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1.1 5���� à�
ÃZ�

#��Q 8̈�íß� �:r�̧\�"f van der Waals d��_� �â
Äº\� 8̈�íß� ·ú�§4�\� ���Ér ·ú�»¡¤ �����_� ����o.

1.2 ��£� ÛÖS ÊÁn� B�ß��

éß�{9� q����+þA ~½Ó&ñ
d��_� K�, #��Q �<ÊÃº[þt�̀¦ �̧r�
�l� 0A
�#� �©�p�ì�r ~½Ó&ñ
d��_� &h�ì�r.

1.3 %K�V� à�
ÃZ�

ë�H]j 1.1\�"f �7H_��)a ��ü< °ú s� van der Waals �©�I� ~½Ó&ñ
d���Ér l��̂[þt\� @/ô�Ç ·ú�»¡¤ �����\�¦

>�íß�
���HX< ��6 x|̈c Ãº e����. \P�%i��<Æ �§õ�"f\���H 8̈�íß� ·ú�§4� Pr_� �<ÊÃº�Ð #��Q 8̈�íß� �:r�̧

Tr\�"f_� ·ú�»¡¤ ����� �̧³ð�� ��ü<e����. Kyle [1]s� Õª \Vs���.

e��>� �:r�̧�� TC = 304Ks��¦ e��>� ·ú�§4�s� PC = 72.9l�·ú���� CO2\� @/ô�Ç {9�ìøÍ&h���� ·ú�»¡¤

����� �̧³ð\�¦ 0Aô�Ç >�íß��̀¦ �¦�9
���.
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(a) {9�&ñ
ô�Ç 8̈�íß� �:r�̧ Tr = 1.1\� @/
�#� 0.1 ≤ Pr ≤ 10_� 8̈�íß� ·ú�§4� #3�0A\�"f CO2_�

·ú�»¡¤�����\�¦ �̧r�
���.

(b) Tr = 1.3\� @/
�#� (a)\�¦ ìøÍ4�¤
���.

(c) Tr = 2.0\� @/
�#� (a)\�¦ ìøÍ4�¤
���.

(d) (a), (b), (c)_� ���õ�\�¦ ô�Ç ÕªaË>\� �̧r�
��¦ Kyle [1]õ� Sandler [2]ü< °ú �Ér �§õ�"f\�

ÅÒ#Q��� {9�ìøÍ�o�)a ·ú�»¡¤�����ü< q��§
���.

1.4 B�

(a)-(d) '�×ß�� 1 'Í	���P: ~½ÓZO��Ér "é¶
���H 8̈�íß� �:r�̧\�"f #��Q 8̈�íß� ·ú�§4�\� @/
�#� van der

Waals d���̀¦ f��]X� ÉÒ��H �.���s	כ ë�H]j 1.1\�"f �7H_��)a ��ü< °ú s� q����+þA ~½Ó&ñ
d�� K�ZO�s� ��

6 x�)a��. "é¶
���H Tr, Pr °úכ\� @/
�#� ]�t ÂÒx� Vü< ·ú�»¡¤ ����� Z\�¦ >�íß�½+É Ãº e����. s� ~½ÓZO�

\�"f��H ���5Åq&h���� Z /BG����̀¦ %3�l� 0AK�"f��H q����+þA ~½Ó&ñ
d���̀¦ ìøÍ4�¤
�#� Û�¦#Q�� ô�Ç��. s� ~½Ó

ZO�s� ~1�l���H 
�t�ëß�, ú́§�Ér >�íß�|¾Ós� ,9 &÷̈½¹כ >�íß� ���õ��ÐÂÒ'� ÕªaË>�̀¦ Õª�9�� ô�Ç��.

(a), (b), (c)<J N�~×� MATLAB ©�­�=��®��e� CHAP4 ���Ý�~²��Ìø p401abc1.mÅØ

p401abc1f.mª�v² � �byÃW��.

(a)-(d) '�×ß�� 2 ���5Åq&h���� ·ú�»¡¤ ����� /BG����̀¦ Õªo�l� 0Aô�Ç ¢̧ ���Ér �8 ò́õ�&h���� ~½ÓZO��Ér

van der Waals ~½Ó&ñ
d���̀¦ 8̈�íß� ·ú�§4�\� ����"f ]�t ÂÒx��� #Qb�G>� ���
���Ht�\�¦ l�Õüt½+É p�ì�r

~½Ó&ñ
d��Ü¼�Ð ��Ë̈��H �	כ s���. 8̈�íß� ·ú�§4�õ� ·ú�»¡¤ �����_� &ñ
_�ü< s� p�ì�r ~½Ó&ñ
d��s� ��6£§\�"f

[O�"î

���H ��õ	כ °ú s� ���5Åq&h���� /BG����̀¦ Õªo���HX< ��6 x�)a��.

van der Walls ~½Ó&ñ
d���Ér ��6£§õ� °ú s� ��r� æ¼#�|9� Ãº e���� (ë�H]j 1.1�ÃÐ�̧).

P =
RT

(V − b)
− a

V 2
(4.1)

d�� (4.1)�̀¦ V\� @/
�#� p�ì�r
���� ��6£§õ� °ú s� �)a��.

dP

dV
= − RT

(V − b)2
+

2a

V 3
(4.2)
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Pr\� ���Ér V_� ����o��H ��6£§ d���̀¦ ��6 x
�#� ���&ñ
�)a��.

dV

dPr
=

dV

dP

dP

dPr
(4.3)

&ñ
_�\� _�
�#�, Pr = P/Pcs��¦, ����"f ��6£§õ� °ú s� �)a��.

dP

dPr
= Pc (4.4)

·ú¡_� d��\�"f_� �̧�<ÊÃºü< d��(4.2)_� %i��̀¦ d�� (4.3)\� @/{9�
���� Pr\� ���Ér V_� ����o\�¦ l�

Õüt
���H d���̀¦ ��6£§õ� °ú s� %3��̀¦ Ãº e����.

dV

dPr
=

[
− RT

(V − b)2
+

2a

V 3

]−1

Pc (4.5)

p�ì�r ~½Ó&ñ
d�� (4.5)��H Tr °úכ�Ér 
����Ð �¦&ñ
�)a ìøÍ���\� 1lqwn����Ãº Pr�Ér "é¶
���H #3�0A 0.1 ≤
Pr ≤ 10\�"f ���
���H �â
Äº\� MATLAB �©�p�ì�r ~½Ó&ñ
d�� K�ZO��̀¦ ��6 x
�#� Û�¦#Q�����. d��

(4.5)\� @/ô�Ç (Pr = 0.1\�"f_�) �íl�u�\�¦ ½̈
�l� 0A
�#�, Prs� 0.1�Ð �¦&ñ
÷&�¦, Trs� ·ú��9

��� �â
Äº\� van der Waals ~½Ó&ñ
d���̀¦ ÉÒ��HX< MATLAB q����+þA ~½Ó&ñ
d�� K�ZO�s� ��6 x|̈c Ãº e��

��. \V\�¦[þt���, Prs� 0.1s��¦, Tr = 1.1��� �â
Äº\� K���H V = 3.71998 liter/g-mols���.

Pr °úכ[þt_� #3�0A\� @/
�#� van der Waals ~½Ó&ñ
d��\� @/ô�Ç K�\�¦ ½̈
���H MATLAB Û¼ß¼wn�

àÔ[þt�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

p401abc2.m

clear all
global Tc Pc T P R
Tc=304.2;
Pc=72.9;
R=0.08206;
Tr=input(’Input! the reduced temperature, Tr’);
T=Tc*Tr;
Pr0=0.1;
Prf=10;
V0=input(’Input! the molar volume at T=Tr*Tc’);
[Pr V]=ode45(’p401abc2f’,[Pr0 Prf],V0);
P=Pc*Pr;
Z=(P.*V)./(R.*T);
plot(Pr,Z);
xlabel(’Reduced Pressure’)
ylabel(’Compressibility Factor’)
axis([0.1 10 0 1.5])
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ÕªaË> 4.1: van der Waalsd��Ü¼�ÐÂÒ'� >�íß��)a Tr = 1.1\�"f Pr_� �<ÊÃº�Ð ÅÒ#Qt���H ·ú�»¡¤

�����_� ����o

p401abc2f.m

function dVdPr=p401abc2f(Pr,V)
global Tc Pc T P R
a=27*(R^2*Tc^2/Pc)/64;
b=R*Tc/(8*Pc);
dVdPr= Pc/(-R*T/(V-b)^2+2*a/V^3);
return

Tr = 1.1��� �â
Äº\� >�íß��)a Z @/ Pr �̧³ð��H ÕªaË> 4.1\� ������ e����.

s� �̧³ð��H Kyle [1]s��� Sandler [2]\� ÅÒ#Q��� ��õ	כ °ú s� z�́+«> X<s�'��ÐÂÒ'� %3�#Q��� q�

5pwô�Ç /BG���õ� q��§|̈c Ãº e����. van der Waalsd��s� ÂÒ&ñ
SX�K�t���H Z�}�Ér 8̈�íß� �:r�̧ ·ú�§4�\�"f

¼#�	��� µ1Ï|
��)a��. ���Ér Tr°úכ\� q�5pwô�Ç �̧³ð�̧ V\� @/ô�Ç �íl��̧|	�s� MATLAB q����+þA ~½Ó

&ñ
d�� K�ZO��̀¦ ��6 x
�#� van der Waals ~½Ó&ñ
d���̀¦ Û�¦#Q"f %3�#Qt���H °úכÜ¼�Ð ��Ë̈��� ~1�>� %3�

#Q�����.

(a), (b), (c)<J N�~×� MATLAB ©�­�=��®��e� CHAP4 ���Ý�~²��Ìø p401abc2.mÅØ

p401abc2f.mª�v² � �byÃW��.
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(d)\�"f��H [j Tr°úכ\�"f_� ·ú�»¡¤ �����\�¦ ô�Ç ÕªaË>\� ����?/�¦�� ô�Ç��. s� �â
Äº��H 8̈�íß� �:r

�̧ 1.1, 1.3 x9� 2.0\� @/
�#� ~½Ó&ñ
d��\� y��y�� '���� 1, 2, 3�̀¦ ��6 x
�#� Ãº&ñ

���� MATLAB\�

"f Ãº'��|̈c Ãº e����. y��y��_� �â
Äº\� @/
�#� van der Waalsd���̀¦ Û�¦#Q"f %3�#Qt���H �íl��̧|	�

[þt�Ér V1 = 3.71998, V2 = 4.4344, V3 = 6.89988s���. MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§õ� °ú s�

ÅÒ#Q�����.

p401d2.m

clear all
global Tc Pc T P R
Tc=304.2;
Pc=72.9;
R=0.08206;
Tr=[1.1; 1.3; 2.0];
T=Tc*Tr;
Pr0=0.1;
Prf=10;
V10=3.71998;
V20=4.4344;
V30=6.89988;
[Pr V]=ode45(’p401d2f’,[Pr0 Prf],[V10 V20 V30]);
P=Pc*Pr;
T1=T(1);
T2=T(2);
T3=T(3);
Z1=(P.*V(:,1))./(R.*T1);
Z2=(P.*V(:,2))./(R.*T2);
Z3=(P.*V(:,3))./(R.*T3);
plot(Pr,Z1,Pr,Z2,’--’,Pr,Z3,’:’);
xlabel(’Reduced Pressure’)
ylabel(’Compressibility Factor’)
axis([0.1 10 0 1.5])

p401d2f.m

function dVdPr=p401d2f(Pr,V)
global Tc Pc T P R
dVdPr=zeros(3,1);
a=27*(R^2*Tc^2/Pc)/64;
b=R*Tc/(8*Pc);
dVdPr= Pc/(-R*T./(V-b).^2+2*a./V.^3);
return
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ÕªaË> 4.2: van der Waalsd��Ü¼�ÐÂÒ'� >�íß��)a Tr = 1.1(Z1), Tr = 1.3(Z2) Tr = 2.0(Z3)\�"f

Pr_� �<ÊÃº�Ð ÅÒ#Qt���H ·ú�»¡¤ �����_� ����o

(a), (b), (c)<J N�~×� MATLAB ©�­�=��®��e� CHAP4 ���Ý�~²��Ìø p401d2.mÅØ

p401d2f.mª�v² � �byÃW��.
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V� 2 â�
 #b�a (�×@� '�×Ça�ÐÏ�ãÃ�× N�ñ5ÑbCÐM� N±Õ��́ê�>��

2.1 5���� à�
ÃZ�

·ú�»¡¤�����\�¦>�íß�
���HX< Virial, Soave-Redlich-Kwong, Peng-Robinson, Beattie-Bridgeman

�©�I� ~½Ó&ñ
d���̀¦ ��6 x
���. {9�&ñ
 8̈�íß� �:r�̧\�"f 8̈�íß� ·ú�§4�\� @/
�#� ·ú�»¡¤ �����\�¦ �̧r�
���.

2.2 ��£� ÛÖS ÊÁn� B�ß��

éß�{9� q����+þA ~½Ó&ñ
d��_� K�, ���5Åq&h���� K�\�¦ %3�l�0A
�#� q����+þA @/Ãº ~½Ó&ñ
d���̀¦ p�ì�r ~½Ó&ñ
d��

Ü¼�Ð_� ���8̈�.

2.3 %K�V� à�
ÃZ�

(a) ³ð 4.1\�"f $í
ì�r�̀¦ ���×þ�
��¦, {9�&ñ
 8̈�íß� �:r�̧ Tr = 1.3\�"f 0.5 ≤ Pr ≤ 11 #3�0A\�

���5g"f ·ú�»¡¤�����\�¦ �̧r�
���. >�íß�\���H ��6£§_� �©�I� ~½Ó&ñ
d�� ×�æ_� 
���\�¦ ��6 x
���:

Soave-Redlich-Kwong, Peng-Robinson, Beattie-Bridgeman ¢̧��H Virial ~½Ó&ñ
d��.

(b) Tr = 2.0\�"f (a)\�¦ ìøÍ4�¤
���.

(c) Tr = 10.0\�"f (a)\�¦ ìøÍ4�¤
���.

(d) (a), (b), (c)_� ���õ�\�¦ 
���_� ÕªaË>\� �̧r�
���.

ÉÙ�� Ça��× ��� PLl�'a

Soave-Redlich-Kwong, Peng-Robinson, Beattie-Bridgeman �©�I� ~½Ó&ñ
d���Ér ë�H]j 1.8\� ÅÒ

#Q4R e����.

Virial (�×@� '�×Ça�ÐÏ� Virial �©�I� ~½Ó&ñ
d���Ér ��6£§õ� °ú s� ³ð�&³�)a�� [3].

P =
RT

V −B
(4.6)

#�l�"f

P = ·ú�§4�(atm)

V = ]�t ÂÒx�(liter/g-mol)
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T = �:r�̧(K)

R = l��̂ �©�Ãº(R = 0.08206atm · liter/g-mol·K )

B = 2	� Virial >�Ãº(liter/g-mol)

s���.

���ª�ô�Ç ~½ÓZO�[þts� B\�¦ >�íß�
���HX< ]jîß� ÷&#QM®o��. Smith and van Ness [4]\� _�
�#� ¹כ

����)a ~½ÓZO��Ér ��6£§õ� °ú ��.

B =
RTc

Pc
[B(0) + ωB(1)] (4.7)

#�l�"f

Tc = e��>� �:r�̧(K)

Pc = e��>� ·ú�§4�(atm)

ω = s�d�� �����(acentric factor)

s��¦,

B(0) = 0.083− 0.422
T 1.6

r

(4.8)

B(1) = 0.139− 0.172
T 4.2

r

(4.9)

s���. Virial �©�I� ~½Ó&ñ
d��\� @/ô�Ç 0Aü< °ú �Ér çß�|ÄÌ�o��H Tr > 4��� �â
Äº\�ëß� ��{©�
���.

³ð 4.1\���HY>�>h_����×þ��)aÓüt|9�\�@/ô�Ç Tc, Pc, ω°úכ[þts¹כ����÷&#Qe����. Beattie-Bridgeman

d��_� �©�Ãº °úכ[þt�Ér ³ð 4.2\� ÅÒ#Q4R e����.

³ð 4.1: Y>�>h_� ���×þ��)a Óüt|9�\� @/ô�Ç e��>� �©�Ãº

Óüt|9� e��>� �:r�̧ Tc(K) e��>� ·ú�§4� Pc(atm) s�d�� ����� ω

Ãº�è H2 33.3 12.8 -0.218

|9��è N2 126.2 33.5 0.039

íß��è O2 154.8 50.1 0.025

s�íß��o òøÍ�è CO2 304.2 72.9 0.239

{9�íß��o òøÍ�è CO 133 34.5 0.066

{9�íß��o |9��è N2O 309.7 71.7 0.165
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Óüt H2O 647.4 218.3 0.344

����̧m��� NH3 405.5 111.3 0.250

BjòøÍ CH3 191.1 45.8 0.011

\�òøÍ C2H6 305.5 48.2 0.099

áÔ�ÐóøÍ C3H8 370.0 42.0 0.153

n-ÂÒòøÍ C4H10 425.2 37.5 0.199

³ð 4.2: Beattie-Bridgement d��_� �©�Ãº[þt

l��̂ A0 a B0 b c× 10−4

Ãº�è 0.1975 -0.00506 0.02096 -0.044359 0.0504

|9��è 1.3445 0.02617 0.05046 -0.00691 4.20

íß��è 1.4911 0.02562 0.04624 0.004208 4.80

/BNl� 1.3012 0.01931 0.04611 -0.001101 4.34

s�íß��o òøÍ�è 5.0065 0.07132 0.10476 0.07235 66.00

����̧m��� 2.3930 0.17031 0.03415 0.19112 476.87

{9�íß��o òøÍ�è 1.3445 0.02617 0.05046 -0.00691 4.20

{9�íß��o |9��è 5.0065 0.07132 0.10476 0.07235 66.00

BjòøÍ 2.2769 0.01855 0.05587 -0.01587 12.83

\�òøÍ 5.8800 0.05861 0.09400 0.01915 90.00

áÔ�ÐóøÍ 11.9200 0.07321 0.18100 0.04293 120.00

n-ÂÒòøÍ 17.7940 0.12161 0.24620 0.094620 350.00

2.4 B� (V�ò5Ñ�æ·)

K�ZO��Ér 4.1]X��̀¦ �ÃÐ�̧
���.
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V� 3 â�
 Redlich-Kwong (�×@� '�×Ça�ÐÏ�£�· ��£� 
�ÐM� �� Öeµ N±Õ��́

3.1 5���� à�
ÃZ�

s��©� l��̂ü< z�́]j l��̂\�"f 1px�:r ·ú�»¡¤ /BN&ñ
 1lxîß�_� {9�õ� ÂÒx� ����o.

3.2 ��£� ÛÖS ÊÁn� B�ß��

�©�p�ì�r ~½Ó&ñ
d��_� K�.

3.3 %K�V� à�
ÃZ�

s�íß��o òøÍ�è�� 50oC\�"f �íl� ÂÒx�_� 1/100�Ð 1px�:r ·ú�»¡¤�)a��. �íl� ·ú�§4��Ér 1l�·ú�s���.

(a) �©�I� ~½Ó&ñ
d��Ü¼�Ð s��©� l��̂ d��õ� Redlich Kwong d���̀¦ ��6 x
�#� l��̂ éß�0A g-mol {©�

¹ô�Çכ��9 {9��̀¦ >�íß�
���.

(b) 1px�:r ·ú�»¡¤ /BN&ñ
 1lxîß�\� ·ú�§4� Pü< ÂÒx� V_� ����o�� s��©� l��̂ü< q�s��©� l��̂_� �â
Äº

\� \V8£¤÷&��H PV=�©�Ãº �â
�Ð\�¦ ��ØÔ��Ht�\�¦ ����Ð
���.

(c) ·ú�»¡¤÷&��H l��̂�� /BNl�(1)ü< BjòøÍ(2)_� �â
Äº\� (a)ü< (b)\�¦ ��r� Û�¦#Q��. [j l��̂_�

��1lx_� 	�s�&h��̀¦ [O�"î

���.

ÉÙ�� Ça��× ��� PLl�'a

Redlich Kwong (�×@� '�×Ça�ÐÏ� Redlich Kwong d���Ér ��6£§õ� °ú s� ÅÒ#Q�����.

P =
RT

(V − b)
− a

V (V + b)
√

T
(4.10)

#�l�"f

a = 0.42747

(
R2T

5/2
c

Pc

)
(4.11)

b = 0.08664
(

RTc

Pc

)
(4.12)

P = ·ú�§4�(atm)

V = ]�t ÂÒx�(liter/g-mol)

T = �:r�̧(K)
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R = l��̂ �©�Ãº(R = 0.08206(atm·liter/g-mol·K))

Tc = e��>� �:r�̧(K)

Pc = e��>� ·ú�§4�(atm)

CO2ü< BjòøÍ_� e��>�u�[þt�Ér ³ð 4.1\�"f ¹1Ô�̀¦ Ãº e����.

3.4 (ÉÙ&P�) B�

(a) �̀�W>�\�"f V1\�"f V2�Ð_���%i�1px�:r·ú�»¡¤/BN&ñ
\�"f>�\���K�t���H{9��Ér��6£§õ�°ú 

s� >�íß��)a��.
dW

dV
= −P (4.13)

s��©� l��̂_� �â
Äº\� 0A d���̀¦ V1\�"f V2��t� &h�ì�r
���� ��6£§õ� °ú �Ér ���õ�\�¦ %3��̀¦ Ãº e����.

W = −RT ln
V2

V1
(4.14)

s��©� l��̂�� ����� �â
Äº\���H d�� (4.13)�Ér ÂÒx�_� �<ÊÃº�Ð ·ú�§4��̀¦ >�íß�
���H d�� (4.10)�̀¦ ��6 x


�#� Ãºu�&h�Ü¼�Ð &h�ì�r
�#��� ô�Ç��. �íl� ÂÒx� V1�Ér 1l�·ú�, 50oC\�"f q����+þA ~½Ó&ñ
d����� d��

(4.10)Ü¼�Ð ÅÒ#Qt���H Redlich Kwong �©�I� ~½Ó&ñ
d���̀¦ Û�¦#Q"f ½̈ô�Ç��. V1�Ér MATLAB q����

+þA~½Ó&ñ
d��K�ZO�Ü¼�Ð ½̈½+ÉÃºe����.>�íß����õ���H V1 = 26.4134 liters� 9,����"f V2 = 0.2641

liter�� �)a��.

(a)Ìø |²�� �́�� �́w»W<J N�~×� MATLAB ©�­�=��®��e� CHAP4 ���Ý�~²��Ìø p403a1.mÅØ

p403a1f.mª�v² � �byÃW��.

(�×i�&P� '�×Ça�ÐÏ�Uc"� �ấ��� £o>ÊÁ�+ ÊÁ��· 
ä·l�e� �Dø5� £o>ÊÁ £o>».É

MATLAB�̀¦ �í�<Ê
���H @/ÂÒì�r_� Ãºu� &h�ì�r áÔ�ÐÕªÏþ��Ér 1lqwn� ���Ãº_� °úכs� 7£x��
���H ~½Ó�¾Ó

Ü¼�Ð &h�ì�rK� çß���. s� ë�H]j\�"f��H s��Qô�Ç {9�ìøÍ&h���� �â
�¾Óõ� {9�u�
�t� ·ú§Ü¼Ù¼�Ð, ¼#�_��©� Dh

�Ðî�r 1lqwn� ���Ãº�� �̧{9��)a��. s� �â
Äº\���H Dh�Ðî�r 1lqwn����Ãº Yü< ���Ãº V ��s�\� ��6£§õ� °ú 

�Ér çß�éß�ô�Ç ���+þA �'a>��� �̧{9��)a��.

V = 26.4134− Y (4.15)

����"f s� Dh�Ðî�r ���Ãº��H �íl�°úכ Y = 0\�"f þj7áx°úכ Y = 26.1493��t� ����çß���, 7£¤ V1 =

26.4134\�"f V2 = 0.2641��t� çß���. "é¶A�_� ~½Ó&ñ
d��\�"f_� ÅÒ¹כô�Ç ����o��H, d�� (4.15)�ÐÂÒ'�
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dV = −dY s�Ù¼�Ð,d�� (4.13)�̀¦1lqwn����Ãº Y\�¦��6 x
�#���6£§õ�°ú s���r�+���ô�Ç����H�	כ

s���.
dW

dY
= P (4.16)

7£¤, @/Ãº ~½Ó&ñ
d�� d�� (4.15)�� �©�p�ì�r ~½Ó&ñ
d��\� �̧{9�÷&#Q�� ô�Ç����H �.���s	כ

(b) ëß���� “PV = �©�Ãº”����H ZO�gË:s� s� /BN&ñ
\�"f $í
wn��)a�����, ln(V )\� @/
�#� ln(P )\�¦

�̧r�
���� l�Ö�¦l��� -1��� f�����s� |̈c �.���s	כ

¹ô�Çכ��9 >�íß��Ér (a)\�¦ Û�¦l� 0A
�#� Y\� @/
�#� �7H_��)a ��õ	כ °ú �Ér �íl�/þj7áx �̧|	��̀¦ ��

6 x
�#� d�� (4.10)\�"f (4.12)ü< d�� (4.14)\�"f (4.16)�̀¦ ��6 x
���H Ãºu�K�\�¦ ½̈
���H õ�&ñ
\�

"f Ãº'���)a��. (b)��H ¹ô�Çכ��9 ���Ãº[þt�̀¦ �̧r��<ÊÜ¼�Ð+� >á¤°ú �Ér �©�p�ì�r ~½Ó&ñ
d��_� K�\�¦ Ãºu�&h�

Ü¼�Ð ½̈
���H õ�&ñ
\�"f Û�¦�2;��. s� ë�H]j\�¦ ÉÒ��H MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§õ� °ú ��.

p403a2.m

clear all
global P R T Tc Pc a b
T=50+273.15;
R=0.08206;
Tc=304.2;
Pc=72.9;
a=0.42747*R^2*Tc^(5/2)/Pc;
b=0.08664*R*Tc/Pc;
W0=0;
Y0=0;
Yf=26.1493;
[Y W]=ode45(’p403a2f’,[Y0 Yf],W0);
V=26.4134-Y;
P=(R*T)./(V-b)-a./(V.*(V+b)*sqrt(T));
Pideal=(R*T)./V;
Wideal=-R*T*log(V./26.4134);
lnV=log(V);
lnP=log(P);
lnPideal=log(Pideal);
disp(’ V P Pideal W Wideal’)
disp([V P Pideal W Wideal])
plot(lnV,lnP,lnV,lnPideal,’:’)
xlabel(’ln(V)’)
ylabel(’ln(P)’)

p403a2f.m



]j 3 ]X� REDLICH-KWONG �©�I� ~½Ó&ñ
d���̀¦ ��6 x
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function dWdY=p403a2f(Y,W)
global P R T Tc Pc a b
V=26.4134-Y;
dWdY=(R*T)/(V-b)-a/(V*(V+b)*sqrt(T));
return

·ú�»¡¤ /BN&ñ
 ×�æ_� "f�Ð ���Ér ÂÒx�\�"f >�íß��)a P, Pideal, W x9� Wideal_� Ãºu�°úכ[þt_� {9�

ÂÒ�� ³ð 4.3\� ÅÒ#Q4R e����.

³ð 4.3: s�íß��o òøÍ�è_� 1px�:r ·ú�»¡¤\� @/ô�Ç ÂÒì�r K�

V P Pideal W Wideal

26.4134 1.0000 1.0039 0 0

23.6673 1.1155 1.1204 2.8990 2.9110

21.7061 1.2158 1.2217 5.1822 5.2049

18.4374 1.4302 1.4383 9.4877 9.5328

15.8225 1.6650 1.6759 13.5189 13.5887

13.8613 1.8988 1.9131 17.0035 17.0978

10.5926 2.4789 2.5034 24.0740 24.2295

8.6314 3.0354 3.0722 29.4446 29.6590

5.3628 4.8497 4.9448 41.8709 42.2795

2.7478 9.2912 9.6503 59.1043 60.0109

0.2641 67.4198 100.4078 112.6720 122.1219

#�l�"f ]X�p��� “ideal”�Ér s��©� l��̂ ��&ñ
�̀¦ ��6 x
�#� >�íß��)a °ú̀�כ¦ �����·p��. ·ú¡_� ³ð

\� e����H ���õ�[þt�Ér ·ú�»¡¤ /BN&ñ
_� �íl�\���H s��©� l��̂ ZO�gË:�̀¦ ��6 x
�#� >�íß��)a {9�õ� z�́]j {9�

�Ér ��_� °ú ��"f >��� s��©�&h�Ü¼�Ð ��1lx
��¦ e��6£§�̀¦ �����·p��. 
�t�ëß�, ·ú�»¡¤s� �¦·ú�, $�ÂÒ

x��Ð ���'��H�d\� ���� s��©� l��̂ ZO�gË:�̀¦ ��6 x
�#� >�íß��)a ·ú�§4�õ� z�́]j ·ú�§4�, s��©�&h���� {9�õ�

z�́]j {9� ��s�\���H, >��� ��ÅÒ q�s��©�&h�Ü¼�Ð ��1lx
���H �,�3!�%	כ �&³$�ô�Ç 	�s�\�¦ �Ð�����.

ÕªaË> 4.3�Ér ln(V)\� @/
�#� ln(P)ü< ln(Pideal)\�¦ �̧r�ô�Ç �.���s	כ s� ÕªaË>�Ér s��©� l��̂

_� �â
Äº\���H ln(V)\� @/
�#� ln(Pideal)�̀¦ �̧r�
���� l�@/ô�Ç ��ü< °ú s� l�Ö�¦l� -1��� f������̀¦

����ÍÇr�̀¦ �Ð#�ÅÒ�¦, z�́]j CO2\� @/ô�Ç >�íß�\� ��H��ô�Ç ln(V)\� @/ô�Ç ln(P)_� l�Ö�¦l���H, >�

��s��©�l��̂\�"f#Á	#Qz��\�����, P ∼ 12l�·ú�s��©�\�@/
�#��©�{©�y�����o�<Ê�̀¦�Ð#�ï�r��.
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ÕªaË> 4.3: s�íß��o òøÍ�è_� 1px�:r ·ú�»¡¤ /BN&ñ
\�"f ln(V)\� @/ô�Ç ln(P)ü< ln(Pideal)_� �̧r�

MATLAB Û¼ß¼wn�àÔ\�"f Tcü< Pc x9� �íl�/þj7áx �̧|	� ëß��̀¦ ��ÀDKÜ¼�Ð+� /BNl� x9� BjòøÍ\� @/

K�"f�̧ Redlich Kwong �©�I� ~½Ó&ñ
d���̀¦ ��6 x
���H q�5pwô�Ç >�íß��̀¦ ½+É Ãº e����. �íl�/þj7áx �̧

|	��Ér r���� �:r�̧ ·ú�§4�\�"f q����+þA ~½Ó&ñ
d��Ü¼�Ð ÅÒ#Qt���H �©�I� ~½Ó&ñ
d���̀¦ Û�¦#Q"f %3�#Q�� ô�Ç

��.

(a), (b)Q¶6 �Ê6�� �÷~×� MATLAB ©�­�=��®��e� CHAP4 ���Ý�~²��Ìø p403a2.mÅØ

p403a2f.mª�v² � �byÃW��.
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V� 4 â�
 Redlich-Kwong ÐÏ�ãÃ�× N�ñ5ÑÛÖS ÊÁ¤� e��+ á~
�]�Áþ��\� §�́Å]�

n��æ·

4.1 5���� à�
ÃZ�

�©�I� ~½Ó&ñ
d��Ü¼�Ð ·ú�»¡¤�����, ]�t ÂÒx�, Ó�o�©�_� �'p»1Ïx�, l��©�_� �'p»1Ïx�_� >�íß� x9� s��©� l��̂

_� �'p»1Ïx� ����o.

4.2 ��£� ÛÖS ÊÁn� B�ß��

q����+þA @/Ãº ~½Ó&ñ
d��_� K�.

4.3 %K�V� à�
ÃZ�

]�t ÂÒx�, ·ú�»¡¤ ����� ¢̧��H í�HÃºô�Ç Óüt|9�_� �'p»1Ïx�\�¦ ½̈
�l� 0A
�#� (·ú�§4�-�'p»1Ïx� �̧³ðü< °ú 

�Ér) \P�%i��<Æ&h� �̧³ð\�¦��6 xK��:r �â
+«>s�e�������, �̧³ð�ÐÂÒ'�Óüt$í
u�°úכ[þt�̀¦ &ñ
SX�y�%3���H �	כ

s� \O����� #Q�9î�r {9����t�\�¦ ·ú� �.���s	כ (��ÉÓ'�\�¦ ��6 x
���H ��s	כ 7á§ �8 ���̀¦ �s�����H	כ ���

�:r\� �̧²ú�
�>� |̈c �.���s	כ

s� ë�H]j��H Redlich-Kwong �©�I� ~½Ó&ñ
d���̀¦ ��6 x
�#� Ä»ò́Õüw�� 3��o�_� &ñ
x9��̧�Ð Ãº7£xl�

_� \P�%i��<Æ&h� :£¤$í
u�[þt�̀¦ ]j/BN
�#� ÅÒ��H çß�éß�ô�Ç Ãºu� >�íß�ZO��̀¦ >hµ1Ï
���H �¦̀�	כ .��ô�Ç̈½¹כ

(a) :£¤&ñ
ô�Ç �:r�̧, ·ú�§4�\�"f ]�t ÂÒx�(m3/kg-mol), q� ÂÒx�(m3/kg), ·ú�»¡¤ �����, Ãº7£xl�_�

�'p»1Ïx�\�¦ >�íß�
�l� 0A
�#� Redlich-Kwong �©�I� ~½Ó&ñ
d���̀¦ ��6 x
���H {9�ìøÍ&h���� >�íß�

í�H"f\�¦ 
���¹כ���.

(b) >�íß� ���õ�\�¦ 100, 200, 300oC\�"f �í�o Ãº7£xl�\� @/
�#� Ãº7£xl� ³ð(steam table)��

\P�%i��<Æ �§õ�"f\� ÅÒ#Qt���H X<s�'�ü< q��§
���. #Q�"� %ò
%i�\�"f��H Redlich-Kwong ~½Ó

&ñ
d��s� ��×�æ K�\�¦ ��|9� ��0px$í
s� e��6£§\� :£¤y� ÅÒ_�
���. @/³ð&h���� \V�Ð ���©� 	�H ]�t

ÂÒx��� �̀��Ér °úכs��¦, ���Ér K�[þt�Ér d�¦�2; °úכ[þts���.

(c) (1)e��>�&h�s�
�, (2)e��>�&h���H%�, (3)e��>�&h�s��©�1px"f�Ð���Ér[j%ò
%i�\�"f Redlich-

Kwong ~½Ó&ñ
d��_� ��1lx�̀¦ �'a¹1Ï
���.
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ÉÙ�� Ça��× ��� PLl�'a

Redlich-Kwong ~½Ó&ñ
d���Ér 4.3]X�\� l�Õüt÷&#Q e���¦, Óüt_� e��>� Óüt$í
u�[þt�Ér ³ð 4.1\�"f ¹1Ô�̀¦

Ãº e����.

s��©� l��̂ �©�I�\�"f l��̂[þt_� ]�t q�\P��Ér ��6£§õ� °ú s� �:r�̧_� ���½Ód�� g1J�Ð ë�H��³\� ÅÒ#Q

�����.

Co
p = a0 + a1T + a2T

2 + a3T
3 (4.17)

#�l�"f

T = �:r�̧(K)

Cp = ]�t q�\P�(cal/g-mol·K)

a0, a1, a2 x9� a3 = Óüt|9�\� @/K� t�&ñ
÷&��H �©�Ãº. Ãº7£xl�_� �â
Äº\���H a0 = 7.700,

a1 = 0.04594× 10−2, a2 = 0.2521× 10−5 x9� a3 = −0.8587× 10−9

s���.

:�x�©�&h�Ü¼�Ð Ó�o�©�_� Óüt_� �'p»1Ïx�\� @/ô�Ç l�ï�r �©�I���H T0 = 0oC = 273.15K\�"f Ho
l =

0kJ/kgs��¦, s� �:r�̧\�"f Óüt_� l��o �'p»1Ïx���H ∆Ho
vap = 2501.3kJ/kgs���. ����"f �:r�̧

T\�"f s��©� l��̂�Ð_� Ãº7£xl�_� �'p»1Ïx���H ��6£§õ� °ú s� >�íß��)a��.

Ho
v = Ho

l + ∆Ho
vap +

∫ T

T0

Co
pdT (4.18)

#�l�"f

∫ T

T0

Co
pdT = a0(T − T0) +

a1

2
(T 2 − T 2

0 ) +
a2

3
(T 3 − T 3

0 ) +
a4

4
(T 4 − T 4

0 ) (4.19)

s��¦, �:r�̧��H Kéß�0As���.

1px�:r �'p»1Ïx� departure��H ��6£§õ� °ú �Ér &h�ì�r ~½Ó&ñ
d��Ü¼�Ð ����è­q Ãº e����.

(Hv −Ho
v ) =

∫ V

∞

[
T

(
∂P

∂T

)

V

+ V

(
∂P

∂V

)

T

]
dV (4.20)

q�s��©�$í
�̀¦ �¦�9
���H Redlich-Kwong �©�I� ~½Ó&ñ
d���̀¦ d�� (4.20)\� @/{9�
��¦ K�$3�&h�Ü¼�Ð &h�

ì�r�̀¦ ½+É Ãº e����. s� ~½Ó&ñ
d��_� &h�ì�r�)a +þAI���H Edmister [5]\� ��6£§õ� °ú s� ÅÒ#Q�����.

(Hv −Ho
v ) = RT

[
Z − 1− 1.5a

bRT 1.5
ln

(
1 +

b

V

)]
(4.21)
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����"f T, P\�"f Ãº7£xl�_��'p»1Ïx���H:�x�©�&h����l�ï�r�©�I�ü< éß�0A_�{9��'a$í
�̀¦Ä»t�
�l�0A

ô�Ç 8̈�íß� �����\�¦ ��6 x
�#� ��6£§õ� °ú �Ér +þAI��Ð >�íß�|̈c Ãº e����.

Hv = Ho
l + ∆Ho

vap +
∫ T

T0

Co
pdT + RT

[
Z − 1− 1.5a

bRT 1.5
ln

(
1 +

b

V

)]
(4.22)

4.4 (ÉÙ&P�) B�

(a) Tü< P�� &ñ
K���� �â
Äº\�, MATLAB q����+þA ~½Ó&ñ
d�� K�ZO��̀¦ s�6 x
�#� ]�t ÂÒx�\�¦ ½̈
�

��HX< Redlich-Kwong ~½Ó&ñ
d��s� ��6 x|̈c Ãº e����. ¿º �©�s� /BN�>r
���H %ò
%i�\� @/K�"f��H s� ~½Ó

&ñ
d���Ér 3>h_� K�\�¦ ��|9� Ãº e����: K�[þt×�æ ���©� ����Ér °úכ�Ér Ó�o�̂\� @/ô�Ç ��H��K�s��¦, ���©�

	�H °úכ�Ér l��̂\� @/ô�Ç &ñ
SX�ô�Ç °úכs��¦, ×�æçß� °úכ�Ér Óüto�&h� _�p��� \O���.

]�t ÂÒx�ü< q�ÂÒx�(specific volume)�̀¦ >�íß�
��¦, ·ú�»¡¤ �������H ��6£§õ� °ú �Ér &ñ
_�\� _�
�

#� >�íß�|̈c Ãº e����.

Z =
PV

RT
(4.23)

ÂÒ��&h���� >�íß�[þt�Ér ·ú¡_� �7H_�\�¦ ���� '��K�t� 9, d�� (4.22)�ÐÂÒ'� þj7áx ���õ� Hv�� >�íß��)a

��. ·ú¡_� �̧��H d��[þt�Ér MATLAB\�"f ~1�>� >�íß��)a��.

(a) �:r�̧ T�� oC�Ð ÅÒ#Qt��¦, ·ú�§4� P�� l�·ú�Ü¼�Ð ÅÒ#Qt���H �â
Äº\� s� ë�H]j\�¦ Û�¦l�0Aô�Ç

MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

p404a.m

lear all
global P T R a b
P=1;
R=0.08206;
Tc=674.4;
Pc=218.3;
a=0.42747*R^2*Tc^(5/2)/Pc;
b=0.08664*R*Tc/Pc;
T0=273.15;
T=100+273.15;
a0=7.70;
a1=0.04594e-2;
a2=0.2521e-5;
a3=-0.8587e-9;
V0=R*T/P;
V=fzero(’p404af’,V0);
Z=P*V/(R*T);
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Vsp=V/18;
Hv0=a0*(T-T0)+a1/2*(T^2-T0^2)+a2/3*(T^3-T0^3)+a3/4*(T^4-T0^4);
Hdep=R*T*(Z-1-1.5*a*log(1+b/V)/(b*R*T^1.5))/R*1.987;
Hv=2501.3+4.1868*(Hv0+Hdep)/18;
disp(’ T P V Vsp Z Hv’)
disp([T P V Vsp Z Hv])

p404af.m

function f=p404af(V)
global P T R a b
f=P-R*T/(V-b)+a/(V*(V+b)*sqrt(T));
return

Hdep\�¦ ½̈
�l� 0Aô�Ç d��\�"f 8̈�íß� ����� 24.218�Ér liter·atm�̀¦ cal�Ð ��Ë̈l� 0A
�#� Y�LK�&��

�¦, Hv\�¦ >�íß�
���H d��\�"f 8̈�íß������ 4.1868/18�Ér cal/g-mol�̀¦ kJ/kgÜ¼�Ð ��Ë̈l� 0A
�#�

Y�LK�&��6£§\� ÅÒ_�
���.

(b) P=1l�·ú�\�"f, T = 100oC_� �í�o Ãº7£xl�_� �â
Äº�� 0A_� MATLAB Û¼ß¼wn�àÔ\� {9�

§4� ÷&%3���. K���H V=30.4027 liter/g-mol, v = 1.68904m3/kg, Z = 0.99288, Hv = 2686.09

kJ/kgs� �)a��. °ú �Ér �̧|	�\�"f �í�o Ãº7£xl�\� @/
�#� Ãº7£xl� ³ð\� ��ü<e����H °úכ�Ér v =

1.6729m3/kg, Hv = 2676.1 kJ/kgs���.

q�ÂÒx�ü< �í�o Ãº7£xl� �'p»1Ïx�\�¦ %3�l�0AK�"f��H 0A_� Û¼ß¼wn�àÔ\�"f ·ú�§4�õ� �:r�̧ëß� ��Ë̈

��� �)a��. ���Ér í�H Óüt|9�\� @/ô�Ç Ãº&ñ
�̧ ~1�>� ½+É Ãº e����.

(b)Q¶6 �Ê6�� �÷~×� MATLAB ©�­�=��®��e� CHAP4 ���Ý�~²��Ìø p404a.mÅØ p404af.mª�v²
� �byÃW��.
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V� 5 â�
 Redlich-Kwong ÐÏ�£�· ��£� 
�ÐM� ��dR±Óq� ��� ��dçÃ�×q� De-
parture

5.1 5���� à�
ÃZ�

8̈�íß� �:r�̧ ·ú�§4�\� @/ô�Ç 1px�:r �'p»1Ïx� x9� �'pàÔ�Ðx� departure\�¦ >�íß�
�l� 0Aô�Ç Redlich-

Kwong d��_� ��6 x.

5.2 ��£� ÛÖS ÊÁn� B�ß��

q����+þA @/Ãº ~½Ó&ñ
d��_� K�, �©�p�ì�r ~½Ó&ñ
d��_� &h�ì�r.

5.3 %K�V� à�
ÃZ�

(a) ³ð 4.1\�"f $í
ì�r�̀¦ ���×þ�
��¦, 8̈�íß� �:r�̧�� Tr = 1.2, 1.4 x9� 3.0\�"f 8̈�íß� ·ú�§4� 0.5 ≤
Pr ≤ 30 #3�0A\� ���5g"f �'p»1Ïx� departure �<ÊÃº\�¦ �̧r�
���.

(b) �'pàÔ�Ðx� departure �<ÊÃº\� @/
�#� (a)\�¦ ��r� Û�¦#Q��.

(c) (a)ü< (b)_� ���õ�\�¦ ë�H��³\�"f %3��̀¦ Ãº e����H {9�ìøÍ�o�)a �̧³ðü< f��]X� q��§½+É Ãº e���̧2�¤

Ãº&ñ

���.ë�H��³\�"f%3��̀¦Ãºe����H �̧³ð��H ln(Pr)\�@/ô�Ç (∆H∗)/Tcü< ∆S∗�ÐÅÒ#Q���

��.

(d) >�íß� ���õ�\�¦ {9�ìøÍ�o�)a �̧³ð x9� (Mollier �̧³ð 1pxÜ¼�Ð ÂÒ'�) %3��̀¦ Ãº e����H z�́+«> ���õ�

ü< q��§
���.

ÉÙ�� Ça��× ��� PLl�'a

Redlich-Kwong d��\� @/ô�Ç �'p»1Ïx�ü< �'pàÔ�Ðx� departure �<ÊÃº��H Edmister [5]\� _�
�#� ��

6£§õ� °ú s� ÅÒ#Q�����.

∆H∗

RT
=

3a

2bRT 1.5
ln

(
1 +

b

V

)
− (Z − 1) (4.24)

∆S∗

R
=

a

2bRT 1.5
ln

(
1 +

b

V

)
− ln

(
Z − Pb

RT

)
(4.25)

#�l�"f

∆H∗ = Ho −H ∆S∗ = So − S
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Ho = �:r�̧ T\�"f_� s��©� l��̂ �'p»1Ïx� (cal/g-mol)

H = �:r�̧ T\�"f_� l��̂ �'p»1Ïx� (cal/g-mol)

So = �:r�̧ T\�"f_� s��©� l��̂ �'pàÔ�Ðx� (cal/g-mol·K)

S = �:r�̧ T\�"f_� l��̂ �'pàÔ�Ðx� (cal/g-mol·K)

P = ·ú�§4� (atm)

V = mol ÂÒx� (liter/g-mol)

T = �:r�̧ (K)

R = l��̂ �©�Ãº (R = 0.08206liter · atm/g-mol·K) (R = 1.9872 cal/g-mol·K)

Z = ·ú�»¡¤�����

#�l�"f aü< b��H ë�H]j 4.3\�"f �7H_��)a e��>� ·ú�§4�õ� �:r�̧�Ð ÂÒ'� >�íß�÷&��H Redlich-Kwong

d�� �©�Ãºs���.

5.4 (ÉÙ&P�) B�

N�ñ5Ñ(�×�+ â��FD9ß�� �'p»1Ïx�ü<�'pàÔ�Ðx�\�@/ô�Ç���5Åq&h����/BG����̀¦"é¶
�Ù¼�Ð, Redlich-Kwong

d��\� @/ô�Ç p�ì�r ~½Ó&ñ
d���̀¦ ���>h
���HX< 4.1]X�\�"f �7H_��)a ~½ÓZO�s� ��6 x|̈c �	כ s���. �'p»1Ïx�

x9� �'pàÔ�Ðx� departure d��[þt�Ér Ãºu� K�\�¦ %3���H 1lxîß�\� >�íß�÷&�¦ �̧r�|̈c �.���s	כ

4.3]X�\�"f �7H_��)a ��6£§õ� °ú s� ÅÒ#Qt���H Redlich-Kwong d���Ér

P =
RT

V − b
− a

V (V + b)
√

T
(4.26)

V\� @/
�#� p�ì�r÷&#Q ��6£§õ� °ú s� �)a��.

dP

dV
= − RT

(V − b)2
+

a√
T

[
2V + b

V 2(V + b)2

]
(4.27)

d�� (4.27)õ� (4.4)\�¦ d�� (4.3)\� @/{9�
���� ��6£§õ� °ú �Ér ���õ�\�¦ %3��̀¦ Ãº e����.

dV

dPr
=

{
− RT

(V − b)2
+

a√
T

[
2V + b

V 2(V + b)2

]}−1

Pc (4.28)

d�� (4.28)�Ér 1lqwn����Ãº�� "é¶
���H #3�0A (0.5 ≤ Pr ≤ 30)\�"f ���
���H 1lxîß� "é¶
���H Tr°úכ\� @/


�#� MATLAB �©�p�ì�r ~½Ó&ñ
d�� K�ZO�Ü¼�Ð Ãºu� &h�ì�r |̈c Ãº e����. &h�ì�rs� ���'��÷&��H 1lxîß� d��

(4.24)ü< (4.25)�ÐÅÒ#Qt���H�'p»1Ïx�ü<�'pàÔ�Ðx�_� departure�<ÊÃº��H �̧r�÷&l�0A
�#�>�íß�

�)a��.
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(a)ÿ? (b) s� ë�H]j\�"f ���×þ��)a Óüt|9��Ér Óüts���. ����"f Ãº7£xl� ³ð_� X<s�'�ü< q��§|̈c Ãº

e����. V\� @/ô�Ç �íl� �̧|	��Ér MATLAB q����+þA ~½Ó&ñ
d�� K�ZO�õ� Redlich-Kwong d���̀¦ ��6 x


�#� ���Ð >�íß�÷&#Q�� ô�Ç��. 4.4]X�\� ]jr��)a ��õ	כ q�5pwô�Ç s� >�íß�_� ���õ���H Pr = 0.5ü<

Tr = 1.2��� �â
Äº\� V = 0.523726 liter�� �)a��.

RÌ� �́��Q¶6 L�w»W
��� �÷~×� MATLAB ©�­�=��®��e� CHAP4 ���Ý�~²��Ìø p405a1.mÅØ
p405a1f.mª�v² � �byÃW��.

�'p»1Ïx� departure �<ÊÃº(Hdep)ü< �'pàÔ�Ðx� departure �<ÊÃº(Sdep)\�¦ ½̈
�l� 0Aô�Ç MAT-

LAB Û¼ß¼wn�àÔ[þt�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

p405a2.m

clear all
global Pc R T a b
Tc=647.4;
Pc=218.3;
R=0.08206;
a=0.42747*R^2*Tc^(5/2)/Pc;
b=0.08664*R*Tc/Pc;
Tr=1.2;
T=Tc*Tr;
Pr0=0.5;
Prf=30;
V0=0.523726;
[Pr,V]=ode45(’p405a2f’,[Pr0 Prf],V0);
P=Pr.*Pc;
Z=(P.*V)./(R*T);
Hdep=(3*a/(2*b*R*T^(1.5)))*log(1+b./V)-(Z-1);
Sdep=(a/(2*b*R*T^(1.5)))*log((1+b./V))-log(Z-(P*b)./(R*T));
plot(Pr,Hdep,Pr,Sdep,’:’)
xlabel(’Reduced Pressure (Pr)’)
ylabel(’Departure Properties’)

p405a2f.m

function dVdPr=p405a2f(Pr,V)
global Pc R T a b
dVdPr=Pc/(-R*T/((V-b)^2)+a*(2*V+b)/(V^2*(V+b)^2*sqrt(T)));

Tr=1.2��� �â
Äº\� Pr\� @/
�#� MATLAB ���Ãº Hdepü< Sdep��H ÕªaË> 4.4\� �̧r�÷&#Q e��

��. ÕªaË>\�"f �Ð1pws� ¿º �<ÊÃº �̧¿º Pr\� @/
�#� þj@/°ú̀�כ¦ �Ð�����.



22 ]j 4 �©� \P�%i��<Æ

[j Tr\� @/ô�Ç Hdep �̧¿º�� °ú �Ér ÕªaË>\� �̧r�÷&U�́ "é¶
�Ù¼�Ð [j �â
Äº\�¦ 1lxr�\� Û�¦l� 0A


�#� MATLAB Û¼ß¼wn�àÔ[þt�Ér Ãº&ñ
|̈c Ãº e����. Tr[þt�Ér 8̈�íß� ·ú�§4� 1.2, 1.4, 3.0\� @/
�#�,

4.1]X�\�"f �7H_��)a ��õ	כ q�5pw
�>� y��y�� '���� 1, 2, 3Ü¼�Ð �ïç̀
�)a��. y��y��\� @/ô�Ç �íl��̧|	�

�Ér Redlich-Kwong d��_� K��Ð ÂÒ'� V1 = 0.523726, V2 = 0.639885, V3 = 1.46132�Ð ���&ñ
�)a

��. s� [j 8̈�íß� �:r�̧\� @/ô�Ç ���õ��� ÕªaË> 4.5\� ÅÒ#Q4R e����.

(a), (b)Q¶6 �Ê6�� �÷~×� MATLAB ©�­�=��®��e� CHAP4 ���Ý�~²��Ìø p405a2.mÅØ

p405a2f.m, p405a3.mÅØ p405a3f.m ª�v² � �byÃW��.

(c) ë�H��³\�ÅÒ#Qt���H@/ÂÒì�r_� �̧³ð��H logÛ¼H�{9�_� Pr\�@/
�#� (∆H∗)/Tcü< ∆S∗�ÐÅÒ

#Q�����. ����"f s� ���Ãº[þts� Ãºu� K�\�¦ ½̈
���H õ�&ñ
\�"f >�íß�÷&#Q�� ô�Ç��. @/³ð&h���� ���õ�

�� ÕªaË> 4.6\� ÅÒ#Q4R e����.

(d) (Kyle [1]s��� Sandler [2]ü<°ú �Ér)@/ÂÒì�r_�\P�%i��<Æ�§õ�"f[þt\���Hs��©�l��̂��1lx\�"f

#Á	#Q����H{9�ìøÍ�o�)a�'p»1Ïx�x9��'pàÔ�Ðx� departure\�@/ô�ÇÕªaË>s�ÅÒ#Q4Re����. Tr = 1.2ü<

Pr = 10\� @/ô�Ç Ãºu� >�íß�_� ���õ���H (∆H∗)/Tc = 6.031 cal/g-molõ� ∆S∗ = 3.374 cal/g-

mol·Ks���. s� °úכ[þt�Ér (Kyle [1]_� pp. 100õ� 101_�) {9�ìøÍ�o�)a ÕªaË>\�"f ÅÒ#Qt���H °úכ�Ð��

���çß� �����. 
�t�ëß� {9�ìøÍ�o�)a ÕªaË>\�"f_� Zc = 0.27���X< ìøÍ
�#� Óüt_� �â
Äº��H Zc = 0.23s�

��.
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ÕªaË> 4.6: Tr = 1.2, 1.4, 3.0\�"f Ãº7£xl�\� @/ô�Ç �'pàÔ�Ðx� departure /BG���
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V� 6 â�
 #b�a (�×@� '�×Ça�ÐÏ�ãÃ�×ÉÙ'a N�ñ5ÑbCÐM� Fugacity Coeffi-

cient

6.1 5���� à�
ÃZ�

l��©�õ� Ó�o�©�\�"f í�HÓüt|9�_� fugacity >�Ãº\�¦ >�íß�
�l� 0A
�#� #��Q �©�I� ~½Ó&ñ
d��_� ��6 x.

6.2 ��£� ÛÖS ÊÁn� B�ß��

éß�{9� q����+þA ~½Ó&ñ
d��_� K�, q����+þA ~½Ó&ñ
d���̀¦ p�ì�r ~½Ó&ñ
d��Ü¼�Ð_� ���8̈�.

6.3 %K�V� à�
ÃZ�

(a) ³ð 4.1\�"f $í
ì�r�̀¦ ���×þ�
��¦, van der Waals d���̀¦ ��6 x
�#� 8̈�íß� �:r�̧�� Tr = 1.2,

1.4 x9� 3.0\�"f 8̈�íß� ·ú�§4� 0.5 ≤ Pr ≤ 30 #3�0A\� ���5g"f fugacity >�Ãº �̧r�
���.

(b) Redlcih-Kwong �©�I� ~½Ó&ñ
d���̀¦ ��6 x
�#� (a)\�¦ ��r� Û�¦#Q��.

(c) Peng-Robinson �©�I� ~½Ó&ñ
d���̀¦ ��6 x
�#� (a)\�¦ ��r� Û�¦#Q��.

(d) >�íß� ���õ�\�¦ {9�ìøÍ�o�)a �̧³ð x9� (Mollier �̧³ð 1pxÜ¼�Ð ÂÒ'�) %3��̀¦ Ãº e����H z�́+«> ���õ�

ü< q��§
���.

ÉÙ�� Ça��× ��� PLl�'a

Fugacity >�Ãº��H φ = f/P�Ð &ñ
_��)a��. #�l�"f f��H ·ú�§4� éß�0A_� #Q�"� $í
ì�r_� fugacitys�

�¦ P��H ·ú�§4�s���. í�HÓüt|9�_� fugacity��H Walas [?]\� _�
�#� a(����¹כ ú́§�Ér �©�I� ~½Ó&ñ
d��Ü¼�Ð

ÂÒ'� >�íß�|̈c Ãº e����.

van der Waals

ln φ = Z − 1− a

RTV
− ln

[
Z

(
1− b

V

)]
(4.29)

Redlich-Kwong

lnφ = Z − 1− ln
[
Z

(
1− b

V

)]
− a

bRT 1.5
ln

(
1 +

b

V

)
(4.30)
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Peng-Robinson

ln φ = Z − 1− ln(Z −B) +
(
− A

2
√

2B

)
ln

(Z + 2.414B)
(Z − 0.414B)

(4.31)

#�l�"f A = 0.45724αPr/T 2
r , α = [1 + (0.37464 + 1.54226ω − 0.26992ω2)(1 − T 0.5

r )]2s��¦,

B = 0.07780Pr/Trs���.

d�� (4.29)\�"f (4.31)�Ér Z (¢̧��H V)\� @/ô�Ç ~½Ó&ñ
d���̀¦ ÉÒ��H õ�&ñ
\�"f ���×þ�÷&��H ��H\� ����

"f l��©�õ� Ó�o�©� �̧¿º\� &h�6 x ��0px
���. Z\� @/ô�Ç ���©� ����Ér ��H�Ér Ó�o�©�\� @/ô�Ç �,¦��s	כ ��

�©� 	�H ��H�Ér l��©�\� �'aô�Ç �.���s	כ

6.4 B�(V�ò5Ñ�æ·)

ë�H]j 4.5\�"f ]jr��)a ·ú�»¡¤�����\� @/ô�Ç 1px�:r����̀¦ ����"f ·ú�§4�s� ���5Åq&h�Ü¼�Ð ����o
���H

��î�rX<, @/�©�s� ÷&��H �©�I� ~½Ó&ñ
d���Ér Û�¦wn= Ãº e����. ]�t ÂÒx�ü< ·ú�»¡¤ ������� >�íß��)a Êê\�

fugacity >�Ãº�� ���&ñ
�)a��.

Óüt\� @/ô�Ç e��>�u�[þtõ� s�d���������H ³ð 4.1\� ÅÒ#Q4R e����. Van der Waals d��õ� �©�Ãº[þt�Ér

ë�H]j 1.1\�"f �7H_�÷&%3���. Redlich-Kwong �©�I� ~½Ó&ñ
d���Ér ë�H]j 4.3\� l�Õüt÷&#Q e����.
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V� 7 â�
 »ÇÔ�¿f����+ Fugacity Coefficient-��
��@n� ��� Ud¥�́n�

7.1 5���� à�
ÃZ�

z�́+«> X<s�'��Ð ÂÒ'� fugacity_� >�íß�, #��Q I� ~½Ó&ñ
d��Ü¼�ÐÂÒ'� fugacity >�Ãº_� >�íß�.

7.2 ��£� ÛÖS ÊÁn� B�ß��

z�́+«> X<s�'�_� &h�ì�rõ� q����+þA @/Ãº ~½Ó&ñ
d��_� K�.

7.3 %K�V� à�
ÃZ�

100oC_� ����̧m���\� @/
�#� #��Q ·ú�§4�\�"f z�́+«>&h�Ü¼�Ð 8£¤&ñ
�)a ·ú�»¡¤ ������� ³ð 4.4\� &ñ


o�÷&#Q e����.

(a) ³ð 4.4\� ÅÒ#Q��� z�́+«> X<s�'��ÐÂÒ'� fugacity >�Ãº\�¦ >�íß�
���. 100l�·ú� çß����Ü¼�Ð

100 ≤ P ≤ 1100\� ���5g"f s� °úכ[þt�̀¦ ³ð�Ð &ñ
o�
���.

(b) Van der Waals �©�I� ~½Ó&ñ
d���̀¦ ��6 x
�#� fugacity >�Ãº\�¦ >�íß�
��¦ s� °úכ[þt�̀¦ (a)\�

"f ëß�[þt#Q��� ³ð\� |9�#Q V,�#Q��.

(c) Redlich-Kwong �©�I� ~½Ó&ñ
d���̀¦ ��6 x
�#� (b)\�¦ ��r� Û�¦#Q��.

(d) Peng-Robinson �©�I� ~½Ó&ñ
d���̀¦ ��6 x
�#� (b)\�¦ ��r� Û�¦#Q��.

(e) #��Qì�rs� ��6 xô�Ç �©�I� ~½Ó&ñ
d��_� &ñ
SX��̧\� @/
�#� ?/wn=Ãº e����H ����:r\� @/
�#� �7H_�


���.

³ð 4.4: ����̧m���\� @/ô�Ç z�́+«> X<s�'�

·ú�§4�(atm) Z ·ú�§4�(atm) Z ·ú�§4�(atm) Z

1.374 0.9928 30.47 0.8471 300 0.3212

3.537 0.9828 33.21 0.831 400 0.4145

5.832 0.9728 36.47 0.8111 500 0.506

8.632 0.9599 40.41 0.7864 600 0.5955

11.352 0.9468 45.19 0.7538 700 0.6828



28 ]j 4 �©� \P�%i��<Æ

14.567 0.9315 51.09 0.7102 800 0.7684

19.109 0.9085 58.28 0.6481 900 0.8507

22.84 0.889 100 0.1158 1000 0.9333

26.12 0.8714 200 0.2221 1100 1.014

ÉÙ�� Ça��× ��� PLl�'a

z�́+«> X<s�'��� �©�I� ~½Ó&ñ
d��Ü¼�ÐÂÒ'�_� fugacity >�Ãº��H ��6£§õ� °ú �Ér +þAI��Ð >�íß��)a��.

lnφ =
∫ P

0

Z − 1
P

dP (4.32)

P_� �<ÊÃº�Ð Z\� @/ô�Ç z�́+«> X<s�'��� s�6 x��0px½+É M:, d�� (4.32)\� e����H &h�ì�r_� >�íß�\� @/

K�"f��H cubic spline_� ��6 xs� ÆÒ��;�)a��.

�� ì 4SJQ¶6 �÷~×� MATLAB 3̀��'� file"e� CHAP4 ���Ý�~²��Ìø p407.matv² � �byÃW��.

7.4 B� (V�ò5Ñ�æ·)

#��Q �©�I� ~½Ó&ñ
d��Ü¼�ÐÂÒ'� fugacity >�Ãº\�¦ >�íß�
�l� 0Aô�Ç d���Ér d�� (4.29)\�"f (4.31)�Ð ÅÒ

#Q�����.



]j 8 ]X� s��©� ��$í
ì�r �D¥½+ËÓüt_� FLASH 7£xµ1Ï 29

V� 8 â�
 l�(�× ��Å]�&P� ÜqèTÒ¼�ä·�+ Flash ¤� L±Ó

8.1 5���� à�
ÃZ�

s��©� ��$í
ì�r �D¥�<ÊÓüt_� flash 7£xµ1Ï_� �â
Äº\� l��í&h� x9� s�_þt&h� �:r�̧ü< l��©� x9� Ó�o�©�_� �̧$í


>�íß�.

8.2 ��£� ÛÖS ÊÁn� B�ß��

éß�{9� q����+þA @/Ãº ~½Ó&ñ
d��_� K�.

8.3 %K�V� à�
ÃZ�

Flash 7£xµ1Ïl��� áÔ�ÐóøÍ x9� n-ÂÒòøÍ�̧ �í�<Ê
��¦ e����H /BN/åLÀÓ�ÐÂÒ'� \��9�E$�õ� \�òøÍ�̀¦ ì�ro�

K���ëß� ô�Ç��. 7£xµ1Ïl�\� @/ô�Ç @/|ÄÌ&h���� ÕªaË>�Ér ÕªaË> 4.7\� ÅÒ#Q4R e����. #�l�"f

F = 8úx /BN/åL âì2£§ 5Åq�̧ (lb-mol/hr)

V = 8úx l��©� âì2£§ 5Åq�̧ (lb-mol/hr)

L = 8úx Ó�o�©� âì2£§ 5Åq�̧ (lb-mol/hr)

zj /BN/åL âì2£§\�"f_� j $í
ì�r_� ]�t ì�rÖ�¦

yj l��©� âì2£§\�"f_� j $í
ì�r_� ]�t ì�rÖ�¦

xj Ó�o�©� âì2£§\�"f_� j $í
ì�r_� ]�t ì�rÖ�¦

nc $í
ì�r[þt_� 8úx Ãº

s���.

Vapor
T,P

Liquid

F

V

L
xj

y
j

z j

ÕªaË> 4.7: Flash 7£xµ1Ïl�
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7£xµ1Ïl��Ð [þt#Q����H /BN/åL âì2£§_� �̧$í
�Ér ³ð 4.5\� ÅÒ#Q�����. 7£xµ1Ïl���H 15\�"f 25 l�·ú�

��s�_� �¦·ú�\�"f î�r���|̈c �.���s	כ /BN/åL âì2£§_� �:r�̧��H 50oCs���.

(a) 7£xµ1Ïl��Ð [þt#Q����H 50oC_� 8úx /BN/åLÀÓ ×�æ\�"f 7£xµ1Ï÷&��H %ü< Õª\� K�{©�
���H l��©� x9�

Ó�o�©�_� ]�t ì�rÖ�¦�̀¦ ��6£§_� ·ú�§4�_� �â
Äº\� >�íß�
���. P = 15, 17, 19, 21, 23 x9� 25l�

·ú�.

(b) /BN/åLÀÓ_� l��í&h�õ� s�_þt&h� �:r�̧\�¦ ���&ñ

���.

³ð 4.5: Ó�o�©� �̧$í
 x9� Antoine ~½Ó&ñ
d�� �©�Ãº[þt

$í
ì�r ]�t ì�rÖ�¦ A B C

\��9�E$� 0.1 6.64380 395.74 266.681

\�òøÍ 0.25 6.82915 663.72 256.681

áÔ�ÐóøÍ 0.5 6.80338 804.00 247.04

n-ÂÒòøÍ 0.15 6.80776 935.77 238.789

ÉÙ�� Ça��× ��� PLl�'a

y�� $í
ì�r[þt_� 7£xl�·ú��Ér ��6£§_� Antoine d���̀¦ ��6 x
�#� >�íß�|̈c Ãº e����.

Pj = 10

�
Aj−

�
Bj

Cj+T

��

(4.33)

#�l�"f Pj��H $í
ì�r j_� 7£xl�·ú�s���. �©�Ãº[þt Aj , Bj , Cj��H $í
ì�r j\� @/ô�Ç �,¦��s	כ T��H �:r

�̧(oC)s���. s� ë�H]j_� òøÍ�oÃº�è[þt\� @/ô�Ç Antoine d�� �©�Ãº[þt�Ér ³ð 4.5\� ÅÒ#Q�����. Pj_�

éß�0A��H mmHgs���.

8.4 (ÉÙ&P�) B�

Flash 7£xµ1Ïl�\� @/ô�Ç Óüt|9� Ãºt�d��õ� �©� î̈
+þA d���Ér ��6£§õ� °ú �Ér éß�{9� q����+þA ~½Ó&ñ
d��Ü¼�Ð

Ãºd���o |̈c Ãº e����(Henley and Rosen [6] �ÃÐ�̧).

f(α) =
nc∑

j=1

(xj − yj) =
nc∑

j=1

zj(1− kj)
1 + α(kj − 1)

= 0 (4.34)
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#�l�"f α��H /BN/åL âì2£§\� @/ô�Ç l��©� âì2£§_� q�, α = V/F , kj��H j $í
ì�r\� @/ô�Ç î̈
+þA q�s���.

{9�éß� α�� ���&ñ
÷&�¦ �����, l��©�õ� Ó�o�©�_� ]�t ì�rÖ�¦�Ér ��6£§õ� °ú s� >�íß�|̈c Ãº e����.

xj =
zj

1 + α(kj − 1)
(4.35)

x9�

yj = kjxj (4.36)

s��©� >�\� @/
�#� l�Ó�o î̈
+þAq���H ��6£§õ� °ú s� >�íß�|̈c Ãº e����.

kj =
Pj

P
(4.37)

#�l�"f Pj��H$í
ì�r j_�7£xl�·ú�, P��H7£xµ1Ïl�\�"f_����·ú�s���.s�ë�H]j\�"f�9¹כ�ô�Ç kj[þt�Ér:£¤

&ñ
 �:r�̧, ·ú�§4�\�"f, d�� (4.37)_� 7£xl�·ú� Pj\� @/
�#� d�� (4.33)_� Antoine d���̀¦ ��6 x�<ÊÜ¼�Ð

+� >�íß�|̈c Ãº e����.

(a) s� ë�H]j��H y�� $í
ì�r j\� @/ô�Ç d�� (4.33)õ� (4.35)\�"f (4.37)õ� �<Êa� d�� (4.34)_� éß�{9�

q����+þA~½Ó&ñ
d��_�K�\�¦¹כ½̈ô�Ç��.s�~½Ó&ñ
d��[þt�Ér/BN/åLâì2£§\�@/ô�Çl��©�âì2£§_�q�, αü<þj

7áx]�tì�rÖ�¦\�@/
�#�Û�¦wn=Ãºe����. V/F > 1õ� V/F < 0�ÉrÓüto�&h�_�p���\O�l�M:ë�H\�,K�

½̈çß��Ér 0 ≤ α ≤ 1s���. P = 20l�·ú�, T = 50oC\� @/K�"f s� ë�H]j\�¦ Û�¦l�0Aô�Ç MATLAB

Û¼ß¼wn�àÔ[þt�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

p408a.m

clear all
global k z
A=[6.64380; 6.82915; 6.80338; 6.80776];
B=[395.74; 663.72; 804.00; 935.77];
C=[266.681; 256.681; 247.04; 238.789];
z=[0.1; 0.25; 0.5; 0.15];
P=20*760;
TC=50;
k=10.^(A-B./(TC+C))/P;
alpha=fzero(’p408f’,0.5);
x=z./(1+alpha*(k-1));
y=k.*x;
disp(’ zi xi yi ki’);
disp([z x y k]);

p408af.m
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function f=p408f(alpha)
global k z
fi=z.*(1-k)./(1+alpha*(k-1))
f=sum(fi);
return

s� �â
Äº\� @/ô�Ç K���H α = 0.6967s���. s���H /BN/åL âì2£§_� 69.67%�� 20l�·ú�_� ·ú�§4�\�"f

7£xµ1Ï�)a����H �¦̀�	כ _�p�ô�Ç��. s�\� K�{©�
���H l��©�õ� Ó�o�©� âì2£§\�"f_� ]�t ì�rÖ�¦�Ér ��6£§õ� °ú 

s� ÅÒ#Q�����.

$í
ì�r

]�tì�rÖ�¦ \��9�E$� \�òøÍ áÔ�ÐóøÍ n-ÂÒòøÍ

/BN/åLÀÓ 0.1 0.25 0.5 0.15

l��©� 0.1398 0.313904 0.46917 0.077126

Ó�o�©� 0.00857431 0.1023203 0.570821 0.317401

(P = 20��AM[��s�, T = 20oCxÃW) (a)Q¶6 �Ê6�� �÷~×� MATLAB ©�­�=��®��e� CHAP4 ���Ý�
~²��Ìø p408a.mÅØ p408af.mª�v² � �byÃW��.

(b) α = 0s��¦ {9�&ñ
 ·ú�§4�\� @/
�#�, d�� (4.34)��H ��6£§õ� °ú s� �)a��.

f(T ) = 1−
nc∑

j=1

zjkj (4.38)

T\� @/ô�Ç s� ~½Ó&ñ
d��_� K���H l��í&h� �:r�̧�� �)a��.

α = 1s��¦ {9�&ñ
 ·ú�§4�\� @/
�#�, d�� (4.34)��H ��6£§õ� °ú s� �)a��.

f(T ) =
nc∑

j=1

zj

kj
− 1 (4.39)

T\� @/ô�Ç d�� (4.39)_� K���H s�_þt&h� �:r�̧�� �)a��.
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V� 9 â�
 #b�a ö5��ªÊÁ�¿ ÜqèTÒ¼�ä·�+ Flash ¤� L±Ó

9.1 5���� à�
ÃZ�

s��©� ��$í
ì�r �D¥½+ËÓüt_� flash 7£xµ1Ï\� @/ô�Ç l��©� x9� Ó�o�©� �̧$í
 x9� l��í&h�õ� s�_þt&h� >�íß�.

9.2 ��£� ÛÖS ÊÁn� B�ß��

éß�{9� q����+þA @/Ãº ~½Ó&ñ
d��_� K�.

9.3 %K�V� à�
ÃZ�

"f�Ð���Ér[j>h ¢̧��HW1>h_�òøÍ�oÃº�è�D¥½+ËÓüt\�@/
�#�ë�H]j 4.8�̀¦¢-a$í

���.³ð 4.6Ü¼�Ð

ÂÒ'� $í
ì�r[þt�̀¦ ���×þ�
��¦ /BN/åLÀÓ\�"f_� ]�tì�rÖ�¦_� ½+Ë�̀¦ 1�Ð ¿º��.

³ð 4.7: #��Q òøÍ�oÃº�è_� Antoine d�� �©�Ãº[þt

Óüt|9� A B C

BjòøÍ 6.64380 395.74 266.681

\�òøÍ 6.82915 663.72 256.681

áÔ�ÐóøÍ 6.80338 804.00 247.04

n-ÂÒòøÍ 6.80776 935.77 238.789

n-K$�òøÍ 6.85296 1064.84 232.012

n-Ùכ�íß� 6.87601 1171.17 224.408

n-ó¡�òøÍ 6.89677 1264.90 216.544

n-6�¤òøÍ 6.91868 1351.99 209.155

n-�̧èß� 6.93893 1431.82 202.011

n-X<ñß� 6.94363 1495.17 193.858

B�(V�ò5Ñ�æ·)

&h�]X�ô�Ç ~½Ó&ñ
d���Ér ë�H]j 4.8\� ÅÒ#Q4R e����.
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V� 10 â�
 Van Laar ÐÏ�£�· ��£� 
�ÐM� �̀ËÅ]��¿ N�ÊÁ�+ (�×®̧�ÐÏ�

10.1 5���� à�
ÃZ�

s�$í
ì�r �Ö̧$í
�̧ >�Ãº\�¦ 0Aô�Ç van Larr d��_� B�>h����� ÆÒíß�

10.2 ��£� ÛÖS ÊÁn� B�ß��

���+þA x9� q����+þA �r)
ì�r$3�, �r)
ì�r$3��̀¦ 0Aô�Ç X<s�'� ���8̈�, ���ø@�̧ ½̈çß�_� >�íß� x9� q��§, �̧

	� �̧r�, �̧	�_� ]jY�L_� ½+Ë.

10.3 %K�V� à�
ÃZ�

s�$í
ì�r �Ö̧$í
�̧ >�Ãº\�¦ 0Aô�Ç van Larr d���Ér ��6£§õ� °ú s� ÅÒ#Q�����.

γ1 = exp
{
A/[1 + (x1/x2)(A/B)]2

}
(4.40)

γ2 = exp
{
B/[1 + (x2/x1)(B/A)]2

}
(4.41)

#�l�"f x1õ� x2��H y��y�� $í
ì�r 1, 2_� ]�t ì�rÖ�¦s��¦, γ1õ� γ2��H �Ö̧$í
�̧ >�Ãº[þts���. B�>h�����

Aü< B��H :£¤&ñ
 s�$í
ì�r �D¥½+ËÓüt\� @/ô�Ç �©�Ãºs���.

d�� (4.40)õ� (4.41)�̀¦ ���½+Ë
�#� ��6£§õ� °ú �Ér eç
#� Gibbs \��-t� d���̀¦ %3��̀¦ Ãº e����.

g = GE/RT = x1 ln γ1 + x2 ln γ2 = ABx1x2/(Ax1 + bx2) (4.42)

d�� (4.42)_� g�� >�íß�|̈c �$�H$�õ� n-ó¡�òøÍ >�\� @/ô�Ç #��Q ]�tì�rÖ�¦\�"f �Ö̧$í
�̧ >�Ãº��H ³ð

2.7\� ÅÒ#Q4R e����. B�>h����� Aü< B °ú̀�כ¦ ÆÒíß�
���HX< ���+þA �r)
ì�r$3�s� ��6 x|̈c Ãº e����. A

ü< B °ú̀�כ¦ ���&ñ

�l� 0Aô�Ç ¢̧ ���Ér ~½ÓZO��Ér d�� (4.40)õ� (4.41)�̀¦ �8
��¦ s� ½+Ë\� q����+þA �r

)
ì�r$3��̀¦ &h�6 x
���H �.���s	כ
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(a) �$�H$�õ� n-ó¡�òøÍ s�$í
ì�r >�\�¦ 0Aô�Ç van Larr d��_� Aü< B\�¦ ���&ñ

�l� 0A
�#� ³ð 2.7_�

X<s�'�ü< d�� (4.42)\� @/
�#� ���+þA �r)
ì�r$3��̀¦ 
���.

(b) d�� (4.42)õ� d�� (4.40)õ� (4.41)�̀¦ �8
�#� %3�#Qt���H ô�Ç ~½Ó&ñ
d��\� q����+þA �r)
ì�r$3��̀¦

&h�6 x
�#� Aü< B\�¦ ÆÒíß�
���.

(c) B�>h�����_� ���ø@�̧ ½̈çß�, �� Qt� �̧³ð, (¿º �Ö̧$í
�̧ >�Ãº\� @/
�#� >�íß��)a þj�è ]jY�L

_� ½+Ë���)�̧	�_� ]jY�L_� ½+Ë�̀¦ q��§
�#� (a), (b)\�"f_� �r)
ì�r$3�_� ���õ�\�¦ q��§
���.

(d) s� X<s�'�[þt�̀¦ �©��'ar�v�l� 0Aô�Ç ë�H]j 2.8_� Margules d��õ� s� ë�H]j\�"f_� van Larr

d�� ��s�\�"f þj�©�_� ���×þ�\� @/
�#� ���/åL
���.

10.4 B�(V�ò5Ñ�æ·)

s� ë�H]j\� @/ô�Ç ]X���HZO��Ér ë�H]j 2.8_� Margules d��_� B�>h�����\�¦ ���&ñ

���H ~½ÓZO�õ� q�5pw
�

��.

d�� (4.42)��H ���+þA �r)
ì�r$3��̀¦ ��6 x
�#� Aü< B\�¦ ���&ñ

�l� 0Aô�Ç ���+þA�o�)a +þAI��Ð ��6£§

õ� °ú s� ��r� æ¼#������.
x1

x1 ln γ1 + x2 ln γ2
=

1
A

+
1
B

x1

x2
(4.43)

�� ì 4SJQ¶6 �÷~×� MATLAB 3̀��'� file"e� CHAP2 ���Ý�~²��Ìø p208.matv² � �byÃW��.
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V� 11 â�
 ¦�>W� N±Õ�]� ¥�́Ça�ãÃ�× N�ñ5ÑbCÐM� e�-bËc Ë̂�ÌfC I

11.1 5���� à�
ÃZ�

Gibbs-Duhem ~½Ó&ñ
d���̀¦ ��6 x
�#� Ó�o�©� �̧$í
õ� ���·ú� X<s�'�\�¦ s�6 x
�#� l��©�_� �̧$í
 >�

íß�, �Ö̧$í
�̧ >�Ãº\� @/ô�Ç ��{©�$í
 ����Ð.

11.2 ��£� ÛÖS ÊÁn� B�ß��

³ð�Ð ÅÒ#Qt���H X<s�'�_� p�ì�rõ� &h�ì�r, �©�p�ì�r ~½Ó&ñ
d��_� K�, &h�ì�r ½̈çß�_� r����&h�\�"f &ñ
_�

÷&t� ·ú§��H �<ÊÃº\� @/ô�Ç l’Hospital_� /BNd�� &h�6 x.

11.3 %K�V� à�
ÃZ�

�$�H$�(1)õ� ��[jàÔ íß�(2) >�\� @/ô�Ç ���·ú�\� @/ô�Ç Ó�o�©� �̧$í
 X<s�'���H ³ð 4.7\� ÅÒ#Q4R e��

��.

(a) Gibbs-Duhem ~½Ó&ñ
d���̀¦ ��6 x
�#� Ó�o�©� �̧$í
_� �<ÊÃº�Ð l��©� �̧$í
�̀¦ >�íß�
���.

(b) Ó�o�©�_� �$�H$�õ� ��[jàÔ íß�_� �Ö̧$í
�̧ >�Ãº\�¦ >�íß�
���.

(c) Gibbs-Duhem ~½Ó&ñ
d���̀¦ ��6 x
�#� �Ö̧$í
�̧ >�Ãº_� {9��'a$í
�̀¦ ����Ð
���.

³ð 4.8: 50oC\�"f �$�H$�(1)-��[jàÔ íß�(2) >�\� @/ô�Ç ���·ú� X<s�

'�

x1 P (mm Hg) x1 P (mm Hg)

0.0 57.52 0.8286 250.20

0.0069 58.2 0.8862 259.00

0.1565 126.00 0.9165 261.11

0.3396 175.30 0.9561 264.45

0.4666 189.50 0.9840 266.53

0.6004 224.30 1.0 271.00

0.7021 236.00
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ÉÙ�� Ça��× ��� PLl�'a

s�$í
ì�r >�_� l�-Ó�o î̈
+þA X<s�'���H ��$í
ì�r ���©� î̈
+þA�̀¦ >�íß�
���HX< ��ÅÒ ×�æ¹כ
���. ��$í
ì�r

���©� î̈
+þA X<s�'�\�¦ %3���H çß�éß�
��¦ �â
]j&h���� ~½ÓZO��Ér {9�&ñ
 �:r�̧\�"f �̧$í
_� �<ÊÃº�Ð s�$í


�D¥½+ËÓüt_� ����̂ 7£xl�·ú��̀¦ 8£¤&ñ

���H �.���s	כ ���·ú� x9� Ó�o�©� �̧$í
 X<s�'���H l��©� �̧$í
 x9� Ó�o

�©�_� �Ö̧$í
�̧ >�Ãº\�¦ >�íß�
���HX< ��6 x|̈c Ãº e����.

l��©� �̧$í
õ� �Ö̧$í
�̧ >�Ãº\�¦ >�íß�
���HX< Gibbs-Duhem ~½Ó&ñ
d��s� l��:rd��Ü¼�Ð ��6 x�)a��.

s�$í
ì�r >�\� @/
�#� Gibbs-Duhem ~½Ó&ñ
d���Ér ��6£§õ� °ú s� æ¼#������.

x1

(
∂γ1

∂x1

)

P,T

+ x2

(
∂γ2

∂x1

)

P,T

= 0 (4.44)

#�l�"f x1��H Ó�o�©�\�"f i $í
ì�r_� ]�t ì�rÖ�¦s��¦, γi��H Ó�o�©�\�"f i $í
ì�r_� �Ö̧$í
�̧ >�Ãºs���.

�Ö̧$í
�̧ >�Ãº��H ��6£§õ� °ú s� &ñ
_��)a��.

γi =
yiP

xiP v
i

(4.45)

#�l�"f yi��H l��©�\�"f i $í
ì�r_� ]�tì�rÖ�¦s��¦, P��H ���·ú�, P v
i ��H i $í
ì�r_� 7£xl�·ú�s���.

d�� (4.45)\�¦ d�� (4.46)\� @/{9�
��¦, ���çß�_� �̧���(Balzhiser et al [?]_� p.448 �ÃÐ�̧)�̀¦ ��u�

��� ��6£§õ� °ú �Ér ���õ�\�¦ %3��̀¦ Ãº e����.

dy1

dx1
=

y1(1− y1)
y1 − x1

d lnP

dx1
(4.46)

ëß���� x\� @/ô�Ç P X<s�'��� e��Ü¼���, d�� (4.46)�̀¦ ��6 x
�#� x1\� @/ô�Ç y1�̀¦ >�íß�½+É Ãº e��

��. s� >�íß�\�"f��H x1_� �<ÊÃº�Ð �̧�<ÊÃº d ln P/dx1\� @/ô�Ç ³ð�&³s� 
¹כ��9�>� �)a��. Õª�����

6£§, y1�̀¦ ½̈
�l� 0AK�"f��H y1 = 0s� ÷&��H x1 = 0\�"f x1 = 1.0��t� d�� (4.46)�̀¦ &h�ì�r
���H

Ãºu�K��� 
¹כ��9���.

11.4 B�

s� ë�H]j\�"f ³ð 4.7\� ÅÒ#Qt���H �̧$í
 @/ ���·ú� X<s�'�\�¦ ���½Ód�� +þAI�_� ���5Åq �<ÊÃº�Ð ½̈
�

l� 0A
�#� MATLAB “polyfit”s� ��6 x�)a��. 3	� ���½Ód���̀¦ ��6 xô�Ç ���õ���H ��6£§õ� °ú s� ÅÒ

#Q�����.

P = 57.6218 + 463.137x1 − 419.736x2
1 + 169.871x3

1 (4.47)
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s� d��s� �̧��H >�Ãº�� 0õ� �&³$�y� ��ØÔ>� ÷&��H þj�¦	� ���½Ód��s���. ����"f s� ���½Ód��s�

x1_� �<ÊÃº�Ð P_� ����o\�¦ ����?/��HX< ��6 x|̈c Ãº e����.

�³ 4.7Ìø 3̀��'��e� CHAP4 ���Ý�~²��Ìø p411.matv² � �byÃW��.

d�� (4.46)�̀¦ &h�6 x
�l� 0AK�"f��H d lnP/dx1 °úכs� 
¹כ��9�>� ÷&�¦, s� °úכ[þt�Ér d�� (4.47)�̀¦

��6 x
�#� ��6£§õ� °ú s� ½̈K������.

d ln(P )
dx1

=
1
P

dP

dx1
=

1
P

[463.137− 2(419.736)x1 + 3(169.871)x2
1] (4.48)

d�� (4.46)�Ér x1 = 0\�"f y1 = 0��� �â
Äº\���H &ñ
_�÷&t� ·ú§l�M:ë�H\�, s� d��_� &h�ì�r\� @/

ô�Ç�íl��̧|	��Ér&h�ì�r
���HX<#Q�9¹¡§�̀¦ï�r��. �̧�<ÊÃº[þt_��íl�°ú̀�כ¦���&ñ

���HX<��6£§õ�°ú s�

L’Hospital /BNd���̀¦ &h�6 x½+É Ãº e����.

dy1

dx1
= 1 +

d ln(P )
dx1

∣∣∣∣
x1=0

(4.49)

d�� (4.49)_� ýa���_� ³ð�&³\� @/
�#� Ä»ô�Ç 	�ì�rZO��̀¦ ��6 x
����, x1°úכs� ��ÅÒ ����Ér �â
Äº\�

y1 °úכs� >�íß�|̈c Ãº e����. ����"f x1 = 0.00001\� @/
�#� ��6£§õ� °ú �Ér ���õ�\�¦ %3���H��.

y1|x1=0.00001 =

(
1 +

d ln(P )
dx1

∣∣∣∣
x1=0

)
10−5 = (1 + 8.0375)10−5 = 9.0375× 10−5 (4.50)

x1õ� y1\� @/ô�Ç s� �íl�°ú̀�כ¦ ��6 x
���� d�� (4.46)�Ér &h�ì�r|̈c Ãº e��t�ëß�, s� d���Ér y1 = 1s�

÷&#Qy��\����� x1 = 1\�"f ¢̧ô�Ç���&ñ
_�÷&t�·ú§>��)a��.s�èß�&h�\�@/ô�Çz�́6 x&h����K����~½Ó

îß��Ér ��{©�ô�Ç ���õ�\�¦ ÅÒ��H x1 = 0.99999s� ÷&��� &h�ì�r�̀¦ "3�ÆÒ��H �.���s	כ

s�ü< °ú �Ér &h�ì�rs� ���'��÷&��H 1lxîß�, �Ö̧$í
�̧ >�Ãº��H ��6£§ d��Ü¼�ÐÂÒ'� >�íß��)a��.

γ1 =
y1P

x1P v
1

and γ2 =
(1− y1)P
(1− x1)P v

2

(4.51)

#�l�"f P��H d�� (4.47)Ü¼�ÐÂÒ'� >�íß�|̈c Ãº e����. í�HÃºô�Ç $í
ì�r_� 7£xl�·ú��Ér ³ð 4.7Ü¼�ÐÂÒ'�

P v
1 = 271.00mm Hgü< P v

2 = 57.52mm Hg�Ð ·ú��94R e����.

Gibbs-Duhem d���Ér z�́+«> ���õ�\� ��H��ô�Ç ���õ�_� {9��'a$í
õ� |9��̀¦ ����Ð
���HX< ��6 x|̈c Ãº

e����. s�$í
ì�r >�\� @/
�#� Gibbs-Duhem d���Ér ��6£§\� ÅÒ#Qt���H &h�ì�rs� 0s� ÷&��H �¦̀�	כ ¹כ

½̈ô�Ç��.

I =
∫ 1

0
ln

γ1

γ2
dx1 (4.52)
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d�� (4.52)��H ��6£§õ� °ú s� ��r� jþt Ãº e����.

dI

dx2
= ln

γ1

γ2
(4.53)

·ú¡_� Ãºu� &h�ì�r õ�&ñ
\�"f γ1õ� γ2�� >�íß�÷&l� M:ë�H\� ·ú¡_� ë�H]j\�¦ ÉÒ��H õ�&ñ
\�"f s� p�ì�r

~½Ó&ñ
d���Ér >�íß�|̈c Ãº e����. I\� @/ô�Ç �íl� �̧|	��Ér 0s���.

����"f s� ë�H]j��H d�� (4.47), (4.48), (4.51)_� @/Ãº ~½Ó&ñ
d��õ� 1lxr�\� Û�¦#Q�� 
���H d��

(4.46)õ� (4.53)_� �©�p�ì�r ~½Ó&ñ
d��Ü¼�Ð ½̈$í
�)a��.

s� ë�H]j\�¦ Û�¦l�0Aô�Ç MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

p411abc.m

clear all
global a b
load p411
a=polyfit(x1,P,3);
b=polyder(a);
x10=1e-5;
x1f=0.99999;
x1=[x10 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 x1f];
y10=9.029e-5;
I0=0;
[x1 y]=ode45(’p411cf’,x1,[y10 I0]);
P=polyval(a,x1);
y1=y(:,1);
gamma1=y1.*P./(x1*271);
gamma2=(1-y1).*P./((1-x1)*57.52);
disp(’ x1 y1 gamma1 gamma2 P’);
disp([x1 y1 gamma1 gamma2 P]);
[x1 y]=ode45(’p411cf’,[x10 x1f],[y10 I0]);
I=y(:,2);
plot(x1,I)
axis([0 1 -0.025 0.225]);
xlabel(’liquid phase mole fraction of 1 (x1)’);
ylabel(’Integral of eq. (4.52)’);

p411abcf.m

function dydx=p411cf(x1,y)
global a b
dydx=zeros(2,1);
P=polyval(a,x1);
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dlnPdx=polyval(b,x1)/P;
gamma1=y(1)*P/(x1*271);
gamma2=(1-y(1))*P/((1-x1)*57.52);
dydx(1)=y(1)*(1-y(1))*dlnPdx/(y(1)-x1);
dydx(2)=log(gamma1/gamma2);
return

>�íß��)a ]�t ì�rÖ�¦õ� �Ö̧$í
�̧ >�Ãº��H ³ð 4.8\� &ñ
o�÷&#Q e����.

³ð 4.9: �$�H$� ��[jàÔ íß� >�\� @/ô�Ç >�íß��)a y1, γ1, γ2 °úכ[þt

x1 y1 gamma1 gamma2 P

1e-5 9.0290e-5 1.9200 1.0018 57.626

0.1 0.47852 1.7641 1.0064 99.908

0.2 0.65125 1.6199 1.0218 134.82

0.3 0.74096 1.4890 1.0511 163.37

0.4 0.79675 1.3715 1.0989 186.59

0.5 0.83594 1.2677 1.1722 205.49

0.6 0.86654 1.1783 1.2824 221.09

0.7 0.89339 1.1040 1.4482 234.41

0.8 0.92059 1.0466 1.7014 246.47

0.9 0.95357 1.0099 2.0848 258.30

0.99999 0.9999988 0.99961 5.8812 270.89

ÕªaË> 4.8�Ér x1 = 0.00001\�"f x1 = 0.99999��t�\�"f x1\� @/
�#� I =
∫ x1

0
γ1

γ2
dx1Ü¼�Ð ÅÒ

#Qt���H &h�ì�r�̀¦ �̧r�ô�Ç �.���s	כ

d�� (4.46)s� x1 = 1\�"f &ñ
_�÷&t� ·ú§l� M:ë�H\�, &h�ì�r�Ér &ñ
SX�y� x1 = 1��t� Ãº'��÷&t���H

·ú§t�ëß� &h�ì�r�Ér x1 = 0.99999\� @/
�#� (&ñ
SX�ô�Ç °úכ�Ér −2.20× 10−3 &ñ
�̧�Ð) 0\� ��ÅÒ ����

s� y���̀¦ �Ð#�ï�r��. s���H �Ö̧$í
�̧ >�Ãº >�íß�s� {9��'a&h�s�%3�6£§�̀¦ �����·p��.

·ú�§4� P\�¦ ����?/��H ���½Ód��_� ���&ñ
s� s� ë�H]j\� ���&ñ
&h���� %ò
�¾Ó�̀¦ p��2;��. s� ���½Ód��_�

���&ñ
�Ér :£¤y� �Ö̧$í
�̧ >�Ãº\� ÅÒ�Ð %ò
�¾Ó�̀¦ p��2;��. �̧�<ÊÃº °ú̀�כ¦ %3�l� 0A
�#� z�́+«> X<s�'�\�¦

Ãºu�&h�Ü¼�Ð %�o�
���H ��Ér	כ �½Ó�©� jËµ��H {9�s���.
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ÕªaË> 4.8: x1 = 0.000001\�"f x1 = 0.99999��t� ln(γ1/γ2)_� &h�ì�r

(a), (b), (c)<J N�~×� MATLAB ©�­�=��®��e� CHAP4 ���Ý�~²��Ìø p411abc.mÅØ
p411abcf.mª�v² � �byÃW��.
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V� 12 â�
 ¦�>W� N±Õ�]� ¥�́Ça�ãÃ�× N�ñ5ÑbCÐM� e�-bËc Ë̂�ÌfC II

12.1 5���� à�
ÃZ�

Gibbs-Duhem ~½Ó&ñ
d���̀¦ ��6 x
�#� Ó�o�©� �̧$í
õ� ���·ú� X<s�'�\�¦ s�6 x
�#� l��©�_� �̧$í
 >�

íß�, �Ö̧$í
�̧ >�Ãº\� @/ô�Ç ��{©�$í
 ����Ð.

12.2 ��£� ÛÖS ÊÁn� B�ß��

³ð�Ð ÅÒ#Qt���H X<s�'�_� p�ì�rõ� &h�ì�r, �©�p�ì�r ~½Ó&ñ
d��_� K�, &h�ì�r ½̈çß�_� r����&h�\�"f &ñ
_�

÷&t� ·ú§��H �<ÊÃº\� @/ô�Ç l’Hospital_� /BNd�� &h�6 x.

12.3 %K�V� à�
ÃZ�

International Critical Tables [7] (pp. 278-290)\���H ÂÒ2�¤\� e����H, Óüt-Bj�9� ·ú�c+t(³ð C-1),

\��9�\�_�ØÔ-9þt�Ð�Ð�í2£§(³ð C-2),d�¦ÀÒ�'p-��[jàÔíß�(³ð C-3),9þt�Ð�Ð�í2£§-��[j�:r(³ðC-4)_�

4>h_� "f�Ð ���Ér >�_� Ó�o�©� �̧$í
\� @/ô�Ç ���·ú� X<s�'��� ÅÒ#Q4R e����.

4 >�\� @/ô�Ç Ó�o�©� �̧$í
\� ���Ér ���·ú� X<s�'� 
���\�¦ ���×þ�
���.

(a) Gibbs-Duhem ~½Ó&ñ
d���̀¦ ��6 x
�#� Ó�o�©� �̧$í
_� �<ÊÃº�Ð l��©� �̧$í
�̀¦ >�íß�
���.

(b) Ó�o�©�\�"f ¿º $í
ì�r_� �Ö̧$í
�̧ >�Ãº\�¦ >�íß�
���.

(c) Gibbs-Duhem ~½Ó&ñ
d���̀¦ ��6 x
�#� �Ö̧$í
�̧ >�Ãº_� {9��'a$í
�̀¦ ����Ð
���.

12.4 B�(V�ò5Ñ�æ·)

K�ZO��Ér 4.11]X��̀¦ �ÃÐ�̧
���. d�� (4.46)�Ér ·ú�§4�_� 7£x��
���H ~½Ó�¾ÓÜ¼�Ð &h�ì�r
�#��� �<Ê\� ÅÒ_�


��� (van Ness [8] �ÃÐ�̧). (d�¦ÀÒ�'p-��[jàÔ íß�õ� °ú s�) /BNq� �D¥½+ËÓüt�̀¦ +þA$í

���H >���H /BNq�

�̧$í
�̀¦ ×�æd��Ü¼�Ð ¿º %ò
%i�Ü¼�Ð ��*'#Q�� �<Ê\� ÅÒ_�
���. &h�ì�r�Ér ¿º %ò
%i�\�"f "f�Ð ìøÍ@/ ~½Ó

�¾ÓÜ¼�Ð ���'��÷&#Q�� ô�Ç��.
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V� 13 â�
 ¡�́O±Õø5� �ªÁþ� Ë̂�ÌfC

13.1 5���� à�
ÃZ�

ÂÒx��� {9�&ñ
ô�Ç �rì�r ìøÍ6£xl�\�"f {9�#Q����H 4�¤ú̧�ô�Ç ìøÍ6£x>�_� î̈
+þA 0lx�̧ >�íß� õ� �:r�̧\� ��

�Ér î̈
+þA �©�Ãº_� ����o\�¦ >�íß�
�l� 0Aô�Ç van’t Hoff d��_� ��6 x.

13.2 ��£� ÛÖS ÊÁn� B�ß��

q����+þA ���wn� ~½Ó&ñ
d��_� ò́Ö�¦&h���� K�, q����+þA ���wn� ~½Ó&ñ
d��_� ��0pxô�Ç ��×�æK�\�¦ ½̈
�l� 0Aô�Ç

Ä»6 xô�Ç l�ZO�.

13.3 %K�V� à�
ÃZ�

ë�H]j 3.7\�"f��H {9�&ñ
 ÂÒx�_� �rì�r ìøÍ6£xl�\� ÅÒ{9�÷&��H 50%_� Aü< 50%_� B l��̂ �D¥½+ËÓüt

�̀¦ ��ÀÒ%3���. s� ìøÍ6£x�Ér î̈
+þA\� /åL���
�>� �̧²ú�ô�Ç��. �íl� 8úx 0lx�̧��H 3.0g-mol/dm3 s���.

��6£§_� [j��t� 1lqwn�&h���� ìøÍ6£xs� {9�#Qèß����¦ ·ú��94R e����.

ìøÍ6£x 1 A + B ↔ C + D KC1(350K) = 1.06

ìøÍ6£x 2 C + B ↔ X + Y KC2(350K) = 2.63

ìøÍ6£x 3 A + X ↔ Z KC3(350K) = 5.0dm3/g-mol

330K\�"f0lx�̧\���H��ô�Ç î̈
+þA�©�Ãº��HKC1(330K) = 0.7, KC2(330K) = 4.0, KC3(330K) =

5.0dm3/g-mol s���.

(a) 330K\�"f �̧��H ìøÍ6£x $í
ì�r_� î̈
+þA �̧$í
�̀¦ >�íß�
���.

(b) 370K\�"f (a)\�¦ ��r� Û�¦#Q��.

13.4 B� (V�ò5Ñ�æ·)

(a) 3.7.4]X�s� K�\�¦ ½̈
���HX< �̧¹¡§�̀¦ ×�¦ �.���s	כ

(b) 370K\�"f_� î̈
+þA �©�Ãº��H ìøÍ6£x\P� ∆HRs� {9�&ñ

����¦ ��&ñ

�#� van’t Hoff_� d��Ü¼�Ð

ÂÒ'� >�íß�|̈c Ãº e����.
d lnKP

dT
=

∆HR

RT 2
(4.54)

KCü< KP ��s�_� �©��'a�'a>���H Fogler [?]\� _�
�#� �7H_�÷&%3���.
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V� 14 â�
 ��
Ça� N±Õ�]� £¿ÐM� ��
Ça� ÉÙq�Uc"��+ ð5�£� Ë̂�ÌfC

14.1 5���� à�
ÃZ�

"é¶�è Ãºt�d��õ� î̈
+þA ³ð�&³_� �̧½+Ë�̀¦ ��6 x
�#� {9�&ñ
 ·ú�§4� �̧|	�õ� {9�&ñ
 ÂÒx� �̧|	�\� @/ô�Ç î̈


+þA �̧$í
 >�íß�

14.2 ��£� ÛÖS ÊÁn� B�ß��

q����+þA @/Ãº ~½Ó&ñ
d��õ� ���+þA @/Ãº ~½Ó&ñ
d��_� ���wn� K�

14.3 %K�V� à�
ÃZ�

�¦�:r $�·ú�\�"f S!��o Ãº�èü< s�íß��o S!��Ér ��6£§õ� °ú �Ér ��%i� ìøÍ6£x�̀¦ {9�Ü¼�����.

H2S ⇀↽ H2 +
1
2
S2 KP1 = 0.45atm1/2 (4.55)

2H2S + SO2 ⇀↽ 2H2O +
3
2
S2 KP2 = 29.5atm1/2 (4.56)

�íl�\� 1.2 l�·ú���� l��̂ �D¥½+ËÓüt\���H 45mol%_� H2S, 25mol%_� SO2, �� Qt���H Ô�¦�Ö̧$í
 Óüt

|9���� N2�Ð ½̈$í
÷&#Q e����.

(a) 0A_� ìøÍ6£xs� 1.2l�·ú�_� {9�&ñ
ô�Ç ·ú�§4�\�"f î̈
+þA\� s�ØÔ!3��̀¦ M:, �̧��H ìøÍ6£x $í
ì�r_� î̈


+þA ]�t ì�rÖ�¦�̀¦ >�íß�
���.

(b) �íl� ·ú�§4�s� 1.2l�·ú�s��¦ {9�&ñ
ô�Ç ÂÒx�\�"f ìøÍ6£xs� ���'��|̈c �â
Äº, (a)\�¦ ��r� Û�¦#Q��.

14.4 B� (V�ò5Ñ)

s�ìøÍ6£x>�\��'a#�
���H���ª�ô�Ç�o�<Æ7áx (H, S, O, N)\�@/ô�ÇÓüt|9�Ãºt�\�¦[jÄº���d�� (4.55)ü<

(4.66)õ� �<Êa� Û�¦#Q��½+É ���+þA ���wn� ~½Ó&ñ
d��s� ���:r��. Newton-Raphson ZO��̀¦ ��6 x
���� s�

�̧��H ~½Ó&ñ
d��[þt�̀¦ Û�¦ Ãº e����. �̧��H ~½Ó&ñ
d���̀¦ ���wn�K�\�¦ %3�l� 0Aô�Ç q����+þA ~½Ó&ñ
d��Ü¼�Ð {9�§4�


���H ��s	כ ÆÒ��;�)a��. q����+þA ~½Ó&ñ
d��_� K�\�¦ �ÃÐÒ�o
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