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Courtesy of centech.com.pl and http://www.clipsahoy.com/webgraphics4/as5814.htm
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A case study: Heat the house

*Specify the areas of radiators
and the hot water temperature
for the boilerin a house in order

H P 0 to raise the room temperature 1
=|— - :
r 1 degree in 3 minutes
] !
Courtesy of http://www.daalderop.nl/verwarming-en-koeling/twee-cv-zone-systeem/
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Components

House

Water

\\\W Radiator

Courtesy of http://www.daalderop.nl/verwarming-en-koeling/twee-cv-zone-systeem/
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Cause - effect

m

Boiler

The house Is heated

AlIr
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Choice

Neglect the heat capacity of radiator

Heat transfer from radiator
to air is uniform

Adiabatic house

And many more...
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Modelling

Air temperature
Hot water temperature
Heat capacity from the heater
of air
Water _Talr (t)

alr air _Ta|r (t)

hAr

i adiator

Mass of air Heat transfer ’_/ \—‘ The surface
coefficient area of radiator

We choose

o The initial temperature of room is 10°C

o The specific heat capacity of air is 1012 J/(kg*K)
o The volume of the house is 350 m?3

o The density of air 1.024 kg/m?3

o The heat transfer coefficient is 10 W/m?2
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Define the evaluation criteria
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Define the evaluation criteria — The metric

Parameter: design parameter,
chosen by designer

Metric function
Usually from design brief
Input: any intended

or unintended
excitation of the

T J9)aweled
T J9loweled

system
Input 2 Output 2
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What is the metric in this system?

An output (against
expectations)

Part of an output
(against expectations)

Combined (parts of)
outputs

Combined (parts of)
inputs / parameters /
outputs

Courtesy of http://www.daalderop.nl/verwarming-en-koeling/twee-cv-zone-systeem/
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The metric and the criteria
Criterion is the metric for judging (satisfaction)

(At), (AT), =1°C

Time to raise the
temperature by 1°C

Part of the crlterlon (

: V
alr (t +( t) ) air (t) ( )
where ( ) = f( water’Aradiator)""""'>

180 seconds
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Sensitivity analysis
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We cannot always explore every possible solution
An example - Drop an cup on the floor

) 0.00125 secc
Only one step

48 hours on
um 4 3.6 GHZ

The Modelling TV
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Sensitivity analysis

Input /parameterl {

one parameter vs one metric

> B

-f the metric (f) w.r.t. input / param-

C

d

0

T (p)
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Sensitivity analysis
multiple parameters vs one metric

Input /parameterl

Input /parameter 2

Input /parameter ...

- metric (f) w.r.t. inputs / parameters (pl,pz...-

0 0 0
VE = (= F(Py, Py P )s—— T (Pyy Poree Do)y —— T (Pys Pyoere P,
(aIOl (P, P, |0)ap2 (Ps Poee-Py) . (Pys Pase-Py))
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Sensitivity analysis: An Example

%
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Sensitivity analysis: An Example

- @) - m—

217

Sensitive @ | Insensitive

91 1) - (L0 y),a(féyx, )
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Numerical approach of partial differences

0 f(p,+Ap, Pyre-Py)— TPy, Py P)
—  f ’ e P ) = 1 2 n 11 M2 n
op. (Pys Py Py) Ap
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Sensitivity analysis of the

simulation
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Sensitivity analysis in simulation

Suppose the temperature of house is
10°, the water is 55° and the surface 4 )
area of radiators is 5m?2, the model is

Euler method.:
4 T(©/=0.0129-0.000234T (1 y(t+ A = y(0) + Y A¢

- dt y,
Using Euler method to solve
differential equation over the
interval t=0 .. 5000 seconds.

dy(t) _ i, YE+A)-y(©)

dt At—0 At

d
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Euler method in detail

4 )
Euler method:
dy(t
y(t+At) = y(t) + ( )At
\_ y,
%
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Sensitivity analysis in simulation

1 step
Errors
al

a0
3 steps
504
_ 6 steps
LR steps 1
304
a0
20
20
]'I:I T T T T T T T T T 1 T T T T T T T T T T T T T T T T T T T 1
a 1000 2000 3000 4000 3000 <

Exact Solution Euler |

Steps in Euler
method
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Sensitivity analysis of the

system
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Evaluations — the metric w.r.t initial temperature

Time to raise the
temperature by 1°C

200

120

180 seconds. > 130

170

160

150

b
e
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=

C12 14 \16 13
Initial room

temperature

921042
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Evaluations — the metric w.r.t. surface area & water temperature

d T —T.(t)
M. c. —T . (t)=—water air
air ~air dt a|r() 1

h'A\'adiator

Time needed to
raise the
temperature by 1°C

Water
temperature (°C)

Area of radiator (m?)
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Evaluations
1°C@180 s

1°C@220 s
1°C@240 s
1°C@260 s
1°C@280 s

 Safe zone |

Area of radiator (m?)

45 N so 55 6
Water

temperature (°C)
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Recall: A more complicate case

Simulate from
D) 0.00125 secc
Only one step

48 hours on
um 4 3.6 GHZ

The Modelling TV
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Evaluation of the results: Sensitivity analysis

—(@)—

Design for
‘insensitivity’/
tolerance-
insensitive, wide
tolerances

—
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What did we learn today?

SATANANY analysis Sensitivity analysis SensitivizZiy
J;ANNSYS Sensitivity analysis Sensitivity arnalypszs
[SNSNNANAYN ana\vsis Sensitivity analysis SensitiviZiy
7sis Sensitivity analyszs
[ORES Il IENELESO RIS vity analysis Sensitiviey
'S1S Sensitiviiv ana/rszs
TRASVUWWATY a0 s Sensitit Proper adjustment of design
TWRANS D20 parameters
RISV 30ply s o | leads to petter designs
TWANTLS SR0SITNLTY analysis

ULy N7LYSIS

e

Parameters play different roles in  z%4
both modelling and simulation 4
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