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1.1 5���� à�
ÃZ�

�:r�̧\� ���Ér 7£xl�·ú� X<s�'�\�¦ �©��'ar�v�l� 0A
�#� Antoine d��_� f��]X� ��6 x.

1.2 ��£� ÛÖS ÊÁn� B�ß��

8úxF�c ì�ríß� x9� y�� B�>h�����_� ���ø@½̈çß�_� ���&ñ
õ� �<Êa� {9�ìøÍ&h���� @/Ãº ³ð�&³_� q����+þA �r)


ì�r$3�.

1.3 %K�V� à�
ÃZ�

Antoine d���Ér [j B�>h����� A, B, C\�¦ ��6 x
���H 7£xl�·ú� �©��'ad��Ü¼�Ð V,�o� æ¼s���H d��s���.

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

Pv = 10(A+ B
T+C ) (2.1)

#�l�"f Pv��H 7£xl�·ú�(mmHg)s��¦ T��H �:r�̧(oC)s���.

áÔ�ÐóøÍ\� @/ô�Ç 7£xl�·ú�(psia) @/ �:r�̧(oF) X<s�'���H ÂÒ2�¤ B_�³ð B.5\� ÅÒ#Q4R e����. s�

X<s�'�[þt�̀¦ 7£xl�·ú��Ér mmHg�Ð �:r�̧��H oC�Ð ��õ�H ��6£§\�
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2 ]j 2 �©� X<s�'�_� �r)
ì�r$3� x9� �©��'a �'a>�

(a) d�� (2.1)\�@/ô�Çq����+þA�r)
ì�r$3��̀¦s�6 x
�#�ÅÒ#Q���X<s�'�[þt�ÐÂÒ'� Antoined��_�

B�>h�����ü< y�� �����[þt_� 95% ���ø@½̈çß��̀¦ ���&ñ

���.

(b) Antoine d��\� @/ô�Ç 8úxF�c ì�ríß��̀¦ >�íß�
���.

(c) Antoine d��\� @/ô�Ç �̧	� ÕªaË>�̀¦ ï�rq�
���.

(d) X<s�'�[þt_� �©��'ad��\� @/ô�Ç Antoine d��_� &h�]X�$í
õ� X<s�'�_� &ñ
x9��̧\�¦ î̈
��
���.

1.4 B�

s� ë�H]j\�"f �¦�9|̈c Antoine d��_� +þAI���H q����+þA +þAs���. s�\� @/ô�Ç @/îß��Ér s� d��_� log

+þA\� ��×�æ ���+þA �r)
ì�r$3��̀¦ &h�6 x
���H �,���s	כ s� ���8̈��Ér ë�H]j 1.7\�"f �7H_��)a ��ü< °ú s�

&h�]X�
�t� ·ú§�̀¦ Ãº�̧ ·ú§��.

1.5 j�¤n>ÌfC m¬y�&P��7�

{9�ìøÍ&h���� q����+þA �r)
ì�r$3��Ér d�� (2.2)\� _�K� &ñ
_�÷&��H ��õ	כ °ú �Ér �ª��<ÊÃº&h� @/Ãº ~½Ó&ñ
d��

¢̧��H �̧4Sqd��_� B�>h�����\�¦ ���&ñ

���HX< ��6 x|̈c Ãº e����.

y = f(x1, x2, · · · , xn; a1, · · · , am) (2.2)

#�l�"f Ä»{9�ô�Ç 7áx5Åq���Ãº��H ys��¦, n>h_� 1lqwn����Ãº[þt�Ér x1, x2, · · · , xns��¦, m>h_� B�>h���

��[þt�Ér a1, · · · , ams���. {9�ìøÍ&h�Ü¼�Ð ·ú¡_� d��\�"f z�́+«> �̧	�[þt�Ér {9�&ñ
ô�Ç ì�ríß�°ú̀�כ¦ ��t� 9

&ñ
½©&h�Ü¼�Ðì�r�í
��¦e�����¦��&ñ
�)a��.q����+þA�r)
ì�r$3�·ú��¦o�7£§�Ér:£¤&ñ
 �̧4Sq\�@/
�#�

��6£§õ� °ú s� ÅÒ#Qt���H þj�è ]jY�L 3lq&h��<ÊÃº (LS)\�¦ þj�è�o
���H B�>h�����\�¦ ���&ñ
ô�Ç��.

LS =
N∑

i=1

(yi(obs) − yi(calc))
2 (2.3)

#�l�"f N�Ér X<s�'�_� Ì�	Ãºs��¦, (obs)ü< (calc)��H 7áx5Åq���Ãº_� �'a8£¤°úכõ� >�íß�°ú̀�כ¦ _�p�ô�Ç

��.

�̧4Sq ì�ríß�_� 8úxF�c°úכ σ2��H ��6£§õ� °ú �Ér +þAI��Ð >�íß��)a��.

σ2 =

∑N
i=1(yi(obs) − yi(calc))2

ν
=

LS

ν
(2.4)



]j 1 ]X� q����+þA �r)
ì�r$3��̀¦ ��6 x
���H ANTOINE d��_� B�>h����� ÆÒíß� 3

#�l�"f ν��H ��Ä»�̧s��¦, X<s�'�_� >hÃº\�"f �̧4Sq B�>h�����_� Ãº\�¦ �É� (N −m)Ü¼�Ð &ñ
_�

�)a��. ����"f þj�è ]jY�L 3lq&h� �<ÊÃº\�¦ þj�è�o
���H ·ú��¦o�7£§�Ér ì�ríß��̧ þj�è�o ô�Ç��. #��Q

�̧4Sq d��_� &h�½+Ë$í
�̀¦ q��§
���HX< ì�ríß�s� 7áx7áx ��6 x�)a��.

#Q�"� :£¤&ñ
 �̧4Sq_� èß�&h��̀¦ �̂>�&h�Ü¼�Ð ����?/l� 0A
�#� V,�o� ��6 x÷&��H �̧d��&h� ³ð�&³�̀¦

�̧	� ÕªaË>s��� ÂÒ�Ér��. s� �̧³ð��H ��6£§õ� °ú s� >�íß�÷&��H �̧4Sq\�"f >�íß��)a �̧	�, εi\�¦ 7áx5Åq

���Ãº_� �'a8£¤°úכ, yi(obs)\� @/
�#� ÕªaË>Ü¼�Ð ����?/��H �.���s	כ

εi = (yi(obs) − yi(calc)) (2.5)

(a) Antoine ÐÏ��+ j�¤n>ÌfC m¬y�&P��7� Äº��� psia éß�0A_� ·ú�§4��̀¦ P�Ð, oF éß�0A_� �:r�̧\�¦ TF

�Ð {9�§4�ô�Ç��. Antoine d���Ér mmHg éß�0A_� ·ú�§4��̀¦ oC éß�0A_� �:r�̧\� @/
�#� �©��'at�Ü¼Ù¼

�Ð, ��6£§õ� °ú s� mmHgü< oC éß�0A_� ·ú�§4�õ� �:r�̧, Pvü< TC\�¦ Dh�Ð >�íß�
�#� ÆÒ��ô�Ç��.

Pv = 51.715 ∗ P (2.6)

TC = (TF− 32)/1.8 (2.7)

0A_� ���Ãº[þt�̀¦ s�6 x
���H {9�ìøÍ&h���� +þAI�_� q����+þA ~½Ó&ñ
d���Ér ��6£§õ� °ú s� {9�§4��)a��.

Pv = 10 ∧ (A + B/(TC + C)) (2.8)

s� d��_� B�>h�����[þt\� @/ô�Ç �íl� ÆÒíß�°úכ�Ér ��{©�ô�Ç ��H��\� ��H��K��� ô�Ç��. s� �â
Äº\�, ³ð

1.10_� X<s�'���H A = 6, B = −1000, C = 200s� ��{©��<Ê�̀¦ ]jr�
�#� ï�r��. ÕªaË> 2.1�Ér ���

õ�\�¦ �Ð#�ï�r��. ³ð 2.1\� ÅÒ#Q��� ���ø@ ½̈çß��Ér :�x>� K�$3�\� ��H��
�#� ½̈K�&���� (���ø@ ½̈çß�

\� @/ô�Ç ��[jô�Ç ���½Ó�Ér ë�H]j 2.14\�¦ �ÃÐ�̧
���).

³ð 2.1: áÔ�ÐóøÍ\� @/ô�Ç Antoine d��_� B�>h�����\� @/ô�Ç 95%

���ø@½̈çß�

B�>h����� °úכ 95% ���ø@½̈çß� 
�ô�Ç �©�ô�Ç

A 7.00188 0.0540358 6.94785 7.05592

B -899.474 29.9126 -929.387 -869.561

C 260.446 4.58219 255.863 265.028
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ì�r$3� x9� �©��'a �'a>�
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Model: Pv=10(A+B/(TC+C))
A = 7.00188
B = −899.442
C = 260.441
Sum of squares = 1500.26

ÕªaË> 2.1: Antoine d��\� @/ô�Ç q����+þA �r)
ì�r$3� ���õ�

(b) Antoine ÐÏ�Uc 7�ø5� ¥@ y<� &P�ñ5Ñ ì�ríß��Érd�� (2.4)�ÐÂÒ'�~1�>�>�íß��)a��.s�d��\�"f��

Ä»�̧��H (N −m)Ü¼�Ð ÅÒ#Q�����. s� ë�H]j\�"f, X<s�'�_� >hÃº, N�Ér 20s��¦, B�>h�����_� >h

Ãº m�Ér 3s���. LS��H ]jY�L_� ½+ËÜ¼�Ð ÕªaË> 2.1\� 1500.26Ü¼�Ð ÅÒ#Q4R e����. ����"f s� �̧4Sq

_� 8úxF�c ì�ríß��Ér 1500.26/17 ¢̧��H 88.251s���.

(c) Antoine ÐÏ�Uc 7�ø5� �ï	� Ü«ÍÏ� d�� (2.5)\�_�
�#�&ñ
_��)a �̧	�\�¦�����·p �̧	� ÕªaË>�Ér

ÕªaË> 2.2\� ÅÒ#Q4R e����.

(d) PLl�'a�+ Ça���È�¿ÿ? Antoine ÐÏ��+ �\�â�
Å]� �̧	� ÕªaË>�Ér �â
�¾Ó$í
s� ���
�t�ëß� 7£xl�·ú�

Pv�� 9þtÃº2�¤ �̧	��� &�t���H �â
�¾Ó�̀¦ �Ð#�ï�r��. 7£xl�·ú�_� ����Ér X<s�'��� �̧	��� �������H �	כ

�Ér SX�z�́
���. s���H z�́+«> �̧	��� 8£¤&ñ
�)a 7£xl�·ú�\� Áº�'a
�t� ·ú§����H �¦̀�	כ ����?/��H ��9}	כ Ãº

�̧ e����. log P\�¦ 7áx5Åq ���Ãº�Ð ��6 x
���H Antoine d��_� �r)
ì�r$3�s� ÂÒ��&h���� q����+þA �r)


ì�r$3�Ü¼�Ð �¦�9
���HX< Ä»6 x½+É Ãº�̧ e����. (s� �â
Äº��H ë�H]j 2.2\�"f �¦�9÷&%3���.)

q����+þA�r)
ì�r$3�_����ø@½̈çß��Érq��§&h�a%v��.s��Qô�Ç��z�́�Ér�&³F�ü<°ú �Ér+þAI�_�Antoine

d��s� z�́+«> X<s�'�_� #3�0A\� ���5g"f áÔ�ÐóøÍ_� 7£xl�·ú� X<s�'�\� @/ô�Ç &h�½+Ëô�Ç �©��'a�'a>�\�¦

]j/BNô�Ç����H �¦̀�	כ �����·p��.
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ì�r$3��̀¦ ��6 x
���H ANTOINE d��_� B�>h����� ÆÒíß� 5
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ÕªaË> 2.2: áÔ�ÐóøÍ\� @/ô�Ç Antoine d��_� �̧	� ÕªaË>

�� ì 4SJ<J N�~×� MATLAB ©�­�=��®� �ûY"eכ�� CHAP2Ìø p201.m<J � �b$\ AUe��.



6 ]j 2 �©� X<s�'�_� �r)
ì�r$3� x9� �©��'a �'a>�

V� 2 â�
 #b�a ö5��ªÊÁ�¿Uc 7�ø5� Antoine ÐÏ��+ 9�5�ê�>��

2.1 5���� à�
ÃZ�

�:r�̧\� ���Ér 7£xl�·ú� X<s�'�\�¦ �©��'ar�v�l� 0A
�#� Antoine d��_� f��]X� ��6 x

2.2 ��£� ÛÖS ÊÁn� B�ß��

8úxF�c ì�ríß� x9� y�� B�>h�����_� ���ø@½̈çß�_� ���&ñ
õ� �<Êa� {9�ìøÍ&h���� @/Ãº ³ð�&³_� q����+þA �r)


ì�r$3�.

2.3 %K�V� à�
ÃZ�

(ÂÒ2�¤ B_�) ³ð B.7�Ér #��Q òøÍ�oÃº�è\� @/
�#� �:r�̧_� �<ÊÃº�Ð 7£xl�·ú� X<s�'�\�¦ �����·p��.

#Q�"� [O�>� õ�&ñ
\�"f s� X<s�'�[þt�̀¦ ����'ar�v���H d��s� 
¹כ��9���.

(a) ³ð B.7\�"f òøÍ�oÃº�è[þt ×�æ_� 
���\�¦ ���×þ�
���. Antoine d��_� B�>h�����ü< y�� �����[þt

_� 95% ���ø@½̈çß�, 8úxF�c ì�ríß��̀¦ ½̈
���. �̧	�\�¦ �̧r�
���. �r)
ì�r$3��Ér ë�H]j 2.1\�"f

�7H_��)a ��ü< °ú s� '��
�#��� ô�Ç��.

(b) 7áx5Åq ���Ãº\�¦ log P�Ð 
�#� (a)\�¦ ìøÍ4�¤
���.

(c) ë�H]j 1.7\�"f l�Õüt�)a ���+þA �r)
ì�r$3��̀¦ ��6 x
�#� (a)\�¦ ìøÍ4�¤
���.

(d) X<s�'�[þt_� �©��'ad��\� @/ô�Ç (a), (b), (c)�Ð ÂÒ'� ���̧��H Antoine d��_� &h�]X�$í
�̀¦ î̈
��


���. #Q�"� d��s� ���×þ�÷&#Q�� 
���H��?

�³ B.7Ìø 3̀��'�<J N�~×� MATLAB 3̀��'� �ûY"eכ�� tableb07.matv² � �b$\ AUe��.



]j 3 ]X� áÔ�ÐóøÍ_� \P�%i��<Æ x9� ���²ú��&³�©� Óüt$í
_� �©��'a�'a>� 7

V� 3 â�
 è«�×÷5��+ á~
�]�Áþ� ��� ¦�>I±Ó«Å�(�× �ä·Å]��+ (�×®̧�®̧�N�

3.1 5���� à�
ÃZ�

\P� 6 x|¾Ó, \P� ����̧�̧, &h��̧ x9� 7£xµ1Ï ���\P�\� @/ô�Ç �©��'a�'a>�.

3.2 ��£� ÛÖS ÊÁn� B�ß��

���+þA�o x9� �<ÊÃº ���8̈�s� �í�<Ê�)a ���+þA x9� q����+þA �r)
ì�r$3�.

3.3 %K�V� à�
ÃZ�

³ð B.8\�"f B.11\���H�:r�̧_��<ÊÃº�ÐáÔ�ÐóøÍ_�#��QÓüt$í
[þt(\P�6 x|¾Ó,l��̂_�\P�����̧�̧,&h�

�̧, Ó�o�̂_� 7£xµ1Ï ���\P�)s� ÅÒ#Q4R e����.

³ð B.8\�"f B.11\� ÅÒ#Q��� Óüt$í
\� @/
�#� �o�<Æ /BN�<Æ ë�H��³[þt\�"f ÆÒ��;÷&��H ³ð�&³�̀¦ ��6 x


�#� &h�]X�ô�Ç �©��'a�'a>�\�¦ ½̈
���.

3.4 B�

���ª�ô�Ç �r)
ì�r$3�ZO�s� s� ë�H]j\�"f ��6 x�)a��. s� ë�H]j\�"f ��6 x|̈c �r)
ì�r$3��̀¦ [O�"î

���H

·ú¡_� ë�H]j[þt�Ér ���½Ód�� ú́�»¡§\� @/ô�Ç ë�H]j 1.3, ���+þA �r)
ì�r$3�\� @/ô�Ç ë�H]j 1.3õ� 1.7, q����

+þA �r)
ì�r$3�\� @/ô�Ç ë�H]j 2.11px s���. ì�ríß�, 95% ���ø@½̈çß�, �̧	� ÕªaË>1pxõ� °ú �Ér ÅÒ¹כô�Ç :�x

>��<Æ&h� '���̧\�¦ ��6 x
�#� s�6 x��0pxô�Ç �©��'ad�� ��î�rX<"f ���×þ�
���H ��s	כ ×�æ¹כ
���. s� ë�H]j

��H #Qb�G>� ���×þ�
���H ��\�¦ [O�"î

�#� ï�r��.

�â
+«> x9� s��:r&h���� �¦�9\�¦ :�x
�#� #Q�"� +þAI�_� �©��'a�'a>��� "f�Ð���Ér Óüto�&h� x9� \P�%i��<Æ

&h�:£¤$í
_��:r�̧_��>r�'a>�\�¦����?/��HX<���©�&h�½+Ëô�Çt�\�¦�Ð#�ï�r��.s�ü<°ú �Ér&ñ
�Ð��Hë�H

��³\�"f %3��̀¦ Ãº e���¦, s� ë�H]j_� K�\�"f ���ª�ô�Ç �©��'a�'a>�\�¦ ���>h
���HX< ��6 x|̈c Ãº e����.

(a) e�W��+ á~
 £� %�× 50Kü< 1500K ��s�_� �:r�̧\�"f áÔ�ÐóøÍ l��̂_� \P�6 x|¾Ó�Ér ³ð B.8�Ð

ÅÒ#Q4R e����. Perry et al. [4]\� ��ØÔ��� l��̂_� \P�6 x|¾Ó�Ér ��6£§õ� °ú �Ér çß�éß�ô�Ç ���½Ód��Ü¼�Ð

��¥y� ����?/#Q�����.

Cp = a0 + a1T + a2T
2 + a3T

3 + · · · (2.9)

³ð B.8_�X<s�'�\�¦MATLAB\�{9�§4�
��¦ polyfit�̀¦��6 x
����ÕªaË> 2.3\�ÅÒ#Qt��¦³ð 2.2\�

&ñ
o�÷&#Q e����H ��õ	כ °ú �Ér ���õ�\�¦ %3��̀¦ Ãº e����.
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ÕªaË> 2.3: áÔ�ÐóøÍ_� \P� 6 x|¾Ó\� @/ô�Ç 3	� ���½Ód�� ú́�»¡§

³ð 2.2: áÔ�ÐóøÍ\� @/ô�Ç ���½Ód�� >�Ãº x9� ì�ríß�

	�Ãº 2 3 4 5

a0 17.7427 20.5235 26.7577 31.0453

a1 0.217787 0.196471 0.123020 0.0515068

a2 -6.164280e-5 2.68480e-5 0.000188971 0.000508754

a3 1.51289e-8 -2.35697e-7 -7.900072e-7

a4 7.22918e-11 4.7874e-10

a5 -1.1e-13

ì�ríß� 6.81537 6.00692 1.86662 0.662227

1	� f������̀¦ ]jü@ô�Ç �̧��H ���½Ód��s� ����Ðl�\���H ÕªaË> 2.3õ� q�5pwô�Ç +þAI��Ð X<s�'�\�¦ ��

���·p��. 
�t�ëß� ³ð 2.2_� ���õ���H 5	� ���½Ód��_� ì�ríß�s� ���Ér ���½Ód��_� ì�ríß�\� q�
�#� �&³$�

y� ����Ér °úכ�Ér �Ð#�ï�r��. s���H s� �©��'ad��s� X<s�'�\�¦ ���©� ú̧� ����ÍÇr�̀¦ �Ð#�ÅÒ��H �.���s	כ

5	����½Ód��_�B�>h����� �̧¿º�� 0õ�SX�z�́y���ØÔ����H��Ér	כ MATLAB\�"f%3��̀¦Ãºe����HB�

>h�����[þt\� @/ô�Ç 95% ���ø@½̈çß�Ü¼�Ð+� {9�7£x�)a��. B�>h�����[þt\� @/ô�Ç 95% ���ø@½̈çß��Ér ³ð

2.3\� &ñ
o�÷&#Q e����. �̧��H ���ø@½̈çß�[þts� y��y��_� B�>h����� °úכ_� ]X�@/°úכ[þt �Ð�� ���l�M:ë�H

\� ���½Ód��_� �̧��H �½Ó[þts� X<s�'� �©��'a�'a>�\�"f Ä»6 x
���.
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ÕªaË> 2.4: 5	� ���½Ód��Ü¼�Ð ����?/#Qt���H \P� 6 x|¾Ó\� @/ô�Ç �̧	� ÕªaË>

³ð 2.3: áÔ�ÐóøÍ_�\P�6 x|¾ÓX<s�'�\�¦����?/��H 5	����½Ód��_�B�

>h����� °úכ x9� 95% ���ø@½̈çß�

B�>h����� °úכ 0.95 ���ø@½̈çß�

a0 31.0453 2.74902

a1 0.0515068 0.0353588

a2 0.000508754 0.000143145

a3 -7.90007e-7 2.37871e-7

a4 4.7874e-10 1.7144e-10

a5 -1.1e-13 4e-14

���ø@½̈çß��̀¦ ¶ú�(R�Ð��H ��\	כ  »	·¡­#�"f, ÕªaË> 2.4\� ÅÒ#Q��� ��õ	כ °ú �Ér 5	� ���½Ód��\� @/ô�Ç

�̧	� ÕªaË>�̀¦ ¶ú�(R�Ð��H �̧�	כ ��ÅÒ Ä»6 x
���. Cp(obs) − Cp(calc)�Ð ÅÒ#Qt���H �̧	���H ÕªaË>\�

"f �Ð1pws� Áº���0A&h�Ü¼�Ð ì�r�í�<Ê�̀¦ ·ú� Ãº e����. s���H �̧	�\���H #Q�"� :£¤&ñ
ô�Ç �â
�½Ós� \O�Ü¼

 9, s��Qô�Ç �â
�¾Ó�Ér 8£¤&ñ
�)a \P�6 x|¾Ó X<s�'�\� @/ô�Ç ���½Ód�� �©��'a�'a>�_� ��{©�$í
�̀¦ �8¹¡¤ �8 {9�

7£x
���H �.���s	כ

ÕªaË> 2.4_� �̧	� ÕªaË>�̀¦ÕªaË> 2.5\� ÅÒ#Qt���H 3	� ���½Ód��\� @/ô�Ç �̧	� ÕªaË>õ� q��§
���H

��Ér	כ <Éªp�e����H {9�s���. 3	� ���½Ód��_� �©��'a�'a>���H �̧	�_� ß¼l��� �s̀��� ß¼�¦, �̧	��� ���1lx
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ÕªaË> 2.5: 3	� ���½Ód��Ü¼�Ð ����?/#Qt���H \P� 6 x|¾Ó\� @/ô�Ç �̧	� ÕªaË>


���H +þAI�\�¦ �Ð#�ï�r��. s���H X<s�'�\�¦ ëß�7á¤Û¼XO�>� ����?/l� 0AK�"f��H �8 ú́§�Ér B�>h�����

�� 
¹כ��9�����H �¦̀�	כ �����·p��H �.���s	כ

(b) á~
 ¦�>�¿�¿ −40oFü< 200oF ��s�_� �:r�̧\�"f áÔ�ÐóøÍ l��̂_� \P� ����̧�̧��H ³ð B.9�Ð

ÅÒ#Q4R e����. Perry et al. [4]��H a%v�Ér �:r�̧ #3�0A\� ���5g"f $�·ú� l��̂_� \P� ����̧�̧��H 1	� ��

�½Ód����� f����� d��Ü¼�Ð �©�{©�y� ú̧� ����è­q Ãº e��6£§�̀¦ ���/åL
�%i���.

2	�, 3	� x9� �¦	� ���½Ód��\� @/ô�Ç �̧r��� �̧¿º�� ����Ðl�\���H \P�����̧�̧ X<s�'�\�¦ ��ÅÒ q�

5pw
�>� ����?/�¦ e��6£§�̀¦ �Ð#�ï�r��. >�Ãº °úכ, 95% ���ø@½̈çß�, 1	�\�"f 3	� ��t�_� ���½Ód��

\� @/ô�Ç ì�ríß�1px ³ð 2.4\� ÅÒ#Q��� ���õ�[þts� ���õ�[þt�̀¦ y��Z>�
�l� 0Aô�Ç K�$3�\� 
¹כ��9���. s�

³ð��H 1	� ���½Ód��_� ì�ríß�õ� 2	� ���½Ód��_� ì�ríß� ��s�\���H �&³$�ô�Ç y���è�� e��6£§�̀¦ �Ð#�ï�r��.

2	� ���½Ód��õ� 3	� ���½Ód��_� ì�ríß� ��s�\���H ���çß�_� 	�s� µ1Ú\� �Ðs�t� ·ú§��H��. 3	� ���½Ód��

_� >�Ãº a3_� 95% ���ø@½̈çß��Ér B�>h����� ���̂_� ]X�@/°úכ �Ð�� ß¼��. s��Qô�Ç ��z�́�Ér 2	� ��

�½Ód��@/���\� 3	����½Ód���̀¦��6 x
���H�
ô�Ç:�x>��<Æ&h�&ñ/@�\	כ{©�$í
s�\O�����H�.��p·�����¦̀�	כ

ÕªaË> 2.6õ� 2.7�Ér y��y�� 1	� x9� 2	� ���½Ód��\� @/ô�Ç �̧	� ÕªaË>�̀¦ �Ð#�ï�r��. 1	� ���½Ód��_� �â


Äº\���H �̧	�[þt\���H "î
Ñþ�ô�Ç �â
�¾Ós� e����H ìøÍ���\�, 2	� ���½Ód��_� �â
Äº\���H �̧	�[þt�Ér Áº���0A

&h�Ü¼�Ð ì�r�íô�Ç��. ����"f Ãºu�&h�, �̧d��&h� :�x>��<Æ&h� ���õ�[þt�ÐÂÒ'� 2	� ���½Ód��s� X<s�'�[þt

�̀¦ ú̧� �����·p���¦ ����:rt��̀¦ Ãº e����.
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ÕªaË> 2.6: 1	� ���½Ód��Ü¼�Ð ����?/#Qt���H \P� ����̧�̧\� @/ô�Ç �̧	� ÕªaË>

³ð 2.4: l��̂ \P�����̧�̧ X<s�'�\� @/ô�Ç ���½Ód�� ú́�»¡§ ���õ�

1	� ���½Ód�� 2	� ���½Ód�� 3	� ���½Ód��

°úכ 95% ���ø@½̈çß� °úכ 95% ���ø@½̈çß� °úכ 95% ���ø@½̈çß�

a0 32.1419 0.656920 32.207448 0.096695 32.1724 0.120205

a1 0.137198 0.007419 0.119970 0.002347 0.119013 0.003049

a2 1.14701e-4 1.384e-5 1.4343e-4 5.984e-5

a3 -1.1924e-7 2.415e-7

σ2 0.4869 0.009966 0.009353

V,��Ér �:r�̧ #3�0A\� @/K�"f��H Perry et al. [4]�Ér \P�����̧�̧ k\�¦ (T )n\� @/
�#� �©��'a|9���H �	כ

�̀¦ ÆÒ��;
�%i���. #�l�"f T��H ]X�@/�:r�̧s��¦ n ≈ 1.8s���. s� �©��'ad���Ér cü< ns� B�>h��������

d�� (2.10)�̀¦ ��6 x
���H q����+þA �r)
ì�r$3�Ü¼�Ð f��]X� ���&ñ
�)a��.

k = cTn (2.10)

MATLAB�̀¦ ��6 x
�#� %3�#Q��� �©��'ad���Ér ÕªaË> 2.8\� ÅÒ#Q4R e����.



12 ]j 2 �©� X<s�'�_� �r)
ì�r$3� x9� �©��'a �'a>�

2 2.5 3 3.5 4 4.5 5 5.5 6 6.5

x 10
−5

−1.5

−1

−0.5

0

0.5

1

1.5
x 10

−7

Thermal Conductivity

er
ro

r

ÕªaË> 2.7: 2	� ���½Ód��Ü¼�Ð ����?/#Qt���H \P� ����̧�̧\� @/ô�Ç �̧	� ÕªaË>
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Model: k=c*(TF+460)n

c = 0.00068259
n = 1.75509
Sum of square = 0.160869 

ÕªaË> 2.8: áÔ�ÐóøÍ_� \P�����̧�̧\� @/ô�Ç q����+þA �©��'a�'a>�
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ÕªaË> 2.9: q����+þA ~½Ó&ñ
d��Ü¼�Ð ����?/#Qt���H \P� ����̧�̧\� @/ô�Ç �̧	� ÕªaË>

t�Ãº ns� Perry et al. [4]s� ]jîß�ô�Ç ��õ	כ °ú s� ��_� 1.8s� ÷&��H ��Ér	כ <Éªp�e����H {9�s���.

95%_� ���ø@½̈çß��̀¦ �í�<Ê
���H ����̂ �©��'ad���Ér ��6£§õ� °ú s� �)a��.

k = (6.8259× 10−4 ± 8.119× 10−5)T 1.75509±0.01888 (2.11)

ÕªaË> 2.9��H q����+þA ~½Ó&ñ
d��\� @/ô�Ç �̧	� ÕªaË>�̀¦ �Ð#�ï�r��. ÕªaË>\�"f �Ð1pws� �̧	�[þt�Ér Áº

���0A&h�Ü¼�Ðì�r�í
��¦e����.����"fX<s�'���ÅÒ#Q���%ò
%i�\�"f��HáÔ�ÐóøÍ_�\P�����̧�̧��Hd��

(2.11)\� _�
�#� ú̧� �©��'at�#Q ������¦ ½+É Ãº e����.

2	� ���½Ód��õ� q����+þA ~½Ó&ñ
d��s� �̧¿º &h�½+Ë
�Ù¼�Ð s� \P�����̧�̧ �©��'ad��\� @/ô�Ç ¿º �©��'ad��

��s�\�"f_� ���×þ��Ér #Q�9î�r {9�s���. Äº��� y�� �©��'ad��_� 8úxF�c ì�ríß��̀¦ �¦�9
���. ³ð 2.4�ÐÂÒ

'� 2	� ���½Ód��_� ì�ríß� 0.009966�Ér q����+þA ~½Ó&ñ
d��_� ì�ríß� 0.020109õ� q��§½+É ëß� 
���. ¿º���

P: ì�ríß��Ér ÕªaË> 2.8_� ]jY�L_� ½+Ë�̀¦ ��Ä»�̧��� (10 X<s�&h� - 2 B�>h�����) 8�Ð ��è�H °ú̀�כ¦ s�6 x


���H d�� (2.4)�ÐÂÒ'� >�íß�÷&%3���. q�2�¤ s� ì�ríß�_� 	��� :�x>��<Æ&h���� _�p�\�¦ ��t�t� ·ú§�̀¦t�

�̧ØÔt�ëß� 2	� ���½Ód��s� \P�����̧�̧ X<s�'�\� @/ô�Ç �8 ���Ér �©��'ad���̀¦ ]j/BNô�Ç����H �¦̀�	כ �Ð#�

ï�r��.

(c) bËcW��+ �\��¿ Perry et al. [4]\� _�
�#� ÆÒ��;�)a Ó�o�̂_� &h��̧\� @/ô�Ç �©��'a�'a>���H 7£xl�

·ú�\� @/ô�Ç Antoine d��õ� q�5pw
���.

log(µ) = A + B/(T + C) (2.12)
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ì�r$3� x9� �©��'a �'a>�

#�l�"f µ��H &h��̧s��¦, it A, B, C��H B�>h����� s���. ëß���� T�� Kelvin �:r�̧�Ð ����?/#Qt�

���, B�>h����� C��H C = 17.71 − 0.19Tb�Ð ��H���)a��. #�l�"f Tb��H Kelvin �:r�̧�Ð ÅÒ#Qt���H

=åX��H&h�s���. áÔ�ÐóøÍ_� =åS��H&h��Ér 231Ks�Ù¼�Ð, C��H -26.18s� �)a��.

MATLAB_� q����+þA �r)
ì�r$3��̀¦ ��6 x
�#� ³ð B.10_� X<s�'��ÐÂÒ'� d�� (2.12)\�¦ ��6 x
�

#� B�>h�����\�¦ >�íß�½+É Ãº e����. ë�H]j 1.7\�"f 7£xl�·ú�\� @/
�#�it A, B, C\�¦ ���&ñ
Ùþ¡~�� ��%	כ

!3� d�� (2.12)\�¦ ���+þA�o½+É Ãº�̧ e����. q����+þA �r)
ì�r$3�\�"f��H B�>h�����[þt\� @/ô�Ç ½+Ëo�&h����

�íl� ÆÒíß�u��� 
¹כ��9��¦ Aü< B\� @/ô�Ç ÆÒíß�u�[þt�̀¦ %3��̀¦ Ãº \O�Ü¼Ù¼�Ð, s� ÆÒíß�u�[þt�̀¦ %3�

l�0A
�#� �íl� ÆÒíß�u��� 
¹כ��9�t� ·ú§�Ér ��×�æ ���+þA �r)
ì�r$3�s� ��6 x|̈c �.���s	כ >�5Åq
�#�

s� °úכ[þt�̀¦ �íl� ÆÒíß�u��Ð ��6 x
�#� q����+þA �r)
ì�r$3�s� Ãº'���)a��.

����"f, d�� (2.12)��H C °ú̀�כ¦ -26.18�Ð ��6 x
�#� ���+þA�o|̈c Ãº e����. MATLAB áÔ�ÐÕª

Ïþ�\�"f logmu=log10(mu), TK=TC+273.15, invTKplusC=1/(TK-26.18)�Ð ÅÒ#Qt���H ���

Ãº_� ���8̈�s� 
¹כ��9���. Dh�Ðî�r ���Ãº\�¦ ��6 x
���H ���+þA�o�)a ³ð�&³�Ér ��6£§õ� °ú s� �)a��.

logmu=A+B*invTKplusC (2.13)

1lqwn����Ãº�Ð invTKplusC\�¦, 7áx5Åq���Ãº�Ð logmu\�¦ ��6 x
���H ���+þA �r)
ì�r$3�_� ���õ���H A=

-1.3439, B=142.07s� �)a��. s� °úכ[þtõ� C=-26.18s� d�� (2.12)�̀¦ q����+þA �r)
ì�r$3� 
���HX<

¹ô�Çכ��9 �íl� ÆÒíß�u��� �)a��.

q����+þA �r)
ì�r$3�_� ���õ��� ÕªaË> 2.10\� ÅÒ#Q4R e����. ÕªaË>\�"f �Ð1pws� q����+þA �r)
ì�r

$3�_� ���õ���H Þ�¶¹1Þ�Ér ��3!�%	כ �Ð�����. 
�t�ëß� ÕªaË> 2.11_� �̧	� ÕªaË>�Ér �̧	� ì�r�í\� ���1lx
�

��H �â
�¾Ó�̀¦ "î
SX�y� �Ð#�ï�r��. s� ÕªaË>�Ér 3 B�>h����� ~½Ó&ñ
d��s� V,��Ér �:r�̧ #3�0A\� ���5g"f &h�

�̧ X<s�'�\�¦ ����?/l�\���H ÂÒ&h�]X�
�����H �¦̀�	כ �Ð#�ï�r��.

Reid et al. [6]\�"f ��6 x÷&��H ��6£§õ� °ú �Ér 4 B�>h����� ~½Ó&ñ
d��s� Ó�o�̂_� &h��̧\� @/ô�Ç ¢̧

���Ér ��0pxô�Ç ~½Ó&ñ
d���̀¦ ]j/BNô�Ç��.

log(µ) = A + B/T + CT + DTn (2.14)

0A_� d���Ér q����+þA �r)
ì�r$3��̀¦ :�x
�#� ú́�2X|9� Ãº e����H 5>h_� B�>h�����\�¦ �í�<Êô�Ç��. 0Aü<

°ú �Ér d��\� @/
�#� ��{©�ô�Ç �íl� ÆÒíß�u�\�¦ %3�l� 0A
�#� ���+þA �r)
ì�r$3��̀¦ ��6 x
���H ��s	כ Ä»

6 x
���. t�Ãº n °ú̀�כ¦ e��_�_� °úכ 0.5�Ð �¦&ñ

���� ���+þA�o��H ~1�>� �)a��. s�ü< °ú �Ér �̧����̀¦
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Model: mu=10(A+B/(TK+C))
A = −1.40028
B = 154.584
C = −22.0961
Sum of square = 0.00152033

ÕªaË> 2.10: &h��̧_��'a8£¤°úכõ�>�íß�°úכ. Antoined��B�>h�����[þt�Érq����+þA�r)
ì�r$3��̀¦:�x
�#�

%3�#Q&����.
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ÕªaË> 2.11: q����+þA ~½Ó&ñ
d�� (2.12)�Ð ����?/#Qt���H &h��̧\� @/ô�Ç �̧	� ÕªaË>
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ì�r$3� x9� �©��'a �'a>�

���2; Êê_� ���+þA �r)
ì�r$3�_� þj7áx���õ���H A = −11.1502, B = 467.144, C = −0.028897,

D = 0.994892 x9� n = 0.5s���. Y>� B�>h�����_� ���ø@½̈çß�s� 0�̀¦ �í�<Ê
��¦ e��l� M:ë�H\� s�

°úכ[þt�̀¦ d�� (2.14)_� q����+þA �r)
ì�r$3�\� ��6 x
�l�\���H �4HêøÍ
���.

ë�H��³\�"f ]jîß�÷&��H ¿º �©��'a�'a>�\� @/ô�Ç ���õ���H ��ÅÒ ëß�7á¤Û¼XO�t� ·ú§�¦, s� X<s�'�[þt�Ér

{9�ìøÍ&h�Ü¼�Ð ��6 x÷&��H &h��̧_� �:r�̧_��>r$í
\� @/ô�Ç �'a>��Ð��H ú̧� ����?/t� 3lwô�Ç���¦ ����:r?/

wn= Ãº e����. s� X<s�'�[þt\� @/K�"f��H ���½Ód�� +þAI�_� �r)
ì�r$3��̀¦ �¦�9
�#��� ô�Ç��.

(d) ¤� L±Óá~
 áÔ�ÐóøÍ\� @/ô�Ç 7£xµ1Ï\P� X<s�'���H ³ð B.11\� −70oF\�"f 120oF #3�0A\�"f ÅÒ

#Q4R e����. 7£xµ1Ï\P��Ér Watson �'a>�\� ��H��\�¦ é�H ��6£§õ� °ú �Ér d��Ü¼�Ð �©��'at�#Q|9� Ãº e����

(Perry et al. [4]):

∆H = A(TC − T )n (2.15)

Watsons� ]jîß�ô�Ç n °úכ�Ér 0.38s���, n °úכ�Ér z�́+«> X<s�'�_� �r)
ì�r$3��̀¦ :�x
�#� ���&ñ
|̈c Ãº

e����. áÔ�ÐóøÍ_� e��>��:r�̧��H 666Rs���.

0A_� d���Ér f��]X� q����+þA �r)
ì�r$3�\� ��6 x|̈c Ãº e���¦, �ª����\� log\�¦ 2[K�"f ��6£§õ� °ú s�

���+þA�o |̈c Ãº e����.

log(∆H) = log A + n log(TC − T ) (2.16)

¿º�r)
ì�r$3�s�'��K�|9��s�Ù¼�Ð,³ð	כ B.11_�"é¶A�X<s�'���H TFü< deltaH�Ð{9�§4�÷&�¦,���

8̈� ���Ãº TR=TF+460, logDeltaH=log10(DeltaH), logTCmTR=log10(666-TR)s� ���+þA �r)


ì�r$3�\�"f ��6 x�)a��.

���+þA �r)
ì�r$3�_� ���õ��� ÕªaË> 2.12\� ÅÒ#Q4R e���¦, 7£xµ1Ï\P�\� @/ô�Ç ���õ�d���Ér ��6£§õ� °ú 

��.

∆H = 30.333(666− T )0.3248 (2.17)

���+þA �r)
ì�r$3� ���õ�\�¦ �íl� ÆÒíß�u��Ð ��6 x
���H q����+þA �r)
ì�r$3�_� ���õ���H ��6£§õ� °ú 

��.

∆H = 30.083(666− T )0.3264 (2.18)
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DeltaH=30.3326(666−TR)(0.3248)
Sum of square = 6.1440 

ÕªaË> 2.12: ���+þA �r)
ì�r$3�\� _�ô�Ç 7£xµ1Ï\P� X<s�'�_� �©��'a�'a>�

¿º ���õ��� ��ÅÒ Ä»��
���. B�>h����� °úכ[þt\�"f_� ���çß�_� 	�s���H ���+þA �r)
ì�r$3�\�"f��H þj

�è ]jY�L 3lq&h��<ÊÃº�� log(∆H)\�"f >�íß�÷&��H ìøÍ���\� q����+þA �r)
ì�r$3�\�"f_� 3lq&h��<ÊÃº��H

∆H�ÐÂÒ'� >�íß�÷&l� M:ë�H\� ����èß���.

ÕªaË> 2.13\� ÅÒ#Q��� q����+þA �r)
ì�r$3�\�"f_� �̧	� ÕªaË>�Ér ÅÒl�&h�s���. s���H s� d��\� _�


�#� X<s�'�[þts� ú̧� ����?/#Q |9� Ãº \O�5pu�̀¦ _�p�ô�Ç��. ���+þA �r)
ì�r$3�\�"f�̧ q�5pwô�Ç �â
�¾Ó

s� ����èß���.
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ÕªaË> 2.13: q����+þA �r)
ì�r$3�\�_�ô�Ç 7£xµ1Ï\P�\� @/ô�Ç �̧	� ÕªaË>

�³ B.8<J"b B.11����Ìø MATLAB 3̀��'� �ûY"eכ�� CHAP2Ìø tableb08.mat<J"b

tableb11.matv² � �b$\ AUe��.
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V� 4 â�
 ¤n>f9cÛÖS �ä·Å]��æ·�+ Öeµ�¿ �+×iµÅ]�

4.1 5���� à�
ÃZ�

\P�%i��<Æ x9� ���²ú� �&³�©� Óüt$í
[þt_� �©��'ad�� x9� ³ðr�.

4.2 ��£� ÛÖS ÊÁn� B�ß��

z�́+«> X<s�'�\� "f�Ð ���Ér +þAI�_� /BG����̀¦ ú́�»¡§, ���+þA ³ð�&³�̀¦ %3�l�0Aô�Ç ���Ãº[þt_� ���8̈�.

4.3 %K�V� à�
ÃZ�

³ð B.12\�"f B.15��H �:r�̧_� �<ÊÃº�Ð #��Q �o½+ËÓüt_� ���ª�ô�Ç Óüt$í
u� °úכ[þt�̀¦ �����·p��.

s� �o½+ËÓüt[þt_� Óüt$í
u�[þt_� �:r�̧ _��>r$í
�̀¦ ����?/��H þj�©�_� �©��'ad���̀¦ ½̈
�#���.

�³ B.12<J"b B.15Ìø 3̀��'�<J N�~×� MATLAB 3̀��'� �ûY"eכ�� tableb12a.mat ...

tableb12d.mat, tableb13a.mat ... tableb13g.mat, tableb14a.mat ... tableb14f.mat,

tableb15a.mat ... tableb15f.matv² � �b$\ AUe��.
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ì�r$3� x9� �©��'a �'a>�

V� 5 â�
 	�xjS B��7�ãÃ�×ÉÙ'a �7	#aë�> á~
¦�>I±Ó (�×®̧�ÐÏ�

5.1 5���� à�
ÃZ�

Áº	�"é¶ ç�H�̀¦ ��6 x
���H \P����²ú� �©��'ad��.

5.2 ��£� ÛÖS ÊÁn� B�ß��

X<s�'�_� ���+þA x9� q����+þA �r)
ì�r$3� x9� ���8̈� �<ÊÃº_� ��6 x.

5.3 %K�V� à�
ÃZ�

/BN�<Æ&h� X<s�'�\�¦ �©��'ar�v���H ×�æ¹כô�Ç �̧½̈��H 	�"é¶ K�$3��̀¦ ��6 x
���H �.���s	כ 	�"é¶ K�$3��Ér

"f�Ð 1lqwn�&h���� Áº	�"é¶ ç�H�̀¦ ���&ñ

�>� ÷&�¦, s� Áº	�"é¶ ç�H�Ér :£¤&ñ
 ë�H]j\� ×�æ¹כ
�>� |̈c Ãº

�̧ e����. ���+þA x9� q����+þA �r)
ì�r$3��Ér z�́+«> X<s�'�\� @/ô�Ç Áº	�"é¶ Ãº_��©��'a�'a>�\�¦ ���&ñ

�

��HX< ��ÅÒ Ä»6 x½+É Ãº e����.

Geankoplis [3]��H Buckingham ZO��̀¦ ��6 x
�#� �'a ?/_� \P����²ú�\� @/ô�Ç %�o�\�¦ �¦�9
�#�,

Nusselt Ãº�� Reynolds Ãºü< Prandtl Ãº_� �<ÊÃº�� |̈c �s�����H	כ ���õ�\�¦ %3�%3���.

Nu = f(Re, Pr) or
hD

k
= f

(
Dvρ

µ
,
Cpµ

k

)
(2.19)

d�� (2.19)\� _�
�#� ]jîß�÷&��H @/³ð&h���� �©��'ad���Ér ��6£§õ� °ú ��.

Nu = aRebPrc (2.20)

#�l�"f a, b, c��H z�́+«> X<s�'��ÐÂÒ'� ���&ñ
|̈c Ãº e����H B�>h�����[þts���.

�'a ?/_� èß�ÀÓ âì2£§\�"f_� \P����²ú�\� @/
�#� V,�o� æ¼s���H �©��'ad���Ér Sider-Tate [7]d��s���.

Nu = 0.023Re0.8Pr1/3(µ/µw)0.4 (2.21)

#�l�\���H Áº	�"é¶ &h��̧ q��� �8K�&����. s� Áº	�"é¶ &h��̧ q�(µ/µw)��H Ä»�̂_� î̈
ç�H �:r�̧\�"f

_� &h��̧ü< #4���� �:r�̧\�"f_� &h��̧_� q�s���.
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³ð B.16�ÉrWilliamsü< Katz [8]�� ��¾ú  t�2£§s� 3/4in �'a_� ü@ÂÒ�Ð_� \P����²ú�\� @/
�#� %3�

�Ér X<s�'�[þt ×�æ_� {9�ÂÒs���. #�l�"f Re, Pr, (µ/µw)ü< Nu��H 8£¤&ñ
�)a Áº	�"é¶ Ãº[þts���.

(a) ��×�æ ���+þA �r)
ì�r$3��̀¦ ��6 x
�#� ³ð B.16_� X<s�'�\�¦ ����?/��H d�� (2.20)õ� (2.21) +þA

I�_� �<ÊÃº g1J_� B�>h����� °ú̀�כ¦ ���&ñ

���.

(b) q����+þA �r)
ì�r$3��̀¦ ��6 x
�#� (a)\�¦ ìøÍ4�¤
���.

(c) #Q�"��<ÊÃºg1Jõ� B�>h�����°úכ[þts�s�X<s�'�\�@/ô�Ç�©��'ad��Ü¼�ÐÆÒ��;÷&#Q��
���H��?

Õª s�Ä»\�¦ [O�"î

���.

5.4 B�

¼#�_��©� d�� (2.20)õ� (2.21)_� �<ÊÃº g1J[þt�̀¦ ��6£§õ� °ú s� æ¼��.

Nu = aiRebiPrci (2.22)

Nu = diReeiPrfiMugi (2.23)

#�l�"f i = 1�Ér ���+þA �r)
ì�r$3� ���õ�_� B�>h����� °úכ[þt�̀¦ ����?/�¦, i = 2�Ér q����+þA �r)
ì�r

$3� ���õ�_� B�>h����� °úכ[þt�̀¦ �����·p��. Mu��H &h��̧ q�\�¦ �����·p��.

(a) d�� (2.22)�� (2.23)_� ���+þA �r)
ì�r$3��Ér ���+þA�o�)a +þAI��Ð ���8̈�K��� ô�Ç��. y�� d��_� �ª�

���\� ����� �ÐÕª(ln)\�¦ 2[
���� ���+þA�o��H ~1�>� �)a��. ���8̈��)a d��[þt�Ér ��6£§õ� °ú s� �)a��.

lnNu = ln ai + bi lnRe + ci ln Pr (2.24)

lnNu = ln di + ei lnRe + fi ln Pr + gi ln Mu (2.25)

Re, Pr, Mu ü< Nu�Ð &ñ
_��)a ³ð B.16_� X<s�'���H MATLABÜ¼�Ð f��]X� {9�§4��)a��. ���+þA

�r)
ì�r$3�\�"f ¹ô�Çכ��9 ÆÒ��&h���� ���Ãº[þt�Ér ��6£§õ� °ú s� y�� ���Ãº\� ����� log\�¦ 2[ô�Ç °úכ[þts�

��. lnRe=log(Re), lnPr=log(Pr), lnMu=log(Mu), lnNu=log(Nu). ���+þA �r)
ì�r$3�_� ���õ�

�� ³ð 2.5\� &ñ
o�÷&#Q e����. a1õ� d1\� @/
�#� ]jr��)a °úכ[þt�Ér s� B�>h����� °úכ[þt_� ����� �Ð

Õª °ú̀�כ¦ ÅÒ��H �r)
ì�r$3� ���õ��Ð ÂÒ'� >�íß��)a °úכ[þte��\� ÅÒ_�
���.
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ì�r$3� x9� �©��'a �'a>�

³ð 2.5: �r)
ì�r$3� ���õ� ���¹כ

���+þA �r)
ì�r$3� q����+þA �r)
ì�r$3�

d��(2.24)ü< (2.25) d��(2.22)ü< (2.23)

B�>h����� °úכ 95% ���ø@½̈çß� °úכ 95% ���ø@½̈çß�

a 0.662295 3.8794 0.165641 0.126393

b 0.539538 0.116063 0.663548 0.064737

c 0.245353 0.113943 0.341377 0.062209

d 0.534712 5.6326 0.149153 0.117505

e 0.558833 0.150668 0.673285 0.067260

f 0.252375 0.122989 0.328563 0.066706

g -0.067723 0.316322 -0.177681 0.332506

³ð 2.5\�"f d�� (2.24)ü< (2.25)\� @/ô�Ç ���+þA �r)
ì�r$3�_� ���õ���H B�>h����� a\�¦ dü<, b\�¦

eü<, c\�¦ fü< q��§½+É M: {9��'a$í
s� e��>��)a��. 95% ���ø@½̈çß��Ér 0�̀¦ �í�<Ê
���H 	�H °ú̀�כ¦ ��t�

��H a, d x9� g\�¦ ]jü@
��¦��H q��§&h� �����.

(b) d�� (2.22)ü< (2.23)\� @/ô�Ç f��]X�&h���� q����+þA �r)
ì�r$3��Ér �íl� ÆÒíß�°úכÜ¼�Ð ��6 x½+É Ãº

(a)_� ���+þA �r)
ì�r$3� ���õ��ÐÂÒ'� Ãº§4��)a °ú̀�כ¦ %3��̀¦ M: 7áx«Ñ�)a��. ���õ�[þts� ³ð 2.5\� &ñ
o�

÷&#Q e����. s� �â
Äº %i�r�, �r)
ì�r$3�_� ���õ���H B�>h����� a\�¦ dü<, b\�¦ eü<, c\�¦ fü< q��§½+É

M: {9��'a$í
s� e��>��)a��. 95% ���ø@½̈çß��Ér 0�̀¦ �í�<Ê
���H 	�H °ú̀�כ¦ ��t���H g\�¦ ]jü@
��¦��H q�

�§&h� �����.

(c) ���©� &h�½+Ëô�Ç �©��'ad���̀¦ ���×þ�
���HX<\���H ú́§�Ér �¦�9���½Ós� e����.

é�>c]Ä©ë5Ñ ÅÒ¹כ óøÍéß� l�ï�r�Ér y�� B�>h�����\� @/ô�Ç 95% ���ø@½̈çß�s���. B�>h�����\� q�
�#�

���ø@½̈çß�s���ÅÒß¼���,s�B�>h�������H�©��'ad��\�"f�����̧×�æ¹כ
�t�·ú§�¦ 0Ü¼�Ð¿º#Q��½+É

�.���s	כ (a)ü< (b)\�"f '��ô�Ç ���+þA x9� q����+þA �r)
ì�r$3� ¿º �â
Äº\�"f Mu_� t�Ãº��� B�>h���

�� g_� �â
Äºs���. s�\� @/ô�Ç ¢̧���Ér [O�"î
�Ér Mu��H �r)
ì�r$3�_� ���Ér ���Ãº\� _��>r½+É Ãº�̧

e������H �.���s	כ s�\� @/ô�Ç [O�"î
�Ér s�]X�_� ź» ÂÒì�r\�"f l�Õüt|̈c �.���s	כ
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ÕªaË> 2.14: d�� (2.22)\�¦��6 x
���Hq����+þA�r)
ì�r$3�\�_�ô�Ç\P����²ú�X<s�'�\�@/ô�Ç �̧	� ÕªaË>

�ï	� Ü«ÍÏ� �̧	�[þts�Áº���0A&h�Ü¼�Ðì�r�íK���÷&��H�
õ�°ú �Ér#Q�"�"î	כÑþ�ô�Ç�â
�¾Ós�e����Ht�

\�¦ ���&ñ

�l� 0A
�#� �r)
ì�r$3�_� �̧	��̧r�\�¦ ¶ú�(R�Ð��H ��s	כ ��ÅÒ Ä»6 x
���. ÕªaË> 2.14��H

d�� (2.22)\�¦��6 x
���Hq����+þA�r)
ì�r$3�\�@/ô�Ç@/³ð&h���� �̧	� ÕªaË>s���.s� �̧	��̧r���H �̧

	�[þts� Áº���0A&h�Ü¼�Ð ì�r�í
��¦ e��6£§�̀¦ �Ð#�ï�r��. #�l�"f �¦�9÷&��H #Q�"� ���+þA x9� q����+þA

�r)
ì�r$3�\�"f�̧ :£¤Z>�ô�Ç �̧	� +þAI�[þts� ������t� ·ú§Ü¼Ù¼�Ð, s� �â
Äº\���H �̧	� ÕªaË>�Ér �©�

�'a�'a>�\�¦ ���I�
���HX< �̧¹¡§s� ÷&t� 3lwô�Ç��.

&P�ñ5Ñ�æ·�+ j�¬̈ ���+þA �r)
ì�r$3�\�"f_� 7áx5Åq ���Ãº��H ln(Nu)s��¦, q����+þA �r)
ì�r$3�\�"f_�

7áx5Åq���Ãº��H Nus�Ù¼�Ð s� �©��'a�'a>�[þt\� @/ô�Ç ì�ríß��̀¦ q��§½+É M:\���H :£¤y� ÅÒ_�K��� ô�Ç��.

s� ë�H]j\� @/ô�Ç Nusselt Ãº\� ��H��ô�Ç ì�ríß��Ér ��6£§õ� °ú s� &ñ
_��)a��.

σ2 =
1
ν

N∑

i=1

(
Nu(obs) −Nu(calc)

)2 (2.26)

#�l�"f ν��H X<s�'� &h�_� Ãº\�"f B�>h�����_� Ãº\�¦ �É� ��Ä»�̧s��� (N −m). s� ë�H]j\� @/

ô�Ç �©�@/ �̧	� ì�ríß��Ér ��6£§õ� °ú s� &ñ
_��)a��.

σ2
r =

1
ν

N∑

i=1

(
Nu(obs) −Nu(calc)

Nu(obs)

)2

(2.27)

s� ì�ríß�[þt�Ér �r)
ì�r$3�s� =åQèß� Êê\� >�íß��)a��. >�íß� ���õ�[þts� ³ð 2.6\� Q#&÷���¹כ e����.
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³ð 2.6: \P����²ú� �©��'a�'a>�\� @/ô�Ç ì�ríß�[þt

�r)
ì�r$3� d�� ì�ríß� σ2 �©�@/ì�ríß� σ2
r

���+þA �r)
ì�r$3�, d�� (2.24) 265.59 0.010278

���+þA �r)
ì�r$3�, d�� (2.25) 234.71 0.011346

q����+þA �r)
ì�r$3�, d�� (2.22) 68.276 0.016832

q����+þA �r)
ì�r$3�, d�� (2.23) 66.685 0.014765

³ð 2.6_� ì�ríß�[þt�̀¦ �Ð���, q����+þA �r)
ì�r$3�Ü¼�Ð %3��Ér ¿º �©��'a�'a>��� ���+þA �r)
ì�r$3�Ü¼�Ð

%3��Ér ¿º �©��'a�'a>� �Ð�� a%~�Ér ���õ�\�¦ º¡§�̀¦ ·ú� Ãº e����. s���H 	�H °úכ_� Nu�� �r)
ì�r$3�\� �8

ú́§�Ér %ò
�¾Ó�̀¦ p�u�l� M:ë�Hs���. �©�@/ ì�ríß�_� >�íß� ���õ�\�¦ �Ð���, ¿º ���+þA �r)
ì�r$3�_� ���õ�

�� ����Ér �©�@/ ì�ríß�°ú̀�כ¦ ï�r��. s���H ���+þA �r)
ì�r$3�\�"f��H ln(Nu)\�¦ 7áx5Åq ���Ãº�Ð ��6 x
�#�

"f Nu °úכs� 	�H X<s�'� &h�[þt_� ò́õ��� ×�¦#Q[þt%3�l� M:ë�Hs���. s�ü< °ú �Ér ���õ��ÐÂÒ'� {9�ìøÍ

&h�Ü¼�Ð “�©�@/ �̧	�[þt þj�è�o 
��9��� log ���8̈�s� Ä»6 x
���”��H ����:r�̀¦ ?/wn= Ãº e����.

����"f, �r)
ì�r$3� d��_� ���×þ��Ér �̧	��� �©�@/&h����t� ¢̧��H 8£¤&ñ
 Nu°úכ\� q�YV
���Ht�\� _�

�>rô�Ç��. s� &ñ
�Ð�� s� ë�H]j\�"f��H ·ú��94R e��t�·ú§l� M:ë�H\�, ì�ríß� x9� �©�@/ ì�ríß�_� >�íß� ëß�

Ü¼�Ð��H ���×þ��̀¦ ½+É Ãº�� \O���.

£o>ÊÁ�æ· ë5Ñ�+ ���æ ø5� (�×¡õ �+×iµÅ]� ���+þA x9� q����+þA �r)
ì�r$3�\�"f��H 1lqwn����Ãº[þts� "f�Ð

1lqwn�&h�s����¦��&ñ
ô�Ç��.��&ñ
�)a1lqwn����Ãº[þt��s�\�"f_���0pxô�Ç_��>r$í
�Érô�Ç���Ãº\�¦���Ér

���Ãº\� @/
�#� �̧r�K� 4�§Ü¼�Ð+� ·ú����̂¦ Ãº e����. s� �â
Äº\���H 0�̀¦ �í�<Ê
���H Mu_� 	�H ���

ø@½̈çß��Ér Mu�� ���Ér ���Ãº[þt\� ����'a÷&#Q e��6£§�̀¦ ·ú��9ï�r��. Mu_� ln(Re)\� @/ô�Ç �r)
ì�r

$3��Ér ÕªaË> 2.15\� �Ðs���H ��ü< °ú s� SX�z�́ô�Ç _��>r$í
�̀¦ �Ð#�ï�r��. ����Ðl�\���H &h��̧_� q���

z�́+«>\�"f Re\� 1lqwn�&h�Ü¼�Ð ���
�t� ·ú§Ü¼Ù¼�Ð, Nu\� @/ô�Ç Mu_� ò́õ���H 1lqwn�r�~�́ Ãº \O�

��. d�� (2.23)_� &h��̧ q�_� t�Ãº\� @/ô�Ç ����:r�Ér Williamsü< Katz [8]_� X<s�'���H &h��̧ q�_�

t�Ãº\�¦ ���&ñ

�l�\���H Ô�¦Ø�æì�r
�����H �.���s	כ

i¦¤4 (�×®̧�ÐÏ� q����+þA �r)
ì�r$3��Ér Nu °ú̀�כ¦ f��]X� >�íß�½+É Ãº e���¦, d�� (2.26)\�"f>�íß��)a ì�r

íß�s� f��]X� �r)
ì�r$3�\� &h�6 x|̈c Ãº e��Ü¼Ù¼�Ð, s� X<s�'�\� @/
�#� ÆÒ��;÷&��H d���Ér ��6£§õ� °ú 
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ÕªaË> 2.15: Renolds Ãº_� ln °úכ, ln(Re)\� @/ô�Ç &h��̧ q�µ/µw_� �̧r�

�³ B.16Ìø 3̀��'�<J N�~×� MATLAB 3̀��'� �ûY"eכ�� tableb16.matv² � �b$\ AUe��.

s� ÅÒ#Q�����.

Nu = (0.1656± 0.126)Re0.664±0.0647Pr0.341±0.0622 (2.28)

Mu q�_� ò́õ�\�¦ �̧��
��¦, s� X<s�'�[þt_� �r)
ì�r$3�\� ��6 x÷&��H þj�©�_� ì�ríß�°ú̀�כ¦ ���&ñ

�

l� 0AK�"f��H �8 ú́§s� z�́+«>�̀¦ K���ô�Ç��.
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ì�r$3� x9� �©��'a �'a>�

V� 6 â�
 ®̧�Uc"��+ bËcW��+ á~
¦�>I±Ó (�×®̧�ÐÏ�

6.1 5���� à�
ÃZ�

Áº	�"é¶ ç�H�̀¦ ��6 x
���H \P����²ú� X<s�'�_� �©��'ad��.

6.2 ��£� ÛÖS ÊÁn� B�ß��

���+þA�o x9� ���8̈� �<ÊÃº\�¦ ��6 x
���H X<s�'�_� ���+þA x9� q����+þA �r)
ì�r$3�.

6.3 %K�V� à�
ÃZ�

³ð B.17\�"f B.19��H Siederü< Tate [7]\� _�
�#� �Ð�¦�)a 0.75-inch No. 16 BWG îß�Aá¤ �'aõ�

1.25-inch ��¾ú Aá¤ ô= �'aÜ¼�Ð �)a 1lxd�� "é¶:�x \P� �§8̈�l�\�"f \P����²ú� X<s�'�s���. 8£¤&ñ
�Ér [j>h

_� "f�Ð ���Ér 7áxÀÓ_� l�2£§�̀¦ ��6 x
�#� '��K�&����. ³ð\�"f Nu, Re, Pr�Ð ����?/#Q��� Áº	�

"é¶ ç�H�Ér y��y�� Nusselt Ãº, Reynolds Ãº, Prandtl Ãºs���. (µ/µw)�Ð ³ðr��)a \P��Ér #4� �:r�̧\�

"f_� &h��̧\� @/ô�Ç î̈
ç�H �:r�̧\�"f_� &h��̧_� q�s���.

(a) ³ð B.17\�"f B.19\�e����H\P����²ú�X<s�'�\�@/ô�Ç���©�&h�½+Ëô�Ç�©��'ad���̀¦���&ñ

���.��

6£§õ� °ú �Ér +þAI�_� {9�ìøÍ&h���� Siederü< Tate [7] d���̀¦ î̈
��
���.

Nu = a0Rea1Pra2(µ/µw)a3

#�l�"f a0, a1, a2ü< a3��H ����̂ X<s�'��ÐÂÒ'� ���&ñ
÷&#Q��½+É B�>h�����s���.

(b) #��Qì�r_� ���õ�\�¦ Siederü< Tate [7]\� _�
�#� ÅÒ#Q��� ��6£§ d��õ� q��§
���.

Nu = 0.023Re0.8Pr1/3(µ/µw)0.14

�³ B.17<J"b B.19����Ìø 3̀��'�<J N�~×� MATLAB 3̀��'� �ûY"eכ�� tableb17.mat<J"b

tableb19v² � �b$\ AUe��.
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V� 7 â�
 ËÂ�â ¥� ð5�£� e�Uc"��+ á~
¦�>I±Ó

7.1 5���� à�
ÃZ�

Áº	�"é¶ ç�H�̀¦ ��6 x
���H \P����²ú� X<s�'�_� �©��'ad��.

7.2 ��£� ÛÖS ÊÁn� B�ß��

���+þA�o\�¦ ��6 x
���H X<s�'�_� ���+þA x9� q����+þA �r)
ì�r$3�.

7.3 %K�V� à�
ÃZ�

Dowü< Jacob [2]�Ér Ä»1lx�o�)a /BNl�ü< �¦�̂ �D¥½+ËÓütõ� Ãºf�� �'a#4� ��s�_� \P����²ú�\� @/ô�Ç z�́

+«>&h���� X<s�'�\�¦ ú̧� ����?/��H �Ü¼�Ð	כ ��6£§õ� °ú �Ér Áº	�"é¶ d���̀¦ ]jîß�
�%i���.

Nu = a1

(
Dt

L

)a2
(

Dt

Dp

)a3
(

1− ε

ε

ρsCs

ρgCg

)a4
(

DtG

µg

)a5

(2.29)

#�l�"f

Nu = hmDt
kg

= Nusselt Ãº

hm = \P����²ú� >�Ãº

Dt = �'a t�2£§

Dp = �¦�̂ {9��� t�2£§

L = ��\P�÷&��H Ä»1lx8£x U�́s�

ε = Ä»1lx8£x_� /BN�FGÒ�¦

G = l��̂ |9�|¾Ó 5Åq�̧

kg, ρg, Cg, µg = l��©�_� Óüt$í


Cs, ρs = �¦�©�_� Óüt$í
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ì�r$3� x9� �©��'a �'a>�

(a) log(Nu)\�@/ô�Ç���+þA�r)
ì�r$3�õ�Nu\�@/ô�Çq����+þA�r)
ì�r$3��̀¦��6 x
�#�d�� (2.29)_�

a1, a2 · · · a5_� B�>h����� °úכ[þt�̀¦ >�íß�
�l� 0A
�#� ³ð B.20_� e����H X<s�'�\�¦ ��6 x
�

��.

(b) X<s�'�\�¦ �©��'a|9���HX< #Q�"� �r)
ì�r$3�ZO�s� ���©� Ä»6 xô�Ç��? #��Qì�r_� ���×þ��̀¦ ���ø@½̈

çß�, ì�ríß�, �̧	� ÕªaË>�̀¦ ��6 x
�#� &ñ
{©��o
���.

(c) s� ë�H]j\�"f ��6 x�)a ¿º��t� +þAI�_� �r)
ì�r$3�ZO�_� 	�s�\�¦ [O�"î

���.

�³ B.20Ìø 3̀��'�<J N�~×� MATLAB 3̀��'� �ûY"eכ�� tableb20.matv² � �b$\ AUe��.
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V� 8 â�
 Margules ÐÏ�£�· ��£� 
�ÐM� l�Å]�&P� �̀Ë�â �¿ N�ÊÁ�+ (�×®̧�ÐÏ�

8.1 5���� à�
ÃZ�

s�$í
ì�r �Ö̧1lx�̧ >�Ãº_� �©��'ad���̀¦ 0Aô�Ç Margules d��\�"f B�>h����� ÆÒíß�.

8.2 ��£� ÛÖS ÊÁn� B�ß��

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

½+Ë_� >�íß� x9� q��§.

8.3 %K�V� à�
ÃZ�

s�$í
ì�r �Ö̧1lx�̧ >�Ãº_� �©��'ad���̀¦ 0Aô�Ç Margules d���Ér ��6£§õ� °ú ��.

γ1 = exp[x2
2(2B −A) + 2x3

2(A−B)] (2.30)

γ2 = exp[x2
1(2A−B) + 2x3

1(B −A)] (2.31)

#�l�"f x1õ� x2��H y��y�� $í
ì�r 1õ� 2_� ]�tì�rÖ�¦s��¦, γ1õ� γ2��H �Ö̧1lx�̧ >�Ãºs���. B�>h�����

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

d��(2.30)õ� (2.31)�̀¦ ���½+Ë
���� ��6£§õ� °ú �Ér õ�eç
 Gibbs ��Ä»\��-t�\� @/ô�Ç ³ð�&³�̀¦ %3��̀¦

Ãº e����.

g = GE/RT = x1 ln γ1 + x2 ln γ2 = x1x2(Ax2 + Bx1) (2.32)

³ð�$�H$�õ� n-ó¡�òøÍ_�s�$í
ì�r>�\�@/
�#�#��Q]�tì�rÖ�¦\�"f�Ö̧1lx�̧ >�Ãº[þt�Érd�� (2.32)_�

g�ÐÂÒ'� >�íß�|̈c Ãº e����. ��Ä» B�>h������� \O���H ��×�æ ���+þA �r)
ì�r$3�s� Aü< B°ú̀�כ¦ ÆÒíß�
�

��HX< ��6 x|̈c Ãº e����. ¢̧ ���Ér ~½ÓZO��Ér d�� (2.30)õ� (2.32)�̀¦ �8
��¦, s� ½+Ë\� q����+þA �r)
ì�r

$3��̀¦ &h�6 x
�#� Aü< B\�¦ ���&ñ

���H �.���s	כ

³ð 2.7: �$�H$�(1), n-ó¡�òøÍ(2) >�\� @/ô�Ç �Ö̧1lx�̧ >�Ãº

��� ñ x1 γ1 γ2



30 ]j 2 �©� X<s�'�_� �r)
ì�r$3� x9� �©��'a �'a>�

1 0.0464 1.2968 0.9985

2 0.0861 1.2798 0.9998

3 0.2004 1.2358 1.0068

4 0.2792 1.1988 1.0159

5 0.3842 1.1598 1.3059

6 0.4857 1.1196 1.0676

7 0.5824 1.0838 1.1096

8 0.6904 1.0538 1.1664

9 0.7842 1.0311 1.2401

10 0.8972 1.0078 1.4038

(a) �$�H$�, n-ó¡�òøÍ >�\�@/ô�Ç Margulus d��_� Aü< B\�¦ ���&ñ

�l� 0A
�#� ³ð 2.7_� X<s�'�ü<

d�� (2.32)\� @/ô�Ç ���+þA �r)
ì�r$3��̀¦ ��6 x
���.

(b) d�� (2.30)õ� (2.31)_� ½+Ë��� éß�{9� d��\� @/ô�Ç q����+þA �r)
ì�r$3��̀¦ &h�6 x
�#� Aü< B\�¦ ÆÒ

íß�
���.

(c) B�>h����� ���ø@½̈çß�, �̧	� ÕªaË>, �̧	�_� ]jY�L_� ½+Ë(¿º �Ö̧1lx�̧ >�Ãº\� @/
�#� >�íß��)a

þj�è ]jY�L ½+Ë)�̀¦ ��6 x
�#� (a)ü< (b)_� �r)
ì�r$3� ���õ�\�¦ q��§
���.

8.4 B�

(a) ø��b� Gibbs Uc�/m� ÐÏ�Uc 7�ø5� ¤n>ÌfC m¬y�&P��7� X<s�'�[þts� x1, gamma1, gamma2�Ð {9�

§4��)a��. ]�t ì�rÖ�¦ x2��H ���8̈��<ÊÃº x2=1-x1�̀¦ :�x
�#� &ñ
_�÷&#Q�� ô�Ç��. Gibbs \��-t� �<ÊÃº

��H g=x1*log(gamma1)+x2*log(gamma2)�Ð &ñ
_��)a��. d�� (2.32)��H ��6£§õ� °ú �Ér ���+þA +þAI�

�Ð ���+þA �)a��.

g = Ax1x
2
2 + Bx2

1x2 = a1X1 + a2X2 (2.33)

����"f��×�æ���+þA�r)
ì�r$3�\��9¹כ�ô�Ç¿º���8̈����Ãº��H X1 = x1 ∗ x2 ∧ 2õ� X2 = x1 ∧ 2 ∗ x2�Ð
&ñ
_��)a��.

X1�̀¦ 'Í	���P: 1lqwn����Ãº�Ð, X2\�¦ ¿º���P: 1lqwn����Ãº�Ð, g\�¦ 7áx5Åq���Ãº�Ð
���H ��×�æ ���+þA �r

)
ì�r$3�_� ���õ��� ÕªaË> 2.16\� ÅÒ#Q4R e����. Aü< B\� @/ô�Ç ���ø@½̈çß��Ér ³ð 2.8\� ÅÒ#Q4R e��
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ÕªaË> 2.16: Margules d�� B�>h�����\� @/ô�Ç ��×�æ ���+þA �r)
ì�r$3�

�¦, �̧	� ÕªaË>�Ér ÕªaË> 2.17\� ÅÒ#Q4R e����.
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ì�r$3� x9� �©��'a �'a>�
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ÕªaË> 2.17: Margules d�� B�>h�����\� @/ô�Ç ��×�æ ���+þA �r)
ì�r$3�_� �̧	� ÕªaË>

³ð 2.8: Margules d�� B�>h�����\� @/ô�Ç ��×�æ ���+þA �r)
ì�r$3� ���

õ�

B�>h����� °úכ 95% ���ø@½̈çß� �©�ô�Ç 
�ô�Ç

A 0.251123 0.00827717 0.242846 0.25940

B 0.460917 0.00848425 0.452432 0.469401

ÐÏ� (2.30)ø� (2.31)�+ TÒ¼Uc 7�ø5� j�¤n>ÌfC m¬y�&P��7� q����+þA�r)
ì�r$3�_�3lq&h��<ÊÃº��H (γ1 +

γ2)s��¦, s�\�¦ gsums��� 
���� ��6£§õ� °ú s� ³ð�&³�)a��.

gsum = exp
[
x2

2(2B −A) + 2x3
2(A−B)

]
+ exp

[
x2

1(2A−B) + 2x3
1(B −A)

]
(2.34)

�Ö̧1lx�̧ >�Ãº[þt�Ér ÅÒ#Q��� X<s�'� %ò
%i�\�"f ��_� 1\� ��¾ú�l� M:ë�H\�, s� q����+þA 3lq&h��<ÊÃº

\� @/ô�Ç γ1õ� γ2_� l�#�ì�rs� ��H��&h�Ü¼�Ð ��_� °ú �¦, ����"f q����+þA �r)
ì�r$3��Ér ¿º �Ö̧1lx�̧

³ð�&³\� ��_� °ú �Ér ��×�æu�\�¦ é�H����H ��\	כ ÅÒ3lq
���.

³ð 2.8\� ÅÒ#Q��� B�>h����� Aü< B_� °ú̀�כ¦ �íl� ÆÒíß�u��Ð ��6 x
���H gsum\� @/ô�Ç q����+þA

�r)
 ³ð�&³�Ér ÕªaË> 2.18\� �Ðs���H ���õ�\�¦ ï�r��. �̧	� ÕªaË>�Ér ÕªaË> 2.19\� ÅÒ#Q4R e���¦, ���

ø@½̈çß��Ér ³ð 2.9\� ÅÒ#Q4R e����.
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ÕªaË> 2.18: Margules d�� B�>h�����\� @/ô�Ç q����+þA �r)
ì�r$3�

³ð 2.9: Margules d�� B�>h�����\� @/ô�Ç q����+þA �r)
ì�r$3� ���õ�

B�>h����� °úכ 95% ���ø@½̈çß� �©�ô�Ç 
�ô�Ç

A 0.260765 0.01205371 0.248715 0.272822

B 0.451573 0.01564355 0.435928 0.467215

(a)ÿ? (b)�+ m¬y�&P��7� Úr
ø��+ j�¬̈ ¿º �r)
ì�r$3�_� l��:r&h���� ���õ���H ��_� °ú ��. ¿º �©��'a

�'a>���H {9�§4� X<s�'�\�¦ ú̧� ����?/�¦, #��Q B�>h�����[þt\� @/ô�Ç ���ø@ ½̈çß�s� ����¦, �̧	� Õª

aË>�Ér q��§&h� Áº���0A&h���� ì�r�í\�¦ �Ð#�ï�r��. 
�t�ëß�, ��[jy� [þt#����Ð��� ��×�æ ���+þA �r)
ì�r

$3�s� ���çß� �8 X<s�'�\�¦ ú̧� ����?/�¦, �8 ����Ér ���ø@½̈çß��̀¦ �������.

¿º �r)
 ³ð�&³s� �©�{©�y� ��ØÔl� M:ë�H\�, >�íß��)a ì�ríß�s��� ]jY�L_� ½+Ë�Ér f��]X� q��§|̈c Ãº

\O���. þj7áx q��§\�¦ 0AK�"f��H ��6£§õ� °ú s� ÅÒ#Qt���H ¿º �Ö̧1lx�̧ >�Ãº\� @/ô�Ç �̧	�[þt_� ]jY�L

_� ½+Ë�̀¦ ÆÒ��&h�Ü¼�Ð >�íß�
�#��� ô�Ç��.

SS =
N∑

i=1

[(
γ1i(obs) − γ1i(calc)

)2 +
(
γ2i(obs) − γ2i(calc)

)2
]

(2.35)

#�l�"f (obs)��H �'a8£¤�)a X<s�'� °ú̀�כ¦ _�p�
��¦, (calc)��H �r)
ì�r$3� ���õ��Ð ÂÒ'� >�íß��)a °úכ

�̀¦ _�p�ô�Ç��. d�� (2.35)\�¦ >�íß�
�l� 0AK�"f��H y�� �r)
ì�r$3�\�"f %3�#Q��� Aü< B\�¦ °ú̀�כ¦ ��

6 x
�#� gam1calcü< gam2calc\�¦ ÆÒ��&h�Ü¼�Ð >�íß�
���H MATLAB "î
§î
#Q\�¦ K���ô�Ç��. >�

íß��)a SS °úכ�Ér ��×�æ ���+þA �r)
ì�r$3�_� �â
Äº\���H SS = 1.222× 10−3s��¦, q����+þA �r)
ì�r$3�

_� �â
Äº\���H SS = 7.994× 10−4s���.

����"f ¿º �r)
ì�r$3��Ér �Ö̧1lx�̧ >�Ãº[þt\� @/ô�Ç ��ÅÒ &ñ
SX�ô�Ç �©��'a�'a>�\�¦ ï�r��. q����+þA �r

)
ì�r$3�s� �̧	�_� ]jY�LÜ¼�Ð óøÍéß�
���� ���çß� ���Ér �Ö̧1lx�̧ >�Ãº °ú̀�כ¦ ÅÒ��� ìøÍ���\�, ��×�æ ���+þA

�r)
ì�r$3��Ér ���çß� ����Ér ���ø@½̈çß��̀¦ ï�r��. ¿º �â
Äº\� @/ô�Ç �̧	� ÕªaË>�Ér #Q�"� :£¤&ñ
ô�Ç �â
�¾Ós�

\O���.
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ì�r$3� x9� �©��'a �'a>�
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ÕªaË> 2.19: Margules d�� B�>h�����\� @/ô�Ç q����+þA �r)
ì�r$3�_� �̧	� ÕªaË>

(a),(b)<J N�~×� MATLAB ©�­�=��®� �ûY"eכ�� CHAP2Ìø p208a.mÅØ p208b.mª�v² � �b

$\ AUe��.
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V� 9 â�
 Trichloroethane£�· ïÁþ�
�ÐM� 2Å]�&P�N�Uc7�ø5�Margules

ÐÏ�

9.1 5���� à�
ÃZ�

s�$í
ì�r �Ö̧1lx�̧ >�Ãº_� �©��'ad���̀¦ 0Aô�Ç Margules d��\�"f B�>h����� ÆÒíß�.

9.2 ��£� ÛÖS ÊÁn� B�ß��

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

½+Ë_� >�íß� x9� q��§.

9.3 %K�V� à�
ÃZ�

1,1,1-trichloroethane�̀¦ �í�<Ê
���H s�$í
ì�r >�\� @/ô�Ç s�$í
ì�r �Ö̧1lx�̧ >�Ãº��H ³ð B.21\�"f

B.23\� Q#&÷���¹כ e����.

(a) 1,1,1-trichloroethan�̀¦ �í�<Ê
���H s�$í
ì�r >� ×�æ_� 
���\� @/
�#� Margules d��_� Aü<

B\�¦ ���&ñ

�l� 0A
�#�, d�� (2.32)\� ��×�æ ���+þA �r)
ì�r$3��̀¦ &h�6 x
���.

(b) d�� (2.30)õ� (2.31)_� ½+ËÜ¼�Ð s�ÀÒ#Qt���H ô�Ç d��\� @/
�#� q����+þA �r)
ì�r$3��̀¦ &h�6 x
�

#� Aü< B\�¦ ���&ñ

���.

(c) B�>h����� ���ø@½̈çß�, �̧	� ÕªaË>, �̧	�_� ]jY�L_� ½+Ë(¿º �Ö̧1lx�̧ >�Ãº�Ð >�íß��)a þj�è ]j

Y�L ½+Ë)�̀¦ ��6 x
�#� (a)ü< (b)_� ���õ�\�¦ q��§
���.

�³ B.21<J"b B.23Ìø 3̀��'�<J N�~×� MATLAB 3̀��'� �ûY"eכ�� tableb21.mat<J"b

tableb23ª�v² � �b$\ AUe��.
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ì�r$3� x9� �©��'a �'a>�

V� 10 â�
 ¥@́9� 5���
 ð5�£� Uc 7�ø5� ð5�£� ¢4́�¿ B��7�

10.1 5���� à�
ÃZ�

z�́+«> X<s�'�\�¦ 0Aô�Ç 8ú¤B� ìøÍ6£x 5Åq�̧_� î̈
��.

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�, �̧	� ÕªaË>, ]jY�L_�

½+Ë_� >�íß� x9� q��§.

10.3 %K�V� à�
ÃZ�

Quanchü< Rouleau [5]��H ��6£§õ� °ú �Ér ��%i� 8ú¤B� >h|9� ìøÍ6£x\� @/ô�Ç "f�Ð ���Ér �̧4Sq�̀¦ �̧��


�%i���.

CH4 + 2H2O ↔ CO2 + 4H2

350oC\�"f Òqt$í
Óüt_� ì�r·ú�_� �<ÊÃº�Ð ÅÒ#Qt���H ìøÍ6£x 5Åq�̧_� z�́+«>&h� ���õ���H ³ð 2.10\� ÅÒ#Q

4R e����. s� 8ú¤B� ìøÍ6£x\� @/ô�Ç �̧4Sq ×�æ_� 
�����H ��6£§õ� °ú s� ÅÒ#Qt���H BjòøÍs� 8ú¤B� ³ð���

\� f�̈�ÃÌ
���H �.���s	כ

rCO2 =
ksKCH4

(
PCH4P

2
H2o −

PCO2
P 4

H2
KP

)

1 + KCH4PCH4

(2.36)

#�l�"f 8úxF�c î̈
+þA �©�Ãº��H \P�%i��<Æ&h� >�íß�Ü¼�ÐÂÒ'� KP = 5.051× 10−5atm2Ü¼�Ð ·ú��94R e��

��. ����"f s� 8ú¤B� ìøÍ6£x 5Åq�̧d��\�"f >�íß�|̈c ��¹כ��9 e����H B�>h�������H éß�t� ¿º>hs���.

³ð 2.10: 8ú¤B� >h|9� ìøÍ6£x\� @/ô�Ç ìøÍ6£x 5Åq�̧ X<s�'�

ì�r·ú� (atm) CO2_� ìøÍ6£x 5Åq�̧

CH4 H2O CO2 H2 g-mol/hr·gm×103

0.06298 0.23818 0.00420 0.01669 0.13717

0.03748 0.26315 0.00467 0.01686 0.15584

0.05178 0.29557 0.00542 0.02079 0.20028

0.04978 0.23239 0.00177 0.07865 0.05700

0.04809 0.29491 0.00655 0.02464 0.20150
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0.03849 0.24171 0.00184 0.06873 0.07887

0.03886 0.26048 0.00381 0.01480 0.14983

0.05230 0.26286 0.05719 0.01635 0.15988

0.05185 0.33529 0.00718 0.02820 0.26194

0.06432 0.24787 0.00509 0.02055 0.14426

0.09609 0.28457 0.00652 0.02627 0.20195

�8 çß�éß�ô�Ç ���Ér �̧4Sq�Ér 8ú¤B� ³ð���\� f�̈�ÃÌ
���H $í
ì�rs� \O���H éß�í�Hy� ��%i� ìøÍ6£x\� @/ô�Ç �	כ

s���. s� 5Åq�̧d���Ér ��6£§õ� °ú s� ÅÒ#Q�����.

rCH4 = k1

(
PCH4P

2
H2o −

PCO2P
4
H2

KP

)
(2.37)

#�l�"f��H �̧f�� ô�Ç B�>h�����, k1 ëß�s� �>rF�ô�Ç��.

ìøÍ6£x 5Åq�̧, rCO2��H CO2_� Òqt$í
 5Åq�̧s��¦, CH4_� Òqt$í
 5Åq�̧��H s� 5Åq�̧_� 6£§_� °úכs� H�d

\� ÅÒ_�
���.

(a) ³ð 2.10_� X<s�'�\� q����+þA �r)
ì�r$3��̀¦ &h�6 x
�#� B�>h����� ksü< KCH4_� °ú̀�כ¦ >�íß�


���.

(b) B�>h����� k1 °ú̀�כ¦ ���&ñ

���.

(c) 0A_� ¿º 5Åq�̧d�� ×�æ\� #Q�"� ��s	כ ÅÒ#Q��� X<s�'�\�¦ ���©� ú̧� ����?/��H��? s�Ä»\�¦ [O�"î



���.

�³ 2.10Ìø 3̀��'�<J N�~×� MATLAB 3̀��'� �ûY"eכ�� p210.matv² � �b$\ AUe��.



38 ]j 2 �©� X<s�'�_� �r)
ì�r$3� x9� �©��'a �'a>�

V� 11 â�
 ¢4́�¿ PLl�'a�+ m¬y�&P��7�-£o>ÊÁ�æ· ��l��+ (�×®̧� ®̧�N� ~É��×

11.1 5���� à�
ÃZ�

ìøÍ6£x 5Åq�̧ X<s�'�\�¦ ���ª�ô�Ç ìøÍ6£x 5Åq�̧ d��Ü¼�Ð �©��'ar�(��.

11.2 ��£� ÛÖS ÊÁn� B�ß��

B�>h�����_� ���ø@ ½̈çß� ���&ñ
 x9� �̧	� ÕªaË>�̀¦ Õªo���H ��×�æ ���+þA �r)
ì�r$3�õ� �r)
 ���Ãº[þt ��

s�_� ���+þA _��>r �'a>� SX����.

11.3 %K�V� à�
ÃZ�

³ð 2.11�Ér Baconõ� Downie [1]���Ð�¦ô�Ç A ↔ R ìøÍ6£x\�@/ô�Ç5Åq�̧ X<s�'�\�¦�����·p��.Õª

[þt�Ér ¿º>h_� ìøÍ6£x 5Åq�̧ �̧4Sq�Ð 5Åq�̧ X<s�'�\�¦ ú́�ÆÒ��H �¦̀�	כ ]jîß�
�%i���. q���%i� ìøÍ6£x �̧4Sq

�Ér ��6£§õ� °ú �Ér 1	� ìøÍ6£x 5Åq�̧d�� +þAI�\�¦ °ú��¦,

rR = k0CA (2.38)

��%i� ìøÍ6£x �̧4Sq�Ér ��6£§õ� °ú �Ér ��%i� 1	� ìøÍ6£x 5Åq�̧d�� +þAI�\�¦ °ú���H��.

rR = k1CA − k2CR (2.39)

#�l�"f rR�Ér $í
ì�r R_� Òqt$í
 5Åq�̧(g-mol/dm3 · s); CAü< CR�Ér y��y�� $í
ì�r Aü< R_� 0lx�̧(g-

mol/dm3); k0, k1, k2��H ìøÍ6£x 5Åq�̧ �©�Ãº(s−1)s���.

(a) ³ð 2.11_� X<s�'�\�¦ ��6 x
�#� ¿º ìøÍ6£x 5Åq�̧ d��_� B�>h�����\�¦ >�íß�
���.

(b) ¿º �̧4Sq�̀¦ q��§
��¦ #Q�"� �̧4Sqs� 5Åq�̧ X<s�'�\�¦ �8 ú̧� �©��'a|9���Ht�\�¦ ���&ñ

���.

(c) ¿º ���Ãº, CAü< CR ��s�\� #Q�"� �©��'a �'a>��� e����Ht�\�¦ ���&ñ

���.

(d) �r)
 ���Ãº[þt ��s�_� �©��'a�'a>�_� z�́6 x$í
\� @/
�#� �7H_�
���.
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³ð 2.11: Bacon õ� Downie [1]_� ìøÍ6£x 5Åq�̧ X<s�'�

z�́+«> ��� ñ rR CA CR

g-mol/dm3 · s× 108 g-mol/dm3 × 104 g-mol/dm3 × 104

1 1.25 2.00 7.98

2 2.50 4.00 5.95

3 4.05 6.00 4.00

4 0.75 1.50 8.49

5 2.80 4.00 5.99

6 3.57 5.50 4.50

7 2.86 4.50 5.47

8 3.44 5.00 4.98

9 2.44 4.00 5.99

11.4 B�

(a) ð5�£� ¢4́�¿ÐÏ��+ 7�ø5� m¬y�&P��7� ¿º ìøÍ6£x 5Åq�̧d�� �̧¿º ���+þA �r)
ì�r$3��̀¦ 0Aô�Ç ³ðï�r +þA

I�s�Ù¼�Ð ���+þA �r)
ì�r$3��̀¦ &h�6 x½+É Ãº e����.

(b) ð5�£� ¢4́�¿ÐÏ� �¿D�f�+ j�¬̈ ¿º ìøÍ6£x 5Åq�̧d�� ³ð�&³\� @/ô�Ç ���+þA �r)
ì�r$3� ���õ���H ³ð

2.12\� Q#&÷���¹כ e����. 2-B�>h����� �̧4Sqs� 1-B�>h����� �̧4Sq�Ð�� �8 ����Ér ì�ríß��̀¦ °ú���H��.

¿º d��\� @/ô�Ç �̧	� ÕªaË>�Ér Áº���0A&h���� ì�r�í\�¦ �Ð{9� �.�� ú°	כ 
�t�ëß�, k2_� ���ø@½̈çß�s� ß¼

�¦, 0õ� 6£§_� °ú̀�כ¦ �í�<Ê
��¦ e��Ü¼Ù¼�Ð, 2-B�>h����� �̧4Sq�Ér 1-B�>h����� �̧4Sq\� q�
�#� _�

d��Û¼�Qî�r °ú̀�כ¦ °ú���H��.

³ð 2.12: ��×�æ ���+þA �r)
ì�r$3� ���õ�

B�>h����� °úכ 95% ���ø@ ½̈çß� ì�ríß�

k0 6.551e-5 2.74e-6 2.340e-18

k1 6.867e-5 5.25e-6 1.728e-18

k2 2.630e-6 3.70e-6
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ì�r$3� x9� �©��'a �'a>�
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R

ÕªaË> 2.20: A ↔ R ìøÍ6£x\� @/ô�Ç CA\� @/ô�Ç CR_� �r)
ì�r$3�

(c) £o>ÊÁ�æ· ��l��+ (�×®̧�®̧�N�Uc 7�ø5� ~É��× ���Ãº[þt ��s�_� �©��'a�'a>�\� @/ô�Ç çß�éß�ô�Ç r�+«>

�Érô�Ç���Ãº�����Ér���Ãº\����+þA&h�Ü¼�Ð����'a÷&%3���Ht�\�¦���&ñ

�l�0A
�#����+þA�r)
ì�r$3��̀¦

K��Ð��H �.���s	כ s� �â
Äº\���H CR�̀¦ CA\� @/
�#� �r)
ì�r$3�ô�Ç ���õ���H ÕªaË> 2.20\� �Ðs���H

�©��'a�'a>�s���. s� ÕªaË>�Ér ¿º z�́+«> ���Ãº, CAü< CR�Ér ���+þA&h�Ü¼�Ð ����'a÷&#Q e��6£§�̀¦ "î
Ñþ�
�

>� �Ð#�ï�r��.

(d) m¬y� £o>ÊÁ�æ· ��l��+ (�×®̧�®̧�N��+ 
ä»³ÀÅ]� s�ü< °ú �Ér ���+þA �'a>���H ��Ér	כ d�� (2.39)_� �r

)
ì�r$3��Ér �̧��H���Ãº\�¦1lqwn����Ãº�Ð��&ñ

�#�'��ô�Ç�
s�Ù¼�Ð&h�½+Ë	כ�t�3lw
�����H���p_¦̀�	כ

ô�Ç��. Dh�Ðî�r �r)
ì�r$3�\�"f��H CRõ� CA ��s�\� ·ú��9��� �'a>���H d�� (2.40)Ü¼�Ð çß�|ÄÌ�o÷&�¦,

����"f s� d���Ér Dh�Ðî�r �r)
ì�r$3�\� s�6 x|̈c Ãº e����.

CR = 0.001− CA (2.40)

d�� (2.40)�̀¦ d�� (2.39)\� @/{9�
���� ��6£§õ� °ú �Ér ���õ�\�¦ %3��̀¦ Ãº e����.

rR = k1CA − k2(0.001− CA) = (−0.001)k2 + (k1 + k2)CA (2.41)

s� d���Ér ���+þA�'a>�\�¦ �����·p��. a0 = −0.001k2, a1 = k1 + k2�Ð ¿º��� ���+þA �r)
ì�r$3��̀¦ &h�6 x

½+É Ãº e���¦, ��6£§õ� °ú �Ér d��\� ���+þA �r)
ì�r$3��̀¦ &h�6 xô�Ç ���õ���H ³ð 2.13\� ÅÒ#Q4R e����.

CR = a0 + a1CA (2.42)
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ÕªaË> 2.21: d�� (2.38)�Ð ����?/#Qt���H ìøÍ6£x 5Åq�̧ X<s�'�\� @/ô�Ç �̧	� ÕªaË>

³ð 2.13: d�� (2.42)\� @/ô�Ç �r)
ì�r$3� ���õ�

B�>h����� °úכ 95% ���ø@ ½̈çß�

a0 -2.62633e-9 3.1668e-9

a1 7.12978e-5 7.37921e-6

s� ³ð\� ÅÒ#Q��� B�>h����� °úכ[þt�Ér a0�� 0\�"f ß¼>� #Á	#Q��t� ·ú§�¦ (���ø@½̈çß�s� B�>h���

�� °úכ ���̂ �Ð�� ß¼��), ����"f �©��'a�'a>��ÐÂÒ'� �è��÷&#Q d�� (2.38)_� q���%i� ìøÍ6£x �̧4Sq�Ð

|̈c Ãº e����. ³ð 2.12��H k0 = 6.551× 10−5± 2.74× 10−6_� �'a>�\�¦ �����·p��. �̧	��� Áº���0A

&h���� ì�r�í\�¦ �Ðs���H s� q���%i� �̧4Sq\� @/ô�Ç �̧	� ÕªaË>�Ér ÕªaË> 2.21\� ÅÒ#Q4R e����. s� �̧

��H ���õ��� q���%i� �̧4Sqs� ��� ñ�)a����H Baconõ� Downie [1]_� ����:r�̀¦ t�t�ô�Ç��.

CRõ� CA ��s�_� ���+þA�'a>� M:ë�H\� X<s�'�ü< �r)
ì�r$3� ���õ��ÐÂÒ'� #Q�"� ����:r�̧ �̧Ø�¦½+É

Ãº \O���. s� ���+þA�'a>� M:ë�H\� k2\� @/ô�Ç 1lqwn�&h���� &ñ
�Ð\�¦ %3��̀¦ Ãº \O��¦, a0 = −0.001k2 �'a

>��ÐÂÒ'� k2_� >�íß��Ér k2\�¦ ½+Ëo�&h���� ÆÒíß�
�t� 3lwô�Ç��. s���H ³ð 2.13\� a(����¹כ a0\� @/ô�Ç

���ø@½̈çß� ô�Ç>��� ��ÅÒ ß¼l� M:ë�Hs���.

s� ë�H]j��H z�́+«>�̀¦ >�S\�½+É M: ���©� ×�æ¹כô�Ç �¦�9���½Ó, 7£¤ ���Ãº[þt�̀¦ "f�Ð 1lqwn�&h�Ü¼�Ð ����o

r�&��� �)a����H ��z�́�̀¦ ã¼|9�#Q?/ï�r��. ÕªXO�t�·ú§Ü¼���, ×�æ¹כô�Ç Y>�Y>� &ñ
�Ð��H ���Ãº[þt ��s�_�
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ì�r$3� x9� �©��'a �'a>�

���+þA ¢̧��H ���Ér �'a>�M:ë�H\� {9�>��)a��. s� ë�H]j\�"f 0lx�̧_� ½+Ë�Ér �½Ó�©� °ú >� �)a��. s� �'a>�

��H ÅÒ#Q��� �:r�̧ ·ú�§4�\�"f s�$í
ì�r l��̂\� @/
�#� ����èß���. s� �â
Äº\� ìøÍ6£x 5Åq�̧\�¦ 8£¤&ñ

�

��H õ�&ñ
\� �B$3�]j_� ��6 x�Ér ��ÅÒ &h�]X�½+É �.���s	כ

�� ì 4SJ<J N�~×� MATLAB ©�­�=��®� �ûY"eכ�� CHAP2Ìø p211.mª�v² � �b$\ AUe��.
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V� 12 â�
 ��·!C���
 ¥@́9� ð5�£� ¢4́�¿�+ m¬y�&P��7�

12.1 5���� à�
ÃZ�

Ô�¦ç�H|9� 8ú¤B� ìøÍ6£x 5Åq�̧ X<s�'�\�¦ ìøÍ6£x 5Åq�̧ d��Ü¼�Ð ³ð�&³.

12.2 ��£� ÛÖS ÊÁn� B�ß��

���+þA�o�)a ³ð�&³ x9� ���Ãº ���8̈��̀¦ ��6 x
���H ��×�æ ���+þA x9� q����+þA �r)
ì�r$3�, �r)
 ���Ãº[þt ��

s�_� ��0pxô�Ç _��>r �'a>� SX����.

12.3 %K�V� à�
ÃZ�

³ð 2.14��H A → B�Ð ����?/#Qt���H Ô�¦ç�H|9� 8ú¤B� ìøÍ6£x\� @/ô�Ç ìøÍ6£x 5Åq�̧ X<s�'�s���.

³ð 2.14: Ô�¦ç�H|9� 8ú¤B� ìøÍ6£x\� @/ô�Ç ìøÍ6£x 5Åq�̧ X<s�'�

��� ñ PA(atm) PB(atm) r× 105 ��� ñ PA(atm) PB(atm) r× 105

1 1 0 5.1 5 0.6 0.4 6

2 0.9 0.1 5.4 6 0.5 0.5 6.15

3 0.8 0.2 5.55 7 0.4 0.6 6.3

4 0.7 0.3 5.85 8 0.3 0.7 6.45

0A_� X<s�'�\�¦ �©��'ar�v���HX< ��6£§õ� °ú �Ér d��s� ]jîß�÷&%3���.

r =
k1PA

(1 + KAPA + KBPB)2
(2.43)

#�l�"f k1, KA, KB��H �r)
ì�r$3��̀¦ :�x
�#� ���&ñ
÷&#Q��½+É �©�Ãºs���. d�� (2.43)�Ér &ñ
o�
��¦,

%i�Ãº\�¦ 2[
��¦, ]jY�L��H�̀¦ 2[
���� ��6£§õ� °ú s� ���+þA�o H�d\� ÅÒ_�
���.
(

PA

r

)1/2

=
1√
k1

+
KA√

k1
PA +

KB√
k1

PB (2.44)

(a) ³ð 2.14_� X<s�'�\�¦ �r)
ì�r$3�
�#� Y>� >h_� d�� (2.43)õ� (2.44)_� B�>h������� ÆÒíß�÷&

#Q�� 
���Ht�\�¦ ���&ñ

���.

(b) ���+þA x9� q����+þA �r)
ì�r$3��̀¦ ��6 x
�#� B�F������[þt�̀¦ ���&ñ

��¦, s� ¿º ~½ÓZO�Ü¼�Ð %3��Ér

���õ�\�¦ q��§
���.
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�� ì 4SJ<J N�~×� MATLAB 3̀��'� �ûY"eכ�� p212.matv² � �b$\ AUe��.
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V� 13 â�
 Öeµ�¿Uc ��ÒR� ð5�£� ¢4́�¿ (�×ÊÁ�+ £o>�ª

13.1 5���� à�
ÃZ�

Arrhenius d���̀¦ ��6 x
�#� �:r�̧\� ���Ér ìøÍ6£x 5Åq�̧ �©�Ãº ����o_� �©��'a�'a>�.

13.2 ��£� ÛÖS ÊÁn� B�ß��

ì�ríß�, ���ø@½̈çß�, �̧	� ÕªaË>1px�̀¦ ��6 x
�#� �r)
ì�r$3� ���õ�\�¦ q��§
���H ��×�æ ���+þA �r)
ì�r$3�

x9� q����+þA �r)
ì�r$3�.

13.3 %K�V� à�
ÃZ�

Copper magnesia 8ú¤B� �©�\�"f \��9�E$�_� Ãº�è�o�� Wynkoopü< Wilhelm [9]\� _�
�#� #�

�Q �:r�̧\�"f ���5Åq âì2£§ �'a+þA ìøÍ6£xl�\�¦ ��6 x
�#� ���½̈÷&%3���. ���õ�[þts� ³ð B.24\� �:r�̧

T (oC)\� @/ô�Ç ìøÍ6£x 5Åq�̧ �©�Ãº k(g-mol/cm3 · s · atm)�Ð �̧³ð�o ÷&#Qe����.

�:r�̧\� ���Ér k_� ����o��H Arrhenius d��\� _�
�#� ��6£§õ� °ú s� ����?/#Q �����.

k = A exp[−E/(RT )] (2.45)

#�l�"f T��H ]X�@/ �:r�̧, R�Ér l��̂ �©�Ãº(1.987cal/g-mol·K), E��H �Ö̧$í
�o \��-t�(cal/g-mol),

A��H ìøÍ6£x 5Åq�̧_� 	�"é¶�̀¦ °ú���H ����̧ �����s���.

ìøÍ6£x 5Åq�̧ �©�Ãº\� @/ô�Ç Arrhenius d��_� ¢̧���Ér ¼#�o�ô�Ç +þAI���H ��6£§õ� °ú ��.

k = k0 exp[E/R(1/T0 − 1/T )] (2.46)

#�l�"f T0��H k = k0��� e��_�_� ]X�@/ �:r�̧s���. k0 = A exp(−E/RT0)e��\� ÅÒ_�
���.

(a) d�� (2.45)ü< (2.46)\�"f Arrhenius B�>h�����\�¦ ½̈
�l� 0A
�#� ���+þA x9� q����+þA �r)
ì�r

$3��̀¦ 
���. d�� (2.46)\�"f T0 = 298K�Ð �¦&ñ

���.

(b) #Q�"� d�� x9� �r)
ì�r$3�ZO�s� ���©� &ñ
SX�ô�Ç ���õ�\�¦ ÅÒ��H��? #��Qì�rs� ���×þ�\� @/
�#� [O�

"î

���.

(c) #��Qì�rs� ½̈ô�Ç ���©� &ñ
SX�ô�Ç ���õ�\�¦ Wynkoopü< Wilhelm [9]\� ÅÒ#Q��� A = 5690g-

mol/cm3 · s · atm, E = 13320cal/g-molõ� q��§
���.
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�³ B.24Ìø 3̀��'�<J N�~×� MATLAB 3̀��'� �ûY"eכ�� tableb24.matv² � �b$\ AUe��.
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V� 14 â�
 ¤n>ÌfC m¬y�&P��7�£�· ��£� 
�ÐM� Antoine ÐÏ��+ 9�5�ê�>�� N�

ñ5Ñ

14.1 5���� à�
ÃZ�

�:r�̧\� ���Ér 7£xl�·ú� X<s�'�\�¦ �©��'ar�v�l� 0A
�#� Antoine d��_� f��]X� ��6 x

14.2 ��£� ÛÖS ÊÁn� B�ß��

8úxF�c ì�ríß� x9� y�� B�>h�����_� ���ø@½̈çß�_� ���&ñ

���H ��×�æ ���+þA �r)
ì�r$3�.

14.3 %K�V� à�
ÃZ�

��
ä» ¤n>ÌfC m¬y�&P��7� ��×�æ ���+þA�r)
ì�r$3��Ér N>h_� X<s�'�\�¦ d�� (2.47)\�"f ÅÒ#Qt���H +þA

I�_� ���+þA �<ÊÃº�Ð ú́�ÆÒ��H �Ü¼�Ð	כ &ñ
_�|̈c Ãº e����.

y(calc) = a0 + a1x1 + a2x2 + · · · anxn (2.47)

#�l�"f x1, x2, · · ·xn�Ér n>h_� 1lqwn����Ãºs��¦ a0, a1 · · · an�Ér B�>h�����, y(calc)��H 7áx5Åq ���Ãº_�

ÆÒíß�°úכ, y(obs)��H7áx5Åq���Ãº_�8£¤&ñ
°úכs���.d��(2.47)_�B�>h�����[þt�Ér��6£§õ�°ú �Ér���+þA���wn�

~½Ó&ñ
d���̀¦ Û�¦#Q"f >�íß�|̈c Ãº e����.

XT XA = XT Y (2.48)

#�l�"f X��H 1lqwn� ���Ãº_� �'a8£¤°úכ[þt�Ð s�ÀÒ#Q��� '��§>=s��¦, A��H B�>h�����  7�'�, Y��H 7áx5Åq

���Ãº_� �'a8£¤°úכÜ¼�Ð s�ÀÒ#Q��� '��§>=s���. ����"f

X =




1 x1,1 x2,1 · · · xn,1

1 x1,2 x2,2 · · · xn,2

· · · · ·
· · · · ·
1 x1,N x2,N · · · xn,N




A =




a0

a1

·
·

an




and Y =




y1(obs)

y2(obs)

·
·

yn(obs)




(2.49)

'��§>= X_�'Í	���P:'������H���ÃºÃºs��¦,¿º���P:'������H�'a8£¤X<s�'�&h�_�Ãºe��\�ÅÒ_�
���.

�'a8£¤ X<s�'�_� 8úx Ãº��H Ns���.

ì�ríß� σ2�Ér d�� (2.4)�ÐÂÒ'� >�íß�|̈c Ãº e����. s� d��\�"f yiobs��H 7áx5Åq ���Ãº_� �'a8£¤°úכs��¦,

yicalc��H ÆÒ&ñ
°úכs� 9, ν��H [N − (n + 1)]�Ð ÅÒ#Qt���H ��Ä»�̧(degree of freedom)s���.
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β0, β1 · · ·βnÜ¼�Ð ³ðl�÷&��H d�� (2.47)_� %3�x9�ô�Ç B�>h����� °úכ[þt�Ér ��6£§ ½̈çß� îß�\� 0Au�K�

�� ô�Ç��.

ai−1 −√αiiσtν ≤ βi−1 ≤ ai−1 +
√

αiiσtν (2.50)

#�l�"f αii��H (XT X)−1 '��§>=_� @/çß���� .���¹�èsכ tν��H "é¶
���H ���ø@�̧ ½̈çß�\�"f ν�Ð ÅÒ#Q

t���H ��Ä»�̧\� K�{©�
���H :�x>��<Æ&h� t ì�r�í °úכs��¦, σ��H ³ðï�r ¼#�	�(ì�ríß�_� ]jY�L��H)s���. ���

ø@½̈çß��Ér
√

αiiσtν �½ÓÜ¼�Ð ÅÒ#Q�����.

7áx5Åq ���Ãº_� �'a8£¤°úכõ� >�íß�°úכ_� 	�s��Ð &ñ
_�÷&��H �̧	���H d�� (2.5)�ÐÂÒ'� >�íß��)a��.

d�� (2.1)_� Antoine d��_� B�>h�����ü< ³ð B.5_� áÔ�ÐóøÍ_� 7£xl�·ú� X<s�'�\� @/ô�Ç #��Q :�x

>��<Æ&h� �����\�¦ >�íß�
���. 7£xl�·ú��̀¦ psia�Ð �:r�̧\�¦ oF�Ð ����?/��H �â
Äº\� @/ô�Ç B�>h�����

°ú̀�כ¦ ½̈
���. (s� ë�H]j��H ë�H]j 2.1õ� q�5pw
��� B�>h�����[þts� ���Ér éß�0A\�¦ °ú���H��.) K�\�¦

½̈
���H õ�&ñ
\�"f ���+þA �r)
ì�r$3�\� �'aô�Ç l��:r&h���� >�íß��̀¦ ô�Ç��. ��6£§õ� °ú �Ér í�H"f�Ð ���

'���)a��.

(a) Antoine d��_� B�>h�����\�¦ ��×�æ ���+þA �r)
ì�r$3��̀¦ :�x
�#� ½̈½+É Ãº e���̧2�¤ ���Ãº[þt�̀¦

���8̈�
���.

(b) '��§>= XT Xü< XT Y\�¦ ½̈
���.

(c)  7�'� A\�¦ ½̈
�l� 0A
�#� ���wn� ~½Ó&ñ
d���̀¦ Û�¦#Q��.

(d) ì�ríß�, (XT X)−1_� @/y����� >¹�èüכ (³ð B.6\� ÅÒ#Qt���H t ì�r�í °ú̀�כ¦ ��6 x
�#�) B�>h���

��_� 95% ���ø@�̧ ½̈çß��̀¦ >�íß�
���

(e) �̧	� ÕªaË>�̀¦ Õª�9��(εi\�¦ yiobs\� @/
�#� �̧r�
���).

(f) X<s�'�[þt_� �©��'ad��\� @/ô�Ç Antoine d��_� &h�]X�$í
õ� X<s�'�_� &ñ
x9��̧\�¦ î̈
��
���.

14.4 B�

ë�H]j Û�¦s�_� @/ÂÒì�r_� õ�&ñ
s� MATLAB�̀¦ ��6 x
�#� s�ÀÒ#Q�����. Äº��� ³ð B.5_� X<s�'�

[þts� áÔ�ÐÕªÏþ�\� {9�§4�÷&#Q�� ô�Ç��.
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(a) Antoine d���Ér ë�H]j 1.7\�"f �Ð��H ��ü< °ú s� ���+þA�o |̈c Ãº e����. s� d��_� ¢̧ ���Ér ���

+þA�o�)a +þAI���H ��6£§õ� °ú ��.

T log Pv = (AC + B) + AT − C log Pv (2.51)

#�l�"f log��H �©�6 x �ÐÕª\�¦ _�p�ô�Ç��. s� +þAI��� s� ë�H]j\�"f ��6 x�)a��. "é¶ X<s�'�[þts�

MATLAB\� {9�§4�÷&#Q�� 
��¦ ³ð 2.15\� ÅÒ#Q��� ��õ	כ °ú s� y=TlogPv, x1=T, x2=logPv�Ð

���8̈�÷&#Q�� ô�Ç��.

³ð 2.15: Antoine d�� �r)
ì�r$3��̀¦ 0Aô�Ç ���8̈��)a ���Ãº[þt

y x1 x2

-60.7227 -70 0.867467

-59.26 -60 0.987666

-55.0185 -50 1.10037

-48.3806 -40 1.20952

-39.2249 -30 1.3075

-28.0957 -20 1.40483

-14.9693 -10 1.49693

0 0 1.58206

16.6276 10 1.66276

34.8859 20 1.74429

54.6454 30 1.82151

75.6838 40 1.89209

98.1421 50 1.96284

121.787 60 2.02979

146.54 70 2.09342

172.378 80 2.15473

199.336 90 2.21484

227.184 100 2.27184

256.122 110 2.32838

285.625 120 2.38021
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(b) 0A_� X<s�'�\�¦ ��6 x
���H ��×�æ ���+þA �r)
ì�r$3�_� �â
Äº\���H '��§>= XT Xü< XT Y��H ��

6£§õ� °ú s� æ¼#�|9� Ãº e����.

XT X =




20 500 34.51304

500 79000 1383.28

34.5130 1383.28 63.6854


 and XT Y =




1383.78

159246

3340.10


 (2.52)

����"f ë�H]j��H ��6£§õ� °ú �Ér ���wn� ~½Ó&ñ
d���̀¦ ÉÒ��H �Ü¼�Ð	כ ���
�>� �)a��.



20 500 34.51304

500 79000 1383.28

34.5130 1383.28 63.6854







a0

a1

a2


 =




1383.78

159246

3340.10


 (2.53)

(c) d�� (2.53)Ü¼�Ð ÅÒ#Qt���H {9�ìøÍd�� (2.48)_� K���H MATLAB�̀¦ ��6 x
�#� ½̈½+É Ãº e����.

���õ���H ��6£§õ� °ú ��.

a0 = 678.946 a1 = 5.23328 a2 = −429.165 (2.54)

'��§>= XT X_� %i�'��§>=�Ér MATLAB\�"f inv(X’X)\�¦ ��6 x
�#� ~1�>� ½̈½+É Ãº e����. ¢̧ s�

'��§>=_� @/y����� ¹�è[þt�Érכ diag(inv(X’X))�̀¦ ��6 x
�#� ½̈K������. ���õ���H α11 = 42.9857,

α22 = 0.00113828, α33 = 18.3377 s���.

(c) ì�ríß��Ér �'a8£¤°úכõ� 0A\�"f ½̈ô�Ç �r)
 /BG����̀¦ ��6 x
�#� ½̈ô�Ç °úכõ� ��s�_� 	��Ð &ñ
_�÷&

��H �̧	� err = y − ycal�̀¦ ��6 x
�#� ��6£§õ� °ú s� ½̈K������.

var = err′ ∗ err/ν (2.55)

#�l�"f ν��H ��Ä»�̧�Ð ν = 20− 3 = 17s��¦, >�íß��)a ì�ríß� °úכ�Ér σ2 = 0.309044s���. ��Ä»�̧

17, 95% ���ø@�̧ ½̈çß�\� K�{©�
���H t ì�r�í °úכ�Ér ³ð B.6\�"f t = 2.1098�Ð ÅÒ#Q�����. ����"f

d�� (2.50)Ü¼�Ð ÅÒ#Qt���H y�� ���ø@½̈çß�
√

αiiσtν�Ér ��6£§õ� °ú ��.

for a0 =
√

42.9857× 0.555918× 2.1098 = 7.68977

for a0 =
√

0.00113828× 0.555918× 2.1098 = 0.0395708

for a0 =
√

18.3377× 0.555918× 2.1098 = 5.02255

(e) �'a8£¤°úכõ� 0A\�"f ½̈ô�Ç �r)
 /BG����̀¦ ��6 x
�#� ½̈ô�Ç °úכõ� ��s�_� 	��Ð &ñ
_�÷&��H �̧	�

err=y-ycal��H ÕªaË> 2.22\� y\� @/
�#� �̧r�÷&#Q e����.
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ÕªaË> 2.22: ���+þA�o�)a Antoine d��Ü¼�Ð ����?/#Qt���H 7£xl�·ú� X<s�'�\� @/ô�Ç �̧	� ÕªaË>

(f) �̧	� ÕªaË>�Ér 7£xl�·ú�s� ±ú��Ér �â
Äº\� K�{©�
���H y°úכs� ������� 6£§��� �â
Äº\� �̧	��� �pu

�̀¦ �Ð#�ï�r��. 7á§ �8 &ñ
SX�ô�Ç �©��'ad���̀¦ %3�l�0AK�"f��H $�·ú�($��:r) %ò
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