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SUMMARY

L{+]

Desaubies and R. Langendries Relative duration of o
cemfort with VAV free-cooling system : In offices buildings
‘out mechanical refrigeraticn but withk allowancs for window
ing, problems can arise such as cverneating cr cold air i
ughts. The authors present these problem in a specific case {
show how a variable air volume, free-cooling system can
cive them. The RDD is calculated with the LPB1 Program for
SiZferent values of diurnal and RCIzurnal ventilatien rates.

2 effect of window opening on bal:acing the air distribution
shortly approached.
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N ey Introduction

With the increasing Prices of energy, . some users of office
buildings are willing -to dccept some lack.of comfort to reduce
the overall e2nergy cost for“heating and véntilating.

But engineers fell themselves résponsible for the indoor
climate obtained with the installations they
to face new Sonstraints. '

In this paper we show how we tried to re
the degree of discomfort during the cooling 4
building without mechanical ccoling and with

window opening in each season, while minim
consumption.

After a short presentation of the problems we faced,
describe briefly the general principle of the HV System, then
weé present the calculation method we used to obptimize air flows

:and some resylts of the calculation. We end with a very short
description =2 the control system. -
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AV

“nes avenue
Its Principal

The builZing ig erected justfaldnq a five-:
with very Feasl density of traffic.
Characteristizs are listed in Annex 1. _ Ziae
The principal facade of the building, facing thig avenue!, ‘ig
S-5-E oriented {referred here &s the south fagads)
The rear of tre building is thus NNW orientegq : S
This North facade is vViewing a much quieter envir, ne.
Neither the architect for the 'building's user. a
proposition <= external:sola;_protections’on the Scuth facagde.
The offices themselves are situated from the third to the
level. (see £: = g A
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The building's user wished to avoigd air-ggnditionning and,
in spite of the‘Ygrydnoisy‘si;uationT“Wishéd#that anyone in ‘gny
pa;ﬁicularﬂoffiée“cqgld'dpeqﬁhisLwindqw in w;§§e:};s<wel1;as”ip
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But it is known that, for well insulateq”bgildingsf%itn
internal gains usual fopeogf;ces;andi1mpoftahﬁ;fxternal gdins
due. Lo @& ‘nearly’ South orientation, the temperature o:
no-heating is below 10 °c. . s o
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Thus, we feared difficult situations if only static heating
~ith natural ventilation through window opening is realised
- cold air draughts in winter -~ —

- overheating in mid season and summer.

Il

We chose “thus a mecﬁgnicaL;ventilatioﬁ system, with
vAV-optimized night- and day free-gooling.
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Description of the sfstem and how it works

In each office static‘Héating is performed by radiators
“ith thermostatic valves and mechanical ventilation is provided
with air centrally prepared. : Foie

‘ Nevertheless, if the occupant opens his window, valves on
air ducts (both in and out) are automatically turned off.

<
< -

A schematic view Sf air distribution in a typical office
. room is givenﬁiq fig. 2. ' .

With D = supplied air flow
TP = supplied air temperature
TE = outdoor temperature -
TI = indoor temperature,
‘0r an increasing outdnar temperature the ventilation scheme
$opeomr EVe T A i
- loss conditions . _VQ: = .
D MIN, TP =20 >C "~~~ ! .. W *
- gain conditions;LMithETE_<.TI % ﬂ' , ié:
TP varies betweeh 20 and:15 °C, then RS P
P .varies: between D MIN apnd D:MAX3- with-TP %] TE P
L;ﬁﬁgniconditiéné; with TE > or = TI e -
O MIN, TP = TE . = cm LMt 8
e Duriﬁq—therhibh};;ﬁﬁénroffépeak:gléét;{gitffiaiés;appbfq

3 theaodtéidgfqgmgérétuqerhasadeefed,'tﬁégpukldiqg;is codled
~+3Wn_ by a' high rate ventilation giving a

WE n inner temperature of
finimum 21 °C the next morning. i e T TR OIVE
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The general principles described here above

apply
S2parately for the two faces of the building.
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Optimiziha the system

As previously~meh£ioﬁned, the user of the building wished
to avoid air conditioning. This excluded the possibility of a
refrigerating production. -

. 2 £
It is to be understood that in the ‘absence of a
refrigerating production .capable of perfectly counterbalancing
' the heat gains received, it was essential to have at one's
disposal - a precise tool evaluating the evolution of the
~; temperature and at the same time enabling a parametric analysis
with the following main components :

.= definition of the day and night ventilation flows leading to
the best conditions of comfort ; N

“= comparison of the variable flow and constant .flow
ventilations ; A , . ]

- evaluation of the efficiency of the sun protections.’

The criteria of comfort chosen was the number of hours

upon a given period during which the indoor temperature exceeds
the critical levels of 25 °C or -28 °C.

This was no-longer the calculation of a consumption, but
that of an indication:of comfort reached, namely the. indoor
temperature ; the reliability of the simulation is thus of the
greatest importance in this case. — ==

Obviously, the optimization of this VAV free-cooling
system needs a dynamic simulation of the thermal behaviour of
the building taking into account its inertia. '

We did this with the LPBl Program of the University of Lieége
(prof. J. LEBRUN) which can calculate hour by hour the
evolution of indoor temperature for varying external and
internal gains and.losses, for constant air temperature and
flow rate.

We implemented a sub-program simulating the: scheme of
ventilation described- above and calculating--for every.hour the
positive and negative energy contributions introduced by the
thus defined ventilation.

It has been possible to directly take out the data
relating to the indoor temperatures exceeding the fixed level,
as also” the graphic representation of.the: monotones ‘of the .
indoor and outdoor temperatures, for the various cases under
consideration. w Tzcds Torn zrans waSon fortmeae cuve

ol Smmw U (R

It will be underlined, when reading these results and our
comments, that some of those apply only to the building under
study, with the climatic conditions specific to Belgium and the
specific data relating to internal gains introduced in the
simulation program.
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The mean climatic year used in the LPB1l Program is a year
composed with real months where each is the closest to mean
climatic conditions (temperature ahd"Bolar radiation).

To study the effect of a warm period, we introduced' also the
period between the 10 and the 25 dugust 1959, during.which the
mean temperature was particularly high.

We proceeded to the simulation in two steps.
At. first, we introduced nominal air changes varying from 2 to
8/h during the occupational period and from 4" to 10/h during
the night ; as other parameters, we introduced an external
solar protection in one case and constant flow instead of VAV
in another one. :
In table 1 are given the results for a South-oriented premise
during July. The percentages  indicated are those of the number
of hours during which the indoor temperature exceeds 25 °C
respectively 28 °C between 8 a.m. and 6 p.m.

y
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Table "L. First simulation - Relative duration of discomfort -
S. orisncad premise - July. ' R R i
: S £ B
Case- studied A s ind. .temp: ind. temp:
nom.diurn’ (*) nom.noct.(*) .> 25°C (%) > 28°C (3)
A fTEse T4 - e 711 T 22.2
g 5 SN0k - 20.8 637 s
IR 5 : - 39 LN ]
r ) : L oI10” : 22, 7W0R 1.9
" Bng o @ v £ B : A A A% S
onoe L5 4(%x*) :r 1.8 ¥ 21 [ - 3.8~
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(*) number of nominal diurnal (resp. nccturnal) alr changes
Fuwooo€0 per hour: o T BT wae coosldinunl sant gert Dl
leo wm. ke LT ompc tprnesoye mstLrETeGoEl LT Toooar o anivals;
e;: Lq(**)sniconstant:flow (instead :cf VAV :fon:othericases)
BoTL remIT UDITEY anl IT. meuroresns,. L uobkis bas owosboo
(***) external solar protection (instead of. ingernalrfeor
other cases)
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From this Z:zrst simulation, we can observe that

- a highlL::miﬁal ventilatio

effects
ventilaticn
discomfor::above,gs
the fact

remains
heat brought Dby
- external
compared
protecticr,

the RDD/232

- in our case,

_ (RDC/25) .

zhat selfjadjustinq air diffusers in VAV cannot give
good resu.ts regarding air mixing and spéan while the air flow
cnder 25 % of nomin
air flow zrows with the nomi
the venti
outside ==mperature is higher

solar protections are very
<o internal protections

the RDD/25 decreases from 20.8 % to 7.3 % and
from 6.7.% to 0 %. T

n.
increasing from 5 to . £8 .

doesn't decrease
°C

al flow. .
nal air flow and this rises the
lation during the period when

rate -éan‘”have’jdetrimentaL,
a.c./h the diurnal .
the. relative duration of
This can be ‘explained by

The minimum allowable

than inside temperature.

effective for comfort
with external solar

nominal diurnal ventilation rates around or

slightly above 5 a.c./h seemed to give good”results.

Looking
simulatiorn,
They relats
p.m.) ; fc=

_September.

Table 2 -

Sa
o<
Sa
Pl

. . : .
lative Duration of DiscomZort (RDD)
cond Simulation.

further for an optimum, we performed a second
the results of which are presented in Table.
to the 10 h/day occupancy period, (from 8- a.m. to 6
June only or for the period extending from April to

2.

i

Orientatizn Vent.rates RDD 25 RDD 28
(diurn/noct) (ind.tgmgn>239C)~(ind.temp >28°C)
(a.c./h) (%) o (%)
June Apr./ Sept June apr/Sept
South © « . 3/6_ 27.3° 15.83 1.7 0455
South . . ) ¢4/§"m ) 26.0°= 13.83 0 0.22
South . - A4/38 28T 17.33. 0 0
South 5/8 “16.3- - 7.93 . 07 ' 0
gouth 5/10 16.7 .89 0 |
 North:. ..:. 3/8 31.7 14.70 0 0
*- North-i-c: oo o 4/8 - 21.3 £ 2.96.. .0 0
Nof€h™ -:-.z-5/10, - 163 3.74 0 "0
outside tsmperature(*) =" 19.3 5.72...7 4,375 % -0.98
ff{?ii:iRelaeive;dura;ionkdpring wich tne outside temperature
ijh.~r;;excaedarthe;lévelif?ﬁ»or 28- °C) during, the period
soetnis sconsidered.  TELETE Pl s Bl
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wnis second simulation shows that : -
_ iz is possible ko obtain; with adeguate diurnal and noctgrnal
iy flows but without mechanical cooling, indoor conditions

:dentical or more comfortable than outside

- is the simulation, we supposed ghat, during- sunny hours,
inrernal protections were closed on the’ souch fagade ; the
scmparison between North and South oriented offices for the
same ventilation rates shows thus the effect of diffuse
-adiation gains. ¥ R
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Regulation of the H.V. system

PO Y it

The supplied air temperature and variable flowrate, as
11 as the nocturnal high flow ventilation are controlled by
-7 the return air temperature, measured in the return air g
-- of representative premises and the outside condition. 7
-~e ‘question was @ how to cope with the problem of- window
czening 27 - ' o '
:5 said before, a magnetic switch on each window ccntrols the
-as on supply and exhaust air ducts for the corresponding ;
smises. - of |
istection loop reports to the control system of: the
+a==ilation plant the number of closed valves. ‘
~-:3 information allows a microprocesscr to adapt the relation-

s=iz between outside- temperature, indoor temperature and air
-~ to the new situation.
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~-.. conclusions and srospects
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----- . The .growing importance of the factors of energy
.symption, linked to~the specific_;aggirements of the owners
-he work or 'the puilding's users on tne omne —hand, the

-zwars which have to be given in@ividuallg to encompass the
the building on

s

mvsical and architectural characteristics &I
= other hand, willﬁinevitably_lead to the increasing use of
wramic analysis. ' ; I
, The LPBl program nas shown; in our specific case of
_zsssarch_Qf temperatures reachedy its adaptation abilities. to
xmiver specific problemsT - These. gqualities- ccmbined wigh its
.scwantific accuracy- make it a ;@ivileggéﬁ“fﬁstrumentmaf_a
; ;';_‘_-‘_:‘.:Q_m_j_c_;__s_j,mul_atl_g'@“:'“*“”—h-m_ . ’ L2 U Yeigmnr _
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We are” convinted c;°the-ﬂgcﬁﬁbity:c%lahfaCtiueFdialoque,
-+ from the beginning of a proje&:,‘betwéea'ﬁhegarchitect
2 the services engineer so that the lattcé&f“may .intervene

~t from the definiticn of the shell of the building.
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ANNEX 1

Data relative to the building

General : = =

Heavy concrete structure

= - = Floor area-: 17 000 m2
- Leveils H -2 )
-1 ) : Parking areas and plant rooms
G . Entrance hall, conference rooms,
printing workshop...
+1 : Hall
+2 +8: Offices and meeting rooms

9 Offices and.plant rooms
‘Characteristics of office premises studied

lexh=36x54x275m3=535m3

transmission coefficient'of external wall : 0.48 W/m2 °C
[

transmission coefficient of window : 2.9 W/m2 °C
(acoustic giass)
frame of window : in wood

i . -
it percentage of window : (transparent part) : 17 3

(glass and frame) . 26 %

s Internal gains

'z - occupancy : 2 occupants/office

A - small appliances -1 240 w/office ,
_ilighting & : 20 W/m2 (from 8 a.m. to 6 p.m.) -
l
de~ (this last value is reduced to 10 W/m2 from 10 a.m. to 3 p m
Ji; for South fac1ng offices 1n case of opening ci
e protections : i.e. for covered sky).

f ;
minimum.hygienic ventlxat;? rate ;& 17 1/s per office.
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