Waterloo technical note
Basic systems overview

Basic systems overview

2

1. Air Terminal Devices - ATDs
1.1 General
Air Terminal Device, or ATD, is a generalised term used mainly for grilles, diffusers, weather louvres, displacement units
and chilled beams that are commonly used to supply, extract or transfer air in a building.
ATDs are mounted in any of the surfaces of a room with the function of directing supply or exhaust air in such a way that
comfortable and adequate air distribution is achieved. The purpose is threefold:
 to provide an acceptable thermal environment,
 to provide fresh air for respiration,
 to remove contaminated air.
This requires that the correct quantity of air is supplied and exhausted, and it is distributed properly so that the exhaust
air carries away any contamination.
The proper selection of ATDs is therefore critical to the attainment of the desired thermal and air movement environment
in a conditioned space.
Several general terms are used to describe different ATDs.

1.2 Diffusers
*HQHUDOO\ UHIHUV WR FHLOLQJ RU ÀRRU PRXQWHG DLU WHUPLQDOV ZKLFK GLVWULEXWH WKH VXSSO\ DLU E\ GLIIXVLQJ LW DORQJ DGMDFHQW
surfaces. The rate and extent of this diffusion has the effect of inducing (or entraining) the surrounding room air. High
induction devices such as swirl or barrel slot diffusers have a greater than average ability to induce room air to provide
rapid mixing.
7KHUHDUHKRZHYHUFHUWDLQW\SHVRIWHUPLQDOVXFKDVWKHMHWQR]]OHDQGODPLQDUÀRZSDQHOZKLFKDUHWHUPHGGLIIXVHUVEXW
actually have the aerodynamic characteristics of grilles. To maintain architectural continuity diffusers can also be used as
extract terminals.
Different type of diffusers include:


Square diffusers

Swirl diffusers

 Toilet valves



Multicone diffusers

Floor diffusers

 Perforated face diffuser



Circular diffusers

Luminaire diffusers

 Polymer diffuser



Jet diffusers

Linear or slot diffusers

 High capacity diffuser

1.3 Grilles
2ULJLQDOO\GH¿QHGDVDODWWLFHRUVFUHHQLQWKHHDUO\GD\VRIIRUFHGYHQWLODWLRQV\VWHPVDJULOOHZDVXVHGDVDGHFRUDWLYH
FRYHULQJUDWKHUWKDQDIXQFWLRQDODLUWHUPLQDO0RGHUQW\SHVRIJULOOHDUHLQJHQHUDOXVHGDVVLGHZDOOVLOORUÀRRUPRXQWHG
GHYLFHVDQGGHSHQGLQJRQWKHW\SHWKH\PD\LQFRUSRUDWHVHWVRIDGMXVWDEOHYDQHVRUKDYHYDULRXV¿[HGEODGHSUR¿OHV
*ULOOHVFDQLQJHQHUDOEHXVHGIRUVXSSO\RUH[KDXVWDSSOLFDWLRQVDOWKRXJKFHUWDLQW\SHVRIJULOOHDUHVSHFL¿FDOO\GHVLJQHG
for exhaust or transfer use.
Different types of grilles include:


6LQJOHGHÀHFWLRQJULOOHV

Security grilles (also known as cell grilles or prison grilles)



'RXEOHGHÀHFWLRQJULOOHV

Exhaust grilles



Linear grilles

Floor grilles



Fire rated grilles

Polymer grilles



Door grilles

1.4 Dampers
$LUGDPSHUVDUHXVHGLQFRQMXQFWLRQZLWKJULOOHVDQGGLIIXVHUVWRSURYLGHDPHDQVRIEDODQFLQJRUUHJXODWLQJWKHDLUÀRZLQJ
through the terminal. Various types are available to suit round, square, or rectangular terminal necks.

1.5 Plenums
These are used as a means of conveying air from the system ducting to the grille or diffuser and are essentially sheet
VWHHOVKURXGVDWWDFKHGWRWKHQHFNRIWKHWHUPLQDO3OHQXPVHOHFWLRQLVYHU\LPSRUWDQWDQGWKHW\SHDQGVL]HDUHJHQHUDOO\
PDWFKHGWRFHUWDLQW\SHVRISURGXFWWRHQVXUHWKDWWKHH[LWLQJÀRZGLVWULEXWLRQLVVXLWDEOH7KLVDOZD\VDVVXPHVWKDWWKH
duct inlet conditions are adequately controlled. Any device added that affects the duct inlet condition will have an effect on
the performance of the product.
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1.6 Weather louvres
Louvres are installed externally on a building to allow air into or out of the building whilst offering weather protection. They
can be made in either single panel louvres (up to 2m x 2m), or where a bank or row of louvres is required they can be
supplied as either:


mullion type louvres, where a series of louvre panels are installed individually next to each other) or,



continuous louvre screen, where a series of panels are installed next to each other but visually resemble one
continuous louvre.

'HSHQGLQJRQVSHFL¿FDWLRQWKH\DUHDYDLODEOHIRUXVHLQVKHOWHUHGDSSOLFDWLRQVRUIRUPRUHH[SRVHGDSSOLFDWLRQV
Where they are installed as an enclosure on a roof of a building they are commonly referred to as penthouse louvres.

1.7 VAV & CAV Units
In addition to the above there are also “system” based air terminal devices called Variable Air Volume, or VAV, and Constant
Air Volume or CAV. These units either provide a variable volume or a constant volume of air into the ductwork that supplies
the grilles, diffusers and in some cases the chilled beam units.

2. Air diffusion terminology
$LUÀRZUDWH The volumetric quantity of air passing through the air terminal normally expressed in m3/hr or l/s
$LUYHORFLW\$QHQJLQHHULQJWHUPXVHGWRGHVFULEHWKHVSHHGRIDQDLUVWUHDPLQDURRPRURIWKHDLUÀRZLQJWKURXJKD
duct, expressed in m/s
7KURZDQGSURMHFWLRQ7KHGLVWDQFHWKDWDQDLUMHWZLOOWUDYHOIURPWKHGLIIXVHUEHIRUHLWVYHORFLW\ VSHHG GHFD\VWRD
SUHGHWHUPLQHGYDOXHNQRZQDVWKHWHUPLQDOYHORFLW\7KLVLVXVHGDVWKHEDVLFPHWKRGRIVHOHFWLQJWHUPLQDOW\SHDQGVL]H
7KHWHUPSURMHFWLRQLVXVHGVSHFL¿FDOO\ZKHUHWKHDLUMHWLVGLVFKDUJHGYHUWLFDOO\7KURZLVH[SUHVVHGLQPHWUHVPHDVXUHG
from the centerline of the discharge face.
3UHVVXUH/RVV7KHUHVLVWDQFHWRWKHÀRZRIDLUWKURXJKWKHGHYLFHDWDVSHFL¿HGYROXPHWULFÀRZUDWHH[SUHVVHGLQ3D
5HJHQHUDWHGQRLVH7KHQRLVHSURGXFHGE\DLUSDVVLQJWKURXJKWKHGHYLFHDWDVSHFL¿HGYROXPHWULFÀRZUDWH7KLVFDQEH
expressed as overall values of sound pressure in NR, power in dBA, or alternatively as a spectrum.

3. Principles of air diffusion schemes
3.1 General
One of the principle requirements of any air terminal device is to introduce the air into a treated space without causing
XQFRPIRUWDEOH GUDXJKWV ,Q PRVW VLWXDWLRQV ZLWK PL[HG ÀRZ V\VWHPV WKLV PHDQV SRVLWLRQLQJ WKH WHUPLQDO RXWVLGH WKH
RFFXSLHG]RQHZKLFKLVSUDFWLFDOO\DQ\SDUWRIWKHURRPDERYHVWDQGLQJKHDGOHYHO PIURPÀRRUOHYHO 
However, this is no guarantee of producing a satisfactory room environment and many other factors may have to be taken
into consideration when selecting an appropriate scheme. Fortunately, in most cases it is possible to make use of a physical
principle known as the Coanda or ceiling effect (attributed to the Hungarian aerodynamicist of that name), which in basic
terms states that a moving airstream will under prescribed conditions have a tendency to be drawn towards and adhere to
DQDGMDFHQWVXUIDFH
7KHUHIRUHDVWKHDLUOHDYHVWKHWHUPLQDOWKHERXQGDU\RIWKHMHWZLOOVWDUWWRGUDJWKHDGMDFHQWVWDWLRQDU\URRPDLUZLWKLW
7KHQHWUHVXOWEHLQJWKDWLQPRYLQJDFURVVWKHFHLOLQJWKHMHWYHORFLW\ VSHHG ZLOOJUDGXDOO\EHUHGXFHGDWWKHVDPHWLPH
mixing with the room air to either heat or cool it.
This process is known as entrainment and is illustrated for sidewall mounted grilles and ceiling mounted diffusers in the
following sketches.

CEILING
MOUNTED
DIFFUSER
SIDEWALL
MOUNTED
GRILLE

AIRSTREAM ATTACHES
TO CEILING
ROOM AIR ENTRAINED
INTO AIR STREAM

OCCUPIED
ZONE
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3.2 Methods of supplying or extracting air from buildings
Air terminal devices can be used to supply or exhaust air in a number of ways, but more often than not the chosen method
and the type of terminal will be dictated by design or by physical and architectural constraints. The diagrams below show
the various types of device, and their principle use:

SUPP LY AIR GRILLES

SIDEWALL

BULKHEAD

CEILING

CILL

FLOOR

EXTRACT AIR GRILLES

SIDEWALL

CILL

AIR TRANSFER GRILLES

WALL MOUNTED

DOOR MOUNTED

FLOOR

CEILING

CEILING MOUNTED SUP PLY AIR DIFFUSERS

SINGLE DIRECTIONAL

MULTI-DIRECTIONAL

0DQXIDFWXULQJDQG¿QLVKLQJPHWKRGV
7KHPDMRULW\RISURGXFWVZLWKLQWKHJULOOHGLIIXVHUDQGGDPSHUUDQJHVDUHPDQXIDFWXUHGIURPDOXPLQLXPH[WUXVLRQV7KHVH
offer many advantages over other materials in the manufacturing process.
Jointing techniques rely on the corner cleating process, whereby a feature in the extrusion is deformed around a corner
LQVHUW:HOGLQJRUVROGHULQJLVDOVRXVHGRQMRLQWVZKHUHVWUHQJWKLVDQLPSRUWDQWIDFWRU
*ULOOHVZKLFKIHDWXUHQRQDGMXVWDEOHEODGHVDUHDVVHPEOHGXVLQJDWHFKQLTXHNQRZQDVWXEHH[SDQVLRQZKLFKSURYLGHVD
quick and cost effective assembly method. With this system, the individual blades are cut to length and pre-punched to
accept the assembly tube, which is then expanded internally to lock the blades at the required pitch.
The standard form of paint applied to all products is a matt polyester powder coating which produces a high quality, long
ODVWLQJ¿QLVKVXLWDEOHIRUPRVWDSplication.

4. Displacement ventilation and chilled beams
$ V\VWHP ORFDWHG LQ WKH RFFXSLHG ]RQH WKDW LQWURGXFHV DLU LQ DQ HYHQ SDWWHUQ LQ RUGHU WR JHQHUDWH GLVSODFHPHQW RI WKH
existing room air.
7KLVDLULVEURXJKWLQWRDUHDVDURXQGWKHEXLOGLQJDWYHU\ORZYHORFLW\WKURXJKÀRRUWHUPLQDOVRUORZOHYHOZDOOWHUPLQDOV
Low velocities (less than 0.25 m/s) are needed to ensure that occupants don’t feel a draught.
7KHFRROVXSSO\DLUSRROVLQDOD\HUQHDUWKHÀRRU%RG\KHDWIURPRFFXSDQWVDQGKHDWORDGVIURPHTXLSPHQWVXFKDV3&V
DVZHOODVVRODUHIIHFWVZDUPVWKLVSRRORIDLUZKLFKWKHQULVHV)UHVKFRRODLULVWKHUHIRUHGUDZQXSZDUGVFRROLQJWKHRI¿FH
and drawing out sources of pollution such as CO2. The displaced warm air and the pollutants are generally extracted at
high level.
'XH WR WKH KHDY\ KHDW ORDGV IRXQG LQ WRGD\¶V RI¿FHV WKH GLVSODFHPHQW YHQWLODWLRQ V\VWHP LV RIWHQ WHDPHG ZLWK SDVVLYH
FKLOOHGEHDPVWRHQKDQFHWKHFRROLQJHIIHFW7KHVHFRQVLVWRIDQDOXPLQLXP¿QQHGFRSSHUFRLOPRXQWHGDERYHWKHFHLOLQJ
or in a casing. Spacing above the coil allows rising warm air to pass over the coil. As the warm air comes into contact with
the cool surfaces of the coil, the air is cooled and passes through the coil and back down to the occupied level of the room.
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Passive chilled beams are a simple technology which is cost effective to run. But there are a few challenges to overcome.
)LUVWO\WKHFKLOOHGZDWHULQWKHFRLOVKRXOGQRWIDOOEHORZ&RUFRQGHQVDWLRQFDQRFFXU6HFRQGO\LIWKHFRROHGDLUIDOOV
away from the beam too quickly this can cause draughts for occupants sitting below the beam. Finally, passive beams only
provide static cooling, so extra fresh air must be introduced to the occupied space to meet minimum requirements.
2QHZD\WRGRWKLVLVWRXVHÀoor outlets to provide the necessary fresh air requirement.

5. VAV Systems
5.1 General
&HQWUDOL]HG DLU FRQGLWLRQLQJ V\VWHPV DUH IRXQG LQ ODUJHU EXLOGLQJV ZKHUH WKHUH LV D JHQHUDO QHHG WR HQVXUH RFFXSDQW
FRPIRUWLQRI¿FHV7KHVHV\VWHPVSURYLGH¿OWHUHGDLUKXPLGL¿FDWLRQRUGHKXPLGL¿FDWLRQDVZHOODVFRROLQJ&HQWUDOSODQWLV
SRVLWLRQHGLQDJURXQGÀRRUSODQWURRPRULQSDFNDJHGXQLWVRQWKHURRIWRS
2FFXSDQWV QHHG WR EH DEOH WR DGMXVW WHPSHUDWXUHV LQ GLIIHUHQW DUHDV RI WKH EXLOGLQJ LQ RUGHU WR PDWFK WKHLU SDUWLFXODU
UHTXLUHPHQWV0DQDJHPHQWRIWHPSHUDWXUHVLQGLIIHUHQWSDUWVRIDEXLOGLQJZLWKDFHQWUDOL]HGDLUFRQGLWLRQLQJV\VWHPFDQ
be controlled in a number of ways. Two of these are:


 Variable Air Volume (VAV) systems



Constant volume systems

5.2 Variable air volume (VAV)
$LUFRQGLWLRQLQJV\VWHPVDUHVRPHRIWKHPRVWFRPPRQIRXQGLQ8.FRPPHUFLDORI¿FHSURSHUWLHVWRGD\,QD9$9V\VWHPWKH
supply air is kept at a steady temperature and internal temperatures are controlled by varying the volume of air supplied
to a space. The air volume is usually controlled by dampers or by the use of variable speed fans (which are also energy
HI¿FLHQW 
7KH9$9V\VWHPRIIHUVDQXPEHURIEHQH¿WVLQFOXGLQJ


5HODWLYHO\UDSLGFRQWURORIWHPSHUDWXUHVLQRFFXSLHG]RQHVJLYLQJJUHDWHURFFXSDQWFRPIRUWDQGFRQWURO



*RRGHQHUJ\HI¿FLHQF\OHYHOVDUHDFKLHYDEOHLIWKHV\VWHPLVGHVLJQHGZHOODV9$9V\VWHPVKDYHPLQLPDO
simultaneous heating and cooling.



It is important when designing a VAV system that positive building static pressure is maintained. This is done by regulating
WKH DLUÀRZ RI WKH VXSSO\ DQG UHWXUQ IDQV ,Q VRPH 9$9 VHWXSV WKH FHQWUDO DLU KDQGOLQJ XQLW IDQ VSHHG LV FRQWUROOHG WR
maintain a constant duct pressure. An interlock is arranged between the supply and extract fans.
$OWKRXJK 9$9 DLU FRQGLWLRQLQJ V\VWHPV DUH HIIHFWLYH DQG HI¿FLHQW WKH\ DUH DOVR UHODWLYHO\ FRPSOH[ 9$9 V\VWHPV QHHG
controls to alter air temperature and volume. The fan is controlled by a speed modulator. Alternatively the volume of air
FDQEHDOWHUHGWKURXJKDGDPSHUZKLFKUHVWULFWVWKHDLUÀRZ=RQHWHPSHUDWXUHVHQVRUVDUHXVHGWRFRQWURODGDPSHUZKLFK
DOORZVPD[LPXPDLUÀRZZKHQKHDWLQJRUFRROLQJORDGVDUHKLJKDQGWKHQDGMXVWVWRPLQLPXPDLUÀRZZKHQWKHVHORDGV
are low.
Good design, installation and maintenance are required to ensure that the VAV system continues to perform effectively. If
DLUÀRZVDUHORZWKLVFDQOHDGWRGHWHULRUDWLRQRILQGRRUDLUTXDOLW\RUSRRUPL[LQJZLWKWKHDLULQWKHURRP/RZDLUÀRZFDQ
also cause air to drop directly from the supply diffuser causing discomfort for anyone sitting directly below it.
Regular maintenance of the variable volume dampers is also required if the VAV system is to achieve its energy saving
SRWHQWLDO ,I WKH DLU VXSSO\ YROXPH WR GLIIHUHQW VSDFHV LV QRW FRUUHFWO\ DGMXVWHG LQGLYLGXDO URRPV RU ÀRRUV FDQ EHFRPH
uncomfortable so rebalancing the system regularly is also recommended.

5.3 Typical VAV System
Chilled air enters the room and mixes with the existing room air, causing a temperature drop. This is detected by a room
thermostat sensor which if required sends a signal to the VAV controller to change the position of the damper in the VAV
WHUPLQDO7KHGDPSHUDGMXVWVWKHUHE\DOWHULQJWKHDPRXQWRIFKLOOHGDLUHQWHULQJWKHURRP
$WWKHVDPHWLPHDVWKH9$9GDPSHUVFORVHWKHDLUÀRZIURPWKHDLUKDQGOLQJXQLW $+8 LVUHVWULFWHGVRSUHVVXUHLQWKH
duct will rise. The supply duct pressure sensor reduces the speed of the supply fan to maintain constant pressure.
9$9XQLWVFDQDOVREH¿WWHGZLWKKHDWHUVIRUXVHLQDUHDVZKHUHKHDWLQJLVUHTXLUHGIRUH[DPSOHDWWKHSHULPHWHURIODUJH
RSHQSODQRI¿FHVZLWKODUJHDUHDVRIJOD]LQJ

5.4 Constant volume
With a VAV system, the room temperature is controlled by varying the amount of air entering a room. Sometimes it is
desirable to maintain constant ventilation rates, while also offering temperature control. This can be achieved using a
constant volume system.
These are also known as dual duct systems, since they require either two air handling units or one unit which can produce
chilled and heated air simultaneously. Two sets of ductwork carry these airstreams to mixing units in the various rooms or
RI¿FHV5RRPWHPSHUDWXUHVDUHFRQWUROOHGE\YDU\LQJWKHPL[RIKRWDQGFROGDLUIURPWKHDLUKDQGOLQJXQLWV,IFRROLQJLV
required a damper will allow more chilled air into the room, and vice versa.
:KLOH WKH V\VWHP GRHV JLYH JRRG FRQWURO RI WHPSHUDWXUHV LW LV QRW FRQVLGHUHG WR EH RQH RI WKH PRVW HQHUJ\ HI¿FLHQW
methods.
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Waterloo Product Range
GRILLES
$FRPSOHWHUDQJHRISURGXFWVVXLWDEOHIRUDOOZDOOFHLOLQJDQGÀRRUDSSOLFDWLRQV
0RVWJULOOHVDUHPDGHIURPDOXPLQLXPDQGKDYHDUDQJHRI¿[HGRUPRYHDEOH
blades designed to give performance whilst remaining aesthetically pleasing
WRWKHH\H*ULOOHVDUHPDGHWRFXVWRPHUVSHFL¿HGVL]HVDQGFRORXUV 330* 
VWDQGDUGFRORXU330 *ORVV:KLWH 7KHUDQJHLVFRPSOHPHQWHGE\
polymer
the
e Aircell range of polyme
merr G
me
Grilles.
Gril
rilles
ril
le .
les

DIFFUSERS
Designed to be installed in various ceiling systems, we have a complete range
to suit both performance and aesthetical requirements. Most diffusers are made
from aluminium and can be ordered with or without plenum boxes for easy
GXFW ZRUN 'LIIXVHUV FDQ EH RUGHUHG LQ FXVWRPHU VSHFL¿HG FRORXUV 330* 
VWDQGDUGFRORXULV330 *ORVV:KLWH 7KLVUDQJHLVFRPSOHPHQWHG
J
S
by the Aircell range of polymer Diffusers..

ACTIVE AND PASSIVE CHILLED BEAMS
7KH¿QHVWTXDOLW\UDQJHRIKLJKRXWSXWDFWLYHEHDPVXVHGIRUYHQWLODWHGKHDWLQJ
and cooling applications. These units have 4 pipe coils to allow heating and
cooling circuits to run simultaneously, giving constant and responsive control.
The design allows a large optimum capacity and also allows the customer to
VSHFLI\WKHQR]]OHW\SHDQGSLWFKIRULQGLYLGXDOFLUFXPVWDQFHV
$FWLYHEHDPVDUHPDGHIURPVWHHOWRDODUJHUDQJHRIFXVWRPHUVSHFL¿HGVL]HV
DQGDVVXFKDUHVXLWDEOHIRUYDULRXVGLIIHUHQWFHLOLQJV\VWHPV6WDQGDUG¿QLVKLV
330KRZHYHURWKHU 330* FRORXUVDUHDYDLODEOHRQUHTXHVW

AIR VOLUME CONTROL DAMPERS
ERS
Pressure independent Variable Air Volume and Constant Air Volume dampers
PDGHIURP]LQWHFSODWH0RVWYROXPHGDPSHUVDUHUHJXODWHGZLWKDQHOHFWURQLF
PRWRUDQGVHQVRUVDQGDUHFDOLEUDWHGWRFXVWRPHUVSHFL¿FDWLRQVEHIRUHGHOLYHU\
The Constant Air Volume damper requires no power source as it is controlled
via a mechanical device and calibrated before delivery. All volume dampers can
be ordered with a single or double (insulation) skin.

EXTERNAL LOUVRES
A quality range of products for external wall applications. Made from aluminium,
with birdscreen or insect screen options. All louvres are made to customer
VSHFL¿HGVL]HVDQG
¿HGVL]HVDQG 330* FRORXUVVWDQGDUGFRORXULV330
FRORXUVV


DISPLACEMENT
$IXOOUDQJHRIUHFHVVHGVHPLUHFHVVHGÀRRUZDOODQGFRUQHUXQLWVSURYLGLQJ
KLJK YHQWLODWLRQ HI¿FLHQF\ DQG H[FHOOHQW FRPIRUW 7KH YHU\ ORZ SUHVVXUH
involved also offer quiet installations. Displacement units are available as wall
RUÀRRUPRXQWHGRULQGHHGLQWHJUDWHGZLWKLQWKHDUFKLWHFWXUDOGHVLJQ

www.waterloo.co.uk
t l
k

Tel: +44 (0) 1622 711500

Waterloo Air Products plc
+HDG2I¿FH
Mills Road, Aylesford,
Maidstone, Kent ME20 7NB
7HO  
)D[  
email: sales@waterloo.co.uk
internet: www.waterloo.co.uk

1RUWKHUQ2I¿FH
Hyde Park House, Cartwright Street,
1HZWRQ+\GH6.(+
7HO  
)D[  
email: sales@waterloo.co.uk
internet: www.waterloo.co.uk

)0

EMS 590755

All products conform to the Terms and Conditions of Waterloo Air
Products plc a copy of which are available upon request. Due to our
continuous research and development programme, Waterloo Air
Products plc reserve the right to alter products and prices without prior
QRWL¿FDWLRQ
&RS\ULJKW:DWHUORR$LU3URGXFWVSOF
Waterloo declare that, at the time of print, all products are in
DFFRUGDQFHZLWKUHOHYDQWGLUHFWLYHVDVLGHQWL¿HGE\+(9$&
and other European Organisations and will display the
CE Marking where required.
-XQH

