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Computational Engineering

La “computational engineering” è molto sviluppata in alcuni campi 
(aerospace, automotive) e si basa sull’analisi numerica

Un insieme di discipline complementari utilizzate per costruire modelli predittivi
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The Navier-Stokes equations

The Navier-Stokes equations govern the motion of fluids and can be seen as Newton's 
second law of motion for fluids. In the case of a compressible Newtonian fluid, this yields
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The Navier-Stokes equations in Aeronautics



The Navier-Stokes equations in Energy Harvesting



The Navier-Stokes equations in Car Aerodynamics



The Navier-Stokes equations in Sports



The Navier-Stokes equations in Geophysics



The Navier-Stokes equations in Atmospheric flows



Navier-Stokes equations govern turbulence as well
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Figure 6. (a) Beads on a fibre (adapted from [20]) and (b) dispersion relation for the bead formation on the film down a fibre.

Table 2. Different Rayleigh–Plateau instabilities and their main features.

dispersion relationω = cut-off λmax growth-time UA/C0
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In these two situations, the following dispersion relation can be obtained [18,19] assuming the
layer h0 is much thinner than the tube radius R (h0 ≪ R) and using the lubrication assumption:

ω = kU0 + i
γ h3

0
3µR4 ((kR)2 −(kR)4), (3.18)

which is shown in figure 6b. The dynamics of the underlying differential equation is first-order
in time because, in the lubrication limit, inertial effects can be neglected with respect to viscous
forces in the thin sheared layer. The effect of the destabilizing capillary pressure scaling like (kR)2

is opposed by that of the transverse curvature scaling like (kR)4, while viscosity sets the time scale
of the instability τc = 3µR4/γ h3

0. Therefore, the cut-off wavenumber is unchanged k = 1/R but the
maximum growth-rate ωmax is attained for kmax =

√
2/2R (see table 2).

(iv) On the role of flow: absolute and convective instabilities
The presence of a flow has more subtle consequences than one could expect at first sight from the
seemingly non-dispersive real parts of the dispersion relations (3.8), (3.15) and (3.18). The growing
disturbances, which are solely growing without oscillating in the absence of advection (U0 = 0)
now oscillate, because of the real part ωr(k). Their oscillation in time is not limited to standing
waves, but results also in oscillation is space, in strong similarity to regular neutral waves. In
addition, growing perturbations of different wavelengths do not propagate at the same velocity.
Still, a growing wavepacket where growth dominates over decoherence can be identified. The
resulting dispersive properties are more complicated to analyse than for pure neutral waves (such
as water waves, if one neglects viscous effects) and requires the concept of absolute/convective
instability, to be described next.
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Solution of the Navier-Stokes equations find several applications



…however only few analytical solutions are known
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ud, pd

Many flows of interest can not be solved analytically
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COMPUTATIONAL FLUID DYNAMICS (CFD)

Ideal flows Real flows



Applications of CFD



Applications of CFD
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from Reynaldo J. Gomez III, NASA

CFD vs experiments: the Space Shuttle



Reynaldo J. Gomez III NASA/JSC/EG3

Previous wind tunnel comparisons focused on 
wing loads.
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AIAA 2004-2226

from Reynaldo J. Gomez III, NASA

CFD vs experiments: the Space Shuttle



Reynaldo J. Gomez III NASA/JSC/EG3

Wind tunnel test pressure comparisons show 
good agreement with predictions
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JSC 2005-62925

from Reynaldo J. Gomez III, NASA

CFD vs experiments: the Space Shuttle



Reynaldo J. Gomez III NASA/JSC/EG3

Detailed comparisons along the LO2 feedline were 
key to understanding protuberance airloads.
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JSC 2005-62925

from Reynaldo J. Gomez III, NASA

CFD vs experiments: the Space Shuttle



Is CFD always reliable?



Is CFD always reliable?

Three types of systematic errors:
1. Model error:  difference between the real problem and the chosen 

equations  

2. Discretization error: difference between the exact solution of the 
model equations and the exact solution of the discretized system

3. Convergence error: difference between the exact solution of the 
discretized system and the solution obtained with a given mesh
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Is CFD always reliable?
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Target problem  
(flow around a racing car) 

Mathematical model 
(Navier-Stokes equations, RANS, heat equation) 

Discretization method 
(finite differences, finite elements, finite volumes) 

Computational mesh 
(structured, unstructured, curvilinear) 

 

Time integration method 
(implicit, explicit) 

Solve linear systems of equations 

Solve nonlinear systems of equations 

Post-processing 
(e.g. find Cx—> integration)

CFD: key ingredients



This course

Numerical mathematics Numerical solution of  
PDEs CFD for applications

• Number system and 
errors 

• Roots of equations 
• System of linear 

equations 
• Interpolation 
• The method of least 

squares 
• Integration 
• Time integration of 

ODEs 

• The finite difference 
method FD 

• Solution of the 
steady heat 
equations (linear and 
nonlinear) 

• Solution of the 
unsteady heat 
equations 

• Solution of the 
Navier-Stokes eq.

• The finite element 
method (FEM) 

• The finite volume 
method (FVM) 

• Introduction to RANS 
and LES 

• Commercial software 
using finite 
differences 

• Library for FEM



MatLab

Crea PDF Stampa

Per poter utilizzare i servizi messi a disposizione degli
studenti di Tor Vergata relativi a MatLab è necessa-
rio aver già attivato l’indirizzo di posta elettronica forni-
to dall’Ateneo.

Se non si sa come attivare il proprio indirizzo mail guardare la guida rela-
tiva.

L’Ateneo mette a disposizione di tutti gli studenti e di tutto il personale la
possibilità di installare il software MatLab, per fini didattici e di ricerca.
Ogni docente, ricercatore e studente può iscriversi ai corsi online della MA-
TLAB Academy, attraverso la pagina dedicata all’Università degli Studi di
Roma “Tor Vergata”.

Per attivare il servizio è sufficiente collegarsi al sito //it.mathworks.-
com/mwaccount/ e creare il proprio Account.

 Passo 1

Per altre informazioni, documentazione Mathworks, risorse gratuite Math-
works e ulteriori guide visitare il sito dell’Università nella pagina dedicata.

Per problemi, assistenza tecnica o domande rivolgersi a: support@math-
works.it.

Passo 2

A questo punto basterà seguire le istruzioni e, quando richiesto, inserire il
codice di attivazione presente sulla pagina personale Delphi.

https://docs.ccd.uniroma2.it/matlab/
Hand-on sessions



Hand-on sessions

Fortran 77/90

C/C++

MatLab

Crea PDF Stampa

Per poter utilizzare i servizi messi a disposizione degli
studenti di Tor Vergata relativi a MatLab è necessa-
rio aver già attivato l’indirizzo di posta elettronica forni-
to dall’Ateneo.

Se non si sa come attivare il proprio indirizzo mail guardare la guida rela-
tiva.

L’Ateneo mette a disposizione di tutti gli studenti e di tutto il personale la
possibilità di installare il software MatLab, per fini didattici e di ricerca.
Ogni docente, ricercatore e studente può iscriversi ai corsi online della MA-
TLAB Academy, attraverso la pagina dedicata all’Università degli Studi di
Roma “Tor Vergata”.

Per attivare il servizio è sufficiente collegarsi al sito //it.mathworks.-
com/mwaccount/ e creare il proprio Account.

 Passo 1

Matlab

Octave
or others…



Esame

1. Svolgimento progetto 

+ 

2. Orale: 

 Domande sul programma  

Presentazione del progetto


