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Chapter Six
Psychometric Process and Advanced applications

1. Class: Fourth Year

2. Subject : Psychometric Process and Advanced applications

3. Number of weeks: Five weeks

4. Central idea : Study the properties of air that entering to A/C system so as
select correct A/C system to meeting the condition of human comfortable

5. The Test & Problems :
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Central Plant Systems

A typical central plant air conditioning system is shown below.

Cooling caoil Heater Battery
Supply fan

Fresh air \ i Supply air

— 8 —

Recirculated air

Exhaust air

Return air

- | —

Return air fan
Schematic Diagram of Central Plant Air Conditioning System

In winter the heater battery will be on 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
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% to 30%.

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

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.
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Dampers are used in air conditioning central plant systems to control the
amount of air in each duct.

It is common to have 20% fresh air and 80% recirculate 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.

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 recirculate 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 (A.H.U.) for replacement.

Air Handling Units

Air handling units (A.H.U.) 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
A.H.U.'s are lifted into place by crane before the roof is fixed.
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Faty (centtifiszal), motor and
wee belt Fpulley atranzemernt.

Mlixing Bag filter
damper Cooling Coil

Return Air duct on top Hester battery

Pre-heater \‘

J \WAVAV,

FPLANOF AH.U. Access doos

Pre-filter

In some cases it is usual to place the fan in front of (that is upstream of) the

heater battery and cooling coil.
This is because fans operate best if the system resistance is at the outlet rather

than the inlet of the impeller.
This is shown on the schematic diagrams above.

The photograph below shows a typical air handling unit with handles on the
doors for access to equipment.
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Introduction

The aim of this section of the notes is to allow students to size air conditioning
plant such as;

e Cooling coil
e Heater battery
o Humidifier




Air Conditioning Systems Design Lecture
Prepare by Assist Prof. Badran M. Salim
Engineering Technical College / Mosul

The first section deals with Psychrometry for air conditioning and discusses
some properties of moist air. A simplified psychometric chart is shown for
familiarization, and some examples of how to find air properties are provided.

A diagram of an air conditioning system is shown in schematic form in the
section entitled AIR CONDITIONING PLANT FOR SUMMER & WINTER.

Before sizing takes place the student should also understand the processes that
take place in air conditioning systems.

There are four basic processes for summer and winter air conditioning systems.
The following basic processes are explained:

1. Mixing

2. Sensible Cooling and Heating
3. Cooling with Dehumidification
4. Humidification

These are as detailed in the following sections of the notes.

Summer and Winter Cycles

1. Summer cycle psychrometrics
2. Summer cycle calculations

3. Winter cycle psychrometrics
4. Winter cycle calculations

5. Duct and Fan gains.

The final section is seven examples of plant sizing using psychometric charts.

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 20.99%

Argon 0.94%

Carbon Dioxide 0.03% and Hydrogen 0.01% by volume.

The Ideal Gas Laws are used to determine psychrometric data for air so that the
engineer can carry out calculations. Air at any state point can be plotted on the
psychrometric chart.

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

1. Dry bulb temperature
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. Wet bulb temperature
. Moisture content

. Percentage saturation
. Specific enthalpy

. Specific volume.

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 bulb 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 reservoir 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 ‘dry’ or how ‘moist’ the air is, since in ‘dry’ 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 15°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.

4. Percentage saturation (Relative Humidity)

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

This is the ratio 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
moisture.
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5. Specific enthalpy

This is the amount of heat energy (kJ) in air per kg.

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

6. Specific volume

This is the volume of moist air (dry air + water vapor) 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,
cooling coils and humidifiers.

A simplified Psychrometric Chart is shown below.
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This chart is only for demonstration purposes.

If accurate assessments are to be carried out use a C.1.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

DIRECT 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 is drawn to the right to
find the corresponding moisture content.

The moisture content is therefore 0.020 kg/kg dry air.

100%
saturation

WET-BULB
TEMPERATURE 30
°C MOISTURE
CONTENT
kgkg da
h 0.020

15 a0 25 i 35 40 45 50 55 60
DEY-ETTLE TEMPERATURE °C
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DIRECT 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 0.84 m*/kg and the wet-bulb temperature is
14°C
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DIRECT EXAMPLE 3

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 0.823 m?®/kg, the percentage saturation 52%
and the moisture content 0.0054 kg/kg d.a.
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DIRECT EXAMPLE 4

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

Referring to the chart below, a vertical line 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 m?®kg, the wet-bulb temperature is
22°C, the moisture content 0.011kg/kg d.a. and the specific enthalpy 65 kJ/kg.

Specific enthalpy is found by rotating a
line, which passes through the state
point and gives a similar specific
enthalpy result at both origins.
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Air Conditioning Plant for Summer & Winter:

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
well.In winter time the preheater and reheater battery will probably be on to
provide warm air to overcome heat losses. Other plant may be switched on as
well. These plant items are shown in the diagram below.

FREHEATER SUPPLY COOLING REHEATEER
BATTER FAM Cji% BATTERY

SUPPLY
AIR

™ —RECIRCULATION
DUCT

EXHaAUST
AIR
OUTLET

A ‘ H G || g FETURY

ATR

FAN
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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.

Two air streams are mixed in air conditioning when fresh air (m;) is brought in
from outside and mixed with recirculated air (my).

The resulting air mixture is shown below as (ms).

The mixing ratio is fixed by dampers.

Sometimes, in more sophisticated plant, modulating dampers are used which are
driven by electric motors to control the mixture of air entering the system.The
diagrams below show mixing of two air streams.

Mix point

TWO ATR STREANS MEING PETCHROMETRIC CHART SHOWING TWO ATR
STEEAMS MWMIXING

By the conservation of mass formula: m; + m, = ms
By the conservation of energy formula: mj h; + m; h, = mg hs

where: m = mass flow rate of air (kg/s)
h = specific enthalpy of air (kJ/kg) found from psychrometric chart.

2. Sensible Cooling 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
of Cooling

Sensible Sensible
Heating Cooling

iy

——————4——

ATR STREAM IS HEATED OR
COOLED SEMNSIBLY.

PEYCHROMETRIC CHART SHOWING SENSIBLE
HEATING OR. COOLING

For sensible heating:
The amount of heating input to the air approximates to; Hio,=m x Cp x (2 - ty)
Or more accurately from psychrometric chart: Hi, = mx (h; - hy)

For sensible cooling:
The amount of cooling input to the air approximates to; Hy; =m x Cp x (t2 - t1)

Or more accurately from psychrometric chart: H,.; = m x (h, - hy)

where: H = Heat or 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)
h = specific enthalpy of air (kJ/kg) found from psychrometric chart.

3. Cooling with Dehumidification

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
vapor.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 psychrometric chart as air sensibly cooled 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 line for sensible
cooling to the 100% saturation curve and then the process follows the 100%
saturation curve down to another point at a lower temperature.
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This lower temperature is sometimes called the Apparatus dew Point (ADP) of
the cooling coil. In reality the ADP 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.

100%; saturation curve
Cooling Coil Sensible

Cooling

Latent Cooling
3
_>

ADP,

= Condensate tray \

ATR STREAW IS COOLED AND
DEHUMIDIETED.

PEYCHEOMETRIC CHART SHOWING COOLING
AND DEHUNMIDIFIC ATIOMN

The total amount of cooling input to the air approximates to;
Hiz=mx (h; - hg)

The sensible heat removed is:
Hio=mXx (h1 - h2)

The latent heat removed is:
Hos=mx (h; - hg)
where: H = Cooling energy (kW)
m = mass flow rate of air (kg/s)
h = specific enthalpy of air (kJ/kg) found from psychrometric chart.

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

The sensible heat removed is: Hi, = m Xx Cp X (1 - tp)
The latent heat removed is: Hz.3 = m x hfg x (g2 - 93)

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.
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t = Dry bulb temperature of air (°C)
hfg = latent heat of evaporisation, may be taken as 2454 kJ/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 coil and is therefore not cooled to the ADP
temperature.A mixing process therefore takes place as two air streams mix
downstream of the cooling coil as shown below.

Fins

Aur ypstream of / Adr that has been
cooling coil cooled.

§ s

Air which
through without hitting stream
fing or tubes

Chilled water or
refrigerant

A SECTION OF COOLING COIL SHOWING ATE STEEANS

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 coil and is
usually given as the cooling coil contact factor.The process is shown on the
psychrometric chart below.

100%s saturation curve

Up stream am

Ifixzed air stream

PEYCHEOMETRIC CHART SHOMWING OOl TG COTT.
CORTA T FACTOR
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The contact factor of a cooling coil may be found from;

(hy - hy)
(hy - hsz)

Contact Factor =

Another expression for contact factor is;

Distance 1 to 2 (mm)

Contact Factor = _
Distance 1 to 3 (mm)

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.

Humidification can be carried out 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.
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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. It is
important to layout the steam pipework so that any condensate will drain back to
the unit.

The psychrometric process is shown below.

100% saturation curve

| After Humidification

Before

Humidification

Constant dry- i
bulb line \;

PEYCHROMETEIC CHART SHOWIMNG HUMWIDIEIC A TION
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The schematic diagram below shows a typical plant system for summer air
conditioning.

SUPPLY COOLING EEHEATER
Fﬁj COIL BATTERY

OFF_COIL
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DITOT ROCK AIR @
EXHAUST

AR
OUTLET ROCM AIR

e 8 ez e ROOLI AIR

REOOLT AR

RETUEN AIR
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The psychrometric diagram below shows a typical summer cycle.

100% saturation curve
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The schematic diagram below shows a typical plant system for winter air

conditioning.

PREHEATER
SUPPLY COOLING  REHEATER
BATTERY FAN COIL OFF  BATTERY

FREZH
AJRIMLET

CUTEIDE

MIZED

RECIRCULATION DUCT HUMIDIFIER—"

EXHATIT
AIR
OUTLET

ROCLT AIR

ﬁ—’ SUPPLY AIR

ROCK AIR 8 ‘— ‘_ ROOM AIR

@,

RETUEM ATR FAN

The psychrometric diagram below shows a typical winter cycle.

100%% saturation curve
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2 OFF-COIL CONDITION (FPreheater)

P TFFLY AR
CUTSIDE

‘\ OFF-COIL
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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:

Air State point Letter

Qutside 0
Room R
Mixed M
Apparatus Dew Point ADP
Off cooling coil condition W
Room Ratio Line RRL
Preheater off coil condition
Upstream of Humidifier
Supply

Duct, fan gain allowance

Room Ratio

This is the ratio of sensible to 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 rooms, 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 ratio line is superimposed from the protractor on the psychrometric
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
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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 somewhere on this room ratio line to
meet the room heat gain requirements i.e. the room ratio line always passes
through points R and S.

The RRL at this slope or gradient
iz then superimposed onto the
main body of a psychrometric
chart with the aid of set squares.
The line must pass thought state
point R.

Typical Room Ratio
Line RRL

HEAT EATIOPROTREACTOR ON PSYCHROMETRIC
CHART

Summer and Winter Cvycles

1. SUMMER CYCLE PSYCHROMETRICS

Draw schematic diagram of air-conditioning plant.

Plot room condition R on psychrometric chart.
Plot outside condition O on psychrometric chart.

Join points O 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.
25




Air Conditioning Systems Design Lecture
Prepare by Assist Prof. Badran M. Salim
Engineering Technical College / Mosul

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

Joinpoints 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 S.

The reheater process will be a horizontal line from point W
to point 5.

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

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

Hs ma x Cp (t -t5)

Sensible heat gain to roam (ki)
mass flow rate of air (kg/s)

Specific heat capacity of humid air (approx.1.01 klikg degC)
room termperature (2 C)

supply air temperature °C)

2.2 COOLING COIL OUTPUT

The cooling coil output is as follows:

Heooling coil = ma (hm- haDP)

wihera:
Heooling coil = Cooling coil output (ki)
My mass flow rate of air (kods)
hipg specific enthalpy at condition M (kJ/kg)
happ specific enthalpy at condition ADP (kdfkg).

2.3 HEATER BATTERY QUTPUT

The heater battery or reheater output is as follows:

Hheater battery = Ma (hs- hw)

wheare:

Hheater battery = Heater battery output (kW)
My = mass flow rate of air (kg's)

he = specific enthalpy at condition M (kJ/kg)
by specific enthalpy at condition W (kd/kg)
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Summer and Winter Cycles

3. WINTER CYCLE PSYCHROMETRICS

Draw schematic diagram of air-conditioning plant.
Plot 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 be
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 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 P.

Find the room ratio.

This is the sensible to total heat ratio.

MNeglect signs ie. the total heat for the room will be Sensible loss plus Latent
gain.

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

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

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

Plot condition H on the psychrometric chart.

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 and
H-S is the humidification process and is close to a vertical line if steam is
used.
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100% saturation curvre
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4. WINTER CYCLE CALCULATIONS
41 SUPPLY AIRDRY BULB 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:

He = mg x Cp (tg - tr)

Sensible heat gain to room (ki)
mass flow rate of air (kgfs)

Specific heat capacity of humid air (approx.1.01 kJkg degl)
roorn temperature (°C)

supply air temperature (°C)

4.2 PREHEATER BATTERY QUTPUT (or frost coil)

The preheater battery output is as follows:

Hpreheater battery = Maf (hp- ho)

where:

Hireheater battery Preheater battery output (kW)
Maf mass flow rate of fresh air (kg's)

hp specific enthalpy at condition P (kJ/kg)
hy specific enthalpy at condition O (kJ/kg)
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4.3 REHEATER BATTERY OUTPUT

The reheater battery output is as follows:

Hreheater battery = Ma ( hH- hp)

where:

Hiaheater battery Reheater battery output (kW)
Mg mass flow rate of supply air (ko/s)

hH zpecific enthalpy at condition H (kJ/kg)
hip specific enthalpy at condition M (kdfkg)
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Summer and Winter Cycles

9. 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 U.K.

100%: saturation cutve

o

DRY-BEULE TEMFPERATURE °C

SUMMER CYCLE
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If duct and fans gains are to be allowed for, the reheater battery output is as follows:

REHEATER BATTERY QUTPUT

Hheater battery = Ma (hs- hp)

where:
Hheater battery
Mg
hs
hp

Heater battery output (kYY)
mass flow rate of air (kg's)
specific enthalpy at condition S (kdfkg) determined from psychrametric chart.
specific enthalpy at condition D (kJ/kg) determined from psychrametric chart.

See example 7.

Examples of Psychrometric Calculations for Summer and Winter

Example 1. Summer Cycle

A room is to be maintained at 22°C dry-bulb temperature, 50% saturation, when
the sensible heat gain is 10.8 kW in summer.

The latent heat gain is 7.2 KW.

Determine the cooling coil and reheater outputs required by using a
psychrometric chart if the plant schematic is as shown below.

DATA:

Outdoor condition is 28°C, 80% saturation.The outdoor air and recirculated air
ratio is 20%/80%. The Apparatus Dew Point ADP is 8°C Neglect the cooling
coil contact

factor.
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DAMPER SUPPLY COOLING ~ REHEATER
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Sengible Gain = 10.8 kKW
20%, Latent Gain = 7.2 KW
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Procedure (Summer Cycle)

Draw schematic diagram of air-conditioning plant (see above)
Plot room condition R on psychrometric chart.
Plot outside condition O on psychrometric chart.

Join points O and R.
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Find the mix point M by measuring the length of the line
0O-R  and multiply this by the mixing ratio.

On a full size CIBSE psychrometric chart this measures 85mm.
The ratio of recirculated air is 0.8.

gbmm x 0.8 = 68mm

Measure down the O-R line from point O by 68mm.

This determines point M.

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.

Total heat 10.8 kW sensible + 7.2 kW latent = 18 kW total.
Heat ratio 108 / 180 = 06

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.
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PERCENTAGE SATURATION
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Since there is no cooling coil contact factor we can proceed with
reheating from point ADP.

Plot the supply air condition S.

The reheater process will be a horizontal line from point ADP
to point S.

Point S is on the room ratio line.

The supply air temperature is 15°C.
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SUMMER CYCLE CALCULATIONS
MASS FLOW RATE

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

= mg x Cp (t -ts)

Sensible heat gain to room (ki)
mass flow rate of air (kofs)

Specific heat capacity of humid air (approx.1.071 kdfkg degil)
room temperature (°C)

supply air temperature (°C)

The supply air temperature is 15°C.
Rearranging the above formula gives:

Hs / (Cp (tr - ts) )

108/ (101 (22 - 15) )

1.528 kg/s
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COOLING COIL OUTPUT

The cooling coil output is as follows:

Heooling coil = ma (hm- happ)

where:
Heooling coil = Zoaling coil output (ki)
Mg mass flow rate of air (kgfs)
A specific enthalpy at condition b (k)

determined from psychrometric chart.
happ specific enthalpy at condition ADF (kdika)

determined from psychrometric chart

The specific enthalpies at points M and ADP are shown on the psychrometric
Chart below.

Hcooling coil = 1.528 (50- 25)

Heooling coil = 38.2 kKW

Note:

The cooling coil output of 38.2 kW is a much higher value than the sensible heat
gain of 10.8 kW.

It should be remembered that the difference is these two values is mostly from
the fresh air cooling load. It takes quite a lot of energy in summer to cool fresh
air coming into air handling units .This can be minimised by bringing in
minimum fresh air but not too little otherwise the building will suffer from lack
of oxygen and feel stuffy.

Sometimes mistakes are made when sizing cooling apparatus .If a cooling coil
or indoor cooling unit is sized on the sensible heat gain only without allowing
for fresh air load then it will be grossly undersized. That is why psychrometric
charts are required to calculate cooling coil output including fresh air loads.

So, don’t size cooling coil and indoor cooling units on sensible heat gain only if
there is fresh air coming into the plant.

Size these items of plant using a psychrometric chart.
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HEATER BATTERY OQUTPUT

The heater battery or reheater output is as follows:

Hheater battery = Ma (hs- happ)

where:
Hheater battery = Heater battery output (ki)

Mg = mass flow rate of air (kofs)
b= = specific enthalpy at condition S (ki)

determined from psychrometric chart.
happe = specific enthalpy at condition ADP {kdig)

determined from psychrometric chart.

The specific enthalpies at peints ADP and S are shown on the psychrometric
Chart below.

Hheater battery = 1.528 ( 31.5- 25)

Hheater battery =  2.932 kW
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Example 2. Winter Cycle

A room has a 18.0 kW sensible heat loss in winter and a 4.5 kW latent heat gain
from the occupants.

Determine the supply air temperature and heater battery load using the following
information.

DATA:

Indoor condition: 21°C dry-bulb temperature, 50% saturation.

Outdoor condition: -2°C d.b., 80% saturation.

The outdoor air and recirculated air ratio is 20%/80%.

No preheating or humidification takes place in this simplified example.
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Procedure (Winter Cycle)

1. Draw schematic diagram of air-conditioning plant (see above)
2. Plot room condition R on psychrometric chart.

3. Plot outside condition O on psychrometric chart.

4. No Preheater condition P

5. Join points O and R
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6. Find the mix point M by measuring the length of the line O-R and multiply
this by the mixing ratio.

On a full size CIBSE psychrometric chart this measures 110mm.

The ratio of recirculated air is 0. therefore; 110mm x 0.8 = 88mm

Measure up the O-R line from point O by 88mm.

This determines point M .

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.

7. Find the room ratio.

This is the sensible to total heat ratio.

Neglect signs ie. the total heat for the room will be Sensible loss plus Latent
gain.

Total heat = 18 KW sensible + 4.5 kW latent = 22.5 kW total.

Heat ratio =18/22.5=0.8

Plot this ratio on the protractor, top segment, on the psychrometric chart and
transfer this line onto the chart so that it passes through point R.
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8. Find the supply air dry bulb temperature by calculation.

9. Plot the supply air condition S on the room ratio line.

This is on a horizontal line from point M to the right hand side of the chart, and
intersects with the RRL.

The supply air Temperature is found to be 32.5°C.
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Supply Air Flow Rate

When the sensible heat loss and supply air temperature in winter are known then
the mass flow rate of air is calculated from the following formula:

Hs=max Cp (ts-tr)

where:

Hs= Sensible heat loss (kW)

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

Cp=Specific heat capacity of humid air (approx.1.01 kJ/kg degC)
tr=room temperature (°C)

ts=supply air temperature (°C)

therefore:
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ma=Hs/Cp (ts-tr)
ma=18/1.01 (32.5 - 21)
ma =18/11.615

ma = 1.55 kg/s

Heater Battery Output

The heater battery output is as follows:

H reneater battery = Ma ( hs - hIVI)

where:

H reneater battery = Reheater battery output (kW)
ma = mass flow rate of air (kg/s)

hs = specific enthalpy at condition S (kJ/kg)
hm = specific enthalpy at condition M (kJ/kg)

The specific enthalpies at points S and M are shown on the psychrometric chart
below.

PERCENTAGE SATURATION
S0 80 70 60 50 40 30 20

MOISTURE
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5 10 15 20 25 30
DRY-BULE TEMPERATURE o

34
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Hheater battery = Ma ( hS - hM)

Hheater battery — 1.55 ( 50 - 34)

Hhneater battery = 24.8 kwW

Therefore the heater battery load is 24.8 kW.




Air Conditioning Systems Design Lecture
Prepare by Assist Prof. Badran M. Salim
Engineering Technical College / Mosul

Blank Paper




Air Conditioning System Design Lectures
Prepare by Assist Prof. Badran M. Salim
Engineering Technical College / Mosul

Northern Technical University

Technical College of Engineering
Department of Power Mechanics Techniques

Chapter Seven
Water Air Conditioning System Design

Prepare By Assist Prof.
Mr. Badran Mohammed Salim
2025 - 2026

1




Air Conditioning System Design Lectures
Prepare by Assist Prof. Badran M. Salim
Engineering Technical College / Mosul

Chapter Seven
Water Air Conditioning System Design

1. Class: Fourth Year

2. Subject: Water Pipe System Design, Fittings, Pumps with Applications.

3. No. of weeks: Five weeks

4. Central idea: Study the methods of water pipe design (Open and Closed),
Basic of chilled water system and Boiler, how to distribution the water within

every zone, size of pump capacity and how to calculate the friction loss and
dynamic loss within water pipe.

5. Test & Problems:
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Introduction:

The advantages of water over steam include the fact that water is safer
and more controllable than steam.
Water is safer because the system pressure is not determined by continuously
balancing the boiler output with load, and because water does not have the
capacity to expand at high velocity in all directions.
Water is more controllable for heating since the water temperature can easily be
changed to modify the heat transfer.

Types of Water System:
Water systems also can be classified according to their operating
characteristics into the following categories:
1. Closed System.
2. Open System.
3. Once-Through System.

1. Closed system:

* In a closed system, chilled or hot water flowing through the coils, heaters,
chillers, boilers, or other heat exchangers forms a closed recirculating loop.
 In a closed system, water is not exposed to the atmosphere during its flowing

process. The purpose of recirculation is to save water and energy.

Air-handling units

—0l| |

Cooling Coil

1)

Evaporator

)

FAREE

I
Chilled water pump

. Open System:
In an open system, the water is exposed to the atmosphere, For example,
chilled water comes directly into contact with the cooled and dehumidified
air in the air washer, and condenser water is exposed to atmosphere air in the
cooling tower. Recirculation of water is used to save water and energy.
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Open systems need more water treatments than closed systems because dust
and impurities in the air may be transmitted to the water in open systems.

A greater quantity of makeup water is required in open systems to
compensate for evaporation, drift carryover, or blow-down operation.

Air washer

-

Evaporator
iy

| b

LA

Chilled water pump

. Once-through system:

In a once-through system, water flows through the heat exchanger only once
and does not recirculate.

Lake, river, well, or seawater used as condenser

cooling water represents a once-through system. Although the water cannot
recirculate to the condenser because of its rise in temperature after absorbing
the heat of condensation, it can still be used for other purposes, such as
flushing water in a plumbing system after the necessary water treatments, to
conserve water. In many locations, the law requires that well water be
pumped back into the ground.

Condenser

Groundwater __)
pump motor

4 D
|

P A
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Heating & Cooling Systems:

Most heating systems for buildings use hot water (Boiler) or cold water
(Chiller) which is pumped through pipework from a boiler to heat emitters in the
rooms. This has proved to be cheaper than warm air heating because installing
pipework is less expensive than ductwork and more equipment is necessary in
warm air heating which increases installation costs.

Applications of Water Pipe Design:
e Heating (by Boiler) & Cooling(by Chiller) for A/C system Design.
Pluming System Design.
Irrigation System Design.
Fire Fighting System Design.
Cooling Tower & Air Washer Design.

Types of Pipe System Supply:

1. Single Pipe (One Pipe System)

Older heating systems sometimes used a 1-pipe system of distribution.
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2. Double Pipe (Two Pipe System):

This has been superseded by the more effective 2-pipe system as shown below.

The 2-pipe heating system is most common today and uses a pump to circulate
water at about 80°C through heat emitters as shown below:

Space

Emitters
Pump

2-PIPE HEATING SYSTEM
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3. Three Pipe System:

4. Four Pipe System:

[T——

THERMOSTAT

| warer
HEATING COIL e — ]

CONTROL
WVALVE

COOLING COIL

FOUR - PIPE SYSTEM
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Types of Pipe System Return:

Heating or cooling water can be piped around a building in two ways, either
“direct return” or “reverse return.”.

1. Direct Return :

In order to have the same flow through all the heaters, extra resistance has to
be added to heaters B, C and D. Adding balancing valves, as shown in Figure
below, makes this possible After the system has been installed, a balancing
contractor will adjust the balancing valves to create an equal flow through
heaters A and B, then an equal low through heaters A and C and finally an equal
flow through heaters A and D.

Direct Return with Balance Valve Direct Return without Balance Valve
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2. Reverse Return :

The reverse return as shown below, Here the pipe length for the flow loop
boiler, pump, and heater, boiler is the same for all heaters. As a result, the

flow will be the same in each heater; the piping is self-balancing.

Reverse Return
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Water Expansion Tank:

The expansion tank is a much more important element of a piping system
than generally assumed. It was mentioned earlier that the expansion tank
provides for changes in volume. May be part of the elimination system, and
establishes a point of constant pressure in the system. This last purpose is very
important. A point of constant pressure is necessary to establish the pressure at
other points of the closed- loop system; otherwise the system would be like an
electrical circuit without a ground.

Expansion tanks are required in a closed loop heating or chilled water
HVAC system to absorb the expanding fluid, makeup water due to leakage and
limit the pressure within a heating or cooling system. A properly sized tank will
accommodate the expansion of the system fluid during the heating or cooling
cycle without allowing the system to exceed critical pressure limits. The
expansion tank uses compressed air to maintain system pressures by accepting
and expelling the changing volume of water as it heats and cools.

The location of the expansion tank becomes an important design
consideration. A hot water boiler requires a different approach, because it must
be equipped with a safety relief valve, and improper location of the expansion
tank and pump may cause unnecessary opening of the relief valve. Therefore,
the expansion tank should be located at the boiler outlet or air vent with the
pump located just downstream of the boiler. Again the pressures in the system
should be analyzed to ensure that positive pressures occur throughout.

10
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Sizing of the expansion tank is important and depends on the total volume of the
system, the maximum and minimum system pressures and temperatures, the
piping material, the type of tank, and how it is installed.

Types of Expansion Tanks:

1. Open Expansion Tank

2. Close Expansion Tank

3. Diaphragm Expansion Tank

Relations may be derived for sizing of the expansion tanks by assuming that
the air behaves as an ideal gas. The type of tank and the way it is employed in
the system then influence the results. Consider the free liquid—air interface type
where the water in the tank always remains at its initial temperature (uninsulated
and connected by a small pipe); the expansion and compression of the air in the
tank are isothermal; and the air in the tank is initially at atmospheric pressure.
The resulting relation for the tank volume is
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If the initial air charge in the tank is not compressed from atmospheric
pressure but rather is forced into the tank at the design operating pressure, as
with a bladder-type

Chilled Water system
Introduction:

For large installations the Condenser, Evaporator, Compressor and
Expansion device can be purchased as a package unit, known as a Chiller. The
usual package consists of electrically driven compressor(s) mounted on top of
two shell and tube heat exchangers, one for the evaporator and the other for the
condenser.

The cooling coil(s) are piped up to the chiller in the conventional manner as
shown below. In some countries the Cooling tower is the preferred method of
removing heat from the system.

Cooling towers that are open to atmosphere are not often used since the water
may become contaminated.

A closed cycle cooling tower or evaporative cooler can be used to reduce
contamination risk.
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Fig. 7.1: Chiller Schematic Diagram with Air Cooled Condenser
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Fig. 7.2: Chiller Schematic Diagram with Cooling Tower
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Alternative arrangements are shown for smaller installations where the
condenser may be mounted on the roof or external wall of a building and cooled
by outside air. The evaporator may be installed directly into the ductwork or air

handling unit (AHU) for smaller installations .This is known as a Direct
Expansion (or DX) coil.

Heat Rejection

Air Cooled
Fan
T T Condenser
incorporating
O o
Condenser /

Compressor(s)

Expansion
valve

/ / Compressor
\

Refrigerant Liquid
+ Vapour

*

Refrigerant
Y A Return

Refrigerant
Flow
< | P Heat Input

Direct Expansion Cooling Coil
also known as DX coil in Air
Handling Wnit (AHL)

Fig. 7.3: Direct Expansion (DX) System
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Chilled-water System:

In larger buildings and particularly in multi-story buildings, the split-
system approach begins to run into problems. Either running the pipe between
the condenser and the air handler exceeds distance limitations (runs that are too
long start to cause lubrication difficulties in the compressor), or the amount of
duct work and the length of ducts becomes unmanageable.

At this point, it is time to think about a chilled-water system. In a chilled-water
system, the entire air conditioner is situated on the roof or behind the building. It
cools water to between 4.0°C and 8.0°C.

This chilled water is then piped throughout the building and connected to the
cooling coils in air handlers as needed. There is no practical limit to the length
of a chilled-water pipe if it is well-insulated.

Fig. 7.4: Types of Chiller

16
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Chilled Water Temperatures:

In a chilled water system, water is first cooled in the water chiller—the
evaporator of a reciprocating, screw, or centrifugal refrigeration system located
in a centralized plant to a temperature of 40 to 50°F (4.4 to 10.0°C). It is then
pumped to the water cooling coils in AHUs and terminals in which air is cooled
and dehumidified. After flowing through the coils, the chilled water increases in
temperature up to 60 to 65°F (15.6 to 18.3°C) and then returns to the chiller.

Chilled water is widely used as a cooling medium in central hydronic air
conditioning systems. When the operating temperature is below 38°F (3.3°C),
inhibited glycols, such as ethylene glycol or propylene glycol, may be added to
water to create an aqueous solution with a lower freezing point.

Ethylene/glycol solutions may be used in cooling coils in order to allow lower air
temperatures to be obtained.

The temperatures of the fluid circulating may be -7°C from the evaporator and -3°C
returning to it, or lower as required.

% ethylene
glycol
by volume

Freezing point
°C

Specific gravity
d15.6°

Pipe VS Tube:
A pipe is a vessel - a tube is structural.
A pipe is measured ID - a tube is measured OD.
For example: 1-1/2" pipe size flanges have an opening to fit over 1.90" OD —
the actual outside diameter of 1-1/2" pipe — while 1.50" OD tubing has a true
1.50" outside diameter and the flange is sized accordingly
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Piping Material:

« For water systems, the piping materials most widely used are steel, both
black (plain) and galvanized (zinc-coated), in the form of either welded-
seam steel pipe or seamless steel pipe; ductile iron and cast iron; hard

copper; and polyvinyl chloride (PVC).

The piping materials for various services are shown in the table:

Copper, galvanized steel, galvanized ductile iron and PVC pipes have better
corrosion resistance than black steel pipes. Technical requirements, as well
as local customs, determine the selection of piping materials.

Steel Pipes:
« Steel Pipe is manufactured by several processes:
— Seamless Pipe, made by piercing or extruding, has no longitudinal seam.
— CW- Continuous weld furnace-butt-welding process forces and joints
the edge together at high temperature.

— ERW- Electric Resistance Welded pipe.
NPS — Nominal Pipe Size.
Up to 12in diam. NPS do not match the internal and External diameters.
For 14in and larger pipe, the size corresponds to the outside diameter.
Schedule 40 (standard wall)
Schedule 80 (extra heavy wall)
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Wall Thickness:

Pipe Joints:
Steel pipes of small diameter (2 in. or 50 mm less) threaded through cast-
iron fittings are the most widely used type of pipe joint.
For steel pipes of diameter 2 in. (50 mm) and more, welded joints, bolted
flanges, and grooved ductile iron joined fittings are often used.
Galvanized steel pipes are threaded together by galvanized cast iron or
ductile iron fittings.
Copper pipes are usually joined by soldering and brazing socket end
fittings.
Plastic pipes are often joined by solvent welding, fusion welding, screw
joints, or bolted flanges.
Vibrations from pumps, chillers, or cooling towers can be isolated or
dampened by means of flexible pipe couplings. Arch connectors are usually
constructed of nylon, dacron, or polyester and neoprene.
They can accommodate deflections or dampen vibrations in all directions.
Restraining rods and plates are required to prevent excessive stretching. A
flexible metal hose connector includes a corrugated inner core with a
braided cover. It is available with flanged or grooved end joints.
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Expansion and Contraction:

 During temperature changes, all pipes expand and contract. The design of
water pipes must take into consideration this expansion and contraction.

» Both the temperature change during the operating period and the possible
temperature change between the operating and shutdown periods should also
be considered.

For chilled and condenser water, which has a possible temperature change of
40 to 100°F (4.4 to 37.8°C), expansion and contraction cause considerable
movement in a long run of piping.

Unexpected expansion and contraction cause excess stress and possible
failure of the pipe, pipe support, pipe joints, and fittings.

Expansion and contraction of hot and chilled water pipes can be better
accommodated by using loops and bends. The commonly used bends are U
bends, Z bends, and L bends

Anchors are the points where the pipe is fixed so that it will expand or
contract between them. Reaction forces at these anchors should be
considered when the support is being designed.

ASHRAE Handbook 1992, HVAC Systems and Equipment, gives the required
calculations and data for determining these stresses. Guides are used so that
the pipes expand laterally.
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Empirical formulas are often used instead of detailed stress analyses to
determine the dimension of the offset leg Lo [ft,(m)]. Waller (1990)
recommended the following formulas:

U bends: L, = 0.041D¥L2% AT
Z bends: L, = (0.13DL, AT)"*

L bends: L, = (0.314DL__AT)"3

where [) = diameter of pipe, in. (mm)
L. = distance between anchors. hundreds of ft (m)
AT = temperature difference, °F (°C)

Types of Valve:
1. Gate Valves.
— The disk of a gate valve is in the shape of a “gate” or wedge.
— When the wedge is raised at the open position, a gate valve does not add
much flow resistance.
The wedge can be either a solid wedge, which is most commonly used, or
a split wedge, in which two disk halves being forced outward fit tightly
against the body seat.
Gate valves are used either fully opened or closed, an on/off arrangement.
They are often used as isolating valves for pieces of equipment or key
components, such as control valves, for service during maintenance and
repair.

Rising stem

(outside screw | Handwheel
and yoke) N : {does not rise
with stem)
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2. Globe Valves:
They are so named because of the globular shape of the valve body
Globe valves have a round disk or plug-type disk seated against a round
port.
Water flow enters under the disk. Globe valves have high flow resistances.
substantially faster than gate valves. Angle valves are similar to globe
valves in their seats and operation. The basic difference is that the valve
body of an angle valve can also be used as a 90° elbow at that location.
Globe valves are used to throttle and to regulate the flow.
They are sometimes called balancing valves. They are deliberately designed
to restrict fluid flow, so they should not be used in applications for which
full and unobstructed flow is often required.

Handwheel ~ Rising stem
(rises with stem) {inside screw)

Packing mut
with gland

Plug tyvpe disk
Screwed union —
ring bonnet
| - Screwed ends

3. Check Valves:

— As their name suggests, are valves used to prevent, or check, reverse flow.

— There are basically two types of check valves: swing check and lift check.
A swing check valve has a hinged disk. When the water flow reverses,
water pressure pushes the disk and closes the valve.

— In a lift check valve, upward regular flow raises the disk and opens the
valve, and reverse flow pushes the disk down to its seat and stops the
backflow.

— A swing check valve has a lower flow resistance than a lift check valve.

Bolted M~
JR— e L "

bonnet [7 _» Flanged
ends

Flow —m
=~ Composition
disk
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4. Balance Valves:

These valves are used to balance the water flow in a water system. There are
two kinds of balancing valves: manual balance valves and automatic balance
valves. A globe valve can be used as a manual balance valve. A manual balance
valve can also be a valve with integral pressure taps for flow measurement and a
calibrated port to adjust the flow. An automatic balancing valve is also called an
automatic flow-limiting valve. There is a moving element that adjusts the flow
passage area according to the water pressure differential across the valve.

5. Pressure Relief VValves:

These valves are safety valves used to prevent a system that is over
pressurized from exceeding a predetermined limit. A pressure relief valve is held
closed by a spring or rupture member and is automatically opened to relieve the
water pressure when it rises above the system design working pressure.

6. Plug Valves:

These valves use a tapered, cylindrical plug disk to fit the seat. They vary
from fully open to fully closed positions within a quarter-turn. Plug valves may
be used for throttling control during the balancing of a water system.

7. Ball Valves:

These valves use a ball as the valve disk to open or close the valve. As with
plug valves, they vary from fully open to fully closed positions within a quarter-
turn. As with gate valves, ball valves are usually used for open/ close service.
They are less expensive than gate valves.

8. Butterfly Valves:

A butterfly valve has a thin rotating disk. Like a ball or plug valve, it varies
within a quarter-turn from fully open to fully closed. As described in Sec. 5.6, a
butterfly valve exhibits low flow resistance when it is fully opened. The
difference between a butterfly valve used for control purposes and a hand-
operated butterfly valve is that the former has an actuator and can be operated
automatically. Butterfly valves are lightweight, easy to operate and install, and
lower in cost than gate valves. They are primarily used as fully open or fully
closed, but they may be used for throttling purposes. Butterfly valves are gaining
in popularity, especially in large pipes.

Valve Connections and Ratings:
The commonly used types of valve connection are as follows:
« Threaded ends. for small pipes with diameters from to 2in.

24
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Flanged ends. for larger pipes (2.5in. or 63 mm and above)

Welded ends. higher pressure and temperature

Grooved ends. These connections use circumferential grooves in which a
rubber gasket fits and are enclosed by iron couplings.

Soldered ends. Bronze valves in copper piping systems

Pipe Fittings and Water System Accessories:
Water pipe fittings include elbows, tees, and valves.
Water pipe elbows and tees are often made of cast iron, ductile iron, or
steel.
Pressure losses due to the water pipe fittings are usually expressed in
terms of an equivalent length of straight pipe, for the sake of convenience.

Water Impurities:

In hot and chilled water systems, the problems associated with water
mainly concern water’s dissolved impurities, which cause corrosion and scale,
and the control of algae, bacteria, and fungi.
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Figure (1) :
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Figure (2) :

Figure (3) :
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Figure (4) :

Figure (5) :
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Water System Layout
37
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Two Way Valve Fan Coil Unit Details

Three Way Valve Fan Coil Unit Details
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Difference between AHU and FCU:

AHU and FCU are both included in the HVAC system. The latter is an
acronym that describes multiple systems of heating, ventilating and A/C. AHU,
completely known as air handling unit is different from FCU or the fan coil unit.
AHUs are usually connected to a central HVAC system whereas an FCU can
function or be installed itself. Because of this, it is often the AHU that is used to
ventilate an entire building whereas FCUs are used in smaller and often local
spaces only. It is no surprise that AHU is the bigger HVAC system not to
mention, the FCU is also regarded as the smaller version of the AHU. In this
regard, the smaller FCUs can be called terminal units. Because of the magnitude
of the AHU system, it usually makes use of the air from the outside
environment. Thus, it treats outside air and brings it inside the vicinity with the
use of special ducts while an FCU system on the contrary just circulates the
inside air. The latter usually does not have any duct system that’s why it is
obviously smaller in size as previously mentioned. It is only composed of a
simple coil and fan. Ordinarily, AHUs have certain features that are not present
in the FCU type.

A.H.U is designed and manufactured to meet the international standard
for air ventilation (fresh air/wet system) indoor air quality, comfort air
conditioning and specialized application like clean room. A.H.U. for clean room
consists of mixing chamber, pre filter, fine filter, coil section, fan section,
optional pan humidifier and dehumidifier (strip heater). These are double screen
section panels with aluminum hollow extruded profiles and thermoplastic,
corner joints. AHUs have several sections for reheating and even humidifying.
FCUs don’t have sections such as these. Perhaps the only advantage that the
FCU has over the AHU is that generally, AHUs can have several fans or
blowers installed in its system. Traditionally, the AHU’s blowers are placed at
the point where the ducts originate or at the terminal end of the air handler unit.
FCUs have a different approach to blowers.

Summary:

1. AHU is generally a bigger system than FCU.

2. AHU is more complex than the FCU and that AHU are often used in bigger
establishments or spaces.

3. The AHU system usually channels air through ducts whereas the FCU don’t
have any ductworks.

4. AHU system treats outside air while FCUs basically recycle or re-circulates
air.

5. AHU have sections for reheating and humidifying whereas the FCU does not
have any.

6. FCU are often observed to be noisier than the AHU.
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Air Handling Unit Details
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Net Positive Suction Head:

« The lowest absolute water pressure at the suction inlet of the centrifugal
pump must exceed the saturated vapour pressure at the corresponding water
temperature. If the absolute pressure is lower than the saturated vapour
pressure, the water evaporates and a vapour pocket forms between the vanes
in the impeller. As the pressure increases along the water flow, the vapour
pocket collapses and may damage the pump.

This phenomenon is called cavitation.

The sum of the velocity head at the suction inlet and the head loss (due to
friction and turbulence) between the suction inlet and the point of lowest
pressure inside the impeller is called the net positive suction head required
(NPSHR), in feet (meters). This factor is determined by the pump
manufacturer for a given centrifugal pump.

NPSHA = H, + H,,. — Hf— 231p.,

where H,, = afmopheric pressure, usually expressed as 34 £t (10.3 m or 101 kPa) of water
column
H.,. = static suction head, ft (m)
AH; = head loss due fo friction and dynamic losses of suction pipework and fittings, ft (m)
Prp = saturated water vapor pressure corresponding to water temperature af suction mlef,
psia (kPa abs.)

NPSHA must be greater than NPSHR to prevent cavitation.

Effect of Cavitation
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Pump Sizing

There are two items required to size a pump;

e Fluid flow rate

e Pressure to be developed.
The pressure that should be developed by the pump should equal the
Pressure Drop in the system.
This is usually found from pipe sizing tables or from other methods.
See Science section of these notes - Fluids section; Head Loss due to friction in
a pipe.
The flow rate of fluid is also found from pipe sizing tables or given in other
data.
Add 20% margin to pump pressure to allow for future extensions and the system
getting less efficient.
The designer must be careful when adding a margin to pump pressure since too
much pressure can lead to ‘pumping over’ in open systems and other problems.
Some pump catalogues have units of head instead of pressure.
For conversion;
Pressure (Pa) = density of water x acceleration due to gravity x head (m)

Or P=p x gx H

Where, P=Pump pressure (Pa)
p =Density of water p approx.1000 kg/m?,
g=Acceleration due to gravity 9.81 m/s?.
H=Head (m)
H=P/p x g
H=P/1000 x 9.81
H=P /9810

The flow rate of water that the pump delivers will be the flow rate in the section
in which the pump is installed.

A 20% margin may be added to this flow rate to allow for future extensions to
the system.

A pump catalogue may be consulted to choose a suitable unit.The operating
point can be super-imposed on the pump graph for pressure (head) against flow
rate in kg/s or I/s. It is best to choose a pump with the operating point near the
lower speeds or the bottom end of the performance curve so that the pump will
not be operating at its maximum capacity, thus allowing little room for error or
margin.

A typical pump sizing curve is shown below with a system operating point
superimposed on the curve.
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Operating point
Pressure (Pa) (kPa) or 4
Head (m)

Pump graph or curve
System

Pressure or head ---

»
»

Systersn Flow rate (I/s) or (kg/s)
flow
rate

Typical Pump Sizing Curve

Not all system operating points are directly on top of a pump graph or
curve as shown below.It would be best to choose a pump on the curve above the
operating point, i.e. Pump B since the output of both pressure and flow rate will
be slightly above that required and not below.

Pump A Operating point
Pressure (Pa) (kPa) or 4

Head (m)
3 Pump graphs or curves

System
Pressure or
head

»
»

System Flow rate (I/s) or (kg/s)
flow
rate

Typical Pump Sizing Curve - 3 Pumps
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Similarly if a pump has three speeds then three curves will be shown
above .It would be best to operate a pump at a lower speed if possible to prolong
the life of the pump and bearings. The diagram below shows a 3-speed pump
with the operating point between speed No.1 and No.2. The pump would then be
installed to run at speed No.2; this means that if the system is extended at a later
date the pump speed may be increased to accommodate this increase in flow rate
and pressure.

The pressure that should be developed by the pump should equal the
Pressure Drop in the Index Circuit.

The Index Circuit is the part of the system with the highest pressure drop.
Therefore:

Pump pressure =pressure drop in Index Circuit.
Add 20% margin to pump pressure to allow for future extensions and the
system getting less efficient. The designer must be careful when adding a
margin to pump pressure since too much pressure can lead to ‘pumping over’
in open systems and other problems.Some pump catalogues have units of head
instead of pressure.
For conversion;
Pressure (Pa) = density of water x acceleration due to gravity x head (m)

Or P=p x g x H

Where, Density of water (p) =1000 kg/m?.
Acceleration due to gravity (g) =9.81 m/s?.

Therefore;
H= P/ p x g=P/(1000 x 9.81)

H =P /9810

The flow rate of water that the pump delivers will be the flow rate in the section
in which the pump is installed.

A 20% margin may be added to this flow rate to allow for future extensions to
the system. A pump catalogue may be consulted to choose a suitable unit.
Smaller pumps can be in-line, that is, installed in the pipeline. Larger pumps
may be seated on a concrete base, these tend to be end suction pumps where the
water is sucked into the pump end and comes out at 90 degrees at the outlet.

The operating point can be super-imposed on the pump graph for pressure
(head) against flow rate in kg/s or I/s.
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It is best to choose a pump with the operating point near the lower speeds or the
bottom end of the performance curve so that the pump will not be operating at
its maximum capacity, thus allowing little room for error or margin.

Pumn in Parallel

Problem: Size the pipework for the water cooling system shown below, also
determine the pressure drops. The total lengths of the section are:

Section Length of Discharge Flow (m) Length of Return Flow(m)
1 16 6
2 6 6
3 6 16

Reducer

Check Valve

\

\ Expansion
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Solution:

Mt =(Q1+Q2+Q3) / (5.5*4.2) =0.91 kg/s

Now, we divided the pipe of water system into following sections:
Discharge Line:

Section (1)

Section (1) ; Mt=0.91kg/s
25 32
1.7 1

1600 380

Le (M) 0.9 1.3

Statue V.large AP | large AP

We will select pipe diameter =40mm for section (1)

Friction Loss for section (1) =180x16=2880 Pa

Dynamic Loss for section (1) =0.5(1000) (0.73)2 [2x1.2 Gate Valve +1.6 Tee

Branch +0.19 Gate Valve+2.5 Swing Check Valve +2.9 Reducer] =2555 Pa

Total Loss for section (1) =5435 Pa

D (mm)
V (m/s)
AP (pa/m)

40
0.73
180

1.5

Acceptable

Section (2)

Section (2) ; Mt=0.47kg/s
20 25

D (mm)
V (m/s)
AP
(pa/m)

Le (m) 0.7 0.9
Statue V. large AP large AP
We will select pipe diameter =32mm for section (2)
Friction Loss for section (2) =120*6=720 Pa
Dynamic Loss for section (2) =0.5(1000) (0.52)2 x [1.7 T.Branch+3.6 reducer]
=716.5 Pa

Total Loss for section (2) =1436.5 Pa

32
0.52

120

1.1
Acceptable

1500 480

Section (3)

Section (3) ; Mt=0.17kg/s

D (mm)

20

25

V (m/s)

0.54

0.33

AP (pa/m)

240

7.5

Le (m)

0.6

0.7

Statue

Acceptable

Low velocity
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We will select pipe diameter =20mm for section (3)

Friction Loss for section (3) =240*6=1440 Pa

Dynamic Loss for section (3) =0.5x (1000) x (0.54)2 x [2x1.7 Elbow +10
Global Valve ] =1953.72 Pa

Total Loss for section (3) =3393.72 Pa

Total Pressure Loss for Discharge Line =10265.22 Pa

Return Line:

Section (1)

D=20mm

Friction Loss for section (1) =240x6=1440 Pa

Dynamic Loss for section (1) =0.5x (1000) (0.54)? x [2x1.7 Elbow +6.1 Angle
Valve +0.9 T Line + 6.1 Expansion]= 2405.7 Pa

Total Loss for section (1) = 3845.7 Pa

Section (2)
D=32mm
Friction Loss for section (2) =120*6=720pa

Dynamic Loss for section (2) =0.5(1000) (0.52)2 (3.6 Expansion +0.9T Line)
=608.4 Pa
Total Loss for section (2) = 1328.4 Pa

Section (3)

D=40mm

Friction Loss for section (3) =180x16= 2880 Pa

Dynamic Loss for section (2) =0.5% (1000) x(0.73)2 x[2x1.2 Elbow + 0.19 Gate
Valve ]= 690.1055 Pa

Total Loss for section (3) =3570.1 Pa

Total Pressure Loss for Return Line =8744.2 Pa
Total Pressure Loss for Discharge & Suction Lines (Pump Capacity) =

8744.2 + 10265.2 = 19009.4 Pa
Pump Head (m) =19009.4 / (9.8*1000) =1.94 m
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