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IR, Spectroscopy, and Numerical Modelling Research Group. 
https://en.uit.no/forskning/forskningsgrupper/gruppe?p_document_id=418239
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EVOLUTION OF FLUID MECHANICS

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 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑐𝑐
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EULER (1757)

𝜕𝜕𝜌𝜌
𝜕𝜕𝑐𝑐

+ 𝛻𝛻. 𝜌𝜌𝒖𝒖 = 0
𝜕𝜕(𝜌𝜌𝐮𝐮)
𝜕𝜕𝑐𝑐

+ 𝛻𝛻. 𝐮𝐮⨂(𝜌𝜌𝐮𝐮) + 𝛻𝛻𝑝𝑝 = 0
𝜕𝜕𝐸𝐸
𝜕𝜕𝑐𝑐

+ 𝛻𝛻. 𝐮𝐮 (𝐸𝐸 + 𝑝𝑝) = 0
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NAVIER (1822)

𝜆𝜆 + 2 𝛻𝛻 𝛻𝛻.𝒖𝒖 − 𝜇𝜇𝛻𝛻 × 𝛻𝛻 × 𝒖𝒖 = 𝜌𝜌
𝜕𝜕2𝒖𝒖
𝜕𝜕𝑐𝑐2
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STOKES (1845)

𝜌𝜌
𝐷𝐷𝒖𝒖
𝐷𝐷𝑐𝑐

= −𝛻𝛻𝑝𝑝 + 𝛻𝛻. 𝝉𝝉 + 𝜌𝜌𝒈𝒈
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NOTABLE OTHERS

Augustin-Louis Cauchy (1789-1857) Siméon Denis Poisson (1781-1840)

Jean Léonard Marie Poiseuille (1797-1869) Joseph-Louis Lagrange (1736-1813)
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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 (1987)

IBM PS/2 Machine (1987)
Source: https://www.computerhistory.org/

Box, George E. P.; Norman R. Draper (1987). 
Empirical Model-Building and Response 

Surfaces, p. 424, Wiley. ISBN 0471810339.

“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.”

George Box (1987)
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COLORFUL FLUID DYNAMICS

“Colorful Fluid Dynamics”, an old pun on the Computational Fluid 
Dynamics acronym, CFD, can be divisive. Doug McLean, Boeing Technical 
Fellow (retired), offered the following perspective from his exceptional book 

entitled Understanding Aerodynamics [1]: “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”. 

Professor Phil Roe, Univ. of Michigan, makes a provocative comment in his 
recorded lecture entitled “Colorful Fluid Dynamics: Behind the Scenes” [2]. 

He states that “Even inaccurate CFD can be useful”. He further notes 
that “The power of detailed visualization makes CFD more rich in 

information than experiment”. Few would disagree that CFD simulation 
results innately contain a wealth of opportunity for insight and 

communication.

[1] McLean, D., “Understanding Aerodynamics” (2013), p.492, John Wiley & Sons, Ltd.
[2] Roe, P., “Colorful Fluid Dynamics: Behind the Scenes”, retrieved from https://bit.ly/2IqE4gX
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CFD TODAY (2021)
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WHAT’S NEXT?

H KHAWAJA (KEYNOTE), 16TH MULTIPHYSICS, 9-10 DEC 2021



WHAT IS MULTIPHYSICS SIMULATION?
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Fluid

Magnetic Structure

Acoustic Explosives

Thermal
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MICRO-FLUIDIC VALVE
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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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FLUIDIZED BED - BUBBLES

Fluid Inlet
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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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FLUIDIZED BED – SOUND WAVES
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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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SHOCK-TUBE (VIDEO)
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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

H KHAWAJA (KEYNOTE), 16TH MULTIPHYSICS, 9-10 DEC 2021

http://dx.doi.org/10.1115/1.4031591


SHOCK-TUBE

26

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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CFRP DYNAMIC RESPONSE

27

H Khawaja, T Bertelsen, R Andreassen, M Moatamedi. 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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CFRP DROP TEST
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Z Andleeb, S Malik, H Khawaja, A Nordli, S Antonsen, G Hussain, M Moatamedi. Thermoelastic Investigation of Carbon-Fiber-
Reinforced Composites using Drop Weight Impact Test. Applied Sciences, 2021, 11(1): 207. https://doi.org/10.3390/app11010207
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Z Andleeb, S Malik, H Khawaja, A Nordli, S Antonsen, G Hussain, M Moatamedi. Thermoelastic Investigation of Carbon-Fiber-
Reinforced Composites using Drop Weight Impact Test. Applied Sciences, 2021, 11(1): 207. https://doi.org/10.3390/app11010207
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TENSILE TEST

30

Even Stange, Zahra Andleeb, Hassan Khawaja, Mojtaba Moatamedi. Multiphysics Study of Tensile Testing using Infrared
thermography. The International Journal of Multiphysics, 2019, 13(2): p. 191 - 202. http://dx.doi.org/10.21152/1750-9548.13.2.191
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FLUID VISCOSITY-DENSITY SENSOR

31

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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FEMUR

32

U Mughal, H Khawaja, M Moatamedi. Finite element analysis of human femur bone. The International Journal of Multiphysics 2015,
9(2), pp.101 - 108. http://dx.doi.org/10.1260/1750-9548.9.2.101
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STREAMLINES - COLD ROOM

33

A Tanveer, T Rashid, H Khawaja, M Moatamedi. Study of Wind Chill Factor using Infrared Imaging. Int J Multiphys, 2016, 10(3): pp. 
325 - 341. http://dx.doi.org/10.21152/1750-9548.10.3.325
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THERMAL DIFFUSION
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H Khawaja, T Rashid, O Eiksund, E Brodal, K Edvardsen. Multiphysics Simulation of Infrared Signature of an Ice Cube. The
International Journal of Multiphysics 2016, 10(3), pp. 291 - 302. http://dx.doi.org/10.21152/1750-9548.10.3.291

H KHAWAJA (KEYNOTE), 16TH MULTIPHYSICS, 9-10 DEC 2021

http://dx.doi.org/10.21152/1750-9548.10.3.291


FISH CAGE

35

O Myrli, H Khawaja. Fluid-Structure Interaction (FSI) Modelling of Aquaculture Net Cage. Int J Multiphys, 2019, 13(1): pp. 97 - 111. 
http://dx.doi.org/10.21152/1750-9548.13.1.97
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TYRE CONTACT
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S Ludvigsen, Z Andleeb, H Khawaja, M Moatamedi, B Alzahabi. Multiphysics Analysis of Contact Pressure Profile of Airless tires as 
compared to Conventional Tires. The International Journal of Multiphysics, 2020, 14(4): pp. 399-425. 
http://dx.doi.org/10.21152/1750-9548.14.4.399
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CONJUGATE HEAT TRANSFER
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H Khawaja, D Swart, S Antonsen via Windtech AS. Measuring Environmental Exposure. United Kingdom Patent Application Number: 
1914757.8. Submitted: 11th October 2019. https://www.windtech.no/
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 PLASMA (EXAMPLE: FUSION REACTION)
 CFD Modelling of Plasma
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POSSIBLE FUTURE WORK?

Source: Wikipedia: Plasma Modeling
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TRIBUTE TO THE FOUNDING FATHERS



THANK YOU

CONTACT

HASSAN ABBAS KHAWAJA

coordinator@multiphysics.org / hassan.a.khawaja@uit.no
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