
COMPUTATIONAL FLUID DYNAMICS - A STEPPING-STONE OF 
MULTIPHYSICS

H KHAWAJA, NAFEMS MULTIPHYSICS COMMUNITY ONLINE EVENT (WEBINAR), 7 JULY 2022



PRESENTATION OVERVIEW

 INTRODUCTION

 Presenter’s Bio 

 HISTORICAL PRESPECTIVE

 Evolution of Fluid Mechanics
 Computational Fluid Dynamics (CFD)
 Semi-Implicit Pressure Linked Equation (SIMPLE)
 Words of Caution
 Colorful Fluid Dynamics
 CFD Today

 PROJECT EXAMPLES

 Micro-Fluidic Valve (NUST, CALTECT)
 Fluidized Bed (CAMBRIDGE, ETH ZURICH)
 Shock-Tube (NFR, LILLE)
 Fluid Viscosity-Density Sensor (INNOSUISSE, RHEONICS GmbH)
 Environment Exposure Sensor (WINDTECH AS)

2H KHAWAJA, NAFEMS MULTIPHYSICS COMMUNITY ONLINE EVENT (WEBINAR), 7 JULY 2022



PRESENTER’S BIO

3H KHAWAJA, NAFEMS MULTIPHYSICS COMMUNITY ONLINE EVENT (WEBINAR), 7 JULY 2022



PRESENTER’S BIO

4H KHAWAJA, NAFEMS MULTIPHYSICS COMMUNITY ONLINE EVENT (WEBINAR), 7 JULY 2022



PRESENTER’S BIO

5H KHAWAJA, NAFEMS MULTIPHYSICS COMMUNITY ONLINE EVENT (WEBINAR), 7 JULY 2022

Multiphysics

1 Patent,
4 Books,

53 Journal Articles, and
11 Conference Proceedings.

(69 Publications to date)
+

(112 Conferences/Seminars/Guest 
Lectures/Keynote Presentations)

Fluid Mechanics

Process and 
Chemical 

Engineering

Thermography   
and 

Spectroscopy
Cold Climate 
Technology

Solid Mechanics

BE (Aerospace)
NUST (Pak)

MPhil and PhD
Cambridge (UK)

Postdoc –HiN
Narvik (Norway)

UiT Research Group, 
Tromsø (Norway)UiT, Tromsø 

(Norway)



6

EVOLUTION OF FLUID MECHANICS (HISTORICAL PRESPECTIVE)

Newton 
(1686)

Bernoulli 
(1738)

Euler 
(1757)

Navier 
(1822)

Stokes 
(1845)

CFD*
(1922)
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NEWTON (1686)

𝐹𝐹 = 𝑚𝑚𝑚𝑚
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BERNOULLI (1738)

𝑝𝑝0 +
1
2
𝜌𝜌𝑣𝑣02 + 𝜌𝜌𝑔𝑔ℎ0 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
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EULER (1757)

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝛻𝛻. 𝜌𝜌𝒖𝒖 = 0
𝜕𝜕(𝜌𝜌𝐮𝐮)
𝜕𝜕𝜕𝜕

+ 𝛻𝛻. 𝐮𝐮 ⨂(𝜌𝜌𝐮𝐮) + 𝛻𝛻𝑝𝑝 = 0
𝜕𝜕𝐸𝐸
𝜕𝜕𝜕𝜕

+ 𝛻𝛻. 𝐮𝐮 (𝐸𝐸 + 𝑝𝑝) = 0
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NAVIER (1822)

𝜆𝜆 + 𝜇𝜇 ∇ ∇.𝒖𝒖 − 𝜇𝜇∇ × ∇ × 𝒖𝒖 = 𝜌𝜌
𝜕𝜕2𝒖𝒖
𝜕𝜕𝑡𝑡2
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STOKES (1845)

𝜌𝜌
𝐷𝐷𝒖𝒖
𝐷𝐷𝐷𝐷

= −∇𝑝𝑝 + ∇. 𝝉𝝉 + 𝜌𝜌𝒈𝒈
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https://www.claymath.org/millennium-problems/navier%E2%80%93stokes-equation
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NOTABLE OTHERS (CFD)

Augustin-Louis Cauchy 
(1789-1857)

Siméon Denis Poisson 
(1781-1840)

Jean Léonard Marie Poiseuille 
(1791-1869)

Joseph-Louis Lagrange 
(1736-1813)
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Ludwig Eduard Boltzmann 
(1844-1906)
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NOTABLE OTHERS (FLUID MECHANICS)
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• Archimedes 287-212 B.C.
• Sextus Julius Frontinus 40-103 B.C.
• Leonardo daVinci 1452-1519
• Galileo Galilei 1564-1642
• Evangelista Torricelli 1608-1647
• Edme Mariotte 1620-1684
• Blaise Pascal 1623-1662
• Sir Isaac Newton 1642-1727
• Henri de Pitot 1695-1771
• Daniel Bernoulli 1700-1782
• Leonard Euler 1707-1783
• Jean de Rond d'Alembert 1717-1783
• Antoine Chezy 1718-1798
• Jean Charles Borda 1733-1799
• Joseph-Louis Lagrange 1736-1813
• Giovanni Battista Venturi 1746-1822
• Pierre-Simon Laplace 1749-1827
• Siméon Denis Poisson (1781-1840)
• Claude Louis Marie Navier 1785-1836

• Augustin Louis de Cauchy 1789-1857
• Jean Louis Poiseuille 1791-1869
• Gotthilf H. Ludwig Hagen 1797-1884
• Henri Philibert Darcy 1803-1858
• Julius Weisbach 1806-1871
• William Froude 1810-1879
• Robert Manning 1816-1897
• George Gabriel Stokes 1819-1903
• Ernst Mach 1838-1916
• Osborne Reynolds 1842-1912
• Lord Rayleigh [John William Strutt] 1842-1919
• Ludwig Eduard Boltzmann 1844-1906
• Vincez Strouhal 1850-1922
• Edgar Buckingham 1867-1940
• Moritz Weber 1871-1951
• Ludwig Prandtl 1875-1953
• Lewis Ferry Moody 1880-1953
• Theodor von Karman 1881-1963
• Paul Richard Heinrich Blasius 1883-1970
• And others…

"If I have seen farther than others, it is because I was standing on the shoulders of giants.“

Sir Isaac Newton
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COMPUTATIONAL FLUID DYNAMICS (1922)

Lewis Fry Richardson 
(1881 – 1953)
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SEMI-IMPLICIT PRESSURE LINKED EQUATION (1979)

Dudley Brian Spalding 
(1923 – 2016)

Shuhas V. Patankar
(1941-)
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WORDS OF CAUTION - MODELS (1987)

“Essentially, all models are wrong, but some are useful,”

“Remember that all models are wrong; the practical question is how wrong 
do they have to be to not be useful.”
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George E. P. Box 
(1919 – 2013)
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COLORFUL FLUID DYNAMICS

“These days it is common to see a complicated flow field, predicted with all the 
right general features and displayed in glorious detail that looks like the real 

thing. Results viewed in this way take on an air of authority out of proportion to 
their accuracy. In this regard, modern CFD is a very seductive thing”
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Doug McLean 
(1919 – 2013)

Common Misconceptions in Aerodynamics, Lecture: https://www.youtube.com/watch?v=QKCK4lJLQHU

https://www.youtube.com/watch?v=QKCK4lJLQHU


COLORFUL FLUID DYNAMICS

“Even inaccurate CFD can be useful”

“The power of detailed visualization makes CFD richer in information than experiment”

H KHAWAJA, NAFEMS MULTIPHYSICS COMMUNITY ONLINE EVENT (WEBINAR), 7 JULY 2022 18

Philip L. Roe
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CFD TODAY (2022)
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CFD TODAY (2022) - EXAMPLE
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WHAT’S NEXT?
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FUTURE IS MULTIPHYSICS

22

Fluid

Magnetic Structure

Acoustic Explosives

Thermal

H KHAWAJA, NAFEMS MULTIPHYSICS COMMUNITY ONLINE EVENT (WEBINAR), 7 JULY 2022



23

FUTURE IS MULTIPHYSICS
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MULTIPHYSICS



MICRO-FLUIDIC VALVE

24

H Khawaja, I Raouf, K Parvez, A Scherer. Optimization of elastomeric micro-fluidic valve dimensions using nonlinear finite element 
methods. The International Journal of Multiphysics, 2009, 3(2): pp. 187 - 200. http://dx.doi.org/10.1260/175095409788837847
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http://dx.doi.org/10.1260/175095409788837847


FLUIDIZED BED - BUBBLES

Fluid Inlet

25

Fluid Inlet

H Khawaja, M Moatamedi. Multiphysics Modelling of Fluid-Particulate Systems. Academic Press, 2020, ISBN 978-0-1281-8345-8. 
https://doi.org/10.1016/C2018-0-02737-1
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https://doi.org/10.1016/C2018-0-02737-1


FLUIDIZED BED – SOUND WAVES

26

H Khawaja. Study of Sound Waves in Fluidized Bed using CFD-DEM Simulations. Particuology, 2017, 38: pp.126 - 133. 
https://doi.org/j.partic.2017.07.002
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https://doi.org/j.partic.2017.07.002


SHOCK-TUBE (VIDEO)

27

H Khawaja et al. Experimental and Numerical Study of Pressure in a Shock Tube. J Press Vess-T ASME, 2016, 138(4): 041301. 
http://dx.doi.org/10.1115/1.4031591
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http://dx.doi.org/10.1115/1.4031591


SHOCK-TUBE

28

H Khawaja et al. Experimental and Numerical Study of Pressure in a Shock Tube. J Press Vess-T ASME, 2016, 138(4): 041301. 
http://dx.doi.org/10.1115/1.4031591
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http://dx.doi.org/10.1115/1.4031591


CFRP DYNAMIC RESPONSE

29

H Khawaja et al. Study of CRFP Shell Structures under Dynamic Loading in Shock Tube Setup. Journal of Structures, 2014.
http://dx.doi.org/10.1155/2014/487809
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http://dx.doi.org/10.1155/2014/487809


FLUID VISCOSITY-DENSITY SENSOR

30

Daniel Brunner, Joe Goodbeard, Klaus Hausler, Sunil Kumar, Gernot Boiger, Hassan Khawaja. Analysis of a Tubular Torsionally
Resonating Viscosity–Density Sensor. Sensors, 2020, 20(11). http://dx.doi.org/10.3390/s20113036
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http://dx.doi.org/10.3390/s20113036


ENVIRONMENT EXPOSURE SENSOR

31
H Khawaja, D Swart, S Antonsen @ Windtech AS. Measuring Environmental Exposure. UK Patent GB 2588580. Link
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https://www.ipo.gov.uk/p-find-publication-result?PatentNo=GB2588580&JournalNumber=0&EarliestYear=2007&EarliestWeek=1&LatestYear=2021&LatestWeek=53&DocTypes=A%2CA8%2CA9%2CB%2CB8%2CC%2CC2%2CC3&ResultsPerPage=50&Start=0&DateSearch=0


ENVIRONMENT EXPOSURE SENSOR

32
H Khawaja, D Swart, S Antonsen @ Windtech AS. Measuring Environmental Exposure. UK Patent GB 2588580. Link
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Temperature = -23°C, Relative Humidity = 72% 
Wind Velocity = 8 m/s Wind Velocity = 0.5 m/s

Heated Temperature = 12.1°C Heated Temperature = 26.9°C

https://www.ipo.gov.uk/p-find-publication-result?PatentNo=GB2588580&JournalNumber=0&EarliestYear=2007&EarliestWeek=1&LatestYear=2021&LatestWeek=53&DocTypes=A%2CA8%2CA9%2CB%2CB8%2CC%2CC2%2CC3&ResultsPerPage=50&Start=0&DateSearch=0


INTERNATIONAL SOCIETY OF MULTIPHYSICS
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https://www.multiphysics.org/journal
https://www.multiphysics.org/finite-element-analysis
https://www.multiphysics.org/fluid-particulate-systems
https://www.multiphysics.org/
https://www.multiphysics.org/automotive-and-aerospace
https://www.multiphysics.org/conference
https://www.multiphysics.org/explosion-shock-wave


QUESTIONS/COMMENTS

CONTACT
HASSAN ABBAS KHAWAJA

hassan.a.khawaja@uit.no

https://www.linkedin.com/in/hassan-khawaja
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