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AIR CONDITIONING

Introduction t{o 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 lypical heat gains in a voom.
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If the inside temperature of a space rises to about 25°C. then air conditioning
will probably be necessary to maintain comforl levels, This internal
temperature (around 25°C) may change depending on some variables such as:

tv e of building

location of butlding

duration of high internal tomperalure
expevied combort conditions.

desrec of alr movement

-

purcentage saturation
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In some buildings it may be possible to maintain a comfortable environment
with mechanical ventilation but the air change rate will iend to be high (above
about % air changes per hour) which can in itself cause air distribulion
problems.

Since air conditioning is both expensive to install and mainlain, it is best
avoided if possible. This mav possibly be achieved by careful building design
and by utilising methods such as:

»  window blinds or shading methods

heal absorbing glass

heat reflecting glass

openable windows

highor cetlings
. smaller windows on south facing facades
~ alternative lighting schemes

The diagram below shows some of these methads.

T el =] =f
_/Jg-.re:"__-:-:l:'_ TR e
- o= .
R LN Vol ok TR

= s fopan cifoe

Tirler -,
. .

- e
Tmailer
W ws -
T N TN
-~
xf
el
LY S,
- I |
! —Hoat fror PO g e
ramaye by 2 pLIMaSe
mMade extract weablaton
system

"'-.
The bear gas 0o sourams tant
bz radioed




. m4 2 g

FINE
I
. opi
Ll

e
i,
= S T
eered LA
'S OF SOLAR GLASS IV CAR SHOW ROOM INTERNAL BLINDS

If air conditioning is the only answer 1o adequate comtfort in a building then
the main choice of system can be considered.

Full comfort air conditioning can be used in summer to provide cool air
(approx. 13°C to 180C} in summer and warm air (approx. 28 to 3L in
winter. Also the air is cleaned by fillers, dehumidified to remove moisture or
humidified to add moeisture.

Air conditioning sysiems fall into three main categories, and are detailed in
the tollowing pages;

l. Central plant systems.
2. Room air conditioning unils.
3. Fan cotl units.

Contral plant systems have one central source of conditioned atr which is
distributed in a network of ductwork. Room air condifioning units are self-
contained package units which can be positioned in cach room to provide cool
Alr in stmmer or warr air in winter.




__ DESIGN GF AIR-CONDITIONING D). Hasanen M.

Fan coil units are room units and incorporate heal exchangers piped with
chilled waler and a fan to provide cool air.

1.0 Central Plani Systems

A typical central plant air conditioning system is shown below.

Cooling cail Heater Battery
Supply fan .'”,. '
.__II I'. . _l
. , F
Fresh air . . 'j‘ | Supphy air
= 1 |
[Ririers
T Recirculated air
Exhaust air | Return air
s

Feturn air fan

Schematic Diagram of Central Flant Air Conditioning System

The system shown above resembles a balaneed ventilation system wilh
plenwm heating but with the addition of a cooling cotl.
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In winter the healer battery will be an and the cooling coil will probably be
switched off for the majority of buildings. In summer the heater battery will
not need to have the same output and the couvling coil will be switched on.

A humidifier may be required to add moistare to the air when it is "dry’. This
is when outdoear air has a low humidity of around 2004 to 30%.

In dryer regions humidification is required through most of the year whereas
tn 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 cantrol the
amount of air in each ducl. Itis common to have 20% fresh air and 80'%
recirculated air to buildings. In buildings with bigh occupancy the fresh air
quantity should be calculated based on C.LB.S.L. data., this may require a
higher percentage of [resh air {Le. more than 20%). See Ventilation section for
examples of fresh air rates,

Coaling conl Heater Battery
Supply fan :". /
Fresh air 1 s Li Supply aie
— a 'S ? | —>
Roanm
T Recirculabed air
Exhaust air Return air
— 7 o N —
¢ N

.

s
Heburp air fan

Schematic Digpram of Central Flant Air Conditioning Systom




DESIGN OF AIR-CONDITIONING Dr. Hasanea M,

The system shown above resembles a balanced ventilation system with

plenum heating but with the addition of a cooling ceil.

For information on balanced ventilalion sce VEN TILATION section.

In winler the healer ballery will be on and the cooling coil will probably be
switched off for the majority of buildings. In summer the bealer battery will
nel need to have the same output and the cooling coil will be switched on.

A hunadifier may bre quuired to add moisture to the air when it is 'dr}". This
15 when outdoor air has a low humidily of around 26" ta 30%.

In the UK. low hamidities are rare and therefore humidification is sometimes
nob uscd.

In dryer regions humidification 1s required through most of the year whereas
in tropical air conditioning one of the main features of the system is the abi]it}-f
to romove maisture from warm moist air.

Filtars are required to remove particles of dust and general outdoor paollution.

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

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

The secondary filter, after the mix point, is used to remove Fine dust particles
or ather 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 framework which can be slid out of the
ductwork or air handling unit (A0 LU} for replacement.

Air handling unils (" #1.8 ) are widely used as a package unit which
incorporates all the main pfdnt items as shown below, Pipewark, ductwork
and clectrical connections are made after the unit is set in place on site. Since

air conditioning plant rooms lend Lo be at roof level, the larger 1717 " are
lifted into place by crane before the root is fixed.
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2.0 Room Air Conditioning Units

These units use refrigerant to transfer cooling effect into rooms,
Room air conditioning units fall into two main categories:

1. Split fype

2. Window/wall units,

Split Air Conditioners

Split air conditioners have two main parts, the catdoor unitis the section
which gencrates the cold refrigerani pas and the oo unit uses this cofd
rofrigerant to cool the air in a space.

The outdoor unit uses a« ompressor 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
{cassetle 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 ouldoor
unit.

Window / Wall Units

Window or wall units are more compact than split units since all the plant
iterns 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 Lo provide cool air in summer
and some may even provide heating in wandler,
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hermetically sealed compressor is used to provide refrigerant gas at the
pressure required to operate the refrigeration cycle. The condenser is used to
condense the refrigerant to a liquid which s then reduced in pregsure and
piped to the cooling coil.

hgh bevsl
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VARIQUS TYPES OF ROCALAIR COXDITIONERS -~ INDQOR UNITS

3.0 Fan Coil Units

These are room ait conditioners but use chilled water instead of relmgerant,
Linits can be {loor or ceiling mounted.
The chilled water is piped to @ 1 - i io e v as ina fan convector. A fan

blows roorm air across the heat exchanger and cool air is emitted into the room. as
shown below,
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Fan coil units tmay be looked upon as being siuadl air haeling iis Jocated in
rooms and they can be piped with chilled water for cooling and low temperature
hot water (L TITW) lor heating il necessary.

The room temperature ¢an be controlled with Tow, medimm and high fan speeds
and chilled water flow is varicd with 4 two-port or three-port moterised valve.

Two-pipe. three-pipe and four-pipe systems have been used. The four-pipe system
has two heating and 1wo cooling pipes and may have a single heat exchanger or
two separale heat exchangers for heating and cooling.

[t is useful to havea ... "~ - - swilch in the main control system
ty avoid both beat exchangers being on at the same time.
A three-pipe system used heating flow, cooling flow and - veium pipework,
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Psychrometry for Air Conditioning

Psychrometry is the study of air and water vapour mixtures.

Air is made up of five main gases i.e.

Nitrogen 78.03%, Oxygen 20 9%, Argon 0.94%, Carbon Dioxide 0.03%, and
Hydrogen 0.01% by volume.

The ideal Gas Laws are used to determine psychrometric dea for air so that
the engineer can carry out calculations.

To make life easier a chart has been compiled with all the relevant
psychrometric data indicated.

This is called the Psychrometric Chart.

A typical chart is shown below.
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Air at any state point can be plotted on the psychrometric chart.

The information that can be obtained from a Psychrometric Chart is as
fallows:

Dry bulb temperature
Wet bulb temperature
Moisture content
Percentage saturation
Specific enthalpy
Specific volume.

o b=

The following is a brief description of each of the properties of air.

1. Dry bulb temperature

This is the air temperature measured by a mercury-in-glass thermometer.

2. Wet butb temperature

This is the air temperature measured by a mercury-in-glass thermometer
which has the mercury bulb wetted by gauze that is kept moist by a resernvoir

of water.

When exposed to the environment the moisture evaporates from the wetted
gauze, which gives a lower reading on the thermometer.

This gives an indication of how 'diiv” or how 'rmoist the air is, since in Gry” air
the water will evaporate quickly from the gauze, which depresses the
thermometer reading.

3. Moisture content

This is the amount of moisture in air given in kg of moisture per kg of dry air
e.g. for room air at 21°C dry bulb and 156°C wet bulb, the moisture content is

about 0.008 kg/kg d.a.

This is a small mass of moisture { 0.008 kg = 8 grams) per kg of dry air or 9.5

grams per cubic metre of air.
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4. Percentage saturation

The Percentage saturation is another indication of the amount of moisture in
air.

This is the ratic of the moisture content of moist air to the moisture content of
saturated air at the same temperature.

When air is saturated it is at 100% saturation and cannot hold any more
maisture.

5. Specific gnthalpy
This is the amount of haat ansrgy (11 in air per kg.

If heat is added to the air at a heater battery for example, then the amount o
be added can be determined from Specific enthalpy change.

6. Specific volume

This is the volume of moist air {dry air + water vapour) per unit mass.
The units of measurement are m° per kg.
Also specific volume = 1/ density.

THE PSYCHROMETRIC CHART

The six properties of air previously discussed can be shown on one chart
called a Psychrometric Chart.

One of the purposes of the Psychrometric Chart is to size heater batteries,
gooling coils and humidifiers.

A simplified Psychrometric Chart is shown below.



5

__ DESIGN OF AIR-CONDITIONING ____

Dr. Hasanen

M,

PERCEITTAGE SATURATION

40

30

80 7 60 Al

|

|

60

7 SPREOTLC
SDECTFIC 50 g ﬂ e
PR B B AR e ¥ A A
ENTHALPY SaelE
Mg

40..

2% 0.030

WOIST
O]

kglkg c

T
1G 20

SPECTFIC ENTHALPY kIfkg

This chart is only for demonstration purposes.

If accurate assessments are to be carried out use a C.|.B.S.E. chart.

USING THE PSYCHROMETRIC CHART

If any two properties of air are known then the other four can be found from

the psychrometric chart.
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Examples of Psychrometric Properties

EXAMPLE 1

Find the moisture content of air at 25°C dry-bulb temperature and 25°C wet-
bulb temperature.

Referring to the chart below, a vertical line is drawn upwards from 25°C dry-
bulb temperature until it intersects at 25°C wet-bulb temperature.

This intersection point happens to be on the 100% saturation line.

The intersection point is highlighted and a horizontal line s drawn to the right
to find the corresponding moisture content.
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EXAMPLE 2

Find the specific volume and wet-bulb temperature of air at 20°C dry-bulb
temperature and 50% saturation.

Referring to the chart below, a vertical line is drawn upwards from 20°C dry-
bulb temperature until it intersects with the 50% saturation curve.

The intersection point is sometimes referred to as the state point.

The specific volume is found to be .84 kg and the wet-bulb temperature is

1450
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Find the specific volume, percentage saturation and moisture content of air at

15°C dry-bulb temperature and 10°C wet-bulb temperature.

Referring to the chart below, a vertical line is drawn upwards from 15°C dry-
bulb temperature until it intersects with the 10°C wet-bulb temperature line.

This intersection is the state point.

The specific volume is found to be 0.¢235 ,"v'f’ikr;, the percentage saturation

&2 and the moisture content Q054 kg/kg d.a
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EXAMPLE 4

Find the specific volume, wet-bulb temperature, moisture content and specific
enthalpy of air at 35°C dry-bul temperature and 30% saturation.

Referring to the chart below, a vertical fine is drawn upwards from 35°C dry-
bulb temperature until it intersects with the 30% saturation curve.

This intersection is the state point.

The specific volume is found to be 0.883 mfy, the wet-bulb temperature is
227, the moisture content £ &1 kg 4.5 and the specific enthalpy 6% Kifkg.

Specific enthalpy is found by rotating a
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Air Cond. Plant for Summer and Winter

well.

EXHAUST
AR
OUTLET

Other plant may be switched on as well.

These plant items are shown in the diagram below.

In winter time the prehaater and reheater battery will probably be on to
provide warm air to overcome heat losses.

PEEHEATER ZUPPLY COOLING EEHEATER

In the summer time when cooling is required by the air conditioning plant it will
be necessary to operate the cooling coil, reheater and possibly other plant as
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The photographs below show some plant items.
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Centrifugal fan \ Reheater Battery Cooling Ceil

Filter

COQLING COT

ATR, HANDLDIG UNIT WITH FAN, FILTER,
COOLLAG COTL AND) REHEATER.

Basic Air Conditioning Processes

1. MIXING

\Where two air streams are mixed the psychrometric process is shown as a
straight line between two air conditions on the psychrometric chart, thus points

1 and 2 are joined and the mix point 3 will lie on this line.

Twa air streams are mixed in air conditioning when fresh air (mi) is brought in
from outside and mixed with recirculated air (mg).

The resulting air mixture is shown below as (m3).
The mixing ratio is fixed by dampers,

Sometimes, in more sophisticated plant, rodulating dampers are used which
are driven by electric motors to control the mixture of air entering the system.
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The diagrams below show mixing of two air streams.
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my 'IIJI o
—— F =
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\ |
Dannpetrs J/Ff

byl
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TH O ATS STEEANS MOHG PSYCEROMETR LD CHART SHOWING TWO ALE.
STR=ZAMS MIXING

By the conservation of mass formula:
M+ Mz = Ma
By the conservation of energy formuia:

m1hg+m2h23m3h3

where: m = mass flow rate of air {ky/s)

h = specific enthalpy of air (kJ/kg) found from psychromeiric chad.

2. SENSIBLE COCLING AND HEATING

When air is heated or cooled sensibly, that is, when no moisture is added or
removed, this process is represented by a horizontal line on a psychrometric

chart.
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Heater Battery
ot Cooling

— Sensthls Sensible
Heating Cocling

2
/ j
A, : — 2
@ | !
ATR STREAM IS HEATED OR ’——/
COOLED SENSIBLY.

PSYCHROMETRIC CHART SHOWING SEMSIBLE
HEATING ©OF COOLING

For sensibls hasting:
The amount of heating input to the air approximates to;
Hi,=mx Cp x {t - t5)
Or more accurately from psychrometric chart:
. H1_2=mx(h2-h1)
For sensible cooling:

The amount of cooling input to the air approximates to;
Hos =mx Cp x (iz - )

Or more accurately from psychrometric chart:

Hoo = m x (hy - hy)

where: H = Heat or cooling energy (kW)

m = mass flow rate of air (kg/s}
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Cp = Specific heat capacity of air, may be {aken as 1.01 klfkg degC.
t = Dry bulb temperature of air ("C)

h = specific enthatpy of air (kl/kg) found from psychrometric chart,

3. COOLING WITH BEHUMIDIFICATION

The most commonly used method of removing water vapour from air
(dehumidification} is to cool the air below its dew point.

The dew point of air is when it is fully saturated i.e. at 100% saturation.

When air is fully saturated it cannot hold any more moisture in the form of
water vapour.

If the air is cooled to the dew point air and is still further cooled then moisture
will drop out of the air in the form of condensate.

This can be shown on a psychrametric chart as air sensibly cocled until it
becomes fully saturated (the dew point is reached) and then the air is cooled
latently to a lower temperature.

This is apparent on the psychrometric chart as a horizontal fine for sensible
cooling to the 100% saturation curve and then the process follows the 100%
saturation curve down to ancther point at & lower temperature.

This lower temperature is sometimes called the Apparaius dew Foint (AP}
of the cooling coil.

In reality the AL of the cooling coil is close to the cooling liquid temperature
inside the coil. Chilled water or refrigerant may be the cooling liquid.

The psychrometric process from state point 1 to 2 to 3 may be shown as a
straight line for simplicity as shown above with a yellow line.
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1C0% saturation cUrve.

Caoling Coil

Latent Cooling

. E"‘I":— e |
e Condensate tray

ATR STREAN IS COOLED AND

Dr. Hasanen M,

Senstble
Caoling

DEHUMIDIFTED.

PSYCEROMETRIC CHART SHOWING COOLING

AND DEHUMIDIFICATION

The total amount of cooling input to the air approximates to;
Hia = mx (hy - hs)

The sensible heat removed is:

Hqy2 = Mm X (h1 - hg)

The latent heat removed is:

Has = m X (hy - ha)

where: H = Cooling energy (kW)

m = mass flow rate of air (kg/s)

h = specific enthalpy of air (k/kg} found frem psychrometric chart.,

In the absence of a suitable psychrometric chart the following formula may be

used;
The sensible heat removed is:

Hiz=mx Cp x - - 13)




The latent heat removed is:

Ho.s = m x hfg x {gz - ga)

where: H = Cooling energy (kW)

m = mass flow rate of air (kg/s)

Cp = Specific heat capacity of air, may be taken as 1.01 kJ/kg degC.

t = Dry bulb temperature of air (°C)

hfg = latent heat of evaporisation, may be taken as 2454 kl/kg @20°C.

g = moisture content of air from psychrometric chart {kg/kg dry air}

3.1 COOLING COIL CONTACT FACTOR

Some of the air going through a cooling coil does not come into contact with
the tubes or fins of the cooling ceil and is therefore not cooled to the ADP

temperature.

A mixing process therefore takes place as two air streams mix downsiream of
the cooling coil as shown below.

Funs

Adr ypstream of / Air that has been

cooled.

SRR

H B,

Alr which has passed
through witheut hutting
finz or tubes

Chilled water or
refrigerant

stream

A& SECTION OF COQLING COIL SHOWING AR STREAMS

Mized ar



One air stream is cooled down to the ADP and the other air stream by-passes
the coil surfaces to give an off-coil air temperature (mixed air stream) a little

higher than the ADP.

This may be looked upon as an inefficiency of the cail and is usually given as
the cooling coil contact factor,

The process is shown on the psychrometric chart below.

100% saturation curee _

Up stream aw

Ifized ai stream

PSTCHROMETRIC CHART SHOWING COOLING € OIL
CONTACT FACTOR

The contact factor of a cooling coil may be found frem;
{; by - b))
(hy - h:)

Cuomntact Factor ==

Another expression for contact factor is;

4. HUMIDIFICATION

If is It necessary to add some moisture to the supply air then this is best done
by injecting steam into the air stream.
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Humidification can be carried cut by spraying a fine mist of water droplets into
the air but this is not recommended in rooms occupied by people due to the

risk of bacteria carry over.

Dry steam may be injected from a steam supply pipe or generated in a local
packaged unit as shown in the photograph below. A disadvantage of using an
existing steam supply is smells may be carried over into the air.

PACKAGED STEAM
HUMIDIFIER

The steam package unit is situated close to the air duct and is sized to meet
the maximum requirements; this is usually in winter in the U K.

A steam pipe { sometimes hoses are used) passes from the packaged unit to
the air duct and steam at 100°C is injected into the air stream via. a sparge

pipe. The un-used steam is drained from the system via a condensate tundish
and drain. 1t is important to layout the steam pipework so that any condensate

will drain back to the unit.

The psychrometric process is shown below.
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100% saturation curve

AN

| After Humidification
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Before 2
Humidification
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1
1
1
1
1
1
1
I
I
1
o
¢

/ \l-. f
"

Constant d=y- E

bulb line \:

PSYCHROMETRIZ CHART SHOWTNG HUMIDIFIC A TION

See Summer and Winter Cycles section for calculation of amount of maisture
added at humidifier.

Diztance 1 to 2 {nun}

{prtact Factor = - _ _
Dystance 1 to 3 (mm)

TYPICAL AIR CONDITIONING PROCESSES

The schematic diagram below shows a typical plant system for sumrmer air
conditioning.
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The psychrometric diagram below shows a typical summer cycle.

100%5 saturation cirve
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ATR HANDIING U

D_r_. [-[asanen_M_.

The schematic diagram below shows a typical plant system for winter air

conditioning.

PREHEATER  gyppLy COOLING  REHEATER
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EXHATIT
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OUTLET — — 1
B g g AT ; 3
%@m m*s:-p} Frih AT H @%ﬁﬁm \1

e T 8
i _.':-_-1; &R
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RETURMN AIR FAN

The psychrometric diagram below shows a typical winter cycle.
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100% saturation curve

ST ]
BUMELY ALK

PSVOHEOMLETRIC CHART SHOWDMG TYPICAL
WINTER CYCELE

ANNOTATION

The state points on a psychrometric chart may be given numbers or symbols
to identify them. If symbols are used the following system may be adopted:
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Air State point Letter
Outside O
R.oor R
Mixed M
Apparatus Dew Point ADP
Qff cooling coil condition wW
Room Ratio Line RRL
Preheater off coll condition P
Lipstream of Humidifier H
Supply S
Duct, fan gain allowance D

ROOM RATIO

This is the ratio of sensible io total heat in the room for summer or winter.

The total heat gain (summer) or loss (winter) will be determined by adding the
Latent and Sensible heat in a room or roems, i.e.

(SUMMER) Total heat gain = Sensible heat gain + Latent heat gain
(WINTER) Total heat = Sensible heat loss + Latent heat gain

The room ratio is used on a psychrometric chart to determine the supply air
state point.

A room rafic ling is superimposed from the protractor on the psychrometric

1

chart onto the main body of the chart by a line passing through the room state
point R.

An example calculation is as follows:

Sensible heat gain = 9.0 kW

Latent heat gain = 2.25 kW

Total heat gain = 9.0 kW + 2.25 kW = 11.25 kW,



Room ratio = Sensible / Total heat

Room ratio=9/11.25=0.8

The supply air state point must also be somewhete on thig reoms ratio iine to
meet the room heat gain requirements i.e. the roarm ratio line always passes
through points R and 3.

The RRL at this slope or gradient
is then superimposed onto the
main body of a psychrometric
. chart with the aid of set sguares.

The line must pass thought state
point R.

Typieud Foom Fatia E:
Line RRL \ 9.
! L

e

HEAT RATIO PROTRACTOR O PEYCHROMETEIC
CHART
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summer and Winter Cycles

1. SUMMER CYCLE PSYCHROMETRICS

1.

o k& O

10.

Draw schematic diagram of air-conditioning plant.
Plot room condition R on psychrometric chart.
Plot outside condition C on psychrometric chart,

Join points Q and R.

Find the mix point M by measuring the length of the line O-R

and multiply this by the mixing ratio.
If there is more recirculated air than outside air at the mix point, then point

M will be closer to point R than point O.

Find the room ratio.

This is the sensible to total heat gain ratio.

Plot this ratio on the protractor, bottom segment, on the psychrometric chart
and transfer this line onto the chart so that it passes through point R.

Plot the Apparatus Dew Point ADP of the cooling coti.

This is on the 100% saturation curve.
The wet bulb and dry bulb temperatures at this point will be equal.

Join points M and ADP.

Find the off-coil condition W by measuring the length of the line M-ADP
and multiply this by the cooling coil contact factor.

Measure down from point M to the point W.

The closer the contact factor is to unity, the closer point W will be to point

ADP.

Plot the supply air condition 5.
The reheater process will be a horizontat line from point Wy

to point S.
Point 8 is on the room ratio line.
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2. SUMMER CYCLE CALCULATIONS
2.1 MASS FLOW RATE

When the supply air temperature has been found from the psychrometric chart the
the mass flow rate of air can be calculated from the following formula:

Hg = ma x Gp (t - 52
witie e,
Hg = Senstbiz heat 2uin to roorn (KiW)
Mg = mags o rate oF A (kofs)

Cp = Specic heat cagacity of humid air {spprox. 107 kikg deys
t, = faarn femperaters (0]
te = suppiy air temngerature (°C)

2.2  COOCLING COIL QUTPUT

The cooling coil output is as follows:

Heooling coit = Mgy (hra- happ)
where
Hzooling coil = Cooling ezii outpul 00
My = rrsss flow rate of it {h5's)
lipA = szecific erdhalpy 3t condibion Kkl
happ = specific erdhalpy s condition S0P (k4.

2.3 HEATER BATTERY OUTPUT

The heater battery or reheater output is as follows:

Mheater battery =  Ma (hs- hw)

wha g
= Faster battery output (KW}

- GASE T ::.th.-‘ ) 1 ﬂ|r l:,kg'lfgj

J'I'Ia
b= = srecific enihalpy af condition b (5084
[ = suecilic gathalpy at condit:on W k)
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Summer and Winter Cycles

3. WINTER CYCLE PSYCHROMETRICS

1.

2.

10.

Draw schematic diagram of air-conditioning plant.
Piot room condition R on psychrometric chart.
Plot outside condition O on psychrometric chart.

Plot the after Preheater condition P if there is one in the system.
The Preheater process will be a horizontal line from O to P and will b
only a few degrees dry bulb if it acts as a frost coil.

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

Find the mix point M by measuring the length of the line P-R

and multiply this by the mixing ratic.

If there is more recirculated air than outside air at the mix point, then poin
it will be closer to point R than point P.

Find the room ratio.

This is the sensible to tetal heat ratio.

Neglect signs ie. the total heat for the room viill be Sensible loss plus Later
gain.

Plot this ratic on the protractor, top segment, on the psychrometric chart an
transfer this line onto the chart so that it passes through point K.

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

Plot the supply air condition S on the room ratio line,

Plot condition H on the psychrometric ehart.

This is vertically down from point S, and horizontally across from point M.
This is because M-H is the reheater process and thus a horizontal line an
H-3 is the humidification process and is close to a vertical line if steam i
used.
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100% saturatics, curve

!

WINTER CYCLE
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4. WINTER CYCLE CALCULATIONS
4.1 SUPPLY AIR DRY BULE TEMPERATURE

When the mass flow rate of air is calculated for the summer condition then the
winter supply air dry bulb temperature can be calculated from the following formula

Hg = ma x Cp (g - t)
wehe re:
Hg = =ensthle heat gain to e (W)
My = mass dow ratz o air (kg's,
Cp = Specike heat czaacity of bumid air tappro s 107 kafky degC)
1 = room teeperatye 200
i = supply airtemperatare (°C)

4.2 PREHEATER BATTERY OQUTPUT {or frost coil)

The preheater battery output is as follows:

Horeheater battery = Maf  {hp~ hgl

whizre:
Fereheater hattery = Freh eater baziery autaut (kWY
Mof = s fow racs of frash e (kgrst
hp = specific enthzainy at condition P (ko)
hi = specfc enthaly; at condition O (eddkg)

4.3 REHEATER BATTERY QUTPUT

The reheater battery output is as follows:

Hreheater battery = Ma  (hy - hag)

virbig re;

Hraheater v attery Rehester battery output (KWVY)

iy, mass Tz rate of supply air (kofsy
by specific esthalpy at condition H (kJfkg)
hikd = snecific enthalpy at condition 8 (kJg)
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4.4 HUMIDIFIER QUTPUT

The amount of moisture added to the air may be calculated from the following

formula:

Mmoisture added = Ma (Mgg - Mgy}

W R R

Mmazistere addes
M4

M
3]

!r'|1_1|_|

The amount of moisturs 2r added or stearn flow rate (kgfs)
Miagss fow rate of i (kofs
maistlre content zt conditon 5 (kefkg doa

st~ coment 40 conditicn H (kg dog
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Summer and Winter Cycles

2. DUCT AND FAN GAINS

The air in a duct is slightly heated from the fan electric motor and heat is
also transmitted through the duct wall from warm areas Into the air stream,
for example;

a duct contains air at 15°C and passes through a roof space at 30°C in
summer.

There will be heat transferred through the duct wall, which increases the air
temperature slightly.

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

The air may be heated by several °C depending on the fan motor, length of duct

and type of duct insulation used, if any. The distance from point W to point D
may be typically 1°C to 3°C dry bulb temperature in the UK.

100%: saturation cures i O

LRGP TEHPERATURE 22

SUMMER CYCLE
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Hear Gain

Lirnd

bbb e

, a-.-\.-w

aelion

Heal gains from the sun can lead to increases in internal temperatures beyond the
limits of comfuet.

This 1 usually aboul 24°C.

It is therefore necessary lo determine the amount of wis: viiiniio: that is
transmitted into buildings through; windows, walls, rm}f, ﬂour and by admitting
external air into the building.

Several measures can be adopted to reduce i sacliniion in buildings.
These are external and internal shading and by careful building design.

WVertical fin shading Hovirontal shading Heeszontal shading Internal vertical blinds

atominiiue Heat Hains

AW KA A L e e ._._ 11.4.%”9‘-%“\\\-““%

The load on an air-conditioning system can be divided into the following sections:

Bensible Transmission through elass,

|

2. Selar Gain through glass,

3. Interpal Heat tams

4, Heat gain throueh walls,

5. Heat gain through roof

&, Veridilation and/ or infillration galns.




The heal gain through the glass windows is divided into 3o parts since there is a heat
gain duc to temperatire differance between outside and inside and another gain due to
solar rudiation shining through windows.

The method adopled uscs the priveous tabels.

It would be helpful to have these ‘Tables close by, to complete the calculations.
An example of a heal gain claculation is given .

Heat gains through solid ground floors are minimal and can be neglocted.

L0 Sensible Trawsmission Throush Glass

This is the Solar Gain due to differences between inside and outside temperatures.
In very warm countries this can be guite significant.
This gain only applies to materials ol negligible thermal capacity i.c. glass.

Qg = Ag Up -ty eqn. 1
Wihere:

o - Surihie heat gain through giass (W)

Ag 7 Surfhee atea of glass {m 2}

Lig Lt valuse for glasg [Wyrms 003

1 = putside iy aperiiarg (B4

tr = FOOIN FiF dmperaturs (903

2.8 Salar Geale Throngzl Windows

This gain is when the sun shines though windows.

The cooling loads per metre squared window area have been tabulated for various
times, orientations, latitutes and building weights,

Heat load is found from:;

Qp SHG . SCL LT, Ag cereeees €QNL 2
whers ey = Aviagl cooling lad (W)

SHG - Solor heat saincoeiioiog

SO0 = Shading cottiviunts
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Cindding load factor

; n
Alza ol ulass (s

3.8 Internn] Hear Gaigs -

below,

A (2006) - Table 6.3,

Typical gains are shown below.

Internal gains can account for most heat gain in buildings in the iraq.
These gains arc from occcupants, lights, equipment and machinery, as detailed

OCCUPANTS - Sensible and latent heat gains can be obtained from CIBSE Guide

Seated very light work

Oifices, hotels, apariments

Moaderate office work OfTices, hotels, apartments 75

Standing, light work; walking ggf:"tmem store, refail 75 55
‘atking standing Bank 75 70

scedentary work Restaurant b 81}
ight bench work Factory 80 140 |
thletics Gymnasium 21 315

LIGHTING — Average power density from Tables 6.4.

ELECTRICAL EQUIPMENT - PC’s and Monitors - Tables 6.7 and 6.8,

Electric Motors — Table 6.13 and 6.14.
Litt Motors — Table 6.15.
Cooking equipment - Table 6,17,

r
i
i
i Laser Printers and Photocopiers - Tables 6.9 and 6,10
1
i
i
|




Heat load is found from;

Qi = Heat from Oceupants -+ Heat from Lighting  + Heat from
Electrical Lquipment + Heal from Cooking

4.8 Heat Gade Throurh Walls

------- ater}

This is the unstcady-state heat flow through a wall due to the varying intensity of
solar radiation on the outer surface,

A N T A T R
. Eh__fjvq‘__:-'q-;.~§¢.ﬁ ; LiERERE sivive

In the calculation of this heat flow use is made of the concept of sol-air
temperature, which s defined as;

the value of the outside air temperalure which would, in the absence of all radiation
exchanges, give the same rate of heat flow into the outer surface of the wall as the
actual combination of temperature difterence and radiation exchanges.

SOL-AIR TEMY

. b.cosa.cosn+ ol

o & Ly = e ) Y oL
4.1 Mg
whorr
P sol-air fatrperariine (P
i - vt lde aw s poralre (90
1t = abrovpbion cosflicient of surfies
i - stenziey of divoet solar radiation on o surfuee st vehy angles w0 the mss of

tha vaun. {_‘u’m,-',-']r;'j
a = solar aliitude (degrees)

n = Witlb-sodar aeimuath angle (degrees)
i - intensity of scoterned sadintion norma! s serlizos (Wi )
ey 7 eaering] suriice heal rsnsfor coefficions (Wim 90
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The U.K. values of sol-air lemperaturc are found from CIBSE Guide J (2002} Table 5.36

(l.ondon), Table 5.37 (Manchester) and Table 5.38 (Edinburgh).

4.2 Thermal Capacity

The heat flow through a wall is complicated by the presence of thermal capacity,
s Lhat some of the heat passing through it is stored, being released at a later time.

fhaex meaewy sl with a high thermal capacity will damp temperature swings
Lﬂﬂ&ldtfﬂbl}’ wher‘eaq thin light walls with a small thermal capacity will have little
damping cffect, and fluctuations in outside surface temperature will be apparent
almost immediately.

The thermal capacity will not affect the dadly measn solar gain but will affect the
solar gain at a particular 1ime. The calculation is, therefore, again split into two
compaonents.

1. Mean gain through wall,

Qo = A.U.CLID, SE L
4.2
s, a = ks gain thinw 5!1 wdl s Lm0

A - e o8 walf () )

1 i overzll thermal oansmittance {‘t-\-"."nf Oy

O e L'onding load wmpersture difference correciion

5.0 Heat Gain Throaoh Boof

The heal gain through a roof uses the same equation as for a wall as shown below.

Crwamee ™ A ULCLTD. eqn. 5



0.4 Voeptitation sad/or Inliltrstion Gaing

Heat load 15 found from;

Qs1 = D .V {1t /3
cqn. 6
whers ey - woosthie heal g (W
i sanber ol alr chanees nor Lo {he Ij
W valiimi: o oot in
Ty cildsiche wir femperaiur (007
ir - FOCHT] ali temper e (90)

Infiltration gains should be added to the room heat gains.

Recommended infiltration rates are 1/2 air change per hour for most air-
conditioning cases or 1/4 air change per hour for double glazing or if special
measurces have been taken to preveni infiltration.

Ventilation or fresh air supply loads can be added to cither the room or central
plani loads but should only be acecounted for once.

Fotal Hoemw Losd From Hent Gadns

Qiotal = Qg + Qug + Qint. + Qupway + Qoionor T Qs

Q (o1al = Ag Ug(to - tr} Pomemihic Ciings
+ SIG.SC.CLE.A, FSohy i,
- Qint, AL imternad
+ AU .CLTD,: T
+ AT, CLTD: RO
+ n.v{tog-1) /3 o v it



In the majority of cases, by far the greatest external fluctuating component is the
solar heat gain through the windows.
Therefore, it will be this gain which determines when th
room is @ maximon.

¢ total heat gain 1o the

lHeat gains may be calculated and displayed in table form as shown below.

Heat Gain from

Watts

O

I. Sensible transmission through glass

2. Solar gain through glass

3. Iniernal

4. External walls

5. Roof

6. Ventilation

Total

100%

Heatl gain per mv floor area =

Heal galn per m’ space =
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The room shown below is to be maintained at 4 coustant environmental
lemperature of 2+ for a plant operation of 12 hours per day.
The room is on the intermediate floor of an Library located in London latitute

57N, The internal construction is lghtweight demountable partitions,
lightweight slab floors and suspended acoustically treated ceilin gs.

Calculate the maximum sensible cool; ng load in the room in July

The outside air temperaiure (t,) may be found from CTBSE guide Table AB.3. for
July 23, The maximum value ocurrs at 15,00 hrs. and s 24.5%¢.

DATA;
Occupants = 100
Infiltration = .5 air changes per hour
Building classification = lightweight.
External wall 'U' value = 0.45 W/m*C, internal insulation.
External wall colour = lrght.
Fxternal wall decrement factor f = .63
Glass type & Tl value = clear bmm, single, U =2.80 W/mC
Window blinds = light siatted blind - open.
Lighting = 30 Watls / m? floor area

Heat gain from machinery and equipment = 4000 Waits

Externgl wafz - 200 mo Carity drck vl
Windews - Swgle glazing, each 124 vids » 1.7m high.

= N —
T [

i

b LIBRARY

4 CefingHeigit = &m
e Bl P T 1=— " —

|

South

oo
[T



NOTE: It should be noted that this total heat gain is used to size ceniral plant
items such as Chillers, Condensers and Cooling Towers.
Cooling coils are sized usually with a pschrometric chart.

ALSWEr
Areas:
Area of window = 1.2x 1.7=2.04 m’,
Total area of glass = 7.04 x 12No. windows = 24.48 m’”.
Area of glass facing South = 12.24 m°.
Area of wall facing South = 22.0 mx 4.0 m high = 88 m"” less glass
= 88 -12.24 = 75.76m’.
Floor area = 22 x 14 = 308"
Room volums = 308 x 4 1232 m’.
(ains:
1. Sensible transmission through glass Qg = Agp Ug (to - tr)
Qg = RRTHREIE
2. Solar Gain through glass ng = TFe Fs gsg Ag
(Maximum is at 12.00 hrs)
Qt-,g — ity T
3. Internal
Qim, = “h2800 Wb
4. External wall QQJ.-.pwﬂn AT CLID:
Qo Wl g ai
5. Roof Qo-yront Nil for intermediate floor.
.t



6.  Ventilation Qg = n v {

7. Qe =Qg * Qsg = Qint ¥

lp - tr) i3

Qsi = Sin T Snne

Qarowal

Qﬂ+¢- ool + Q_"J

Qiotal  =239.9 = 2,806.9 + 23,2400 + 3503 + 0 + 7180

e

Qiatal = FE i

'The results are shown in the table below.

Watts

'H_eat Gain from %
1. Selqsible transmissiﬁn through glﬁss -2?;9.9 0.9
2. Solar gain thrﬂugh glass 2,806.9 10.3 |
3. Internal | 23,240.0 84.9
4. Extornal walls 350.3 1.3
_S:IRGGF " { [} -
6. Ventilation 718.0 26
Tolal AR S 100%

Heat gain per m’ floor area = S8.8 Win'

Heat gain per m’ space = 22.2 Wiw'

1
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suspended ceilings.

decrement tactor is 0.27.
Light slatted blinds =

NESIGN OF AIR-CONDITIONING S5YSTEMS

'he room shown below is to be mainiained at a constant eavironmental
temperalure of 21°C for a plant operation of 12 hours per day.

The room is on the intermediate floor of an Office Block located in L.ondon,

The internal construction is lightweight partitions, concrete hollow slab Moors and

Calculate the maximum sensible cooling load in the room in Futy.

DATA:
Occupants  — 50
Lighting = 35 Watts / in2 floor area
Infiltration = 1.0 air changes per hour
Qutside air temperature {t,) = 26"°C.
Building classification = lightweight.
External wall surface texture = dark.
External wall thickness —= 300mm, internal msulation,

Assume open

Heal gain from machinery and equipment = 3000 Watls

Ederna wals - valie = 035 Win <
Windows - Sing = glazing. esch 1 2mwide x1.7m high
U valie = 53 BWinm <4

= —

= =

i

o heat flos

18 m

)

achyes parttion

Ceiing Height = 3 m

\

acmss Latiion

} 6. OPENPLAN OFFICE > Bio hast Bow




 Heat Gain from Watts %
i 1. Sensible transm.i s.s;i.on through glass |
2. Solar gam thi‘augh glass
3, Internal
4 Ixternal walls
-5. Roof | { {]—
6. Ventilation | _
. Total 100%

Heat guin perom floor drea -

Heat gam pey m7 space =




Types of Fans

There are several types of fan to choose from in ventilation.

These are:
1. Propeller
2. Axial flow
3 Centrifugal
4. Mixed flow




CENTRIFUGAT

MIXED FLOWFANS — ROOF UNIT AND BOXED FAN

i




Contrifugal fans

Discharge

CENTRTFUGAL FAN IWMPELLER
WITH CASING

FOEWARD CTEVED BLAPES FOR

CENTRIFUIGAL FAN

Axial Flow Fans

-1"' II."'_""n‘.
- f| 3 o b
R P .,
(o \

AEROFOIL BLADE OF
AN ANIAL FIOW AN

CENTRIFLGAL FAN WITH CLOSE
COUPLED ELECTRIC MOTOR

BELT-DRIVEN ANIAT

AXLAL FLOW
FAN

FLOW FAN
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1. Propeller Fan

Used in situations where therc is minimal resistance 1o air flow.

Typical outputs are; up to 4 m’/s and up to 250 Pa pressure.

Fan efficiency is low at about 40%.

Suitable for wall, window and roof fans where the intake and discharge arc free [rom
obstacles.

Can move farge volumes of ar.

Low mmstallation cost

2. Axial Flow Fan

Figh volume fow rate is possible with this type of fan with high efficiency, about
0% to 65%.

Typical outpuls are; up 1o 20 n’fs and up to 764 Pa pressure,

The fan is cased in a simple enclosure with the motor housed internally or cxternally.

Axial Flow Fan with
Ezfernal Motor

Axial Flow Fans with Interal Motor

Aerofoil blades can be used to increase efficicney.
Adjustable pitch blades can be used for greater flexibility.
Ductwork can be simply connected to the flange at either end of the fan.



3. Centrifugal Fan

High pressure wir low is possible with this type of fan.
Used in air handling units and other situations to overcome high resistance to air

tlow,
The impeller is made of thin blades which are either forward or backward curved.

The air changes direction by 90 degrees in a centrifugal fan so more space 1s
required.

Discharge

Small Centrifugal Fans

Larze Cepfrifuga! Fan

Usually the motor is placed external to the casing and a vee belt and pulley drive 1s
commonly used.

Centrifugal curved fan blades generally have higher efficiencies than if' a plain flat

blade is used.
The efficiency of a fan with forward curved blades is about 50% to 60%.

The forward curve has a scoop effect on the air thus a higher volume may be

handled.
Blade —____ f

%: 5 g_ 'I'Ut'ﬂ'tiﬂl'l’ ................................................

FORWARD CURVED BLADE

Direction of




TR FENP T WP b el T il 483 atanal
Backward curved blades offer even better efliciency, 70% to 75%.
This improves airflow through the blade and reduces shock and eddy losses.
High pressures can be developed with backward curved blades,
Even further improvements may be made by using an aeroloil section blade in which
case the efficicncy may be 80% to 85%.
Another feature of backward curved blades is their sos-sverteading characteristic.

Flai st ioh -
w ok
;‘
& E
/ Fan Posver
Power F Chureeristiv

Pressure ur“

Static Pressure

/ Characteristic

Yoalume Flow rule

FANCHARACTERISTIC CURYES

A disadvantage is the high blade tip speed, necessary to obtain a comparable rate of
discharge to forward curved blades, makes the fan noisy.

4. Mixed Flow Fan

Mixed Flow fans can be used for return air, supply, or general ventilation
applications where low sound is critical. As compared to similarly sized axial fans, a
mixed flow fan can be 5-20 dB quieter.

MWEENE Y FLAYRT B AN
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Characteristics of Axial Flow and Centrifuqal

Fans

Axial Flow Fans

1. Axial flow and backward-curved centritugal fans have similar characteristics as
shown below.

Fy A
2400 .'lfs\\ LI Lo oire
Fan Powen Vo
lew ] e - SN v PUwEr
_____ \1\ B
P L ~.m?a,;::;- P
ta e L B . o
1.‘:'_ .;,A..-"ﬁ ._,.-,:r:"ffl_;-.-.-" llll.-' ""‘1:_.__\_\_;\ \\_\_d.f:'_.-'ETﬁUEI'IC"’
[, P TWET o
"\?/a-'.ﬁ ) f'f R
— ;_::.' A x]a] k3
,f o fan
.K."
] I I T T T T -
1.0 2.0 30 Airflow

TYPICAL FAN CHARACTERISTIC CURVES

2. The axial flow fan is very convenient from an installation point of view, it can be
directly duct mounted even in restrictive areas but they tend to be noisy. This is
because they run at a higher speed compared to a centrifugal fan.

Like the Backward-bladed centrifugal fan, the Axial low fan has a self-Heuung
power ciarve as shown above,

L)

Centrifugal Fans

4. The backward curved centrifugal fan runs at a higher speed than the forward
curved fan for the same output.

5. A forward-curved cenirifugal fan may be liable to wworicediog bocause the
24 Y e

power rises as the volume increases. An example of this in praclice is if the

main dampers are lefl wide open when the fan is first started up, too much air

|
heepner
4



will be handled and the exeessive power absorbed will overload the driving
molor.

6. The backward curved fan is less liable to over-loading than the forward-curved

centrifugal fan and it is also able to deliver a relatively constant amount of air as
the svstem resistance varies. The power of a backward curved fan reaches a peak
and then begins to fall, this is called the self-limiting characterisitc. This is shown
helow.

Farward -cureed

F
| Centrifugat fan
20
Fan Powern
Lyas N T
Fotveer .o .
Ay o " '-"--1.-\. e ey . H!_‘lowcr
.A’-- \'
."'"r I“
i Raclkward-rurved
T T T T T I
10 a0 3.0 Airflow

CENTRIFUGAL FAN CHARACTERISTICS

7. A backward-curved centrifugal fan must run at higher speed to deliver the same
amount of air as a forward-curved fan because of the shape of the impeiler blades
and the direction of rolation.

8. The backward-bladed fan is used in high velovity systoms where high pressures
are required and is ofien made with acrofoil blades to increasc cfticiency.

9. Up to about 75¢ Nim® fan pressure, the forward-curved centrifugal fan tends to
be quieter and cheaper. Above this value of pressure backward-curved fans take
over
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Choosing & Fan

To choose a suitable fan one must look al the performance curves.
Performance curves are found in fan catalogues.

These curves show the pressure developed by a fan at a given flow rate.

The pressute 1o be developed by the fan is found from duct sizing data (Sec DLCT
S1ZTNG section) and the flow rate is found from design data (See VENTILATION
DESIGN section).

The operating point of the system is marked a5 a point on the curve.

Exampie 1

The example below shows a system operating point of 250 Pascals (Fa) pressure
and 0.48 (m’/s) flow rate.

T A I T e auE

e
L

PRESSTURE A
In Pascals (Pa} ==

S8 ms  PLOWRATE w's
CENTREFUGAL FAN PERFORMANCE CURVES

Go to the curve above the operating point, this is the fan curve for the appropriate
tan.
The fan sizc is chosen as a 280mm-diameier tan {1350 r.p.m. speed).



P ]

The example below shows a system operating point of 320 Pascals (Pa} pressue
and 1.25 {m’/s) {low rate.

PRESSURE & SRR )
I Pascals (Pay | R
20 P

______ P

.

....... E o

* FLOWRATE m''s
CENTRIFUGAL FAN PERFORMANCE CURVES
The fan performance curve for a 400mm-diameter fan will be suilable for the

requircments for this example since the curve Is above the operating point.

The fan size is chosen as a 40mm-diameter fan {1350 r.p.m. speed}.
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An axial flow fan is required for a ventilation system lor a Worlkshop.

Four fans arc represenied below in the four curves — 2 green and 2 red curves.
The lefi-hand diagram shows fans with 4-pole electric motors, and the right hand
diagram shows fans with 2-pole electric motors.

Four pole electric motors are slower than two pole motors, in this example 4-pole is
at 1420 r.p.m. and 2-pole is at 2840 r.p.m.
The system operating point requirements are [{{) Pascals {Pa} pressure
and 0.60 (m’/s) flow rate.
Ogarating Point

Operating Poing, 270 20000 v Gy e S
PRESSURE S5 b e = SR S S

In Pascals (Pa) . o
166 Pa i v
...... J N . mml.]_{}ﬁ P‘ﬂ
; o : :
__.._!..... : I;'_,. Lo - '
: o -1 v
i .
G695 s FLOWRATEm's D.0um’s
Axial Flow Fan Axiad Flow Fan
REDCUBEVE e Ih g ster TETICURAVE il Diameter
GEETWUUEVE 380mm D aiey GREEN CURNTE 38w Dysmastss
Electric Motor — = pole windings Electric Motor — 2 pole windings

I'he fan size is chosen as a 350mm-diameter fan (1420 r.p.m. speed).
The electric motor for this fan has a 4-pole winding and will run at 1420 r.p.m.
which will be slower than a 2-pole motor and therefore suisiay



il

The Fan Laws are as follows:
Mo.1 Speed [ Yolume

Ny 1y

N Qe
W hierg;
™| == Fan speed (rov, porninue or v
3 - Waotume fowy rate of e Jns

‘This means that fan speed and volume fow rate of air are directly propertional.

Ho.? Bpeed / Pressurs

2
M P
N. | P

Wb
by iFan speed rew. Pog RUEe 07 SR
2 i Fan presswes {Nm)

This means that as the fan speed is doubled, for example, the pressure developed 1s
raised by a factor ol 4.

Mo.2 Specd [ Power

¢ 3
N, ] P

5_‘i = F-'_

': -

[ :
W T
N Voo spend frov. por olinute or span.
F - Iae poweer OWatis)

This means that as the fan speed is doubled, for example, the power required to

drive the fan is raised by a lactor of 8.
The above three laws may be written differently to aid caleulations, as follows;



Mo.l Speed / Volume

2, = O N—l or

M.
L
o

Mo.2 Speed / Pressurg

p 2
- NS
p: = P or
Ny
No.3 Speed / Power
3
P, - P M or
BNy

F"j}: fat}

ol sl i e gl precd
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Types of Fans

There are several types of fan to choose from in ventilation,

These are:

1. Propeller
2. Axial flow
3.  Centrifugal

. Mixed flow

AXIAT FLOW FANS

I S SRR



e oA

MIXED FLOW FANS — ROOF UNIT AND BOXED FAN
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Centrifneal Fans

5 :
At ariime
BB 31 b2 KRN

(RE 80 X apt i H D)

Discharge

gL -

CENTRIFUGAL FAN WITH C1 OSE
COUPLED ELECTRIC MOTOR

FORWARD CURVED BLADES FOR BACKWARD CTRVED BLADES
CENTRIFUGAL TAN FOR CENTRIFUGAT FAN

Axial Flow Fans

- ! Ji H . .
: s T ~ -
_--b""""'__l.-_"'- : fjﬂﬁ '_'___.--v: [
D i il B et P
. . ﬁ P e
'?'_-i____ oo : '1.!- -‘\.\ M_._p‘. .-" R 'w--r'".\f 4
: : . ry T, C «
.‘——.-.-.gl.-.-.-r.-..-. I"..\..-1-.\._!........ o __L_.__I___,_-_;.-\.#n-— N i -
\ : i = i 1
I—h—-‘ oo b

AERCFOIL BLADE OF R
ANTAT FLOW AN ANIAL FLOW FAN 3EL T-DRIVEN A
FAN FLOW FAN
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Choosing a Fan

To choose a suitable fan one must look at the performance curves.
Performance curves are found in fan catalogues.

These curves show the pressure developed by a fan at a given flow rate.
The pressure to be developed by the fan is found from duct sizing data (See DUCT

SIZING section) and the flow rate is found from design data (See VENTILATION
DESIGN section). ' '

The operating point of the system is marked as a point on the curve.

Example 1

The e'xamplg: below shows a system operating point of 250 Pascals (Pa) pressure
and G.48 (m"/s) flow ratc,

PRESSURE
In Pascals (Pa}

043 w'/s . FLOWRATE m's
CENTRIFUGAL FANPERFORMANCE CURVES

(o 1o the curve above the operating point, this is the fan curve for the appropriate
fan,

The fan size is chosen as a 230mm-diameter fan (1350 r.p.m. speed).
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Exampie 2

The example below shows a system operating point of 320 Pascals (Pa) pressure
and 1.25 (m3r-"s) flow rate.

- li::-pf-fzf_'-'_n,g15‘4:r'l|:1‘tk i

PRESSURE — : e N
In Pascals (Pa:
2072 4

125 mbs .
S e OWRATE m s

CENTRIFUGAL FAN PERFORMANCE CURVES

The fan performance curve for a 400mm-diameter fan will be suitable for the
requirements for this example since the curve is above the operating point.

The fan size is choscn as a 400mm-diameter fan (1350 r.p.m. speed).
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i L
Intake Louvre H ,m
£ factor = 0.5 for duct T T [ ™ b )

Combined fan, filter, heater — —— ==
unit pressure drop is 38Pa
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