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INSTITUTE OF AERONAUTICAL ENGINEERING 
(Autonomous) 

       Dundigal, Hyderabad - 500 043 

 

Department of Mechanical Engineering 
 

 

Vision 

The Department of Mechanical Engineering envisions value based education, research and development in the 

areas of Manufacturing and Computer Aided Engineering as an advanced centre for Mechanical Engineering, 

producing graduates of world-class competence to face the challenges of global market with confidence, creating 

effective interface with various organizations. 

 
 

Mission 

The mission of the Mechanical Engineering Department is to prepare effective and responsible engineers for 

global requirements by providing quality education & to improve pedagogical methods employed in delivering the 

academic programs to the needs of the industry and changing world by conducting basic and applied research and 

to generate intellectual property. 
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INSTITUTE OF AERONAUTICAL ENGINEERING 
(Autonomous) 
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Department of Mechanical Engineering 

 
Program Outcomes  

PO1 Engineering knowledge: Apply the knowledge of mathematics, science, engineering fundamentals, 

and an engineering specialization to the solution of complex engineering problems. 

PO2 Problem analysis: Identify, formulate, review research literature, and analyze complex engineering 

problems reaching substantiated conclusions using first principles of mathematics, natural sciences, 

and engineering sciences. 

PO3 Design/development of solutions: Design solutions for complex engineering problems and design 

system components or processes that meet the specified needs with appropriate consideration for the 

public health and safety, and the cultural, societal, and environmental considerations.  

PO4 Conduct investigations of complex problems: Use research-based knowledge and research methods 

including design of experiments, analysis and interpretation of data, and synthesis of the information to 

provide valid conclusions.  

PO5 Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern 

engineering and IT tools including prediction and modeling to complex engineering activities with an 

understanding of the limitations.  

PO6 The engineer and society: Apply reasoning informed by the contextual knowledge to assesssocietal, 

health, safety, legal and cultural issues and the consequent responsibilities relevant to the professional 

engineering practice.  

PO7 Environment and sustainability: Understand the impact of the professional engineering solutionsin 

societal and environmental contexts, and demonstrate the knowledge of, and need for sustainable 

development.  

PO8 Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of 

the engineering practice. 

PO9 Individual and team work: Function effectively as an individual, and as a member or leader indiverse 

teams, and in multidisciplinary settings.  

PO10 Communication: Communicate effectively on complex engineering activities with the engineering 

community and with society at large, such as, being able to comprehend and write effective reports and 

design documentation, make effective presentations, and give and receive clear instructions.  

PO11 Project management and finance: Demonstrate knowledge and understanding of the engineering and 

management principles and apply these to one’s own work, as a member and leader in a team, to 

manage projects and in multidisciplinary environments.  

PO12 Life-long learning: Recognize the need for, and have the preparation and ability to engage in 

independent and life-long learning in the broadest context of technological change.  

Program Specific Outcomes  

PSO1 Professional Skills: To produce engineering professional capable of synthesizing and analyzing 

mechanical systems including allied engineering streams. 

PSO2 Modelling and Simulation Practices: An ability to adopt and integrate current technologies in the 

design and manufacturing domain to enhance the employability. 

PSO3 Successful Career and Entrepreneurship: To build the nation, by imparting technological inputs and 

managerial skills to become Technocrats. 
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ATTAINMENT OF PROGRAM OUTCOMES & PROGRAM SPECIFIC 

OUTCOMES 

Expt. No. 

ME 

Program Outcomes Attained 
Program Specific Outcomes 

Attained 

I 
PO1,PO3 PSO2 

II 
PO1, PO3, PO4  PSO2 

III 
PO2 PSO2 

IV PO2, PO3 PSO2 

V PO1, PO3, PO4 PSO2 

VI 
PO1, PO3 

PSO2 

VII 
PO1, PO3 PSO2 

VIII 
PO2, PO3, PO4 

PSO2 

IX 
PO2 

PSO2 

X PO3, PO4 PSO2 

XI PO3, PO4 
PSO2 

XII 
PO3, PO4 PSO2 
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LIST OF EXPERIMENTS 

 

S. NO NAME OF EXPERIMENT PAGE  NO 

1 Internal pipe fluid flow – fem  

2 Internal pipe fluid flow – Ansys  

3 Internal pipe fluid flow-MATLAB  

4 External fluid flow  

5 Flow through ball valve  

6 Heat conduction  

7 Temperature distribution  

8 3d heat conduction  

9 Counter flow heat exchanger  

10 Conjugate heat transfer  

11 3d thermal analysis  

12 Thermal stress analysis  
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EXPERIMENT-I 

 INTERNAL PIPE FLUID FLOW – FEM 

 

AIM: To find Internal Pipe flow Using theoretical FEM. 

Introduction 

1.0    Computational Methods 

1.1    Idealization 

1.2    Discretization 

1.3    Solution 

2.0    The Finite Elements Method 

2.1    FEM Notation 

2.2    Element Types 

3.0     Mechanichal Approach 

3.1    The Problem Setup 

3.2    Strain Energy 

3.3    External Energy 

3.4    The Potential Energy Functional 

 

 
Mathematical Formulation 

The Mathematics Behind the Method 

1. Weighted Residual Methods 

2. Approxiamting Functions 

3. 4he Residual 

4. Galerkin’s Method 

5. The Weak Form 

 

FLOW CHART 
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  Property [K] Behavior {u} Action {F} 

Elastic Stiffness Displacement Force 

Thermal Conductivity Temperature Heat Source 

Fluid Viscosity Velocity Body Force 

Electrostatic Dielectric permittivity Electric Potential Charge 

 

Fluid Dynamics: 

• Fluid flow is laminar at low velocities but turns turbulent as the velocity increases beyond the 

critical value. Transition from laminar to turbulent occurs within a range of velocity where the 

flow fluctuates between laminar and turbulent flows before becoming fully turbulent.  

• The Reynolds Number (Re) defines whether the fluid is laminar, transitional or turbulent in the 

following way 

 

Steps: 

• Defining the flow problem 

• Building the mathematical model 

• Discretization 

• Iteration 

• Simulation process 

 

Governing Equation 

Both fluid flow and temperature field can be described by the general equation that governs the two-

dimensional problems. However, the coefficients of the governing equation differ from the fluid flow to 

the temperature field such that they satisfy the governing equations given in equations and for fluid flow 

and temperature flow, respectively. Since the flow analysis is characterized by the Poisson’s expression; it 

is recalled here for convenience. 
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The boundary conditions for the fluid flow analysis are illustrated in Fig. The x-component of the velocity 

at the entrance and the exit is constant. ux is constant specific value for the velocity and y is the y-

coordinate of the nodes in that boundary. Since the flow is non-viscous and incompressible, the x-

component of the velocity remains constant at the upper and lower boundaries. 

 Problem Description: 

 

Descritization: 

 

OUTCOME: 

Understand basic units of measurement, convertUnits, and appreciate their magnitudes. Understand the 

basic principles of FEMUtilize the governing equation for solving thefluid flow through the pipe and 

determine velocity . 

ViVA Questions: 

1. What is the equation in FEM .2.What is Reynolds number 3.What is the necessity of Discretization. 
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EXPERIMENT-2 

INTERNAL PIPE FLUID FLOW – ANSYS 

 

AIM: To determine the internal pipe fluid flow using ANSYS. 

Boundary Conditions: 

The boundary conditions for the temperature field analysis are illustrated in Fig.. The small pipe in the 

middle is assumed to produce q units of energy per surface area of the pipe per unit time. The energy q is 

considered equal to unity at the small pipe and equal to zero at exit, lower boundary and upper boundary. 

The temperature flow φ is considered equal to zero at the entrance. Once the boundary conditions and the 

coefficients are defined, the analysis of the temperature field is ascertained. 

Problem Description: 

 

Fluid flow for different values of entrance velocity: 

 

Temperature field for different values of entrance velocity: 
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In the present study, the flow is considered to be twodimensional with no difference in the span-wise 

direction. A partial differential equation is used to represent the flow domain. A series of numerical 

calculations have been conducted, and the results are presented in order to show the effects of fluid flow 

and temperature field on temperature distribution in the pipe channel. It should be noted that since the 

pipe size in the flow direction is relatively coarse, the local heat transfer is not as accurate or detailed as is 

the case of the x and y directions. However, the resolution is sufficient to aid in the design of pipe for 

industrial applications and also to provide information and insight into the fluid flow characteristics in the 

flow direction. In reality, since it is difficult to achieve an adiabatic boundary at the inlet and outlet of the 

pipe as assumed in the numerical model, a significant portion of the heat loss is transferred to the ambient 

environment, especially for low fluid flow conditions. Thus, when evaluating the heat transfer in pipe 

with low fluid flow rates, particular attention should be paid to the effects of this heat loss. 

 

 

OUTCOME: 

Understand basic units of measurement, convert Units, and appreciate their magnitudes. Understand the 

basic principles of FEM Utilize the governing equation for solving the fluid flow through the pipe. 

VIVA Questions: 

1. Why Ansys fluent is used.2.What is steady state.3.How do you define mesh quality? 
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EXPERIMENT- 3 

INTERNAL PIPE FLUID FLOW – MATLAB 

 

AIM:Internal Pipe flow problem using MAT LAB. 
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OUTCOME: 

Mesh the 3D pipe flow domain using ANSYS Validate the results of analytical models introduced in 

lecture to the actual behavior of real fluid flows. 
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EXPERIMENT -4 

EXTERNAL FLUID FLOW 

 

 

AIM: Determination of the skin friction  coefficient of a rectangular plate when fluid is flowing over the 

surface of plate usingANSYS Flow Simulation. 

Problem description:a flat plate with a length L = 1 m (Figure 3.1). The flow of air is at a velocity of 

1.4607 m/sec, such that the Reynolds number based on plate length is 1e+05. The plate is maintained at a 

temperature of 400 K. 

 

MESH: 

 

 

Physics of the Problem 
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Result: 

Temperature Profile 

 

Velocity Profile: 

 

 

Velocity Contours: 
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VIVA Questions: 

1. What is external flow compared to internal flow. 

2. What is convection? 

3. Write Nusselt Number? 
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EXPERIMENT-5 

FLOW THROUGH BALL VALVE 

 

AIM:Flow of water through a ball valve assembly using ANSYS/ Solid Works Flow Simulation. 

Introduction: 

A ball valve is a device with a spherical closure unit that provides on/off control of flow. The sphere has 

a port, also known as a bore, through the center. When the valve is positioned such that the bore is 

aligned in the same direction as the pipeline, it is in open position and fluid can flow through it. 

 

 

Result: 
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Flow Distributuin: 

 

 

Velocity contours: 

 

 

 Outcome: 

Modeling and assemble of ball valve .Simulation of flow through ball valve. 
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EXPERIMENT -6   

 HEAT CONDUCTION 

 

 

AIM: 
 

 

System Configuration: 
 

 

 

 

 

 

Procedure: 
 

 

 

 

 

 

 

 

 

Preprocessing: 
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Solution: 
 

 

 

 

 

 

Post Processing: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Result: 
 

 

 

Outcome: 
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EXPERIMENT-7  

TEMPERATURE DISTRIBUTION 

 

AIM: To determine the temperature distribution in solid body. 

System Configuration: 
 

 

 

 

 

 

Procedure: 
 

 

 

 

 

 

 

 

Preprocessing: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

IDYARTHIPLUS.COM 
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Solution: 

 

 

VIVA Questions: 

1. Define Conduction 

2. Units of Thermal conductivity 

3. Basic law for conduction. 

4. Define thermal resistance 

 
 



24  

EXPERIMENT -8  

3D HEAT CONDUCTION 

 

AIM:3D Heat Conduction within a Solid-Cell Phone using ANSYS. 

Requirements: 

Ansys software. 

RESULT: 
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VIVA: 

1. What is Conduction? 

2. Write expression for conduction equation 

3. Units of heat flux 
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EXPERIMENT -9  

COUNTER FLOW HEAT EXCHANGER 

 

AIM: TO determine temperature distribution in heat exchanger. 

Introduction: 

This exchanger is built of a bundle of round tubes mounted in a large cylindrical shell with the tube axis 

parallel to the shell to transfer the heat between the two fluids. The fluid flows inside the tubes and other 

fluid flows across and along the tubes. 

 

 

Geometry: 
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Meshing: 

 

 

Boundary Conditions: 

 

Result: 
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Static temperature of tube: 

 

 

Static temperature of shell 

 

 

Static pressure of tube 
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VIVA Questions: 

1. What is parallel flow and counter flow heat exchanger. 

2. Why do we use baffle plates. 

3. What is effectiveness of heat exchanger? 
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EXPERIMENT -10 

CONJUGATE HEAT TRANSFER 

 

AIM: Conjugate heat transfer problem using ANSYS/ Solid Works Flow Simulation. 

Introduction 

The physics of conjugate heat transfer is common in many engineering applications, including heat 

exchangers, HVAC, and electronic component design. The geometry and flow domain consists of a flat 

circuit board with a heat generating electronic chip mounted on it. Heat is conducted through the source 

(chip) and the board on which it is mounted. A laminar stream of air flows over the board and the chip, 

causing simultaneous cooling of the solid components and heating of the air stream due to convection. 

Thermal energy is also transported due to the complex flow field. 

ANSYS FLUENT 

•Set up appropriate boundary conditions for a conjugate heat transfer simulation in Enable source terms 

for specified zones. 

• Perform flow and energy calculations using various materials (both solid and fluid). 

• Manipulate mesh adaption registers and perform Boolean operations on them. 

• Perform mesh adaption and verify that the solution is mesh independent. 
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 Result: 
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VIVA Questions: 

1. Explain conjugate heat transfer. 

2. What is lamina flow? 

3. What is fully developed turbulent flow? 

 

 

 

 

 

 

 

 

 

 

 

 



33  

EXPERIMENT -11 

3D THERMAL ANALYSIS 

 

AIM: To do the 3D Thermal Analysis for a Finned Pipe using ANSYS. 

 

Problem Description: 

 

 

RESULT 
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VIVA Questions: 

1. What are the assumptions in the analysis? 

2. What is 3D PROBLEM? 

3. What is steady state? 
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EXPERIMENT - 12 

  THERMAL STRESS ANALYSIS 

 

AIM: Thermal stress analysis of piston. 

Materials: 

The most commonly used materials for pistons of I.C. engines are cast iron, aluminum alloy (cast 

aluminum, forged aluminum), cast steel and forged steel.  

a)For a cast iron piston, the temperature at the Centre of the piston head (TC) is about 425°C to 450°C 

under full load conditions and the temperature at the edges of the piston head (TE) is about 200°C to 

225°C. 

b)For aluminum alloy pistons, TC is about 260°C to 290°C and TE is about 185°C to 215°C. 

ANALYTICAL CALCULATION FOR PISTON Analytical calculations are done for cast iron piston. For 

doing analytical calculation material properties and dimensional information should be known and so all 

the parameters consider for design of piston are calculated by using one analytical problem. Design 

Considerations for a Piston In designing a piston for an engine, the following points should be taken into 

consideration:  

It should have enormous strength to withstand the high pressure. 

It should have minimum weight to withstand the inertia forces.  

It should form effective oil sealing in the cylinder. It should provide sufficient bearing area to prevent 

undue wear. 

It should have high speed reciprocation without noise. It should be of sufficient rigid construction to 

withstand thermal and mechanical distortions.  

It should have sufficient support for the piston pin. Procedure for Piston Design The procedure for 

piston designs consists of the following steps:  

 Thickness of piston head (tH) 

Heat flows through the piston head (H)  

Radial thickness of the ring (t1)  

Axial thickness of the ring (t2)  

Width of the top land (b1)  

Width of other ring lands (b2) 

Design and Meshing of a Piston: 
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Analysis of Piston The piston is analyzed by giving the constraints they are  

1. Pressure or structural analysis  

2.Boundary condition  

3.Thermal analysis  

4. Thermo-mechanical analysis 

 

Pressure applied 

 RESULTS: 
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Thermal Analysis 
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VIVA Questions: 

1. What is stress? 

2. What is heat flux? 

3. Define thermal stress analysis 


