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    مدخلمدخلمدخلمدخل 1111

  

 ����1.1 

تعريفات اساسيةتعريفات اساسيةتعريفات اساسيةتعريفات اساسية 1.11.11.11.1
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  ولكن محقق من الكاتبhttp://ar.wikipedia.org/wiki من 1
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    نظام الوحداتنظام الوحداتنظام الوحداتنظام الوحدات 1.21.21.21.2
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    الجزء الاول من الكتابالجزء الاول من الكتابالجزء الاول من الكتابالجزء الاول من الكتاب    مضمونمضمونمضمونمضمون 1.31.31.31.3

D =
�'� `� a
b c� S"
@�5 d���'� �2� �� S"_� a6e� : 

a(  ميكانيكا الموائع لتلخيص)با<نجليزية :Fluid Mechanics ( 
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b(  للتحليل عددي مدخل ملخص)با<نجليزية :Numerics / Numerical Computation ( 

c(  موائع الحسابية ديناميكيات الاساليب)با<نجليزية:Computational FluidDynamics (  

 ��
	� D �K�� ��Q�!'� �&'
Q ;K�5����	� 
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��� f
�A �� " 	���	
������ � ;-g �� 

[5;� hb
�2
.  

    ))))fluidsfluidsfluidsfluids((((الموائع الموائع الموائع الموائع  1.41.41.41.4

 ��
� �-��' �-jA ����	�)fluid  ( ��Q
Z ��
� k� ��" #��
	� ���l� �� ���-m (�n/


3 k"
B� a
V� (�b 2Fo/" �.'� �
?K< pqo/ rG f
�)s' . �� t(A ����	� �-N�/

(���)'� #$�%
&'� #
usW'� fs�v� 

�+�" �;�'� plastic solids. 

=< ��
� ����	� w@�/: 

 وھي الموائع التي تتغير كثافتھا بتغير الضغط  (compressible fluids) قابلة ل�نضغاطموائع •
  .و يسم ايضاً السريان ا�نضغاطي. الواقع عليھا مثل الغازات

 وھي الموائع التي � تتغير كثافتھا بتغير  (incompressible fluids)موائع غير قابلة ل�نضغاط •
  .و يسم ايضاً السريان ال: انضغاطي. لوضع الواقع عليھا مثل السوائلا

تشوه المواد نتيجة ( ا�نفعال - 3ا<جھاد  ھو مائع تكون فيه ع:قةالمائع النيوتني :موائع نيوتنية •
يم يمر من مبدأ ا<حداثيات، ويعرف اسم ثابت التناسب ع:قة خطية أي على شكل مستق )ا<جھاد
 .4اسحق نيوتنسمي ھذا المائع على اسم العالم . باللزوجة

                                                      

 

 

2 [Siddiq] 

3 engl. stress 

4 (” نيوتن“إسحق   Isaac Newton: با<نجليزية وينادي )   بالسير ( إسحق نيوتن  1643  يناير4   مارس31 - 

1727 من رجال )   وفيلسوف بعلم الطبيعة وعالم فلك وعالم رياضيات إنجليزي فيزيائي كان الجمعية الملكية

وعالم بال:ھوت وكيمائي ويعد كتابه .  وواحدًا من أعظم الرجال تأثيرًا في تاريخ البشرية كتاب اEصول الرياضية 
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. اللزوجة يمكن وصف جريانه باستخدام ثابت  ھو مائع �مائع � نيوتوني :موائع غير نيوتنية •

بوليمرات الذائبة من الموائع ال:نيوتونية والكثير من السوائل  والالبولميراتتعتبر أغلب المحاليل 
  .والشامبو الدم، النشا، ذائب الكتشبالشائعة مثل 

    الكمية المتصلةالكمية المتصلةالكمية المتصلةالكمية المتصلة 1.51.51.51.5

 �
)	� M���	� �� xA� (��y�'� D ��
)� �&�� r
A �P< ����� ��-A ��
	� �
W��� ��0 �B�

$
��6j�'.  

L >> l 

    الكثافةالكثافةالكثافةالكثافة 1.61.61.61.6
                                                                                                                                             

 

 

 واضعًا أساس لمعظم نظريات تاريخ العلم من أكثر الكتب تأثيرًا في 1687 والذي نشر عام للفلسفة الطبيعية

الميكانيكا الك:سيكية “ نيوتن”في ھذا الكتاب، وصف .  لعامةالجاذبية ا  الث:ثة والتي سيطرت على وقوانين الحركة 

العالم الماديالنظرة العلمية إلى  أن حركة اEجسام على كوكب " نيوتن" للقرون الث:ثة القادمة ووضح   اEرض

والتي لھا أجرام  ةسماوي " كبلر"قوانين  تحكمھا مجموعة القوانين الطبيعية نفسھا عن طريق إثبات ا�تساق بين 

 ونظريته الخاصة بالجاذبية؛ ومن ثم إزالة الشكوك المتبقية التي ثارت حول نظرية الخاصة بالحركة الكوكبية

الثورة العلمية مما أدى إلى تقديم مركزية الشمس بالميكانيكا يتعلق وفيما.  مبادئ بقاء الطاقة " نيوتن"، أعلن 

وكمية الحركة الزاوية كمية الحركةالخاصة بكل من  وفي علم .  البصريات أول " نيوتن"، اخترع  تلسكوب 

عاكس ]3[ وكذلك أيضًا طور نظرية اEلوان .  عملي )لون(  الضوء اEبيض يحلل المنشور معتمدًا على م:حظة أن 

الطيف المرئيإلى العديد من اEلوان التي تشكل  وبا<ضافة إلى ذلك، صاغ .  سرعة  ودرس قانون نيوتن للتبريد

الصوت " "نيوتن"وبالنسبة لعلم الرياضيات، يشارك .  جوتفريد �يبنتز في شرف "  حساب التكامل  تطوير

والتفاضل وكذلك أيضًا، أثبت .  النظرية ذات الحدين المعممة " وطور ما يسمى بـ  طريقة نيوتن الخاصة بتقريب " 

متسلسلة القوى وساھم في دراسة بالدالةاEصفار الموجودة  الرفيعة بين العلماء في أعلى " نيوتن"تظل مكانة . 

 البريطاني وكان المجتمع الملكي فيما يتعلق بعلماء 2005مرتبة اEمر الذي أثبته استط:ع رأي أجري عام 

تاريخ العلمالسؤال الذي طرحه ھذا ا�ستط:ع ھو من كان له أعظم تأثير على  "أم " نيوتن " ". ألبرت آينشتاين

.ھو يعتبر اEكثر تأثيرًا" نيوتن"وكانت نتيجة ا�ستط:ع ھي أن  ]4[ تقيًا للغاية " نيوتن" ع:وةً على ذلك، كان 

ومنتجًا للعديد من اEعمال في ) على الرغم من أنه لم يكن متفقًا مع اEعراف الدينية القائمة( تفسيرات الكتاب 

المقدس . أكثر مما أنتجه في العلوم الطبيعية التي لم ينس العالم إسھاماته به حتى اMن  
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)� �&�� d!�� �� 

 ��
L�'� c{���5 
-A |�!/ :   

 }�+ " C��~����'
Q ����'�  ��
L�'� �;+" " d!�	� ��	
Q hjB� .   

    الكثافة النسبيةالكثافة النسبيةالكثافة النسبيةالكثافة النسبية 1.71.71.71.7


L�'� =� �Q�)@� ��
	� ��
?A �� �� " #a
-�' �5�
�!	� ��3
/1000 mkg 

 

         ( ( ( (ideal gasideal gasideal gasideal gas))))قنون الغاز الكاملقنون الغاز الكاملقنون الغاز الكاملقنون الغاز الكامل 1.81.81.81.8
TRp ρ= 

 
 %
&�' [�X	� M&N'� MQ�5 }�+p  |
L�'�" ����y�' �.�X	� �+�;'
Qρ .R " %
&'� rQ
q 

 a��?�' ,�-�Z287 J/(K kg).  

        ))))steady flowsteady flowsteady flowsteady flow((((السريان الرتيب السريان الرتيب السريان الرتيب السريان الرتيب  1.91.91.91.9

2'� c
5�)'� ���;g ���� k� ;@� ��6'� �� ,/
7� p&�/ _ k. 

    ))))uniform flowuniform flowuniform flowuniform flow((((السريان المنتظم السريان المنتظم السريان المنتظم السريان المنتظم  1.101.101.101.10

 �P< �X.� ;@� h4�@� ,oQ c
5�)'� w��5 z
. (A D ��Q
q ,���F �� (A �-�Z r
A

�X.	�.  

        ))))streamlinestreamlinestreamlinestreamline((((خط الانسياب خط الانسياب خط الانسياب خط الانسياب  1.111.111.111.11

 f
)_� MF |�!5 $
�
-	� (�n/ k2'� MR� ,oQ)'� $
�
�� ,��6K� (A D ,' D ���

�;g rZ". 
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        ))))dimensions of flowdimensions of flowdimensions of flowdimensions of flow((((أبعاد السريان أبعاد السريان أبعاد السريان أبعاد السريان  1.121.121.121.12

 ,
Q c
5�)'� w��5���� �� ����� � �!� $
�q�;+V� �� ��v� �;!'� J�� �a
@Q ;!W'� 


� w��5 c� ��0 *'� ��
�	�. (�n'� 1.2 c
5�)' _
L� �X!5  ��
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+�
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  البعدسريان ثنائي   سريان احادي البعد

 

    ))))stressstressstressstress((((الاجھاد الاجھاد الاجھاد الاجھاد  1.131.131.131.13

�+
)� �;+" ��� ���
!'� ��yX)'� ��.'� �� �
?K_�      
A

F

A ∆

∆
=

→∆ 0
limσ  

�;+< ^�WA�� �
?K�' "��
� E�Fv�" �5��-� 
�      tn σσσ += 

 ����	� O�
�@� D (�N75" M&N'� pW!/ C�;9��� Dp1
�_� D }�+ ;�
!�	�    
npn −=σ 

 ��.'� �
?KV� pW!/ C;9�)5 "τ}�+ :
-	� 1
�_� D         τσ =t  

O'�2Q"          τσ +−= np  

    ))))turbulent flowturbulent flowturbulent flowturbulent flow((((السريان المائر السريان المائر السريان المائر السريان المائر ) ) ) ) laminar flowlaminar flowlaminar flowlaminar flow((((السريان الصفائحي السريان الصفائحي السريان الصفائحي السريان الصفائحي  1.141.141.141.14
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 �;� rQ
q c
5�� S;!� ;@� ���
	� �'
B� =< ��y�
7�'� �'
B� �� S�y�'� c� $
Wq< ��0 "

�X.'� ��
5% "� ���)'� ��
56Q) diameter(�K"6�'� �
.< "�  . ��;.� �qsL'� $�p&�	� �-U"

6�@5� �;!Q |�!5 k;!Q�_ (Reynolds number) Re��A;	� S�y�'� h�� .  �2� �;�"

 E;	� D d�Q
_� D c
5�)�' S�y�'�2000Re4000 ≥≥. k2'� 6'�@5� �;� J-)5" 

 S�y�'� 1;@� �;�"�#� ������ �$ cRe.  

موحل في موحل في موحل في موحل في و و و و     ))))control volumecontrol volumecontrol volumecontrol volume((((وحجم التحكم وحجم التحكم وحجم التحكم وحجم التحكم ) ) ) ) systemsystemsystemsystem((((مة مة مة مة المنظوالمنظوالمنظوالمنظو 1.151.151.151.15
    ))))infinitesimal fluid elementinfinitesimal fluid elementinfinitesimal fluid elementinfinitesimal fluid element((((عضو مائعي عضو مائعي عضو مائعي عضو مائعي ....الصغرالصغرالصغرالصغر

 

 c� ��0 " �.�.+ "� ���� ��;K ��
	� ��.Q �� 
�;� ��
	� �� ��;g ��-�Q ��@!� ���4@	�

rZ�'� �� 
?��b" 
?!Z�� x�!5 . hj+q" ��;g �.X@� h�y�'�c
�	� D ��Q
 c� ��0" #

y�'� hj+ (F� ��
	� p&�/��6'� �� h�.  (�n'� D C���� h�y�'� hjB� �2�)1.3.1 a (

 (�n'� D �� 
-A h�y�'� hj+ =� �4@ c� ��0 t
N5� ��'" �
)�'� J��)1.3.1 b ( J��

^-�'� c
5�)'� �� 8�y�5 h�y�'� hj+ �� ".  
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  )a and b 1.3.1(الشكل 

([Wendt 2009], Fig. 

2.1) 

 

 (�n'�)1.3.1 a (,E�)�'� �?e�: h�y�'� hj+

 �";��V �";�� h�y�'� �X��S�+
)	� D rQ
q : 

 ;���Z [�WX�Q ��b
W� 
?��� (�� *'� ����	� $_�
!�

 k2'� �";�� h�y�'� hj+ =� ���
�_� a
56�7'�

���
�/ (�b D c��5.  

���
�_� �'�
!	� �� ����
��'� S
�b_� 12�  ��X�)/ 

 $_�
!	� J�� S��y�' ��b
W� p~ �.5�XQ �
!�/ c�

���6e� ����
7�'� . # 
?��� S��B� � *'� $_�
!	�

 J-)/ # ��6K ���
7/ "� ���
�/ (�b D a���

  �47y�'� (�n'�)conservation form ( $_�
!-�'

���
�_�.  

 h�y�'� hj+ x� 
?��� S��B� � *'� $_�
!	�

;�� ��
	� �� 8�y�/ �") (�n'�1.3.1 d
e� 

Fig. 1.3.1 a, left side: finite 

control volume V, an a finite 

control surface S fixed in 

space:  

The fluid equations that we 

directly obtain by applying 

the fundamental physical 

principles to a finite control 

volume are in integral form. 

These integral forms of the 

governing equations can be 

manipulated to indirectly 

obtain partial differential 

equations. The equations so 

obtained, in either integral or 

partial differential form, are 

called the conservation form of 

the governing equations. 

The equations obtained from 

the finite control volume 

moving with the fluid (Fig. 

1.3.1 a, right side), in either 



  مدخل
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^0v�( # ��6K ���
7/ "� ���
�/ (�b D a��� #

 �47G p&'� (�n'� ,��� [�X5")non-conservation 

form (���
�_� $_�
!	� ��.  

integral or partial differential 

form, are called the non-

conservation form of the 

governing equations. 

 �?� #�&�'� ��
@�� ��
� �N� �
W��_� D 
2F� �P<

 �+
)	� D rQ
q) (�n'�1.3.1 b�)5v� d
e� #  (

 ����
7�'� $_�
!	� ��b
W� [�n c� ��0 #

���6e� .��47y�'� (�n'� t
N5� �� �2.  

 # �&�'� ��
@�� ��
� ��@� �
W��_� D 
2F� �P<

 �+
)	� D 8�y�5 k2'�") (�n'� 1.3.1 b #

�0v� d
e� ( �b
W� (�nQ [�n c� ��0 #

���6e� ����
7�'� $_�
!	� . HP�-@'� t
N5� �� �2� #

�47G p&'�.  

If we consider an infinitesimal 

fluid element, which is fixed in 

space (Fig. 1.3.1 b, left side), 

we can directly derive the 

partial differential equations. 

This is again the conservation 

form. 

If we consider an infinitesimal 

fluid element, which is 

moving in space (Fig. 1.3.1 b, 

right side), we can directly 

derive the partial differential 

equations. This is again the 

non-conservation form. 

�5�4@'� ��+
@'� �� ���
@5�"�5v� # ��
!'� a���  ��

�� (�
!� S
�b�'� �47y� "� p~�47y�'�  

$_�
!	� a��� ��. # O'P ��" $_
+ 8
@� 

S� D CFD }�+  h?	� k� (�b C;9�).  

In general aerodynamic theory, 

whether we deal with the 

conservation or non 

conservation forms of equations 

is irrelevant. However, there are 

cases in CFD where it is 

important which form we use. 

    الضغط المقياسي الضغط المقياسي الضغط المقياسي الضغط المقياسي  1.161.161.161.16

 ��
�.	� M&N'�= [�X	� M&N'� –k�e� M&N'�   

    القوة الجسمية والقوة السطحيةالقوة الجسمية والقوة السطحيةالقوة الجسمية والقوة السطحيةالقوة الجسمية والقوة السطحية 1.171.171.171.17
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�" ��QP
e� ��Z (L� h)e� ���A �� on@/ *'� �� ��-)e� ��.'� *'� O�/ �� ��yX)'� ��.'

�.'�" M&N'� D ��y@/" ��
	� �X� J�� (-!/.  

        الاجھاد القصيالاجھاد القصيالاجھاد القصيالاجھاد القصي 1.181.181.181.18

 �/�� =� d)@/ ��.'� �
?K_� ^Q �5�4@'� �Zs!'�τ ;�
!�	� 1
�_� D ���)'� S
�" 
y

u

∂

∂ 

�y�
7�'� c
5�)�'�� " :  

 

 ��/
-@��'� �K"6�'� |�!�/ν��5 
-A  :
ρ

µ
ν =   
�;+""sm /

2.  
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         ( ( ( (GoverningGoverningGoverningGoverning Equations of Fluid Dynamics Equations of Fluid Dynamics Equations of Fluid Dynamics Equations of Fluid Dynamics))))المعادلات الاساسية في ميكانيك الموائعالمعادلات الاساسية في ميكانيك الموائعالمعادلات الاساسية في ميكانيك الموائعالمعادلات الاساسية في ميكانيك الموائع 2222

 J��  W@� �
�'�][5;�[ (�� #2 " [Anderson 1991].  

    مدخلمدخلمدخلمدخل 2.12.12.12.1

 D :
�_�CFD� $_�
!� �� " ����	� O�
��� D ���
�_� f_�
!	� �� �sL'� �7B:  

����'� �7+(mass conservation)�
X'� �7+" (energy conservation)  ��-A �7+" 

8�y�'�momentum conservation)  .( (�n5 k2'� c
5�)'� ,j�� w5�!�Q O'2' C;Z "

�7B� $_�
!� (A D t
A��n� t���@�.  

    متجه السريانمتجه السريانمتجه السريانمتجه السريان 2.1.12.1.12.1.12.1.1

 (�n'�2.1   

 

 (�n'� D ���	� �-�y�'� hjB�)2.1 ( ,-j+V ,�+
)� " A . �+
)	� J�� 6�A��'
Q

 ����
7�'�dA �� 
�x� �K�
R� ����'� c
� dm rZ�'� D dtc
5�)'� S;!� �W��'  
•

md. 

 ,j�	� �� ���	� D c
5�)'� ����vQ  �5"�6α S�X'� k�
+� ,j�	� �� n J�� ;�
!�	� 

 �+
)	�dA}�+   
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  dAn = Ad  

AdvVdmd ρρ == &&  

m& = �X)'� (A x� ����'� c
5�� S;!� A�� :  

∫∫ ⋅=
A

Advm ρ&.......................................)...........2.1(  

  

��5 
-A ����'� c
5�� ,j�� |�!:  

 ����'� c
5�� ,j�� =)���)'� ,j��)(��-j+ �;+" D ����'�( = vρ  

(L	
Q":  

 �Z
X'� c
5�� ,j��) =���)'� ,j��)(��-j+ �;+" D �Z
X'� = (vgz
v

e )
2

(

2

++ρ  

(L	
Q":  

 8�y�'� ��-A c
5�� ,j��) =���)'� ,j��)( ��-j+ �;+" D 8�y�'� ��-A = (

vwvvvu ρρρ ,, $
�
�_� D zyx ,,��'� J�� ��.  

 �X)'� x� �Z
X'� c
5�� S;!� c
� O'2Q "A=  

∫∫ ⋅++
A

Advgz
v

e )
2

(
2

ρ...............................).....2.2(  

 �X)'� x� 8�y�'� ��-A c
5�� S;!� "A=  

)(∫∫ ⋅
A

Advvρ......................................)............2.3(  

    ))))The SubsThe SubsThe SubsThe Substantial Derivatetantial Derivatetantial Derivatetantial Derivate((((الاشتقاق الكبير الاشتقاق الكبير الاشتقاق الكبير الاشتقاق الكبير  2.22.22.22.2

 HP�-@Ac
5�)�' |�� #;-�! J�� '����� As a model for the flow, we will 
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 ��"�!	�^0 J�� �n'� (1.3.1 (b) .��" _� 

��@� ����	� �� �&�'� ��
@�	� 8�y�/ �� 

'�c
5�).  ��@� �A�+)'�c
5� ��"�!�  (��7�'
Q

D (�n'� .2.2.1.  

# 
@� ��@!'� 	���
 58�y� a
N7'� x�  �
�5;'� .

�;+"j�	�  $
?S�l J��  ����x, y, z # c��/ 

kji
ρρρ

,,.  

h�5 � X�a
 S
m $
?j�� ���)'� S
¡� �2� D 

(WZ �� $�
�5�x� :   

kwjviuV
ρρρρ

++=  

}�+ a
X�< h�5 $
��� ���)'� ����'� J��  

),,,(

),,,(

),,,(

tzyxww

tzyxvv

tzyxuu

=

=

=

  

  


-�� �C�-!'
Q �
W��_� ^!Q 2F
 
@ c
5�� ~ p

d�/� }�+ # ,u v " w w�
Y" ��  c
�	�

c
�6'�" t.a��� ¢;+ J��   #�� O'P =< ��
�V
Q 

a
X�< ���;. ��
L�'� �5�;!'� (WZ ��  

),,,( tzyxρρ =.  

adopt the picture shown at the 

right of Fig. 1.3.1 (b). 

Namely that of an infinitesimally 

small fluid element moving with 

the flow. The motion of the fluid 

element is shown in detail in Fig. 

2.2.1. 

Here, the fluid element is moving 

through Cartesian space. The unit 

vectors along the x, y, z axis are 

.,, kji
ρρρ

 

The vector velocity field in this 

Cartesian space is given by  

kwjviuV
ρρρρ

++=  

Where the components of velocity 

are given respectively by 

),,,(

),,,(

),,,(

tzyxww

tzyxvv

tzyxuu

=

=

=

 

Note that we are considering in 

general an unsteady flow, where u, 

v, and w are functions of both 

space and time, t. In addition the 

scalar density field is given 

by ),,,( tzyxρρ = . 
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 (�n'�)2.2.1(  

([Wendt 2009], 

Fig. 2.2) 

 

Fig. 2.2.1 ([Wendt 

2009], Fig. 2.2) 

rZ�'� D 1t  c��5 }�+ ��@!'� 	���
 ��K�� D 

 �X.@'�1 J��(�n'�  .2.2.1 .�X.@'� 12� ;@� 

" # rZ�'�" ��
LA��@!'� 	� ��


),,,( 11111 tzyxρρ = 

[+_ rZ" D 2t (.�� ��@!'� 	���
 �X. =< 2 

}�+ ��
L�'���  ),,,( 22222 tzyxρρ = 

 c� 
T ),,,( tzyxρρ =#  �
X ����/ 
@@�0 

�-?	� 12� D ��)�� ���5
/ S�+  �X.@'�1  J��

�
�'� �y@'�: 

At the time 1t  the fluid element is 

located at point 1 in Fig. 2.2.1. At 

this point and time, the density of 

the fluid element is 

),,,( 11111 tzyxρρ =  

At a later time 2t  the fluid element 

has moved to the point 2 where 

the density is ),,,( 22222 tzyxρρ =  

Since ),,,( tzyxρρ = , we can 

expand this function in a Taylor’s 

series about point 1 as follows: 

)()()()(
12

1

12

1

12

1

12

1

12
tt

t
zz

z
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y
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x
−









∂

∂
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∂

∂
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∂

∂
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∂

∂
+=

ρρρρ
ρρ  

+(higher order terms) 

�� (�
�  J��_� ��W/���'� $
y�X����' J�� (��  With ignoring the higher 

order terms we obtain 

1112
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∂

∂
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tztt

zz

tt
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xtt

ρρρρρρ              (2.1.1) 

�'�
!	� .)2.1.1 (£
��
56��M���� ��  rZ�'� Eq. (2.1.1) is physically the 

average time-rate-of-change in 



  (Governing Equations of Fluid Dynamics)الموائع ميكانيك في ا�ساسية المعاد�ت
 

 21 

S;!	 p&�'� D ��
LA �� (.�@/ ��" ��
	� ��@!'� 

 �X.@'�1 �X.@'� =< 2 . #;B� D2t ¤¥ (L� 1t # 

�W�5 ��X�	� �2� 

density of the fluid element as it 

moves from point 1 to point 2. In 

the limit, as 2t approaches 1t , this 

term becomes 

Dt

D

tttt

ρρρ
≡









−

−

→
12

12

12

lim 

Dt

Dρ6�� ��  B ��4S;!� rZ�'� p�&�' ��
L�'� .

# w5�!��' t
.�" J-)5 
� �2� 6��  �
.�b_�

pW�'�#  D/Dt.  

Dt

Dρ rZ�'� S;!� �� p�&�' ��
LA ��
� ��@� 

^!�. rWL" 
@@��� ��@!'� �� ��
	� �� ¦�'" #

D �X. a
N7'�.   

O'2A 
Dt

Dρ w��� " t
��
56�� 
5�;��� 
1










∂

∂

t

ρ 

 �� *'�t
��
56��  �6'� S;!	� p&�' ��
L�'� D  �X.

��Q
q 1. 

=� ���!'
Q �'�
!	� .)2.1.1 ( # �+s§c�  

Dt

Dρ
 Is a symbol for the 

instantaneous time rate of change 

of density. 

By definition, this symbol is called 

the substantial derivate, D/Dt. 

Dt

Dρ
is the time rate of change of 

density of the given fluid element. 

Our eyes are locked with the fluid 

element, not with the point in the 

space. So 
Dt

Dρ
 is different 

physically and numerically from 

1










∂

∂

t

ρ
which is physically the 

time rate of change of density at 

the fixed point 1. 

Returning to Eq. (2.1.1), note that  
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�2��" 2FoQ #;B� �'�
!-�' )2.1.1 (


�;@�
22

tt −  (�y@' #  

Thus, taking the limit of Eq.(2.1.1) 

as 22 tt − , we obtain 

z
w

y
v

x
u

tDt

D

∂

∂
+

∂

∂
+

∂

∂
+

∂

∂
≡

ρρρρρ
                (2.1.2) 

�� )2.1.2( J�� (�� �pW!�' ��  �
.�b_�

pW�'�D  $
�q�;+V� ��/�
�5;'� 

From (2.1.2) we obtain an 

expression for the substantial 

derivate in Cartesian coordinates 

z
w

y
v

x
u

tDt

D

∂

∂
+

∂

∂
+

∂

∂
+

∂

∂
≡     (2.1.3) 

$
�q�;+V� D ��/�
�5;'� w5�!/ h�5  ,j�	� (�
�∇ In cartesian coordinates the 

vector operator ∇  is defined as  

z
k

y
j

x
i

∂

∂
+

∂

∂
+

∂

∂
≡∇

ρρρ
    (2.1.4) 

�
�'
Q" c� ��0 �'�
!	� c��/ )2.1.3 (�Q����  Hence Eq.(2.1.3) can be written as  

)( ∇⋅+
∂

∂
≡ V

tDt

D ρ
    (2.1.5) 

�'�
!	� )2.1.5 ((L¨  (�
� w5�!/ �
.�b_�

pW�'�D  �5";/ $
?j�	� �
�'
Q" #��5  kv

C
4$
�q�;+� .  

Eq.(2.1.5) represents a definition 

of the substantial derivative 

operator in vector notation; thus it 

is valid for any coordinate system. 
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t∂

∂ J-)/ %�&'(�� �	�)��� *'�  
��!�  S;!	�

 �6'� p�&��' D ��Q
q �X. J-)5" #�
.�b_� 

�
��	� ��" #
��!� S;!� rZ�'� p�&��' dW)Q 

�A�+ ��@!'� (�
)'� ��=< c
��  D �F�  (.+

c
5�)'� }�+ ��
�F c
5�)'� �� �7��© 

t
�
��. �
.�b_� pW�'� J�� [WX@5 p&�� k�  D

# [�;�'� c�;�� S
L	� (�W� J�� #,Dp/Dt 

DT/Dt #}�+ p"  T M&N'� �� ����B� �K��" 

����'� J��. 

 �
.�b_�pW�'� t
�
�� �� ¦7 ª�-m  (�
7�'�

f
)+ �� (�
7�'� (�
��'� " .# O'2' �
.�b_� 

pW�'� �LA� ¦�' ��m �� ª�-m $
.�n	�  ��

rZ�'� C���+�. 

t∂

∂
 is called the local derivative 

which is physically the time rate 

of change at a fixed point; ∇⋅V
ρ

is 

called the consecutive derivative, 

which is physically the time rate 

of cange due to the movement of 

the fluid element from one 

location to another in the flow 

field where the flow properties are 

spatially different. The substantial 

derivative applies to any flow-

field variable, for example, Dp/Dt, 

DT/Dt, …, where p and T are 

static pressure and temperature 

respectively. 

The substantial derivative is 

essentially the same as the total 

differential from calculus. 

Therefore, the substantial 

derivative is nothing more than a 

total derivative with respect to 

time. 

divergence of velocitydivergence of velocitydivergence of velocitydivergence of velocity ( ( ( (V((((تباعد السرعة تباعد السرعة تباعد السرعة تباعد السرعة     منمنمنمنالمعنى الفيزيائية المعنى الفيزيائية المعنى الفيزيائية المعنى الفيزيائية  2.32.32.32.3
ρ

⋅∇    

�)'� ;�
W/ ��)divergence of velocity (V
ρ

⋅∇ 

)4.2..(..................................................
)(1

Dt

VD

V
V

δ

δ
=⋅∇

ρ
 

V
ρ

∇ -�y�'� hjB  �6'� p�&�'� ���) control volume (

 ��
� �N� ��)fluid element(  «�
K)moving(  O'P "

V
ρ

∇  is physically the 

time rate of change of 

the volume of a moving 
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-�y�'� hjB� d)+�) per control volume(   fluid element, per unit 

volume. 

    ))))mass conservationmass conservationmass conservationmass conservation((((حفظ الكتلة حفظ الكتلة حفظ الكتلة حفظ الكتلة  2.42.42.42.4

��
	� c
5�� J�� t
.WX� ����'� �7+ c�
Z �&��:  

"
5�� S;!� �'
F ,�'< t
�
N� �-�y�'� hjB� (F�� ����'� hA��/ S;!� =< ����'� c H�
F

�7� k"
)5 �-�y�'� hjB�.  

  

 �-�y�'� hjB� (F�� ����'� �
5�%� S;!�)control volume:(  

  

rZ�'� J�� ;-�!/ _ (�
��'� �";+ cv.  

 �'�
!	� ��)2.1 (�-�y�'� hjB� H�
F =< ����'� c
5�� �'
F  

  

).42.(……………… 

 �'�
	�)4.2 ( ������
��'� ����'� D ����'� �7+ �'�
!�) integral form.( 

  ):2.2الشكل (تطبيق على سريان احادي البعد 
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yX)'�)3 ( ")4 (
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����'� =� O'2Q ����'� S6��:    

0
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2211 =⋅+⋅ ∫∫∫∫
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AdvAdv ρρ  

 ,j�	� c� �4+sQ"A�-�y�'� hjB� H�
F =< ,j�5   

0

21

2211 =⋅+⋅− ∫∫∫∫
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    ))))continuity equationcontinuity equationcontinuity equationcontinuity equation((((معادلة الاستمرارية معادلة الاستمرارية معادلة الاستمرارية معادلة الاستمرارية  2.4.12.4.12.4.12.4.1

����
7�'� 
���� D ����'� �7+ �'�
!� J�� t��
� h�_� �2� [�X5 .Q �'�
!	� �� �a;)2.4 (

 C�;9��
Q �-jB� (�
��'� ���� =� �yX)'� (�
��'� ���� �� 
L'� ;B� (5�G ��0

 ;�
W�'� �5�4)divergence theorem.(  

J�� S��y�' $_�
!	� B ���
�v��A� 

 
-��� dU #����	�ª
W/� �.5�X'�  ��'
�'�:  
 سبةاEساسية المنا المبادئ الفيزيائية اختيار •

  من الفيزياء

  سرياننموذجل المبادئ الفيزيائية تطبيق ھذه •
  .مناسب

To obtain the basic equations of fluid 

motion, always the following way is 

followed: 

• Choose the appropriate 

fundamental physical principles 

from physics 

• Apply these physical principles to 
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المعاد�ت ، استخراج من ھذا التطبيق •
 .الفيزيائية المبادئ التي تتضمن الرياضية

 �2' 
@�'
+ D #���
56�7'� �;W	�  ��: " ����'�

�Y�7�� ��" )“Mass is Conserved”(. 

a suitable model of the flow. 

• From this application, extract the 

mathematical equations which 

embody such physical principles. 

So, in our case the physical principle 

is: “Mass is Conserved”. 

 

 �";+ r
A " t��7� (�
��'� �-�Z r
A �P< t��7� (®�
�	� �-�Z c��/ (�
��'� ^��.' t
!W/

t�5�
��F� (�
��'�.  

  
 }�+w, v, u $
�
�_� D ���)'� $
WA�� �� z , y , x.   _ c
5�)'� c� S
+ D "

 �l
&N�)incompressible flow(   

)2.7(…………………………0=
∂

∂
+

∂

∂
+

∂

∂

z

w

y

v

x

u 

Divergence Theoreme: 
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     ( ( ( (energy conservationenergy conservationenergy conservationenergy conservation))))حفظ الطاقةحفظ الطاقةحفظ الطاقةحفظ الطاقة 2.52.52.52.5

 (�n'�2.5  

 c�
.'� �� �Z
X'� �7+ �'�
!� ;-�)/

 hj+ J�� t
.WX� �5���B� ��A�y�' S"_�

�-XG:  

 

" =� �Z
X'� c
5�� S;!� �'
F ,�'� t
�
N� �-�y�'� hjB� (F�� �Z
X'� hA��/ S;!�

�'� S
.�
Q �-Xy�'� hjB� H�
F hjB� (F�� ��
	� J�� �'"2W	� ��;.'� S�
!5 ���

�-�y�'� hjB� (F�� =< ����B� c
5�� S;!� �'
F 
?�'� t
�
N� �-�y�'�." 
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     ( ( ( (momentum conservationmomentum conservationmomentum conservationmomentum conservation))))حفظ كمية التحركحفظ كمية التحركحفظ كمية التحركحفظ كمية التحرك 2.62.62.62.6

 (�n'�2.6 

 

 

� �/�� c�
Z �� c�
.'� �2� ;-�)5 
L')Second Newtonian Law ( t
.Q
X� �A�y�'

�-�y�'� h9+ J��: " ,�'� t
�
N� �-�y�'� hjB� (F�� 8�y�'� ��-A hA��/ S;!�

S�
!5 ����'� S
.�{Q �-�y�'� hjB� H�
F =< 8�y�'� ��-A c
5�� S;!� �'
F ª�-m 

��
	� J�� ��q¯	� E�.'�".  
 

 

 

لديناميك الموائع مع لديناميك الموائع مع لديناميك الموائع مع لديناميك الموائع مع ) ) ) ) govgovgovgoverning equationserning equationserning equationserning equations((((تلخيص المعادلات الاساسية تلخيص المعادلات الاساسية تلخيص المعادلات الاساسية تلخيص المعادلات الاساسية  2.72.72.72.7
    ملاحظاتملاحظاتملاحظاتملاحظات
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 without without without without((((دون النظر الى تفاعلات الكيميائية دون النظر الى تفاعلات الكيميائية دون النظر الى تفاعلات الكيميائية دون النظر الى تفاعلات الكيميائية     ))))viscous flowviscous flowviscous flowviscous flow((((معادلات السريان اللزجي معادلات السريان اللزجي معادلات السريان اللزجي معادلات السريان اللزجي  2.7.12.7.12.7.12.7.1

considering chemical reactionsconsidering chemical reactionsconsidering chemical reactionsconsidering chemical reactions((((    

 �-N�5 k2'� �� �K6�'� c
5�)'��;W�'� ����Y 

 # (.@'�" �K"6�'�" (����'�k���B� ��
�<  °

^-N/ h�5 �
Y��'� �n@' (.@ ����'� 
@v 
@-Z 

;5;y�Q 
@/��
W��� %
~ $s�
7/ =<  " �)
j��

p~ 
��
�-�A ._�����+ S
L	� (�W� J��  ��

c
5�� �� ��
�-�A (�
7/ .�P< �� ;Q _ c
A 

 8
@� c��5 �' #�n@'� (±�5���-��� $_�
!� 

���
�<  >> $_�
!� ª���_� �5���-��  *'�

J�� k�X@/  (.����'� ���
�-��'� ª��²' i 

dW)Q H�;/ ª��²' 6�A��'�.  

O'P J�� �"s�" c{� �Z
X'� �'�
!� 
?5;' 

(. f
)+ J�� �;� ��
�<  dW)Q �Z
X'�

 �
n��ª��v�.  

D 2F_� �� ���.'� �
W��_�  # 1s�� ���A2	�

" ���
�_� $_�
!	�rQ
q p&'�
!Qv� �qsq # 

l
&N�� c
5�)'�" # #�'H6�  ��:  

Viscous flow: a flow which 

includes the dissipative, transport 

phenomena of viscosity and 

thermal conduction. The 

additional transport phenomenon 

of mass diffusion is not included 

because we are limiting our 

considerations to a homogenous, 

non-chemically reacting gas. 

Combustion for example is a flow 

with a chemical reaction. If 

diffusion were to be included, 

there would be additional 

continuity equations – the species 

continuity equations involving 

mass transport of chemical species 

i due to a concentration gradient 

in the species.  

Moreover the energy equation 

would have an additional term to 

account for energy transport due 

to the diffusion of species.  

With the above restrictions in 

mind, the governing equations for 

an unsteady, three-dimensional, 

compressible, viscous flow are: 

  معاد�ت ا�ستمرارية

)�4�
g p&'� (�n'
Q(  
Continuity equations 

(Non-conservation form – [Wendt 2009], Eq.2.18) 
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0=⋅∇+ V
Dt

D ρ
ρ

ρ
 

�,-.'�� *�(��  (Conservation form – [Wendt 2009], Eq. 2.27) 

0)( =⋅∇+
∂

∂
V

t

ρ
ρ

ρ
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�'�
!	� Wendt 2009], (2.18) �'�
!� �� 

 D �5���-��_��,-/ 01�� *�(�� .

 ��5 
� �4+s�:  

 نموذج لعنصر مائع من خ:ل تطبيق .1

. المعادلة، لنحصل على متناھي الصغر

]Wendt 2009], (2.18) على مباشرة 

  .تفاضلي جزئي شكل

 النموذج الذي يتحرك عن طريق اختيار  .2

الشكل الغير ، لقد حصلنا على مع السريان

 ، وھي  لمعادلة ا�ستمراريةتحفظي

  ).Wendt 2009[ ،)2.18[. المعادلة

�'�
!	� ]Wendt 2009[ #)2.27 ( ��

�'�
!� D �5���-��_� �,-.'�� *�(�� 

 ��5 
� �4+s�:  

 الحجم نموذج لمراقبة من خ:ل تطبيق .1

 Wendt[. المعادلة، حصلنا على المحدود

 في شكلمباشرة ) 2.23(، ]2009

 معالجات بعد مرور بعض فقط .متكامل

 Wendt[اي  .التفاضلي الجزئي للشكل

  التي حصلنا عليھا).2.27(، ]2009

في  نموذج للتثبيت عن طريق ختيار .2

 التحفظي شكل، لنحصل على الفضاء

 ا�ستمرارية معادلةل

Equation [Wendt 2009], (2.18) is the 

continuity equation in non-

conservation form. Note that: 

1.  By applying the model of an 

infinitesimal fluid element, we have 

obtained Eq. [Wendt 2009], (2.18) 

directly in partial differential 

form. 

2. By choosing the model to be 

moving with the flow, we have 

obtained the non-conservation 

form of the continuity equation, 

namely Eq. [Wendt 2009], (2.18). 

Equation [Wendt 2009], (2.27) is the 

continuity equation in conservation 

form. Note that: 

1.  By applying the model of an 

finite control volume, we have 

obtained Eq. [Wendt 2009], (2.23) 

directly in integral form. Only 

after some manipulation of the 

integral form the partial 

differential form, namely Eq. 

[Wendt 2009], (2.27), is obtained. 

2. By choosing the model to be 

fixed in space, we have obtained 

the conservation form of the 

continuity equation, namely Eqs. 

[Wendt 2009], (2.13) and (2.27). 

  معاد�ت كمية التحرك

 

Momentum equations 

(Non-conservation form – [Wendt 
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2009], Eqs. 2.36a-c) 
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 1
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[Wendt 2009], 

Fig.2.5: 

Infinitesimall

y small, 

moving fluid 

element. Only 

the forces in 

the x direction 

are shown. 

xF  1
�� D ��'
³_� ��.'� �� x 

 ��.'� �� ^�� 8
@��
X5_� �2� D: 

 التي تتفاعل مباشرةً على %��4 �23	� .1

 fluid(الكتلة الحجمية للعضو مائعي 

element .(القوة الجاذبية : و امثلة ھي

  .والكھروبائية والمغناطسية

القوة الجسمية على العضو المائع تتمثل : تعريف

Total force in the x-direction: xF  

[Wendt 2009], S.28 Def. of body forces 

and surface forces: 

1. Body forces, which act directly on 

the volumetric mass of the fluid 

element. Examples: 

gravitational, electric and 

magnetic forces. Def.: body force 

on the fluid element acting in the 
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x  )(dxdydzf =في ا�تجاه xρ  

التي تتفاعل مباشرة على %��4 56.	�  .2

ھو ناشىء من و.سطع العضو المائعي

 توزيع الضغط  (a):  اثنين فقطين مصدر

التي يفرضھا ,السطح  على تعمل التي

 المناطق المحيطة في خارج المائع

 ھي توزيعات (b) ، و المائع بالعنصر

على   التي تعمل القصو بيعي الطالضغط

خارج  من قبل كما فرضت السطح ،

على السطح  "دفعال" أو "التجاذبات" المائع

 .ا�حتكاك عن طريق

x-direction )(dxdydzf xρ= . 

2. Surface forces, which act directly 

on the surface of the fluid element. 

They are due to only two sources: (a) 

pressure distribution acting on the 

surface, imposed by the outside fluid 

surrounding the fluid element, and 

(b) the shear and normal stress 

distributions acting on the surface, 

also imposed by the outside fluid 

“tugging” or “pushing” on the surface 

by means of friction. 

 

 

 

[Wendt 2009] ,2.6 الشكل:  h��

 �y���/ " �.�'��!�WX'� $
��&N�' 

[Wendt 2009], Fig.2.6: Illustration of 

shear  and normal stresses 

  

 .Eqs ,[Wendt 2009] –-الشكل التحفظي

2.42a-c)) 

(Conservation form – [Wendt 2009], 

Eqs. 2.42a-c) 
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Energy equation 

(Non-conservation form – [Wendt 2009], Eq. 2.52) 
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�47y�'� (�n'�  (Conservation form – [Wendt 2009], Eq. 2.64) 
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                        ت الكيميائيةت الكيميائيةت الكيميائيةت الكيميائيةدون النظر الى تفاعلادون النظر الى تفاعلادون النظر الى تفاعلادون النظر الى تفاعلا    ))))inviscous flowinviscous flowinviscous flowinviscous flow(((( معادلات السريان الا لزجي  معادلات السريان الا لزجي  معادلات السريان الا لزجي  معادلات السريان الا لزجي  2.7.22.7.22.7.22.7.2

))))    without considering chemical reactionswithout considering chemical reactionswithout considering chemical reactionswithout considering chemical reactions((((    


@� z"�b '�6�"K� $_�
!	 V�1s�� z
.�.  Here are the viscous terms of the 

above equations dropped. 
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    تعليقات على المعادلات الاساسيةتعليقات على المعادلات الاساسيةتعليقات على المعادلات الاساسيةتعليقات على المعادلات الاساسية 2.7.32.7.32.7.32.7.3
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3.  (�b c� �+_$_�
!-�' �47y�'� 
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Surveying the above governing 

equations, several comments and 

observations can be made: 

1. They are coupled system of 

non-linear partial differential 

equations, and hence are 

very difficult to solve 

analytically. To date, there is 

no general closed-form 

solution to these equations. 

2. For the momentum and 

energy equations, the 

difference between the non-

conservation and 

conservation forms of the 

equation is just the left-hand 

side. 

3. Note that the conservation 

form of the equations 

contain terms on the left-

hand side which include the 

divergence of some quantity, 

such as )( V
ρ

⋅⋅∇ ρ , 

)( Vu
ρ

ρ⋅∇ , etc. For this 

reason, the conservation 

form of the governing 

equations is sometimes 

called the divergence form.  

4. The normal and stress terms 
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-Ad)+ [Wendt 2009], 

Eqs. (2.43a-f). 
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e(T,p)  �
L� %
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Q$�;+�'
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 �5���B�) ^9)/�;g rQ
q ( |�)� #

 �Zs!'� 12� c��/Tce v=  }�+vc 

 ����@'� ����B� ��BrQ
q hj.  

6.  $_�
!� J-)/" # 
�¹�
/8�y�'� ��-A  

in these equations are 

functions of the velocity 

gradients, as given by 

[Wendt 2009], Eqs. (2.43a-f). 

5. The system contains five 

equations in terms of six 

unknown flow-field 

variables, ewvup ,,,,,ρ . In 

aerodeynamics, it is 

generally reasonable to 

assume the gas is a perfect 

gas (which assumes that 

intermolecular forces are 

negligible). For a perfect gas, 

the equation of state is 

RTp ρ= , where R is the 

specific gas constant. This 

provides a sixth equation, 

but it also introduces a 

seventh unknown, namely 

temperature, T. A seventh 

equation to close the entire 

system must be a 

thermodynamic relation 

between state variables. For 

example, e = e(T,p) For a 

calorically perfect gas 

(constant specific heats), this 

relation would be Tce v=  

where 
vc  is the specific heat 

at constant volume. 

6. Historically, the momentum 
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!���
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"8�y�'� ��-A .(  

equations for a viscous flow 

are called the Navier-Stokes 

equations. However, in 

modern CFD literature, “a 

Navier-Stokes solution” 

simply means a solution of a 

viscous flow problem using full 

governing equations (including 

continuity as well as energy 

and momentum). 

    ))))boundary conditionsboundary conditionsboundary conditionsboundary conditions((((الحالات الجدارية الحالات الجدارية الحالات الجدارية الحالات الجدارية  2.7.42.7.42.7.42.7.4

 �5��;e� $_
B� ��¨ #��'"v� $_
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�+�" #
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���
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&'�" . J-)5 
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 �_6_� C;� �'
+)no-slip .( �X)'� c
A �P<
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)�'� c
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The boundary conditions, and 

sometimes the initial conditions, 

dictate the particular solutions to 

be obtained from the governing 

equations. (This makes the 

difference for example between 

the flow over a Boing 757 or past 

a wind mill, although the 

equations are the same). For a 

viscous fluid, the boundary 

condition on a surface assumes 

no relative velocity between the 

surface and the gas immediately 

at the surface. This is called the 

no-slip condition. If the surface is 

stationary, then 0=== wvu  at 

the surface (for a viscous flow). 

 

For an inviscid fluid, the flow 
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slips over the surface (there is no 

friction to promote its ‘sticking’ 

to the surface); hence, at the 

surface, the flow must be tangent 

to the surface. 0=⋅ nV
ρρ

 at the 

surface (for a inviscid flow), 

where n
ρ

 is a unit vector 

perpendicular (that means 

orthogonal) to the surface. The 

boundary conditions elsewhere 

in the flow depend on the type of 

problem being considered, and 

usually pertain to inflow and 

outflow boundaries at a finite 

distance from the surfaces, or an 

‘infinity’ boundary condition 

infinitely far from surface. 

The boundary conditions 

discussed above are physically 

boundary conditions in nature.  

In CFD we have an additional 

concern, namely the proper 

numerical implementation of the 

boundary conditions. 

ت على الشكل التحفظي ت على الشكل التحفظي ت على الشكل التحفظي ت على الشكل التحفظي ملاحظاملاحظاملاحظاملاحظا: : : : CFDCFDCFDCFDاشكال للمعادلات الاساسية تلائم مع اشكال للمعادلات الاساسية تلائم مع اشكال للمعادلات الاساسية تلائم مع اشكال للمعادلات الاساسية تلائم مع  2.82.82.82.8
))))conservation formconservation formconservation formconservation form((((    

�47y�'� (�n'
Q ���
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!	� ���-m d�� c� ��X�)) conservation form (

�
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!'� (�n'
Q: 
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[Wendt], Eq. 2.65 
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In [Wendt], Eq. 2.65, the column 

vectors F, G, and H are called the flux 

terms (or flux vectors), and J 

represents a ‘source term’ (which is 

zero if body forces are negligible). For 

an unsteady problem, U is called the 

solution vector because the elements 

in U ( ,,, vu ρρρ etc.) are the 

dependent variables which are 

usually solved numerically in steps of 
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time. Please note that, in this 

formalism, it is the elements of U  that 

are obtained computationally, i.e. 

numbers are obtained for the 

products wvu ρρρρ ,,,  and 

)2/(
2Ve +ρ . Of course, once 

numbers are known for these 

dependent variables (which includes 

ρ  by itself), obtaining the primitive 

variables is simple: 

2
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�'�
!	� �K6' _ c
5�)',[Wendt et. al. 

2009] Eq.(2.65) c� _� #�� 
-A J.W/ 

M)Q� ryW�� �5���
!'� $
?K�	�.  

(�n'� 
@��o/ �P� s'� $_�
!-�' �47y�'� 

For an inviscid flow, [Wendt et. al. 

2009], Eq.(2.65) remains the same, 

except the elements of the column 

vectors are simplified. Examining the 

conservation form of the inviscid 

equations summerized in Sect. 2.7.2, 

we find that  
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For the numerical solution of 

an unsteady inviscid flow, 

once again the solution 

vector is U, and the 

dependent variables for 

which numbers are directly 

obtained are products 

wvu ρρρρ ,,,  and 

)2/(
2Ve +ρ . For a steady 

inviscid flow, 0/ =∂∂ tU . 
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Frequently, the numerical 

solution to such problems 

takes the form of ‘marching’ 

techniques; for example, if 

the solution is being 

obtained by marching in the 

x-direction, then [Wendt et. 

al. 2009], Eq.(2.65) can be 

written as  

[Wendt], Eq. 2.66 
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et. al. 2009], Eq.(2.65)   �79�� a�b (A 
?5;'

$
.�n	� 12� (F�� . D c
5�)'� $_�
!�

Here, F becomes the ‘solution 

vector’, and the dependent 

variables for which numbers are 

obtained are wvu ρρρρ ,,,  

and )2/(
2Ve +ρ . From these 

dependent variables, it is still 

possible to obtain the primitive 

variables, although the algebra 

is more complex than in the 

previously discussed case. 

Notice that the governing 

equations when written in the 

form of [Wendt et. al. 2009], 

Eq.(2.65), have no flow variables 

outside the single x,y,z, and t 

derivates. Indeed, the terms in 

[Wendt et. al. 2009], Eq. (2.65) 

have everything buried inside 

these derivates. The flow 

equations in the form of [Wendt 
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et. al. 2009], Eq.(2.65) are said to 

be in strong conservation form. 

In contrast, examine the forms 

[Wendt et. al. 2009], Eq.(2.42a,b 

and c) and [Wendt et. al. 2009], 

Eq.(2.64). These equations have 

a number of x,y and z derivates 

expliticly appearing on the right 

–hand side. These are the weak 

conservation form of the 

equations.  
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The form of the governing 

equations giving by Eq. (2.65) is 

popular in CFD; let us explain 

why. In flow fields involving 

shock waves, there are sharp, 

discontinuous changes in the 

primitive flow-field variables p, 

p, u, T, etc., across the shocks. 

Many computations of flows 

with shocks are designed to 

have the shock waves appear 

naturally within the 

computational space as a direct 

result of the overall flow field 

solution, i.e. as a direct result of 

the general algorithm, without 

any special treatment to take 

care of the shocks themselves. 

Such approaches are called 

shock capturing methods. This 
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is in contrast to the alternate 

approach, where shock waves 

are explicitly introduced into the 

flow-field solution, the exact 

Rankine-Hugoniot relations for 

changes across a shock are used 

to relate the flow immediately 

ahead of and behind the shock, 

and the governing flow 

equations are used to calculate 

the remainder of the flow field. 

This approach is called the 

shock-fitting method. These two 

different approaches are 

illustrated in Figs. 2.8 and 2.9. In 

Fig.2.8, the computational 

domain for calculating the 

supersonic flow over the body 

extends both upstream and 

downstream of the nose. The 

shock wave is allowed to form 

within the computational 

domain as a consequence of the 

general flow-field algorithm, 
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[Wendt 

et.al.2009]

 2.8. الشكل ،

شبكة لنھج : 

التقاط 

  الصدمة

 

[Wendt 

et.al.2009], 

Fig.2.8: 

Mesh for 

the shock-

capturing 

approach 
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without any special shock 

relations being introduced. In this 

manner, the shock wave is 

captured̉ within the domain by 

means of the computational 

solution of the governing partial 

differential equations. Therefore, 

Fig. 2.8 is an example of the shock-

capturing method. In contrast, Fig. 

2.9 illustrates the same flow 

problem, except that now the 

computational domain is the flow 

between the shock and the body. 

The shock wave is introduced 

directly into the solution as an 

explicit discontinuity, and the 

standard oblique shock relations 

(the Rankine-Hugoniot relations) 

are used the free stream 

supersonic flow ahead of the 

shock to the flow computed by the 

partial differential equations 

downstream of the shock. 
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Therefore, Fig. 2.9 is an example of 

the shock-fitting method. There 

are advantages and disadvantages 

of both methods. For example, the 

shock-capturing method is ideal 

for complex flow problems 

involving shock waves for which 

we do not know either the 

location or number of shocks. 

Here, the shocks simply form 

within the computational domain 

as nature would have it. 

Moreover, this takes place without 

requiring any special treatment of 

the shock within the algorithm, 

and hence simplifies the computer 

programming. However, a 

disadvantage of this approach is 

that the shocks are generally 

smeared over a number of grid 

points in the computational mesh, 

and hence the numerically 

obtained shock thickness bears no 

relation what-so-ever to the actual 

physical shock thickness, and the 

precise location of the shock 

discontinuity is uncertain within a 

few mesh sizes. In contrast, the 

advantage of the shock-fitting 

method is 
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[Wendt 

et.al.2009] : 

:   2.9 الشكل.

 لنھج شبكة

 الصدمة

 ةالمناسب

 

[Wendt 

et.al.2009]

, Fig.2.9: 

Mesh for 

the shock-

fitting 

approach 
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that the shock is always treated as 

a discontinuity, and its location is 

well-defined numerically. 

However, for a given problem you 

have to know in advance 

approximately where to put the 

shock waves, and how many there 

are. For complex flows, this can be 

a distinct disadvantage. Therefore, 

there are pros and cons associated 

with both shock-capturing and 

shock-fitting methods, and both 

have been employed extensively 

in CFD. In fact, a combination of 

these two methods is used to 

predict the formation and 

approximate location of shocks, 

and then these shocks are fit with 

explicitly in those parts of a flow 

field where you know in advance 
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they occur, and to employ a 

shock-capturing method for the 

remainder of the flow field in 

order to generate shocks that you 

cannot predict in advance. 

Again, what does all of this 

discussion have to do with the 

conservation form of the 

governing equations as given by 

Eq. (2.65)? Simply this. For the 

shock-capturing method, 

experience has shown that the 

conservation form of the 

governing equations should be 

used. When the conservation form 

is used, the computed flow-field 

results are generally smooth and 

stable. However, when the non-

conservation form is used for a 

shock-capturing solution, the 

computed flow-field results 

usually exhibit unsatisfactory 

spatial oscillations (wiggles) 

upstream and downstream of the 

shock wave, the shocks may 

appear in the wrong location and 

the solution may even become 

unstable. In contrast, for the 

shock-fitting method, satisfactory 

results are usually obtained for 

either form of the equations-

conservation or non-conservation. 
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Why is the use of the conservation form of the equations so important for the 

shock-capturing method? The answer can be see by considering the flow 

across a normal shock wave, as illustrated in Fig. 2.10. Consider the density 

distribution across the shock, as sketched in Fig. 2.10(a). Clearly, there is a 

discontinuous increase in p across the shock. If the non-conservation from of 

the governing equations were used to calculate this flow, where the primary 

dependent variables are the primitive variables such as p and p, then the 

equations would see a large discontinuity in the dependent variable p. This 

in turn would compound the numerical errors associated with the 

calculation of p. On the other hand, recall the continuity equation for a 

normal shock wave (see Refs.[1,3]): 

2211 uu ρρ =                                                                (2.67) 

From Eq. (2.67), the mass flux, uρ , is constant across the shock wave, as 

illustrated in Fig. 2.10(b). The conservation form of the governing equations 

uses the product uρ  as a dependent variable, and hence the conservation 

form of the equations see no discontinuity in this dependent variable across 

the shock wave. In turn, the numerical accuracy and stability of the solution 

should be greatly enhanced. To reinforce this discussion, consider the 

momentum equation across a normal shock wave [1,3]: 

2

222

2

111 uu ρρρρ +=+                                                    (2.68) 

As show in Fig. 2.10(c), the pressure itself is discontinuous across the shock ; 

however, from Eq. (2.68) the flux variable ( 2uρρ + ) is constant across the 

shock. 
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[Wendt et. al. 

2009], Fig.2.10: 

Variation of flow 

properties through 

a normal shock 

wave 

 

This is illustrated in Fig. 2.10(d). Examining the inviscid flow equations in the 

conservation form given by Eq. (2.65), we clearly see that the quantity 

( 2uρρ + ) is one of the dependent variables. Therefore, the conservation form 

of the equations would see no discontinuity in this dependent variables across 

the shock. Although this example of the flow across a normal shock wave is 

somewhat simplistic, it serves to explain why the use of the conservation form 

of the governing equations are so important for calculations using the shock-
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capturing method. Because the conservation form uses flux variables as the 

dependent variables, and because the changes in these flux variables are either 

zero or small across a shock wave, the numerical quality of a shock-capturing 

method will be enhances by the use of the conservation form in contrast to the 

non-conservation form, which uses the primitive variables as dependent 

variables. 

In summary, the previous discussion is one of the primary reasons why CFD 

makes a distinction between the two forms of the governing equations-

conservation and non-conservation. And this is why we have gone to great 

lengths in this chapter to derive these different forms, and why we should be 

aware of the differences between the two forms. 
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دة على دة على دة على دة على  طرق حسابية معتم طرق حسابية معتم طرق حسابية معتم طرق حسابية معتم::::) ) ) ) Incompressible Inviscid FlowsIncompressible Inviscid FlowsIncompressible Inviscid FlowsIncompressible Inviscid Flows((((    لزجيةلزجيةلزجيةلزجية 3333
        ))))Source and Vortex Panel MethodsSource and Vortex Panel MethodsSource and Vortex Panel MethodsSource and Vortex Panel Methods((((مؤطرات النبع و الدوامة مؤطرات النبع و الدوامة مؤطرات النبع و الدوامة مؤطرات النبع و الدوامة 

        مدخلمدخلمدخلمدخل 3.13.13.13.1

� ) flows(لسرايين ) numerical analysis(العددي في ھذا الفصال سننظر ان شاء Q الى التحليل 

مبدئياً يمكن ان يستخدم طريقة الفرق ). inviscid (و � لزجية) incompressible( انضغاطية

 لحل ھذا النوع من - التي ستناقش في ما بعد ان شاء finite-difference method (-Q(المحدود 

 � انضغاطيةولكن يوجد طرق اخرى تأدي عدة الى حلول اكثر مناسبة لسرايين . السرايين

)incompressible (و � لزجية) inviscid .(  

ى مؤطرات النبع و الدوامة  المساة طرق حسابية معتمدة عل–ھذا الفصل يناقش احد ھذه الطرق 

)Source and Vortex Panel Methods( . ھذه الطرق اصبحت ھي الطرق المقياسية والمعتمد

  1960عليھا عادة في الشركات التي تصنع الطيارات و ھذا منذ العقد 

تحتاج الى قوة حسابية ضخمة و ) numerical methods(طرق المؤطرات ھي طرق حسابية عددية 

 .يوترات سريعةلذلك كومب

        بعض الاوجھة الاساسية لسريان لا انضغاطي و لا لزجيبعض الاوجھة الاساسية لسريان لا انضغاطي و لا لزجيبعض الاوجھة الاساسية لسريان لا انضغاطي و لا لزجيبعض الاوجھة الاساسية لسريان لا انضغاطي و لا لزجي 3.23.23.23.2

ثابتة ) density(ھو سريان بكثافة ) incompressible flow(السريان الغير انضغاطي 

).const=ρ.(  

يجري في سريان غير انضغاطي ) .m = const(بكتلة ثابتة ) fluid element(تصور عضو مائع 

)incompressible flow ( في موازاة خط انسياب)streamline .( ن الكثافة ثابتة فبالتالي الحجمE

)volume ( لھذا العضو مائعي ھو ايضا ثابت )V = const. .( نE وV
ρ

∇) V
ρ

يشكل )  ھي السرعة

  :نكتبالتغيير لحجمي لعضو مائعي على مدار الزمان نستطيع ان 

0=∇V
ρ

    (3.1) 

∇  gradient.و ھو الgrad  و ھو ع:مة ملخصة لNABLA-Operator ھنا ال
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ايضاً � يدور لما يتحرك في موازاة الخط ا�نسياب ) fluid element( و إلى ھذا فاذا العضو مائعي 

)streamline ( فبالتالي ھذا السريان)flow( يسم � دوراني )irrotational .( لھاذا النوع من

  .5  يُعلم بِ –) potential(كبوتينزيال ) velocity(السرايين، يمكن ان يعبر عن السرعة 

φ∇=V
ρ

    (3.2)  

  

 

 

  : نصل الى(3.2) و (3.1)إذا جمعنا اMن معادلة 

0=∇⋅∇ φ     

  او،

  

     (3.3)  

  

، احد المعاد�ت المشھورة والمدروسة جيداً )Laplace) Laplace’s equation تسمى معادلة (3.3)

  .)mathematical physics(في مجال الفيزيك الرياضية 

 و � لزجية) incompressible( � انضغاطية) flows(سرايين نرى ان ) 3.3(من معادلة 

)inviscid ( م بمعادلة UتُحَكLaplace) Laplace’s equation(.  

                                                      

 

 

5 (لمزيد من الشرح انظر ملحق أ و   Anderson 1991.( 

0
2 =∇ φ  
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 .)linear(ھي خطية ) Laplace) Laplace’s equationو معادلة 

مع بعض ليستنتج حل ) added(يمكن ان تزاد ) 3.3(و لذلك كل عدد من حلول خصوصية لمعادلة 

 . آخر

  :و ھو ان) incompressible flow(و ھذا يُري فلسفة اساسية لحل من سريان غير انضغاطي 

يمكن  )irrotational flow, incompressible (و � دوراني تركيب معقد لسريان غير انضغاطي

  )elementary flows(من سرايين اساسية ) synthesized(ان يجمع 

 )satisfy( التي ت:ئم )elementary flows(بالتالي سننظر إن شاء Q الى بعض السرايين اساسية 

  ).Laplace) Laplace’s equationمع معادلة 

 Uniform flow  السريان المتماثل

xV∞=φ  

 

 Source flow  السريان المصدر

rln
2π

φ
Λ

=  

 

 Vortex flow  السريان الدوامة

θ
π

φ
2

Γ
−=  

 

In [Wendt et. al. 2009 ] there are two methods described which use these 

elementary flows: 

• Non-lifting Flows Over Arbitrary Two-Dimensional Bodies: The Source 

Panel Method 

• Lifting Flows Over Arbitrary Two-Dimensional Bodies: The Vortex Panel 

Method 

Also the application “The Aerodynamics of Drooped Leading-Edge Wings 

Below and Above Stall“ is described. 
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