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ABSTRACT

The active  displacement  air
distribution method is a combination of
displacing and mixing. It is a low impulse
system based on special nozzle ducts,
which are usually placed above the
occupied zone. Depending on nozzle
spacing in the duct and duct position
related with heat sources, it is possible to
get a more displacing or more mixing
system.

A study called Convective Flows and
Vertical Temperature Gradient with the
Active Displacement Air Distribution was
started in September 1996 and it will end
in December 1998. The main aim of the
study is to determine the guidelines for air
flow rate dimensioning of the system. The
focus is in cases where thermal loads and
need of cooling are dominating and
dimensioning is possible by using vertical
temperature gradient. The performance of
supply air flow patterns together with
convective air flows is  studied
experimentally by carrying out
measurements in a test room and in field
plants This paper presents the aim of the
study and the two-zone calculation method
developed for modelling the temperature
stratification in the test room. Some
experimental results of the test room
measurements are compared with the
results of the calculation model.

The results show that with uniform
heat load / floor area and with high air
velocities through the nozzles the air
distribution behaves near fully mixing.
When the heat sources create relatively

strong plumes, they are able to control the
room flows and higher vertical temperature
gradients and contaminant gradients are
achieved. Thus dimensioning with lower
airflow rates is possible.

Two other papers named Behaviour
of Convective Plumes with the Active
Displacement Air Flow Patterns and Test
room and Measurement system for Active
Displacement Air Distribution regarding
this study are also submitted to be
presented at this conference.
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INTRODUCTION

The active  displacement  air
distribution method is a combination of
displacing and mixing. It is a low impulse
system based on special nozzle ducts
(Figure 1), which are usually placed above
the occupied zone
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Figure 1 Principle of the nozzle duct.
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along the whole length-of the duct and on
full or a part of circular surface (nozzle
sector 0 - 360 degrees). Air velocity in the
nozzle is high, but the supply air mixes
yuickly with thc room air in the near zone
of the duct. Thus the air velocity is quickly
reduced and the air distribution can be
considered as a low impulse system and
can be used for displacement. Depending
on the nozzle sector and the direction of
the supply air it is possible to produce four
different types of air flow pattcrns
(Figure2).

‘TSQC: ’

L

()

Figure 2 Air distribution upwards, full
circular, downwards and two sides.
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carried out by using two types of the air
flow patterns, air distribution upwards and

full circular distribution. The most
common type is air distribution upwards. It
is used in industrial and comfort

ventilation and can be used for a large
range of cooling effects and air flow rates.
Even temperature in the occupied zone is
also characteristic far this method. The full
circular distribution is used mostly for
displacement purposes in  industrial
ventilation.

The air velocity level in the whole
room with the active displacement air
distribution is relatively low. It means that
strong thermal plumes created by heat
sources are able to break through the
supply air flow pattern, whereas thermal

plumes-with-low buoyancy-are-mixed-with——

the room air (Figure 3).

The aim of the experiments is to
determine the vertical temperature gradient
in the room by varying the placing and the
strength of heat sources.
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Fig. 3. Idealized air flow patterns and stratification graphs with the active dlspfacengenl air

distribution.

Similarly the contaminant gradient in
the room is measured by using tracer gas
injection both into the heat sources and
outside the heat sources (contaminant
source without thermal buoyancy). The
temperature  effectiveness, local and
general contaminant removal effectiveness
and air exchange efficiency will be
determined from the measurements

(Ethridge 1996, Mundt 1996). The
experiments are carried out in a test room
in the laboratory of Finnish Institute of
Occupational Health in Turku.
Furthermore field experiments are carried
out in three test plants in Finland and
Sweden.

Finally the guidelines for air flow
rate dimensioning of the system are
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1997). The focus is in cases where thermal
loads and need of cooling are dominating
and dimensioning is possible by using the
vertical temperature gradient, Equation 1.
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q, = . Qmal — Qcaol ( 1)

; PCp(ts—tex)  PCr&i(ts —toz)
where Q... = need of cooling effect

METHODS

Two zone calculation method

A two zone calculation method has
been developed for modelling the
temperature stratification in the test room.
The method can also be used in practical
cases in the general formula (Equations
2...8). Nomenclature for the equations is at
the end of the presentation.

vvien the temperature or the exnaust
air Tg is assumed' to be known, the
temperature of the supply air Ts (Equation
18), the temperatures of the wall surfaces
Twiz and Ty, (Equations 14...16) and the
air temperature in the lower zone T,
(Equation 11) can be calculated.

The concentration stratification has
been modelled similarly (Equations
19...20). When the contaminant flow from
the source is known, the concentration in
the upper and the lower zone can be
calculated.

Plume air flow rates

The plume air flow rates qem have
been measured for three types of heat
sources by Hautalampi (1998).
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Figure 4 Two zone model for the calculation of temperature stratification with the active

displacement air distribution.
Temperature model

Air mass flow balance
Lower zone

Pgs + Pgr — PGwb — PQqizx — PGcbm = 0
Upper zone

Pgchm — PGex — PGh + pgwb — Pqus = 0
Heat flow balance
Lower zone

Os+Qc+ Qctz + Quiz + Qb+ Obr — Owb — Qiir — Qcbm =0

Upper zonc

Qchm - chz - Qwuz - Qb - Qex - Qbf o wa - Quzf =0

(2)

(3)

(4)

(5)



— Qctz = Qowiz + Orwuz + Ortz — Qized = 0 (6)
Walls, upper zone
Qcuz + Qowiz — Orwe + Oniz — Quzea =0 (7)
In the test room it is assumed
- air density will stay consiauni
- vutside temperaturcs = inside temperatures
Quzf = 0, Qizf = 0

Equations become with assumptions
Air mass flow balance

Lower zone

s+ qb—qcbm ~ gwb =0 (8)
Upper zone

Gebm — Qex—qb + gwb = 0, (9)

where gom is a measurement result for different kinds of heat sources

The whole room
Gs — Qex = 0 ( 10)
Heat flow balance

Lowcr zone

Qx+Qc+chz+lez+Qb+le—wa—Qrbm:0, kii)
where QA\' = pCpqus

Upper zone

Oc =01 — Otz — One

Otz = Fr:Arero (Tr* = Twte*)

Orie = FrcAr&:5(Te* = Tonc")

QOctz = hgAr (Twiz = Tz)

Quiz = (@wiz/ i) Qeve (When Quiz>qwuz, and Gwuz>=0 and qw1;>0)

Qwiz = Qcwz (Wwhen qwiz<qwuz, and qQwyz>=0 and qu1,>=0; or qw,<0 and qy,,>=0)
Owi. =0 (when qwiz>=0 and qu,<0)

Ocvtz = hewAwiz(Twiz — Tiz)

Ob = pCpqvTuz = pCoTuz(qebm + @b — gs) (When geom + Gwb > gs)

Ob = pCpgpTre = pCyTi(Getom + gwb — gs) (When Geom + qwb < g5)

Ont = pCpqbi(Tuz — Tiz)

Qctm = pCpGeomTctm = pCp(l = gom I Gcb) geb T com

Owb = (1 — quuz/ quie)Qewtz + pCpqupTi: (When quiz>qwuz, and quuz>=0 and qui,>0)
Quh = (gwiz guuz = 1)Qewiz + pCogusl'c (When qwiz<Qwuz» and Quu>=0 and qu1,>=0)
Owb = Qewiz + pCoqusTi: (when quiz>=0 and quu,<0)

Owb = —Qowuz + pCpqwvTuz (When quwiz<0 and quy;>=0)

Qo = hewuzAvuz(Tuz — Twuz)

Qchm - chz - Qwuz - Qb - Qex - le ah leb =0 ( 12)
where chz = hrdér(Tuz - Twuz)

QOwiz = Qewuz (When qQuwiz>qQwuz, and quy,><0 and quw1;>0; or when qu1;>=0 and

(]wuz<0)
Qwuz = (qmz/QWMz)chuz (When qwlz<qwuz: and qwuz>=0 and Clez>=0)



In the equations of the mass flows it
can be seen that the air flow rates of the
convective plumes dominate the mass
balance if there are not any buoyancy
flows on the walls. When the flow rate of
the plume increases higher than the supply
air flow rate, the return flow from the
upper zone to the lower zone will increase
and the temperature of the room air will
become more even.

The results of the calculation,
temperature  effectiveness and local
contaminant removal effectiveness, can be
now presented by varying parameters such
as type, power, placing and number of the
heat sources, supply air flow rate, mixing
air flow rate through the zone boundary,
reduction of the plume air flow rate by the
supply air flow.

The calculation results are compared
with some experimental results. The
measurement system of test room is
presented by Koskela (1998).

RESULTS

The results of the calculation model
are shown in the Figures 7...12. The
temperature effectiveness € and local
contaminant removal effectiveness €. are
presented as a function of several
parameters. All the cases except Figure 8
are calculated using convective heat
sources (Hautalampi 1998).
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Figure 7 Effectiveness €, and €. as
functions of supply air flow rate and power
of the heat source
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Figure 8 Effectiveness ¢ and ¢
functions of supply air flow rate an
type of the heat source.
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Figure 9 Effectiveness € as a functi
supply air flow rate and the number of
sources.
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Qomez = hewgAwuz(Tuz — Twuz)
Qex = pCp(IexTex 5 Tex=Tu

-whole room

Vs + O — Qes — Otzed — Quzea =0, (13)
where Q!zcd = (1/(-5‘/& + llhwalz))vaz(T"'"z -Tall) » Toiz=T,
Quzrd = (1/(.5‘ 1A+ l/hwnuz))Awuz(Twuz —Touz) , 1 e
18, lower zane
~ Qctz — Qewiz + Orviz + Oriz — Qrzed =0 (14)
whete Qne = FruAcuzéns (Twuz4 —Tw' )
Is, upper zone
Deuz + Qewuz — OQrouz + Oruiz — Quzed = 0 (15)
Is, the whole room
2cnz . chz + chuz - chlz + erz + Qruz - lec:l o Quzcd =0 (16)
ation (13) becomes
qs(Ts — Tuz) + Ot — Qlzea — Quz::d =0 (17)
ression of supply air temperature. T,
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ire 5 Two zone model for the calculation of concentration stratification with the active

lacement air distribution.
icentration model

mass flow balance

ations 2-3.

taminant flow balance

'er zone

3.\' + Gc + Gb + be - Gwh - Glzf - Gcbm = 0
ler zone

Jcbm — Gb— Gex— Gbt + Gub — Guz[ =0

(19)

(20)



