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ENVIRONMENTAL QUALITY PROFILES:
A TOOL FOR AN EFFECTIVE USE OF ENERGY IN CONDITIONING SYSTEMS.

MARCO ALBERTT
Politecnico di Milano, Dipartimento di Meccanica,
Sezione di Ergotecnica Industriale
Piazza L. Da Vinci 32 - 20133 Milano (Ttaly)

Introduction

The evaluation of the system which combines an environment and its
conditioning plant must be accomplished with regard not only to its

efficiency in using energy but also to its cffrctiveness in

realizing
whele-ambiont

thermal comfort conditions and adequat e indoor ai cont
minanls contral, heing ef Fect §veness aonyslem goal itse ! but having i
A rale on energy consumption as well (1) .

The design and construction of a conditioning system assume
direct purpose creating an optimum comfart level within
zone” of the environment. The condit ions really obtained within the oe-
cupied zone of the conditioned volume are frequently affected by  some

level of non-uniformity, mostly depending on building and thermal plant
features and on outside climate too.

LS
A "reference

Such a non-uniformity is usually made uwp of (2,3,4,5):

- space gradients and time dependent fluctuations of main
bient variables that cause whole-body thermal comfort:
mean velocity and humidity and mean radiant temperature;

thermal am-
air temperaturce,

- localized thermal exchanges of the body that do not have a
effect on the whole-body thermal balance but that can h
comfort level of subjects;

sensible
eavily affect the

- poor air quality in some zones of (or in the whole) environment due to
ventilation air lack or wrong distribution.

Ambient non-uniformity in this wide meaning is a factor of drastic
reduction of the comfort level in a surprisingly high number  of  wovk
cnvironments. When a  system shows design or construction faults or a
reduced performance level and whenever a check of system suitabhility tn
generally grant high levels of thermal comfort is needed, an amhient-
uniformity evaluation criteria may be required.

This paper deals with an effectiveness evalvation rethod

allows a rather complete quality estimate of
help in

nisation
reforence

which
a system and gives valuable
its analysis, provided some fitting of the measurement orga-
to the specific system features and by assuming that

in the
zone thermal comfort: requirements are met.  More in qeneral
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it may be joined to a global comfort criteria (!PMV!<0.5 for
instance) to give a complete view of system effectiveness also when
system faults also affect the reference zone.

The ambient quality profile construction methodology here presented
is suitable for moderate environments and has the following two feat-
ures:

_ it holds main non-uniformity factors in due consideration;
-~ it brings their impact on comfort level into appropriate and measurab-
In figurens of merit.

Thus it can be helpful (and it is, on our experience of use) in
giving easier understanding of the reasons of system-users level of
satisfaction/unsatisfaction and consequently valuable insight in buil-
ding and plant dependent factors of discomfort.

Method description

The derivation of an environmental guality profile requires first
of all considering space gradients and time dependent fluctuations of
the main whole-body thermal balance variables.

Nowever, as to the environment nvaluation, the corresponding values
can be uscfully replaced by some comprehensive thermal comfort index (as
pMV  and PPD indices) whose use allows to become aware of the effect of
the quoted variables gradients and fluctuations on comfort levels.

Then 1ocal thermal exchange phenomena must be considered and re-
lated measurable parameters evaluated, namely:
- air temperature difference between head and ankles level:
- plane radiant temperature difference between opposite directions;
_ 1local air velocity and temperature at the neck level:
- floor Lemperature.

Finally a comprehensive evaluation of the environment must take
into account the required and actual rate of air change within the same,
with rrgard to ambient total ventilation air flow and to environmental
zones local supply rate.

The ecvaluation criteria here presented is a modification and com-—
pletion of the UCRES profile method by Dessagne (5). It takes into
account a series of eight variables strictly related to both the ambient
quality and the sensation of the inhabitants.

The wariables are measured or caleulated in a number "n" of points
of a three dimensions network extended within the occupied =zone to
appropriately cover the roquirements of a discomfort-factors hunting
methodology (see also the following section on mrasurements) . The sot of
wa" values of cach of the eight discomfort variables is then distributed
into three classes: the comfort class "0" and the increasing discomfort
Jewe] elasses "1" and "2%.  The values of the three class standard freq-
can Then e pvalmated,  noamely by e of Lhe Following  egpration

peeges j et
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for the discomfort variable "i" and for the class "0":

F
io
I (1
i0
B + F + F
io il 12
where:
F +F +F =n;
i0 il i2
The number of values of the variable "i" put into the class "0", "1" and

"2" are respectively expressed by F , F , F
i0o i1 i2

) The environmental index Ni for the discomfort variable "i" 1is a
fxgure of merit referred to a value scale lying from O to 5 in ordef of
increasing predictable discomfort level. It can be calculated by use of
the equation (5):

Ni =1.81n (1 + 3 f( t 15 f } (2)
il i2
The function Ni = g(f ,f )} has the following main features:
il i2
- N. =0 if f = f = 0 (all the values fall in class "0"};
i il i2
- N‘ =5 if £ =0 and £ = 1 (all the values in class "2");
i il i2

- one point in class "2" equals five points in class "1".

Evaluation criteria

The values obtained for the cight indices Ni strictly depend  not
only on the valgc% of the di'scomfort variables within the environment
but also on the limits of the three discomfort classes.

The last ones have been generally obtained by examination of the
current literature on main thermal discomfort causing facto;s within
moderate environments (see references 1 to B). Some calculations and
some choices have been made to pass from a variable to another one to
make the right space for the class "1" lying hetween a class of co;fort
and another one of clear digscomfort, sometimes to better fit our jud 6—
ment based on a moderate system evaluation experience. e

) Therefore the total number and kind of criteria, the discomfort
vaflables chosen and the limiting values of the classes should be re-
tained as tentatively proposed and requiring some more ficld checking,

b(‘ln(j subject to (:hdngom(:nt on the basis of new tboratory < ¢
> DOY Y )
t b f 1ab t vd field

o The following discomfort variables have been chosen with  the
limiting values of Lable 1. »
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. . i he PPD

g . jteria variable is t
level gradients: the crite ith reference to
following (2) and
of

omfort 2
i Ch oint of the environment calculated
S e mbient mean PMV equals zero, e
. o bolic rate and thermal resis

value in
conditions where
keeping constant the levels of meta

clothing.

Global comfort leve fluctuations: h iteria variable DF 1s the
the criterl iab D
r 1
daily maximum absolute value of the ratio between the peak to [7eak
amplitude o the fluctuations wi in a reference time period a d the
1itud f he PMV th P
) time perlod (a reference time of 1 hr is SUQQESted)-
same

i . jable 1is the
: : the criteria varia
Vertical air temperature gradient: the d the ankle le-

erence O alr emperature etween e head an
diff f A t t DTAV bet the head

vels.
Class 1 Class 2
Index Variable Class O
> 10
epD (%) 5 TO 6 6 TO 1030 G
o F (1/hrx) < 0.15 0.15 TO O. .
B ETAV { C) 0 TO 3 3 T0 5 -
N PTRV ( C) 0 TO 8 8 TO 12 =
" DTRO ( C) 0 TO 4 4 TO 6 e
o 17 TO 26 17 TO 15 o
B e e 26 TO 28 > =
PD (%) <5 5 TO 10 z 0
NZZ OMIR > QR OR TO QM
N

* Values coinciding wi th class limits are assi ned to the lower class.
1 g g

*
Table 1. Limits of the discomfort classes (*).

i faces: the

: to vertical sur
jati field with reference : srature
radl?tlon ximum vertical plane radiant tempers E
iis [Eheg corresponding to the centre o

Asymmetric
jitnrria variable ;
r:ls';'mmctry DTRV at an height from ground
a
the body.
i tal surfaces:
iati i ith reference to horizon :
e e o M al plane radiant temperature asy:
corresponding to the centre of the

Asymmetric i ;
the criteria variable is the horizont

metry DTRO at an hcight from ground
body -

Floor temperature: the criteria var jable is the floor temperaturce
N
00 emp pe

TFL

percentaqe

A . i dictable
the criteria variable is the pre equa-

Air draughts: ause of air draughts evaluated by use of the

of dissatisficd bec
tion:
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Va - 0.04 2
PD = 13800 ({ —-————-u_ + 0.0293) - 0.000857) (4)

where:

Va and ta are respectivel

Y the mean velocity and temperature of air at
the height of the neck.

Air quality: the ventilation air flow rate per person OQAIR is
assumed as the criteria variable and it is compared with minimum re-
quired QM and recommended QR air flow rates.

Profile construction

The use of the methodology here presented requires first to
the environment to be evaluated. An operative definition could be: a
space made up of one or more zones but whose zones are not separated by
physical barriers or they are, but, in this case a moderate to high

movement of persons usually takes place among the various rooms of the
environment.

define

The required measurements can be organized and performed

according
to national and international standards.

peated following the outside conditions during
the day and the year thus giving rise to a considerable work for the

collection of data and their processing to obtain a representative set
of profiles for the environment,

Many situations do not regiire such an analysis,
more Lo understand the inhabitants-compl
qive a complete description of the therma
methodology should be used with some fitting to the specific needs, and

as a reference scheme of analysis, thus getting a reasonable amount of
required measurement and processing work.

being the poarpose
aints causing factors than to
1 environment. Therefore the

The number and types of measurements to be taken should be establij-
shed mainly by using professional judgement, but a "strategy of red-
uction” is suggested to be performed before performing measurements. To
this purpose the following points should be emphasized.

It is expedient to collect the sub
the environment before carrying out the
This should be accomplished by use of som
nce questionnaire whose main goals should

jective inhabitants opinions on
objective analysis of it (9}).
e interviews based on a refere-
include:

- to assess the claims/discomfort really attributable to the
ning system (rather than to work postures, work organisation, etc.);

- to make easier ascribing some specific discomfort to specific situa-
tions and zones and to measurable variables;

conditio-

.

el

et

¥ i

P

e wy w
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ee separate therma sensation cold/warm rom evaluation (])193-
P

e tion from localized one. )

d whole-body sensa 0 L B e
Sa“t/“npleasa“t)ei“SUCh a specific kind of 1nforma?1ondez e i
R t;o ngmbet of subjects asked for, but going P
reducing e
opinions. f

i urpose O
i ften useful to examine the environment tg ::2 ﬁeagu[ement
> lSd :electing the variables to be measured an
chosing an

ure-
i ime frequency of meas ;
ensity and tim Y aile NGRS

series of

onditions with regard to space d B n FILTE o s
i t taking. Morcover it is always usefu i ool 5
o b( performed with regard to large homogene
can e 3
rooms that are alike.
formed in two phases:
bservation to mainly assefs the
ly due to the conditioning
d conditions to perform

The collection of data shou%d be ger
Lhe first ane of general checking a:' orivn
el . i 1 discomfort ohjectave
v1 of environmenta : : .
IOZ;em- this will also allow to find locations a
sy H
the following phase;
- the second onn, "
: tion o
towards the collec
building, plant and control system f

i ted
i i hase, mostly direc
er technical analysis pl i N
P data with Lhe goal to strictly re]?tc them
catures and to outdoor climate.

The automatic collectior and processing of measurement data, nar ely
by use of a por table persor al computer, strongly reduce and make easier
the required works; the use of s ll“pll.‘ computer jzed models of the thermal
rhe redquire 1 ork:

v me 0) has often reduced the number of measurements !equncd
environment (10)

to fully describe its behaviour.

Application results

od has been used to evaluate

i tion meth )
The propnsed profiles construc = entirive e

i nts.
some conditioned and heated env1ro?mo
are presented in the following sections.

case A: open-space office

i igh solar
(2000 sgm) conditioned office usually having a hig

B has been eval-

o . : lin
thermal load and thus often requiring ambient cooling,

uated.

i i the

i ant profiles for

resentative ambien

i a one of the most rep . T
_lﬂ Elféni is reported (shaded bars) toqe?her W1t:h;hgasis Dgo 298
e lelaintq profile (white bars) obtained on B ooas. cromr Tha-
?9079 'ﬁ:Zp to thn inhabitants. The profiles do not atiz e
T 2 rison due to the arbitrary scales ra o M
plimelaos i ivi the same relative importance to the i

S ; users discomfort should firs
es and then to some Jifficulty of

nvironmental conditions.

Live
anod  agreemenk, 59 .
ﬁrnfjle indices and cmph551zxn? thatt
dur to dranghts and low ventilation ra s
Lhé system to keep uniform and constant

i i iving the hin-
A thorough cxamination of locations and variables g g
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hest contribution to non-uniformity indices 7 and 8 emphasized the role
of the air-distribution system features on the existence of draughts
zones and (distinct) ventilation-air lack zones and suggested limit
values of air temperature and air flow from diffusers to grant inhabi-
tants comfort within the particular environment. Similar examination of
the indices 1 and 2 showed that gradients and fluctuations of thermohyg-
rometrical parameters were still more due to air-distribution system
faults than to poor conditioning units performance.

According to this analysis and by use of a simplified computer
model of the environment, modifications of the system to improve the
environmental conditions could be proposed.

Case B: offices, computer and assembly rooms.

A set of offices, computer and assembly rooms (about 200 sgm total
surface) provided with natural convection heating appliances has been
evaluated during the winter season. The cnvironment was almost exclusi-
vely ventilated by natural means and the rate of air change was not

estimated, thus the measurement profiles obtained do not have any bar
for the index n. 8.

A representative profile (shaded bars) is reported in fig. 1b
together with the corresponding intervicw-obtained profile. As in the
preceding case they show good agreement about indices 1, 2 and 7, and
they indicate that main causes of discomfort could be: sensible gra-
dients and fluctuations of thermal conditions and air-draughts. Disa-
greement is observed, on the contrary, about the index 4 referring to
vertical plane radiant temperature asymmetry, perhaps indicating  that

the limits chosen for the discomfort class "0" could perhaps be not Fit
to a high level of thermal comfort.

Conclusions
Lonclusions

The method proposed to evaluate human comfort
heating and conditioning systems was te
environments. It shows to be helpful:
- in assessing users complaints real
system;

- in  helping the understanding of the technic
level of satisfaction/unsatisfaction;

- in correl
and in givi

performances  of
sted with reference to moderate

ly attributable to the conditioning

al reasons of system-user

ating this level to conditioning plant and building features
ng valuable directions for the required technical measures.
Hlowever  some  more

extensive checking is required  both  for  (he
method as

A whole and with refercnce to someone of the profile indices.
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