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In are ¥ an innovative multi-cone diffuser integrating lobed inserts as vortices

ABSTRACT

promoters Vs proposed, and was compared to its counterpart without lobed inserts. The
former offers better mixing of the jet with the ambient air, and significantly improves thermal

comfort.

In this study, the innovative diffuser is compared to a vortex diffuser under the same

experimental conditions. The vortex diffuser is described in the scientific and technical
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literature as the best diffuser in terms of mixing efficiency due to the swirling effect, being

thereby a reference for the innovative lobed diffuser.

The results demonstrate that the vortex diffuser does not produce the expected swirling
effect. The rotation of the jet is prevented by the immediate attachment of the flow to the
ceiling due to the Coanda effect. The jet behaves as a radial ceiling-attached flow having a
poor mixing performance. It is believed that such a diffuser would be efficient when mounted
on a long duct far away from the ceiling. Hence, it will be better suited for high ceilings, such
as in industrial or commercial spaces. In this case, the proposed Iobed dj ecomes an

appropriate and efficient mixing ventilation solution for rooms having I(&\ eights.

KEYWORDS cH
Mixing ventilation, lobed diffuser, vortex diffuser, cold@ measurements, thermal

Flow pattern and thermal comfort ar lyzed in a room under mixing ventilation. Vortex

comfort

PRACTICAL IMPLICATIONS

(VD) and multi-cone lobed (LD) @rs are compared in a cooling mode. The jet rotation
vanishes near the VD exit e Coanda effect. It results in poor mixing performance for

VD compare to LD. @ st in terms of thermal comfort, pressure loss and noise

generation. 0

1. INTRODI§CTION

Mixing ventilation of residential spaces, particularly in the cooling mode, suffers from a bad
reputation among users who often complain of draft problem, thermal discomfort and
sometimes of high noise level generated by the fan and the air distribution circuit. Thermal

discomfort and draft are mainly due to the fact that it is difficult to master the trajectory of a



cold jet and to control its mixing with the ambient air. The way in which the air introduced
into the room circulates and reaches the occupied zone of the room, depends strongly on the
geometry of the diffuser and its position in the room. In mixing ventilation, there are usually
dead pockets in the occupied zone difficult to reach by fresh and clean air. The user would try
unsuccessfully to resolve this problem by increasing the jet volumetric flow rate, which in

contrary would generate draught issues.

Hence, the ventilation efficiency should be homogenous in the occupied zone and high

induction performance of the ventilation jet is a solution to achieve this go induction
.
allows the mitigation of stagnation regions given the optimal mix of theﬂg indoor air.

As a result, the occupants would be more satisfied in terms of theral fort and air quality.

The improvement of thermal comfort by using lobed ins S flemonstrated in our
previous work 2, 3], in cooling mode (radial jet gener heating mode (vertical jet
generation), respectively. No additional eneggyfc nd no noise level increase were

observed. The concept of lobed insefisd introducing vortices promoters in any

type of commercial air diffuser without ngesin its manufacturing process.

&RQWUDU\ WRQWXRE WXVHU" ZKL pieviduidly I, thisFRQV LG |
concept allows the manufa xadopt the innovation wittmuplicated and higpriced

changes in the factory nd of the diffuser. Fothe purpose of thpresenstudy, the

inserts were made@sm material amere built usinga 3D printer. In the context of the

industrial i raQy of the innovation in the midbone diffuser, two couples of inserts, one

for each madye (coolingndheating, should beseriesproducedn parallel tothe production

line, and marketedith the diffuseras accessories.

The assembly work needed to install the lobed inserts into the diffuser is not difficult and can
be done by the user itself, when two times a year, in summer and in winter, respectively, he

must hand in to set the diffuser in the suitable mode.



The largescale vortices generated by the lobed diffug@8] improve mixing of the
ventilation jet with the ambient aif9, 10]. It results in better distribution of thHeeating or
cooling loads, reducing local discomforts related to dead pockets and draftiness due to high
air velocities and/or to large temperature gradients in the occupied zone.

The proposed concept of lobed insgfilscould be considered as a competitor to the vortex
diffuser widely marketed and recognized nowadays for its high mixing efficiency. In fact, the
vortex diffuser is described in the scientificl-13] and technical litexture[14] related with

mixing ventilation, as the best air diffuser in terms of mixing efficiency. The ex diffuser

.
produces aral rotating (or swirling) jet, enhancing mixing between th \ he ambient
&

air. The swirling effect is ensured by a special design of the fixed

the diffuser outlet. The claimed high mixing efficiency of twmrlq makes it

pellers arranged at

a rekrence for the proposed innovative lobed diffu worth noting that the
efficiency of te vortex diffuser in the context o ventllatlon of buildings, is not
supported by detailed experimental invegtiga§ ewous experimental studies on the

vortex diffuser[11, 12] are two deca old,\nd were based on pointwise, intrusive and

omnidirectional velocity sensors. eering applications involve swirling jets, such as
in combustion chambers, Jet urbo machinery, mixing tanks, mixing ventilation. The
majority of publlshed st Ilng with swirling jets are dedidatélde mixing process in
combustion chamb e swirl helps to imprimed/air mixture and stabilize the flame.

The jet region @rest is limited to the vicinity of the diffuser outlet, and the results are
obviously eXtensible to the mixingentilation application, due to the very different jet

inlet conditions.

To our knowledge, there is no literature published to date on the behavior of the swirling jet in
its far regions, which are so important in mixing ventilation. In addition, the influence of the

potential increase in air induction using the vortex diffuser the flow behavior and the



thermal comfort in the occupied zone is not discussed. In building ventilation application,
previous experimental studigtl, 12] attempted to show in isothermal conditions, the higher
efficiency of the vortex diffuser, ralive to a multicone diffuser. Pointwise, intrusive and
omnidirectional velocity sensors have been used along the trajectory of the ventilating jet,

generated by a vortex diffuser and a reference roatie diffuser,respectively. Results

analysis were s d on the decreasing rate miximum jet velocitym, given by the

velocity decay coefficient - (Umx U, K, \/I/X , whereY» and® » are jet inle&Iocity

and diffuser outlet area, respectively, andsXthe axial distance from tge

N

which is directly related to the entrainment rdtke authors have foun &w values for

outlet

the vortex diffuser €.2) compared to the multione diffuser €. oncluded that the

jet produced by the vortex diffuser had a greater th@erefore, a greater amount of
ambient air was mixed with the jét seems that the gfe t of a Iard%r coefficient for a

vortex diffuser, compared to the muttbne contrary to a weltcepted principle

in the literaturg15], which states that high®r the entrainment rate of jet, the smaller the

coefficient € v . This amazing resul@ deserves a clarification.

In the literature rated to flyj x&nics aspects of swirling jets, the strength of the swirl is
gauged by the swirl nu f defined as the ratio of tlaxial flux of angular momentum

to the axial flux ial momentum. Chigier and Chervijdky established correlations
between t Qdecay rate of the swirling jet, its axial spreading and its entrainment rate,
and the swiy number S. It was particularly shown that in the first interval of S ranging

between 0 and 0.4he increase in S lead to an increase in entrainment rate and a decrease in

K'v_ Hence, the axial velocity component decreases faster, whereas the induced tangential

and azimuthal velocity components increase. To put a link betweemgweals fundamental

studies[16, 17] and studies on their application in mixing ventilatidd, 12], the use of



omnidirectional anemometer to establish the law of axial jet velocity decay,[&$, ib2],

obviously leads to an artefact: the measured velcﬁéﬂtylx ) is larger than in reality, which

can lead to inconsistencies in flow analysis.

The experimental studies in referenges, 12] were citedor were used as a reference data

a number of numerical studi¢48-20] dealing with CFD simulation of jets from ceiling
vortex diffusers. The most recent numerical st{i2§j focuses on the effect of the angle
between the impellers and the vertical axis, on the jet behavior and on the resulting air quality
in the roan (qualified by the predicted total age of the [&it, 22]). The num ults
show that when increasing the jet angle, the jet eventually attac s\ ceiling. The
transition angle value, is between 50° (vertical jet) and 5 Jet) The radial jet
configuration is better in terms of air qualitytire room, but th %

e in angle beyond 55°

decreases jet induction and air quality.

The present study is dedicated for the first ti %&t comparison under a cooling mode,
of a multicone ceiling diffuser equipped inserts to a aeiliartex diffuser. An
experimental investigation is made o airflow pattern and the thermal comfort generated
in a full scale model room eqU| a heated manikin simulating an occupanie
climatic chamber is used t te summer mode urtdadys state thermal conditions.
Having regard to the c@ of the swirling jet, velocity fields were acquired using 2D
Particle Image try (PI1V), which gives two velocity components in the observed
plane, wit {)nce of the cof-plane hird component. As for thermal dissatisfaction

and draft eRect, the analysis is based on traditional pointwise measuring probes and the

standard$23] and ASHRAE 5524].

2. EXPERIMENTAL APPARATUS



2.1.Test chamber and diffusers

A cubic laboratory chamber of an edge length of 3470 mm has been used for the experiments
(Figure 1 a). A dropped ceiling was installed at height 2500 mm to simulate a standard room
with low ceiling height. The temperature of the ambient ajrnieasuredt the extraction of

the chamber, is controlled with a hydraulic circuit of capillary tubes inserted in the six walls,
and connected to a heat pump. The air flow is conditionedamithir handling unit equipped

with a fan, a heater and a chiller. The air flow is then brought to the chamber using an air

diffusion circuit including at its extremity a plenum box followed by the dlff

centered on the ceiling is installet the extremity of the plenum b enum box
includes a divergent, a short duct equipped with a perforated rmal to the duct, a
convergent, and again a short duct equipped with a honey ensure at the outlet of the

terminal duct withoudiffuser, a tophat mean veIocity@ d a very weak turbulence
intensity of 294 2]. @

A simplified seated manikin (HM) of 8 h a total poweof 81W [2, 25] was

used to simulate an occupant Iocatedéhe cénter of the room (Figure 1 b). The manikin was

designed to have a mean skin t ofG3h a room with ambient temperature at

26°C and with still air.
The initial flowrate, @= Qﬁ and the initial jet temperature {Table 1) are controlled

with sensors place begveen the air handling amdt the plenum box and again measured at
the jet ex@Rusi alometer from ACIN (Flowfinder mk2). The accuracy in flow rate
measuremelfl is £3% of the reading.

Figure 1 (c and d) shows the two air diffusers compared in this study under cooling conditions
(Table 1). The first diffuser LD (Figured) is a multicone diffuser marketed by the ALDES
company under the reference AF8HZ], in which we have introduced lobed insertis

enhance the jet mixing with the ambient air. The reader will find in referg2jcéhe



geometrical details of this diffuser and of the introduced lobseris. The advantage of the
multi-cone diffuser with lobed inserts has been demonstrated in cooling mode with respect to
its counterpart without inserts. The mwdtine lobed diffuser LD is compared in the present
study to the ceiling vortex diffuser VD idure 1 d), presently distributed by SCHAKO under

the reference DH\V NW 160 [14]. About that special diffuser, the SCHAKOompany
advances the conercial argumenof the high inductiorof ambient air in the jet ensured by

the special design of the fixed swirl impellers. The impellers have an inclination angle of 45°,
hence, according to the numerical predietof[20], the jet should be vertical.

The manufacturer's technical documentation specifieg the vortex K HV is

designed especially for cooling and isothermal supply air pattern gind [Neuitable to be flush

mounted in ceiling up to 4 m high, without causing draft cupied zone. It is also
Qom horizontally and the

specified that the supply air from tl2HV diffuser ente
increased induction allowed by the impellers caus% mperature difference and velocity to

be rapidly reduced.

To verify the manufacturer's speC|f|ca ns of¥he ceiling swirl diffuser (Figure 1 d)toand
compare its efficiency to the one ed medine diffuser (Figure 1 c), the jet flow
field (using 2D PIV, see t & tion 82.1) and the resulting thermal comfort in the
occupied zone (Figure ere characterized in cooling mode ditfer@nce between

the ambient air te @JTand the jet temperature jTof about 10 °C (see Table 1).
Thermal ¢ mfo@ly&s Is based on the method of Fd@Feproposed specially for nen
uniform envgnments. A set of thermocouples (type K, accuracy of +0.3 °C) aisptee
anemometers (TSI 8475, accuracy of +3% of the reading) was usedvioonenental
parameters (air temperature and air speadasurementsThe sensors were placed on 16

vertical canes (Figurel bJach cane beargl sensorsat the vertical positionspecified in

ASHRAE 552013 standar24], i.e.,0.1 m, 0.6 m,1.2 m and 1.8 m relatively to the room



floor. These positionsre thoseof ankles, waist, head of a seated occupant and head of a

standing occupant, resgtively [24, 27]. To cover the Wwole occupied zone, ¢hl6 canes

were installed irthe chamber following the mesh given in (Figurel kflean values ¢, and

v, ) of the 64 measurement points are given in Table 1.

Wall-surface temperature Jfmeasurements were alperformed. Each wall including the

floor and the ceiling is divided into 4 subzones of equal dimensions. Each one is equipped
with a thermocoupleokcated in its center. Each wallréace has almost uniform perature
with a maximum difference of 1.7 °C taeeen the 4 corresponding subzgn e entire

test chamber (i.e. 24 measurement points), the maximum dlff(ﬁx °C
corresponding mean valuep is given in Table 1. For meangfad temperatur,ert)(T

calculation, the method described[RV] and in[28] based (@urface temperatures of

the 6 surfaces and a seated manikin with unknown Zi thal angle is applied.

For each experimenthe steadystate condition leved after a ped of about 6 h.

After this period, environmental paraggeter MgaSurements were carried out for a minimum
duration of 8 h with a sampling time in. The corresponding 480 samples are used to
calculate statistical mean valu\ in Table 1. Persorahpters such as metabolic rate,
mechanical work and clo @ insulation, were fixed at 1.2 met, 0\nd 0.7 clo
respectively, to evq) e thermal comfort of a seated occupant, wearing a working

clothing enserr@

were perfo ith a hormeade software and the obtained PNA¥D values were verified

having a sedentary activitycations of thermal comfort indices

using the ASHRAE 55 Comfort tofie4, 29].

The pressure loss was measured according to starj@@tdusing a KIMO MP110
micromanometer. One pressure tap is installed at 1.5 D (where Dna63 the diffuser

neckdiameter) upstream theéffdiser and the second in the occupied zone outside tfleyet



Sound pressure levels wemeasuredvith and without the diffusers using a handheld type
2250 Sound Level Meter of Class 1 Precision (tolerance of +0.7 dB) from &rugher.
According to 5O 10052[31], the diffuser should beconsdered as a technical equipment.
Hence, the time average equivalent sound pressure level witbighting,Leq (dBA), must

be measured with aecommendedaveraging timeof 6 s [32). Following standards
specificationsLeq (dBA) was recordedt two locationsn the chamber?1 and PZhown in
Figure 1 a These positions are correspondjBd] respectively to the nearest position to the
diffuser located inhte occupied zone, and the limit of the occupied zone in &se where

people are seated.

2.2 PIV measurements 0:1

The arflows in indoor spacesof buildings a complex and difficult to
characterize. Nowadays with current advance d cameralagas)dP1V techigue
becomes a powerful methagbtting mor, ed to study room airflow distributions
[10, 33, 34]. In fact, ths method off igh spatial resolution compared to traditional

pointwise measurements tech aklng easier the analysis of large scale flows.

In the present studyhe m the diffuseis characterized using a PIV measurement

campaign onductec@ 2D2C Dantec Dynamics PIV system of 2 Hz acquisition rate. It
n

is composed of@

dualcavity mJ laser. The airflow is seeded with Helium Filled Soap Bulihiesh).

ecHiSense 11M CCD camataa sensor of 4000x2672 pixels, and a

Unlike the traditional aerosdiased tracer, this enables to increase the field size without peak

locking effect[35].

The HFSB generation uses a commercial generator of Sage Action (medwubdified,

Figure 2a) equipped with two injectors. The s@produced by Sage Action (reference SAI



1035 BFS). The flowrate of bubbles (initially 350 to 400 bubbles/s per injector and of
adjustable size between 1.3 and 3.8 mm in diameter), along with their shdurbf®on was

not sufficient to achieve an agleate spatial resolution of the PIV measurements.

To solve this problem, we designed an injector (Figure 2b, ¢) producing about 3000 bubbles/s
of 1.5 mm in diameter. Two such designed injectors replaced the two injectors of Sage
Action. Then, a PIV field ©1400 x 1000 mm in size with a vector spacing of 11.3 x 11.3 mm
could be realizedA total of 3 PIV fields(Figure 3 a) were assembled to construct the whole
field in the region of interest (i.¢he vertical half middle cross section of the r ah

PIV region, 500 pairs of images were acquired and processed throug ’\ thggianulti
correlation algorithm handling the sypixel window displacement.éwal size of the

interrogation window was 64x64 pixels with an overlap of %9
Beyond the pbal PIV fields obtained using HFSB (Fng
generated by each diffuser requires a high s ati%p tion. Hence, an-bhasesbPIV

, the analysis of the wall jet

measurement campaign has also been c In this case, the same PIV siystdm is
along with olive oil droplets generate a Iaskin generdtdotal of 4 PIV windows of
374%x139 mm eachkvith a vector ' f 1.5%x 1.5 mwere assembled to construct the
ceiling jet field of 1274x139 N, Size. For each PIV window, 1000 mdirsiages were

acquired and processe@ an adaptive 1gudticorrelation algorithm handling the sub

pixel window displgge . The final size of the interrogation window was 64x64 pixels and

32x32 pix r@lively, with an overlap of 50%.

The lobed Iticone diffuser LD (Figure la) generates a conical ceiling attached jet. The
flow is axisymmetric and therefore does not require any special precaution when vertical
cross section is made. Conversely, the vortex diffuser equipped with impeliguse(E b)
generates a discontinuous radial flow (Figure 3 b) with a potential rotating effect around the

Z-axis. If not well chosen, a vertical 2D view of the flow can lead to misinterpretations.



Hence, before choosing vertical cross section of the jairgpfrom VD, horizontal cross
sections at different heights Z ranging from 25 mm to 80 mm have been performed (Figure 4
c) using olive oil dropletdased PIV systenT.he fields are 708466 mmin size with a vector
spacing of 5.7x 5.7 mmA number of 100Qpairs of images were acquired and processed
following the same procedure as previously for the wall jet PIV fidlti® resulting fields
(Figure 4 c) show on the one hand, that there is no swirling effect around Z, and indicate on
the other hand, the pestence of a muHjet behavior.Thus, a vertical section along one

elementary jet (dashed line in Figure 3b) will be sufficient to describe the dy s of the VD

flow. ’\
-

3. RESULTS AND DISCUSSION @

3.1 Air flow analysis

Velocity distributions in the hwmidc@s section of the rooare given in Figure 4 for
LD (Figure 4 a)and VD (Figur @spectively, which were obtained as explained above,
by the assembly of three ed PIV fieldgFigure 3 a). Some flow details are given in
Figure 5 and are e @‘n ighly resolved fields issued from small seal®solbased
PIV measurem W this figure the referendength,\/:, usedfor axis normalization is
the square the neekea(A, E/4). The corresponding neck velocity¥Quy/A,, is
used as the reference velocity. The typical profile of the radial velocity component, U, of the

wall jet, exhibits a maximum value,Jd, and the axial position Z where U=0.5 xkl is

denoted 4s.



As shown in our previous worK], the jet from the LDt ceiling-attached and spreads
radially till ceiling/wall corner At the cornerthe jet separates from the ceiljngnpinges on
the opposite wall, attaches toatnd spreads downwards a vertical attached wall jét has
been shown if2] that the flow above the manikin has similar velocity profiles than thoae of
plume issued from a humanlike seated thermal maf@éh The et from the vortex diffuser
VD exhibits a similar behavior, but with higher velocities (Figure 5 a), a larger expansion
(Figures 5 b) and a suction zone that interacts with the thermal plume of the manikin.

On the decrease of the maximum velocity (Figueg,3he change of the curv &w at the

_ .
distance ©¥ | | 5is the trace of the jet attachment to the ceiling, and t on from free

jet velocity profiles to wall jet velocity profiles (Figure @n fact, uggtregnt X = 90hm

( o¥ = 6.3) the jet is fre; downstream this distance t% omes ceditgched.

Beginning with X = 900mm, normalized velocity prof'@

inner region Z/gs< 1 (Figure 7)with similarity W@Sdimensional waljets given in

n a good agreement in the

referenceq 37, 38]. The outer region (Zk rs the trace of impellelsading to
velocity values lower than referen Nevertheless, the data gstting closer to the
reference laws as X increases, in@ hat the imprint of inlet corslliema tendency to
disappear in the far field. \

Regarding the com LD and Vigcall that the initial conditions (Table 1) and
the volumetric ro r@ 200 +6 ni/h) were the same for the two diffusers. The higher
velocities n VD casee due to the mulfet configuration (Figure 4 c) resulting
from impell§gs imprint, which seems persistent since the jets do not merge over the
observation distance Z= 80 mm. The vortex jet is here radiatrary to the numerical

predictions in[20], where the simulated vortex jet would be vertical for impellers angle of

45°. Furthermore, the jet rotation seems to be stopped by the Coanda effect.



To confirm our observations, an elementary jet is considered (Figurb)8fiem which
tangential veloty component (V in Figure 8b) and radial velocity component (U in Figure
8b) are extracted. Figure 8 c gives chematic of the vortex diffuser with expected flow
trajectory in the horizontal plan due to impellers orientation. A zoom on the elementary jet
field considered is provided in Figure 8ld. Figure 8e, it is observed that near the diffuser
outlet, the tangential component V reaches in absolute value 15% of the maximum velocity

Unmax Of the radial component U (Figure 8 f), but falls down and amhemzero very quickly.

It could be observed in Figure 8 f, that the position gfddo not change anymq
with X=120 mm. Thus, we confirm here that jet attachment to the ceili 4 b) clearly

stopped theswirling effect claimed by the mafacturer[14]. It is

attachment to the ceiling was also observed in isothermal co:@ witl@ ni/h. This

is not suprising since at high Reynolds number (Rere N , see Table 1gnd low
Archimedes number Ar (here Ar = 0.006 and A‘a espectively), the jet near field is

th,Woting that jet

dominated by the inertia force. It is beligved t low volumetric flow rate agd lar
temperature difference (i.e. low Re af high;Nne jet would no longer be attached to the
ceiling. In this case, the buoyaang minate the jet behawigropposes the Coanda

effect. Additional tests shou

conditions Q

Anyway, the result sent stuythe need for a revision (by the manufacturer) of the

nducted to fitide correspondingnitial critical

method of mou@the vortex diffuser so that the swirling effect can actually occur. In our
opinion, it e more suitable in mounting the vortex diffuser on a long duct far away from
the ceiling, so that the Coaneé#fect would not occurHence, VD will be better suited for
high ceilings, such as in industrial or commercial spaces. In this case, thewneltiffuser
flush-mounted in the ceiling and equipped with lobed ingdijtéoecomes an appropriate and

efficient mixing ventilation solution for rooms having low @eg height.The lobed inserts



will be useful in this case to improve the thermal comfort in the occupied zone with respect to

the same diffuser without insef@.

Additional small scal@erosolbased PIVineasurement®] were performed for the vortex
diffuser in isothermal conditions a€200+6 nt/h (Figure 9), with the objective to compare

(Figure 10)the corresponding velocity decaf/ VD to the literaturg11, 12]. The comparison

reveals a very good agreement except near the jet exit®r ,<4. In this region, our data

&iously

obtained[2] for the conventional muktone diffuser without lobed CXD and with

falls between thosef Chuah et al[11] and Shakerin and Millg12].

K

The ™ v - value of the VD is given in Table 2. In this Table, te - velu

lobed inserts (LD), respectively, are included for comparison. 6

For the VD, tle obtained® v - value (e.9) is abou Qver than the of(e.2)
|

obtained twenty years ago Bhakerin and Millgr.2] %

omnidirectional anemometer.

Taking into accounthat the X v -value is e ensitive to the fitting region, the gap
could be considered low. Furthermoi author's study the vortex diffuser was as in our
case flushmounted in the ceiling, @ ads to say that the fiag probably attached and

the swirling effect inhibite guently, tangential and normal components vanished
following the jet attac@t, ading to a relatively good approximation @k by the

omnidirectional serigor.

lower than t§e one obtained by the authdrd. The tendency for the two diffusers is the

For thev nal multore diffuser (CD), the obtained valued(6) is about 19%

same, and differences are principally due to ifferént measurement techniques.

As for the lobed multcone diffuser (LD), its coefficient is 38% lower than thatoof

vortex diffuser (VD), due to higher mixing efficiency with the former.



Despite the observatiomaade above on the behavior of the iggued from the vortex
diffuser VD flushmounted in the ceiling, which ot in line with expectations, we wanttxl
enrichthe comparison of the two diffusers LD and VD, by addressirige next sectiothe

issue of thermal comfort conditions generatethe occupied zone.

3.2Thermal comfort analysis

The assessment of global thermal comfort is based on the H’ﬂm/!nd

considering a seated occupant, wearing a working clothing ensemblegn a sedentary
7 @ow/m

activity. The corresponding personal parameters are 1.2 met for me&\

mechanical work and 0.7 cfor clothing insulation. The enwronn% eters @I, Vair,
RH and T,x) have been measured in the 64 nodes of th pied zone (Figure 1 b).

Following the procedure described [&7] for nonunlf m§germal environmentpatial

distributions of the 64 nodes in terms of ther t Ievels (A, B, C) provided in ISO
7730 standard[23] were consideredFig or VD and LD, respectively. The

calculations of thermal comfort inmks performed with a homeade software and the
obtained PMVPPD values were ed using the ASHRAE 55 Comfort {@8]. The
corresponding statistic dis and mean values are given in Table 3 and Table 4,

respectively.
While on ave bIe 3) the results indicate that the two diffusers generate similar

levels of t Qfort with glight advantage for the LD, this is not the case whert4

nodes are sWtistically analyzed (Table 4). One can observallitia¢ 64 nodes fall into the

category A for LD, compared to 77% for VD (Table 4 and Figure 11). The VD case exhibits

(Figure 1) higher air speeds (L) and lower air temperatures (T), leading to negative mean

PMV-value (Table 3) corresponding to a slightly cold sensation.



3.3Acoustic and pressure loss data analysis

Figure 12 ada2, presents at positions P1 and P2 (Figure 1 b), Igtol@d pressure levels
as a function of the initial volumetric flow rate,.(Ihese global sound pressure levels reflect
in the same time the possible noise generation of the diffuser and of the air handling unit and
air distribution ducts. The air diffusm system is equipped with a plenum box, on which the
diffuser is mounted. Two cases were considered: in the first one the measurements were
performed without any diffuser mounted on the plenum, and the other case corresponds to the
operation of the systemith VD. The sound pressure levels of the VD itself extracted
(Figure 12b) and compared to the mulbne diffusers (CD and LD) . ]. As
recommaded by ISO 10052 standdi8ll], mean walues of pressure lgfelsg®re calculated as
representative values of global noise generated in the occ ne. The meanarmalue is
average weighted by the coefficients 2/3 and 1/3 of re levels in P1 and P2,
respectively. Figure 12 ¢ showset total pressure@?ﬂ)r VD, CD and LD, measured

following EN 12238 standar8Q], as a functj Inlet volumetric flow ratg.Q

The difference in pressure loss geNgratiorFigure lzetyeen VD and LD increases

with Qo. For Q= 200 ni/h, the pre of VD (47 Pa) is almost eight times higher than
the ore generated by LD (6 PN r the sound pressure levels related to the diffuser noise
generation (Figure 12 important differerican 7 to 10dBA, is recorded with an

advantage for LD. < : |

4. CONCLUYIONS

An innovative ceiling multicone diffuser quipped with lobed inserts (LD), which act as
vortices promoters for the ventilation jétas been confronteth a vortex diffuser (VD)

which is specially manufactured for efficient mixing ventilation of buildings. The vortex



diffuser is equipped with fixed swirl impellers arranged at the diffuser outlet to ensure flow

rotation around the diffuser axis.

The study shows that the swirling effechishes rapidly near the diffuser exit due to the
Coanda effect and the subsequent jet attachment to the ceiling. The jet behaves as a radial

ceiling attached flow having a poor mixing performance.

Thermal comfort is less satisfactory the vortex diffuseVD than in the case of the lobed
multi-cone diffuser LD. For pressure @rand sound pressure leveD) is significantlyless
efficient thanLD. For @, = 200 ni/h, the pressure loss of VD is almost’ei \ higher
than the one generated by LD, witly @BA increase in sound pressure{ Qe occupied

zone. ()
Based on this study, it is believed that the VD will really%@a swirling jet if mounted

on a long duct far away from the ceiling. Hence, it willege r suited for high ceilings, such
asin industrial or commercial spaces this ca tosed lobed diffusBr becomes

an appropriate and efficient mixing ventilat tion for rooms having low ceiling heights.

Q"Q’é
O@

?S)



Table 1: Experimental conditions

Diffuser LD_CJ VD_CJ
To (°C) 13.4%0.2 13.5%0.2
Ta(°C) 23.8+0.4 23.2+0.4
Re W, .A,/0Q 26 000 26 000
A gy A, TIT,W 0.0064 0.0059
To (°C) 24.6+0.7 24.0+0.7
T, (°C) 25.040.7
Top (°C) 24.1+0.5
7. (°C) 22.4+0.4
v, (m/s) 0.070+ 0.017
Vairmin /V airmax (M/S) 0.05/0.13
RH (%) 42+2
Q(W/m2) 58.0

LD_CJ: Lobed Diffuser_ColgaJe® : Vortex Diffuser_Cold Jet

Table 2: Co , - valuesobtainedn isothermal conditions

Diffuser K, Fitting region
uO oY | O
Mulgieco CDWl 1.62 virO Osurr
uO o¥ | Of
Multi-Cone LD 1J 1.19 VITO Osurr
X& O v¥ | Osrd
Vortex 1.93 :
VD {rrO Osvwr

1J: isothermal jet CD: conventional diffuser LD: lobed diffuser



Table 3: Mean values of PMV and PPD indices

LD VD
PMV 0.08 -0.19
PPD (%) 5.2 5.8

Table 4: Statistic distribution of PPD index for the two diffus

Cat. 1ISO7730 Conditions LD .
A PPD < 6% 10 77
B 6 <PPD < 10% (G 23
C 10 < PPD < 15%
Out PPD >15% 0

(4
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Figure Captions

Figure 1: (a) Sketch of the climatic chambérperforated plate, 2 honeycomb, 3 diffuser, 4
dropped ceiling, P1 and P2 acoustic measurement points; (b) positions in the horizontal plane
of the room of the heated manikin (HM), and of 16 verticals canlestsiphere anemometers

and thermocouples; (c) multone diffuser AF842 from ALDEf6] equipped with lobed

inserts [2]; (d) swirl diffuser DHV from SCHAK@14]

Figure 2: (a)Sage Action HSFB generator with the corresponding two injectox; (b
Designednjector to increase HSFB flux: (b) photo of the injector, (c) Computer aided design
drawing #sectional view

in the horizontal cross section Z=25 mtthe dabed line indicates the relagiv
vertical cross section PV field in the case of the vortex diffuser @&fe)di ngare in
mm

Figure 3: (a) PIV windows in the vertical hathiddle cross section of the room, %/ field
i of the

Figure 4: Isocolors of velocity magnitude: (a, b) in the haiiddle c eggion of the room
from HFSBbasd PIV measurements, for LD and VD respectiv«@orizontal jet cross
sections for VD, from aerostlased PIV measurements

Figure 5: (a) Mximum velocity decay of the ceiling jet, D) idth changes

Figure 6:Radial velocity profiles of the cdlceilin 'e%ﬁerent distances from the diffuser
outlet

Figure 7: Normalized radial velocity pr
distances from the diffuser outle€om

iles oNghe cold ceiling jet at different normalized
n to data of the literatyB¥, 38]

Figure 8:Rotation analysis of the j e vortex diffuser using horizontal fields of Figure

ocal coordinate system and corresponding velocity

4c; (a) Considered elementam&»<

components, (¢) Schematic @M diffuser impellers and expected floetdrgjen the
horizontal plan, (d) zoom % blementary jet field, (e) axial evolution of the tangential
component V, (f) profil@v adial component U

Figure 9:Radial v @)rofiles of the isothermal ceiling jet at different distances from the
diffuser outlet

Figure 10: m velocity decay of the isothermal ceiling jet from vortex diffuser
comparison §p the literatufél, 12]

Figure 11: Distributions of PPD, air velocity and temperature in the occupied zone: vortex
diffuser VD in coolingmode (a) and lobed multione diffuser LD in cooling mode (b)

Figure 12: (a) Global sound pressure levels (error bar of £0.7 dBA) of the diffusers and the
ventilation equipment measured at locations P1 (al) and P2 (a2) of Figuit® Mean

sound presgse levels(error bar of +0.7 dBAYf the diffusers ; (cYotal pressure loss of the
three diffusers (error bar of £2 Pa)
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s

—» | Air handling unit
/) J Heat )

L o) ;
e i

Lt
3470mm

MMAAAMA

2500mm
1800mm
-

s

%
P24 T
é Ta,HR . % <

Extractor

_[\/VVV\/N o W\/\/V exchanger

@ 160 mm |

M

\

@ 355 mm

(b) Climatic chamber — horizontal view

0.87m

121m

13 oom

28m Ig 0.87m

14 ossm 15 oom 16




(c)

(b)

(a)




Diffuser

(a) ®)
0 VIS TITFISE SIS
200 Y
400

M R TR RN NN NSNS

o E—
1500




200
400
600
800
1000

E 1200
N 1400
1600
1800
2000
2200
2400

\
\

Occupied zone

1000
mmi]

Velocity [m/s] 0.5 1

2 3 4 6




(a)

ALD_CI
+VD_CJ

(b)

ALD CJ
+VD_CJ

s+
P
PR
+
‘l
A
aat
4 5 6 7 8 9
X/\4,



]

wn

n

U [m/s]

n

'
w

1.4
VD_CJ E VD .CJ
- 12 o oy : H—X=500 mm
X=100 mm 1 X=600 mm
1 X=200 mm 3 * X =700 mm
X=300 mm 08 7 X =800 mm
X =400 mm =
£0.6
P04
02 F
= 0 :
+ : . ' ' 0.2 + . . . —
50 100 150 200 250 0 50 100 150 200 250
Z |mm] Z |mm]
0.9
VD_CJ
08 + =
X=900 mm
0.7 1 X=1000 mm
0.6 ¥ X=1100 mm
- X=1200 mm L 2
“20.5 ¥
5(),4 1
03 4
0.2
0.1 +
0 . ‘ : . ;
0 50 100 150 200 250
Z |mm]

%



0.8

0.6

max

XX'=700mm

~04 1 800 mm
o 900 mm
1000 mm

0.2 1 o



















	ABSTRACT
	KEYWORDS Mixing ventilation, lobed diffuser, vortex diffuser, cold jet, PIV measurements, thermal comfort

