
  

���   �� ���� ��	
� �� 
��
� ����� �	�� ��� �	� ���� ��� ����:  
2

3= + +
r

ˆ ˆ ˆV yz i xzj yk  

����� ���� ���� 
�� �� �!�   �� x "y # z��  	��#$ ���.  

����:  

�� "�	� ���� ���� ����� �� ���&����� �   �)()(*(  
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��� ��� ���� 	�$:  
2

3= = =; ;u yz v xz w y  

( )( ) ( )( ) ( )( )2 2 3 2
0 3 0 3 6 3 6x x

u u u u
a u v w yz xz z y yz a xz y z

t x y z

∂ ∂ ∂ ∂
= + + + = + + + = +

∂ ∂ ∂ ∂
;  

( )( ) ( )( ) ( )( )2 3
0 3 0 3y y

v v v v
a u v w yz z xz y x a yz xy

t x y z

∂ ∂ ∂ ∂
= + + + = + + + = +

∂ ∂ ∂ ∂
;  

( )( ) ( ) ( ) ( )( )2
0 3 0 1 0z z

w w w w
a u v w yz xz y a xz

t x y z

∂ ∂ ∂ ∂
= + + + = + + + =

∂ ∂ ∂ ∂
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��� ��� :A�:  

  
  

1 5

3 2
   

= −   
   

.
u y y

V δ δδ δδ δδ δ
  

  
 �$ �� �4m/s B = V # mm 0/( = δδδδ���  . 7�8� �� �� 
��� 
�� ��	8�bc��  	��#$ ���.  

����:  

 7C�8� 5
� �$ :��� ���D E��34 FGH)a-b( ")b-c( ")c-d ( #)a-d (��� .I� ��J;K� ��L
MN �

O& ���� �� ��P  ��	��Q ����� "	34

��� .����� ����� "
?���
Q �  �)()(B  (�� E��34 FGH 5�� ���� 
��� ��� ���� 	�$:  

( ) ( ) ( ) ( ) ( )0 0= + + + =∫ ∫ ∫ ∫ ∫;
r r r r r r r r r r

cs ab ad dc bc

v .n dA v .n dA v .n dA v .n dA v .n dAρ ρ ρ ρ ρρ ρ ρ ρ ρρ ρ ρ ρ ρρ ρ ρ ρ ρ  )((  

 7C�8� ����)a-b ( #)a-d (����� E��?�N� "��� �@��3A� �$ �� ���� 7���& �4 "�@��3A� ���� �� ���.��� �� 
?���
Q ������       �

)()(B(�� " ��� ����
� �2��-�  ���: 

( ) ( )( ) ( )( )3 3
1000 3 1 5 10 1 5 6 75

− = − = − × = −
  ∫

r r
ab ab

ab

v .n dA V A kg m m s . m . m . kg sρ ρρ ρρ ρρ ρ  

( ) ( )( ) ( ) ( )3
1000 0 0002 2 1 5 0 60 = + = = ∫

r r
ad ad

ad

v .n dA V A kg m . m s m . m . kg sρ ρρ ρρ ρρ ρ  

 7�8� ����)c-d (�� ��PI� �� �	� ���� ���� 7���& �� ��� ����
� ���.���  ���:  
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1 5 2 52

00
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2 2 5 2 2 5

. .
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y y y y
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. .
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δ δδ δδ δδ δ

ρ ρ ρ ρ ρ δρ ρ ρ ρ ρ δρ ρ ρ ρ ρ δρ ρ ρ ρ ρ δ
δ δ δ δδ δ δ δδ δ δ δδ δ δ δ

      
 = = − = − = −     
       

∫ ∫ ∫
r r
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v .n dA . bV . kg m . m m s . m . kg sρ ρ δρ ρ δρ ρ δρ ρ δ  
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����:  



O& ���� �� �2IN ��PI� ��J;K� ��L
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�� �� ����� �_�
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��� ��� ���� 	�$:  
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r

& &� w w al al m m
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ˆv n dA m m Q Q Qρ ρ ρ ρρ ρ ρ ρρ ρ ρ ρρ ρ ρ ρ  )((  

F4��& �_�
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� a34�# �N�?b
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Q Q Q Q
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� �U;� ���# �� # ���g ."E�X�34 FGH ���3� �� �U;� ��;�N� ��  

 ��	8�dh/dt�� ��    �$ �� �4 	��#$ ���h�UX;� �� �$ i�.&��   

��� �j-� �  �� .���� �� ��  ����� �g�  �)^ (F4��& /�S ��`Q�N  

�� �� �X��� 5�� �� ��X  ]��X�� ���X� ��	X8� "��X� 	��#$ ���.  

����:  

:k� E��34 FGH �� ��PI� 5�� �� ��`Q
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� �L�g� "F
34 ��4 ��;�N� U
N ���D E��34 FGH ���& .� E��34 FGH �U;� :��


� ��S�g �jN�� �$ E�
� ]8S �	��� # ��� ��� . ����� �j-� �  �� E��3V FGH 5�� �� �$ i�.&��h��� . �
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Q � �� ��`Q�N 
��� ��� ���� 	�$:  

( ) ( ) 1 2 30 0
∂ ∂

∀ + − = − + + =
∂ ∂∑ ∑ ∫;w t

out in cv

Q Q A h Q Q Q
t t

 

2 2 2

1 1 2 2 3 3 0
4 4 4

t
dh

A D V D V D V
dt

π π ππ π ππ π ππ π π     
− + + =     
     
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0 60 0 06 3 2 0 050 1 5 0 065 1 8 0

4 4 4 4
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dt

π π π ππ π π ππ π π ππ π π π     
− + + =     
     

 

0 00046 0 46
dh

. m s . mm s
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?� �jN�� :  
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∂ ∂
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dh
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3V /�S( # ,
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��N�� �� E�
� ����� ρρρρ 
�� "Q ���� # V
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N ��	8�  � 

�?N �!� �N�� ����� \��� >�	V ��@ :-� �� 
)n�� �o�N� �S� # :8D �#�
N �� 	
3V �jN(  

((  pA        ,(  ρρρρQV,  

B(  ρρρρQV+pA,    ^(  ρρρρQV,+pA,  

  

����:  

�����  �)	( .����� �����V ��  �)()(f (���� F
 ��@ :k��� �	� ���� ��KN ���D E��3V FGH ���� ����� �!� ��:  

( )( ) ( )( )1 1 2 2 1 1 2 2= − + + − = + −∑ ∑ ;    & &x x x

CS CV

QV F m V m V p A p A Rρρρρ       )q(  

  

���� ��  "��PI� �� ,A = (A = A ",p = (p = p���  .  

����� ���3� 
?���
Q �] �����  �)()(B([ ��M  ����   

GHXX�3V FXX���� F
 ��@ E�"1 2m m m= =& & &"  #  

 "�X�� ���D 7�8� mXX�� ��XXLcV = (V . "5�����3�  

�XX���� �) ( (�XX� �XX�� ���XX� �XX� ���XXX
 ��XX�:  
2 2xR pA QVρρρρ= +  
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 ����� � �� ��     ��e �� E��N l� �� �$ ����Scm ,*�� ��  ��s/m B*�-.� l� UV�� ��  �
� ���@�� F��e  	3V .

 
N�e�S �MIe �� �-.�A��� �	� _�� :k� d����  .�� �-.� �k3�� ���� �?N F��e ���H  �#�
N "��� �����FB 5
��Q ��!�N� �� ���# 

 	��� 	��� 5&�
N�<
V 	3L �b���)Bm/kg (*** = ρρρρ " ,s/m (* = g (.  

(( ,Y/f5&�
N�<
V       ,(  f,/Y 5&�
N�<
V   

B(  0f/(,5&�
N�<
V   ^(  (B/,05&�
N�<
V   
  

����:  

�����  �)�( .�����  ��V�H ���	N����D E��3V FGH ���� �� �$ �� ������ ��  �� ��� ���� 
� 	�$: 

x x

CS CV

QV Fρρρρ =∑ ∑  

( )( ) ( )2 22 3
1000 20 0 20 12566 12 56

4
xR QV V A kg m m s . m N . kN

ππππ
ρ ρρ ρρ ρρ ρ

 
= = = = = 

 
 

 r�-� �#�
N �?3� "�-.� E���& ����)Rx (?3� ����� ����� >#�8� �#�
N � .���� F
 ��@ "�`�:  

( ) ( )
1 1

12 56 6 28
2 2 2

 
= = = = 

 
;    ;    x B B x B

h
R F h F R . kN F . kN  
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FB 

h 

A 
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 ���	� � �� 
�    MN ���@�� �?�	k� �� �$ �� #� # ���  

�L��sk� �� l�  ��G�� :k� �� �	� ���� ��J;K� d���� �� ��  


� 	X33V .5�� ��  	3L :��H �� ���� ����m/s\��� 	 ��@   

((  Y,/B   , (  ,t/ ̂  B (  uB/0   ^ (  ,(/u  

����:  

�����  �)�( .��M  
� �V ��C ��� �.IM&$ ��KS ����� �� 7�8� �� ��KS "F
N�� .]@ �� :A� ��  ���D E��3V FGH  ���I4�@ 5
L

��� �	� ���� ��KN .����� ��!� �� �V�H ���	N�  �� �� 
8S� # F��e  ���� ��� ����
�  ���: 

z z

CS CV

QV Fρρρρ =∑ ∑  

( )( ) ( )( )1 1 3 3 0Q V Q V sinρ ρ θρ ρ θρ ρ θρ ρ θ− + + + =   )((  

( )( ) ( )( )2 2 3 3 0x x

CS CV

QV F Q V Q V cosρ ρ ρ θρ ρ ρ θρ ρ ρ θρ ρ ρ θ= − + + + =∑ ∑ ;  ),(  

vA� �#�
N ��� �!� #� �� :M��� vA� 5�� �4 ���	N ���# 
�;� ��� ��L "��� �.� ����� �	� :M��� ��� ��G�� �  . ���KS �#�
N

��� �.� U
N 7C�8� �� .����� #� F
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( ) ( )
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2
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0 309 17 15
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 
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 
  

;
o
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����� 
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2 2
2
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3
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V
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 
  = =

+    +
      
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