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ABSTRACT

Research has been carried out to study local comfort in an office with displacement
ventilation. The discomfort due to air quality is calculated by the olf and decipol, the
new units for perceived air quality, and due to draft by a new comfort equation
including turbulence intensity. The distributions of decipol and draft are computed by

an air flow computer program based on a low-Reynolds-number k-e model. It has been
found that the distribution of percentage dissatisfied occupants for air quality is
different from the distribution of smoke concentration. The olf and decipol units are
recommended to be used for evaluating indoor air quality. The thermal comfort in the
office is acceptable for this ventilation system though fresh but colder air is supplied
directly to the occupied zone.

INTRODUCTION

Energy conservation measures, resulting in tighter building envelopes and use of the
materials with better thermal insulation, increase the concentrations of internaliy-
generated contaminants in offices. Displacement ventilation systems have been
therefore introduced to remove the contaminants more effectively. For evaluation of
indoor air quality with displacement systems, the odour sources from wall materials,
furniture, systems, etc. should be accounted for in addition to bioeffluents and smoking
caused by occupants. This can be accomplished by the olf and decipol, the new units
for perceived air quality [1]. It will be the main aim of the present paper to evaluate
indoor air quality in an office with displacement ventilation by a perceived comfort
equation. Thermal comfort in the office would also be quantitatively analyzed since
fresh but colder air is supplied directly to the zone of occupation.

RESEARCH APPROACH

The application of the olf and decipol units makes it possible to establish an odour
balance for the air in a room. If the room air is well mixed, the perceived indoor air
quality, C;, can be determined from [1]:

G
Ci=Co+10F  (decipol) (1)

where C, is perceived outdoor air quality (decipol), G is total odour sources (olf) and Q
is ventilation rate (I/s). Then the percentage dissatisfied persons in the room, PD, can
be calculated by [1]:
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For an office with a displacement ventilation system, the room air is not well mixed.
The assumption of an uniform concentration distribution of odours cannot be
accepted. The field distribution of perceived indoor air quahty should be predicted for
finding local air quality. ; :

The development of computational fluid dynamics, allows Us to compute the /ﬁeld
distributions of air velocity, air temperature, percewed air” qualuty/contamnnant
concentration, and turbulence intensity. The air flow program PHOENICS-84/[2] has
been employed to calculate the air distribution in the office. The computatiofis involve
the solution of three-dimensional equations for-the Qoﬁservatlon of mass, momen(um
(u, v, w), energy (H), perceived air quality or contaminant concentration (C), turbulence

energy (k), and the dissipation rate of turbulence: energy (e) The turbuletqce model

ased is°@” low-Reyriolds<number ke model [3] which has been |mplemented in
PHOENICS-84. This model has bben. verified to be more. suitable for indoor air flow
‘simulations, and & betteriagreement between computation and experiment has been
found:with: respect: te:nalocity-ahd turbulence energy distributions and heat exchange
through solid walls [3]. The governing equations of the model can be expressed in a
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With the distributions of air velocnty, air temperature, and turbulence intensity,
percentage dissatisfigd: ‘peopiscdue tor 'draft, PD, ‘can a!so be-¢alculated via: ghé new
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{%). Thé turbaléncerintensity is defired as the. velocity flactuation=over:ithesmean
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‘Research has béen coriducted for‘a néw offite 'foom a8l shown i Fig< 17 Theroom is
"4.5 m'long, 4.5 m ‘wide, "and 2:5' m- highi with' some-furnitiire, two computers; land'two
Loccupants For simplicity, no flow blockahe is mséd For thé'!computsts: FhéBdoli o
‘the floor is assqud 10 be0.5 olf, oM thewalls and ‘ceflngO?:Folﬂ from‘the books'in
~each”Bookshelf 1.0 off, from: thérén?"okmg petson (66&upant &)-5:0 olf, and from the
‘Non-sméking -person idccébaht )1 ‘0"6If~ The Vehtifatieh' systeri' @ad furnitlire sare
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Fig. 1. Sketch of an office with displacement ventilation system. TR RS

'é*dpposed to get appropriate maintenance such that no odour sources are assumed.
This implies that it is a low-olf office with a total 0.15 olf/m2 of odour load from
-materiglg, furniture, bpok . and veqtulqt@n system. Tb.eﬂsurche .temperatures of the
“enclosures are 22.3°C. The convective heat ¢ gain from the ‘window'is 150 W due to
“Solat radiation! THe Heat sourcd frem eath ‘occupantis 80 W and-from each computer
V120 W. Fhe . inletzgize’ is 0.6.m=x%:0.6 m with an_air velecitywof 0.20 :m/s which
corresponds to a 5 times of air-change-rate or 70 I/s. The temperature of.the ajr
supplied is 19.0°C and the turbulence mtensuty is 40%.
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~ Fhe ccomputed. tdtstnbuttons af giP ve,hocny,, amoke;ffmn@entratlon/percewed air
quallty, and percentage dissatisfied people due to indoor:air quality are shown.in Fig.
2. Figs. 2c and 2d are the distributions of the perceived air quality due to 1.0 olf smoke
:odour or the distributions of the: smoke, congentration caused by 0.01 ml/s smoke
source. The application of dual units is necessary. This is because not all pollutants
«can: be perceivedy;suclras radep, theoonegeniration of the pollutants should be
.determined: by-wnit:ppm or Ba/m3;-Erom- Fig- 2d we can: seejsthat:the smoke
rcanceatrationcisilow:in-the left part of the. office although-there- is @.smoker, on the right
side of.the tables. jtis obvious~since.the room geometry; and heat sources are
symmetrical. Adding all the values of perceived air quality caused by different odour
sources together the distribution of percentage dissatisfied people can be calculated
:@s shown in Figs. 2e and 2f. The distributions of the percentage dissatisfied people
are different from those of smoke. It is because the smoke'is not the only odour in the
room. The odours from materials, books, and bioeffluents from human bodies have a
significant contribution on perceived air quality. SAGIZIUNEIT . ol - 4

2 n.)t should-be noted.that the airshange gate forthe reom. is, cansiderably high (5
f—a‘oh): The..percentage dissatisfied-people;due to ajr quality. in the, part of. the.room with
-the Smoketis’ abaut; 18%:in . 3om height, 0 «20%-in,4.7. m. Jn-a, well-mixed sttygxlon
-the average.perceiyed @i quality-Ciis; 1,286 which cgaesggngsqqamaverage D.of
-18.6%.- The PD values inA- standing Jeveg (147, mhetght)_m the~0 ffice are;highes.
weu-m{xed system.. ThIS cay be -explaiped: Tﬁom the air; ftowqtleld@ﬁdguetqatg 40AF tg
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Fig. 2. Distributions of air ve/oc:ty (a,‘b) perce:ved r".am”zw;lahty/smozke Toacantration (c,
d) [decipol or ppm], and percentage dissatisfied people due to indoor &irguality:(e, f)
[%] in different sections of the office. (a) section I-I, (b) section lli-1ll, (c) section II-1i, (d)
section lll-1ll, (e) sectlon II-II (f) sect/on HI-1l.
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2b. The heat sources frdm the computer :andfhuman body induce a large arheuntof air
together with the smoke up to the ceiling. This air forms a large eddy which brings

" contaminated “air downwards along:the sidezwall.Thire are!three-large.eddies as

S
~»»4

“shownin-Fig. 24. It is different from' the:assumption that:there is only ongieddy-in an
“office ‘with displacement ventilation'system: The complex flow. pattem will mixthe air
" better suich that it results.in a higher contaminant: coricentration in. th& Gpper: partof the
occupied Zone sof the: office. H@mveﬂhmarr quality.iin*theo roomcisscertdinly iatuch

' better than' int’ a- ponventional. "wellmixed'csystem asirepotted by Chenif&:;The

“contaminant gagngentration ina 'ammal*cemmuanald'well-mixud systém isiewen: higher
than the mathematlca[ly averaged fone Becauseit is-hardcta:mix: roomeainperdeatlyic
< (3o houmoes 1smsit adl sevewoM  noitosleitszeld
For an overall evaluatlon of mdoor air quality due to odours;, the olf and:degipol
should be used. The results indicate that a large amount of fresh air is required to
meet the requirement of comfort. For the office presented here, the air supply is much
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F:g 3. D:stnbmbﬂs'of air temperature (a, b) [°C], turbulence energy (c, d) [10-¢m3/s?],
and percentage dissatisfied people due to draft (e, f) [%] in different sections of the
", office:«{a) section.l-l, (b) seutran ﬂ#lﬂ (c) sectlon I— (d) section III-III (e) section I-1, (f)
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higher than that given in most existing standards. But such a high air-change-rate is
not recommended because of the cost of energy for ventilation. It is preferable to
126 reducethe odour sources as bylprehnbltmg smokmg and using low- oH mamrlals

b ~iyhe s & A& 27 : "'1 L e
o+ Fig. 3sshows the: drstnbutleﬂswf air- tgmperature turbulence energy, and
dlssatlsfmd people duertoreraft.- Theyalues of-dissatisfied people:due;to-draft in the
5 room is lessthan 20%even-near the'intet-tn the present studyethenair velacity, in the
inlet is: low: (0.2 m/s) and-the.temperature israther high (19;0°Ch- These conditions are
1 certamly in favour.of comfort. Figs::3a:and Sb-indicate that there:is:a large temperature
=t Stratification incthesroom.:The discomfortdue-to draft. shown inFigs: 3e and-3f-dees not
1ariinclude the influencé-ofthe temperature:stratification sOlesend6} pointedrout that~a3°C
of temperaturedifference between head: (1t m)@nd;ankles (0sLm)-willlead:to a£% of
dissatisfaction. However, the thermal comfort is still acceptable under the current
masituation. o adr sruobe o aub V"!u‘»“D HE 1enDet An r:,:cny.su}sua ;Is’wgvc N S
TyooEtper 2rmis izt 10 ﬂLor*‘u: &L 3 rf M wtandt o Liaeed 0T esy ad bluere
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CONCLUSIONS

It can be concluded that the perceived comfort equation can be applied to evaluate
local indaor air quality in an office with displacement ventilation. The distributions of
perceived air quality and concentrations of contaminants can be computed by an air
flow program with a low Reynolds number k- model. The distributions of air velocity,
temperature, and turbulence intensity, which are also computed by the flow program,
can also be used to determine the local thermal comfort in the office.

In this particular office, the distribution of percent dissatisfied people due to air
quality is different from the distribution of smoke concentration. This is because the
odours from materials, books, and bioeffluents from human bodies have a significant
contribution on perceived air quality. The olf and decipol units are therefore
recommended to be used for evaluating indoor air quality due to odours. For
contaminants which cannot be perceived, indoor air quality can be evaluated by the
concentration of the contaminants. The comfort due to draft has also been analyzed for
this office. The thermal comfort in the office is acceptable for the ventilatior system
though fresh but colder air is supplied directly to the occupied zone.
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