
                                            

  

 

 

 

 

 

 

 

 

 

 

New Age Tools for 

Teaching Fluid Mechanics 

Fluid Mechanics continue to amaze us! On one hand, a common 

man seems to develop a strong feel of its concepts & every day 

effects; however, on the other, our engineers struggle to predict 

& control it to their advantage. May be for this reason, it is the 

only subject in Mechanical Engineering where curriculum includes 

extensive laboratory experiments. Though textbooks present a 

systematic list of governing principles, learning is never complete 

without students experiencing the same in laboratories.  

Though invaluable in their contribution to the learning curve, 

experimental setups suffer from their άǊƛƎƛŘityέΦ {ǘǳŘŜƴǘs can only 

change the flow rates by operating valves and take corresponding 

pressure readings. It remains out of bound for them to modify the 

setup layout, let alone expect to conceptualize their own. For 

universities, high cost of equipment remains a concern.  

Computational Fluid Dynamics (CFD) is a flexible, cost effective 

technique that can complement laboratory experiments to 

strengthen textbook concepts. Through this paper, we share our 

experience of exploiting CFD techniques to teach fundamental 

fluid mechanics. 

Abhishek Jain, Ajay Mishra 

White Paper  
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Introduction 

Students pursuing Mechanical / Aerospace or Chemical 

engineering invariably undergo couple of courses in Fluid 

Mechanics early in their undergraduate program. These initial 

courses become the fundamental basis for later application 

oriented courses like fluid machinery, heat transfer, aerodynamics 

and power plant engineering.  

Realizing the importance of this discipline, curriculums do include 

two semesters of fluid mechanics laboratory experiments to 

supplement the textbook learning. These experiments cover 

topics like hydrostatic pressure, flow measurements using venture 

meter, pressure drop across orifice plates, verification of 

.ŜǊƴƻǳƭƭƛΩǎ ¢ƘŜƻǊŜƳΣ Reynolds experiment, and head losses in 

pipes (due to frictional, bend and sudden area changes). 

Eventually students experience machineries like turbines and 

pumps.  

However, traditional laboratories are rarely interactive. A student 

conducts a series of pre-planned experiments as running time is 

too long to repeat a run or to vary parameters in a bigger range. 

For teachers, a host of fluid mechanics concepts remain 

undemonstrated. These are: visualization of wake patterns behind 

bluff bodies, lift/drag estimation, presence of Vena Contracta, 

compressibility effects, nozzle choking, properties discontinuity 

across shock and Rayleigh flow.  
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Computational Fluid Dynamics 

Computational Fluid Dynamics (CFD) is a method of solving the set 

of Navier Stokes equations that govern the flow of air and water. 

CFD simulations are being preferred over experimental 

investigation by engineers all over the world for performance 

prediction, design optimization and root cause analysis of failures. 

In a similar way, CFD is also being exploited by students and 

teachers alike, for theorem validation, virtual experimentation and 

flow feature visualization. 

A combination of textbook, laboratory and CFD becomes the 

perfect learning package. The shortfalls in laboratory experiments 

are adapted while designing CFD based curriculum. There are no 

limits on parametric variations that a student can do. The runtime 

is minimal. CFD is extremely flexible to allow students to imagine 

and design virtual experiments themselves. The process of 

learning becomes fun; while άpƭŀȅƛƴƎέ ǿƛǘƘ fluid mechanics using 

CFD, students develop strong intuitive sense of cause-and-effect. 

Imparting education using CFD tools also turns out to be a lot 

cheaper for universities; it has no maintenance and running costs. 

It allows teachers to create simulations, which are impossible in 

real life but are academically important. 

However, fluid mechanics is governed by complex governing 

equations (Navier Stokes Equations) which remain unsolved even 

today. On computers, only through set of highly mathematical 

complex algorithms, we are able to solve them to satisfaction. Due 

to this underlying complexity, universities have been hesitant to 

introduce usage or theory of CFD at undergraduate level.  
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The CFD process comprises of preparing the model, a domain 

around it, mesh generation, specification of boundary conditions, 

selection of appropriate solver parameters, running the solver and 

finally, post processing the output to prepare an analysis of the 

simulation case. To a second year undergraduate student, the 

teacher would not want to throw open the complexities of CFD. 

However, a final year undergraduate or a post graduate student 

would be expected to understand the intricate details of CFD 

processes and execute the simulation using best practices.  

Therefore, CFD software for educational purposes should be such 

that it guides an undergraduate student towards solving fluid 

mechanics and, at the same time, offer enough flexibility to a post 

graduate student to perform high fidelity simulations. There are 

not many CFD software (and definitely not professional ones) that 

are technically powerful, and yet remain simple to use. 

With these thoughts, Zeus Numerix had specially developed 

ZNTutor-CFD, a learning tool for novice students. Zeus Numerix 

inherits an in-depth understanding of academic objectives through 

its roots at IIT Bombay, one of the foremost undergraduate 

institutes in world. ZNTutor-CFD comes with two modes of 

operations: wizard mode and interactive mode, designed as a 

teaching aid for undergraduate and post graduate courses, 

respectively. The rest of this paper demonstrates how different 

fundamental concepts are being explained to student using this 

CFD tool.  
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Wizard Mode: Text Book Representation 

Image of a couple of recirculation regions immediately after a 

sudden area expansion in a duct is a common representation of 

flow features in undergraduate textbooks (Fig 1.a). Though, it is 

very intuitive to imagine the presence of such recirculation 

regions, students do not get an opportunity to observe it being 

established in any laboratory experiments. The alternative is a CFD 

representation (Fig 1.b); which is successful only when novice 2nd 

year undergraduate students take no more than 3 minutes to 

execute the corresponding CFD process. 

              
                          (a)                                                             (b) 

Figure 1: (a) Textbook image of flow in sudden area expansion;                                 
(b) CFD generated recirculation regions after area expansion 

 

Figure 2: Sequence of Steps for CFD Simulation;                      (i) Select Problem 
(ii) Define Geometry        (iii) Define Grid                 (iv) Solver Control                          
(v) Define Flow Condition         (vi) View Solution 

Wizard mode (Figure 2) of ZNTutor-CFD facilitates this process by 

suggesting subsequent steps and default parameter values. It also 

allows these values to be changed when designing custom 

geometry and solves for flow conditions of our interest. 
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Wizard Mode: Complementary to Laboratory Experiment 

Students perform laboratory experiments on flow through nozzles 

and diffusers (Figure 3.a). The objective of this experiment 

involving diffusers is to observe and measure flow deceleration as 

well as corresponding increase in static pressure. The readings 

obtained from laboratory are later ŀƴŀƭȅȊŜŘ ǘƻ ǾŀƭƛŘŀǘŜ .ŜǊƴƻǳƭƭƛΩs 

Theorem. Curriculum should include reproduction of the lab setup 

using CFD (Fig 3.b) for better visualization and understanding. 

   
                            (a)                                        (b) 

Figure 3: (a) Laboratory setup for flow through diffuser                                         
(b) Reproduction of diffuser experiment using CFD 

 

Figure 4: CFD simulations for multiple diffuser designs 

Figure 4 demonstrates the unrestricted possibilities of changing 

diffuser configurations and carrying out virtual lab experiments. 

This has been able to become a part of course work only because 

each of the above wizard driven simulations are executed by 

untrained students independently in less than 3 minutes each.            

-                           

 

New Age Tools for Teaching Fluid Mechanics 

Pressure 



6 

 

Wizard Mode: Fun with Fluid Mechanics 

Students are typically fascinated by zipping racing cars. Teachers 

use them as examples on how streamlined objects offer less drag 

and that aerodynamic design is a must to make oneΩs car run 

faster than others. It is only appropriate that at this stage of 

course work, the student is provided with a tool where he can 

express his creativity and evaluate it in a scientific manner. As a 

platform for such studies, wind tunnel is un-affordable for 

institutes. CFD is an affordable option. (see Figure 5) 

  
                        (a)                                                                       (b)    

Figure 5 Flow over car (a) pressure distribution (b) velocity pattern 
 

 
Figure 6: Drag reduction for cars moving in a line 

With access to easy-to-use CFD software, students could exploit it 

to create a virtual representation of interesting concepts (Figure 

6). ZNTutor-CFD has become a great enabler for reputed institutes 

in their objective towards άƭŜŀǊƴƛƴƎ ǘƘǊƻǳƎƘ ŦǳƴέΦ  
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Interactive Mode: Solution to Practical Concepts 

Students in their final year of undergraduate or post-graduate 

program are expected to have mastered fluid mechanics concepts 

to a level where they can undertake and demonstrate solutions 

for practical problems. Figure 7 presents one such problem 

statement. The main duct carries 0.5 m/sec of water flow. It is 

required to divert flow from main duct into two branch ducts. An 

optimum selection for a flow control device (bluff body 

resistances) is to be proposed which can extract and provide equal 

flow through the three branches of flow circuit.  

(a)  
 

(b)  
     

Figure 7 (a) Flow without control device (b) Equal flow in branches 
 

                 
 

Figure 8: Pressure profile in flow network with optimum resistances 

While working towards the optimum solution (Fig. 8), students 

need to design and evaluate different options. The teacher can 

create many such interesting problem statements as class work.
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