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3.1 Definitions 
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3.1 Definitions 
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3.2 Control volume and system representation 
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3.3 Reynolds transport theorem (RTT) 

Reynolds transport theorem (RTT):- states that the rate of change of an extensive 

property N, for the system is equal to the time rate of change of N within the control 

volume and the net rate of flux of the property N through the control surface. 
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3.3 Reynolds transport theorem (RTT) 
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3.4 Continuity equation  

A continuity equation in physics is an equation that describes the transport of some 

quantity. It is particularly simple and powerful when applied to a conserved quantity, but 

it can be generalized to apply to any extensive quantity. 

https://www.pinterest.com/pi

n/820147782114362163/ 

2  1 

https://www.pinterest.com/pin/820147782114362163/
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3.4 Continuity equation  
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3.5 Energy equation  

The energy change of a 

system during a process is 

equal to the net work and 

heat transfer between the 

system and its surroundings. 



11 

3.5 Energy equation  

Mechanical energy flow chart for 

a fluid flow system that involves 

a pump and a turbine. 
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3.6 Bernoulli equation  

• The Euler equation 

approximation is appropriate in 

high Reynolds number regions 

of the flow, where net viscous 

forces are negligible, far away 

from walls and wakes. 

• Euler’s Equation is valid for 

inviscid flow 
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3.6 Bernoulli equation  

https://arvengtraining.com/wp-
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• Bernoulli Equation is valid 
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3.6 Bernoulli equation  

http://www.ilectureonline.com/lectures/subj

ect/PHYSICS/4/375/7175 

https://www.facebook.com/engineeringinsider/ph

otos/a.10151263889171089/1015512763125108

9/?type=1&theater 

Exa. 
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Examples 
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Example2: what the Reynolds number definition and formula? 

The Reynolds number is defined as the product of density times velocity times length 

divided by the viscosity coefficient. This is proportional to the ratio of inertial forces and 

viscous forces (forces resistant to change and heavy and gluey forces) in a fluid flow. 

Examples 

https://www.grc.nasa.gov/

WWW/BGH/reynolds.html 

https://www.grc.nasa.gov/WWW/BGH/reynolds.html
https://www.grc.nasa.gov/WWW/BGH/reynolds.html
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Example3: Air enters a 7-m-long section of a rectangular duct of cross section 15 cm × 

20 cm made of commercial steel at 1atm and 35°C at an average velocity of 7 m/s. 

Disregarding the entrance effects, determine the fan power needed to overcome the 

pressure losses in this section of the duct. Answer: 4.9 W 

Examples 
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Examples 
Example4: What is hydraulic diameter? How is it defined? What is it equal to for a circular pipe of 

diameter D? 

Example5: True or false: For each statement, choose whether the statement is true or false and 

discuss your answer briefly. 

(a) The Reynolds transport theorem is useful for transforming conservation equations from their 

naturally occurring control volume forms to their system forms. 

False: The statement is backwards, since the conservation laws are naturally occurring in the 

system form. 

(b) The Reynolds transport theorem is applicable only to nondeforming control volumes. 

False: The RTT can be applied to any control volume, fixed, moving, or deforming. 

(c) The Reynolds transport theorem can be applied to both steady and unsteady flow fields. 

True: The RTT has an unsteady term and can be applied to unsteady problems. 

(d) The Reynolds transport theorem can be applied to both scalar and vector quantities. 

True: The extensive property B (or its intensive form b) in the RTT can be any property of the fluid – 

scalar, vector, or even tensor. 
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Example6: Explain the importance of the Reynolds transport theorem in fluid mechanics, 

and describe how the linear momentum equation is obtained from it. 

Examples 

Example7: in mechmical system in Fig (5-20), calculate the pump 

work that using for pushing the water to the tank at point 2? For more 

explaining Most fluid flow problems involve mechanical forms of energy 

only, and such problems are conveniently solved by using a mechanical 

energy balance. 

Sol.7: 
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Example8: Express the Bernoulli equation in three different ways using (a) energies, (b) 

pressures, and (c) heads. 

Examples 
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Example9: In cold climates, water pipes may freeze and burst if proper precautions are not taken. 

In such an occurrence, the exposed part of a pipe on the ground ruptures, and water shoots up to 

34 m. Estimate the gage pressure of water in the pipe. State your assumptions and discuss if the 

actual pressure is more or less than the value you predicted. 

Examples 



HW1: 
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Homeworks (1): 
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Hw2: The Force to Hold a Deflector Elbow in Place 

A reducing elbow is used to deflect water flow at a rate of 14 kg/s in a horizontal pipe 

upward 30° while accelerating it (Fig. 6–20). The elbow discharges water into the 

atmosphere. The cross-sectional area of the elbow is 113 cm2 at the inlet and 7 cm2 at 

the outlet. The elevation difference between the centers of the outlet and the inlet is 30 

cm. The weight of the elbow and the water in it is considered to be negligible. Determine 

(a) the gage pressure at the center of the inlet of the elbow and (b) the anchoring force 

needed to hold the elbow in place. 

Homeworks (1): 
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Hw3: Pumping Power and Frictional Heating in a Pump 

The pump of a water distribution system is powered by a 15-kW electric motor whose 

efficiency is 90 percent (Fig. 5–54). The water flow rate through the pump is 50 L/s. The 

diameters of the inlet and outlet pipes are the same, and the elevation difference across 

the pump is negligible. If the pressures at the inlet and outlet of the pump are measured 

to be 100 kPa and 300 kPa (absolute), respectively, determine (a) the mechanical 

efficiency of the pump and (b) the temperature rise of water as it flows through the pump 

due to the mechanical inefficiency. 

Homeworks (1): 
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Hw4: Fan Selection for Air Cooling of a Computer 

A fan is to be selected to cool a computer case whose dimensions are 12 cm * 40 cm * 

40 cm (Fig. 5–56). Half of the volume in the case is expected to be filled with 

components and the other half to be air space. A 5-cmdiameter hole is available at the 

back of the case for the installation of the fan that is to replace the air in the void spaces 

of the case once every second. Small low-power fan–motor combined units are available 

in the market and their efficiency is estimated to be 30 percent. Determine (a) the 

wattage of the fan–motor unit to be purchased and (b) the pressure difference across 

the fan. Take the air density to be 1.20 kg/m3. 

Homeworks (2): 
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Hw5: While traveling on a dirt road, the bottom of a car hits a sharp rock and a 

small hole develops at the bottom of its gas tank. If the height of the gasoline in 

the tank is 30 cm, determine the initial velocity of the gasoline at the hole. 

Discuss how the velocity will change with time and how the flow will be affected 

if the lid of the tank is closed tightly. Answer: 2.43 m/s 

Homeworks (2): 
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Exams and Grading Policy: 

The distribution of Fluid mechanics degree for the students in 

course-1 as following the table: 

Quizzes 

(2) 

10% 

Project (1) 

6% 

Assignments (H.Ws) 

9% 

Midterm 

exam (1) 

10% 

Laboratory 

(3) 

15% 
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Note: Solve all five Homeworks 

and sending me the answering 

next week on Thursday (Hw1: 6 

February 2025) & (Hw2: 13 

February 2025). 

I hope everything is clear for all 

students 

Good luck  


