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ANNEX 5. FAN MODEL
5.1. Fan model flow-pressurelaws

The fan flow-pressure laws are defined from théofeing inputs:

The total pressure drop delivered by the dam,.,;
 The fan total volume air flow
* The fan diametep

The flow-pressure laws includg ¢ and A as no dimensional parameters:
2 3
= + . + . + :
¢ ao ar - Yt oaz - Y as - Y (A5.1)

A= Bo+ Brc Wt B2 @+ Bac o w

The flow factorpis defined from the reference arkand the peripheral speéd

Vi D 2
¢ = A= m. —
A - U 4
(A5.2)
_rpm
U= mn-D-N )

The pressure factap is defined from the static pressure, from the eshaynamic pressure

and from the peripheral dynamic pressure (v isaihepecific volume defined at fan supply
andAex is the fan exhaust area):

_ AP total
denam,periph APtotal = APstat  + Pdynam,ex
2 .
Cex \%
Pdynam,ex = 5 . v Cex = Ao (A53)
U2

P dynam,periph = > v

The power factoiA is related to the isentropic effectivenesqratio of the fan isentropic
power to the shaft power):

(A 5.4)
Wy

Woshaft Ws = V - APyoal
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The coefficientsn; and3; are computed by a regression analysis for botlplglipturn fans
and for an exhaust fan.

5.2. Free cooling exhaust fan regression law

A regression is performed on Soler-Palau exhausT@DV2 040 TCDH2 040 curves, on the
basis of the following data:
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Fig A5.1: Regression curve corresponding to Solalab exhaust famcbDVv2 040 TCDH2 040
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The following regression law is obtained, wherées computed from thépio:
@ = 05652 — 4885 - y+ 1878 - y° — 25232209 - ¢°

With a regression coefficiel®?=99.8 %.The dynamic pressure is computed from an exhaust
air speed calculated trough an exhaust cylindracah of diameter D and height equal to
0.35.D. The fan efficiency is considered as corisdad equal t@ = 0.6.

5.3. AHU supply and return fan regression laws

Two regressions were performed on Soler-Palau CVYA/I2 fan, on the basis of the
following data:
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Fig A5.2: Regression curve corresponding to Solelai CVTT-12/12 fan

The following regression laws are obtained, whigie computed from thé&pio:

g = 2193 + 05657 - - 02612 - ¢ — 0.1403 - ¢

With a regression coefficieit?=99.99 %.

A= 2443 — 20223334 - @+ 4904 - ¢ — 09024 - ¢

With a regression coefficief2=100 %.
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ANNEX 6: VENTILATION MODELS

6.1. House ventilation model

6.1.1 Natural ventilation modée
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Fig. A 6.1 Hous@atural ventilation model including two zones.
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The model can include external Controlled Supplifi€as and Transfer Orifice from one
zone to the other (fig. A 6.1 up). It can also und the grid pressure loss from each zone to
its exhaust vertical duct and from the exhaust tluthe outdoor, through a global Controlled
Exhaust OrificeK coefficient (fig. A 6.1 down).

House natural ventilation modehn be translated trough the following equatiogareing
pressure equilibrium and air flows balance:

Pressure dropghrough pressurized (or depressurized) Controllgop§ Orifices:

[ \d n
Appr = Kesopr © Mesopr = [Meso,pr | eso
. ° n
ApPdp = Kcso dp - Mcso dp ‘ Mcso,dp ‘ cso
' ' (A6.1)
L] . n
Apceo = Kceo © Mceo - ‘MCEO | Meeo
. . n
Apchem = Kchem - Mceo - ‘ Mcgo | "CE©
. . n
Apto = Keonz - Mazn - ‘ Mz122 ‘ cro

Pressure equilibrium:

Ring 1: wind pressurized and wind depressurized @G®0trolled air supply orifices)

= APwind,dp,1 T APcso,dp,1 — APcsopr,i T APwind,pr,1 (A6 2)

|
o

= APwind,dp,2 T APcso,dp,2 — APcsopr,2 T APwind,pr,2

Ring 2: CEO (controlled air exhaust orifices) and exhaust chimneys:

APchem,out + APchem1 — APchemzt T APceor — APcsopr,i T APwind,pr,1 = 0

APchemout T APchem,2 — APchemzz + APceo2 — APcsopr,2 T APwind,pr2 — APhydro,out
Ring 3: wind pressurized CSO and transfer orifiCcES):

— APwindpr, i T APcsopr, it APto T APhydoin = APcsopr,2 T APwind,pr,2  — APhydro,out
Mass air flow rate balance:

Mcsopr,t * Mesodp,t + Mceor = Mz (A6.3)

Mcsopr,2 + Mesodp2 + Mceo2 = — Mugp
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6.1.2. Window stack effect
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Fig. A 6.2: Model of window stack effect couplethv@ontrolled Supply Orifices

The K coefficient of a half window or half leakageea is computed from the corresponding
coefficients of the whole areas:

— ah,gT1 — ameguti
Kna = 277 Ky K, o = 270 LK

Kso coefficient anchsp exponent are either data related to a half winddwen the window is
opened, or to the wall half leakage area when iheaw is closed:

Nso (1 — fopenwindow ) = Meak * fopenwindow - Nwd

(A 6.4)
KSO

(1 - fopen,vvindow ) : Khleak + fopen,window ' Khwd

Equations (A 6.4) and (A 6.5) are added to accdointhe windows stack effect joined to
each pressurized CSO resistance (fig. A 6.1). @mequations are added for the
depressurized windows.
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Pressure drops:

n
SO
Mso,up,pr | o

Appr = Kso - Msouppr -

. o n
APdwpr = Kso - Mso,dwpr - ‘ Mso, dw,pr ‘ S0
Pressure equilibrium inside the zones:

APpr = APhydowdin  — APdwpr  * APhydrowdout = 0 (A 6.5)

Mass air flow rate balance:

Mcso,pr,l"’ Mso,up,pr,l + Mso,dw,pr,l + Mcso,dp,l + Mso,up,dp,l + I\/Iso,dw,dp,l + MCEO,l = lezZ

Mcso,pr,z + IVlso,up,pr,2 + Mso,dw,pr,z + IVlcso,dp,2 + Mso,up,dp,z + IVIso,dw,dp,Z + MCEO,Z = - lezZ

‘Definition and Validation of a Simplified MultizenDynamic Building Model Connected to
Heating System and HVAC Unit’ G. Masy



A.52

6.1.3 Combined natural and fan powered ventilation

The house natural ventilation model of fig. A6.h ¢ee adapted to deal with fan powered air
flows through imposed fan air flows (fig. A 6.3).
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Fig. A 6.3 Model of house combined natural/mechanientilation including two zones
provided with imposed supply and exhaust fand@aivs. The model above must be completed
with the exhaust chimney branch represented orfigi1down.

Mass air flow rate balance (equation A 6.3) cannbedified as follows to include fans air
flows:

Mnat,l = Mcso,pr,l + Mso,up,pr,l + Mso,dw,pr,l + Mcso,dp,l + Mso,up,dp,l + Mso,dw,dp,l + IVICEO,l
IVlnat,z = Mcso,pr,2 + IVlso,up,pr,z + Ivlso,dw,pr,z + Mcso,dp,z + IVlso,up,dp,z + Ivlso,dw,dp,z + MCEO,Z
Mrat + Mwsti + Myer = Mugp

' ' ' (A 6.6)
Mpat2 + Mwmsz + MMez = — Magp
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6.2. Office building ventilation model

6.2.1. Natural ventilation mode
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Fig. A 6.4 Natural ventilation model including fozones and a corridor connected to a stack
effect from the corridor to a staircase, elevatba$ or ventilation shaft.

Equations related to the house two zones moded@apted for the four office zones model,
the zones being all considered as conventionalgsgurized and provided with windows
stack effects (fig. A 6.4):

Pressure drops:

For each zone:

. . n
Appr = Keso @ Meso - ‘Mcso ‘ 80
. . 0
Appr = Kso = Msoup - ‘Mso,up‘ S0 (A6.7)
- - n
Appraw = Kso + Msoaw - ‘Mso,dw ‘ S0
: - n
Apto = Keo - Mo - ‘MTO | "ero

For the corridor:

— \ Y Nceo
Apceo = Kceo © Mceo - ‘MCEO |
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. . n
APchem = Kchem ° Mceo - ‘MCEO ‘ cFo
Pressure equilibrium:
For each zone:
= APwindpr + APpr t APTo — APceo * APhydroin — APchem — APhydroout = O
APpr  — APhydrowdin  — APdwpr + APhydrowdout = O (A 6.8)
Mass air flow rate balance:
For each zone:
Mo = Mcso + Mgoup + Mso,dw (A 6.9)

For the corridor:

nzones

Mceo + > (Mo ) = 0
=1
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6.2.2. Combined natural and fan powered ventilation

Systems C and D are mainly encountered in offickelimgs (fig. A6.5):

* C: natural air supply through Controlled Supplyf@es, natural air transfer through
Transfer Orifices and fan powered air exhaust.

» D: fan powered air supply, air transfer throughrBfar Orifices and fan powered air
exhaust, with possible air heat recovery.

Echangeur

=
}_r._
— |

s =

pdl_|

Fig. A 6.5 Office ventilation systems: type C (@ip)] and D (up right and down) [39].

6.2.2.1. Type C ventilation in office buildings

Type C system can be easily modelled on fig. Agleeme, which is similar to the natural
ventilation scheme of fig. A 6.4, with an exhauest fidded to the exhaust shaft. The building
zones are connected to the corridor through transiices.

When the model is used for hygienic air renewappse, the corridor can be connected to a
ventilation shaft through a grid aperture. An exdidan can be located on top of the vertical
air duct, working during building occupancy. Eqoas (A 6.7) to (A 6.9) are modified to
model type C system.
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Fig.A 6.6 Type C combined ventilation model inahgdiour zones and a corridor connected

to an exhaust fan.

Pressure balance for each zone:

APout,cor = — APwindpr T APpr T APTO
APcorout = — APceo + APhydroin — APchem — APstatexhausttan — APhydro,out
APout,cor + APcorouwt = O (A 6.10)
APpr  — APhydrowdin  — APdwpr + APnhydrowdout = O
Mass air flow rate balance for the corridor:

nZOneS
Mceo + > (Mro; ) = 0

= (A6.11)

Mg exhausttan = — Nwings ° Mceo

when the air is leaving the corridor to the outdoor

Nwings IS the number of identical four offices areashe tvhole building, all of them being
delivered with the same exhaust fan.

When the model is used for free-cooling, the comidan be connected to a specific
ventilation shaft at each building floor, througlyred aperture. An exhaust fan is located on
the roof to perform free-cooling during the nightmopened windows and doors. Each floor
is provided with its own free-cooling exhaust farhich is sized to reach an air renewal rate
of 6h™ in the offices.
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6.2.2.2. Type D ventilation in office buildings

Type D system includes two air ducts networks: eapplying air to the offices and one
returning it from the offices to the outdoor (fiy.6.5). Modelling the system implies not only
to model the supply and return fans, but also thelevair duct system. So a fan model and an
air duct network model can be added to the natteatilation model (see annex 5). A heat
recovery device can also complete the system.

Apa. supply unit4

AAA Leakage AD..
witrd
—_—
Apa.supp!y duct4
< 2,
AP supply unie3 VW
APying Leakage i 1\ AP eunnunit4
A
— Ap.?.suppfy duct? Patetnn ducta
asupply unit
ap Iy unit 2
Apa.remmum‘t? v Leakage Apm-,m
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A —
Ap.'z.suppiy duct 2 1\ p.':.r et duct?
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Ap, SuUpply it 1 YW
Ap witrd Lea kag € PR 1\ Apa.r et n it 2
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— ] Ap.'z.suppiy duct 1 Paseturn duct 2
Ap.?.r et 1 1\ \L
Apa.r ettt duct 1
Apsupp;‘y fan Apr et fan
Apa. AHLUI T

Ap.'}.fecovefy T J,§ Ap.?.recovery

Fig. A 6.7 Combined type D ventilation model inahgdfour building zones, supply and
return air ducts with the corresponding supply aatlirn fans.

As far as natural ventilation devices are concerraad leakage can be maintained while
Controlled Supply Orifices are removed. The CotgmlExhaust Orifice and the exhaust
ventilation shaft can be sized for a reduced awflrate corresponding to lavatories air
exhaust:

30m® /h + Number of sanitary devices.15m /h

with one sanitary device for 5 occupants.
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Type D system model is presented on fig A 6.7. fole offices natural ventilation model of
fig. A 6.4 is superimposed to the model of fig. @with leakage instead of CSO) in order to
build a whole combined ventilation model of typevBntilation system. A heat recovery
device and an Air Handling Unit can complete thedgio

Equations (A 6.7) to (A 6.9) related to the offitatural ventilation are modified to deal with
type D ventilation system including supply and retducts.

Pressure drops:

For each zone: equations (6.12)

For the corridor:
ApPceo = Keeo - I.\/|CEO ' ‘MCEO ‘nCEO (A 6.12)

- N \ Nceo
APchem = Kchem * Mceo - ‘MCEO ‘

For the air handling unit:

AParecovery = fa,recovery,ON' Krecovery - ‘Ma,fresh © Mg fresh

(A 6.13)

APa,ahu = Kanu - Ma,supplyfan ‘ Ma,supplyfan

For each air duct slice between two zones:

n zones

Ma,su,duct = Z (Ma,supply,zone,k )

k=zone

(A 6.14)

APa,supply duct = Ksupplyduct - ‘Ma,su,duct‘ * Ma su,duct

For each zone delivered by an air duct system:

zone

APa,supply zone = Z (Apa,supplyduct,k )+t APa,supplyunit

= (A 6.15)

Ma,supply,zone | : Ma,supply,zone

APa,supply unit = Ksupply unit

Equations (A 6.14 and A 6.15) are written similddy the the return air duct.

Pressure equilibrium:

For natural ventilation of each zone (fig. A 6.4)wstack effect instead of chimney:

= APwind,pr + APpr T APTO0 — APCEO + APstackin — APstack — APdzstackouwt = 0

= APwindpr T APpr — APprdw T APwind,pr,dw = 0
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For fan powered ventilation of each zone (fig. A)S6.

APsu = Aparecovey *+ APaahu  — APasupplyfan T APa supplyzone (A 6.16)

APex = AParetunzone T AParecovery — APareturnfan

APsy T ApPex = 0

For fan powered and natural ventilation interactioneach zone4p,, through leakage
area):

APsu  — APpr  — APwind,pr = 0

Mass air flow rate balance:

For each zone:

Mo = Meso + Mso,up + Ivlso,dw + Ivla,supply,zone - Ma,return,zone

(A6.17)

For the corridor:

n zones

Mceo + Z(MTO ) = 0
j=1
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6.2.2.3. Fan running point

The fan design air flow is equal to the sum of tlweninal air flows corresponding to the
delivered offices. The fan can be sized for thategidesign air flowl” and for a given
pressure delivered by the faip...., compensating the maximum friction loss occurring
when air is supplied to (or returned from) the aléint offices. Maximum friction loss
generally occurs for the farthest delivered office.

For givena; coefficients, a fan rotation speBldand a fan diametd can be adopted provided
an optimal flow factorp and an associated pressure fagt@re given (annex 5):

/ ( —]E (A 6.18)

For the supply fan, pressures drops occur in tbevexy device, the AHU unit and the ducts,
while for the return fan they only occur in theaeery device and in the ducts:

Apa,supplyfan,n = Apa,recovery,n *+ APaahun t Apa,supplyzone,n (A619)

ApParetunfan,n = AParecovery,n T APareturnzone,n

In OFF DESIGN conditions, the location of the famming point is variable. For a given fan
rotation speed, the fan running point depends orafal building pressure/ air flow rate laws.

Fan model equations (chapter 5) provide a relatipnisetweerfan air flowrate andtotal fan
pressure increasdor a given fan rotation speed.

For given wind speed and associated pressure cieeffs, and for given outdoor/indoor
temperatures, the ventilation model (86.2.2.1 a@d?&)provide other relationships between
building and air ducts ventilation air flow ratemnd pressure dropsn the building natural
ventilation devices, as well as in the duct netwledding to the farthest office. They can be
merged with fan model equations in order to finel fdin running point for a given fan rotation
speed. The fan total pressure increase as welkdamhair flow rates can be deduced from the
location of that fan running point.

The pressure delivered by the supply 8, .,,.:, ra» @S Well as the volume air flows
supplied by the faili, ..., 7., are thus resulting from a global pressure balancieding
fan pressure increases, air ducts pressure losgkdulding natural ventilation devices

pressure drops.

The total fan supplied mass air flow is:

Ma,supplydUCt = Ma,SUpply,Zone,l (A 6.20)

The total pressure increase of the supply 420 ...,u1, 7an IS:
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n zones

APa,supply zone, 4 = Z (Apa,supmyduct,k ) * APa,supplyunit,4
k=1

For theair return ductand for thereturn fan,equations can be developsihilarly. So, the
total pressure delivered by the falig, ..puiy ran +AParerurs ran @S Well as the fan air flow
ratesV, cmwis ran Varerurn ran CAN be deduced.

6.2.2.4. Air ducts modelling

This section is meant to express #teight ductandlocal friction coefficientX, defined in
chapter 6 86.1, as function of the duct air floweraso that starting from the€ coefficient
related to the main duct, coefficients relatedtteeoduct slices can be deduced as function of
the ratio of air flow rates.

Air ducts can be sized according to tlenstant friction methadhe friction loss in a straight
duct is constant in each duct slice.

The main duct deserving the total design air flewer’ ._. can then be sized for a given air
speeda duci

n zones

. . \'/ 0.5
Vatot,n = Z (Vanj ) dguet = 4. a,tot,n
=1 Uaduct = T

(A 6.21)

The correspondingstraight duct friction loss A4pjinguct Can be deduced, provided a duct
roughnessgyct is given as model parameter [32]:

Abr A Ua,duct2 Re = u _ d guct
Plin,duct 2+ daur - Vi a,duct Vi
(A 6.22)
1
A= 2
251 € duct
2 - log s Tt
Re - )\ dguet -+ 3.71
4 ) 0.15

Vn = 5 1 [m“/s] €duct = T g 1 [m]

10 10

Finally, a straight duct friction coefficient, nathK;i, quct can be computed for that main duct
(seeK definition in chapter 1, §1.1):
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_ APiin,duct . Va totn
KIin,duct = > Ma,tot,n ——

Ma tot,n Vi

(A 6.23)

As all air ducts are assumed to be sized accongirggconstant friction methodhe straight
duct friction lossdpiin quct 1S the same for all of them. From (A6.23), eacbtdilice friction
coefficientK;,; is proportional td./(air flow rate¥.

Starting from the main duct straight friction lossefficientKji, quet the straight friction loss

coefficientsK;i,; corresponding to duct slide conveying air flow raté”, , canbe expressed
as:

i 2 . 2
Kiini  _ (Tr'a.ror.n] or Kiini  _ (Tfa.i—i) (A 6.24)
Kiin,duct Va,i Klin,is1 Va,i

Local friction losse®ccur wherdiversionsor confluencegxist (Fig. A 6.8).
Uy - U U,
— -«
Us Us

Fig. A 6.8: Diversion (left) and confluence (riglr)an air duct network.

The local pressure drop is given by:

A _ Ug duct
Pioe = C A

=

(A 6.25)

Factor{ is related to the ratio of air speeds after arfdreethe diversion or confluence. For a

straight air flow, the; factor related to the air speagdcan be expressed as function of the air
speed ratial; Uy (Fig. A 6.8 and ref [32]):

Diversion: (,=1— ”—2} (A 6.26)

iy

Confluence: {; = 1,6.(1 - (u_z)z)

iy

A local frictionK coefficient namedoc 1 can be computed from (A 6.23) and (A 6.25):

-

&_ 1.!.]_2 H "I.«Ifi H 1.!.]_2 ﬁ.df_ 2
Pioe = Cl; = Djpga-ifg = 04 o

oc, 1" wZ " 4

v

m2.dy

KE-OC.:I. == 8.%1. (A 627)
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The local friction coefficient is proportional gB(diameter (A 6.27).

Starting from the local friction coefficierc; related to the duct, the local friction
coefficientsK|qc,i+1 related to duct i+1 can be written:

Kloci+1 _ Gis1 ( d; )4 (A6.28)
Kioc.i G Mdieg

That expression includes a ratio of diameters andtia of ¢ factors Both ratios can be
expressed as function of the ratio of air flow sate

Assuming a turbulent air flow and smooth air duthts, friction coefficientd is proportional
to Re®?°[32]. So the friction coefficiend is proportional tos duct. Gauct) 2> (A6.22).

As all air ducts are sized according tocastant friction methodhe straight duct friction loss
APiin.duct 1S the same for all of them, wWithpi, quet proportional tod.U quct/dauct (A6.22).

So, in a first approximatiom.u?, quct/dauct can be considered as constant for the differerit duc
slices, andi’s quct/dauct can be considered as constant too:

(E)T — (E)S (A 6.29)
Hl' di

As the air speed, quctis proportional to the ratitz_ . . /dz .., wherel” . _is the duct air

flow rate, the ratid”] . _./d23 . can be assumed constant the different duct slices.

Finally, the diameters ratio appearing in (A 6.28) be expressed:

( d; )4 _ ( v, )28;'19 650

ditq Vitq

The ratio of{ factors appearing in (A 6.28) can also be expreasefinction of the ratio of
air flow rates.

Factor¢; is a function of(w,/1t, )* (A 6.26). Equations (A 6.29) and (A 6.30) can give
2 10/7 y ,10/19
! da / I !
-G -G) (63
Ll d'l & 1

Local friction losses can be expressed as funatiothe ratio of entering and leaving air
speeds for a diversion (or of the ratio of leavamgl entering speeds for a confluence), with
can itself be expressed as function of the air ftates ratio ((A 6.26),(A 6.28), (A 6.30) and
(A 6.31)):
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28 10 ,

Kioci+s1 _ Gi+a (Vio1)19 Vi19-V;.,19) (V4
= y = 0 10 ; (A 6.32)

Kioc,i g Vi P, 5-V;15 V;

Starting from the main duct local friction loss tfaent for a straight air flowKec gucy the
local friction loss coefficient&. i corresponding to the different duct sligesonveying air
flow ratesV’, , canbe computed.

6.2.2.5. Network pressure balance

The design pressure drop can be computed as thienomaxXriction loss occurring when air is
supplied to (or returned from) the different oficelt generally occurs for the farthest
delivered office.

The pressure drop occurring in each duct sliceominal conditions can be computed by:

Apa,supplyduct,n = Ksupplyduct : Ma,su,duct,n|' I.\/|a,su,duct,n
(A 6.33)

The maximum pressure drop can be computed foratttleest office delivered by the air duct,
including the pressure drop occurring in its suppiit:

n zones

APa,supplyzone,nd = Z ( ApPa,supplyduct,n.k ) t APasupplyunit,n,4
k=1

The network pressure balancean then be performed by adapting the frictions l&s
coefficient of offices air supply units, in ordey teach the design pressure drop for each
office deserving network branch:

(A 6.34)

zone

APa,supplyzone,n4  — z ( Apasupplyductk )
k=1

Ksupply unit * Ma,supply ,Zone,n

A similar process can be used to perform the reduat network balance.
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ANNEX 7: AIR QUALITY ANALYSIS

7.1. House air quality analysis

The ground floor (zone 1) can be occupied durirgdhy from 7 AM to 11 PM, while the
first floor (zone 2) can be occupied during thehhiijom 10 PM to 7 AM (Fig A 7.1). Zone 1
can be heated at 22°C by radiators during the @eup while zone 2 can only be maintained
at a minimum 10°C temperature.

SECTEUR RESIDENTIEL

| Occupation dans piéces de vie | | Occupation dans piéces de nuit |

Confort requis

;:m !

23280 R ™

Consigne de teampérature intérieure
(Radiateurs ou pompe & chaleur alr-airy

ms!m mak | | |

2324h dh

Fig. A 7.1: Seneffe house occupancy profiles
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ANNEX 8: SUMMER COMFORT ANALYSIS

8.1. House summer comfort analysis

The ground floor (zone 1) can be occupied durirgdhy from 7 AM to 11 PM, while the
first floor (zone 2) can be occupied from 4 PM t84 (Fig A 8.1).

GROUND FLOOR OCCUPAHCY PROFILES

| ordinary days I WE |
| Required comfort |

;;:m :m

0 T 2324k a hi 23 24h

Internal heat gains
Wrrn’ wrm*

2324h 2324h

FIRST FLOOR OCCUPAHCY PROFILES

I Ordinary da}rs l I WE I
Required comfort

mm

2324k 23 24h

Internal heat gains
wrm= Wrm*

Fig. A 8.1 Occupancy profiles for ground floor dingdt floor of Esneux house.
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Fig. A 8.2: Indoor temperatures computed in bothdts house zones, with corresponding
outdoor temperatures, for a mean summer, withootfod improvement strategies.

40 T T T T T T T T
T; . , 1
o5 in,zone2 AT N W WA N NP
AT AL 1 <
— N \ /\ A N
| pi \ o
0 - X R IR N Y AN BV
— 208V Fropehodd LA AR
5 A [ Lo v A R A I A
I—O -Tln zonel 1\ | Y YRR VRV A P \‘v’ y \ |
15 y | li b \ v \\,’ \",’ L Ly 41wl \b, \
c \ I/ Vol ! v \4' vy ,' N \ )
= L ] | » ]
(o h /"\\ | “ ] l\ | \/ \ \\ A
10 /ll/‘ II A I/ \.\l'l \\I, \,:/ \‘ /l \‘
VT e \
T \/
5|
Tout _

4320 4,368 4,416 4,464 4512 4560 4,608 4,656 4,704
hour

Fig. A 8.3 Indoor temperatures computed in bothdasrhouse zones, with corresponding
outdoor temperatures, for a mean summer, with éeaing.
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Fig. A 8.4 Indoor temperatures computed in botheigsrhouse zones, with corresponding
outdoor temperatures, for a mean summer, with cdiett external blinds.
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Fig. A 8.5 Indoor temperatures computed in botheigsrhouse zones, with corresponding
outdoor temperatures, for a mean summer, with cdlett external blinds and free cooling.
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outdoor temperatures, for 1976 summer hot wavédiouitcomfort improvement strategies.
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Fig.A 8.7 Indoor temperatures computed in bothdasrhouse zones, with corresponding

outdoor temperatures, for 1976 summer hot wavé frée-cooling.
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Fig.A 8.8 Indoor temperatures computed in both Hgrieuse zones, with corresponding
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Fig. A 8.9 Indoor temperatures computed in bothdtx house zones, with corresponding
outdoor temperatures, for 1976 summer hot wavé aiternal blinds and free-cooling.
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Fig.A 8.11 Indoor temperatures computed in the Bast West fourth floor offices, and
corresponding outdoor temperatures, forauerage summer, without comfort improvement
strategy (up) and with room free-cooling and cohliéw blinds (down).
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strategy (up) and with stack free-cooling and cold blinds (down).

Fig. A 8.12 Indoor temperatures computed in thet Bagl West ground floor offices, and
corresponding outdoor temperatures, for a sumhatmwave, without comfort improvement
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Fig. A 8.13 Indoor temperatures computed in thet Bagl West ground floor offices, and

corresponding outdoor temperatures, for a sumhatmwave, with type C free-cooling and
controlled blinds.
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ANNEX 9: PSYCHROMETRICS

Thermodynamic wet-bulb temperature can be cormtletesaturation humidity ratio throught
the following equation, valid for a normal pressafd 01325 Pa:

0.030
0.025 |- ——\W,=0.00388691-exp(0.0659728 ) /.
4
r 4

0.020

»n 0.015

= //
0.010 /,
0.000 L— : : : : : : :
-5 0 5 10 15 20 25 30 35

twb

Fig A6.1: Regression curve corresponding to saiorahumidity ratio as function of wet-
bulb temperature at normal pressure of 101325 Pa.

Thermodynamic wet-bulb temperature can also beelaied to saturation enthalpy throught
the following equation, valid for a normal pressafd 01325 Pa:

120,000

100,000[ " Nsa= 10000+22,195.7-exp(0.054765 ) 2

£ 80000] /
o, - /
r 4
S 60,000 i
S . -
(@) 3 ==
— r ’d’
+ 40,000 2%
20,000 -
0 B ! ! ! ! ! ! ! !
-5 0 5 10 15 20 25 30 35

twh
Fig A6.2: Regression curve corresponding to saioraenthalpy as function of air wet-bulb
temperature at normal pressure of 101325 Pa.
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The saturated specific headf wet cooling coil ficticious saturated air layeramedcy sat
expressed id/kg-K,can be defined as:

h a,sat,su,coolingcoil — h a,sat,ex,coolingcoll

Cpsat =

twb,su,coolingcoil - tvvb,ex,coolingcoil

In that expression, enthalpies correspond to datirair at supply and exhaust wet-bulb
temperatures.

The saturated specific heatf wet cooling coil ficticious saturated air laygan be correlated
to air supply wet-bulb temperature and to air wabbtemperature decrease, through the
following equations:

7,000 T T T T H T T T T T T T T T T T T T T T T
RN twb,su:36°C |
6,000 \
I twb,su=300C TS |
5,000 |- Ssaa T
¥I - \ S=a_ ]
o H ‘\
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2 i \\’\\
o ’ \ Com==—
o | \ i
—_——_ -‘-‘“\__..
“““‘““‘—-
2,000 twb su=12C -~
i twh, su=6CC |
1,000 |-~ Cp,sar=6:741. 79 115.809- DELTAL, codlingooil--
L —Cp, sat‘5 120. 56 84.2907- DELTAth coolmgcon ]
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- —Cp, sat‘3 084. 28 45.0575- DELTAtwb coolmgcon g
-1,000 |- Cp, Sat-2 478. 5 36.5393- DELTArWb coolingeoil™
T —Cp, sat™ =2,028. 96 28.7882- DELTAer coolingcoil ]
2000
0 4 8 12 16 20

Atwb,coolingcoil [K]
Fig A6.3: Regression curve corresponding to welingccoil ficticious saturated air layer
specific heats function of the supply air wet-bulb temperatame of the air wet-bulb
temperature decreastor a normal pressure of 101325 Pa.

Those equations can be written as:
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Cp,sat = &coolingcoil * Atwb,coolingcoil + B coolingcoil

The coefficientScooingcoil @Nd Deoolingcoil CAN be obtained through the following regressams
function of air supply wet-bulb temperature:

'20 T T T 7,000
L \\ ’//
== /
/
40 T . 6,000
\\\\ /,
\~\ ,/
60 @coolingcoil \\\ p b coolingcoil 5000
ie) N ©
mg -80 //’ N 4,000 g
7 \)
///’ \\\\ O
-100 g RN 3,000
- / \\
” \o
120] =" 2,000
Acoolingcoil™ - 20.7782-exp(0.0465537 4y, sy coolingcoil)
_bcoolingcoiI: 1'542-1l'eXp(0-0401231'twb,su,coolingcoil)
-140 . . . . . . . . 1,000
5 10 15 20 25 30 35 40 45

tWb,su,coolingcoil [CC]

Fig A6.4: Regression curves corresponding to alardolingcoil saturated air layer specific
heat coefficientsat normal pressure of 101325 Pa.

‘Definition and Validation of a Simplified MultizenDynamic Building Model Connected to
Heating System and HVAC Unit’ G. Masy



