1 +.j2 1 - v'2 0.07780 0.45724 0.30740

tasRK(T,; w) = [1 + (0.480 + I.574w - 0.176a,2) (1 - T)/2)r
*apR(T,; w) = [1 + (0.37464 + I.54226w - 0.26992 wl) (1 - r;/2)y

Table E.1: Values of zO

Pr = 0.0100 0.0500 0.1000 0.2000 0.4000 0.6000 0.8000 1.0000

t,

0.80 0.9935 0.9669 0.9319 0.8539 0.066/ 0.0985 0./J07 0.\626
0.85 0.9946 0.9725 0.9436 0.8810 0.066/ 0.0983 0./30/ 0.\6\4
0.90 0.9954 0.9768 0.9528 0.90\5 0.7800 0./006 0./32/ 0.\630
0.93 0.9959 0.9790 0.9573 0.91\5 0.8059 0.6635 0./359 0.\664
0.95 0.9961 0.9803 0.9600 0.9174 0.8206 0.6967 0./4/0 0.\705

0.97 0.9963 0.98\5 0.9625 0.9227 0.8338 0.7240 0.5580 0.\779
0.98 0.9965 0.9821 0.9637 0.9253 0.8398 0.7360 0.5887 0.1844
0.99 0.9966 0.9826 0.9648 0.9277 0.8455 0.7471 0.6138 0.\959
1.00 0.9967 0.9832 0.9659 0.9300 0.8509 0.7574 0.6355 0.290\
1.0\ 0.9968 0.9837 0.9669 0.9322 0.8561 0.7671 0.6542 0.4648

Table E.2: Values of Zl

Pr = 0.0\00 0.0500 0.\000 0.2000 0.4000 0.6000 0.8000 1.0000

...!i-
0.80 -0.0044 -0.0228 -0.0487 -0.1160 -0.0272 -0.040/ -0.0526 -0.0648
0.85 -0.0029 -0.0\52 -0.03\9 -0.0715 -0.0268 -0.039/ -0.0509 -0.0622
0.90 -0.0019 -0.0099 -0.0205 -0.0442 -0.\\18 -0.0396 -0.0503 -0.0604
0.93 -0.0015 -0.0075 -0.0154 -0.0326 -0.0763 -0.1662 -0.0514 -0.0602
0.95 -0.0012 -0.0062 -0.0126 -0.0262 -0.0589 -0.1110 -0.0540 -0.0607

0.97 -0.0010 -0.0050 -0.010\ -0.0208 -0.0450 -0.0770 -0.1647 -0.0623
0.98 -0.0009 -0.0044 -0.0090 -0.0/84 -0.0390 -0.064\ -0.\100 -0.0641
0.99 -0.0008 -0.0039 -0.0079 -0.0\6\ -0.0335 -0.0531 -0.0796 -0.0680
1.00 -0.0007 -0.0034 -0.0069 -0.0140 -0.0285 -0.0435 -0.0588 -0.0879
1.01 -0.0006 -0.0030 -OJXJ60 -0.0120 -0.0240 -0.035\ -0.0429 -0.0223
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Table E.5: Valua 01(8R)0tsrc

Pr = 0.0100 0.0500 0.1000 0.2000 0.4000 0.6000 0.8000 1.0000

t;

0.90 -0.012 -0.062 -0.126 -0.264 -0.596 -4.074 -4.094 -4.108
0.93 -0.011 -0.058 -0.118 -0.246 -0.545 -0.960 -3.920 -3.953
0.95 -o.oi I -0.056 -0.113 -0.235 -0.516 -0.885 -3.763 -3.825

0.97 -om I -0.054 -0.109 -0.225 -0.490 -0.824 -1.356 -3.658
0.98 -0.010 -0.053 -0.107 -0.221 -0.478 -0.797 -1.273 -3.544
0.99 -0.010 -0.052 -0.105 -0.216 -0.466 -0.773 -1.206 -3.376
1.00 -0.010 -0.051 -0.103 -0.212 -0.455 -0.750 -1.151 -2.584

Table E.6: Values 01(HIt)1 / RTc

Pr = 0.0100 0.0500 0.1000 0.2000 0.4000 0.6000 0.8000 1.0000

t;

0.90 -0.014 -0.070 -0.144 -0.308 -0.751 -4.254 -4.248 -4.249
0.93 -0.012 -0.061 -0.126 -0.265 -0.612 -1.236 -3.942 -3.934
0.95 -0.011 -0.056 -0.115 -0.241 -0.542 -0.994 -3.737 -3.712

0.97 -0.010 -0.052 -0.105 -0.219 -0.483 -0.837 -1.616 -3.470
0.98 -0.010 -0.050 -0.101 -0.209 -0.457 -0.776 -1.324 -3.332
0.99 -0.009 -0.048 -0.097 -0.200 -0.433 -0.722 -1.154 -3.164
1.00 -0.009 -0.046 -0.093 -0.191 -0.410 -0.675 -1.034 -2.471

Table E.9: Values of (Slt)o.'R

Pr = 0.0100 0.0500 0.1000 0.2000 0.4000 0.6000 0.8000 1.0000

~

0.90 -0.009 -0.046 -0.094 -0.199 -0.463 -4./45 -3.912 -3.738
0.93 -0.008 -0.042 -0.085 -0.179 -0.408 -0.750 -3.723 -3.569
0.95 -0.008 -0.039 -0.080 -0.168 -0.377 -0.671 -3.556 -3.433

0.97 -0.007 -0.037 -0.075 -0.157 -0.350 -0.607 -1.056 -3.259
0.98 -0.007 -0.036 -0.073 -0.153 -0.337 -0.580 -0.971 -3.142
0.99 -0.007 -0.035 -0.071 -0.148 -0.326 -0.555 -0.903 -2.972
1.00 -0.007 -0.034 -0.069 -0.144 -0.315 -0.532 -0.847 -2.178

Table E.I0: Values 01(Slt)l / R

Pr = 0.0100 0.0500 0.1000 0.2000 0.4QO(' 0.6000 0.8000 1.0000

~
0.90 -0.013 -0.068 -0.140 -0.301 -0.7+ -4.269 -4.249 -4.238
0.93 -0.011 -0.058 -0.120 -0.254 -0.59~ -1.219 -3.9/4 -3.894
0.95 -0.010 -0.053 -0.109 -0.228 -0.51: -0.961 -3.697 -3.658

0.97 -0.010 -0.048 -0.099 -0.206 -0.456 -0.797 -1.570 -3.406
0.98 -0.009 -0.046 -0.094 -0.196 -0.42~1 -0.734 -1.270 -3.264
0.99 -0.009 -0.044 -0.090 -0.186 -0.40:, -0.680 -1.098 -3.093
1.00 -0.008 -0.042 -0.086 -0.177 -0.38: -0.632 -0.977 -2.399
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1. (15 points) Determine V, V
R

and G
R

for steam at 523 K and 18 bar by the truncated virial

equation with a value of B from the generalized Pitzer correlation.

Given: Tc = 647.1 K, Pc = 220.55 bar, 0) = 0.345
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2. (30 points) Use the SoavelRedlich/Kwong equation to calculate the molar volumes of

saturated liquid (Vi) and saturated vapor (VV) for iso-butane at 396 K where p
S81

= 29.19

bar, and compare results with values found by suitable ueneralized correlations.

3 -1
Given: CO=0.181. Tc=408.1 K. Pc=36.48 bar. Zc=0.282. Vc=262.7 cm mol. Tn=261.4 K

For iteration, starting values of Z~ = 0.1641 and Z~' =0.5505
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- (Reserved for problem 2) -
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3. (40 points) Estimate the molar enthalpy and entropy for iso-butane as a saturated vapor

(H", S") and as a saturated liquid (HI, SI) at 393 K, The enthalpy (H) and entropy (8) are

set equal to zero for the ideal-gas state at 1 bar and 273.15 K. The vapor pressure of iso

butane at 396 K is 29.19 bar.

3 -1
Given: 00=0.181, Tc=408.1 K, Pc=36.48 bar, Zc=0.2a2, Vc=262.7 cm mol, Tn=261.4 K

C'i{ = 1.677 + 37.853 x lO-3T - 11.945xlO--{jT2

*Clue: You should sketch the calculation path before calculation.
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4. (15 points) Estimate H
R

and SR for Benzene/cyeloheJ:ane equimolar mixture at 300 K and

12 bar by the generalized second-virial-coeffieient correlation.
3 -1

Given; For Benzene (1): 00=0.210, Tc=562.2 K, Pc=48.98 bar, Zc=0.271, Vc=259 em mol
3 -1

For Cyelohexane (2): 00=0.212, Tc=560.4 K, Pc=4~ .50 bar, Zc=0.272, Vc=291 em mol
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