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DESIGN OF AIR-CONDITIONING Dr. Hasanen M.

AIR CONDITIONING

Air conditioning may be required in buildings which have a high heat gain

and as a result a high internal temperature. The heat gain may be from solar

radiation and/or internal gains such as people, lights and business machines.

The diagram below shows some typical heat gains in a room.
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occupaflts (sedentary).
Sensible gain 90-100 Watt per person
Latent gain 4OWath Per Person

If the inside temperature of a space rises to about 25"C then air conditioning

will probably be necessary to maintain comJort levels. This internal

temperature (around 25oC) may change depending on some variables such as:

. tvpe of building

. location of building

. cluration of high intetral temPerature

. expectecl comfort conclitions.

. tlegree <tf air movement

. pe.rcentage saturatron

o ;

I
t
I
t
T
I
I



I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I

DESIGN OF AIR.CONDITIONING Dr. Hasanen M.
I
I
I
I
I
I

Te,:t: lr ghlrrrgl

. l
I
I
I
I
I

gl i iJ

]]|.i:aa:i:ci

L:t::u1":i,:;r rn y'

i:il fl I

lr
o r

I
I
I
I
I
I

Insomebuildingsitmaybepossibletomaintainacomfortableenvironment
with mechanicaiventilation tut the air change rate will tend to be high (above

about 8 air changes per hour) which can in itself cause air distribution

problems.

since air conditioning is both expensive to install and maintain, it is best

avoided if possible. This may possibly be achieved by careful building design

and by utilising methods such as:

window blinds or shading methods
heat absorbing glass
heat reflecting glass
openable windows
higher ceilings
smaller windows on south facing facades

The diasram below shows some of these methods'
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If air conditioning is the only answer to adequate comfort in a building then

the main choice of system can be considered'

Full comfort air conditioning canbe used in suffunel to provide cool air

(approx. 13oC to 18"C) in sununer and warm air (approx. 28oC to 36oC) in

winter. Also the air is cleaned by filters, dehumidified to remove moisture or

humidified to add moisture.

Air conditioning systems fall into three main categories, and are detailed in

the following pages;

1. Central Plant systems.

2. Room air conditioning units'

3. Fan coil units.

Central ptant systems have one central source of conditioned air which is

distributed in a network of ductwork. Room air conditioning units are self-

contained package units which can be positioned in each loom to provide cool

air in summer or warm air in winter.
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Fan coil units are room units and incorporate heat exchangers piped with

chilled water and a fan to provide cool air.

A typical central plant air conditioning system is shown below'

Heater BatterY
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o lFresh air

Exhaust  a i r

<-

Return a i r  fan

Schematic Diasram of Central Plant Air Conditioninq Svstem
o l

The system shown above resembles a balanced ventilation system with

plenu;r heatir:rg but with the addition of a cooling coil'

For in{ormation on balanced ventilation see \TENTILATION section'

1.0 Central Plant Svstems

Cool ing coi l

Reci rcu lated a i r
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In winter the heatrer balterv will be on and the cooling coil will probably be

switched off for the majority of buildings. In summer the heater batterv will

not need to have the same output and the cooling coil will be switched on.

A humidifier may be required to add moisture to the air when it is 'dry'. This
is when outdoor air has a low humidity of around 20%, tc 30%'

In dryer regions humidification is required through most of the year whereas
in tropical air conditioning one of the main features of the system is the ability
to remove moisture from warm moist air.

Dampers are used in air conditioning central plant systems to control the
amount of air in each duct. It is common to have 20 9:o fresh air and 8tl%
recirculated air to buildings. In buildings with high occupancy the fresh air
quantity should be calculated based on C.I.B.S'E. data', this may require a
higher percentage of fresh air (i.e. more than 20%). See Ventilation section for

examples of fresh air rates.
Cool ing coi l Heater Battery

Exhaust air

I
I
I
I
I
t
t
I
T
I
I
I

o l

I
I
t
T
I
I
I

Recircu lated a i r



I
I
I
I
T
T
I
I
I
T
t
I
T
I
T
I
I
I
t
I
t

I
I
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The system shown above resembles a balanced ventilation system with
plenum heating but with the addition of a cooling coil.

For information on balanced ventilation see VENTILATION section.

In winter the heale:: baltely will be on and the cooling coil will probably be
switched off for the majority of buildings. In summer the heater batterv wiil
not need to have the same output and the cooling coil will be switched on.

A humidifier may be required to add moisture to the air when it is 'dry'. This
is when outdoor air has a low humidity of around 20%t t<t 5AB6"

In the U.K. low humidities are rare and therefore humidification is sometimes
not used.

In dryer regions humidiJication is required through most of the year whereas
in tropical air conditioning one of the main features of the system is the ability
to remove moisfure from warm moist air.

Filters are required to remove particles of dust and general outdoor pollution.

This filter is sometimes called a coarse filter or pre-filter.

A removable fibreglass dust filter is positioned in the fresh air intake duct or
in larger installation an oil filled viscous filter may be used.

The secondary filter, after the mix point, is used to remove fine dust particles
or other contaminant picked up in the rooms and recirculated back into the
plant. A removable bag filter is generally used for this where a series of
woven fibre bags are secured to a {ramework which can be slid out of the
ductwork or air handling unit (A.H.U.) for replacement.

li,i,q -i, {*-qg,l *xeiJs$r
Air handiing units (A.!!.L:.) are widely used as a package unit which
incorporates all the main plant items as shown below. Pipework, ductwork
and electrical connections are made after the unit is set in place on site. Since
air conditioning plant rooms tend to be at roof level, the larger ,1.!-!.i-j.'c are
lifted into place bv crane before the roof is fixed.
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These units use refrigerant to transfer cooling effect into rooms'

Room air conditioning units fall into two main categories:

1. Split type

2. Winctrodwal l units.

Split,{ir Conditioners

Split air conditioners have two main parts, the {]trld**r *r"r!l is the section

which generates the colcl refrigerant gas and the ir:el$i:r *llit uses this cold

relrigerant to cool the air in a space.

The outdoor unit uses a colYrprefisor and air cooled condenser to provide cold

refrigerant to a cooling coil in the indoor unit. A fan then blows air across the

cooling coil and into the room. The indoor unit can either be ceiling mounted

(cassette unit), floor mounted or duct type.

The drawing below shows a ceiling mounted (cassette unit)'
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The photographs below show a ceiling mounted cassette and an outdoor
unit.

Window/Wall Units

Window or wall units are more comPact than split units since all the plant
items are contained in one box.

Window units are installed into an appropriate hole in the window and
supported from a metal frame.

Wall units like the one shown below are built into an external wall and
contain all the necessary items of equipment to provide cool air in summer
and some may even provide heating in winter.

Cooling Coil
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herrnetically sealed cornpress*r is used to provide refrigerant gas at the

pressure required to operate the refrigeration cycle. The condenser is used to

iondense the refrigerant to a liquid which is then reduced in pressure and

piped to the cooling coi1.

C.assette unit t',Jr
reiling
mounting

leld

indoor unit

Fla'or rnc,unted
indonr unit

Abo:,e ceiling
$dt with
prorision. for
&rct comections

3.0 Fan Coil Units

These are room air conditioners but use chilled water instead of refrigerant.
Units can be floor or ceiling mounted.
The chilled water is piped to a ill:;r*r: il,':lrl *rlfl:ngft"as in a fan convector' A fan

blows room air across the heat exchanger and cool air is emitted into the room' as

shown below.
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chi l led water  p ipes

Centr i fugal fans

Ca b inet

Thermostat

Cool Air
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d ra in

FAN COIL U NIT

Fan coil units may be looked upon as being small air hanclling LrniLs located in
rooms and they can be piped with chilled water for cooling and low temperature
hot water (LTHW) for heating if necessary.

The room temperature can be controlled with low, metliurn anrl high fan speeds
and chilled water flow is varied with a two-por1 or three-port motorised valve.

Two-pipe, three-pipe and four-pipe systems have been used. The four-pipe system
has two heating and two cooling pipes and may have a single heat exchanger or
two separate heat exchangers for beating and cooling.

It is useful to have a !r:ilrflrr'/',1 li::r:;' Ifr;:: r1:r'l;r. l:' switch in the main control system
to avoid both heat exchangers being on at the same time.
A three-pipe system used heating flow, cooling flow and .{.}1'Llll:{il1 relr.:rlr pipework.
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ch romet for Air Ccndit ionin

I .

Psychrometry is the study of a r and walervapour mixtures

Air is made up of filre main gases ie.

Nitrcgen 78 03% Oxygen 20 99%, Argon 0 94% CarbonDioxde003%,and
Hydfogen 0 01% by vo urne

The llleal Gas I aws are used to detemine plyclrrt).eti c dain for air so that
the engineer can carry out ca culations.

To make life easler a chart has beef compiled wth a ihe relevant
psychrometr c data indicated

Th s is called the Psychrometric chad.

a typical  chart  is shown belo!, / .

I
I
I
I
I
l .
I
I
I
I
I
I
I



I ]ESLCN L I ]  A IR ' t I 'NDI  I  JNNINC

I
I
I
I
I
I
I

I
I
I
T
I
I
T

Th s is the amount oimoisture in
e g for roorn air al 21"C dry bulb
about 0.008 kg/kg d a.

This s a smal lmass ofmoisture

grams per cubic metre of air
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A ral any state poini can be plotted on the psvchfomernc cnan

The infomation that can be oblained from a Psvchromekic Ch€d is as

1 Dry bu b temperalure
2 wet bulb iempercture
3 l',loisturc content
4. Perceniage saturatlon
5. Specinc enthalpy
6. Specifc volume

The following is a brief descr ption of each oithe propedres or a r

1. Orv bulb temoeralure

This s the airlempemture measurcd by a mercury- n glass thermometer

2. Wet bulb temperature

This is the airlempeElure rneasured by a mercury'in glass lhermometer
wh ch has lhe mercury bu b seited bv gauze that is kepl mosi bv a reservorr

When exposed to the environmentthe mosture evaporales from the wetled
gauze, which gives a owef reading on the thermometer

This gives an indication of how . 'i of how .rnL.l the arr ls, since In 'r, a1r
the w;ter w €vaporale qu ckly from ihe gauze, wh ch depresses the
therrnomeler readrng.

3. Moisture content

a, g iven In kg of  mo,s lure pet  lg ofdry a i r
and l5"Cwelbulb lhe rnoistu r  e conlent  s

(  0 008 kg = 8 s,ams)per kg of drv air  ot  I  5
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4. Percentaqe saturation

The Percentage saturat on is anothef indicat on ofihe anrount of moisiure in

Thls is the ial c ollhe moisture content oI moist a rto the
salurated a r at the same temperature

When air is salurated it is at 100% saturation and cannot

l .
5. Soecific enthalpv

This is the amouni ol h.st rrnri.jy ir ll in a rper kg.

lfheat is added to the air at a heater battery for exampLe, then the amountto
be added can be delemined frcm apecflc enthalpv change

6. Specific volume

This s the vohme of moist air (dry

The units ofmeasurcmeit are m3

Also specif ic vol lme = 1/ denstY.

THE PSYCHROMETRIC

t
I
I
I
!

air + walervapour) Pet un I mass

per kg.

CHART

l .
The s\ properties ofair previousLy discussed can be shown on one chan
called a Psychromeiic Chait

One ofthe purposes ofthe Psychromeinc Chait s to size heater batteres,
cooling cois and hum difierc

A simp fied Psycrronie$c Charl s shown below
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s?lcFlc tlillIlj.L?l 1il&s

This charl is only fot demonslratron puPoses

lf accurate assessmenls are to be canied out use a C I B S E chart

USI NG THE PSJ!HBQIVIEIBE-CIAR'[

lf any iwo propedLes oI ait are
the psychromeir|c chan

known then the otherlo!r can be found ircm
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chrometric Pro erties
EXAI'/IPLE 1

Find lhe mosture content oia r at 25oC drv bulb temperature and 25"C wet-

Referinq io the chaft be ow, a vedica line s drcwn upwarcls from 25"C drv
bulb lempetature until t ntercecls at 25oC wet-bulb lemperalure

Th s inierseclion po nl happens to be on the 100% saturci on Ine

The ntersection point is highlighted and a horzontalline is dtawn to the right
lo find the corresponding moisture conleni

Tre r4o stu'e co_Ien. .s lhe'elore
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EXAI\I]PLE 2

Find the specifc volume and wet bulb iemperature oi air ai 20oC dry-bulb
iemperalure and 50% saturatbn

Reieffinq 10 ihe chad beow, a verticalline is drawn upwards from 20'C dry-
bu b temperature !n1 il interseclswlh the 50% saluraton cuNe

The niersection point is someirnes €ferted to as the siate po nt

The specificvolume is found to be 0li4 n'ikg and the wei-bulb lempe€ture is
1.,1'C
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EXAI\IIPLE 3

Find the specific volume, percentage saturalion and mosture content orair at
1 5"C dry- bulb temperatu rc and 1 0"C wel_bulb lemperalure

Refefrna to the charl below, a verlical ne is drawn lpwards from 15"Cdrv'
bulb tempemtLrfe until it lnte|sects with the 10"C wet bu b temperature Lne

This intersecUon isthe stale poinl

The specificvolume is found to be C.A2ii:_, /kcr, the percenlage saturction
5:llt and the molslure content il!i5'f iEll!.l:l

r Il crlrr ArrF srTrnxnal:
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EXAMPLE 4

Find the specificvoltme wel bulb lemperature moistlrre conteni and specifrc
enthalpv of alr ai 35'C dry bulb temperature and 30% saturalion

Refer nq to lh€ chari below a ve rl cal line is d fawn upwards from 35oc dry

bulb temperat!re untilit inteFects with ihe 30% saturation cLrNe

This Lnterseclon is the siale pornt

The specific voltrme s found to be il nll
2:.C, the moistLrre content i, t1 il driic I

sp4inc dhalp] is foud bY roftnrg a
line. which Pases fimllgh the siate
poinL &d givs a simlld s!@inc
qrUralpyresL at h.th oillns

'ri.:.i the wet bulb temPercture s
and the specinc entha PYcS (.lri{!
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DESICN OFAIR LONlJ I  T IONINC

Air Cond. Plant for Surnnrer and Winter
In the summer time when cooling s tequ red by lhe air cond tioning p ant it wi
be necessary to operale the coo ng coi, rcheaier and possibly otherplant as

In winterUme the preheater and retleatef baitery willprobaby be on to
provide warm a f lo overcome heat losses

Olher pant may be swilched on as well

These plani items arc shown n the diagram below.

/&---

The phoiogEphs below show some plant ems
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Basic Air e ondit ionin Processes

1- MIXING

l '
t
I
I
I
T
I
I

Wherc two ak streams arc mixed the psvchromefic prccess
straioht line belr/veen h{o air condiUons on lhe psvchromet c
1 an; 2 are olned and the rnix po nt 3 wi lie on lhis ne

Two aLrstreams ate mD(ed in a r cond toning when fresh arf
from outside and mixed wilh rectrcu ated a r (mr)

The resLrlUng alr mixture is shown below as (m3l

The mixing ratio is fixed by clarnpefs

Somelimes in more sophisticaled pant. nroi:lLrlat rg d)rnperc are used which

are driven by electic motors to conlrolthe mixtLrre ofairentefing fhe svstern

(m,) s brousht n
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The diagrams below show m xing oflwo a rslreams
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L
rsrcrr:oMrrr:cr lr3Ir.q,TG1"ir!!1!

!ql!l4s !4-mic

By the conserualion of mass tormuLa:

By the conseNaton ofenercY fomlrla:

l-I1r ht + l'Ilz h: = I1']. h:

wh€re m - mass fow rale ol a | {ks/s)

h - speclicenthalpy ol air (kJ/kg)romdr,om psy.trometi$'i

2. SENSIBLE COOLING AND HEATING

When a r is heated or cooled sens blv, that is when no moisiurc is added or
removed, ths process is fepresented by a horizonta ne on a psvchromelrLc
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-AlR STRE/I4IS IIIATED oR
COOI'D SINSIEi]I

H j 2 = m x C p x ( t ,

Or more accurately from

H 1  , = m X ( h 2 - h r )

Fo. sensible coolin9:

H : r = m x C p x ( t : - t r )

Or more accuralely from psychrometric chart

H : - , . m x ( h z - h r )

whe€: H = Hear or coo ng energy (kw)

n = mass flowrare ora r {kS/s)

PSYCHROMITRIC CI RT SEOlIING SINSIELI
HIATING CI COOIING

!:or aen:,it)l!r h!..ot!.9:

l1e arrounr ol hear n9 inpJ. lo tie ait approxrrrales to:

-  r r )

-he amounl or cooling _pul Io the ai dporo\iadles 'o
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Cp = Speciic heal capacty of ar. may be laken as I 0l kJ/kg degc

I = Dry bulblempefalureofair ("C)

h = specilc enlhalpy oI an (kJrkq) rolnd rrcm Fsychromet..rai

3. COOLING WITH DEHUMIDIFICATION

l o
I
t
I
I
I

The mostcommonly used method of removing walervapour frcm air
(dehumidification) s to coolihe air below is dew poini

The dew poinl ofair is when lt s fully saturated ie. at 100% saturaion

When air s fu ly sat!mted itcannot hold any more moistufe in lhe iom of

lf lhe air is cooled to the dew po nl air and s still fudher cooled lhen moistu fe
wii drop oll of lhe a r in the fonn of condensate.

This can be shown on a psychrcnretdc chaft as airsensib y cooled untilit
becomes fully salu€ied (the dew point is reached)and ihen lhe a I is cooled
latently to a lower lemperature

Th s is apparent on the psychrometrc charl as a horizontaline for sensible
cooling to the 100% salrrat on curve and lhen the pmcess fo ows lhe 100%
satu€tiof curue down to another pointat a lower temperalurc.

This lowe r tem peralure s somelimes call€d the AFplreu$.!ew Poiri (AtlF!

In rca ity the AOi: of lh e cooling coil s close to the cooling liquid lem peratu re
insideihe coil. Chilled wateror fefriserant may be the coo ns lquid.

The psychrometric process frcm stale point 1 to 2lo 3 may be shown as a
straishi ne for smplcity as shown above with a yellow ne.

l '
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AIR STR!-AM 13 COOLII] ,\}JI]
D!I]UI4ID]III]
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?:YClaoMtI?IC CE{lr SHCT INC COOIIN!
-q]iD DIHUMDFICATTON

The iolalamount of coolng inputto ihe a r apptoximates lol

H r : = m x ( h r - h r )

The sensible heal femoved s:

H j , = m x ( h r - h r )

The lalenl heat removed rs:

H r 3 = m x ( h r - h 3 )

where H = CoolnS enefgy (kW)

d - mass rlow rateorair (kS/s)

h = spec iic eniha py of a | (kJ/kq) rolid rrom psv.hroret"h/!

In ihe absence ofa su table psychrometric chad lheio owing formula may be

The sens be heat removecl s:

H , , = m x c p x ( r  1 ,

l o
I
I
I
I
I
I
I
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DE5ILN OF AIR LOND]T L ' \ IN ' i

The latenl heat temoved |sl

H , r = m x h i s x ( S z ' s ,

where H = Cooling eiefSy (kw)

m = mass tlow rale ofar(ks/s)

Cp = Spec fic heat capac ly ofa r. sav be taken as 1.01 kJ/kg dego

I = Dry bulb tempedlu re of an (oc)

hfg= alent heat oi evaporisal on may be taken as 2454 kJ/kg @20'C

s = moislure content of a rnom psvchronrelric chaf (k9/k0 drv atr]

3.1 COOLING COILgONTACT FAqTOR

Some oflhe alr going through a coo ing coildoes not come into contact w ih
the tubes orfns;fthe cooling coiland is therelore not cooled to the ADP

A mixing process therefore takes pLace as tu/o air slreams mix downstream or
lhe cooling coilas shown below

l .
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One airstream is cooled down io theADP and the othet air stteam bv_passes

ir,.iiii ""r"i""," sr'" * otr-coir aif temperarure (mixed air sircanr)a rrttre
higherihan lhe ADP

Thls may be ooked upon as a n inefficiencv of the col a nd is usual v sven as

the coo ng coil contact factor'

The process s shown on the psychrometrc chart berow

P.YCIIROMITIIC CII,+T HO\'ING 'OOIING COIL
coNIAcT IacToi

The contact iactor of a cooling corlmay

I h l  ' l r : )

L-L,rI act Fa(tor '
( h r  -  h : )

Another erpresson for contact factor is'

4. HUMIDIFICATION

lf is lt necessary to add some
by lnlect ng st€m into ihe air

mosture to the supply a I then thls is best done

l r
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Hum d flcat on can be carr ed out bv spraying a fine misl oi water droplets Lnlo
the a I but this is not r€cornmended in rooms occuped bv people due to the
dsk of bactera carry over'

Drv steam may be injected irom a stearn supply pipe ofgeneEted in a loca
Da.Kaoed , nit'as shosn r" the p'olog aoh be ow A di)aovantage ol - sing an
exrst _-q sleam upptv i' s nell5 ray be' 3_ eo ov'' hlo'Le air'

PAC(AGED STEAM
HL]M D F]ER

l o

I
T

t
I
I

I
T
I

I

T
T

t
I
I

T

l '

lhe stedm pac{aqa un\ i '  cfualed co)e o l 'e d '  duct a_d is sized lo neel
lhe marimirr teq:rrenell( hrs i' usLallv " wrn e in the U K

A steam oDe ( somelimes hoses are used) passes from the packagecl un tio
the a r duci and steam at l Oooc s injected into llre airstfeam va a llr3rue
oioe. rne u" "sea sr"am ls drained from ihe svstem via a condensate tundish
;;ddra n. lt ls importantto layoutthe steam pipework so that anv condensate
wi l ldm n backto lhe unl

The psychromeldc prccess is shown below
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?- C1IROMT|P o --T\r:sll-vtrDn -i o\

See Summefand Winter Cyces sect ion fot  calculaton ofamount ofmoisture

l )  r a n l e  I  t o :  ( r x r r

l}llartcc I ltJ -1 (lrrlnJ

TYPICAL AIR CONDITIONING PROCESSES

The schematic d agram beow shows a iypielplant syslem tor s!mmefarf
conditioning.
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be ow shows a typical!!mrner cyce.
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The psychromelric diagrarn
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l o -AIR E.qNDIING IJ]I]1]

The schematic dlagram below shows a typicalplant svsiem forwintef a r

!
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a u r i r  t ! !
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ROOM

o

The psychrometric djagram below shows a lvpicalwinier cvcle
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ANNOTATION
The state points on a psychrornelric chaft may be
to identify them lfsymbols are used the fo owing

given nrmbers or symbols
system may be adopted:

o
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AirState pornl Letter

Apparatu: Dew Point
off coolin9 corl condrron
RDom Ratio Line
Preheaier off coil condition
Upstream oi Hunndrlef
Suppiy
Duct, fan qain allovranc€

o
R
M

ADP
W

RRL
P
H
a
D

t
I

I
I

I
I
I
I
I

I

I

I
I
I

I
t

I

l o

ROOM RATIO
Th|s is lhe ratio of sensible lo

The total heal gain (sLrrnmeo
Latent and Sensible heat n a

tota heat in the rcom ior sunrrner ofwintef

or loss (winter)will be determined bv add ng the

(SUlvlN,lER) Total heat gain= Sensible heat  gain + Latent  heat  galn

AMNTER) Tolal heat = Sensible heat loss + Latent heat garn

The room €tro s used on a psychrometrc

A ioom ruiic line s supeimposed from the
chart onto the main body ofthe chart bv a

An examp e caLculaton is as fo ows

S e i s i b l e h e a t g a i n  = 9 0 k w

Latenl heat gain = 2 25 kW

I 

Totalheat Saln = 9 O kW + 2 25 kW = 11 25 kW

charr to determine the SUPPLY arr

prctractor on the Psychrometric
line passing through ihe room state
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Room latio = Sensible /TotaLheai

R o o m r a U o = 9 / 1 1 2 5 = 0 . 8

The supply a r staie point must also be
meei the room heai gain requlremen$
through poinis R and S

somewhere on lhis ..rn r:11o ri€: to
ie the ii).fr !aii! irei aways passes

l o
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The RRL lt this sloPe or gmdtot
is then superimPosed onto the
main body of a PsYchometric
chad with the aid ofset squares
The line must Pass thought state

ni
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s! m mer anqvy!-nlglgygle!
1 .  SUMMER CYCLE PSYCHROMETRICS

1 .

2 .

3 .

4 .

5 .

6 .

7 .

Plot the suPPlY air condition
The reheater Process \rlll be
to point S.
Point S is on the room ratro

s.
a horizontalline from PointW

l o
I
I
I
I
I

Dlaw schematic diagnm of air-conditioning plant

Plot room condition R on ps)thrometric chart

Plot outside condiiion o on pslthrometric chart'

Join points O and R

Find the mix point M bv measuring the length ofthe line O-R
and mult iplythis bythe mi*ing rat io
rr ii.i" iiri"* *i'" rt"t.d air tha n oLtside air at the mi{ pornt then point

I\,4 will be closer to point R than point O

Find the room ratio.
This is the sensible to totalheat gain ratio'
pllitt'i" '.ti" ." *'" p.t'actor, b;ttom sesmenq on the psvchrometric chart
"iJti"""t"i*'i" ri".b"t" ttre inart so tlaiit passes throush Point R

Plotthe AppaEtus De$, Point ADP ofthe cooling coil
This is on the 100% saturation curve
ir''. *Jiril-"na a"v urtl temperatures atthis pointwillbe equal'

Join points II and ADP

Find the off-coil condition W bv measuring the length ofthe line [I-ADP
and mult iplvth;s bvtfe cool;ng coi contactfactor '
lvleasure d;urn from pornt I\,4 to the point W
ili"i"""iir'" ""*"it t "tor is to unib/, the closer point W will be to point

ADP.

T .
I
t
I
I
I
!
I

8 .

1 0 .
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2. SUMMER CYCL E CALCULATIONS

MASS FLOW RATE

When the supply airtemperature has been
the mass flow rate ofair can be calculated

cp  ( t r  -  t s

found from the psychromotric chartthe
from the following formula:

2.2 COOLING COIL OUTPUT

The cooling coiloutput is as follows:

s4sL !  ru r ' . i  i  h  r r  ( r / , 4

spe . i .  hea r  r i r ' l y  o ihNmd a ,  i ; p !  i l  1 ! l  l ; r qde ! : l

f i a  ( h t n -  h A D F )

=l .

I

I

I
I
I
I
I

I
I
I

I
I

l ' 2.3 HEATER BATTERY OUTPUT

The heater battery or reheater output is

( hs- hw)

3 r . i .  d i h i  r y  i  m i d r  i i  M  ( i r r r l

.r.fu. t3 PY ar tu,dr fi Vi' irr/kq)
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Summer and Winter Cvcles

3. WINTER CYCLE PSYCHROMETRICS

1. Draw schematic diagram of air-cond itioning plant.

2. Plot room condition R on ps)€hrometric chart.

3. Plot outside condition O on psychromehic chad.

4. Plotthe afrer Preheater condition F ifther€ is one in the syslem.
The PEheat€r process will be a horizontal line from O to P and will bl
only a few degrees dry bulb ifit acts as a frcstcoil.

5. Join points P and R. lfthere is no frost coil read O-R for P-R.

6. Find the mix point fi4 by measuing the length ofthe line P'R
and multiplythis bythe mixing ratio.
lfthere is more rccirculated air than outside air at the mix point, then poin
1,4 willbe closerto point R than point P.

7. Find the room ratio.
This is the sensible to telalheat ratio.
Neglect signs ie. the total heat for the room vr'ill be Sensible loss plus Later
gain.
Plotthis ratio on the prohactor, top segment, on the pslchrometric chart an
transferthis llne onto the chart so that itpasses through point R.

8. Find the suppJy air dry bulb temperature by calculation.
The mass flow rate of air is the same as that for Summer for a Constar
Volume system.

9. Plotthe supply air condition S on th6 room ratio line.

10. Plot condition H on the psychrometric chart.
This is vertically down lrom point s, and horizontally across frompoint [/.
This is because l,,l'H is the reheater process and thus a horizontal line an
H'S is the humidification process and is close to a vertical line if steam i

I
I
l o
I
I
I
I
I
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I
I
I
I
I
I
I
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4. WINIER CYCLE CALCULATIONS

4 . 1 SUPPLY AIR DRY BULB TEMPERATURE

When the mass ilow rate of air is calculated forthe summercondition thenthe
winter supply air dry bulb temperature can be calculated from the follor,ring formula

-

4.2 PREHEATER BATTERY OUTFUT ior ftost coil)

The preheater battery output is as follows:

s4n! e hF. l I l! :J ,, (r\"!

m d   

 

i r r r i i  I  L l r  t . / r !  d ! . r l

i

l o
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I
I

I
I
I
I
I
I
I

l ' REHEATER BATTERY OUTPUT

The rehoater batterv output is as followsi

(  h H -  h M )
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mmoisture added = ma (mss

The amount ofmoisture added to the air may be calculated from the following

msHl

4..1 HUMIDIFIER OUTPUT

l .

n4miMf  de  tq /51

mi  nL  ?  rd : ' '  i  i i i i  r  r  s  t 4 !  d ;  l
. ,  r  r ! r  H  f l r r l  i . .

t
!
I
I
I
t
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Summer and Winter Cvcles

5. OUCT AND FAN GAINS

l .
I
I
I
t
I

The ajr in a duct is slightly heated frcm the fan electric motor and heat is
also transmitted through the duct wall lrom warm areas Into the air stream,

a duct contains air at 15"C and passss through a roof space at 30"C in

There wiji be heat hansfefied through the duct wall, which incrcases the air
temperaturo siightly

To allow for this in the summer psychrometric process an additional sonsible
healing state point D is added as shown below.

The air may be heated by several0C depending on the fan motor, length ofduct
and type ofduct insulation used, ifany. The distance from point W to point D
may be t/pically 1"C to 3"C dry bulb bmperature in the U.K.

o
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Heat Gsin

[$ i  r* { lnr{ i *$
Heal sains trcm the sun can lcad to inoe$es i! inremal

This is usually abouL 24"C.

Lenrperatures beyond thc

floor dd by admilling
Iiis the.cfore necesary to dcrdmine ihe ahout of
tnnsnittcd lnto bril.h,gs nhouehi windows, $rlls.
exlemal air into lhe buildinS.

Seaenl  nersucs cmbe.dopbdro rcduce. , , .  . , . i  i , , r  - ,  ln  bui ld inss.
Thcse tue erlenral ud internal sha.liDg dd by careful building design.

'nre load on m air-conditioning s) slenr caf be dlvided nrto rbe lbtlosing seciions:

Seribl. l Lrisrrir..ior lr.ulh !rh$
5{rL.r G.ii 1,usl.. gh$

ll.a1:rnir lbnD1lr \n rs
Heai grili rhxiugh 1u.il
\'.rliLikrn,arir d irlilLiaii!'rL

I
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The heat gajn rhrough thc Slas $indows is divided iDto r!r. pa.h
galn duc to 1. p.'!t!r.. djllehr.c bcrween oursidc ad inside and
soii. nal'arioir shining rluough Nindows.

The frethod adopLed uscs the prileous tabels.
Itwould be helpfultohare these lablcs dose by, ro complele rhe calcnt.lions.
An example of a heat gain claculation is gilen .
Heal gains through solid e-round floo.s d€ mininatard can benegtccted.

t  T ,  i  r f .  5otJr  u i in  J , ,c  o  d  Ie  c f . r  hLr .ecn n- .  (  dd o- , . :oe r (m!- .d .uk.
l m n , . :  s d m . o  I n  r n . ,  . :  c r  b e  .  r i  <  , i t s  '  t i c .  1 l
_  Thi  .  ̂ .  n  o  \  dpr l ie  u  m.rer  . \  n t  n(gt rgrbtp r t .e , rJ t  cdo. ,c  r )  i .L .  d tJ+.I

ltg Ag . l ig (1,- r,)

r4n\t rr t..if.r:rLrr l(11
r n .  n . t r  i , n r ' 1 $ j  ( ! (  i

Tliis gain is slien the sun shines thorgh windorvs.
Thc coolins loads !* nelrc squeed wnrdow aEa
tines. orienutions. latiruies and building welghts.

have bcen tabulaLed for veious

a : . . ,  SI IC.  S( .  ( l l - f .  i l .

=  \ r a . . o l n ! | i r l l \ | ]

s!1., 1,.! !:trir.,i.rli..il
=  5  , l  r !  ( 1 l i (  , r !

Q,,.
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I . n . e ,  d l p a i n . c a n  , c . d n r  o ,  I n o  r ' . e d ,  S d i n  , ,  h u r t . l i , ! . I n . h .  i a q .
j . l : . j .  ^  . r ' r r , , . 1  . J . n .  . . . d c l , i r e J

OCCUPANTS - Sensibte and laienr hcar ganrs ce be obtained fron CTBSE Gujde
A (2006) '  lable 6.3.
T'lical gaiDs ae lhoBn below

I
I
I
T
I
I
I

LTGHTINC Ave.aAe pos,crdensit), tion Tabtes 6.4.

ELFCTRICAL EQUTPMENT pC\ ud Monito6 - fables 6.7 .md 6.8.
I-aser Pfinter aDd Photocopie* - Tabtes 6.9 dd 6.lu
Eleclric MoroB lablc 6.13 and 6.l:1.
L i f t  MotoN Table 6.15.
Cooking equilnenr T.ble 6.17.

I
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Hcat load is found turmi

(l ,' - Hrar lnn Oc.Lrranrs I He.l liotu I idrrinc I lle.t iion
ir Lec tricrl J,quipm.nt + llc.l noif (-qrking

llll!'j]!-!udli.r.I!!qr: r\..:il!.'.

Tltis is Lhe unncady stlte hear tlos thru!€h a \a1l due to the larying jntensiry of
solar radiation on the oxter suffacc.

11- 1,ti !r.-lt :'rj)1.r ;ilir.l

I| the calculatjon of rhjs heat flow lse is madc of rhe concepr of so!.ir
l.mp.mhrrc. which is delined as;

the lalue olthe outside airlenpemLure whichwould, in the.bsence ofallEdiation
exchdges, give thc same rate ofheat flo* into thc ourer surirce of ihe wall as rhe
rctual cohbinalioD of tcmperature difterence and rudiarion exchmges.

sot. AIt iTEN1r.

t

.  ;  d - . l . c o s

n-

n ,  1  t . ' l p . . x r  |  ' { _ )

o, tsill( ln r,i,pdrtrk fra r
, ,  r i r :o t r rn ' , , , : i i i . i cnL . ln r . l t ! .

rndr:{j' ni.lilrt nn* rr.llnr ! .; | {rl]'c

rilr.rl. ui'nLl .'ng . ((n:$ r.:)
i'r.n!n! !l)r.lt'., trJixri,), rm'i rnr.r air.f (\in l

c ! r ! , i , l  r u r l i r r o tn {k r  \ i . . . n r r l i . r n t \ \ h  oCr

, t
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' LS I I ,N  L 'FAIR CONDIT]ONINL 5 tSTf  MS

The U.K. values ofsol'air tehreutuc de lbund fton CIBSE Cuide J (200?) Table s.16
(l.ondon). Table 5.37 (Manchestcr) dd Table 5.38 (Edinb!ryh).

, l .2 lhcfmal Crr ' , rc i i !

'Ih€ 
hcat flo$'through a Nall is conplic.ted b),1he p.esencc ofihennNl cxp&jr),

so Lhal some ofrhe heat passing throughir is stored, benig rcleascd.t a tarer dme.

i , it i. . . .rl ,- q'lth a high the.nrL capacit will dmp renr'eratu.o swings
.onsidcFbly, whereas Ll'irr lighl Balls $,i1h a eMll themal calacil) will have little
damljlg cffccr dd iluclualion\ nr outsidc surface tenperalure rlill bc alpeenr

'Ihc thermal capacltt wilL not affect
sola eain at a pardcuh lin€. lhe

l- M€.n gain thrs(gh $nll,

thc ihill !n$r s'b. Rrin but wil] allecr rhe
calculatio! is. therefote, ag.nr splil inlo No

l i . ( l , f D .
1.2

i . l l  Hr. t t  f " r io In?,d*f t  f t r , , ' l '

The healgain thrcugh a roofuses rhe sanre equation as tbr a wall as shown beldv.

I
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DESICNOI  AI3  CONDITIONINL 5 \STEMS
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He.r loJ|] i\ to!.d tronr;

\  t ,  r r  J

ruiD.J.l:,, ,,,trrircs t.r i L.rrr

!r!(r. r r 1f .ii!Jurt 1i\'l

r n irr r.!ifr;rtrr11!' i

lnliltralion gains shouldbe added to rhe roon heat gairs.
Rcconnen.led infiftration rat€s are 1/2 ai. chdee per houf for rnosi !if-
condtlionn4 cases or 1/4 air chdngc per hour h doubte gtazing or if speci.l
nedsurcs have been lakcn to prelenl jillrntion.

Ve.lilation or f.esh air sulpl) londs cu be .d.led 10 cither rhe room or cetrtral
planL loads but shorld onl' bc a.counred f(' otrce.

I
I

I
I

I

I
I
I

I
I

Q tor l t

o roL,l (tr - tr)

+ Qr esg + Qint. Qsi

sr rc.sc.cLF.A!

Qinr.

A.U .CLl'D(.

A.(i . CLTD.I
I
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In,the hajorityofcars, bl ltr rhc grealcst ercnjxt duc(utjng
solaf hedt gajD through ihe windows.'l hdeforc, ii sill be this gai! rlhictr delcmincs shcn rh€ rot.l

I leat gains lnay be calculared and dispta).ed nr table toin as shos,n betow

Heat cain from

LLrleNible hmDi$id, tlroush glass
L watts l'/:

- , '
2. S. l& gr in rh .ugh. t r  $

udl ls

I
Ij]

r00% 
]

I
I
T

5. Roof

-

trr."1."i,1--.
Total
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DEr_tri,\ oF Aln LoNDtT/ONtNL S\\TF|\1S

3::.1tr!!1,!.-!

11 bur  . :orn bcro{  .  ro  be m. i l ra i "cd a.  r  c .n \J l |  .n \ . , .nh. .nJ l' : 1 , . * . '  r . r d n t d . " p a 1 r i o , , o , r . 2 , r . r . T e . o d ) .

] ' , "  J . .  
' .  

. " .  l  - t  
,  , .  hcd; rc  tuo .  a .  |  

.ord 
\  r . . .a  eJ In  I  o lJo .  ,dr i . , r  e

i  ,  rnr  Inre,nr t  ronsLnrr ior  L  t ishr t r ,. uhtuc gh ;b,,unF.dd ..d.i,..;,,,:: i ;; ;:: i ld : i:Td1 
ue o "i . .

c i l L .  . d  c  r c e . . d \ i  r m . c . . o . e , o o t  1 e r , , J d i , , r e r o o " , n J  ,
Lili ll';11'l' u D  .  I n e  I n  ,  \  0 0  I u J .  . , n J  , ,  . :  I

DATA:
uccupans = t00
l , f i l r , -  ru.  

_ 0 .  a.  . '  msc.  t ,c .  , r r  rl Jur ldrnts( tdss i f iL  jon :  t i rhh!e i !hr .
l \ - i o l s d r l  l  . - , p  r ' 4 <  \ [  ) r ' r . i l . c r J i 1 , . a r i o n .
t \ lernJ {J i tco l . ru  -  t iuhr
Fxtemll wal deqemcrL facn f = 0.65

l l / ,  I  
' e :& ]  \ J ' <  - . e . , o * ,n .  . i , , i , e  |  2 .80  q  n  L

,"11:1'".  -  I .shr., . ,  co ' i rJ 
oFn

:  8 n  s  r 0  \ \ :  i r .  i  ,  u . f .  i \ d
,ch incD nd.q r .praer ,  4o l ]u  \ \dr r

I
I
I
t
t
I
I
I
I
I
I
I
I
I

' ;
I
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0ES l i t rN  OFAIR  tnNDtT  |  'N INC 5Y(  lF l \ 4S

NO lE: It shoxld be loted thst this tolal hcal g.in is used to size ccllral plan

nefts such dsChillcs. Coldensen andCoolilg lowe6

Cooling colls dc sized usually with a pscluonletric ohart'

4r94q
AJea ofwindow = I2x
Tota larea ofg las -  204
Area of glds ftcins Soltb

Arer ofwall faci4 SouLh -
= i l8  -  12.2.1 = 75.76d.

=  2 2 x 1 4
=  3 0 E x 4

1.7 = 2.04 ! ; .
x 12No. windows =

12.24 m:.

22.0 m 1,1.0 'n hieh

= 308n
= 1l l2 mr.

2.1.48 'n .

G4!!
Lransmis ion rh i ,ug te las Qg =

2. solar Ganr $iough glass Qse =

(Ma\ i rnum rs  dL l2  00 h \ )

Qim. =

A II CLIDC

Ag Us (to - h)

\il fof internedi.te iloor'

, i
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7.

! ) tQsi
Qsi

+ 21,240.0 -  l io . l

=Qg
=219.9

Qroul

0 |  718.0

lhe results de shom lnlhctablebelow

Heat Gain fronr Watts

l � Sensible trusmission thfough gLrs )39.9

Sole gain rhroueh glass l ,E0o' l

21,2.{0.0

t r tcmr lur l ls 150.1

71E.0

. t

0.9

s8.t \ \  m
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DESICN UI  A IR CONDITIONINC SYSTEMS
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The intcmal conshcrjon js llght1veieht Panitions. corcrcle hollow slab noon aid

.tr.::!t!i:Lll

lhe room shown belo\! is ll) be maiDLained at a consldl enu(trmerlal
tcnperdLure of r, i for a lldt opcralbn of l: hou.slerdav.
Thc roofr ;s or rhe intemediate floor ol an officc Dlock located iD l-ondor.

Calculale fte maxiDum senslblc coolnlg load in the room in i!r!

D^:LA]]

lnfil1ra1bn =

EO
.15 Watts / Dl Jloor atea
1.0 aif chargcs per hour

outside air lempeiatu e (l")
BuiLding cl.siticalion
Ixtend wall nuface te{urc =
Flxlenll s all thickness

decrenent thctur is 0.27.

26'C.
lightwcighl.

.  . .h  |c f  .  J  couron c  1000 w.  r r .

Entria rars L,:abe = 015 ivin 2C

viiidois Sti!;l lazng e:'ir l2mvrde xl lnr h€h

L ] . ' a L e = 5 - : ! 1 n ] 2 c :
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Heat cain from

l� SensibLc hansnisior thiough glass

2 So ar gai .  nrou!h glds

. , l
100%

I
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TvPes of Fans

Thcrc at seacral ryles of fan to choose tion in veltilation

2.
3.
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ti1rt, uu:r,I ljnus

FOA(AXD T'LT.\:ED BIiDES IOR
.E:fI]IL'GAI F L\

3!i_it r1{'\} l:allJ

CE\'IRIT';GAI IA\ I\,IIH C:OST
COL?LED ILTCTiIC )'OTOR

P !f,\l!! S!.ts \!D!!!!!!
FOR '€\II]II GAi 'AN

BEIT Dlll,!^-.{\L{i
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AIIAL I:O\v
A'ROIOIL BLA'! OF

LE\I-?JIL6Al f INlIPILLER
\11THCl l l \C
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1. Propeller Fan

tlsed insiiuations where rhefc is mininal resislance Lo akflow
Typicalourputs are; upto 4 mr/s aid upto 25tl l':r lressnr€
fancfllciehcy is low al abolt{0%.
Suilablc for wall, windos'afid roof tius $ here the intlkc dd dischtuge N trce fton

( l r r  D. \ r  hrg. . ro l f r .s  ! l  ! r .

2. Axial Flow Fan

llirlr !.lune I!\ ,,,r. is posiblc with this qle offan with hieh cfficiencv, abolt
60nh tu 651/r.
T}?lcal odFuts are; u!1o 20 'n'/s ard up nr ?l,i,l', ptcsstrn
The iu is crsed in aslmple en.lo$ue with thenolorhouscd jn|em.llv or cxtemallv

! , a l  t  o " I d  , r  t h l L n s M l  \ l o t o .

Aerofoil bladcs can be usedto increase elicicncy
Adjunable pitch bladcs can be lscd for gre.ler flExibilit]
Duclwork can be snnlly connecEd to thc flange.r eilher cnd oiLhe fan

)
l +

I
I
!
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3. Centrifuqal Fan

!il!h pFs . xi. fr\ is possiblc wiLh $is rype oftbn.
Used ir.irhandling unlts ud other sltuationsto ovctcone hlgh resistdcc to dl

lhe inpeller is madc ofLhnl blidls which are either lbs{a or bdckwa'd clNcd
The.ir clanges ditectionby 90.legrees inac.firilugal lar so nore spacc is
r c q u f J .  

l

lD isdrre

,  i  : i i . :  r . : ' r l

lrr. a(Yiiupi Ie

is placcde\Lem.l to tlic casing and a vec bch and pulley drilc is

fd bladcs gerer.lly halc higher cfAciencies Lhan ifalLain l'lal

The elficietrcy of a fan wllh lbnvard cu^'ed bladcs is abour 5070 b anr'Zo.
lhe fosld cuNe has a scoop efecl on rhc air $us a highcr volume ma] bc

-,''-:-'-

"  -- ' .= o*. , ."or

l
fo$!A8a!q8Es c!44!
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Backward cwcd blades offer even bctter efllciercy. 70% to 75'7,.
This imlroves aifnow throxeh $e blade md reduccs shock and eddy losses.
llieh frcsdr$.an be devcLoled silh back$'dd cuNed blades
Evcn funhef inproverents Dra] be n.de b usiDg an acron)ilsectio! blade irr whlch
.ase the clficjcnc] ftay be 80% to 8s%.
Anothcr lcalu e of backstrd clNed blades ls their n!n_.r!rl{r.tli.g chdaclcrisLic.

F \N  ! I IARA 'TFR!ST I I  (  L  RVFS

A disadvantage istFhigh bLade tip spccd.
dischaqeto tbn'ad cuNed blades. makes

4. Mixed Flow Fan

Mi\ed flow fans canbe uscd for relurn alr. suPlly. or
apllicalions $here low sound n *itical. As onpared
nixed flo$ liu can be 5-20 dB quicier.

to sinilarly si^d aial fans.
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1. Axial flow and bdck$ard cuned

2. I he arialflow fttr is very conlenjcnt fron an insmllatiotrpoi ofvicw. it can be
direclly ducl DrouDled elen in restrictile deas bui thcy tend lo be nolsy. This is
becauso lli.y nD a1a higherspeed compded 10 a ccrtrifugalfan.

i. Likc thc Raoksard'bladed centrilxell fan. fie AxiaL lo\v lar h.s a seli:li8ilins

'a'$er r&\e as snow! aoovc,

Centrif.rgal Fans

T}PI'AL FAN CHARACTERI5TIC CURVES

,1. lhe backsard cu'ed centrifugal fan runs at a irig}et sPe.d dDn thc forward
curved lan for the sdre outpul.

5. A ibnvard-cuNed cenLriftrg.l tm may bc litrble Lo.'' ri i,r.,,i bccausc the

Fower rises as the loluic in.reases. An exmlle of ftis in p.acLice is if ihe
nain dupc6 arc le]I $ide oper w|en tlrc fan is nhr slarted np, too much air

Characteristic$ of Axial Flow and Cent:ifuaal
Fans

Axial Flow Fans

centriiugal fafs hale snnilat
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will be handled md the exccsivc poNd absorbed will ovcrload the driving

6. The backlv.rij crr{l lan is less liabte to ovcrloldnre Lhan the foNdd cucd
celtrjtLLgal fan and iL is .lso able to dcliacr a rcl:Ltivelv conslatrt amount 01 ai. as
the srsten .eslslance varies. Thc power oia backward cuncd tbn rcaches d peak
and lhen begi$ to fall. this js calied the selfllmitinC char.cteristic. l his ls shown

1 ' l
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CENTF FUGAL f AN CHAR 'TERIST C5

A back*ard curved centrilngal ffl dust run al higlct specd to deliver the sanrc
anomt of.ir as. tbsard-curled liu beclusc ofthe d{iJe ofth imlellcr blades
ard the direction ofrnaliotr.

'I he b&kwed bladcd fan is used in hisl' \ ek,{it! 'Yst.ri t wherc high Pressures
are reqxned od is o ften nade sith acrcfoil bla.les to increasc cfiiciency

iip |o abort 750 N,r,r ian Fe$nre, thc
be quieter ud chcaper. Above this value

fo.sfl+curved cennifugal fdn tends to
of pressnre back$,ard-curved lims takc



Choosinq a Fan

To choose. suitablc fan one nust lool aL the peribrmdncc .un'es
Perfomance cur\cs xre found jr lirD.alalogues.

Thesc cures show the pfcsru,c dcrelopca b) a fan al a Sivcn tlos mle

I  r . ,  q  r o o c o c \ L l  F J b )  e l d  i  ' o  r o . , o r c  , i r r g d . r . ' \ c . D l  r ' l
'  \ l / \ u  e . r n n , , I J r L ( f o u r d ( i ' . '  1 0  r o l d c ' r  o i d \ s e e \ r l \ ' r  A l l O \

I
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DESICN sectntr.
The opcratnrg ponrt olthc slsten is mtukcd ds arrointon thc cluve

E!!!!!!rl9_1
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The exuple be lo{ sho$s a st stem operating Poinl of z 50 lbsla \ ( l'i ) ffess uf.
and 0.a8 (,n'/s) llos Frc.

PR6SSLII!

Co 10 drc cuNe .bo!e thc operatnE loint, this ls n\e ft! curye fot the .pp|opriale

Ihe la t r  s izc  is  chosen as .  250mm-di .  mcto n( l isor 'pm sPeed)

vEs

l .
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r L o r t * , t t l  - ' ,

a1\:!R1! L-6.11 IAli PI ?JORI!\]\{E a1r R\:IS

lhe fatr perlbrmance curle for ar{r(,ln'n{liad.lcr 1an $'illbc suiLable for nre

requircmcnls ior this examllc since the cutre is abore lhe operatiry lojrn

The lan size is choscr as r.100rnm dienr.t.r lan (1150 r.p m. spee'i)

Erla8lple ?

The exmplc bclo$ shows. systen oterutitrg point of il20 Prs.a s (l'!) |resltrrl
and 1.25 tn'/s) flow r.te-
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E!-<eg!p!e 3

An axial florv iu is rcqui.ed ior a ventilatjon syslem i{tr x !!orkshop.
Four fos arc represented below ir rhc lour cun,es 2 green and 2 rcd curles
The len-hmd diagrdr sho$.s faDs wi1h,1 pole electric notds, and the rietrt hdd
dlagrm sho$s lans $ith 2'pole electdc moto*-

I
I
I
T
t
I
I
t
I

I

I

foui pole electric moto.s are slower than nvo tole nolors, ln this exmple 4+te is
.t 1420 r.p.n. and 2-!ole ls 2E40r.!.n.
Theslstcm^operrtinglbintrequiiuenisdre L{)1r l'a;cili(f.)frrssure
dd 0.60 (m'A) ilor rate.

I
I

Axlal llor/ !r
!-::i) ii:i:i: iiiiJr Ll r.ji!

ciii:\ ajiill !:ia.i iJlF 1,.::
tl.dric\Lior rplenl.ding;

El Ci Ri; riri.:llir,-1
c! !:\ ai,i,-! tinr.r D;3n*r
llectic YotD' I !ol. 'indinss

I

lhe lan size is choscn as n 3s0rrnlditnc1.r fm (1,120 r.p n spee'])
I he electric molor for Lhis tur has a 4+ne windirg dd will run .L 1420 r'!.nr'
\ h .  ' r . o c  r ' " . r ,  t r  - : p l L , ' . . r . 1 0
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Fan Laws
The Fdn L.ws are !s lollows:

Ha.t-$peed I ll$lq$!g

AL

o:
l i j : , t i J  1 j . \  . .  , i  1 1 . . , '  ,  r  j . l

l l  \ , , l L  n .  t l l r , t u . i  r t r  I r i  r . r

'lhis means that fan speed ud volme flowrate of aiJac directly proponional

Ho,A $peed lElgsalrry

I N. t ' �

l N ' l  p l

\  l r t r  \N ! l r , . r  t i r J , r , , r , i i .  n , . I ) r l

i  : r  f r j r i r . ' i \  j ' l

Thls rleds rhat ds the liu slccd is doubled, for cxdfrlle, the prc$u.e develoled is
nised by a faclo. of 4.

{q8sseed / PoqqI

N ]

l.i !p.r.j ar\ [] ,r|,ut. fr ' r'!J, i

This meansthat!s1he lan speedjsdoubied, tbrcxantple, the power requird to
drive thc ldr is r.lsed by a iacrof of 8
The abote three hns nay bc \riten dillirently to.id calculAtioN, as linloss;

I  r r  l . ' . .
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Sq;LSpeed / V_olrrme

'  " l : ]" - " 1 + l

" , .  " ,Fj

l. ]"'

l{q!e_l5Eeg!Lt: Pr€ss.!re

r ^ ,  1 ., , ,  =  0 ,  1 " , 1

&r"3-sgcedl-egrqcr

t
I
I
I
I
I
I
I

. : . '
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3 Centrifugal
{. Mixed flo$

PROlEtlgR rAtr\S

I
T
I
I

A\ l l ! �os  FA l is

{ ' i  - -



* r"'1irsY5ilffiJl"*wltr{'4e?||1:1w

IT{IRJFLCAI F,I\5

}'I\ED FIO\ F!\5 IOOFT\IJ AID BOIED FA,\-

, ]



t
t
T
I
I
I
t
I
I
t
I
I
I
!
I
I
t
I
I
I

Ceptrifrgal Ir3!1!

('NIR]!L'G.^i FAN I\'IPEIIIR
II'IIH CASING

FOR\\'"{iD CIR\'ED BiIDIS 'OR
CI]\TFIILGAI TAN

A:irrl Flor Fars

(ENTi]FLTGT]- I.4,\\\TITH q]OG!
COL?LED ILICTRIC }fOTOR

IACIi\ A,qD TtR\TD AIADES
IOR CT\IRFLCAI FA.\

-'"i-

AIIT DRIVEN A\LAI



I
I
I
I
I
I
I
!
I
I
t
I
I
I
I
I
I
t
I
I

Choosinq a Fan
To choose a .L i ,ab le  tdn o le  nusr  ootar rhepe, tormd. . .LGes.
Perlomoce cLnes tue found in lrn calatoeues.

T h e , e c L N e s c h . \  L h e r p . . , ,  r c e \ . . . . ,  . a  b )  " , d n d r . F . , e n . t o u . " r c
lne .  J  .  L1 ,o be dereio rd b\  rhe ian L lourd hom du!  I  . i / . - .  dA,q \see Dr (  |
SZDi(; sectjon) and the flo$ rate ts found from design data (Sce VENTILATION
DESIGN section).
The ope.ating point oitle slslem is nlarted asa poinr on the curve.

Exarnple 1

The e&nple below shows asysrem operaiing point of250 pnscats (tia)pr.suie
and 0.:18 (in't) llow mtc.

PRESSLR!

CE{lRrI, u-GAl FAN PERFORT4ANCE CLTRVES

lhc operaiing point, this is the fu curve rbr rhe approp aie

as a250 m-di.Dcle. fan (1350 r.p.n. speed).

' i

Co ro the cuve abole

rhe fan size is chosen

' I
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Example 2

The e\Mple be loq '  o$.  c  s) . tcnr  uperer ing po inr  o ,  )  o  p  b, .  . ,  p" .  p . r . . , ,1
d d l 2 5 ( m  s ) f l o $ L a r c

PR!SSLlT

l he tiin perlormtuce cuFr
requiremens tor thh exah

Tle fan size is rhoscn as

\1-"
l 1 l
t 1
l { , ,
l i t
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