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Tutorial 1 

Fluid properties 

 

1. A reservoir of glycerin has a mass of 1100kg and a volume of 0.9 m
3
. Calculate its weight, mass 

density, specific weight and specific gravity. 

 

Solution: 

Mass of glycerin (m) = 1100kg 

Volume (V) = 0.9 m
3
 

Weight (W) = ? 

Mass deŶsitǇ ;ʌͿ = ? 

SpeĐifiĐ ǁeight ;γͿ = ? 

Specific gravity (S) = ? 

 

W = mg = 1100x9.81 = 10791N 

ʌ = ŵ/V = ϭϭϬϬ/Ϭ.ϵ = ϭϮϮϮ.ϮϮ Kg/ŵ3
 

γ = ʌg = ϭϮϮϮ.ϮϮǆϵ.ϴϭ = ϭϭϵϵϬ N/ŵ3
 

S = γglycerine/ γwater = 11990/9810 = 1.22 

 

2. A liquid compressed in a cylinder has a volume of 2000 cm
3
 at 2MN/m

2
 and a volume of 1990 cm

3
 

at 4MN/m
2
. What is its bulk modulus of elasticity?  

 

Solution: 

Initial volume (V) = 2000 cm
3
 

Final volume (V1) = 1990 cm
3
 

Change in volume (∆ܸ) = 1990-2000 = -10 cm
3
 

Change in pressure(∆ܲ)  = 4-2 = 2MN/m
2
 

Bulk modulus of elasticity (K) = ? 

ܭ  = − ∆௉∆௏/௏ = − ଶ−ଵ଴/ଶ଴଴଴ = 400 MN/m
2
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3. If the bulk modulus of elasticity of water is 2.2 Gpa (GN/m
2
), what pressure is required to reduce a 

volume by 0.8%?  

 

Solution: 

Bulk modulus of elasticity (K) = 2.2 Gpa = 2.2x10
9
 Pa 

Reduction in volume (∆ܸ/ܸ) = -0.8% = -0.008 

Pressure (P) = ? ܭ = − ∆ܲ∆ܸ/ܸ 

ͳͲଽݔʹ.ʹ = − ܲ − Ͳ−Ͳ.ͲͲͺ 

P  = 17600 KPa 

 

 

4. At a depth of 7.5km in the ocean, the pressure is 75Mpa. Assume a specific weight at the surface 

of 10 KN/m
2
 and an average bulk modulus of elasticity of 2.5 Gpa for that pressure range. Find (a) 

the change in specific volume between the surface and 7.5km (b) the specific volume at 7.5km and 

(c) the specific weight at 7.5km. 

 

Solution: 

Pressure at 7.5km (P2) = 75 Mpa = 75x10
6
 N/m

2
 

Specific weight at the surface (ߛଵ) =  10 KN/m
2
 = 10x1000 = 10000 N/m

2
 

Bulk modulus of elasticity at the surface (K) = 2.5 Gpa = 2.5x10
9
 N/m

2
 

Change in specific volume (∆vs) = ? 

Specific volume at 7.5km (vs2) = ? 

Specific weight at 7.5km (ߛଶ) =  ? 

 

(a) Density at the surface (ߩଵ) = ߛଵ/݃ = 10000/9.81 =  1019.4 kg/m
3
 

Specific volume at the surface (vs1) = ͳ/ߩଵ = 1/1019.4 = 0.000981 m
3
/kg 

Bulk modulus in terms of specific volume is ܭ =  ଵݏݒ/௦ݒ∆ܲ∆ −
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ʹ.ͷݔͳͲଽ = − ͹ͷݔͳͲ଺ − Ͳ∆ݒ௦/Ͳ.ͲͲͲͻͺͳ ∆vs = -0.0000294 m
3
/kg 

 

(b) vs2 = vs1 + ∆vs = 0.000981-0.0000294 = 0.000951 m
3
/kg 

(c) Density at 7.5km (ߩଶ) = ͳ/ݏݒଶ = 1/0.000951  = 1051.5 kg/m
3
ଶߛ  = ଶ݃ = 1051.5x9.81 = 10315 N/mߩ

3
 

 

5. The surface tension of mercury and water at 60
0
 c are 0.47N/m and 0.0662N/m respectively. What 

capillary height change will occur in these two fluids when they are in contact with air in a glass tube 

of ƌadius Ϭ.ϯϬŵŵ? Use θ = ϭϯϬ0
 for mercury and 0

0
 for water. 

 

Solution: 

Radius of tube (r) = 0.30 mm = 0.3/1000 = 0.0003m 

Surface tension for mercury (𝜎௠) = 0.47N/m 

Surface tension for water (𝜎) = 0.0662N/m 

θ = ϭϯϬ0
 for mercury and 0

0
 for water 

Capillary height change for mercury (hm) = ? 

Capillary height change for water (h) = ? ℎ݉ = ଶ𝜎೘஼௢௦𝜃ఘ೘௚௥ =  ଶ௫଴.ସ଻௫஼௢௦ଵଷ଴ଵଷ଺଴଴௫ଽ.଼ଵ௫଴.଴଴଴ଷ = -0.0149m = -14.9mm 

 ℎ = ଶ𝜎஼௢௦𝜃ఘ௚௥ =  ଶ௫଴.଴଺଺ଶ௫஼௢௦଴ଵ଴଴଴௫ଽ.଼ଵ௫଴.଴଴଴ଷ = 0.0445m = 44.5mm 

 

6. In a fluid the velocity measured at a distance of 75mm from the boundary is 1.125m/s. The fluid 

has absolute viscosity 0.048 NS/m
2
 and relative density 0.9. What is the velocity gradient and shear 

stress at the boundary assuming a linear velocity distribution. Also calculate kinematic viscosity. 

  

Solution: 

Change in velocity (du)  =1.125-0  = 1.125m/s 

Change in distance (dy)  = 75 – 0 = 75mm = 75/1000 m = 0.075m 

Absolute viscosity (µ) = 0.048 NS/m
2
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relative density (S)= 0.9 

velocity gradient (du/dy) = ? 

Shear stress (߬) = ? 

KiŶeŵatiĐ ǀisĐositǇ ;ʐͿ = ? 

 

du/dy = 1.125/0.075  =15 s
-1

 

 ߬ = ߤ ௗ௨ௗ௬ = Ͳ.ͲͶͺݔͳͷ = 0.72N/m
2
 

 

DeŶsitǇ of fluid ;ʌͿ = Sǆʌwater = 0.9x1000 = 900kg/m
3
 

ʐ = µ/ʌ = Ϭ.Ϭϰϴ/ϵϬϬ = ϱ.ϯǆϭϬ-5
 m

2
/s 

 

7. The velocity distribution of a viscous liquid (dynamic viscosity = 9 Poise) flowing over a fixed plate 

is given by u = 0.85y - y
2
 (u is velocity in m/s and y is the distance from the plate in m). What are the 

shear stresses at the plate surface and at y=0.3 m? 

 

Solution: 

u = 0.85y - y
2
 

Dynamic viscosity (µ) = 9 Poise =9/10 = 0.9 NS/m
2
 

Shear stress ;ʏͿ at plate ;foƌ Ǉ = Ϭ Ϳ = ? 

Sheaƌ stƌess ;ʏͿ foƌ Ǉ = Ϭ.ϯŵ = ? 

 

du/dy = d(0.85y - y
2
)/dy = 0.85-2y ߬ = ߤ ݕ݀ݑ݀ = Ͳ.ͻሺͲ.ͺͷ −  ሻݕʹ

For y = 0  

Shear stress ;ʏͿ = Ϭ.ϵ;Ϭ.ϴϱ-2x0) = 0.765 N/m
2
 

 

For y = 0.3m 

Shear stress ;ʏͿ = Ϭ.ϵ;Ϭ.ϴϱ-2x0.3) = 0.225 N/m
2
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8. A piston is moving through a cylinder at a speed of 5.7m/s as shown in fig. The film of oil 

separating the piston from the cylinder has a viscosity of 0.95 Ns/m
2
. What is the force required to 

maintain this motion?  

 

 

 

 

 

 

Solution: 

Speed of piston = 5.7m/s 

Viscosity of oil (µ) = 0.95 NS/m
2
 

Diameter of piston (D)  =124.7mm = 0.1247m 

Length of piston (L) = 75mm = 0.075m 

dv = 5.7m/s 

dy = dr = (125-124.7)/2 mm = 0.15mm = 0.00015m 

Frictional Force (F) = ? 

 

F = Sheaƌ stƌess;ʏͿ at the pistoŶ suƌfaĐe ǆ suƌfaĐe aƌea of pistoŶ ;AͿ ܨ = ߤ ௗ௨ௗ௬  ሺܮܦߨሻ =  Ͳ.ͻͷݔ ହ.଻଴.଴଴଴ଵହ ሺݔߨͲ.ͳʹͶ͹ݔͲ.Ͳ͹ͷሻ = 1060.7N 

 

 

9. A piston of weight 90N slides in a lubricated pipe. The clearance between piston and pipe is 

0.025mm. If the piston decelerates at 0.6m/s
2
 when the speed is 0.5m/s, what is the viscosity of the 

oil? 

 

 

 

 

 

Solution: 

75mm 

124.7mm    125mm 

5.7 m/s 

125mm 

130mm 
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Weight of piston (W) = 90N 

Clearance (dy)= 0.025mm = 0.000025m 

Deceleration (a) = 0.6m/s
2
 

Change in velocity (du) = 0.5m/s 

Diameter of piston (D) = 125mm = 0.125m 

Length of piston (L) = 130mm = 0.13m 

Viscosity of oil (µ) = ? 

 

FƌiĐtioŶal foƌĐe ;FͿ = Sheaƌ stƌess;ʏͿ at the pistoŶ suƌfaĐe ǆ suƌfaĐe aƌea of pistoŶ ;AͿ ܨ = ߤ ௗ௨ௗ௬  ሺܮܦߨሻ = ݔߤ  ଴.ହ଴.଴଴଴଴ଶହ ሺݔߨͲ.ͳʹͷݔͲ.ͳ͵ሻ = ͳͲʹͳ.Ͳʹߤ  

Summing the forces ∑ ܨ = ݉ܽ 

ܹ − ܨ = ܹ݃ ܽ 

ͻͲ − ͳͲʹͳ.Ͳʹߤ = ͻͲͻ.ͺͳ ሺ−Ͳ.͸ሻ 

µ = 0.094 NS/m
2
 

 

10. A square block weighing 1.15KN and 250mm on an edge slides down an incline on a film of oil 

6µm thick. Assuming a linear velocity profile in the oil, calculate the terminal speed of the block. The 

viscosity of the oil is 0.007 NS/m
2
. 

 

                                                                                              1.15KN 

 

                                                                                                                                   

 

Solution: 

Weight of block (W) = 1.15KN  =1150N 

Side of block (L) = 250mm  = 0.25m 

Thickness (dy) = 6µm  = 6x10
-6

m 

Viscosity of oil (µ) = 0.007 NS/m
2
 

W 

F 

20
0
 

0.006mm 
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Terminal velocity (u) = ? 

 

FƌiĐtioŶal foƌĐe ;FͿ = Sheaƌ stƌess;ʏͿ at ďloĐk suƌface x surface area of the block (A) ܨ = ߤ ௗ௨ௗ௬  ሺܮଶሻ = Ͳ.ͲͲ͹ݔ ௨଺௫ଵ଴−ల ሺͲ.ʹͷଶሻ = ͹ʹ.ͻݑ  

Component of W in the direction of F is WSin20 

At the terminal condition, equilibrium occurs. 

F = Wsin20 

72.9u = 1150xSin20 

u  = 5.4 m/s 

 

11. A shaft 70mm in diameter is being pushed at a speed of 0.4m/s through a bearing sleeve 

70.2mm in diameter and 250mm long. The clearance, assumed uniform, is filled with oil of kinematic 

viscosity 0.005 m
2
/s and sp gr 0.9. Find the force exerted by the oil on the shaft. 

                                                      Shaft         Sleeve     

 

 

Solution: 

Diameter of shaft (D) = 70mm = 0.07m 

Length of shaft (L) = 250mm = 0.25m 

Change in velocity (du) = 0.4m/s 

KiŶeŵatiĐ ǀisĐositǇ of oil ;ʐͿ =  Ϭ.ϬϬϱ ŵ2
/s 

Sp gr of oil (S) = 0.9 

DeŶsitǇ of oil ;ʌͿ = Ϭ.ϵǆϭϬϬϬ = ϵϬϬkg/ŵ3
 

DǇŶaŵiĐ ǀisĐositǇ ;µͿ = ʐʌ = Ϭ.ϬϬϱǆϵϬϬ = ϰ.ϱ NS/ŵ2
 

Clearance (dr) = dy = (70.2-70)/2 mm = 0.1mm = 0.0001m 

Force exerted by the oil on the shaft (F) = ? 

 

F = Sheaƌ stƌess;ʏͿ at the shaft ǆ suƌfaĐe aƌea of shaft (A) ܨ = ߤ ௗ௨ௗ௬  ሺܮܦߨሻ =  Ͷ.ͷݔ ଴.ସ଴.଴଴଴ଵ ሺݔߨͲ.Ͳ͹ݔͲ.ʹͷሻ = 990N 

 

0.4 m/s 
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12. A shaft 75mm in diameter is fixed axially and rotated inside a sleeve of diameter 75.2mm at 

200rpm. The length of the shaft is 200mm. Determine the resisting torque exerted by the oil and the 

power required to rotate the shaft. Take viscosity of oil = 5 NS/m
2
. 

 

Solution: 

Diameter of shaft (D) = 75mm = 0.075m 

Radius of shaft (r) = 0.075/2 = 0.0375m 

Length of shaft (L) = 200mm = 0.2m 

Speed of shaft (N) = 200rpm 

Dynamic viscosity of oil (µ) = 5 NS/m
2
 

Clearance (dr) = dy = (75.2-75)/2 mm = 0.1mm = 0.0001m 

Torque exerted by the oil on the shaft (T) = ? 

Power required to rotate shaft (P) = ? 

 

Angular velocity (߱) = 
ଶேగ଺଴ =  ଶ௫ଶ଴଴௫గ଺଴  = 20.94rad/s 

Tangential velocity (u) = 0.0375 = ߱ݎx20.94 = 0.785m/s 

du = 7.85m/s 

 

FƌiĐtioŶal foƌĐe ;FͿ = Sheaƌ stƌess;ʏͿ at the shaft ǆ suƌfaĐe aƌea of shaft = ߤ  ௗ௨ௗ௬  ሺܮܦߨሻ = ͷݔ ଴.଻଼ହ଴.଴଴଴ଵ ሺݔߨͲ.Ͳ͹ͷݔͲ.ʹሻ = 1849.6N ܶ = ܲ 1849.6x0.0375= 69.4Nm = ݎܨ =  1849.6x7.85 = 145194W = 1451.9 KW (or use P = TωͿ = ݑ ܨ

 

13. A cylinder of 12cm radius rotates concentrically inside a fixed cylinder of 12.6cm radius. Both 

cylinders are 0.3m long. Determine the viscosity of the liquid that fills the space between the 

cylinders if a torque of 0.9 Nm is required to maintain an angular velocity of 60rpm. 

 

Solution: 

Radius of outer cylinder (r1) = 12.6cm = 0.126m 

Radius of inner cylinder (r2) = 12cm = 0.12m 

dr =dy = 0.126-0.12 = 0.006m 
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Length of cylinder (L) = 0.3m 

Torque (T) = 0.9Nm 

N= 60rpm 

Viscosity of the liquid (µ) = ? 

 

Angular velocity (߱) = 
ଶேగ଺଴ =  ଶ௫଺଴௫గ଺଴  = 6.28rad/s 

Tangential velocity of inner cylinder (u) = ݎଶ߱ = 0.12x6.28 = 0.75m/s 

du = 0.75m/s 

FƌiĐtioŶal foƌĐe ;FͿ = Sheaƌ stƌess;ʏͿ ǆ suƌfaĐe aƌea ;AͿ ܶ = ଶݎ ܨ = ߤ ௗ௨ௗ௬  ሺʹݎߨଶܮሻݎଶ  Ͳ.ͻ = ߤ  ଴.଻ହ଴.଴଴଺ ሺʹݔߨͲ.ͳʹͲݔͲ.͵ሻݔͲ.ͳʹͲ  

µ = 0.265 NS/m
2
 

 

 

14. A flat plate 0.3m
2 

in area moves edgewise through oil between large fixed parallels 10cm apart. If 

the velocity of plate is 0.6m/s and the oil has a kinematic viscosity of 0.45 stokes and specific gravity 

0.8, calculate the drag force when (i) the plate is 2.5cm from one of the planes and (ii) the plate is 

equidistant from both the planes. 

 

 

 

Solution: 

Area of plate (A) = 0.3m
2
 

Velocity of plate (u) = 0.6m/s 

dv = 0.6m/s 

Kinematic ǀisĐositǇ ;ʐͿ = Ϭ.ϰϱ stokes = Ϭ.ϰϱǆϭϬ-4
 m

2
/s 

Sp. gr. of fluid (S) = 0.8 

 

DeŶsitǇ of fluid ;ʌͿ = Ϭ.ϴǆϭϬϬϬ = ϴϬϬkg/ŵ3
 

DǇŶaŵiĐ ǀisĐositǇ ;µͿ = ʐʌ = 0.45x10
-4

x800 = 0.036 NS/m
2
 

2.5cm 

7.5cm 

http://ioeagrineer.blogspot.com/


Fluid Mechanics Dr. K.N DULAL’s Numerical Solution For IOE B.Agri II/I  & BCE II/I 

 Downloaded from http://ioeagrineer.blogspot.com/ 

10 

 

 

(I) dy1 = 2.5cm = 0.025m 

dy2 = 10-2.5 = 7.5cm = 0.075m 

Total force (F) = Force on side1 (F1) + Force on side2 (F2Ϳ = ʏ1 A + ʏ2 A = ;ʏ1 + ʏ2) A  ܨ =  ቀߤ ௗ௨ௗ௬ଵ + ߤ ௗ௨ௗ௬ଶቁ ܣ = ቀͲ.Ͳ͵͸ ଴.଺଴.଴ଶହ + Ͳ.Ͳ͵͸ ଴.଺଴.଴଻ହቁ Ͳ.͵ = 0.345N 

 

(I) If the plate is equidistant, dy1 = dy2 = dy = 10/2 = 5cm = 0.05m 

Total force (F) = Force on side1 (F1) + Force on side2 (F2Ϳ = ʏ1 A + ʏ2 A = ;ʏ1 + ʏ2) A  =  ቀߤ ௗ௨ௗ௬ + ߤ ௗ௨ௗ௬ቁ ܣ = ߤʹ ௗ௨ௗ௬ ܣ = ݔͲ.Ͳ͵͸ݔʹ  ଴.଺଴.଴ହ  Ͳ.͵ = 0.26Nݔ

 

 

15. A Newtonian fluid fills the gap between a shaft and a concentric sleeve. When a force of 780N is 

applied to the sleeve parallel to the shaft, the sleeve attains a speed of 2m/s. If a 1400N force is 

applied, what speed will the sleeve attain? The temperature of the sleeve remains constant. 

 

Solution: 

Force (F1) = 780N 

Velocity (u1) = 2m/s 

Force (F2) = 1400N 

Velocity (u2) = ? 

 ߬ = ߤ ௗ௨ௗ௬  

Also, ߬ = ி஺  

ߤ    ௗ௨ௗ௬ = ி஺ 

ிௗ௨ = ߤ ஺ௗ௫ = const. 

Therefore, 
ிଵௗ௨ଵ = ிଶௗ௨ଶ ଻଼଴ଶ = ଵସ଴଴௨ଶ   

u2 = 3.6m/s 
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16. The surface tension of water in contact with air is 0.0725N/m. The pressure outside the droplet 

of water of diameter 0.02mm is atmospheric (1.032x10
5
 N/m

2
). Calculate the pressure within the 

droplet of water. 

 

Solution: 

Diameter of droplet = 0.02x10
-3

 m 

Radius of droplet (r) = 0.01x10
-3

 m  

Surface tension (𝜎) = 0.0725N/m  

Pressure outside droplet (Po) = 1.032x10
5
 N/m

2
 

Pressure within droplet (Pd) = ? 

 

Pressure inside droplet in excess of outside pressure (P) = 
ଶ𝜎௥ = ଶ௫଴.଴଻ଶହ଴.଴ଵ௫ଵ଴−య = 14500 N/m

2
 

Pd = P+Po = 14500+1.032x10
5
 = 117700 N/m

2
 

 

17. The tip of glass tube with an internal diameter of 2mm is immersed to a depth of 1.5cm into a 

liquid of sp. gr. 0.85. Air is forced into the tube to form a spherical bubble just at the lower end of 

the tube. Estimate surface tension of liquid if the pressure in the bubble is 200Pa. 

 

Solution: 

Radius of bubble (r) = 1mm = 0.001m 

Pressure inside bubble (Pi) = 200Pa 

Depth of liquid (h) = 1.5cm = 0.015m 

Specific weight of liquid (ߛ) = ߛݔ ݎ݃ ݌ݏ௪௔௧௘௥  = 0.85x9810 = 8338.5Pa 

Surface tension (𝜎) = ? 

Pressure outside the bubble (Po) = ߛℎ = 8338.4x0.015 = 125.07Pa 

Pressure within droplet in excess of outside pressure (P) = 200-125.07 = 74.93Pa ܲ = ଶ𝜎௥   𝜎 = ௉௥ଶ = ଻ସ.ଽଷ௫଴.଴଴ଵଶ  = 0.0375N/m 

 

 

1.5cm 

2mm dia. 
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18. Three cylindrical tubes of 0.5m length are placed co-axially and the central tube is rotated at 5 

rpm applying a torque of 6 Nm. Determine the viscosity of oil which fills the space between tubes. 

Take r1, r2 and r3 as 0.15m, 0.152m and 0.154m. 

 

Solution: 

Radius of cylinder1 (r1) = 0.15m 

Radius of cylinder2 (r2) = 0.152m 

Radius of cylinder3 (r3) = 0.154m 

Length of cylinders (L) = 0.5m 

Applied torque to cylinder2 (T) = 6 Nm 

 rpm of cylinder2 (N) = 6 

Viscosity of oil (ߤ) =? 

 

 

 

Torque is transmitted through oil layer from tube 2 to tube 1 and tube 3. 

Angular velocity of tube 2 (߱) = 
ଶேగ଺଴ =  ଶ௫ହ௫గ଺଴  = 0.5236rad/s 

Tangential velocity tube2 (u2) = ݎଶ߱ = 0.152x0.5236= 0.07958m/s 

du = 0.07958m/s 

F1 = Viscous force on tube 1, F2 = Viscous force on tube 2 

For small space between cylinders, the velocity gradient may be assumed to be a straight line and 

average radius r can be taken. 

ra = (r1+r2)/2 = 0.151m, rb = (r2+r3)/2 = 0.153m 

 dy1  = r2-r1 = 0.002m, dy2 = r3-r2 = 0.002m 

 ܶ = ௔ݎଵܨ + ܶ  ௕ݎଶܨ = ߤ ௗ௨ௗ௬భ  ሺʹݎߨ௔ܮሻ ݎ௔ + ߤ ௗ௨ௗ௬మ  ሺʹݎߨ௕ܮሻ ݎ௕  ͸ = ߤ ଴.଴଻ଽହ଼଴.଴଴ଶ  ሺʹݔߨͲ.ͳͷͳݔͲ.ͷሻ Ͳ.ͳͷͳ + ߤ ଴.଴଻ଽହ଼଴.଴଴ଶ  ሺʹݔߨͲ.ͳͷ͵ݔͲ.ͷሻ Ͳ.ͳͷ͵  1.038 = ߤ NS/m
2
 

 

r3 

r2 

3 2 1 

r1 
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19. A fluid of absolute viscosity of 0.045 Pa-s and sp gr of 0.91 flows over a flat plate. The velocity of 

fluid at 70mm height over the plate is 1.13m/s. Calculate the shear stress at the solid boundary and 

at points 20mm above the plate considering (a) linear velocity distribution, and (b) parabolic velocity 

distribution with vertex at point 70mm away from the surface. 

 

Solution: 

Absolute viscosity (ߤ) =0.045 Pa-s 

sp gr = 0.91 

Velocity at 70mm from the plate = 1.13 m/s 

 

(a) Linear velocity distribution 

Equation: u = ay 

a = taŶθ = ϭ.ϭϯ/Ϭ.ϳ = ϭϲ.ϭ 

u = 16.1y ௗ௨ௗ௬ = ͳ͸.ͳ  

As the velocity gradient is constant, shear stress is also constant throughout. 

Shear stress (߬ሻ = ߤ ௗ௨ௗ௬ = 0.045x16.1 = 0.726 Pa (throughout) 

 

(b) Parabolic velocity distribution 

Equation: ݑ = ଶݕܽ + ݕܾ + ܿ 

At y = 0, u = 0 

c = 0 

At y = 0.07m, 
ௗ௨ௗ௬ = Ͳ 

ௗ௨ௗ௬ = ݕܽʹ + ܾ  

2ax0.07+b = 0 

b = -0.14a 

At y = 0.07m, u = 1.13m/s ͳ.ͳ͵ = Ͳ.Ͳ͹ଶݔܽ + Ͳ.Ͳ͹ݔܾ + ܿ  

Substituting the values of b and c ͳ.ͳ͵ = Ͳ.Ͳ͹ଶݔܽ − Ͳ.ͳͶܽݔͲ.Ͳ͹ + Ͳ  

y = 0.07m 

u = 1.13m/s 

y = 0.07m 

Y 

X 

X 

Y 

u = 1.13m/s 
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a =-230.61 

b = -0.14x-230.61 = 32.29 

Hence, ݑ = −ʹ͵Ͳ.͸ͳݕଶ + ͵ʹ.ʹͻݕ ௗ௨ௗ௬ = −Ͷ͸ͳ.ʹʹݕ + ͵ʹ.ʹͻ  

At y = 0, 
ௗ௨ௗ௬ = ͵ʹ.ʹͻ 

At y = 0.02m, 
ௗ௨ௗ௬ = −Ͷ͸ͳ.ʹʹݔ. Ͳʹ + ͵ʹ.ʹͻ = 23.0656 

 

Shear stress at y = 0, ሺ߬଴ሻ = ߤ ௗ௨ௗ௬ = 0.045x32.29 = 1.453 Pa 

Shear stress at y = 0.02m, ሺ߬଴.଴ଶሻ = ߤ ௗ௨ௗ௬ = 0.045x23.0656 = 1.038 Pa 

 

 

20. Through a narrow gap of height h, a thin plate of large extent is pulled at a velocity V. On one 

side of the plate is oil of viscosity ߤଵ and on the other side oil of viscosity ߤଶ. Calculate the position 

of the plate so that (a) the shear force in the two sides of the plate is equal, and (b) the pull required 

to drag the plate is minimum. 

 

Solution: 

 

 

 ଵߤ                                                      

 

 

 ଶߤ                                                      

 

 

(a) shear stress on upper face = ߬ଵ = ଵߤ ௗ௨ௗ௬ = ଵߤ ௏ℎ−௬ 

shear stress on lower face = ߬ଶ = ଶߤ ௗ௨ௗ௬ = ଶߤ ௏௬ ߬ଵ = ߬ଶ  ߤଵ ௏ℎ−௬ = ଶߤ ௏௬  

y 
V 

h 
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ݕ = 𝜇మℎ𝜇భ+𝜇మ  

 

(b)F = pull required to drag the plate per unit area ܨ = ߬ଵ+ ߬ଶ  ܨ = ଵߤ ௏ℎ−௬ + ଶߤ ௏௬  

For F to be minimum, 

dF/dy = 0 ௗிௗ௬ = ଵߤ ௏ሺℎ−௬ሻమ − ଶߤ ௏௬మ  Ͳ = ଵߤ ௏ሺℎ−௬ሻమ − ଶߤ ௏௬మ  

𝜇భ𝜇మ = ℎమ−ଶℎ௬+௬మ௬మ   

ℎమ௬మ − ଶℎ௬ + ቀͳ − 𝜇భ𝜇మቁ = Ͳ  

Solving for h/y and neglecting –ve root 

ℎ௬ = ͳ + √𝜇భ𝜇మ  

ݕ = ℎଵ+√𝜇భ𝜇మ  

 

 

21. A 120mm circular disc rotates on a table separated by an oil of film of 2mm thickness. Find the 

viscosity of the oil if the torque required to rotate the disc at 60 rpm is 4x10
-4

 Nm. Assume the 

velocity gradient in the oil film to be linear. 

 

 

 

 

 

                                      

 

 
Fixed 

Oil 

r dr R 

h  
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Solution: 

Radius of disc (R) = 120/2 = 60mm = 0.06m 

Thickness (h) = 2mm = 2x10
-3

m 

Torque (T) = 4x10
-4

 Nm 

N = 60 rpm 

Angular velocity (߱) = 
ଶேగ଺଴ =  ଶ௫଺଴௫గ଺଴  = 6.28rad/s 

Viscosity of oil (ߤ) = ? 

 

Consider an elementary ring or disc at radius r and having a width dr. 

 

Torque on the element (dT) = Shear force x r = ݎܣ݀߬  = ߤ ௗ௨ௗ௬ ሺʹݎ݀ݎߨሻݎ = ߤ ௨ℎ ሺʹݎ݀ݎߨሻݎ = ߤ ௥ఠℎ ሺʹݎ݀ݎߨሻݎ = ଶగ𝜇ఠℎ   ݎଷ݀ݎ

Total torque (T) = ∫ ଶగ𝜇ఠℎ ݎଷ݀ݎ =ோ௢ గ𝜇ఠோరଶℎ  ͶݔͳͲ−ସ = గ𝜇௫଺.ଶ଼௫଴.଴଺రଶ௫ଶ௫ଵ଴−య Ns/m 0.0062 = ߤ  
2
 

 

22. A disk of radius R rotates at an angular velocity ߱ inside an oil bath of viscosity ߤ as shown in 

figure. Assuming a linear velocity profile and neglecting shear on the outer disk edges, derive an 

expression for the viscous torque on the disk. 

 

 

 

 

 

 

 

 

 

h 

r dr R 

h 
Oil 
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Radius of disc =  R 

Clearance = h on both sides 

Torque = T 

N = rpm 

Angular velocity = (߱) = 
ଶேగ଺଴   

Viscosity of oil =  ߤ 

 

Consider an elementary ring or disc at radius r and having a width dr. 

 

Torque on the element (dT) = Shear force x r = ݎܣ݀߬ʹ = ߤʹ ௗ௨ௗ௬ ሺʹݎ݀ݎߨሻݎ = ߤʹ ௨ℎ ሺʹݎ݀ݎߨሻݎ = ߤʹ ௥ఠℎ ሺʹݎ݀ݎߨሻݎ = ସగ𝜇ఠℎ   ݎଷ݀ݎ

Total torque (T) = ∫ ସగ𝜇ఠℎ ݎଷ݀ݎ =ோ௢ గ𝜇ఠோరℎ  

 

23. Distilled water stands in a glass tube of 10mm diameter at a height of 25mm. What is the true 

static height? Take surface tension of water = 0.074 N/m and angle of contact = 0
0
. 

Solution: 

Diameter of tube (d) = 10 mm = 0.01m 

Surface tension of water (𝜎) = 0.074N/m 

θ = Ϭ0
 for water 

Capillary height change for water (h) is ℎ = ସ𝜎஼௢௦𝜃ఘ௚ௗ =  ସ௫଴.଴଻ସ௫஼௢௦଴ଵ଴଴଴௫ଽ.଼ଵ௫଴.଴ଵ = 0.003m = 3mm 

True static height = 25-3 = 22mm 
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24. A solid cone of maximum radius R and vertex angle is to rotate at an angular velocity ߱ . An oil of 

viscosity ߤ and thickness t fills the gap between the cone and the housing, Derive an expression for 

the torque required and the rate of heat dissipation in the bearing. 

 

 

 

 

 

                                      

 

 

 

Solution: 

Maximum radius of cone =  R 

thickness of oil = t 

Angular velocity = (߱) = 
ଶேగ଺଴   

Viscosity of oil =  ߤ 

 

Consider an elementary area dA at radius r of the cone. 

 

Torque on the element (dT) = Shear force x r = ݎܣ݀߬  = ߤ ௗ௨ௗ௬ ሺʹݎ݀ݎߨሻݎ = ߤ ௨௧ ሺʹݏ݀ݎߨሻݎ = ߤ ௥ఠ௧ ቀʹݎߨ ௗ௥௦𝑖௡𝜃ቁ ݎ = ଶగ𝜇ఠ௧௦𝑖௡𝜃   ݎଷ݀ݎ

Total torque (T) = ∫ ଶగ𝜇ఠ௧௦𝑖௡𝜃 ݎଷ݀ݎ =ோ௢ గ𝜇ఠோరଶ௧௦𝑖௡𝜃  

Rate of heat dissipation = power utilized in overcoming resistance = ܶ߱ = గ𝜇ఠమோరଶ௧௦𝑖௡𝜃  

 

 

 

 

 

θ 

ds 

r 

Fixed 

Oil 

Ϯθ 

dr 

R 

thickness = t  
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Tutorial 2 

Fluid pressure 

 

1. A cylinder contains a fluid at a gauge pressure of 360 KN/m
2
. Express this pressure in terms of a 

head of (a) water, and (b) mercury of sp gr = 13.6  

What would be the absolute pressure in the cylinder if atmospheric pressure is 760mm Hg. 

 

Solution: 

Pressure (P) = 360 KN/m
2
 = 360x10

3
 N/m

2
 

Head (h) = ? ܲ = ℎ ǁheƌe ʌ = DeŶsitǇ of fluid ℎ݃ߩ =  ݃ߩܲ

aͿ Head iŶ teƌŵs of ǁateƌ ;ʌ = ϭϬϬϬ kg/ŵ3
) 

 ℎ = ଷ଺଴௫ଵ଴యଵ଴଴଴௫ଽ.଼ଵ = 36.7m 

 

b) Head in terms of mercury 

ʌ = sp gƌ ǆ deŶsitǇ of ǁateƌ = ϭϯ.ϲǆϭϬϬϬ = ϭϯϲϬϬ kg/ŵ3
 

 ℎ = ଷ଺଴௫ଵ଴యଵଷ଺଴଴௫ଽ.଼ଵ = 2.7m 

 

Atmospheric pressure (h)  = 760mmhg = 0.76m hg 

Atmospheric pressure ሺܲܽ݉ݐሻ = ௠௘௥௖௨௥௬݃ℎߩ = ͳ͵͸ͲͲݔͻ.ͺͳݔͲ.͹͸ = 101396N/m
2
 = 101.3KN/m

2
 

Absolute pressure (Pabs) = ? 

Pabs = Pgauge + Patm = 360+101.3 = 461.3KN/m
2
 

 

2. What would the pressure in kN/m
2
 be if the equivalent head is measured as 400mm of (a) 

mercury (sp gr 13.6) (b) water (c) oil specific weight 7.9 kN/m
3
 (d) a liquid of density 520 kg/m

3
? 
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Solution: 

Head (h) = 400mm = 0.4m 

Pressure (P) =? ܲ =  ℎ ǁheƌe ʌ = DeŶsitǇ of fluid݃ߩ

 

a) IŶ teƌŵs of ŵeƌĐuƌǇ, ʌ = sp gƌ ǆ deŶsitǇ of ǁateƌ = ϭϯ.ϲǆϭϬϬϬ = ϭϯϲϬϬ kg/ŵ3
 ܲ = ℎ = 13600x9.81x0.4 = 53366 N/m݃ߩ

2
 = 53.366 KN/m

2
 

b) IŶ teƌŵs of ǁateƌ, ʌ = ϭϬϬϬ kg/ŵ3
 ܲ = ℎ = 1000x9.81x0.4 = 3924 N/m݃ߩ

2
 = 3.924 KN/m

2
 

c) In terms of oil of sp. wt. (ߛ௢𝑖௟) = 7.9 kN/m
3
 ܲ = ℎ݃ߩ = ௢𝑖௟ℎ = 7.9x.4 = 3.16 KN/mߛ

2
 

d) IŶ teƌŵs of liƋuid ǁith ʌ = ϱϮϬ kg/ŵ3
 ܲ = ℎ = 520x9.81x0.4 = 2040 N/m݃ߩ

2
 = 2.04 KN/m

2
 

 

 

 

3. A manometer connected to a pipe indicates a negative gauge pressure of 50mm of mercury. What 

is the absolute pressure in the pipe in N/m
2
 if the atmospheric pressure is 1 bar? 

 

Solution: 

Atmospheric pressure (Patm) = 1 bar = 1x10
5
 N/m

2
 

Head (h) = -50mmhg = -0.05m hg 

Absolute pressure (pabs) = ? 

 

ʌ of ŵeƌĐuƌǇ = sp gƌ ǆ deŶsitǇ of ǁateƌ = ϭϯ.ϲǆϭϬϬϬ = ϭϯϲϬϬ kg/ŵ3
  

Gauge pressure (Pgauge) = ℎ = -13600x9.81x0.05 = -6671 N/m݃ߩ
2
  

Pabs = Pgauge + Patm = -6671+1x10
5
 = 93329 N/m

2
 = 93.3KN/m

2
 

 

4. An open tank contains 5.7m of water covered with 2.6m of kerosene (sp wt = 8KN/m
3
). Find the 

pressure at the interface and at the bottom of the tank. 
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Solution: 

Height of kerosene (h) = 2.6m 

Height of water (h1) = 5.7m 

Sp wt of kerosene (ߛ) = 8KN/m
3
 

Pressure at interface (Pint) = ? 

Pressure at bottom (Pbottom) = ? ܲ݅݊ݐ = ℎ = 8x2.6 = 20.8KN/mߛ 
2
݉݋ݐݐ݋ܾܲ  = ݐ݊݅ܲ + ௪௔௧௘௥ℎͳ = 20.8+9.81x5.7 = 76.7 KN/mߛ

2
 

 

5. The closed tank in the fig. is at 20
0
 C. If the pressure at point A is 96 Kpa absolute, what is the 

absolute pressure at point B? What percent error results from neglecting the specific weight of air? 

(Take sp wt of air = 0.0118 KN/m
3
) 

 

 

 

 

 

 

 

Solution: 

 

Sp wt of air (ߛ௔𝑖௥ሻ = 0.0118 KN/m
3
 

Sp wt of water (ߛ௪௔௧௘௥ሻ = 9.81 KN/m
3
 

Starting from A, 

PA + PAC -PCD-PDB = PB 

஺ܲ + ௔𝑖௥ℎ஺஼ߛ − ௪௔௧௘௥ℎ஽஼ߛ − ௔𝑖௥ℎ஽஻ߛ = ஻ܲ  

PB = 96 + 0.0118x5 – 9.81x2 – 0.0118x3 = 76.404 Kpa 

Neglecting air, 

஺ܲ − ௪௔௧௘௥ℎ஽஼ߛ = ஻ܲ  

PB = 96 – 9.81x2 = 76.38 Kpa 

Error = (76.404-76.38)/76.404 = 0.00031 = 0.031% 

Water 

3m 

5m 

3m 

A B 

D 

C 

Air Air 
5m 

http://ioeagrineer.blogspot.com/


Fluid Mechanics Dr. K.N DULAL’s Numerical Solution For IOE B.Agri II/I  & BCE II/I 

 Downloaded from http://ioeagrineer.blogspot.com/ 

22 

 

 

6. In the fig., the pressure at point A is 2900 N/m
2
. Determine the pressures at points B, C and D. 

(Take density of air = 1.2 kg/m
3
) 

 

 

 

 

 

 

 

Solution: 

DeŶsitǇ of ǁateƌ ;ʌͿ  = ϭϬϬϬkg/ŵ3
 

PA = 2900 N/m
2
 

Density of air (ߩ௔𝑖௥) = 1.2 kg/m
3
 

PB = ?, PC =?, PD = ? 

Starting from A, 

஻ܲ = ஺ܲ − ℎ௕௘௧௪௘௘௡ ஺ ௔௡ௗ ஻ = 2900 – 1000x9.81x0.2  = 938 N/m݃ߩ
2
 

஼ܲ = ஺ܲ + ℎ௕௘௧௪௘௘௡ ஺ ௔௡ௗ ௑݃ߩ − ௔𝑖௥݃ℎ௑஼ߩ  = 2900 + 1000x9.81x1.3 -1.2x9.81x2.3  = 15626 N/m
2
 

஽ܲ = ஺ܲ + ℎ௕௘௧௪௘௘௡ ஺ ௔௡ௗ ஽ = 2900 + 1000x9.81x2 = 22520 N/m݃ߩ
2
 

 

7. In the fig., the absolute pressure at the bottom of the tank is 233.5 Kpa. Compute the sp gr of olive 

oil. Take atmospheric pressure = 101.3 Kpa. 

 

 

 

 

 

 

 

 

 

X 

0.7m 

0.8m 

D 

C 

B 

A 

Air 

Air 

Water 

Air 

2m 

1m 

1.5m 

1.5m   

2.5m   

2.9m   

0.4m   Mercury 

Oil  (sp gr = 0.9) 

Olive oil   

Water   
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Solution: 

Absolute pressure at bottom (Pabs) =233.5 Kpa 

Atmospheric pressure (Patm) = 101.3 Kpa 

Sp wt of water (ߛ) = 9.81 KN/m
3
 

Sp wt of oil (ߛ௢𝑖௟) = 0.9x9.81 KN/m
3
 = 8.829 KN/m

3
 

Sp wt of mercury (ߛ௠) = 13.6x9.81 KN/m
3
 = 133.416 KN/m

3
 

Sp gr of olive oil (S) = ? 

 

Pabs = Patm + Pgauge 

Pabs = Patm + Poil + Pwater + Polive oil + Pmercury ʹ͵͵.ͷ = ͳͲͳ.͵ + ௢𝑖௟ ℎ௢𝑖௟ߛ + ℎ௪௔௧௘௥ ߛ + ௢௟𝑖௩௘ ௢𝑖௟ ℎ ௢௟𝑖௩௘ ௢𝑖௟ߛ + ௠ ℎ௠௘௥௖௨௥௬  ʹ͵͵.ͷߛ = ͳͲͳ.͵ + ͺ.ͺʹͻݔͳ.ͷ + ͻ.ͺͳݔ ʹ.ͷ + ͻ.ʹݔ ௢௟𝑖௩௘ ௢𝑖௟ߛ + ͳ͵͵.Ͷͳ͸ݔͲ.Ͷ  ߛ௢௟𝑖௩௘ ௢𝑖௟ = ͳͶ.ͳ͸  KN/m
3
 ܵ = ఊ೚೗𝑖ೡ೐ ೚𝑖೗ ఊ = ଵସ.ଵ଺ଽ.଼ଵ  = 1.44 

 

 

8. The tube shown in the fig. is filled with oil of sp gr 0.82. Determine the pressure heads at A and B 

in meters of water. 

 

 

 

    

 

 

 

Solution: 

sp gr of oil =  0.82 

X 

oil 

0.5m 

A 

B Air 

oil 

oil 

2.1m 
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Sp wt of oil (ߛ௢𝑖௟) = 0.82x9810 = 8044.2 N/m
3
 

Head in terms of water at a and B (hA and hB) = ? 

Take atmospheric pressure to be 0 for gauge pressure. 

஺ܲ = Ͳ ௢𝑖௟ߛ −  ℎ௕௘௧௪௘௘௡ ௑ ௔௡ௗ ஺ = - 8044.2x2.6 = -20914.9 Pa 

 ℎ஺ = ௉ಲఊೢೌ೟೐ೝ = − ଶ଴ଽଵସ.ଽଽ଼ଵ଴   = -2.132 m 

஻ܲ = ஺ܲ ௢𝑖௟ߛ +  ℎ௕௘௧௪௘௘௡ ஺ ௔௡ௗ ஻ = -20914.9 + 8044.2x2.1= -4022.1 Pa 

 ℎ஻ = ௉ಳఊೢೌ೟೐ೝ = − ସ଴ଶଶ.ଵଽ଼ଵ଴   = -0.41 m 

 

9. Calculate the pressures at A, B, C and D in the fig. 

 

 

 

 

 

 

 

 

Solution: 

Sp wt of water (ߛ) = 9810 N/m
3
 

sp gr of oil =  0.9 

Sp wt of oil (ߛ௢𝑖௟) = 0.9x9810 = 8829 N/m
3
 

 

Take atmospheric pressure to be 0 for gauge pressure. 

஺ܲ = Ͳ −  ℎ௕௘௧௪௘௘௡ ௑ ௔௡ௗ ஺ = - 9810x0.8 = 7848 Pa ߛ 

஻ܲ = Ͳ +  ℎ௕௘௧௪௘௘௡ ௑ ௔௡ௗ ஻ =  9810x0.5 = 4905 Pa ߛ 

Neglecting air, PC  =PB = 4905 Pa 

஽ܲ = ஼ܲ + ௢𝑖௟ߛ   ℎ௕௘௧௪௘௘௡ ஼ ௔௡ௗ ஽  = 4905 + 8829x1.9 = 21680 Pa 

X 

Oil 

Sp gr 0.9 

0.4m 

1 m 

Air 

0.5m 

0.4m 

D 

C 

B 

A 
Air 

Water 
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10. The tank in the fig. contains oil of sp gr 0.75. Determine the reading of gauge A in N/m
2
. 

 

 

 

 

 

 

 

 

Solution: 

sp gr of oil =  0.75 

Sp wt of oil (ߛ௢𝑖௟) = 0.75x9810 = 7357.5 N/m
3
 

Sp wt of mercury (ߛ௠) = 13600x9.81 N/m
3
 = 133416 N/m

3
 

Take atmospheric pressure to be 0 for gauge pressure. 

Starting from X and neglecting air, Ͳ − ௠ℎ௠ߛ + ௢𝑖௟ߛ  ℎ௢𝑖௟ = ஺ܲ  

PA  = -133416x0.2+7357.5x3 = -4610.7 N/m
2 

 

 

11. In the left hand of the fig., the air pressure is -225mm of Hg. Determine the elevation of the 

gauge liquid in the right hand column at A. 

 

 

 

 

 

 

 

 

 

 

 

 

 

A’ 

X 

 

A 

3m 

0.2m 

Air 

Hg 

Oil 

A 

107.8m 

106m 

Sp gr = 0.8 

Oil 

Air 

Air 

20.4KN/m
2
 

Water 

Liquid (sp gr. = 1.6) 

110.2m 

h 
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Solution: 

Air pressure at the left hand tank = -225mm Hg = -0.225m Hg 

Sp wt of water (ߛ) = 9810 N/m
3
 

Sp wt of oil (ߛ௢𝑖௟) = 0.8x9810 = 7848 N/m
3
 

Sp wt of mercury (ߛ௠) = 13600x9.81 KN/m3 = 133416 KN/m
3
 

Sp wt of liquid (ߛ௟𝑖௤௨𝑖ௗ) = 1.6x9810 = 15696 N/m
3
 

௔ܲ𝑖௥ = −Ͳ.ʹʹͷߛ௠ = -0.225x133416 = -30018.6 N/m
2
 

PA’=  PA 

௔ܲ𝑖௥ + ௢𝑖௟ ℎ௢𝑖௟ߛ + ௟𝑖௔௨𝑖ௗߛ  ℎ௟𝑖௤௨𝑖ௗ = ʹͲͶͲͲ +   ℎ௪௔௧௘௥ߛ

-30018.6 + 7848x(110.2-106) + 15696 xh = 20400 + 9810 x(107.8-106+h) 

h = 5.96m 

Elevation at A = 106-5.96 = 100.04m 

 

 

 

 

 

12. Compartments B and C in the fig. are closed and filled with air. The barometer reads 99.98 Kpa. 

When gages A and D read as indicated, what should be the value of x for gage E? (Hg in each tube) 

 

 

 

 

 

 

 

 

 

 

 

254mm 

x 

E 

D 

206.8Kpa 

        A 

B 

C 
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Solution: 

PA = 206.8 KPa = 206800 Pa 

Sp wt of mercury (ߛ௠) = 13.6x9810 N/m
3
 = 133416 N/m

3
 

 

Starting from A and neglecting air, 

஺ܲ − ܺ ௠ߛ + Ͳ.ʹͷͶ ݔ௠ߛ = Ͳ   
206800 – 133416 X + 133416x0.254 = 0 

X  = 1.8m 

 

13. In the fig., the areas of the plunger A and cylinder B are 38.7 cm
2
 and 387 cm

2
, respectively, and 

the weight of B is 4500 N. The vessel and the connecting passages are filled with oil of specific 

gravity 0.75. What force F is required for equilibrium, neglecting the weight of A? 

 

 

 

 

 

 

 

 

Solution: 

Area of A (AA) =38.7 cm
2
, Area of B (AB) =387 cm

2
  

Weight of B (WB) = 4500N 

Sp wt of water (ߛ) = 9810 N/m
3
 

Sp wt of oil (ߛ௢𝑖௟) = 0.75x9810 N/m
3
 = 7357.5 N/m

3
 

Pressure at XL  = Pressure at XR 

஺ܲ + ௢𝑖௟ߛ  ℎ௢𝑖௟ ௙௥௢௠ ஺ ௧௢ ௑ಽ = ஻ܹ/ܣ஻  

PA + 7357.5x4.8 = 4500/387x10
-4

 

PA = 80963 N/m
2
 

 

F = PA AA = 80963 x 38.7x10
-4

 = 313N 

B 
XR XL 

A 
4.8m 

F 

Oil (sp gr = 0.75) 
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14. For the open tank, with piezometers attached on the side, containing two different immiscible 

liquids as shown in the fig., find (a) the elevation of liquid surface in piezometer A, (b) the elevation 

of liquid surface in piezometer B, and (c) the total pressure at the bottom of the tank. 

 

 

 

 

 

 

 

Solution: 

Sp wt of liquid A (ߛ஺) = 0.72x9810 N/m
3
 = 7063.2 N/m

3
 

Sp wt of liquid B (ߛ஻) = 2.36x9810 N/m
3
 = 23151.6 N/m

3
 

a) Elevation of liquid surface in piezometer A = elevation of liquid A in the tank = 2.1 m 

b) Pressure due to A at the interface (PA) = ߛ஺ ℎ௟𝑖௤௨𝑖ௗ ஺ = 7063.2 x (2.1-0.3) = 12713.8 N/m
2
 

Equivalent head for liquid B due to PA is ℎ஺ = ஺ܲ/ߛ஻ = 12713.8/23151.6 = 0.55m 

Elevation of liquid surface in piezometer B = Elv of liquid at B + hA = 0.3 + 0.55 = 0.85m 

c) Total pressure at the bottom = ߛ஺ ℎ௟𝑖௤௨𝑖ௗ ஺   ஻ ℎ௟𝑖௤௨𝑖ௗ ஻ߛ +
                                                         = 7063.2 x (2.1-0.3) + 23151.6x0.3 = 19659 N/m

2
   

 

15. In the fig., gage A reads 290Kpa abs. What is the height of water h? What does gage B read? 

 

 

 

 

 

 

 

 

A B 

Elv 0m 

Elv 0.3m 

Liquid B 

(sp gr = 2.36) 

Liquid A 

(sp gr = 0.72) 

Elv 2.1m 

h   

A 

B 

 

70cm 

Water   

Air : 175Kpa abs 

Hg 
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Solution: 

Sp wt of water (ߛ) = 9.81 KN/m
3
 

Sp wt of mercury (ߛ௠) = 13.6x9.81 = 133.416 KN/m
3
 

PA =290Kpa abs 

h = ? 

PB =? 

 

஺ܲ = ͳ͹ͷ + ℎߛ +   ௠ℎ௠ߛ

290 = 175 + 9.81h+133.416x0.7 

h = 2.2m 

 

஻ܲ = ͳ͹ͷ + ሺℎ ߛ + Ͳ.͹ሻ  

PB = 175 + 9.81 (2.2+0.7) = 203.4 KN/m
2
 

 

 

16. A manometer is attached to a tank containing three different fluids as shown in fig. What will be 

the difference in elevation of the mercury column in the manometer (i.e. y)? 

 

 

 

 

 

 

 

 

 

 

 

 

 

B A 

1m 
y 

Hg 

Elv 0m 

Air pressure = 35Kpa 

         

Water 

Oil (sp gr = 0.82) 

Elv 2m 

Elv 5m 

Elv 6m 
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Solution: 

Sp wt of water (ߛ) = 9.81 KN/m
3
 

Sp wt of mercury (ߛ௠) = 13.6x9.81 = 133.416 KN/m
3
 

Sp wt of oil (ߛ௢𝑖௟) = 0.82x9.81 = 8.0442 KN/m
3
 

 

PA = PB ͵ͷ + ௢𝑖௟ℎ௢𝑖௟ߛ + ℎߛ =   ݕ ௠ߛ 

35+ 8.0442x3+9.81x3= 133.416y 

y = 0.66m 

 

 

17. Determine the pressure difference between two points A and B in the fig. 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Sp wt of water (ߛ) = 9.81 KN/m
3
 

Sp wt of mercury (ߛ௠) = 13.6x9.81 = 133.416 KN/m
3
 

Sp wt of benzene (ߛ஻) = 0.88x9.81 = 8.6328 KN/m
3
 

Sp wt of kerosene (ߛ௄) = 0.82x9.81 = 8.0442 KN/m
3
 

Sp wt of air (ߛ௔𝑖௥) = 0.01177 KN/m
3
 

9cm 

21cm 

41cm 

15cm 

10cm 

 

 

B 

A 

Benzene 

Sp. gr. = 0.88 

Kerosene 

Sp. gr. = 0.82 

Air 

Sp. wt. = 11.77 N/m
3
 

Mercury 

Sp. gr. = 13.6 

Water 
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Starting from A, 

஺ܲ + Ͳ.ʹͳݔ஻ߛ − Ͳ.Ͳͻݔ௠ߛ − ሺͲ.Ͷͳݔ௄ߛ − Ͳ.Ͳͻሻ + ሺͲ.Ͷͳߛ − Ͳ.ͳͷሻ − Ͳ.ͳݔ௔𝑖௥ߛ =  ஻ܲ  

஺ܲ + ͺ.͸͵ʹͺݔͲ.ʹͳ − ͳ͵͵.Ͷͳ͸ݔͲ.Ͳͻ − ͺ.ͲͶͶʹݔͲ.͵ʹ + ͻ.ͺͳݔ Ͳ.ʹ͸ − Ͳ.Ͳͳͳ͹͹ݔͲ.ͳ =  ஻ܲ  

PA – PB  = 10.22 Kpa 

 

 

18. Fig. below shows a conical vessel having its outlet at A to which a U-tube manometer is 

connected. The reading of the manometer given in the fig. shows when the vessel is empty. Find the 

reading of the manometer when the vessel is completely filled with water. 

 

 

 

 

 

 

 

 

Solution: 

Sp wt of water (ߛ) = 9.81 KN/m
3
 

Sp wt of mercury (ߛ௠) = 13.6x9.81 = 133.416 KN/m
3
 

When the vessel is empty, equating pressure at initial level ݕߛ =   ʹ.Ͳݔ௠ߛ

9.81 y = 133.416x0.2 

y = 2.72m 

When the vessel is filled with water, let us say the mercury moves by height h 

Equating pressure at final level ߛሺ͵ + ݕ + ℎሻ = ௠ሺℎߛ + Ͳ.ʹ + ℎሻ  ͻ.ͺͳሺ͵ + ʹ.͹ʹ + ℎሻ = ͳ͵͵.Ͷͳ͸ሺͲ.ʹ + ʹℎሻ  

h = 0.1145m 

Deflection of mercury = 2h+0.2 =2x0.1145+0.2 = 0.429m 

h 

h 

A 

2m 

20 cm 

3m 

y 

Hg 

Water 
Initial 

Final 
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19. Compute the absolute pressure at point A in the fig. 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Sp wt of water (ߛ) = 9.81 KN/m
3
 

Sp wt of mercury (ߛ௠) = 13.6x9.81 = 133.416 KN/m
3
 

Sp wt of oil (ߛ௢𝑖௟) = 0.88x9.81 = 8.6328 KN/m
3
 

Starting from A, 

஺ܲ + Ͳ.ͳ͹ͷݔ௢𝑖௟ߛ − ͵ʹ.Ͳݔ௠ߛ + Ͳ.ͳͷݔߛ =  Ͳ  

஺ܲ + ͺ.͸͵ʹͺݔͲ.ͳ͹ͷ − ͳ͵͵.Ͷͳ͸ݔͲ.ʹ͵ + ͻ.ͺͳݔͲ.ͳͷ =  Ͳ  

PA = 27.7 Kpa  

Absolute pressure at A = Patm  +27.7  = 101.3+27.7 = 129Kpa 

 

 

20. The fig. shows a 1cm diameter U-tube containing mercury. If now 20cc of water is poured into 

the right leg, find the levels of the free liquid surfaces in the two tubes. 

 

 

 

 

 

23cm 

17.5cm 

15cm 

 

A 

Oil 

Sp. gr. = 0.88 

Mercury 

Sp. gr. = 13.6 

Water 

Water 
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Solution: 

With the addition of 20ml of water, 

Drop in mercury level in right leg = y 

Rise in mercury level in left leg = y 

Depth of water column = h 

h= Vol of water added/Cross sectional area = ʹͲݔͳͲ−଺/ ቀగସ  Ͳ.Ͳͳଶቁ = 0.254mݔ

 

PE = PF ߛ௠௘௥௖௨௥௬ݕʹݔ =   ℎݔ௪௔௧௘௥ߛ

13.6x9810x2y = 9810x0.254 

y = 0.0093m = 0.93cm 

Height of free mercury level in the left leg = 18+0.93 = 18.93cm 

Height of free water level in the right leg = 18-0.93+25.4 = 42.47cm 

 

21. The diameters of the limbs A and B of a U-tube shown in fig. are 5mm and 20mm respectively. 

The limb A contains a liquid of sp. gr. 0.9 while the limb B contains a liquid of sp.gr. 1.3. The fig. 

shows the position of the liquids in the two limbs. Find what pressure should be applied on the 

surface of the heavier liquid in limb B so that the rise in level in the limb A is 10mm.  

 

 

Water 

y 

y 

F E 

18cm 

h 

Mercury 
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Solution: 

Sp gr of liquid in A = 0.9 

Sp. gr. of liquid in B = 1.3 

Diameter of limb A = 5mm 

Diameter of limb B = 20mm 

 

a. When no external pressure is applied 

PE = PF ߛ஺ݔℎ௔ = ℎ௔ݔͻͺͳͲݔℎ௕  Ͳ.ͻݔ஻ߛ = ͳ.͵ݔͻͺͳͲݔℎ௕  ℎ௔ = ͳ.͵ℎ௕/Ͳ.ͻ      (a) 

 

b. When external force p is applied on the surface of liquid B 

Rise in limb A = 10mm 

Fall in limb B = h 

A B 

E1 F1 

10mm 

P 

h 

hb 

liquid of 

sp.gr. = 0.9 

No external pressure 

10mm 

F 

E 

ha 

liquid of 

sp.gr. = 1.3 

External pressure P 
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Level EF shifts to new position is E1F1. 

Volume of liquid transferred to left limb = Volume of liquid fell in right limb 

c/s area of left limbx10mm = c/s of right limbxh ቀగସ ͳͲ−ଷሻଶቁݔሺͷݔ ͳͲ−ଷݔͳͲݔ = ቀగସ ͳͲ−ଷሻଶቁݔሺʹͲݔ ℎ  

h = 0.000625m 

PE1 = PF1 ߛ஺ݔሺℎ௔ + ͳͲݔͳͲ−ଷ − ͳͲݔͳͲ−ଷሻ = ܲ + ሺℎ௕ݔ஻ߛ − ͳͲݔͳͲ−ଷ − ℎሻ  Ͳ.ͻݔͻͺͳͲݔℎ௔ = ܲ + ͳ.͵ݔͻͺͳͲݔሺℎ௕ − ͳͲݔͳͲ−ଷ − Ͳ.ͲͲͲ͸ʹͷሻ  ͺͺʹͻℎ௔ = ܲ + ͳʹ͹ͷ͵ሺℎ௕ − Ͳ.ͲͳͲ͸ʹͷሻ          (b) 

From a and b ͺͺʹͻݔͳ.͵ℎ௕/Ͳ.ͻ = ܲ + ͳʹ͹ͷ͵ሺℎ௕ − Ͳ.ͲͳͲ͸ʹͷሻ              

P = 135.5 N/m
2
 

 

22. Find the pressure difference between containers A and B shown in the figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

45
0
 

F E 

50cm 

 

 
A 

B 

30cm 

15cm 

20cm 

Water 

Air 

Mercury 
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Solution: 

Pressure at E = pressure at F 

஺ܲ + Ͳ.ʹͲܵ݅݊Ͷͷݔ௠௘௥௖௨௥௬ߛ + Ͳ.ͷݔ௠௘௥௖௨௥௬ߛ = ஻ܲ +   ͵.Ͳݔ௪௔௧௘௥ߛ

஺ܲ + ͳ͵.͸ݔͻͺͳͲݔͲ.ʹͲܵ݅݊Ͷͷ + ͳ͵.͸ݔͻͺͳͲݔͲ.ͷ = ஻ܲ + ͻͺͳͲݔͲ.͵  

஺ܲ − ஻ܲ = -82633 N/m
2
 

 

23. An 8cm diameter piston compresses manometer oil into an inclined 7mm diameter tube, as 

shown in figure below. When a weight W is added to the top of the piston, the oil rises an additional 

distance of 10cm up the tube. How large is the weight, in N?                                                                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Diameter of piston (D) = 8cm = 0.08m 

Diameter of tube (d) = 7mm = 0.007m 

h = 0.10Sin15 = 0.0258m 

A 

L1 

Y Y 

X 

X 

15
0
 

h 

Initial level 

dh 

W 

Piston 

D = 8cm 

D = 7mm 

10cm 

Oil, sp gr 

= 0.827 

Final level 
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When the manometer is not connected to the container, the mercury in the reservoir is at original 

level and at level A in the tube.  

Equating pressure at XX 

௑ܲ =  ͳܵ݅݊ͳͷ          (a)ܮ௠ߛ

Due to compression, the fluid in the container moves down by dh and the fluid in the tube moves up 

by 10cm. 

Volume of fluid fallen = Volume of fluid risen ߨͶ Ͳ.Ͳͺଶ݀ℎݔ = Ͷߨ  Ͳ.ͳݔͲ.ͲͲ͹ଶݔ

dh = 0.000766m 

Equating the pressure at new level (YY) ௐ஺௥௘௔ ௢௙ ௣𝑖௦௧௢௡ + ௑ܲ + ௔𝑖௥݀ℎߛ = ௠ሺℎߛ + ݀ℎሻ +  ͳܵ݅݊ͳͷ       (b)ܮ௠ߛ

From a and b ௐ஺௥௘௔ ௢௙ ௣𝑖௦௧௢௡ = ௠ℎߛ + ሺߛ௠ −   ௔𝑖௥ሻ݀ℎߛ

Neglecting dh ௐ𝜋ర௫଴.଴଼మ = Ͳ.ͺʹ͹ݔͻͺͳͲݔͲ.Ͳʹͷͺ  

W = 1.05 N 

 

 

24. Figure below shows a pipe containing a liquid of sp gr 0.8 connected to a single column 

micromanometer. The area of reservoir is 60 times that of the tube. The manometer liquid is 

mercury. Find the pressure in the pipe. 

 

 

 

 

 

 

 

 

 

A 

h1 

X 

dy 

 
y 

0.25m 

Z Z 

X 

Hg 

Liquid of 

sp gr 0.8 

A 
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Solution: 

When the manometer is not connected to the container, the mercury in the reservoir is at original 

level and at level A in the tube.  

Equating pressure at XX ߛ௢𝑖௟ݕ =  ௠௘௥௖௨௥௬ℎͳ         (a)ߛ

Due to pressure, manometric liquid in the reservoir drops by dy and it will travel a distance of 0.25m 

in the tube. 

Volume of fluid fallen = Volume of fluid risen 

Ady=ax0.25 

60ady = ax0.25 

dy = 0.0041m 

Equating pressure at new level (ZZ) 

஺ܲ + ݕ௢𝑖௟ሺߛ + ሻݕ݀ = ௠௘௥௖௨௥௬ሺͲ.ʹͷߛ + ℎͳ +  ሻ       (b)ݕ݀

From a and b 

஺ܲ + ௠௘௥௖௨௥௬ℎͳߛ = ௠௘௥௖௨௥௬ℎͳߛ + ௠௘௥௖௨௥௬ሺͲ.ʹͷߛ + ሻݕ݀ −   ݕ௢𝑖௟݀ߛ

஺ܲ = ͳ͵.͸ݔͻͺͳͲሺͲ.ʹͷ + Ͳ.ͲͲͶͳሻ − Ͳ.ͺݔͻͺͳͲݔͲ.ͲͲͶͳ  = 33868 N/m
2
 

25. Find the gauge readings at A and B if the atmospheric pressure is 755mmHg.  

 

 

 

 

 

 

 

 

 

 

 

 

C 

 

D 

Hg 

Vapor 

0.6m 

1.5m 

B 

A 

2m 

0.2m 

Air 

Hg 

Oil, sp. 

gr. = 0.8 
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Solution: 

Atm. pr. = ߛ௠௘௥௖௨௥௬ ݔ ͹ͷͷݔͳͲ−ଷ = ͳ͵.͸ݔͻͺͳͲݔ͹ͷͷݔͳͲ−ଷ = 100729 N/m
2
 

 

Neglect pressure due to mercury vapor and air (small) 

Writing pressure equation for gauge A, 

஼ܲ = ஽ܲ = ஺ܲ ߛ௠௘௥௖௨௥௬ ݔ Ͳ.͸ = ஺ܲ 

஺ܲ = 13.6x9810x0.6 = 80049.6 N/m
2
 (abs. pr.) 

Gauge pressure at A = Abs. pr. - Atm. pr. = 80049.6-100729 = -20679.5 N/m
2
 

 

Writing pressure equation for gauge B starting from gauge A 

஺ܲ + ͳ.ͷݔ௢𝑖௟ߛ + ͳ.ͺݔ௪௔௧௘௥ߛ = ஻ܲ −ʹͲ͸͹ͻ.ͷ + Ͳ.ͺݔͻͺͳͲݔͳ.ͷ + ͻͺͳͲݔͳ.ͺ = ஻ܲ 

 

஻ܲ = 8750.5 N/m
2
 

Gauge pressure at B = 8750.5 N/m
2
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Tutorial 3 

Hydrostatic force on submerged bodies 

 

1. A vertical rectangular gate, 1.4m high and 2 m wide, contains water on one side. Determine the 

total resultant force acting on the gate and the location of c.p. 

 

 

 

 

 

 

Solution:  

Area (A) = 2x1.4 = 2.8 m
2
 

Location of CG (̅ݕ) = (1.4/2+3) = 3.7m 

Resultant force on gate (F) = ? 

Cp (ݕ௣) = ? 

ܨ  =   9810x2.8x3.7 = 101631 N = 101.631 KN = ݕ̅ܣߛ

M.I. about CG ሺீܫሻ = ଵଵଶ .ͳݔʹݔ Ͷଷ = 0.457 m
4
௣ݕ  = ݕ̅ + ூಸ஺௬̅ = ͵.͹ + ଴.ସହ଻ଶ.଼௫ଷ.଻  =3.74m 

 

2. An inclined rectangular gate (1.5m wide) contains water on one side. Determine the total 

resultant force acting on the gate and the location of c.p. 

 

 

 

 

 

 

Water 

3m 

Gate 

60
0
 

1.2m 

30
0
 

Water 
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Solution: 

Area (A) = 1.5x1.2 = 1.8 m
2
 

Location of CG (̅ݕ) = (1.2+2.4Sin30/2) = 2.7m 

Resultant force on gate (F) = ? 

Cp (ݕ௣) = ? 

ܨ  =   9810x1.8x 2.7 = 47676N = 47.676 KN = ݕ̅ܣߛ

M.I. about CG ሺீܫሻ = ଵଵଶ .ͳݔͳ.ͷݔ ʹଷ = 0.216 m
4
௣ݕ  = ݕ̅ + ூಸௌ𝑖௡మ𝜃஺௬̅ = ʹ.͹ + ଴.ଶଵ଺ௌ𝑖௡మଷ଴ଵ.଼௫ଶ.଻  = 2.71m 

 

3. An inclined circular with water on one side is shown in the fig. Determine the total resultant force 

acting on the gate and the location of c.p. 

 

 

 

 

 

 

 

 

Solution: 

Area (A) = ݔߨ ଵమସ  = 0.785 m
2
 

Location of CG (̅ݕ) = (1.0+1.8Sin60/2) = 2.23m 

Resultant force on gate (F) = ? 

Cp (ݕ௣) = ? 

ܨ  =   9810x0.785x2.23 = 17173N = 17.173 KN = ݕ̅ܣߛ

M.I. about CG ሺீܫሻ = గ଺ସ ͳସ = 0.049 mݔ
4
௣ݕ  = ݕ̅ + ூಸௌ𝑖௡మ𝜃஺௬̅ = ʹ.ʹ͵ + ଴.଴ସଽௌ𝑖௡మ଺଴଴.଻଼ହ௫ଶ.ଶଷ  = 2.25m 

1m 

60
0
 

Water 

Gate 

1.8m 
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4. Gate AB in the fig. is 1m long and 0.7m wide. Calculate force F on the gate and position X of c.p. 

 

 

 

 

 

 

 

 

 

 

Solution: 

Sp. wt of oil (ߛ) =0.81x9810 = 7946 N/m3 

Area (A) = 0.7x1 = 0.7 m
2
 

Location of CG (̅ݕ) = (1+3Sin50+1Sin50/2) = 4.15m 

Resultant force on gate (F) = ? 

x = ? 

ܨ  =   7946x0.7x4.15 = 23083 N = 23.08 KN = ݕ̅ܣߛ

M.I. about CG ሺீܫሻ = ଵଵଶ ͳଷ = 0.058 mݔͲ.͹ݔ
4
 

Vertical distance of CP from free surface ݕ௣ = ݕ̅ + ூಸௌ𝑖௡మ𝜃஺௬̅ = Ͷ.ͳͷ + ଴.଴ହ଼ௌ𝑖௡మହ଴଴.଻௫ସ.ଵହ  = 4.161m 

Vertical distance between CP from CG = 4.161-(3+1Sin50)= 0.395m 

x =  0.395/sin50= 0.515m 

 

 

5. The gate in the fig. is 1.2m wide, is hinged at point B, and rests against a smooth wall at A. 

Compute (a) the force on the gate due to sea water pressure, (b) the horizontal force exerted by the 

wall at point A, and (c) the reaction at hinge B. 

 

 

x 

1m 

1m 
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Solution:  

Sp wt of sea water (ߛ) = 1025x9.81 = 10055 N/m
3
 

Area (A) = 1.2x3.6 = 4.32 m
2
 

Location of CG (̅ݕ) = (2.2-5.1)+4.0 = 2.2/2m 

a) Resultant force on gate (F) = ? ܨ =   10055x4.32x4.0 = 173750 N = 173.75 KN = ݕ̅ܣߛ

 

b) Force P = ? 

M.I. about CG ሺீܫሻ = ଵଵଶ ͸ଷ = 4.665 m.͵ݔʹ.ͳݔ
4
 

Vertical distance of CP from free surface ݕ௣ = ݕ̅ + ூಸௌ𝑖௡మ𝜃஺௬̅ = Ͷ.Ͳ + ସ.଺଺ହ௫ሺଶ.ଶ/ଷ.଺ሻమସ.ଷଶ௫ସ  = 4.1m 

Vertical distance between B and CP = 5.1-4.1 = 1m 

LoĐatioŶ of F fƌoŵ B = ϭ/siŶθ = ϭ.ϲϯϲŵ 

Taking moment about B, 

Px2.2-173.75x1.636 = 0 

P = 129.2KN 

 

c) Reactions at hinge, Bx and By =  ? 

CP 

CG 
F 

P 

θ 

Bx 

A 

B 

P 

B 

A 

θ 

 

Patm 

Wall 

Gate 

Hinge 

Sea water 

Density = 1025kg/m
3
 

5.1m 

2.85m 

2.2m 

By 

3.6m 
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∑ ௫ܨ = Ͳ  

Bx – 129.2 + 173.75x2.2/3.6 = 0 

Bx = 23.02 KN ∑ ௬ܨ = Ͳ  

By - 173.75x2.85/3.6 = 0 

By = 137.55 KN 

 

6. Gate AB in fig. is 4.8m long and 2.4m wide. Neglecting the weight of the gate, compute the water 

level h for which the gate will start to fall.  

 

 

 

 

 

 

 

 

 

Solution: 

Area (A) = 2.4xh/Sin60 = 2.77h m
2
 

Location of CG (̅ݕ) = h/2 m 

Resultant force on gate (F) is ܨ = 9810x2.77hxh/2 = 13587h = ݕ̅ܣߛ
2
 N 

 

M.I. about CG ሺீܫሻ = ଵଵଶ ሺݔͶ.ʹݔ ℎ௦𝑖௡଺଴ሻଷ = 0.308h
3
 m

4
 

Vertical distance of CP from free surface ݕ௣ = ݕ̅ + ூಸௌ𝑖௡మ𝜃஺௬̅ = ℎ/ʹ + ଴.ଷ଴଼ℎయ ௌ𝑖௡మ଺଴ଶ.଻଻ℎ௫ℎ/ଶ  = 0.667h 

Distance of F from B = (h-0.667h)/Sin60=0.384h 

 

Taking moment about B, 

CP 

A 

C 

60
0
 

B 

A 

4.8m 

h 
Water 

5000N 

5000N 

F 

B 

CG 

Zcp 
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5000x4.8-13587h
2
x0.384h = 0 

h = 1.66m 

 

 

7. Find the net hydrostatic force per unit width on rectangular panel AB in the fig. and determine its 

line of action. 

 

 

 

 

 

 

 

Solution: 

Area (A) = 2x1 = 2 m
2
 

Location of CG (̅ݕ) = 4 = 2/2+1+2 m for water side 

Location of CG (ݕͳ̅̅̅̅ ) = 1+2/2 = 2 m for glycerin side 

 

Resultant force on gate (F) = ? ܨ =   ݕ̅ܣߛ

 

Force due to water (Fwater) = 9.81 = ݕ̅ܣߛx2x4 = 78.49KN 

Force due to glycerin (Fglyc) = ݕܣߛͳ̅̅̅̅  =12.36x2x2 = 49.44KN 

Net force (F) = 78.49-49.44 = 29.04KN 

 

M.I. about CG ሺீܫሻ = ଵଵଶ ଷ = 0.666 mʹݔͳݔ
4
 

 

 

Distance of Fwater from CG (ݕ௖௣ଵ) = ݕ̅ + ூಸ஺௬̅ = Ͷ + ଴.଺଺଺ଶ௫ସ  = 4.083m 

y 

FWate

r 

F 

A 

CG 

B 

A 

1m 

2m 

1m 

2m 

Water 

Glycerin 

Sp. wt. = 12.36 KN/m
3
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Distance of Fglyc from CG (ݕ௖௣ଶ) = ݕ̅ + ூಸ஺௬ଵ̅̅̅̅ = ʹ + ଴.଺଺଺ଶ௫ଶ  = 2.166m 

Taking moment about B, 

29.04y = 78.49x(5-4.083)-49.44x(3-2.166) 

y = 0.945m 

 

 

 

8. Circular gate ABC in the fig. is 4m in diameter and is hinged at B. Compute the force P just 

sufficient to keep the gate from opening when h is 8m. 

 

 

 

 

 

 

 

 

Solution: 

Area (A) = ݔߨ ସమସ  = 12.56 m
2
 

Location of CG (̅ݕ) = 8m 

P = ? 

Resultant force on gate (F)  ܨ =  9810x12.56x8 = 985708 N = 985.708KN = ݕ̅ܣߛ

M.I. about CG ሺீܫሻ = గ଺ସ Ͷସ = 12.56 mݔ
4
 

Position of CP from free surface ݕ௖௣ = ݕ̅ + ூಸ஺௬̅ = ͺ + ଵଶ.ହ଺ଵଶ.ହ଺௫଼ = 8.125 m 

Taking moment about B, 

985.7x0.125-Px2=0 

P = 61.6KN 

P 

2m 

2m 

C 

B 

A 

Water 

h 

P 

F 

ycp 
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9. The tank in the fig. contains oil (sp gr = 0.8) and water as shown. Find the resultant force on side 

ABC and its point of application. ABC is 1.2m wide. 

 

 

 

 

Solution: 

Sp wt of oil (ߛ௢𝑖௟) = 0.8*9810 N/m
3
 = 7848 N/m

3
   

Area (A1) = 1.2x3 = 3.6 m
2
 

Area (A2) = 1.2x1.8 = 2.16 m
2
 

Location of CG for AB (ݕͳ̅̅̅̅ ) = 3/2 =1.5m 

Resultant force on ABC = ? 

 

Force on AB ܨ஺஻ = ͳ̅̅̅̅ݕͳܣ௢𝑖௟ߛ  =7848x3.6x1.5 = 42379N 

Pt. of application of FAB = (2/3)x3 = 2m below A 

 

Force on BC 

Water is acting on BC and any superimposed liquid can be converted to an equivalent depth of 

water. 

Equivalent depth of water for 3m of oil = 
ఊ೚𝑖೗ ℎ೚𝑖೗ఊ = ଻଼ସ଼௫ଷଽ଼ଵ଴  = 2.4m  

Employ an imaginary water surface of 2.4m. 

Location of CG for IWS (ݕʹ̅̅̅̅ ) = 2.4+1.8/2 = 3.3m 

஻஼ܨ  = ̅̅̅̅ʹݕʹܣߛ  = 9810x2.16x3.3 = 69925N 

Point of application of FBC from A is 

 

ℎ̅ = ̅̅̅̅ʹݕ + ூಸ஺௬ଶ̅̅̅̅ = ͵.͵ + భభమ௫ଵ.ଶ௫ଵ.଼యଶ.ଵ଺௫ଷ.ଷ   =3.38 m 

i.e. 3.38+0.6 = 3.98m from A 

B 

2m 

2.4m 
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A 
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Total force on side ABC (F) = 42379+69925 = 112304N = 112.304 KN 

Taking moment about A, 

112304 y = 42379x2+69925x3.98 

y = 3.23m 

F acts at 3.23m below A. 

 

(Alternative method: Solve by drawing pressure diagram. Force = Area of pressure diagram x width. 

Take moment to find position of resultant force.) 

 

10. Gate AB in the fig. is 1.25m wide and hinged at A. Gage G reads -12.5KN/m
2
, while oil (sp gr = 

0.75) is in the right tank. What horizontal force must be applied at B for equilibrium of gate AB? 

 

 

 

 

 

 

Solution: 

Sp wt of oil (ߛ௢𝑖௟) = 0.75*9810 N/m
3
 = 7357.5  N/m

3
   

Area (A) = 1.25x1.8 = 2.25 m
2
 

Location of CG for right side (ݕͳ̅̅̅̅ ) = 1.8/2 =0.9m 

 

Force on AB at the right side ܨ௢𝑖௟ = ͳ̅̅̅̅ݕܣ௢𝑖௟ߛ  =7357.5x2.25x0.9 = 14899N 

Pt. of application of Foil = (2/3)x1.8 = 1.2m from A 

 

Left side 

For the left side, convert the negative pressure due to air to equivalent head in water. 

Equivalent depth of water for -12.5KN/m
2
 pressure = 

௉ఊ = −ଵଶ.ହଽ.଼ଵ  = -1.27m  

2.33m 

1.27m 

Air 

B 

A 

G 

Water 

1.8m 

5.4m 

Oil 
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This negative pressure head is equivalent to having 1.27m less water above A. 

Location of CG from imaginary water surface (ݕʹ̅̅̅̅ ) = 2.33 + 1.8/2 = 3.23m 

௪௔௧௘௥ܨ  = ̅̅̅̅ʹݕܣߛ  = 9810x2.25x3.23 = 71294N 

Point of application of Fwater from A is 

 

ℎ̅ = ݕ̅ + ூಸ஺௬̅ = ͵.ʹ͵ + భభమ௫ଵ.ଶହ௫ଵ.଼యଶ.ଶହ௫ଷ.ଶଷ   =3.31m from IWS 

i.e. 3.31-2.33  = 0.98m from A 

 

Taking moment about A 

Px1.8 + 14899x1.2-71294x0.98 = 0 

P = 28883 N = 28.883 KN 

 

11. The gate AB shown is hinged at A and is in the form of quarter-circle wall of radius 12m. If the 

width of the gate is 30m, calculate the force required P to hold the gate in position.  

 

 

 

 

 

Solution: 

Horizontal force ሺܨுሻ =  9810x(30x12)x12/2 = 21189600 N = 21189.6 KN (right) = ݕ̅ܣߛ

FH acts at a distance of 12x1/3 =4m above the hinge A. 

Vertical force (Fv) = Weight of volume of water vertically above AB = ݉ݑ݈݋ܸ ߛ ஺݁ை஻  

                                 = ͻͺͳͲݔ [గ௫ଵଶమସ  Ͳ] = 33284546 N = 33284.546 KN     (downward)͵ݔ

FV acts at a distance of Ͷ4 = ߨ͵/ݎx12/3x3.1416 = 5.1m from the vertical AO. 

Taking moment about A, 

Px12= 21189.6x4+33284.546x5.1 

P = 21209 KN 

FH 

A 

Foil Fwate

 

B P 

A 

B O 
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P 
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12. The water is on the right side of the curved surface AB, which is one quarter of a circle of radius 

ϭ.ϯŵ. The taŶk’s leŶgth is Ϯ.ϭŵ. FiŶd the hoƌizoŶtal aŶd ǀeƌtiĐal ĐoŵpoŶeŶt of the hǇdƌostatiĐ aĐtiŶg 
on the curved surface. 

 

 

 

 

 

 

 

 

Solution: 

Horizontal force ሺܨுሻ =  9810x(1.3x2.1)x(2.5+1.3/2) = 84361 N = 84.361 KN  (right) = ݕ̅ܣߛ

 

Vertical force (Fv) = Weight of imaginary volume of water vertically above AB  

݉ݑ݈݋ܸ] ߛ =                                  ஺݁ை஻ +   [஺ை஼஽݁݉ݑ݈݋ܸ
                                 = ͻͺͳͲݔ [గ௫ଵ.ଷమସ ͳ.ʹݔ + ʹ.ͷݔͳ.͵ݔʹ.ͳ] = 94297 N = 94.297KN (downward) 

 

 

13.  The 1.8m diameter cylinder in the fig. weighs 100000N and 1.5m long. Determine the reactions 

at A and B, neglecting friction. 

 

 

 

 

 

Solution: 

Horizontal force ሺܨுሻ =  0.8x9810x(1.8x1.5)x(1.8/2) = 19071 N (right) = ݕ̅ܣߛ

 

Vertical force (Fv) = Weight of volume of water vertically above BDC  

Vertical force (Fv) =(Fv)DB -  (Fv)DC =   ݁݉ݑ݈݋ܸ] ߛ஻஽ா஼ை −                                                   [஽ா஼஽݁݉ݑ݈݋ܸ
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 =   ஻஼஽݁݉ݑ݈݋ܸߛ

 =Ͳ.ͺݔͻͺͳͲݔ [గ௫଴.ଽమଶ    ͳ.ͷ] = 14978 N (up)ݔ

Reaction at A = FH = 19071 N (left) 

Reaction at B = Weight of cylinder – FV = 100000-14978 = 85022N (up) 

 

14.  In the fig., a 2.4m diameter cylinder plugs a rectangular hole in a tank that is 1.4m long. With 

what force is the cylinder pressed against the bottom of the tank due to the 2.7m depth of water? 

 

 

 

 

 

 

 

 

                                                                                           1.2cos30 = 1.04m 

                                                                                        0.16m 

Solution: 

Water is above the curve portion CDE, whereas it is below the curve portion AC and BE. For AC and 

BE, imaginary weight of water vertically above them is considered and the vertical force on theses 

part acts upwards. 

Net vertical force= (FV)CDE (down) – (FV)AC (up) – (FV)BE (up) 

                     = Weight of volume of water vertically above CDE- imaginary Weight of volume above 

arc AC- imaginary weight of volume above arc BE 

݉ݑ݈݋ܸ] ߛ=                 ݁ ௔௕௢௩௘ ஼஽ா − ݉ݑ݈݋ܸ  ݁௔௕௢௩௘ ஺஼ − ݉ݑ݈݋ܸ  ݁௔௕௢௩௘ ஻஻]     = ͻͺͳͲݔ[ሺܰܯܧܥ ݈݁݃݊ܽݐܿ݁ݎ ݁݉ݑ݈݋ݒ − −ሻܧܦܥ ݈݁ܿݎ݅ܿ݅݉݁ݏ ݁݉ݑ݈݋ݒ ሺܴܰܲܥ݈݁݃݊ܽݐܿ݁ݎ ݁݉ݑ݈݋ݒ + ܣܱܥݎ݋ݐܿ݁ݏ ݁݉ݑ݈݋ݒ − −ሻܣܱܴ݈݁݃݊ܽ݅ݎݐ ݁݉ݑ݈݋ݒ ሺܳܯܧ݈ܵ݁݃݊ܽݐܿ݁ݎ ݁݉ݑ݈݋ݒ + ܧܱܤݎ݋ݐܿ݁ݏ ݁݉ݑ݈݋ݒ −  [ሻܱܵܤ݈݁݃݊ܽ݅ݎݐ ݁݉ݑ݈݋ݒ
=ͻͺͳͲݔ [ቀʹ.Ͷݔʹ.ͳݔͳ.Ͷ − గ௫ଵ.ଶమଶ ͳ.Ͷቁݔ − ቀͲ.ͳ͸ݔʹ.ͳݔͳ.Ͷ + ଷ଴ଷ଺଴ ͳ.Ͷݔͳ.ʹଶݔߨݔ − ଵଶ ͳ.ͲͶݔ. ͸ݔͳ.Ͷቁ −ቀͲ.ͳ͸ݔʹ.ͳݔͳ.Ͷ + ଷ଴ଷ଺଴ ͳ.Ͷݔͳ.ʹଶݔߨ − ଵଶ ͳ.ͲͶݔ. ͸ݔͳ.Ͷቁ]  

= 27139N (down) 
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15. A dam has a parabolic profile as shown in the fig. Compute the horizontal and vertical 

components of the force on the dam due to the water. The width of dam is 15m. (Parabolic area = 

2/3(b*d) 

 

 

 

 

 

                                          

 

Solution: 

Horizontal force ሺܨுሻ =  9810x(15x6.9)x6.9/2 = 3502906 N = 3502.906 KN (right) = ݕ̅ܣߛ

 

Vertical force (Fv) = Weight of volume of water vertically above AB = ݉ݑ݈݋ܸ ߛ  ݁௔௕௢௩௘ ஺஻  

                                 = ͻͺͳͲ ݔ ଶଷ  ͳͷ = 2030670 N = 2030.67 KN (down)ݔ͸.ͻݔ͵ݔ

 

16.  The bottled liquid (sp gr = 0.9) in the fig. is under pressure, as shown by the manometer reading. 

Compute the net force on the 50mm radius concavity in the bottom of the bottle. 

 

 

 

 

 

 

Solution: 

From symmetry, FH = 0 

Manometeric equation for pressure, 

஺ܲ஺ + Ͳ.Ͳ͹ݔߛ =   ʹͲ.ͳݔு௚ߛ 

PAA + 0.9x9810x0.07 = 13.6x9810x0.12 

PAA = 15392 N/m
2
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FV = PAA Abottom+ Weight of liquid below AA = PAA Abottom+ ݁݉ݑ݈݋ܸ ߛ௕௘௟௢௪ ஺஺ 

     = PAA Abottom+ ݁݉ݑ݈݋ܸ] ߛ௖௬௟𝑖௡ௗ௘௥ ௢௙ ℎ௘𝑖௚ℎ௧ ଵ଺௖௠ −  [ℎ௘௠𝑖௦௣ℎ௘௥௘ ௢௙ ௥௔ௗ𝑖௨௦ ହ଴௠௠݁݉ݑ݈݋ܸ
     = ͳͷ͵ͻʹݔߨݔͲ.Ͳͷଶ + Ͳ.ͻݔͻͺͳͲ[ݔߨͲ.ͲͷଶݔͲ.ͳ͸ − ଵଶ ݔ ସଷ  [Ͳ.Ͳͷଷݔߨݔ

     = 129.7N (down) 

 

17. The cylinder in the fig. is 1.5m long and its radius is 1.25m. Compute the horizontal and vertical 

components of the pressure force on the cylinder. 

 

 

 

 

 

Solution: 

AB = 1.25+1.25Sin45 = 1.25+0.88 = 2.13m 

Horizontal force ሺܨுሻ =  9810x(2.13x1.5)x(2.13/2) = 33380 N = 33.38 KN (right) = ݕ̅ܣߛ

 

Vertical force (Fv) = Weight of volume of water vertically above ABC  

ͳ ݁݉ݑ݈݋ܸ] ߛ =                                  + ʹ݁݉ݑ݈݋ܸ + ͵݁݉ݑ݈݋ܸ + =  [Ͷ݁݉ݑ݈݋ܸ ͻͺͳͲݔ [ͳʹ ͳ.ͷݔͳ.ʹͷଶݔߨݔ + Ͳ.ͺͺݔͳ.ʹͷݔͳ.ͷ + Ͳ.ͷݔͲ.ͺͺݔͲ.ͺͺݔͳ.ͷ + ͳͅ  [ͳ.ͷݔͳ.ʹͷଶݔߨݔ

              = 67029N = 670.29 KN (up) 

 

18. The 1m diameter log (sp gr = 0.82) divides two shallow ponds as shown in the fig. Compute the 

net horizontal and vertical reactions at point C, if the log is 3.7m. 
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Solution: 

Horizontal force on ADC ሺܨுଵሻ = ͳ̅̅̅̅ݕͳܣߛ  = 9810x3.7x1x1.2= 43556 N (right) 

Horizontal force on BC ሺܨுଶሻ = ̅̅̅̅ʹݕʹܣߛ  = 9810x3.7x0.5x0.5/2= 4537 N (left) 

Vertical force on ADC (FV1) = Weight of volume of water vertically above ADC          

 Vertical force (Fv1) =(Fv)MNDCOAM (up)-  (Fv)MNDAM (down)                                                  

 = ݉ݑ݈݋ܸߛ ஺݁ை஼஽  

 = ͻͺͳͲݔ ଵଶ  ͹  = 14254N (up).͵ݔͲ.ͷଶݔߨݔ

Vertical force on BC (FV2) = Weight of volume of water (imaginary) vertically above BC  

஻ை஼݁݉ݑ݈݋ܸ ߛ =                                    
                                 = ͻͺͳͲݔ ଵସ  ͹  = 7127N (up).͵ݔͲ.ͷଶݔߨݔ

Weight of log (W) =  ߛ௟௢௚ ܸ݁݉ݑ݈݋௟௢௚  
                                 = Ͳ.ͺʹݔͻͺͳͲݔߨݔͲ.ͷଶݔ͵.͹  = 23376N (down) 

Horizontal reaction at C (Rx) 

-RX +FH1- FH2 = 0 

Rx = FH1- FH2 = 43556 – 4537 = 39019N (left) 

Vertical reaction at C (Ry) 

Ry + FV1 + FV2 – W = 0 

Ry = 23376-14254-7127 = 1995N (up) 

 

19. The 0.9m diameter cylinder in the fig. is 7m long and rests in static equilibrium against a 

frictionless wall at point B. Compute the specific gravity of the cylinder. 

 

 

 

 

 

Solution: 
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Vertical force (FV) = Weight of volume of water vertically above ADBECA  

= (Fv) on semi-circle ACE + (Fv) on quadrant BE 

For BE, imaginary weight of fluid vertically above it is considered 

݉ݑ݈݋ܸ] ߛ =                                   ݁஺ைா஼ + ݉ݑ݈݋ܸ  ݁஻ைா +   [஺஽஻ை݁݉ݑ݈݋ܸ
                                 = ͻͺͳͲ [ଵଶ ͹ݔͲ.Ͷͷଶݔߨ + ଵସ ͹ݔͲ.Ͷͷଶݔߨ + Ͳ.ͶͷݔͲ.Ͷͷݔ͹]  = 46670N (up) 

The reaction at B is purely horizontal. 

 

Weight of cylinder (W) = FV  

W = 46670N 

௖௬௟ߛ  ௖௬௟݁݉ݑ݈݋ܸ  = Ͷ͸͸͹Ͳ  ߛ௖௬௟ ͹ݔͲ.Ͷͷଶݔߨ  = Ͷ͸͸͹Ͳ  ߛ௖௬௟   = 10480 N/m
3
 

Sp gr of cylinder = 
ఊ೎೤೗ఊ = ଵ଴ସ଼଴ଽ଼ଵ଴  = 1.07 

 

 

 

20. Find the horizontal and vertical forces per m of width on the tainter gate shown in the fig. 

 

 

 

 

 

 

 

Solution: 

Horizontal force ሺܨுሻ =  9810x(7.5x1)x7.5/2 = 275906 N = 275.906 KN (right) = ݕ̅ܣߛ

FH acts at a distance of 7.5x2/3 = 5m from water surface. 

 

Vertical force (Fv) = Weight of imaginary volume of water vertically above ABCA 

30
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݉ݑ݈݋ܸ] ߛ =                                  ݁௦௘௖௧௢௥஺ை஻஼ − ݉ݑ݈݋ܸ  ݁௧௥𝑖௔௡௚௟௘஺ை஻]  
                                 = ͻͺͳͲݔ [ ଺଴ଷ଺଴ ͳݔ͹.ͷଶݔߨݔ − Ͳ.ͷݔ͹.ͷݔሺ͹.ͷݏ݋ܥ͵Ͳሻݔͳ]  

                               = 49986N = 49.986KN (up) 

FV acts through the centroid of the segment ABCA. 

 

21. The tank whose cross section is shown in fig. is 1.2m long and full of water under pressure. Find 

the components of the force required to keep the cylinder in position, neglecting the weight of the 

cylinder. 

 

 

 

 

 

 

 

 

 

Solution: 

Pressure =14KPa 

Equivalent head of water = 
௉ఊ = ଵସ଴଴଴ଽ଼ଵ଴  = 1.43m 

Apply 1.43m water above the cylinder. 

Horizontal force ሺܨுሻ =  9810x(0.9x1.2)x(1.43+0.9/2) = 19918 N = 19.918 KN (right) = ݕ̅ܣߛ

Sin(OEF) = 0.3/0.6 

<OEF = 30
0
 = <EOD 

EF = 0.6Cos30 = 0.52m 

Vertical force (Fv) = (Fv)MABFOCDEM -(Fv)MAED 

      = Weight of volume of water vertically above ABFOCDEA 

݉ݑ݈݋ܸ] ߛ =               ݁஺஻ிா + ݉ݑ݈݋ܸ  ݁௧௥𝑖௔௡௚௟௘ாைி + ݉ݑ݈݋ܸ  ݁௦௘௖௧௢௥ ாை஽ + ݉ݑ݈݋ܸ  ݁௤௨௔ௗ௥௔௡௧ ஼ை஽]  
              = ͻͺͳͲݔ [Ͳ.ͷʹݔͳ.Ͷ͵ݔͳ.ʹ + Ͳ.ͷݔͲ.͵ݔͲ.ͷʹݔͳ.ʹ + ଷ଴ଷ଺଴ ʹ.ͳݔͲ.͸ଶݔߨݔ + ଵସ   [ʹ.ͳݔͲ.͸ଶݔߨݔ

             = 14110 N = 14.11 KN (up) 
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Forces required to keep the cylinder in positions are: 19.918KN to the right and 14.11KN to the up. 

 

22. Each gate of a lock is 6m high and is supported by two hinges placed on the top and the bottom. 

When the gates are closed, they make an angle of 120
0
. The width of the lock is 7m. If the water 

levels are 5m and 2m at upstream and downstream respectively, determine the magnitude of forces 

on the hinge due to the water pressure. 

 

 

 

 

 

 

 

Solution: 

F = Resultant water force, P = Reaction between gates, R = total reaction at hinge 

θ = ϯϬ0
 

Width of lock = 3.5/cos30 = 4.04m 

Resolving forces along gate 

PĐosθ = RĐosθ i.e. P=R    ;aͿ 

Resolving forces normal to gate 

PSiŶθ +RSiŶθ = F                ;ďͿ 

From a and b 

P = F/ϮSiŶθ 

 

Horizontal force on upstream side ሺܨଵሻ = ͳ̅̅̅̅ݕͳܣߛ  = 9810x4.04x5x5/2= 495405 N  

F1 acts at 5/3m = 1.66 from bottom 

Horizontal force on downstream side ሺܨଶሻ = ̅̅̅̅ʹݕʹܣߛ  = 9810x4.04x3x3/2= 178346N 

F2 acts at 3/3 = 1m from bottom 

F = F1– F2 = 495405-178346 = 317059 N 

 

Taking moment about the bottom to find the point of application of F, 

Rb 
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317059y = 495405x1.66-178346x1 

y = 2.03m 

 

P = F/ϮSiŶθ = ϯϭϳϬϱϵ/ϮsiŶϯϬ =ϯϭϳϬϱϵN 

R = P  =  317059N 

 

Taking moment about bottom hinge 

Rt x6 =317059x2.03 

Rt  = 107272N = 107.272KN 

Rb = R – Rt = 317059-107272 = 209787N = 209.787KN 

 

23. Find the net horizontal and vertical forces acting on the surface ABCDEF of width 5m as shown in 

the figure below.  BCD is a half circle. 
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Solution: 

AB = 2/Sin45
0
 = 2.8284m 

EF = 2/Sin45
0
 = 2.8284m 

 

Pressure force on inclined surface AB ሺܨଵሻ = ଵ̅̅ݕଵܣ௪௔௧௘௥ߛ ̅ = 9810x(2.8284x5)x1 = 138733N which is 

perpendicular to AB 

F1x = F1 Cos45
0
 = 138733 Cos45

0
 = 98099N (right) 

F1y = F1 Sin45
0
 = 138733 Sin45

0
 = 98099N (up) 

For curved surface BCD ܨଶ௫ = ଶ̅̅ݕଶܣ௪௔௧௘௥ߛ ̅ = 9810x(2x5)x3 =  294300 N (right) ܨଶ௬ = ௪௔௧௘௥ߛ ௔ܸ௕௢௩௘ ஻஼஽ = ͻͺͳͲݔ ቀଵଶ ݔߨ ଶమସ ቁ  ͷ = 77048N (down)ݔ

 

Pressure force on EF due to water ሺܨଷሻ = ଷ̅̅ݕଷܣ௪௔௧௘௥ߛ ̅ = 9810x(2.8284x5)x5 = 693665N which is 

perpendicular to EF 

F3x = F3 Cos45
0
 = 693665 Cos45

0
 = 490495N (right) 

F3y = F3 Sin45
0
 = 693665 Sin45

0
 = 490495N (up) 

 

Pressure force on EF due to oil ሺܨସሻ =  ସ̅̅̅ = 0.8x9810x(2.8284x5)x1 = 110986N which isݕସܣ௢𝑖௟ߛ

perpendicular to EF 

F4x = F4 Cos45
0
 = 1109955 Cos45

0
 = 78479N (left) 

F4y = F4 Sin45
0
 1109955 Sin45

0
 =78479N (down) 

Net horizontal force = 98099+294300+490495-78479N = 804415N  (right) 

Net vertical force = 98099-77048+490495-78479N = 433067N (up) 

 

 

 

 

 

24. Calculate the pressure force on the curved surface ABCD as shown in the figure below. AB is a 

quadrant of radius 1m and BCD is a semi-circle of radius 1m. Take width of curve = 5m. 
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Solution: 

Horizontal force on AB (ܨଵ௫ሻ = ଵ̅̅ݕଵܣ௪௔௧௘௥ߛ ̅ = 9810x(1x5)x3.5 = 171675N (right) 

Vertical force on AB ሺܨଵ௬ሻ = ௪௔௧௘௥ߛ ௔ܸ௕௢௩௘ ஺஻ ሺ𝑖௠௔௚𝑖௡௔௥௬ሻ = ͻͺͳͲݔ ቀଵସ ͳଶݔߨ + ͳቁݔ͵  ͷ = 185674Nݔ

(up) 

 

Horizontal force on BCD from the left side (ܨଶ௫ሻ = ଶ̅̅ݕଶܣ௪௔௧௘௥ߛ ̅ = 9810x(2x5)x5 = 490500N (right) 

Vertical force on BCD from the left side ሺܨଶ௬ሻ = ௪௔௧௘௥ߛ ௔ܸ௕௢௩௘ ஻஼஽ = ͻͺͳͲݔ ቀଵଶ ͳଶቁݔߨ  ͷ = 77048Nݔ

(down) 

 

Horizontal force on BCD from the right side (ܨଷ௫ሻ = ଷ̅̅ݕଶܣ௢𝑖௟ߛ ̅ = 0.82x9810x(2x5)x1 = 80442N (left) 

Vertical force on BCD from the right side ሺܨଷ௬ሻ = ௢𝑖௟ߛ ௔ܸ௕௢௩௘ ஻஼஽ = Ͳ.ͺʹݔͻͺͳͲݔ ቀଵଶ ͳଶቁݔߨ  = ͷݔ

63179N (up) 

 

Net horizontal force = 171675+490500-80442 = 581733N = 581.733KN (right) 

Net vertical force = 185674-77048+63179 = 171805N = 171.805KN (up) 

 

 

25. Find the weight of the cylinder (dia. =2m) per m length if it supports water and oil (sp gr = 0.82) 

as shown in the figure. Assume contact with wall as frictionless. 
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Solution: 

 

 

 

 

 

 

 

Downward force on AC due to oil (FVAC) = Weight of oil supported above curve AC 

௢𝑖௟ߛ =  ܥܣ ݁ݒ݋ܾܽ ݈݅݋ ݂݋ ݁݉ݑ݈݋ܸ 

௢𝑖௟ߛ = ݉ݑ݈݋ܸ)  ஺݁ி஼஽ − ݉ݑ݈݋ܸ  ݁௤௨௔ௗ௥௔௡௧ ஺஼஽) 

=Ͳ.ͺʹݔͻͺͳͲ ቀͳݔͳݔͳ − ଵସ   ͳቁ = 1726Nݔͳଶݔߨ

 

Pressure at C due to 1m oil (P) = ߛ௢𝑖௟  ͳ = 0.82x9810x1  = 8044.2 Paݔ 

Equivalent head of water due to 1m oil = 
௉ఊ = ଼଴ସସ.ଶଽ଼ଵ଴  = 0.82m 

Apply 0.82m water above EC. 
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12m 

O 

A B 

x 

dy 

 y 

Upward vertical force on CBE (FVCBE) = Weight of water above CBE = ݉ݑ݈݋ሺܸߛ  ݁௦௘௠𝑖 ௖𝑖௥௖௟௘ ஼஻ா + ݉ݑ݈݋ܸ  ݁஼ெோሻ 

            = ͻͺͳͲ ቀଵଶ ͳݔͳଶݔߨ + Ͳ.ͺʹݔʹݔͳቁ = 31498N 

Weight of cylinder = FVCBE - FVAC = 31498-1726 = 29772 N  

 

 

26. Find the magnitude and direction of the resultant pressure force on a curved face of a dam which 

is shaped according to the relation y = x
2
/6. The height of water retained by the dam is 12m. Assume 

unit width of the dam. 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

The equation of the dam 

y = x
2
ݔ 6/ = √͸ݕ  

Consider an element of thickness dy and length x at a distance y from the base. 

Area of element = xdy 

Area of OAB = ∫ ݕ݀ݔ =ଵଶ଴ ∫ √͸ݕ݀ݕଵଶ଴  = √͸ݔ ଶଷ ଷ/ଶ|଴ଵଶݕ|
 = 67.882 m

2
 

 

Horizontal force ሺܨ௫ሻ =  9810x(12X1)x6 = 706320N = ݕ̅ܣߛ

http://ioeagrineer.blogspot.com/


Fluid Mechanics Dr. K.N DULAL’s Numerical Solution For IOE B.Agri II/I  & BCE II/I 

 Downloaded from http://ioeagrineer.blogspot.com/ 

63 

 

Vertical force (Fy) = Weight of water vertically above dam OA 

ை஺஻݈݋ܸ ߛ = =  9810x67.882x1 = 665922N = ܮை஺஻ܽ݁ݎܣ ߛ 

 

Resultant force ሺܨோሻ = ௫+ଶܨ√   ௬ଶ = 970742N = 970.742KNܨ

Direction of resultant force = ܶܽ݊−ଵ ி೤ிೣ  = ܶܽ݊−ଵ ଺଺ହଽଶଶ଻଴଺ଷଶ଴ = 43.31
0
 

 

27. A cylinder, 2m in diameter and 3m long weighing 3KN rests on the floor of the tank. It has water 

to a depth of 0.6m on one side and liquid of sp gr 0.7 to a depth of 1.25m on the other side. 

Determine the magnitude and direction of the horizontal and vertical components of the force 

required to hold the cylinder in position.                                                                                                                                              

 

 

 

 

 

 

Solution: 

OA= OB = OC = 1m, BD = 0.6m 

OD = 1-0.6 = 0.4m 

CD = ሺͳଶ − Ͳ.Ͷଶሻଵ/ଶ= 0.9165m < ܦܱܥ = ଵ−݊ܽݐ ቀ଴.ଽଵ଺ହ଴.ସ ቁ= 66.4
0
 

OE = 1.25-1 = 0.25m < ܧܱܣ = ଵ−ݏ݋ܿ ቀ଴.ଶହଵ ቁ= 75.5
0
 

<AOB = 180-75.5 = 104.5
0
 

AE = 0.25 tan75.5 = 0.96m 

Weight of cylinder = 3KN = 3000N 

 

Net horizontal force ሺܨுሻ = ሺܨுሻ஺஻ − ሺܨுሻ஼஻ = ͳ̅̅̅̅ݕͳܣ௢𝑖௟ߛ − ̅̅̅̅ʹݕʹܣߛ  

                                                = 0.7x9810x1.25x3x1.25/2-9810x0.6x3x0.6/2 = 10797N (left) 
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Net vertical force (FV)= Weight of volume of oil vertically above AB + Weight of volume of water 

vertically above BC = FvAB (up) + FvBC (up) 

௢𝑖௟ߛ =                                       ݉ݑ݈݋ܸ   ݁஺ா஻ + ஻஽஼݁݉ݑ݈݋ܸߛ   = ܤܱܣ ݎ݋ݐܿ݁ݏ ݂݋ ݁݉ݑ݈݋௢𝑖௟ሺܸߛ  + ሻܧܱܣ∆ ݂݋ ݁݉ݑ݈݋ܸ +                                       ሻܦܱܥ∆ ݂݋ ݁݉ݑ݈݋ܸ− ܥܱܤ ݎ݋ݐܿ݁ݏ ݂݋ ݁݉ݑ݈݋ሺܸߛ
 =ͻͺͳͲݔͲ.͹ ቀଵ଴ସ.ହଷ଺଴ ͵ݔͳଶݔߨݔ + Ͳ.ͷݔͲ.ʹͷݔͲ.ͻ͸ݔ͵ቁ + [ͻͺͳͲݔ ቀ଺଺.ସଷ଺଴ ͵ݔͳଶݔߨݔ − Ͳ.ͷݔͲ.ͻͳ͸ͷݔͲ.Ͷݔ͵ቁ]   
 = 32917N (up) 

The components to hold the cylinder in place are 10797 N to the right and 32917-3000 = 29917N 

down.                                                                                 
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Additional problems on hydrostatic force 

For the system shown in figure, calculate the height H of water at which the rectangular hinged gate 

will just begin to rotate anticlockwise. The width of gate is 0.5m. 

 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Force due to water ሺܨଵሻ = = ݕ̅ܣߛ ͻͺͳͲݔሺͳ.ʹݔͲ.ͷሻݔሺܪ − Ͳ.͸ሻ = ͷͺͺ͸ሺܪ − Ͳ.͸ሻ 

CP of F1  

M.I. about CG ሺீܫሻ = ଵଵଶ ͳ.ʹଷ = 0.072mݔͲ.ͷݔ
4
 

Vertical distance of CP of F1 from free surface ݕ௣ଵ = ݕ̅ + ூಸ஺௬̅ = ሺܪ − Ͳ.͸ሻ + ଴.଴଻ଶଵ.ଶ௫଴.ହሺு−଴.଺ሻ = ሺு−଴.଺ሻమ+଴.ଵଶሺு−଴.଺ሻ   

 

Force due to air pressure (F2)= PA = 40x1000x1.2x0.5 =24000N, which acts at a distance of H-0.6 

from the free surface. 

Taking moment about hinge, ܨଵ[ݕ௣ଵ − ሺܪ − ͳ.ʹሻ] = ܪͲ.͸  ͷͺͺ͸ሺݔଶܨ − Ͳ.͸ሻ [ሺு−଴.଺ሻమ+଴.ଵଶሺு−଴.଺ሻ − ሺܪ − ͳ.ʹሻ] = ʹͶͲͲͲݔͲ.͸  ሺܪ − Ͳ.͸ሻଶ + Ͳ.ͳʹ − ሺܪ − ͳ.ʹሻሺܪ − Ͳ.͸ሻ = ʹ.ͶͶ͸  

H = 1.6m 

F1 

F2 

Hinge 

Gate 

Water 

H 

Air 

40KPa 
1.2m 
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A 3m square gate provided in an oil tank is hinged at its top edge. The tank contains gasoline (sp. gr. 

= 0.7) up to a height of 1.6m above the top edge of the plate. The space between the oil is subjected 

to a negative pressure of 8 Kpa. Determine the necessary vertical pull to be applied at the lower 

edge to open the gate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Head of oil equivalent to -8 Kpa pressure = 
௣ఊ೚𝑖೗ = −଼଴଴଴଴.଻௫ଽ଼ଵ଴ = -1.16m 

This negative pressure will reduce the oil surface by 1.16m. Let AB = new level. Make calculation by 

taking AB as free surface. 

h = 1.6-1.16= 0.44m ̅ݕ = ሺͳ.͸ − ͳ.ͳ͸ሻ + ଵଶ  Ͷͷ = 1.5m݊݅ܵ͵ݔ

Hydrostatic force ሺܨሻ =  0.7x9810x(3x3)x1.5 = 92704.5N = ݕ̅ܣ௢𝑖௟ߛ

CP of F  

M.I. about CG ሺீܫሻ = ଵଵଶ ଷ = 6.75m͵ݔ͵ݔ
4
 

Vertical distance of CP of F1 from free surface ݕ௣ = ݕ̅ + ூಸௌ𝑖௡మ𝜃஺௬̅ = ͳ.ͷ + ଺.଻ହௌ𝑖௡మସହሺଷ௫ଷሻ௫ଵ.ହ   = 1.75m 

Vertical distance between the hinge and F = 1.75-0.44 = 1.31m 

 

h 

B 

A 1.16m 

F 

P 
45

0
 

-8Kpa pressure 

1.6m 

Gasoline 

Gasoline surface 

Gate 

Hinge 

New level due to pressure 

yp 
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Taking moment about the hinge ܲ݊݅ݏ͵ݔͶͷ = ݔܨ ଵ.ଷଵ௦𝑖௡ସହ  ܲ݊݅ݏ͵ݔͶͷ = ͻʹ͹ͲͶ.ͷݔ ଵ.ଷଵ௦𝑖௡ସହ  

P = 80962N 

 

 

There is an opening in a container shown in the figure. Find the force P and the reaction at the hinge 

(R). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Equivalent head of oil due to 24 Kpa pressure = 
௣ఊ೚𝑖೗ = ଶସ଴଴଴଴.଼ହ௫ଽ଼ଵ଴ = 2.9m of oil 

Apply 2.9m of oil above the hinge. ̅ݕ = ʹ.ͻ + ଵଶ  ͳ.ʹܵ݅݊͵Ͳ = 3.2mݔ

Hydrostatic force ሺܨሻ =  0.85x9810x(1.2x1.2)x3.2= 38424N = ݕ̅ܣ௢𝑖௟ߛ

R 

CG CP 

F 

P 

30
0
 

24Kpa 

Gate 

(1.2mx1.2m) 

P 

Hinge 

oil, sp. gr. 

= 0.85 

Container 

2.9m 

yp 
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CP of F  

M.I. about CG ሺீܫሻ = ଵଵଶ ͳ.ʹଷ 0.1728mݔʹ.ͳݔ
4
 

Vertical distance of CP of F1 from free surface ݕ௣ = ݕ̅ + ூಸௌ𝑖௡మ𝜃஺௬̅ = ͵.ʹ + ଴.ଵ଻ଶ଼ௌ𝑖௡మଷ଴ሺଵ.ଶ௫ଵ.ଶሻ௫ଷ.ଶ   = 3.209m 

Vertical distance between the hinge and F = 3.209-2.9 = 0.309m 

 

Taking moment about the hinge ܲݔͳ.ʹ = ͵ͺͶʹͶݔ ଴.ଷ଴ଽ௦𝑖௡ଷ଴  

P = 19788N 

 

R+P=F 

R = 38424-19788 = 18636N 
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Tutorial 4 

Buoyancy and floatation 

 

1. A rectangular pontoon has a width of 6m, length of 10m and a draught of 2m in fresh water. 

Calculate (a) weight of pontoon, (b) its draught in seawater of density 1025 kg/m
3
 and (c) the load 

that can be supported by the pontoon in fresh water if the maximum draught permissible is 2.3m. 

Solution: 

a) Weight of pontoon = Weight of water displaced  

                                   W = ߛ௪௔௧௘௥ ௪ܸ௔௧௘௥ ௗ𝑖௦௣௟௔௖௘ௗ = 9810x6x10x2 = 1177200 N = 1177.2 KN 

b) Draught in sea water (D) = ? 

Weight of pontoon = Weight of sea water displaced  

  ௦௘௔ ௪௔௧௘௥ܸߛ = 1177200                             

                             1177200 = ͳͲʹͷݔͻ.ͺͳݔ͸ݔͳͲܦݔ  

                            D = 1.95m 

c) Dmax = 2.3m 

 Load that can be supported in fresh water (P) = ? 

Total upthrust (FB) = Weight of water displaced  

௪௔௧௘௥ߛ =                                  ௪ܸ௔௧௘௥ ௗ𝑖௦௣௟௔௖௘ௗ = 9810x6x10x2.3 = 1353780N = 1353.78KN 

 

P = FB – W = 1353.78-1177.2= 176.58 KN 

 

2. A steel pipeline carrying gas has an internal diameter of 120cm and an external diameter of 

125cm. It is laid across the bed of a river, completely immersed in water and is anchored at intervals 

of 3m along its length. Calculate the buoyancy force per meter run and upward force on each 

anchorage. Take density of steel = 7900 kg/m
3
.  

Solution: 

Buoyant force per m = Weight of water displaced per m  

௪௔௧௘௥ܸߛ =                                    = ͻͺͳͲݔ గସ  ͳ = 12039N/mݔͳ.ʹͷଶݔ

Buoyant force for 3m (FB3) = 12039x3 = 36117N 

Weight for 3 m of pipe (W3) = ͵ߛݔ௦௧௘௘௟ ௦ܸ௧௘௘௟                                   
        = ݔͻ.ͺͳݔ͹ͻͲͲݔ͵ గସ ሺͳ.ʹͷଶݔ − ͳ.ʹͲଶሻ = 22369N 
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Upward force on each anchorage = FB3 – W3 = 36117-22369 = 13748N 

 

3. A wooden block of width 2m, depth 1.5m and length 4m floats horizontally in water. Find the 

volume of water displaced and the position of center of buoyancy. The specific gravity of wooden 

block is 0.7. 

Solution: 

Weight of block = Weight of water displaced 

௪௢௢ௗߛ   ௪ܸ௢௢ௗ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ    

  0.7x9810x2x1.5x4 = 9810Vwater displaced 

Vwater displaced = 8.4m
3
 

 

Finding depth of immersion (h) 

Weight of block = Weight of water displaced 

௪௢௢ௗߛ   ௪ܸ௢௢ௗ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ    

  0.7x9810x2x1.5x4 = 9810x2x4xh 

h = 1.05m 

Position of center of buoyancy = h/2 = 0.525m from bottom 

 

4. A piece of wood of sp gr 0.65 is 80mm square and 1.5m long. How many Newtons of lead 

weighing 120KN/m
3
 must be fastened at one end of the stick so that it will float upright with 0.3m 

out of water? 

Solution: 

Length of wood = 1.5m 

Length of wood in water = 1.5-0.3  = 1.2m 

 

Total weight of wood and lead = Weight of water displaced ߛ௪௢௢ௗ ௪ܸ௢௢ௗ + ௟௘௔ௗߛ ௟ܸ௘௔ௗ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ  

 Ͳ.͸ͷݔͻͺͳͲݔͲ.Ͳͺଶݔͳ.ͷ + ௟௘௔ௗߛ  ௟ܸ௘௔ௗ = ͻͺͳͲ[Ͳ.Ͳͺଶݔͳ.ʹ + ௟ܸ௘௔ௗ]  ͸ͳ.ʹͳͶ + ͳʹͲͲͲͲ ௟ܸ௘௔ௗ = ͹ͷ.͵Ͷ + ͻͺͳͲ ௟ܸ௘௔ௗ  

Vlead = 0.000128 m
3
 

Weight of lead =  ߛ௟௘௔ௗ ௟ܸ௘௔ௗ = 120000x0.000128 = 15.38N 
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5. A block of wood floats in water with 40mm projecting above the water surface. When placed in 

glycerin of sp gr 1.35, the block projects 70mm above the surface of that liquid. Determine the sp gr 

of wood. 

Solution: 

A = Area of block 

h = Height of block 

S = sp gr of block 

 

Weight of wooden block (W) = ߛ௪௢௢ௗ ௪ܸ௢௢ௗ =  ℎ                         (a)ܣݔͻͺͳͲݔܵ

Weight of water displaced (WW) = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ  = 9810xA(h-0.04)   (b) 

Weight of glycerin displaced (WG) = ௚௟௬௖௘௥𝑖௡ߛ ௚ܸ௟௬௖௘௥𝑖௡ ௗ𝑖௣௟௔௖௘ௗ  = 1.35x9810(h-0.07) (c) 

Here, W = WW = WG 

 

Equating a and b 

Sx9810xAh= 9810xA(h-0.04)    ܵ =  ℎ−଴.଴ସℎ   

Equating b and c 

9810A(h-0.04) = 1.35x9810A (h-0.07) 

h = 0.155m ܵ =  ℎ−଴.଴ସℎ ==  ଴.ଵହହ−଴.଴ସ଴.ଵହହ  =0.74 

 

6. A rectangular open box, 7.6m by 3m in plan and 3.7m deep, weighs 350KN and is launched in 

fresh water. (a) How deep will it sink? (b)If the water is 3.7m deep, what weight of stone placed in 

the box will cause it to rest on the bottom? 

Solution: 

a) Depth of immersion (h) = ? 

Weight of block = Weight of water displaced 

 ͵ͷͲͲͲͲ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ    

350000 = 9810x7.6x3xh 

h = 1.56m 
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b) Weight of block and stone = Weight of water displaced 

 ͵ͷͲͲͲͲ + ܹ݁݅݃ℎݐ௦௧௢௡௘ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ    ͵ͷͲͲͲͲ + ܹ݁݅݃ℎݐ௦௧௢௡௘ = ͻͺͳͲݔ ͹.͸ݔ͵ݔ͵.͹  

Weightstone = 477572N = 477.57KN 

 

7. A stone weighs 500 N in air and 200N in water. Determine the volume of stone and its specific 

gravity. 

Solution: 

Weight in air-Weight in water = Buoyant force 

Buoyant force (FB) =500-200 = 300N 

FB = Weight of water displaced ͵ͲͲ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ    ͵ͲͲ = ͻͺͳͲݔ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ  

௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ = 0.0306m
3
 

Volume of stone (V) = 0.306m
3
 

Specific weight of stone ሺߛ௦௧௢௡௘ሻ = ௐ௘𝑖௚ℎ௧ 𝑖௡ ௔𝑖௥௏ = ହ଴଴଴.଴ଷ଴଺ = 16340N/m
3
 

 

Specific gravity of stone = ఊೞ೟೚೙೐ఊೢೌ೟೐ೝ =  ଵ଺ଷସ଴ଽ଼ଵ଴  = 1.66 

 

8. A metallic body floats at the interface of mercury of specific gravity 13.6 and water in such a way 

that 30% of its volume is submerged in mercury and 70% in water. Find the density of the metallic 

body. 

Solution: 

Volume of metallic body = V 

DeŶsitǇ of ŵetalliĐ ďodǇ = ʌ 

Weight of metallic body = Weight of fluid displaced = Buoyant force due to mercury + Buoyant force 

due to water ܸ݃ߩ = ௠௘௥௖௨௥௬݃ߩ ௠ܸ௘௥௖௨௥௬ ௗ𝑖௣௟௔௖௘ௗ+ ߩ௪௔௧௘௥݃ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ  ݔߩͻ.ͺͳܸݔ = ͳ͵.͸ݔͳͲͲͲݔͻ.ͺͳݔͲ.͵ܸ + ͳͲͲͲݔͻ.ͺͳݔͲ.͹ܸ  4780 =  ߩ kg/m
3
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9.  A wooden block 4mx1mx0.5m is floating in water. Its specific gravity is 0.76. Find the volume of 

the concrete of specific gravity 2.5, that may be placed on the block which will immerse the (a) block 

completely in water and (b) block and concrete completely in water. 

Solution: 

a) Immersion of the block completely in water 

 

Total weight of block and concrete = Weight of water displaced ߛ௪௢௢ௗ ௪ܸ௢௢ௗ + ௖௢௡௖௥௘௧௘ߛ ௖ܸ௢௡௖௥௘௧௘ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ  Ͳ.͹͸ݔͻͺͳͲݔͶݔͳݔͲ.ͷ + ʹ.ͷݔͻͺͳͲݔ ௖ܸ௢௡௖௥௘௧௘ = ͻͺͳͲݔͶݔͳݔͲ.ͷ  

௖ܸ௢௡௖௥௘௧௘ = 0.192m
3
 

 

b) Immersion of the block and concrete completely in water 

 

Total weight of block and concrete = Weight of water displaced ߛ௪௢௢ௗ ௪ܸ௢௢ௗ + ௖௢௡௖௥௘௧௘ߛ ௖ܸ௢௡௖௥௘௧௘ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ  

 Ͳ.͹͸ݔͻͺͳͲݔͶݔͳݔͲ.ͷ + ʹ.ͷݔͻͺͳͲݔ ௖ܸ௢௡௖௥௘௧௘ = ͻͺͳͲݔ[ͶݔͳݔͲ.ͷ + ௖ܸ௢௡௖௥௘௧௘]  

௖ܸ௢௡௖௥௘௧௘ = 0.32m
3
 

 

10.  Determine the specific weight and volume of an object that weighs 10N in water and 12N in oil 

of specific gravity 0.8.  

Solution: 

Weight of object = W 

Volume of object = V 

 

Weight of object – Weight in water = Buoyant force due to water ܹ − ͳͲ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ  ܹ − ͳͲ = ͻͺͳͲܸ          ܹ − ͳͲ = ͻͺͳͲܸ        (a) 

 

Weight of object – Weight in oil = Buoyant force due to oil 
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ܹ − ͳͲ = ௢𝑖௟ߛ ௢ܸ𝑖௟ ௗ𝑖௣௟௔௖௘ௗ  ܹ − ͳʹ = Ͳ.ͺݔͻͺͳͲܸݔ          ܹ − ͳʹ = ͹ͺͶͺܸ       (b) 

Solving a and b, 

V = 0.001019 m
3
 

W = 10 + 9810x0.001019 = 19.996N 

 

Specific weight of body ሺߛ௕ሻ = ௐ௏ = ଵଽ.ଽଽ଺଴.଴଴ଵ଴ଵଽ = 19623 N/m
3
 

 

11. To what depth will a 2.4m diameter log 5m long and sp gr 0.4 sink in fresh water? 

 

 

 

 

 

                                                              A                             B      B 

 

 

                                                                                    C 

Solution: 

Radius (r) = 1.2m 

Depth of floatation = DC = ? 

 

DB = 1.2Cosθ, DO =ϭ.ϮSiŶθ 

 

Weight of log = Weight of water displaced ߛ௟௢௚ ௟ܸ௢௚ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ  Ͳ.ͶݔͻͺͳͲݔߨݔͳ.ʹଶݔͷ = ͻͺͳͲ[ ௦ܸ௘௖௧௢௥ ை஺஻஼ − ଶܸ ௧௥௔𝑖௡௚௟௘௦ ]  ͻͺͳͲݔͻ.ͲͶ = ͻͺͳͲ [ ଶ𝜃ଷ଺଴ ͷݔͳ.ʹଶݔߨݔ −   [ߠ݊݅ݏʹ.ͳݔߠݏ݋ܿʹ.ͳݔͲ.ͷݔʹ

 

        O 

 

              θ 

         D 
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ͻ.ͲͶ = Ͳ.ͳʹͷ͸ߠ − Ͳ.͹ʹߠʹ݊݅ݏ  

Solving by trial and errors for ߠ ߠ = ͺͲ, Right side = 9.8 ߠ = ͹ͷ, Right side = 9.06 ߠ = ͹Ͷ.ͻ, Right side = 9.04 

 

Take ߠ = ͹Ͷ.ͻ 

Depth of floatation (DC) = OC – OD = 1.2 – 1.2Sin74.9 = 0.041m 

 

12. What fraction of the volume of solid piece of metal of sp gr 7.2 floats above the surface of a 

container of mercury of sp. gr. 13.6? 

Solution: 

V = Volume of metal 

V’ = Voluŵe of ŵeƌĐuƌǇ displaĐed 

 

Weight of body = Weight of mercury displaced ߛ௕௢ௗ௬ ௕ܸ௢ௗ௬ = ௠௘௥௖௨௥௬ߛ ௠ܸ௘௥௖௨௥௬ ௗ𝑖௣௟௔௖௘ௗ  

ϳ.ϮǆϵϴϭϬǆV = ϭϯ.ϲǆϵϴϭϬǆV’ 

V’/V = Ϭ.ϱϯ 

Fraction of volume above mercury = 1-0.53 = 0.47 

 

13. A uniform body of size 4mx2mx1m floats in water. What is the weight of the body if the depth of 

immersion is 0.6m? Also determine the meta-centric height. 

Solution: 

 

Weight of body = Weight of water displaced                          = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ  = 9810x4x2x0.6 = 47088 N 

 

 

Position of center of buoyancy (OB) = 0.6/2 = 0.3m 

Position of cg (OG) = 1/2 = 0.5m                                                                                         
0 

M 

 

G 

B 
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ܤܯ = ூ௏ =  భభమ௫ସ௫ଶయସ௫ଶ௫଴.଺ = 0.556m 

BG = 0.5-0.3 = 0.2m 

GM = MB-BG = 0.556-0.2 = 0.356m 

 

14. A solid cylinder of diameter 3m has a height of 2m. Find the meta-centric height of cylinder when 

it is floating in water with its axis vertical. The specific gravity of cylinder is 0.7.  

Solution: 

h = depth of immersion 

Weight of body = Weight of water displaced  ߛ௖௬௟ ௖ܸ௬௟ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ   Ͳ.͹ݔͻͺͳͲݔߨݔͳ.ͷଶݔʹ = ͻͺͳͲݔߨݔͳ.ͷଶݔℎ  

h = 1.4m 

 

Position of center of buoyancy (OB) = 1.4/2 = 0.7m 

Position of cg (OG) = 2/2 = 1m 

BG = 1-0.7 = 0.3m 

 

ܤܯ = ூ௏ =  భర௫గ௫ଵ.ହరగ௫ଵ.ହమ௫ଵ.ସ = 0.4017m 

GM = MB-BG = 0.4017-0.3 = 0.1017m 

 

 

15. A solid wood cylinder has a diameter of 0.6m and a height of 1.2m. The sp.gr. of the wood is 0.6. 

If the cylinder is placed vertically in oil of sp.gr. 0.85, would it be stable? 

 

Solution: 

h = depth of immersion 

Weight of body = Weight of oil displaced  ߛ௖௬௟ ௖ܸ௬௟ = ௢𝑖௟ߛ ௢ܸ𝑖௟ ௗ𝑖௣௟௔௖௘ௗ   Ͳ.͸ݔͻͺͳͲݔߨݔͲ.͵ଶݔͳ.ʹ = Ͳ.ͺͷݔͻͺͳͲݔߨݔͲ.͵ଶݔℎ  

0 
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h = 0.847m 

 

Position of center of buoyancy (OB) = 0.847/2 = 0.4235 

Position of cg (OG) = 1.2/2 = 0.6m 

BG = 0.6-0.4235 = 0.1765m 

 

ܤܯ = ூ௏ =  భర௫గ௫଴.ଷరగ௫଴.ଷమ௫଴.଼ସ଻ = 0.0265m 

 

GM = MB-BG = 0.0265-0.1765 = -0.15m 

As metacentric height GM is negative, the body is unstable. 

 

16. A body of size 3mx2mx2m floats in water. Find the limit of weight of the body for stable 

equilibrium. 

Solution: 

S = Sp gr of plastic 

h = depth of immersion 

Weight of body = Weight of water displaced  ߛ௕௢ௗ௬ ௕ܸ௢ௗ௬ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ   ܵݔͻͺͳͲݔʹݔ͵ݔʹ = ͻͺͳͲݔʹݔ͵ݔℎ  

h =2S  

 

Position of center of buoyancy (OB) = 2S/2 = S 

Position of cg (OG) = 2/2 = 1m 

BG = OG-OB =1-S 

 

ܤܯ = ூ௏ =  భభమ௫ଷ௫ଶయଷ௫ଶ௫ଶௌ = ଴.ଵ଺଺ௌ   

 

GM = MB-BG = 
଴.ଵ଺଺ௌ − ͳ + ܵ 

For stable equilibrium, GM > 0 

0 

0 
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 ଴.ଵ଺଺ௌ − ͳ + ܵ > Ͳ  

S
2
-S+0.166>0 

Values of S are 0.21 and 0.79 

Lower limit of Weight = ߩ௕௢ௗ௬݃ ௕ܸ௢ௗ௬ = 0.21x1000x9.81x3x2x2 = 24721N = 24.72KN 

Upper limit of weight = ߩ௕௢ௗ௬݃ ௕ܸ௢ௗ௬ = 0.79x1000x9.81x3x2x2 = 92999N = 92.99KN 

 

17. A wooden cylinder of specific gravity 0.6 and circular in cross-section is required to float in oil of 

specific gravity 0.8. Calculate the ratio of length to diameter for the cylinder so that it will just float 

upright in water.  

Solution: 

Length of cylinder = L 

Diameter of cylinder = D 

 

h = depth of immersion 

Weight of body = Weight of oil displaced  ߛ௖௬௟ ௖ܸ௬௟ = ௢𝑖௟ߛ ௢ܸ𝑖௟ ௗ𝑖௣௟௔௖௘ௗ   Ͳ.͸ݔͻͺͳͲݔ గସ ܮݔଶܦݔ = Ͳ.ͺݔͻͺͳͲݔ గସ   ℎݔଶܦݔ

h = 0.75L 

Position of center of buoyancy (OB) = 0.75L/2 = 0.375L 

Position of cg (OG) = L/2 = 0.5L 

BG = OG-OB =0.5L-0.375L = 0.125L 

ܤܯ = ூ௏ =  భలర௫గ௫஽ర𝜋ర௫஽మ௫଴.଻ହ௅ = ஽మଵଶ௅  

GM = MB-BG  = ஽మ  ଵଶ௅ − Ͳ.ͳʹͷܮ 

For stable equilibrium, GM > 0 ஽మ ଵଶ௅ − Ͳ.ͳʹͷܮ > Ͳ  

D
2
-1.5L

2
>0 

L
2
/D

2
 <0.667 

L/D<0.8167 

0 
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18. A solid cone of specific gravity 0.7 floats in water with its apex downwards. Determine the least 

apex angle of the cone for equilibrium.   

 

Solution: 

D = Dia. Of cone 

d =Dia. Of cone at water surface 

h = Depth of immersion 

H = Height of cone 

Ϯθ = Apex angle 

R = Radius of cone 

r = radius of cone at water surface 

 

 

 

 

Finding depth of immersion (h) 

Weight of cone = Weight of water displaced  ߛ௖௢௡௘ ௖ܸ௢௡௘ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ   Ͳ.͹ݔͻͺͳͲݔ ଵଷ ܪݔଶܴݔߨݔ = ͻͺͳͲݔ ଵଷ ℎ  ℎݔଶݎݔߨݔ = ௢.଻ோమு௥మ   ℎ = ௢.଻ሺு்௔௡𝜃ሻమுሺℎ்௔௡𝜃ሻమ   

h = 0.8879H 

 

OG = 
ଷସ  0.75H = ܪ

OB = 
ଷସ ℎ = 0.75x0.8879H =  0.6659H 

BG = OG-OB = 0.75H-0.6659H = 0.0841H 

ܤܯ = ூ௏ =  భర௫గ௫௥రభయ௫గ௫௥మ௫ℎ = ଴.଻ହ௥మℎ   

= 
଴.଻ହሺℎ்௔௡𝜃ሻమℎ = Ͳ.͹ͷℎܶܽ݊ଶߠ = Ͳ.͹ͷݔͲ.ͺͺ͹ͻ݊ܽܶܪଶߠ = Ͳ.͸͸ͷͻ݊ܽܶܪଶߠ 

 

O 

d 

h 
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GM = MB-BG  = Ͳ.͸͸ͷͻ݊ܽܶܪଶߠ − Ͳ.ͲͺͶͳܪ 

For stable equilibrium GM>0 Ͳ.͸͸ͷͻ݊ܽܶܪଶߠ − Ͳ.ͲͺͶͳܪ > Ͳ  ܶܽ݊ଶߠ − Ͳ.ͳʹ͸͵ > Ͳ  ܶܽ݊ߠ > Ͳ.͵ͷͷ͵  ߠ > ͳͻ.ͷ͸଴  

Least apeǆ aŶgle = Ϯθ = Ϯǆϭϵ.ϱϲ  = ϯϵ.ϭϮ0
 

 

19. A cylindrical buoy 1.8m in diameter, 1.2m high and weighing 10.5 KN floats in salt water of 

density 1025 kg/m
3
. Its CG is 0.45m from the bottom. If a load of 3KN is placed on the top, find the 

maximum height of the CG of this load above the bottom if the buoy is to remain in stable 

equilibrium. 

Solution: 

G = CG of buoy 

G1 = CG of load 3KN 

G’ = CoŵďiŶed CG of load aŶd ďuoǇ 

h = depth of immersion 

B = CB 

OG =0.45m 

OG1=? 

 

Finding depth of immersion (h) 

Weight of load and buoy = Weight of water displaced ͳͲͷͲͲ + ͵ͲͲͲ = ௦௔௟௧ ௪௔௧௘௥݃ߩ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ   ͳ͵ͷͲͲ = ͳͲʹͷݔͻ.ͺͳݔߨݔͲ.ͻଶݔℎ   
h = 0.53m 

OB = 0.53/2 = 0.265m 

 

ܤܯ = ூ௏ =  భలర௫గ௫ଵ.଼ర𝜋ర௫ଵ.଼మ௫଴.ହଷ = 0.38m 

BG’ = OG’-OB = OG’-0.265 

G’M = MB-BG’ = Ϭ.ϯϴ- OG’+Ϭ.Ϯϲϱ = Ϭ.ϲϰϱ-OG’ 

O 

h 

1.2m 

 

       M 

        G’ 
 

        G 

        B 

G1 
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Foƌ staďle eƋuiliďƌiuŵ, G’M>Ϭ 

0.645-OG’>Ϭ 

OG’ < Ϭ.ϲϰϱŵ 

Taking moments about O, 

3x10
3
xOG1 + 10.5x10

3
x0.45 = (3x10

3
+10.5x10

3
)x0.645 

OG1 = 1.3275m 

 

 

20. A plate of metal 1.1mx1.1mx2mm is to be lifted up with a velocity of 0.1m/s through an infinitely 

extending gap 20mm wide containing an oil of sp. gr. 0.9 and viscosity 2.1NS/m
2
. Find the force 

required to lift the plate assuming the plate to remain midway in the gap. Assume the weight of the 

plate to be 30N. 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Velocity of plate (u) = 0.1m/s 

Sp. gr. of oil = 0.9 

Sp. wt. of oil (ߛ) =  0.9x9810 = 8829N/m
3
 

Viscosity of oil (ߤ) = 2.1NS/m
2
 

Clearance on both sides (dy1 = dy2 = dy) = 9mm = 0.009m 

Weight of plate = 30N 

Force required to lift the plat (F) = ? 

W 

F 

Fv3 Fv1 

2mm 

9mm 9mm 
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Upthrust on the plate = ߛxvol. of plate = 8829x1.1x1.1x2/1000 = 21.37N 

 

Viscous force on the plate = Viscous force on left + Viscous force on right 

 = ʏ1 A + ʏ2 A = ;ʏ1 + ʏ2) A  =  ቀߤ ௗ௨ௗ௬ + ߤ ௗ௨ௗ௬ቁ ܣ = ߤʹ ௗ௨ௗ௬ ܣ = ݔͳ.ʹݔʹ  ଴.ଵ଴.଴଴ଽ  ͳ.ͳ = 56.47Nݔͳ.ͳݔ

 

Total force required to lift the plate = Weight-Upthrust + Viscous force = 30-21.37+56.47 = 65.1N 

 

21. A block of wood of rectangular cross-section of sides a and b, and of length L has relative density 

of S. If the block is to float in water with its longest axis horizontal and the length a vertical, show 

that for stable equilibrium  
௕௔ > √͸ܵሺͳ − ܵሻ . 

 

Solution: 

 

 

 

                                                                                              G = CG, B = Center of buoyancy, M = Metacenter 

 

 

 

 

For the block to float 

Wt. of block = Wt. of water displaced ߛ௕௟௢௖௞ ௕ܸ௟௢௖௞ = ௪ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ  ߛ௪ܵ ܾܽܮ = ௪ߛ   ܮݕܾ 

y = Sa ܱܤ =  ௌ௔ଶ ܩܱ , = ௔ଶ ܩܤ = ௔ଶ − ௌ௔ଶ = ௔ଶ ሺͳ − ܵሻ  

O 

y a 

                M 

                 G 

                  

                  B 

b 
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ܯܤ = ூ௏ = భభమ௅௕య௕௅௬ = భభమ௅௕య௕௅ௌ௔ = ௕మଵଶௌ௔  

Metacentric height ሺܯܩሻ = ூ௏ − ܩܤ = ௕మଵଶௌ௔ − ௔ଶ ሺͳ − ܵሻ  

For stable equilibrium, GM>0 ௕మଵଶௌ௔ − ௔ଶ ሺͳ − ܵሻ > Ͳ  

௕మଵଶௌ௔ > ௔ଶ ሺͳ − ܵሻ  

௕௔ > √͸ܵሺͳ − ܵሻ  

 

22. Consider a homogeneous right circular cylinder of length L, radius R, and specific gravity S, 

floating in water (S = 1) with its axis vertical. Show that the body is stable is  
ோ௅ = [ʹܵሺͳ − ܵሻ]ଵ/ଶ. 

  

Solution: 

Length of cylinder = L 

Radius of cylinder = R 

Specific gravity of cylinder = S 

h = depth of immersion 

Weight of cylinder = Weight of water displaced  ߛ௖௬௟ ௖ܸ௬௟ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ   ܵݔͻͺͳͲܴݔߨݔଶܮݔ = ͻͺͳͲܴݔߨݔଶݔℎ  

h = SL 

Position of center of buoyancy (OB) = SL/2  

Position of CG (OG) = L/2  

BG = OG-OB = ௅ଶ ሺͳ − ܵሻ 

ܤܯ = ூ௏ =  భర௫గ௫ோరగ௫ோమ௫ℎ = ோమସℎ = ோమସௌ௅  

GM = MB-BG  = ோమସௌ௅ − ௅ଶ ሺͳ − ܵሻ 

For stable equilibrium, GM ൒ 0  ோమସௌ௅ − ௅ଶ ሺͳ − ܵሻ = Ͳ  ோ௅ = [ʹܵሺͳ − ܵሻ]ଵ/ଶ  

0 
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23. If a solid conical buoy of height H and relative density S floats in water with axis vertical and apex 

upwards, show that the height above the water surface of the conical buoy is equal to ܪሺͳ − ܵሻଵ/ଷ. 

 

Solution: 

R = Radius of cone  

r =Radius of cone at water surface 

y = Height above the water surface 

H = Height of cone 

 

 

 

 

 

Weight of cone = Weight of water displaced  ߛ௖௢௡௘ ௖ܸ௢௡௘ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ   ܵߛݔ௪௔௧௘௥ݔ ଵଷ ܪଶܴߨ = ݔ௪௔௧௘௥ߛ ቀଵଷ ܪଶܴߨ − ଵଷ ܪቁ  ܴଶܵݕଶݎߨ = ܴଶܪ − ݕ  ݕଶݎ = ோమ௥మ ሺͳܪ − ܵሻ    (a) 

From similar triangles, ோ௥ = ு௬           (b) 

From a and b ݕ = ுమ௬మ ሺͳܪ − ܵሻ  ݕ = ሺͳܪ − ܵሻଵ/ଷ  

 

 

 

 

Ϯϰ. A ĐoŶe of ďase ƌadius R aŶd height H floats iŶ ǁateƌ ǁith the ǀeƌteǆ doǁŶǁaƌds. If θ is the seŵi-
vertex angle of the cone and h is the depth of immersion, show that for stable equilibrium ܵ݁ܿଶߠ >  .ℎ/ܪ

 

H 

r 

y 

R 
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Solution: 

D = Dia. Of cone 

d =Dia. Of cone at water surface 

h = Depth of immersion 

H = Height of cone 

Ϯθ = Apex angle 

R = Radius of cone 

r = radius of cone at water surface 

 

 

 

ݎ  = ℎߠ݊ܽݐ  

OG = 
ଷସ   ܪ

OB = 
ଷସ ℎ  

BG = ଷସ ܪ − ଷସ ℎ = Ͳ.͹ͷሺܪ − ℎሻ 

ܤܯ = ூ௏ =  భరగ௥రభయగ௥మℎ = ଴.଻ହ௥మℎ = ଴.଻ହሺℎ௧௔௡𝜃ሻమℎ = Ͳ.͹ͷℎ݊ܽݐଶߠ  

GM =
ூ௏ − ܩܤ = Ͳ.͹ͷℎ݊ܽݐଶߠ − Ͳ.͹ͷሺܪ − ℎሻ  

For stable equilibrium, GM>0 Ͳ.͹ͷℎ݊ܽݐଶߠ − Ͳ.͹ͷሺܪ − ℎሻ > Ͳ  

 ℎ݊ܽݐଶߠ > ሺܪ − ℎሻ ℎሺͳ + ሻߠଶ݊ܽݐ > ߠଶܿ݁ܵ  ܪ >   ℎ/ܪ

 

 

25. A cone of base diameter d and height H floats in water with the axis vertical and vertex 

downwards. If the sp gr of the cone material is S, show that for stable equilibrium ܪ < ଵଶ [ௗమௌభ/యଵ−ௌభ/య]ଵ/ଶ
. 

If S = 0.7, what would be the minimum value of R/H for stable equilibrium? 

 

O 
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h 
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Solution: 

d = Dia. Of cone 

d1 =Dia. Of cone at water surface 

y = Depth of immersion 

H = Height of cone 

Ϯθ = Apex angle 

R = Radius of cone 

r = radius of cone at water surface 

 

 

 

 

 

Weight of cone = Weight of water displaced  ߛ௖௢௡௘ ௖ܸ௢௡௘ = ௪௔௧௘௥ߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ   ܵߛݔ௪௔௧௘௥ݔ ଵଷ గௗమସ ܪ = ݔ௪௔௧௘௥ߛ ଵଷ గௗଵమସ ܪଶ݀ܵ  ݕ = ݀ͳଶݕ         (a) 

From similar triangles, ோ௥ = ு௬  

ௗ/ଶௗଵ/ଶ = ு௬  ݀ͳ = ௬ு ݀        (b) 

From a and b ݕ =  ଵ/ଷ     (c)ܵܪ

 

OG = 
ଷସ   ܪ

OB = 
ଷସ   ݕ

BG = ଷସ ܪ − ଷସ ݕ = ଷସ ሺܪ − ሻݕ = ଷସ ܪ) − (ଵ/ଷܵܪ = ଷସ ͳ)ܪ − ܵଵ/ଷ) 

ܤܯ = ூ௏ =  భలరగௗଵరభయ𝜋೏భమర ௬ = ଷௗଵమଵ଺௬ = ଷቀ೤ಹௗቁమଵ଺௬ = ଷௗమ௬ଵ଺ுమ = ଷௗమுௌభ/యଵ଺ுమ = ଷௗమௌభ/యଵ଺ு   

O 

d1 

y 
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GM = ூ௏ − ܩܤ = ଷௗమௌభ/యଵ଺ு − ଷௗమௌభ/యଵ଺ு   

For stable equilibrium, GM>0 ଷௗమௌభ/యଵ଺ு − ଷସ ͳ)ܪ − ܵଵ/ଷ) > Ͳ  

 ଷௗమௌభ/యଵ଺ு > ଷସ ͳ)ܪ − ܵଵ/ଷ)  

ܪ < ଵଶ [ௗమௌభ/యଵ−ௌభ/య]ଵ/ଶ
  

Numerical 

ܪ < ଵଶ [ௗమௌభ/యଵ−ௌభ/య]ଵ/ଶ
  

ܪ < ௗଶ [ ௌభ/యଵ−ௌభ/య]ଵ/ଶ
  

ܪ < ܴ [ ௌభ/యଵ−ௌభ/య]ଵ/ଶ
  

ோு > [ଵ−ௌభ/యௌభ/య ]ଵ/ଶ
  

Minimum value of 
ோு = [ଵ−ௌభ/యௌభ/య ]ଵ/ଶ = [ଵ−଴.଻భ/య଴.଻భ/య ]ଵ/ଶ

 = 0.355 

 

 

 

 

 

 

 

 

 

26. A cylindrical buoy 1.25m in diameter and 1.8m high has a mass of 770kg. Show that it will not 

float with its axis vertical in sea water of density 1025 kg/m
3
. If one end of vertical chain is fastened 

to the base, find the pull required just to keep the buoy vertical. The CG of the buoy is 0.9m from its 

base. 
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Solution: 

a) h = depth of immersion 

Weight of body (W) = mg = 770x9,81 = 7553.7N 

Weight of body = Weight of water displaced  ͹ͷͷ͵.͹ = ௦௘௔ ௪௔௧௘௥݃ߩ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ   ͹ͷͷ͵.͹ = ͳͲʹͷݔͻ.ͺͳݔ గସ   ℎݔͳ.ʹͷଶݔ

h = 0.612m 

 

Position of center of buoyancy (OB) = 0.612/2 = 0.306m 

Position of CG (OG) = 1.8/2 = 0.9m 

BG = 0.9-0.306 = 0.594m 

 

ܤܯ = ூ௏ =  భలర௫గ௫ଵ.ଶହర𝜋ర௫ଵ.ଶହమ௫଴.଺ଵଶ = 0.16m 

 

GM = MB-BG = 0.16-0.594 = -0.434m 

As metacentric height GM is negative, the body is unstable and it will not float with its axis vertical. 

 

b) T =pull in chain 

Net upthrust (R) = T+W =(T+7553.7) 

 

FiŶdiŶg Ŷeǁ depth of iŵŵeƌsioŶ ;h’Ϳ 

Net upthrust = Weight of water displaced ܴ = ௦௘௔ ௪௔௧௘௥݃ߩ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ ܴ = ͳͲʹͷݔͻ.ͺͳݔ గସ   ′ℎݔͳ.ʹͷଶݔ
h’ = Ϭ.ϬϬϬϬϴR 

 

OB = 0.00008R/2 = 0.00004(T+7553.7) 

OG = 0.9m 

G’ = Ŷeǁ CG due to T aŶd W ;loǁeƌed due to TͿ 

h’ 

T 

O 

O 

 

 

 

G 

 

B 

h 

 

    

 

  G 

  G’ 
   B  
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ܤܯ = ூ௏ =  భలర௫గ௫ଵ.ଶହర𝜋ర௫ଵ.ଶହమ௫଴.଴଴଴଴଼ோ = ଵଶଶ଴.଻ሺT+଻ହହଷ.଻ሻ  
TakiŶg ŵoŵeŶt aďout O ;W passiŶg thƌough G aŶd R thƌough G’Ϳ 

W OG = R OG’ 

7553.7x0.9 = ;T+ϳϱϱϯ.ϳͿOG’ ܱܩ′ = ଺଻ଽ଼.ଷଷ்+଻ହହଷ.଻  

 

BG’ = OG’-OB = 
଺଻ଽ଼.ଷଷ்+଻ହହଷ.଻ − Ͳ.ͲͲͲͲͶሺܶ + ͹ͷͷ͵.͹ሻ 

GM = MB-BG’ = ଵଶଶ଴.଻ሺT+଻ହହଷ.଻ሻ − ଺଻ଽ଼.ଷଷ்+଻ହହଷ.଻ + Ͳ.ͲͲͲͲͶሺܶ + ͹ͷͷ͵.͹ሻ 

=
−ହହ଻଻.଺ଷ−଴.଴଴଴଴ସሺ்+଻ହହଷ.଻ሻమ்+଻ହହଷ.଻  

 

For stable equilibrium, GM>0 −ͷͷ͹͹.͸͵ + Ͳ.ͲͲͲͲͶሺܶ + ͹ͷͷ͵.͹ሻଶܶ + ͹ͷͷ͵.͹ > Ͳ 

T>4254.8N 

 

27. A hollow cylinder of external radius R and internal radius r, height h and sp. gr. S floats in a liquid 

of sp. gr. S0. Show that for its stable equilibrium 

ℎ ൑ ܵ଴√ ܴଶ + ଶʹܵሺܵ଴ݎ − ܵሻ 

Solution: 

Height of cylinder = h 

Specific gravity of liquid = S0 

Specific gravity of cylinder = S 

h’ = depth of iŵŵeƌsioŶ 

Weight of cylinder = Weight of liquid displaced  ߛ௖௬௟ ௖ܸ௬௟ = ௟𝑖௤௨𝑖ௗߛ ௪ܸ௔௧௘௥ ௗ𝑖௣௟௔௖௘ௗ   ܵݔͻͺͳͲݔߨݔሺܴଶ − ℎݔଶሻݎ = ͻͺͳͲܵݔ଴ݔߨݔሺܴଶ − ′ℎ′  ℎݔଶሻݎ = ௌℎௌబ  
0 

 

    

   M 

     G 

     B 

 

http://ioeagrineer.blogspot.com/


Fluid Mechanics Dr. K.N DULAL’s Numerical Solution For IOE B.Agri II/I  & BCE II/I 

 Downloaded from http://ioeagrineer.blogspot.com/ 

90 

 

 

Position of center of buoyancy (OB) = 
ௌℎଶௌబ 

Position of CG (OG) = h/2  

BG = OG-OB = ℎଶ − ௌℎଶௌబ = ℎଶௌబ ሺܵ଴ − ܵሻ 

ܤܯ = ூ௏ =  భర௫గ௫(ோర−௥ర)గ௫ሺோమ−௥మሻ௫ℎ′ = ோమ+௥మସೄℎೄబ = ௌబ(ோమ+௥మ)ସௌℎ   

GM = MB-BG  = ௌబ(ோమ+௥మ)ସௌℎ − ℎଶௌబ ሺܵ଴ − ܵሻ  
For stable equilibrium, GM ൒ 0 

 ௌబ(ோమ+௥మ)ସௌℎ − ℎଶௌబ ሺܵ଴ − ܵሻ ൒ Ͳ  

 

ℎ ൑ ܵ଴√ ோమ+௥మଶௌሺௌబ−ௌሻ  
28, The wooden beam shown in the figure is 200mmx200mm and 4m long. It is hinged at A and 

ƌeŵaiŶs iŶ eƋuiliďƌiuŵ at θ ǁith the hoƌizoŶtal. FiŶd the iŶĐliŶatioŶ θ. Sp. gr. of wood = 0.6. 

 

 

 

 

 

 

 

 

 

 

Solution: 

Length of beam immersed under water = y 

Weight of beam (W) = ߛ௕௘௔௠ ௕ܸ௘௔௠ = 0.6x9810x(0.2x0.2x4) = 941.76N 

W acts at a distance of 2m from A. 

y 

C B 

A 

W 
θ 

4m 1m 

FB 

Water 
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Buoyant force on the beam (FB) = Weight of water displaced = ߛ௪௔௧௘௥ ௪ܸ௔௧௘௥ ௗ𝑖௦௣௔௟௖௘ௗ 

                                                         = 9810x(0.2x0.2xy) = 392.4y 

FB acts at a C. ܥܣ = Ͷ − ௬ଶ  

 

Taking moment about hinge A, ͻͶͳ.͹͸ߠݏ݋ܿʹݔ = ͵ͻʹ.Ͷݕ ቀͶ − ௬ଶቁ ଶݕ  ߠݏ݋ܿ − ͺݕ + ͻ.͸ = Ͳ  

y = 6.5, 1.47 

As y = 6.5 is not possible, y =1.47 ߠ݊݅ݏ = ଵସ−ଵ.ସ଻  23.3 = ߠ
0
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Tutorial 5 

Relative equilibrium 

 

1. An open rectangular tank 3m long and 2m wide is filled with water to a depth of 1.5m. Find the 

slope of the water surface when the tank moves with an acceleration of 5m/s
2
 up a 30

0
 inclined 

plane. Also calculate the pressure on the bottom at both ends.  

 

 

 

 

 

 

 

 

Solution: 

IŶĐliŶatioŶ of suƌfaĐe ;αͿ = ϯϬ0
 

Acceleration (a) = 5 m/s
2
 

Slope of ǁateƌ suƌfaĐe ;θͿ = ? 

Pressure at A (PA) = ?, Pressure at B (PB) = ? 

 

Components of acceleration 

ax = 5cos30 = 4.33 m/s
2
 

az  = 5sin30 = 2.5 m/s
2
 

ߠ݊ܽݐ   = ௔ೣ௚+௔೥ = ସ.ଷଷଽ.଼ଵ+ଶ.ହ  

θ = ϭϵ.ϯϴ0
  

 

Depth of water at rear end (h1) = 1.5+(3/2)xtan19.38 = 2.03m 

Depth of water at front end (h2) = 1.5-(3/2)xtan19.38 = 0.97m 

 

h2 

30
0
 

3m 

1.5m 
O 

θ 

B 
A 

D C 

F E 

A 
B 

5m/s
2
 

h1 
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஺ܲ = ℎͳߛ ቀͳ + ௔೥௚ ቁ = ͻͺͳͲݔʹ.Ͳ͵ ቀͳ + ଶ.ହଽ.଼ଵቁ = 24989 N/m
2
 

஻ܲ = ʹℎߛ ቀͳ + ௔೥௚ ቁ = ͻͺͳͲݔͲ.ͻ͹ ቀͳ + ଶ.ହଽ.଼ଵቁ = 11941 N/m
2
 

 

2. A rectangular tank 2m long, 1.5m wide and 1.5m deep is filled with oil of specific gravity 0.8. Find 

the force acting on the bottom of the tank when (a) the vertical acceleration 5m/s
2
 acts upwards (b) 

the vertical acceleration 5m/s
2
 acts downwards.  

 

 

 

 

 

 

 

 

 

 

 

Solution: 

a) Acceleration (az) = 5 m/s
2
 (vertically upwards) 

Depth of oil (h) = 1.5m 

Force acting on the bottom (FAB) = ? 

 

஺ܲ = ௢𝑖௟ℎߛ ቀͳ + ௔೥௚ ቁ = Ͳ.ͺݔͻͺͳͲݔͳ.ͷ ቀͳ + ହଽ.଼ଵቁ = 17772 N/m
2
 

FAB = PA x Area at bottom = 17772x2x1.5 = 53316N 

 

b) Acceleration (az) = -5 m/s
2
 (vertically downwards) 

Force acting on the bottom (FAB) = ? 

 

஺ܲ = ௢𝑖௟ℎߛ ቀͳ − ௔೥௚ ቁ = Ͳ.ͺݔͻͺͳͲݔͳ.ͷ ቀͳ − ହଽ.଼ଵቁ = 5772 N/m
2
 

FAB = PAB x Area at bottom = 5772x2x1.5 = 17316N 

2m 

1.5m 

B 
A 

D 
C 

E F 
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3. An open cubical tank with each side 1.5m contains oil of specific weight 7.5KN/m
3
 up to a depth of 

1.3m. Find the forces acting on the side of the tank when it is being moved with an acceleration of 

4m/s
2
 in vertically upward and downward direction.  

 

 

 

 

 

 

a) Acceleration (az) = 4 m/s
2
 (vertically upwards) 

Depth of oil (h) = 1.3m 

Force acting on side (F1) = ? 

 

஺ܲ = ௢𝑖௟ℎߛ ቀͳ + ௔೥௚ ቁ = ͹ͷͲͲݔͳ.͵ ቀͳ + ସଽ.଼ଵቁ = 13725.5 N/m
2
 

F1= Area of pressure diagram x width = 0.5x13725.5x1.3x1.5 = 13382N 

b) Acceleration (az) = -4 m/s
2
 (vertically downwards) 

Depth of oil (h) = 1.3m 

Force acting on side (F2) = ? 

 

஺ܲ = ௢𝑖௟ℎߛ ቀͳ + ௔೥௚ ቁ = ͹ͷͲͲݔͳ.͵ ቀͳ − ସଽ.଼ଵቁ = 5774.46 N/m
2
 

F2= Area of pressure diagram x width = 0.5x5774.46x1.3x1.5 = 5630N 

 

4. An open rectangular tank 1.5mx1mx1.2m high is completely filled with water when at rest. 

Determine the volume spilled after the tank acquired a linear uniform acceleration of 0.6 m/s
2
 in the 

horizontal direction. 

 

 

 

 

 

θ 
E 

PA 
1.5m

1.3m 

B A 

D C 

1.5

1.2m 

B A 

D C 
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Solution: 

Acceleration (ax) = 0.6 m/s
2
  

Volume of water spilled=? 

 

Slope of suƌfaĐe = taŶθ = ax/g = 0.6/9.81  = 0.0611 

θ = ϯ.ϱ0
 

DE = 1.5tan3.5 =0.091m 

 

Volume of water spilled=Area of traingeCDEx width 

                                           = 0.5x1.5x0.091x1 = 0.06825 m
3
 

 

 

5. What distance must the sides of a tank be carried above the surface of water contained in it if the 

tank is to undergo a uniform horizontal acceleration of 3m/s
2
 without spilling any water? (0.1529L) 

 

 

 

 

 

 

 

 

 

Solution: 

d =? 

Slope of suƌfaĐe = taŶθ = ax/g = 3/9.81 = 0.306 

θ = ϭϳ0
 

d = 0.5Ltan17 =0.153L 

The tank must be carried 0.153L above the surface of water. 

d 

θ 

L 

h 

B A 

D C 
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6. A rectangular tank 6m long, 2m wide and 2m deep contains water to a depth of 1m. It is 

accelerated horizontally at 2.5 m/s
2
 in the direction of its length. Determine 

a) Slope of the free surface 

b) Maximum and minimum pressure intensities at bottom 

c) Total force due to water acting on each end of tank. Check the difference between these forces by 

calculating the inertia force of the accelerated mass. 

 

 

 

 

 

 

 

 

 

Solution: 

Acceleration (ax) = 2.5 m/s
2
  

Depth of water (h) = 1m 

 

aͿ Slope of fƌee suƌfaĐe ;θͿ = ? 

Slope of suƌfaĐe = taŶθ = ax/g = 2.5/9.81  = 0.255 

θ = ϭϰ.ϯ0
 

 

b) Max pressure (PA) =? 

Min. pressure (PB) = ? 

hϭ= ϭ+ϯtaŶθ = ϭ.ϳϲϰϲŵ 

h2= 1-ϯtaŶθ = Ϭ.Ϯϯϱϯŵ 

  

஺ܲ = ℎͳ = 9810x1.7646 = 17310.7 N/mߛ
2
 

஻ܲ = ℎʹ = 9810x0.2353 = 2308.3 N/mߛ
2
 

F 
h2 

6m 

1m 

O 

θ 

B A 

D 

C 

E 

h1 
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c) Force on each side (FAE, FBD) = ? 

 

FAE = Area of pressure diagram x width = 0.5x17310.7x1.764x2 = 30546N 

FBD = Area of pressure diagram x width = 0.5x2308.3x0.2353x2 = 543N 

 

Difference in force (FD) = 30546-543= 30003N 

 

Force needed (F) = mass of water x linear acceleration = ܽݔ ݎ݁ݐܽݓ ݂݋ ݁݉ݑ݈݋ܸ ݔߩ௫ 

                          = 1000x(6x2x1)X2.5 = 30000N 

F ≈FD 

 

7. An oil tanker 3m wide, 2m deep and 10m long contains oil of density 800 kg/m
3
 to a depth of 1m. 

Determine the maximum horizontal acceleration that can be given to the tanker such that the oil 

just reaches its top end. If the tanker is closed and completely filled with the oil and accelerated 

horizontally at 3m/s
2
, determine the total liquid thrust (hydrostatic force) on the front and rear end. 

 

 

 

 

 

 

 

 

 

 

Solution: 

a) Maximum horizontal acceleration (ax) =  ?  

When the oil touches the top end, the water surface rises 1m at the left side and falls 1m at the right 

side. 

Maximum permissible slope (tanߠሻ =  ଵହ = 0.2 

θ  =ϭϭ.ϯ0
 

E 

D 
C 

A B 

F 

h2 

10m 

1m 

O 

θ 

B A 

D C 

E 

2m 
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ߠ݊ܽݐ = ௔௚ೣ   Ͳ.ʹ = ௔ೣଽ.଼ଵ  

ax = 1.962m/s
2
 

 

b) ax = 3m/s
2
 

When the tanker is completely filled and closed, there will be pressure built up at the rear end 

equivalent to the virtual oil column CE that would assume a slope of ax/g = 3/9.81 = 0.306. 

CE = ϭϬtaŶθϭ = ϭϬǆϬ.306 = 3.06m 

Pressure at B = 9810 = ʹݔߛx2 = 19620N/m
2
 

Pressure at A = ݔߛሺʹ + ͵.Ͳ͸ሻ = 9810x5.06 = 49638.6N/m
2
 

Virtual pressure at C =  ݔߛ͵.Ͳ͸ = 9810x3.06 = 30018.6N/m
2
 

Force at front end = Area of pressure diagram for BDx width 

                          = 0.5x19620x2x3 = 58860N 

Force at rear end = Area of pressure diagram for ACx width 

                          = 0.5x(49638.6+30018.6)x2x3 = 238972N 

 

 

8.  An open circular cylinder of 1m diameter and 2m depth is completely filled with water and 

rotated about its axis about 45 rpm. Determine the depth at the axis and amount of water spilled. 

Also find the speed of rotation at which the central axial depth is zero.  

 

 

 

 

 

 

 

 

 

 

 

r 

A 

B 

C D P 

O 2m 

z 
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Solution: 

Radius (r)  = 0.5m 

rpm (N) = 45 

Angular velocity ሺ߱ሻ = ଶேగ଺଴ = ଶ௫ସହ௫గ଺଴  = 4.712 rad/s 

a) Depth at axis (PO) =? 

Amount of water spilled = ? 

ݖ  = ௥మఠమଶ௚ = ଴.ହమସ.଻ଵଶమଶ௫ଽ.଼ଵ  =0.283m 

PO = 2-0.283 = 1.717m 

 

Amount of water spilled = Volume of paraboloid AOB 

                                            = ଵଶ ݖଶݎߨݔ = ଵଶ Ͳ.ʹͺ͵ = 0.111mݔͲ.ͷଶݔߨݔ
3
 

 

b) When O touches P, z becomes 2m. 

speed of rotation (N) =? ݖ = ௥మఠమଶ௚   

ʹ = ଴.ହమఠమଶ௫ଽ.଼ଵ  ߱ = 12.53 rad/s 

 ܰ = ଺଴ఠଶగ = ଺଴௫ଵଶ.ହଷଶగ   = 120rpm 

 

 

 

 

 

9. An open circular vessel is 1m in diameter and 2m height. It contains water filled to a depth of 

1.5m. If the cylinder rotates about its vertical axis, (a) what constant angular velocity can be 

obtained without spilling, (b) what is the pressure intensity at the center and at the corner of the 

ďottoŵ if ω = ϲ ƌadiaŶs/seĐoŶds.  
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Solution: 

Radius (r)  = 0.5m 

a) Angular velocity ሺ߱ሻ = 

If no water is spilled, 

Volume above XX = volume of paraboloid AOB ݔߨͲ.ͷଶݔͲ.ͷ =  ଵଶ   ݖݔͲ.ͷଶݔߨݔ

z = 1m 

When the water surface just touches the top rim, 

Rise of liquid at the edge above XX = Fall of liquid at the center below XX = z/2 = 0.5m ݖ = ௥మఠమଶ௚   

ͳ = ଴.ହమఠమଶ௫ଽ.଼ଵ  ߱ = 8.858 rad/s ܰ = ଺଴ఠଶగ = ଺଴௫଼.଼ହ଼ଶగ   = 85 rpm 

 

b) For ߱ = 6 rad/s ݖ = ௥మఠమଶ௚ = ଴.ହమ଺మଶ௚  = 0.46m 

Origin O is 0.46/2 = 0.23m below XX. 

X 
X 

0.5m 

A 

B 

C D P 

O 2m 

z 

1.5m 
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The value of PO and CA are 

PO = h1= 1.5-0.23 = 1.27m 

CA = h2= 1.5+0.23 = 1.73m 

 

Pressure at center (PP) = ߛℎͳ = 9810x1.27 = 12459 Pa 

Pressure at corner (Pc) = ߛℎʹ = 9810x1.73 =16971 Pa 

 

10. A cylindrical vessel of 0.5 m diameter and 0.6 m height is completely filled with water under a 

pressure of 9.81 KN/m
2
. It is rotated at 300 rpm about its vertical axis. Determine the pressure at 

point adjacent to the wall of the vessel. 

 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

P = 9.81 KP = 9810Pa 

Radius (r) = 0.25m 

Rpm(N) = 300 

Angular velocity ሺ߱ሻ = ଶேగ଺଴ = ଶ௫ଷ଴଴௫గ଺଴  = 31.41 rad/s ݖ = ௥మఠమଶ௚ = ଴.ଶହమଷଵ.ସଵమଶ௚  = 3.14m 

If the vessel is completely filled with water under a pressure and rotated about its vertical axis, the 

liquid will rise with a virtual height of h. 

h 

P Q 

0.25m 

A B 

C D 

K 

O 

0.6m 

z 
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Volume above AB = volume of paraboloid POQ ݔߨͲ.ʹͷଶݔℎ =  ଵଶ   ͳͶ.͵ݔͲ.ʹͷଶݔߨݔ

h = 1.57m 

 

CP=h1= 0.6+1.57 = 2.17m 

Pressure at C = ܲ +  ℎͳ = 9810+9810X2.17 = 31098 Paߛ

11. A closed cylindrical vessel of 1m diameter and 2m height contains water filled to a depth of 

1.5m. If the vessel is rotating at 20radians/sec, how much of the bottom of the vessel is uncovered?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Radius (r) = 0.5m 

Angular velocity ሺ߱ሻ = 20 rad/s 

ଷݖ  = ௥మఠమଶ௚ = ଴.ହమଶ଴మଶ௚  = 5.1m 

 

B A 

T S 

N 
M 

z1 

r1 

P Q 

C 
D 

O 

1.5m 

z3 

r2 

z2 
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ଵݖ = ௥భమఠమଶ௚ = ௥భమଶ଴మଶ௚  = 20.38r1
2
                (a) 

ଶݖ  = ௥మమఠమଶ௚ = ௥మమଶ଴మଶ௚  = 20.38r2
2
                 (b)      

   

Also, z2 = z1+1.5 = 20.38r1
2
 + 2          (c) 

Equating b and c, 

20.38r1
2
 + 2= 20.38r2

2
                        (d) 

r2
2
 - r1

2
 = 0.098                                       (e) 

 

Volume of air above AB = Volume of paraboliod (POQ-MON) ݔߨͲ.ͷଶݔͲ.ͷ =  ଵଶ ଶݖଶଶݎݔߨݔ − ଵଶ  ଵ  (f)ݖଵଶݎݔߨݔ

From a , b and f Ͳ.ʹͷ = ଶଶݎͲ.͵ͺʹݔଶଶݎ  −   ଵଶݎͲ.͵ͺʹݔଵଶݎ

r2
4
 - r1

4
 = 0.0122                                   (g) 

solving e and g 

(r2
2
 - r1

2
) (r2

2
 + r1

2
) =0.0122  

0.098 (r2
2
 + r1

2
) =0.0122  

r2
2
 + r1

2
 = 0.1244                    

r2
2
 - r1

2
 = 0.098 (from e) 

Solving above two equations                                        

r1 = 0.115m 

 

Area uncovered = ݎߨଵଶ = Ͳ.ͳͳͷଶ = 0.0415mݔߨ
2
 

 

 

 

12. A 400mm high open cylinder and 150mm in diameter is filled with water and rotated about its 

vertical axis at an angular speed of 33.5 rad/s. Determine (a) the depth of water in the cylinder when 

it is brought to rest, and (b) the volume of water that remains in the cylinder if the speed is doubled. 
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Solution: 

Radius (r)  = 0.075m 

Angular velocity ሺ߱ሻ = 33.5 rad/s 

a) Depth of water at rest (d) = ? ݖ = ௥మఠమଶ௚ = ଴.଴଻ହమଷଷ.ହమଶ௫ଽ.଼ଵ  =0.32m 

Amount of water spilled = Volume of paraboloid AOB 

                                            = ଵଶ ݖଶݎߨݔ = ଵଶ Ͳ.͵ʹ = 0.002827mݔͲ.Ͳ͹ͷଶݔߨݔ
3
 

Original volume of water  = ଶℎݎߨ = Ͳ.Ͷ = 0.007069 mݔͲ.Ͳ͹ͷଶݔߨ
3
 

Remaining volume of water (Vr) = 0.007069-0.002827 = 0.004242 m
3
 ௥ܸ = ʹଶ݀  Ͳ.ͲͲͶʹͶݎߨ =   ݀ݔͲ.Ͳ͹ͷଶݔߨ

d = 0.24m 

b) If the speed is doubled, 

Angular velocity ሺ߱ሻ = 2x33.5 = 67 rad/s ݖ = ௥మఠమଶ௚ = ଴.଴଻ହమ଺଻మଶ௫ଽ.଼ଵ  = 1.287m 

z1 = 1.287-0.4 = 0.887m 

 

 

 

 

 

ଵݖ  = ௥భమఠమଶ௚   Ͳ.ͺͺ͹ = ௥భమ଺଻మଶ௚   

r1 = 0.062m 

 

Volume of water spilled = Volume of paraboloid (AOB-SOT) = ଵଶ ͳ.ʹͺ͹ݔͲ.Ͳ͹ͷଶݔߨݔ − ଵଶ Ͳ.ͺͺ͹ = 0.006016 mݔͲ.Ͳ͸ʹଶݔߨݔ
3
 

Original volume of water = 0.007069 m
3
 

Volume of water left = 0.007069-0.006016 = 0.00105 m
3
 

O 

B A 

S T 

r1 

0.075m 

A 

B 

C D P 

O 0.4m 

z 

0.4m 

z1 

1.287m 
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13. A cylindrical tank is spun at 300 rpm with its axis vertical. The tank is 0.6m high and 45cm 

diameter and is completely filled with water before spinning. Calculate (a) the speed at which the 

water surface will just touch the top rim and center bottom of the tank, and (b) the level to which 

the water will return when the tank stops spinning and the amount of water lost. 

  

 

 

 

 

 

 

 

 

 

Solution: 

Radius (r)  = 0.225m 

a) When the water surface touches the top rim and center bottom,  

z = 0.6m ݖ = ௥మఠమଶ௚   

Ͳ.͸ = ଴.ଶଶହమఠమଶ௚   ߱ = 15.25 rad/s ܰ = ଺଴ఠଶగ = ଺଴௫ଵହ.ଶହଶగ   = 146 rpm 

b) Amount of water lost = ? 

Depth of water after rest (d) = ? 

Amount of water lost = Volume of paraboloid AOB 

                                            = ଵଶ Ͳ.͸ = 0.0477mݔͲ.ʹʹͷଶݔߨݔ
3
 

Original volume of water  = Ͳ.͸ = 0.0954 mݔͲ.ʹʹͷଶݔߨ
3
 

Volume of water left (Vr) = 0.0954-0.0477 = 0.0477 m
3
 ௥ܸ = ଶ݀  Ͳ.ͲͶ͹͹ݎߨ =   Ͳ.ʹʹͷଶ݀ݔߨ

d =0.3m 

 

0.225m 

A 

B 

C 
D 

O 

0.6m 
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14. A cylindrical vessel closed at the top and bottom is 300mm inn diameter, 1m long and contains 

water up to a depth of 0.8m. The air above the water surface is at a pressure of 60 KPa. If the vessel 

is rotated at a speed of 250n rpm about its vertical axis, find the pressure head at the bottom of the 

vessel at the center point and at the edge. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Pressure (Pa) = 60 Kpa 

Head due to pressure (h) = 
௉ೌఊ = ଺଴଴଴଴ଽ଼ଵ଴  = 6.11m of water 

Radius of cylinder (r) = 0.15m 

N = 250 rpm 

Pressure head at center and edge at the bottom = ? 

 

Angular velocity ሺ߱ሻ = ଶேగ଺଴ = ଶ௫ଶହ଴௫గ଺଴  = 26.16 rad/s 

ଵݖ  = ௥మఠమଶ௚ = ଴.ଵହమଶ଺.ଵ଺మଶ௫ଽ.଼ଵ  =0.785m 

ଶݖ = ௥భమఠమଶ௚ = ௥భమଶ଺.ଵ଺మଶ௫ଽ.଼ଵ = ͵Ͷ.ͺͺݎଵଶ             (a) 

 

Volume of air above BG = Volume of parabola PQR 

r1 

P R 

G 

H 

z2 

C 

E 

0.3m 

B 

F 

A 

D 

S 

Q 

1m 

z1 

0.8m 
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ʹ.ͲݔͲ.ͳͷଶݔߨ =  ͳʹ ଶݖଵଶݎ ଶݖݔଵଶݎݔߨݔ = Ͳ.ͲͲͻ                  (b) 

Solving a and b 

r1 =0.13m, Z2 = 0.59m 

 

QS = 1-Z2 = 1-0.59 = 0.41m 

AD = AC+CD = 1+(0.785-0.59) = 1.195m 

 

Pressure head at center = h+QS = 6.11+0.41 = 6.52m 

Pressure head at edge = h+AD = 6.11+1.195 = 7.305m 

 

15.  A closed rectangular tank full of water is 3m long, 2m wide and 2m deep. The pressure at the 

top of water is raised to 98.1 Kpa. If now the tank is accelerated horizontally along its length at 

6m/s
2
, find the foƌĐes oŶ the fƌoŶt aŶd ƌeaƌ eŶds of the taŶk. CheĐk Ǉouƌ ƌesults ďǇ NeǁtoŶ’s laǁ 

too. 

 

 

 

 

 

 

 

 

Solution: 

Acceleration (ax) = 6m/s
2
 

Pressure (P) = 98.1Kpa 

Head due to pressure (h) = 
௉ఊ = ଽ଼ଵ଴଴ଽ଼ଵ଴  = 10m of water 

ߠ݊ܽݐ = ܽ௫݃ = ͸ͻ.ͺͳ 

CD = EF =ͳ.ͷߠ݊ܽݐ = ͳ.ͷݔ ଺ଽ.଼ଵ = 0.917m 

2m 

B 

E 

 F 

 G 

θ 

3m 

  h 

 H A 

D 

C 
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Pressure force at rear end (F1) = ݔܣߛͳ̅̅ ̅ = 9810x(2x2)x(0.917+10+1) = 467623N 

Pressure force at front end (F2) = ݔܣߛʹ̅̅ ̅ = 9810x(2x2)x(10-0.917+1) = 395657N 

Net force (Fx) = F1 – F2 = 467623 -  395657 = 71966N 

AĐĐoƌdiŶg to NeǁtoŶ’s laǁ 

F = m. ax = ʌ Voluŵe ax = 1000x(3x2x2)x6 = 72000 N 

Hence Fx is equal to F. 

 

16. An open cylinder tank 0.5m in diameter and 1m height is completely filled with water and 

rotated about its axis at 240 rpm. Determine the radius up to which the bottom will be exposed and 

the volume of water spilled out of the tank.                                                                                                                        

 

Solution: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Radius (r)  = 0.25m 

N = 240rpm 

r1 

P 

r =0.25m 

A 

B 

C D 

1m 

z 

z1 
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Angular velocity ሺ߱ሻ = ଶேగ଺଴ = ଶ௫ଶସ଴௫గ଺଴  = 25.13 rad/s ݖ = ௥మఠమଶ௚ = ଴.ଶହమଶହ.ଵଷమଶ௚  = 2.01m 

Z1 = 2.01-1= 1.01m 

r1 = ? 

Volume of water spilled = ? ݖଵ = ௥భమఠమଶ௚   ͳ.Ͳͳ = ௥భమଶହ.ଵଷమଶ௚   

r1 = 0.18m 

Volume of water spilled = Volume of paraboloid (APB-CPD) = ଵଶ Ͳͳ.ʹݔͲ.ʹͷଶݔߨݔ − ଵଶ ͳ.Ͳͳ = 0.146 mݔͲ.ͳͺଶݔߨݔ
3 

 

 

17. An open circular cylindrical pipe of radius R and height h is completely filled with water with its 

axis vertical and is rotated about its axis at an angular velocity ߱. Determine the value of ߱ in terms 

of R and h such that the diameter of the exposed center portion is equal to the radius of the 

cylinder. 

Solution: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R 

P 

R 

A 

B 

C D 

h 

z 

x 
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Radius of cylinder = R  

Diameter of exposed central portion = R 

Radius of exposed central portion = R/2 

For parabola APB ݖ = ோమఠమଶ௚   

ݔ + ℎ = ோమఠమଶ௚                               (a) 

For parabola CPD ݔ = ሺோ/ଶሻమఠమଶ௚ = ோమఠమ଼௚                   (b) 

From a and b ℎ = ோమఠమଶ௚ − ோమఠమ଼௚ = ଷோమఠమ଼௚   

߱ = √଼௚ℎଷோమ  

 

 

18. A cylindrical tank 1.5m in diameter and 3m in height contains water to a depth of 2.5m. Find the 

speed of the tank so that 20% of the original volume is spilled out. 

 

Solution: 

 

 

 

 

 

 

 

 

 

 

X 
X 

0.75m 

A 

B 

C D P 

O 3m 

z 
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Radius of the tank (r) = 0.75m 

After 20% of the original quantity of water spills out and if the depth is brought to rest, the depth of 

water will be reduced to 20%. 

Depth of water when the tank comes to rest = 80% of original depth = 0.8x2.5 = 2m 

Rise in water level at the end = 3-2 = 1m = fall at the center 

i. e. z =  2m ݖ = ௥మఠమଶ௚   

ʹ = ଴.଻ହమఠమଶ௚   ߱ = 8.35 rad/s ܰ = ଺଴ఠଶగ = ଺଴௫଼.ଷହଶగ  = 80 rpm 

 

19. Determine the speed of rotation of a cylinder 900mm diameter when the liquid contained in it 

rises to 500mm height at sides and leaves a circular space 300mm diameter on the bottom 

uncovered. Taking the liquid as water, calculate the total pressure on the bottom. Find also the 

depth when the vessel is stationary. 

 

Solution: 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.15m 

P 

0.45m 

A 

B 

C D 

0.5m 

z 

x 
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Radius of cylinder (r) = 0.45m 

Radius at bottom (r1) = 0.15m 

For APB ݖ = ௥మఠమଶ௚   

ݔ + Ͳ.ͷ = ଴.ସହమఠమଶ௚ = Ͳ.ͲͳͲ͵߱ଶ         (a) 

For CPD, ݔ = ௥ଵమఠమଶ௚   

ݔ = ଴.ଵହమఠమଶ௚ = Ͳ.ͲͲͳͳͶ͹߱ଶ         (b) 

From a and b ߱ = 7.4 rad/s, x = 0.063m ܰ = ଺଴ఠଶగ = ଺଴௫଻.ସଶగ  = 70.6 rpm 

 

Volume of water spilled = Volume of paraboloid (APB-CPD) = ଵଶ ሺͲ.ͷݔͲ.Ͷͷଶݔߨݔ + Ͳ.Ͳ͸͵ሻ − ଵଶ Ͳ.Ͳ͸͵ = 0.1768 mݔͲ.ͳͷଶݔߨݔ
3
 

Volume of water in the tank before rotation = ݔߨͲ.ͶͷଶݔͲ.ͷ = 0.318 m
3
 

Volume of water left (Vr) =0.318-0.1768 = 0.1412 m
3
 

Total pressure on the bottom = Weight of water in the tank = ߛ ௥ܸ = 9810x0.1412 = 1385N 

௥ܸ = ʹଶ݀  Ͳ.ͳͶͳݎߨ =   Ͳ.Ͷͷଶ݀ݔߨ

d = 0.22m 

Depth of water when the vessel is stationary = 0.22m 

20. A U-tube shown in figure is filled with a liquid of specific gravity 1.25 to a height of 15cm in both 

the limbs. It is rotated about a vertical axis 15cm from one limb and 30cm from the other. If the 

speed of rotation is 60rpm, find the difference in the liquid levels in the two limbs. Also find the 

pressure at points M and N at the base of U-tube.      

   

 

 

 

30cm 15cm 
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Solution:  

Distance from the axis of rotation to left side (r1) = 0.3m 

Distance from the axis of rotation to right side (r2) = 0.15m 

Speed of rotation (N) = 60 rpm 

Angular velocity ሺ߱ሻ = ଶேగ଺଴ = ଶ௫଺଴௫గ଺଴  = 6.28 rad/s 

ଵݖ  = ௥భమఠమଶ௚ = ଴.ଷమ௫଺.ଶ଼మଶ௚  = 0.181m 

ଶݖ  = ௥మమఠమଶ௚ = ଴.ଵହమ௫଺.ଶ଼మଶ௚  = 0.045m 

Difference in level = 0.181-0.045 = 0.136m 

 

Sum of Z1 and Z2 = 0.226 

But total height of water in two limbs before rotation = 0.15+0.15 = 0.3m 

The difference (0.3-0.226 = 0.074) is equally divided for two limbs. 

Pressure at N = ߛሺܼଵ + Ͳ.Ͳ͹Ͷ/ʹሻ = 1.25x9810x0.218 = 2673 Pa 

Pressure at M = ߛሺܼଶ + Ͳ.Ͳ͹Ͷ/ʹሻ = 1.25x9810x0.082 = 1005.5 Pa 

 

N M 

S 

60rpm 

Z1 

Z2 
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21. Prove that in case of forced vortex, rise of liquid levels at the end is equal to the fall of liquid level 

at the axis of rotation. 

 

 

 

 

 

 

 

 

 

Solution: 

R = Radius of cylinder 

MN = Water level at absolute equilibrium (original water level) 

After rotation, AOB is the profile of the liquid surface. 

hr = Rise of liquid at end 

hf = Fall of liquid at the end 

Volume of liquid before rotation = ܴߨଶ(ℎ + ℎ௙) 

Volume of liquid rotation = Volume of cylinder ABQP- Volume of paraboloid AOB = ଶ(ℎܴߨ + ℎ௙ + ℎ௥) − ͳʹ ଶ(ℎ௙ܴߨ + ℎ௥) 

Volume of liquid before rotation = Volume of liquid after rotation ܴߨଶ(ℎ + ℎ௙) = ଶ(ℎܴߨ + ℎ௙ + ℎ௥) − ͳʹ ଶ(ℎ௙ܴߨ + ℎ௥) ℎ௥ = ℎ௙ 

Hence, rise of liquid level at the end = fall of liquid level at the axis of rotation 

 

h 
P 

hr 

hf 
N 

R 

A B 

C D 

M 

O 

Q 
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Tutorial 6 

Fluid Kinematics 

 

1. Water is flowing through a pipe of 2.5cm diameter with a velocity of 0.5m/s. Compute the 

discharge in m
3
/s and litres/s.  

 

Solution: 

Diameter of pipe (d) = 2.5cm = 0.025m 

C/S Area of pipe (A) = 
గସ Ͳ.Ͳʹͷଶ = 0.000491 mݔ

2
 

Velocity (V) = 0.5m/s 

Discharge (Q) = ? 

 

Q = AV = 0.000491x0.5 = 0.000245 m
3
/s 

Expressing Q in lps 

Q = 0.000245x1000= 0.245 lps 

 

2. A 30 cm diameter pipe carries oil of sp. gr. 0.8 at a velocity of 2m/s. At another section the 

diameter is 20cm. Compute the velocity at this section and discharge in m
3
/s and kg/s. 

 

Solution: 

Diameter of pipe at section1 (d1) = 30cm = 0.3m 

Area of pipe at section1 (A1) = 
గସ Ͳ.͵ଶ = 0.07068 mݔ

2
 

Velocity of pipe at section1 (V1) = 2m/s 

Diameter of pipe at section2 (d2) = 20cm = 0.2m 

Area of pipe at section1 (A2) = 
గସ Ͳ.ʹଶ = 0.0314 mݔ

2
 

Velocity of pipe at section1 (V2) =? 

Discharge at section 2(Q2) = ? 

 

Discharge at section 1(Q1) =  A1 V1 = 0.07068x2 = 0.1413 m
3
/s 
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According to continuity, 

Q2 = Q1 = 0.1413 m
3
/s 

Expressing Q2 in kg/s 

Q2 = Density x Discharge in m
3
/s = 0.8x1000x0.1413 = 113 kg/s 

V2 =Q2/A2 = 0.1423/0.0314 = 4.5 m/s 

 

3. Given the velocity field: ܸ = ሺ͸ + ݕݔʹ + ଶሻ݅ݐ − ሺݕݔଶ + ͳͲݐሻ݆ + ʹͷ݇ 

What is the acceleration of a particle at (3, 0, 2) at time t = 1? 

 

Solution:  ݑ = ሺ͸ + ݕݔʹ + ,ଶሻݐ ݒ =  ሺݕݔଶ + ͳͲݐሻ, ݓ = ʹͷ݇  ܽ௫ = ݑ డ௨డ௫ + ݒ డ௨డ௬ + ݓ డ௨డ௭ + డ௨డ௧   = ሺ͸ + ݕݔʹ + ݕʹଶሻݐ + ሺݕݔଶ + ͳͲݐሻʹݔ + ʹͷ݇ݔͲ +   ݐʹ

At (3,0,2) and t = 1 ܽ௫ = ሺ͸ + Ͳݔ͵ݔʹ + ͳଶሻʹݔͲ + ሺ͵ݔͲଶ + ͳͲݔͳሻʹݔ͵ + ʹͷ݇ݔͲ + ͳ = 62 ܽ௬ݔʹ = ݑ డ௩డ௫ + ݒ డ௩డ௬ + ݓ డ௩డ௭ + డ௩డ௧  = ሺ͸ + ݕݔʹ + ଶݕଶሻݐ + ሺݕݔଶ + ͳͲݐሻʹݕݔ + ʹͷ݇ݔͲ + ͳͲ  

At (3,0,2) and t = 1 ܽ௬ = ሺ͸ + Ͳݔ͵ݔʹ + ͳଶሻͲଶ + ሺ͵ݔͲଶ + ͳͲݔͳሻʹݔ͵ݔͲ + ʹͷ݇ݔͲ + ͳͲ = 10 ܽ௭ = ݑ డ௪డ௫ + ݒ డ௪డ௬ + ݓ డ௪డ௭ + డ௪డ௧   = ሺ͸ + ݕݔʹ + ଶሻͲݐ + ሺݕݔଶ + ͳͲݐሻͲ + ʹͷ݇ݔͲ + Ͳ  

At (3,0,2) and t = 1 ܽ௬ = ሺ͸ + Ͳݔ͵ݔʹ + ͳଶሻͲ + ሺ͵ݔͲଶ + ͳͲݔͳሻͲ + ʹͷ݇ݔͲ + Ͳ = 0 

Acceleration ሺܽሻ = √ܽ௫ଶ + ܽ௬ଶ + ܽ௭ଶ = √͸ʹଶ + ͳͲଶ + Ͳଶ = 62.8 

 

4. A conical pipe diverges uniformly from 0.1m to 0.2m diameter over a length of 1m. Determine the 

local and convective accelerations at the mid section assuming (a) rate of flow is 0.1 m
3
/s and it 

remains constant, (b) at 2 sec if the rate of flow varies uniformly from 0.1 to 0.2 m
3
/s in 5Sec. 
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Solution: 

 

 

 

 

 

 

 

 

 

At any distance x, diameter is  ܦ௫ = Ͳ.ͳ + ቀ଴.ଶ−଴.ଵଵ ቁ ݔ = Ͳ.ͳሺͳ +   ሻݔ

Cross sectional area (ܣ௫ሻ = గସ ௫ଶܦ = గସ [Ͳ.ͳሺͳ + ሻ]ଶݔ = Ͳ.ͲͲ͹ͺͷሺͳ +  ሻଶݔ

Velocity of flow (ݑ௫ = ሻݑ = ொ஺ೣ = ொ଴.଴଴଻଼ହሺଵ+௫ሻమ 

(a) Q = 0.1 m
3
/s (constant) 

Local acceleration = 
డ௨డ௧  = 0 (steady) 

Convective acceleration = ݑ డ௨డ௫ = ொ଴.଴଴଻଼ହሺଵ+௫ሻమ −ଶொ଴.଴଴଻଼ହሺଵ+௫ሻయ 

At mid section (x = 0.5m),  

Convective acceleration = −ଶ௫଴.ଵమ଴.଴଴଻଼ହమሺଵ+଴.ହሻఱ = 42.74 m/s
2
 

(b) Q varies uniformly from 0.1 to 0.2 m
3
/s in 5Sec 

At t = 2S 

Q =Ͳ.ͳ + ቀ଴.ଶ−଴.ଵହ ቁ m 0.14 = ʹݔ
3
/s 

Local acceleration = 
డ௨డ௧ = ଵ଴.଴଴଻଼ହሺଵ+௫ሻమ డொడ௧  

At x = 0.5m, t = 2s 

Local acceleration = 
ଵ଴.଴଴଻଼ହሺଵ+଴.ହሻమ ଴.ଵସ−଴.ଵଶ  = 1.132 m/s

2
 

Convective acceleration = ݑ డ௨డ௫ = ொ଴.଴଴଻଼ହሺଵ+௫ሻమ −ଶொ଴.଴଴଻଼ହሺଵ+௫ሻయ 

At x = 0.5m 

Convective acceleration = −ଶ௫଴.ଵସమ଴.଴଴଻଼ହమሺଵ+଴.ହሻఱ = 83.77 m/s
2
 

 

 

5. The following cases represent the two velocity components, determine the third component of 

velocity such that they satisfy the continuity equation: 

x 

1m 

0.2m 
0.1m 

Dx 
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a)  u = 3x
2
, v = 4xyz 

w = ? 

According to continuity equation, డ௨డ௫ + డ௩డ௬ + డ௪డ௭ = Ͳ  

 డ (ଷ௫మ)డ௫ + డሺସ௫௬௭ሻడ௬ + డ௪డ௭ = Ͳ  ͸ݔ + Ͷݖݔ + డ௪డ௭ = Ͳ  ݓ = ∫ −ሺ͸ݔ + Ͷݖݔሻ ݓ  ݖ݀ = −͸ݖݔ − ଶݖݔʹ + ݂ሺݔ,   ሻݕ

 

b) u = 5x
2
+2xy, w = 2z

3
-4xy-2yz 

v = ? 

According to continuity equation, డ௨డ௫ + డ௩డ௬ + డ௪డ௭ = Ͳ  

 డ (ହ௫మ+ଶ௫௬)డ௫ + డ௩డ௬ + డ(ଶ௭య−ସ௫௬−ଶ௬௭)డ௭ = Ͳ  

ͳͲݔ + ݕʹ + డ௩డ௬ + ͸ݖଶ − Ͳ − ݕʹ = Ͳ  ݒ = ∫ −ሺͳͲݔ + ͸ݖଶሻ ݒ  ݕ݀ = −ͳͲݕݔ − ͸ݖଶݕ + ݂ሺݔ,   ሻݖ

 

 

6. Which of the following velocity fields satisfies continuity equation? 

a) u = 4xy+y
2
, v = 6xy+3x 

 

Solution: 

To satisfy the continuity equation, డ௨డ௫ + డ௩డ௬ = Ͳ  
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Computing 
డ௨డ௫ + డ௩డ௬ 

డ௨డ௫ + డ௩డ௬ = డ(ସ௫௬+௬మ)డ௫ + డሺ଺௫௬+ଷ௫ሻడ௬  = 4y +0+6x+0 = 4y+6x 

Here, డ௨డ௫ + డ௩డ௬ ≠ Ͳ 

Therefore, it does not satisfy continuity. 

 

b) u =2x
2
+y

2
, v = -4xy 

 

Solution: 

To satisfy the continuity equation, డ௨డ௫ + డ௩డ௬ = Ͳ  

 

Computing 
డ௨డ௫ + డ௩డ௬ 

డ௨డ௫ + డ௩డ௬ = డ(ଶ௫మ+௬మ)డ௫ + డሺ−ସ௫௬ሻడ௬  = 4x +0-4x = 0 

Here, డ௨డ௫ + డ௩డ௬ = Ͳ 

Therefore, it does satisfy continuity. 

 

c. u = 2x
2
-xy+z

2
, v = x

2
-4xy+y

2
, w = -2xy-yz+y

2
 

 

To satisfy continuity equation, డ௨డ௫ + డ௩డ௬ + డ௪డ௭ = Ͳ  

Computing 
డ௨డ௫ + డ௩డ௬ + డ௪డ௭  

డ௨డ௫ + డ௩డ௬ + డ௪డ௭ = డ (ଶ௫మ−௫௬+௭మ)డ௫ + డ(௫మ−ସ௫௬+௬మ)డ௬ + డ(−ଶ௫௬−௬௭+௬మ)డ௭   

                         = 4x-y+0+0-4x+2y-0-y+0 = 0 డ௨డ௫ + డ௩డ௬ + డ௪డ௭ ≠ Ͳ  

Therefore, it does satisfy continuity. 
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d. ݑ = − ௄௬௫మ+௬మ, ݒ = ௄௫௫మ+௬మ 

 

Solution: 

To satisfy the continuity equation, డ௨డ௫ + డ௩డ௬ = Ͳ  

 

Computing 
డ௨డ௫ + డ௩డ௬ 

డ௨డ௫ + డ௩డ௬ = డቀ− ಼೤ೣమ+೤మቁడ௫ + డቀ ಼ೣೣమ+೤మቁడ௬   = ሺ−ݕܭሻ −ଵሺ௫మ+௬మሻమ ݔʹ + ሺݔܭሻ −ଵሺ௫మ+௬మሻమ =  ݕʹ ଶ௄௫௬ሺ௫మ+௬మሻమ − ଶ௄௫௬ሺ௫మ+௬మሻమ  = 0 

Here, డ௨డ௫ + డ௩డ௬ = Ͳ 

Therefore, it does satisfy continuity. 

 

 

7. A 40cm diameter pipe, conveying water, branches into two pipes of diameters 30cm and 20cm 

respectively. If the discharge in the 40cm diameter pipe is 0.38m
3
/s, compute the average velocity in 

this pipe. If the average velocity in 30cm diameter pipe is 2m/s, find the discharge and average 

velocity in 20cm diameter pipe. 

 

 

 

 

 

 

 

Solution: 

Diameter of pipe 1 (d1) = 40cm = 0.4m 

2 

3 

1 
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C/S Area of pipe 1 (A1) = 
గସ Ͳ.Ͷଶ = 0.1256 mݔ

2
 

Diameter of pipe 2 (d2) = 30cm = 0.3m 

C/S Area of pipe 2 (A2) = 
గସ Ͳ.͵ଶ = 0.07068 mݔ

2
 

Diameter of pipe 3 (d3) = 20cm = 0.2m 

C/S Area of pipe 3 (A3) = 
గସ Ͳ.ʹଶ = 0.0314 mݔ

2
 

Discharge through pipe 1(Q1) = 0.38 m
3
/s 

Velocity at pipe 2 (V2) = 2m/s 

Velocity at pipe 1 (V1) = ? 

Discharge through pipe 3(Q3) = ? 

Velocity at pipe 3 (V3) = ? 

 

V1 = Q1/A1 = 0.38/0.1256 = 3.025m/s 

 

Q2 = A2 V2 = 0.07068x2 = 0.1413 m
3
/s 

 

From continuity, 

Q1 = Q2 + Q3 

Q3 = Q1- Q2 = 0.38 – 0.1413 = 0.2387 m
3
/s 

V3 = Q3/A3 = 0.1387/0.0314 = 7.6m/s 

 

8. Is the continuity equation for steady, incompressible flow satisfied with the following velocity 

components in polar co-ordinate? 

a. ݒ𝜃 = ௭ݒ ,ݎܥ = ሺܴଶܭ − ௥ݒ ,ଶሻݎ = Ͳ 

 

Solution: 

To satisfy the continuity equation, ଵ௥ డሺ௥௩ೝሻడ௥ + ଵ௥ డሺ௩𝜃ሻడ𝜃 + డ௩೥డ௭ = Ͳ  

Computing 
ଵ௥ డሺ௥௩ೝሻడ௥ + ଵ௥ డሺ௩𝜃ሻడ𝜃 + డ௩೥డ௭  

ଵ௥ డሺ௥௩ೝሻడ௥ + ଵ௥ డሺ௩𝜃ሻడ𝜃 + డ௩೥డ௭ = ଵ௥ డሺ௥௫଴ሻడ௥ + ଵ௥ డሺ஼௥ሻడ𝜃 + డቀ௄(ோమ−௥మ)ቁడ௭    
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                                          = Ͳ + Ͳ + Ͳ = 0 

Here, 
ଵ௥ డሺ௥௩ೝሻడ௥ + ଵ௥ డሺ௩𝜃ሻడ𝜃 + డ௩೥డ௭ = Ͳ 

Therefore, the continuity equation is satisfied. 

 

b. ݒ௥ = ሺͳߠݏ݋ܿܭ − ௕௥మሻ, ݒ𝜃 = ሺͳߠ݊݅ݏܭ− + ௕௥మሻ 

Solution: 

To satisfy the continuity equation, ଵ௥ డሺ௥௩ೝሻడ௥ + ଵ௥ డሺ௩𝜃ሻడ𝜃 = Ͳ  

 

Computing 
ଵ௥ డሺ௥௩ೝሻడ௥ + ଵ௥ డሺ௩𝜃ሻడ𝜃  

ଵ௥ డሺ௥௩ೝሻడ௥ + ଵ௥ డሺ௩𝜃ሻడ𝜃 = ଵ௥ డቀ௥௄௖௢௦𝜃ሺଵ−ೝ್మሻቁడ௥ + ଵ௥ డቀ−௄௦𝑖௡𝜃ሺଵ+ೝ್మሻቁడ𝜃    
 

= ଵ௥ ߠݏ݋ܿܭݎ] డቀଵ−ೝ್మቁడ௥ + ቀͳ − ௕௥మቁ డሺ௥௄௖௢௦𝜃ሻడ௥ ] + ଵ௥ ߠݏ݋ܿܭ−] ቀͳ + ௕௥మቁ]  

= ଵ௥ ߠݏ݋ܿܭݎ] ቀͲ + ଶ௕௥య ቁ + ߠݏ݋ܿܭ ቀͳ − ௕௥మቁ] − ଵ௥ ߠݏ݋ܿܭ] ቀͳ + ௕௥మቁ]  = ଵ௥ [ଶ௄௕௖௢௦𝜃௥మ + ߠݏ݋ܿܭ − ௄௕௖௢௦𝜃௥మ ] − ଵ௥ ߠݏ݋ܿܭ] ቀͳ + ௕௥మቁ]  = ௄௕௖௢௦𝜃௥య + ௄௖௢௦𝜃௥ − ௄௖௢௦𝜃௥ − ௄௕௖௢௦𝜃௥య = Ͳ  

Here, 
ଵ௥ డሺ௥௩ೝሻడ௥ + ଵ௥ డሺ௩𝜃ሻడ𝜃 = Ͳ 

Therefore, the continuity equation is satisfied. 

9. In polar co-ordinate, the two velocity components are given as ݒ௭ = ௠௔௫ሺͳݑ − 𝜃ݒ ଶ/ܴଶሻ andݎ = Ͳ. Determine ݒ௥ሺݎ,  ..ሻ from the incompressible relation if umax is constantݖ

 

Solution: 

From continuity equation, ଵ௥ డሺ௥௩ೝሻడ௥ + ଵ௥ డሺ௩𝜃ሻడ𝜃 + డ௩೥డ௭ = Ͳ  

 ଵ௥ డሺ௥௩ೝሻడ௥ + ଵ௥ డሺ଴ሻడ𝜃 + డ[௨೘ೌೣ(ଵ−௥మ/ோమ)]డ௭ = Ͳ  
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ଵ௥ డሺ௥௩ೝሻడ௥ + Ͳ + Ͳ = Ͳ  

 ∫ ߲ሺݒݎ௥ሻ = Ͳ  ݒݎ௥ = ݂ሺߠ, ௥ݒ  ሻݖ = ௙ሺ𝜃,௭ሻ௥   

 

10. The water tank in the following figure is being filled through section 1 at v1 = 5m/s and through 

section 3 at Q3 = 0.012 m
3
/s. If water level h is constant, determine the exit velocity v2. 

 

 

 

 

 

 

 

Solution: 

Diameter of pipe 1 (d1) = 40mm = 0.04m 

C/S Area of pipe 1 (A1) = 
గସ Ͳ.ͲͶଶ = 0.001257 mݔ

2
 

Diameter of pipe 2 (d2) = 60mm = 0.06m 

Area of pipe at section2 (A2) = 
గସ Ͳ.Ͳ͸ଶ = 0.002827 mݔ

2
 

Velocity of pipe at section1 (V1) = 5m/s 

Q3 = 0.012 m
3
/s 

Exit velocity (v2) = ? 

 

Discharge through pipe1 (Q1) = A1 V1  =0.001257x5 = 0.006285 m
3
/s 

Discharge through pipe 2 (Q2) = Q1  + Q3 = 0.006285+0.012 = 0.018285 m
3
/s 

V2 = Q2/A2 = 0.018285/0.002827 = 6.5m/s 

 

 

1 

3 

2 D1 = 40mm 

D2 = 60mm 

Q3 = 0.012m3/s 

h 
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11. Water flows from A to D and E through series pipelines shown in the figure. 

                                                                                                                 D 

 

                                                                                   d3, Q3,V3 

                                            A                     B                               

                                                      d1, Q1, V1      d2,Q2, V2     C 

                                                                                                                        E 

                                                                                                    d4, Q4, V4 

Diameter of pipe AB = 50mm, Diameter of pipe BC = 75mm, Diameter of pipe CE = 30mm, velocity in 

pipe BC = 2m/s, velocity in pipe CD = 1.5m/s, Q3 =2Q4 

Compute Q1, V1, Q2, d3 and V4. 

 

Solution: 

Diameter of pipe AB (d1) = 50mm = 0.05m 

C/S Area of pipe AB (A1) = 
గସ Ͳ.Ͳͷଶ = 0.001963 mݔ

2
 

Diameter of pipe BC (d2) = 75mm = 0.075m 

C/S Area of pipe BC (A2) = 
గସ Ͳ.Ͳ͹ͷଶ = 0.004418 mݔ

2
 

Diameter of pipe CE (d4) = 30mm = 0.03m 

C/S Area of pipe CE (A4) = 
గସ Ͳ.Ͳ͵ଶ = 0.000707 mݔ

2
 

Velocity in pipe BC (V2) = 2m/s 

Velocity in pipe CD (V3)= 1.5m/s 

Q3 =2Q4 

Q1, V1, Q2, d3 and V4 = ? 

 

Q2 = A2 V2 = 0.004418x2 = 0.008836 m
3
/s 

Q1 = Q2 = 0.008836 m
3
/s 

V1 = Q1/A1 =0.008836/ 0.001963 = 4.5m/s 

 

Q2 = Q3+Q4 =2Q4+ Q4 = 3 Q4 

Q4 = Q2/3 = 0.008836/3 = 0.002945 m
3
/s 
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V4 = Q4/A4 =0.002945/0.000707=4.17m/s 

 

Q3 =2Q4 = 2x0.002945 = 0.005891 m
3
/s 

A3 = Q3/V3 = 0.005891/1.5 = 0.003927m
2
 

ଷܣ  = గସ ଷଶ݀ݔ
  Ͳ.ͲͲ͵ͻʹ͹ = గସ ଷଶ݀ݔ

  

d3 = 0.07m = 70mm 

 

12. The velocity potential (𝜙) is given by 𝜙 = ଶݔ −  ଶ. Find the velocity components in x and yݕ

direction. Also show that 𝜙 represents a possible case of fluid flow. 

 

Solution: 𝜙 = ଶݔ −   ଶݕ

u = ?, v= ? ݑ = − డ𝜙డ௫ = ݒ  ݔʹ− = − డ𝜙డ௬ =   ݕʹ

 

The given value of 𝜙 represents a possible case of fluid flow if it satisfies Laplace equation. ߲ଶ𝜙߲ݔଶ + ߲ଶ𝜙߲ݕଶ = Ͳ 

డ𝜙డ௫ =  ,ݔʹ
డమ𝜙డ௫మ = ʹ 

డ𝜙డ௬ =  ,ݕʹ−
డమ𝜙డ௫మ = −ʹ 

Substituting above values in Laplace equation, we get 
డమ𝜙డ௫మ + డమ𝜙డ௬మ = ʹ − ʹ = Ͳ  

Hence, the given value of 𝜙 represents a possible case of fluid flow. 

 

13.  A stream function (߰) is given by ߰ = ݔʹ − ͷݕ. Calculate the velocity components, and 

magnitude and direction of resultant velocity. 
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Solution: ߰ = ݔʹ − ͷݕ  

u = ?, v= ? ݑ = − డటడ௬ = ͷ  ݒ = డటడ௫ = ʹ  

Resultant velocity ሺܴሻ = ଶݑ√ + ଶݒ = √ͷଶ + ʹଶ = 5.38 

Direction of resultant velocity ሺߠሻ = ଵ−݊ܽݐ ௩௨ = ଵ−݊ܽݐ ଶହ = 21.8
0
 

 

14. If, for a two dimensional potential flow, the velocity potential is given by 𝜙 = Ͷݔሺ͵ݕ − Ͷሻ, 

determine the velocity at point (2, 3).  Determine also the value of stream function ߰ at point (2, 3). 

 

Solution:  𝜙 = Ͷݔሺ͵ݕ − Ͷሻ  

Velocity at point (2, 3) = ? ߰ ݑ ? = = − డ𝜙డ௫ = −ͳʹݕ + ͳ͸ = −ͳʹݔ͵ + ͳ͸ = -20 ݒ = − డ𝜙డ௬ = −ͳʹݔ = −ͳʹ24-= ʹݔ 

Resultant velocity ሺܴሻ = ଶݑ√ + ଶݒ = √ሺ−ʹͲሻଶ + ሺ−ʹͶሻଶ = 31.2 డటడ௫ = − డ𝜙డ௬ = −ͳʹݔ          (a) 

డటడ௬ = డ𝜙డ௫ = ͳʹݕ − ͳ͸        (b) 

Integrating a with respect to x ߰ = −͸ݔଶ + ܿ              (c) 

c is a constant which is independent of x, but may be a function of y. 

Differentiating c with respect to y డటడ௬ = డ௖డ௬             (d) 

From b and d ߲߲ܿݕ = ͳʹݕ − ͳ͸ 
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Integrating ܿ = ͸ݕଶ − ͳ͸ݕ  

Substituting in c ߰ = −͸ݔଶ + ͸ݕଶ − ͳ͸ݕ = −͸ݔʹଶ + ͸ݔ͵ଶ − ͳ͸18- = ͵ݔ 

 

15. The stream function for a two dimensional flow is given by ߰ = ͺݕݔ. Find the velocity potential 

function. 

 

Solution: ߰ = ͺݕݔ   𝜙 =?  డ𝜙డ௫ = డటడ௬ = ͺݔ                    (a) 

డ𝜙డ௬ = − డటడ௫ = −ͺݕ            (b) 

 

Integrating a with respect to x 𝜙 = Ͷݔଶ + ܿ              (c) 

c is a constant which is independent of x, but may be a function of y. 

Differentiating c with respect to y డ𝜙డ௬ = డ௖డ௬             (d) 

From b and d ߲߲ܿݕ = −ͺݕ 

Integrating ܿ = −Ͷݕଶ 

Substituting in c 𝜙 = Ͷݔଶ − Ͷݕଶ 

 

16. For the velocity potential function given as: u = ay sinxy, v = ax sinxy, obtain an expression for 

velocity potential function. 
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Solution: 

u = ay sinxy, v = ax sinxy డ𝜙డ௫ = ݑ− =  (a)           ݕݔ݊݅ݏ ݕܽ−

డ𝜙డ௬ = ݒ− =  (b)           ݕݔ݊݅ݏ ݔܽ−

Integrating a with respect to x 𝜙 = ݕݔݏ݋ܿ ܽ + ܿ                (c) 

c is a constant which is independent of x, but may be a function of y. 

Differentiating c with respect to y డ𝜙డ௬ = ݕݔ݊݅ݏݔܽ− + డ௖డ௬             (d) 

From b and d −ܽݕݔ݊݅ݏݔ + డ௖డ௬ =   ݕݔ݊݅ݏݔܽ−

డ௖డ௬ = Ͳ  

c =0 

Substituting in c 𝜙 =   ݕݔݏ݋ܿ ܽ

 

17.  The velocity components in a two-dimensional flow are: ݑ = ͺݔଶݕ − ଷ଼ ݒ ,ଷݕ = −ͺݕݔଶ + ଷ଼  .ଷݔ

Show that these velocity components represent a possible case of an irrotational flow. 

 

Solution: ݑ = ͺݔଶݕ − ଷ଼ ݒ ,ଷݕ = −ͺݕݔଶ + ଷ଼  ଷݔ

డ௨డ௫ = ͳ͸ݕݔ, 
డ௩డ௬ = −ͳ͸ݕݔ 

 

Continuity equation డ௨డ௫ + డ௩డ௬ = ͳ͸ݕݔ − ͳ͸ݕݔ = Ͳ  

As the continuity equation is satisfied, it is a possible case of fluid flow. 

The rotation is given by 
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߱௭ = ଵଶ ቀడ௩డ௫ − డ௨డ௬ቁ = ଵଶ ሺ−ͺݕଶ + ͺݔଶ − ͺݔଶ + ͺݕଶሻ = Ͳ  

As ߱௭ = Ͳ, the flow is irrotational. 

18.  Show that the following stream function represents an irrotational flow. ߰ = ͸ݔ − Ͷݕ + ͹ݕݔ + ͻ 

 

Solution: ߰ = ͸ݔ − Ͷݕ + ͹ݕݔ + ͻ  ݑ = − డటడ௬ = −Ͷ − ͹ݒ  ݔ = డటడ௫ = ͸ + ͹ݕ  

The rotation is given by 

 ߱௭ = ଵଶ ቀడ௩డ௫ − డ௨డ௬ቁ = ଵଶ ሺͲ − Ͳሻ = Ͳ  

As ߱௭ = Ͳ, the flow is irrotational. 

 

19. Given the velocity vector V = ax i + by I, where a, b = constant. Plot the streamlines of flow and 

explain whether stagnation point occurs. 

Solution: 

u = ax,  v = by 

From continuity, డ௨డ௫ + డ௬డ௬ = Ͳ  

a+b = 0 

a = -b 

With this, 

u = ax,  v = -ay 

 

Equation of streamline ௗ௫௨ = ௗ௬௩   

ௗ௫௔௫ = ௗ௬−௔௬   
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Integrating ∫ ௗ௫௫ = − ∫ ௗ௬௬ ݔ݈݊   = ݕ݈݊− + ܿ  

xy = c 

This is the general expression for streamlines, which are hyperbolas. 

Plotting 

Let  c=  0, xy = 0 

x = 0, y can have any value 

y = 0, x can have any value 

Let c = 1 

xy  = 1 

y = 1/x 

For +ve x, y is also +ve 

For –ve x, y is also –ve. 

Hence there are 2 streamlines corresponding to c = 1 

in first and third quadrant (for C>0). 

 

For C<0, there are 2 streamlines  

in second and fourth quadrant. 

For u = 0 and v = 0 (at stagnation point) 

ax= 0 i.e. x=0 

-ay = 0 i.e. y=0 

At origin (0,0), the velocity is zero, which is stagnation point. At this point two streamlines have 

opposite directions and intersect each other. 

Direction of streamlines 

Looking at velocity, u = ax,  v = -ay 

First quadrant: down 

Second quadrant: down 

Third quadrant: up 

Fourth quadrant: up 

O X 

Y 
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20. If u = ax, v = ay and w = -2az are the velocity components for a fluid flow, check whether they 

satisfy the continuity equation. If they do, is the flow rotational or irrotational? Also obtain equation 

of streamlines passing through the point (2, 2, 4). 

Solution: 

u = ax, v = ay and w = -2az డ௨డ௫ + డ௩డ௬ + డ௪డ௭  = a+a-2a = 0 

The continuity equation is satisfied. 

Rotational components ߱௫ = ଵଶ ቀడ௪డ௬ − డ௩డ௭ቁ = ଵଶ ሺͲ − Ͳሻ = Ͳ   ߱௬ = ଵଶ ቀడ௨డ௭ − డ௪డ௫ ቁ = ଵଶ ሺͲ − Ͳሻ = Ͳ  ߱௭ = ଵଶ ቀడ௩డ௫ − డ௨డ௬ቁ = ଵଶ ሺͲ − Ͳሻ = Ͳ  

As the rotational components are zero, the flow is irrotational. 

Equation of streamline ௗ௫௨ = ௗ௬௩ = ௗ௭௪   ௗ௫௔௫ = ௗ௬௔௬ = ௗ௭−ଶ௔௭  

Considering first and second equations ௗ௫௫ = ௗ௬௬   

Integrating ݈݊ݔ = ݕ݈݊ + ͳ  ௫௬ܥ݈݊ = ܿͳ  (a) 

 

Considering first and third equations ௗ௫௫ = ௗ௭−ଶ௭  

Integrating ݈݊ݔ = − ଵଶ ݖ݈݊ + ݔ݈݊  ʹ݈ܿ݊ + ଵ/ଶݖ݈݊ = ଵ/ଶݖݔ  ʹ݈ܿ݊ = ܿʹ  (b) 

 

At  (2,2,4) 

C1  =2/2= 1, C2 =2x4
1/2 

= 4 

Hence the equation of streamline ݕ/ݔ = ͳ and ݖݔଵ/ଶ = Ͷ 
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Tutorial 7 

Fluid Dynamics 

 

1. Oil with sp gr 0.75 is flowing through a 15cm diameter pipe under a pressure of 105KN/m
2
. If the 

total energy relative to a datum plane 2.5m below the center of the pipe is 18m, determine the flow 

rate of oil. 

Solution: 

Pressure (P) = 105 Kpa 

Diameter of pipe (d) = 15cm = 0.15m 

C/S Area of pipe (A) = 
గସ Ͳ.ͳͷଶ = 0.01767 mݔ

2
 

Datum head (Z) = 2.5m 

Total energy (E) = 18m 

Flow rate (Q) =? 

 

AĐĐoƌdiŶg to BeƌŶoulli’s eƋuatioŶ, ܧ = ௉ఊ + ௏మଶ௚ + ܼ  

ͳͺ = ଵ଴ହ଴଴଴଴.଻ହ௫ଽ଼ଵ଴ + ௏మଶ௚ + ʹ.ͷ  

V = 4.91m/s 

Q = AV = 0.01767x4.91 = 0.0867 m
3
/s 

 

2. A fluid is flowing in a 20cm diameter pipe at a pressure of 28 KN/m
2
 with a velocity of 2.4m/s. The 

elevation of center of pipe above a given datum is 4m. Find the total energy head above the given 

datum if the fluid is (a) water, (b) oil of sp gr 0.82, and (c) gas with a specific weight of 6.4 N/m
3
. 

Solution: 

Pressure (P) = 28 Kpa 

Velocity (V) = 2.4m/s 

Datum head (Z) = 4m 

Energy head (E) = ? 
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a) For water, 9810 = ߛ N/m
3
ܧ  = ௉ఊ + ௏మଶ௚ + ܼ = ଶ଼଴଴଴ଽ଼ଵ଴ + ଶ.ସమଶ௚ + Ͷ  = 7.15m 

b) For oil, 0.82 = ߛx9810 =8044.2N/m
3
ܧ  = ௉ఊ + ௏మଶ௚ + ܼ = ଶ଼଴଴଴଼଴ସସ.ଶ + ଶ.ସమଶ௚ + Ͷ  = 7.77m 

b) For gas, 6.4 = ߛN/m
3
ܧ  = ௉ఊ + ௏మଶ௚ + ܼ = ଶ଼଴଴଴଺.ସ + ଶ.ସమଶ௚ + Ͷ  = 4379.3m 

 

3. A pipe, through which water is flowing is having diameters 40cm and 20cm at sections 1 and 2 

respectively. The velocity of water at section 1 is 5m/s. Find the velocity head at sections 1 and 2 and 

also compute discharge. 

 

Solution: 

Diameter of pipe at section1 (d1) = 40cm = 0.4m 

C/S Area of pipe at section1 (A1) = 
గସ Ͳ.Ͷଶ = 0.1256 mݔ

2
 

Velocity of pipe at section1 (V1) = 5m/s 

Diameter of pipe at section2 (d2) = 20cm = 0.2m 

C/S Area of pipe at section2 (A2) = 
గସ Ͳ.ʹଶ = 0.0314 mݔ

2
 

Velocity heads = ? 

Discharge (Q) =? 

Q = A1 V1 = 0.1256x5 = 0.628 m
3
/s 

Q = A1 V1 = A2 V2 

V2 = Q/A2 = 0.628/0.0314 = 20m/s 

Velocity head at section 1 = 
௏భమଶ௚ = ହమଶ௚ = 1.274m 

Velocity head at section 2 = 
௏మమଶ௚ = ଶ଴మଶ௚  = 20.38m 

 

 

4. The water is flowing through a taper pipe of length 50m having diameters 40cm at the upper end 

and 20cm at the lower end, at the rate of 60 lps. The pipe has a slope of 1 in 40. Find the pressure at 

the lower end if the pressure at the higher level is 24.525 N/cm
2
 (a) assuming no loss of energy (b) a 

loss of 0.2m. 

2 
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Solution: 

Diameter of pipe at section1 (d1) = 20cm = 0.2m 

C/S Area of pipe at section1 (A1) = 
గସ Ͳ.ʹଶ = 0.0314 mݔ

2
 

Diameter of pipe at section2 (d2) = 40cm = 0.4m 

C/S Area of pipe at section2 (A2) = 
గସ Ͳ.Ͷଶ = 0.1256 mݔ

2
 

Discharge (Q) = 60lps = 60x10
-3

 m
3
/s =0.06 m

3
/s 

Velocity at section 1 (V1) = Q/A1 = 0.06/0.0314 = 1.91m/s 

Velocity at section 2 (V2) = Q/A2 = 0.06/0.1256 = 0.47m/s 

Pressure at section 2 (P2) = 24.525 N/cm
2
 =24.525x10

4
 N/m

2
 

Pressure at section 1 (P1) =? 

Slope = taŶθ = ϭ/ϰϬ 

θ = ϭ.ϰϯ0
 

Taking datum head at section 1 (Z1) = 0 

Z2 = 50Sin1.43 = 1.25m 

a. ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at seĐtioŶ ϭ aŶd Ϯ ;ĐoŶsideƌiŶg Ŷo lossͿ ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ  

௉భଽ଼ଵ଴ + ଵ.ଽଵమଶ௚ + Ͳ = ଶସ.ହଶହ௫ଵ଴రଽ଼ଵ଴ + ଴.ସ଻మଶ௚ + ͳ.ʹͷ  

P2 = 255799 N/m
2

  

b. ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at seĐtioŶ ϭ aŶd Ϯ  
Loss of head (hL) = 0.1m ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ + ℎ௅  ௉భଽ଼ଵ଴ + ଵ.ଽଵమଶ௚ + Ͳ = ଶସ.ହଶହ௫ଵ଴రଽ଼ଵ଴ + ଴.ସ଻మଶ௚ + ͳ.ʹͷ + Ͳ.ͳ  

P2 = 256780 N/m
2
  

1 

Datum 
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5. A pipe line carrying oil of sp.gr. 0.8, changes in diameter from 300mm at a position A to 500mm at 

position B which is 5m at a higher level. If the pressures at A and B are 19.62 N/cm
2
 and 14.91 N/cm

2
 

respectively, and the discharge is 150 lps, determine the loss of head and the direction of flow. 

 

 

 

 

 

 

 

 

 

 

Solution: 

Diameter of pipe at section A (d1) = 300mm = 0.3m 

C/S Area of pipe at section A (A1) = 
గସ Ͳ.͵ଶ = 0.0707 mݔ

2
 

Diameter of pipe at section B (d2) = 500mm = 0.5m 

C/S Area of pipe at section B (A2) = 
గସ Ͳ.ͷଶ = 0.1963 mݔ

2
 

Discharge (Q) = 150lps = 150x10
-3

 m
3
/s =0.15 m

3
/s 

Velocity at section A (V1) = Q/A1 = 0.15/0.0707 = 2.12m/s 

Velocity at section B (V2) = Q/A2 = 0.15/0.1963 = 0.764m/s 

Datum at section A (Z1) = 0 

Datum at section B (Z2) = 5m 

Pressure at section A (P1) = 19.62 N/cm
2
 = 19.62x10

-4
 N/m

2
 

Pressure at section B (P2) = 14.91 N/cm
2
 = 14.91x10

-4
 N/m

2
 

Loss of head (hL) = ? 

Direction of flow = ? 

 

Energy head at A (EA) = 
௉భఊ + ௏భమଶ௚ + ܼଵ = ଵଽ଺ଶ଴଴଴.଼௫ଽ଼ଵ଴ + ଶ.ଵଶమଶ௚ + Ͳ= 25.229m 

B 

A 

Datum 
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Energy head at B (EB) =
௉మఊ + ௏మమଶ௚ + ܼଶ = ଵସଽଵ଴଴଴.଼௫ଽ଼ଵ଴ + ଴.଻଺ସమଶ௚ + ͷ = 24.028 

hL = EA-EB = 25.229-24.028 = 1.201m 

 

As EA is greater than EB, the flow takes from A to B.  

 

6. A 100mm diameter suction pipe leading to a pump carries a discharge of 0.03 m
3
/s of oil (sp gr = 

0.85). If the pressure at point A in the suction pipe is a vacuum of 180mmHg, find the total energy 

head at point A w.r.t a datum at the pump. 

 

 

 

 

 

 

 

 

Solution: 

Diameter of pipe at section A (d) = 100mm = 0.1m 

C/S Area of pipe at section A (A) = 
గସ Ͳ.ͳଶ = 0.00785 mݔ

2
 

Discharge (Q) = 0.03 m
3
/s 

Velocity at point A (V) =Q/A = 0.03/0.00785 = 3.82m/s 

Pressure head at A (h) = -180mm Hg  =-0.18 m of Hg 

Pressure at A (P) = ߛு௚ℎ = 13.6x9810x(-0.18) =  -24015 Pa 

Datum head (Z) = -1.2 

Total energy head at A (E) = ? 

 

AĐĐoƌdiŶg to BeƌŶoulli’s eƋuatioŶ, ܧ = ௉ఊ + ௏మଶ௚ + ܼ = −ଶସ଴ଵହ଴.଼ହ௫ଽ଼ଵ଴ + ଷ.଼ଶమଶ௚ − ͳ.ʹ  = -3.336m 

 

1.2m 

oil 

A 

oil 

Discharge pipe 

Datum 

Pump 

Suction pipe 
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7. Oil (sp gr = 0.84) is flowing in a pipe under the conditions shown in the fig. If the total head loss 

from point 1 to point 2 is 0.9m, find the pressure at point 2. 

 

 

 

 

 

 

 

 

 

 

Solution: 

Diameter of pipe at section 1 (d1) = 15cm = 0.15m 

C/S Area of pipe at section 1 (A1) = 
గସ Ͳ.ͳͷଶ = 0.0176 mݔ

2
 

Diameter of pipe at section 2 (d2) = 25cm = 0.25m 

C/S Area of pipe at section 2 (A2) = 
గସ Ͳ.ʹͷଶ = 0.049 mݔ

2
 

Discharge (Q) = 0.06 m
3
/s 

Velocity at point 1 (V1) =Q/A1 = 0.06/0.0176 = 3.4m/s 

Velocity at point 2 (V2) =Q/A2 = 0.06/0.049 = 1.22m/s 

Datum head at 1 (Z1) = 3.5m 

Datum head at 2 (Z2) = 1.2m 

Head loss (hL) = 0.9m 

Pressure at 1 (P1) = 455 Kpa = 455000 Pa 

Pressure at 2 (P2) = ? 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ + ℎ௅  

 

Datum 

Q = 0.06 m
3
/s 

.2 

. 1 

Q = 0.06 m
3
/s 

3.5m 

1.2m 

D1 = 15cm ,P1  = 455 KN/m
2
 

D2 = 25cm ,P2  = ? 
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ସହହ଴଴଴଴.଼ସ௫ଽ଼ଵ଴ + ଷ.ସమଶ௚ + ͵.ͷ = ௉మ଴.଼ସ௫ଽ଼ଵ଴ + ଵ.ଶଶమଶ௚ + ͳ.ʹ + Ͳ.ͻ  

 

P2 = 470767 Pa = 470.76 KPa 

 

8. A 20cm diameter horizontal pipe is attached to a reservoir as shown in fig. If the total head loss 

between the water surface in the reservoir and the water jet at the end of the pipe is 1.8m, what are 

the velocity and flow rate of water being discharged from the pipe? 

 

 

 

 

 

 

Solution: 

Diameter of pipe at section 2 (d2) = 20cm = 0.2m 

C/S Area of pipe at section 2 (A2) = 
గସ Ͳ.ʹଶ = 0.0314 mݔ

2
 

Velocity at point 1 (V1) =0 m/s 

Datum head at 1 (Z1) = 4.5m 

Datum head at 2 (Z2) = 0 

Head loss (hL) = 1.8m 

Pressure at 1 (P1) = 0 (atmospheric) 

Pressure at 2 (P2) = 0 (atmospheric) 

Velocity at point 2 (V2) = ? 

Discharge from point 1 (Q2) = ? 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ + ℎ௅  

Ͳ + Ͳ + Ͷ.ͷ = Ͳ + ௏మమଶ௚ + Ͳ + ͳ.ͺ  

V2 = 7.28 m/s 

2 

1 

4.5m 
Water 
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Q2 = A2 V2 =7.28x0.0314 = 0.228 m
3
/s 

9. Oil flows from a tank through 140m of 15cm diameter pipe and then discharge into air as shown in 

the fig. If the head loss from point 1 to point 2 is 0.55m of oil, determine the pressure needed at 

point 1 to cause 0.02 m
3
/s of oil to flow. 

 

 

 

 

 

 

Solution: 

Diameter of pipe at section 2 (d2) = 15cm = 0.15m 

C/S Area of pipe at section 2 (A2) = 
గସ Ͳ.ͳͷଶ = 0.0176 mݔ

2
 

Velocity at point 1 (V1) =0 m/s 

Datum head at 1 (Z1) = 25m 

Datum head at 2 (Z2) = 30m 

Head loss (hL) = 0.55m 

Pressure at 2 (P2) = 0 (atmospheric) 

Discharge (Q) = 0.02 m
3
/s 

Velocity at point 2 (V2) = Q/A2 = 0.02/0.0176 = 1.14m/s 

Pressure at 1 (P1) = ? 

 

Applying Bernoulli’s eƋuatioŶ at ϭ aŶd Ϯ ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ + ℎ௅  

 ௉భ଴.଼௫ଽ଼ଵ଴ + Ͳ + ʹͷ = Ͳ + ଵ.ଵସమଶ௚ + ͵Ͳ + Ͳ.ͷͷ  

P1 = 43037 Pa = 43.037 Kpa 

 

 

2 

Air 

Oil 

Sp gr = 0.8 

1 Elv. 25m 

Elv. 30m 
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10. In the fig., one end of a U-tube is oriented directly into the flow so that the velocity of the stream 

is zero at this point (stagnation point). Neglecting friction, determine the flow of water in the pipe.  

 

                          20cm dia. pipe 

 

 

 

 

Solution: 

Diameter of pipe (d) = 20cm = 0.2m 

C/S Area of pipe (A) = 
గସ Ͳ.ʹଶ = 0.0314 mݔ

2
 

Velocity at point 1 (V1) =0 m/s 

 

Taking center of pipe as datum 

Datum head at 1 (Z1) = 0 

Datum head at 2 (Z2) = 0 

Pressure at  1=P1 

Pressure at 2 = P2  

Velocity at point 2 = V2 

Flow rate (Q) = ? 

 

Applying BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ  

௉భఊ + Ͳ + Ͳ = ௉మఊ + ௏మమଶ௚ + Ͳ  

 ଶܸ = √ଶ௚ఊ ሺ ଵܲ − ଶܲሻ  

 

Writing manometric equation  

ଵܲ + ݕ௪௔௧௘௥ሺߛ + Ͳ.Ͳ͹ሻ = ଶܲ + ݕ௪௔௧௘௥ߛ +   Ͳ.Ͳ͹ݔு௚ߛ

 

y 

7cm 

1 
.2 

Hg 
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ଵܲ + ͻͺͳͲݔͲ.Ͳ͹ = ଶܲ + ͳ͵.͸ݔͻͺͳͲݔͲ.Ͳ͹  

P1-P2  = 8652.4 Pa 

 

ଶܸ = √ଶ௚ఊ ሺ ଵܲ − ଶܲሻ = √ ଶ௚ଽ଼ଵ଴  ͺ͸ͷʹ.Ͷ  =4.15 m/sݔ

Q = A V2 = 0.0314x4.15 = 0.13 m
3
/s 

 

11. Find the manometer reading (h) in the lossless system of the fig. 

 

 

 

 

 

 

 

 

Solution: 

Diameter of pipe at section 1 (d1) = 75mm = 0.075m 

C/S Area of pipe at section 1 (A1) = 
గସ Ͳ.Ͳ͹ͷଶ = 0.00442 mݔ

2
 

Diameter of pipe at section 2 (d2) = 25mm = 0.025m 

C/S Area of pipe at section 2 (A2) = 
గସ Ͳ.Ͳʹͷଶ = 0.00049 mݔ

2
 

Velocity at point 1 (V1) =0.6 m/s 

Discharge (Q) = A1 V1 = 0.00442x0.6 = 0.00265 m
3
/s 

Velocity at point 2 (V2) =Q/A2 =  0.00265/0.00049 = 5.4 m/s 

Pressure at 2 (P2) = 0 (atmospheric)  

Pressure at 1= P1 

Taking datum through point 1 

Datum head at 1 (Z1) = 0 

Datum head at 2 (Z2) = 2m 

h = ? 

h 

V1 = 0.6m/s 

1 Water 

2 

75mm dia 

25mm dia 

1m 

2m 

Hg 
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ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ  ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ  

௉భଽ଼ଵ଴ + ଴.଺మଶ௚ + Ͳ = Ͳ + ହ.ସమଶ௚ + ʹ  

P1 = 34020 Pa 

 

Writing manometric equation  

ଵܲ + ͳݔ௪௔௧௘௥ߛ = Ͳ + ℎ  ͵ͶͲʹͲݔு௚ߛ + ͻͺͳͲݔͳ = ͳ͵.͸ݔͻͺͳͲݔℎ  

h = 0.328m 

 

12. In the fig., the fluid is water and the pressure at point 1 is 180Kpa gage. If the mass flux is 15kg/s, 

what is the head loss between 1 and 2? (flux =  flow rate) 

 

 

 

 

 

               

Solution: 

Diameter of pipe at section 1 (d1) = 8cm = 0.08m 

C/S Area of pipe at section 1 (A1) = 
గସ Ͳ.Ͳͺଶ = 0.00503 mݔ

2
 

Diameter of pipe at section 2 (d2) = 5cm = 0.05m 

C/S Area of pipe at section 2 (A2) = 
గସ Ͳ.Ͳͷଶ = 0.00196 mݔ

2
 

Mass flux (M) = 15kg/s 

Velocity at point 1 (V1) = 
ெఘ஺భ = ଵହଵ଴଴଴௫଴.଴଴ହ଴ଷ = 2.98m/s 

Velocity at point 2 (V2) = 
ெఘ஺మ = ଵହଵ଴଴଴௫଴.଴଴ଵଽ଺ = 7.65m/s 

Pressure at 1 (P1) = 180 Kpa 

1 

8cm dia pipe 

5cm dia jet 

12m 
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Pressure at 2 (P2) = 0 (atmospheric)  

Taking datum through point 1 

Datum head at 1 (Z1) = 0 

Datum head at 2 (Z2) = 12m 

Head loss (hL) =? 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ + ℎ௅  

ଵ଼଴଴଴଴ଽ଼ଵ଴ + ଶ.ଽ଼మଶ௚ + Ͳ = Ͳ + ଻.଺ହమଶ௚ + ͳʹ + ℎ௅  

hL = 3.82m 

 

 

 

 

 

 

13. A pipeline connected to a reservoir discharges water to the atmosphere. The loss of head is 1 

times velocity head from A to B, 1.5 times velocity head from B to C and 0.5 times velocity head from 

C to D. If the pipe is 150mm in diameter, calculate the pressure heads at B and C. Also compute 

discharge.  

 

                                                A 

                                                                                                                            5m 

       Reservoir                                                         20m                                                        15m 

                                                                                                                                     

Datum 

                                                                                   B  

 

Solution: 

Diameter of pipe (d) = 15cm = 0.15m 

C/S Area of pipe at section (A) = 
గସ Ͳ.ͳͷଶ = 0.0176 mݔ

2
 

D 

C 
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Velocity at A (VA) = 0 

V = Velocity of water through pipe = VB = VC = VD ℎܮ஺஻ = ௏మଶ௚ , ℎܮ஻஼ = ଵ.ହ௏మଶ௚ , ℎܮ஼஽ = ଴.ହ௏మଶ௚  

Total head loss ሺℎܮሻ = ଷ௏మଶ௚  

Datum head at A (ZA)  = 20m 

Datum head at B (ZB)  = 0 

Datum head at C (ZC)  = 15m 

Datum head at D (ZD)  = 5m 

Pressure at A (PA) = 0 (atmospheric) 

Pressure at D (PD) = 0 (atmospheric) 

Pressure head at B ( ஻ܲ/ߛ) =? 

Pressure head at C ( ஼ܲ/ߛ) =? 

Discharge (Q) = ? 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at A aŶd D 

 ௉ಲఊ + ௏ಲమଶ௚ + ஺ܼ = ௉ವఊ + ௏ವమଶ௚ + ܼ஽ + ℎܮ  

Ͳ + Ͳ + ʹͲ = Ͳ + ௏మଶ௚ + ͷ + ଷ௏మଶ௚   

V = 8.57 m/s 

VB = VC = VD = 8.57 m/s 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at A aŶd B 

 ௉ಲఊ + ௏ಲమଶ௚ + ஺ܼ = ௉ಳఊ + ௏ಳమଶ௚ + ܼ஻ + ℎܮ஺஻  

Ͳ + Ͳ + ʹͲ = ௉ಳఊ + ௏మଶ௚ + Ͳ + ௏మଶ௚  

ʹͲ = ௉ಳఊ + ଼.ହ଻మଶ௚ + ଼.ହ଻మଶ௚   

௉ಳఊ = ͳʹ.ͷ݉  
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ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at B aŶd C 

 ௉ಳఊ + ௏ಳమଶ௚ + ܼ஻ = ௉಴ఊ + ௏಴మଶ௚ + ܼ஼ + ℎܮ஻஼   

ͳʹ.ͷ + ௏మଶ௚ + Ͳ = ௉಴ఊ + ௏మଶ௚ + ͳͷ + ଵ.ହ௏మଶ௚   

−ʹ.ͷ = ௉಴ఊ + ଵ.ହ∗଼.ହ଻మଶ௚   

௉಴ఊ = −ͺ.ͳͳ݉  

 

Q = AV = 0.0176x8.57 = 0.1508 m
3
/s 

 

14. A 15cm diameter pipe is expanded to 25cm diameter suddenly at a section. The head loss at a 

sudden expansion from section 1 to 2 is given by hL = (V1-V2)
2
/2g.  For a discharge of 45 lps, calculate 

the manometer reading h.  

                                                            15cm 

                                                                        

                                                                         

                                   50cm 

                                                                                

                                                                                

                         Water                                                                                   

                                                               25cm 

                                                                                                           Mercury 

 

Solution: 

Diameter of pipe at section 1 (d1) = 15cm = 0.15m 

C/S Area of pipe at section 1 (A1) = 
గସ Ͳ.ͳͷଶ = 0.0176 mݔ

2
 

Diameter of pipe at section 2 (d2) = 25cm = 0.25m 

Area of pipe at section 2 (A2) = 
గସ Ͳ.ʹͷଶ = 0.049 mݔ

2
 

Discharge (Q) = 45 lps = 0.045 m
3
/s 

Velocity at point 1 (V1) =Q/A1 = 0.045/0.0176 = 2.55 m/s 

1 

2 

h 

y 
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Velocity at point 2 (V2) =Q/A2 = 0.045/0.049 = 0.92 m/s 

Pressure at 1= P1 

Pressure at 2 = P2  

Taking datum through point 2 

Datum head at 1 (Z1) = 0.5 m 

Datum head at 2 (Z2) = 0 

Head loss ሺℎ௅ሻ = ሺ௏భ−௏మሻమଶ௚ = ሺଶ.ହହ−଴.ଽଶሻమଶ௚  = 0.14m 

h = ? 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ  ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ + ℎ௅  

௉భଽ଼ଵ଴ + ଶ.ହହమଶ௚ + Ͳ.ͷ = ௉మଽ଼ଵ଴ + ଴.ଽଶమଶ௚ + Ͳ + Ͳ.ͳͶ  

P1 – P2 = -6359.6 Pa 

 

Writing manometric equation  

ଵܲ + ݕ ݔ௪௔௧௘௥ߛ + = ℎݔு௚ߛ ଶܲ+ ߛ௪௔௧௘௥ݔℎ  

-6359.6+9810(0.5-h)+13.6x9810h = 0 

h = 0.0117m 

 

15. Water is pumped from a reservoir through 150mm diameter pipe and is delivered at a height of 

15m from the centerline of pump through a 100mm nozzle connected to 150mm discharge line as 

shown in the figure. If the pressure at the pump inlet is 210 KN/m
2
 absolute, inlet velocity of 5m/s 

and the jet is discharged into atmosphere, determine the energy supplied by the pump. Take 

atmospheric pressure = 101.3 KN/m
2
 and assume no friction. 

 

 

 

 

 

 

2 

1 

5m/s 

100mm dia 

nozzle 

Pump 

150mm dia 

15m

150mm dia 
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Solution: 

Diameter of pipe at section 1 (d1) = 150mm = 0.15m 

C/S Area of pipe at section 1 (A1) = 
గସ Ͳ.ͳͷଶ = 0.01767mݔ

2
 

Diameter of pipe at section 2 (d2) = 100mm = 0.1m 

C/S Area of pipe at section 2 (A2) = 
గସ Ͳ.ͳଶ = 0.007854 mݔ

2
 

Velocity at point 1 (V1) =5 m/s 

Discharge (Q) = A1 V1 = 0.01767x5 = 0.08835 m
3
/s 

Velocity at point 2 (V2) =Q/A2 = 0.08835/0.007854 = 11.25 m/s 

Pressure at 1 (P1) = 210 KN/m
2
 

Pressure at 2 (P2) = 101.3 KN/m
2
 (atmospheric) 

Taking datum through centerline of pump 

Datum head at 1 (Z1) = 0 

Datum head at 2 (Z2) = 15m 

Energy supplied by pump = ? 

hp = Head supplied by the pump 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ  ௉భఊ + ௏భమଶ௚ + ܼଵ + ℎ௣ = ௉మఊ + ௏మమଶ௚ + ܼଶ  

ଶଵ଴଴଴଴ଽ଼ଵ଴ + ହమଶ௚ + Ͳ + ℎ௣ = ଵ଴ଵଷ଴଴ଽ଼ଵ଴ + ଵଵ.ଶହమଶ௚ + ͳͷ  

hp = 9.09m 

Energy supplied by the pump = ܳߛℎ௣ = 9810x0.08835x9.09 = 7878W 

 

16. For a turbine shown in the figure, P1 = 200 Kpa, P2= -35Kpa, Q = 0.3m
3
/s. Determine the energy 

output of the machine if its efficiency is 80%. 

 

 

 

 

 

 

 

Solution: 

Diameter of pipe at section 1 (d1) = 400mm = 0.4m 

C/S Area of pipe at section 1 (A1) = 
గସ Ͳ.Ͷଶ = 0.1256mݔ

2
 

Diameter of pipe at section 2 (d2) = 800mm = 0.8m 

C/S Area of pipe at section 2 (A2) = 
గସ Ͳ.ͺଶ = 0.5026 mݔ

2
 

2 

1 
Turbine 

400mm dia 

1.5m

800mm dia 
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Discharge (Q) = 0.3 m
3
/s 

Velocity at point 1 (V1) = Q/A2 =0.3/0.1256 = 2.38 m/s 

Velocity at point 2 (V2) =Q/A2 = 0.3/0.5026 = 0.6 m/s 

Pressure at 1 (P1) = 200 Kpa 

Pressure at 2 (P2) = -35Kpa 

Taking datum at 2, 

Datum head at 1 (Z2) = 0 

Datum head at 2 (Z1) = 1.5m 

Efficiency (ߟ) = 0.8 

Energy output of machine = ? 

ht = Head extracted by turbine 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ  ௉భఊ + ௏భమଶ௚ + ܼଵ − ℎ௧ = ௉మఊ + ௏మమଶ௚ + ܼଶ  

ଶ଴଴଴଴଴ଽ଼ଵ଴ + ଶ.ଷ଼మଶ௚ + ͳ.ͷ − ℎ௧ = −ଷହ଴଴଴ଽ଼ଵ଴ + ଴.଺మଶ௚ + Ͳ  

ht = 25.72m 

 

Energy output = ߟሺܳߛℎ௧ሻ = 0.8x(9810x0.3x25.72) = 60555W 

 

17. A jet of water issues vertically upwards from 0.2m high nozzle whose inlet and outlet diameters 

are 100mm and 40mm respectively. If the pressure at the inlet is 20 Kpa above the atmospheric 

pressure, determine the discharge and the height to which the jet will rise. Assume no friction 

 

 

 

 

 

 

 

 

3 

2 

1 

40mm dia 

0.2m 

100mm dia 

h 
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Solution: 

Inlet diameter (d1) = 100mm = 0.1m 

C/S Area at inlet (A1) = 
గସ Ͳ.ͳଶ = 0.007854 mݔ

2
 

Outlet diameter (d2) = 40mm = 0.04m 

C/S Area at outlet (A2) = 
గସ Ͳ.ͲͶଶ = 0.001257mݔ

2
 

Pressure at 1 (P1) = 20 KN/m
2
 

Pressure at 2 and 3 (P2, P3) = 0 

Discharge (Q) = ? 

Height to which jet will rise (h) = ? 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ ;TakiŶg datuŵ at ϭͿ ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ  

ଶ଴଴଴଴ଽ଼ଵ଴ + ௏భమଶ௚ + Ͳ = Ͳ + ௏మమଶ௚ + Ͳ.ʹ  

ଵܸଶ − ଶܸଶ = −͵͸.Ͳ͹͸      (a) 

From continuity ܣଵ ଵܸ = ଶܣ ଶܸ  Ͳ.ͲͲ͹ͺͷͶ ଵܸ = Ͳ.ͲͲͳʹͷ͹ ଶܸ  

ଵܸ = Ͳ.ͳ͸ ଶܸ            (b) 

From a and b ሺͲ.ͳ͸ ଶܸሻଶ − ଶܸଶ = −͵͸.Ͳ͹͸  

V2  =6.08m/s 

V1 = 0.97m/s ܳ = ଵܣ ଵܸ = 0.007854x0.97 = 0.007618 m
3
/s 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at Ϯ aŶd ϯ ;TakiŶg datuŵ at ϮͿ ௉మఊ + ௏మమଶ௚ + ܼଶ = ௉యఊ + ௏యమଶ௚ + ܼଷ  

Ͳ + ଺.଴଼మଶ௚ + Ͳ = Ͳ + Ͳ + ℎ  

h = 1.88m 
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18. A jet of water coming out from 50mm diameter rounded nozzle attached to 100mm diameter 

pipe is directed vertically downwards. If the pressure in the 100mm diameter pipe 0.2m above the 

nozzle is 200 Kpa gauge, determine the diameter of jet 5m below the nozzle level. 

 

 

 

 

 

 

 

 

 

 

Solution: 

Diameter of pipe at section 1 (d1) = 100mm = 0.1m 

C/S Area of pipe at section 1 (A1) = 
గସ Ͳ.ͳଶ = 0.007854 mݔ

2
 

Diameter of pipe at section 2 (d2) = 50mm = 0.05m 

C/S Area of pipe at section 2 (A2) = 
గସ Ͳ.Ͳͷଶ = 0.001963mݔ

2
 

Pressure at 1 (P1) = 200 Kpa 

Pressure at 2 and 3 (P2, P3) = 0 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ ;TakiŶg datuŵ at ϮͿ ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ  

ଶ଴଴଴଴ଽ଼ଵ଴ + ௏భమଶ௚ + Ͳ.ʹ = Ͳ + ௏మమଶ௚ + Ͳ  

ଵܸଶ − ଶܸଶ = −ͶͲͶ      (a) 

From continuity ܣଵ ଵܸ = ଶܣ ଶܸ  Ͳ.ͲͲ͹ͺͷͶ ଵܸ = Ͳ.ͲͲͳͻ͸͵ ଶܸ  

ଵܸ = Ͳ.ʹͷ ଶܸ            (b) 

1 

2 

3 

50mm dia 

5m 

100mm dia 

0.2m 
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From a and b ሺͲ.ʹͷ ଶܸሻଶ − ଶܸଶ = −ͶͲͶ  

V2  =20.75m/s 

V1 = 5.18m/s ܳ = ଵܣ ଵܸ = 0.007854x5.18 = 0.0407 m
3
/s 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at Ϯ aŶd ϯ ;TakiŶg datum at 3) ௉మఊ + ௏మమଶ௚ + ܼଶ = ௉యఊ + ௏యమଶ௚ + ܼଷ  

Ͳ + ଶ଴.଻ହమଶ௚ + ͷ = Ͳ + ௏యమଶ௚ + Ͳ  

V3 = 23m/s 

A3 = Q/V3 = 0.0407/23 = 0.00177 m
2
ଷܣ  = గସ ݀ଷଶ  Ͳ.ͲͲͳ͹͹ = గସ ݀ଷଶ  

d3 = 0.047m = 47mm 

 

19. The pipe flow in the figure is driven by the pump. What gauge pressure is needed to be supplied 

by the pump to provide water flow rate of Q = 60m
3
/h? Neglect head loss from A to B. Head loss 

from C to D = ͵Ͳ ௏಴ವమଶ௚ ; Head loss from D to E = ʹͲ ௏಴ವమଶ௚ ; dAB (diameter of pipe AB) = dCD = 5cm; dDE = 

2cm. where VCD = velocity in pipe CD and VDE = velocity in pipe DE.      

   

 

 

 

 

 

 

 

 

 

 

 

1 

D E 

B C 

10m 

80m 

A 

Pump 

Q 
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Solution: 

Discharge (Q) = 60m
3
/h = 60/3600 m

3
/s = 0.0167 m

3
/s 

Diameter of pipe AB and CD = 5cm = 0.05m 

C/s Area of pipe AB and CD (AAB, ACD) = 
గସ Ͳ.Ͳͷଶ= 0.001963mݔ

2
 

Diameter of pipe DE =2cm = 0.02m 

C/s Area of pipe DE  (ADE) = 
గସ Ͳ.Ͳʹଶ= 0.000314mݔ

2
 

Velocity of flow through AB and CD (VAB = VCD) =Q/AAB = 0.0167/0.001963 = 8.5m/s 

Velocity of flow through DE (VDE) = Q/ADE = 0.0167/0.000314 = 53.2m/s 

Head loss between A and B (hLAB) = 0 

Head loss from C to D (hLCD) = ͵Ͳ ௏಴ವమଶ௚ = ͵Ͳ ଼.ହమଶ௚  = 110.5m 

Head loss from D to E (hLDE) = ʹͲ ௏಴ವమଶ௚ = ʹͲ ଼.ହమଶ௚  = 73.65m 

Total head loss (hL) = 0+110.5+73.65 = 184.15m 

hp = Head supplied by the pump 

At point 1, V1 = 0, P1 = 0 (atm) 

At point E, PE = 0 (atm) 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ ϭ aŶd E ;TakiŶg datuŵ thƌough AͿ ௉భఊ + ௏భమଶ௚ + ܼଵ + ℎ௣ = ௉ಶఊ + ௏ಶమଶ௚ + ܼா + ℎ௅  

Ͳ + Ͳ + ͳͲ + ℎ௣ = Ͳ + ହଷ.ଶమଶ௚ + ͺͲ + ͳͺͶ.ͳͷ  

hm =398.4m 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ B aŶd C  ௉ಳఊ + ௏ಳమଶ௚ + ܼ஻ + ℎ௣ = ௉಴ఊ + ௏಴మଶ௚ + ܼ஼   

VB = VC, ZB = ZC 

஼ܲ − ஻ܲ =  ℎ௣ = 9810x398.4 = 3908304 Pa = 3908.304 Kpaߛ 

Gauge pressure to be supplied by the pump = 3908.304 Kpa 

 

20. The head extracted by turbine CR in the fig. is 60m and the pressure at T is 505 KN/m
2
.  For 

losses of 2V2
2
/2g between W and R and 3V1

2
/2g between C and T, determine (a) how much water is 

flowing and (b) the pressure head at R. Draw the energy gradient line and hydraulic gradient line. 
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Solution: 

Diameter of pipe TC (d1) = 30cm = 0.3m 

C/S Area of pipe TC (A1) = 
గସ Ͳ.͵ଶ = 0.0707 mݔ

2
 

Diameter of pipe RW (d2) = 60cm = 0.6m 

C/S Area of pipe RW (A2) = 
గସ Ͳ.͸ଶ = 0.2827 mݔ

2
 

Pressure at T (PT) = 505 KPa 

Velocity at T (VT) = V1 

hLTC = 3V1
2
/2g 

hLRW = 2V2
2
/2g 

ht = 60m 

Datum head at T (ZT) = 75m 

Datum head at R (ZR) = 30m 

Datum head at W (ZW) = 45m 

 

Pressure at W (PW) = 0 

Velocity at W (VW) = 0 

Flow rate (Q) = ? 

Pressure head at R ( ோܲ/ߛ) =? 

 

aͿ ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at T aŶd W 

 ௉೅ఊ + ௏೅మଶ௚ + ்ܼ − ℎ௧ = ௉ೈఊ + ௏ೈమଶ௚ + ܼௐ +   ݏݏ݋݈ ℎ݁ܽ݀ ݈ܽݐ݋ܶ

ହ଴ହ଴଴଴ଽ଼ଵ଴ + ௏భమଶ௚ + ͹ͷ − ͸Ͳ = Ͳ + Ͳ + Ͷͷ + ଷ௏భమଶ௚ + ଶ௏మమଶ௚   

ଵܸଶ + ଶܸଶ =  ʹͳͲ.͹       

Elv .30m 

Elv .75m 

V1 W 

R C 

T 30cm dia 

60cm dia 

V2 
Elv .45m 
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(a) 

Continuity equation 

A1 V1 = A2 V2 

0.0707 V1 = 0.2827 V2 

V1 = 4 V2                    (b) 

From a and b 

V2 = 3.52 m/s 

V1 = 14.08 m/s 

 Q = A1 V1 = 0.0707x14.08 = 0.995 m
3
/s 

 

b) ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at R aŶd W 

 ௉ೃఊ + ௏ೃమଶ௚ + ܼோ = ௉ೈఊ + ௏ೈమଶ௚ + ܼௐ + ℎܮோௐ  

௉ೃఊ + ௏మమଶ௚ + ͵Ͳ = Ͳ + Ͳ + Ͷͷ + ଶ௏మమଶ௚   

௉ೃఊ = ͳͷ + ௏మమଶ௚ = ͳͷ + ଷ.ହଶమଶ௚  = 15.63m 

 

Finding the elevation of EGL and HGL 

EGL at T = 
௉೅ఊ + ௏೅మଶ௚ + ்ܼ = ହ଴ହ଴଴଴ଽ଼ଵ଴ + ଵସ.଴଼మଶ௚ + ͹ͷ = 136.6m 

EGL at C = EGL at T- hLTC = ͳ͵͸.͸ − ଷ௫ଵସ.଴଼మଶ௚  = 106.3m 

EGL at R = EGL at C - hCR = 106.3-60 = 46.3m 

EGL at W = EGL at R – hLRW = Ͷ͸.͵ − ଶ௫ଷ.ହଶమଶ௚  = 45m 

HGL at T = ݐܽ ܮܩܧ ܶ − ௏భమଶ௚ = ͳ͵͸.͸ − ଵସ.଴଼మଶ௚  = 126.5m 

HGL at C = ܥ ݐܽ ܮܩܧ − ௏భమଶ௚ = ͳͲ͸.͵ − ଵସ.଴଼మଶ௚  = 96.2m 

HGL at R = ݐܽ ܮܩܧ ܴ − ௏మమଶ௚ = Ͷ͸.͵ − ଷ.ହଶమଶ௚  = 45.6m 

HGL at W = ݐܽ ܮܩܧ ܹ − ௏ೈమଶ௚ = Ͷͷ − Ͳ = 45m 
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21. The figure below shows a pump P pumping 90 lps of water from a tank.  

(a) What will be the pressure at points B and C when the pump delivers 14.5KW of power to the 

flow? Assume the losses in the system to be negligible. 

(b) What will be the pressure at C when the loss in the in the inlet to the pump is negligible and 

between the pump and the point C, a loss equal to 2 times the velocity head at B takes place. 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Discharge (Q) = 90 lps = 0.09 m
3
/s 

Diameter of large pipe (dB) = 16cm = 0.16m 

45.6m 

96.2m 

126.5m 

136.6m 

106.3m 

46.3m 

Elv .30m 

Elv .75m 

V1 W 

R C 

T 

V2 
Elv .45m 

EGL 

HGL 

Pump 

10 cm dia. 

B 

C 

3 m 

1.4m 

A 

P 

Water 16 cm dia. 

Reservoir 
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Diameter of smaller pipe (dC) = 10cm = 0.1m 

 

(a) Power (P) = 14.5 KW = 14500W 

Pressure at point B (PB) = ? 

Pressure at point C (PC) = ? 

Head supplied by the pump = hp ܲ = ℎ௣ ͳͶͷͲͲܳߛ = ͻͺͳͲݔͲ.Ͳͻݔℎ௣ 

hp = 16.42m 

 

VA = 0, PA = 0 (atm. pr.) 

 

Using continuity equation at B and C 

஻ܸ = ொ஺ಳ = ଴.଴ଽ𝜋ర଴.ଵ଺మ  = 4.47m/s 

஼ܸ = ொ஺಴ = ଴.଴ଽ𝜋ర଴.ଵమ = 11.46m/s 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ A aŶd B (taking B as datum) ௉ಲఊ + ௏ಲమଶ௚ + ஺ܼ = ௉ಳఊ + ௏ಳమଶ௚ + ܼ஻   

Ͳ + Ͳ + ͵ = ௉ಳଽ଼ଵ଴ + ସ.ସ଻మଶ௫ଽ.଼ଵ + Ͳ  

PB = 19440 Pa 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ A aŶd C ;takiŶg B as datuŵͿ ௉ಲఊ + ௏ಲమଶ௚ + ஺ܼ + ℎ௣ = ௉಴ఊ + ௏಴మଶ௚ + ܼ஼   

Ͳ + Ͳ + ͵ + ͳ͸.Ͷʹ = ௉಴ଽ଼ଵ଴ + ଵଵ.ସ଺మଶ௫ଽ.଼ଵ + Ͷ.Ͷ  

PC = 81680 Pa 

 

b) Loss between A and B = 0 

Loss between B and C = ʹ ௏ಳమଶ௚ = ʹ ସ.ସ଻మଶ௫ଽ.଼ଵ = 2.04m 
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Total loss of head (hL)  = 2.04m 

Pressure at point C (PC) = ? 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ A aŶd C ;takiŶg B as datuŵͿ ௉ಲఊ + ௏ಲమଶ௚ + ஺ܼ + ℎ௣ = ௉಴ఊ + ௏಴మଶ௚ + ܼ஼ + ℎ௅  

Ͳ + Ͳ + ͵ + ͳ͸.Ͷʹ = ௉಴ଽ଼ଵ଴ + ଵଵ.ସ଺మଶ௫ଽ.଼ଵ + Ͷ.Ͷ + ʹ.ͲͶ  

PC = 61668 Pa 

22. The figure below shows a pipe connecting a reservoir to a turbine which discharges water to the 

tailrace through another pipe. The head loss between the reservoir and the turbine is 8 times kinetic 

head in the pipe and that from the turbine to tailrace is 0.4 times the kinetic head in the pipe. The 

rate of flow is 1.36m
3
/s and the pipe diameter in both cases is 1m. Determine (a) the pressure at 

inlet and exit of turbine, and (b) the power generated by the turbine. 

 

 

 

 

 

 

                                                 

                                                                                

 

 

Solution: 

Diameter of pipe 1-2 and 3-4 (d) = 1m 

Discharge (Q) = 1.36m
3
/s 

As d is same, velocity (V) is also same for pipe 1-2 and 3-4. ܸ = ொ஺ = ଵ.ଷ଺𝜋రଵమ  =1.73 m/s 

Head loss between reservoir and turbine (hLa)= ͺ ௏మଶ௚ = ͺ ଵ.଻ଷమଶ௫ଽ.଼ଵ = 1.22m 

Head loss between turbine and tailrace (hLb)= Ͳ.Ͷ ௏మଶ௚ = Ͳ.Ͷ ଵ.଻ଷమଶ௫ଽ.଼ଵ = 0.06m 

Total loss of head (hL) = 1.22+0.06 = 1.28m 

P1 = 0, P4 = 0, V1 = 0, V4 = 0 

5m 

50m 

4 

3 2 

1 

1m dia 

1m dia 

Turbine 
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(a) Pressure at 2 (P2) = ? 

Pressure at 3 (P3) = ? 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ ϭ aŶd Ϯ ;takiŶg datuŵ thƌough ϮͿ ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ + ℎ௅௔  

Ͳ + Ͳ + ͷͲ = ௉మଽ଼ଵ଴ + ଵ.଻ଷమଶ௫ଽ.଼ଵ + Ͳ + ͳ.ʹʹ  

P2 = 477035 Pa 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ ϯ aŶd ϰ ;takiŶg datuŵ thƌough ϰͿ ௉యఊ + ௏యమଶ௚ + ܼଷ = ௉రఊ + ௏రమଶ௚ + ܼସ + ℎ௅௕  

௉యଽ଼ଵ଴ + ଵ.଻ଷమଶ௫ଽ.଼ଵ + ͷ = Ͳ + Ͳ + Ͳ + Ͳ.Ͳ͸  

P3 = -49958 Pa 

 

b) Power generated by the turbine (P) = ? 

Head extracted by turbine = hT 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ Ϯ aŶd ϯ ;takiŶg datuŵ thƌough ϮͿ ௉మఊ + ௏మమଶ௚ + ܼଶ − ℎ் = ௉యఊ + ௏యమଶ௚ + ܼଷ  ସ଻଻଴ଷହଽ଼ଵ଴ఊ + ଵ.଻ଷమଶ௫ଽ.଼ଵ + Ͳ − ℎ் = −ସଽଽହ଼ଽ଼ଵ଴ + ଵ.଻ଷమଶ௫ଽ.଼ଵ + Ͳ  ℎ் = 53.7m ܲ = ℎ்ܳߛ = ͻͺͳͲݔͳ.͵͸ݔͷ͵.͹  = 711176W = 711.176KW 

 

 

A 2.5m long pipeline tapers uniformly from 10cm diameter to 20cm diameter at its upper end. The 

pipe centerline slopes upwards at an angle of 30
0
 to the horizontal and the flow direction is from 

smaller to bigger cross-section. If the pressure at lower and upper ends of the pipe are 2bar and 

2.4bar respectively, determine the flow rate and the pressure at the mid-length of the pipeline. 

Assume no energy losses. 

 

Solution:  

 

 

 

 

 

30
0
 

3 

2 

1 

Datum 
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Solution: 

Diameter of pipe at section1 (d1) = 10cm = 0.1m 

C/S Area of pipe at section1 (A1) = 
గସ Ͳ.ͳଶ = 0.00785 mݔ

2
 

Diameter of pipe at section2 (d2) = 20cm = 0.2m 

C/S Area of pipe at section2 (A2) = 
గସ Ͳ.ʹଶ = 0.0314 mݔ

2
 

Pressure at section 1 (P1) =2 bar = 2x10
5
 N/m

2
 

Pressure at section 2 (P2) = 2.4bar =2.4x10
5
 N/m

2
 

Discharge (Q) = ? 

Pressure at mid length (P3) = ? 

 

Taking datum head at section 1 (Z1) = 0 

Z2 = 2.5Sin30= 1.25m 

Z3 = 1.25Sin30= 0.625m 

 

a. From continuity equation 

A1 V1 = A2 V2 గସ Ͳ.ͳଶݔ ଵܸ = గସ Ͳ.ʹଶݔ ଶܸ  

V1 = 4 V2                     

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at seĐtioŶ ϭ aŶd Ϯ 

 
௉భఊ + ௏భమଶ௚ + ܼଵ = ௉మఊ + ௏మమଶ௚ + ܼଶ  ଶ௫ଵ଴ఱଽ଼ଵ଴ + ሺସ௏మሻమଶ௚ + Ͳ = ଶ.ସ௫ଵ଴ఱଽ଼ଵ଴ + ௏మమଶ௚ + ͳ.ʹͷ  

V2 = 2.64m/s 

V1  = 4x2.64 = 10.56m/s 

Q = A1 V1 = 0.00785x10.56 = 0.083 m
3
/s 

 

b. At mid length d3 = 15cm = 0.15m 

C/S Area of pipe at section3 (A3) = 
గସ Ͳ.ͳͷଶ = 0.01767 mݔ

2
 

V3 = Q/A3 = 0.083/0.01767 = 4.7m/s 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ at seĐtioŶ ϭ aŶd Ϯ  ௉భఊ + ௏భమଶ௚ + ܼଵ = ௉యఊ + ௏యమଶ௚ + ܼଷ  

ଶ௫ଵ଴ఱଽ଼ଵ଴ + ଵ଴.ହ଺మଶ௚ + Ͳ = ௉యଽ଼ଵ଴ + ସ.଻మଶ௚ + Ͳ.͸ʹͷ  

P3 = 238581N/m
2
 = 238.581 Kpa 
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Tutorial 8 

Flow measurement 

 

1. A jet of water issuing from 5mm diameter orifice working under a head of 2.0m, was found to 

travel horizontal and vertical distances of 2.772m and 1m respectively. If CC = 0.61, determine 

discharge. 

Solution: 

Diameter of jet (d) = 5mm = 0.005m 

C/s of jet (a) = గସ Ͳ.ͲͲͷଶ = 1.96X10ݔ
-5

 m
2
 

Head (H) = 2m 

x = 2.772m, y = 1m 

CC = 0.61 

Discharge (Q) = ? ܥ௩ = ௫√ସ௬ு = ଶ.଻଻ଶ√ସ௫ଵ௫ଶ = 0.98 

Cd = CC CV = 0.61x0.98 = 0.5978 ܳ = ܪ݃ʹ√ௗܽܥ = Ͳ.ͷͻ͹ͺݔͳ.ͻ͸ݔͳͲ−ହ√ʹ݃7.34 = ʹݔX10
-5

 m
3
/S = 0.0734 lps 

 

 

2. For the two orifices shown in the figure below, determine Y2 such that ܺଶ = ଷ௑భସ .    

 

 

 

 

 

 

 

 

 

 

Solution: 

H1 = 2m, Y1 = 10-2 = 8m, H2 = 10-Y2 ܺଶ = ଷ௑భସ   

Y2 = ? 

Coefficient of velocity for orifice 1 ሺܥ௩ଵሻ = ௑భ√ସ௒భுభ  

orifice2 

orifice1 2m 

X1 X2 

Y2 

10m 
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Coefficient of velocity for orifice 2 ሺܥ௩ଶሻ = ௑మ√ସ௒మுమ  

Since the two orifices are identical 

Cv1 = Cv2 ௑భ√ସ௒భுభ = ௑మ√ସ௒మுమ  

௑భమସ௒భுభ = ௑మమସ௒మுమ  

௑భమସ௫ଶ௫଼ = ቀయ೉భర ቁమସ௒మሺଵ଴−௒మሻ  
ଶܻଶ − ͳͲ ଶܻ + ͻ = Ͳ  

Solving for Y2 

Y2 = 1, 9  

As Y1 = 8m, Y2 = 9 (>Y1) is not feasible. 

Hence Y2 = 1m 

 

3. A vessel has two identical orifices provided in one of its sides as shown in the figure. Locate the 

point of intersection of two jets. Take Cv =0.98 for both orifices. 

   

 

 

 

 

 

 

 

 

 

Solution: ܥ௩ = ௫√ସ௬ு  

Cv1 = Cv2 ௫√ସ௒భுభ = ௫√ସ௒మுమ  

orifice2 

orifice1 2m 

x 

Y2 

5m 

Y1 
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ଵܻܪଵ = ଶܻܪଶ  

ଵܻݔʹ = ଶܻݔͷ  

ଵܻ = ʹ.ͷ ଶܻ           (a) 

Here,  

ଵܻ − ଶܻ =  ଶ = 3ܪ−ଵܪ

From a and b 

Y1 = 5m, Y2 = 2m ݔ = ௩√Ͷܥ ଵܻܪଵ = Ͳ.ͻͺ√Ͷݔͷ6.2 = ʹݔm 

 

 

4. A rectangular orifice 1.0m wide and 1.5m deep is discharging water from a vessel. The top edge of 

the orifice is 0.8m below the water surface in the vessel. Calculate the discharge through the orifice 

if Cd = 0.6.  Also calculate the percentage error if the orifice is treated as a small orifice. 

Solution: 

Width of orifice (b) = 1m 

Depth of orifice (d) = 1.5m 

H1 = 0.8m, H2 = H1+d = 0.8+1.5 = 2.3m 

Cd = 0.6 

Discharge (Q) through large orifice = ? 

error in discharge treating as small orifice = ? ܳ = ʹ͵ ௗܥ  ܾ√ʹ݃ ቀܪଶଷ/ଶ − = ଵଷ/ଶቁܪ ଶଷ ͻ.ͺͳ(ʹ.͵ଷ/ଶݔʹ√ͳ ݔʹͲ.͸ݔ − Ͳ.ͺଷ/ଶ) = 5.076 m
3
/s 

For small orifice, h = H1 + d/2 = 0.8+1.5/2 = 1.55m 

Discharge (Q1) through small orifice ሺܳͳሻ = = ܪ݃ʹ√ ௗܽܥ Ͳ.͸ʹݔͳݔͳ.ͷ √ʹݔͻ.ͺͳݔͳ.ͷͷ = 5.13 m
3
/s 

% error in measuring discharge = 
ହ.ଵଷ−ହ.଴଻଺ହ.଴଻଺  ͳͲͲ= 1.06%ݔ

 

5. A rectangular orifice of 1.5m wide and 1.2m deep is fitted in one side of a large tank. The water 

level on one side of the orifice is 2m above the top edge of the orifice, while on the other side of the 

orifice, the water level is 0.4m below its top edge. Calculate the discharge through the orifice if Cd = 

0.62. 
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Solution: 

Width of orifice (b) = 1.5m 

Depth of orifice (d) = 1.2m 

Height of water from top edge of orifice (H1) = 2m 

Difference of water level on both sides (H) =2+0.4 = 2.4m 

Height of water from bottom edge of orifice (H2) = H1+d = 2+1.2 = 3.2 

Cd = 0.62 

Discharge through partially submerged orifice (Q) = ? ܳ = ʹ͵ ௗܥ  ܾ√ʹ݃ ቀܪଷ/ଶ − ଵଷ/ଶቁܪ + ଶܪௗܾሺܥ −  ܪ݃ʹ√ሻܪ

= ʹ͵ ͻ.ͺͳ(ʹ.Ͷଷ/ଶݔʹ√ͳ.ͷݔʹͲ.͸ݔ − ʹଷ/ଶ) + Ͳ.͸ʹݔͳ.ͷሺ͵.ʹ − ʹ.Ͷሻ√ʹݔͻ.ͺͳݔʹ.Ͷ 

                        = 7.55 m
3
/s 

 

 

6. A horizontal venturimeter in a water main has a 20cm diameter at one end and tapers to 10cm at 

its throat. A piezometer installed at the inlet reads 30cm, while the one at the throat reads 18cm. 

Determine the discharge through the main, if Cd = 0.98. 

Solution: 

Diameter at inlet (d1) = 20cm = 0.2m 

C/s area of inlet (A1) = గସ Ͳ.ʹଶ = 0.0314mݔ
2
 

Diameter at throat (d2) = 10cm = 0.1m 

C/s area of throat (A2) =
గସ Ͳ.ͳଶ = 0.00785mݔ

2
 

Pressure head at inlet (P1/ʌgͿ =ϯϬĐŵ =Ϭ.ϯŵ 

Pressure head at throat (P2/ʌgͿ =ϭϴĐŵ =Ϭ.ϭϴŵ 

Head (h) = 
௉భఘ௚ − ௉మఘ௚ = 0.12m 

Cd = 0.98 

Discharge (Q)=? ܳ = ௗ√ʹ݃ℎܥ ஺భ஺మ√஺భమ−஺మమ  

 = Ͳ.ͻͺ√ʹݔͻ.ͺͳݔͲ.ͳʹ ଴.଴ଷଵସ௫଴.଴଴଻଼ହ√଴.଴ଷଵସమ−଴.଴଴଻଼ହమ   

= 0.0122 m
3
/s 

 

7. A horizontal venturimeter is used to measure the flow of water in a 200mm diameter pipe. The 

throat diameter of the venturimeter is 80mm and the discharge coefficient is 0.85. If the pressure 

difference between the two measurement points is 10cm of mercury, calculate the average velocity 

in the pipe.  
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Solution: 

Diameter at inlet (d1) = 200mm = 0.2m 

C/s area of inlet (A1) =  గସ Ͳ.ʹଶ = 0.0314mݔ
2
 

Diameter at throat (d2) = 80mm = 0.08m 

C/s area of throat (A2) = గସ Ͳ.Ͳͺଶ = 0.00503mݔ
2
 

Pressure difference (P1-P2) = 10cm of Hg =  ߛு௚ℎ = 13.6x9810x0.1 Pa 

Z1 = Z2 

Head (h) = 
௉భ−௉మఊ = ଵଷ.଺௫ଽ଼ଵ଴௫଴.ଵଽ଼ଵ଴  = 1.36m 

Cd = 0. 85 

Average velocity in the pipe (V) = ? 

 ܳ = ௗ√ʹ݃ℎܥ ஺భ஺మ√஺భమ−஺మమ  

 = Ͳ.ͺͷ√ʹݔͻ.ͺͳݔͳ.͵͸ ଴.଴ଷଵସ௫଴.଴଴ହ଴ଷ√଴.଴ଷଵସమ−଴.଴଴ହ଴ଷమ   

= 0.0223 m
3
/s 

V = Q/A1 = 0.0223/0.0314 = 0.71m/s 

 

8. An orificemeter is provided in a vertical pipeline of 250mm diameter carrying oil of sp.gr. 0.9, the 

flow being upwards. The difference in elevation of the upstream and downstream ends of the 

manometer on the orificemeter is 350mm. The differential U-tube manometer shows a gauge 

deflection of 200mm. Calculate the discharge of oil. The diameter of the orifice is 150mm. Take Cd = 

0.65. 

 

Solution: 

Diameter of pipe (d1) = 250mm = 0.25m 

C/s Area of pipe (A1) = గସ Ͳ.ʹͷଶ = 0.049 mݔ
2 

Diameter of orifice (d2) = 150mm = 0.15m 

C/s Area of pipe (A2) = 
గସ Ͳ.ͳͷଶ = 0.0176 mݔ

2
 

Sp.gr. of oil (S0) =0.9 

Difference in elevation (Z1-Z2) = 350mm =0.35m 

Reading of manometer (x) = 200mm = 0.2m 

Sp.gr. of mercury (S) = 13.6 

Cd =0.65 

Discharge of oil (Q) =? 

Head h is given by ℎ = ݔ ቀ ௌௌబ − ͳቁ= Ͳ.ʹ ቀଵଷ.଺଴.ଽ − ͳቁ=2.82m 

 ܳ = ௗ√ʹ݃ℎܥ ஺భ஺మ√஺భమ−஺మమ  = Ͳ.͸ͷ√ʹݔͻ.ͺͳݔʹ.ͺʹ ଴.଴ସଽ௫଴.଴ଵ଻଺√଴.଴ସଽమ−଴.଴ଵ଻଺మ  

= 0.091 m
3
/s 

 

9. A 20cmx10cm venturimeter is mounted in a vertical pipeline carrying oil of sp.gr. 0.8 flowing 

upwards. The throat section is 20cm above the entrance section of the venturimeter. The differential 

U-tube manometer shows a gauge deflection of 25cm. Calculate the discharge of the oil and the 

pressure difference between the entrance and the throat section. Take Cd =0.9 
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Solution:  

Diameter at inlet (d1) = 20cm = 0.2m 

C/s area of inlet (A1) =
గ ସ Ͳ.ʹଶ = 0.0314mݔ

2
 

Diameter at throat (d2) = 10cm = 0.1m 

C/s area of throat (A2) = గସ Ͳ.ͳଶ = 0.00785mݔ
2
 

Sp.gr. of oil (S0) =0.8 

DeŶsitǇ of oil ;ʌͿ =Ϭ.ϴǆϭϬϬϬ = ϴϬϬ kg/ŵ8
 

Difference in elevation (Z2-Z1) = 20cm =0.2m 

Reading of manometer (x) = 25mm = 0.25m 

Sp.gr. of mercury (S) = 13.6 

Discharge of oil (Q) =? 

Pressure difference (P1-P2) =? 

 

Head h is given by ℎ = ݔ ቀ ௌௌబ − ͳቁ= Ͳ.ʹͷ ቀଵଷ.଺଴.଼ − ͳቁ= 4m 

 ܳ = ௗ√ʹ݃ℎܥ ஺భ஺మ√஺భమ−஺మమ   = Ͳ.ͻ͸√ʹݔͻ.ͺͳݔͶ ଴.଴ଷଵସ௫଴.଴଴଻଼ହ√଴.଴ଷଵସమ−଴.଴଴଻଼ହమ  

= 0.0689 m
3
/s 

 

h is also expressed as 

 ℎ = ௉భ−௉మఘ௚ + ሺܼଵ − ܼଶሻ ௉భ−௉మఘ௚ = Ͷ + Ͳ.ʹ  

P1-P2 = 4.2x800x9.81 = 32962 N/m
2
 

 

10. A venturimeter with a throat diameter of 100mm is fitted in a vertical pipeline of 200mm 

diameter with oil of sp.gr. 0.88 flowing upwards. The venturimeter coefficient is 0.98. The pressure 

gauges are fitted at tapping points, one at the throat and the other in the inlet pipe 320mm below 

the throat. The difference between two pressure gauge readings is 28 KN/m
2
. Working from 

BeƌŶoulli’s eƋuatioŶ, deteƌŵiŶe ;aͿ the ǀoluŵe ƌate of oil thƌough the pipe, ;ďͿ the diffeƌeŶĐe iŶ leǀel 
in the two limbs of mercury if it is connected to the tapping points and connecting pipes are filled 

with same oil. 

 

Solution: 

Diameter at inlet (d1) = 20cm = 0.2m 

C/s area of inlet (A1) =
గ ସ Ͳ.ʹଶ = 0.0314mݔ

2
 

Diameter at throat (d2) = 10cm = 0.1m 

C/s area of throat (A2) = గସ Ͳ.ͳଶ = 0.00785mݔ
2
 

Sp.gr. of oil (S0) =0.88 

DeŶsitǇ of oil ;ʌͿ =Ϭ.ϴϴǆϭϬϬϬ = ϴϴϬ kg/ŵ8
 

Difference in elevation (Z2-Z1) = 320cm =0.32m 

Difference in pressure (P1-P2)= 28KN/m
2
 = 28000N/m

2
 

Sp.gr. of mercury (S) =13.6 

Cd =0.98 

Discharge of oil (Q) =? 

Manometer reading (x) =? 
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a. ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ iŶlet ;ϭͿ aŶd thƌoat ;ϮͿ ௉భఘ௚ + ௏భమଶ௚ + ܼଵ = ௉మఘ௚ + ௏మమଶ௚ + ܼଶ  ௉భ−௉మఘ௚ + ሺܼଵ − ܼଶሻ = ௏మమଶ௚ − ௏భమଶ௚  

 ଶ଼଴଴଴଼଼଴௫ଽ.଼ଵ + ሺ−Ͳ.͵ʹሻ = ௏మమଶ௚ − ௏భమଶ௚  ௏మమଶ௚ − ௏భమଶ௚ = ʹ.ͻʹ  (a) 

 

According to continuity equation 

A1 V1=A2V2 

 ଶܸ = ஺భ௏భ஺మ  =଴.଴ଷଵସ௏భ଴.଴଴଻଼ହ  =4V1                 (b) 

Solving a and b ሺସ௏భሻమଶ௚ − ௏భమଶ௚ = ʹ.ͻʹ  

V1 = 1.95m/s 

Discharge (Q) =A1V1 = 0.0314x1.95 = 0.612 m
3
/s 

Actual discharge = Cd Q = 0.98x0.612 = 0.599 m
3
/s 

  

b. ℎ = ௉భ−௉మఘ௚ + ሺܼଵ − ܼଶሻ=
ଶ଼଴଴଴଼଼଴௫ଽ.଼ଵ + ሺ−Ͳ.͵ʹሻ =2.92 

ℎ = ݔ ቀ ௌௌబ − ͳቁ  

ʹ.ͻʹ = ݔ (ͳ͵.͸Ͳ.ͺͺ − ͳ) 

x = 0.2m 

 

11. A venturimeter is used for measurement of discharge of water in a horizontal pipeline. The ratio 

of the upstream pipe diameter and throat is 2:1 and upstream diameter is 300mm. Mercury 

manometer connected at the pipe and throat shows the reading of 0.24m and the loss of head 

through the meter is 1/8 of the throat velocity head. Calculate the discharge in the pipe using the 

continuity and energy equations. 

 

Solution:  

Pipe diameter (d1): throat diameter (d2) = 2:1 

Pipe diameter (d1) = 300mm = 0.3m 

Throat diameter (d2) =d1/2 = 0.15m 

C/s area of inlet (A1) = 
గସ Ͳ.͵ଶ = 0.0707mݔ

2
 

C/s area of throat (A2) = 
గସ Ͳ.ͳͷଶ= 0.01767mݔ

2
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Manometer reading (x) =0.24m 

Sp.gr. of mercury (S) =13.6 

Velocity at inlet =V1 

Velocity at throat =V2 

Head loss (hL) =
ଵ଼ . ௏మమଶ௚ 

Discharge in the pipe (Q) =? 

 

Head h is given by ℎ = ݔ ቀ ௌௌబ − ͳቁ= Ͳ.ʹͶ ቀଵଷ.଺ଵ − ͳቁ=3.02m 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ iŶlet ;ϭͿ aŶd thƌoat ;ϮͿ ௉భఘ௚ + ௏భమଶ௚ + ܼଵ = ௉మఘ௚ + ௏మమଶ௚ + ܼଶ + ℎ௅  

௉భ−௉మఘ௚ + ሺܼଵ − ܼଶሻ = ௏మమଶ௚ − ௏భమଶ௚ + ଵ଼ . ௏మమଶ௚   (a) ℎ = ௉భ−௉మఘ௚ + ሺܼଵ − ܼଶሻ      (b) 

From a and b ℎ = ଽ௏మమଵ଺௚ − ௏భమଶ௚  

 
ଽ௏మమଵ଺௚ − ௏భమଶ௚ = ͵.Ͳʹ                                                          (c) 

 

According to continuity equation 

A1 V1=A2V2 

 

ଶܸ = ஺భ௏భ஺మ  =଴.଴଻଴଻௏భ଴.଴ଵ଻଺଻  =4V1                          (d) 

Solving c and d ଽሺସ௏భሻమଵ଺௚ − ௏భమଶ௚ = ͵.Ͳʹ               

V1 = 1.86m/s 

Discharge (Q) = A1V1 = 0.0707x1.86 = 0.131 m
3
/s                                           
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12. A horizontal venturimeter with inlet and throat diameters of 400mm and 200mm respectively, is 

connected to a pipe. If the pressure in the inlet portion is 200KPa and the vacuum pressure 

(negative) on the throat is 400mm of mercury, find the rate of flow in the pipe taking Cd = 0.97. 

Solution: 

Diameter at inlet (d1) = 400mm = 0.4m 

C/s area of inlet (A1) =  
గସ Ͳ.Ͷଶ = 0.1256mݔ

2
 

Diameter at throat (d2) = 200mm = 0.2m 

C/s area of throat (A2) =  గସ Ͳ.ʹଶ= 0.0314mݔ
2
 

Pressure at inlet (P1) =200 Kpa = 200x10
3
N/m

2
 

Pressure head at throat = -400 mm of mercury 

Cd =0.97 

Discharge (Q) =? 

Pressure head at inlet ቀ ௉భఘ௚ቁ =
ଶ଴଴଴଴଴ଵ଴଴଴௫ଽ.଼ଵ =20.38m of water 

Pressure head at throat ቀ ௉మఘ௚ቁ = -0.4 m of mercury =-0.4x13.6m of water =-5.44 m of water 

Z1=Z2 

Head h is given as ℎ = ௉భ−௉మఘ௚ + ሺܼଵ − ܼଶሻ  =20.38-(-5.44)+0 = 25.82m 

 ܳ = ௗ√ʹ݃ℎܥ ஺భ஺మ√஺భమ−஺మమ  = Ͳ.ͻ͹√ʹݔͻ.ͺͳݔʹͷ.ͺʹ ଴.ଵଶହ଺௫଴.଴ଷଵସ√଴.ଵଶହ଺మ−଴.଴ଷଵସమ   

= 0.708 m
3
/s 

 

13. A Venturimeter is to be fitted in a horizontal pipe of 0.15m diameter to measure a flow of water 

which may be anything up to 240m
3
/hour. The pressure head at the inlet for this flow is 18m above 

atmospheric and the pressure head at the throat must not be lower than 7m below atmospheric. 

Between the inlet and the throat there is an estimated frictional loss of 10% of the difference in 

pressure head between these points. Calculate the minimum allowable diameter for the throat. 

 

Solution:  

Diameter of pipe (d1) = 0.15m 

C/s area of pipe (A1) =  గସ Ͳ.ͳͷଶ= 0.01767mݔ
2
 

Discharge (Q) = 240m
3
/hour = 

ଶସ଴ଷ଺଴଴ = 0.0667m
3
/s 

Velocity at inlet (V1) = Q/A1 = 0.0667/0.01767 = 3.77m/s 

Pressure head at inlet ቀ ௉భఘ௚ቁ =18m  

Pressure head at throat ቀ ௉మఘ௚ቁ = -7 m  
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Z1=Z2 

Head loss (hL) = 0.1xቀ ௉భఘ௚ − ௉మఘ௚ቁ = 0.1(18+7) = 2.5m 

Diameter of throat (d2) = ? 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ iŶlet ;ϭͿ aŶd thƌoat ;ϮͿ ௉భఘ௚ + ௏భమଶ௚ + ܼଵ = ௉మఘ௚ + ௏మమଶ௚ + ܼଶ + ℎ௅  

௉భఘ௚ − ௉మఘ௚ = ௏మమଶ௚ − ௏భమଶ௚ + ℎ௅  

ͳͺ + ͹ = ௏మమଶ௚ − ଷ.଻଻మଶ௚ + ʹ.ͷ  

V2 = 21.34 m/s 

C/S area of inlet (A2) = Q/V2 = 0.0667/21.334 = 0.003126 m
2
ଶܣ  = గସ ଶଶ  Ͳ.ͲͲ͵ͳʹ͸݀ݔ = గସ   ଶଶ݀ݔ

d2 = 0.063m = 63mm 

 

14. A Venturimeter of throat diameter 0.07m is fitted in a 0.15m diameter vertical pipe in which 

liquid of relative density 0.8 flows downwards. Pressure gauges are fitted to the inlet and to the 

throat sections. The throat being 0.9m below the inlet. Taking the coefficient of the meter as 0.96 

find the discharge a) when the pressure gauges read the same b) when the inlet gauge reads 15170 

N/m
2
 higher than the throat gauge. 

 

Solution: 

Diameter of pipe (d1) = 0.15m 

C/s area of pipe (A1) =  
గସ Ͳ.ͳͷଶ= 0.01767mݔ

2
 

Diameter at throat (d2) = 0.07m 

C/s area of throat (A2) =  గସ Ͳ.Ͳ͹ଶ= 0.00385mݔ
2
 

Z1 – Z2 = 0.9m 

Cd = 0.96 

Discharge (Q) = ? 

 

a) P1 =P2 

http://ioeagrineer.blogspot.com/


Fluid Mechanics Dr. K.N DULAL’s Numerical Solution For IOE B.Agri II/I  & BCE II/I 

 Downloaded from http://ioeagrineer.blogspot.com/ 

170 

 

ℎ = ௉భ−௉మఘ௚ + ሺܼଵ − ܼଶሻ =  Ͳ + Ͳ.ͻ =0.9m ܳ = ௗ√ʹ݃ℎܥ ஺భ஺మ√஺భమ−஺మమ  

= Ͳ.ͻ͸√ʹݔͻ.ͺͳݔͲ.ͻ ଴.଴ଵ଻଺଻௫଴.଴଴ଷ଼ହ√଴.଴ଵ଻଺଻మ−଴.଴଴ଷ଼ହమ   

= 0.016 m
3
/s 

 

b) P1 =P2 +15170 ℎ = ௉భ−௉మఘ௚ + ሺܼଵ − ܼଶሻ =  ଵହଵ଻଴଴.଼௫ଵ଴଴଴௫ଽ.଼ଵ + Ͳ.ͻ = 2.83m 

 ܳ = ௗ√ʹ݃ℎܥ ஺భ஺మ√஺భమ−஺మమ  

= Ͳ.ͻ͸√ʹݔͻ.ͺͳݔʹ.ͺ͵ ଴.଴ଵ଻଺଺௫଴.଴଴ଷ଼ହ√଴.଴ଵ଻଺଺మ−଴.଴଴ଷ଼ହమ   

= 0.0285 m
3
/s 

 

 

15. Water is flowing over a sharp-crested rectangular weir of width 50cm into a tank with cross-

sectional area 0.6m
2
. After a period of 30s the depth of water in the tank is 1.4m. Assuming a 

discharge coefficient of 0.9, determine the height of the water above the weir. 

If the rectangular weir is replaced by a 90
0
 notch weir with the same head and a discharge 

coefficient of 0.8, calculate the depth increase of the water in the tank after 30s. 

 

Solution: 

a) Width of rectangular weir (L) = 50cm = 0.5m 

C/S area (A) = 0.6m
2
 

Depth of water in tank (h) = 1.4m 

Volume of water in 30 Sec = Ah = 0.6x1.4 = 0.84m
3
 

Discharge (Q) = Volume/time = 0.84/30 = 0.028 m
3
/s 

Cd = 0.9 

Height of water (H) =? 

 

http://ioeagrineer.blogspot.com/


Fluid Mechanics Dr. K.N DULAL’s Numerical Solution For IOE B.Agri II/I  & BCE II/I 

 Downloaded from http://ioeagrineer.blogspot.com/ 

171 

 

ܳ = ଶଷ ଷ/ଶ  Ͳ.Ͳʹͺܪܮ ݃ʹ√ௗܥ = ଶଷ   ଷ/ଶܪݔͲ.ͷݔ ͻ.ͺͳݔʹ√Ͳ.ͻݔ

H  = 0.076m 

 

b) With 90
0
 V-notch, Cd = 0.8 

Head (H) =  0.076m 

Increase in depth after 30s (h1) = ? ܳ = ଵ଼ହ ݃ʹ√ௗܥ tanሺߠ/ʹሻ ܳ  ହ/ଶܪ = ଵ଼ହ ͻ.ͺͳݔʹ√Ͳ.ͺݔ tanሺͻͲ/ʹሻ Ͳ.Ͳ͹͸ହ/ଶ = 0.003 m
3
/s 

 ܳ = ஺ℎభ௧   Ͳ.ͲͲ͵ = ଴.଺௫ℎభଷ଴   

h1 = 0.15m 

 

16. A sharp edged weir is to be constructed across a stream in which the normal flow is 200 

litres/sec. If the maximum flow likely to occur in the stream is 5 times the normal flow then 

determine the length of weir necessary to limit the rise in water level to 40cm above that for normal 

flow. Cd=0.61. 

 

Solution: 

Normal discharge (Q1) = 200 lps = 0.2 m
3
/s  

Maximum discharge (Q2) = 5x0.2 = 1 m
3
/s  

Cd=0.61 

Water level for normal flow = y 

For y+0.4, Length of weir (L) =  ? 

 ܳ = ଶଷ   ଷ/ଶܪܮ ݃ʹ√ௗܥ

 ܳଵ = ଶଷ   ଷ/ଶݕܮ ͻ.ͺͳݔʹ√Ͳ.͸ͳݔ
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Ͳ.ʹ = ͳ.ͺͲͳ ݕܮଷ/ଶ   ܮ = Ͳ.ͳͳͳ ݕ−ଷ/ଶ          (a) 

 ܳଶ = ଶଷ ݕሺܮ ͻ.ͺͳݔʹ√Ͳ.͸ͳݔ + Ͳ.Ͷሻଷ/ଶ  ͳ = ͳ.ͺͲͳ ܮሺݕ + Ͳ.Ͷሻଷ/ଶ  Ͳ.ͷͷͷ = ݕሺܮ  + Ͳ.Ͷሻଷ/ଶ   (b) 

 

From a and b Ͳ.ͷͷͷ =  Ͳ.ͳͳͳ ݕ−ଷ/ଶሺݕ + Ͳ.Ͷሻଷ/ଶ  ሺ௬+଴.ସሻయ/మ௬య/మ = ͷ  

௬+଴.ସ௬ = ʹ.ͻʹͶ  

y = 0.208m ܮ = Ͳ.ͳͳͳ ݕ−ଷ/ଶ = Ͳ.ͳͳͳ Ͳ.ʹͲͺ−ଷ/ଶ = 1.17m 

 

 

17. Compute the flow rate if the measured head above the bottom of the V-notch is 35cm, when ߠ= 

60
0
 and Cd=0.6. If the flow is wanted within an accuracy of 2%, what are the limiting values of the 

head. 

 

Solution: 

Head (H) = 35cm = 0.35m 45 =ߠ
0
  

Cd=0.6 

Flow rate (Q) = ? 

 ܳ = ଵ଼ହ ݃ʹ√ௗܥ tanሺߠ/ʹሻ ܳ  ହ/ଶܪ = ଵ଼ହ ͻ.ͺͳݔʹ√Ͳ.͸ݔ tanሺ͸Ͳ/ʹሻ ହ/ଶܪ = Ͳ.ͺͳͺܪହ/ଶ  

  = Ͳ.ͺͳͺݔͲ.͵ͷହ/ଶ  = 0.059 m
3
/s 

 

http://ioeagrineer.blogspot.com/


Fluid Mechanics Dr. K.N DULAL’s Numerical Solution For IOE B.Agri II/I  & BCE II/I 

 Downloaded from http://ioeagrineer.blogspot.com/ 

173 

 

With ±ʹ% error 

Q1 = 0.059+0.02X0.059= 0.0602 m
3
/s 

Q2 = 0.059-0.02X0.059= 0.0578 m
3
/s 

 ܳ = ͳ.Ͷͳ͹ܪହ/ଶ  ܳଵ = ͳ.Ͷͳ͹ܪଵହ/ଶ
  Ͳ.Ͳ͸Ͳʹ = Ͳ.ͺͳͺܪଵହ/ଶ

  

H1  = 0.352 m 

 ܳଶ = ͳ.Ͷͳ͹ܪଶହ/ଶ
  Ͳ.Ͳͷ͹ͺ = Ͳ.ͺͳͺܪଶହ/ଶ

  

H2  = 0.346 m 

 

18. Water is flowing in a rectangular channel of 1m wide and 0.8m deep. Find the discharge over a 

rectangular weir of crest length 60cm if the head of water over the crest of weir is 30cm and water 

from channel flows over the weir. Take Cd = 0.62. Take velocity of approach into consideration. 

Solution: 

Area of channel (A) = 1x0.8 = 0.8 m
2
 

Length of weir (L) = 0.6m 

Head of water (H1) = 0.3m 

Cd = 0.62 

 

Discharge over a rectangular weir without velocity of approach is ܳ =  ʹ͵ ଵଷ/ଶܪ݃ʹ√ ܮ ௗܥ
 =  ଶଷ Ͳ.͵ଷ/ଶ = 0.18 mݔͻ.ͺͳݔʹ√ Ͳ.͸ݔʹͲ.͸ݔ

3
/s 

Velocity of approach (Va) = Q/A = 0.18/0.8 = 0.225 m/s 

Velocity head ሺℎ௔ሻ = ௏ೌమଶ௚ = ଴.ଶଶହమଶ௫ଽ.଼ଵ =  0.00258m 

 ܳ =  ʹ͵ ௗܥ ݃ʹ√ ܮ  [ሺܪଵ + ℎ௔ሻଷ/ଶ − ℎ௔ଷ/ଶ] 
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=  ଶଷ ͵.ͻ.ͺͳ[ሺͲݔʹ√ Ͳ.͸ݔʹͲ.͸ݔ + Ͳ.ͲͲʹͷͺሻଷ/ଶ − Ͳ.ͲͲʹͷͺଷ/ଶ] =0.183 m
3
/s 

 

19. A broad-crested weir of length 40m, has 400mm height of water above its crest. Find the 

maximum discharge neglecting velocity of approach. If the velocity of approach is taken into 

consideration, find the maximum discharge when the channel has a cross-sectional area of 40m
2
 on 

the upstream side. Take Cd =0.6. 

Solution: 

Length of weir (L) = 40m 

Head of water (H1) = 0.4m 

Cd = 0.6 

 

Maximum discharge neglecting velocity of approach ܳ௠௔௫ = ͳ.͹Ͳͷܥௗ ܪܮଷ/ଶ = ͳ.͹ͲͷݔͲ.͸ݔͶͲݔͲ.Ͷଷ/ଶ = 10.352 m
3
/s 

Taking velocity of approach into consideration 

Area of channel (A) = 40 m
2
 

Velocity of approach (Va) = Qmax/A = 10.35/40 = 0.25875 m/s 

Velocity head ሺℎ௔ሻ = ௏ೌమଶ௚ = ଴.ଶହ଼଻ହమଶ௫ଽ.଼ଵ  =  0.0034m 

Maximum discharge considering velocity of approach ܳ௠௔௫ = ͳ.͹Ͳͷܥௗ ܮ [ሺܪ + ℎ௔ሻଷ/ଶ − ℎ௔ଷ/ଶ] = ͳ.͹ͲͷݔͲ.͸ݔͶͲ[ሺͲ.Ͷ + Ͳ.ͲͲ͵Ͷሻଷ/ଶ − Ͳ.ͲͲ͵Ͷଷ/ଶ] = 10.476 m
3
/s 

 

20. The heights of water on the upstream and downstream side of a submerged weir of length 3.5m 

are 300mm and 150mm respectively. If Cd for free and drowned portion is 0.6 and 0.8 respectively, 

find the discharge over the weir. 

Solution: 

Height of water on upstream side (H) = 0.3m 

Height of water on downstream side (h) = 0.15m 

Length of weir (L) = 3.5m 

Cd1 = 0.6, Cd2 = 0.8 

Discharge through drowned orifice (Q)= ? 
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 ܳ = ʹ͵ ܪሺ݃ʹ√ܮௗଵܥ − ℎሻଷ/ଶ + ܪℎ√ʹ݃ሺܮௗଶܥ − ℎሻ = ଶଷ ͵.ͻ.ͺͳሺͲݔʹ√ͷ.͵ݔͲ.͸ݔ − Ͳ.ͳͷሻଷ/ଶ + Ͳ.ͺݔ͵.ͷݔͲ.ͳͷ√ʹݔͻ.ͺͳሺͲ.͵ − Ͳ.ͳͷሻ = 1.08 m
3
/s 

 

21.  A 1.25m diameter circular tank contains water up to a height of 5m. At the bottom of the tank, 

an orifice of 50mm diameter is provided. Find the height of water above the orifice after 1.5 

minutes. Take Cd = 0.62. 

 

Solution: 

Diameter of tank (D) =1.25m 

Area of tank (A) = 
గସ ͳ.ʹͷଶ = 1.227 mݔ

2
 

Diameter of orifice (d) =50mm = 0.05m 

Area of orifice (a) = 
గସ Ͳ.Ͳͷଶ = 0.00196 mݔ

2
 

Coeff. of discharge (Cd) = 0.62 

Initial head (H1) = 5m 

Time (t) =1.5 minutes = 90 Sec 

Final head (H2) =? 

 

From continuity 

-Q dt = Adh ݐ = − ∫ ஺ொுమுభ ݀ℎ  = − ∫ ஺஼೏௔బ √ଶ௚ℎுమுభ ݀ℎ  

= ଶ஺(√ுభ−√ுమ)஼೏.௔√ଶ௚   

 ͻͲ = ଶ௫ଵ.ଶଶ଻(√ହ−√ுమ)଴.଺ଶ௫଴.଴଴ଵଽ଺√ଶ௫ଽ.଼ଵ  

 Ͳ.ͳͻ͹ = (ʹ.ʹ͵͸ −      (ଶܪ√

H2 = 4.15m 
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22. A rectangular swimming pool is 1m deep at one end and increases uniformly in depth to 2.6m at 

the other end. The pool is 8m wide and 32m long and is emptied through an orifice of area 0.224m
2
, 

at the lowest point in the side of the deep end. Taking Cd for the orifice as 0.6, find a) the time for 

the depth to fall by 1m b) the time to empty the pool completely. 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Area of orifice (a0) = 0.224m
2
 

Cd = 0.6 

 

a) For 1m fall in depth  

H1= 2.6m, H2 = 1.6m 

Time to fall 1m depth (t1) = ? 

A = 32x8 = 256m
2
 

From continuity 

-Q dt = Adh ݐͳ = − ∫ ஺ொுమுభ ݀ℎ  = − ∫ ஺஼೏௔బ √ଶ௚ℎுమுభ ݀ℎ  

= ଶ஺(√ுభ−√ுమ)஼೏.௔√ଶ௚   

 

 = ଶ௫ଶହ଺(√ଶ.଺−√ଵ.଺)଴.଺௫଴.ଶଶସ √ଶ௫ଽ.଼ଵ  

= 299 S 

 

32m 

1m 

2.6m 

L 
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b) Time to completely empty the tank (t) = ? 

Let us find out the time to empty the tank (t2) from H1 = 1.6m to H2 = 0m 

We need A in terms of h. 

A  =8L ௅ℎ = ଷଶଵ.଺  

L = 20h 

A = 8x20h = 160h 

 

-Q dt = Adh ݐʹ = − ∫ ஺ொுమுభ ݀ℎ  

 = − ∫ ଵ଺଴ℎ஼೏௔బ √ଶ௚ℎுమுభ ݀ℎ = ଵ଺଴஼೏௔బ √ଶ௚ ∫ ℎଵ/ଶுమுభ ݀ℎ  

 = ଵ଺଴଴.଺௫଴.ଶଶସ √ଶ௫ଽ.଼ଵ ݔ ଶଷ ቀܪଵଷ/ଶ − =  ଶଷ/ଶቁܪ ͳ͹ͻ.ʹ(ͳ.͸ଷ/ଶ − Ͳ) = 363 S 

 

Time to completely empty the tank (t1) = t1 + t2 = 299 + 363 = 662S 

 

23. A cylindrical tank of internal diameter 0.6m, length 1.5m and axis vertical has a 5cm diameter 

sharp-edged orifice (Cd = 0.6) in the bottom, open to atmosphere. The tank is open at the top and 

empty. If water were admitted into the tank from above at a constant rate of 14lps, how long will it 

take to just fill the tank? How much water will escape through the orifice during that period? 

Solution: 

Diameter of tank (D) =0.6m 

Area of tank (A) = 
గସ Ͳ.͸ଶ = 0.2827 mݔ

2
 

Diameter of orifice (d) =5cm = 0.05m 

Area of orifice (a) = 
గସ Ͳ.Ͳͷଶ = 0.00196 mݔ

2
 

Coeff. of discharge (Cd) = 0.6 ܭ = .݀ܥ ܽ√ʹ݃ = Ͳ.͸ݔͲ.ͲͲͳͻ͸ݔʹ√ݔͻ.ͺͳ=0.0052 
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Inflow (Qi) = 14 lps =0.014 m
3
/s 

Initial head (H1) = 0m 

Final head (H2) = 1.5m 

Time required to fill the tank (t) =? 

Water escaped through orifice =? 

ݐ = ଶܭܣʹ [ܳ𝑖  ݈݊ ܳ𝑖 − ଶܳ𝑖ܪ√ܭ − ଵܪ√ܭ + ଶܪ√)ܭ −  [(ଵܪ√

ݐ = Ͳ.ʹͺʹ͹Ͳ.ͲͲͷʹଶݔʹ [Ͳ.ͲͳͶ ݈݊ Ͳ.ͲͳͶ − Ͳ.ͲͲͷʹ√ͳ.ͷͲ.ͲͳͶ − Ͳ.ͲͲͷʹ√Ͳ + Ͳ.ͲͲͷʹ(√ͳ.ͷ − √Ͳ)] 

t = 44.46 Sec 

 

Inflow volume = Qi X t = 0.014x44.46 = 0.6224 m
3
 

Volume of water contained in the tank = A x H2 = 0.2827x1.5 = 0.424 m
3
 

Water escaped through orifice = 0.6224 – 0.424 = 0.1984 m
3
 

 

 

24. A vertical cylindrical tank 2m diameter has, at the bottom, 0.05m diameter sharp-edged orifice 

(Cd = 0.6). 

(I) If the water enters the tank at a constant rate of 0.0095 cumecs, find the depth of water above 

the orifice when the level in the tank becomes stable. 

(II) Find the time for the level to fall from 3m to 1m above the orifice when the inflow is turned off. 

(III) If water now runs into the tank at 0.02cumecs, the orifice remaining open, find the rate of rise in 

water level when the level has reached a depth of 1.7m above the orifice. 

 

Solution: 

Diameter of tank (D) =2m 

Area of tank (A) = 
గସ ଶ = 3.14 mʹݔ

2
 

Diameter of orifice (d) =5cm = 0.05m 

Area of orifice (a) = 
గସ Ͳ.Ͳͷଶ = 0.00196 mݔ

2
 

Coeff. of discharge (Cd) = 0.6 
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General equation for tank with inflow (Qi) and outflow (Qo) ሺܳ𝑖 − ܳ௢ሻ݀ݐ =  ℎ݀ܣ

Where ܳ௢ = .݀ܥ ܽ√ʹ݃ℎ = ݇√ℎ =Discharge through orifice ܭ = .݀ܥ ܽ√ʹ݃ = Ͳ.͸ݔͲ.ͲͲͳͻ͸ݔʹ√ݔͻ.ͺͳ=0.0052 

 

I) Qi = 0.0095 m
3
/s 

Depth of water above orifice (h) =? 

For stable condition, dh =0 ܳ𝑖 = ܳ௢ = ℎ Ͳ.ͲͲͻͷ√ܭ = Ͳ.ͲͲͷʹ√ℎ 

h = 3.34 m 

 

II) Initial Head (H1) = 3m 

    Final Head (H2) = 1m 

Time required to lower the head from H1 to H2 (t) =? 

When the inflow is turned off, Qi = 0 ሺ−ܳ௢ሻ݀ݐ = ݐ݀ ℎ݀ܣ = − ஺ௗℎொ೚ = − ஺ௗℎ௄√ℎ  

ݐ  = ∫ − ஺ௗℎ௄√ℎுమுభ = ଶ஺௄ ଵܪ√) − =  (ଶܪ√ ଶ௫ଷ.ଵସ଴.଴଴ହଶ (√͵ − √ͳ)  

= 885Sec  

 

III) Qi = 0.2 m
3
/s 

Head (h) =1.7m 

Rate of rise in water level (dh/dt) =? 

 ሺܳ𝑖 − ܳ௢ሻ݀ݐ =   ℎ݀ܣ
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ௗℎௗ௧ = ொ𝑖−ொ೚஺ = ொ𝑖−௄√ℎ஺   

ௗℎௗ௧ = ଴.ଶ−଴.଴଴ହଶ√ଵ.଻ଷ.ଵସ   

= 0.0615 m/s 

 

25. A cylindrical tank is placed with its axis vertical and is provided with a circular orifice of 4cm 

diameter at the bottom. A steady inflow and free discharge at the bottom of the orifice causes the 

depth of water in the tank to rise from 0.59m to 0.75m in 106 Sec. Further it is observed that the 

depth rises from 1.2m to 1.29m in 129 Sec. Determine the inflow rate and the diameter of the tank. 

Assume Cd = 0.62. 

Solution: 

 

Diameter of orifice (d) = 4cm = 0.04m 

Area of orifice (a) = 
గସ Ͳ.ͲͶଶ = 0.001257 mݔ

2
 

Coeff. of discharge (Cd) = 0.62 ܭ = .݀ܥ ܽ√ʹ݃ = Ͳ.͸ʹݔͲ.ͲͲͳʹͷ͹ݔʹ√ݔͻ.ͺͳ=0.00345 

Inflow rate (Qi) =? 

Diameter of tank (D) =? 

 

First case 

dh = 0.75-0.59 = 0.16m 

dt = 107S 

Average head (h) = 0.67m 

dh/dt = 0.001495 

 

Second case 

dh = 1.29-1.2 = 0.09m 

dt = 129S 

Average head (h) = 1.245m 

dh/dt = 0.000698 

 ሺܳ𝑖 − ܳ௢ሻ݀ݐ =   ℎ݀ܣ
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ௗℎௗ௧ = ொ𝑖−ொ೚஺ = ொ𝑖−௄√ℎ஺   

 

Substituting values for both cases Ͳ.ͲͲͳͶͻͷ = ொ𝑖−଴.଴଴ଷସହ√଴.଺଻஺   

 Qi=0.001495A+0.002824      (a) Ͳ.ͲͲͲ͸ͻͺ = ொ𝑖−଴.଴଴ଷସହ√ଵ.ଶସହ஺   

Qi=0.000698A+0.003849     (b) 

 

Solving a and b 

A =1.285 m
2
 

Qi = 0.0047 m
3
/s 

ܦ = √ସ஺గ = √ସ௫ଵ.ଶ଼ହగ =1.28m 

 

26. A tank of constant cross-sectional area of 2.8m
2
 has two orifices each 9.3x10

-4
 m

2
 in area as 

shown in the figure. Calculate the time taken to lower the water level from 7.5m to 2.1m above the 

bottom of the tank. Assume Cd = 0.62. 

 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

4.5m 

2.1m 

dh 

h 
7.5m 
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C/s of tank (A) = 2.8m
2
 

C/s of orifice (a) = 9.3x10
-4

 m
2
 

Let the water level is at height h above the lower orifice at time t. dh is the decrease in water level in 

time dt. 

Q = discharge 

Qdt = -Adh 

dt = -Adh/Q 

Discharge from top orifice (Q1) = ܥௗܽ√ʹ݃ሺℎ − Ͷ.ͷሻ 

Discharge from lower orifice (Q2) = ܥௗܽ√ʹ݃ℎ 

Q = Q1+Q2 = ܥௗܽ√ʹ݃ሺℎ − Ͷ.ͷሻ +  ௗܽ√ʹ݃ℎܥ

H1 = 7.5m, H2 = 4.5m 

T1 = Time taken to lower the water from 7.5m to 4.5m when both orifices are discharging 

T2 = Time taken to lower the water from 4.5m to 2.1m when only lower orifice is discharging 

 

Finding T1 ݀ݐ = − ஺ௗℎொ = − ଶ.଼ௗℎ஼೏௔√ଶ௚ሺℎ−ସ.ହሻ+஼೏௔√ଶ௚ℎ  

ݐ݀ = − ଶ.଼ௗℎ஼೏௔√ଶ௚[√ሺℎ−ସ.ହሻ+√ℎ] = − ଶ.଼ௗℎ଴.଺ଶ௫ଽ.ଷ௫ଵ଴−ర√ଶ௚[√ሺℎ−ସ.ହሻ+√ℎ]  ݀ݐ = −ͳͲͻ͸.͵ ௗℎ[√ሺℎ−ସ.ହሻ+√ℎ]  
Integrating  

 ܶͳ = −ͳͲͻ͸.͵ ∫ ௗℎ[√ሺℎ−ସ.ହሻ+√ℎ]଻.ହସ.ହ   

ܶͳ = −ͳͲͻ͸.͵ ∫ [√ሺℎ−ସ.ହሻ−√ℎ]ௗℎ−ସ.ହ଻.ହସ.ହ   

= 942Sec 

 

Finding T2 using direct formula 

H1 = 4.5m, H2 = 2.1m ܶʹ = ଶ஺஼೏௔√ଶ௚ ͳܪ√] −   [ʹܪ√
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ܶʹ = ଶ௫ଶ.଼଴.଺ଶ௫ଽ.ଷ௫ଵ଴−ర√ଶ௚ [√Ͷ.ͷ − √ʹ.ͳ] = 1474 Sec 

Total time taken to empty the tank from 7.5m to 2.1m = T1+T2 = 2416Sec = 40.26 min 

 

 

 

 

 

 

 

 

27. A tank is in the form of frustum of a cone having top diameter of 2m, a bottom diameter of 0.8m 

and height 2m and is full of water. Find the time of emptying the tank through an orifice 100mm in 

diameter provided at the bottom. Take Cd = 0.625.      

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Cd = 0.625 

Area of orifice (a) = 
గସ Ͳ.ͳଶ= 0.00785 mݔ

2
 

H1 = 2m, H2 = 0m, R1 = 1m, R0 = 0.4m 

From similar triangles, ͳʹ + ଴ܪ = Ͳ.Ͷܪ଴  

H0 = 1.33m 

0.4m 

2m 

1m 

H0 
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ܭ = ଵ஼೏௔√ଶ௚ గோభమሺுభ+ுబሻమ = ଵ଴.଺ଶହ௫଴.଴଴଻଼ହ√ଶ௫ଽ.଼ଵ గ௫ଵమሺଶ+ଵ.ଷଷሻమ  = 13.03 

Time of emptying the tank is ܶ = ܭ [ͷʹ ቀܪଵହ/ଶ − ଶହ/ଶቁܪ + Ͷ͵ ଴ܪ ቀܪଵଷ/ଶ − ଶଷ/ଶቁܪ + ଴ଶܪʹ ቀܪଵଵ/ଶ − = [ଶଵ/ଶቁܪ ͳ͵.Ͳ͵ [ଶହ (ʹହ/ଶ − Ͳହ/ଶ) + ସଷ ͳ.͵͵(ʹଷ/ଶݔ − Ͳଷ/ଶ) + ͳ.͵͵ଶ(ʹଵ/ଶݔʹ − Ͳଷ/ଶ)] = 160 Sec 

 

28. A tank is in the form of hemisphere of 2m diameter and having a cylindrical upper part of 2m 

diameter and 3m height. Find the time of emptying the tank through an orifice of 75mm diameter at 

its bottom if the tank is initially full of water. Take Cd = 0.62.  

 

 

 

 

 

 

 

 

 

Solution: 

Cd = 0.625 

Area of cylinder (A) = 
గସ ଶ= 3.14 mʹݔ

2
 

Area of orifice (a) = 
గସ Ͳ.Ͳ͹ͷଶ= 0.004418 mݔ

2
 

T1 = time taken to lower water from 4m to 1m in the cylindrical part 

T2 = time taken to empty the hemispherical part from 1m to 0m 

 

Computing T1 

H1 = 4m, H2 = 1m ܶͳ = ଶ஺஼೏௔√ଶ௚ ͳܪ√] − ͳܶ  [ʹܪ√ = ଶ௫ଷ.ଵସ଴.଺ଶ௫଴.଴଴ସସଵ଼√ଶ௚ [√Ͷ − √ͳ] = 518Sec 

Computing T2 

H1 = 1m, H2 = 0m ܶʹ = గ஼೏௔√ଶ௚ [ସோଷ ቀܪଵଷ/ଶ − ଶଷ/ଶቁܪ − ଶହ ቀܪଵହ/ଶ − ʹܶ  [ଶହ/ଶቁܪ = గ଴.଺ଶ௫଴.଴଴ସସଵ଼√ଶ௚ [ସ௫ଵଷ (ͳଷ/ଶ − Ͳ) − ଶହ ቀ(ͳହ/ଶ − Ͳ) − Ͳቁ] = 242 Sec 

Total time taken to empty the tank = T1+T2 = 518+242 = 760 Sec 

 

 

 

 

75mm dia 

3m 

1m 

1m 
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Tutorial 9 

Application of Momentum Principle 

 

1. A 60cm pipe is connected to a 30cm pipe by a standard reducer fitting. For the same flow of 0.9 

m
3
/s of water and a pressure of 200Kpa, what force is exerted by the water on the reducer, 

neglecting any lost head? 

 

 

 

 

 

Solution: 

Diameter at section 1 (d1) = 600mm = 0.6m 

Area at section 1 (A1) = 
గସ Ͳ.͸ଶ= 0.2827mݔ

2
 

Diameter at section 2(d2) = 300mm = 0.3m 

Area at section 2 (A2) = 
గସ Ͳ.͵ଶ= 0.07068mݔ

2
 

Discharge (Q) = 0.9 m
3
/s 

Velocity at section 1 (V1) =Q/A1 = =0.9/0.2827 = 3.18 m/s 

Velocity at section 2 (V2) =Q/A2 =0.9/0.07068 = 12.73 m/s 

Pressure at section 1 (P1) = 200Kpa = 200000N/m
2
 

Force exerted by water on reducer =? 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ ϭ aŶd Ϯ ;Z1 = Z2)  ௉భఘ௚ + ௏భమଶ௚ + ܼଵ = ௉మఘ௚ + ௏మమଶ௚ + ܼଶ  

ଶ଴଴଴଴଴ଵ଴଴଴௫ଽ.଼ଵ + ଷ.ଵ଼మଶ௫ଽ.଼ଵ = ௉మଵ଴଴଴௫ଽ.଼ଵ + ଵଶ.଻ଷమଶ௫ଽ.଼ଵ  

P2 = 124030 N/m
2
 

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ሺ  ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅  ଵܲ ܣଵ − ଶܲ ܣଶሻ − ௫ܨ = ሺܳߩ ଶܸ௫ − ଵܸ௫ሻ  

Fx 
+X 

+Y 

P1 
P2 

2 
1 

Fy 
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ሺ ଵܲ ܣଵ − ଶܲܣଶሻ − ௫ܨ = ሺܳߩ ଶܸ − ଵܸሻ   ܨ௫ = ሺ ଵܲ ܣଵ − ଶܲܣଶሻ + ሺܳߩ ଵܸ− ଶܸሻ = ሺʹͲͲͲͲͲݔ Ͳ.ʹͺʹ͹ − ͳʹͶͲ͵Ͳ ݔ Ͳ.Ͳ͹Ͳ͸ͺሻ + ͳͲͲͲݔͲ.ͻሺ͵.ͳͺ − ͳʹ.͹͵ሻ = 39178 N 

The forces in the Y-direction will balance each other and Fy = 0. 

Hence the force exerted by water on reducer is 39178 N to the right. 

 

2. A 500mm pipe carrying 0.8 m
3
/s of oil (sp gr 0.85) has a 90

0
 bend in a horizontal plane. The loss of 

head in the bend is 1.1m of oil, and the pressure at the entrance is 290KPa. Determine the resultant 

force exerted by the oil on the bend. 

 

 

 

  

 

 

Solution: 

Diameter at section 1 ad 2 (d) = 500mm = 0.5m 

Area at section 1 and 2 (A1 = A2) = 
గସ Ͳ.ͷଶ= 0.19635mݔ

2
 

Discharge (Q) = 0.8 m
3
/s 

Velocity at 1 and 2 (V1 = V2) = Q/A1 = 0.8/0.19635 = 4.07m/s 

Pressure at 1 (P1) = 290KPa = 290000 Pa 

Loss of head (hL) = 1.1m 

Resultant force exerted by the oil on the bend = ? 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ ϭ aŶd Ϯ ;Z1 = Z2)  ௉భఘ௚ + ௏భమଶ௚ + ܼଵ = ௉మఘ௚ + ௏మమଶ௚ + ܼଶ + ℎ௅  

ଶଽ଴଴଴଴଴.଼ହ௫ଵ଴଴଴௫ଽ.଼ଵ + ସ.଴଻మଶ௫ଽ.଼ଵ = ௉మ଴.଼ହ௫ଵ଴଴଴௫ଽ.଼ଵ + ସ.଴଻మଶ௫ଽ.଼ଵ + ͳ.ͳ  

 

P2 = 280828 N/m
2
 

 

 

Fy 

+Y 

P1 

P2 

1 

2 
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∑ ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ଵܣ ଵܲ  ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅  − ௫ܨ = ሺܳߩ ଶܸ௫ − ଵܸ௫ሻ  ଵܲ ܣଵ − ௫ܨ = ሺͲܳߩ − ଵܸሻ  ܨ௫ = ଵܲ ܣଵ + ܳߩ ଵܸ  = ʹͻͲͲͲͲݔͲ.ͳͻ͸͵ͷ + Ͳ.ͺͷݔͳͲͲͲݔͲ.ͺݔͶ.Ͳ͹   
= 59709 N 

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ௬ܨ  ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅  − ଶܲ ܣଶ = )ܳߩ ଶܸ௬ − ଵܸ௬)  ܨ௬ − ଶܲ ܣଶ = ሺܳߩ ଶܸ − Ͳሻ  ܨ௬ = ଶܲ ܣଶ + ܳߩ ଶܸ  = ʹͺͲͺʹͺݔͲ.ͳͻ͸͵ͷ + Ͳ.ͺͷݔͳͲͲͲݔͲ.ͺݔͶ.Ͳ͹  

= 57908 N 

Resultant force ሺܨோሻ = ௫+ଶܨ√   ௬ଶ =83177Nܨ

Resultant force exerted by the water on the bend = 83177N (to the right and downward) 

Direction of resultant force = ܶܽ݊−ଵ ி೤ிೣ  = ܶܽ݊−ଵ ହ଻ଽ଴଼ହଽ଻଴ଽ = 44.1
0
 

 

3. The discharge of water through a 130
0
 bend is 30 litres/s. The bend is lying in the horizontal plane 

and the diameters at the entrance and exit are 200mm and 100mm respectively. The pressure 

measured at the entrance is 100 kN/m
2
, what is the magnitude and direction of the force exerted by 

the water on the bend? 

 

                                                                                                                                            

                                                                                    

 

                                                   

                                                                                                                                                                       

                                                                                                                  

                                                                                              

 

                                                                                        

 

 

Solution: 

Diameter at section 1 (d1) = 200mm = 0.2m 

Area at section 1 (A1) = 
గସ Ͳ.ʹଶ= 0.0314mݔ

2
 

Diameter at section 2(d2) = 100mm = 0.1m 

Area at section 2 (A2) = 
గସ Ͳ.ͳଶ= 0.00785mݔ

2
 

Discharge (Q) = 30 lps = 0.03 m
3
/s 

 

+Y 

+X 

P2 

P1 

2 

1 

130
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Velocity at section 1 (V1) =Q/A1 = 0.03/0.0314 = 0.95 m/s 

Velocity at section 2 (V2) =Q/A2 = 0.03/0.00785=3.82 m/s 

θ= ϭϴϬ-130 = 50
0
 

Pressure at 1 (P1) = 100KPa = 100000 Pa 

Resultant force exerted by the oil on the bend = ? 

 

Applying BerŶoulli’s eƋuatioŶ ďetǁeeŶ ϭ aŶd Ϯ ;Z1 = Z2)  ௉భఘ௚ + ௏భమଶ௚ + ܼଵ = ௉మఘ௚ + ௏మమଶ௚ + ܼଶ  

ଵ଴଴଴଴଴ଵ଴଴଴௫ଽ.଼ଵ + ଴.ଽହమଶ௫ଽ.଼ଵ = ௉మଵ଴଴଴௫ଽ.଼ଵ + ଷ.଼ଶమଶ௫ଽ.଼ଵ  

 

P2 = 93155 N/m
2
 

 

Resultant force (FR) =? 

Direction of resultant force =? 

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ሺ  ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅  ଵܲ ܣଵ + ଶܲܣ ߠݏ݋ܥଶሻ − ௫ܨ = ሺܳߩ ଶܸ௫ − ଵܸ௫ሻ  ሺ ଵܲ ܣଵ + ଶܲܣଶߠݏ݋ܥሻ − ௫ܨ = −ሺܳߩ ଶܸߠݏ݋ܥ − ଵܸሻ   ܨ௫ = ሺ ଵܲ ܣଵ + ଶܲܣଶߠݏ݋ܥሻ + ሺܳߩ ଵܸ+ ଶܸߠݏ݋ܥሻ = ሺͳͲͲͲͲͲݔͲ.Ͳ͵ͳͶ + ͻ͵ͳͷͷݔͲ.ͲͲ͹ͺͷݏ݋ܥͷͲሻ + ͳͲͲͲݔͲ.Ͳ͵ሺͲ.ͻͷ + ͵.ͺʹݏ݋ܥͷͲሻ 

= 3712 N  

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ௬ܨ  ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅  − ଶܲܵ݅݊ܣ ߠଶ = )ܳߩ ଶܸ௬ − ଵܸ௬)  ܨ௬ − ଶܲ ܣଶܵ݅݊ߠ = ሺܳߩ ଶܸܵ݅݊ߠ − Ͳሻ  ܨ௬ = ଶܲ ܣଶܵ݅݊ߠ + ܳߩ ଶܸܵ݅݊ߠ  = ͻ͵ͳͷͷݔͲ.ͲͲ͹ͺͷܵ݅݊ͷͲ + ͳͲͲͲݔͲ.Ͳ͵ݔ͵.ͺʹܵ݅݊ͷͲ  

= 648N  
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Resultant force ሺܨோሻ = ௫+ଶܨ√   ௬ଶ =3768Nܨ

Resultant force exerted by the water on the bend = 3768N (to the right and downward) 

Direction of resultant force = ܶܽ݊−ଵ ி೤ிೣ  = ܶܽ݊−ଵ ଺ସ଼ଷ଻ଵଶ =10
0
 

 

 

4. A 45
0
 pipe bend tapers from 600mm diameter at inlet to 300mm diameter at outlet. The 

pressure at inlet is 140KN/m
2
 and the rate of flow is 0.425m

3
/s. At outlet the pressure is 123KN/m

2
 

gauge. Neglecting friction, calculate the resultant force exerted by the water on the bend in 

magnitude and direction. The bend lies in a horizontal plane. 

 

                                                                                                                                               

                                                                                    

 

                                                   

                                                                                                                                                                       

                                                                                                                  

                                                                                              

 

                                                                                          

 

Solution: 

Diameter at section 1 (d1) = 600mm = 0.6m 

Area at section 1 (A1) = 
గସ Ͳ.͸ଶ= 0.2827mݔ

2
 

Diameter at section 2(d2) = 300mm = 0.3m 

Area at section 2 (A2) = 
గସ Ͳ.͵ଶ= 0.07068mݔ

2
 

Discharge (Q) = 0.425 m
3
/s 

 

Velocity at section 1 (V1) =Q/A1 = 1.5 m/s 

Velocity at section 2 (V2) =Q/A2 = 6.01 m/s 

Pressure at section 1 (P1) = 140KN/m
2
 = 140000N/m

2
 

P2 

2 

1 

45
0
 

Fy 

P1 
Fx +X 

Reactions 

+Y 
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 Pressure at section 2 (P2) =123KN/m
2
 =123000N/m

2
 

Angle of bend ሺߠሻ= 45
0
 

Resultant force (FR) =? 

Direction of resultant force =? 

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ሺ  ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅  ଵܲ ܣଵ − ଶܲܣ ߠݏ݋ܥଶሻ − ௫ܨ = ሺܳߩ ଶܸ௫ − ଵܸ௫ሻ  ሺ ଵܲ ܣଵ − ଶܲܣଶߠݏ݋ܥሻ − ௫ܨ = ሺܳߩ ଶܸߠݏ݋ܥ − ଵܸሻ   ܨ௫ = ሺ ଵܲ ܣଵ − ଶܲܣଶߠݏ݋ܥሻ + ሺܳߩ ଵܸ− ଶܸߠݏ݋ܥሻ = ሺͳͶͲͲͲͲݔͲ.ʹͺʹ͹ − ͳʹ͵ͲͲͲݔͲ.Ͳ͹Ͳ͸ͺݏ݋ܥͶͷሻ + ͳͲͲͲݔͲ.Ͷʹͷሺͳ.ͷ − ͸.Ͳͳݏ݋ܥͶͷሻ 

= 32262 N  

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ௬ܨ  ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅  − ଶܲܵ݅݊ܣ ߠଶ = )ܳߩ ଶܸ௬ − ଵܸ௬)  ܨ௬ − ଶܲ ܣଶܵ݅݊ߠ = ሺܳߩ ଶܸܵ݅݊ߠ − Ͳሻ  ܨ௬ = ଶܲ ܣଶܵ݅݊ߠ + ܳߩ ଶܸܵ݅݊ߠ  = ͳʹ͵ͲͲͲݔͲ.Ͳ͹Ͳ͸ͺܵ݅݊Ͷͷ + ͳͲͲͲݔͲ.Ͷʹͷݔ͸.Ͳͳܵ݅݊Ͷͷ  

= 7953N  

Resultant force ሺܨோሻ = ௫+ଶܨ√   ௬ଶ =33228Nܨ

Resultant force exerted by the water on the bend = 33228N (to the right and downward) 

Direction of resultant force = ܶܽ݊−ଵ ி೤ிೣ  = ܶܽ݊−ଵ ଻ଽହଷଷଶଶ଺ଶ =13.8
0
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5. A 150mm diameter pipe on the horizontal plane carries water under the head of 16m of water 

with the velocity of 3.5 m/s. Find the direction and magnitude of the pipe bend, if the axis of the 

bend was turned with angle 75
0
. Assume no loss of energy at the pipe bend. 

 

                                                                                                                                               

                                                                                    

 

                                                   

                                                                                                                                                                       

                                                                                                                  

                                                                                              

 

                                                                                         

Solution: 

Diameter (d1 =d2) = 150mm = 0.15m 

Area at section 1 and 2 (A1=A2) =
గସ Ͳ.ͳͷଶ = 0.01767mݔ

2
 

Velocity (V1=V2) = 3.5 m/s 

Discharge (Q) = A1 V1 = 0.01767x3.5 =0.0618 m3/s 

Pressure head = 
௉ఘ௚ = 16 m 

   P =156960 N/m
2
 

Pressure (P=P1=P2) = 156960 N/m
2
 

Angle of bend ሺߠሻ= 75
0
 

Resultant force (FR) =? 

Direction of resultant force =? 

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ሺ  ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅  ଵܲ ܣଵ − ଶܲܣ ߠݏ݋ܥଶሻ − ௫ܨ = ሺܳߩ ଶܸ௫ − ଵܸ௫ሻ  ሺ ଵܲ ܣଵ − ଶܲܣଶߠݏ݋ܥሻ − ௫ܨ = ሺܳߩ ଶܸߠݏ݋ܥ − ଵܸሻ   ܨ௫ = ሺ ଵܲ ܣଵ − ଶܲܣଶߠݏ݋ܥሻ + ሺܳߩ ଵܸ− ଶܸߠݏ݋ܥሻ  = ሺͳͷ͸ͻ͸ͲݔͲ.Ͳͳ͹͸͹ − ͳͷ͸ͻ͸ͲݔͲ.Ͳͳ͹͸͹ݏ݋ܥ͹ͷሻ + ͳͲͲͲݔͲ.Ͳ͸ͳͺሺ͵.ͷ − ͵.ͷݏ݋ܥ͹ͷሻ 

2 

1 

75
0
 

P2 
+Y 
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= 2216 N  

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ௬ܨ  ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅  − ଶܲܵ݅݊ܣ ߠଶ = )ܳߩ ଶܸ௬ − ଵܸ௬)  ܨ௬ − ଶܲ ܣଶܵ݅݊ߠ = ሺܳߩ ଶܸܵ݅݊ߠ − Ͳሻ  ܨ௬ = ଶܲ ܣଶܵ݅݊ߠ + ܳߩ ଶܸܵ݅݊ߠ  = ͳͷ͸ͻ͸ͲݔͲ.Ͳͳ͹͸͹ܵ݅݊͹ͷ + ͳͲͲͲݔͲ.Ͳ͸ͳͺݔ͵.ͷܵ݅݊͹ͷ  

= 2888N  

Resultant force ሺܨோሻ = ௫+ଶܨ√   ௬ଶ =3640Nܨ

Resultant force exerted by the water on the bend = 3640N (to the right and downward) 

Direction of resultant force = ܶܽ݊−ଵ ி೤ிೣ  = ܶܽ݊−ଵ ଶ଼଼଼ଶଶଵ଺ = 52.5
0
 

 

6. A main pipe of diameter 500mm branches in two pipes of diameter 300mm each in the horizontal 

plane. Angle between the branches is 60
0
, which is symmetrical with respect to the main pipe. Flow 

discharge through the main pipe is 1.0 m
3
/s, which is equally divided into the branch pipes. If the 

pressure intensity at the main pipe is 400KPa, find the magnitude and direction of resultant force in 

the bend. Assume no loss of energy due to branch junction and in pipe sections. 

 

 

                                                                                 

 

                                                

                                                                                    60
0
 

                                                                                      

 

 

 

Diameter at section 1 (d1) = 500mm = 0.5m 

Area at section 1 (A1) = 
గସ Ͳ.ͷଶ= 0.19635mݔ

2
 

Diameter at section 2 and 3 (d2 =d3) = 300mm = 0.3m 

Fy 

P2 

2 

1 

P1 

+Y 

Fx 

+X 
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Area at section 2 and 3 (A2 =A3) = గସ Ͳ.͵ଶ = 0.07068mݔ
2
 

Angle of bend ሺߠሻ= 30
0
 for pipe 2 and 3 

Discharge through 1 (Q1) = 1 m
3
/s 

Discharge through 2 and 3 (Q2=Q3) = Q1/2 =0.5 m
3
/s 

Pressure at 1 (P1) = 400 KPa = 400000N/m
2
 

Resultant force (FR) =? 

Direction of resultant force =? 

 

Velocity at 1 (V1) = Q1/A1 = 5.09 m/s 

Velocity at 2 (V2) = Q2/A2 = 7.07 m/s 

Velocity at 3 (V3 ) = Q3/A3 = 7.07 m/s 

 

UsiŶg BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ ;Z1=Z2) 

 ௉భఘ௚ + ௏భమଶ௚ + ܼଵ = ௉మఘ௚ + ௏మమଶ௚ + ܼଶ  

 ସ଴଴଴଴଴ଵ଴଴଴௫ଽ.଼ଵ + ହ.଴ଽమଶ௫ଽ.଼ଵ = ௉మଵ଴଴଴௫ଽ.଼ଵ + ଻.଴଻మଶ௫ଽ.଼ଵ  

 

P2 = 387962 N/m
2
 

 

Using BeƌŶoulli’s eƋuatioŶ at ϭ aŶd ϯ ;Z1=Z3) 

 ௉భఘ௚ + ௏భమଶ௚ + ܼଵ = ௉యఘ௚ + ௏యమଶ௚ + ܼଷ  

 ସ଴଴଴଴଴ଵ଴଴଴௫ଽ.଼ଵ + ହ.଴ଽమଶ௫ଽ.଼ଵ = ௉యଵ଴଴଴௫ଽ.଼ଵ + ଻.଴଻మଶ௫ଽ.଼ଵ  

 

P3 = 387962 N/m
2
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∑ ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ሺ  ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅  ଵܲ ܣଵ − ଶܲܣ ߠݏ݋ܥଶ − ଷܲܣ ߠݏ݋ܥଷሻ − ௫ܨ = ሺܳଶ ଶܸ௫] ߩ + ܳଷ ଷܸ௫ሻ − ܳଵ ଵܸ௫]  ሺ ଵܲ ܣଵ − ଶܲܣଶߠݏ݋ܥ − ଷܲܣଷߠݏ݋ܥ ሻ − ௫ܨ = ߠݏ݋ܥሺܳଶ ଶܸ] ߩ + ܳଷ ଷܸߠݏ݋ܥሻ − ܳଵ ଵܸ]  ܨ௫ = ሺ ଵܲ ܣଵ − ଶܲܣଶߠݏ݋ܥ − ଷܲܣଷߠݏ݋ܥ ሻ + ሺܳଵߩ ଵܸ − ܳଶ ଶܸߠݏ݋ܥ − ܳଷ ଷܸߠݏ݋ܥሻ   = ሺͶͲͲͲͲͲݔͲ.ͳͻ͸͵ͷ − ͵ͺ͹ͻ͸ʹݔͲ.Ͳ͹Ͳ͸ͺݏ݋ܥ͵Ͳ − ͵ͺ͹ͻ͸ʹݔͲ.Ͳ͹Ͳ͸ͺݏ݋ܥ͵Ͳሻ + ͳͲͲͲሺͳݔͷ.Ͳͻ −Ͳ.ͷݔ͹.Ͳ͹ݏ݋ܥ͵Ͳ − Ͳ.ͷݔ͹.Ͳ͹ݏ݋ܥ͵Ͳሻ  

= 30012N  

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ௬ܨ  ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅  − ଶܲܵ݅݊ܣ ߠଶ + ଷܲܵ݅݊ܣ ߠଷ = ଶ ଶܸ௬ܳ)] ߩ + ܳଷ ଷܸ௬) − ܳଵ ଵܸ௬]  ܨ௬ − ଶܲܣଶܵ݅݊ߠ + ଷܲܣଷܵ݅݊ߠ = ߠሺܳଶ ଶܸܵ݅݊] ߩ + ܳଷݔ −  ଷܸܵ݅݊ߠሻ − Ͳ]  ܨ௬ = ሺ ଶܲܣଶܵ݅݊ߠ − ଷܲܣଷܵ݅݊ߠሻ + ߠሺܳଶ ଶܸܵ݅݊ ߩ − ܳଷ ଷܸܵ݅݊ߠሻ   =͵ͅ ͹ͻ͸ʹݔͲ.Ͳ͹Ͳ͸ͺܵ݅݊͵Ͳ − ͵ͺ͹ͻ͸ʹݔͲ.Ͳ͹Ͳ͸ͺܵ݅݊͵Ͳ + ͳͲͲͲݔͲ.ͷݔ͹.Ͳ͹ܵ݅݊͵Ͳ −ͳͲͲͲݔͲ.ͷݔ͹.Ͳ͹ܵ݅݊͵Ͳ  

    = 0 

 

Resultant force ሺܨோሻ = ௫+ଶܨ√  ௬ଶ =30012Nܨ

Direction of resultant force = ܶܽ݊−ଵ ி೤ிೣ  = ܶܽ݊−ଵ ଴ଷ଴଴ଵଶ = 0
0
 

 

7. Determine the magnitude of resultant force and its direction on the vane shown in the figure 

below if a water of jet 50mm diameter and 20m/s velocity strikes the vane tangentially and deflects 

without friction. 

 

 

 

 

 

 

 

 

135
0
 

20 m/s 
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Solution: 

Velocity (V) = 20m/s 

Diameter of jet (d) = 50mm = 0.05m 

C/s of jet (A) = గସ Ͳ.Ͳͷଶ 0.001963 mݔ
2
 

Discharge (Q) = AV = 0.001963x20 = 0.03927 m
3
/s 

No friction: No loss of head 

Pressure is atmospheric: so no pressure force 

V is constant throughout. 

௫ܨ  = ሺܳߩ ଵܸ௫ − ଶܸ௫ሻ = ͳͲͲͲݔͲ.Ͳ͵ͻʹ͹ሺʹͲ − ሺ−ʹͲܿݏ݋Ͷͷሻሻ = 1340.8 N ܨ௬ = )ܳߩ ଵܸ௬ − ଶܸ௬) = ͳͲͲͲݔͲ.Ͳ͵ͻʹ͹ሺͲ − ʹͲ݊݅ݏͶͷሻ = 555.4 N 

Resultant force = √ܨ௫ଶ + ௬ଶܨ = √ͳ͵ͶͲ.ͺଶ + ͷͷͷ.Ͷଶ = 1451N 

Direction = ݊ܽݐ−ଵ ி೤ிೣ = ଵ−݊ܽݐ ହହହ.ସଵସହଵ = 22.5
0
 

 

8. The diameter of a pipe bend is 30cm at inlet and 15cm at outlet and the flow is turned through 

120
0
 in a vertical plane. The axis at inlet is horizontal and the center of the outlet section is 1.5m 

below the center of the inlet section. Total volume of water in the bend is 0.9m
3
. Neglecting friction, 

calculate the magnitude and direction of the force exerted on the bend by water flowing through it 

at 250lps and when the inlet pressure is 0.15N/mm
2
.       
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Solution: 

Diameter at section 1 (d1) = 30cm = 0.3m 

Area at section 1 (A1) = 
గସ Ͳ.͵ଶ= 0.07068mݔ

2
 

Diameter at section 2(d2) = 15cm = 0.15m 

Area at section 2 (A2) = 
గସ Ͳ.ͳͷଶ= 0.01767mݔ

2
 

Discharge (Q) = 250 lps = 0.25 m
3
/s 

Volume of water within control volume (Vol) = 0.9m
3
 

Weight of water within control volume (W) = ߛ௪௔௧௘௥ܸ9810 = ݈݋x0.9 = 8829N 

Velocity at section 1 (V1) =Q/A1 = 0.25/0.07068 = 3.54 m/s 

Velocity at section 2 (V2) =Q/A2 = 0.25/0.01767=14.15 m/s 

Z2 = 0, Z1 = 1.5m 

θ= ϭϴϬ-120 = 60
0
 

Pressure at 1 (P1) = 0.15N/mm
2
 = 0.15x10

6
 N/m

2
 

Resultant force exerted by the water on the bend = ? 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ ϭ aŶd Ϯ  ௉భఘ௚ + ௏భమଶ௚ + ܼଵ = ௉మఘ௚ + ௏మమଶ௚ + ܼଶ  

଴.ଵହ௫ଵ଴లଵ଴଴଴௫ଽ.଼ଵ + ଷ.ହସమଶ௫ଽ.଼ଵ + ͳ.ͷ = ௉మଵ଴଴଴௫ଽ.଼ଵ + ଵସ.ଵହమଶ௫ଽ.଼ଵ + Ͳ  

P2 = 70870 N/m
2
 

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ሺ  ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅  ଵܲ ܣଵ + ଶܲܣ ߠݏ݋ܥଶሻ − ܴ௫ = ሺܳߩ ଶܸ௫ − ଵܸ௫ሻ  ሺ ଵܲ ܣଵ + ଶܲܣଶߠݏ݋ܥሻ − ܴ௫ = −ሺܳߩ ଶܸߠݏ݋ܥ − ଵܸሻ   ܴ௫ = ሺ ଵܲ ܣଵ + ଶܲܣଶߠݏ݋ܥሻ + ሺܳߩ ଵܸ+ ଶܸߠݏ݋ܥሻ = ሺͲ.ͳͷݔͳͲ଺ݔͲ.Ͳ͹Ͳ͸ͺ + ͹Ͳͺ͹ͲݔͲ.Ͳͳ͹͸͹ݏ݋ܥ͸Ͳሻ + ͳͲͲͲݔͲ.ʹͷሺ͵.ͷͶ + ͳͶ.ͳͷݏ݋ܥ͸Ͳሻ 

= 13882 N  

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ௬ܴ  ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅  − ଶܲܵ݅݊ܣ ߠଶ − ܹ = )ܳߩ ଶܸ௬ − ଵܸ௬)  
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ܴ௬ − ଶܲ ܣଶܵ݅݊ߠ − ܹ = −ሺܳߩ ଶܸܵ݅݊ߠ − Ͳሻ  ܴ௬ = ଶܲ ܣଶܵ݅݊ߠ − ܳߩ ଶܸܵ݅݊ߠ + ܹ  = ͹Ͳͺ͹ͲݔͲ.Ͳͳ͹͸͹ܵ݅݊͸Ͳ − ͳͲͲͲݔͲ.ʹͷݔͳͶ.ͳͷܵ݅݊͸Ͳ + ͺͺʹͻ  

= 6850N  

Resultant force ሺܴሻ = √ܴ௫+ଶ ܴ௬ଶ =15481N  

Resultant force exerted by the water on the bend = 15481N (to the right and downward) 

Direction of resultant force = ܶܽ݊−ଵ ோ೤ோೣ = ܶܽ݊−ଵ ଺଼ହ଴ଵଷ଼଼ଶ =26.3
0
 

 

9. A 45
0
 reducing bend is connected in a pipe line carrying water. The diameter at inlet and outlet of 

the bend is 400mm and 200mm respectively. Find the force exerted by water on the bend if the 

intensity of pressure at inlet of the bend is 215.8KN/m
2
. The rate of flow of water is 0.5m

3
/s. The loss 

of head in the bend is 1.25m of oil of sp.gr. 0.85.                                                                                              

 

                                                                                                                                               

                                                                                    

 

                                                   

                                                                                                                                                                       

                                                                                                                  

                                                                                              

 

                                                                                          

 

Solution: 

Diameter at section 1 (d1) = 400mm = 0.6m 

Area at section 1 (A1) = 
గସ Ͳ.Ͷଶ= 0.1256mݔ

2
 

Diameter at section 2(d2) = 200mm = 0.2m 

Area at section 2 (A2) = 
గସ Ͳ.ʹଶ= 0.0314mݔ

2
 

Discharge (Q) = 0.5 m
3
/s 

 

P2 

2 

1 

45
0
 

Fy 
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Velocity at section 1 (V1) =Q/A1 = 3.98 m/s 

Velocity at section 2 (V2) =Q/A2 = 15.92 m/s 

Pressure at section 1 (P1) = 215.8KN/m
2
 = 215800N/m

2
 

Loss of head = 1.25m of oil of sp gr 0.85, P=  0.85x9810x1.25 N/m
2
 

Loss of head in terms of water (hL) = 
௉ఊ = ଴.଼ହ௫ଽ଼ଵ଴௫ଵ.ଶହଽ଼ଵ଴  =1.0625m 

Angle of bend ሺߠሻ= 45
0
 

Resultant force (FR) =? 

Direction of resultant force =? 

 

ApplǇiŶg BeƌŶoulli’s eƋuatioŶ ďetǁeeŶ ϭ aŶd Ϯ ;Z1 = Z2)  ௉భఘ௚ + ௏భమଶ௚ + ܼଵ = ௉మఘ௚ + ௏మమଶ௚ + ܼଶ + ℎ௅  

ଶଵହ଼଴଴ଵ଴଴଴௫ଽ.଼ଵ + ଷ.ଽ଼మଶ௫ଽ.଼ଵ = ௉మଵ଴଴଴௫ଽ.଼ଵ + ଵହ.ଽଶమଶ௫ଽ.଼ଵ + ͳ.Ͳ͸ʹͷ  

 

P2 = 86574N/m
2
 

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ሺ  ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅  ଵܲ ܣଵ − ଶܲܣ ߠݏ݋ܥଶሻ − ௫ܨ = ሺܳߩ ଶܸ௫ − ଵܸ௫ሻ  ሺ ଵܲ ܣଵ − ଶܲܣଶߠݏ݋ܥሻ − ௫ܨ = ሺܳߩ ଶܸߠݏ݋ܥ − ଵܸሻ   ܨ௫ = ሺ ଵܲ ܣଵ − ଶܲܣଶߠݏ݋ܥሻ + ሺܳߩ ଵܸ− ଶܸߠݏ݋ܥሻ = ሺʹͳͷͺͲͲݔͲ.ͳʹͷ͸ − ͺ͸ͷ͹ͶݔͲ.Ͳ͵ͳͶݏ݋ܥͶͷሻ + ͳͲͲͲݔͲ.ͷሺ͵.ͻͺ − ͳͷ.ͻʹݏ݋ܥͶͷሻ 

= 21544N  

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ௬ܨ  ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅  − ଶܲܵ݅݊ܣ ߠଶ = )ܳߩ ଶܸ௬ − ଵܸ௬)  ܨ௬ − ଶܲ ܣଶܵ݅݊ߠ = ሺܳߩ ଶܸܵ݅݊ߠ − Ͳሻ  ܨ௬ = ଶܲ ܣଶܵ݅݊ߠ + ܳߩ ଶܸܵ݅݊ߠ  = ͺ͸ͷ͹ͶݔͲ.Ͳ͵ͳͶܵ݅݊Ͷͷ + ͳͲͲͲݔͲ.ͷݔͳͷ.ͻʹܵ݅݊Ͷͷ  

= 7551N  
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Resultant force ሺܨோሻ = ௫+ଶܨ√   ௬ଶ =22829Nܨ

Resultant force exerted by the water on the bend = 22829N (to the right and downward) 

Direction of resultant force = ܶܽ݊−ଵ ி೤ிೣ  = ܶܽ݊−ଵ ଻ହହଵଶଵହସସ =19.3
0
 

 

10. The angle of a reducing bend is 60
0
. Its initial diameter is 300mm and final diameter is 150mm 

and is lifted in a pipeline carrying water at a rate of 330 lps. The pressure at the commencement of 

the bend is 3.1 bar. The friction loss in the pipe may be assumed as 10% of kinetic energy at the exit 

of the bend. Determine the force exerted by the reducing bend. 

 

Solution:  

 

                                                                                                                                               

                                                                                    

 

                                                   

                                                                                                                                                                       

                                                                                                                  

                                                                                              

 

                                                                                         

Solution: 

Diameter at section 1 (d1) = 300mm = 0.3m 

Area at section 1 (A1) = 
గସ Ͳ.͵ଶ= 0.07068mݔ

2
 

Diameter at section 2(d2) = 150mm = 0.15m 

Area at section 2 (A2) = 
గସ Ͳ.ͳͷଶ= 0.01767mݔ

2
 

Discharge (Q) = 330lps = 0.33 m
3
/s 

 

Velocity at section 1 (V1) =Q/A1 = 4.67 m/s 

Velocity at section 2 (V2) =Q/A2 = 18.67 m/s 

Pressure at section 1 (P1) = 3.1 bar = 3.1x10
5
 N/m

2
 

Loss of head (hL) = 10% of velocity head at 2 = Ͳ.ͳ ௏మమଶ௚ = Ͳ.ͳ ଵ଼.଺଻మଶ௫ଽ.଼ଵ = 1.77m 

Angle of bend ሺߠሻ= 50
0
 

Resultant force (FR) =? 

Direction of resultant force =? 

Finding pressure at section 2 (P2)  

UsiŶg BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ ;Z1=Z2) 
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௉భఘ௚ + ௏భమଶ௚ + ܼଵ = ௉మఘ௚ + ௏మమଶ௚ + ܼଶ + ℎ௅  

 ଷ.ଵ௫ଵ଴ఱଵ଴଴଴௫ଽ.଼ଵ + ସ.଺଻మଶ௫ଽ.଼ଵ = ௉మଵ଴଴଴௫ଽ.଼ଵ + ଵ଼.଺଻మଶ௫ଽ.଼ଵ + ͳ.͹͹  

 

P2 = 129256 N/m
2
 

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ሺ  ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅  ଵܲ ܣଵ − ଶܲܣ ߠݏ݋ܥଶሻ − ௫ܨ = ሺܳߩ ଶܸ௫ − ଵܸ௫ሻ  ሺ ଵܲ ܣଵ − ଶܲܣଶߠݏ݋ܥሻ − ௫ܨ = ሺܳߩ ଶܸߠݏ݋ܥ − ଵܸሻ   ܨ௫ = ሺ ଵܲ ܣଵ − ଶܲܣଶߠݏ݋ܥሻ + ሺܳߩ ଵܸ− ଶܸߠݏ݋ܥሻ = ሺ͵ͳͲͲͲͲݔͲ.Ͳ͹Ͳ͸ͺ − ͳʹͻʹͷ͸ݔͲ.Ͳͳ͹͸͹ݏ݋ܥ͸Ͳሻ + ͳͲͲͲݔͲ.͵͵ሺͶ.͸͹ − ͳͺ.͸͹ݏ݋ܥ͸Ͳሻ 

= 19229 N  

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ௬ܨ  ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅  − ଶܲܵ݅݊ܣ ߠଶ = )ܳߩ ଶܸ௬ − ଵܸ௬)  ܨ௬ − ଶܲ ܣଶܵ݅݊ߠ = ሺܳߩ ଶܸܵ݅݊ߠ − Ͳሻ  ܨ௬ = ଶܲ ܣଶܵ݅݊ߠ + ܳߩ ଶܸܵ݅݊ߠ  = ͳʹͻʹͷ͸ݔͲ.Ͳͳ͹͸͹ܵ݅݊͸Ͳ + ͳͲͲͲݔͲ.͵͵ݔͳͺ.͸͹ܵ݅݊͸Ͳ  

= 7314N  

Resultant force ሺܨோሻ = ௫+ଶܨ√   ௬ଶ =20573Nܨ

Resultant force exerted by the water on the bend = 20573N (to the right and downward) 

Direction of resultant force = ܶܽ݊−ଵ ி೤ிೣ  = ܶܽ݊−ଵ ଻ଷଵସଵଽଶଶଽ =20.8
0
 

 

11. A 0.4mx0.3m, 90
0
 vertical bend carries 0.6m

3
/s oil of sp gr 0.8 with a pressure of 120 Kpa at inlet 

to the bend. The volume of the bend is 0.1 m3. Find the magnitude and direction of the force on the 

bend. Neglect friction and assume both inlet and outlet sections to be at same horizontal level. Also 

assume that water enters the bend at 45
0
 to the horizontal. 

 

 

 

 

 

 

 

 

 

 

 

P1 

Y 

Fy 

W 

45
0
 

45
0
 

Fx 

X 

P2 

http://ioeagrineer.blogspot.com/


Fluid Mechanics Dr. K.N DULAL’s Numerical Solution For IOE B.Agri II/I  & BCE II/I 

 Downloaded from http://ioeagrineer.blogspot.com/ 

201 

 

Solution: 

Diameter at section 2(d1) = 0.4m 

Area at section 2 (A1) = 
గସ Ͳ.Ͷଶ= 0.1256mݔ

2
 

Diameter at section 1 (d2) = 0.3m 

Area at section 1 (A2) = 
గସ Ͳ.͵ଶ= 0.07068mݔ

2
 

Discharge (Q) =  0.6 m
3
/s 

Weight of oil (W) = ߛ௢𝑖௟  0.8x9810x0.1 = 784.8N = ݈݋ܸ 

Velocity at section 1 (V1) =Q/A1 = 4.8 m/s 

Velocity at section 2 (V2) =Q/A2 = 8.5 m/s 

Pressure at section 1 (P1) = 120 Kpa 

θ = 45
0
 

Resultant force (FR) =? 

Direction of resultant force =? 

Finding pressure at section 2 (P2)  

UsiŶg BeƌŶoulli’s eƋuatioŶ at ϭ aŶd Ϯ ;Z1=Z2) 

 ௉భఘ௚ + ௏భమଶ௚ + ܼଵ = ௉మఘ௚ + ௏మమଶ௚ + ܼଶ  

 ଵଶ଴଴଴଴଴.଼௫ଵ଴଴଴௫ଽ.଼ଵ + ସ.଼మଶ௫ଽ.଼ଵ = ௉మ଴.଼௫ଵ଴଴଴௫ଽ.଼ଵ + ଼.ହమଶ௫ଽ.଼ଵ  

 

P2 = 100316 N/m
2
 

 

 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ሺ  ݊݋݅ݐܿ݁ݎ݅݀ ܺ ݊݅  ଵܲܣ ߠݏ݋ܥଵ − ଶܲܣ ߠݏ݋ܥଶሻ − ௫ܨ = ሺܳߩ ଶܸ௫ − ଵܸ௫ሻ  ሺ ଵܲ ܣଵ − ଶܲܣଶߠݏ݋ܥሻ − ௫ܨ = ሺܳߩ ଶܸߠݏ݋ܥ − ଵܸߠݏ݋ܥሻ   ܨ௫ = ሺ ଵܲ ܣଵߠݏ݋ܥ − ଶܲܣଶߠݏ݋ܥሻ + ሺܳߩ ଵܸߠݏ݋ܥ − ଶܸߠݏ݋ܥሻ = ሺͳʹͲͲͲͲݔͲ.ͳʹͷ͸ݏ݋ܥͶͷ − ͳͲͲ͵ͳ͸ݔͲ.Ͳ͹Ͳ͸ͺݏ݋ܥͶͷሻ + Ͳ.ͺݔͳͲͲͲݔͲ.͸ሺͶ.ͺݏ݋ܥͶͷ − ͺ.ͷݏ݋ܥͶͷሻ 

= 4388 N  
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 ∑ ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅ ݏ݁ܿݎ݋ܨ = ݉ݑݐ݊݁݉݋݉ ݂݋ ℎܽ݊݃݁ܿ ݂݋ ݁ݐܴܽ ௬ܨ  ݊݋݅ݐܿ݁ݎ݅݀ ܻ ݊݅  + ሺ ଵܲܵ݅݊ܣ ߠଵ + ଶܲܵ݅݊ܣ ߠଶሻ − ܹ = )ܳߩ ଶܸ௬ − ଵܸ௬)  ܨ௬ + ሺ ଵܲܣଵܵ݅݊ߠ + ଶܲܣଶܵ݅݊ߠ ሻ − ܹ = ሺܳߩ ଶܸܵ݅݊ߠ − ଵܸܵ݅݊ߠሻ  ܨ௬ = −ሺ ଵܲܣଵܵ݅݊ߠ + ଶܲܣଶܵ݅݊ߠ ሻ + ܹ + ሺܳߩ ଶܸܵ݅݊ߠ − ଵܸܵ݅݊ߠሻ  = −ሺͳʹͲͲͲͲݔͲ.ͳʹͷ͸ܵ݅݊Ͷͷ + ͳͲͲ͵ͳ͸ݔͲ.Ͳ͹Ͳ͸ͺܵ݅݊Ͷͷሻ + ͹ͺͶ.ͺ + Ͳ.ͺݔͳͲͲͲݔͲ.͸ሺͶ.ͺܵ݅݊Ͷͷ −ͺ.ͷܵ݅݊Ͷͷሻ  

= -6115N  

Resultant force ሺܨோሻ = ௫+ଶܨ√   ௬ଶ =7526Nܨ

Resultant force exerted by the water on the bend = 7526N (to the right and upward) 

Direction of resultant force = ܶܽ݊−ଵ ி೤ிೣ  = ܶܽ݊−ଵ ଺ଵଵହସଷ଼଼ =54
0
 

 

12. The lawn sprinkler shown below has nozzles of 5mm diameter and carries a total discharge of 

0.20 lps. Determine the angular speed of rotation of the sprinkler and torque required to hold the 

sprinkler stationary. Assume no friction at the pivot. 

       

                                                         1                                                            2 

  

                                                                                     

 

Solution: 

Diameter of nozzle (d) = 5mm =0.005m 

Area of nozzle (A) = గସ Ͳ.ͲͲͷଶ = 1.963x10ݔ
-5

 m
2
 

r1 = 10cm =0.1m 

r2 = 20cm =0.2m 

Total discharge  = 0.2 lps 

Discharge through each nozzle (Q) = 0.2/2 = 0.1 lps = 0.0001 m
3
/s 

Relative velocity at outlet of each nozzle (V1 = V2) = Q/A = 5.09 m/s 

For torque(T) = 0, Angular speed of rotation ( ߱ )=? 

For ߱ =0, Torque (T) =? 

r2ω 

10cm 20cm 

r1ω 

V1 
V2 
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a. Initial moment of momentum of fluid entering the sprinkler is zero. So torque exerted is equal to 

the final moment of momentum. As no external torque acts (no friction), final moment of 

momentum should also be zero. 

 

Jet exerts force in opposite direction at nozzle 1 and 2 (downward direction).  

Torque at 1: anticlockwise, torque at 2: clockwise.  

As the torque arm for 2 is greater, the sprinkler will rotate clockwise if free to rotate. 

 

Absolute velocity at 1 (V1a) = 5.09 + r1 ߱ = = 5.09 + 0.1 ߱ (tangential velocity and relative velocity in 

the same direction) 

Absolute velocity at 1 (V2a) = 5.09 - r2 ߱ = 5.09 - 0.2 ߱ (tangential velocity and relative velocity in 

opposite direction) 

 

Final moment of momentum = ܳߩ ଶܸ௔ ݎଶ − ܳߩ  ଵܸ௔ ݎଵ = Ͳ 

(Two torques in opposite direction, net torque = greater torque-smaller torque) 

ଵܸ௔ ݎଵ =  ଶܸ௔ ݎଶ  

(5.09 + 0.1 ߱)0.1=(5.09 - 0.2 ߱)0.2 ߱ = 10.18rad/s 

 ߱ = ͸Ͳߨܰʹ  

N = 98 rpm 

 

b. For ߱ =0, velocities are V1 and V2. 

Torque exerted by the water on sprinkler = ܳߩ ଶܸݎଶ − ܳߩ  ଵܸݎଵ 

                                                                           = 1000x0.0001x5.09x0.2-1000x0.0001x5.09x0.1 

                                                                           = 0.0509 Nm 

Torque required to hold the sprinkler stationary = 0.0509 Nm 
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13. A lawn sprinkler shown in the figure has 0.8cm diameter nozzle at the end of a rotating arm and 

discharges water at the rate of 12m/s. Determine the torque required to hold the rotating arm 

stationary. Also determine the constant speed of rotation of the arm, if free to rotate. 

 

                                                                                                                                 A 

                                                           B 

 

                                                              20cm                     20cm 

Solution:  

Diameter of nozzle (d) = 0.8cm =0.008m 

Area of nozzle (A) =  గସ Ͳ.ͲͲͺଶ= 5.026x10ݔ
-5

 m2 

ra = rb= 20cm =0.2m 

Relative velocity at A and B (V=VA = VB) = 12 m/s 

Discharge through each nozzle (Q) = A V = 0.000603 m
3
/s 

For angular velocity ሺ߱ሻ =0, Torque required to hold the rotating arm stationary (T) =?  

For torque (T) = 0, constant speed of rotation of the arm (N) =? 

 

a. Jet exerts force in opposite direction at nozzle A and B (upward at A and downward at B).  

Torque at A and B: both clockwise 

(Two torques in same direction, net torque = sum of two torques) 

For ߱ =0, velocities are VA and VB. 

 

Torque exerted by the water on sprinkler = ܳߩ ஺ܸ ݎ஺ + ܳߩ  ஻ܸ ݎ஻ 

                                                                           = 1000x0.000603x12x0.2+1000x0.000603x12x0.2 

                                                                           = 2.89 Nm 

Torque required to hold the rotating arm stationary = 2.89 Nm 

 

b. Initial moment of momentum of fluid entering the sprinkler is zero. So torque exerted is equal to 

the final moment of momentum. As no external torque acts (no friction), final moment of 

momentum should also be zero. 

 

VB 

VA 

rAω 

rBω 
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Absolute velocity at A (V1a) = 12- ra ߱ = 12 - 0.2 ߱ (tangential velocity and relative velocity in 

opposite direction) 

Absolute velocity at B (V2a) = 12- rb ߱ = 12 - 0.2 ߱ (tangential velocity and relative velocity in 

opposite direction) 

Final moment of momentum = ܳߩ ଵܸ௔ ݎ௔ + ܳߩ  ଶܸ௔ ݎ௕ = Ͳ 

ଵܸ௔ ݎ௔ = − ଶܸ௔ ݎ௕ 

    (12 - 0.2 ߱)0.2 = -(12 - 0.2 ߱)0.2 

         ߱ = 60 rad/s ߱ = ͸Ͳߨܰʹ  

N = 573 rpm 

 

 

 

 

 

14. A lawn sprinkler with two nozzles 5mm in diameter each at 0.2m and 0.15m radii is connected 

across a tap capable of discharging 6 litres/min. The nozzles discharge water upwards and outwards 

from the plane of rotation. What torque will sprinkler exert on the hand if held stationary, and at 

what angular velocity will it rotate free? 

 

                                                                                                                                  

                                                     

 

 

 

Solution:  

Diameter of nozzle (d) = 5mm =0.005m 

Area of nozzle (A) =  గସ Ͳ.ͲͲͷଶ= 1.9635x10ݔ
-5

 m2 

rA= 0.2m, rB= 0.15m 

Assuming discharge to be equally divided, 

Discharge (QA = QB) = 6/2 litres/min = 3/(1000x60) m
3
/s = 0.00005 m

3
/s  

30
0
 

45
0
 

B A 

VB 

VA 

rAω 

rBω 
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Relative velocity at A (VA) = QA/A = 0.00005/1.9635x10
-5

 = 2.54m/s 

Relative velocity at B (VB) = QB/A = 0.00005/1.9635x10
-5

 = 2.54m/s 

 

Vertical component of relative velocity at A (VYA) = 2.54Cos30 = 2.2m/s 

Vertical component of relative velocity at B (VYB) = 2.54Cos45 = 1.8m/s 

 

For angular velocity ሺ߱ሻ =0, Torque required to hold the rotating arm stationary (T) =?  

For torque (T) = 0, constant speed of rotation of the arm (N) =? 

 

a. Jet exerts force in opposite direction at nozzle A and B (downward at A and upward at B).  

Torque at A and B: both clockwise 

(Two torques in same direction, net torque = sum of two torques) 

For ߱ =0, velocities are VYA and VYB. 

 

Torque exerted by the water on sprinkler = ܳߩ ௒ܸ஺ ݎ஺ + ܳߩ  ௒ܸ஻ ݎ஻ 

                                                                           = 1000x0.00005x2.2x0.2+1000x0.00005x1.8x0.15 

                                                                           = 0.0355 Nm 

Torque required to hold the rotating arm stationary = 0.0355 Nm 

 

b. Initial moment of momentum of fluid entering the sprinkler is zero. So torque exerted is equal to 

the final moment of momentum. As no external torque acts (no friction), final moment of 

momentum should also be zero. 

 

Absolute velocity at A (V1a) = VYA- rA߱ = 2.2 - 0.2 ߱ (tangential velocity and relative velocity in 

opposite direction) 

Absolute velocity at B (V2a) = VYB- rA߱ = 1.8 - 0.15 ߱ (tangential velocity and relative velocity in 

opposite direction) 

Final moment of momentum = ܳߩ ଵܸ௔ ݎ஺ + ܳߩ  ଶܸ௔ ݎ஻ = Ͳ 

ଵܸ௔ ݎ௔ = − ଶܸ௔ ݎ௕ 

    (2.2 - 0.2 ߱)0.2 = -(1.8 - 0.15 ߱)0.15 

         ߱ = 11.36 rad/s 
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߱ = ͸Ͳߨܰʹ  

N  =109rpm 

 

15. A flat plate is struck normally by a jet of water 50mm in diameter with a velocity of 18m/s. 

Calculate: a) the force on the plate when it is stationary, b) the force on the plate when it moves in 

the same direction as the jet with a velocity of 6m/s, and c) the work done per sec and the efficiency 

in case (b). 

Solution: 

Diameter of jet (d) = 50mm =0.05m 

Area of jet (A) = గସ Ͳ.Ͳͷଶ = 0.001963mݔ
2
 

Velocity of jet (V) = 18 m/s 

 

a. Force exerted by the jet on the plate ሺܨሻ = = ଶܸܣߩ ͳͲͲͲݔͲ.ͲͲͳͻ͸͵ݔͳͺଶ = 636N 

 

b. Velocity of plate (u) = 6m/s 

Force exerted by the jet on the plate when the plate is moving ሺ݌ܨሻ = ሺܸܣߩ − = ሻଶݑ ͳͲͲͲݔͲ.ͲͲͳͻ͸͵ݔሺͳͺ − ͸ሻଶ = 283N 

 

c. Work done per/sec (W) = Fp x distance/time = Fp x u = 283 x 6 = 1698J 

Kinetic energy of jet (KE)/sec = 
ଵଶ ሺܸܣߩሻܸଶ = ଵଶ =ଷܸܣߩ

ଵଶ  ͳͺଷ = 5724 Jݔ͵Ͳ.ͲͲͳͻ͸ݔͳͲͲͲݔ

Efficiency = W/KE = 1698/5724= 0.3 = 30% 

 

 

16. A jet of water 60 mm in diameter with a velocity of 15m/s strikes a flat plate inclined at an angle 

of 25
0
 to the axis of the jet. Calculate the normal force exerted on the plate (a) when the plate is 

stationary, (b) when the plate is moving at 4.5 m/s in the direction of jet and (c) the work done per 

sec and the efficiency for case b. 

 

Solution: 

Diameter of jet (d) = 60mm =0.06m 
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Area of jet (A) = గସ Ͳ.Ͳ͸ଶ = 0.00283 mݔ
2
 

Velocity of jet (V) = 15 m/s 

AŶgle of iŶĐliŶatioŶ of the plate ǁith the aǆis of jet ;θͿ =Ϯϱ0
 

 

a. Normal force exerted on the plate ሺܨሻ = = ߠଶܸܵ݅݊ܣߩ ͳͲͲͲݔͲ.ͲͲʹͺ͵ݔͳͷଶܵ݅݊ʹͷ = 269N 

 

b. Velocity of plate (u) = 4.5m/s 

Normal force exerted on the plate when the plate is moving ሺ݌ܨሻ = ሺܸܣߩ − = ߠሻଶܵ݅݊ݑ ͳͲͲͲݔͲ.ͲͲʹͺ͵ݔሺͳͷ − Ͷ.ͷሻଶܵ݅݊ʹͷ = 132N 

 

c. Work done per/sec (W) = Fp x distance/time = Fp x u = 132 x 4.5 = 594J 

Kinetic energy of jet (KE)/sec = 
ଵଶ ሺܸܣߩሻܸଶ = ଵଶ =ଷܸܣߩ

ଵଶ  ͳͷଷ = 4776Jݔ͵Ͳ.ͲͲʹͺݔͳͲͲͲݔ

Efficiency = W/KE = 594/4776 = 0.12 = 12% 

 

 

17. A 75mm diameter jet of water having a velocity of 25m/s strikes a flat plate, the normal of which 

is inclined at 30
0
 to the jet. Find the force normal to the surface of the plate and in the direction of 

the jet. 

 

Solution: 

Diameter of jet (d) = 75mm =0.075m 

Area of jet (A) = గସ Ͳ.Ͳ͹ͷଶ = 0.00442 mݔ
2
 

Velocity of jet (V) = 25 m/s 

 

Angle made by normal with horizontal = 30
0
 

 

Angle of iŶĐliŶatioŶ of the plate ǁith the aǆis of jet ;θͿ =ϲϬ0
 

Normal force (Fn) =? 

Force in the direction of jet (Fx) = ? 

30
0
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௡ܨ  = ߠଶܸܵ݅݊ܣߩ = ͳͲͲͲݔͲ.ͲͲͶͶʹݔʹͷଶܵ݅݊͸Ͳ = 2392N ܨ௫ = Ͳ͵ݏ݋ܥ௡ܨ = ʹ͵ͻʹݏ݋ܥ͵Ͳ = 2071N 

 

18. A jet of 20mm in diameter moving with a velocity of 5m/s strikes a smooth plate, which is 

inclined at an angle of 20
0
 to the horizontal. Compute the amount of flow on each side of the plate 

and the force exerted on the plate. 

 

Solution: 

Diameter of jet (d) = 20mm =0.02m 

Area of jet (A) = గସ Ͳ.Ͳʹଶ = 0.000314 mݔ
2
 

Velocity of jet (V) = 5 m/s 

 

AŶgle of iŶĐliŶatioŶ of jet ǁith hoƌizoŶtal ;θͿ = ϮϬ0
 

Q = Flow through jet before striking plate 

Q1 and Q2 = Flow on upper and lower side of plate 

A1 and A2 = Area of jet on upper and lower side of plate 

Q = A V = 0.000314x5 = 0.00157 m
3
/s 

Force exerted on plate(FX) =? 

 

Writing momentum equation in direction of S  ܣߩଵܸଶ − ଶܸଶܣߩ − ߠݏ݋ܥଶܸܣߩ = Ͳ  

With Q = A V, Q1 =A1 V, Q2 =A2 V ܳଵ − ܳଶ =   ߠݏ݋ܿܳ

From continuity, ܳଵ + ܳଶ = ܳ 

Solving above two eq., ܳଵ = ொଶ ሺͳ + ሻ and ܳଶߠݏ݋ܥ = ொଶ ሺͳ − ሻ ܳଵߠݏ݋ܥ = ଴.଴଴ଵହ଻ଶ ሺͳ + Ͳሻ = 0.00152 mʹݏ݋ܥ
3
/s ܳଶ = ଴.଴଴ଵହ଻ଶ ሺͳ − Ͳሻ = 0.00005 mʹݏ݋ܥ

3
/s 

௡ܨ  = ߠଶܸܵ݅݊ܣߩ = ͳͲͲͲݔͲ.ͲͲͲ͵ͳͶݔͷଶܵ݅݊ʹͲ = 2.7N ܨ௫ = ሺͻͲݏ݋ܥ௡ܨ − ʹͲሻ = ʹ.͹ ݏ݋ܥ͹Ͳ = 0.92N 

 

S 

Q2 

Q1 

20
0
 

Q 
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19. A flat plate hinged about its top edge, is suspended vertically. It weighs 8KN. A jet of water, 

50mm in diameter strikes the plate normally at its mid-point with a velocity of 50m/s. (a) Determine 

the horizontal force that should be applied to it at the bottom edge to keep it vertical. (b) Determine 

the angle of deflection where it stays in equilibrium, if it is allowed to rotate about the hinge 

                                                                          

 

                                                                        Jet                                      L      

                                                                                      

                                                                                                           Fx 

                                                                                      

Solution: 

 

Weight (W) =8KN = 8000N 

Diameter of nozzle (d) = 50mm =0.05m 

Area of nozzle (A) = గସ Ͳ.Ͳͷଶ = 0.001963mݔ
2
 

Velocity of jet (V) = 50m/s 

AB =BC =L/2 

 

a. Horizontal force at bottom (Fx) =? 

Force exerted by the jet on the plate ሺܲሻ =  ͷͲଶ = 4907Nݔ͵Ͳ.ͲͲͳͻ͸ݔଶ= ͳͲͲͲܸܣߩ

Taking moment about hinge (C) 

P L/2 =Fx L 

Fx = P/2 = 2453.5 N 

 

 

ď. α = AŶgle of iŶĐliŶatioŶ of the plate ǁith ǀeƌtiĐal 

                                                                         

                                              

                        L/2                                    Jet                                         

                                                                                      

                                                                                                                                                                                                     

W 

G 

E 
D 

B 

C 

A 

B P 

C 

A F 

α 

L/2 
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CB =L/2 

As the jet strikes the plate at mid point and the plate deflects about hinge C, the vertical height from 

the center of the jet  remains same as L/2 i.e. GC = L/2. 

Fƌoŵ ΔCGD, PeƌpeŶdiĐulaƌ distaŶĐe fƌoŵ C to foƌĐe F = CD = CG/Cosα = L/Ϯ ܵ݁ܿ𝛼 

Fƌoŵ ΔCEB, PeƌpeŶdiĐulaƌ distaŶĐe fƌoŵ C to ǁeight W = EB = CB ܵ݅݊𝛼 = L/2 ܵ݅݊𝛼 

 

The axis of jet jet makes an angle (90-αͿ ǁith the plate. 

Force exerted by the jet normal to the plate ሺܨሻ = ଶܵ݅݊ሺͻͲܸܣߩ − 𝛼ሻ = ܸܣߩଶݏ݋ܥ𝛼 = ͳͲͲͲݔͲ.ͲͲͳͻ͸͵ݔͷͲଶݏ݋ܥ𝛼 =ͶͻͲ͹ݏ݋ܥ𝛼 

 

Taking moments about hinge C ܹ ܮʹ ܵ݅݊𝛼 = ܨ ܮʹ ܵ݁ܿ𝛼 ͺͲͲͲ ܵ݅݊𝛼 = ͶͻͲ͹ ݏ݋ܥ𝛼 ܵ݁ܿ𝛼 𝛼=37.8
0
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Tutorial 10 

Boundary layer theory  

 

1. If the velocity distribution law in a laminar boundary layer over a flat plate is assumes to be of the 

form ݑ = ݕܽ +  .ଷ, determine the velocity distribution lawݕܾ

 

Solution: 

At y = 0, u= 0 

At ݕ = ܷ u = U ,ߜ = ߜܽ +  ଷ   (a)ߜܾ

At ݕ = ,ߜ ௗ௨ௗ௬ = Ͳ  

ௗ௨ௗ௬ = ܽ + ܽ  ଶݕܾ͵ + ଶߜܾ͵ = Ͳ  ܽ =  ଶ        (b)ߜܾ͵−

From a and b ܷ = ଷߜܾ͵− + ܾ  ଷߜܾ = − ௎ଶఋయ  ܽ = ଷ௎ଶఋ  

Hence the velocity distribution equation is ݑ = ଷ௎ଶఋ ݕ − ௎ଶఋయ   ଷݕ

௨௎ = ଷଶ ௬ఋ − ଵଶ ቀ௬ఋቁଷ
  

 

2. A flat plate of 2m width and 4m length is kept parallel to air flowing at 5m/s. Determine the length 

of plate over which the boundary layer is laminar and shear stress at the location where boundary 

layer ceases to be laminar. Take ߩ of air = 1.208 kg/m
3
 and ߭ of air = 1.47x10

-5
 m

2
/s. 

 

Solution: 

Width (b) = 2m 
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Length (L) = 4m 

Velocity (U) =  5m/s 

Reynold no. ሺܴ݁ሻ = ௎௅𝜐 = ହ௫ସଵ.ସ଻௫ଵ଴−ఱ = ͳ.͵͸ͳݔͳͲ଺ 

Re>5x10
5
 

On the front portion, the boundary layer is laminar and on the rear, it is turbulent. ܴ݁௫ = ௎௫𝜐 = ͷݔͳͲହ  ହ௫ଵ.ସ଻௫ଵ଴−ఱ = ͷݔͳͲହ  

x = 1.47m  

Up to 1.47m from the leading edge, the boundary layer is laminar. 

ߜ  = ହ௫√ோ௘ೣ = ହ௫ଵ.ସ଻√ହ௫ଵ଴ఱ = 0.01039 

௙ܥ = ଴.଺଺ସ√ோ௘ೣ = ଴.଺଺ସ√ହ௫ଵ଴ఱ = 0.000939 

Shear stress ሺ߬ሻ = ଵଶ ଶܷߩ௙ܥ = ଵଶ Ͳ.ͲͲͲͻ͵ͻݔͳ.ʹͲͺݔͷଶ = 0.01418 N/m
2
 

 

 

3. For the velocity profile given below, compute the displacement thickness and momentum 

thickness: ܷݑ = ͵ʹ ቀߜݕቁ − ͳʹ ቀߜݕቁଶ
 

Where U = free stream velocity, u = velocity in boundary layer at a distance y and ߜ = boundary 

layer thickness.   

 

Solution: ௨௎ = ଷ௬ଶఋ − ௬మଶఋమ  

Displacement thickness (ߜ∗) = ? 

Momentum thickness (ߠ) = ? 

∗ߜ  = ∫ ቀͳ − ௨௎ቁ ఋ଴ݕ݀ = ∫ ቀͳ − ଷ௬ଶఋ + ௬మଶఋమቁ ఋ଴ݕ݀   
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= ݕ| − ଷ௬మସఋ + ௬య଺ఋమ|଴ఋ  

= ߜ − ଷఋସ + ఋ଺  = ହఋଵଶ  

ߠ  = ∫ ௨௎ ቀͳ − ௨௎ቁ ఋ଴ݕ݀ = ∫ ቀଷ௬ଶఋ − ௬మଶఋమቁ ቀͳ − ଷ௬ଶఋ + ௬మଶఋమቁ ఋ଴ݕ݀   

= ∫ ቀଷ௬ଶఋ − ଽ௬మସఋమ + ଷ௬యସఋయ − ௬మଶఋమ + ଷ௬యସఋయ − ௬రସఋరቁ ఋ଴ݕ݀   

= ∫ ቀଷ௬ଶఋ − ଵଵ௬మସఋమ + ଷ௬యଶఋయ − ௬రସఋరቁ ఋ଴ݕ݀   

= |ଷ௬మସఋమ − ଵଵ௬యଵଶఋయ + ଷ௬ర଼ఋయ − ௬ఱଶ଴ఋర|଴ఋ  

= ଷఋସ − ଵଵఋଵଶ + ଷఋ଼ − ఋଶ଴  = ଵଽఋଵଶ଴  
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Drag and lift 

 

4. A flat plate 2mx2m moves at 40km/hr in stationary air of density 1.25kg/m
3
. If the coefficient of 

drag and lift are 0.2 and 0.8 respectively, find the lift force, the drag force, the resultant force and 

the power required to keep the plate in motion. 

 

Solution: 

Area of plate (A) = 4m
2
 

Velocity (V) = 40 km/hr = 
ସ଴௫ଵ଴଴଴଺଴௫଺଴  =11.11m/s 

Density of air (ߩ) = 1.25kg/m
3
 

Coefficient of drag (CD) = 0.2 

Coefficient of lift (CL) = 0.8 

Lift force (FL) =? 

Drag force (FD) = ? 

Resultant force (R) = ? 

Power (P) =? 

௅ܨ  = ଵଶ ଶܸܣߩ௅ܥ = ଵଶ ஽ܨ ͳͳ.ͳͳଶ = 246.86 NݔͶݔͳ.ʹͷݔͲ.ͺݔ = ଵଶ ଶܸܣߩ஽ܥ = ଵଶ ܴ ͳͳ.ͳͳଶ = 61.71NݔͶݔͳ.ʹͷݔʹ.Ͳݔ = ௅ଶܨ√ + ஽ଶܨ = √ʹͶ͸.ͺ͸ଶ + ͸ͳ.͹ͳଶ = 254.45N 

P = FD V = 61.71x11.11 = 685W 

 

5. A kite weighs 0.9N and has an area of 7400 cm
2
. The tension in the kite string is 3.3 N when the 

string makes an angle of 45
0
 with the horizontal. For a wind of 30km/hr, what are the coefficients of 

lift and drag if the kite assumes an angle of 8
0
 with the horizontal? Consider the kite essentially a flat 

plate and density of air = 1.2kg/m
3
. 

 

 

  

 

 

Lift 

45
0
 

8
0
 

W 

Kite 

String 

T 

Drag 
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Solution: 

Weight of kite (W) = 0.9N 

Area of kite (A) = 7400 cm
2
 = 0.74 m

2
 

Velocity (V) = 30 km/hr = 
ଷ଴௫ଵ଴଴଴଺଴௫଺଴  =8.33m/s 

Density of air (ߩ) = 1.2kg/m
3
 

Tension (T) = 3.3N 

Coefficient of lift (CL) = ? 

Coefficient of drag (CD) = ? 

 

Forces in X-dir 

FD = 3.3cos45 = 2.33N 

Force in Y-dir 

FL = 3.3sin45+0.9 = 3.23N 

௅ܨ  = ଵଶ ͵ʹ.͵  ଶܸܣߩ௅ܥ = ଵଶ   ͺ.͵͵ଶݔͲ.͹Ͷݔʹ.ͳݔ௅ܥݔ

CL = 0.104 

஽ܨ  = ଵଶ ͵͵.ʹ  ଶܸܣߩ஽ܥ = ଵଶ   ͺ.͵͵ଶݔͲ.͹Ͷݔʹ.ͳݔ஽ܥݔ

CD = 0.075 

 

6. Calculate the weight of a ball of diameter 50mm which is just supported in a vertical air stream 

which is flowing at a velocity of 10 m/s. Take density of air = 1.25kg/m
3
 and kinematic viscosity = 15 

stokes. 

Solution: 

Diameter of ball (D) = 50mm = 0.05m 

Area of ball (A) = 
గସ Ͳ.Ͳͷଶ = 0.001963 mݔ

2
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DeŶsitǇ of aiƌ ;ʌͿ = ϭ.Ϯϱkg/ŵ3
 

kinematic viscosity (ߥ) = 15 stokes = 15x10
-4

 m
2
/s 

Velocity (V) =  10m/s 

Weight of ball =  ? 

Reynold no. ሺܴ݁ሻ = ௏஽𝜐 = ଵ଴௫଴.଴ହଵହ௫ଵ଴−ర = 333 

For Re between 5 to 1000, coefficient of drag (CD) = 0.4 

Weight of ball = Drag force = ଵଶ ଶܸܣߩ஽ܥ = ଵଶ  ͳͲଶ = 0.049Nݔ͵Ͳ.ͲͲͳͻ͸ݔͳ.ʹͷݔͲ.Ͷݔ

 

7. A metallic sphere of sp.gr. 8.0 falls in an oil of density 800 kg/m
3
. The diameter of the sphere is 

10mm and it attains a terminal velocity of 50mm/s. Find the viscosity of the oil in Poise. 

Solution: 

DeŶsitǇ of spheƌe ;ʌs) = 8x1000 = 8000 kg/m
3
 

DeŶsitǇ of oil ;ʌo) =  800 kg/m
3
 

Diameter of sphere (D) = 0.01m 

Terminal velocity (V) = 0.05m/s 

Viscosity of oil (ߤ) = ? 

 

Weight of sphere = Buoyant force on sphere + Drag force ߩ௦݃ݔ ͳ͸ ଷܦߨ = ݔ଴݃ߩ ͳ͸ ଷܦߨ +  ܸܦߤߨ͵

ͺͲͲͲݔͻ.ͺͳݔ ͳ͸ Ͳ.Ͳͳଷݔߨ = ͺͲͲݔͻ.ͺͳݔ ͳ͸ Ͳ.Ͳͳଷݔߨ +  PaS = 78.48 Poise 7.848  = ߤ Ͳ.ͲͷݔͲ.Ͳͳݔߤߨ͵

The expression for drag force is valid for Re<0.2. ܴ݁ = ఘ௏஽𝜇 = ଼଴଴௫଴.଴ହ௫଴.଴ଵ଻.଼ସ଼  = 0.05 

 

 

8. A metallic ball of diameter 5mm drops in a fluid of sp.gr. 0.8 and viscosity 30 poise. The sp.gr. of 

metallic ball is 9.0. Find (a) the force exerted by the fluid on the ball, (b) the pressure drag and skin 

friction drag, and (c) the terminal velocity of the ball in the fluid. 
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Solution: 

Diameter of ball (D) = 0.005m 

DeŶsitǇ of fluid ;ʌͿ = Ϭ.ϴǆϭϬϬϬ =  ϴϬϬ kg/ŵ3
 

Viscosity of fluid (ߤ) = 30 poise = 30/10 = 3 PaS 

DeŶsitǇ of ďall ;ʌb) = 9x1000 = 9000 kg/m
3
 

Drag force (FD) = ? 

Pressure drag and friction drag = ? 

Terminal velocity (V) = ? 

 

Weight of ball (W) = Drag force (FD) + Buoyant force on ball (FB) 

FD = W – FB = ݔ௕݃ߩ ଵ଺ ଷܦߨ − ݔ݃ߩ ଵ଺ ଷܦߨ = ͻͲͲͲݔͻ.ͺͳݔ ଵ଺ Ͳ.ͲͲͷଷݔߨ − ͺͲͲݔͻ.ͺͳݔ ଵ଺  Ͳ.ͲͲͷଷ = 0.005265Nݔߨ

Pressure drag = 
ଵଷ ஽ܨ = ଵଷ  Ͳ.ͲͲͷʹ͸ͷ= 0.001755 Nݔ

Friction drag = 
ଶଷ ஽ܨ = ଶଷ  Ͳ.ͲͲͷʹ͸ͷ= 0.00351Nݔ

஽ܨ  = Ͳ.ͲͲͷʹ͸ͷ ܸܦߤߨ͵ =  Ͳ.ͲͲͷܸݔ͵ݔߨ͵

V = 0.0372 m/s 

 

CheĐkiŶg the ReǇŶold’s Ŷo. ܴ݁ = ఘ௏஽𝜇 = ଼଴଴௫଴.଴ଷ଻ଶ௫଴.଴଴ହଷ  = 0.05 

As Re<0.2, above expression for FD is valid. 

 

9. A jet plane which weighs 19620N has a wing area of 25m
2
. It is flying at a speed of 200km/hr. 

When the engine develops 588.6KW, 70% of this power is used to overcome the drag resistance of 

the wing. Calculate the coefficient of lift and coefficient of drag for the wing. Take density of air = 

1.25 kg/m
3
. 

Solution: 

Weight of plane (W) = 19620N 

Wing area (A) = 25m
2
 

Speed (V) = 200 km/hr = 
ଶ଴଴௫ଵ଴଴଴ଷ଺଴଴  = 55.55m/s 

Power  = 588.6KW = 588600W 
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Power used to overcome drag resistance (P) = 0.7x588600  =412020W 

DeŶsitǇ of aiƌ ;ʌͿ = 1.25 kg/m
3
 

Coefficient of drag (CD) = ? 

Coefficient of lift (CL) = ? 

 

P = FD x V 

412020 = FD x 55.55 

FD = 7417.1 N ܨ஽ = ଵଶ ଶ  ͹Ͷͳ͹.ͳܸܣߩ஽ܥ = ଵଶ   ͷͷ.ͷͷଶݔͷʹݔͳ.ʹͷݔ஽ܥݔ

CD = 0.154 

 

Lift force (FL) = Weight of plane = 19620N ܨ௅ = ଵଶ ଶ  ͳͻ͸ʹͲܸܣߩ௅ܥ = ଵଶ   ͷͷ.ͷͷଶݔͷʹݔͳ.ʹͷݔ௅ܥݔ

CL = 0.407 

 

10. A 10mm ball of relative density 1.2 is suspended from a string, in air flowing at a velocity of 

10m/s. Determine the angle which the string will make with the vertical. Take ߩ of air = 1.208 kg/m
3
 

and viscosity of air = 1.85x10
-5

 Pa-S. Also compute the tension in the string. 

Solution: 

Diameter of ball (d) = 10mm 

Velocity (V) = 10m/s 

AŶgle;θͿ = ? 

 

 

 

 

 

 

θ 

W 

FD 
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Area of sphere (A) = 
గସ Ͳ.Ͳͳଶ = 7.85x10ݔ

-5
 m

2
 

Weight of sphere (W) = ݈݋ܸߛ = ͳ.ʹݔͻͺͳͲݔ ଵ଺  Ͳ.Ͳͳଷ = 0.006163 Nݔߨݔ

Reynold no. ሺܴ݁ሻ = ఘ௏ௗ𝜇 = ଵ.ଶ଴଼௫ଵ଴௫଴.଴ଵଵ.଼ହ௫ଵ଴−ఱ = ͸ͷ͵Ͳ 

For Re between 1000-100000, CD = 0.5 ܨ஽ = ଵଶ ଶܸܣߩ஽ܥ = ଵଶ Ͳ.ͷݔͳ.ʹͲͺݔ͹.ͺͷݔͳͲ−ହݔͳͲଶ = 0.002371 ߠ݊ܽݐ = ிವௐ = ଴.଴଴ଶଷ଻ଵ଴.଴଴଺ଵ଺ଷ  

θ = Ϯϭ0
 

Tension in the string = √ܨ஽ଶ + ܹଶ = √Ͳ.ͲͲʹ͵͹ͳଶ + Ͳ.ͲͲ͸ͳ͸͵ଶ = 0.0066N 

 

11. Determine the rate of deceleration that will be experienced by a blunt nosed projectile of drag 

coefficient 1.22 when it is moving horizontally at 1600 km/hr. The projectile has a diameter of 0.5m 

and weighs 3000N. Take ߩ of air = 1.208 kg/m
3
. 

 

Solution: 

Velocity (V) = 1600 km/hr = 
ଵ଺଴଴௫ଵ଴଴଴ଷ଺଴଴  = 444.44 m/s 

Drag coeff. (CD) = 1.22 

Diameter of projectile (d) = 0.5m 

Area of sphere (A) = 
గସ Ͳ.ͷଶ = 0.1963 mݔ

2
 

Weight (W) = 3000N 

Deceleration (a) = ? ܨ஽ = ଵଶ ஽ܨ  ଶܸܣߩ஽ܥ = −݉ܽ = − ௐ௚ ܽ  − ௐ௚ ܽ = ଵଶ −  ଶܸܣߩ஽ܥ ଷ଴଴଴ଽ.଼ଵ ܽ = ଵଶ   ͶͶͶ.ͶͶଶݔ͵Ͳ.ͳͻ͸ݔͳ.ʹͲͺݔʹʹ.ͳݔ

a = -93.4 m/s
2
 

 

12. An aeroplane weighing 22500N has a wing area of 22.5m
2
 and span of 12m. What is the lift 

coefficient if it travels at 320 km/hr in the horizontal direction? Also compute the value of circulation 

and angle of attack measured from zero lift axis. 

http://ioeagrineer.blogspot.com/


Fluid Mechanics Dr. K.N DULAL’s Numerical Solution For IOE B.Agri II/I  & BCE II/I 

 Downloaded from http://ioeagrineer.blogspot.com/ 

221 

 

 

Solution: 

Velocity (V) = 320 km/hr = 
ଷଶ଴௫ଵ଴଴଴ଷ଺଴଴  = 88.89 m/s 

Wing area (A) = 22.5m
2
 

Weight = 22500 N = Lift force (FL) 

Lift coefficient (CL) =? 

AŶgle of attaĐk ;θͿ =? 

Circulation(Γ) = ? ܨ௅ = ଵଶ ଶ  ʹʹͷͲͲܸܣߩ௅ܥ = ଵଶ   ͺͺ.ͺͻଶݔͷ.ʹʹݔͳ.ʹͲͺݔ௅ܥ

CL = 0.2095 

௅ܥ  = Ͳ.ʹͲͻͷ  ߠ݊݅ݏߨʹ =   ߠ݊݅ݏߨʹ

θ = ϭ.ϵϭϭ0
 Γ = ߠ݊݅ݏܸܥߨ = ݔߨ ଶଶ.ହଵଶ ͳ.ͻͳͳ = 17.46 m݊݅ݏͺͺ.ͺͻݔ

2
/s 

 

13. A kite, which may be assumed to be a flat plate and mass 1kg, soars at an angle to the horizontal. 

The tension in the string holding the kite is 60N when the wind velocity is 50 km/h horizontally and 

the angle of string to the horizontal direction is 35
0
. The density of air is 1.2 kg/m

3
. Calculate the drag 

coefficient for the kite in the given position if the lift coefficient in the same position is 0.45. Both 

coefficients have been based on the full area of the kite. 

Solution: 

 

 

 

  

Solution: 

Mass of kite = 1kg 

Weight of kite (W) = 1x9.81 N = 9.81N 

Area of kite = A 

Lift 

String 

35
0
 

W 

Kite 

T 

Drag 
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Velocity (V) = 50 km/hr = 
ହ଴௫ଵ଴଴଴଺଴௫଺଴  =13.88/s 

Density of air (ߩ) = 1.2kg/m
3
 

Tension (T) = 60N 

Coefficient of lift (CL) = 0.45 

Coefficient of drag (CD) = ? 

 

Forces in X-dir (Drag) 

FD = Tcos35 = 60cos35 =49.14N 

Force in Y-dir (Lift) 

FL = Tsin35+9.81 = 60sin35+9.81=44.22N 

௅ܨ  = ଵଶ ʹʹ.ଶ  ͶͶܸܣߩ௅ܥ = ଵଶ   ͳ͵.ͺͺଶݔܣݔʹ.ͳݔͲ.Ͷͷݔ

A = 0.85 m
2
 

஽ܨ  = ଵଶ ଶ  Ͷͻ.ͳͶܸܣߩ஽ܥ = ଵଶ   ͳ͵.ͺͺଶݔͲ.ͺͷݔʹ.ͳݔ஽ܥݔ

CD = 0.5 

 

14. A steel sphere of 5mm diameter falls in a glycerin at a terminal velocity of 0.05m/s. Assume 

Stoke’s laǁ is appliĐaďle, deteƌŵiŶe ;aͿ dǇŶaŵiĐ ǀisĐositǇ of glǇĐeƌiŶ, ;ďͿ dƌag foƌĐe aŶd  ;ĐͿ 
coefficient of drag. Take sp wt of steel and glycerin as 75 KN/m

3
 and 12.5 KN/m

3
 respectively. 

 

Solution: 

Solution: 

Diameter of ball (D) = 5mm =  0.005m 

Sp wt of steel (ߛ௦௧௘௘௟) = 75 KN/m
3
 

Sp wt of glycerin (ߛ௚௟௬) = 12.5 KN/m
3
 

Terminal velocity (V)= 0.05m/s 
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Viscosity of fluid (ߤ) = ? 

Drag force (FD) = ? 

Coefficient of drag (CD) = ? 

 

Weight of sphere (W) = Drag force (FD) + Buoyant force on the sphere(FB) 

FD = W – FB 

ݔ௦௧௘௘௟ߛ = ଵ଺ ଷܦߨ − ݔ௚௟௬ߛ ଵ଺ =   ଷܦߨ ͹ͷͲͲͲݔ ଵ଺ Ͳ.ͲͲͷଷݔߨ − ͳʹͷͲͲݔ ଵ଺  Ͳ.ͲͲͷଷ = 0.00409Nݔߨ

Fƌoŵ Stoke’s laǁ ܨ஽ = Ͳ.ͲͲͶͲͻ ܸܦߤߨ͵ = 1.7NS/m =ߤ Ͳ.ͲͷݔͲ.ͲͲͷݔߤݔߨ͵
2
 

 

ReǇŶold’s Ŷo. 

ܴ݁ = ఘ௏஽𝜇 = ቀభమఱబబవ.ఴభ ቁ௫଴.଴ହ௫଴.଴଴ହଵ.଻  = 0.18 

As Re<Ϭ.Ϯ, Stoke’s is ǀalid. ܥ஽ = ଶସோ௘ = ଶସ଴.ଵ଼ = 133 
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Dimensional and model analysis 

 
ϭϱ. UsiŶg RaǇleigh’s ŵethod, deƌiǀe aŶ eǆpƌessioŶ foƌ floǁ thƌough oƌifiĐe ;QͿ iŶ teƌŵs of deŶsitǇ of 
liƋuid ;ʌͿ, diaŵeteƌ of the oƌifiĐe ;D) and the pressure difference (P). 

 

Solution: ܳ = ݂ሺߩ, ,ܦ ܲሻ   ܳ =   ௕ܲ௖ܦ௔ߩܭ

 

Writing dimensions ܮଷܶ−ଵ = ଷܶ−ଵܮ  ଵܶ−ଶሻ௖−ܮܯሻ௕ሺܮଷሻ௔ሺ−ܮܯሺܭ =   ଷ௔+௕−௖ܶ−ଶ௖−ܮ௔+௖ܯܭ

Equating the powers of M, L and T 

a+c = 0 

-3a+b-c = 3 

-2c = -1 

Solving above equations 

c = 1/2 

a = -c= -1/2 

b = 3a+c+3 = − ଷଶ + ଵଶ + ͵ =2 

 

Substituting values of a, b and c ܳ = ଶܲଵ/ଶܦଵ/ଶ−ߩܭ =   ߩ/ܲ√ଶܦܭ 

 

ϭϲ. AssuŵiŶg the dƌag foƌĐe eǆeƌted ďǇ a floǁiŶg fluid ;FͿ is a fuŶĐtioŶ of the deŶsitǇ ;ʌͿ, ǀisĐositǇ 
(µ), velocity of fluid (V) and a ĐhaƌaĐteƌistiĐs leŶgth of ďodǇ ;LͿ, shoǁ ďǇ usiŶg RaǇleigh’s ŵethod 
that ܨ = ܣߩܥ ௏మଶ  where A is area and C is constant. 

 

Solution: ܨ = ݂ሺߩ, ,ߤ ܸ, ܨ  ሻܮ =   ௗܮ௕ܸ௖ߤ௔ߩ ܭ

Writing dimensions ܶܮܯ−ଶ = ଶ−ܶܮܯ  ሻௗܮଵሻ௖ሺ−ܶܮଵܶ−ଵሻ௕ሺ−ܮܯଷሻ௔ሺ−ܮܯሺܭ =   ଷ௔−௕+௖+ௗܶ−௕−௖−ܮ௔+௕ܯܭ

 

Equating the powers of M, L and T 

a+b = 1 

-3a-b+c+d = 1 

-b-c = -2 

 

Theƌe aƌe ϯ eƋuatioŶs aŶd ϰ uŶkŶoǁŶs. As ǁe haǀe to get eǆpƌessioŶ iŶ teƌŵs of ʌ, V aŶd L ;AƌeaͿ, 
we can express the powers of these three variables i.e. a, c and d in terms of b.  

 

a = 1-b 

c = 2-b 

Substituting a and c in second eqaution 

-3+3b-b+2-b+d = 1 

or d = 2-b 
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Substituting the values of a, c and d  

ܨ  = =  ଶ−௕ܮ௕ܸଶ−௕ߤଵ−௕ߩ ܭ =  ௕−ܮ௕ܸ−௕ߤ௕−ߩଶܮଶܸߩܭ ଶܮଶܸߩܭ ቀఘ௏௅𝜇 ቁ−௕
  =   ଶܸܣߩ[ሺܴ݁ሻ−௕ܭ]

ܣߩ[ሺܴ݁ሻ−௕ܭʹ] =  ௏మଶ  = ܣߩܥ ௏మଶ   

 

17. Power input to a propeller (P) is expressed in terms of density of air ;ʌͿ, diaŵeteƌ ;DͿ, ǀeloĐitǇ of 
the aiƌ stƌeaŵ ;VͿ, ƌotatioŶal speed ;ωͿ, ǀisĐositǇ ;µͿ aŶd speed of souŶd ;CͿ. Shoǁ that ܲ =  .ହ ǁheƌe Đ = ĐoŶstaŶt. Use RaǇleigh’s ŵethodܦଷ߱ߩܿ
 

Solution: ܲ = ݂ሺߩ, ,ܦ ܸ, ߱, ,ߤ ܲ  ሻܥ =   ௙ܥ௘ߤ௕ܸ௖߱ௗܦ௔ߩܭ

 

Writing dimensions ܮܯଶܶ−ଷ = ଶܶ−ଷܮܯ  ଵሻ௙−ܶܮଵܶ−ଵሻ௘ሺ−ܮܯଵሻ௖ሺܶ−ଵሻௗሺ−ܶܮሻ௕ሺܮଷሻ௔ሺ−ܮܯሺܭ =   ଷ௔+௕+௖−௘+௙ܶ−௖−ௗ−௘−௙−ܮ௔+௘ܯܭ

 

Equating the powers of M, L and T 

a+e = 1 

-3a+b+c-e+f = 2 

-c-d-e-f =  -3 

 

Theƌe aƌe ϯ eƋuatioŶs aŶd ϲ uŶkŶoǁŶs. As ǁe haǀe to get eǆpƌessioŶ iŶ teƌŵs of ʌ, ω aŶd D, ǁe ĐaŶ 
express the powers of these three variables i.e. a, b and d in terms of remaining variables.  

 

Solving above equations, 

a = 1-e 

d = 3-c-e-f 

substituting a and d in second eqaution 

-3+3e+b+c-e+f = 2 

Or, b = 5-c-2e-f 

 

Substituting the values of a, b and c ܲ = ௙ܥ௘ߤ௕ܸ௖߱ௗܦ௔ߩܭ = =  ௙ܥ௘ߤହ−௖−ଶ௘−௙ܸ௖߱ଷ−௖−௘−௙ܦଵ−௘ߩܭ =  (௙ܥ௙߱−௙−ܦ)௖ܸ௖߱−௖ሻ−ܦ௘ሻሺߤଶ௘߱−௘−ܦ௘−ߩହ߱ଷ ሺܦߩܭ ହ߱ଷܦߩܭ ቀఘ஽మఠ𝜇 ቁ−௘ ቀ ௏஽ఠቁ௖ ቀ ஼஽ఠቁ௙
  

Representing = ܭ ቀఘ஽మఠ𝜇 ቁ−௘ ቀ ௏஽ఠቁ௖ ቀ ஼஽ఠቁ௙
 by c ܲ =   ହܦଷ߱ߩܿ

 

18. If the resistance to motion of a sphere through a fluid (R) is a function of the deŶsitǇ ;ʌͿ, ǀisĐositǇ 
(µ) of the fluid, and the radius (r) and velocity (u) of the sphere, develop a relationship of R using 

BuĐkiŶghaŵ’s ߨ theorem. 

(Take u, r and ʌ as ƌepeatiŶg ǀaƌiaďles aŶd take the diŵeŶsioŶ of sheaƌ stƌess foƌ RͿ 
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Solution: ݂ͳሺܴ, ,ߩ ,ߤ ,ݎ ሻݑ = Ͳ  

Total number of variables = 5 

No. of fundamental dimensions = 3 

No. of ʋ teƌŵs = ϱ-3= 2  ݂ሺߨଵ, ଶሻߨ = Ͳ   (I) 
 

Choose u, r and ʌ as ƌepeatiŶg ǀaƌiaďles. 
 

First ʋ teƌŵ ߨଵ =  ௖ଵܴ        (II)ߩ௕ଵݎ௔ଵݑ

 

Writing dimensions ܯ଴ܮ଴ܶ଴ = ሺܶܮ−ଵሻ௔ଵሺܮሻ௕ଵሺܮܯ−ଷሻ௖ଵܮܯ−ଵܶ−ଶ  

Equating the powers of M, L and T 

c1+1 =0 

a1+b1-3c1-1 = 0 

-a1-2 = 0 

 

c1 = -1, a1 =  -2 

Substituting a1 and c1 in second equation 

-2+b1+3-1=0 

b1 = 0 

Substituting the values of a1, b1 and c1 in II ߨଵ = ଵߨ  ଵܴ−ߩ଴ݎଶ−ݑ = ோఘ௨మ  

 

Second ʋ teƌŵ ߨଶ =  (III)        ߤ௖ଶߩ௕ଶݎ௔ଶݑ

 

Writing dimensions ܯ଴ܮ଴ܶ଴ = ሺܶܮ−ଵሻ௔ଶሺܮሻ௕ଶሺܮܯ−ଷሻ௖ଶܮܯ−ଵܶ−ଵ  

Equating the powers of M, L and T 

c2+1 =0 

a2+b2-3c2-1 = 0 

-a2-1 = 0 

 

a2 = -1, c2 = -1 

Substituting a2 and c2 in second equation 

-1+b2+3-1 =0 

b2 =-1 

 

Substituting the values of a2, b2 and c2 in III ߨଶ = ଶߨ  ߤଵ−ߩଵ−ݎଵ−ݑ = 𝜇௨௥ఘ  

 

SuďstitutiŶg ǀalues of ʋ1 and ʋ2 in I ݂ ቀ ோఘ௨మ , 𝜇௨௥ఘቁ = Ͳ  
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ோఘ௨మ = ݂ ቀ 𝜇௨௥ఘቁ  ܴ = ଶ݂ݑߩ ቀ 𝜇௨௥ఘቁ  

 

 

19. The pressure difference ሺ∆ܲሻ in a pipe of diameter (D) and length (L) due to viscous flow 

depends on the velocity of fluid (V), viscosity (µ) and deŶsitǇ ;ʌͿ. UsiŶg BuĐkiŶghaŵ’s ߨ theorem, 

show that ∆ܲ = µ௏௅஽మ ݂ሺܴ݁ሻ where  ܴ݁ = ఘ஽௏𝜇  is ReǇŶold’s Ŷuŵďeƌ. 

(Take D, V and ʌ as repeating variables) 

 

Solution: ݂ͳሺ∆ܲ, ,ܦ ,ܮ ܸ, ,ߤ ሻߩ =  Ͳ  

Total number of variables = 6 

No. of fundamental dimensions = 3 

No. of ʋ teƌŵs = ϲ-3= 3  ݂ሺߨଵ, ,ଶߨ ଷ ሻߨ = Ͳ   (I) 
 

Choose D, V and µ as repeating variables. 

 

First ʋ teƌŵ ߨଵ =  ௖ଵ∆ܲ        (II)ߩ௔ଵܸ௕ଵܦ

 

Writing dimensions ܯ଴ܮ଴ܶ଴ = ሺܮሻ௔ଵሺܶܮ−ଵሻ௕ଵሺܮܯ−ଷሻ௖ଵܮܯ−ଵܶ−ଶ  

Equating the powers of M, L and T 

c1+1 =0 

a1+b1-3c1-1 = 0 

-b1- 2 = 0 

 

c1 = -1, b1 = -2 

 

a1-2+3-1=0 

a1 = 0 

 

Substituting the values of a1, b1 and c1 in II 

ଵߨ  = ଵߨ  ܲ∆ଵ−ߩ଴ܸ−ଶܦ = ∆௉ఘ௏మ  

 

Second ʋ teƌŵ ߨଶ =  (III)        ܮ௖ଶߩ௔ଶܸ௕ଶܦ

 

Writing dimensions ܯ଴ܮ଴ܶ଴ = ሺܮሻ௔ଶሺܶܮ−ଵሻ௕ଶሺܮܯ−ଷሻ௖ଶܮ  

Equating the powers of M, L and T 

c2 = 0 

a2+b2-3c2+1 = 0  

b2 = 0 

a2 = -1 

Substituting the values of a2, b2 and c2 in III 
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ଶߨ  = ଶߨ  ܮ଴ߩଵܸ଴−ܦ = ௅஽   

 

Third ʋ teƌŵ ߨଷ =  (IV)        ߤ௖ଷߩ௔ଷܸ௕ଷܦ

 

Writing dimensions ܯ଴ܮ଴ܶ଴ = ሺܮሻ௔ଷሺܶܮ−ଵሻ௕ଷሺܮܯ−ଷሻ௖ଷܮܯ−ଵܶ−ଵ  

Equating the powers of M, L and T 

c3+1  =0 

a3+b3-3c3-1 =0 

-b3-1 = 0 

c3 = -1 

b3 = -1 

a3-1+3-1 = 0 

a3 =-1 

Substituting the values of a3, b3 and c3 in (IV) ߨଷ = ଷߨ  ߤଵ−ߩଵܸ−ଵ−ܦ = 𝜇ఘ஽௏  

 

SuďstitutiŶg the ǀalues of ʋ1, ʋ2 aŶd ʋ3 in (I) ݂ ቀ ∆௉ఘ௏మ , ௅஽ , 𝜇ఘ஽௏ቁ = Ͳ  ∆௉ఘ௏మ = ݂ ቀ௅஽ , 𝜇ఘ஽௏ቁ  

MultiplǇiŶg fiƌst ʋ term by 1/ ʋ2 and 1/ ʋ3 aŶd eǆpƌessiŶg the pƌoduĐt as a fuŶĐtioŶ of ϭ/ʋ3 

 ∆௉ఘ௏మ ஽௅ ఘ஽௏𝜇 = ݂ ቀఘ஽௏𝜇 ቁ  ∆ܲ = µ௏௅஽మ ݂ሺܴ݁ሻ   
 

20. Show by dimensional analysis that the power P required to operate a test tunnel is given by ܲ = ଶܸଷ𝜙ܮߩ (  (ܸܮߩߤ

where ߩ is density of fluid, ߤ is viscosity, V is fluid mean velocity, P is the power required and L is the 

characteristics tunnel length.                                                                                                                      

 

Solution: ݂ͳሺܲ, ,ߩ ,ܮ ܸ, ሻߤ = Ͳ  

Total number of variables = 5 

No. of fundamental dimensions = 3 

No. of ʋ teƌŵs = ϱ-3= 2  ݂ሺߨଵ, ଶሻߨ = Ͳ   (I) 
 

Choose ʌ, L and V as repeating variables. 

 

First ʋ term ߨଵ =  ௕ଵܸ௖ଵܲ        (II)ܮ௔ଵߩ

Writing dimensions ܯ଴ܮ଴ܶ଴ = ሺܮܯ−ଷሻ௔ଵሺܮሻ௕ଵሺܶܮ−ଵሻ௖ଵܮܯଶܶ−ଷ  

Equating the powers of M, L and T 
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a1+1 =0 

-3a1+b1+c1+2 = 0 

-c1-3 = 0 

Solving 

a1 =  -1, c1 = -3 

-3x-1+b1-3+2 = 0 

b1 = -2 

Substituting the values of a1, b1 and c1 in II ߨଵ = ଵߨ ଶܸ−ଷܲ−ܮଵ−ߩ =  ଶܸଷܮߩܲ

Second ʋ teƌŵ ߨଶ =  (III)        ߤ௕ଶܸ௖ଶܮ௔ଶߩ

Writing dimensions ܯ଴ܮ଴ܶ଴ = ሺܮܯ−ଷሻ௔ଶሺܮሻ௕ଶሺܶܮ−ଵሻ௖ଶܮܯ−ଵܶ−ଵ  

Equating the powers of M, L and T 

a2+1  = 0 

-3a2+b2+c2-1=0 

-c2-1 =  0 

Solving 

a2 = -1, c2 = -1 

-3x-1+b2-1-1 = 0 

b2 = -1 

Substituting the values of a2, b2 and c2 in III ߨଶ = ଶߨ ߤଵܸ−ଵ−ܮଵ−ߩ =  ܸܮߩߤ

SuďstitutiŶg the ǀalues of ʋ1 and ʋ2 in I ݂ ( ଶܸଷܮߩܲ , (ܸܮߩߤ = Ͳ ܲܮߩଶܸଷ = 𝜙 ( ܲ (ܸܮߩߤ = ଶܸଷ𝜙ܮߩ (  (ܸܮߩߤ

 

 

 

21. A pipe of diameter 1.8m is required to transport oil of sp.gr. 0.8 and viscosity 0.04 poise at the 

rate of 4 m
3
/s. Tests were conducted on a 20cm diameter pipe using water at 20

0
C. Find the velocity 

and rate of flow in the model. Viscosity of water at 20
0
C = 0.01 poise. 

 

Solution: 

Diameter of prototype (Dp) = 1.8m 

DeŶsitǇ of oil ;ʌp) = 0.8x1000 = 800kg/m
3
 

VisĐositǇ of pƌototǇpe ;μp) = 0.04 poise = 0.004 PaS 

Discharge for prototype (Qp) = 4 m
3
/s 

Velocity of prototype (Vp) = 
ொ೛஺೛ = ସ𝜋ర௫ଵ.଼మ  = 1.572 m/s 

Diameter of model (Dm) = 0.2m 

DensitǇ of ǁateƌ ;ʌm) = 1000kg/m
3
 

VisĐositǇ of ǁateƌ ;μm) = 0.01 poise = 0.001 PaS 

Velocity of model (Vm) = ? 
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Rate of flow in the model (Qm) = ? 

 

Fƌoŵ ReǇŶolds’ ŵodel laǁ 

Re)model = Re) Prototype ߩ௠ ௠ܸܦ௠ߤ௠ = ௣ߩ ௣ܸܦ௣ߤ௣  ͳͲͲͲݔ ௠ܸݔͲ.ʹͲ.ͲͲͳ = ͺͲͲݔͳ.ͷ͹ʹݔͳ.ͺͲ.ͲͲͶ  

Vm = 2.83 m/s 

Qm = Vm Am = ʹ.ͺ͵ݔ గସ Ͳ.ʹଶ= 0.0889 mݔ
3
/s 

 

22. A ship 250m long moves in seawater, whose density is 1030 kg/m
3
. A 1:125 model of this ship is 

to be tested in wind tunnel. The velocity of air in the wind tunnel around the model is 20m/s and the 

resistance of the ship is 50N. Determine the velocity and resistance of the ship in seawater. The 

density of air is 1.24 kg/m
3
. Take the kinematic viscosity of seawater and air as 0.012 stokes and 

0.018 stokes respectively. 

 

Solution: 

Length of prototype (Lp) = 250m 

DeŶsitǇ of seaǁateƌ ;ʌp) = 1030 kg/m
3
 

Kinematic viscosity of seawater (߭௣) = 0.012 stokes = 0.012x10
-4

 m
2
/s 

Length of model (Lm) = 
ଵଵଶହ ͷͲʹݔ =2m 

DeŶsitǇ of aiƌ ;ʌm) = 1.24 kg/m
3
 

Kinematic viscosity of air (߭௠) = 0.018 stokes = 0.018x10
-4

 m
2
/s 

Velocity of model (Vm) = 20m/s 

Resistance of model (Fm) = 50N 

Velocity of prototype (Vp) = ? 

Resistance of prototype (Fp) = ? 

 

Fƌoŵ ReǇŶolds’ ŵodel laǁ 

Re)model = Re) Prototype ௠ܸܮ௠߭௠ = ௣ܸܮ௣߭௣  ʹͲݔʹͲ.ͲͳͺݔͳͲ−ସ = ௣ܸݔʹͷͲͲ.ͲͳʹݔͳͲ−ସ 

 

Vp = 0.1066 m/s 

 

Resistance = mass x acceleration = ܮߩଷ ௏௧ = ଶܮߩ ௅௧ ܸ = ௠ܨ௣ܨ ଶܸଶܮߩ = ௣ ௅೛మߩ  ௏೛మߩ௠ ௅೘మ  ௏೘మ ௣ͷͲܨ  = ͳͲ͵ͲݔʹͷͲଶݔͲ.ͳͲ͸͸ଶͳ.ʹͶݔʹଶݔʹͲଶ  

Fp = 18436 N 

 

23. In 1:30 model of a spillway, the velocity and discharge are 1.5m/s and 2 m
3
/s. Find the 

corresponding velocity and discharge in the prototype. 

 

Solution: 

Linear scale ratio (Lr) = 1/30  
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Velocity of model (Vm) = 1.5m/s 

Discharge of model (Qm) = 2 m
3
/s 

Velocity of prototype (Vp) = ? 

Discharge of prototype (Qp) = ? 

 

From Froude model law, 

Fr)model = Fr)prototype ௠ܸ √݃௠ܮ௠ = ௣ܸ √݃௣ܮ௣ ͳ.ͷ√ͻ.ͺͳݔ ͳ͵Ͳ ௣ܮ = ௣ܸ √ͻ.ͺͳܮ௣ 

Vp = 8.216 m/s 

 ܳ௣ܳ௠ = ௣ܣ ௣ܸܣ௠ ௠ܸ = ௣ଶܮ ௣ܸܮ௠ଶ ௠ܸ ܳ௣ʹ = ሺ͵Ͳܮ௠ሻଶͺ.ʹͳ͸ܮ௠ଶ ͳ.ͷݔ  

Qp = 9859 m
3
/s 

 

24. A spillway model is to be built geometrically similar scale of 1/40 across a flume of 50cm width. 

The prototype is 20m high and the maximum head on it is expected to be 2m. (a) What height of the 

model and what head on the model should be used? (b) If the flow over the model at a particular 

head is 10 lps, what flow per m length of the prototype is expected? (c) If the negative pressure in 

the model is 150mm, what is the negative pressure in the prototype?  

 

Solution: 

Scale ratio for length (Lr) = 1/40 

Width of model (Bm) = 0.5m 

Height of prototype (Hp) = 20m 

Head on prototype (Hdp) = 2m 

a) Height of model (Hm) = ? 

Head on model (Hdm) = ? ܮ௥ = ௣ܪ௠ܪ  ͳͶͲ = ௠ʹͲܪ  

Hm = 0.5m ܮ௥ = ௣݀ܪ௠݀ܪ  ͳͶͲ = ʹ௠݀ܪ  

Hdm = 0.05m 

 

b) Flow through model (Qm) = 10 lps = 0.01 m
3
/s 

Flow through prototype (Qp) = ? ܳ௠ܳ௣ = ௥ଶ.ହ Ͳ.Ͳͳܳ௣ܮ = ( ͳͶͲ)ଶ.ହ
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Qp = 101.2 m
3
/s 

Width of prototype (Bp)  ܮ௥ = ௣ܤ௠ܤ  ͳͶͲ = Ͳ.ͷܤ௣  

Bp= 20m 

 

Discharge per unit width = 101.2/20 = 5.06 m
3
/s 

 

c) Negative pressure head in model (Pm) =  -0.15m 

Negative pressure head in prototype (Pp) = ? 

௥ܮ  = ௠ܲܲ௣  ͳͶͲ = −Ͳ.ͳͷ௣ܲ  

Pp = -6m 

 

25. The pressure drop in an aeroplane model of size 1/50 of its prototype is 4 N/cm
2
. The model is 

tested in water. Find the corresponding pressure drop in prototype. Take density of air = 1.24 kg/m
3
. 

The viscosity of water is 0.01 poise while the viscosity of air is 0.00018 poise. 

 

Solution: 

Linear scale ratio (Lr) = 1/50 

Pressure drop in model (Pm) = 4 N/cm
2
 = 4x10

4
 N/m

2
 

DeŶsitǇ of aiƌ ;ʌp) = 1.24 kg/m
3
 

DeŶsitǇ of ǁateƌ ;ʌm) = 1000 kg/m
3
 

VisĐositǇ of ǁateƌ ;μm) = 0.01 poise = 0.001 PaS 

VisĐositǇ of aiƌ ;μp) = 0.00018 poise = 0.000018 PaS 

Pressure drop in prototype (Pp) = ? 

 

As the problem involves both viscous and pressure force, we have to use both Reynolds and Euler 

model law. 

Fƌoŵ ReǇŶolds’ ŵodel laǁ 

Re)model = Re) Prototype ߩ௠ ௠ܸܮ௠ߤ௠ = ௣ߩ ௣ܸܮ௣ߤ௣  ͳͲͲͲݔ ௠ܸݔ ͳͷͲ ௣Ͳ.ͲͲͳܮ = ͳ.ʹͶݔ ௣ܸܮ௣Ͳ.ͲͲͲͲͳͺ  

Vm = 3.44 Vp 

 

From Euler model law 

Eu) model = Eu) prototype ௠ܸ √ ௠ܲ/ߩ௠ = ௣ܸ √ ௣ܲ/ߩ௣ ͵.ͶͶ ௣ܸ √ͶݔͳͲସͳͲͲͲ = ௣ܸ √ ௣ܲͳ.ʹͶ 

Pp = 4.2 N/m
2
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