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INTRODUCTION

A building is a system consisting of:

- the external building structures that delimits a defined volume;

- the internal structures that divide all the rooms;

- all systems and technological devices that are permanently
inside;

- the external environment, the land, other buildings;
- the people that live/work in the building;

- Use of the building .

- Building cladding;

- Climatic conditions of the installation site;

- Type of power plants, distribution and emission;
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INTRODUCTION

Which is the goal of the simulation ?

- design (cladding/plant); ’ V
- energetic analysis; Ffa‘e”}?*‘_?“fa’a

- dynamic response of materials; /
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INTRODUCTION

Design (UNI 11300) Dynamic anaysis

Simulation
Numerical model
Finite difference method

Simulation Energy audit (UNI 11300)
Monthly based steady state condition

Simulation
External temperature — UNI 10349 Monthly based steady state condition

Internal design temperature — 20°C/26°C

External temperature — data

Internal temperature — data

External temperature — UNI 10349 or data R g g e
. o o [j+4) 27 R __‘__._1 S
Internal design temperature — 20°C/26°C or data ¢ ! T T
R R el Ty T
f I 49 |
| | |
1 { P

(L-1) 8z (b= {L+)be X
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INTRODUCTION

__» External wall
T

_» Retaining wall

——— Foundation

, Internal division

. Windows

— Foundation

To analyze a building is important to know all of
the components of the wall/windows and the
different exposures of this elements
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INTRODUCTION

the generalized equation integration of Fourier, for example particularized to one-dimensional
conduction problems in varying arrangements, namely in the form:

Et(x,9)  St(x,9)
5x 88

o, ¢, A, |, a: respectively the density [kg / m3], the specific heat [J / kgK], the thermal conductivity [W / mK], the
thickness [m] and the thermal diffusivity (a= A/ ¢) [m/ s2].

t*. : the temperature of the outer face, sum of a sinusoidal temperature t, of period and an average
temperature tem *, You, tim analogs values related to the inner face * * The angular speed =2 */ *

a where t is the temperature and 0 is the time.

t* = tom + te & | sen[(6- PUo)]

1

t. = tem * te sen(wd)

o
p 2a
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INTRODUCTION
the generalized equation integration of Fourier, for example particularized to one-dimensional
conduction problems in varying arrangements, namely in the form:

X i(x,%) otx,G . : :
a- (%, 9) = (X, %) where t is the temperature and 0 is the time.
oX o4
A The thermal flux inside the structure has values that
depend on the x coordinate:
56°C
Te

q"(x) = —A(6T /6x)(x)

42C

23C

14°C

Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders Pag. 8



E,ARUEE;_& Co-funded by the

Erasmus+ Programme
—--}“ of the European Union
INTRODUCTION

the generalized equation integration of Fourier, for example particularized to one-dimensional
conduction problems in varying arrangements, namely in the form:

d

29 S(x,9)

OX

o9

940\

0\ ;‘\A\E Qs =U.AT |

where t is the temperature and 0 is the time.

The thermal flow inside the structure has values that
depend on the x coordinate

q"(x) = —A(8T /6x)(x)
After some time the flux reach the steady state condition

q's = U(AT)
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The main dynamic parameter to study the thermal energy transferred throught the wall structure

are.

The periodic thermal transmittance (or dynamic) Yie:
the ratio between the heat flow per unit surface which
crosses a face of the structure and the temperature
change on the opposite face, calculated keeping
constant the temperature on the first face.

Aq

[T%/ﬁnlzki]

Temperature
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The main dynamic parameter to study the thermal energy transferred throught the wall structure

are: Tempa rature -
_ _ _ B R i s _ﬂ_j' R
Lag or thermal wave time delay ¢ [h]: The time period - 754— =P TATe
between the maximum value of the external stress (Te) ] ‘X 'AT‘
and the maximum of its effect (q"i) W s sl it I Y B i R
A . _____1_.___.__“_:___\_ ______
Inverse of the imaginary part of the inverse of thermal periodic conductance, refers to a e : =
side of the element, divided by the angular frequency (kJ/m? K): | I Ll_
Flussi (- At " J: e .
i ; . . [ em—— = = 1] - A
Heat capacity per unit area x.: heat capacity Cm /T N .
divided by the area of the element: l f ] \ | | Age
e ot - S kv et A
N e == Ims
Cn 1 T R e e W
Im = T v N
3 —— Om S \
Y~y 213 | == | N
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The equation that describes the behaviour of a building under steady state
condition is:

Utilization factor of the
free contributions (0-1)

QH,nd — QH,ht — T1H,gann

L L Energy gain
Energy losses an
in
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INTRODUCTION

The equation that describes the behaviour of a building under steady state
condition is:

Qc,nd = an - nC,IsQC,ht

Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders Pag. 13



Co-funded by the
Erasmus+ Programme
of the European Union

INTRODUCTION

condition is;

an — ant + Q50| 1 Q.HI,tI- ) I

Energy gain l

QH,nd — QH,ht — T]H,gann
Energy losses

Qunt = Quve + Quer

Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders Pag. 14
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STEADY STATE ANALISYS

The equation that describes the behaviour of a building under steady state condition is:

Energy contribution for solar gains
Net energy demand for heatmg Energy contribution for internal gains ﬁ ‘]

QH,nd = QH,ht —NHgn " an = (QH,tr + QH,ve) — NHgn ° (Qint+Qsol,w)

L L Energy loss for ventilation

Energy loss for transmission

Net energy demand for cooling

Energy contribution for solar gains
r rEnergy contribution for internal gains

QC,nd — an —Nu,is QC,ht = (Qint+Qsol,w) - 77Hgn ) (QC, + QC,ve)

Energy loss for ventilation
Energy loss for transmission

Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders
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STEADY STATE ANALISYS

The equation that describes the behaviour of a building under steady state condition is:

Energy contribution for solar gains
Net energy demand for heating Energy contribution for internal gains ﬁ ‘]

QH,nd = QH,ht _nH,gann Q]—I,nd - (QHW_|_ QHV@) - ﬂgn(Qint_l_QSOl)

L Energy loss for ventilation

Energy loss for transmission

Ny gn’ utilization factor of the free contributions (function of the ratio of Q,,/Q )

Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders
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ENERGY LOSSES FOR TRANSMISSION

The transmission energy losses can be calculated as:

skywards extra flux (W)

QH,tr — Htr,adj (Hint,set,H - 93) t + Z Fr,k(pr,mn,k t+ Z(l - btr)Fr,l(pr,mn,u,l t— Qsol,op
L global heat transfer coefficient (W/K) skywards extra flux for non-heated zones (W)

Herqqj = HD + Hg + HU + HA

Luglio

Dicembre

Genova 13.5 °C

Genova -1.7 °C _
Agrigento 15.9 °C __*

Agrigento 1.2 °C

r-::n/
||§-

Genova 9.3 °C

- 20 °C 10—
QA 18 lec 1
Qs

Agrigento 12.2 °C

<

rr Ty
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ENERGY LOSSES FOR TRANSMISSION

The transmission losses through external walls are calculated as below "

—

QH't”_Ri+R1+R2+---+Rn+Re
==h At. -t |= = =_.=Ult, -t
A ‘1.::.;{: p!) 1 +-5'1 1 +5'1 +-5'2 ('I e)

L pi \
A(ei _ ee)

UNI 6946: external ed internal convective/radiative heat transfer coefficient (m2 K/W)

Ascending heat flux Descending heat flux  Horizontal heat flux
Ri 0,1 0,17 0,13

Re 0,04 0,04 0,04

Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders
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ENERGY LOSSES FOR TRANSMISSION

Good insulation -

Low environmental impact —

Flammable _

Very good insulation -

Hight environmental impact

><

Mineral wool

Qil derivatives
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ENERGY LOSSES FOR TRANSMISSION

The airgel is a nanoporous material that is
compound by 97% of air and 3% of

silicon dioxide. It is really light and it has a

very low thermal conductivity, equal to A =
0.013 W / mK, making it the material with S ———_ 1400x720

higher insulating power in the world.

Conduttivita Termica (Ap) a 10°C 0.0131 W/m-K EN 12667
Permeabilita al vapore acqueo 4.51 % 106 g/Pasm?’ ASTM E 96
Resistenza diffusione vapore acqueo 5 7 ASTM E 96
Temperature limite di impiego -200 +200 “C
et e | e
iR et L L e
Calore Specifico 1.000 I/kgK ASTM E 1269
Densita nominale 150 kg/m?

Classe di Reazione al Fuoco Cs.D - EN 13501-1

10

Assorbimento di acqua a lungo termine per

o
Master Degree in InnovativeTechnologies in Energy Efficient Bt | immersione totale (28 giorni) Ga:'h Noval. EN12087
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The transmission losses through windows are calculated as below \/ // ;’ ”*1
! \
1 2 3

Qutr = AUy (6; — 6,) linear (lineaica) thermal transmittance

due to the combined effects of the
spacer, frame and glaze
U — AgUg + ArUr + Iy,
v Ar + A

UNI 6946: external ed internal convective/radiative
heat transfer coefficient (m?2 K/W)

Horizontal heat flux
Ri 0,13
Re 0,04
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ENERGY LOSSES FOR TRANSMISSION

Extra flux for thermal bridge are calculated as below (UNI 14683, UNI 10211)

Hp =Z,AiUi +z bpr + ) /Xj
[ k J

T~ ' o l”L;"_:_‘:_ e ey
The linear thermal transmittance (W) is equal to the heat flux \\l\\

gap (compared to the value obtained with a one-dimensional h\‘l
calculation) in a bi-tri dimensional thermal field, under steady 11k
state condition, divided by a characteristic length of the thermal  ERIEE
bridge and to the temperature difference between inlet-outlet T ! :::k

surface:

Pk I R o
LPTAH LPTAH i LPTAH 2D i b

Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders Pag. 23




U MARUEEE.

e

Co-funded by the
Erasmus+ Programme
of the European Union

ENERGY LOSSES FOR TRANSMISSION

Extra flux for thermal bridge are calculated as below (UNI 14683, UNI 10211)

BTN N
LPTAH LPTAH i LPTAH 2D i b

Y =

R — Roofs; C— Corners; IF — Internal Floors; IW — Internal
Wall; GF — Ground floors; P — Pillars; W — Windows and
door openings.

<R e
7 |
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ENERGY LOSSES FOR TRANSMISSION

The linear thermal transmittance of thermal bridges must be calculated through numerical models or manual calculation
methods (UNI 14683). Some abacus are available to simplified the calculation.

. 0.127 W 5
V. =0.112+0428-U ——— | —— |
- 1 - K >_ 3 I
q 7p1§o
A-dimensional transmittance TR Ree| Aeal fi Aea|Rsi
U* = Uwall/Ubeam E— = E e
el <l !
: L EENS: L N TR
Equivalent transmittance : =S 150 TR
Aeg= transmittance without . [ = . | KSR OGS B
insulation = 1]_:11 |
., ;,, }\\ﬁEDQQQE D?E SO}
21 Nl 2NN L"l"i :
1 . r— §<—>
| Lpag |
IFCE N A ¢ 11 Av
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ENERGY LOSS VS INTERNAL ZONE

If we analysis the thermal loss trought a wall that divides a heated room by a un-heated zone a correction factor (b,) must
be considered.

b — Hue
i Hiy + Hye
Where:
- H., is the heat exchange coefficient between the air-conditioned and non-conditioned environment, calculated
according to UNI 13789 (W/K);
- H,. is the heat exchange coefficient between the and non-conditioned environment and the external, calculated
according to UNI 13789 (W/K);
Adjacent environment beru
Room with windows and at least two external wall 0,6
Not insulated crawl space 0,9
Cellar 0,5

07/11/2016 Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders 26
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ENERGY LOSS VS INTERNAL ZONE

Adjacent environment bery
Room with windows and at least two external wall 0,6
Not insulated crawl space 0,9
Cellar 0,5
. Hue
tr,U —
H iu T H ue

C1=t>0C 20° C

C2=1<0°C+-5C 20°C

C3=t<-5C+-15°C

07/11/2016 Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders 27
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ENERGY LOSSES FOR VENTILATION

The transmission losses due to ventilation (natural or forced) can be calculated as below:

QH,ve — Hyeadj * (Hint,set,H — 99) -t
Hve,adj = pg - Cq- z bve,k
K

Dove:
Hye qaj ventilation global coefficient[W/K];

Oint set.n set point internal temperature[K];
6_6, the external average monthly temperature [K];

bye i temperature correction factor;

Qve x is the air flow rate averaged on time [m3/s]; ' X

C is the air specific heat 1000 J/kg K b ™ d

07/11/2016 Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders
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ENERGY LOSSES FOR VENTILATION

Quve = Hyeaaj* Ointset,y —0e) ° L r correction factor < 1 (=1 with mechanical ventilation )

Hve,adj = pg-Cq- bve,k Ventilation heat transfer coefficiente
K
Qve,k,mn = (Qve,o + q,ve,x) e X (1 _ ,Bk T (‘he,f X bve X FCve + Che,x@

Dove:

Qve.0 is the flow air rate for natural ventilation [m3/s]; during the time fraction in which the mechanical
q'vex  isthe flow rate due to wind effect [m3/s]; ventilation system is not working (1 — fy)

Qve,f is the nominal flow rate of air for mechanical ventilation [m3/s];

Qve x is the extra air flow rate for leak [m3/s];

Dye is the temperature correction factor;

FC,, is the ventilation system regulation efficiency factor (tab);

L is the time fraction in which the mechanical ventilation system is working

07/11/2016 Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders
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ENERGY LOSSES FOR VENTILATION

Qe = ve,adj * (Bintsety — e) - t r correction factor < 1 (=1 with mechanical ventilation )

Hve,adj = pg-Cq- bve,k Ventilation heat transfer coefficiente
K
Qve,k,mn = (Qve,o + q,ve,x) e X (1 _ ,Bk T (‘he,f X bve X F ve T qve,x@

Qe k mn = Qve0k X fve,t’k (Design condition — UNI 10339)

—|—> fre ¢ = utilization factor for time correction (table)

Qve,0,,= design flow rate. For residential buildings is equal to n V/3600 with n=0,5h"*

07/11/2016 Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders
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ENERGY LOSSES FOR VENTILATION

Qe k mn = Que0k X fve,t,k (Design condition — UNI 10339)

—_—

\_;

fre ¢ = utilization factor for time correction (table)

Qve,0,.= design flow rate. For residential buildings is equal to n V/3600 with n=0,5h"*

Qve0 x is defined by the standard UNI 10339.

The standard provides the methodology for
calculating the mechanical ventilation flow
rate according to the type of building.

07/11/2016

prospetto E.2

Categoria di edificio

Sottocategoria di edificio

Fattore di correzione per la ventilazione in condizioni di riferimento

Master Degree in InnovativeTechnologies in Energy EffigiGRE Buildings for Russiaf

Destinazione d'uso Lox
Abitazioni civili® 0,60
EAd Collegi, luoghi di ricovero, case di pena, caserme, conventi
Residenze a carattere Sale riunioni 0,51
continuativo DarTRaRbICaes 1,00
EA Servizi igienici con estrazione 0,08
Edifici adibiti a residenza e E.12 & . ; . 0,60
assimilabili Residenze cocupate saltuariarhente Vale quanto pres;ntto per le residenze a carattere continuativo )
g Ingresso, soggiorni 1,00
E13 Sale conferenze/auditori (piccoli) 0,47
Alberghi pensioni e atiivita similari Sale da pranzo 0,34
Camere da letto 0,26
Uffici singoli 0,59
Eo2 Uffici open space 0,59
Edifici per ufficl e assimilabili Call-Center/centro inserimento 0,59
Locali riunione 0,51
Degenze (2 -3 letti) 1,00
_Corsie 1,00
Camere per infettivi 1,00
ES3 Camere per immunodepressi 1,00
Reial e oo v e Sale mediche 1,00
Soggiorni 0,68
& Armenian Universitigs aggﬁggg‘ggcldcra z:
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ENERGY LOSSES FOR VENTILATION
Qe k mn = Que0k X fve,t’k (Design condition — UNI 10339)

L& fre ¢ = utilization factor for time correction (table)
Qve,0,.= design flow rate. For residential buildings is equal to n V/3600 with n=0,5h"*
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ENERGY LOSSES FOR VENTILATION

Quve = Hyeaaj (Bintsety — e) - t r correction factor < 1 (=1 with mechanical ventilation )

Hve,adj = pg-Cq- bve,k Ventilation heat transfer coefficiente
K

Qve,k,mn = (Qve,o + q,ve,x) k X (1 - ﬁk) + (QVe,f X bve X FCve + Qve,x)k X ,Bk

Dove:

Qve.0 is the flow air rate for natural ventilation [m3/s]; during the time fraction in which the mechanical

q’ve’x is the flow rate due to wind effect [m3/s]’ ventilation System is not WorkinE (1 - Blz)

Qve,f is the nominal flow rate of air for mechanical ventilation [m3/s]; » ale moist ‘
Qe x is the extra air flow rate for leak [m3/s];

bye is the temperature correction factor; —

FC,, is the ventilation system regulation efficiency factor (tab); s L

L is the time fraction in which the mechanical ventilation system is working

07/11/2016 Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders 33
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ENERGY LOSSES FOR VENTILATION

Presence Sensor
Movement Sensor
CO, Sensor

Flow rate control
Fun velocity control

07/11/2016

Fattore di efficienza della regolazione dell'impianto di ventilazione meccanica, FC,, per

rospetto 11
iy destinazione d’uso in funzione della tipologia di sistema di rilevamento e di attuazione del controllo
della portata d’aria di ventilazione e "
Destinazlo.ne.d;uso Tipo di sensore .
dell'edificio Presenza® Movimento® coY Umiqna
Bocchetta con | Modulodi |Ventilatorea| Modulodi [Ventilatorea| Modulodi |Ventilatorea et
rilevatore di regolazione | velocita regolazione | wvelocita | regolazione velocita
presenza integrato | dellaportata | variabile | dellaportata | variabile | della portata | variabile
E.1 - Residenze © 0,80 080 - 0,80 - 0,70 0,70 0,70 0,70 0,60
E.1(3) - Camere d'albergo 0,80 0,80 . 0,80 0,70 0,70 0,70 0,70 0,60
E.2 - Uffici singoli 0,68 0,64 0,64 0,67 0,70 0,57 0,61 -
E.2 - Open space 0,80 0,80 0,80 0,53 0,59 0,45 0,50 -
E.2 - Sala riunioni 0,55 0,55 0,60 0,34 0,43 0,29 0,37 -
E3 - - - - - - - -
E.4 - Ristorazione 08 0,8 08 0,58 0,63 0,49 0,53 .
E.4 - Cinema, teatri, sale per - . - - - 0,3;’; 0,40 -
congressi
E5 - . . = - 0,33 0,40 -
E6 = 2 . " - . - -
E.7 - Edificio scolastico -0,64 0,64 0,68 0,67 0,70 0,57 0,61 -
E7. - Edificio scolastico 038 0,8 0,8 0,48 0,54 0,41 0,47 -
secondario
E8 * £ = n = - E =

a) Iﬁdm'ﬁesmm'eﬂovhwﬁo‘emhpoﬁomalhfmzm2 *Presence conirol” riportata al punto 4.1 del prospetio 2 della UNI EN 15232:2012.
b) lltbodmcoz,comspondaallafunzionaa “Demand conirol” riportata al punto 4.1 del prospetto 2 della UNI EN 15232:2012.
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ENERGY LOSSES FOR VENTILATION

Qve,k,mn = (qve,O a q,ve,x) X (1= B) + (qve,f X bye X FCye + QUe,x)k X B

0,8
Qve,0 = (zknper,k X Qve,o,p,k + ZkAf,k X CIve,o,s,k) X—X (Cl X CZ)

ve,c
Dove:
Qve,o0,p,k specific air flow rate per person [m3/sec person];
Qve,0pk specific air flow rate per unit surface [m3/sec m?];
Eve.c ventilation system efficiency (0,8);
Cy coefficient for miscellaneous systems (1);
C, altitude correction factor (UNI 10339);

Que,0 = (z Nper,k X Que,o0,p,k + z Af,k X qve,o,g,k) Tutti gli edifici tranne:
k k

q _ (ﬂ Residential buildings with n equal to 0,5 h!
&0 ™ 13600
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SKYWARDS EXTRA FLOW

At the end we have to consider the skywards extra flow between the external wall and the sky:

wm
o
(=Y

) . b d 1 + cosX .
Qr = {Z FT'k(pr,kjt r = Fshy OD) 2 s=go( EE
k F- = 0.5
- " ea((0, +273)* — (6, + 273)* —)
=R.,.U.A A =
(pr,k seYciACc!lr er r (93 + Hsky)
e
ABgr = 0, — Ogyy Osky = 18 — 51,6 e~ P1000

RN

Where ¢ is the emissivity, Ogy., is the sky temperature, X is the angle of %:E PhestRi©
inclination between the horizontal and the component, Fy;,, ob, d is the
shading correction factor (1 with no shading).

mw

Al
o w
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SOLAR GAIN/LOAD

The solar heat gain/load can be calculate as the sum of the solar heat flux on the transparent and opaque surfaces:

Qsol,op = Z((psol,op,mn,k)t + z ((1 _ btr)(psol,mn,u,l) t

]

Qsotw = z((psol,w,mn,k)t Psotw/op = Fsnob Asolw/op Isolk

Asol,w = I'sh gl 9gi (1 - l:"F)Aw,p

Asol,op = asol,c Rse Uc,quc

Fgp g1: solar gains reduction factor for mobile screenings (rolling shutter) (0,25 — 0,6 curtain)
Jgl: solar energy transmittance of the glass (0,85 — 0,2 from high to low emissivity)
Uso1c:  Solar absorption factor of the opaque component (0,3 — 0,6 — 0,9 from light to dark colour)
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SOLAR GAIN/LOAD

The solar heat gain/load can be calculate as the sum of the solar heat flux on the transparent and opaque surfaces:

Qsol,op = Z((psol,op,mn,k)t + z ((1 _ btr)(psol,mn,u,l) t

Qsotw = z (‘Psol,w,h l

Asol,w = I'sh gl 9gi (1 - l:‘F)Aw,p

Psol,w/op = Fsh,ob Asolw/op Isol,k

Asol,op = asol,c Rse Uc,quc

Fgp g1: solar gains reduction factor for mobile screenings (rolling shutter) (0,25 — 0,6 curtain)
Jgl: solar energy transmittance of the glass (0,85 — 0,2 from high to low emissivity)
Uso1c:  Solar absorption factor of the opaque component (0,3 — 0,6 — 0,9 from light to dark colour)
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INTERNAL GAIN

In generale il calcolo degli apporti termici deve essere svolto applicando la seguente formula:

Dine = z (pint,mn,k t + Z(l - btr,l)¢int,mn,u,l t
k

k

Dove:
b, € il fattore di riduzione per ambiente non climatizzato avente la sorgente di calore interna;

D, mn « € il flusso termico prodotto dalla k-esima sorgente di calore interna mediato sul tempo;
Dt mn « € il flusso termico prodotto dalla k-esima sorgente di calore interna all'ambiente non climatizzato mediato

sul tempo;

Nota:
'area climatizzata netta, in assenza di informazioni specifiche, puo essere calcolata secondo la seguente formula:

fn=09761 — 0,3055 d,,, dove dm ¢ lo spessore delle pareti estene.
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INTERNAL GAIN

The internal gain/load depend on the use of the building.

For residential buildings it’s possible to use the following
correlations:

Dine = 7,987 * Ap — 0,0353 * A7 with Af <= 120 m?
Dy =450 W with Af > 120 m?

In other cases it’s possible to use tabuled data

Categoria di edfficio

Apporto termico delle

07/11/2016 Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders

: Fatlore di | Apporie termico -
apparecehiature durante il | simultaneita medio dalle
perodo di funzionamento A apparecchiature

Wit ihd

Uttiel 15 0,20 8
[Atiia scolastiche 5 0,15 i
Cura della salute, attivita clinlca 8 0450 4
Cura della saluts, attivith non clinica 16 0,20 3
Servizi di approvigionarmento 10 0,25 3
Esercizi commerciali - 10 0,25 3
Luoghi di riunione 5 0,20 B
Alberght e pensioni 4 O,BQ 2
Penitonziari 4 0,50 2
Attivita sporlive 4 0,25 i
Dpap Gltflusso fermico dalle apparecchiature, In W;
A & la superticle ulile di pavimento.
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O~H,hum,nd =-min (O ) O~wv,int - O~H,wv,ve)
QC,dhum,nd = max (O ) Qwv,int - QC,wv,ve)

internal air humidity g/kg

air flow rate m3/s

[

external air
humidity g/kg

Qiicwvve = Pa hwy Quemn (Xine — x)t/3600

L enthalpy: 2544 J/g

density: 1,2 kg/m3

07/11/2016

e R =

Categorndiedie | Tpodiemblee | AWR | Gy

| o)
E 1 Ulficie, appartamento Sedute in attivita leggera 65
E2 Utflclo, appartamento Seduto n altivith media 80
E4.1 Teatro Seduto a riposo 45
Ristorante | Seduto al ristorante 115

E43 Sela da hallo Danza modgrala 230
Discoteca Alliviia atietica 450

ES Negazlo In piedi, lavoro leggero 80 .

E5 Banca In movimento - 100
E6.2 Palestia Aliivita atietica 450
Eg Officina in piedif lavoro medio 200
Officing, cantiere In piedi, lavoro pesante 410
'Varie Corvidol In cammino a 1,3 m/s 285

Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders
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Per le abitazioni di categoria E.1 (1) e (2):
Gwv,Oc + Gwv,A = 250 [g/h]

Gy oc Steam mass flow rete due to the equipment;
Gy 4 Steam mass flow rete due to the equipment.

O~H,hum,nd =-min (O ) O~wv,int - O~H,wv,ve)
QC,dhum,nd = max (O ’ Qwv,int - QC,wv,ve)

Qwv,int — hwv(Gwv,Oc+Gwv,A)t/3600

L enthalpy: 2544 J/g

07/11/2016

e R =

Gaegoradiediie | Tpodembee | AWBR | G

| o)
E 1 Ulficie, appartamento Sedute in attivita leggera 65
E2 Utflclo, appartamento Seduto n altivith media 80
E4.1 Teatro Seduto a riposo 45
Ristorante | Seduto al ristorante 115

E43 Sela da hallo Danza modgrala 230
Discoteca Alliviia atietica 450

ES Negazlo In piedi, lavoro leggero 80 .

E5 Banca In movimento - 100
E6.2 Palestia Aliivita atietica 450
Eg Officina in piedif lavoro medio 200
Officing, cantiere In piedi, lavoro pesante 410
'Varie Corvidol In cammino a 1,3 m/s 285
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Aw,s,lm X O

X = 622 %
int 101325 — Pysj X P

dove Puys € la pressione parzlale del vapore di acqua, in condizioni di saturazione, ricavata come: ‘

INTERNAL GAIN

For example:

Gwv,Oc + Gwv,A = 250 [g/h]
T,,=20°C —50%;

To,: 5°C—35%;

Qe mn=50 m3/h

QH,hum,nd =-min (O ’ Qwv,int - QH,wv,ve)

QHC,wv,ve = Pq hywy Qve,mn (xint —x)t

= 1,2 x 2544 x 500 x (9—2) x 1/1000 = 10685 kJ = 2,97 kWh

Qwv,int = hwv(Gwv,Oc+Gwv,A)t/3600
= 2544 x 250 / 1000 = 636 k) = 0,18 kWh

-min (0; 0,18 — 2,97) = 2,79 kWh is the energy that
has to be transferred to air.

) “@1992 American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc.
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FREE CONTRIBUTION - UTILIZATION FACTOR

The utilization factor is the only dynamic parameter and it can be calculated with the following wquations:

Heating
1 yH
. y
wm>0e =t MHgn — P
11
ay
y, = 1 n =
H Hon g, +1

)/:an/Qh,ht

ay = a0t/ Ty

Where tis the thermal time constant of the time zone T = Cm/H,, .4, where Cm is the internal thermal capacity.

Aol
Tho:15h

07/11/2016

Carafteristiche costruttive del companenli edilizi

Numero di piani

intonaci lsolamento Pareti esterne Pavimenti 1 ! 2 >3
Capacila termica arglea .

interno qualsiasi tessile 75 75 85

intarng® |qualsiast legno 85 95 105

interno qualsles] | plastrelle ‘5 105 115

assentefesterno Ieggaré!b!oc:chi o tesslle 95 85 95

Gesso assentefesterno  [medie/pesanti tasslle 105 _ 95 _ a5
assentefesterno  |leggere/bloschi legno. 115 . 115 115
assentefesierno medlefpeéanﬁ legno 115 125 125
assentefesterno  {leggere/blocchl plasirelle 115 _ 125 135
assenlelesteno | medie/pesanti |piastrelle 126 - 135 135

Master Degree in InnovativeTechnologies in Energy Efficient Buildings for Russian & Armenian Universities and Stakeholders

QH,tr = Htr,adj (Hint,set,H - He) t + (Z Fr,kq)r,mn,k) t+ (Z(l - btr)Fr,l(pr,mn,u,l) t— Qsol,op
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FREE CONTRIBUTION - UTILIZATION FACTOR

The utilization factor is the only dynamic parameter and it can be calculated with the following wquations:

Cooling
se yc>0e yo#1: Mles = gt 1)
1=
dc
se yC = 1: '7 =
C.,ls aC+1

)/:an/Qh,ht

ac = ac ot/ Tc o — K(A, /A;)

Where tis the thermal time constant of the time zone t= Cm/H,, .4, where Cm is the internal thermal capacity, Aw is the

windows and Af is the floor surface.
aco: 8,1
Tco:17h

K C;l7§11/2016

Carafteristiche costruttive del companenli edilizi

Numero di piani

intonaci lsolamento Pareti esterne Pavimenti 1 ! 2 >3
Capacila termica arglea .

interno qualsiasi tessile 75 75 85

intarng® |qualsiast legno 85 95 105

interno qualsles] | plastrelle ‘5 105 115

assentefesterno Ieggaré!b!oc:chi o tesslle 95 85 95

Gesso assentefesterno  [medie/pesanti tasslle 105 _ 95 _ a5
assentefesterno  |leggere/bloschi legno. 115 . 115 115
assentefesierno medlefpeéanﬁ legno 115 125 125
assentefesterno  {leggere/blocchl plasirelle 115 _ 125 135
assenlelesteno | medie/pesanti |piastrelle 126 - 135 135
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QH,tr = Htr,adj (Hint,set,H - He) t + (Z Fr,kq)r,mn,k) t+ (Z(l - btr)Fr,l(pr,mn,u,l) t— Qsol,op
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END PART1/2
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