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 van der Waals ÐÏ�Uc"� �7	#aë�>  â· ÉÙq�ÿ? N±Õ��́ ê�>��

1.1 5���� à�
ÃZ�

l��̂\� @/ô�Ç ]�t ÂÒx�ü< ·ú�»¡¤ �����\�¦ >�íß��l� 0A�#� van der Waals �©�I� ~½Ó&ñ
d��_� ��6 x.

1.2 ��£� ÛÖS ÊÁn� B�ß��

éß�{9� q����+þA ~½Ó&ñ
d��_� K�.

1.3 %K�V� à�
ÃZ�

s��©� l��̂ ZO�gË:�Ér (@/l�·ú� ��H%�_�) ±ú��Ér ·ú�§4�\�"fëß� l��̂_� ·ú�§4�-ÂÒx�-�:r�̧(PVT) �'a>�

\�¦ ����èq Ãº e����. �¦·ú�\�"f��H 7á§ �8 4�¤ú̧�ô�Ç �©�I� ~½Ó&ñ
d��s� ��6 x÷&#Q�� ô�Ç��. �:r�̧ü< ·ú�

§4�s� &ñ
K�&���̀¦ M:, 4�¤ú̧�ô�Ç �©�I� ~½Ó&ñ
d���̀¦ ��6 x�#� ]�t ÂÒx�ü< ·ú�»¡¤ �����\�¦ >�íß��l� 0AK�

"f��H Ãºu�K�ZO��̀¦ ��6 x�#��� ô�Ç��.

van der Waals �©�I� ~½Ó&ñ
d���Ér ��6£§õ� °ú s� ÅÒ#Q�����.
(
P +

a

V 2

)
(V − b) = RT (1.1)

#�l�"f

a =
27
64

(
R2T 2

c

Pc

)
(1.2)

b =
RTc

8Pc
(1.3)
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���Ãº[þt�Ér ��6£§õ� °ú s� &ñ
_��)a��.

P = ·ú�§4�(atm)

V = ]�t ÂÒx�(L/g-mol)

T = �:r�̧(K)

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

Tc = e��>� �:r�̧(����̧m������ �â
Äº��H 405.5K)

Pc = e��>� ·ú�§4�(����̧m������ �â
Äº��H 111.3atm)

8̈�íß� ·ú�§4��Ér ��6£§õ� °ú s� &ñ
_�÷&�¦,

Pr =
P

Pc
(1.4)

·ú�»¡¤ �������H ��6£§õ� °ú s� ÅÒ#Q�����.

Z =
PV

RT
(1.5)

(a) ·ú�§4�s� P = 56atm, �:r�̧�� T = 450K\�"f l��̂ ����̧m���\� @/ô�Ç ]�t ÂÒx�ü< ·ú�»¡¤���

��\�¦ >�íß����.

(b) ��6£§ 8̈�íß� ·ú�§4�\� @/�#� >�íß��̀¦ ìøÍ4�¤��� : Pr = 1, 2, 4, 10 x9� 20.

(c) Pr_� �<ÊÃº�Ð ·ú�»¡¤ �������H #Qb�G>� ������H��?

1.4 B�

d�� (1.1)�Ér V�� Tü< P_� �<ÊÃº�Ð �ª��<ÊÃº&h�Ü¼�Ð &ñ
o�½+É Ãº \O���. �t�ëß�, q����+þA ~½Ó&ñ
d��_�

Ãºu�K�ZO��̀¦ &h�6 x���� ~1�>� Û�¦�2;��. d�� (1.1)�̀¦ MATLAB q����+þA ~½Ó&ñ
d�� K�ZO��̀¦ s�6 x�#�

Û�¦�9���, ��6£§õ� °ú �Ér +þAI��Ð &ñ
o�÷&#Q�� ô�Ç��.

f(V ) =
(
P +

a

V 2

)
(V − b)−RT (1.6)

ÂÒ��&h���� �ª��<ÊÃº&h� d��[þtõ� X<s�'�[þts� MATLAB Û¼ß¼wn�àÔ\� �̧{9��)a��.

éß�{9� q����+þA ~½Ó&ñ
d���̀¦ MATLAB\�"f Û�¦l�0AK�"f��H l�@/÷&��H K� V\� @/ô�Ç �íl� ��&ñ


u�\�¦ {9�§4��#��� ô�Ç��. s� �íl� ��&ñ
u���H ë�H]j_� Óüto�&h� _�p�\�¦ �¦�9�#� ���×þ�ô�Ç��.
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(a) s� ë�H]j_� (a)\� @/K�"f��H s��©� l��̂ ZO�gË:Ü¼�ÐÂÒ'� >�íß��)a ]�t ÂÒx�\�¦ �íl� ��&ñ
u�

�Ð t�&ñ
ô�Ç��. ����"f s��©� l��̂ ZO�gË:Ü¼�Ð ÂÒ'� >�íß�÷&��H ]�t ÂÒx� V = RT/P�� �íl� ��&ñ


u��Ð t�&ñ
�)a��. T = 450K, P = 56 atm\� @/�#� MATLAB�̀¦ ��6 x�#� ½̈ô�Ç K���H ÕªaË>

1.1\� �Ð��H ��ü< °ú s� V = 0.5794 L/g-mols��¦, s�M:_� ·ú�»¡¤�������H z = 0.8718s���.

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

p101a.m

clear all
global P R T Tc Pc
P=56;
R=0.08206;
T=450;
Tc=405.5;
Pc=111.3;
Pr=P/Pc;
V0=R*T/P;
V=fzero(’p101af’,V0)
Z=P*V/(R*T)
Vsol=num2str(V);
V1=0.3:0.01:0.8;
f1=p101af(V1);
plot(V1,f1,V1,0);
text(0.57,-0.5,[’solution is ’,Vsol])
xlabel(’V’); ylabel(’f’);

p101af.m

function f=p101af(V)
global P R T Tc Pc
a=27*(R^2*Tc^2/Pc)/64;
b=R*Tc/(8*Pc);
f=(P+a./V.^2).*(V-b)-R*T;
return

(a)<J N�~×� MATLAB ©��=��®� �ûY"eכ�� CHAP1Ìø p101a1.m, p101af.m<J � �b$\ AUe
��.

(b) ÆÒ��&h���� ·ú�§4�\� @/ô�Ç K���H 0A_� m-file\�"f Prõ� P\�¦ ��6£§õ� °ú s� �¦u�l�ëß� ����

�)a��.



4 ]j 1 �©� l��:r "é¶o� x9� >�íß�
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ÕªaË> 1.1: van der Waals ~½Ó&ñ
d��\� @/ô�Ç f(V) @/ V_� �̧r�

Pr=1;
P=Pr*Pc;

#��Q Pr °úכ\� @/K�"f��H >�íß��̀¦ ìøÍ4�¤���� �)a��.

(c) >�íß��)a ]�t ÂÒx�ü< ·ú�»¡¤ ������� ³ð 1.1\� &ñ
o�÷&#Q e����. >�íß� ���õ�\� _����� ·ú�»¡¤

����� Z_� þj�è°úכs� @/|ÄÌ Pr = 2 ��H%�\�"f �>rF��<Ê�̀¦ ·ú� Ãº e����. Õª s�Êê�Ð ·ú�»¡¤�������H

Pr = 20\�"f Z = 2.783��t� >�5Åq 7£x��ô�Ç��.

³ð 1.1: 450K\�"f l��̂ ����̧m���\� @/ô�Ç ·ú�»¡¤�����

P(atm) Pr V Z

56 0.503 0.574892 0.871827

111.3 1.0 0.233509 0.703808

222.6 2.0 0.0772776 0.465777

445.2 4.0 0.0606543 0.731261

1113.0 10.0 0.0508753 1.53341

2226.0 20.0 0.046175 2.78348
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V� 2 â�
 Redlich-Kwong ÐÏ�Uc"� �7	#aë�>  â· ÉÙq�ÿ? N±Õ��́ ê�>��

2.1 5���� à�
ÃZ�

l��̂\� @/ô�Ç ]�t ÂÒx�ü< ·ú�»¡¤ �����\�¦ >�íß��l� 0A�#� Redlich-Kwong �©�I� ~½Ó&ñ
d��_� ��

6 x.

2.2 ��£� ÛÖS ÊÁn� B�ß��

éß�{9� q����+þA ~½Ó&ñ
d��_� K�.

2.3 %K�V� à�
ÃZ�

Redlich-Kwong �©�I� ~½Ó&ñ
d���Ér ��6£§õ� °ú s� ÅÒ#Q�����.

P =
RT

(V − b)
− a

V (V + b)
√

T
(1.7)

#�l�"f

a = 0.42747

(
R2T

5/2
c

Pc

)
(1.8)

b = 0.08664
RTc

Pc
(1.9)

���Ãº[þt�Ér ��6£§õ� °ú s� &ñ
_��)a��.

P = ·ú�§4�(atm)

V = ]�t ÂÒx�(L/g-mol)

T = �:r�̧(K)

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

Tc = e��>� �:r�̧(����̧m������ �â
Äº��H 405.5K)

Pc = e��>� ·ú�§4�(����̧m������ �â
Äº��H 111.3atm)

Redlich-Kwong �©�I� ~½Ó&ñ
d���̀¦ ��6 x�#� ë�H]j 1.1�̀¦ ��r� Û�¦#Q��.
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V� 3 â�
 ��/�×ÐÏ� <n¤�כ� K±ØÍÙe�ÿ? ¤� e�N±Õ PLl�'aUc 7�ø5� (�×®̧�ÐÏ�

3.1 5���� à�
ÃZ�

�:r�̧\� @/ô�Ç 7£xl�·ú��̀¦ �©��'ar�v���H ���½Ód��, Clapeyron d��, Reidel d��_� ��6 x.

3.2 ��£� ÛÖS ÊÁn� B�ß��

#��Q 	�Ãº_� ���½Ód�� �r)ì�r$3�õ� �©��'ad��_� ���ª�ô�Ç ���8̈��̀¦ :�xô�Ç ���+þA �r)ì�r$3�.

3.3 %K�V� à�
ÃZ�

³ð 1.2��H �$�H$�\� @/ô�Ç �:r�̧\� ���Ér 7£xl�·ú� X<s�'�s���. Y>�Y>� [O�>� >�íß�\�"f s� X<s�'�\�¦

@/Ãº d��Ü¼�Ð &ñ
SX��>� �©��'ar�v���H ��s	כ .��a(�̈½¹כ

³ð 1.2: �$�H$�_� 7£xl�·ú�(Perry et al. [5])

�:r�̧, T (oC) ·ú�§4�, P (mmHg)

-36.7 1

-19.6 5

-11.5 10

-2.6 20

+7.6 40

15.4 60

26.1 100

42.2 200

60.6 400

80.1 760

��/�×ÐÏ� m¬y� Ø̧«Å�

éß�í�H ���½Ód��s� �â
+«>&h� �©��'ad��\� ��ÅÒ æ¼�����. ���½Ód���Ér ��6£§õ� °ú �Ér {9�ìøÍ&h���� +þAI��Ð æ¼

#������.

P (x) = a0 + a1x + a2x
2 + a3x

3 + · · ·+ anxn (1.10)
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#�l�"f a0 · · · an�Ér >�Ãº���¦�̧ Ô�¦o�Äº 9 �r)ì�r$3��̀¦ :�x�#� ���&ñ
÷&#Q��½+É B�>h�����s��¦,

n�Ér ���½Ód��_� 	�Ãºs���. þj�è ]jY�L 3lq&h� �<ÊÃº\�¦ ��6 x½+É M: þj�©�_� X<s�'� �©��'a�'a>�\�¦ ÅÒ

��H ���½Ód�� 	�Ãº�� ���×þ��)a��.

Clapeyron d���Ér ��6£§õ� °ú s� ÅÒ#Q�����.

log(P ) = A +
B

T
(1.11)

#�l�"f T��H ]X�@/ �:r�̧(K)s��¦ A ü< B��H �r) ì�r$3�\� _��#� ���&ñ
÷&#Q��½+É d��_� B�>h���

��[þts���.

Reidel d�� (Perry et al. [5])�Ér ��6£§õ� °ú �Ér +þAI�\�¦ °ú���H��.

log(P ) = A +
B

T
+ C log(T ) + DT β (1.12)

#�l�"f A, B, C, D��H �r)ì�r$3�\� _��#� ���&ñ
÷&#Q��½+É B�>h�����[þts��¦ β��H &ñ
Ãº t�Ãºs�

��. Perry et al. [5]_� ÆÒ������½Ó\� ��ØÔ���, t�Ãº�Ð��H β = 2�� ��6 x�)a��.

(a) ]X�@/ �:r�̧\�¦ 1lqwn����Ãº�Ð ��¦ P\�¦ 7áx5Åq���Ãº�Ð ��&ñ
�#� X<s�'�\�¦ "f�Ð ���Ér 	�Ãº

�Ð �©��'at�#Q��. X<s�'�\�¦ ���©� ú̧� ú́�ÆÒ��H ���½Ód�� 	�Ãº\�¦ ���&ñ
���.

(b) Clapeyron d���̀¦ ��6 x�#� X<s�'�\�¦ �©��'at�#Q��.

(c) Reidel d���̀¦ ��6 x�#� X<s�'�\�¦ �©��'at�#Q��.

(d) 0A_� �©��'ad�� ×�æ\�"f #QÖ¼ ��s	כ ÅÒ#Q��� X<s�'�\�¦ ���©� ú̧� ú́�ÆÒ��Ht�\� @/�#� �7H_��

��.

3.4 B�

(a) ��/�×ÐÏ� ÌfC@��+ (�×®̧�ÐÏ� s� ë�H]j\�¦ ÉÒ��HX< MATLAB_� ���½Ód�� �r)ì�r$3� áÔ�ÐÕªÏþ�

“polyfit”s� ��6 x|̈c Ãº e����. Äº��� X<s�'�\�¦ {9�§4���¦ y�� ���Ãº\� ���Ãºs�2£§�̀¦ ÂÒ#�ô�Ç��. oC

éß�0A�ÐÅÒ#Qt���H�:r�̧\�¦ TC����¦·ú�§4��̀¦ P�����.]X�@/�:r�̧\�¦ TK=TC+273.15�Ð>�

íß���¦ s� ���Ãº\�¦ 1lqwn����Ãº�Ð ��¦ P\�¦ 7áx5Åq���Ãº�Ð �#� ���½Ód��Ü¼�Ð ú́�ð�r��. MATLAB

áÔ�ÐÕªÏþ� ��6£§õ� °ú s� ÅÒ#Qt���H 1	�\�"f 5	� ��t�_� ���½Ód�� +þAI�_� 7áx5Åq ���Ãº\�¦ ��6 x�

#�

P(cal) = a0 + a1TK + a2TK2 + a3TK3 + a4TK4 + a5TK5 (1.13)
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7áx5Åq ���Ãº\�¦ �r)ì�r$3���¦ B�>h����� °úכ[þt�̀¦ ï�r��(MATLAB\�"f��H ?/aË>	�í�H�̀¦ ��6 x�<Ê\�

ÅÒ_����). þj�è�o÷&#Q�� ½+É 3lq&h� �<ÊÃº��H ��6£§õ� °ú s� ÅÒ#Q�����.

N∑

i=1

(P(obs) − P(cal))
2 (1.14)

#�l�"f N�ÉrX<s�'�_�Ãºs��¦, (obs)ü< (cal)�Érs��â
Äº\���H P���7áx5Åq���Ãº_��'a8£¤(observed)

x9� >�íß�(calculated) °ú̀�כ¦ _�p�ô�Ç��.

³ð 1.3\���H 1lqwn����Ãº TK�� 7áx5Åq���Ãº P\� ú́�2Xt���H s� ë�H]j\� @/ô�Ç ���õ��� Q#&÷���¹כ

e����. ³ð 1.3\���H y�� ���½Ód��\� @/ô�Ç ì�ríß�(σ2) °ú̧�כ ÅÒ#Q4R e����. ì�ríß��Ér Y>�	�_� ���½Ód��s�

X<s�'�\�¦ ú̧�����?/��Ht�\�¦����?/��HX< �̧¹¡§�̀¦ÅÒ��HB�>h�����×�æ_����s���.Ãº�<Æ&h�Ü¼�Ð

ì�ríß��Ér ��6£§õ� °ú s� &ñ
_��)a��.

σ2 =
N∑

i=1

(P(obs) − P(cal))
ν

(1.15)

#�l�"f ν��H X<s�'�_� Ãºü< �̧4Sq B�>h�����_� Ãº_� 	���� ��Ä»�̧s���. ���½Ód��_� �â
Äº\� ν =

N − (n + 1)s���, #�l�"f N�Ér X<s�'�_� Ì�	Ãºs��¦, n�Ér ���½Ód��_� 	�Ãºs���.

³ð 1.3: 7£xl�·ú� X<s�'�\� @/ô�Ç "f�Ð ���Ér 	�Ãº_� ���½Ód��_� >�

Ãºü< ì�ríß�

	�Ãº 1 2 3 4 5

a0 −1.5446× 103 5.8627× 103 −1.2541× 104 1.5918× 104 2.1160× 104

a1 5.8907 -44.9980 146.3832 -248.6900 -339.6394

a2 0.0862 -0.5710 1.4717 2.0996

a3 7.4491× 10−4 -0.0039 -0.0061

a4 3.9631× 106 7.6474× 10−6

a5 −2.5051× 10−9

ì�ríß� 1.4824× 104 1.2168× 103 34.1222 0.3979 0.4859

s� �â
Äº\� 4	� ���½Ód��_� ì�ríß�°úכs� ���©� ����¦, s��Qô�Ç ��z�́�Ér 4	� ���½Ód��s� ���©� ú̧� ú́�

ð�r����H �¦̀�	כ ����?/��H 7£x�� ×�æ_� ���s���. X<s�'� ú́�»¡§\� @/ô�Ç ÄºÃº$í
�̀¦ ����?/��H ¢̧��

�Ér ~½ÓZO��Ér ÕªaË> 1.2ü< °ú s� (4	� ���½Ód���̀¦ ��6 x�#�) >�íß��)a /BG����̀¦ z�́+«> X<s�'� &h�õ� �<Ê
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ÕªaË> 1.2: 4	� ���½Ód��\� @/K� >�íß��)a /BG���õ� �'a8£¤�)a X<s�'�

a� �̧r����H �.���s	כ ÕªaË> 1.2��H z�́+«>°úכ(o³ð)ü< >�íß�°úכ(/BG���)�Ér ��ÅÒ ú̧� {9�u��<Ê�̀¦ �Ð#�ï�r

��.

ú́§�ÉrB�>h�����(\V\�¦[þt���, 4	����½Ód��\�"f_� 5>h_�B�>h�����)\�¦��6 x���H �̧4Sq(d��)�̀¦��

Ò�¦ M:, B�>h����� °úכ[þt_� ���ø@½̈çß��̀¦ �¦�9���H ��s	כ ×�æ¹כ���. ���ø@ ½̈çß�_� :�x>��<Æ&h� &ñ


_���H s� Õþ�_� #3�0A\�¦ #3�#Q��t�ëß�, ���ø@ ½̈çß��Ér :£¤&ñ
 B�>h�����ü< �'aº���)a Ô�¦SX�z�́$í
�̀¦ ����

�·p���¦ {9�ìøÍ&h�Ü¼�Ð E�l��)a��. (ë�H]j 2.14��H ���ø@ ½̈çß�õ� Õª >�íß�\� @/�#� ��[jy� [O�"î
ô�Ç

��.) 4	� ���½Ód��_� B�>h�����[þt\� @/ô�Ç 95% ���ø@ ½̈çß�s� ³ð 1.4\� ÅÒ#Q�����.

���ø@ ½̈çß�_� _�p���H B�>h����� a0\� Ô�¦SX�z�́$í
s� �>rF�ô�Ç����H �,¦��s	כ s� B�>h�����_� °úכ

�Ér a0 = 1.5918× 104 ± 4.1016× 103�Ð ����?/#Q�� ô�Ç����H �.���s	כ ���ø@ ½̈çß��Ér X<s�'�_�

&ñ
x9��̧, X<s�'� &h�_� Ãº, �̧4Sq(d��)õ� X<s�'� ��s�_� {9�u��̧_� �<ÊÃºs���. �̧4Sqõ� X<s�'� ��

s�\� &h�½+Ë�̧�� b��#Qt���H ��Ér	כ ½̈çß� ?/_� B�>h�����[þt ×�æ ��� ¢̧��H Õª s��©�\� ’0’�̀¦ �í�<Ê�

��H ���ø@ ½̈çß�Ü¼�Ð 7áx7áx ����?/#Q �����. ³ð 1.4��H 4	� {©��½Ód��\� @/ô�Ç B�>h�����_� ���ø@ ½̈çß�

\� 0s� ����̧ \O�6£§�̀¦ �Ð#�ï�r��.

³ð 1.4: 4	� ���½Ód��\� @/ô�Ç B�>h�����ü< ���ø@ ½̈çß� °úכ

B�>h����� °úכ 0.95 ���ø@ ½̈çß�
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a0 1.5918× 104 4.1016× 103

a1 -248.6900 56.8111

a2 1.4717 0.2933

a3 -0.0039 6.6867× 10−4

a4 3.9631× 10−6 5.6826× 10−7

z�́+«>X<s�'�ü< �̧4Sq��s�_�&h�½+Ë�̧\�¦����?/��H ¢̧���Ér×�æ¹כô�Ç&ñ
�Ð��H ”�̧	�ÕªaË>(residual

plot)”s���. s� ÕªaË>\�"f error = P(obs) − P(cal)�Ð &ñ
_�÷&��H 7áx5Åq ���Ãº �̧	��� P(obs)\� @/

�#� �̧r�÷&%3���. &h�½+Ë�̧�� a%~l� 0AK�"f��H �̧	�[þt�Ér î̈
ç�Hs� 0s��¦ Áº���0A&h�Ü¼�Ð ì�r�í�

#��� ô�Ç��. 4	� ���½Ód��\� @/ô�Ç �̧	� ÕªaË>s� ÕªaË> 1.3\� ÅÒ#Q�����. s� ÕªaË>�Ér �̧	�[þts� Áº

���0A&h�Ü¼�Ð ì�r�í��¦ e��t�·ú§�¦, P°úכs� ����Ér �â
Äº\���H ��ÅÒ 	�H °ú̀�כ¦ ��t� 9, P°úכs� 	�H �â


Äº\���H ��ÅÒ ���6£§�̀¦ �Ð#�ï�r��. s��Qô�Ç ��z�́�Ér ���©� a%~�Ér ���½Ód��s��� ½+Ét����̧ ����̂ ·ú�§4�

%ò
%i�\� ���5g"f 7£xl�·ú� X<s�'�\�¦ ú̧� �����·p���¦ ½+É Ãº \O���.

(b) Clapeyron ÐÏ�£�· ��£� �ÐM� PLl�'a (�×®̧�®̧�N� Clapeyrond���̀¦��6 x���HX<s�'��©��'a

d���Ér log P = log(P ), Trec = 1/TK�Ð &ñ
_�÷&��H ¿º>h_� ÆÒ��&h���� ���8̈� ���Ãº\�¦ MATLAB

\�"f ��6 xô�Ç��. 1lqwn����Ãº�Ð Trec�̀¦, 7áx5Åq���Ãº�Ð log P\�¦ ��6 x���H ���+þA �r)ì�r$3��̀¦ ����

ÕªaË> 1.4\� �Ðs���H��ü< °ú �Ér B�>h����� °úכõ� ÕªaË>�̀¦ %3��̀¦ Ãº e����. B�>h����� Aü< B\� @/

ô�Ç ���ø@½̈çß��Ér ����¦ ì�ríß��̧ �����. �t�ëß� ÕªaË> 1.4\�¦ ��[jy� ¶ú�(R�Ð��� X<s�'� &h�[þt�Ér ���

+þA �'a>��Ð ����?/#Qt�t� ·ú§6£§�̀¦ ·ú� Ãº e����. s��Qô�Ç ���½Ó�Ér ÕªaË> 1.5_� �̧	� ÕªaË>\�¦ �Ð���

SX�z�́K� �����. s� ÕªaË>\�"f z�́+«> X<s�'���H Clapeyron d��\�"f��H \V8£¤÷&t� ·ú§��H /BGÒ�¦�̀¦ �Ð

#�ï�r��.

(s� �â
Äº\�) 7áx5Åq ���Ãº�Ð log(P )\�¦ ��6 x�#� >�íß��)a ì�ríß��Ér (���½Ód��\� @/ô�Ç ���õ�\�"f

%�!3�) 7áx5Åq���Ãº�Ð P\�¦ ��6 x�#� >�íß�ô�Ç ì�ríß�õ� q��§½+É Ãº \O���. ì�ríß��̀¦ q��§�l� 0AK�"f

��H ��6 xô�Ç ���Ãº_� +þAI��� °ú ���� ô�Ç��.

(c) Reidel ÐÏ�£�· ��£� �ÐM� PLl�'a (�×®̧�®̧�N� Reidel d���̀¦ ��6 x���H X<s�'� �©��'ad���Ér

log T = log(TK), T2 = TK × TK�Ð &ñ
_�÷&��H ¿º>h_� ÆÒ��&h���� ���8̈��)a ���Ãº�� .��a(�̈½¹כ

1lqwn����Ãº�Ð Trec, log Tü< T2\�¦, 7áx5Åq���Ãº�Ð log P\�¦ ��6 x���H ���+þA �r)ì�r$3��̀¦ ���� Õª

aË> 1.6\� �Ðs���H��ü< °ú �Ér B�>h����� °úכõ� ÕªaË>�̀¦ %3��̀¦ Ãº e����. ÕªaË> 1.6\�"f �Ð��H ��ü<
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ÕªaË> 1.3: 4	� ���½Ód��Ü¼�Ð ����?/#Qt���H 7£xl�·ú�\� @/ô�Ç �̧	� ÕªaË>
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x 10
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3.5

1/T [1/K]
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g 

P

Parameter         Value          0.95 Confidence
                                          Interval
        A             8.75201       1.8373
        B            −2035.33        520.46

Variance =  0.00759

ÕªaË> 1.4: �'a8£¤�)a 7£xl�·ú� X<s�'�ü< Clapeyron d��
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ÕªaË> 1.5: Clapeyron d��Ü¼�Ð ����?/#Qt���H 7£xl�·ú�\� @/ô�Ç �̧	� ÕªaË>

°ú s� log(P ) °úכ_� z�́+À> ���õ�ü< >�íß��)a °úכ�Ér �©�{©�y� ú̧� {9�u�ô�Ç��. ���ø@ ½̈çß��Ér ���½Ód��s���

Reideld��_��â
Äº�Ð���s̀���V,���.ÕªaË> 1.7\�ÅÒ#Qt���H �̧	� ÕªaË>�Ér���½Ód��s��� Clapeyron

d��_� �â
Äº�Ð��. �s̀��� �8 Áº���0A&h�s���.

(d) PLl�'a (�×®̧�®̧�N��+ j�¬̈ "f�Ð ���Ér �̧4Sq[þt\� @/ô�Ç 8úxF�c q��§��H (log P @/���\�) P\�

��H��ô�Ç ì�ríß�\� @/�#� '��K�|9� Ãº e����. s� ì�ríß� °úכ�Ér y�� �̧4Sq\� @/�#� d�� (1.15)�Ð ÅÒ#Q

t���H °ú̀�כ¦ >�íß��#� ½̈K������. s� ì�ríß� °úכ[þt�Ér ³ð 1.5\� &ñ
o�÷&#Q e����.

³ð 1.5: "f�Ð ���Ér �̧4Sq\� _�ô�Ç P\� ��H��ô�Ç ì�ríß�

d�� σ2

4	� ���½Ód�� 0.702

Clapeyron 6288.754

Riedel 24.448

³ð 1.5\�ÅÒ#Qt���Hì�ríß�°úכs�ß¼�¦ÕªaË> 1.5_� �̧	�ÕªaË>��/BGÒ�¦�̀¦�Ðs�l�M:ë�H\� Clapey-

ron d���Ér 0A_� X<s�'�\�¦ ����?/��HX< &h�½+Ë�t� ·ú§���¦ "î
Ñþ�y� ����:r?/wn= Ãº e����. 4	� ���½Ó

d���Ér ì�ríß�s� ���©� ���Ü¼ 9 ÕªaË> 1.3_� �̧	� ÕªaË>\�"f �Ð1pws� ±ú��Ér ·ú�§4�\�"f �̧	��� ���©�

ß¼��. ÕªaË> 1.7_� �̧	� ÕªaË>\�"f �Ð1pws� Riedel d��\�"f��H �̧	��� 7á§ �8 &ñ
½©&h�Ü¼�Ð ì�r�í�

��H �	כ %�!3� �Ðs��� ýa³ð»¡¤s� log Ps�Ù¼�Ð Z�}�Ér ·ú�§4�\�"f �̧	��� &�|9� �.���s	כ

ìøÍ���\� ���½Ód���Ér 0A_� X<s�'�\�¦ ����?/��HX< ���©� Ä»6 x���. s� �̧4Sq�Ér í�H���y� �â
+«>&h�

��� �̧4Sqs�Ù¼�ÐÅÒ#Q���X<s�'�µ1Ú_�%ò
%i�\�"f��H��6 x�#�"f��Hîß��)a����H�¦�i�¿º\�¿º%¦̀�	כ

��6 x�#��� ô�Ç��. Reidel �̧4Sqs� ü@¶ú��̀¦ K���½+É �â
Äº\���H 7á§ �8 Ä»6 x½+É Ãº e����.



]j 3 ]X� ���½Ód�� /BG��� ú́�ÆÒl�ü< 7£xl�·ú� X<s�'�\� @/ô�Ç �©��'ad�� 13

220 240 260 280 300 320 340 360 380
0

200

400

600

800

1000

1200

1400

Absolute Temperature [K]

V
ap

or
 P

re
ss

ur
e 

[m
m

H
g]

Parameter       Value         0.95 Confidence Interval
     A            216.685        1194.66
     B          −931.720         37095.1
     C          −75.7355         446.263
     D          4.44453e−5    3.820942e−4    

Variance = 2.9683e−4 

ÕªaË> 1.6: �'a8£¤�)a 7£xl�·ú� X<s�'�ü< Reidel d��
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ÕªaË> 1.7: Reidel d��Ü¼�Ð ����?/#Qt���H 7£xl�·ú�\� @/ô�Ç �̧	� ÕªaË>
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#�l�"f ��6 xô�Ç X<s�'�[þt\� @/�#� ÆÒ��&h�Ü¼�Ð �¦�9K��� ô�Ç��. ³ð 1.2_� 7áx5Åq ���Ãº[þt_�

°úכs�&ñ
Ãº����̧������\�����Érs�X<s�'�[þts��©��'a�'a>�\�¦%3�l	כ ü@¶ú�÷&#QB�ã¼XO�>�%�o�÷&

%3�6£§�̀¦ �����·p��. ����"f ÆÒ��&h���� :�x>��<Æ&h� �¦�9[þts� &ñ
{©��o÷&t� 3lwô�Ç��. ë�H]j 1.4\�"f

��H 7á§ �8 &ñ
x9�ô�Ç z�́+«> X<s�'�[þt\� @/�#� q�5pwô�Ç >�íß�[þt�̀¦��¦ &h�]X�ô�Ç q��§\�¦ ô�Ç��.

��ì 4SJ<JN�~×� MATLAB©��=��®��כ�ûY"e� CHAP1Ìø p105a.m, p105b.m, p105c.m<J

� �b$\ AUes� �� ì 4SJ<J"b ��ï/�~×� 3̀��'��e� p105.matv² � �b$\ AUe��.
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V� 4 â�
 xjSËÂUc ×iµ=��ÐM� æ�Ï �ªTÒ¼�ä·Uc 7�ø5� ¤� e�N±Õ (�×®̧�®̧�N�

4.1 5���� à�
ÃZ�

�:r�̧\� @/ô�Ç 7£xl�·ú� X<s�'�_� �©��'ad���̀¦ ½̈�l� 0A�#� ���½Ód��, Clapeyron d��, Riedel d��

_� ��6 x.

4.2 ��£� ÛÖS ÊÁn� B�ß��

"f�Ð ���Ér 	�Ãº_� ���½Ód�� �r) ì�r$3�, #��Q ���8̈��̀¦ ��6 x���H �©��'ad��_� ���+þA �r)ì�r$3�.

4.3 %K�V� à�
ÃZ�

(ÂÒ2�¤ B_�)³ð B.1\�"f B.4\���H"é¶Ä»\��>rF����H#��QS!��o½+ËÓüt\�@/�#��:r�̧(T , oC)\�

@/ô�Ç 7£xl�·ú�(P , mmHg) X<s�'��� ÅÒ#Q4R e����. Clapeyron d��õ� Riedel d��\� @/ô�Ç l�Õüt�Ér

ë�H]j 1.3\� ÅÒ#Q�����.

(a) ³ð B.1\�"f B.4\� ÅÒ#Q��� �o½+ËÓüt ×�æ_� ���\� @/ô�Ç 7£xl�·ú� X<s�'�\�¦ ����?/l� 0A�

#� "f�Ð ���Ér 	�Ãº_� ���½Ód���̀¦ ��6 x���. ]X�@/ �:r�̧\�¦ 1lqwn����Ãº�Ð ��¦ P\�¦ 7áx5Åq���

Ãº�Ð��&ñ
�#�X<s�'�\�¦"f�Ð���Ér	�Ãº�Ð�©��'at�#Q��.���×þ�ô�Ç�o�<ÆÓüt|9�\�@/ô�ÇX<

s�'�\�¦ ���©� ú̧� ú́�ÆÒ��H ���½Ód�� 	�Ãºü< B�>h�����\�¦ ���&ñ
���.

(b) Clapeyron d���̀¦ ��6 x�#� X<s�'�\�¦ �©��'at�#Q��.

(c) Reidel d���̀¦ ��6 x�#� X<s�'�\�¦ �©��'at�#Q��.

(�³ B.1<J"b B.4Ìø MATLAB 3̀��'� file"e� TABLE ���Ý�~²��Ìø b01.mat <J"b

b04.matv² � �b$\ AUe��.
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V� 5 â�
 &P�h� Ça��¿Uc«כ� 7�ø5� Ça�(�×(�×@� �ä·��
ÊÁm�

5.1 5���� à�
ÃZ�

F�í�H8̈�s� \O���H &ñ
�©��©�I� /BN&ñ
\� @/ô�Ç Óüt|9�Ãºt�

5.2 ��£� ÛÖS ÊÁn� B�ß��

���wn� ���+þA ~½Ó&ñ
d��_� K�

5.3 %K�V� à�
ÃZ�

para-xylen, stylen, toluene, benzens� ÕªaË> 1.8\� ÅÒ#Q��� 7£xÀÓ»1Ñ C�\P�\�"f ì�ro��)a��.

(a) ]�t Ä»5Åq D1, D2, B1, B2\�¦ >�íß����.

(b) 'Í	���P: 7£xÀÓ»1ÑÜ¼�Ð [þt#Q����H "é¶A�_� Ä»5Åq�̀¦ y�� $í
ì�r\� @/�#� 	�YV@/�Ð 1%m�� Õª��

6£§\���H 2%m�� ×�¦s��¦ K�{©����H Ä»5Åq D1, D2, B1, B2\�¦ >�íß����. ���õ�\�¦ [O�"î
���.

(c) (a)\�"f âì2£§ Bü< D_� Ä»5Åqõ� �̧$í
�̀¦ ���&ñ
���.

5.4 (ÉÙ&P�) B�

(a) y�� $í
ì�r\� @/ô�Ç Óüt|9�Ãºt���H ��6£§õ� °ú s� �)a��.

Xylen :0.07D1 + 0.18B1 + 0.15D2 + 0.24B2 = 0.15× 70

Stylen :0.04D1 + 0.24B1 + 0.10D2 + 0.65B2 = 0.25× 70

Toluene :0.54D1 + 0.42B1 + 0.54D2 + 0.10B2 = 0.40× 70

Benzene :0.35D1 + 0.16B1 + 0.21D2 + 0.01B2 = 0.20× 70

s� ~½Ó&ñ
d��[þt_� >�Ãºü< �©�Ãº��H MATLAB\� ��6£§õ� °ú �Ér '��§>= +þAI��Ð {9�§4��)a��.

s�2£§ x1 x2 x3 x4 b

1 0.07 0.18 0.15 0.24 10.5

2 0.04 0.24 0.1 0.65 17.5

3 0.54 0.42 0.54 0.1 28

4 0.35 0.16 0.21 0.01 14
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D

B

D

D

B

B

15% Xylen
25% Styren
40% Toluene
20% Benzene

 7% Xylen
 4% Styren
54% Toluene
35% Benzene

18% Xylen
24% Styren
42% Toluene
16% Benzene

15% Xylen
10% Styren
54% Toluene
21% Benzene

24%Xylen
65% Styren
10% Toluene
 1% Benzene

F
T
=70kg-mol/min

1

2

1

2

ÕªaË> 1.8: ì�ro� /BN&ñ
�̧

K���H x1=26.25, x2=17.5, x3=8.75, x4=17.5���)a��.s���Hp�t�_�Ä»5Åq[þts�D1 = 26.25

kg-mol/min, B1 = 17.5kg-mol/min, D2 = 8.75kg-mol/min, B2 = 17.5kg-mol/min\� K�{©�

ô�Ç��.

(a)Q¶6 �Ê6���÷~×� MATLAB ©��=��®��e� CHAP1Ìø p105a.m<J � �b$\ AUe��.

(b) K���H MATLAB Û¼ß¼wn�àÔ\�"f �©�Ãº  7�'�\�¦ ë�H]j\�"f ̈½¹כ���H ��ü< °ú s� ����or�(��

Ü¼�Ð+� %3��̀¦ Ãº e����.



18 ]j 1 �©� l��:r "é¶o� x9� >�íß�

V� 6 â�
 è«�×÷5��+ Ë̂�!C� á~
£� %�×

6.1 5���� à�
ÃZ�

�:r�̧\� @/ô�Ç \P�6 x|¾Ó X<s�'��ÐÂÒ'� î̈
ç�H \P�6 x|¾Ó >�íß�.

6.2 ��£� ÛÖS ÊÁn� B�ß��

X<s�'�\�¦ "f�Ð ���Ér 	�Ãº_� ���½Ód��Ü¼�Ð ú́�ÆÒ�¦, ú́�2X��� ���½Ód���̀¦ &ñ
K���� �©�ô�Çõ� �ô�Ç\�

"f &h�ì�r.

6.3 %K�V� à�
ÃZ�

¿º �:r�̧ Trefü< T ��s�\�"f_� î̈
ç�H \P�6 x|¾Ó(C̄p)��H ��6£§ d��Ü¼�ÐÂÒ'� >�íß��)a��.

C̄p =

∫ T
Tref

CpdT

T − Tref
(1.16)

³ð 1.6\� ÅÒ#Qt���H X<s�'�\�¦ ��6 x�#� áÔ�ÐóøÍ_� î̈
ç�H \P�6 x|¾Ó\� @/ô�Ç ��� ñß��̀¦ Bj7
��.

25oC(298.15K)\�¦ Tref�Ð ��6 x���.

³ð 1.6: l��̂ áÔ�ÐóøÍ_� \P� 6 x|¾Ó(Thermodynamic Research

Center [7])

�:r�̧ \P� 6 x|¾Ó î̈
ç�H \P� 6 x|¾Ó

��� ñ K kJ/kg-mol·K kJ/kg-mol·K
1 50 34.06

2 100 41.30

3 150 48.79

4 200 56.07

5 273.15 68.74

6 300 73.93

7 400 94.01

8 500 112.59

9 600 128.70
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10 700 142.67

11 800 154.77

12 900 163.35

13 1000 174.60

14 1100 182.67

15 1200 189.74

16 1300 195.85

17 1400 201.21

18 1500 205.89

6.4 B� (V�ò5Ñ�æ·)

â��FD9ß�� (1) s�ë�H]j\�¦ÉÒ��HX<��� ñ÷&��H]X���HZO��Ér T\�@/ô�Ç Cp X<s�'�\�¦"f�Ð���Ér#��Q

	�Ãº_� ���½Ód��Ü¼�Ð ú́�ÆÒ��H �.���s	כ Õª�����6£§ ë�H]j 1.3\�"f ���/åL�)a ~½ÓZO�Ü¼�Ð ���©� ú̧� ú́�ÆÒ

��H ���¾Ód���̀¦ ���×þ�ô�Ç��. {9�éß� þj�©�_� ���½Ód��_� B�>h�����[þts� ���&ñ
÷&�¦ �����, d�� (1.16)_�

&h�ì�r\� @/ô�Ç K�$3�&h� ³ð�&³�Ér ~1�>� Ä»�̧|̈c Ãº e����. ���½Ód�� /BG��� ú́�»¡§ áÔ�ÐÕªÏþ�_� X<s�'�

³ð_� ���ñß�\� [þt#Q°ú� Ãº e���̧2�¤ &h�ì�r ³ð�&³�Ér #��Q ½̈çß�Ü¼�Ð ��y1� Ãº e����. s����ô�Ç &h�ì�r°úכ

[þts� ½+Ë�̀¦ (T − Tref)�Ð ��è�H °úכs� î̈
ç�H \P� 6 x|¾Ó °úכs� �)a��. s�ü< °ú �Ér ]X���HZO��Ér Û¼áÔYU×¼

/'àÔü< °ú �Ér /BG��� ú́�»¡§ áÔ�ÐÕªÏþ�_� X<s�'� ³ð\�¦ ��6 xô�Ç��.

â��FD9ß�� (2) ¢̧ ���Ér]X���HZO��Érd�� (1.16)�̀¦>�íß����HX< 3	� splines������½Ód���̀¦��6 x���H

�.���s	כ s� ~½ÓZO��Ér y�� X<s�'� &h��̀¦ Z>�>h�Ð >�íß��>� ÷&Ù¼�Ð, ·ú¡_� ~½ÓZO��Ð�� �8 Ô�¦¼#����.

�� ì 4SJÌø MATLAB 3̀��'� file"e� TABLE ���Ý�~²��Ìø p106.matv² � �b$\ AUe��.
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V� 7 â�
 Clapeyron ÐÏ�ø� Antoine ÐÏ�Uc �+ø5� ¤� e�N±Õ (�×®̧�®̧�N�

7.1 5���� à�
ÃZ�

7£xl�·ú� �©��'a�'a>�\�¦ ½̈�l� 0Aô�Ç Clapeyron d��õ� Antoine d��_� ��6 x, Clapeyron d��Ü¼�ÐÂÒ

'�_� 7£xµ1Ï ���\P� ÆÒíß�.

7.2 ��£� ÛÖS ÊÁn� B�ß��

���+þA ³ð�&³Ü¼�Ð &h�{©�y� ���8̈�ô�Ç Êê_� ���+þA �r)ì�r$3�.

7.3 %K�V� à�
ÃZ�

Clapeyron d���Ér ]X�@/ �:r�̧ (T)\� @/ô�Ç 7£xl�·ú�(Pv)_� �©��'a�'a>�\�¦ %3���HX< ��¥y� æ¼�����, s�

d��\�"f ∆Hv��H 7£xµ1Ï ���\P�s���.

log Pv = −∆Hv

RT
+ B (1.17)

¢̧ ���Ér 7£xl�·ú� �©��'a�'a>���H Antoine d��s���, s� d���Ér A, B, C_� [j B�>h�����\�¦ ��6 x��¦,

Pv��H mmHg, T��H oC�Ð ÅÒ#Q�����.

log Pv = A +
B

T + C
(1.18)

:£¤&ñ
 �o�<ÆÓüt|9�s� Ó�o�o÷&�¦ z�́ü@ �Ð�'a�è\� e����H l��̂ $��©� 6 xl�\� �Ð�'a|̈c �.���s	כ ��6£§

X<s�'�[þt�Érz�́+«>z�́ bomb\P�|¾Ó8£¤&ñ
�©�u�\�"f%3�#Q&����.s�\P�|¾Ó>�\�"fÓ�o�̂��Hx9�4�x�)a6 x

l� ?/\�"f "f"fy� ��\P�÷&�¦ ³ð 1.7_� �:r�̧ü< ·ú�§4��Ér l�2�¤�)a��.

(a) Clapeyron d��_� 7£xµ1Ï\P�õ� �©�Ãº B\�¦ ���&ñ
���.

(b) ���×�æ þj$� l��:rõ� þj�¦ l��:rs� 10oFü< 120oF���¦ ��&ñ
��¦, s� �:r�̧[þt\�"f \V�©�÷&

��H 7£xl�·ú��̀¦ >�íß����.

(c) d�� (1.18)�Ð ÅÒ#Qt���H Antoine d���̀¦ ��6 x����, (b)_� ���õ���H #Qb�G>� ��7��H��?

(d) z�́ü@ $��©� 6 xl�\� $��©����H ��\	כ @/�#� #Qb�G>� Òqty�����H��?
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³ð 1.7: 7£xl�·ú� X<s�'�

T(oC) 17 18 19 21 25 27 28

P(mmHg) 13.6 22.21 35.54 85.98 413.23 832.62 1160.23

7.4 B�

d�� (1.17)\�"f 7£xµ1Ï\P�õ� B\�¦ ���&ñ
�l� 0AK�"f��H z�́+«> X<s�'�\�¦ f�����\� ú́�ÆÒ#Q�� ô�Ç��. s�

õ�&ñ
�Ér log(Pv)\�¦ 1/T\� @/ô�Ç �r)ì�r$3��̀¦ �<ÊÜ¼�Ð+� s�ÀÒ#Q�����, #�l�"f T��H ]X�@/ �:r�̧s�

��. s� õ�&ñ
�Ér ë�H]j 1.3\� ��[jy� [O�"î
÷&#Q e����. {9�éß� �r)ì�r$3�_� B�>h�����[þts� ���&ñ
÷&

���, ∆Hvü< B °úכs� >�íß��)a��.

Antoined���Ér���+þA�o÷&#Q��ô�Ç��.s�õ�&ñ
�Érd�� (1.18)_��ª����\���A�d��õ�°ú s� T +C\�¦

Y�L�<ÊÜ¼�Ð+� '��K������.

(T + C) log Pv = A(T + C) + B (1.19)

d�� (1.19)��H ��6£§õ� °ú s� &ñ
o��)a��.

log Pv = A + (AC + B)/T − C log Pv/T (1.20)

d�� (1.19)_� B�>h�������H ��6£§õ� °ú s� Dh�Ðî�r 7áx5Åq���Ãº ���ü< 1lqwn����Ãº &ñ
_��<ÊÜ¼�Ð+�

>�íß�|̈c Ãº e����.

log P = log(Pv), Trec = 1/T and logPonT = log(Pv)/T

Trecü< logPonT\�¦ 1lqwn����Ãº�Ð ��¦, logP\�¦ 7áx5Åq���Ãº�Ð ���H ���+þA �r)ì�r$3��̀¦ ���� "é¶�

��H B�>h�����[þts� ½̈K������.

"é¶A�_� 7áx5Åq���Ãº Pv�� d��_� �ª����\� ������Ù¼�Ð, d�� (1.20) +þAI�_� ���+þA�o�)a Antoine d��

�Ér :�x>��<Æ&h� _�p��Ð ���çß��Ér ë�H]j_� �èt��� e����. �t�ëß�, s��Qô�Ç ���+þA�o��H �Ð:�x�Ér Þ�¶¹1Þ�Ér

���õ�\�¦ ï�r��. Antoine d��_� B�>h�����\�¦ ���&ñ
�l� 0Aô�Ç q����+þA �r)ì�r$3�s� ë�H]j 2.1\�"f

��6 x|̈c �.���s	כ s� ~½ÓZO��Ér :�x>��<Æ&h� _�p�\�"f��H ��� ñ÷&��H ]X���HZO�s���.

{9�éß� Clapeyron d��õ� Antoine d��_� �©�Ãº�� ���&ñ
÷&�¦ �����, s� d��[þt�Ér ���Ér �:r�̧[þt\�"f

7£xl�·ú��̀¦ >�íß����HX< ��6 x|̈c Ãº e����.
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�� ì 4SJÌø MATLAB 3̀��'� file"e� TABLE ���Ý�~²��Ìø p107.matv² � �b$\ AUe��.
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V� 8 â�
 #b�a (�×@� '�×Ça�ÐÏ�£�· ��£� ø5� e�W��+ ÉÙq� N�ñ5Ñ

8.1 5���� à�
ÃZ�

van der Waals, Soave-Redlich-Kwong, Peng-Robinson, Beattie-Bridgeman �©�I� ~½Ó&ñ
d���̀¦

��6 x���H l��̂_� ÂÒx� >�íß�

8.2 ��£� ÛÖS ÊÁn� B�ß��

éß�{9� q����+þA @/Ãº ~½Ó&ñ
d��_� K�

8.3 %K�V� à�
ÃZ�

300K\�"f s�íß��o òøÍ�è\�¦ $��©����HX< y©�ô= tank\�¦ ��6 x���H ��s	כ ]jîß�÷&%3���. Tank_� ÂÒ

x���H 2.5m3s��¦, tank�� îß�����>� t�×��½+É Ãº e����H ·ú�§4��Ér 100l�·ú�s���.

(a) ��6£§\�"f�7H_�|̈c�©�I�~½Ó&ñ
d���̀¦��6 x�#� tank\�$��©�½+ÉÃºe����H CO2_�þj@/]�tÃº

\�¦ ���&ñ
���.

(b) Beattie-Bridgeman d��s� ���©� &ñ
SX�����¦ ��&ñ
���� ���Ér d���̀¦ ��6 x�#� >�íß�ô�Ç ]�t

Ãº\���H Y>� %_� �̧	��� e����H��?

(c) ���Ér Tr, (T/Tc), Pr, (P/Pc)°úכ\�@/�#� (b)\�¦ìøÍ4�¤���.���Érd��[þt_�&ñ
SX��̧��H Trõ�

Pr\� ���� #Qb�G>� ��7��H��?

l�(�× e�W�

PV = RT (1.21)

#�l�"f

P = ·ú�§4�(atm)

V = ]�t ÂÒx�(L/g-mol)

T = �:r�̧(K)

R = l��̂ �©�Ãº(R = 0.08206atm · L/g-mol·K )
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van der Waals ÐÏ�

d�� (1.1)\�"f (1.3)�̀¦ �ÃÐ�̧���.

Soave-Redlich-Kwong ÐÏ� (Himmelblau [3]ÿ? Fedlerÿ? Roussau [1]��· ½ÇÔ�¿

���

P =
RT

V − b
−

[
αa

V (V + b)

]
(1.22)

#�l�"f

a = 0.42747
(

R2T 2
c

Pc

)

b = 0.08664
(

RTc
Pc

)

α = [1 + m(1−
√

T/Tc)]2

m = 0.48508 + 1.55171ω − 0.1561ω2

Tc = e��>� �:r�̧(CO2��� �â
Äº��H 304.2K)

Pc = e��>� ·ú�§4�(CO2��� �â
Äº��H 72.9atm)

ω = s�d�������(CO2��� �â
Äº��H 0.225)

Peng-Robinson ÐÏ� [4]

P =
RT

V − b
−

[
a(T )

V (V + b) + b(V − b)

]
(1.23)

#�l�"f

b = 0.07780
(

RTc
Pc

)

a(T ) = 0.45724
(

R2T 2
c

Pc

)
α(T )

α(T ) = [1 + k(1−
√

T/Tc)]2

k = 0.37464 + 1.5422ω − 0.26992ω2

Beattie-Bridgeman ÐÏ� [2]

P =
RT

V
+

β

V 2
+

γ

V 3
+

δ

V 4
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#�l�"f

β = RTB0 −A0 − Rc
T 2

γ = RTB0b−A0a− RcB0
T 2

δ = RTB0bc
T 2

s��¦, A0, a, B0, bü< c��H :£¤&ñ
 l��̂\� ���� ²ú���t���H �©�Ãºs���.

CO2_��â
Äº\���H A0 = 5.0065, a = 0.07132, B0 = 0.10476, b = 0.07235, c = 66.0×104s�

��.

8.4 (ÉÙ&P�) B�

s� ë�H]j\� @/ô�Ç K���H y�� �©�I� ~½Ó&ñ
d��\� @/�#� ÅÒ#Q��� �:r�̧, ·ú�§4�\�"f CO2 1]�t_� ÂÒx�\�¦

>�íß���¦, tank ÂÒx� 2.5m3\� $��©�|̈c Ãº e����H ]�t Ãº\�¦ ½̈���H �.���s	כ

(s��©� l��̂ ZO�gË:���) 'Í	���P: �©�I� ~½Ó&ñ
d���Ér f��]X� Û�¦ Ãº e����. ���Ér �©�I� ~½Ó&ñ
d��õ� {9��'a$í


�̀¦ Ä»t��l� 0A�#� s� d���Ér ��6£§õ� °ú s� 6£§�<ÊÃº&h� +þAI��Ð ��r� æ¼#������.

f(V ) = PV −RT (1.24)

ÅÒ#Q��� P , T , R\�@/ô�ÇÃºu�°úכõ��<Êa�d�� (1.24)��H��6£§õ�°ú s� MATLABÛ¼ß¼wn�àÔ�Ð³ð

�&³�)a��.

p108a1.m

clear all
global P T R
P=100;
T=300;
R=0.08206;
V0=R*T/P;
V=fzero(’p108a1f’,V0)
n=2.5*1000/V

p108a1f.m

function f=p108a1f(V)
global P T R
f=P*V-R*T;
return

s��©� l��̂ ZO�gË:�̀¦ ��6 xô�Ç K���H V = 0.2462L/g-moms��¦, ]�t Ãº��H 10.155 kg-mols���.



26 ]j 1 �©� l��:r "é¶o� x9� >�íß�

van der Waals d���Ér 0Aü< q�5pw�>� Û�¦ Ãº e����. K�{©�÷&��H MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§

õ� °ú s� ÅÒ#Q�����.

p108a2.m

clear all
global P T R a b
P=100;
T=300;
R=0.08206;
Pc=72.9;
Tc=304.2;
a=27*R^2*Tc^2/(64*Pc);
b=R*Tc/(8*Pc);
V0=R*T/P;
V=fzero(’p108a2f’,V0)
n=2.5*1000/V

p108a2f.m

function f=p108a2f(V)
global P T R a b
f=(P+a/(V*V))*(V-b)-R*T;
return

van der Waals d���̀¦ ��6 x�#� %3�#Q��� K���H V = 0.0796L/g-mols��¦, ]�t Ãº��H 31.418

kg-mols���. ���Ér �©�I� ~½Ó&ñ
d���̀¦ ��6 x���H �â
Äº��H s�ü< q�5pw�>� >�íß�|̈c Ãº e����.

(a)Q¶6 �Ê6���÷~×� MATLAB ©��=��®� �ûY"eכ�� CHAP1Ìø p108a1.m, p108a1f.m,

p108a2.m, p108a2f.mª�v² � �b$\ AUe��.
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V� 9 â�
 l�(�× l�Å]�&P� ÜqèTÒ¼�ä·�+ e� ï�\�

9.1 5���� à�
ÃZ�

s��©� s�$í
ì�r �D¥½+ËÓüt_� l��í&h� >�íß�.

9.2 ��£� ÛÖS ÊÁn� B�ß��

éß�{9� q����+þA @/Ãº ~½Ó&ñ
d��_� K�

9.3 %K�V� à�
ÃZ�

(a) 1 l�·ú�\�"f 10 mol% n-K$�òøÍõ� 90mol% n-Ùכ�íß�_� Ó�o�©� �̧$í
_� l��í&h� �:r�̧ü< î̈
+þA

�̧$í
�̀¦ >�íß����.

(b) n-K$�òøÍ_� �̧$í
s� 0 mol%\�"f 100mol%\�¦ �í�<Ê���H Ó�o�©� �D¥½+ËÓüt\� @/�#� (a)\�¦ ��

r� Û�¦#Q��.

(c) Ó�o�©�\�"f_� n-K$�òøÍ_� mol%_� �<ÊÃº�Ð l��©�\�"f_� n-K$�òøÍ_� mol%ü< l��í&h� �:r�̧\�¦

�̧r����.

n-K$�òøÍ_� 7£xl�·ú�, P ∗
A�Ér mmHg éß�0A�Ð ��6£§õ� °ú �Ér Antoine d��Ü¼�ÐÂÒ'� >�íß�|̈c Ãº e��

��.

log P ∗
A = 6.85221− 1064.63

T + 232.0
(1.25)

#�l�"f T��H �:r�̧(oC)s���.

n-Ùכ�íß�_� 7£xl�·ú�, P ∗
B�Ér Antoine d��Ü¼�ÐÂÒ'� >�íß�|̈c Ãº e����.

log P ∗
B = 6.87776− 1171.53

T + 224.366
(1.26)

9.4 B�

l��í&h�\�"f y�� $í
ì�r[þt_� ÂÒì�r 7£xl�·ú�_� ½+Ë�Ér 1l�·ú� ¢̧��H 760 mmHg��� ���·ú�õ� °ú ���� ô�Ç

��. xA\�¦ Ó�o�©�\�"f n-K$�òøÍ_� ]�t ì�rÖ�¦, xB\�¦ n-Ùכ�íß�_� ]�t ì�rÖ�¦s�������, l��í&h� �:r�̧\� @/

�#� Û�¦#Q��½+É q����+þA ~½Ó&ñ
d���Ér ��6£§õ� °ú s� ÅÒ#Q�����.

f(Tbp) = xAP ∗
A + xBP ∗

B − 760 (1.27)
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l��í&h�\�"f, f(Tbp)��H ��ÅÒ ������� ô�Ç�� [f(Tbp) = 0].

n-K$�òøÍ_� l��©� ]�t ì�rÖ�¦, yAü< n-Ùכ�íß�_� ]�t ì�rÖ�¦, yB��H ��6£§õ� °ú �Ér d��Ü¼�Ð ÅÒ#Qt���H

Raoult_� ZO�gË:Ü¼�ÐÂÒ'� >�íß�|̈c Ãº e����.

yA = xAP ∗
A/760 (1.28)

yB = xBP ∗
B/760 (1.29)

s� ë�H]j_� K���H d�� (1.27)�Ð ÅÒ#Qt���H éß�{9� q����+þA ~½Ó&ñ
d��_� ��H�̀¦ ¹1Ô��H �.���s	כ s� d��\�

"f P ∗
Aü< P ∗

B��H d�� (1.25)ü< (1.26)�̀¦ &ñ
o��#� >�íß��)a��. s� ë�H]j\�¦ Û�¦l�0Aô�Ç MATLABÛ¼

ß¼wn�àÔ[þt�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

p109.m

clear all
global xA xB PA PB
xA=0.1;
xB=1-xA;
Tbp=fzero(’p109f’,50);
yA=xA*PA/760;
yB=xB*PB/760;

p109f.m

function f=p109f(Tbp)
global xA xB PA PB
PA=10^(6.85221-1064.63/(Tbp+232));
PB=10^(6.87776-1171.53/(Tbp+224.366));
f=xA*PA+xB*PB-760;
return

éß�{9� q����+þA ~½Ó&ñ
d��_� K�ZO��Ér K� ��H%�_� �íl� ��&ñ
°úכs� ¹כ��9�>� �)a��. s�ü< °ú �Ér �íl�

��&ñ
°úכ�Ér ë�H]j_� Óüto�&h� :£¤$í
�̀¦ ��H���Ð ���&ñ
�)a��. \V\�¦[þt���, s� �â
Äº\���H n-K$�òøÍ_� =åX��H

&h�(36.07oC)õ� n-Ùכ�íß�_� =åX��H&h�(68.7oC)s� �íl� ��&ñ
°úכ_� �©�ô�Çõ� �ô�Çs� |̈c Ãº e����. 0A

_� Û¼ß¼wn�àÔ\�"f��H s� ¿º �:r�̧ ��s�_� °úכ��� 50oC\�¦ �íl� ��&ñ
°úכÜ¼�Ð ���×þ��%i���. s� °úכ

�̀¦ ��6 x�#� %3�#Q��� ���õ�[þts� ÕªaË> 1.9ü< ³ð 1.8\� &ñ
o�÷&#Q e����.
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f(
T

bp
) 63.6645 

ÕªaË> 1.9: l��í&h� �:r�̧_� K� ÕªA�áÔ

³ð 1.8: l��í&h� >�íß�_� �̧³ð�o�)a ���õ�

K�

���Ãº °úכ f(v)

Tbp 63.6645 3.411e-13

PA 1784.05

PB 646.217

xA 0.1

xB 0.9

yA 0.234743

yB 0.765257

>�íß� ���õ���H l��í&h� �:r�̧�� 63.66oCs��¦ s� �:r�̧\�"f l��©��Ér 23.48 ]�t%_� n-K$�òøÍõ�

76.52 ]�t%_� n-Ùכ�íß�Ü¼�Ð ½̈$í
÷&#Q e������H �¦̀�	כ �Ð#�ï�r��.

MATLABÛ¼ß¼wn�àÔ\�"f xA\�¦����or�(��Ü¼�Ð+����Ér]�t%_� n-K$�òøÍ\�@/�#�ìøÍ4�¤>�íß�

|̈c Ãº e����.
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l��í&h��Ér ÅÒ#Q��� Ó�o�©� �̧$í
\� @/ô�Ç l��©�_� y�� ]�t ì�rÖ�¦_� ½+Ës� 1s� ÷&��H �:r�̧�Ð�̧ �¦�9

|̈c Ãº e��6£§�̀¦ ����H �̧�	כ ×�æ¹כ���. ����"f, s� ë�H]j��H d�� (1.27) @/��� ��6£§\� ÅÒ#Qt���H q�

���+þA ~½Ó&ñ
d���̀¦ ÉÒ��H �Ü¼�Ð	כ @/�̂|̈c Ãº e����.

f(Tbp) = yA + yB − 1 (1.30)

�� ì 4SJQ¶6 �Ê6���÷~×� MATLAB ©��=��®� �ûY"eכ�� CHAP1Ìø p109.m, p109f.mª�v² � 

�b$\ AUe��.
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V� 10 â�
 l�(�× l�Å]�&P� ÜqèTÒ¼�ä·�+ l�¢æ·�\� N�ñ5Ñ

10.1 5���� à�
ÃZ�

s��©� s�$í
ì�r �D¥½+ËÓüt_� s�_þt&h� >�íß�.

10.2 ��£� ÛÖS ÊÁn� B�ß��

éß�{9� q����+þA ~½Ó&ñ
d��_� K�

10.3 %K�V� à�
ÃZ�

(a) 1l�·ú�\�"f 10 ]�t%_� n-K$�òøÍõ� 10 ]�t%_� n-Ùכ�íß�, �� Qt���H (q�6£x»¡¤$í
_�) |9��è�Ð s�

ÀÒ#Q��� l��©� �D¥½+ËÓüt_� s�_þt&h� �:r�̧ü< Ó�o�©� î̈
+þA �̧$í
�̀¦ >�íß����.

(b) ³ð 1.9\�"fü< °ú s� |9��è_� �ª�s� &h��Ér �â
Äº\� @/�#� >�íß��̀¦ ìøÍ4�¤���.

³ð 1.9: s�$í
ì�r �D¥½+ËÓüt\� @/ô�Ç s�_þt&h� >�íß�

yA yB Tdp xA xB

0.1 0.1

0.2 0.2

0.3 0.3

0.4 0.4

0.5 0.5

10.4 (ÉÙ&P�) B�

s�_þt&h�\�"f Ó�o�©�\�"f_� y�� $í
ì�r_� �̧$í
, n-K$�òøÍ_� �̧$í
�Ér xA, n-Ùכ�íß�_� �̧$í
�Ér xB,_� ½+Ë

�Ér 1.0s���. s��Qô�Ç �'a>���H ��6£§õ� °ú s� ³ð�&³�)a��.

f(Tdp) = xA + xB − 1 (1.31)

s� �:r�̧\�"f Ó�o�©�_� �̧$í
�Ér Raoult_� ZO�gË:�̀¦ ��6 x�#� ��6£§õ� °ú s� >�íß��)a��.

xA = 760(yA/P ∗
A)

xB = 760(yB/P ∗
B)

(1.32)



32 ]j 1 �©� l��:r "é¶o� x9� >�íß�

#�l�"f yAü< yB��H l��©�_� ]�t ì�rÖ�¦�̀¦ �����·p��. n-K$�òøÍõ� n-Ùכ�íß�_� 7£xl�·ú�, P ∗
Aü< P ∗

B��H ë�H

]j 1.9\�"f �7H_��)a ��ü< °ú s� d�� (1.25)ü< (1.26)Ü¼�ÐÂÒ'� >�íß�|̈c Ãº e����.
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V� 11 â�
 l�(�× ��Å]�&P� ÜqèTÒ¼�ä·�+ e� ï�\� ��� l�¢æ·�\�

11.1 5���� à�
ÃZ�

��$í
ì�r �D¥½+ËÓüt\� @/ô�Ç l�-Ó�o î̈
+þA >�íß�.

11.2 ��£� ÛÖS ÊÁn� B�ß��

éß�{9� q����+þA ~½Ó&ñ
d��_� K�.

11.3 %K�V� à�
ÃZ�

�̧$í
s� ³ð 1.10\� ÅÒ#Qt���H ��$í
ì�r �D¥½+ËÓüts� �¦·ú�_� �̀�W 6 xl��Ð �̧{9��)a��. @/l�·ú� �_�

Í�t1lx�¦�Ð �D¥½+ËÓüt�̀¦ �̧{9����H ��s	כ �8 �â
]j&h�{9� �¦����s	כ ]jîß�÷&%3���.

(a) @/l�·ú� �\�"f 6 xÓ�o_� l��í&h�õ� s�_þt&h��̀¦ >�íß��#� s� ]jîß�s� z�́6 x&h����t� #�ÂÒ\�¦

µ1ß)���.

(b) ���Ér ·ú�§4�\�"f s� >�íß��̀¦ ìøÍ4�¤���.

(c) l��í&h�õ� s�_þt&h� �:r�̧ ��s�_� 	�s�\� @/ô�Ç ·ú�§4�_� ò́õ���H Áº%Á	�����?

"f�Ð ���Ér $í
ì�r_� 7£xl�·ú��Érd�� (1.18)�Ð ÅÒ#Qt���H Antoine d���̀¦ ��6 x�#� >�íß�|̈c Ãº e��

��. Antoine �©�Ãº��H ³ð 1.10\� ÅÒ#Q4R e����.

³ð 1.10: ��$í
ì�r �D¥½+ËÓüt\� @/ô�Ç Antoine �©�Ãºü< Ó�o�©� ]�t ì�rÖ�¦

]�t ì�rÖ�¦ A B C

BjòøÍ 0.1 6.61184 -389.93 266.0

\�òøÍ 0.2 6.80266 -656.4 256.0

áÔ�ÐóøÍ 0.3 6.82973 -813.2 248.0

n-ÂÒòøÍ 0.2 6.83029 -945.9 240.0

n-K$�òøÍ 0.2 6.85221 -1064.63 232.0
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11.4 B�

K�ZO��Ér ë�H]j 1.9ü< 1.10�̀¦ �ÃÐ�̧���.
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V� 12 â�
 ¥o>�¿k� í5�á~
 �ª�]� Öeµ�¿

12.1 5���� à�
ÃZ�

éß�\P� >�\� @/ô�Ç Óüt|9� x9� \��-t� Ãºt�ü< éß�\P� �o%i� �:r�̧_� >�íß�.

12.2 ��£� ÛÖS ÊÁn� B�ß��

éß�{9� q�"f+þA @/Ãº ~½Ó&ñ
d��_� K�.

12.3 %K�V� à�
ÃZ�

��;�����Û¼\�¦ /BNl� ×�æ\�"f I�Ö�¦ M:, (s��:r&h�Ü¼�Ð) �̧²ú� ��0pxô�Ç þj@/ �:r�̧\�¦ éß�\P� �o%i� �:r�̧

(adiabatic flame temperature; AFT)���¦ ô�Ç��. s� �:r�̧��H ��;��� ��Û¼_� �̧$í
õ� ����èl�\�

"f_� /BNl�_� �ª�\� ÅÒ�Ð _��>rô�Ç��. ��;��� ��Û¼��H ÅÒ�Ð BjòøÍ, \�òøÍ x9� |9��è�Ð s�ÀÒ#Q4R e����.

#��Q t�%i�\�"f µ1Ï|
�÷&��H ��;�����Û¼_� �̧$í
�Ér y��l� ��ØÔ��.

��6£§ �̧|	�\�@/ô�Ç AFT\�¦���&ñ
��¦,���«Ñü</BNl�_�q����ª��:rq�{9�M:BjòøÍ_�]�t %_��<Ê

Ãº�Ð AFT\�¦ �̧r����. ��;��� ��Û¼_� �̧$í
�Ér ³ð 1.11\� ÅÒ#Q4R e����. ���«Ñ\� @/ô�Ç /BNl�_�

q���H 0.5\�"f 2.0 ��s�\�"f ���ô�Ç��. /BNl�ü< ��;��� ��Û¼��H �©��:r �©�·ú�\�"f ����èl��Ð �̧{9��)a

���¦ ��&ñ
�)a��. ���©� Z�}�Ér AFT\�¦ %3�l�0Aô�Ç ���«Ñ\� @/ô�Ç /BNl�_� q�ü< ��;��� ��Û¼_� �̧$í


�Ér?

³ð 1.11: ��;�����Û¼_� �̧$í


$í
ì�r ]�t %

CH4 65 - 95

C2H6 3 -33

N2 2

ìøÍ6£xÓütõ� ����è Òqt$í
Óüt_� ]�t \P�6 x|¾Ó�Ér ��6£§ d��Ü¼�ÐÂÒ'� >�íß�|̈c Ãº e����.

C∗
p = α + βT + γT 2 (1.33)

#�l�"f T��H K, C∗
p��H cal/g-mol·K éß�0As���. "f�Ð ���Ér $í
ì�r\� @/ô�Ç s� d��_� �©�Ãº��H

Smithü< van Ness [6]\� _��#� ÅÒ#Q��� ³ð 1.12\� ��ü< e����. BjòøÍõ� \�òøÍ_� ����è\P��Ér
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Henleyü< Rosen [2]\� _��#� y��y�� -212798 cal/g-mol, -372820 cal/g-mol�Ð �Ð�¦÷&%3���.

/BNl�ü< ��;��� ��Û¼��H 298K�Ð ����èl��Ð �̧{9�÷&�¦, ��;��� ��Û¼\�"f_� |9��è_� �̧$í
�Ér �½Ó�©� 2

mol%���¦ ��&ñ
���. /BNl�\�"f_� íß��è_� �̧$í
�Ér 21 mol%s���.

³ð 1.12: l��̂_� ]�t \P�6 x|¾Ó

α β × 103 γ × 106

CH4 3.381 18.044 -4.30

C2H6 2.247 38.201 -11.049

CO2 6.214 10.396 -3.545

H2O 7.256 2.298 0.283

O2 6.148 3.102 -0.923

N2 6.524 1.25 -0.001

12.4 B�

�o�<Æ �ª��:rd���Ér ��6£§õ� °ú ��.

CH4 + 2O2 → CO2 + 2H2O

C2H6 + 7/2O2 → 2CO2 + 3H2O

���«Ñ\� @/ô�Ç /BNl�_� ]�t q���H x�Ð, {9�½̈\�"f_� BjòøÍõ� \�òøÍ_� ]�t ì�rÖ�¦�Ér y��y�� yü< z�Ð ��

���·p��. 1]�t_� ��;��� ��Û¼\���H 0.02 mol_� |9��èü< y mol_� BjòøÍ, z mol_� \�òøÍs� �>rF�ô�Ç��.

����"f 1]�t_� ��;��� ��Û¼ü< ¢-a���y� ìøÍ6£x���HX< ¹ô�Çכ��9 /BNl�_� ]�tÃº��H (2y + [7/2]z)/0.21�Ð

ÅÒ#Q�����.

��;�����Û¼ 1]�t�̀¦l�ï�rÜ¼�Ð��6 x�#�"f�Ð���Ér$í
ì�r[þt\�@/ô�ÇÓüt|9�Ãºt���³ð 1.13\�õ�

|¾Ó_� ���«Ñ�� �>rF����H �â
Äº(x < 1)ü< õ�|¾Ó_� /BNl��� �>rF����H �â
Äº(x > 1)\� @/�#� ÅÒ

#Q4R e����.
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³ð 1.13: ìøÍ6£x���H �o�<Æ7áx\� @/ô�Ç Óüt|9�Ãºt�

ìøÍ6£xÓüt\�"f_� ]�t Ãº (x < 1) ìøÍ6£xÓüt\�"f_� ]�t Ãº (x > 1)

³ð�&³ y = 0.75\� @/K� ³ð�&³ y = 0.75\� @/K�

CH4 y(1− x) 0.75(1− x) 0 0

C2H6 z(1− x) 0.23(1− x) 0 0

CO2 (y + 2z)x 1.21x y + 2z 1.21

H2O (2y + 3z)x 2.19x 2y + 3z 2.19

O2 0 0
(
2y + 7

2z
)
(x− 1) 2.305 (x-1)

N2 0.02 + 3.76x
(
2y + 7

2z
)

0.02+8.67x 0.02 + 3.76x
(
2y + 7

2z
)

0.02 + 8.67x

��;��� ��Û¼ü< /BNl��� 298K�Ð ����èl��Ð [þt#Q��l� M:ë�H\� s� �:r�̧\�¦ �'p»1Ïx� >�íß�_� l�ï�r

�:r�̧�Ð ��6 x|̈c Ãº e����. T = 298K\�"f éß�\P� �o%i� �:r�̧ Tf��t� Òqt$í
 l��̂_� �'p»1Ïx� ����o

��H ��6£§õ� °ú s� >�íß�|̈c Ãº e����.

∆HP =
6∑

i=1

αini(Tf − 298) +
1
2

6∑

i=1

βini(T 2
f − 2982) +

1
3

6∑

i=1

γini(T 3
f − 2983) (1.34)

#�l�"f ∆HP��H ��;��� ��Û¼ 1]�t{©�_� �'p»1Ïx� ����os��¦, ni��H ³ð 1.13\� �Ð��H ��ü< °ú �Ér "f�Ð

���Ér $í
ì�r[þt_� ]�t Ãºs���.

x < 1��� �â
Äº\� @/�#� 8úxF�c \��-t� Ãºt�d���Ér ��6£§õ� °ú s� jþt Ãº e����.

f(Tf ) = −∆Hc(CH4)xy + ∆Hc(C2H6) + ∆HP = 0 (1.35)

x > 1��� �â
Äº\���H x = 1�̀¦ @/{9�ô�Ç °ú �Ér ~½Ó&ñ
d��s� ��6 x�)a��.

³ð 1.12ü< 1.13\� ÅÒ#Q��� X<s�'�\�¦ ��6 x���H d�� (1.34)ü< (1.35)\�¦ MATLAB q����+þA ~½Ó

&ñ
d�� K�ZO�Ü¼�Ð Û�¦ Ãº e����.

y = 0.75, x = 0.5��� \V\�¦ Û�¦l�0Aô�Ç MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§\� ÅÒ#Q�����. ���«Ñ\�

@/ô�Ç /BNl�_� q�_� °úכ\� ���� “if ... else ... end” �7Ho� ½̈ë�Hs� ��6 x�)a��.

p112.m

clear all
global HCH4 HC2H6 x y z alp bet gam
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HCH4=-212798;
HC2H6=-372820;
alpha=[3.381 2.247 6.214 7.256 6.148 6.524];
beta=[18.044 38.201 10.396 2.298 3.102 1.25]*1e-3;
gamma=[-4.30 -11.049 -3.545 0.283 -0.923 -0.001]*1e-6;
x=0.5;
y=0.75;
z=1-y-0.02;
if(x<1)

CH4=y*(1-x);
C2H6=z*(1-x);
CO2=(y+2*z)*x;
H2O=(2*y+3*z)*x;
O2=0;

else
CH4=0;
C2H6=0;
CO2=(y+2*z);
H2O=(2*y+3*z);
O2=(2*y+7/2*z)*(x-1);

end
N2=0.02+3.76*x*(2*y+7/2*z);
prod=[CH4 C2H6 CO2 H2O O2 N2]’;
alp=alpha*prod;
bet=beta*prod;
gam=gamma*prod;
T=fzero(’p112f’,2000)

p112f.m

function f=p112f(T)
global HCH4 HC2H6 x y z alp bet gam
H0=alp*298+bet/2*298^2+gam/3*298^3;
Hf=alp*T+bet/2*T^2+gam/3*T^3;
f=HCH4*x*y+HC2H6*x*z+Hf-H0;
return

s� �â
Äº\� �o%i� �:r�̧��H T = 2198.0K�Ð >�íß��)a��. �̧{9�÷&��H ��;��� ��Û¼_� �̧$í
õ� ���«Ñ\�

@/ô�Ç /BNl�_� q��� &ñ
K���� �â
Äº_� éß�\P� �o%i� �:r�̧��H q�5pwô�Ç ~½ÓZO�Ü¼�Ð >�íß��)a��.

�� ì 4SJQ¶6 �Ê6���÷~×� MATLAB ©��=��®� �ûY"eכ�� CHAP1Ìø p112.m, p112f.mª�v² � 

�b$\ AUe��.
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V� 13 â�
 ÓÏ�¦�>�¿Uc"��+ j�Ça�(�× (�×@� ÜqèTÒ¼

13.1 5���� à�
ÃZ�

q�&ñ
�©� �©�I� Óüt|9� Ãºt�.

13.2 ��£� ÛÖS ÊÁn� B�ß��

���wn� 1>� �©�p�ì�r ~½Ó&ñ
d��_� K�.

13.3 %K�V� à�
ÃZ�

&ñ
�©��©�I�/BN&ñ
\�"f��{f�Óüt�ÐÂÒ'��è|¾Ó_� (Ô�¦í�HÓüt���)gË>����)a�¦�̂{9���\�¦]j���l�0A�#�

	�HgË>����̧����6 x�)a��.:�x�©�&h�Ü¼�Ð (20|9�|¾Ó %_�)��{f�Óüt_�éß�{9�{9�§4�âì2£§s� 10kg/min_�

5Åq�̧�Ð gË>����̧�Ð ÅÒ{9�÷&�¦ éß�{9� C�Ø�¦ âì2£§s� °ú �Ér Ä»5ÅqÜ¼�Ð gË>����̧�ÐÂÒ'� C�Ãº�)a��. :�x

�©�&h���� �̧\O�\�"f��H gË>����̧ ?/_� 8úx |9�|¾Ós� gË>����̧_� þj@/ 0px§4��Ð�� �s̀��� &h��Ér 1000kgs�

gË>����̧\� Ä»t�÷&�̧2�¤ô�Ç��.

#Q�"� :£¤&ñ
 r�çß�(t = 0)\� �̧\O����� z�́Ãº�Ð ìÁ�ÚÔ\�¦ \P�%3��¦, Õª ìÁ�ÚÔ\�¦ :�x�#� í�HÃºô�Ç Óüt

s� ���5Åq&h�Ü¼�Ð 10kg/min_� Ä»5ÅqÜ¼�Ð gË>����̧�Ð f�Ë�Q [þt#Q�̧�¦, gË>����̧_� Ãº0A��H �©�5px�

l� r����ô�Ç��.

í�HÃºô�Ç Óüt_� /åLÃº ìÁ�ÚÔ�� \P��2;t� 1r�çß� 1lxîß�\� @/�#� gË>����̧ ?/\�"f_� Óütõ� %i�_� |9�|¾Ó

�̀¦ r�çß�_� �<ÊÃº�Ð ���&ñ
���. gË>����̧�Ð ÂÒ'�_� Ø�¦½̈ âì2£§ Ä»5Åq�Ér ����t� ·ú§�¦ gË>����̧_�

?/6 xÓüt�Ér ú̧� �D¥½+Ë�)a���¦ ��&ñ
���.

13.4 B�

gË>����̧\�"f 8úx |9�|¾Ó Ãºt���H ��6£§õ� °ú s� �)a��.

»¡¤&h� = {9�§4� - Ø�¦§4�

dM

dt
= 10 + 10− 10 (1.36)

#�l�"f M�Ér |9�|¾Ó(kg)s���.
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gË>����̧ ?/_� %i�\� @/ô�Ç Óüt|9� Ãºt���H ��6£§õ� °ú >� �)a��.

dS

dt
= 10(0.2)− 10

(
S

M

)
= 2− 10

(
S

M

)
(1.37)

#�l�"f S��HgË>����̧ ?/_�%i�_�|9�|¾Ó(kg)s���. S/M�Ére��_�_�r�çß� t\�gË>����̧\�¦������H%i�_�

|9�|¾Ó ì�rÖ�¦�̀¦ ����ÍÇr\� ÅÒ3lq���. gË>����̧\�"f��H �D¥½+Ës� ú̧� ÷&Ù¼�Ð s� �ª��Ér gË>����̧ ?/_� |9�

|¾Ó ì�rÖ�¦�̀¦ �����·p��. s� ë�H]j\�"f Mõ� S��H �̧¿º r�çß�_� �<ÊÃºs���. r�çß� t = 0\�"f_� �íl�

�̧|	��Ér M = 1000kgs��¦, ��{f�Óüt\���H 20 |9�|¾Ó %_� %i�s� �í�<Ê÷&#Q e��Ü¼Ù¼�Ð S = 200kgs�

��.

ÅÒ#Q��� �íl��̧|	�[þt�\�"f d�� (1.36)õ� (1.37)\�¦ Û�¦l�0Aô�Ç MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§

õ� °ú s� ÅÒ#Q�����.

p113.m

clear all
t0=0;
tf=60;
M0=1000;
S0=200;
[t y]=ode45(’p113f’,[t0 tf],[M0 S0]);
M=y(:,1);
S=y(:,2);
SaltPC=100*S./M;
figure(1)
plot(t,S)
xlabel(’Time [min]’)
ylabel(’Mass of Salt [kg]’)
figure(2)
plot(t,SaltPC)
xlabel(’Time [min]’)
ylabel(’Percentage of Salt [%]’)

p113f.m

function dydt=p113f(t,y)
dydt=zeros(2,1);
dydt(1)=10;
dydt(2)=2-10*y(2)/y(1);
return
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ë�H]j��Û�¦o��¦èß�Êê, �̧��H���Ãº[þt\�@/ô�Ç�íl�°úכ,þj@/°úכ,þj�è°úכx9�þj7áx°úכ�Ér³ð 1.14\�

Q#&÷���¹כ e����. s� ���õ�[þt\� _�����, gË>����̧ ?/_� ��{f�Óüt_� 8úx |9�|¾Ó�Ér �íl�\� 1000kg\�

"f ô�Çr�çß� Êê\� 1600kgÜ¼�Ð (60%) 7£x��÷&%3�6£§�̀¦ �����·p��. %i�_� �ª��Ér �íl�\� 200kg\�"f

222.5kgÜ¼�Ð 7á§ �8 ¢-aëß��>� 7£x��ô�Ç��.

³ð 1.14: MATLAB�̀¦ ��6 xô�Ç >�íß� ���õ�_� ���¹כ

���Ãº �íl� °úכ þj@/ °úכ �í�è °úכ þj7áx °úכ

t 0 60 0 60

M 1000 1600 1000 1600

S 200 222.5 200 222.5

���Ér ���Ãº[þt�Ér r�çß� ¢̧��H ���Ér ���Ãº[þt_� �<ÊÃº�Ð �̧r�|̈c Ãº e����. \V[þt[þt���, r�çß� t_� �<Ê

Ãº�Ð %i�_� |9�|¾Ós� ÕªaË> 1.10\� ÅÒ#Q4R e����. gË>����̧\�"f_� %i�_� |9�|¾Ó_� 7£x����H l�@/�t�

3lwô�Ç <Éªp�e����H ��z�́s���. s�ü< °ú �Ér ��z�́�Ér �8K�t���H í�HÃºô�Ç Óüts� gË>����̧\�"f_� %i� 6 xÓ�o

�̀¦ �B$3�r�v���HX< ��6 x÷&�¦, ����"f gË>����̧�Ð ÂÒ'�_� C�Ø�¦÷&��H {9�&ñ
ô�Ç C�Ø�¦ âì2£§\� �í�<Ê

÷&��H �ª��Ér �8 �����t�>� �)a����H �Ü¼�Ð	כ [O�"î
�)a��. gË>����̧�Ð [þt#Q�̧��H %i�_� �ª��Ér {9�&ñ
�Ù¼

�Ð gË>����̧ ?/_� %i�_� �ª��Ér 7£x���>� �)a��. s�ü< °ú �Ér ��z�́�Ér 0A_� r�çß� ½̈çß�\�"f gË>����̧

?/_� %i�_� % 0lx�̧\�¦ >�íß�K� 4�§Ü¼�Ð+� 7á§ �8 "î
Ñþ�K������. gË>����̧ ?/_� %i�_� 0lx�̧��H gË>���

�̧�ÐÂÒ'� C�Ø�¦÷&��H âì2£§_� %i�_� 0lx�̧ü< °ú ����H ��z�́\� ÅÒ_����. %i�_� % 0lx�̧\�¦ ��6£§õ�

°ú �Ér @/Ãº ~½Ó&ñ
d��Ü¼�Ð &ñ
_����.

SaltPC = 100
S

M
(1.38)

s� @/Ãº ~½Ó&ñ
d��s� ë�H]j\� �8K�t��¦, ���Ãº SaltPC_� ���õ� ÕªA�áÔ�� ÕªaË> 1.11\� ÅÒ#Q4R e��

��. s� ÕªaË>\�"f �Ð1pws� %i�_� |9�|¾Ó ì�rÖ�¦�Ér �íl�\� 20%\�"f 20ì�r Êê\� 13.9%�Ð y���è��¦

e����. ����"f �8K�t���H í�HÃºô�Ç Óüt�Ér gË>����̧ ?/_� ��{f�Óüt�̀¦ �B$3�r�v��¦, C�Ø�¦ âì2£§_� %i�_�

|9�|¾Ó ì�rÖ�¦�̀¦ y���èr������. C�Ø�¦ Ä»5Åq�Ér ����t� ·ú§Ü¼Ù¼�Ð, gË>����̧ ?/_� %i�_� �ª��Ér 7£x���>�

�)a��.
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�� ì 4SJQ¶6 �Ê6���÷~×� MATLAB ©��=��®� �ûY"eכ�� CHAP1Ìø p113.m, p113f.mª�v² � 

�b$\ AUe��.
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V� 14 â�
 ÒÏ�Ý~
 ¥o>Úr
ÛÖS ÓÏ�¦�>�¿Uc"��+ j�Ça�(�× (�×@� ÜqèTÒ¼

14.1 5���� à�
ÃZ�

f��§>= �������)a ú̧� �D¥½+Ë÷&��H gË>����̧\�"f_� q�&ñ
�©� �©�I� Óüt|9� Ãºt�.

14.2 ��£� ÛÖS ÊÁn� B�ß��

���wn� 1>� �©�p�ì�r ~½Ó&ñ
d��_� K�.

14.3 %K�V� à�
ÃZ�

(ÕªaË> 1.12\� �Ðs���H ��õ	כ °ú s�) ú̧� �D¥½+Ë÷&��H f��§>= �������)a gË>����̧ [j>h�� /BN&ñ
Ü¼�Ð �̧

{9�÷&��H ��{f�Óüt�ÐÂÒ'� (Ô�¦í�HÓüt���) �¦�̂ {9���\�¦ gË>���r�v���HX< ��6 x�)a��. :�x�©�&h���� &ñ
�©� �©�

I� �̧\O��\�"f��H (20 |9�|¾Ó %_� %i��̀¦ �í�<Ê���H) ��{f�Óüts� 10kg/min_� Ä»5ÅqÜ¼�Ð y�� gË>���

�̧�Ð [þt#Q���¦ ��çß���. [j gË>����̧��H y��y�� 20 |9�|¾Ó %_� %i��̀¦ �í�<Ê���H 1000kg_� ��{f�Óüt

�̀¦ �í�<Êô�Ç��. #Q�"� :£¤&ñ
 r�çß�(t = 0)\� /åLÃº ìÁ�ÚÔ�� \P�o��¦ s� ìÁ�ÚÔ\�¦ :�x�#� í�HÃºô�Ç Óüts�

10kg/min_� Ä»5ÅqÜ¼�Ð 'Í	���P: gË>����̧�Ð �̧{9��)a��.

(a) �� Qt� Ä»5Åq[þt�Ér ���õ� °ú s� Ä»t�÷&�¦ gË>����̧_� ?/6 xÓüt�Ér ú̧� �D¥½+Ë�)a���¦ ��&ñ
�#�

í�HÃºô�Ç Óüt_� /åLÃº ìÁ�ÚÔ�� \P��2;t� 1r�çß� 1lxîß�\� @/�#� [j gË>����̧ ?/\�"f_� %i�_� |9�

|¾Ó %ü< �ª��̀¦ ���&ñ
��¦ �̧r����.

(b) 1r�çß� Êê\� [j gË>����̧_� Ø�¦½̈ âì2£§\�"f %i�_� |9�|¾Ó %��H \O����� |̈c��?
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M =1000kg
Brine
20% salt

M =1000kg
Brine
20% salt

M =1000kg
Brine
20% salt

1

2

3

Brine 10kg/min
(20% Salt)

Water
10kg/min
(at t-0)

F

F

P

10kg/min

10kg/min

2

3

ÕªaË> 1.12: &ñ
�©��©�I� �̧\O� �̧|	��\�"f_� f��§>= �������)a gË>����̧
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V� 15 â�
 ÒÏ�Ý~
 ¥o>Úr
ÛÖS tankUc"��+ á~
¬̈».É

15.1 5���� à�
ÃZ�

q�&ñ
�©� �©�I� \��-t� Ãºt�d�� x9� f��§>= �������)a ú̧� �D¥½+Ë÷&��H tank\�"f_� 1lx&h� 6£x²ú�.

15.2 ��£� ÛÖS ÊÁn� B�ß��

���wn� 1>� p�ì�r ~½Ó&ñ
d��_� K�

15.3 %K�V� à�
ÃZ�

f��§>=�������)a[j tank����$í
ì�rl�2£§6 xÓ�o�̀¦ì�ro�\�¦0AK�7£xÀÓ»1ÑÜ¼�ÐÅÒ{9��l����\�\V\P��

��HX<��6 x�)a��.y�� tank��H�íl�\� 20oC\�"f 1000kg_�l�2£§Ü¼�ÐG�0>4Re����. 250oC_��í�o

Ãº7£xl���y�� tankîß�\������e����H coilîß�\�"f6£x»¡¤�)a��.l�2£§�Ér'Í	���P: tank�Ð 100kg/min_�

5Åq�̧�Ð [þt#Q���¦ °ú �Ér 5Åq�̧�Ð ¿º���P: x9� [j���P: tank�Ð �Å�5g f�Ë�Qçß���. 'Í	���P: tank�Ð /BN

/åL÷&��H l�2£§_� �:r�̧��H 20oCs���. Tank��H �D¥½+Ës� ú̧�÷&#Q"f, tank ?/ÂÒ_� �:r�̧��H ç�H{9��

�¦, Ø�¦½̈ âì2£§_� �:r�̧��H tank ?/ÂÒ_� �:r�̧ü< °ú ��. l�2£§_� \P�6 x|¾Ó Cp��H 2.0kJ/kg·oCs���.

:£¤&ñ
 tank\� @/�#� Ãº7£xl� coil\�"f l�2£§Ü¼�Ð \P�s� ���²ú�÷&��H 5Åq�̧��H ��6£§õ� °ú s� ÅÒ#Q���

��.

Q = UA(Tsteam − T ) (1.39)

#�l�"f UA��H \P����²ú� >�Ãºü< coil_� ���&h�_� Y�Ls���.

UA = y�� tank\� @/�#� 10 kJ/min ·oC

T = tank îß�_� l�2£§_� �:r�̧ (oC)

Q = \P����²ú� 5Åq�̧ (kJ/min)

(a) [j tank �̧¿º\�"f_� &ñ
�©��©�I� �:r�̧\�¦ ���&ñ
���. �̧\O� >hr� éß�>� 1lxîß� T3�� s� &ñ
�©�

�©�I� °úכ_� 99%\� �̧²ú����HX< ���o���H r�çß��Ér \O��������?

(b) &ñ
�©��©�I�\� �̧²ú�ô�Ç Êê\�, l�2£§ /BN/åLs� [jr�çß� 1lxîß� ×�æéß�÷&%3���. s� l�çß�1lxîß� y��

tank\� e����H l�2£§_� þj�¦ �:r�̧��H \O��������?

(c) [jr�çß� Êê\� l�2£§ /BN/åLs� F�>h÷&%3���. T3�� &ñ
�©��©�I�_� 99%\�¦ ��r� �r4�¤���HX< ���

o���H r�çß��Ér \O��������? �̧��H &ñ
�©��©�I� °úכ�Ér (a)\�"fü< °ú �Ér °úכ�����?
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ÕªaË> 1.13: l�2£§ ��\P��̀¦ 0Aô�Ç tank[þt_� f��§>= ������

15.4 B�

��\P� tank_� ������ í�H"f��H ÕªaË> 1.13\� ÅÒ#Q4R e����.

y�� tank\� @/ô�Ç \��-t� Ãºt�\�¦ [j0>�� ô�Ç��. s� Ãºt�d��\�"f y�� tank�Ð_� |9�|¾Ó Ä»5Åq�Ér

°ú �Ér °úכÜ¼�Ð �¦&ñ
�)a��. ����"f W = W1 = W2 = W3�� �)a��. Tank ÂÒx�ü< l�2£§_� x9��̧��

{9�&ñ
����¦ ��&ñ
÷&#Qt�Ù¼�Ð tank îß�\� e����H |9�|¾Ó�Ér {9�&ñ
����¦ ��&ñ
|̈c Ãº e����. ����"f

M = M1 = M2 = M3s���. 'Í	���P: tank\� @/�#�, \��-t� Ãºt�d���Ér ��6£§õ� °ú s� ÅÒ#Q���

��.

»¡¤&h� = {9�§4� - Ø�¦§4�

MCp
dT1

dt
= WCpT0 + UA(Tsteam − T1)−WCpT1 (1.40)

y�� tank ?/\� e����H |9�|¾Ó�Ér r�çß�\� ���� ����t� ·ú§Ü¼Ù¼�Ð 1��� tank�� ���Ér tank\� @/ô�Ç q�

&ñ
�©� �©�I� |9�|¾Ó Ãºt���H ¹כ��9�t� ·ú§����H ��\	כ ÅÒ_����. ·ú¡_� p�ì�r ~½Ó&ñ
d���̀¦ &ñ
o���¦,

Ãºu�K�\�¦ 0Aô�Ç :�x�©�&h���� +þAI���� �̧�<ÊÃº\� @/�#� Û�¦��� ��6£§õ� °ú s� �)a��.

dT1

dt
= [WCp(T0 − T1) + UA(Tsteam − T1)]/(MCp) (1.41)

q�5pw�>�, ¿º���P: tank\� @/K�"f��H ��6£§õ� °ú s� ÷&�¦,

dT2

dt
= [WCp(T1 − T2) + UA(Tsteam − T2)]/(MCp) (1.42)

[j���P: tank\� @/K�"f��H ��6£§õ� °ú s� �)a��.

dT3

dt
= [WCp(T2 − T3) + UA(Tsteam − T3)]/(MCp) (1.43)
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Ãºu� X<s�'�ü< ·ú¡_� ë�H]j [O�"î
\�"f ÅÒ#Qt���H �íl� °úכ[þtõ� �<Êa� d�� (1.41)\�"f (1.43)s�

MATLAB Û¼ß¼wn�àÔ\� ½̈�&³|̈c Ãº e����.

(a) �íl� �̧\O� >hr���H [j tank �̧¿º\�"f �:r�̧ 20oC�Ð ÂÒ'� r����ô�Ç��. ����"f s� °úכs� y��

tank\� @/ô�Ç &h�]X�ô�Ç �íl��̧|	�s� �)a��. þj7áx°úכ ¢̧��H &ñ
�©��©�I� °úכ�Ér Ãºu�K�\�¦ 0Aô�Ç r�çß� ½̈

çß��̀¦ 	�H °úכÜ¼�Ð¿º#Q"f &ñ
�©��©�I���t� ~½Ó&ñ
d���̀¦ Û�¦#Q"f ���&ñ
 |̈c Ãº e����. ¢̧��H r�çß� �̧�<Ê

Ãº\�¦ 0Ü¼�Ð ¿º�¦, @/Ãº ~½Ó&ñ
d���̀¦ Û�¦#Q"f &ñ
�©��©�I� °ú̀�כ¦ ½̈½+É Ãº �̧ e����. s� �â
Äº\���H p�

ì�r ~½Ó&ñ
d���̀¦ &ñ
�©� �©�I�\� �̧²ú����H r�çß� t��t� Ãºu�&h�Ü¼�Ð Û�¦��H ��s	כ ���©� /'î�r ~½ÓZO�s�

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

p115a.m

clear all
global W Cp UA T0 Tsteam M
W=100;
Cp=2.0;
UA=10;
T0=20;
Tsteam=250;
M=1000;
t0=0;
tf=200;
T10=20;
T20=20;
T30=20;
[t T]=ode45(’p115af’,[t0 tf],[T10 T20 T30]);
plot(t,T)
xlabel(’Time [min]’)
ylabel(’Temperature [degree C]’)

p115f.m

function dTdt=p115af(t,T)
global W Cp UA T0 Tsteam M
dTdt=zeros(3,1);
dTdt(1)=(W*Cp*(T0-T(1))+UA*(Tsteam-T(1)))/(M*Cp);
dTdt(2)=(W*Cp*(T(1)-T(2))+UA*(Tsteam-T(2)))/(M*Cp);
dTdt(3)=(W*Cp*(T(2)-T(3))+UA*(Tsteam-T(3)))/(M*Cp);
return

&ñ
�©��©�I�\� �̧²ú����H r�çß��Ér �Ð:�x�Ér ���©� ��;��;y� 7£x����¦ 6£x²ú����H ���Ãº�� þj7áx &ñ


�©��©�I� °úכ_� 99%\� �̧²ú����H r�çß�Ü¼�Ð �¦�9�)a��. s� ë�H]j\� @/K�"f��H, T3�� ���©� ��;��;y�
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7£x����¦, &ñ
�©��©�I� °úכ�Ér 51.317oC�Ð ·ú��9�����. MATLAB\�"f��H s� õ�&ñ
�Ér >�íß� ���õ�\�¦

T1, T2, T3\� @/ô�Ç �̧³ð�� ÕªaË> +þAI��Ð Ø�¦§4���̧2�¤ �#� &ñ
�©� �©�I��Ð_� ]X���Hs� &ñ
SX��>�

�'a¹1Ï|̈cÃºe���̧2�¤�<ÊÜ¼�Ð+�~1�>�Ãº'���)a��.����"f (a)��H T3�� 0.99(51.317) ¢̧��H 50.804\�

�̧²ú����H r�çß��̀¦ ���&ñ
�<ÊÜ¼+� ¢-a«Ñ�)a��.

(a)Q¶6 �Ê6���÷~×� MATLAB ©��=��®� �ûY"eכ�� CHAP1Ìø p115a.m, p115af.mª�v² � �b

$\ AUe��.

(b) (a)_� &ñ
�©��©�I� °ú̀�כ¦ s� ë�H]j\� @/ô�Ç �íl�°úכÜ¼�Ð ��6 x|̈c Ãº e����. Ä»5Åq W��H 0s� ÷&

#Q�� ��¦, ë�H]j��H 180ì�r��� 3r�çß�\� ���5g"f Ãºu�&h�Ü¼�Ð Û�¦�9�� ô�Ç��.

(c) &ñ
�©��©�I��Ð_� 4�¤)��H Ä»5Åq W\�¦ "é¶A� °úכÜ¼�Ð ��Ë̈�¦ &ñ
�©��©�I�\� ��r� �̧²ú���̧2�¤

|�� r�çß�\� ���5g"f Ãºu� &h�ì�r�̀¦ >�5Åq�<ÊÜ¼+� �̧��|̈c Ãº e����. T3�� &ñ
�©��©�I� °úכ_� 101%\�

�̧²ú����H r�çß��̀¦ &ñ
�©��©�I�\� �̧²ú����H r�çß�Ü¼�Ð �¦�9|̈c Ãº e����. s� °úכ�Ér &ñ
�©��©�I��Ð_�

Ãºu� K��Ð ÂÒ'� ���&ñ
�)a��.
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