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FLUIDS IN RIGID-BODY MOTION: Introduction 

• Many fluids such as milk and gasoline are transported in tankers. In an accelerating 

tanker, the fluid rushes to the back, and some initial splashing occurs. But then a new 

free surface (usually no horizontal) is formed, each fluid particle assumes the same 

acceleration, and the entire fluid moves like a rigid body.  

• No shear stresses develop within the fluid body since there is no deformation and 

thus no change in shape.  

• Rigid-body motion of a fluid also occurs when the fluid is contained in a tank that 

rotates about an axis. 

Consider a differential rectangular fluid element of side lengths dx, dy, and dz in the x-, 

y-, and z-directions, respectively, with the z-axis being upward in the vertical direction 

(Fig. 3–48). Noting that the differential fluid element behaves like a rigid body, Newton’s 

second law of motion for this element can be expressed as:= 
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FLUIDS IN RIGID-BODY MOTION: Introduction 

F=P*A 
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FLUIDS IN RIGID-BODY MOTION: Introduction 
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FLUIDS IN RIGID-BODY MOTION: Case 1: fluid Rest 
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FLUIDS IN RIGID-BODY MOTION: Case 2: Free Fall of a Fluid Body 
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FLUIDS IN RIGID-BODY MOTION: Acceleration on a Straight Path 
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FLUIDS IN RIGID-BODY MOTION: Acceleration on a Straight Path 
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Relative Equilibrium : Uniform Linear Acceleration 

For steady flow, mass in motion no shear stress will occur if there is no relative motion 

between adjacent layer of the fluid. 
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The water pass 
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Relative Equilibrium : Uniform Linear Acceleration 
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Examples:  
Example 1:  The tank is accelerated in the X-direction in such a way that the liquid 

surface doesn’t change slope What is the acceleration of the tank? 

Sol.1: 
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Examples:  
Example 2:  In the below fig. ax=3.9 m/s2 ,ay=0.Find the imaginary free liquid surface 

and the pressure at B,C,D and E.? 

Sol.2: 

3.9 

3.9 

(0,0) 

(0,0.3) 
(-1,0.3) 

(-1,-0.7) (0,-0.7) 
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Examples:  
Example 3:  In the fig ax=9.806 m/s2 ,,ay=0.Find the imaginary free liquid surface and the 

pressure at A,B,C.? Sol.3: 

A: (-1.3,h=0.8831) 

B: (-1.3,S=-0.4168) 

C: (0,S=-0.4168) 

 

 

45 

1 
1 

45˚ 

1 

2 



 Lecture-05-1- Chapter-02  
Fluid Motion: Rotation in a Cylindrical Container 

Lecture slides by 

Assistant Professor Dr. Thamer Khalif Salem 

University of Tikrit 

 
Copyright © 2006 The McGraw-Hill Education. Permission required for reproduction or display. 

YUNUS A. ÇENGEL and JOHN M. CIMBALA, 

"Fluid Mechanics: Fundamentals and 

Applications",1st ed., McGraw-Hill,2006. 

 Course name   
Principles of  Fluid Mechanics 



16 

FLUIDS IN RIGID-BODY MOTION: Uniform Rotational Vortex flow 

ar=V2/r= (r* ω)2/r=r* ω 2 

At P=const. , dp=0 
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FLUIDS IN RIGID-BODY MOTION: Uniform Rotational Vortex flow 

At ω =0 
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FLUIDS IN RIGID-BODY MOTION: Uniform Rotational Vortex flow 

Consider liquid rotating about the central axises with angular velocity (ω) rad/Sec. The 

slope of water caused by normal acceleration (an) and the gravitational acceleration (g). 

Rotation in a Cylindrical Container 
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Examples:  
Example 1:  A vessel containing liquid δ =1.2 is rotated about a vertical axis. The 

pressure at one point 0.6 m radially from the axis is the same as at another point 1.2 m 

from the axis and with elevation 0.6 .Calculate the rotational speed.? Sol.1: 
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Examples:  
Example 2:  right –circular cylinder of radius ro and height ho with axis vertical is open at 

the top and filled with liquid. At what speed must it rotate so that half the area of the 

bottom is exposed.? Sol.2: 
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Examples:  
Example 3:  The U tube of fig is rotated about a vertical axis 15 cm to the right of A at 

such a speed that the pressure at A is zero gauge. What is the rotational speed.? 

Sol.3: 
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Examples:  
Example 4:  The distance between the centers of the two arms of a U-tube open to the 

atmosphere is 25 cm, and the U-tube contains 20-cm-high alcohol in both arms. Now the 

U-tube is rotated about the left arm at 4.2 rad/s. Determine the elevation difference 

between the fluid surfaces in the two arms.? 

Sol.4: 
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Exams and Grading Policy: 

The distribution of Fluid mechanics degree for the students in 

Course-1 as following the table: 

Exam 
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Note: Solve all five Homeworks 

and sending me the answering 

next week on Sunday 26 October 

2022. 

In the Fluid book, you have to 

read the examples (3.12 and 3.13) 

very carefully 

I hope everything is clear for all 

students 

Good luck  


