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1.1 5���� à�
ÃZ�

×�æ§4� x9� ÆÒ��&h���� jËµ_� ���6 x
�\�"f Ó�o�̂ x9� l��̂ ×�æ\�"f z��
�
���H �¦�̂ {9���_� 7áxú́� 5Åq�̧

>�íß�

1.2 ��£� ÛÖS ÊÁn� B�ß��

q����+þA ~½Ó&ñ
d���̀¦ ÉÒ��H ���5Åq u�8̈�ZO�_� éß�>�Z>� ��6 xõ� �̧d��&h� ��H��K�ü<_� q��§

1.3 %K�V� à�
ÃZ�

Ä»�̂\�"f z��
�
���H ½̈+þA �¦�̂ {9���_� 7áxú́� 5Åq�̧��H ��6£§ d��Ü¼�Ð ����è­q Ãº e����.

vt =

√
4g(ρp − ρ)Dp

3CDρ
(3.1)

#�l�"f vt��H7áxú́�5Åq�̧(m/s), g��H×�æ§4���5Åq�̧(m/s2), ρp��H{9���_�x9��̧ (kg/m3), Dp��H ½̈

+þA {9���_� t�2£§(m), CD��H Áº	�"é¶ �½Ó§4�>�Ãºs���.

�½Ó§4� >�Ãº��H Reynolds Ãº(Re)\� ���� ��6£§õ� °ú s� ���ô�Ç�� (Perry et al. [1] �ÃÐ�̧).

CD =
24
Re

for Re < 0.1 (3.2)

CD =
24
Re

(1 + 0.14Re0.7) for 0.1 ≤ Re ≤ 1000 (3.3)

#�l�"f Re = vtDpρ/µ, ρ��H Ä»�̂_� x9��̧(kg/m3), µ��H Ä»�̂_� &h��̧(Pa · s)s���.
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d�� (3.1)_� Äº���\� ��������H CD �½Ó�Ér Re_� �<ÊÃºs��¦, Re��H vt_� �<ÊÃºs�Ù¼�Ð, d�� (3.1)�Ér

vt\� @/
�#� 6£§�<ÊÃº&h�s��� (�ª����\� vt\�¦ �í�<Êô�Ç��). ����"f d�� (3.1)�Ér ��6£§õ� °ú s� ��r�

jþt Ãº e����.

vt = F (vt) (3.4)

#�l�"f F (vt) =
√

4g(ρp−ρ)Dp

3CDρ s���.

(ρ = 1.23kg/m3, µ = 1.79 × 10−5Pa · s)��� /BNl�×�æ\�"f 7áxú́� 5Åq�̧�Ð z��
�
���H Dp =

0.5mm, ρp = 7860kg/m3��� ç�H{9�ô�Ç ½̈+þA ô= {9���\�¦ �¦�9
���.

(a) 0.01 ≤ vt ≤ 10m/s #3�0A\�"f vt\� @/
�#� F (vt)ü< vt �̧r�
��¦ d�� (3.1)_� ��H_� @/|ÄÌ

&h���� 0Au�\�¦ ³ðr�
���.

(b) ���5Åq u�8̈�ZO��̀¦ ��6 x
�#� s� d��_� ��H�̀¦ ½̈
���. �íl� ÆÒíß�°ú̀�כ¦ vt,0 = 2, �̧	� ô�Ç>�\�¦

εd = 10−3Ü¼�Ð 
���.

1.4 B�

ë5Ñí5�ø5� �¿ÐÏ��\� B�

d�� (3.4)\�¦ ÉÒ��H ��ÅÒ çß�éß�ô�Ç ~½ÓZO��Ér vt\� @/
�#� F (vt)ü< vt\�¦ �̧r�
���H �.���s	כ K���H �<Ê

Ãº F (vt)ü< vt�� �§	�
���H /BM\� �>rF�
�>� �)a��. s� ~½ÓZO��Ér ��ÅÒ Z�}�Ér &ñ
x9��̧�Ð K�\�¦ ½̈
�

��H Ãºu�K�ZO��̀¦ ��6 x½+É M: ë�H]j_� K�\� @/ô�Ç �íl� ÆÒíß�°ú̀�כ¦ ½̈
���H ��ÅÒ a%~�Ér ~½ÓZO�s���.

(a) ]jr��)a vt %ò
%i�\�"f vt\� @/
�#� F (vt)\�¦ �̧r�
�l� 0A
�#�, vt��H 0.01\�"f 1��t� ���

5Åq&h�Ü¼�Ð ���K��� ô�Ç��. s��Qô�Ç �â
Äº\���H MATLAB ½̈ë�H “for ... end”\�¦ ��6 xô�Ç��. >�íß�

�̧×�æ\� Re °úכ�Ér d�� (3.2)ü< (3.3)\�"f ]jr��)a ¿º %ò
%i��̀¦ ��u�>� �)a��. &h�]X�ô�Ç CD �½Ó�̀¦ >�

íß�
�l� 0A
�#� MATLAB ½̈ë�H “if ... else ...end”\�¦ ��6 xô�Ç��.

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

p301a.m

clear all
rhop=7860;
Dp=0.5e-3;
rho=1.23;
mu=1.79e-5;
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g=9.80665;
vt=[];
Fvt=[];
for v=0.01:0.01:10
Re=(Dp*v*rho)/mu;
C_D=drag(Re);
Fv=sqrt(4*g*(rhop-rho)*Dp/(3*C_D*rho));
vt=[vt;v];
Fvt=[Fvt;Fv];
end
plot(vt,vt,’:’,vt,Fvt)
xlabel(’vt’)
ylabel(’Fvt’)

drag.m

function C_D=drag(Re)
if(Re<0.1)

C_D=24/Re;
else

C_D=24/Re*(1+0.14*Re^(0.7));
end

ÕªaË> 3.1�Ér vt\� ���Ér F (vt)ü< vt_� �̧r�\�¦ �Ð#�ï�r��. ~½Ó&ñ
d��_� ��H�Ér vt_� f�����s� F (vt)

/BG���õ� �§	�
���H ��� 7.5m/s\� �>rF�ô�Ç��. MATLAB\�"f >�íß��)a ���õ�\�¦ ��H���Ðô�Ç �̧³ð\�¦

��[jy� �Ð��� K���H ��� 7.57m/s\� �>rF��<Ê�̀¦ ·ú� Ãº e����.
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ÕªaË> 3.1: vt\� ���Ér F (vt)ü< vt_� �̧r�
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¥o>¢4́ n�».Éß��

d�� (3.4)\�¦ Û�¦l� 0Aô�Ç ���5Åq u�8̈�ZO��Ér s� ë�H]j\�"f��H vt = vt0�Ð ³ðr�÷&��H K�\� @/ô�Ç �íl�

ÆÒíß�u����9¹כ�
�>��)a��.s�ÆÒíß�u���Hd�� (3.4)_�Äº���\�@/{9�÷&�¦Dh�Ðî�rÆÒíß�u� vt1s�d��

Ü¼�ÐÂÒ'� >�íß��)a��. vt_� ¿º ���5Åq
���H °úכ ��s�\� 	�s��� "é¶
���H �̧	� ô�Ç>�, εds�
��� |̈cM:

��t� s� õ�&ñ
�̀¦ ìøÍ4�¤ô�Ç��. {9�ìøÍ�o
����

vt,k = F (vt,k−1); k =1, 2, 3, · · · (3.5)

#�l�"f k��H ìøÍ4�¤ éß�>� Ãºs���. K�\�¦ ½̈
���H õ�&ñ
\�"f �̧	���H ¿º ���5Åq
���H vt_� 	�_� ]X�@/

°úכÜ¼�Ð ÆÒíß��)a��. ����"f

εk−1 = |vt,k − vt,k−1| (3.6)

s��¦, ìøÍ4�¤ >�íß��Ér εk−1 < εd�� ÷&��� "3�ÆÒ>� �)a��.

(b) MATLAB_� “while ... end” ½̈ë�H�̀¦ ��6 x
�#� d�� (3.6)_� �̧	� l�ï�rõ� d�� (3.5)�Ð ÅÒ

#Qt���H ìøÍ4�¤>�íß��̀¦ Ãº'��½+É Ãºe����. #�l�"f MATLAB�Ér���5Åqu�8̈�ZO��̀¦�Ð#�ÅÒl�0A
�#�

�ª��<ÊÃº&h� �<ÊÃº\�¦ >�íß�
���H {9�ëß��̀¦ 
�>� �)a��. Óüt�:r, d�� (3.1)�Ér f(vt) = vt − F (vt) +þAI�_�

6£§�<ÊÃº&h� ~½Ó&ñ
d��Ü¼�Ð ��Ë̈l�ëß� �<ÊÜ¼�Ð+� Û�¦wn=Ãº e����. s�ü< °ú �Ér ]X���HZO��Ér ë�H]j 1.1\�"f

]jr�÷&%3���.

B� ìøÍ4�¤ éß�>����� ���Ãº[þt vt, Re, CD��H ���
�>� �)a��. '����[þt�Ér s� ���Ãº[þt\� ��K���� ìøÍ

4�¤ >�íß�_� Ãº\�¦ �����·p��. s�ë�H]j\�¦ Û�¦l�0Aô�Ç MATLABÛ¼ß¼wn�àÔ��H ��6£§õ�°ú s�ÅÒ#Q���

��.

p301b.m

clear all
rhop=7860;
Dp=0.5e-3;
rho=1.23;
mu=1.79e-5;
g=9.80665;
eps=[];
v=[];

(a)<J N�~×� MATLAB ©�­�=��®��e� CHAP3 ���Ý�~²��Ìø p301a.mÅØ drag.mª�v² � �byÃW

��.
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Re=[];
C_D=[];
iter=[];
vold=2;
err=1;
it=0;
while(err>0.001)
Reold=(Dp*vold*rho)/mu;
C_Dold=drag(Reold);
vnew=sqrt(4*g*(rhop-rho)*Dp/(3*C_Dold*rho));
err=abs(vnew-vold);
iter=[iter;it];
v=[v;vold];
Re=[Re;Reold]
C_D=[C_D;C_Dold];
eps=[eps;err];
vold=vnew;
it=it+1;
end
disp(’ iter # v Re C_D epslon’);
disp([iter,v,Re,C_D,eps]);

³ð 3.1\���H %3�#Q��� ���õ�[þts� Q#&÷���¹כ e����. ���õ�[þt�Ér 6���_� ìøÍ4�¤ >�íß� Êê\� ÆÒíß��)a �̧

	���H "é¶
���H �̧	� ô�Ç>� 10−3�Ð�� ���>� ÷&�¦ 7áxú́� 5Åq�̧��H 7.5892m/se���̀¦ �Ð#�ï�r��.

³ð 3.1: ��Ä» z��
� 5Åq�̧\� @/ô�Ç ���5Åq u�8̈� ìøÍ4�¤K�

ìøÍ4�¤ éß�>�Ãº vt Re CD ε

0 2.0000 68.7151 1.2938 3.6820

1 5.6820 195.2205 0.8135 1.4839

2 7.1659 246.2021 0.7416 0.3393

3 7.5052 257.8594 0.7283 0.0681

4 7.5733 260.2005 0.7257 0.0133

5 7.5866 260.6585 0.7252 0.0026

6 7.5892 260.7477 0.7251 0.0005

(b)<J N�~×� MATLAB ©�­�=��®��e� CHAP3 ���Ý�~²��Ìø p301b.mª�v² � �byÃW��.
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V� 2 â�
 Stiff (�×i�&P� '�×Ça�ÐÏ��+ B�

2.1 5���� à�
ÃZ�

�rì�r /BN&ñ
\�"f ìøÍ6£xÓüt_� 0lx�̧�� ��ÅÒ ±ú��̀¦M: ìøÍ6£x 5Åq�̧��H ��ÅÒ ß¼>� ÷&��H �o�<Æ&h� ¢̧��H Òqt

Óüt�<Æ&h� ìøÍ6£x_� �̧��

2.2 ��£� ÛÖS ÊÁn� B�ß��

&h�ì�r õ�&ñ
\�"f stiff
�>� ÷&��H ���wn� �©�p�ì�r ~½Ó&ñ
d��_� K�

%K�V� à�
ÃZ�

ÒqtÓüt�<Æ&h� /BN&ñ
\� Garritsen [2]s� ���½̈ô�Ç ��õ	כ °ú �Ér l�|9��ÐÂÒ'� ��s��̧B�Û¼_� $í
�©�s� �í

�<Ê�)a��. s� �rì�r /BN&ñ
\� @/ô�Ç Óüt|9� Ãºt���H ��6£§õ� °ú s� �)a��.

dB

dt
=

kBS

(K + S)
(3.7)

dS

dt
= −0.75kBS

(K + S)
(3.8)

#�l�"f Bü< S��Hy��y����s��̧B�Û¼ü<l�|9�_�0lx�̧s���.ìøÍ6£x1lx%i��<Æ k = 0.3õ� K = 10−6s�

�¦, éß�0A��H {9�u�ô�Ç��.

(a) 0.01 ≤ vt ≤ 10m/s #3�0A\�"f vt\� @/
�#� F (vt)ü< vt �̧r�
��¦ d�� (3.1)_� ��H_� @/|ÄÌ

&h���� 0Au�\�¦ ³ðr�
���.

(b) ���5Åq u�8̈�ZO��̀¦ ��6 x
�#� s� d��_� ��H�̀¦ ½̈
���. �íl� ÆÒíß�°ú̀�כ¦ vt,0 = 2, �̧	� ô�Ç>�\�¦

εd = 10−3Ü¼�Ð 
���.

2.3 B�

0A_� ���wn� ~½Ó&ñ
d���Ér MATLAB �<ÊÃº m-fileÜ¼�Ð ½̈�&³½+É Ãº e����. ëß���� ~½Ó&ñ
d��[þts� �̀¦��ØÔ

>� ½̈�&³÷&%3������, tf = 16.34 &ñ
�̧ ��t���H ë�H]j\O�s� &h�ì�rs� ���'���)a��. 
�t�ëß� tf�� s� s�

�©�÷&��H �â
Äº\���H l�|9�_� 0lx�̧(S)�� 6£§s�÷&��H Óüto�&h�Ü¼�Ð ��{©�
�t� 3lwô�Ç ���õ�\�¦ ï�r��. s�

��� ���õ�\�¦ ÅÒ��H s�Ä»��H &h�ì�r_� �̧	� ô�Ç>��� Z>����Ér “option”�̀¦ ÅÒt� ·ú§Ü¼��� �©�@/�̧	���H

10−3, ]X�@/�̧	���H 10−6Ü¼�Ð �¦&ñ
÷&l� M:ë�Hs���. ����"f s� l��:r°úכ(default value)[þt�̀¦ ���

�or�&������"f(×�¦#������"f)Óüto�&h�Ü¼�Ð��{©�ô�Ç���õ������̀¦M:��t�&h�ì�r�̀¦���'��ô�Ç��.
�
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t�ëß� MATLABs� ]j/BN
���H “non-stiff” &h�ì�r l�ZO���� ode45Ü¼�Ð��H s� ë�H]j\� @/K�"f Óüto�

&h�Ü¼�Ð ��{©�ô�Ç K�\�¦ ½̈
�l� #Q§>����� r�çß�s� ��ÅÒ �̧A� ����2;��. s��Qô�Ç �â
Äº\���H “stiff”

&h�ì�r l�ZO���� ode15s\�¦ ��6 xK� �Ð��H �¦̀�	כ ÆÒ��;ô�Ç��. ëß���� “stiff” ·ú��¦o�7£§�̀¦ ��6 x
���� l�

|9�_� 0lx�̧�� 6£§s� ÷&��H Óüto�&h�Ü¼�Ð ��{©�
�t� 3lwô�Ç ���õ��� ���������. s��Qô�Ç ���õ���H s� ���

wn� ~½Ó&ñ
d��s� t = 16.34 ��H%�\�"f stiff
�����H �¦̀�	כ _�p�ô�Ç��. Stiff >� x9� s�\�¦ ÉÒ��HX< ��6 x

÷&��H ~½ÓZO�\� @/ô�Ç ��[jô�Ç �7H_���H s� Õþ�_� #3�0A\�¦ #Á	#Qèß���. 
�t�ëß� @/ÂÒì�r_� Ãºu�K�$3� �§

õ�"f (\V\�¦ [þt��� Press et al. [3])\���H s�\� @/K� ��[jy� l�Õüt÷&#Q e����.

:£¤&ñ
 >��� stiff ô�Çt� #�ÂÒ\�¦ Ãº�<Æ&h�Ü¼�Ð ���&ñ

�l� 0AK�"f��H p�ì�r ~½Ó&ñ
d��[þt�̀¦ y�� 7áx5Åq

���Ãº[þt\� @/
�#� ¼#�p�ì�rô�Ç '��§>=s� >�íß�÷&#Q�� ô�Ç��. s� '��§>=_� �¦Ä»u�[þt ×�æ\� 6£§s��¦ ]X�

@/°úכs� ��ÅÒ 	�H �¦Ä»u��� e����H �â
Äº\���H >���H stiff
����¦ #��������.

s� ë�H]j\� @/
�#�, ¼#��̧�<ÊÃº[þt_� '��§>=�Ér d�� (3.7)õ� (3.8)�̀¦ çß�|ÄÌ�o�)a ³ðl�ZO�õ� ·ú��9���

5Åq�̧ �©�Ãº[þt�̀¦ @/{9�
�#� ��6£§õ� °ú s� ��r� +�"f >�íß�|̈c Ãº e����.

f1 =
dB

dt
=

0.3BS

10−6 + S
(3.9)

f2 =
dS

dt
= − 0.225BS

10−6 + S
(3.10)

s� ~½Ó&ñ
d��[þt�̀¦ Bü< S\� @/
�#� p�ì�r
���� ��6£§õ� °ú s� �)a��.

∂f1

∂B
=

0.3S

(10−6 + S)
∂f1

∂S
=

0.3× 10−6B

(10−6 + S)2
(3.11)

∂f2

∂B
=

−0.225S

(10−6 + S)
∂f2

∂S
=
−0.225× 10−6B

(10−6 + S)2
(3.12)

·ú¡_� ¼#��̧�<ÊÃº[þt ×�æ\�"f Ñüt�Ér S�� ���>� ÷&t�·ú§��H ô�Ç 6£§_� ����Ér °ú̀�כ¦ °ú���H��. Õª�Q��,

S�� ����Ér °ú̀�כ¦ °ú�>�÷&���, �̧�<ÊÃº ∂f2/∂S��H 6£§s�÷&�¦, ��ÅÒ 	�H ]X�@/°ú̀�כ¦ °ú�>��)a��(ëß����

S = 10−6s���� �̧�<ÊÃº_�ß¼l�0AÃº��H 106s��)a��).s�&h�\�"f>���H stiff
�>�÷&�¦, MATLAB

_� “non-stiff” &h�ì�r ·ú��¦o�7£§õ� @/ÂÒì�r_� {9�ìøÍ&h���� package[þt�Ér s� ë�H]j\�¦ Û�¦ Ãº \O�>� �)a

��.

�Ð:�x�ÉrÆÒ��&h���� stiff·ú��¦o�7£§s�]j/BN�)a��. MATLAB\���H stiffë�H]j\�¦Û�¦l�0Aô�Ç “ode15s”

�� e����. s� ��s��̧B�Û¼ ë�H]j\� 0A\�"f ���/åL�)a option�̀¦ ��6 x
�#� >�íß��)a ��s��̧B�Û¼ü<

l�|9�_� 0lx�̧ ���õ��� ÕªaË> 3.2\� ÅÒ#Q4R e����. ÕªaË>\�"f �Ð1pws� t ∼ 16.3 ��H%�\�"f l�|9�_�
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ÕªaË> 3.2: l�|9�õ� ��s��̧B�Û¼_� 0lx�̧_� ����o

�ª��Ér ��_� 0s�÷&�¦ ��s��̧B�Û¼_� $í
�©��Ér ��_� {9�#Q��t� ·ú§>� �)a��. ����"f s� \Vü< °ú �Ér

ë�H]j\� @/K�"f��H "é¶
���H ���õ�\�¦ %3�l�0AK�"f��H stiff &h�ì�r ·ú��¦o�7£§s� 
¹כ��9�>� �)a��.

{9�ìøÍ&h�Ü¼�Ð l��:r non-stiff &h�ì�r ·ú��¦o�7£§s� s��©�ô�Ç error message\�¦ ?/���"f ë�H]j\�¦ Û�¦

t� 3lw
�����, K��Ð ��ÅÒ 0py>� Ãº§4�
���H �â
Äº\���H stiff ·ú��¦o�7£§�̀¦ ��6 x½+É �¦̀�	כ ÆÒ��;ô�Ç��.

ëß���� l��:r ·ú��¦o�7£§õ� stiff ·ú��¦o�7£§s� �©�p�ì�r ~½Ó&ñ
d���̀¦ Û�¦t� 3lw½+É �â
Äº\���H �����̧ �̧4Sq

~½Ó&ñ
d��, �©�Ãº°úכ ¢̧��H �íl�u�\� z�́Ãº�� e���̀¦ �.���s	כ



]j 3 ]X� �o�<Æ ìøÍ6£x 5Åq�̧�:r\�"f_� STIFF �©�p�ì�r ~½Ó&ñ
d��_� K� 9

V� 3 â�
 �ªÁþ� ð5�£� ¢4́�¿ÒeµUc"��+ stiff (�×i�&P� '�×Ça�ÐÏ��+ B�

3.1 5���� à�
ÃZ�

q�&ñ
�©��©�I� �rì�r /BN&ñ
\� @/ô�Ç ìøÍ6£x 5Åq�̧�:r_� K�ü< ìøÍ6£x 5Åq�̧d�� �̧4Sq_� ��{©�$í
 �̧��.

3.2 ��£� ÛÖS ÊÁn� B�ß��

���wn� stiff �©�p�ì�r ~½Ó&ñ
d��_� K�.

3.3 %K�V� à�
ÃZ�

ú̧� ·ú��9��� stiff �©�p�ì�r ~½Ó&ñ
d�� K�ZO��̀¦ >hµ1Ïô�Ç Gear [4]��H stiff �©�p�ì�r ~½Ó&ñ
d���̀¦ ÉÒ��H soft-

ware\�¦ r�+«>
�l� 0A
�#� (“Chemistry Problem”s����¦ "î
"î
ô�Ç) ��6£§õ� °ú �Ér ë�H]j\�¦ ]jr�


�%i���.
dy1

dt = −0.013y1 − 1000y1y3

dy2

dt = −2500y2y3

dy3

dt = −0.013y1 − 1000y1y3 − 2500y2y3

(3.13)

�íl��̧|	�[þt�Ér y1(0) = 1, y2(0) = 1, y3(0) = 0s���. s� ~½Ó&ñ
d��[þts� t0 = 0\�"f tf = 50��t�

&h�ì�r÷&#Q �����.

s� \V]j��H ��ÅÒ ��6 x÷&�¦, ú́§�Ér ë�H��³[þt\�"f ���6 x�)a��(\V[þt[þt��� Press et al. [3]_� p.

734�ÃÐ�̧).

(a) ÅÒ#Q��� �íl��̧|	��̀¦ ��6 x
�#� d�� (3.13)Ü¼�Ð ÅÒ#Qt���H ~½Ó&ñ
d���̀¦ Û�¦#Q��.

(b) y1, y2, y3\�¦ "f�Ð ���Ér �o�<Æ7áx[þt_� 0lx�̧���¦ ô�Ç�����, ½̈K���� K��� ��{©�
��¦ _�p�e��

���¦ ½+É Ãº e����H��?

(c) ëß���� d�� (3.13)Ü¼�Ð &ñ
_��)a >��� ìøÍ6£x 5Åq�̧d���̀¦ �����·p���¦ ô�Ç�����, #Q�"� d�����©�_�

�̧ÀÓ�� z�́'�� Ô�¦��0pxô�Ç ���õ�\�¦ ×�¦ Ãº e����H��? s� d��[þt\� _�
�#� ����è­q Ãº e����H ìøÍ6£x

í�H"f\�¦ ]jîß�
��¦, d�����©�s� �̧ÀÓ\�¦ Ãº&ñ

��¦ Ãº&ñ
�)a d���̀¦ ��r� Û�¦#Q��.
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V� 4 â�
 ¥o>��� (�×i�&P� '�×Ça�ÐÏ�Uc"��+ ��
ä» Ça�(�×(�×@�

4.1 5���� à�
ÃZ�

��×�æ &ñ
�©��©�I� K�\�¦ ×�¦ Ãº e����H Ä»1lx8£x ìøÍ6£xl�\� @/ô�Ç q�&ñ
�©��©�I� �̧4Sq\� @/ô�Ç 1lx&h� Óüt|9�

Ãºt� x9� \��-t� Ãºt�.

4.2 ��£� ÛÖS ÊÁn� B�ß��

q����+þA ���wn� ~½Ó&ñ
d��_� K�, ���wn� stiff �©�p�ì�r ~½Ó&ñ
d��_� K�, |¾Ó �̧|	� ���wn� @/Ãº ~½Ó&ñ
d�� x9� ���

wn� �©�p�ì�r ~½Ó&ñ
d��\�"f ìøÍ�̀¦aË> �̧	�_� ò́õ�.

4.3 %K�V� à�
ÃZ�

Lussü< Amunson [5]�Ér q���%i� l��©� ìøÍ6£x A → B�� {9�#Qèß����¦ ��&ñ
÷&��H Ä»1lx8£x 8ú¤B� ìøÍ

6£xl�_� 1lx%i��<Æ\� @/ô�Ç çß�|ÄÌ�o�)a �̧4Sq�̀¦ ���½̈
�%i���. s� >�\� @/ô�Ç Óüt|9� x9� \��-t� �Ð�>r

~½Ó&ñ
d��s� ìøÍ6£x5Åq�̧�:r&h� 5Åq�̧ �©�Ãºü< �<Êa� d�� (3.14)�Ð ÅÒ#Q�����. s� d���̀¦ Set Is��� 
���.

dP
dτ = Pe − P + Hg(Pp − P )
dT
dτ = Te − T + HT (Tp − T ) + Hw(Tw − T )
dPp

dτ = Hg

A [P − Pp(1 + K)]
dTp

dτ = HT
C [(T − Tp) + FKPp]

K = 0.0006 exp(20.7− 15000/Tp)

(3.14)

#�l�"f T =Ä»�̂ ?/_�ìøÍ6£xÓüt|9�_�]X�@/�:r�̧(R), P = Ä»�̂ ?/_�ìøÍ6£xÓüt|9�_�·ú�§4�(atm),

Tp = 8ú¤B� ³ð���\�"f_� ìøÍ6£xÓüt_� �:r�̧(R), Pp = 8ú¤B� ³ð���\�"f_� ìøÍ6£xÓüt|9�_� ì�r·ú�(atm),

K =Áº	�"é¶ìøÍ6£x5Åq�̧�©�Ãº, τ =Áº	�"é¶r�çß�,
�'���� e��H{9�½̈ �̧|	��̀¦�����·p��.Áº	�"é¶�©�

Ãº[þt�Ér Hg = 320, Te = 600, HT = 266.67, HW = 1.6, TW = 720, F = 8000, A = 0.17142,

C = 205.74, Pe = 0.1s���.

Aikenõ� Lapidus [6]��H s�#Q"f Set I�̀¦ Õª[þts� >hµ1Ïô�Ç áÔ�ÐÕªÏþ�\� @/ô�Ç \V�Ð ��6 x
�%i�

��. 
�t�ëß�, Õª[þt�Ér Ãºu�°ú̀�כ¦ d��\� @/{9�
��¦ Y>�Y>� >�Ãº\�¦ ìøÍ�̀¦aË>
�#� ~½Ó&ñ
d���̀¦ Dh�Ð ���$í




]j 4 ]X� ���wn� �©�p�ì�r ~½Ó&ñ
d��\�"f_� ��×�æ &ñ
�©��©�I� 11


�%i���. ���õ��� ��6£§_� d�� (3.15)�Ð ÅÒ#Q�����. s� ~½Ó&ñ
d��[þt�̀¦ Set II�� 
���.

dP
dτ = 0.1 + 320Pp − 321P

dT
dτ = 1752− 269T + 267Tp

dPp

dτ = 1.88× 103[P − Pp(1 + K)]
dTp

dτ = 1.3(T − Tp) + 1.04× 104KPp

K = 0.0006 exp(20.7− 15000/Tp)

(3.15)

(a) Lussü< Amunsons� ]j/BN
���H °úכ[þt�̀¦ Set I\� @/{9�
��¦ Set Iõ� Set II ��s�_� 	�s�&h�

�̀¦ ¹1Ô���Ð��.

(b) 500R ≤ T ≤ 1300R #3�0A\�"f Set Iõ� Set II\� @/ô�Ç &ñ
�©��©�I� K�\�¦ �̧¿º ½̈
���.

(c) τ = 0\�"f P = 0.1, T = 600, Pp = 0, Tp = 761�̀¦ �íl��̧|	�Ü¼�Ð ��6 x
�#� Set Iõ�

Set II\�¦ Û�¦#Q��. þj7áx°úכ�Ér τ = 1500s� |̈c �.���s	כ

(d) "é¶A�_� Set Iõ�Ãº&ñ
�)a Set II\�¦��6 x
���Hõ�&ñ
\�"f%3�#Qt���H&ñ
�©��©�I�K�ü<1lx&h�K�

\�"f_� 	�s�\�¦ [O�"î

���.

4.4 (ÉÙ&P�) B�

(a) &ñ
�©��©�I� K���H Set Iõ� Set II\� e����H W1>h_� p�ì�r ~½Ó&ñ
d��\�"f r�çß�\� @/ô�Ç �̧�<ÊÃº\�¦

0Ü¼�Ð ¿º��� ~1�>� ���&ñ
�)a��. y�� ~½Ó&ñ
d�� Óü�6£§�Ér 0Ü¼�Ð ÷&#Q��½+É éß�{9� 6£§�<ÊÃº&h� q����+þA ~½Ó&ñ


d��õ� �ª��<ÊÃº&h� ³ð�&³Ü¼�ÐÂÒ'� >�íß�|̈c Ãº e����H �� Qt� ���Ãº[þt�Ð F�Ãºd���o |̈c Ãº e����. �©�Ãº

[þt_� Ãºu�°úכ[þt�̀¦ Set I\� @/{9�
��¦ F�Ãºd���o
���� ��6£§õ� °ú s� �)a��.

f(T ) = 1.296(T − Tp) + 10369KPp

Tp = (269.267T − 1752)/266.667

Pp = 0.1/(1 + 321K)

P = (320Pp + 0.1)/321

K = 0.0006 exp(20.7− 15000/Tp)

(3.16)

q����+þA ���wn� ~½Ó&ñ
d���̀¦ éß�{9� 6£§�<ÊÃº&h� ~½Ó&ñ
d��Ü¼�Ð ���8̈�
���H ��s	כ :£¤&ñ
 ½̈çß�\�"f #Q�"�

>�\� @/ô�Ç �̧��H K�\�¦ ½̈
���H ���©� çß�éß�ô�Ç ~½ÓZO�s���.
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V� 5 â�
 ��
£o>ÊÁ i¦�\��ª

5.1 5���� à�
ÃZ�

î̈
óøÍ_� ô�ÇAá¤ ���\�"f��H ÅÒ0A�Ð_� 4�¤���� {9�#Q���¦ e���¦ î̈
óøÍ ?/ÂÒ_� \P�����̧�̧�� ���
���H

�â
Äº\� 1	�"é¶ î̈
óøÍ\�"f_� \P����²ú�.

5.2 ��£� ÛÖS ÊÁn� B�ß��

>�\�¦ l�Õüt
���H ���Ãº 
�����H ½+É���ZO�(secant method)s��� false position ZO�Ü¼�Ð þj&h��o ÷&

#Q�� 
���H �©�p�ì�r ~½Ó&ñ
d��_� Ãºu�K�.

5.3 %K�V� à�
ÃZ�

ÕªaË> 3.3\� �Ðs���H ��õ	כ °ú �Ér 1	�"é¶ î̈
óøÍ\�"f \P�����̧�� {9�#Q���¦ e����. î̈
óøÍ ?/ÂÒ_� \P�

����̧�̧��H ���ô�Ç��. î̈
óøÍ_� ô�ÇAá¤ ����Ér T0�Ð Ä»t�÷&�¦, ���ÉrAá¤ ���\�"f��H �:r�̧ TS\�"f TB���

<ÉÊ�̂�Ð ��1lx
���H ÅÒ0A�Ð 4�¤�� \P����²ú�s� {9�#Qèß���. î̈
óøÍ_� ¿ºa���H L�Ð ÅÒ#Q�����. î̈
óøÍõ�

ÅÒ0A ��s�\���H ���/BNs�Ù¼�Ð @/ÀÓ��H Áºr��)a��. #��Q \P����²ú� l�½̈\� @/ô�Ç ��[jô�Ç ���½Ó�Ér

Geankoplis [7]ü< Thomas [8]\�¦ �ÃÐ�¦
���. ¢̧ô�Ç 6�©�\��̧ ÅÒ¹כ ~½Ó&ñ
d��, �â
>� �̧|	� x9� @/³ð

&h���� éß�0A[þt\� @/ô�Ç [O�"î
s� ÅÒ#Q4R e����.

T T T

q

L

x

0 S B

x

Black Body 
Temperature of
Surroundings

Slab
Surface
at Fixed
Temperature

ÕªaË> 3.3: ����̧ x9� ³ð���\�"f 4�¤���� {9�#Q����H î̈
óøÍ

î̈
óøÍ ?/ÂÒ_� p�ì�r �\¹�èכ @/ô�Ç &ñ
�©� �©�I� \��-t� Ãºt���H î̈
óøÍ ?/ÂÒ\� \P�"é¶s� \O�l�ë�H\�

\P�5Åq�Ér{9�&ñ

�����H��z�́�̀¦·ú��9ï�r��.����"f x~½Ó�¾Ó\�@/
�#� FourierZO�gË:�̀¦&h�6 x
������
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6£§õ� °ú �Ér ���õ�\�¦ %3���H��.
dT

dx
= −

(qx

A

)
/k (3.17)

#�l�"f T��H K éß�0A�Ð ÅÒ#Qt��¦, qx��H x ~½Ó�¾Ó\�"f_� \P����²ú� 5Åq�̧(W ¢̧��H J/s), A��H \P����

�̧ ~½Ó�¾Óõ� Ãºf����� éß����&h�(m2), it k��H B�|9�_� \P�����̧�̧ (W/m·K), x��H ��o�(m)s���.

s� ë�H]j\� @/
�#� B�|9�_� \P� ����̧�̧��H �:r�̧_� �<ÊÃº�Ð ��6£§õ� °ú s� ÅÒ#Q�����.

k = 30(1 + 0.002T ) (3.18)

î̈
óøÍ ³ð���Ü¼�ÐÂÒ'�_� 4�¤����H 4�¤��0pxs� 1s��¦ �'a8£¤������� 1��� <ÉÊ�̂\� @/
�#� Stefan-

Boltzman ZO�gË:Ü¼�Ð ÅÒ#Q�����. î̈
óøÍ ³ð���(¢̧��H î̈
óøÍ ?/_� e��_�_� 0Au�)\�"f_� \P�5Åq�Ér ��

6£§õ� °ú ��.
qx

A

∣∣∣
x=L

= σ(T 4
S − T 4

B)
∣∣
x=L

(3.19)

#�l�"f σ = 5.676× 10−8W/m2 ·K4��H Stefan-Boltzman �©�Ãºs���.

î̈
óøÍ_� ³ð����Ér T0 = 290K�Ð Ä»t�÷&�¦, ÅÒ0A_� <ÉÊ�̂ �:r�̧��H TB = 1273Ks���. L =

0.2ms���.

(a) î̈
óøÍ ?/\�"f {9�&ñ
ô�Ç \P�5Åq�̀¦ þj&h��o
�l� 0A
�#� ½+É���ZO��̀¦ ��6 x
�#� î̈
óøÍ ?/_� �:r�̧

ì�r�í\�¦ >�íß�
��¦ �̧r�
���.

(b) False positon ZO��̀¦ ��6 x
�#� (a)\�¦ ��r� Û�¦��.

5.4 B�

s�ë�H]j\�"f��Hd�� (3.17)�ÐÅÒ#Qt���H�©�p�ì�r~½Ó&ñ
d��_�K����9¹כ�
���.�©�p�ì�r~½Ó&ñ
d��_�K�

\�¦ ½̈
���H õ�&ñ
\�"f \P�����̧�̧��H d�� (3.18)\� _�
�#� >�íß��)a��. T\� @/ô�Ç �íl��̧|	��Ér s�p�

ÅÒ#Q��� T0s���. þj7áx�̧|	��Ér d�� (3.19)\� _�
�#� ÅÒ#Q�����.

s� ë�H]j��H þj7áx�̧|	�s� ëß�7á¤÷&�̧2�¤ \P�5Åq qx/A_� °ú̀�כ¦ þj&h��o
����"f Û�¦wn= �.���s	כ s� �â


Äº\� þj7áx�̧|	�\�"f_� �̧	��Ð ÅÒ#Qt���H 3lq&h��<ÊÃº��H ��6£§õ� °ú s� ����?/#Q �����.

ε(qx/A) = ε(Qx) = [Qx − σ(T 4 − T 4
B)]

∣∣
x=L

(3.20)

#�l�"f \P�5Åq�Ér Qx�Ð ����?/%3��¦, T��H Ãºu� &h�ì�r�̀¦ :�x
�#� %3�#Qt���H x = L\�"f þj7áx °úכ

s���. d�� (3.20)�Ér &ñ
SX�ô�Ç \P�5Åq °úכs� ���&ñ
÷&��� 0s� ÷&#Q�� ô�Ç��.
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"f�Ð ���Ér ú́§�Ér ~½ÓZO�[þts� s� 1���Ãº þj&h��o\�¦ Ãº'��
���HX< ��6 x|̈c Ãº e����.

(a) TÒ»¤n>ß�� ½+É���ZO�(Himmelblau [10] ¢̧��H Hanna and Sandall [11] �ÃÐ�̧)�Ér ��6£§õ� °ú �Ér

Newton /BNd��\�"f

Qx,new = Qx − ε(Qx)/ε′(Qx) (3.21)

�̧�<ÊÃº\�¦ ��6£§õ� °ú s� ��H��
�#� &h�6 xô�Ç��.

ε′(Qx) ∼= ε(Qx + δQx)− ε(Qx)
δQx

(3.22)

#�l�"f δ��H �&³F�_� Qx °úכ\� p��è 7£xì�r�̀¦ ÅÒl�0A
�#� 0.0001�Ð é�H��. Qx,new\�¦ ���&ñ

���H

X< ¹ô�Çכ��9 d��[þt�Ér ε(Qx)\�¦ >�íß�
�l� 0Aô�Ç �©�p�ì�r ~½Ó&ñ
d��_� Ãºu�K�, d�� (3.22)\�"f >�íß�÷&

��H ε′(Qx)\� @/ô�Ç ��H��, y�� ìøÍ4�¤ >�íß�_� ��t�}��\�"f d�� (3.21)�Ð ÅÒ#Qt���H Qx,new\� @/ô�Ç

Dh�Ðî�r ÆÒíß�Ü¼�Ð 1lxr�\� >�íß��)a��.

e��_�_� �íl� ÆÒíß�°úכ Qx = −100000Ü¼�Ð 
���H ½+É���ZO��̀¦ ��6 x
�#� ìøÍ4�¤ >�íß��̀¦ Ãº'��
�

��H MATLAB Û¼ß¼wn�àÔ��H ��6£§õ� °ú s� ÅÒ#Q�����.

p305a.m

clear all
global Qx
sigma=5.676e-8;
x0=0;
xf=0.2;
T0=290;
TB=1273;
delta=0.0001;
Qx0=-100000;
err=1;
derr=1;
while(abs(err/derr)>1e-3)

Qx=Qx0;
[x,T]=ode45(’p305af’,[x0 xf],T0);
n=length(T);
err=Qx-sigma*(T(n)^4-TB^4);
Qx=Qx0*(1+delta);
[x,T]=ode45(’p305af’,[x0 xf],T0);
n=length(T);
err1=Qx-sigma*(T(n)^4-TB^4);
derr=(err1-err)/(delta*Qx0);
Qx0=Qx0-err/derr;
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end
plot(x,T)
xlabel(’Position from Cooled Slab Surfaces [m]’)
ylabel(’Temperature [k]’)

p305af.m

function dTdx=p305af(x,T)
global Qx
k=30*(1+0.002*T);
dTdx=-Qx/k;
return

'Í	���P: ìøÍ4�¤ >�íß��̀¦ Ãº'��ô�Ç ���õ���H QxNew°úכ�Ér J/m2 · s éß�0A�Ð -133,944s���. #�l�"f

6£§_� ÂÒ ñ��H \P�5Åq�Ér 6£§_� x ~½Ó�¾Óe���̀¦ �����·p��. ¿º���P: ìøÍ4�¤ >�íß�_� ���õ���H QxNew°úכs�

-133,014s��¦ [j���P: ìøÍ4�¤ >�íß�_� ���õ���H QxNew°úכs� -133,013s���. s���H ��_� Ãº§4��)a ���

õ�\�¦ %3�%3�����H �¦̀�	כ �����·p��. T_� þj7áx°úכ Ts��H 729.17K�� �)a��. MATLAB K��Ð ÂÒ'� >�

íß��)a �:r�̧ ì�r�í��H ÕªaË> 3.4\� ÅÒ#Q4R e����. s� ÕªaË>\�"f q����+þA ì�r�í��H \P�����̧�̧_� �:r�̧

_��>r$í
 M:ë�H\� Òqt|�� ���õ�s���.

s� ë�H]j\� @/K�"f��H ½+É���ZO��Ér ��ÅÒ ��ØÔ>� Ãº§4�ô�Ç��. 
�t�ëß� �íl� ÆÒ&ñ
u���H �©�{©�y� &ñ


SX�K���ëß�ô�Ç��.s�~½ÓZO�_�ÅÒ�)aéß�&h��ÉrK�\�¦ ½̈
���Hõ�&ñ
\�"f �̧�<ÊÃº³ð�&³\�@/ô�Çd���̀¦>�

íß�
�#��� ô�Ç����H �.���s	כ \P�5Åq Qx\� @/ô�Ç �íl� ÆÒ&ñ
u�\�¦ %3�l�0A
�#� ���çß�_� \Vq� K� ¢̧

��H çß�|ÄÌ�o�)a >�íß�s� 
¹כ��9���.

(b)Flase position ß�� {9����Ãº þj&h��o\�¦ 0Aô�Ç s� ~½ÓZO��Ér þj�è�o
��9��H �<ÊÃº_� �<ÊÃº°úכs�

"f�Ð ìøÍ@/ ÂÒ ñ\�¦ °ú���H ½̈çß��̀¦ ���&ñ

���H ¿º &h��̀¦ ½̈
���H \Vq� K��Ð r����ô�Ç�� (��[jô�Ç ��

�½Ó�Ér Himmelblau [10] ¢̧��H Carnahan et al. [12]�̀¦ �ÃÐ�̧
���). s� ë�H]j\� @/
�#� 6£§_� �<Ê

Ãº °úכ�Ér FQxN = ε(QxN )Ü¼�Ð, �ª�_� �<ÊÃº °úכ�Ér FQxP = ε(QxP )�Ð ¿º��, #�l�"f QxNõ�

QxP��H y��y�� 6£§_� °úכõ� �ª�_� °ú̀�כ¦ ï�r��.

Dh�Ðî�r >�íß� éß�>�\�¦ 0Aô�Ç Dh�Ðî�r ÆÒíß� °úכ�Ér ��6£§õ� °ú s� ÅÒ#Qt��¦,

Qx,new = QxN − (QxN −QxP )(FQxN )
(FQxN − FQxP )

(3.23)

���&ñ
÷&#Q��½+É�<ÊÃº°úכ�Ér FQxNEQs���.Dh�Ðî�r���Ãº°úכ�Ér FQxNEW_�ÂÒ ñ\����� QxNs�

�� QxP\�¦ @/�̂
��¦, �<ÊÃº °úכ�Ér FQxNs��� FQxP\�¦ @/�̂ô�Ç��.



16 ]j 3 �©� ë�H]j K����\�"f_� �¦/åL l�ZO�

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
250

300

350

400

450

500

550

600

650

700

750

Position from Cooled Slab Surfaces [m]

T
em

pe
ra

tu
re

 [k
]

ÕªaË> 3.4: î̈
óøÍ\�"f_� �:r�̧ ì�r�í

(a)<J N�~×� MATLAB ©�­�=��®��e� CHAP3 ���Ý�~²��Ìø p305a.mÅØ p305af.mª�v² � �b

yÃW��.

�íl� \Vq� >�íß�\� _�
�#� Qx = −100000��H ε(QxP ) = 39, 764\�¦ ÅÒ�¦, Qx = −150000��H

ε(QxN ) = −21, 355\�¦º¡§�̀¦·ú�Ãºe����.s�°úכ[þts�K� ½̈çß��̀¦+þA$í

��¦d�� (3.23)�̀¦s�6 x
�#�

ìøÍ4�¤ >�íß��̀¦ 
���H r����&h�Ü¼�Ð æ¼#������. False position ZO�Ü¼�Ð s� ë�H]j\�¦ ÉÒ��H MATLAB

Û¼ß¼wn�àÔ��H ��6£§õ� °ú s� ÅÒ#Q�����.

p305b.m

clear all
global Qx
sigma=5.676e-8;
x0=0;
xf=0.2;
T0=290;
TB=1273;
QxP=-100000;
QxN=-150000;
FQxNew=1;
while(FQxNew>1e-3)

Qx=QxP;
[x,T]=ode45(’p305af’,[x0 xf],T0);
n=length(T);
FQxP=Qx-sigma*(T(n)^4-TB^4);
Qx=QxN;
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[x,T]=ode45(’p305af’,[x0 xf],T0);
n=length(T);
FQxN=Qx-sigma*(T(n)^4-TB^4);
QxNew=QxN-(QxN-QxP)*(FQxN)/(FQxN-FQxP);
Qx=QxNew;
[x,T]=ode45(’p305af’,[x0 xf],T0);
n=length(T);
FQxNew=Qx-sigma*(T(n)^4-TB^4);
if(FQxP*FQxNew>0)

QxP=QxNew;
else

QxN=QxNew;
end

end
plot(x,T)
xlabel(’Position from Cooled Slab Surfaces [m]’)
ylabel(’Temperature [k]’)

'Í	 [j���_� ìøÍ4�¤ >�íß� ���õ��� ³ð 3.2\� Q#&÷���¹כ e����. Ãº§4��)a [j���P: ìøÍ4�¤ >�íß� ���õ���H

(a)_� ���õ�ü< {9�u�
� 9 �:r�̧ ì�r�í��H 1lx{9�
���. s� ~½ÓZO��Ér >�íß�õ�&ñ
\�"f �̧�<ÊÃº�� 
¹כ��9�

t� ·ú§�¦ ����"f MATLAB Û¼ß¼wn�àÔ�� 4�¤ú̧�ô�Ç ë�H]j\� @/K�"f�̧ 7á§ �8 çß�éß�
�����H �©�&h�s�

e����. s� ~½ÓZO��Ér �íl� r����&h�s� K�\� ��¾ú�t� ·ú§�¦ �<ÊÃº�� ��ÅÒ q����+þA��� �â
Äº\���H Ãº§4�
�

t� ·ú§�̀¦ Ãº�̧ e����.

³ð 3.2: False position ZO� _�ô�Ç ìøÍ4�¤ >�íß�

ìøÍ4�¤ S��Ãº QxP FQxP QxN FQxN QxNew FQxNew Ts

1 -100000 39764 -150000 -21355 -132530 597.849 727.86

2 -132530 597.849 -150000 -21355 -133006 8.7448 729.15

3 -133006 8.7448 -150000 -21355 -133013 -0.1614 729.17

(b)<J N�~×� MATLAB ©�­�=��®��e� CHAP3 ���Ý�~²��Ìø p305b.mÅØ p305af.mª�v² � �b

yÃW��.
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V� 6 â�
 ÆÁ�\� ¿R�N�n� %K�V���· ��·e��Dø5� ��~Ê�ß��

6.1 5���� à�
ÃZ�

s�1lx �&³�©�õ� ìøÍ6£x 1lx%i��<Æ\�"f ��6 x÷&��H 2>� �©�p�ì�r ~½Ó&ñ
d��_� ¿º &h� �â
>�u� ë�H]j_� K�ZO�.

6.2 ��£� ÛÖS ÊÁn� B�ß��

2>� �©�p�ì�r ~½Ó&ñ
d���̀¦ ¿º>h_� 1>� ���wn� �©�p�ì�r ~½Ó&ñ
d��Ü¼�Ð_� ���8̈�, �©�p�ì�r ~½Ó&ñ
d���̀¦ Û�¦l�

0Aô�Ç �����ZO�, ¿º &h� �â
>�u� ë�H]j\�¦ Û�¦l�0Aô�Ç ½+É���ZO�_� ��6 x.

6.3 %K�V� à�
ÃZ�

ìøÍ6£xÓüt Aü< Òqt$í
Óüt Bëß��̀¦ �í�<Ê
���H éß�{9� �©�\�"f SX�íß� x9� s�ü< 1lxr�\� {9�#Q����H 1	� q���

%i� ìøÍ6£x�Ér ��6£§õ� °ú �Ér 2>� �©�p�ì�r ~½Ó&ñ
d��Ü¼�Ð l�Õüt�)a��.

d2CA

dz2
=

k

DAB
CA (3.24)

#�l�"f CA��H ìøÍ6£xÓüt A_� 0lx�̧(kg-mol/m3)s��¦, z��H ��o� ���Ãº(m), k��H ç�H|9� ìøÍ6£x 5Åq�̧�©�

Ãº(s−1), DAB��Hs�$í
ì�rSX�íß�>�Ãº(m2/s)s���.d�� (3.24)\�¦0Aô�Ç@/³ð&h����l�
��<Æ&h�+þAI���H

ô�ÇAá¤ ³ð����Ér l�t�_� 0lx�̧\� �̧Ø�¦÷&#Q e���¦, x9�����̀¦ ���Ð|9��Q"f��H SX�íß�s� {9�#Q��t� ·ú§��H

1	�"é¶ Ä»�̂ 8£xs���. ����"f �â
>� �̧|	�[þt�Ér ��6£§õ� °ú ��.

CA = CA0 for z = 0 (3.25)

dCA

dz
= 0 for z = L (3.26)

#�l�"f CA0��H ³ð���(z = 0)\�"f_� {9�&ñ
ô�Ç 0lx�̧s��¦, x9���� (z = L)�̀¦ :�xK�"f��H ���²ú�s� {9�

#Q��t� ·ú§Ü¼Ù¼�Ð �̧�<ÊÃº�� 0s� �)a��.

0A_� p�ì�r ~½Ó&ñ
d��_� K�$3� K���H ��6£§õ� °ú s� ÅÒ#Q�����.

CA = CA0
cosh[L

√
(k/DAB)(1− z/L)]

cosh(L
√

k/DAB)
(3.27)
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(a) CA0 = 0.2kg-mol/m3, k = 10−3s−1, DAB = 1.2 × 10−9m2/s��� �â
Äº\� d�� (3.25)ü<

(3.26)Ü¼�Ð ÅÒ#Qt���H �â
>��̧|	� 
�\�"f d�� (3.24)\�¦ Ãºu�&h�Ü¼�Ð Û�¦#Q��. K�\�¦ ½̈
���H

õ�&ñ
\�"f d�� (3.26)Ü¼�Ð ÅÒ#Qt���H �â
>��̧|	�\� Ãº§4�r�v�l� 0A
�#� ½+É���ZO��̀¦ ��6 x
�

�¦, �����ZO��̀¦ ��6 x
���H �©�p�ì�r ~½Ó&ñ
d�� K�ZO��̀¦ ��6 xK��� ô�Ç��.

(b) (a)\�"f ½̈K���� ��� %ò
%i�\� ����2; 0lx�̧ ì�r�í\�¦ d�� (3.27)�Ð ÅÒ#Qt���H K�$3� K�ü< q��§
�

��.

(c) d�� (3.24)_� CA �½Ós� ]jY�Ls�÷&��H 2	� ìøÍ6£x_� �â
Äº\� Ãºu� K�\�¦ ½̈
���. 2	� ìøÍ6£x 5Åq

�̧ �©�Ãº��H k = 0.02m3/(kg-mol·s) s���.

6.4 (ÉÙ&P�) B�

�§N� i�&P� '�×Ça�ÐÏ��+ B�

@/ÂÒì�r_� Ãº�<Æ&h� �èáÔàÔJ?#Q[þt�Ér ���wn��)a 1>� p�ì�r ~½Ó&ñ
d�� ëß��̀¦ Û�¦ Ãº e����. ��'��Û¼XO�>�

�̧, n>� �©�p�~½Ó_� K���H �â
>��̧|	�õ� �<Êa� ÅÒ#Qt���H {9�º��_� ���5Åq÷&��H 1>� �©�p�ì�r ~½Ó&ñ
d��Ü¼

�Ð ����?/#Q"f ½̈½+É Ãº e����. s�ü< °ú �Ér ]X���HZO�s� �¦>� �©�p�~½Ó_� &h�ì�r\� ��6 x÷&��H @/³ð&h�

��� ~½ÓZO�s���.

(a) d�� (3.24)��H 2>� �©�p�~½Ós���. 
�t�ëß� �¦>� �̧�<ÊÃº\� Dh�Ðî�r ���Ãº\�¦ @/{9�
���� ���wn�

1>� p�ì�r ~½Ó&ñ
d��Ü¼�Ð ���8̈�|̈c Ãº e����. s� ë�H]j_� �â
Äº\�, z\� @/ô�Ç CA_� 1>� �̧�<ÊÃº\�¦ Dh

�Ðî�r ���Ãº y�Ð &ñ
_�
���. Õª�Q��� d�� (3.24)��H ��6£§õ� °ú s� æ¼#�|9� Ãº e����.

dCA
dz = y

dy
dz = k

DAB
CA

(3.28)

s� 1>� p�ì�r ~½Ó&ñ
d�� Óü�6£§�Ér MATLAB �©�p�ì�r ~½Ó&ñ
d�� K�ZO�Ü¼�Ð Û�¦wn= Ãº e����. 
�t�ëß�

CAü< y\� @/ô�Ç �íl� �̧|	�s� 
¹כ��9���. y\� @/ô�Ç �íl��̧|	�s� ÅÒ#Q4R e��t� ·ú§l� M:ë�H\�,

d�� (3.26)Ü¼�ÐÅÒ#Qt���H�â
>��̧|	��̀¦ëß�7á¤
���H y\�@/ô�Ç&ñ
SX�ô�Ç�íl�°ú¹1¦̀�כÔ��?/l�0A
�#�

(�����ZO�Ü¼�Ð ·ú��94R e����H) ìøÍ4�¤ZO�s� ��6 x|̈c Ãº e����.
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��~Ê�ß��-k��ßj �ï	�ß��

�����ZO��Ér �íl�u� ë�H]j_� K�\�¦ ìøÍ4�¤
�#� ½̈�<ÊÜ¼�Ð+� �â
>�u� ë�H]j\�¦ ÉÒ��H ~½ÓZO�s���. ·ú��9

��� �íl�u���H ��6 x÷&�¦, ·ú��9t�t� ·ú§�Ér �íl�u���H K�{©�
���H �â
>� �̧|	��̀¦ ú́�ÆÒl� 0A
�#� þj

&h��o �)a��. �â
>��̧|	�\� Ãº§4�r�v�l� 0A
�#� r�'��-�̧	�ZO�s��� ���ª�ô�Ç þj&h��o l�ZO�s� ��6 x

÷&#Q�� ô�Ç��.

s� ë�H]j\� @/
�#�, Äº��� y_� �íl� �̧|	�\� @/ô�Ç r�'��-�̧	�°úכ (\V\�¦ [þt���, y0 = −150)s�

&h�ì�r�̀¦ 
��¦, εÜ¼�Ð ����?/#Qt���H �â
>��̧|	�\� @/ô�Ç �̧	�\�¦ >�íß�
���HX< ��6 x�)a��. ����"f,

z = L\�"f y_� >�íß��)a °úכõ� "é¶
���H þj7áx °úכ��s�_� 	�s���H ��6£§õ� °ú s� ÅÒ#Q�����.

ε(y0) = yf,calc − yf,desired (3.29)

s� \V]j\�"f "é¶
���H �â
>��̧|	�s� 0s�l� M:ë�H\� yf,desired = 0s��¦ ����"f ε(y0) = yf,calcs�

��.

�íl� r�'��-�̧	� K�\�¦ 0Aô�Ç MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

p306a1.m

clear all
global DAB k
DAB=1.2e-9;
k=0.001;
z0=0;
zf=0.001;
CA0=0.2;
dCA0=input(’Input! the guessed value of dCA0/dz’)
[z,C]=ode45(’p306af’,[z0 zf],[CA0 dCA0]);
n=length(z);
err=C(n,2)

p306af.m

function dCdz=p306af(z,C)
global DAB k
dCdz=zeros(2,1);
y=C(2);
dCdz(1)=y;
dCdz(2)=k/DAB*C(1);
return
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MATLAB�̀¦ ��6 xô�Ç >�íß�\�"f d�� (3.29)\� K�{©�
���H �̧	�_� >�íß��Ér �©�p�~½Ó K�_� ��t�}��

&h�\�"fëß� Ä»ò́
���. r�'��-�̧	�ZO�\�"f��H y\� @/ô�Ç "f�Ð ���Ér �íl� �̧|	��̀¦ ��6 x
�#� s�

MATLAB Û¼ß¼wn�àÔ[þt�̀¦ ìøÍ4�¤
�#� Ãº'��r�&� ε(y0) ¢̧��H err = 0��� y0\� @/ô�Ç "é¶
���H �â
>�

�̧|	�\� Ãº§4�r������. y0_� ���ª�ô�Ç °úכ\� @/ô�Ç Y>�Y>� ���õ�[þts� ³ð 3.3\� Q#&÷���¹כ e����. y0\�

@/ô�Ç"é¶
���H�íl�°úכ�Ér -130õ� -140��s�\��>rF�ô�Ç��.s�r�'��-�̧	�ZO��Ér y0\�@/ô�Ç7á§�8&ñ


SX�ô�Ç °ú̀�כ¦ %3�����, þj&h��o l�ZO�s� &h�6 x|̈c Ãº e���̀¦M: ��t� >�5Åq�)a��.

(a)<J N�~×� MATLAB ©�­�=��®��e� CHAP3 ���Ý�~²��Ìø p306a1.mÅØ p306af.mª�v² � 

�byÃW��.

³ð 3.3: (a)��� ë�H]j\�"f d�� (3.28)\� @/ô�Ç �â
>��̧|	�_� ���_þv°úכ

y0(z = 0) -120 -130 -140 -150

yf,calc(z = L) 17.23 2.764 -11.70 -26.16

ε(y0) 17.23 2.764 -11.70 -26.16

¿R�N��¿�
> ÊÁ�]�£�· �Dø5� TÒ»¤n>ß��

&h�]X�ô�Ç �íl��̧|	��̀¦ þj&h��o
�l�0Aô�Ç ��ÅÒ Ä»6 xô�Ç ~½ÓZO��Ér s� ë�H]j\�¦ �<ÊÃº_� ��H�̀¦ ¹1Ô��H

ë�H]j�Ð �¦�9
���H �.���s	כ s� ë�H]j_� ³ðl�ZO�\�"f ���Ãº��H y0s��¦ �<ÊÃº��H ε(y0)s���. {9����Ãº

\�¦ þj&h��o
���HX< ��ÅÒ Ä»6 xô�Ç ~½ÓZO���� ½+É���ZO��Ér ë�H]j 3.5\� l�Õüt÷&#Q e���¦, s� ë�H]j\� &h�

6 x½+É �.���s	כ

s� ~½ÓZO�\� ��ØÔ���, y0\� @/ô�Ç >h����)a ÆÒíß�°úכ�Ér ��6£§_� d���̀¦ ��6 x
�#� >�íß��)a��.

y0,new = y0 − ε(y0)/ε′(y0) (3.30)

#�l�"f ε′(y0)��H y = y0\�"f ε_� �̧�<ÊÃºs���. �̧�<ÊÃº ε′(y0)��H Ä»ô�Ç 	�ì�r ��H��\�¦ ��6 x
�#�

��6£§õ� °ú s� ÆÒíß��)a��.

ε′(y0) =
ε(y0 + δy0)− ε(y0)

δy0
(3.31)

#�l�"f δy0��H y0 °úכ_�p��è7£xì�rs���.���5Åq÷&��H>�íß��̀¦:�x
�#�d�� (3.31)�̀¦��6 x
�#� ε′(y0)

°ú̀�כ¦ >�íß�
��¦, d�� (3.30)Ü¼�ÐÂÒ'� y0\� @/ô�Ç Dh�Ðî�r ÆÒíß�°ú̀�כ¦ >�íß�ô�Ç��.
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s� \V]j\� @/
�#� δ = 0.0001\�¦ ��6 x
���H MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§õ� °ú s� ÅÒ#Q���

��.

p306a2.m

clear all
global DAB k
DAB=1.2e-9;
k=0.001;
z0=0;
L=0.001;
zf=L;
CA0=0.2;
y0=-130;
delta=0.0001;
err=1;
derr=1;
while(abs(err/derr)>1e-3)
[z,C]=ode45(’p306af’,[z0 zf],[CA0 y0]);
n=length(z);
err=C(n,2);
y0=y0*(1+delta);
[z,C]=ode45(’p306af’,[z0 zf],[CA0 y0]);
n=length(z);
err1=C(n,2);
y0=y0*(1-delta);
derr=(err1-err)/(delta*y0);
y0=y0-err/derr;
end
CAanal=0.2*cosh(L*sqrt(k/DAB)*(1-z/L))/cosh(L*sqrt(k/DAB));
plot(z,C(:,1),’o’,z,CAanal)

0A_� Û¼ß¼wn�àÔ\�¦ ��6 x
�#� 'Í	���P: ìøÍ4�¤ >�íß�_� ���õ��� ³ð 3.4\� Q#&÷���¹כ e����. #�l�"f

y0\� @/ô�Ç Dh�Ðî�r ÆÒíß�°úכ�Ér MATLAB ���Ãº ynew_� þj7áx °úכ��� -131.911�Ð ÅÒ#Q�����. ½+É���

ZO��̀¦ ��6 xô�Ç ��6£§ ìøÍ4�¤ >�íß��Ér y\� @/ô�Ç �íl� �̧|	���� y0\� @/ô�Ç >h����)a °ú̀�כ¦ ��6 x
�#� Ãº

'���)a��. ¿º���P: ìøÍ4�¤ >�íß� ���õ� err�Ér @/|ÄÌ 3× 10−4 &ñ
�̧�� ÷&�¦, ynew��H ��_� ���
�t� ·ú§

Ü¼Ù¼�Ð Ãº§4�Ùþ¡���¦ ½+É Ãº e����.

s� ë�H]j_� K���H ì�ro��)a �â
>��̧|	� ë�H]j\� @/ô�Ç ��H��K�\�¦ %3���H �¦̀�	כ y©��̧ô�Ç��. &h�]X�ô�Ç Ø�¦

µ1Ï&h�\�"f r����
���H ½+É���ZO��Ér K�\�¦ ½̈
���HX< ��ÅÒ ò́Ö�¦&h�s�t�ëß� &h�]X�
�t� 3lwô�Ç Ø�¦µ1Ï&h�\�

"f r����
���� Ãºu�&h� #Q�9¹¡§\� 4�x�ÃÌ
�>� ÷&�¦ K�\�¦ ½̈
�t� 3lw½+É Ãº�̧ e����.
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³ð 3.4: 'Í	���P: ½+É���ZO� >�íß� õ�&ñ
\�"f Y>�Y>� ���Ãº[þt\� @/ô�Ç ÂÒ

ì�r K�

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

z 0 0.001 0 0.001

y -130 2.76438 -130 2.76438

CA 0.2 0.2 0.140428 0.140461

err -130 2.76438 -130 2.76438

y1 -130.013 2.74558 -130.013 2.74558

CA1 0.2 0.2 0.140446 -0.142229

err1 -130.013 2.74558 -130.013 2.74558

derr 1 1.44642 1 1.44642

ynew -5.22675e-5 -5.22675e-11 -131.911 -131.911

�� ì 4SJ<J N�~×� MATLAB ©�­�=��®��e� CHAP3 ���Ý�~²��Ìø p306a2.mÅØ p306af.mª�v²

� �byÃW��.
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V� 7 â�
 ¥o>��� j�¤n>ÌfC 7�ÊÁ '�×Ça�ÐÏ��+ B��+ ¿ÇÔaËc

7.1 5���� à�
ÃZ�

4�¤ú̧�ô�Ç �o�<Æ î̈
+þA >�íß�

7.2 ��£� ÛÖS ÊÁn� B�ß��

q����+þA ���wn� ~½Ó&ñ
d��_� K�, Ä»6 xô�Ç K�\�¦ ½̈
���H l�ZO�, ���wn� ~½Ó&ñ
d�� >�_� ��0pxô�Ç ��×�æ K�\�¦

¹1Ô��?/��H l�ZO�.

7.3 %K�V� à�
ÃZ�

��6£§õ� °ú �Ér ìøÍ6£xs� {9�&ñ
 ÂÒx� l��©� �rì�r ìøÍ6£xl�\�"f ���'���)a��.

A + B ↔ C + D

B + C ↔ X + Y

A + X ↔ Z

0A_� ìøÍ6£x_� î̈
+þA�Ér ���wn� @/Ãº ~½Ó&ñ
d��Ü¼�Ð l�Õüt�)a��. q����+þA î̈
+þA �'a>���H \P�%i��<Æ&h� î̈


+þA ³ð�&³�̀¦ s�6 x
��¦ ���+þA �'a>�[þt�Ér ìøÍ6£x_� �ª��:r�'a>�\�"f %3�#Q�����.

KC1 =
CCCD

CACB
KC2 =

CXCY

CBCC
KC3 =

CZ

CACX

CA = CA0 − CD − CZ CB = CB0 − CD − CY (3.32)

CC = CD − CY CY = CX + CS

s� d��[þt\�"f CA, CB, CC , CD, CX . CYü< CZ��H �íl�\� CA0ü< CB0\�"f r����ô�Ç î̈
+þA �©�

I�\�"f_� ���ª�ô�Ç �o�<Æ7áx[þt_� 0lx�̧s���. î̈
+þA �©�Ãº[þt KC1, KC2ü< KC3_� °úכ[þt�Ér ·ú��94R

e����.
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CA0 = CB0 = 1.5, KC1 = 1.06, KC2 = 2.63, KC3 = 5 {9�M:, ��6£§_� [j �íl��̧|	�[þt\�"f

Ø�¦µ1Ï
�#� s� ���wn� ~½Ó&ñ
d��[þt�̀¦ Û�¦#Q��.

(a) CD = CX = CZ = 0

(b) CD = CX = CZ = 1

(c) CD = CX = CZ = 10

7.4 B�

d�� (3.32)�Ð ÅÒ#Qt���H ~½Ó&ñ
d��[þt�Ér MATLAB\�"f Newton-RaphsonZO��̀¦ ��6 x
�#� Û�¦ Ãº

e����. Newton-Raphson ZO��̀¦ 0Aô�Ç �<ÊÃº m-file�̀¦ ���$í

���H õ�&ñ
\�"f q����+þA î̈
+þA ³ð�&³�Ér

f(x) = 0 +þAI��Ð ³ð�&³÷&#Q�� ô�Ç��. î̈
+þA ³ð�&³�̀¦ "é¶
���H +þAI��Ð ���8̈�
���H çß�éß�ô�Ç +þAI���H

��6£§õ� °ú ��.

f(CD) =
CCCD

CACB
−KC1

f(CX) =
CXCY

CBCC
−KC2 (3.33)

f(CZ) =
CZ

CACX
−KC3

���8̈��)a q����+þA ~½Ó&ñ
d��[þt�̀¦ Û�¦l�0Aô�Ç MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

p307a1.m

clear all;
global KC1 KC2 KC3 CA0 CB0
KC1=1.06;
KC2=2.63;
KC3=5;
CA0=1.5;
CB0=1.5;
CD0=0;
CX0=0;
CZ0=0;
C=[CD0; CX0; CZ0];
rerr=1;
while(rerr>1.e-10)

F=feval(’p307f1’,C);
J=Jac(’p307f1’,C);
err=J\F;
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C=C-err;
rerr=max(abs(err./C));

end
CD=C(1);
CX=C(2);
CZ=C(3);
CY=CX+CZ;
CC=CD-CY;
CA=CA0-CD-CZ;
CB=CB0-CD-CY;
disp(’ CA CB CC CD CX CY CZ’);
disp([CA CB CC CD CX CY CZ]);

p307f1.m

function f=p307f1(C)
global KC1 KC2 KC3 CA0 CB0
f=zeros(3,1);
CY=C(2)+C(3);
CC=C(1)-CY;
CA=CA0-C(1)-C(3);
CB=CB0-C(1)-CY;
f(1)=CC*C(1)./(CA*CB)-KC1;
f(2)=C(2)*CY./(CB*CC)-KC2;
f(3)=C(3)./(CA*C(2))-KC3;
return

0A_� Û¼ß¼wn�àÔ\�¦ MATLAB\�"f z�́'��r�v���� (a), (b), (C)\�"f t�&ñ
�)a �íl� ÆÒíß�u�[þt\�

@/
�#� K�\�¦ ½̈½+É Ãº \O�>��)a��. Warning: Divide by zero. [(a)_� �â
Äº]�� Warning:

Matrix is singular to working precision. [(b)ü< (c)_� �â
Äº] ����H message�� Ø�¦§4�

�)a��. MATLABx9� q����+þA ~½Ó&ñ
d���̀¦ Û�¦l�0Aô�Ç ���ÉráÔ�ÐÕªÏþ�\�"f_�s�ü< °ú �Érz�́J���H p�

t�Ãº�Ð ~½Ó&ñ
d���̀¦ ��¾º��H ��s	כ ~½Ó&ñ
d���̀¦ ��ÅÒ q����+þAÜ¼�Ð ëß�[þt���� ¢̧��H ���FK�Ér &ñ
_�½+É

Ãº \O�>� ëß�[þtl� M:ë�H\� µ1ÏÒqtô�Ç��. (Newton-Raphson ZO�õ� °ú �Ér) ���+þA�o\� ��H��ô�Ç ~½ÓZO�[þt

�Ér q����+þA$í
s� ��ÅÒ y©�ô�Ç >�\� @/K�"f��H µ1Ïíß�
��¦ �<ÊÃº�� &ñ
_�÷&t� ·ú§��H �â
Äº\���H �8s�

�©� >�íß��̀¦ ���'��½+É Ãº \O���.

j�¤n>ÌfC '�×Ça�ÐÏ��æ·�+ B��+ ¿ÇÔaËc

éß�t� �<ÊÃº\�¦ p�t�Ãº[þt�Ð ��¾º��H �¦̀�	כ x�
�l�ëß� �<ÊÜ¼�Ð+�, q����+þA ~½Ó&ñ
d��_� çß�éß�ô�Ç ���8̈�

�Ér ú́§�Ér �<ÊÃº[þt�̀¦ W=� q����+þA&h�s��¦ �8 ~1�>� Û�¦wn=Ãº e��>� ëß���H��. s� �â
Äº\�, d�� (3.33)�Ér
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��6£§õ� °ú s� Ãº&ñ
�)a��.

f(CD) = CCCD −KC1CACB

f(CX) = CXCY −KC2CBCC (3.34)

f(CZ) = CZ −KC3CACX

(a), (b), (c)\�"fÅÒ#Qt���H�íl� �̧|	�[þt\�@/K�"f,0A_�Ãº&ñ
�)aq����+þA~½Ó&ñ
d���̀¦��6 x
�

#� MATLAB\�"f >�íß�ô�Ç ���õ���H ³ð 3.5\� Q#&÷���¹כ e����. (a)\�"f ÅÒ#Q��� �íl��̧|	��Ér �̧

¿º �ª�s� 0lx�̧�Ð Ãº§4��<Ê\� ÅÒ3lq
���. 
�t�ëß� (b)ü< (c)\�"f ÅÒ#Q��� �íl��̧|	��Ér 0lx�̧_� Y>�

°úכs� 6£§_� °úכ\� Ãº§4�ô�Ç��. ����"f ³ð 3.5\� @/
�#� Óüto�&h� ��0px$í
\� ��H��ô�Ç “��{©�$í
 ���

�Ð”\� _�
�#� (b)ü< (c)\�"f_� 6£§_� 0lx�̧��H s� K�[þts� Óüto�&h�Ü¼�Ð ��{©�ô�Ç �â
Äº\�¦ ����?/

t� 3lw
�l� ë�H\� K��Ð G�×þ�
�t� ·ú§�̀¦ Ãº e����H ��H���� �)a��.

s� ë�H]j��H p�t�_� ���Ãº[þts� ��ÅÒ q����+þA$í
s� 	�H ��1lx�̀¦ �Ðs����� 0Ü¼�Ð ��¾ºt� ·ú§�̧2�¤

q����+þA �<ÊÃº\�¦ {9�§4�
���H ��s	כ ��|ÃÐf���<Ê�̀¦ [O�"î

�#� ï�r��. ���wn� @/Ãº ~½Ó&ñ
d��_� K�\�¦ ½̈
�

l� ~1�>�
���H ¢̧���Ér ~½ÓZO��Ér ���wn� ~½Ó&ñ
d���̀¦ 6£§�<ÊÃº&h� ~½Ó&ñ
d�� 
���ü< Õª s�ü@_� ���Ãº[þt�Ér

�ª��<ÊÃº&h�Ü¼�Ð >�íß�|̈c Ãº e���̧2�¤ ���8̈�
���H �.���s	כ s� ë�H]j\���H &h�6 x½+É Ãº��H \O�t�ëß�, s�ü<

°ú �Ér ]X���HZO��Ér ë�H]j 3.4\�"f [O�"î
÷&%3���.

ÂÒ��&h�Ü¼�Ð, s� ë�H]j��H &h�]X�
�>� &ñ
_��)a ë�H]j\� @/ô�Ç &ñ
SX�ô�Ç Ãºu� K��̧ z�́'�� Ô�¦��0pxô�Ç

K�{9� Ãº�̧ e���¦, ����"f (6£§_� 0lx�̧ü< °ú �Ér) q��&³z�́&h���� K��Ð !Q�9�� ô�Ç��. ���wn� q����+þA

~½Ó&ñ
d��_� K��� ��H&÷̈½¹כ �̧��H �â
Äº\�"f �íl��̧|	��̀¦ ��{©�ô�Ç %ò
%i�, ��0px
���� ÏãÎ�FG&h���� K�

ü< ��¾ú��̧2�¤ t�&ñ

���H ��s	כ ��ÅÒ ×�æ¹כ
���.

³ð 3.5: �o�<Æ î̈
+þA ë�H]j_� ��×�æK�

���Ãº (a) (b) (c)

CA 0.420689 0.36237 -0.700638

CB 0.242897 -0.234849 -0.377922

CC 0.153565 -1.62374 0.262286

CD 0.705334 0.0555561 1.0701

CX 0.177792 0.59722 -0.322716

CY 0.551769 1.67929 0.807818
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CZ 0.373977 1.08207 1.13053

(a)<J N�~×� MATLAB ©�­�=��®��e� CHAP3 ���Ý�~²��Ìø p307a2.mÅØ p307f2.mª�v² � 

�byÃW��.
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V� 8 â�
 i�&P�-7�ÊÁ '�×Ça�ÐÏ��+ B�ß��

8.1 5���� à�
ÃZ�

s��©� s�$í
ì�r(ideal binary) �D¥½+ËÓüt_� �rì�r 7£xÀÓ

8.2 ��£� ÛÖS ÊÁn� B�ß��

]j#Q &h�ì�r l�ZO��̀¦ ��6 xô�Ç �©�p�ì�r ~½Ó&ñ
d��õ� 6£§�<ÊÃº&h� @/Ãº ~½Ó&ñ
d��s� ���wn��)a ~½Ó&ñ
d��_� K�.

8.3 %K�V� à�
ÃZ�

1, 2�Ð³ðr�÷&��H¿º��t�$í
ì�r�̀¦�í�<Ê
���Hs�$í
ì�r7£xÀÓ/BN&ñ
\�@/
�#�,Ó�o�©�_�]�tÃº, L�Ér$í


ì�r 2_� ]�tì�rÖ�¦, x2_� �<ÊÃº�Ð ��6£§ d��\� _�
�#� ³ð�&³�)a��.

dL

dx2
=

L

x2(k2 − 1)
(3.35)

#�l�"f k2��H$í
ì�r 2_�l�-Ó�o î̈
+þAq�s���.ëß����>�\�¦s��©�&h�s����¦�¦�9|̈cÃºe��Ü¼���,l�-Ó�o

î̈
+þA q���H ki = Pi/P�Ð >�íß��)a��, #�l�"f Pi��H $í
ì�r i_� 7£xl�·ú�s��¦, P��H ���·ú�s���.

��¥y� ��6 x÷&��H 7£xl�·ú� �©��'a�'a>���H $í
ì�r i\� @/
�#� A, B, C\�¦ B�>h������Ð ��6 x
���H ��

6£§\� ÅÒ#Qt���H ��õ	כ °ú �Ér Antoine d��s���.

Pi = 10(A+ B
T+C ) (3.36)

#�l�"f T��H oC éß�0A_� �:r�̧s���.

�rì�r 7£xÀÓl�\�"f_� �:r�̧��H l��í&h� /BG����̀¦ ���Ér��. l��í&h� �:r�̧��H 6£§�<ÊÃº&h� @/Ãº ~½Ó&ñ


d��Ü¼�Ð &ñ
_�÷&�¦, s� ~½Ó&ñ
d���Ér l�-Ó�o î̈
+þA q�\�¦ ��6 x
�#� ��6£§õ� °ú s� ÅÒ#Q�����.

k1x1 + k2x2 = 1 (3.37)

s��©�&h�Ü¼�Ð ��1lx
���H �$�H$�($í
ì�r 1)õ� d�¦ÀÒ�'p ($í
ì�r 2)_� 2$í
ì�r �D¥½+ËÓüt�̀¦ �¦�9
���. �$�

H$�\� @/ô�Ç Antoine d�� �©�Ãº��H A1 = 6.90565, B1 = −1211.033, C1 = 220.79s���. d�¦ÀÒ�'p_�

�â
Äº\���H A2 = 6.95464, B2 = −1344.8, C1 = 219.482 (Dean [?]). P��H mm Hg�Ð ÅÒ#Qt�

��H ·ú�§4�s��¦, T��H oC�Ð ÅÒ#Qt���H �:r�̧s���.
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�$�H$� ($í
ì�r 1)õ�d�¦ÀÒ�'p ($í
ì�r 2)�D¥½+ËÓüt_��rì�r7£xÀÓ�� 1.2l�·ú�_�·ú�§4�\�"f���'���)a��.�í

l�\���H (]�t ì�rÖ�¦ l�ï�rÜ¼�Ð) 60%_� �$�H$�õ� 40%_� d�¦ÀÒ�'pÜ¼�Ð ½̈$í
�)a 100]�t_� Ó�o�̂�� 7£x

ÀÓl�\� e��%3���. ��6£§]X�\�"f �7H_�÷&��H ¿º��t� ~½ÓZO��̀¦ ��6 x
�#� d�¦ÀÒ�'p_� 0lx�̧�� 80%��

÷&%3��̀¦ M: 7£xÀÓl�\� z����e����H Ó�o�̂_� �ª��̀¦ >�íß�
��¦ ���õ�[þt�̀¦ q��§
���.

8.4 (ÉÙ&P�) B�

s� ë�H]j_� K���H d�� (3.35)ü< >�íß�s� ���'��÷&��H 1lxîß�\� d�� (3.37)\� ?/�í÷&#Q e����H l��í&h�\�

@/ô�Ç�¦�9�ÐÂÒ'�>�íß�÷&��H�:r�̧\�¦1lxr�\�>�íß�
�#� ½̈K������.p�ì�r~½Ó&ñ
d��õ�6£§�<ÊÃº&h�@/

Ãº ~½Ó&ñ
d��Ü¼�Ð ½̈$í
÷&��H ~½Ó&ñ
d�� >�\�¦ p�ì�r-@/Ãº ~½Ó&ñ
d��(differential algebraic equation)s�

�� ÂÒØÔ 9 DAE�� ô�Ç��. DAE\�¦ Û�¦l�0Aô�Ç Ãºu� K�ZO��Ér Y>�>h�� e����. MATLAB�̀¦ �í�<Êô�Ç

@/ÂÒì�r_� Ãº�<Æ ë�H]j Û�¦s� software package\���H DAEëß��̀¦ Û�¦l�0Aô�Ç K�ZO��̀¦ ��t��¦ e��t�

·ú§��.

'�×ß�� 1 'Í	���P: ~½ÓZO��Ér Shacham et al. [?]\� _�
�#� ]jîß��)a ]j#Q &h�ì�r l�ZO�(controlled

integral technique)�̀¦��6 x½+É�
s���.s�~½ÓZO��̀¦��6 x	כ����, q����+þA~½Ó&ñ
d�� (3.37)�Ér��6£§õ�

°ú s� ÅÒ#Qt���H �̧	�_� �½ÓÜ¼�Ð ��r� æ¼#������.

ε = 1− k1x1 − k2x2 (3.38)

#�l�"f s� ~½Ó&ñ
d��Ü¼�ÐÂÒ'� >�íß�÷&��H ε�Ér l��í&h�\�"f 7£xÀÓÓ�o_� 0lx�̧\�¦ ¹1Ô��H éß�"f�� �)a��.

q�YV ]j#Ql�_� ���6 xõ� q�5pw
�>� �:r�̧\�¦ �̧	�\� q�YV
��̧2�¤ ���
�>� 
�#� �:r�̧\�¦ ¹1Ô>� �)a

��. ����"f s� ~½ÓZO��Ér ��6£§õ� °ú �Ér ¢̧���Ér p�ì�r ~½Ó&ñ
d��Ü¼�Ð ½̈�&³�)a��.

dT

dx2
= Kcε (3.39)

#�l�"f q�YV �©�Ãº Kc\�¦ &h�]X�
�>� ���×þ�
���� �̧	��� "é¶
���H �̧	�ô�Ç>� ?/\� b��#Qt�>� �)a��.

çß�éß�ô�Ç r�'��-�̧	�ZO�Ü¼�Ð Kc\�¦ >�íß�
�>� �)a��. �íl�\���H Kc\�¦ ����Ér °úכ (\V\�¦[þt��� Kc =

1)Ü¼�Ð �¦&ñ

��¦ ~½Ó&ñ
d�� >�\�¦ &h�ì�rô�Ç��. ëß���� εs� �-Áº ß¼���, Kc\�¦ 7£x��r�v��¦ &h�ì�r�̀¦ ��

r�ô�Ç��. s�ü< °ú �Ér r�'�� �̧	�ZO�s� �̧	��� &h�ì�r #3�0A ����̂\� ���5g"f "é¶
���H �̧	� ô�Ç>� ?/

\� b��#Q|9� M:��t� >�5Åq�)a��.
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s� ë�H]j\�"f r����&h�\�"f_� �:r�̧��H &ñ
K�t�t� ·ú§��¤��. 
�t�ëß� �íl� �D¥½+ËÓ�o_� l��í&h�\�

"f K�\�¦ ½̈
���H ��s	כ 
¹כ��9���. s� �íl� �:r�̧��H d�� (3.37)\�"f x1 = 0.6, x2 = 0.4�Ð ¿º�¦

MATLAB fzero\�¦ ��6 x
�#� Antoine d���̀¦ Û�¦#Q"f ½̈K������. s�XO�>�
�#� >�íß��)a �íl� �:r

�̧��H T0 = 95.5851s� �)a��.

�rì�r7£xÀÓë�H]j\�¦Û�¦l�0Aô�Ç MATLABÛ¼ß¼wn�àÔ[þt�Ér��6£§õ�°ú s�ÅÒ#Q�����. Kc = 0.5×
106�̀¦ ��6 x
�%i���. K�_� ÂÒì�r&h���� ���õ��� ³ð 3.6\� Q#&÷���¹כ e����.

p308a.m

clear all
global A1 B1 C1 A2 B2 C2 Kc
A1=6.90565;
B1=-1211.033;
C1=220.79;
A2=6.95464;
B2=-1344.8;
C2=219.482;
Kc=0.5e6;
x0=0.4;
xf=0.8;
L0=100;
T0=95.5851;
[x y]=ode45(’p308af’,[x0 xf],[L0 T0]);
L=y(:,1);
T=y(:,2);
x1=1-x;
x2=x;
k1=10.^(A1+B1./(C1+T))/(760*1.2);
k2=10.^(A2+B2./(C2+T))/(760*1.2);
err=1-k1.*x1-k2.*x2;

p308af.m

function dydx=p308af(x,y)
global A1 B1 C1 A2 B2 C2 Kc
dydx=zeros(2,1);
L=y(1);
T=y(2);
x1=1-x;
x2=x;
k1=10^(A1+B1/(C1+T))/(760*1.2);
k2=10^(A2+B2/(C2+T))/(760*1.2);
err=1-k1*x1-k2*x2;
dydx(1)=L/(k2*x2-x2);
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dydx(2)=Kc*err;
return

³ð 3.6: s� $í
ì�r 7£xÀÓ ë�H]j\� @/ô�Ç ÂÒì�r K�

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

x1 0.6 0.6 0.2 0.2

x2 0.4 0.8 0.4 0.8

L 100 100 14.0474 14.0474

T 95.5851 108.5916 95.5851 108.5916

k1 1.3105 1.8595 1.3105 1.8595

k2 0.5320 0.7863 0.5320 0.7863

err -3.64589e-7 2.0654e-3 -2.0489e-3 -5.4118e-4

³ð\�"f �Ð1pws� d�¦ÀÒ�'p_� 0lx�̧�� 80%�� ÷&%3��̀¦ 7£xÀÓl�\���H Ó�o�̂�� 14.05mols� z����

e��6£§�̀¦ ·ú� Ãº e����. 7£xÀÓ�� {9�#Q����H 1lxîß�\� �:r�̧��H 95.6oC\�"f 108.6oC�Ð �©�5pxô�Ç��. d��

(3.38)�ÐÂÒ'�>�íß�÷&��H �̧	�_�]X�@/°úכ�ÉrÃºu�&h�ì�rõ�&ñ
\�"f 3.64589×10−7\�"f 2.0654×
10−3Ü¼�Ð 7£x��
���, s� °úכ�Ér K��� "é¶
���H �̧	� ô�Ç>� ?/\� e�����¦ ½+É Ãº e���̀¦ &ñ
�̧�Ð ����Ér

°úכs���.

(a)<J N�~×� MATLAB ©�­�=��®��e� CHAP3 ���Ý�~²��Ìø p308a.mÅØ p308af.mª�v² � �b

yÃW��.

'�×ß�� 2 d�� (3.37)�̀¦ x2\�@/
�#�p�ì�r
�#���6£§õ�°ú �Érp�ì�r~½Ó&ñ
d���̀¦Ä»�̧½+ÉÃºe��l�M:

ë�H\�, ���Ér ~½ÓZO�Ü¼�Ð s� ë�H]j\�¦ Û�¦ Ãº e����.

dT

dx2
=

(k2 − k1)

ln(10)
[
x1k1

−B1
(C1+T )2

+ x2k2
−B2

(C2+T )2

] (3.40)

s� ~½Ó&ñ
d���̀¦ d�� (3.35)ü< 1lxr�\� &h�ì�r
�#� ë�H]j\�¦ ÉÒ��H õ�&ñ
\�"f l��í &h� �:r�̧\�¦ ÅÒ>� �)a

��.
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V� 9 â�
 Ã¡>i�&P� '�×Ça�k�£�· ��·e� �Dø5� ÒÏ�¤n>!B�ß��(method of lines)

9.1 5���� à�
ÃZ�

ô�ÇAá¤ ����Ér éß�\P�s� ÷&#Qe����H {9�	�"é¶ î̈
óøÍ\�"f \P� SX�íß� >�Ãº�� {9�&ñ
ô�Ç �â
Äº_� q�&ñ
�©� �©�I�

\P�����̧.

9.2 ��£� ÛÖS ÊÁn� B�ß��

���wn� �©�p�ì�r ~½Ó&ñ
d��õ� �ª��<ÊÃº&h� @/Ãº ~½Ó&ñ
d��_� K�\�¦ �í�<Ê
���H Ãºu�&h� f�����ç�H ~½ÓZO��̀¦ ¼#�

p�ì�r ~½Ó&ñ
d��_� K�\�¦ ½̈
�l� 0A
�#� &h�6 x.

9.3 %K�V� à�
ÃZ�

î̈
óøÍ\�"f x ~½Ó�¾ÓÜ¼�Ð_� q�&ñ
�©� �©�I� \P����²ú��Ér ��6£§õ� °ú �Ér ¼#�p�ì�r ~½Ó&ñ
d��\� _�
�#� l�Õüt

�)a��(��[jô�Ç Ä»�̧��H Geankoplis [7]\�¦ �ÃÐ�¦
���).

∂T

∂t
= α

∂2T

∂x2
(3.41)

#�l�"f T��H �:r�̧(K), t��H r�çß�(s), k/ρcp�Ð ÅÒ#Qt���H α��H \P�SX�íß� >�Ãº (m2/s)s���. s� ë�H

]j\�"f \P�����̧�̧ k (W/m·K), x9��̧ ρ (kg/m3), \P� 6 x|¾Ó cp (J/kg·K)�Ér {9�&ñ

����¦ ��&ñ
ô�Ç

��.

¿ºa� 1.00m_� î̈
óøÍs� éß�\P�F�\� _�
�#� t�t�÷&��H Geankoplis [7]�� ]jr�ô�Ç \V]j\�¦ �¦�9


���. s� î̈
óøÍ�Ér ÕªaË> 3.5\� ÅÒ#Q4R e����. Ãºu�K�\�¦ ½̈
�l� 0A
�#� s� î̈
óøÍ�Ér N + 1>h_�

�̧×¼\�¦ ��t���H N>h_� ½̈çß�Ü¼�Ð ���÷¶��. s� î̈
óøÍ�̀¦ �íl�\� ç�H{9�ô�Ç �:r�̧ 100oC\� e��%3���.

s��Qô�Ç ���½Ó�Ér t = 0\�"f �̧��H ?/ÂÒ �̧×¼_� �:r�̧�� ·ú��9��� °ú̀�כ¦ °ú���H����H �íl��̧|	�s� �)a

��.

Tn = 100 for n=2, · · · , (N+1) at t=0 (3.42)

ëß���� r�çß� 0\�"f �̧Ø�¦�)a ³ð���s� °ú���l� �:r�̧ 0oC�Ð �¦&ñ
�)a�����, s���H �̧×¼ 1\�"f_� �â


>� �̧|	��̀¦ ï�r��.

T1 = 0 for t ≥ 0 (3.43)
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1 2 3 4 5 6 7 8 9 10 11

Insulated
Boundary

T1 T5 T7T3 T9T2 T8T6 T10T4

1m

x=0.1m∆

n

T11

T0

Exposed Surface 
Boundary Conditions:
(a) & (b)    is
maintained at constant
value
(c) Convective heat
transfer to  T0

T1

ÕªaË> 3.5: 1	�"é¶ î̈
óøÍ\�"f_� q�&ñ
�©� �©�I� \P� ����̧

¢̧���Ér �â
>��̧|	��Ér �̧×¼ N + 1\�"f_� éß�\P� �â
>�\�¦ :�xK�"f��H \P�s� ���²ú�÷&t� ·ú§Ü¼Ù¼�Ð ��

6£§õ� °ú s� �)a��.

∂TN+1

∂x
= 0 for t ≥ 0 (3.44)

s� ë�H]j��H ¿ºa��� ¿ºC���� î̈
óøÍ_� �ª�Aá¤���s� �íl� �:r�̧\� �̧Ø�¦�)a �â
Äº_� ë�H]jü< 1lx{9��<Ê

\� ÅÒ3lq
���.

@/ÀÓ\�¦ éß�t� î̈
óøÍ_� ³ð���Ü¼�Ð_� \P����²ú� �̧×¼�Ð �¦�9|̈c M:, >����\�"f @/ÀÓ\�_�ô�Ç \��-

t� {9�§4�õ� ����̧\� _�ô�Ç \��-t� Ø�¦§4��̀¦ ����'ar�v���H \��-t� Ãºt�\�¦ [jÖ�¦ Ãº e����. ����"f

e��_�_� r�çß�\�, x ~½Ó�¾ÓÜ¼�Ð î̈
óøÍ ³ð���\� Ãºf����� ���²ú�\� @/K�"f��H ��6£§õ� °ú s��)a��.

h(T0 − T1) = −k
∂T

∂x

∣∣∣∣
x=0

(3.45)

#�l�"f h��H @/ÀÓ \P����²ú� >�Ãº (W/m2 ·K)s��¦ T0��H ÅÒ0A_� �:r�̧s���.
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(a) α = 2× 10−5m2/ss��¦ î̈
óøÍ ³ð����Ér T1 = 0oC�Ð �¦&ñ
�)a �â
Äº\� d�� (3.41)�̀¦ �íl� x9�

�â
>��̧|	�[þtd�� (3.42), (3.43), (3.44)\�¦��6 x
�#�Ãºu�&h�Ü¼�ÐÛ�¦#Q��.K���H 10>h_� ½̈

çß��̀¦ ��6 x
���H Ãºu�&h� f�����ç�HZO��̀¦ s�6 x
�#� ½̈K���ëß� ô�Ç��. T2, T3, T4ü< T5\�¦ r�çß�

_� �<ÊÃº�Ð 6000s ��t� �̧r�
���.

(b) (a)\�¦ 20>h_� ½̈çß��̀¦ ��6 x
�#� ��r� Û�¦#Q��. ���õ�\�¦ (a)_� ���õ�ü< q��§
�#�, (a)_�

���õ��� &ñ
x9��<Ê�̀¦ {9�7£x
���.

(c) î̈
óøÍ³ð���\�"f@/ÀÓ���>rF�
���H�â
Äº\�@/
�#� (a), (b)\�¦��r�Û�¦��.\P����²ú�>�Ãº��H

h = 25.0W/m2 ·Ks��¦, \P�����̧�̧��H k = 10.0W/m ·Ks���.

ÊÁn��\� ÒÏ�¤n>!B�ß��

Schiesser [?]\�"f �7H_��)a ��ü< °ú s�, /BNçß� �̧�<ÊÃº\� @/
�#� Ä»ô�Ç 	�ì�rZO��̀¦ &h�6 x
�#� r�çß�

�̧�<ÊÃº\� @/ô�Ç �©�p�ì�r ~½Ó&ñ
d���̀¦ %3���H f�����ç�HZO��Ér ¼#�p�ì�r ~½Ó&ñ
d���̀¦ ÉÒ��H {9�ìøÍ&h���� ~½ÓZO�

s���. s� ë�H]j\�"f��H ∆x = 0.1m��� 10>h ½̈çß��̀¦ ��6 x
�#�, d�� (3.41)�̀¦ 2>� �̧�<ÊÃº\� @/ô�Ç

[ÂÒ2�¤ A_� d�� (A.9)_�] ×�æ�©� 	�ì�r /BNd���̀¦ ��6 x
�#� ��6£§õ� °ú s� ��H��ô�Ç��.

∂Tn

∂t
=

α

(∆x)2
(Tn+1 − 2Tn + Tn−1) for (2 ≤ n ≤ 10) (3.46)

d�� (3.43)Ü¼�Ð ÅÒ#Qt���H �â
>��̧|	��Ér ��6£§õ� °ú s� ³ð�&³�)a��.

T1 = 0 (3.47)

d�� (3.44)�Ð ÅÒ#Qt���H ¿º���P: �â
>��̧|	��Ér [ÂÒ2�¤ A_� d�� (A.7)_�] 2	� Êê~½Ó 	�ì�rd���̀¦ ��6 x


�#� ��6£§õ� °ú s� ��H��ô�Ç��.

∂T11

∂x
=

3T11 − 4T10 + T9

2∆x
= 0 (3.48)

0A d���̀¦ T11\� @/
�#� &ñ
o�
���� ��6£§õ� °ú s� �)a��.

T11 =
4T10 − T9

3
(3.49)

Ø̧¢�> ¿R�N��¿�
>

d�� (3.45)�Ð ÅÒ#Qt���H î̈
óøÍ ³ð���\�"f_� \��-t� Ãºt�d���Ér î̈
óøÍ ³ð��� �:r�̧ T1, ÅÒ0A �:r�̧

T0ü< ?/ÂÒ �̧×¼ &h�[þt\�"f_� �:r�̧ ��s�_� �'a>�\�¦ ���&ñ

���HX< ��6 x�)a��. s� �â
Äº\� [ÂÒ2�¤ A
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_� d�� (A.5)_�] 1>� �̧�<ÊÃº\� @/ô�Ç 2	� ���~½Ó 	�ì�r d��s� ��6£§õ� °ú s� T1\� &h�6 x|̈c Ãº e���¦,

∂T1

∂x
=

(−T3 + 4T2 − 3T1)
2∆x

(3.50)

d�� (3.45)\� @/{9�
���� ��6£§õ� °ú �Ér d���̀¦ %3��̀¦ Ãº e����.

h(T0 − T1) = −k
∂T

∂x

∣∣∣∣
x=0

= −k
(−T3 + 4T2 − 3T1)

2∆x
(3.51)

0A_� d���̀¦ T1\� @/
�#� Û�¦��� ��6£§õ� °ú �Ér ���õ�\�¦ %3��̀¦ Ãº e���¦,

T1 =
2hT0∆x− kT3 + 4kT2

3k + 2h∆x
(3.52)

s� d���Ér f�����ç�H ZO��̀¦ s�6 x
�#� K�\�¦ ½̈
���H õ�&ñ
\�"f T1�̀¦ >�íß�
���HX< ��6 x|̈c Ãº e����.

9.4 B�

(a) s� ë�H]j\� @/ô�Ç K���H d�� (3.46), (3.47) x9� (3.49)�Ð ÅÒ#Qt���H 9>h_� ���wn� �©�p�ì�r ~½Ó&ñ


d��õ� 11>h_� �:r�̧ �̧×¼[þt\� @/ô�Ç 2>h_� �ª��<ÊÃº&h� @/Ãº ~½Ó&ñ
d��_� K��ÐÂÒ'� ½̈½+É Ãº e����.

s� ë�H]j\�¦ Û�¦l�0Aô�Ç MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§\� ÅÒ#Q�����. MATLAB\�"f ìøÍ4�¤÷&��H

d��[þt�̀¦ %�o�
���HX< “for ... end”��H ��ÅÒ ¼#�o�
���.

p309a.m

clear all
global alpha deltax T1
alpha=2e-5;
deltax=0.1;
t0=0;
tf=6000;
T1=0;
T20=100;
T30=100;
T40=100;
T50=100;
T60=100;
T70=100;
T80=100;
T90=100;
T100=100;
[t,T]=ode45(’p309af’,[t0 tf],[T20 T30 T40 T50 T60 T70 T80 T90 T100]);
T2=T(:,1);
T3=T(:,2);
T4=T(:,3);
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T5=T(:,4);
T6=T(:,5);
T7=T(:,6);
T8=T(:,7);
T9=T(:,8);
T10=T(:,9);
T11=(4*T10-T9)/3;
plot(t,T2,t,T3,’-.’,t,T4,’:’,t,T5,’--’);
xlabel(’Time (s)’)
ylabel(’Temperature (C)’)

p309af.m

function dTdt=p309af(t,T)
global alpha deltax T1
dTdt=zeros(9,1);
T11=(4*T(9)-T(8))/3;
dTdt(1)=alpha/deltax^2*(T(2)-2*T(1)+T1);
for i=2:8
dTdt(i)=alpha/deltax^2*(T(i+1)-2*T(i)+T(i-1));
end
dTdt(9)=alpha/deltax^2*(T11-2*T(9)+T(8));
return

'Í	 W1>h_� ½̈çß�, �̧×¼ &h� 2, ... 5\�"f_� �:r�̧��H ÕªaË> 3.6\� ÅÒ#Q4R e����. �:r�̧�� õ��̧ �©�

I�\�"f &ñ
�©��©�I��Ð Ãº§4��<Ê�̀¦ �Ð#�ï�r��. r�çß� t=6000s\�"f >�íß� ���õ�\�¦ Geankoplis [7]��

Ä»ô�Ç 	�ì�rZO��̀¦ ��6 x
�#� �<H >�íß�Ü¼�Ð ½̈ô�Ç ���õ�ü< q��§ô�Ç ��s	כ ³ð 3.7\� ÅÒ#Q4R e����. s�

���õ�[þt�Ér{9�ìøÍ&h�Ü¼�Ð��H ú̧�{9�u��<Ê�̀¦�Ð#�ÅÒ��, î̈
óøÍ_�éß�\P��â
>�\�����ü<|9�Ãº2�¤�:r�̧[þt

��s�_� 	�s��� &�f���̀¦ �Ð#�ï�r��.

³ð 3.7: t=6000s\�"f 1	�"é¶ q�&ñ
�©� �©�I� \P����²ú�_� ���õ�

î̈
óøÍ ³ð���Ü¼�Ð Geankoplis [7] f�����ç�HZO� (a) f�����ç�HZO� (b)

ÂÒ'�_� ��o� ∆x = 0.2m ∆x = 0.1m ∆x = 0.05m

(m) n T(oC) n T(oC) n T(oC)

0 1 0.0 1 0.0 1 0.0

0.2 2 31.25 3 31.71 5 31.68

0.4 3 58.59 5 58.49 9 58.47

0.6 4 78.13 7 77.46 13 77.49
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ÕªaË> 3.6: 1	�"é¶ î̈
óøÍ\� "f q�&ñ
�©��©�I� \P�����̧ ë�H]j\� @/ô�Ç �:r�̧ ì�r�í[þt

0.8 5 89.84 9 88.22 17 88.29

1.0 6 93.75 11 91.66 21 91.72

(a)<J N�~×� MATLAB ©�­�=��®��e� CHAP3 ���Ý�~²��Ìø p309a.mÅØ p309af.mª�v² � �b

yÃW��.

(b) Ãºu�K�_� &ñ
x9��̧��H Ãºu�&h� f�����ç�H ZO�\� ��6 x÷&��H ½̈çß�_� Ãº\�¦ 2C��Ð 
�#� �¦¹1Ï|̈c

Ãº e����. ½̈çß��̀¦ C���
���H ��Ér	כ d�� (3.46)\�"f ÅÒ#Qt���H �'a>�\� 10>h_� ~½Ó&ñ
d���̀¦ �8
��¦

T21\�¦>�íß�
�l�0A
�#�d�� (3.49)\�¦Ãº&ñ

�l�ëß�
�����)a��. ½̈çß�_�C���ô�Ç���õ���H³ð 3.7\�

&ñ
o�÷&#Q e����. ³ð\�"f �Ð1pws� Ãºu�K���H ·ú¡_� (a)\�"f >�íß��)a K�ü< ��_� 	�s��� \O���. ��

��"f 10>h_� ½̈çß��̀¦ ��6 xô�Ç 'Í	���P: ���×þ�_� ��{©�$í
s� ��r� ô�Ç��� SX�����)a��. �:r�̧ ì�r�í��H ��

_� ����o�� \O���.

(b)<J N�~×� MATLAB ©�­�=��®��e� CHAP3 ���Ý�~²��Ìø p309b.mÅØ p309bf.mª�v² � �b

yÃW��.

(c) s� �â
Äº\���H �̧×¼ 1\�"f_� �:r�̧ T1_� >�íß�\���H @/ÀÓ �â
>��̧|	�s� ��6 x÷&#Q�� 
��¦,

d�� (3.52)s� ÅÒ0A �:r�̧ T0\� @/ô�Ç d��õ� �<Êa� (a)_� ÅÒ#Q��� ~½Ó&ñ
d��\� �8K�4R�� ô�Ç��. \P����
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²ú�\� @/ô�Ç ÆÒ��&h���� $��½Ó\� e��l�M:ë�H\� s� �â
Äº\���H î̈
óøÍ ?/_� �:r�̧_� 6£x²ú��Ér 7á§ �8 Ö¼�9

4R�� �)a��.

���õ�[þts� Geankoplis [7]_� ��H��&h���� �<H >�íß�õ� ³ð 3.8\�"f q��§÷&#Q e����. s� �â
Äº\���H

Ãºu�&h� f�����ç�H ZO�\� _�ô�Ç ���õ�[þt�Ér ú̧� {9�u�
��� çß�|ÄÌ�o�)a �<H >�íß� ���õ���H Ãºu�&h� f�����ç�H

ZO�\� _�ô�Ç ���õ�ü< ���çß�_� �̧	��� e����.

³ð 3.8: t=1500s\�"f @/ÀÓ�� e����H 1	�"é¶ q�&ñ
�©� �©�I� \P����²ú�

_� ���õ�

î̈
óøÍ ³ð���Ü¼�Ð Geankoplis [7] f�����ç�HZO� (a) f�����ç�HZO� (b)

ÂÒ'�_� ��o� ∆x = 0.2m ∆x = 0.1m ∆x = 0.05m

(m) n T(oC) n T(oC) n T(oC)

0 1 64.07 1 64.40 1 64.99

0.2 2 89.07 3 88.13 5 88.77

0.4 3 98.44 5 97.38 9 97.73

0.6 4 100.00 7 99.61 13 99.72

0.8 5 100.00 9 99.96 17 99.98

1.0 6 100.00 11 100.00 21 100.00

(a)<J N�~×� MATLAB ©�­�=��®��e� CHAP3 ���Ý�~²��Ìø p309c.mÅØ p309cf.mª�v² � �b

yÃW��.
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