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What is an Engineer? %

+ Problem Solver (indu rey‘pf%blems)

 Design and Synthesis (industry
experience)

+ Engineering is the synthesis of real-life
industry and science

+ Applied vs Fundamental research




1
“In the early days of av'
the aircraft designers
were also the test pilots. =
This had the effect ‘\“(

of weeding out the bad designers™
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Was this good or bad?
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]t‘ Why Engineering Simulation?r,\\\

Three Historic Examples















The creation of a virtual reality scenario

based on actual reality

using computers

to enable the evaluation of the performance of

an item, device or system

without having to physically build any hardware.
(HvdW) O
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CFD

Computational Fluid Dynamics

Finite Volume or Finite Element
Analysis of complex ThermoFluid
Systems

Formula 1 Race Car



CFD

Computational Fluid Dynamics

Finite Volume or Finite Element
Analysis of complex ThermoFluid
Systems

¢ Conservation of Mass
¢ ‘Conservation of Energy
¢ Conservation of Momentum



CFD - Conservation Equations




CFD - Conservation Equations

x-component of the incompressible Navier—Stokes equation:
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A typical CFD model for an F1 car requires 1,150 computer cérgsl |
and generates nearly 550 million data points for each model. To
run a single simulation typically takes 5 hours.




My Field of Re

Systems CFD: 1-D'€FD

>
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Full 3-D CFD is often too cg/mple.x,,.and slow

Systems-CFD approaches real-life engineering
problems as blocks of problems connected
together. Advantages are:

¢ Speed of specifying the problem domain
¢ Reuse of previously created blocks
¢ Speed of solution — typically seconds on PC



SyStemS CFD Simple Pipe Flow

¢ Graphical ¢ Boundary conditions

- Aurl Gases
Fluid data -
(Pure Fluds)
Pressure 200.0 kPa reference Master}
Temperature 15.0°C Pressure 100.0 kPa

Length 10.0m =
100.0 mm
45.0 gm

Diameter

Roughness

"P »_ Temperature 14.751°C

Mass flow 2.651 kgfs Heat transfer  0.000 kKW

Velocity 243611 mfs Density 1.386 kg/m?®
: : Heynolds

Sonicvelocity 322 243 m/s number 2045436791

Pressuredrop 100.000 kPa




SyStemS CFD Simple Pipe with Heat Transfer

Fluid data
reference
Pressure 110.0kPa

Temperature 80.0°C
Length
Diameter

Roughness
o

Mass flow 0.019kg/s
Velocity 0.040 m/s
Density 571.791 kg/m?®
Quality -0.042

H20 - Water|
General (Two
Phase Fluids)
{Master}

Pressure 100.0 kPa
200m
250 mm
45.0 gm

=]

—#{_  Temperature 99.606°C

Heat transfer  32.399 kKW
WVelocity 47. 726 mfs
Density 0.811 kg/m?®
Quality 0.721

Ambient velocity 20.0m/fs Reynolds number 18483.866
. MNusselt number 82410

T ambient (convection) 300.0°C

Prandtl number 0.699
Convection coefficient 90,863 W/m2 K
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Systems CFD - Real Examples

g
E ‘ Natural Gas Facility:
Blowdown Temperature
Calculation



High Pressure:
15 000 kPa

Blowdown Gas
Temperature
-100°C
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Bath fluid transfers heat energy
to the process heating coil




HP Skid Heat Transfer

— Pipe 1 [kW] —— Filter F-2610 [kW] — Pipe 2 [kW] HP Skid Gas Quality
—— WBH E-2640 [KW] — Pipe 3 [kW] —— Pipe 4 [kW]

— Pipe 5 [kW] — Pipe & [kW] —— Filter F-2685 [kW]

—— Pipe 7 [kW] —— Pipe 8 [kW] 21

— Pipe 4 — Pipe 5 — Pipe & — Filter F-26856 — Pipe T

HP Skid Gas Density HP Skid Average Velocities

— PRipe 1 [mis] — Filter F-2610 [m/s] —— Pipe 2 [m/s]

— WEH E-2640 [mis] — Pipe 3 [m/s] — Pipe 4 [m/s]

— Pipe 5 [mis] — Pipe & [m/s] — Filter F-2685 [m/s]
— Pipe 7 [mis]

—— Pipe 1 [kg/m] —— Filter F-2610 [ka/m?]
——WEBH E-2540 [ka/m?] Pipe 3 [kaim?]
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200 300
Time [5]

T T T T T 1
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Pipe 2 Temperatures

—8—0s —8—100s —®—200s —@—207s —@—273s 300s —@—400s —@—500s —@—560s

-18 °C MMT (APA)

-29 °C MMT for A106 Gr B
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-45 °C MMT for A333 Gr 6

Spool Position [Node]
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Systems CFD - Real Examples
t
'

Medical Retort
Ethylene Oxide Sterilisation Cycle






®

Medical Retort Ethylene Oxide Sterilisatio

DN: 15 Schedule: 40 STD 1330 gﬂ!
(U.S.)imin,
12mn.400kPeg | 1 EO 5 Length  5.000m squifpsi)
Stati pressure 801.3kPa e
Tempertue  47.0°C ; Notes Nogoot
ode - ode -
EoBC EO Supply EOValve
Massfiow 00kgh  Valve% 00%
Velocity ~ 0.0mfs
DN: 15 Schedule: 40 STD 4.000al | DN: 25 Schedule: 40 STD
o (U )jmin.
15mm. 700 kPag T N2 p Length  5.000m sqtips)  |Length  3.000m 05023133
Static pressure 801.3 kPa e @ N2 0.75523
e E—— (PP —r—> Ar 0.01344
Temperature  47.0°C
Pe Nz BC Node -7 Node -2 Node -6
N2 Supply N2 Valve EO & N2 Supply BC {(HD‘
Mass flow 0.0 kg/h Valve% 00% Mass flow 0.0 kgh Ty
Velocity  0.0mfs Velocty  0.0mjs e @
DN: 50 Schedule: 40 STD
DN: 15 Schedule: 40 STD 0.880 gal /ﬁc‘ Length  0.200m 3520gal
(U.S)imin ov {U-S )fmin
15 mm. 120C : H20 . Length  5.000m sqripsi) Kentry — 0.500 sqr(psi)
Pressue  150.0kPa
FO——— PP —— >
Te it 1200°C
empersture H20BC Node - 77 Node-3 MNodd - 25
H20 Supply H20 Valve Retort Exit Pipe 11-XV-250
Mass flow 0.0 kg/h vave%  0.0% Retort Massflow  143.8kgh Valve% 100.0%
Velocity  0.0mfs Velocty ~ 16.8mfs
Staticpressure 101.300kPa  Density  1.101 k/m?®
DN: 50 Schedule: 40 STD fg gﬂ) /gal Temperature  47.0°C Actfow  13058mh
jmin
50mm. atm T AIr o Length  5.000m sqripsi) Gosmass  22.058kg Stdfion  117.28m¥h
Static pressure 101.3kPa - e Mass Fractions Mol Fractions Bypass Valve
Tempetue  47.0°C 02 023133 oz 020938 311gal
Arge Node -9 Node- 4 cv (US Ymin
Air Supply Airvalve N2 0.75523 N2 0.78087 sart(psi)
Mass flow 0.0 kg/h Valve%  00% HZO  0.00000 H20  0.00000 Valve% 100.0%
Velocity  0.0mfs C2HIO  0.00000 C2HAD  0.00000
Ar 001344 Ar 0.00874

Fuel Gas

Temperature 15.0°C

CH4 fraction

Flow multiplier: 19.824

1.000

Node-102 1 ai ntet

e

Primary Air

Temperature 15.0°C

T Combustion Air
e @ _ Mass flow 1059 kgfh
Actfiow  8636mih
MatGasiniet 1008~ 1021
Burner Fuel Std flow 86.33m'h
Mass flow 5.340 kgfh T SecondaryAir
Actfiow  7.85mih Temperature 15.0°C
Stdflow  7.85mih Node 103
Pressure In 101.188 kPa Secondary Alr 1BecAlriniet
Suction Volume Flow  174.048 m¥h Massflow  111.2kgfh Messfow  0.0kgh
Swept Volume 150041 Actfiow  942m7h ‘ Actfiaw 0.000mh
Speed 1450.0rpm Sufiow  s42mih ke Stdfiow 0,000 m¥h
Volumetric efficiency 0750 @ Stalic pressure 101300kPa
Heat Loss Script ’
DN: 50 Schedule 40 STD DN 250 Schedule: 10
Length  2.000m Length  05m Bumer [Heatioss 10060 |
Kexit 1.000 Kexit I
o
Node - 73 Node - 114 Node -35 Node - 98 Node -99 Node - & MNode -81
Vacuum Pump Pump Heat Loss Pump Exit Pipe Bumer Entry Stack & Exit Loss
Massflow  143808kgh [Heat  -LITKW Nessfow  1438kgh Massflon  255.0kgh Gas Bumer Tox Temperature 820.2°C
Psupstream 101,188 kPa Velocity  15.3mjs Velocity 11mis Length 3200m Density  0.317kgim®
Psdnstream  101.792kPa Actfiow 2o Act flow 213537 meh Flowarea 0360m? Velocity D444 mis
Sweptvolume 15001 Sdfiow  117.3mh Stdfiow 2115mih Velocity 0653mjs
@ 0604 kPa Ps 101284 kPa Temperature  17.7°C Act flow 846 0mijh
Temperature 20.0°C Density 1194 kg/m® Resident ime  4.9025
Density 1.205 kg/m® Mass Fractions Mol Fractions Mass Fractions Mol Fractions
Temperature 20.0°C 02 o224 0z 020080 02 01426 0z 01276
N2 0.73%42 N2 075184 N2 073951 N2 075132
co2 000000 co2  0.00000 co2 005745 co2  ooane
HO 0,000 H20  0.00000 HO 004703 HO 00743
C2H40  0.00000 20 0.00000 C2H40  0.00000 20 0.00000
Ar 001316 Ar 0.00938 Ar 001316 Ar 0.00838

002034

003718

0.00000

000000




Retort Static Pressure
Time [min]

<—— 2.5-hour dwell time not shown in timeline
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Medical Retort Ethylene Oxide Sterilisation

Retort Gas Composition

02 — N2 — C2H40 H20 — Ar

Mol Fraction

0.0566

0.0045

70 80
Time [min]




Education

| ‘ And Engineering

Simulation



Education — And Engineering Simtﬁaﬁ
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+ Engineering graduates MUST be introduced to - - ’l~
Engineering Simulation

» Universities need to employ or contract relevant ¢

nd- .
competent engineering staff: .

Staff with applicable skills
Staff with significant and relevant industry experience
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Education — And Engineering Si

[TUlc

® You cannot teach a stude S
how to desigh and build a b,md

if you have not personall ‘
designed and built a bridge." . j\l
There is no substitute for = = |
experience (HvdW)

Questions? 0



