DYNAMISCHE SIMULATIE
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t[°C]

Dynamisch systeem
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DYNAMISCHE SIMULATIE - BEGINSEL

= Differentiaalvergelijkingen
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DYNAMISCHE SIMULATIESOFTWARES

Library energy system components

* Solar Thermal Processes
* Ground Coupled Heat Transfer
- * Heat Pump Systems
“ * Coupled Multizone Thermal/Airflow Modeling
* Power Plants (Biomass,Cogeneration)
* Hydrogen Fuel Cell Systems

* Wind and Photovoltaic Systems
TRNSYS 1 B * HVAC systems
* Emerging Technology Assessment
BEMS team, ULg * Energy System Research
* Data and Simulation Calibration
Web : http://www.bems.ulg.ac.be * Optimization

EnergyPlus ;
Sky Model . p Air Loop
Module Simulation Manager Module

Shading g Zone Equip

Module Integrated Solution Manager 4 Module

Daylighting Surface Heat s E;J;It(;lggs ' Plant Loop
L Balance : A
Module h Balance  giyulation Module

J Manager Manager Manager
Window Glass ’ Condenser

Module : : Loop Module

EneraviPius

CTF 4 i
) ; AirFlow Network PV Modul
Calculation Module odule

Module

Atic )

for HVAC professionals 16-01-20


http://www.bems.ulg.ac.be/

DYNAMISCHE SIMULATIE - TOEPASSINGEN

Systeem
dimensionering

Energieverbruik

.. Parametrische
Bevestiging

identificatie
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CASE STUDY

Glazing : U, =1,8 W/m?K,

Atic )
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SHGC =0.49 frame factor 10 %

Bricks U=0,24 W/m2-K
Sprandel walls U=0,24 W/m2-K
Roof U=0,18 W/m2-K

Bricks — Sprandel walls - Windows
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COMFORT EISEN

= Frisse luchtstroom per inzittende: 40-50 m3/t
= |nterne temperatuur: 20 a 26 °C
= |nterne relatieve vochtigheid : 40 a 60 %

Source: www.energieplus-lesite.be
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WARMTE WINSTEN
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WARMTE WINSTEN versus WARMTEBELASTINGEN
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CONVECTIEF versus RADIATIEF WARMTEWINSTEN
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VERLICHTING EN BEZETTINGSBELASTINGEN
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ZONNEWARMTEBELADINGEN - VENSTERS
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ZONNEWARMTEBELADINGEN - VENSTERS

At | C )) Loads Values Evaluation
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t[°C]

ZONNEWARMTEBELADINGEN - OPAQUE WANDEN
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ZONNEWARMTEBELADINGEN - OPAQUE WANDEN
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WARMTE WINSTEN

Heat Gains Load Factor Heat Loads
Occupants Radiative : :
Lighting Q= fad- Qrad,max
Equipment Convective - :
Q - fad- Qconv,max
Windows Radiative Internally
accessible mass
Q= fad,gl-g-Agl- (I)s,max
Transmission :: — fout “tin :
%: | Qe = AU(tout - tin)
Opaque walls Radiative +
Transmission N
Qi = AUAteq




KOELSYSTEEM DIMENSIONERING

Hour (summer)
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VERWARMINGSSYSTEEM DIMENSIONERING
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DYNAMISCHE SIMULATIE - TOEPASSINGEN

Systeem
dimensionering

Energieverbruik

.. Parametrische
Bevestiging

identificatie
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CASE STUDY

Glazing : U, =1,8W/m2-K, SHGC =0.49 frame factor 10 %
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VERBETERINGSSTAPPEN

= Referentie:
Verlaagd plafond en ondervloer, geen zonneschermen
= Gebouw envelop :
Toegankelijke thermische massa
Zonwering
= System control improvement:
Daytime free cooling : bypass van de warmtewisselaar
Night free cooling
Geoptimaliseerde regeling voor free cooling
= Gebouw envelop :
Extra isolatiedikte voor buitenwanden (+ 5 cm)

k3
for HVAC professionals
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REFERENTIE

. t.::.:.-feT;m"ng . . = Typisch weergegevens
1 — Heating Demana w2 f = Temperatuur instelpunten :
] v+ Discomfort time [%] : Zomer 26°C/30°C
0 - 00 Winter 21°C/16°C
0 fe: = Bewoning :
8 h—18h
: » 7.5 m?/occ
: 40 m3/h.occ frisse lucht
B 6 W/m2 verlichting
= 10 W/m?2 apparaten
gt = Warmteterugwinwisselaar
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VERBETERINGEN VAN DE ENVELOP

Accessible thermal mass
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Solar screens
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SYSTEEMCONTROLE VERBETERING

Free cooling
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Optimized free cooling set point
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Fraction of free cooling fan air flow

OPTIMALISATIE FREE COOLING INSTELPUNT
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EXTRA ISOLATIEDIKTE VOOR BUITENWANDEN

Improved Envelope insulation
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THERMISCH COMFORT - GEEN CHILLER

o




THERMISCH COMFORT - GEEN CHILLER

Comfort
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CONCLUSIE

= Toepassingen van dynamische simulatie :
Dimensionering van verwarmings- en koelsystemen
Schatting van het energieverbruik
Verificatie van thermisch comfort

= Verbeteringen opties :
Shading systemen
Optimalisatie van controle  >>> ROI < 15 years
Isolatie van gebouwen >>> ROI > 15 years

k3
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DYNAMISCHE SIMULATIE - TOEPASSINGEN

Systeem
dimensionering

Energieverbruik

.. Parametrische
Bevestiging

identificatie
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VALIDATIE VAN SIMULATIE INSTRUMENTEN

IEA EBC Annex 71 Holzkichen Twin Test Houses

="
—

View of West

View of South

kitchen
T.44 m2

living
33.65 m?

View of East

View of North
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VALIDATIE VAN SIMULATIE INSTRUMENTEN

Berekend versus gemeten zonnestraling op gevels

000 - _
800 South o]
600
400,

200!

IEA EBC Annex 71 Holzkichen

Calculated irradiation (W/m?)

0 200 400 600 800 1000 ) 200 400 600 800 1000

AtiC ))) Measured irradiation (W/m?2)
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Temperature [°C]

BLIND EXPERIMENT
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Temperature living zone

VALIDATIE VAN SIMULATIE INSTRUMENTEN

IEA EBC Annex 71 Holzkichen Twin Test Houses

40 T
= qalc
B — meas
n =, e
'y
s \n, "*\4
20 =
AV SNSRI
15
10
S Y R calc
5 S T s
Fheted g ey
0 -
-5
=10

o1 2 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Atic

for HVAC professionals

Plaats - Titel presentatie

Day

16-01-20

BOOO

-+ 7000

G000
5000
4000
3000
2000

1000

—1000

—2000

35

Heating Power (W)



) e I[EA EBC Annex 71
V:faitigﬁr Y . | & Holzkichen Twin Test Houses

Vs 7=

Figure 21: External installation of the Twin Houses Vaillant “aroTHERM VWL 55/2 A”
air source heat pump, left in summer, right in winter,



VALIDATIE VAN SIMULATIE INSTRUMENTEN

IEA EBC Annex 71 Holzkichen Twin Test Houses
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Air temperature (°C)
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STRATIFICATIE EFFECT

= Child1 zone electric radiators : 5 °C on average, 10°C maximum

Holzkirchen Twin Test Houses Experiment 2019/01/01 - 2019/01/10 : House n2, zene child 1
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INTERNE THERMISCHE BRUGGEN

Saints Pierre et Paul, Neder-Hover-Heembeek, Cam(b)bridge Project supported by innoviris
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DYNAMISCHE SIMULATIE - TOEPASSINGEN

Systeem
dimensionering

Energieverbruik

.. Parametrische
Bevestiging

identificatie
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PARAMETRISCHE IDENTIFICATIE

IEA EBC Annex 71 Loughborough case

RAD RAD
. - - B Bathrogm h- i
A\ p O ||B EDEE
Xy —\_ Kitechen ’
> N S N 9 > \ — e
~ v EEE, - A L \ Q ||we
: n Lﬂ.l N T J Dining room 2
— « R ? o) ;c;’]m LL : Bedroom 1
LT i c 3 :
.- r'!-'v-'j = T l
] = 'l ©] N 3
i . - A - —
(D f L
J. unoccupied
Living room PTRV Bedroom 2
PTRV hdid PTRV
RAD 1 \E RAD S

* Gebruik van de gemeten radiatortemperaturen om de warmteafgifte van de ketel op
te splitsen in de verschillende gebouwzones
* Multi-zone modelling op basis van interne temperaturen gemeten per zone
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PARAMETRISCHE IDENTIFICATIE

Gebruik van de gemeten radiatortemperaturen om de warmteafgifte van de ketel op
te splitsen in de verschillende gebouwzones 7]
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Heating Power (W)

Radiators AU’s — 4 days static analysis

. dé,, n
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Heating Power (W)
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Calc total heat gains [kKWh]

Zones HLC’s — 10 days static analysis

Qrad + Qin + Qsol

= HLC (Hin - Qout)
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Meas total heat gains [KWh]
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Zone HLC [W/K] HLC std [W/K]
House 308.04 56.38
Hall 137.88 47.17
Bed?2 48.64 35.83
Living 43.11 15.21
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Living zone — 10 days dynamic analysis
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RMS of error : 0.95 K
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CONCLUSION

= Validatie van dynamische simulatietools :
Evaluatie van zonnewarmtewinsten
Modellering van het stratificatie-effect van lucht
Aanwezigheid van interne thermische bruggen

= Parametrische identificatie :

Naar Effective Performance Assessment
= Building Envelope Heat Loss Coefficient
= Systeemefficiénties
= Evaluatie van onzekerheden van metingen
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