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ABSTRACT

The combined use of displacement ventilation (DV) [1-2]
and aradiant coding floor (RCF) [3-5] isincreasingly common
in the field of building climatizaion. DV systems are based on
injeding air diredly into the occupied zone of the building, at
low spead and at a temperature slightly below the comfort one.
On the other hand, RCF systems are based on circulating cold
water throughacircuit of pipes embedded in the pavement.

With this hybrid codling system (DV+RCF) that combines
both techndogies [6], only the occupied zore is climatizated
and a verticd dratification of the room ar temperature is
adiieved [7]. In addition, indoa air quality is greater than when
conventional coding systems are used [8], becaise the updraft
convedion currents caused by hea sources in the ocaupied
zore [9], move the hat air and contaminants to the roof level
goingthroughthe occupied zone only once

DV+RCF systems work better in building with high ceiling
(of 3 meters high or more), where the air stratification will
improve the thermal efficiency and pollution control.
Therefore, its use is appropriate in large pubic buildings, for
example theares [10], museums [11], train stations [12] or
airport terminds [13], which are charaderized by their high
rise.

Despite the advantages of implementing a DV+RCF system,
their behaviour is nat wel charaderized for an efficient
dimensioning of the system. Therefore, the aim of this paper is
to present two correlations to quantify, on the one hand, the
amourt of energy (as hea) the floor is able to absorb by
convedion, that is, the hea flux along the floor, and, on the
other hand, the maximum distance of influence of the primary
air stream driven by the DV system. These corrdations have
been found for the hybrid coding system DV+RCF in alarge
enclosure, using computational fluid dynamics (CFD).
Moreover, they take into acourt the presence of the coding
floor and the verticd stratification of air temperature in the
enclosure, beaoming a powerful tool to help in the coding
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system dimensoning. Multiple simulations with different
Reynolds, based on the size of the diffuser and its suppy air
flow rate, and Grashof, based on the temperature difference
between the floor and the air supgied by the diffuser, numbers
were used to obtain the correlations.

NOMENCLATURE

v [ Dimensionlessvel ocity

Vg [mVs] Mean ar velocity at the diff user exit

M [ms Magrnitude of the air velocity
Virax [nVg] Maximum vel ocity in the velocity profile

A [m?] Total areaof the enclosure

A [m?] Laterd areaof the diff user

At [ Effedive discharge areaof the diffuser

K [1 Percent of the diffuser lateral areaconsidered as

effedive area

h [m] Height of the diff user

D [m] Outer diameter of the diffuser

5 [m Height where [ = 0.5 Vi

VA [m®/h] Air flow rate supdied by one diff user

Ng [ Number of diffusers

VA [m®/h] Total ar flow rate

r [1 Dimensionlesstemperaure

T [°C] Air temperature in the enclosure

Ts [°C] Air temperature supgdied by the diff user

Tt [°C] Floor temperature

Roccup [mP/persor]  Occupancy rate of the enclosure

Re [1 Reynadl ds number

Gr [ Grashof number

Lc [m] Charaderistic length of the diff user

ATg_+ [°C] Temperature difference between the air supplied

by the diffuser andthe floor surface
ATi_g [°C] Temperature diff erence between the indoa air in

the occupied zone and the air supgdied by the
diffuser



g [ €]

Gravity accderation

Dinfluence  [m] Maximum d stance of influence of a diffuser
Anfluence  [m] Influence areaof all diffusers
Oconst W/ '] Congtant convedive hea flux
Qcool peak  [W] Codling pesk load

[r, 6, 2] [m, -, m] Cylindricd coordinates
Spedal charaders

P [kg/m Air densty

u [kg/mK] Air dynamic viscosty

v [m?s] Air kinematic viscosity

Cp [IkgK] Air pedfic hea

B [1/C9 Coefficient of thermal expansion
Subscripts

S Supdy

f Floor

e Enclosure

| Lateral

eff Effedive

occup Occupancy

c Charaderigtic

t Tota

d Diffuser

i Indoa
INTRODUCTION

In indwstrialized courtries, 90% of time is spent indoas
where more than 40% of total energy is consumed. The ar
condtioning has bewmme into the first service in terms of
energy consumption in a building, being then evident that
optimizing the processes of air-condtioning in buildings result
in reductions in energy consumption withou compromising the
thermal comfort.

One way to approach the study of a particular climate
control system is by CFD (Computational Fluids Dynamics).
The ability to solve air-condtioning building problems using
CFD is evident in studies carried out in large rooms or public
places such as ledure thedres [10], museums [11], train
stations [12], arport terminals [13] or classooms [14]. More
spedficdly, CFD has been used in the design and evaluation of
both the thermal comfort and air quality in public buildings
located throughou the world, such as the Yoyodg Nationa
Stadium (Japan) [15], the Gdatsi Arena Stadium (Greecé [16],
the ledure thedre at Hong Kong University of Science and
Techndogy (Ching) [17], the Building A, located on the BP
Sunbuy campus (United Kingdam) [18], the Termind 1 of
Chengdu Shuandiiu International Airport (China) [19] or the
New BangkokInternational Airport (Thail and) [20].

One of the typicd architedonic fedures of large public
buildings is their high rise. Considering that indoa thermal
comfort condtions must be guaranteel just in the ocaupied
zore (the part of the enclosure up to 1.8 m above the floor), it is
posshle to incresse the energy efficiency of the air
condtioning systems of these buildings by using a hybrid
system of refrigeration composed of a radiant coding floor,
based on circulating cold water through a pipe circuit
embedded in the pavement [21~24], couped with a
displacement ventilation system, based on supplying ar
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diredly into the occupied zone a low speed and at a
temperature slightly below the comfort one[25-26].

The advantage of this hybrid system is the exclusive
treament of the occupied zone, adiieving a verticd
sratification of air temperature in the enclosure. In addition,
indoa ar qudity is greaer than that adieved with
conventiona cooling systems, becaise the upward convedion
currents from hea sources move the haot air and contaminants
to the roof level going only once through the occupied zone.
Moreover, energy savings are aso adieved becaise the
temperature of the working fluids (air in the displacement
ventilation system and water in the radiant cooling floor) are
close to comfort ones so energy losses in the fluid conductions
areminimal.

This paper presents the application of CFD to cdculate air-
flow velocities and temperaturesin high rise enclosures in order
to obtain correlations which help to dimension the air
condtioning systems of the enclosure. The velocities and
temperatures numericdly cdculated cen aso be used to
determine the main therma comfort index, acwrding to SO
7730 [27] and, subsequently, used to obtain the therma
clasdfication of the enclosure [28].

GEOMETRY UNDER STUDY, COMPUTATIONAL
DOMAIN AND BOUNDARY CONDITIONS

It aims to analyze numericdly the thermal behaviour of a
cooling system based on a radiant floor, combined with
cylindricd displacament diffusers, uniformly distributed in a
large digphanous enclosure, as shown in Figure 1, where a
simple schematic of the cooling system under study is depicted.
To that end, the numerica simulations are performed with the
commercial CFD software FLUENT [29].

Figure 1 Displacement diffusers uniformly distributed in a
large digphanous enclosure

The threedimensional (3D) numericd study of the
enclosure, together with the diffusers, is very complex because
of the large size of the domain and the high number of diffusers
that must be used. However, since ead diffuser has its own
zone of influence around it (see Figure 2), to analyze the
behaviour of the whole installation only that zone will be
studied, insteal of the whde and complex domain. In addition
to this, simulations can be considered as two-dimensiond
axisymmetric, if the diffuser is seen as a cylindricd body and
ore takes into acourt its azmutha symmetry. Therefore, the
smulations could be performed on a verticd plane placal
parallel to the airflow stream, as shown in Figure 3 where the



diffuser, its zore of influence (ddimited by ared cylinder) and
the computational plane (the bladk redange) are shown. This
plane shoud extend from the floor to the cedling of the
enclosure (8 m wide and 8 m high) but, in order to reduce the
computational time, the height of the computational domain
coud be halved (8 m wide and 4 m high), solved both planes
numericdly and their solutions compared, speddly in the
occupied zone (it must be noted that a spedal boundry
condition, imposed by means of a Fluent UDF, must be used at
the top boundxry of the half plane). A good agreement of the
numerica solutionsin both planes would mean that the small est
one could be used. Both planes have been numericdly
simulated under the same condtions and their comparison is
shown in Figure 4, where verticd profiles of |v| and T are
depicted a r = 4 m. As one can see the agreement in
temperature is quite good while in velocity some divergence
exists aroundthe upper boundary condtion. However, sincethe
agreaement in the occupied zone is very good the halved plane
will be studied numericdly to obtain from the numerica
solutions the correlations we are looking for. The main benefit
of this consideration will be a reduction in the computational
cost of the smulations, fad that will allow to generate more
acarae grids with a high node density in certain regions of
interest.

Figure 2 Zone of influenceof adiffuser

Figure 3 Closeview of the zone of influence aroundadiffuser.
Thebladk redangle is the computational domain. The numbers
indicae different boundxry condtions

The diffuser under studyis a commerciad one with a height
(h) of 2 m high and a diameter (D) of 0.81 m. The gppropriate
description of air diffusers used in displacement ventilation is
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very difficult in CFD because of the external plate perforations.
Its moddlling then requires a large number of nodes to
adequately capture the velocity profiles in eah hde, but this
would be a gred inconvenience to expedite simulations.
However, a cetain distance downstream the diffuser, the
perforations have no influence on the flow, as shown in Figure
5, where a comparison of the dimensionless velocity aong
verticd lines is shown in 4 radia locaions when two different
diffusers are used: one with perforations and the other withou
them. As it will be shown, around 5 cm downstrean the
diffusers the velocities are almost the same. The dimensionless
velocity used in the comparisonis defined as

.M
V= ,
v, A
A

where A4 is the effedive areaof the lateral facethe air goes
through and A isthe totd areaof that face In the diffuser with
no perforations A« is equal to A. Therefore, in Figure 5, onthe
one hand, the solid lines correspond to a diffuser with the
lateral plate cut in strips of 1 cm, thus, aternatdy, it supplies
ar or not in order to simulate the effed of the perforated plate.
While, on the other hand, the datted lines correspond to a
diffuser whose lateral faceis completely of air discharge. As it
can be seen in Figure 5, 5 cm downstrean the diffuser, the
oscill ations produced by the perforations are dimmed and the
profiles obtaned using bah diffusers are quite similar.
Therefore, using the diffuser withou perforations the
computational cost will be reduced and the results will be
pradicdly the same than when a perforated diffuser is used. So,
the computational cost is reduced using a diffuser whose latera
faceiscompletdy discharging air.
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Figure 4 Comparison of the verticd profil e of the velocity
magnitude (left) and temperature (right) in enclosures with
different height.

A gtructured mesh of quadril aterals dements is used in the
simulations. The e ements are compressed in the region close to
the floor to properly resolve the boundry layer. The grid



independence was examined by solving the flow field using
three different mesh configurations with 15476, 45441 and
84,992 cdls. Pradicdly, the same results were obtained with
the two finer meshes. On the other hand, sincethe qudlity of the
mesh plays an important role in the stability and acaracy of
numerica cdculations, it is necessry to read a compromise
between acaracy and computational cost. Therefore, the mesh
of 45441 cdlsis chosen for the smulation: the use of the finest
mesh only would increase the computational time.
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Figure 5 Dimensionlessprofile of the velocity magnitude along
verticd linesin theradia positionsind cated

Regarding the boundxry condtions used in the simulations,
they are described in detail in Table 1. The locéion of the
correspondng boundry condtion can be chedked in the sketch
of the computational domain shown in Figure 3.

-Type: wall

-Area 221.419m?

-Temperature; 20°C

-Density: 2,500kg/m’

-Spedfic hed: 1,000Jkg K
-Thermal condctivity: 2.3 W/m K
-Type: mass-flow-inlet

-Area 5.089m?

-Massflow-rate: 1.191, 1.361and 1.531kg/s
-Temperature: 21, 22 and 23°C
-Diredion: norma to boundxry
-Turbuenceintensity: 4.49, 4.41 and 4.35%
-Hydraulic Diameter: 2,256 m
-Type: wall

-Area 5.089m?

-Hea flux: 0 W/m? (adiabatic)
-Density: 2,719kg/m’

-Spedfic hed: 871Jkg K

-Thermal condctivity: 2024 W/m K
-Type: presaure-outlet

-Area 2214190

-Gauge presaure: 0 Pa

1: Floor

2: Suppy

3: Air tube
connedion

4: Exhaust
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-Badkflow totd temperature: UDF
- Badkflow Diredion: from neighbaing cell

5: Symmetry -Type: symmetry

-Area 211241 m?

Table 1 Boundary condtion

PHYSICAL AND NUMERICAL CONSIDERATIONS

The arflow pattern and temperature distribution in the
enclosure are governed by the conservation laws of mass
momentum and energy. The flow is asaumed to be
axisymmetric, steady-state and turbulent with buoyancy effeds
taken into acmurt. The radiation hed transfer was not included
inthe mode. The air was modelled as an ided gas.

Regarding the turbulent model, the two-equetion k-¢ RNG
(Re-Normdlizaion Group) modd [30] was employed in this
study. Thismodel is avery reliable and a commonly used CFD
modd for assessment of indoa therma condtions, aswell asit
has been used to simulate the thermal environment in large
spacebuildings [31] where good agreement between numericd
and experimenta results were found Finally, Upwind Second
Order scheme and SIMPLE dgorithm were used for space
discretization and coupling between pressure and velocity in
the numericd simulations, respedively.

CASES STUDIES

In order to find the above mentioned correlations, on the
one hand, of the amourt of energy as convedive hed the floor
is able to absorb, that is, the hed flux aong the floor, and, on
the other one, of the maximum distance of influence of the
displacement ventilation diffuser, 9 simulations are scheduled.
They are parameterized throughthe air flow rate Vs supplied by
the diffuser and its temperature Ts. The ocaupancy rate Ry Of
the enclosure is set to 3.75 m?/person while the floor surfaceis
kept at a constant temperature T; of 20 °C. Others occupancy
rates and floor temperatures are going to be studied but they are
gill not ready. Therefore, the problem is charaderized by three
dimensionless parameters: Reynalds number, Grashof number
and atemperature ratio defined, respedively, as

Re=PVsle )
u
3
Gr = 9B A-I;s—f L , 3)
VS
T ;s (4)
f

The charaderistic length (L) of the problem is related to the
effedive areaof thediffuser as

L, =(Ay )2 :(K 27r[2)h)% ,

that takes both the height and the diameter of the diffuser into
acoun, and being K the percent of the total lateral areaof the
diffuser throughwhich the air is supplied.

()



To have an ideaof the range of veriation of the gowverning
parameters, Table 2 contains the values used in ead simulation
together with the case number for future reference.

Simulation | Vs T, | Rex10* | Grx10° | T
(m*h) | (°C) ) () ()
casel 350C | 21 | 2.811C | 4.046C | 1.003¢
case?2 350C | 22 | 27947 | 5424 | 1.007¢
cae3 350C | 23 | 27777 | 6.748< | 1.010¢
case 4 400C | 21 | 32252 | 3.748% | 1.003¢
case5 400C | 22 | 32061 | 5.140¢ | 1.007:
cae 6 400C | 23 | 31871 | 643571 | 1.010¢
case 7 450C | 21 | 36336 | 3442 | 1.003¢
case8 450C | 22 | 3612C | 4.888¢ | 1.007:
cae9 450C | 23 | 3590f | 6.302¢ | 1.010¢
Table2 Different cases simulated
CFD RESULTS

In this sedion, some results obtained by means of numericd
simulations will be presented and discussed. To start with,
Figure 6 shows contours of the velocity magnitude in the
enclosure. It can be seen that the jet has two cealy
differentiated zones: the primary zone, close to the diffuser,
where the flow dropsto the floor and the velocity increeases due
to the adion of buoyancy forces, and the semndary zore,
where the air velocity deaeases and the jet maintains a nealy
constant thickness Acoording to previous investigations [32]
the separation frontier between primary and secondary zones is
defined “as the distance from the diffuser to the point of
maximum velocity”. For example, this distance is equa to
abou 2545 m in case 4, while it is abou 2.955m in case 5.
This difference is attributed to the stronger buoyancy forces in
cese 4 (due to a greder temperature difference between the
supply and the enclosure), making the supply air drops faster to
floor level. Those stronger buoyancy forces also explain the
higher velocity of 0.259 m/sreaded in case 4 compared to the
maximum velocity of 0.246m/sreaded in case 5.

.52e-0
436
.34e-
25€-
.16e
076
.98e-!
-89e-!
e
e
e
e
e
e

case 1 case 4 case 7

case 2 case 5 case 8

case 3 case 6 case 9

.10e-02

.20e-

.30e-

.40e-

-50e-

606-0 \

.70e- p
.80e-(

.00e-(

Figure 6 Velocity contours (m/s)

-80¢

=
(1
O

From Figure 6, one can see that the maximum veocity
typicdly ocaurs nea the floor, spedficdly at heights between
0.05m and 0.07 m. This result is consistent with literature data
[33]. On the other hand, the flow in the vicinity of the floor can
be charaderized, in a dimensionless way, by the universa
profile used for the description of awall jet flow [34]. In this
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sense, Figure 7 shows the verticd velocity profiles at different
distances from the diffuser in the secondary zone together with
the universal wall jet profile. Our veocity profiles are made
dimensionless the velocity with the maximum velocity Vi, in
the profil es, and the z-coordinate with a thicknessd. This length
scde o is defined as the verticd distance where the velocity is
haf the maximum velocity. The good agreement between all
the profiles and the universal one can be understood as a
vaidation of the obtained numericd results.

r=3.0m ( )
r=3.5m ( )
r=4.0m (case 1)
r=4.5m (case 1)
r=5.0m (case 1)
r=5.5m (case 1)
r=3.0m (case 4)
r=3.5m (case 4)
r=4.0m (case 4)
r=4.5m (case 4)
( )

( )
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( )
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)

case 1

z/3

1=5.0m (case 4
r=5.5m
r=3.0m (case 7,
r=3.5m (case 7,
r=4.0m (case 7,
1=4.5m (case 7
r=5.0m

case 7.
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Figure 7 Dimensionlessveocity profil es compared with a
universal wall jet profile

In addition, Figure 8 represents the maximum vel ocity (Vinax)
as a function of the radial distance r to the diffuser for three
representative ceses. This maximum veocity shoud be
propationd to 1/r" where n shoud be of order unity [35]. As
one can seein Figure 8, where the fitting parameters have been
included, the agreement with the expeded resultsis quite good

Maximum velocity
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Figure 8 Radial profil e of the maximum velocity

In regard to temperature behavior, Figure 9 shows contours
of the temperature in the enclosure. A thermdly stratified layer
is formed due to cold air falling down, and relatively warmer
ar is at the higher leve, causing a verticd temperature
gradient. The air temperature within the jet does not vary
significantly with the distance from the diffuser.



case 1 case 4 case 7

case 2 case 5 case 8

case 3 case 6 case 9
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Figure 10 shows profiles in a verticd line whenr = 4 m,
located in the sewondary zone. The verticd temperature
gradient is not greaer than 2°C/m, what is consistent with
literature data [36]. On ore hand, driving a same flow rate (case
1, 2 and 3, see Table 2), ar temperature in the enclosure
increases when higher supply air temperatures are used. On the
other hand, driving air at the same temperature (case 1, 4 and 7,
see Table 2), air temperature in the enclosure deaeases when
higher flow rates are used.

Figure 9 Temperature contours (°C)

Temperature
4

—e—case 1
38 case 2
—b—case 3
3 —8—case 4
case 7

25 r’|

NP

2356 24

T (°C)
Figure 10 Verticd air temperature profiles

The maximum distance of influence Dinfiwence, Of the air
strean supplied by the diffuser is defined as the radial paosition
where the velocity magnitude drops to a residual vaue (see
Figure 11). This maximum distance of influence is measured
alongaharizontal line at z= 0.1 m abovefloor. This height has
been chaosen becaise, acording to 1SO 7730 the discomfort
due to verticd thermal gradients is cdculated acording to air
temperature difference between the ankles (0.1 m) and heal
(1.1 mif the personisseded and 1.7 mif nat).
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Velocity profile
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Figure 11 Maximum distance of influence (case 7)

As an example of how this distance is seleded, Figure 11
shows the radial profil e of the velocity magnitude at z= 0.1 m.
The air flow decderates dong the first meter and then
accderates along the next 2 meters, reading the maximum
velocity just when the whole air supplied by the diffuser, dueto
buoyancy effeds, goes down to the groundlevel, which in case
7 ocaurs around 3.3 m from the axis of the diffuser. The
maximum distance of influence is then chasen after the sharp
reduction of the velocity onceit vanishes until pradicaly zero,
adudly until theresidual velocity (Vresduar)-

In order to have the simplest model of the convedive hea
flux along the floor, it is going to be moddled as a constant
value, geng, IN @range of radial lengths between 0.65 m (the
radius of the diffuser) and the maximum distance of influence
as shown in Figure 12, where, for a range of radia positions,
the hea flux can be considered amost constant, with a value
aound -1.65 W/m? (dashed ling) with the radial coordinate
varying between 0.65 mand 7.2 m (=Djiuence iN CE8E 7).

Convective heat flux

\ —— Convective heat flux \
----- Constant convective heat flux\

-10

[3 7 8
influence
num

o 1 2 3 4 5
0.65 Radial distance (m)

Figure 12 Convedive hea flux onthe floor (case 7)

The values of the maximum distance of influence and
convedive hea flux obtained in ead simulation were used to
obtain, by means of a norlinea regresson, the correspondng



correlations as a function of the dimensionless parameters of
the problem. They can be written as

.396 1.331 -54.224
Diucrce = 0-1601n(Re?*% Gr-33t) 54224 (6)
Qo =0.032 | n(Re-3.315 GrO.ZlB) J137.690 7)
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Figure 13 Confrontation of Djuence DEtWeEN the gpplied
correlation (6) and numericd values
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Figure 14 Confrontation of eng between the applied
correlationand (7) and numericd values

In what follows, the goodressof the correlationsis chedked.
To that end, the subscripts "est” and "num" are used to name
the vaues estimated by the correlations and those obtained
numericdly from the simulations, respedivey, and both vaues
will be compared. In that sense, Figure 13 shows the maximum
distance of influence obtained numericdly in the smulations
and the vaue given by the correlation (6) when is evauated
with the dimensionless parameters of the numerica
simulations. It can be seen that the errors committed in the
edimation are less than 2%. In the same way, Figure 14
compares the convedive hea flux estimated by the correlation
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(7) and tha obtained numericaly in the simulations. In this
case, the errors committed in the estimation are lessthan 8%.

APPLICATION EXAMPLE

In order to clarify the way the correlations can be used to
ad in the dimensioning of a hybrid sysem (DV+RCF) for
cooling purposes, let's imagine the problem of distributing
diffusers uniformly in a enclosure smilar to that shown in
Figure 1, e.g. the boarding areaof an airport. This enclosure is
charaderized by a high solar hea gain on the floor, commonly
high rise and high ocaupancy rates, fads that make it an
interesting example for instaling the hybrid cooling system
proposed. Actually, it is the most common cooling system used
in airports throughou the world.

The surfaceto be coded is, let's say, about 4,000 m? (=A),
and the coding system must combat a pe& load of 160 kW
(Quool peaid)> Which is atypica value for south-fadng buil dingsin
places with Mediterranean climate. This load aso takes into
acournt the thermd loads transmitted through walls, solar
radiation, outside air infiltration, occupancy and lighting.
Therefore, that load will be the maximum cooling demand, and
will beused for sizingthe air condtioning system.

The temperature difference between the air exiting the
diffuser and indoa air, together with the air flow rate supplied
to the enclosure, alow us to cdculate the total amourt of hea
must be combated by the ventil ation system, which shoud be
equd to, or higher than, the sensitive cooling load, that is

Vt pC, AT
3,600

The use of a low temperature difference 475 increases the
time for “free cooling’, contributing significantly to energy
saving. Depending on the level of adivity of persons, 47.s can
vary from about 1 °C to 6 °C. Therefore, if the air suppied by
the diffuser is injeded at 21 °C and the temperature in the
occupied zore is set to 24.5°C, the temperature difference is
3.5 °C. Therefore, the required ar flow rate is obtained from
equation (8) andis equal, approximately, to 134000 m?/h.

Assuming that the seleded commercial diffuser has an outer
diameter (D) of 0.81 m, a height (h) of 2 m, a percent (K) of
685% and supplies an ar flow rate (V) of 4,200 m’h,
therefore, a tota of 32 diffusers are nealed for injeding the
required air flow rate.

Thus, evaluating equetions (2), (3) and (4), it follows that
the Reynolds number is equa to 4.0978x10", the Grashof
number is equa to 4.2015<10° and the temperature ratio is
equal to 1.0034(which is fixed by the occupancy rate).

On the other hand, it is necessary to ensure that the
diffusion of the air injeded by the diffuser is able to cover the
entire surfaceof the enclosure. This reguires that the influence
areaof al diffusers, which is cdculated acording to equation
(9), must be greder than the surfaceof the enclosure, that is

Anfluence = Nd a (Dinfluence)2 2 '% (9)

The maximum distance of influence, using equation (2), is
7.3 m, and subgtituting this value in equation (9) the influence
aea is equa to 5357 m? (greder than the area of the

(8)

= cool peak "



enclosure). On the other hand, the convedive hea flux along
the floor can be obtained using (7) and it is -1.7 W/m?, where
the negative sign indicates that the floor absorbs the hed flux.
This value is important in order to adequately dimension the
codling system installed under the pavement.

CONCLUSIONS

The present document delves into the modelling of hybrid
coding systems (composed of ventilation diffusers and a
coding floor) to help in their dimensioning when they are
going to be used in large digphanous enclosures. To that end, a
set of numerica simulations have been caried out to obtain a
couple of correlations to predict the distance of influence of
eah diffuser, as well as the hea flux aong the floor
(considered as constant up to the distance of influence). These
correlations depend on the dimensionless gowerning
parameters. Reynolds number; Grashof number and
temperature ratio. The propcsed correlations have been used in
the applicaion example. It has shown how to use them in an
enclosure of about 4000m?.
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