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Example 1: The ventilating fan of the bathroom of a building has a volume flow rate of 30 L/s and runs 
continuously. If the density of air inside is 1.20 kg/m3, determine the mass of air vented out in one day. 

 
Figure 4-4. 

 

 
 
 
Example 2: A desktop computer is to be cooled by a fan whose flow rate is 0.34 m3/min. Determine the 
mass flow rate of air through the fan. (The air density is 0.7 kg/m3) Also, if the average velocity of air is not to 
exceed 110 m/min, determine the diameter of the casing of the fan. 
 

 
Figure 4-5. 
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Example 3: Consider a river flowing toward a lake at an average velocity of 3 m/s at a rate of 500 m3/s at a 
location 90 m above the lake surface. Determine the total mechanical energy of the river water per unit mass 
and the power generation potential of the entire river at that location.  

 
Figure 4-7. 
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Example 4: Water is pumped from a lake to a storage tank 20 m above at a rate of 70 L/s while consuming 
20.4 kW of electric power. Disregarding any frictional losses in the pipes and any changes in kinetic energy, 
determine (a) the overall efficiency of the pump–motor unit and (b) the pressure difference between the inlet 
and the exit of the pump. 
 

 
Figure 4-8. 
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Example 5: Water is flowing from a hose attached to a water main at 400 kPa gage. A child places his 
thumb to cover most of the hose outlet, causing a thin jet of high-speed water to emerge. If the hose is held 
upward, what is the maximum height that the jet could achieve? 
 

 
Figure 4-12. 

Solution:  
Assumptions: 1) The flow exiting into the air is steady, incompressible, and irrotational (so that the Bernoulli 
equation is applicable). 2) The water pressure in the hose near the outlet is equal to the water main 
pressure. 3) The surface tension effects are negligible. 4) The friction between the water and air is negligible. 
5) The irreversibilities that may occur at the outlet of the hose due to abrupt expansion are negligible. 
Properties: We take the density of water to be 1000 kg/m3. 
The velocity inside the hose is relatively low (V1 = 0) and we take the hose outlet as the reference level (z1 = 
0). At the top of the water trajectory V2 = 0, and atmospheric pressure pertains. Then the Bernoulli equation 
simplifies to, 

 

 
 

 
Discussion: It tells us that the water cannot possibly rise more than 40.8 m, and, in all likelihood, the rise will 
be much less than 40.8 m due to irreversible losses that we neglected. 
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Example 6: A large tank open to the atmosphere is filled with water to a height of 5 m from the outlet tap. A 
tap near the bottom of the tank is now opened, and water flows out from the smooth and rounded outlet. 
Determine the water velocity at the outlet. 
 

 
Figure 4-13. 

 
Solution:  
Assumptions: 1) The flow is incompressible and irrotational 2) The water drains slowly enough that the flow 
can be approximated as steady. 
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Example 7: During a trip to the beach (Patm = 1 atm ρ= 101.3 kPa), a car runs out of gasoline, and it 
becomes necessary to siphon gas out of the car of a Good Samaritan. The siphon is a small-diameter hose, 
and to start the siphon it is necessary to insert one siphon end in the full gas tank, fill the hose with gasoline 
via suction, and then place the other end in a gas can below the level of the gas tank. The difference in 
pressure between point 1 (at the free surface of the gasoline in the tank) and point 2 (at the outlet of the 
tube) causes the liquid to flow from the higher to the lower elevation. Point 2 is located 0.75 m below point 1 
in this case, and point 3 is located 2 m above point 1. The siphon diameter is 4 mm, and frictional losses in 
the siphon are to be disregarded. Determine (a) the minimum time to withdraw 4 L of gasoline from the tank 
to the can and (b) the pressure at point 3. The density of gasoline is 750 kg/m3. 
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Example 8: A piezometer and a Pitot tube are tapped into a horizontal water pipe to measure static and 
stagnation (static + dynamic) pressures. For the indicated water column heights, determine the velocity at 
the center of the pipe. 
 
Solution:  
Assumptions: 1) The flow is steady and incompressible. 2) Points 1 and 2 are close enough together that the 
irreversible energy loss between these two points is negligible, and thus we can use the Bernoulli equation. 

 
 
 

 
Figure 4-14. 
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Example 9: A pressurized tank of water has a 10-cm-diameter orifice at the bottom, where water discharges 
to the atmosphere. The water level is 3 m above the outlet. The tank air pressure above the water level is 
300 kPa (absolute) while the atmospheric pressure is 100 kPa. Neglecting frictional effects, determine the 
initial discharge rate of water from the tank. 
 

 
Figure 4-15. 
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Example 10: The water in a 10-m-diameter, 2-m-high aboveground swimming pool is to be emptied by 
unplugging a 3-cmdiameter, 25-m-long horizontal pipe attached to the bottom of the pool. Determine the 
maximum discharge rate of water through the pipe. Also, explain why the actual flow rate will be less.  
 

 
Figure 4-16. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 58

Example 11: The water level in a tank is 20 m above the ground. A hose is connected to the bottom of the 
tank, and the nozzle at the end of the hose is pointed straight up. The tank cover is airtight, and the air 
pressure above the water surface is 2 atm gage. The system is at sea level. Determine the maximum height 
to which the water stream could rise. 

 
Figure 4-17. 
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Example 12: A Pitot-static probe is used to measure the velocity of an aircraft flying at 3000 m. If the 
differential pressure reading is 3 kPa, determine the velocity of the aircraft. 
 

 
 
Example 13: 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. 
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Example 14: Air at 110 kPa and 50°C flows upward through a 6-cm-diameter inclined duct at a rate of 45 
L/s. The duct diameter is then reduced to 4 cm through a reducer. The pressure change across the reducer 
is measured by a water manometer. The elevation difference between the two points on the pipe where the 
two arms of the manometer are attached is 0.20 m. Determine the differential height between the fluid levels 
of the two arms of the manometer. 

 
Figure 4-18. 
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Example 15: A Pitot-static probe connected to a water manometer is used to measure the velocity of air. If 
the deflection (the vertical distance between the fluid levels in the two arms) is 7.3 cm, determine the air 
velocity. Take the density of air to be 1.25 kg/m3. 

 
Figure 4-19. 

 

 



 62

 
Example 16: The pump of a water distribution system is powered by a 15-kW electric motor whose efficiency 
is 90 percent. 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. 

 

 
Figure 4-21 
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Example 17: In a hydroelectric power plant, 100 m3/s of water flows from an elevation of 120 m to a turbine, 
where electric power is generated. The total irreversible head loss in the piping system from point 1 to point 
2 (excluding the turbine unit) is determined to be 35 m. If the overall efficiency of the turbine–generator is 80 
percent, estimate the electric power output. 
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Figure 4-22 

 
Solution: The available head, flow rate, head loss, and efficiency of a hydroelectric turbine are given. The 
electric power output is to be determined. 
Assumptions: 1) The flow is steady and incompressible. 2) Water levels at the reservoir and the discharge 
site remain constant. 
Properties: We take the density of water to be 1000 kg/m3. 
 

 
 
 
Example 18: Water is pumped from a lower reservoir to a higher reservoir by a pump that provides 20 kW of 
useful mechanical power to the water. The free surface of the upper reservoir is 45 m higher than the surface 
of the lower reservoir. If the flow rate of water is measured to be 0.03 m3/s, determine the irreversible head 
loss of the system and the lost mechanical power during this process. 
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Figure 4-23 

 

 
 

Example 19: Underground water is to be pumped by a 70 percent efficient 3-kW submerged pump to a pool 
whose free surface is 30 m above the underground water level. The diameter of the pipe is 7 cm on the 
intake side and 5 cm on the discharge side. Determine (a) the maximum flow rate of water and (b) the 
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pressure difference across the pump. Assume the elevation difference between the pump inlet and the outlet 
and the effect of the kinetic energy correction factors to be negligible. 

 
Figure 4-24 

 
Example 20: A fan is to be selected to ventilate a bathroom whose dimensions are 2 m x 3 m x 3 m. The air 
velocity is not to exceed 8 m/s to minimize vibration and noise. The combined efficiency of the fan–motor unit 
to be used can be taken to be 50 percent. If the fan is to replace the entire volume of air in 10 min, determine 
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(a) the wattage of the fan–motor unit to be purchased, (b) the diameter of the fan casing, and (c) the 
pressure difference across the fan. Take the air density to be 1.25 kg/m3 and disregard the effect of the 
kinetic energy correction factors. 

 

 
Example 21: Water is being pumped from a large lake to a reservoir 25 m above at a rate of 25 L/s by a 10-
kW (shaft) pump. If the irreversible head loss of the piping system is 7 m, determine the mechanical 
efficiency of the pump. 
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Example 22: Water flows at a rate of 0.035 m3/s in a horizontal pipe whose diameter is reduced from 15 cm 
to 8 cm by a reducer. If the pressure at the centerline is measured to be 470 kPa and 440 kPa before and 
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after the reducer, respectively, determine the irreversible head loss in the reducer. Take the kinetic energy 
correction factors to be 1.05. 
 

 

 
 

 

 
 
 
Example 23: A hydraulic turbine has 85 m of head available at a flow rate of 0.25 m3/s, and its overall 
turbine–generator efficiency is 78 percent. Determine the electric power output of this turbine. 
 

 
Example 24: Water enters a hydraulic turbine through a 30-cm diameter pipe at a rate of 0.6 m3/s and exits 
through a 25-cmdiameter pipe. The pressure drop in the turbine is measured by a mercury manometer to be 
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1.2 m. For a combined turbine– generator efficiency of 83 percent, determine the net electric power output. 
Disregard the effect of the kinetic energy correction factors. 

 

 
 
Example 25: An oil pump is drawing 35 kW of electric power while pumping oil with ρ = 860 kg/m3 at a rate 
of 0.1 m3/s. The inlet and outlet diameters of the pipe are 8 cm and 12 cm, respectively. If the pressure rise 
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of oil in the pump is measured to be 400 kPa and the motor efficiency is 90 percent, determine the 
mechanical efficiency of the pump. Take the kinetic energy correction factor to be 1.05. 

 

 


