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  : ������-� � 1.A behrooz_ariannezhad@yahoo.com & behrooz-ariannezhad@iau.ac.ir Vibrational Analysis of micropipe under the influence of Velocity and Temperature fields using the Point interpolation Meshless method Behrooz Ariannezhad *1 , Mehran Fazeli 1 1Department of Mechanical Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran Abstract Tubes with diameters in micro and nano dimensions with long length, while having a special manufacturing technology, have wide applications in the field of biosensors, atomic microscopes, actuators, tanks for fluid transfer in drug delivery, etc. The reason for the wide application of micropipes is their hollow geometry and very good mechanical properties. In this research, while comparing and using the classical theory of continuous medium mechanics and the non-classical theory of strain gradient based on the classical Euler-Bernoulli beam model and von-Carman nonlinear geometry, the mathematical equations are expressed in terms of three longitudinal parameters, then to investigate the vibrations of the micropipe under the influence  Velocity and temperature fields are discussed. For this purpose, the frequencies and vibration amplitudes have been calculated by the integral solution of the governing differential equations using the point interpolation numerical meshless method of the displacement field, and the effect of temperature and diameter on the linear and non-linear behaviors in the micropipe has been studied. The findings of the research, while showing the effectiveness of the point interpolation numerical meshless method with base functions developed for the mentioned analysis, state that; by reducing the diameter of the micropipe, the natural frequency and critical speed increase and whit the temperature increases, resulting in a decrease in the basic frequency and an increase in the amplitude and becomes the nonlinear behavior of micropipe. Keywords: Vibration in micropipe, non-classical theory of strain gradient, point interpolation numerical meshless method, velocity and temperature field, linear and non-linear behavior of microtube Received: 30/04/2023 Accepted: 10/06/2023   
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��/�3 ���	��� �&�����K]23[.  2 .2 .  ���" ���� ������� ��$���%&' "�(��  ��(	 ��" � ���& +	�= N�(�)9� �&���� �( +� +��& ���3 L�  � ���-��O,�� L�.���P�	 HI	�'� �& ��.� L�<63 L .1;�� (��& H����7 ������  T&�3 
+	�= N�( !�� (	����� +��& �	�P-�� 	(�� G��93 � U�3 
���Q&�7 +� ) �)&�( >&�)� U��,10(	 .1�� (  �&��-�	 1�7 >�963 !�� ���A �&>�*	 +�  N�( �'&�( ��^ ���A T&�3 �	�, �;�#� �& �3 �� �	�	 �'��3	�K]43[. )10(  u<(X) = > P
(X)b
'
A� + > R	(X)a	D�A�  �� (	 �,P
(X) ���A T&��3 �<"7 ��^ Z� �& ��-S� +��/Z�- �  $����AR	(X)  �'&�( ��^ ���A T&�33  ��� H(�0 �& :	�& ����/  )11(  PE(X) = F 1  x   y  z  J ,  R	(x, y, z) = (r	" +(αNdN)")0   m,n  	��'3 �<"7 ��^ ���A T&��3 H�"7 
�'&�( ��^ � +� O� �a	 ���A T&��3 $��Q� G���# �  �	�&�& �, 3 +��S�	��' ��� [�9�(	 +�  ����	�<6� ��S�-�A L� �& m+n � 	�'� +�(�	 m+n �� 1��&����.  PQ �q �-��(�A �	 1S�� L�K  ]�;�� !��'3 	(����-�� �� ����& (��9� �& ��<�<63 B��3 �, ��K-  .��	��cd � ��S�-�A ����	 �'�& ir   �)9� !�& �=�'K �<0�; ��� �)9� �3 ��(�& 	(���� �3(�,	 H�c-8� (	 +�K�& .�� G��93 1�7 L�K T&��3 
$��Q� G���# ��K 1;�� �&:�& 1�� �&��& ���Q&�7 ����� )12(  ϕ(X)(�∗D) = TRE   PE }  9V�  �� (	 �,G
 ��(	 R��3���)&�( L�K T&��3 .1�� �<, ?�� )12( ����� � 1S�� �"1/  ���(	 +�- 	 T&�3 @��/ �&  �	�&1�� ���� �&��& ���� f�"Q� �. �� ���3 ���Q&�7 �����3 Multi-Quadrics 
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�4��" 5���� 6"$�� ��78� 9�� �:�:6&�� 6�	:" 6&$ ;�$� <&� !" ���-=�" � ��� & 9��� ;�#�+�  ��� ;"   52  ��(	 L�K T&��3  G.� �& �( �<-8� [�9��)9� �&��� �& + ) �)&�(13:	� G��93 (  )13(  u(X, t) = Xu(X, t)v(X, t)w(X, t)Z= > [ϕ
(X) 0 00 ϕ
(X) 00 0 ϕ
(X)]^	A� X u
(t)v
(t)w
(t)Z= ϕ (X)u(_)   �,u(t) ��� [�9� ���Q&�7 (�	�& �M6  (	 +� t.1��  3. A"��� B�	C !� � .�(� ���D���  ��-&� � � ����� +��&$�% `  T)9�  d)��&a  �7(�/ �)* 
 b�</�	 �)* 
 d 
 �&  � ��^cd $�% ���� Z�7 � 5d  �( ���3 �	 +�( �& �,) L�K ��M� 	(�	 (��* �	�� ���1( (	  �M�  � �  ��(	 $��� � ��^ .�����ce  �� $�% ���� �& Z�7 � 5e 1=�� �& �, ��K ]�;   B��-� f 1,�� � �  ��(	 �� 1=�� �& O,��3 L&�*��E � � ����� ��(	 ����7 .��, (�6� � ��K �-;�� �M� (	 1&�Jg  +V,�� (�6� �& >S)�� .1�� � �     L�K1- ���3 �	 +�( �& ����7 +��� � � ������	�� ���   � �� ��3 ����, +(�C3 D��� �&-��Q&�7 ����� � ���& �& � �� ���& ��� H(�0	�K ]32[: )14(  u� = u(x, t) − z ψ(x, t),       u" = 0,     ui= w(x, t)                 � 	�'� !�� (	ji, j", j� �P ���-��( (	 ���Q&�7 +� -  +�g, k, l ����� � �	�& U/�^ + m(g, _)  ��� Z�; �& �� ���'3:	�K  )15(  ψ(x, t) = ∂w(x, t)∂x  ��E �P �� ���3 !���&��&  �)/��E U��, �P0���-, !�� :�� 1�� H(�S=  )16(  ε�� = ∂u∂x − z ∂"w∂x" + 12 (∂w∂x )"  ) B&��( �& �7�3 �&8) � (16�� ( :	�"� ���& ���3  )17(  �� = n"jng" − l niongi + nong  n"ong"  ,   �" = 0,�i = − n"ong"   ) B&��( G�,�39) � (16�P �� ( � �% n��6�� (�.��3 +� �& ���&��& ]32[:        )18(  ���i(�) = ��i�(�) = �i��(�) = − 415 n"ong"  ��""(�) = �"�"(�) = �""�(�) = ��ii(�) = �i�i(�)= �ii�(�) = 15 ql niongi − nong n"ong" − n"jng"r �""i(�) = �"i"(�) = �i""(�) = 115 n"ong" ,   ����(�)= 25 qn"jng" − l niongi + nong n"ong" r , �iii(�)= 15 n"ong"  (	 �P �� ���3 �Q�-� �P0��E +�& U/�^ �(�9-� (�.��3 � :	�& ����/ ��� H(�0  )19(  χ�" = χ"� = − 12 ∂"w∂x"    �& �	��	 H��J� +�����3 +��& �����A G��# (	 Z�	 �7(-  I�& �M�� 1S.� �& ��<& � ��(�&  +�]32[
  $���� U�3 ���3 ��E:�K ���/ �S��6� ��� �)&�( >S%  �P0  )20(  σ�� = Eε��= E q∂u∂x − z ∂"w∂x" + 12 (∂w∂x )"r   ���	��� +(�b���7 �&� �� ��3 +��& �P0 ��E U��, +�- ��E H�"7 
� ���& U�3 �P0S= V�� I�& �S3�� +����3( :��    
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1 ���� 1402���-. � 480 59                         53     t� = 2:;"9 qn"jng" − l niongi + nong n"ong" r,    ti= −2:;"9l n"ong"   )21(  τ��i(�) = τ�i�(�) = τi��(�) = − 815 l�"G ∂"w∂x" ,   4�""(�) = 4"�"(�) = 4""�(�)= 25 :�"9(l niongi − nong n"ong" ) 4""i(�) = 4"i"(�) = 4i""(�) = 215 :�"9 n"ong" ,    4�ii(�)= 4i�i(�) = 4ii�(�)= 25 :�"9(niongi − nong n"ong" − n"jng") 4iii(�) = 25 :�"9 n"ong" ,    4���(�)= 45 :�"9(n"jng" − l niongi + nong n"ong" )   m�" = m"� = −l""G ∂"w∂x"      ) B&��( �� �	�P-�� �&21( ) �)&�( (	 ���� +(�b���7 �6 (  .�K ���/ �S��6� ����, +2���U�  �K�� ����, +2��� U�3 H����_3 ��1�'#� �& 1S.� I�& �S3�� � ����, +�  � �� ��U" �� ���, � ��3 �� �K�� ����, +2��� - �K�&]39[.  )22(  x�= 12 y z{|l"   }~  ;+ 9 �2:;" + 815 :�" + :""�� qn"ong" r"+ 9l" �2:;" + 45 :�"� qniongi r"+ | qnjng + 12 �nong �"r"+ 9 �2:;"+ 45 :�"�  qn"jng" − l niongi + nong n"ong" r"�   =  12 � z� qn"ong" r" + � qniongi r"};+ |a qnjng + 12 �nong �"r"+ 9a �2:;" + 45 :�"� qn"jng" + nong n"ong" r"� �g )23( U"= 12 � N;A�; q� q∂u∂x − Z ∂"w∂x"�+ 12 �∂w∂x �"r dAr dx= 12 � N; q2 ∂u∂x + �∂w∂x �"r dx�;   �� (	 �,�;  +��-��(�A ���� � �	�& �� �� +(�6� +���� ��3(�S= �� ��:��  )24(  S = EI + GA �2l;" + 815 l�" + l""�  )25(  K = GI �2l;" + 45 l�"�  ����� ��(	 $��� !��p"  H�(`  ��S�7 +2��� �& � � ��3(�S= G�3�3 ��]34[:  )26(   T/= m/2 � ��∂w∂t �" + �∂u∂t�"�;+ ρI q ∂"w∂x ∂tr"� dx  )27(  T� = m�2 � ��∂w∂t + V ∂w∂x �" + V"�  dx�;      �&�& �& �7�3���3 �	�& 1,�����+(�6� +�-��( (	 � ����� (	�� 
��K $�� � �  H(�0 �& �( ��	 ���_3 �J� ���3 $�0� �� �	�P-�� �& .	�	 ���� �7(�/ +���� �� �& 
1�� n��'� �3(��� (�& �& �, ���� !�� ��-�I����3�� ���& ��� Z�;	�K ]40[ :  )28(  N��< = − EA1 − 2ν α�<∆T  �,|  
�-�.�-�I� $���� 
�����A G��# P��  G��#  � � �% [�.S��∆�  �;�% �� .1�� � � ����� +��	 ���_3����� �& �, �7(�/ +���� �� (�,�� 	(�� � � &��& 	�K �  �& 1��]41[:  
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�4��" 5���� 6"$�� ��78� 9�� �:�:6&�� 6�	:" 6&$ ;�$� <&� !" ���-=�" � ��� & 9��� ;�#�+�  ��� ;"   54  )29(  W = − 12 � F(x, t)(∂w∂x )" dx�;  ����� +��	 ���_3 �7(�/ +���� (�, !���&��&�S= � �  H( :�� 1��  )30(  W¡¢� = − 12 N��< �(∂w∂x )" dx�;  � �  (	 ��-<�" L0� �<, Z�; L�K �& ����7 +��� +� 1�� ��K �o�(� ���]42[:  )31(  δ �#T/+T� + W¡¢� − U − MV"u�& dt�¤�¥− � MV �∂w�∂t + V ∂w�∂x � δw��¤�¥ dt = 0  �-.& O-.�� (	 !�X����I ��<"=: = �d+�e + ¦§¨� − x .1�� ����� ��^ 1S.� ��^ ) ��K ]�; 1&�J �� �	 � �  (1�� 	��� (��.& �)* �& $�%��3(�S= +��� B���K ������� j} = o} = 0 �b  � � 	�'� )31 �.�����& ��� L�K �& ( :�K ���/  )32(  7 © (�d+�e + ¦§¨� − x� − x") �_�¤�¥ = 0  $���-�� � H����_3 ?�.� �� �	�P-�� �&V7 �& �V7 +��� � ��:1K�� ���3  )33(  ∂∂x �N; + EA q∂u∂x + 12 �∂w∂x �"r− GA �2l;" + 45 l�"� ∂"∂x" q∂u∂x+ 12 �∂w∂x �"r�       − ρA ∂"u∂t" = 0  ��E +��� B���K �;�% ����3(�S= V�� ����,:��  )34(  ∂∂x q∂u∂x + 12 �∂w∂x �"rª¢A;,�= 0    ,    S ∂"w∂x" + K ∂«w∂x« ª¢A;,� = 0   ,K ∂iw∂xi ª¢A;,� = 0 ���� 	�S� L� 	 �& 
�"Q� +��;  �� L9-.�g  (	 ��� .1�� �)&�() +33 � �% ������ �� 
(ca ¬¤¬�¤ = 0  	�K�M� n�0 ]37[�Q-�� 
�P �� �� L0�� +(�6� +���� + U�3 + 6� +�-��( (	 ����,(��� �S��6� ��� �)&�( �� � �  +- :	�K  )35(  � σ��dA = EA� q∂u∂x + 12 �∂w∂x �"r = C�(t) $���-�� �&�� !�;�% �� +���:1K�� ���3  )36(  |a ¯j + 12 � �nong �" �g}; ° = g±�(_) + ±"(_)  �, �� (	±�(_)  �±"(_) $��Q� T&��3 ��-.  H(�0 �& �, �� ���'3 ���:���K  )37(  ±�(_) = |a2` � �nong �" �g}; , ±"(_) = 0 � 	�'� �b  ��E �<�.���P�	����� �)/� � ����7 +��� + :	�& ���/ ��� Z�; �&  )38(  S ∂«w∂x« − K ∂²w∂x² − N ∂"w∂x" + m�V" ∂"w∂x"+ 2m�V ∂"w∂x ∂t + #m/ + m�& ∂"w∂t" = 0 �� (	 �,  )39( N = N; + N��< + EA2L � �∂w∂x �" dx�;  �6P0 $�% ���_3 �� �M�;�0 �& ����� +�́ = 0  � 	�'�  � 	�'� �& L��S3 �)/��E L.���P�	�K ���_3 �& �)/L +� �� �^�,�& Z�; .	�K) � 	�'� �'&38V�� (  �;�'� �& �& +��-��(�A�)&�( (	 ��K ���'3 �'&) +�40 (	 
 ( ) � 	�'�41:1�� ��K �.��� ��& (  ξ= xL ,  η= wL ,  φ= � EImp+mf�1 2¸ tL2 ,  β= mfmp+mf μ= »mfEI ¼1 2¸ LV,  χ= 4l2(1+α2)D2  ,  Ńth= N�thL2EA     
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1 ���� 1402���-. � 480 59                         55   )40( r0= l0l2 ,  r1= l1l2 ,  γ= Dl2 ,  ψ= Ll2 ¿ = À;" + 2À�"/5(1 + Â)m" ,    6= 8(2À;" + 8À�" 15⁄ + 1)(1 + Â)(1 + P")�"  )41(  (1 + 6) n«�nÄ« − ¿ n²�nÄ² − ! n"�nÄ" � �n�nÄ�"�; �Ä− �́�� n"�nÄ" + Å" n"�nÄ" + 2Æ¥¤Å n"�nÄnÇ + n"�nÇ"= 0 � ���-�� HI	�'�  �'�&�3 N�( �� �	�P-�� �& �( ��K 1;����� �)9� � (	 ���Q&�7 ����� !-;�� +��& ������+� 
 ��(	 N�( B��3�)9� �&�� ��-&� 
(�, !�� +��& �	�"� L� +� (	 �<6� ����	  �& �3(�,	 H�c-8� �� �'�&�3 �	��6� ���� L��S3 �S)* H�c-8�& �	��6� !�� Re� .		���  +��; O�& �& ��K 1K��� ������ �'�&�3 	(����-��+(�b� R��3��R��3�� !��'3 Re� ���� � Z�7 
�-8� +� +� �-��(�A ���� � R��,�; 
���Q&�7 ��	�9� 
�<,� 	(�� +���� �� �S��6�.���K ) L�K (	 N�( $�"=� �<-8� L����2 (  .1�� ��K �	(��     L�K2- L�<63 ����	 �& +	�= N�( $�"=� ��6� H(�^�<;  
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��K +��. �� +	�= H�S��6� 1�7 �, +� �-�.�-�I� $���  �& Z������ � R�780  1S.� 
$����A ����  �����A23/0  � ��^ �2700  (	  G'�� �-� �& Z���<�, L/�	 $��� � ��^ .1�� ��K �-;�� �M�&��& � � ����� �& � 1200  �&�Q3 v��-� D����& � �	�& G'�� �-� �& Z���<�, �& �&��& \ �/ Z������ � R�7 �� 	��� +��& � �% �-��(�A: = 1/5 Å5  .1�� ��-&�(�S-=� +��& 160 � �Q�� �.��9� >��% �� +	�= L�<63 B��3 ��K Z�Q�� +��. �� 
�S-'� T7��� �& v��-������� � �<A �.,�A� R�7 �� +� �& �"  �-�.�-�I� $���44/1  �����A 1S.� 
$����A ����38/0  �  � ��^1000  �& � ��� +��� �, G'�� �-� �& Z���<�,  � ��^1000 �� (��* L�<63 	(�� 
G'�� �-� �& Z���<�,- H������� �� ��K 1;�� � �% �-��(�A (�M�� !�� +��&  .	��� $	�'� �&�Q36/17 ����� ]�; �& � �-�:; = :� = :" = : �� �-;�� �M� (		�K]4[  �]32[ 163 . 
�)���K !��^ �& U��, ���	��� N�( �� �	�P-�� �& �)/ �'�S% R��,�; �)* +��& � � ����� L/�	 �� ���(b� $��� 1=�� G.� �7(�/5/0  ��" � ���& +	�= L� N�( �	 �& �-������ ��(	�)9� �&�� �^�(	��, L�.���P�	  N�( � �-;�� �'��3 +� (�	�"� >&�)�) L�K (	 ��K O���3 +�3�/ ( .	�& �� R��,�; ?�/ z�S)�� �� 1���� ��K �S��6� �'�S% +� .��(�	 +��. �� 160 �  v��-�     L�K3- � � ����� �)/ �'�S% R��,�;  G.� �& ����7 +���U��, ���	��� +(�C3 �&  ��-S� ����7 1=��  � �^�(	��, N�( �� ��(	 ��" � ���& N�(�)9� �&���-;�� �'��3 +�   �& !���&��&��(	 ��" � ���& +	�= N�( �� �	�P-���&�� �)9�R��,�; 
�-;�� �'��3 +��& �'�S% +��K �'& +��& � ������ � �& 1=�� H����_3 G.� �& ����7 +��� +& �' ��K  +�(�	�"� >&�)� �)/ ��E � �)/ 1 �� �	 (	 
$���) L�K (	 ��K O���34�� ���� � (�	�"� !��.��-. ( - C3 �,��	 �'�S% R��,�; �(��" U��, ���	��� +(�U�A �-���A ������ ����, +(�C3 �& 1S.� �( +�-��& - �� ���&L� 	 �& ��� !�� .���"�3  �& ����,��E � �% �-��(�A +(�C3 !�� (	 �-;( (�,  �-�^�, � � ����� �)* �^ � .1�� ������ �& ��	V� � +(�C3 n�-/� 
�K�& � �% �-��(�A + �	��� 1�� �-��& �-���A ������ ����, +(�C3� U��, ��+(�C3 � +��& �( +�-��& ��	�9� I�& �S3�� ����,��E +�U�A ����, +(�C3 �& 1S.� 
�'�S% R��,�;&�� ���-  L�K) ����"�4- !�& n�-/� � � ����� �)* U��V;� �& .(� � �)* (	 � ��K ~��", +(�C3 �	20  +(�C3 �	 � �-� ����� S��93a� U�A �'�S% R��,�; +��& �( ���.�� (��9�&�� ��� - ���	 ���� �, 
����"�  �)* !�� (	 ������ H��J� !-;( !�& �� L�K) 1�� � � ����� ��4-.(	      
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