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Modelling in design

what are you

studying? Case brief
l choices
what
exactly...? System

what does your

choices
model foresee?

what do you choices l

‘touch’ your
thoughts

model

l

Build abstract

foresee?
Thought

‘ simulation

Experience

did you both

A
everything youldid/ saw/ felt/ agree?

remember tp be true...

Acceptable
2

i

choices

Revisit
choices

do you need more
insights/ data?

Courtesy of centech.com.pl and http://www.clipsahoy.com/webgraphics4/as5814.htm
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Cause & effect — The key to modelling

- Cup falls off a table, hits the floor

' What is special about falling off a table? Long
distance, high speed, high acceleration at impact? etc

“Itis not the fall that kills you, but the SUdden Stop at the
end’... Acceleration causes large forces...

Accelerations during impact

Courtesy of http://crapo.senate.gov/services/ConstituentCoffee.cfm
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Modelling: The basic loop

—

Learn Identify, choose

Evaluate Model
Effects

Solve/Simulate

Courtesy of http://crapo.senate.gov/services/ConstituentCoffee.cfm
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Case studies

<3

TU Delft Challenge the future 7
- _000000000000000]
|



Design Brief

Design the functions of an ice
dispenser for McDonald ®

[1)

’m lovin’ it

S—

Fiction case study: For education only
Golden Arches, Golden Arches Logo and McDonald’s are registered trademarks of the McDonald’s Corporation
Ice dispenser image: Courtesy of http://rnmechanicalofsc.com/products.htm
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The next step: System identification

p
what are you .
studying? Case brief
- ‘touch’ your
: thoughts
choices
-
what Build abstract
exactly...? System del
\. L modac
what do you choices choices vmvg?jte(ljcf)g:e)sl::;
foresee? Th h ~
ought w :
- g J Solve/ simulate
( Simulation U
[ Experience ] Compare
. Revisit
everything you/did/ saw/ felt/ d'dayfr’:e?)oth choices
remember to be true... gree: s
'8 o

- -

.. Acceptable ( :
Finish! z Experiment 1
: do you need more L

insights/ data?

Courtesy of centech.com.pl and http://www.clipsahoy.com/webgraphics4/as5814.htm

3
TUDelft Challenge the future 9




What is inside the system?

A cup
of coke

Y : T
kY ): - i,
), » r Y
* _— Fa Y
&

' Europe/
“UScups

. e
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System(s) and system boundaries

Boundary Sub-system
\N Air
/—‘ Boundary

Boundary

Sub-system

lce / Water

Boundary
Sub-System

Sub-system

Cup Coke

Bodmdary
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The next step

hat are yo .
Wstudying);?u | Case brief
‘touch’ your
k 1 choices thoughts
‘
) what | System Build abstract
Y R o |
‘ exactly...’ | Yy model
what do you choices l choices what does you;
n foresee? model foresee?
| Thought : '
simula%ion | Solve/ simulate

choices

‘ Experience

Compare
) k/

i vou Dot Revisit
everything you did/ saw/ felt/ : ay(::e,)o choices
remember to be true... gree:
N

-

38 Acceptable
‘ Finish! F—\,)/

do you need more
insights/ data?

Experiment J

Courtesy of centech.com.pl and http://www.clipsahoy.com/webgraphics4/as5814.htm
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N\

7
\A. Different volumes
N _J/

Our experience

-ce will me. ‘ater cools do

il

Challenge the future 13

Courtesy of http://www.eriding.net/media/states.shtml, http://www.coffeee.net/Kettles-And-Toasters/Kettles/Red-Kettles, http://cater4you.blogspot.com/2009/01/new-products-paper-coke-cups.html
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The next step

”
what are you .
studying? Case brief
\ “touch’ your
. thoughts
choices
e ~ .
what Build abstract
exactly...? System del
= : k mode N
what do you choices choices vag?jtefggfezg:;
foresee? ( Th b - N
ougnt .
: g Solve/ simulate _

L simulation | choices

l Experience \ Compare
Revisit =5
; ; did you both B +
everything you did/ saw/ felt/ s o 5 X
remember to be true... * agree? choices

.. Acceptable ( :
‘ Finish! I 2 Experiment
: do you need more L

insights/ data?

Courtesy of centech.com.pl and http://www.clipsahoy.com/webgraphics4/as5814.htm
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Heat exchange in system(s)

Sub-system
Air

Sub-System ®

Cup

Sub-system

Ice / Water
/

Ql
| 2

s

43 N

Sub-system

Coke
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Heat exchange in system(s)

-Choices
Sub- system We choose \/ /
Alr to ignore
T
Sub- System ‘i‘r’
Sub-system
The cup Ice / Water

/
Ql

is well insulated
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Heat exchange in system(s)
-Choices

Sub-system

lce / Water

]
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Heat exchange in system(s)
-The conventions

Sub-system

Ice / Water
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Thought simulation
System

Sub-system
lce / Water
| - m i Heat:

A 4
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Thought simulation
-Sub-system Ice

Change
of energy
state

Sub-system

lce / Water

Change
of energy
state

Change
of energy
state

Release energy *
through boundary

Release
= give energy ‘back to circulation’
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Thought simulation
-Coke

Q2

Sub-system

Coke

Change
of energy
state

Release energy ’
through boundary
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Physics behind Modelling

<3
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States of matter (Simplified)

%
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Latent heat

DEF: The amount of energy released or absorbed by a chemical
substance during a change of state that occurs without changing its temperature

Courtesy of http://www.gabrielweinberg.com/blog/2010/11/code-icebergs.html
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Latent heat — Quantitative point of view

Energy released or
absorbed during the
change of phase.
Unit(J)

Specific latent heat
Unit(J/kg)

Unit(kg) Specific Latent
heat of water
fusion is

334000 J/kg
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Specific heat capacity

DEF: Specific heat capacity is the measure of heat (i.e. thermal energy)
required to increase the temperature of a unit quantity of a substance by one
unit

Temperature Temperature Temperature

3
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Heat capacity— Quantitative point of view

Energy released or
absorbed
Unit(J)

Specific heat capacity
Unit: J/(kg*k)

Unit(kg) lce ¢,=2050

Temperature differences

c, =4180
Kelvin(K) i

Steam C, = 2080
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What is the similarity / difference
between the models

]
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The next step

Case brief ‘

what are you

studying? touch’
ouch’ your
hough
% choices toughts
"'"\’ s s .
@ what Build abstract
m exactly...? SyStem e
- L L modae
| ; . what does your
what do you choices choices model foresee?
foresee? Th h _ ( )¢
ought :
| ous’ ‘ Solve/ simulate
( simulation |
Experience Compare
Revisit
. . did you both i
everything you did/ saw/ felt/ agree? choices

remember to be true...

"

i -
. Acceptable

‘ Finish! I -

do you need more
insights/ data?

choices

Experiment

Courtesy of centech.com.pl and http://www.clipsahoy.com/webgraphics4/as5814.htm
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Conservation of energy

other eneragy chanage Heat exchanged through
i ° the boundary

AE + | QdA =0

rea of the
oundary

o > >
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How to master basketball

no, do
not look

keep your eyes
on the ball

Courtesy of http://www.lIpl.arizona.edu/~umpire/softball/aiasoftball00.html
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How to master basketball modelling

‘D where does the energy ‘go’?

not look
here!

keep your eyes
on the ball

Courtesy of http://www.lpl.arizona.edu/~umpire/softball/aiasoftball00.html
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Sub-system
Ice:

Ice melting
Ice temperature

increase

Water
(Molten ice)
temperature

Increase

Sub-system

lce / Water

Heat released
through the
boundary

I'4

Courtesy of http://www.eriding.net/media/states.shtml, http://www.coffeee.net/Kettles-And-Toasters/Kettles/Red-Kettles, http://cater4you.blogspot.com/2009/01/new-products-paper-coke-cups.html
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Vlodelling
-Sub-system Ice

Change : P
of energy Emicecpice (O ~ lice_initial )
state : :

: : | Energy
Change :
of energy rr\CGL _takter}
state : : outo

: : | circulation
Change

2w MeC, (T —0)1-

Release energy >'Q1
through boundary  :

. .
....
2,




Sub-system
Coke:

A
Q2
1 )
;’; Sub-system

Coke

Heat released
through
boundary




Modelling
-Sub-system Coke

Energy taken qut of circulation

Change
of energy mcoke Pooke (Tfmal coke_ |n|t|al)

State

Release energy »’ Q2
through boundary




3uilding a mathematical model
System

|
|
|
Sub-system | Ice sub system on :
ange :
Ice / Water : of energy : QZ
| state :
\’L\Ql/ '
|
¥ P
Q2 | :
| Change Q
Sub-system | of energy 1
| state :




Modelling:
In the mathematical form ./ ce

B N

(0-T. i)+ m. L. +m_c (T, —0)=0

ice _ ice —ice ice ™ Pyater final

|Ce plce
> 4

@*Qf‘) /

N

- mcokeCpCoke (Tflnal coke_initial ) 0

>4

Y

(0-T,

e ice _initial

)+m L + M;C (fmal O)]+m

ice —ice iCe ™ Puater (Tfinal _Tcoke_initial) =0

coke Peoke




Modelling

(0-T,

= ice_initial

) + My Lic L e T M O)] + M€ Peoke (Tfinal _Tcoke_initial) =0

|ceCpWater ( final

The specific heat capacity of ice is 2050 J/kg*k

The density of ice is 916 kg/m3

The length of ice cube is 1.6 cm, ice melts at 0°C

The specific latent heat of ice changing to water is 334 000J/kg
The specific heat capacity of water is 4181 J/kg*k

The density and the heat capacity of coke are same as water

The initial temperature of coke is the same as tap water,
which is 10°C



Modelling

(0-T,

= ice_initial

) + Mo L L e T O)] + My C Peoke (Tfinal _Tcoke_initial) =0

|ceCpWater ( final

The specific heat capacity of ice is 2050 J/kg*k

The density of ice is 916 kg/m?

The length of ice cube is 1.6 cm, ice melts at 0°C

The specific heat capacity of water is 4181 J/kg*k
The density and the heat capacity of coke are same as water

The initial temperature of coke is the same as tap water,

ncubes plcvebe The specific latent heat of ice changing to water is 334 000J/kg
which is 10°C



Modelling

(0-T,

= ice_initial

) + My Lic L e T M O)] + M€ Peoke (Tfinal _Tcoke_initial) =0

|ceCpWater ( final

The specific heat capacity of ice is 2050 J/kg*k
The density of ice is 916 kg/m?
The length of ice cube is 1.6 cm, ice melts at 0°C

The specific latent heat of ice changing to water is 334 000J/kg

The specific heat capacity of water is 4181 J/kg*k
The density and the heat capacity of coke are same as water

The initial temperature of coke is the same as tap water,
which is 10°C



Modelling

(0-T,

= ice_initial

) + My L L e T M O)] + M€ Peoke (Tfinal _Tcoke_initial) =0

|ceCpWater ( final

The specific heat capacity of ice is 2050 J/kg*k
The density of ice is 916 kg/m3

The length of ice cube is 1.6 cm, ice melts at 0°C
Lice — 334000 The specific latent heat of ice changing to water is 334 000J/kg
The specific heat capacity of water is 4181 J/kg*k

The density and the heat capacity of coke are same as water

The initial temperature of coke is the same as tap water,
which is 10°C



Modelling

(0-T,

= ice_initial

) + My Lic L e T M O)] + M€ Peoke (Tfinal _Tcoke_initial) =0

|ceCpWater ( final

The specific heat capacity of ice is 2050 J/kg*k
The density of ice is 916 kg/m?
The length of ice cube is 1.6 cm, ice melts at 0°C

=4181

The specific latent heat of ice changing to water is 334 000J/kg

C
Puater
The specific heat capacity of water is 4181 J/kg*k

The density and the heat capacity of coke are same as water

The initial temperature of coke is the same as tap water,
which is 10°C



Modelling

(0-T

= ice_initial

)+ MigeLice + MiceCp (Thinat = 0)] + MeoieCp . (Thinat = Teoke _initiar) =0

ice ice ™ Pyater c

i | \V/ The specific heat capacity of ice is 2050 J/kg*k
) _pwater coke
t

The density of ice is 916 kg/m?

The length of ice cube is 1.6 cm, ice melts at 0°C

The specific latent heat of ice changing to water is 334 000J/kg
e 330ml

The specific heat capacity of water is 4181 J/kg*k

INOEl=Ul « 160z, ~ 453.6¢9 The density and the heat capacity of coke are same as water

The initial temperature of coke is the same as tap water,
which is 10°C



Modelling

(0-T,

= ice_initial

)+ M. Lice +M, —0)]+ MeeCp (Tfinal _Tcoke_initial) =0

|ceCpWater ( final

The specific heat capacity of ice is 2050 J/kg*k

The density of ice is 916 kg/m3

The length of ice cube is 1.6 cm, ice melts at 0°C

The specific latent heat of ice changing to water is 334 000J/kg
The specific heat capacity of water is 4181 J/kg*k

The density and the heat capacity of coke are same as water

The initial temperature of coke is the same as tap water,
which is 10°C



[he next step

what are you ;
studying)]/? Case brief
J
choices
what
exactly...? System
what do you choices choices
foresee? :
Thought |
simulation
Experience J Compare
- - ' did you both
hing you did/ saw/ felt/ agree?

nember to be true...

ini Acceptable
Finish! }— ’

‘touch’ your
thoughts

Build abstract
model

what does your
model foresee?

Solve/ simulate J .
choices

Revisit

do you need more
insights/ data?

Experiment



Solving — we try S ice cubes

" Modeling

[> restart
[> egu = Co Tyt Lo e Coer Ta &+ Mgy Cogly T = 0%

" Solving
For europe
> Proke = 1000 - Pia ™= 916: F, = 0.016-0016-0.016 - m, ;= Poke 330 le—6:m;, =n Pice Vg Myntor
= micﬂ:
my,,:=0.003751936n (kB 1]
:> Chper ™= 41813:C = C 0 L= 334000 : C; == 2050 :
> Ty = 151Dy = Ty = 0: Ty =Ty = 10:
:> =3
> sofwz[equ, Tﬁm.’]
4.769831516 3.2
For American
=> Megteg = Pooig 4336 16—6 2 aqud ==y Cpo Ty + My L+ 0 Cprey T Mo Coptr Tz =0
> safve[equl I}Em’]
6.138383601 (3.3)

p

European
size

American
size

5 cubes




[he next step

what are you

studying? Case brief
. J ‘touch’ your
choices thoughts
what Svstem | Build abstract
2
exactly...? y model
what do you choices choices what does you;
foresee? model foresee*
Thought ) :
) o solve/ simulate _
simulation ) ) choices
Experience J Compare )
did vou bath — Reuvisit
hing you did/ saw/ felt/ d you ,)Ot
nember to be true... agree: J
Finish! . Accegtable >

) -

do you need more
insights/ data?

Experiment



Jesign Brief

what are you .
studying? Case brief
J ‘touch’ your
choices thoughts
what - | Build abstract |
2
exactly...? Yy P
what do you choices choices what does youor
foresee? model foresee*
Thought :
) g Solve/ simulate _
simulation choices
Experience J Compare )
. Revisit
hing you did/ saw/ felt/ dlday(:get;oth
nember to be true... gree: J

Finish!
do you need more
insights/ data?

Experiment



No! American coke is too hot!

Cool tap water Use liquid
' nitrogen to cool

efore serving? :

1 ice?

hat shal
can
me we do?
-U?
Add more
’ cubes?

=

nge the J

Sprite?




ncrease the number of
ice cubes per touch of the button

5 cubes 6 cubes 7 cubes



[he relation between ice cubes & coke
temperature according to our model

10

mperature
European cups
S 7] -
American Cups
he desired
mperature 61

Number of ice
cubes




Revisit our models

? The ice cubes melt
oA
9

~

| (O _Tice_initial ) + Mo Lie + M C (T

ice —ice ice ™ Pyater

final 0)] T mcokecpcoke (Tfinal _Tcoke_initial) =0




LXperiments?

what are you ;
studying? Case brief J
‘touch’ your
choices thoughts
what - Build abstract ‘
2
exactly...’ _ Y | _ o
what do you choices choices what does you;
foresee? \ model foresee? :
Thought :
: g | Solve/ simulate :
simulation 7 | choices
Experience J Compare )
= _ e Revisit =
hing you!did/ saw/ felt/ d'day‘r’:et;"th
nember to be true... gree: ) B
B " Acceptable
FImSh! ? L do you need more
' // insights/ data?




Lxperiment




f we want to create real “ice” coke

/‘ Temperature

} American Cups

Number of
| cubes

ce

We need 1478 ice cubes

500 1000 15\ 2000
at is about 5 \

itres of water




Or when we are satisfied !

what are you .
studying);/? Case brief J
‘touch’ your
choices thoughts
what ST Build abstract
)
exactly...’ Yy model
what do you choices choices what does you;
foresee? | model foresee?
Thought .
: 4 | Solve/ simulate ,
simulation | choices
Experience Compare /
’ I - Revisit
hing you did/ saw/ felt/ 1d you 7°t
nember to be true... agree:
‘4 ;
Acceptable

Finish! J<—

? ” do you need more
” insights/ data?

Experiment



Vhat did we learn?

Your experiences go

; ) Abstract modelling Modelling -
with you in can be verified via Enriching your
modelling thought simulations experiences to be a

and experiments designer







We think...

curiosity
Is fun
knowledge
IS power _
science
IS easy
_ computers
experience are tools
can be harnessed hard work
Is the way to
success
modelli NQg is the way to wisdom
]
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Succes!
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