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Ter m nol ogy

Ar Dstribution
The transportationof aspecifiedair flowtoor fromthetreated
space by nmeans of duct wor k.

Ar Dffusion

Dstributionof theair inaspace, calledthetreated space,
by neans of devices, calledair terninal devices, ina nanner
soas toneet certainspecifiedcond tions, suchas air change
rate, pressure, cleanliness, tenperature, humdity, air vel ocity
and noi se | evel .

Termnal Velocity
The poi nt at whi ch the di scharged air froman outl et
decreases to agivenvelocity usual |y 0.25 nis.

Thr ow
The di stance neasured i n neters that the ai rstreamtravel s
fromthe outlet tothe point of ternmna vel ocity.

Dr op
The vertical distance between the centre of anoutlet and
t he bottomof the ai rstreamat the end of horizontal throw

Envel ope
The geonetrical surface of the points of an air jet
correspondingtoterninal velocity.

Spr ead

The naxi numtotal wdth of theair patternin the envel ope.

Air Fl ow

The Ar flowistherate of quantity of Ar passingthroughthe
Ar outlet tothe roomso as to achi eve the desired desi gn
condi tions such as tenperature, Noiselevel etc.

Static Pressure

Pressure insi de the duct whichis necessary to overcone
frictionresistance neasuredin N M.

Total Pressure
Sumof at the static &vel ocity pressure.

| nduct i on
Process by whichthe primary air sets intonotionan air
vol une, cal | ed secondary air, intheroom

Coanda Ef f ect

Asocalledceilingor wall effect. Tendency of anair stream
tofollowawal |l plane whenthe streamisincontact withthe
val |. This effect increases throwand reduces drop.

Noi se Level s

Deci bel istheunit usedto neasure sound. It islogarithenc
ratio of two sound pressure levels (SPL L) (or) sound pover
level s (S L) where one is areference | evel .

The nost commonl y used criteria are Noi se criteria curves
(NC level), Noiseratingcurves (NR levels) and dB(A.
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Air Term nal Devi ces

Adevi ce | ocat ed i n an openi ng provi ded at the boundari es
of the treated space inorder toinprove a predeternined ai r
novenent w t hi n the space.

Suppl y
The air flowentering the treated space.

Exhaust
The ai rfl owl eavi ng t he treat ed space by neans of fol | ow ng
net hods. Extraction, Relief, Recircul ation & Transfer.

Regi st er
Agrillewth a danper.
Gille

Anair terninal devicew thmiltiple passages for theair,
usual |y pl aced on si de wal | s, bul kheads.

Linear GQille
Agrillewithfixed|inear bl ades, usually usedin |arge
conti nuous | engt hs.

Adjustable Gille
Agrillewthaerofoil bl ades (Louvres) whi ch can be adj ust ed
tovarytheair diffusiondirection.

D ffuser

Supply air ternminal device square rectangul ar or circul ar
usual |y placed in the ceiling and consi sts of defl ecting
nenfer s for diffusion.

Slot Air Term nal Device

Adevice with one or nultipleslots for continuous | ong
rectangul ar openi ng wi th or wthout adj ustabl e nenber to
varytheair flowrate &direction.

Nozzl e

Anair termina device desi gnedto generate al owenergy | oss
and t hus produce a naxi numt hr ow by m ni nument r ai nnent .

Damper
Adevice used to control the vol une of air passing through a
terninal by varyi ng crossectional area

Louvr e

Adevi ce used for intake air fromatnosphere wth bird screen
andthe bl ades at 45° inclinationtoelimnate rai nwater.

Fi re Danmper

Devicevhichisinstalledinanair distribution systembetween
two fire separating conpartnents and i s desi gned to prevent
propagati on of fire and snoke.

Sound Att enuat or
Devicevhichisinsertedintotheair distribution systemand
desi gned t o reduce ai rbor ne noi se whi ch i s propagat ed al ong
the ducts.



| nt roducti on

The desi gn and sel ection of air distribution equi prent in
today’ s bui | di ngs presents one of the nore uni que chal | enges
for nechani cal designers. Uhlike other nechani cal equi pnent
requi red for these environnental systens, theair distribution
equi pnent sel ecti on nust conbi ne a proper choi ce of
engi neered product s efficiently providing conditionedair to
t he space whi | e addi ng architectural features which
conpl i nent the interior design.

Wth today’ s enphasi s on occupant confort, air quality and
ener gy conservation, the proper sel ection of air outlets
cannot be overl ooked. It istheintent of thissectionto provide
a conci se approach to the proper sel ection of air distribution
outl ets. The general informationis given bel owwhile the
actual selectionprocedures of theair outlets aregivenin
the respecti ve techni cal gui des.

Confort Oriteria

Conf ort

The true neasure of the perfornmance of any environnent al
systemisthat it maintains confort of the occupants of the
spaceit serves. Providedthe total anount of heated or cool ed
air requiredtothernal |y satisfy the requirenents of the space
isavailable theconfort | evel wthinthe space beconestotally
dependent uponthe space air distribution. Ingeneral, confiort
when rel at ed t o anat ony can be descri bed as the condition
that exi sts when the heat generated by the body i s bal anced
by sone of the netabolic heat transfers through convection,
conductionand radiationwththeair, wall surfaces and ot her
heat transfer nechani sns i n the space.

The definitionof “coniort” allows us toidentify and contral
the factors whi chinfluence the netabol i c heat transfer wthin
the space. These factors are:

- Dybulbtenperature

- Rdativehundity

- Mean radi ant tenperat ure of the surroundi ngs
- Ar novenent

- Metabolism

- Qothing worn by occupant s

d these, netabol i smand cl ot hi ng are predet er nined by t he
function of the occupants withinthe space. Dry-bul b
tenperature and rel ative humdity are control | ed by t he
thermal effects of the air distributionsystem The air

novenent is afunctionof the sel ectionof theair diffusion
devi ces enpl oyed and i s the prinary control | abl e factor by
vhi ch confiort is affectedinthe space. Proper air diffusion
prevents thernal stratificationand stagnationinorder to
appr oach a hormogenous m xt ure of roomair. Mean radi ant

t enper aat ur es can al so be af f ect ed by proper | ocati on of

outl ets toprevent substantial heat transfer toand fromroom
surf aces.

Draft Tenperature

Ext ensi ve st udi es have resul ted i n rel ati onshi ps bet ween
local tenperatures, velocities and confort reacti ons. Qhthe
basi s of the tenperature and vel ocity at a specific point, an
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effectivedraft tenperature canbe cal cul ated for that | ocation.
The draft tenperatureis cal cul ated by the equation :
@=(T- Tc) - 0.07 (V- 30)

where :

@ =draft tenperature

T =loca tenperature

Tc =control tenperature

V =loca velocity
Research indi cates that a hi gh percent age of peopl e are
confortabl e where the ef fective draft tenperat ure difference
is between -3°Fand +2°Fand the air velocity is | ess than 70

fpm This confort zoneisillustrated as the shaded areain
Fgure 1
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Space Air D ffusion

Proper sel ection of air diffusion devices requires abasic
knowt edge of t he nechani cs of roomair distribution. Fgure
2onpageno. 3illustratestheinteractions of the ngj or factors
influencingroomair distribution. These factors are descri bed
bel ow:

Primary Air

Primary Air is defined as the conditioned ai r di scharged by
the supply outl et plus entrai ned roomair whichlieswthinan
envel ope of arbitrary velocity, usual ly takenas 150 fpm It is
thisair which provides the notive force for roomair notion.

Total Air

Total Ar isdefinedasthemxtureof prinary air and entrai ned
roomair whichis under theinfluence of supply outl et
conditions. Thisis commonly consideredtobetheair within
an envel ope of 50 fpm(or greater) vel ocity. Tenperature
difference betweentotal air package and the roomair creates
buoyant ef f ects whi ch causes col d supply air to drop and

varmair torise.



Drop

The drop of the cool total air, as showninfigure 2, isthe
result of the vertical spread of the airstreamdue to
entrai nnent of roomair and t he buoyancy ef fect due to the
density differences between the total air package and t he
surrounding prinary air. Theterm“density” i s very inportant
asdropis prinarily dependent upon the nmass fl owof the
total air. Orop can be nini msed by spreadi ngthe ai r uni forny
over the ceiling surface, thus reducingthe nass fl owper unit
surface area.

Spr ead

The “Soread” of anoutl et is defined as t he di vergence of the
airstreaminahorizonta or vertical planeandis afunction of
the outl et geonetry.

Surface Ef fect / Coanda Ef f ect

Drop can al so be ef fecti vel y reduced by use of the surroundi ng
ceilingsurface. Vllenthe supply air vel ocityis sufficiently
hi gh, anegative or | owpressure areais created bet ween t he
noving air nass and the ceiling at or near the supply air
outlet. This | owpressure area causes the noving air nass to
clingtoandflowclosetothecei lingsurface. Thisprincipleis
known as the “Goanda Effect”. God ai r distribution design
makes use of roomsurfaces to hel p keep the supply air
out si de t he occupi ed zone.

Occupi ed Zone

The Gccupi ed Zone i s usual |y defined as the areawthin 6 ft.
of the floor and not within 1 foot of the boundaries of the
space (wall's, etc.). Asthisistheareaof occupancy, it is
desi rabl e to avoi d excessi ve draft vel ocities and t enperat ure
di fferences wthinthe space.

Room Air

F nal ly, we cone to the nedi umt hrough whi ch al | netabolic
heat transfer occurs and thus the nost critical factor in
control l'i ng hunan confiort - the roomai r. The roomai r consi sts
of all theother air wthinthe space whichisnot includedin
thetotal air package. Proper air distributionattenpts to
conditionthis roomair tonaintaindraft velocities and
tenperatures w thinthose ranges showninfigure 1. This
vel ocity of ar wthinthe occupi ed zone i s knowas “Room\e oci ty”.
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Roomai r novenent i s created by its gradual induction toward
theprinary andtotal airstreans. It isthis constant nixing
that provides t he nechani sns for heat transfer between the
suppl y and roomai r. Wien ai r novenent does not occur
(usual ly as aresult of insufficient outlet vel ocities or poor
outl et | ocation), astagnant |ayer of roomair is forned. Above
that |ayer (or bel owin the case of overhead heating), proper
heat transfer does not exist andtenperature stratification
occurs. Thisisillustrated by the tenperature gradi ent curve
showninfigure2 It isa ways desirabl etokeepthe stagnati on
| ayer above the occupi ed zone i n cool i ng and as near tothe
floor as possi bl e when heati ng f romabove.

Convection Currents

The total air package can easily be i nfluenced by several
factors wthinthe space. ne of these factors whi ch occur in
exterior zones of buildingsisthenatural convectioncurrents
vhichresult froma hot outsi dewal | during cooling (F gure 2)
or acoldoutsidewall during heating. The upward novenent
of airinthevicinity of the hot surface tends to oppose the
total air novenent inoverhead cool i ng. This can act to reduce
the outl et throwval ues or even cause the col der total air to
| eave the ceiling and create drop i nto t he space. The
dowwar d novenent of coldair inthevicinity of acoldsurface
can create col d draft wthinthe occupi ed space. I nthe case
of overhead heating, the only effective way to nini mse these
draftsistodirect ahighvelocityjet of warmair over the wal |
surface to reduce t he di fference bet ween t he t enper at ure of
the surface and that of the roomair. Mintaining surface
tenperatures as near that of the space as possi bl e al so
mni nises radi ation heat transfer potential betweenthe
surface and the occupants, resulting ininproved confort
response.

Ret urn

Thereturnair inlet has very littleeffect onroomair diffusion
regard ess of inlet typeor | ocation. Hwever, returnair inlets
shoul d be l ocat ed at sufficient di stance fromthe supply outl et
sothat short circuitingof supply air does not occur. It nay
alsobedesirabletolocate thereturnsinthe stagnant zone
to renmove unwant ed war mor cool air. For cooling, ahigh
sideval | or ceilingreturnwl| renove warmair fromthe space.
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Sel ection Fundanental s

Several factorsinfluencethe selectionof anair outlet. These
factors can be divided into two groups - design factors and
per f or nance factors.

Desi gn Factors

Functi on

The nost obvi ous questionisthat of prinary function- supply
or return. Offuser designs, grillebladeprofiles and bl ade
spaci ng are al | perfornance derived, thereby naki ng t he
outl et’s function “non-i nt erchangeabl €”, i n nost cases.

Locati on

Qur fieldof selectionis further narrowed by know ng wher e
theoutlet istobelocatedwthinthe space(i.e sideval, celling
or floor). Thi s nore than anyt hi ng el se det ernines the generic
type of outlet tobe used. Two factors caninfl uence outl et
| ocation, desired perfornance and/ or architectural /physi cal
constrai nts. Perfornmance - | ocation consi derations coul d
i ncl ude spot cooling or perimeter heating. Physical/
architectural constraints coul d, for exanpl e, consist of an
inaccessiblece lingforcingthe useof sidevall or floor outl ets.

Air Vol une

The actual air vol une required to handl e t he heating/ cool i ng
load wi | | al so have an effect on the nodel of outl et used.
Gnerally, thelarger the vol une per outlet, the nore difficul t
itistohand econfortably. Sone air outl ets, dueto design
consi derati ons and basi ¢ concept, are nore effective at
handling large air vol unes (i.e. R¥ R3D.

Nat ural Convection

Natural convectionair currents created by col d wal | s/w ndows
or | ocal i sed heat sources shoul d al so be consi der ed when
pl anni ng roomai r notions. For exanpl e, convective air
vel oci ties of over 50 fpmcan be expect ed on sone col d
w ndowappl i cations andw | |, if unchecked, doninate the room
air notion. Theair outl et nay be required to bl owwarmai r
down t he w ndowor wal | fromthe ceiling or up fromthe fl oor.
Each situationwouldrequire different treatnent andtotally
different outl et perfornance. The buoyancy ef fect of warm
air nekesit noredifficult tobl owdown the col d w ndowwhi | e
it wouldassist thethrowof afloor outlet.

Per f ormance Factors

Thr ow

Throwi s by definitionthe distance fromthe outl et faceto a
poi nt where the vel ocity of the airstreamis reducedto a
speci fiedvel ocity, usual |y 150, 100 or 50 fpm(H gure 3). Throw
isprinmarily afunction of nass fl owand outl et vel ocity and
t her ef or e can be reduced by decreasi ng ei t her of these
val ues.

Dr op

Wienever cool supply air isintroducedinto awarner space,
its natural tendency will be a dowward novenent. |f the
supply air projects intothe occupi ed space, unconfortabl e
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TVertical
Spread

< Throw >

Vertical Cross Section
Figure 3

draftswll occur. DOrop can be nini nised by utilisingthe surface
effect of ceilings. Qutletslocatedinor near theceilingwl |
exhibit | ess drop than outl ets | ocat ed on exposed duct wor k.
Reduci ng t he suppl y ai r vol une and i ncreasi ng suppl y ai r
tenperature w | al so reduce drop.

Spr ead

Deliveringtheair inaspread patterntends to reduce both
thethrowand drop of anair outlet. Dssipatingthe airstream
over a w der area increases entrai nnment and reduces t he
nass fl owper unit surface area (F gure 4).

«— Spread ——
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.
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Angle of
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Plan View

Fgure 4

Sound / Pressure Drop

Pressure drop and sound are i nportant tothe overal | system
desi gn and per f or nance, however they do not directly affect
the roomair distribution.

Noi se Contr ol

Nbi se control inairconditioningsystensisinnany cases
just ascritical astheenvironnental conditioningitsel f. Sound
istransmtted through the duct systemandis al so generat ed
by sone of the duct el enents includi ng di ffusers, danpers,
vol une control and strai ght eni ng devi ces, terninal boxes, fans
and even t he ducts thensel ves. Noi se is defined as
obj ecti onabl e or unwant ed sound. The absence of sound
created by the ai rcondi ti oni ng syst emcan al so be annoyi ng.
Proper |y desi gned, this sound can nask unpl easant noi se of
conversations, office machinery, etc. tocreate anore
wor kabl e envi ronnent. The attenuat ors techni cal gui de nay
bereferredfor further details.



Sel ecti on Procedures

Qutl et Sel ection

The outl et type and si ze nust be careful |y sel ected so as to
provi de uni formair tenperatures and sati sfactory vel ocities
wi thin the occupi ed zone. I n addition noiselevel s nust be
acceptable. If thesecriteriaare net then ahighlevel of
conort wll be achi eved for the occupants of the conditi oned
space.

Inorder toproperly sel ect and si ze an outl et, a nunber of
per f ormance factors nust be taken i nto account which are
detai | ed bel ow:

1. Throw

Achi eving the proper throwfor aspecificappicationiscritica
toproper outlet sel ection. Throwdatais usual |y present ed at
termnal vel ocities of 150f pm 100f pmand 50f pm General |y
out | et's shoul d be sel ected so that the throwat 50f pmterninal
vel ocity equal s the di stance fromt he outl et to the boundary
of conditioned space. Innost casesthiscriteriaw!!| produce
acceptabl e resul ts.

Wien an ai rstreamstrikes a surfaceit tends to spread and
followthe surface until the vel ocity dissipates. The total
horizontal and vertical distancetravelledbytheair streamis
equal tothetabul ated throwof theoutlet (Fgure5). For high
ceilingapplicationsit nay be desirabl e for the throwto exceed
t he space boundary (ceiling) and travel downthewall toward
t he occupi ed zone. However penetration of the occupi ed zone
shoul d usual | y be avoi ded.

M -

N . o

\ U

Occupied Zone

Throw=A +B

Figure5

In addi tion to physical boundaries created by walls or
partitions, boundaries can be created by the col i sionof two
air patterns (FHgure 6). Were two patterns wll neet, the
out| ets shoul d be sel ected so that the throwis equal to one
hal f t he di stance between the outl ets. For high ceiling
applicationsit nay agai n be desirabl e for the throwto travel
downwar d t owar d t he occupi ed zone. Throwi s agai n equal to
the horizontal and vertical distancetravel ledbytheair stream
It shoul d be noted t hat nost catal ogue throwdatais present ed
for isothernal conditions, i.e. supplyair tenperature equal s
roomtenperat ure. During cooling the denser supply air wll
shorten the horizontal throw Refer tothe technical gui des
for the corrections for non-i sothernal jets.
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Occupied Zone

F gure 6

Wien sel ecting outl ets for VAV application, both nini num
and maxi numai r quantities nust be consi dered for throw

A t hough nany nodel s of outl ets provi de excel | ent hori zont al

air patternat extrenely | owfl ows, throws nay be reduced
bel owacceptable limts. Sot diffusers andlight troffer

diffusers tendto nai ntai nreasonabl e throws at | owair val ue
and are t heref ore a good choi ce for this application.

Innany applicationsit isdesirabletolinmt thethrowdueto
ceilinglayout, valls, partitions or other boundaries whi ch nay
obstruct the air pattern and cause unacceptabl e vel ocities in
t he occupi ed zone. There are several net hods whi ch nay be
used to nini mse throwfromoutl ets.

Spr ead

Soreading the air pattern dissipates the air streamover a
w der area and i ncreases entrai nnent. Thi s reduces t he nass
flowper unit surface area, whichinturnreduces throw Sone
outl ets are designed t o produce a spread pattern duetotheir
geonet ry whi | e ot hers have adj ust abl e vanes.

Ai r Vol une

Throwis directlyrelatedtonass fl ow therefore areduction
inar volune per outlet wll reduce the throw This can be
achi eved by utilisingnore outl etswthless air vol une per
outlet. For Linear Offusers or Gilles the sane thing can be
achieved by dividingthe outl et intoactive &inactive sections
(Fgure 7). Each active section handl es snal | er quantity of
air, thereby reducingthethrow Inorder toeffectively separate
theair pattern, the outl et shoul d be divi ded by m ni nrum
inactivelengthasillustratedintabl e bel ow:

Lengt h of Active Sections, K. 1 5 10
Lengt h of I nactive Sections, R. 1 2 3
—]T T T T T I T T r
Throw Throw
Continuous Grille Active/lnactive Section
Fgure 7




2. Drop

Snce avel ocity of 50f pmor | essis desirabl einthe occupi ed
zone, dropshouldbelimtedtoaternmna vel ocity of 50f pm

at 6ft. fromthefloor.

For sidewal | applicationfollowngcriteriainfluences the

sdl ection.

- Mutingthegilleclosetotheceilingcreates asurface ef fect

and r educes drop.

- Deflectingtheair pattern upward reduces drop.
- Sreadingtheair patternreduces drop.

- Reduci ng the ai r vol une reduces drop.

- Reduci ng t he t hr owr educes dr op.
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3. Noise Oiteria

Mbst air outlets are catal ogued wth a singl e NC(Noi se
Criteria) sound pressure rating based on a 8db room
absor pti on. Thi s NCval ue assunes an aver age roomand an
appr oxi nat e di stance of 5 feet froma si ngl e sound sour ce.

These assunptions are reliabl e for nost applications.

Qutl ets shoul d be sel ected so that the tabul ated NCI evel s
are w t hi n t hese desi gn goal s.

Based on t he above general infornationandcriteriatheair distribution products can be sel ected fromthe techni cal data
and sel ecti on procedur e gui des encl osed i nthi s bi nder.

A r Termnal Device

Types

Ravistar Gilles

Adj ust abl e Supply, BExhaust, Linear Bar, Air Transfer, Acoustic Transfer, Linear H oor

Ravi star D ffusers

ntinuous S ot, Linear, Milticone Geiling, Grcular, Perforated Face, Laninar H ow
H-Ho Jet, Adjustable Vane, Soot D ffusers/Jet Nozzles, Snirl, Exhaust Val ves

Ravi st ar Danper s

Vol une Gontrol, Fire & Shoke, Qpposed Bl ade, Pressure Regul ati ng

Ravi st ar Louvr es

External Louvres, Screening Applications

Ravi star Attenuators

Rectangul ar / Square, Qrcul ar

Conversi on Factors

Item To Convert From To S Lhits Miltiply By
Inperial Lhits
Lengt h i nches nllinetres mm 25.4
fed netres m 0. 3048
Area squar e i nches square nil | i netres mm? 645. 16
squar e f eet squar e netres m? 0. 0929
\ol une-Ai r std. cubic feet per mnute cubi ¢ net res per hour n¥/ h 1. 699
H ow std. cubic feet per mnute litres per second Us 0. 472
\El ocity feet per second netres per second ns 0. 3048
feet per mnute net res per second ns 0. 00508
Pressure i nches of water (60°F) pascal (20°Q Pa 248. 84
I'b. force per square inch (psi) pascal Pa 6894. 757
Ener gy BT.U jode J 1055. 056
Power Hor sepower vat t W 746
kil onatts KW 0. 746
Tenper at ur e Fahr enhei t Gl sius, CGentigrade C (F32) (59
Heat flowrate B T.U per hour vt t W 0.293
ki | onat t KW 0. 000293
i ght ounce gram g 28. 350
pound ki | ogram kg 0. 4536
Density pounds per cubi c f oot ki | ograns per cubi c neter kgl n¥ 16. 018
Tor que i nch pound new on netre N m 113

Speci fi cati ons and det aare subj ect tochangewthout prior noti ce dueto conti nuous product devel opnert .

Nornal td erances shel | begpdicad e






