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綌+M ん譜€ �韜 ~�� 1�2 $�� 新曠G帅氶!圄 9 ] 94�2 $�� ! :モ|q瑹聋X, ~�� H7�2 $�� ' * 擐� Y�k 綁 : � 2 $�� 僖� E*2� , / 95 _=� 2 $��; (! P ; 綏  ����   ���� A��� The possible forces acting on the control volume in a direction parallel to the flow are 1)the pressure forces at the ends 2)the shear 
forces on the upper and lower faces 3)the component of the force of gravity in the direction of flow. @��� Z���]�� &`  ����   ��� B��� Since the pressure on the outer surface is atmospheric, the pressures on the control volume at the ends of the volume are equal and oppositely directed. Also, by assumption, the shear on the 
upper surface of the element is neglected. Z T! �2   ���� C��� The two forces remaining are: the shear force on the lower surface of the control volume the component of the gravity in the direction of flow \�� v��  $��� ; �  8�    ��� D���� From this equation, 
noting that A=bL and Fg= rLbg `L����� x:  ����   ����   ���� E���� So  $�   ���� Since the flow is laminar,  $�   ���� F���� & 0Rearranging and integrating between limits gives 1��Z1�  

0  ���� tAnd Where is the total thickness of the liquid layer X Z3��Z��Z�  ����� 3���  �� @   ���� +  ����   ��� G���� "Momentum balance in potential flow ##�  "� "  ���� Z Consider a volume element of a stream tube in steady potential flow, as shown bellow JZ���V�� $ Z 
���� N��� hThe pressure forces normal to the cross section of the tube at the inlet and outlet of the tube &h��i�  &g  ����   ��� Inlet : paSa=pS (4-18) Outlet: pbSb=(p+ p)(S+ S)  ����        ����       

   ����   ����   ��� 9 V  ����   ����   ���   ���� O���� MThe external forces acting on the surface of element in the direction of flow NN�  M  ���� P���� & The component of gravity acting along the axis (4-20) 
Substitution from Eqs(4-18) to (2-20) in Eq(4-16) gives (4-21) Dividing Eq(4-21) by S L (4-22) 3�Z7��Z��Z8!0�Z ZA��Z��ZF��Z3�& 0 ��$��8��  " A�$ € � � � �  � €  � � �   <�     €  � �  �   Z2  ��� 1 ?  ���� X  ���� I   ��� Q���� Now ,fine the limits of all terms in Eq(4-22) as L !  0. 
Then and the ratios of increments all become the corresponding differential coefficient, so that, in the limit, (4-23) Co l  P� A��3�$ € � � l � � � B�� € � �   ���� [���� Then mass flow rate is  ��   ���� ^Substituting in Eq(4-23) gives And (4-24) &_� Z!�� >�� _  ��� 

LEquation(4-24) is the point form of the Bernoulli Equation without friction. BM 0��l  P�Z2 (�� � � � M  ��� \��� For static fluid,   �   ���� ethe term d(u2/2) is zero, Eq(4-24) becomes identical with Eq(2-3) for a stationary fluid. te�� �     �� G�  4c  ����   ����
~� 2� . Bernoulli Equation deduced from energy balance //�& /   ���� Assumption: 1 incompressible flow 2 ideal fluid 3 mechanical energy such as kinetic, Potential and pressure energy Kinetic energy 1/2 mu2 Potential energy mgZ Pressure energy PV & Z ) 4�   ����   ��� •� 3� For section a-a and b-b, 

energy balance Energy in = energy out 1/2mua2+mgZa+PaVa= 1/2mub2+mgZb+PbVb Or 1/2ua2+gZa+PaVa/m=1/2ub2+gZb+PbVb/m since r =m/V the above equation turns out to be 1/2ua2+gZa+Pa/r =1/2ub2+gZb+Pb/r G�� +€ � � � � € � � � �
�� € � � � � &�   ����   ��� ]�� � Between two definite point in the tube, say station a and b , Eq(4-25) can be integrated , since is constant, the Bernoulli Equation is given as follows (4-26) D�4�     ' �   ; �  F�� &   ��� ;   ��� ^ � �!
� unit $   ���� Each term in the equation is a scalar and the dimensions of energy per unit mass The unit for Eq(4-26) can be derived (4-27) To represent the mechanical work done by forces external to stream on the fluid in pushing it into the tube or the work recovered from the fluid leaving the tube�0 vQ%! 
� D� v�� > u  ��� ?   ���� 3  ����   ���� c  ���� _��"� The term gZ and u2/2 are potential and kinetic energy respectively. For section 1-1 and 2-2, Equation(4-26) is divided by g, gives (4-28) | A���� p�� : t    ���� /   ����   ���� @
��� <   ��� `��#� ' The unit for each term is J/(kg.m/s2)=m <(#�   '   ���� In the same way the equation (4-26) is multiplied by g (4-29) \z! �2 5�� : � � 45  ���� C  ���� a�$� Discussion of Bernoulli equation ! ! �  "�   ���� The principle of 
conservation of energy permits the extension of the equation to potential flow taking place in curved stream tube of variable cross section. The equation can be modified for use in boundary layer flow. D B l  P� 4   ���� B  ���� h�%� =It is essential to choose upstream and downstream station. >>�' =  ����
Station a and b are chosen on the basis of convenience and are usually taken at locations where the most information about pressure, velocity, and heights is available. ~ l  P�   ���� i�&� >Bernoulli equation: correction for effects of solid boundaries 8?3�   �� �  >  ����

To extend the Bernoulli equation to cover these practical situations, two modifications are needed: 1) correction of the kinetic-energy term 2) correction of the equation for the existence of fluid friction Z��Z�H�� &�� >��   ���� j � ' � Kinetic-energy correction factor ! ! � &�   ����
n� kinetic -energy can be calculated from average velocity by using u2/2. laminar flow: =2.0 highly turbulent flow: is about 1.05 It is usual to take to 1 in the calculation u � A�����$ , € � � � � � � $€ � � � � � � $ $ $ $€ � � � � � � $ $ $ 櫶 $ € � � � � � � € � � hK  ����   

���� (   ���� -  ���� k��(� 9Correction of Bernoulli equation for fluid friction :: � "� 9  ���� ) � Fluid friction can be defined as any conversion of mechanical- energy into heat in a flowing stream. For incompressible fluid, the Bernoulli equation is corrected for friction by adding a term to the right-hand side of Eq.(4-26) (4-
30) Hm� 7���� 7�� @l   ����   ��� 1   ��� p��+� Pump work in Bernoulli equation  "�   ���� C The work done per unit mass of liquid passing through an pump. BC! � @�� B  ���� m��*� *Equation (4-30) corrected for pump work is ++�  *  ����

v�, � (Power gained by a fluid through the pump ))�& )   ���� ^� Pe=WSur Where Pe and W are the power and work gained by the fluid through the pump u and r are velocity and density of fluid. S is cross-section area. Pe unit is J/s, watt. , �  , , � � , � � , , J� � � ?� � h�   ����   ����   ����
��� 8� 6�Example As shown in Fig, water (1000kg/m3) in the pipe is ( ) A static; B flowing upward; C flowing downward; D uncertain If the diameters of sections 1 -1 and 2-2 are 0.05 and 0.1 m, respectively, and the velocity u2 in section 2-2 is 1m/s, what is the frictional loss hf between two sections? `7�)� � � 7� � 4��   ����
� � � �   ���� 9� 6� D�The only way to learn and use the Bernoulli Equation is work and practice the problem. Before we start, there are some steps to follow. 1 Draw the picture and determine the system you choose. 2 Select the suitable sections which should be vertical to flow direction and the flow 
between two sections must be continuous. E�   ��� 7� 3 The reference (datum) plane section is Parallel to the ground. Z is the distance between reference Plane and section center. 4 Units of each term should be consistent, for instance, in SI. In addition, the pressures of two Sections should be absolute or gauge pressure or vacuum. 

Z��   ���� : � As shown in Fig., water flows from the bottom to the top through a contracted pipe with d1� 300mm, d2� 150mm. Pressures measured at large and small tubes are 0.2MPa and 0.16MPa� gauge , respectively. Vertical distance between pressure measurement points is 1500mm. If the frictional loss can be neglected, 
what is flow rate of water, in m3/h� (water density 1000 kg/m3) Solution: For sections (pressure measurement points) 1� 1 and 2 2, the Bernoulli equation is X�� € � � � � � ]��� Z  ����   ���� I   ����   ����   ���� Y  ����   ���� ; � _ Take section 1-1 as reference 
plane, we have z1=0, z2=1.5m From continuity equation: J`5�� " _  ���� <� so the velocity in section 2-2 is u2=7.3m尊s-1 flow rate of water V, in m3/h as follows jc-�� € � � � � � � � c  ��� 0` 枛 ` € € €虣33 烫 膊 ` 333葺 € € €MMM
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