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Abstract

This study was performed in order to .Design the air conditioning system for assigned

office building, calculating the gains, sizing the air conditioning units, the ducts, and air

distribution.Comparing the air conditioning system between Czech republic and other

climate (Algiers city).

To have a better analyses, an intermediate design is requested, in this case the

intermediate design should be designing the building with European characteristics in

Algiers climate.

Making an analyses and discussing about how big are the differences, and what is the

similarities even with different climates and building characteristics.
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Symbols
Q total gains [W] Total heat gains
Q ext [W] external heat gains
Q int [W] Internal heat gains
n [-] number of occupant
a [-] Number of day
A wind [m²] surface of window
I [W/m²] intensity of radiation
s [-] Shading coefficient
Q ext wind rad [W] External heat gains through window by radiation
U wind [W/m².K] Heat transmittance coefficient of the window
To [°C] Outdoor temperature
Ti [°C] Indoor temperature
Q ext wind cond [W] External heat gain through the window by conduction
A wall [m²] Surface of the wall
U wall [W/m².K] Heat transmittance coefficient of the wall
T sol_air [°C] Sol air temperature
Q ext wall [W] External heat gain through the wall
A roof [m²] Surface of the roof
U roof [W/m².K] Heat transmittance coefficient of the roof
T roof [°C] External surface temperature of the roof
Q roof [W] External heat gain through the roof
V people [m3/h] Volume flow rate according to people
Q sensible [W] Sensible cooling
 [kg/m3] Density of air
V [m3/h] Volume flow rate according to people
C [J/kg.K] Specific heat capacity of air
T [K] Difference temperature
Q latent [kW] Latent cooling
h [kJ/kg] Difference of enthalpy
A pipe [m²] Surface of pipe
w [m/s] Velocity of air
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d [m] Diameter of pipe
P friction [Pa] Friction pressure losses
P local [Pa] Local pressure losses
λ [-] Dimensionless friction factor
 [-] Local coefficient loss
P total [Pa] Total pressure losses
R [Pa/m] Specific pressure drop
L [m] Length of pipe
Z [Pa] Local pressure losses
ID [W/m²] Direct solar radiation intensity
Id [W/m²] Diffuse solar radiation intensity
h [°] Elevation of the sun at a certain time of the day (solar angle)
ε [-] Emissivity
e [W/m².K] External heat transfer coefficient by convection
d [-] Transmissivity for diffuse radiation
D [-] Transmissivity for direct radiation
θ [°] Angle of incidence.
 [°] Latitude, the angular location north or south of the equator.
 [°] Declination, the angular position of the sun at solar noon.
 [°] Slop, the angle between the plane of the surface and the horizontal.
 [°] Surface azimuth angle.
 [°] Hour angle.
Q gain.light [W] Heat gain from light
A floor [m²] Area of the floor
l [kJ/kg] latent heat vaporization of water
x [kgv/kgda] Difference humidity ratio



10

Chapter I: Introduction

As the name suggests, air conditioning is air that has been conditioned to meet the

demand of the occupant in offices, houses, factories or every internal space.

The main function of an air conditioning system is to maintains and providing indoor

conditions at set temperature and humidity regardless of the country, and the season.

In this study, the work will be to design air conditioning system in three different outdoor

conditions:

 Design 1: Air conditioning system in Prague, Czech Republic, for a building with
Czech building envelope.

 Design 2: Air conditioning system in Algiers, Algeria , for a building with Czech
building envelope.

 Design 3: Air conditioning standard in Algiers, Algeria, for a building with Algerian
building envelope.

To make the analyses easy and proper one, the study will use the same building shape,

same architecture plans in the three designs, facing North East, South East and South

West.

Plan of the building in 8th floor
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Plan of the building in 7th floor

Side view of the building ( 7th and 8th floors )

The purpose of this study is to see how big is the difference of the design of air

conditioning for offices between two totally different climates, and two different

materials using in building.

The design of the air conditioning of a building requires to follow some methods,

procedures and steps of calculation, taking in account the climate data, indoor conditions,

and building characteristics.
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So for this study the indoor conditions are the same for the three designs:

Internal temperature = 25°C,

Indoor humidity = 30% - 70%.
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Chapter II: Design of air conditioning

Introduction
The beginning of the study is to define most and main steps and basics of calculations and

pre-calculations for an air conditioning design for a general system.

Indoor conditions
Maintaining this standard of thermal comfort for occupants of buildings or other

enclosures is one of the important goals of HVAC design engineers, in order to meet the

satisfaction of the occupants, in terms of temperature and humidity, in the other hand

thinking also about to do not spend so much energy, trying to have a balance between

meeting the target of the human thermal satisfaction, and energy consumption.

For this study, the proper temperature set for summer indoor conditions is 25 °C and

between 30% and 70% of relative humidity.

Outdoor conditions
Changing from a location to another one, climatic conditions, are set with measurement

using bulb thermometer, the both temperatures dry bulb temperature and wet bulb

temperature, using these both temperature on a psychrometric chart, the outdoor

condition will be setted.
This is an example of how to get
outdoor temperature and relative
humidity, The thermometer shows
that the wet bulb temperature is
on 22°C, and dry bulb
temperature on 36°C,
The first point as its name is
defined, the wet temperature in
100% of humidity,
As we know it is an adiabatic
transformation ( same enthalpy)
h=0, so our outdoor conditions
is the state having the dry
temperature and same enthalpy
as wet point.
Outdoor conditions:
To = 36°C
0=30% of relative humidity

http://en.wikipedia.org/wiki/HVAC
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Building envelope, and heat transmittance coefficient
For any design of heating in winter or cooling in summer, every HVAC designer must

take in consideration the insulation, it means the amount of heat losses/gains through the

materials ( walls, roofs, windows, ), and this is highly depending on the thermal

transmittance coefficient “U”, which is in his turn also depends on three main parameters,

outdoor heat transfer coefficient by convection, heat transfer coefficient by conduction,

and indoor heat transfer coefficient by convection.

In other terms, the thermal transmittance coefficient is the rate of transfer of heat through

one square meter of a structure divided by the difference in temperature across the

structure.

Shading
The use of external shades has been well promoted by many architectural books as

essential solution to energy efficiency and thermal comfort in tropical climate.

Meanwhile, improvement in glazing technologies has enable buildings to be built today

without the use of external shading devices while complying with respective countries

energy code. In addition, there exist internal shading devices in the market that claims to

reduce solar heat gain in building.

Different type of shading [1]
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Type of shading [2]

Shading coefficient

The shading coefficient is a value that determines one type of thermal performance of a

glass unit in a building.

It is basically the ratio of solar gain (due to direct sunlight) passing through a glass unit to

the solar energy which passes through 3mm Clear Float Glass. It is referred to as an

indicator to how the glass is thermally insulating (shading) the interior when there is

direct sunlight on the panel or window.

It is known to designer that the Shading coefficient value plays a significant role in the

selection of glass, specially at high-temperature areas. Usually at those areas, low

Shading coefficient is needed to lower the solar heat gain through the glass. It works with

the direct sunlight.

Solar transmissivity through the glazing
A Solar radiation on a wall is not really equal to a solar radiation on a window, and this is

due to the reflectivity of the glazing, it means that a part of the solar radiation will be

http://en.wikipedia.org/w/index.php?title=Thermal_performance&action=edit&redlink=1
http://en.wikipedia.org/wiki/Glass
http://en.wikipedia.org/wiki/Building
http://en.wikipedia.org/wiki/Solar_gain
http://en.wikipedia.org/wiki/Thermal_insulation
http://en.wikipedia.org/wiki/Shade_(shadow)
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reflected and other will be absorbed and the third one will be transmitted.So the

designer must calculate the amount of the solar radiation transmitted into the indoor area.

For a proper and good calculation of the transmitted solar radiation, designers have to

split the calculation for a transmissivity for the direct solar radiation and the second one

for the diffuse solar radiation ( which is a constant value 0.82 ) which it is as simple as

82% of the diffuse radiation is transmitted to the indoor place.

However, some of solar angels and angel of direction of the beam are required to have the

value of the solar radiation intensity.

The equation relating the angle of incidence of beam radiation on a surface, θ, to the

other angles are:








sinsinsincos
coscossinsincos

coscoscoscos
cossincossin
cos.sin.sincos








Where:

 : Latitude, the angular location north or south of the equator.

 : Declination, the angular position of the sun at solar noon.

 : Slop, the angle between the plane of the surface and the horizontal.

 : Surface azimuth angle.

 : Hour angle.

 : Angle of incidence.

The declination  can be found from the equation of Cooper (1969):

)
365

284360sin(45.23 a


Where :

a : the day of the year
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However, the coefficient of transmissivity is highly depending on the solar direction

angle (), and it can be calculated as follows:

)
100
(

5

4.187.0


 D

82.0 d

Where:

 D : Coefficient of transmissivity of direct beam.

 d : Coefficient of transmissivity of diffuse beam.

 : Incident angel of the sun.

Solar intensity radiation
The solar intensity radiation is composed by the direct beam radiation; is also

sometimes called "beam radiation", It is used to describe solar radiation traveling

on a straight line from the sun down to the surface of the earth. and the diffuse

radiation, describes the sunlight that has been scattered by molecules and

particles in the atmosphere but that has still made it down to the surface of the

earth.

Solar radiation [3]



18

The solar intensity is primordial for any design of Air conditioning system in such a

building or space, in order to know the amount of external heat gains getting inside the

space, using directly the value of the intensity to calculate the amount of heat gain

through the wall or the glass of window for example, just without forgetting the

transmissivity coefficient in order to know the exact amount of heat gain through the

glazing.

However, the position of the sun in a certain time of the day and year is required and

important (solar altitude, solar azimuth, surface azimuth, declination, localization, day

and time of the day), not only for the solar radiation intensity on its self but also know to

get solar direction, in order to calculate the exact amount of heat from the Direct beam,

and also to calculate the transmissivity coefficient,

The best way to have the values of the solar radiation intensity is measurement from

competent authorities. However, there are some models and programs, to get a good

approximation of the solar radiation intensity.

However, the intensity mentioned is the solar radiation intensity on walls/roofs, which is

different from the solar radiation intensity on a window(glass), and this is due to

absorptivity and the reflectivity of the glazing, i means that not all the amount of the

intensity radiation is getting inside, this is why designer must calculate the coefficient

of transmissivity if the glass to know the exact amount of heat.

And finally the solar radiation intensity on a window is calculated as:

 ddDDglass III 

Where:

I D : Solar direct beam.

I d : Diffuse radiation.

 D : Coefficient of transmissivity of direct radiation.

 d : Coefficient of transmissivity of diffuse radiation.
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Sol_air temperature

The sol-air temperature is defined as the outside air temperature which, in the absence of

solar radiation, would give the same temperature distribution and rate of heat transfer

through a wall (or roof) as exists due to the combined effects of the actual outdoor

temperature distribution plus the incident solar radiation.

The concept undoubtedly facilitates predictions of transient and periodic heat flows

through building structures.

Thus many organization and institutions recommend the use of sol-air temperatures

whose values have been appropriately listed for various conditions, e.g. physical location

and time of year (and hence incidence angle for the solar radiation).




e
oairsol

ITT .
_ 

Where:

ε : the emissivity.

I : the intensity.

e : the external heat transfer coefficient by convection.

To : the outdoor temperature.

Heat gains

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.
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Heat gains [5]

The figure above shows some typical heat gains in a space.

Internal heat gains
Heat gains from occupants
Each Human body is producing at any time heat, depending on the activity done by the

human (Sleeping, seated quietly, walking slowly, medium work, heavy work), and for one

people seated quietly, his body produces 100 Watt as total, where 70 Watt are sensible

heat and 30 Watt are latent ( respiration, transpiration from skin and so on)

Every HVAC designer should establish a repartition of occupants in a space, and this

depends on the purpose of the space or room made for (meeting room, study room,

simple room).

One way to have the number of occupant is to fix for simple room, each occupant needs

10m², and for meeting/study room, each occupant needs 3m²
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Heat gains from computers
As an electronic system, computers also produce heat, which is averaged around 150 Watt

each.

So simply, to define and fix the number of computers in a space, the principle is each

occupant uses and needs one computers, so the number of computers is the same numbers

of occupants.

Heat gains from lights
The light from lamps also produce heat, in general, the amount of heat gain produced by a

lamp (light), is equal to power of the lamp for example a lamp of 100 Watt, produces 100

Watt of heat. However, for a proper calculation of the exact heat produced by a lamp

(light).

The heat gained from lights in a modern office or production area may be of an

significant amount. Heat emitted to the room depends on:

 preferred light level in the room

 type of lights and their construction

 location of the light equipment

The preferred light level in a room depends primarily on the type of activity. For common

office work the level may be in the range of 500 - 1000 lux.

 The lux is the Is unit of illuminance and luminous emittance - measuring luminous
flux per unit area.

The heat gains from te light can be calculated as it follows:

AI
Q floor

sre
lightgain

b *
. 



Where:

Q gain.light : installed electric power (W)
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b : recommended light level (lux, lumen/m2, lm/m2)

ηe : light equipment efficiency

ηr : room lighting efficiency

ls : emitted light from the source (lumen/W, lm/W)

A floor : Area of the floor (m²)

This calculation is not always necessary, designers can use directly some approximations

like for modern lights, they produce from 9 to 20 Watt/m² floor area.

External heat gains
Heal gains from the sun can lead to increase the internal temperature beyond the limits of

comfort.

So it is necessary to determine the amount of solar radiation transmitted into buildings

through: windows, walls, roof.

In other terms, the external heat gains are simply every heat coming from the sun, it

means solar radiation, heat conduction through wall, and heat conduction through glass

due to temperature difference between outside and inside.

External heat gains [6]

http://www.engineeringtoolbox.com/light-level-rooms-d_708.html
http://www.engineeringtoolbox.com/light-level-rooms-d_708.html
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Heat gain through Walls and roof
As simple as the heat gain through the envelop building (wall and roof) is the transfer of

heat from outdoor to indoor via the solid (wall/roof), by heat transfer by conduction

between the two temperature external surface temperature and internal surface

temperature of the wall/roof, these two values (surfaces temperatures) are not really easy

to get. However, there is another way how to calculate the heat gain through the wall/roof,

which is to use the sol_air temperature and the overall thermal transmittance coefficient

(External and internal heat transfer coefficient by convection and heat transfer coefficient

by conduction).

The calculation is as it follows:

)( _. TTUAQ iairsolwallwallwallgain


Where :

A wall : Surface of the wall.

U wall : overall thermal transmittance coefficient of the wall.

T sol_air : Sol_air temperature.

Ti : Indoor temperature.

)( _. TTUAQ iairsolroofroofroofgain


Where :

A roof : Surface of the roof.

U roof : overall thermal transmittance coefficient of the roof.

T sol_air : Sol_air temperature.

Ti : Indoor temperature

Very important : to mak these equation of the heat gains through walls/roofs available,

we assume that the building is made and constructed with thin and modern material

without delay of heat transfer (it means that the heat transfer from external surface to

internal will not take so much time).
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Heat gain through Window by conduction
The heat gain through the window as a material is the amount of heat transferred by

external and internal convection and heat transferred by conduction between outdoor and

indoor temperature:

Its calculation:

)(
. TTUAQ iowindowwindowwindowgain



Where:

A window : surface of window.

U window : thermal transmittance coefficient

Ti : Indoor temperature

To : Outdoor temperature

Heat gain through Window by radiation
It is the amount of heat transferred from outside to inside through the glazing by radiation

depending on the transmissible solar radiation intensity, and the surface of the glass.

Usually, to reduce the amount of heat gain, designers, include a shading coefficient

( external, internal, shading in glass).

Its calculation:

sIAQ glasglazinggain
**

.


Where:

A wind : surface of window.

I : Solar intensity radiation.

s : Shading coefficient.
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Ventilation rate (Volume flow rate)

The ventilation rate procedure provides prescriptive rates, usually on the basis of outdoor

air per occupant and unit area of floor, for an array of applications. Unless unusual

pollutants are present, these rates are intended to produce acceptable indoor air quality.

The basis for the occupancy ventilation rates is an underlying minimum outdoor airflow

per occupant as a means of controlling CO2 to a concentration of 1000 ppm. Although

CO2 per se is not a contaminant of concern at this low concentration, it is an easily

measurable surrogate for other contaminants, such as body odors.

The indoor air quality procedure offers an analytic alternative, allowing the designer to

determine the ventilation rate based upon knowledge of the contaminants being generated

within the space and the capability of the ventilation air supply to limit them to

acceptable levels.

Pettenkofer criterion, CO2 concentration in indoor environments informs about quality of

ventilation with limit concentration equal to 0.1%.Volume = 1000ppm, so the amount of

fresh air per person required is 25 m3/h.

Keeping a good and healthy environment for people, we set that each occupant needs

around 50m3/h.

Air handling unit
Often abbreviated to AHU, is a device used to condition and circulate air as part of a

heating, ventilating, and air-conditioning (HVAC) system. An air handler is usually a

large metal box containing a blower, heating or cooling elements, filter racks or chambers,

sound attenuators, and dampers. Air handlers usually connect to a ductwork ventilation

system that distributes the conditioned air through the building and returns it to the AHU.

Sometimes AHU’s discharge (supply) and admit (return) air directly to and from the

space served without ductwork.

http://en.wikipedia.org/wiki/HVAC
http://en.wikipedia.org/wiki/Air_handler#cite_note-ASHRAE-1
http://en.wikipedia.org/wiki/Fan_(mechanical)
http://en.wikipedia.org/wiki/Air_filter
http://en.wikipedia.org/wiki/Duct_(HVAC)
http://en.wikipedia.org/wiki/Ventilation_(architecture)
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Big Air handling unit [7]

Small unit with rotating heat recovery [8]
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Air handling unit designed from CIC [9]

Cooling coil capacity
Is the measure of a cooling system's ability to remove heat, and dehumidification,

designing cooling load is the amount of heat energy to be removed from a house by the

HVAC equipment to maintain the house at indoor design temperature. There are two

types of cooling loads:

 sensible cooling load

 latent cooling load

The latent load as well as the sensible load must be calculated.

TcVQ coolingsensible
 ***

_


http://en.wikipedia.org/wiki/Cooling_system
http://en.wikipedia.org/wiki/Heat
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Where:

Q sensible : [W] Sensible cooling.

 : [kg/m3] Density of air.

V : [m3/h] Volume flow rate.

C : [J/kg.K] Specific heat capacity of air.

T : [K] Difference temperature

Without condensation (dry cooling), the

temperature on a cooling surface is above

or equal to the dew point temperature →

tc > tdp. As shown in the figure.

Q sensible = .V.c.( t1-t2)

Q latent = 0

Q cc = .V.(h1-h2) = .V.c.( t1-t2)

Cooling without condensation [10]

We can determine the the latent cooling coil, which how is the difference of the humidity

ratio, between two stats.

And it can be calculated as :
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xlVQ coolinglaent
 ***

_


Where:

Q latent : [kW] Latent cooling

 : [kg/m3] Density of air

V : [m3/h] Volume flow rate

l : [kJ/kg] latent heat vaporization of water

x : [kgv/kgda] Difference humidity ratio

Dehumidifying moist air, the temperature

on a cold surface is lower than the dew

point temperature → tc < tdp As shown in

the figure, here we see the cooling with

dehumidifying, it means Q latent ≠ 0,

So the cooling coil capacity is as simple

as equal to:

Q cc = .V.(h1-h2)

Air cooling Dehumidifying moist air [11]
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So the total heat flow rate through the cooling coil is :

)(**)***()***( hVxlVTcVQQQ latentsensiblecc
 

Where :

 : [kg/m3] Density of air.

V : [m3/h] Volume flow rate.

h : [kJ/kg] Difference of enthalpy.

In such a system of air conditioning using an air handling unit and indoor unit, the

designers must take into consideration the two cooling capacities of the AHU and the

unit.

Air distribution

An air conditioning duct is a type of pipe or tunnel that is used to distribute air throughout

a structure. Systems of ducts, known as ductwork, are a central component of a building's

heating, ventilation, and air conditioning (HVAC) system.

In most systems, only one set of ductwork is present, which is used to transport cool air in

the summer and heated air in the winter, along with as air required for general ventilation

needs. Air conditioning duct is used only with central air units, and is not required for

homes that rely on split systems or ductless air conditioning.

One way how the fresh air and exhaust also air is distributed via ducts and pipes as

shown in figure below:

http://www.wisegeek.com/what-is-ductwork.htm
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system pipe distribution [12]

In most systems, only one set of ductwork is present, which is used to transport cool air in

the summer and heated air in the winter, along with as air required for general ventilation

needs. Air conditioning duct is used only with central air units, and is not required for

homes that rely on split systems or ductless air conditioning.

Generally at the time of designing an air conditioning duct system, the required airflow

rates are known from load calculations. The location of fans and air outlets are fixed

initially. The duct layout is then made taking into account the space available and ease of

construction. In principle, required amount of air can be conveyed through the air

conditioning ducts by a number of combinations. However, for a given system, only one

set results in the optimum design.
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In other terms, in air conditioning systems the ‘duct’ is considered a static component of

the installation through which air flows within the building, connecting all parts of the

system and via which used or exhaust air is discharged.

Air velocity in the duct/pipe:

Low air velocity affects the ability of a conventional HVAC system to maintain

uniformity of temperature throughout the occupied zone and to dilute contaminants

generated within that zone. Occupant comfort has been reported to suffer as a

consequence of low total supply airflow in a space, even when the space temperature is

well inside the comfort envelope. Because of this, many designers have adopted a

minimum total supply airflow for office applications of 9 to 11 m/s for directly from the

outlet of the air handling unit, from 6 to 8 m/s for the main duct or pipe distribution, and

from 4 to 6 m/s for secondaries pipe/duct to rooms.

Duct/pipe dimensions

The length of the pipe installation is arbitrary depending on the architecture plans, and on

the installation, so the designer must know how beforehand how the pipe system will be.

The way how the air circulates in both cases (circular pipe or rectangular duct) have the

same design point of view calculations.

Where the principle is :

wdwAV *
4
**

2


*
*4

w
Vd 

Where:

V: volume flow rate.

A pipe : surface pipe.

w : velocity.
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For installation with rectangular duct, the calculation of the design uses the same formula

just instead of d (diameter of pipe) will be d equivalent (for rectangular duct). However, there

are methods based to determine the equivalent diameter (pressure method, velocity

method....) this below is based on velocity method.

Where:

perimeter
surfaced equivalent

*4


Diffusers and indoor units

The way to choose the right and proper distribution air to the room depends highly of

the cooling coil capacity, and pressure losses.

So after calculating the demand of cooling capacity, the designer sets the proper system

supplying the fresh air to the place (split system for example).

Some figures of diffusers and indoor units:

Grill diffusers [13]

Nozzle [14]
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Indoor unit [15]

Mitsubishi products [16]

Pressure losses
A pressure loss (drop) is the pressure difference that exists between points in a fluid

carrying network. This occurs when flow resistance resulting in frictional and local

forces acts on the fluid while it is flowing through a tube.

Defined as Local pressure losses and Friction pressure losses,

2

2wp d
l

friction



2

2wplocal


Where:

P friction : [Pa] Friction pressure loss.

P local : [Pa] Local pressure loss.
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L : [m] length of the pipe.

d : [m] diameter of pipe.

w : [m/s] velocity of the fluid.

 : [kg/m3] density of the fluid.

λ : [-] dimensionless friction factor.

 : [-] local coefficient loss.

Usually, designers don't use these formulas to calculate pressures losses in a system,

because producers of HVAC equipment always offer charts of pressures losses already

calculated.

ZlRptotal
 *

Where:

R : [Pa/m] specific pressure drop.

L : [m] length of pipe.

Z : [Pa] local pressure losses.
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Chapter III: Design air conditioning in Prague with Czech
building envelope

Introduction
This chapter will show how is the design of the building offices in Prague capital of

Czech republic, following the procedure mentioned in previous chapter, we will see more

details in designing an air conditioning, which are very important and primordially, to

have such as proper design in order to rich the indoor conditions wanted ( 25 °C ,

30%-70% humidity ).

Outdoor conditions
Wet bulb temperature: 20.6 °C

Dry bulb temperature: 32 °C

Adiabatic ( h=0 )

Outdoor condition
using the H_X
diagram,

T0= 32 °C
 0= 36 % of relative
humidity.

Building envelope, and heat transmittance coefficient
As mentioned before, for any design of heating in winter or cooling in summer, every

HVAC designer must take in consideration the insulation, it means the amount of heat

losses/gains through the materials ( walls, roofs, windows, ), and this is highly depending

on the thermal transmittance coefficient “U”, which is in his turn also depends on three

main parameters, outdoor heat transfer coefficient by convection, heat transfer

coefficient by conduction, and indoor heat transfer coefficient by convection.
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The U value can be calculated, but for this study, it is easy to take directly the value from

the construction calculation done before by the engineers and architects.

Table: values of the overall heat transmittance coefficient
U ( W/m².K)

Wall 0.3
Roof 0.2
Window 1.2

Shading / shading coefficient

Using an internal shading devices that claims to reduce solar heat gain in building,

Picture showing internal shading in an office [17]



38

With a shading coefficient equal to 0.6 which means that 60 % of the solar beam is

getting inside the area through the glazing.

Solar intensity radiation
The best way to have the values of the solar radiation intensity is to measure it.

However, there are some models and programs, to get a good approximation of

the solar radiation intensity.

However, for each side of the wall, has a exact time of the day where the intensity

is on the maximum, for example, on the 15th of August, a wall facing north east at

10:00 has a total solar intensity equal to 780 W/m², contrarily to the wall facing

south west at 16:00 with 536 W/m², all these mean that intensities are different

from side facing and the hour of the day which is normal, in the morning the wall

facing the east have more solar intensity than those facing the west.

So each value of the solar intensity below is for a certain time of the day.

Table: solar intensity on walls/roofs for Prague for the North east, South East, South West,
and horizontal sides:

I tot_wall (W/m²) Ib (W/m²) Id (W/m²)
North.East 780.3 715.8 64.5
South.East 553.8 491.9 61.9
South.West 536.3 452.7 83.6
horizontal 914
Where:

ID : Direct radiation.

Id : Diffuse radiation.
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Solar transmissivity through the glazing
To have a great and proper design, the designer must think about the real amount of light

( heat) getting into indoor place through the glazing, and this in other terms is the value of

the coefficient of transmissivity which depends on the incident angle of the sun ().

As mentioned before the solar intensity on a wall is not equal to the solar intensity

through the glazing.

So the intensity through the glass is

 ddDDglass III 

Where:

I D : Solar direct beam.

I d : Diffuse radiation.

 D : Coefficient of transmissivity of direct radiation.

 d : Coefficient of transmissivity of diffuse radiation.

Table: solar intensity on windows for Prague for the North east, South East, South West,

and horizontal sides:

I window (W/m²)
North.East 647.0
South.East 454.1
South.West 439.8
Horizontal

Sol_air temperature
The sol-air temperature is defined as the outside air temperature which, in the absence of

solar radiation, would give the same temperature distribution and rate of heat transfer

through a wall (or roof) as exists due to the combined effects of the actual outdoor

temperature distribution plus the incident solar radiation.
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Table: Sol air temperature for Prague:

T sol air (°C)
North.East 51.5
South.East 45.8
South.West 45.4
horizontal 54.9

Heat gains

Internal gains
As defined in the previous chapter, the internal heat gains are every heat produced by the

occupants, computers, and lights mostly.

For this design, the approximation of sensible heat produced by all these is:

Occupant = 70 Watt

Computer = 150 Watt

Light = 10 W/m² floor.

Now, we must have total number of occupant and in he same way number of the

computers. For this the approximation is :

In simple room, each occupant needs 10m².

Study/meeting room, each occupant needs 3m².

For each occupant a computer.

For example, for the room 8.01 which is a simple room:

Floor area (m²) Number (computers/occupants) Q int.gains (kW)

Occupant - 2 (2*70)/1000

Computer - 2 (2*150)/1000

Light 16.8 - (17*10)/1000

Total gain 0.61



41

Room 7.44, meeting/study room:

Floor area (m²) Number (computers/occupants) Q int.gains (kW)

Occupant - 10 (10*70)/1000

Computer - 10 (10*150)/1000

Light 29 - (29*10)/1000

Total 2.49

External gains
The external heat gains are simply every heat coming from the sun, it means solar

radiation, heat conduction through wall, and heat conduction through glass due to

temperature difference between outside and inside.

As mentioned in the previous chapter, the calculation of the external heat gains is the

sum of heat gains through the walls+roofs+windows+glazing of window.

Where:

Heat gain wall )( _. TTUAQ iairsolwallwallwallgain


Heat gain roof )( _. TTUAQ iairsolroofroofroofgain


Heat gain wind.cond )(
.. TTUAQ iowindowwindowconductionwindowgain



Heat gain wind.rad sIAQ windowradiationwindowgain
**

..


For the room 8.01:

A U T s_a T i T o I s Q ext.gains

m² W/m².K °C °C °C W/m² - kW

Wall 4.08 0.3 45.4 25 - - - 0.0253

Roof 17 0.2 54.9 25 - - - 0.1003

Wind.cond 3.6 1.2 - 25 32 - - 0.0302

Wind.rad 3.6 - - - - 440 0.6 0.950

Total 1.11

Where:

A : Surface of the wall/roof/window.

U : overall thermal transmittance coefficient .
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T sol_air : Sol_air temperature.

Ti : Indoor temperature.

To : Outdoor temperature

I : Solar intensity radiation.

s : Shading coefficient.

The total heat gains for the room 8.01 is the sum of the two heat gains ( internal and

external ), and it is equal to:

Q gains (kW)

Internal heat gains 0.61

External heat gains 1.11

Total heat gains 1.72

Ventilation rate
Keeping a good and healthy environment for people, we set that each occupant needs

around 50m3/h, which the required volume flow rate per person.

Still in the room 8.01

Room Number occupant V0 (m3/h.person) V (m3/h)

8.01 2 50 100

The ventilation rate is very important, it leads to know how much people needs fresh air,

and so how much fresh air the Air handling unit must supply.
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Rooms Number occupant V 0 V
- m3/h.occupant m3/h

7.21 & 8.24 9 50 450

7.22 & 8.25 9 50 450
7.23 & 8.26 9 50 450
7.24 & 8.13 9 50 450
7.25 & 8.14 9 50 450
7.26 & 8.29 9 50 450

7.01 2 50 100

7.31 3 50 150
7.44 10 50 500
7.39 & 7.40 10 50 500
7.41 & 7.34 10 50 500
7.30 8 50 400

8.01 2 50 100

8.32 3 50 150
8.42 20 50 1000
8.40 & 8.35 10 50 500

8.31 8 50 400

Total 7000

Air handling unit
Using the software AHU Select version 5.5, the design of the AHU type HL10 needs

some components for this study and will be the same for the three designs and will not

change due to the same ventilation rate and indoor conditions.

However, using the software, the design of the AHU with components hot water heater,

water cooler, rotary heat recovery, filter in inlet and filter in exhaust, fan in supply and

fan in exhaust.
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Air handling unit designed for this study

With a cooling coil capacity calculated using directly the H_X diagram from C.I.C, using

a refrigerant (cold temperature equal to 3°C)
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Where:

Point 1: Outdoor condition.

Point 2: Supply fresh air from air handling unit.

As shown above in the red case, the total cooling coil capacity for the hole offices is 25.4
kW, ( the minus is just to show that is a cooling mode)

Indoor unit cooling coil capacity
The determination of the amount of energy in kilowatt in order to remove the heat

called cooling coil capacity can be calculated manually using:

)(**)***()***( hVxlVTcVQQQ latentsensiblecc
 

Where :

 : [kg/m3] Density of air.

V : [m3/h] Volume flow rate.

h : [kJ/kg] Difference of enthalpy.

However, for this study, using directly the H_X diagram from C.I.C is easier and simple, to

determine the proper cooling capacity and the final indoor condition.
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After calculating the heat gains (sensible gains) for each area (room), the designer should

use this data in order to get approximately the supply temperature, and also which

indoor unit will be the proper one for room.Because in standard of Mitsubishi for

example indoor unit are shown with total cooling capacity, we assume with this

approximation that total cooling capacity is sensible + 30% of sensible heat. ( just to

determine which indoor unit are we going to use)

Also in this design, we assume the fresh air in the pipe coming from the AHU is directly

connected to the indoor unit, so to determine the cooling coil capacity for the indoor

unit starts from the supply AHU condition.

With out forgetting the mixing of air between the fresh air from AHU and the air already

present in the room.

For the room 8.01:

Room Sensible heat V fresh air Sensible+30% Indoor unit V indoor unit

kW m3/h kW - m3/h

8.01 1.71 100 2.2 Mitsubishi 570

Now, using the H_X diagram from C.I.C, the determination of the cooling capacity for

the room 8.01:
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Where:

Point 1: Supply air from the AHU.

Point 2: Indoor desired condition.

Point 3: Mixing between the fresh air from AHU and the air present in the room.

Point 4: Supply air from indoor unit.

Point 6: Real indoor condition giver by this indoor unit.

Finally from this graph and the table giver with the graph, we have the exact amount of

cooling capacity for the room 8.01 which is 2.1 kW (on the table in the red case, and the

minus just means that is a cooling not heating).

Because of using a refrigerant, it means that the cold temperature is 3°C for all indoor

units, and the supply conditions air from AHU is the same for all the rooms, calculating

all the cooling capacities for all rooms is not necessary, just knowing the ratio of the total

cooling capacity and the sensible, which is equal to 1.23, it means that the latent cooling

is 23% of sensible one.Which is available for all indoor units cooling capacities.
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Air distribution
How the fresh air is distributed is important but not so much complicated, as mentioned

before, there are two type of mean of distribution, ducts and pipes. For this study the

proper installation will be with circular distribution ( pipes) and this is due to:

_There is enough space (because pipes take more space than ducts in the room).

_Lower losses comparing to the duct distribution.

A small part from the air handling unit to the main pipe, with short length has a air

velocity around w = 10 m/s, with the total volume flow rate.

Main pipes: will be the pipes in the corridors which will distribute through other

secondary pipes into the rooms, with air velocity w = 6 m/s.

Secondary pipes: are the small pipes from the main pipe in the corridor to the indoor unit,

with air velocity w = 4 m/s.

As soon as the volume flow rate is known, the calculation of the diameter is easily

calculated:

wdwAV *
4
**

2


*
*4

w
Vd 

Where:

V: volume flow rate.

A pipe : surface pipe.

w : velocity.
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Table: Diameter of pipe distribution

Room Main pipe Secondary
m m

7.21 & 8.24

0.399

0.200

7.22 & 8.25 0.200

7.23 & 8.26 0.200

7.24 & 8.13 0.200

7.25 & 8.14 0.200

7.26 & 8.29 0.200

7.01

0.356

0.094

7.31 0.115

7.44 0.210

7.39 & 7.40 0.210

7.41 & 7.34 0.210

7.30 0.188

8.01

0.356

0.094

8.32 0.115

8.42 0.297

8.40 & 8.35 0.210

8.31 0.188

Indoor unit

As arbitrary as it is, the choice of the indoor units should match with the Cooling coil

capacity, however, for this case we took the Mitsubishi.

Mitsubishi
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Pressure losses
A pressure loss (drop) is the pressure difference that exists between points in a fluid

carrying network. This occurs when flow resistance resulting in frictional and local

forces acts on the fluid while it is flowing through a tube.

Usually, designers don't use these formulas to calculate pressures losses in a system,

because producers of HVAC equipment always offer charts of pressures losses already

calculated.

However, designers must know the main pipe ( not especially the longest ), in order to get

the total pressure losses.

The values of the specific pressure drop, and the local pressure losses are taken from

pressure chart, so according to the the installation of the pipes (distribution) and pressure

charts from Appendix A7

ZlRptotal
 *

Where:

R : [Pa/m] specific pressure drop.

L : [m] length of pipe.

Z : [Pa] local pressure losses.

Table: Pressure losses

Pipe
number length (m) R (Pa/m) P friction (Pa)

P local
(Pa)

Total pressure
loss (Pa)

1 2 1.5 3.0 83 86

2 22 1.0 22.0 65 87

4 8 1.0 8.0 1.2 9.2

6 7.5 1.0 7.5 1.2 8.7

8 5 1.0 5.0 1.2 6.2

10 5 1.0 5.0 16.2 21.2

12 5 1.0 5.0 16.2 21.2

13 2 1.0 2.0 40.0 42

Total 285.1
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Chapter IV: Design air conditioning in Algiers with Czech
building envelope

Introduction

This chapter will show how is the design of the building offices in Algiers capital of

Algeria, following the procedure mentioned in previous chapter, we will see more details

in designing an air conditioning, which are very important and primordially, to have such

as proper design in order to rich the indoor conditions wanted ( 25 °C , 50% humidity ).

Outdoor conditions
Wet bulb temperature: 22 °C

Dry bulb temperature: 36 °C

Adiabatic ( h=0 )

Outdoor condition
using the H_X
diagram,

T0= 36 °C
 0= 30 % of relative
humidity.

Building envelope, and heat transmittance coefficient
As mentioned before, for any design of heating in winter or cooling in summer, every

HVAC designer must take in consideration the insulation, it means the amount of heat

losses/gains through the materials ( walls, roofs, windows, ), and this is highly depending

on the thermal transmittance coefficient “U”, which is in his turn also depends on three

main parameters, outdoor heat transfer coefficient by convection, heat transfer

coefficient by conduction, and indoor heat transfer coefficient by convection.

Because in this chapter, the design is for the same building ( same envelope ), the overall

heat transmittance coefficient will not change.
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Table: values of the overall heat transmittance coefficient
U ( W/m².K)

Wall 0.3
Roof 0.2
Window 1.2

Shading / shading coefficient
Using an internal shading devices that claims to reduce solar heat gain in building, with a

shading coefficient equal to 0.6 which means that 60 % of the solar beam is getting inside

the area through the glazing.

Solar intensity radiation
The best way to have the values of the solar radiation intensity is to measure it.

However, there are some models and programs, to get a good approximation of

the solar radiation intensity.

However, for each side of the wall, has a exact time of the day where the intensity

is on the maximum, for example, on the 15th of August, a wall facing north east at

10:00 has a total solar intensity equal to 808.2 W/m², contrarily to the wall facing

south west at 16:00 with 582.7 W/m², all these mean that intensities are different

from side facing and the hour of the day which is normal, in the morning the wall

facing the east have more solar intensity than those facing the west.

So each value of the solar intensity below is for a certain time of the day.

Table: solar intensity on walls/roofs for Algiers for the North east, South East, South West,

and horizontal sides:

Itot_wall (W/m²) Ib (W/m²) Id (W/m²)
North.East 808.2 729 79.2
South.East 595.9 516.4 79.5
South.West 582.7 487.4 95.3
horizontal 997
Where:

ID : Direct radiation.

Id : Diffuse radiation.
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Solar transmissivity through the glazing
To have a great and proper design, the designer must think about the real amount of light

( heat) getting into indoor place through the glazing, and this in other terms is the value of

the coefficient of transmissivity which depends on the incident angle of the sun ().

As mentioned before the solar intensity on a wall is not equal to the solar intensity

through the glazing.

So the intensity through the glass is

 ddDDglass III 

Where:

I D : Solar direct beam.

I d : Diffuse radiation.

 D : Coefficient of transmissivity of direct radiation.

 d : Coefficient of transmissivity of diffuse radiation.

Table: solar intensity on windows for Algiers for the North east, South East, South West,

and horizontal sides:

I window (W/m²)
North.East 670.0
South.East 478.3
South.West 468.1
Horizontal -

Sol_air temperature
The sol-air temperature is defined as the outside air temperature which, in the absence of

solar radiation, would give the same temperature distribution and rate of heat transfer

through a wall (or roof) as exists due to the combined effects of the actual outdoor

temperature distribution plus the incident solar radiation.
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Table: Sol air temperature for Prague:

T sol air (°C)
North.East 56.2
North.East 50.9
South.West 50.6
Horizontal 60.9

Heat gains

Internal gains
As defined in the previous chapter, the internal heat gains are every heat produced by the

occupants, computers, and lights mostly.

Because there is no difference of number of occupant, and floor are ( same building ), the

internal heat gains are exactly the same as calculated previously in Chapter III,

So the internal heat gains are for the rooms 8.01 and 7.44:

Floor area (m²) Number (computers/occupants) Q int.gains (kW)

Occupant - 2 (2*70)/1000

Computer - 2 (2*150)/1000

Light 16.8 - (17*10)/1000

Total gain 0.61

Floor area (m²) Number (computers/occupants) Q int.gains (kW)

Occupant - 10 (10*70)/1000

Computer - 10 (10*150)/1000

Light 29 - (29*10)/1000

Total 2.49



55

External heat gains
As mentioned in the previous chapter, the calculation of the external heat gains is the

sum of heat gains through the walls+roofs+windows+glazing of window.

Where:

Heat gain wall )( _. TTUAQ iairsolwallwallwallgain


Heat gain roof )( _. TTUAQ iairsolroofroofroofgain


Heat gain wind.cond )(
.. TTUAQ iowindowwindowconductionwindowgain



Heat gain wind.rad sIAQ windowradiationwindowgain
**

..


For the room 8.01

A U T s_a T i T o I s Q ext.gains

m² W/m².K °C °C °C W/m² - kW

Wall 4.08 0.3 50.6 25 - - - 0.032

Roof 17 0.2 60.9 25 - - - 0.120

Wind.cond 3.6 1.2 - 25 36 - - 0.0475

Wind.rad 3.6 - - - - 468.1 0.6 1.011

Total 1.21

Where:

A : Surface of the wall/roof/window.

U : overall thermal transmittance coefficient .

T sol_air : Sol_air temperature.

Ti : Indoor temperature.

To : Outdoor temperature

I : Solar intensity radiation.

s : Shading coefficient.
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The total heat gains for the room 8.01 is the sum of the two heat gains ( internal and

external ), and it is equal to:

Q gains (kW)

Internal heat gains 0.61

External heat gains 1.21

Total heat gains 1.82

Ventilation rate
Keeping a good and healthy environment for people, we set that each occupant needs

around 50m3/h, which the required volume flow rate per person.

Still in the room 8.01

Room Number occupant V0 (m3/h.person) V (m3/h)

8.01 2 50 100

The ventilation rate is very important, it leads to know how much people needs fresh air,

and so how much fresh air the Air handling unit must supply.

Rooms Number occupant V 0 V
- m3/h.occupant m3/h

7.21 & 8.24 9 50 450
7.22 & 8.25 9 50 450
7.23 & 8.26 9 50 450
7.24 & 8.13 9 50 450
7.25 & 8.14 9 50 450
7.26 & 8.29 9 50 450
7.01 2 50 100
7.31 3 50 150
7.44 10 50 500
7.39 & 7.40 10 50 500
7.41 & 7.34 10 50 500
7.30 8 50 400
8.01 2 50 100
8.32 3 50 150
8.42 20 50 1000
8.40 & 8.35 10 50 500
8.31 8 50 400
Total 7000
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Air handling unit
Using the software AHU Select version 5.5, the design of the AHU type HL10 needs

some components for this study and will be the same for the three designs and will not

change due to the same ventilation rate and indoor conditions.

However, using the software, the design of the AHU with components hot water heater,

water cooler, rotary heat recovery, filter in inlet and filter in exhaust, fan in supply and

fan in exhaust.

With a cooling coil capacity calculated using directly the H_X diagram from C.I.C, using

a refrigerant (cold temperature equal to 3°C).

Where:

Point 1: Outdoor condition.

Point 2: Supply fresh air from air handling unit.
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As shown above in the red case, the total cooling coil capacity for the hole offices is 39.2
kW, ( the minus is just to show that is a cooling mode)

Indoor unit cooling coil capacity
Using the same method as previously ,we still assume the fresh air in the pipe coming

from the AHU is directly connected to the indoor unit, so to determine the cooling coil

capacity for the indoor unit starts from the supply AHU condition.

With out forgetting the mixing of air between the fresh air from AHU and the air already

present in the room.

For the room 8.01:

Room Sensible heat V fresh air Sensible+30% Indoor unit V indoor unit

kW m3/h kW - m3/h

8.01 1.82 100 2.4 Mitsubishi 570

Now, using the H_X diagram from C.I.C, the determination of the cooling capacity for

the room 8.01:
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Where:

Point 1: Supply air from the AHU.

Point 2: Indoor desired condition.

Point 3: Mixing between the fresh air from AHU and the air present in the room.

Point 4: Supply air from indoor unit.

Point 6: Real indoor condition giver by this indoor unit.

Finally from this graph and the table giver with the graph, we have the exact amount of

cooling capacity for the room 8.01 which is 2.3 kW (on the table in the red case, and the

minus just means that is a cooling not heating).

Because of using a refrigerant, it means that the cold temperature is 3°C for all indoor

units, and the supply conditions air from AHU is the same for all the rooms, calculating

all the cooling capacities for all rooms is not necessary, just knowing the ratio of the total

cooling capacity and the sensible, which is equal to 1.26, it means that the latent cooling

is 26% of sensible one.Which is available for all indoor units cooling capacities.

Air distribution
How the fresh air is distributed is important but not so much complicated, as mentioned

before, there are two type of mean of distribution, ducts and pipes. For this study the

proper installation will be with circular distribution ( pipes) and this is due to:

_There is enough space (because pipes take more space than ducts in the room).
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_Lower losses comparing to the duct distribution.

A small part from the air handling unit to the main pipe, with short length has a air

velocity around w = 10 m/s, with the total volume flow rate.

Main pipes: will be the pipes in the corridors which will distribute through other

secondary pipes into the rooms, with air velocity w = 6 m/s.

Secondary pipes: are the small pipes from the main pipe in the corridor to the indoor unit,

with air velocity w = 4 m/s.

As soon as the volume flow rate is known, the calculation of the diameter is easily

calculated:

wdwAV *
4
**

2


*
*4

w
Vd 

Where:

V: volume flow rate.

A pipe : surface pipe.

w : velocity.

Table: Diameter of pipe distribution

Room Main pipe Secondary
m m

7.21 & 8.24

0.399

0.200
7.22 & 8.25 0.200
7.23 & 8.26 0.200
7.24 & 8.13 0.200
7.25 & 8.14 0.200
7.26 & 8.29 0.200
7.01

0.356

0.094
7.31 0.115
7.44 0.210
7.39 & 7.40 0.210
7.41 & 7.34 0.210
7.30 0.188
8.01

0.356

0.094
8.32 0.115
8.42 0.297
8.40 & 8.35 0.210
8.31 0.188
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Indoor unit
As arbitrary as it is, the choice of the indoor units should match with the Cooling coil

capacity, however, for this case we took the Mitsubishi. (Same as in previous chapter for

Prague)

Pressure losses

A pressure loss (drop) is the pressure difference that exists between points in a fluid

carrying network. This occurs when flow resistance resulting in frictional and local

forces acts on the fluid while it is flowing through a tube.

Usually, designers don't use these formulas to calculate pressures losses in a system,

because producers of HVAC equipment always offer charts of pressures losses already

calculated.

However, designers must know the main pipe ( not especially the longest ), in order to get

the total pressure losses.

The values of the specific pressure drop, and the local pressure losses are taken from

pressure chart, so according to the the installation of the pipes (distribution) and pressure

charts from Appendix B7

ZlRptotal
 *

Where:

R : [Pa/m] specific pressure drop.

L : [m] length of pipe.

Z : [Pa] local pressure losses.



62

Table: Pressure losses

Pipe
number length (m) R (Pa/m) P friction (Pa)

P local
(Pa)

Total pressure
loss (Pa)

1 2 1.5 3.0 83 86

2 22 1.0 22.0 65 87

4 8 1.0 8.0 1.2 9.2

6 7.5 1.0 7.5 1.2 8.7

8 5 1.0 5.0 1.2 6.2

10 5 1.0 5.0 16.2 21.2

12 5 1.0 5.0 16.2 21.2

13 2 1.0 2.0 40.0 42

Total 285.1
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Chapter V: Design air conditioning in Algiers with Algerian
building envelope

Introduction

This chapter will show how is the design of the building offices in Algiers capital of

Algeria with Algerian building envelope which different from the Czech one, following

the procedure mentioned in previous chapter, we will see more details in designing an air

conditioning, which are very important and primordially, to have such as proper design in

order to rich the indoor conditions wanted ( 25 °C , 30% - 70% humidity ).

Outdoor conditions
Wet bulb temperature: 22 °C

Dry bulb temperature: 36 °C

Adiabatic ( h=0 )

Outdoor condition
using the H_X
diagram,

T0= 36 °C
 0= 30 % of relative
humidity.

Building envelope, and heat transmittance coefficient
As mentioned before, for any design of heating in winter or cooling in summer, every

HVAC designer must take in consideration the insulation, it means the amount of heat

losses/gains through the materials ( walls, roofs, windows, ), and this is highly depending

on the thermal transmittance coefficient “U”, which is in his turn also depends on three

main parameters, outdoor heat transfer coefficient by convection, heat transfer

coefficient by conduction, and indoor heat transfer coefficient by convection.

Because in this chapter, the design is for a different building ( different envelope,

different insolation ), the overall heat transmittance coefficient will change.
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The values of the overall heat transmittance coefficient are taken from standards and
common constructions for building in the north part of Algeria like for example Algiers.

Table: values of the overall heat transmittance coefficient
U ( W/m².K)

Wall 1.25
Roof 1.25
Window 1.8

Shading / shading coefficient
Using an internal shading devices that claims to reduce solar heat gain in building, with a

shading coefficient equal to 0.6 which means that 60 % of the solar beam is getting inside

the area through the glazing.

Solar intensity radiation
The best way to have the values of the solar radiation intensity is to measure it.

However, there are some models and programs, to get a good approximation of

the solar radiation intensity.

However, for each side of the wall, has a exact time of the day where the intensity

is on the maximum, for example, on the 15th of August, a wall facing north east at

10:00 has a total solar intensity equal to 808.2 W/m², contrarily to the wall facing

south west at 16:00 with 582.7 W/m², all these mean that intensities are different

from side facing and the hour of the day which is normal, in the morning the wall

facing the east have more solar intensity than those facing the west.

So each value of the solar intensity below is for a certain time of the day.

Table: solar intensity on walls/roofs for Algiers for the North east, South East, South West,

and horizontal sides:

Itot_wall (W/m²) Ib (W/m²) Id (W/m²)
North.East 808.2 729 79.2
South.East 595.9 516.4 79.5
South.West 582.7 487.4 95.3
horizontal 997
Where:

ID : Direct radiation.

Id : Diffuse radiation.
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Solar transmissivity through the glazing
To have a great and proper design, the designer must think about the real amount of light

( heat) getting into indoor place through the glazing, and this in other terms is the value of

the coefficient of transmissivity which depends on the incident angle of the sun ().

As mentioned before the solar intensity on a wall is not equal to the solar intensity

through the glazing.

So the intensity through the glass is

 ddDDglass III 

Where:

I D : Solar direct beam.

I d : Diffuse radiation.

 D : Coefficient of transmissivity of direct radiation.

 d : Coefficient of transmissivity of diffuse radiation.

Table: solar intensity on windows for Algiers for the North east, South East, South West,

and horizontal sides:

I window (W/m²)
North.East 670.0
South.East 478.3
South.West 468.1
Horizontal -

Sol_air temperature
The sol-air temperature is defined as the outside air temperature which, in the absence of

solar radiation, would give the same temperature distribution and rate of heat transfer

through a wall (or roof) as exists due to the combined effects of the actual outdoor

temperature distribution plus the incident solar radiation.
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Table: Sol air temperature for Prague:

T sol air (°C)
North.East 56.2
North.East 50.9
South.West 50.6
Horizontal 60.9

Heat gains

Internal gains
As defined in the previous chapter, the internal heat gains are every heat produced by the

occupants, computers, and lights mostly.

Because there is no difference of number of occupant, and floor are ( same building ), the

internal heat gains are exactly the same as calculated previously in Chapter III,

So the internal heat gains are for the rooms 8.01 and 7.44:

Floor area (m²) Number (computers/occupants) Q int.gains (kW)

Occupant - 2 (2*70)/1000

Computer - 2 (2*150)/1000

Light 16.8 - (17*10)/1000

Total gain 0.61

Floor area (m²) Number (computers/occupants) Q int.gains (kW)

Occupant - 10 (10*70)/1000

Computer - 10 (10*150)/1000

Light 29 - (29*10)/1000

Total 2.49

External heat gains
As mentioned in the previous chapter, the calculation of the external heat gains is the

sum of heat gains through the walls+roofs+windows+glazing of window.
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Where:

Heat gain wall )( _. TTUAQ iairsolwallwallwallgain


Heat gain roof )( _. TTUAQ iairsolroofroofroofgain


Heat gain wind.cond )(
.. TTUAQ iowindowwindowconductionwindowgain



Heat gain wind.rad sIAQ windowradiationwindowgain
**

..


Still with the example of the room 8.01
A U T s_a T i T o I s Q ext.gains

m² W/m².K °C °C °C W/m² - kW

Wall 4.08 1.25 50.6 25 - - - 0.130

Roof 17 1.25 60.9 25 - - - 0.754

Wind.cond 3.6 1.8 - 25 36 - - 0.0713

Wind.rad 3.6 - - - - 468.1 0.6 1.011

Total 1.97

Where:

A : Surface of the wall/roof/window.

U : overall thermal transmittance coefficient .

T sol_air : Sol_air temperature.

Ti : Indoor temperature.

To : Outdoor temperature

I : Solar intensity radiation.

s : Shading coefficient.

The total heat gains for the room 8.01 is the sum of the two heat gains ( internal and

external ), and it is equal to:

Q gains (kW)

Internal heat gains 0.61

External heat gains 1.97

Total heat gains 2.58
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Ventilation rate
Keeping a good and healthy environment for people, we set that each occupant needs

around 50m3/h, which the required volume flow rate per person.

Still in the room 8.01

Room Number occupant V0 (m3/h.person) V (m3/h)

8.01 2 50 100

The ventilation rate is very important, it leads to know how much people needs fresh air,

and so how much fresh air the Air handling unit must supply.

Rooms Number occupant V 0 V
- m3/h.occupant m3/h

7.21 & 8.24 9 50 450
7.22 & 8.25 9 50 450
7.23 & 8.26 9 50 450
7.24 & 8.13 9 50 450
7.25 & 8.14 9 50 450
7.26 & 8.29 9 50 450
7.01 2 50 100
7.31 3 50 150
7.44 10 50 500
7.39 & 7.40 10 50 500
7.41 & 7.34 10 50 500
7.30 8 50 400
8.01 2 50 100
8.32 3 50 150
8.42 20 50 1000
8.40 & 8.35 10 50 500
8.31 8 50 400
Total 7000

Air handling unit
Using the software AHU Select version 5.5, the design of the AHU type HL10 needs

some components for this study and will be the same for the three designs and will not

change due to the same ventilation rate and indoor conditions.

However, using the software, the design of the AHU with components hot water heater,

water cooler, rotary heat recovery, filter in inlet and filter in exhaust, fan in supply and

fan in exhaust.
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With a cooling coil capacity calculated using directly the H_X diagram from C.I.C, using

a refrigerant (cold temperature equal to 3°C).

Where:

Point 1: Outdoor condition.

Point 2: Supply fresh air from air handling unit.

As shown above in the red case, the total cooling coil capacity for the hole offices is 39.2
kW, ( the minus is just to show that is a cooling mode);

Indoor unit cooling coil capacity
Using the same method as previously ,we still assume the fresh air in the pipe coming

from the AHU is directly connected to the indoor unit, so to determine the cooling coil

capacity for the indoor unit starts from the supply AHU condition.
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With out forgetting the mixing of air between the fresh air from AHU and the air already

present in the room.

For the room 8.01:

Room Sensible heat V fresh air Sensible+30% Indoor unit V indoor unit

kW m3/h kW - m3/h

8.01 2.58 100 3.3 Mitsubishi 570

Now, using the H_X diagram from C.I.C, the determination of the cooling capacity for

the room 8.01:

Where:

Point 1: Supply air from the AHU.

Point 2: Indoor desired condition.
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Point 3: Mixing between the fresh air from AHU and the air present in the room.

Point 4: Supply air from indoor unit.

Point 6: Real indoor condition giver by this indoor unit.

Finally from this graph and the table giver with the graph, we have the exact amount of

cooling capacity for the room 8.01 which is 3.1 kW (on the table in the red case, and the

minus just means that is a cooling not heating).

Because of using a refrigerant, it means that the cold temperature is 3°C for all indoor

units, and the supply conditions air from AHU is the same for all the rooms, calculating

all the cooling capacities for all rooms is not necessary, just knowing the ratio of the total

cooling capacity and the sensible, which is equal to 1.20, it means that the latent cooling

is 20% of sensible one.Which is available for all indoor units cooling capacities.

Air distribution
How the fresh air is distributed is important but not so much complicated, as mentioned

before, there are two type of mean of distribution, ducts and pipes. For this study the

proper installation will be with circular distribution ( pipes) and this is due to:

_There is enough space (because pipes take more space than ducts in the room).

_Lower losses comparing to the duct distribution.

A small part from the air handling unit to the main pipe, with short length has a air

velocity around w = 10 m/s, with the total volume flow rate.

Main pipes: will be the pipes in the corridors which will distribute through other

secondary pipes into the rooms, with air velocity w = 6 m/s.

Secondary pipes: are the small pipes from the main pipe in the corridor to the indoor unit,

with air velocity w = 4 m/s.

As soon as the volume flow rate is known, the calculation of the diameter is easily

calculated:
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wdwAV *
4
**

2


*
*4

w
Vd 

Where:

V: volume flow rate.

A pipe : surface pipe.

w : velocity.

Table: Diameter of pipe distribution

Room Main pipe Secondary
m m

7.21 & 8.24

0.399

0.200
7.22 & 8.25 0.200
7.23 & 8.26 0.200
7.24 & 8.13 0.200
7.25 & 8.14 0.200
7.26 & 8.29 0.200
7.01

0.356

0.094
7.31 0.115
7.44 0.210
7.39 & 7.40 0.210
7.41 & 7.34 0.210
7.30 0.188
8.01

0.356

0.094
8.32 0.115
8.42 0.297
8.40 & 8.35 0.210
8.31 0.188

Indoor unit
As arbitrary as it is, the choice of the indoor units should match with the Cooling coil

capacity, however, for this case we took the Mitsubishi. (Same as in previous chapter for

Prague)

Pressure losses
A pressure loss (drop) is the pressure difference that exists between points in a fluid

carrying network. This occurs when flow resistance resulting in frictional and local

forces acts on the fluid while it is flowing through a tube.
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Usually, designers don't use these formulas to calculate pressures losses in a system,

because producers of HVAC equipment always offer charts of pressures losses already

calculated.

However, designers must know the main pipe ( not especially the longest ), in order to get

the total pressure losses.

The values of the specific pressure drop, and the local pressure losses are taken from

pressure chart, so according to the the installation of the pipes (distribution) and pressure

charts from Appendix C7

ZlRptotal
 *

Where:

R : [Pa/m] specific pressure drop.

L : [m] length of pipe.

Z : [Pa] local pressure losses.

Table: Pressure losses

Pipe
number length (m) R (Pa/m) P friction (Pa)

P local
(Pa)

Total pressure
loss (Pa)

1 2 1.5 3.0 83 86

2 22 1.0 22.0 65 87

4 8 1.0 8.0 1.2 9.2

6 7.5 1.0 7.5 1.2 8.7

8 5 1.0 5.0 1.2 6.2

10 5 1.0 5.0 16.2 21.2

12 5 1.0 5.0 16.2 21.2

13 2 1.0 2.0 40.0 42

Total 285.1
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Chapter VI : Analyses

Let say:

 Design 1: Design Air conditioning in Prague with CZ building envelope

 Design 2: Design Air conditioning in Algiers with CZ building envelope

 Design 3: Design Air conditioning in Algiers with DZ building envelope

After finishing all calculations of the three designs, making tables and charts comparative

to see the differences of the three designs, and also speaking about the similarities.

Chart: Comparative of heat gains between three designs:

First, we can notice a small difference between design 1 and 2 about 15%, due to the

difference of the outdoor conditions means that there is a difference between Prague and

Algiers, and difference between design 2 and 3 about 20% due to the insulation system in

building in other terms difference of the heat transmittance coefficient ( U

value ).However, the difference between design number 1 and 3 is noticeable which is

about 30%, and it is due to both of differences of out door conditions ( climates ), and

insulation system of the building ( U value ).

However, because of the internal heat gains are the same for all designs ( three designs ),

the only changes of the heat gains are due to the external heat gains ( means climatic

conditions, and characteristics insulation of building ).
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Chart: Comparative cooling coil capacity of indoor unit between three designs:

The same reasons of the differences between the three designs are totally the same as heat

gains, which are due to the climatic differences conditions, and building characteristics

insulation.

Chart: Comparative cooling coil capacity of AHU between three designs:

As we know, designing for all the same indoor conditions the cooling coil capacity of the

air handling unit is depending on the volume flow rate which is related to the number of
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occupant ( which is in this study the same for the three designs ), and out door conditions

( climatic conditions ), this is why in the design 2 and design 3 ( same climate of Algiers )

totally have the same cooling coil capacity for the air handling unit, unlike the design 1

(climate of Prague ).

However, because designing for the same building shape, leads to the exactly same

number of occupant which give to us the ventilation flow rate ( volume flow rate ), this

lead to have the same system pipe design.

Even the totally difference between the two climate ( Prague, Algiers ) and also the

characteristics building ( Czech standards, Algerian standards ), the air conditioning is

useful for any climate using the same design principle and after analyzing, the difference

is not so high.
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Chapter VII : Conclusion

As a conclusion, this study shows how big are the differences of design air conditioning

between different characteristics (climate and building materials).Even if the climate

between Prague and Algiers are so different, the design on its self is not so different and

following the same rules, because using the same building shape for each design done

previously, the ventilation system is the same for any climate of any country, it is linked

to the number of occupant inside.

However changing outdoor conditions (changing climate) and building materials

(characteristics of windows and walls) lead to have new values of heat gains, which it

leads to a new value of cooling coil capacity for indoor units and AHU, which does not

have a big difference between the three designs from 20% to 30%.

Because of the indoor thermal comfort is very important,so what ever the place, what

ever the city, the air conditioning follows the same rules, giving almost the same design

results.
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Appendix A
Table A1: Internal heat gains for the design 1:

Rooms n occupants Q occupants n computer Q computers A floor Q lights Q int

- kW - kW m² kW kW

7.21 & 8.24 9 0.63 9 1.35 64 0.64 2.62

7.22 & 8.25 9 0.63 9 1.35 64 0.64 2.62

7.23 & 8.26 9 0.63 9 1.35 64 0.64 2.62

7.24 & 8.13 9 0.63 9 1.35 64 0.64 2.62

7.25 & 8.14 9 0.63 9 1.35 64 0.64 2.62

7.26 & 8.29 9 0.63 9 1.35 64 0.64 2.62

7.01 2 0.14 2 0.3 16.8 0.17 0.61

7.31 3 0.21 3 0.45 32.4 0.32 0.98

7.44 10 0.7 10 1.5 29.16 0.29 2.49

7.39 & 7.40 10 0.7 10 1.5 30.24 0.30 2.50

7.41 & 7.34 10 0.7 10 1.5 30.24 0.30 2.50

7.30 8 0.56 8 1.2 24 0.24 2.00

8.01 2 0.14 2 0.3 16.8 0.17 0.61

8.32 3 0.21 3 0.45 32.4 0.32 0.98

8.42 20 1.4 20 3 59.36 0.59 4.99

8.40 & 8.35 10 0.7 10 1.5 29.12 0.29 2.49

8.31 8 0.56 8 1.2 24 0.24 2.00

Table A2: External heat gains for the design 1
Rooms A wall Q wall+roof A window Q wind_cond Q wind_rad Q ext

m² Watt m² Watt Watt kW

7.21 & 8.24 18.84 300.3 34.2 287.3 13276.5 13.86

7.22 & 8.25 18.84 300.3 34.2 287.3 13276.5 13.86
7.23 & 8.26 18.84 300.3 34.2 287.3 13276.5 13.86
7.24 & 8.13 18.84 268.3 34.2 287.3 9318.5 9.87
7.25 & 8.14 18.84 268.3 34.2 287.3 9318.5 9.87
7.26 & 8.29 18.84 271.6 34.2 287.3 9318.5 9.88

7.01 4.08 25.0 3.6 30.2 949.9 1.01

7.31 8.84 54.1 7.8 65.5 2058.1 2.18
7.44 8.84 54.1 7.8 65.5 2058.1 2.18
7.39 & 7.40 8.84 54.1 7.8 65.5 2058.1 2.18
7.41 & 7.34 8.84 54.1 7.8 65.5 2058.1 2.18
7.30 6.375 39.0 5.625 47.3 1484.2 1.57

8.01 4.08 125.3 3.6 30.2 949.9 1.11

8.32 8.84 247.5 7.8 65.5 2058.1 2.37
8.42 17.85 463.7 15.75 132.3 4155.8 4.75
8.40 & 8.35 8.84 228.0 7.8 65.5 2058.1 2.35

8.31 6.375 182.3 5.625 47.3 1484.2 1.71
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Table A3: Total heat gains for the design 1

Rooms Qtotal

kW

Combined rooms ( floor 7+8)

7.21 & 8.24 16.48

7.22 & 8.25 16.48

7.23 & 8.26 16.48

7.24 & 8.13 12.49

7.25 & 8.14 12.49

7.26 & 8.29 12.50

Floor 7

7.01 1.61

7.31 3.16

7.44 4.67

7.39 & 7.40 4.68

7.41 & 7.34 4.68

7.30 3.57

Floor 8

8.01 1.71

8.32 3.36

8.42 9.75

8.40 & 8.35 4.84

8.31 3.71
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Table A4: Volume flow rate for the design 1:
Rooms Number occupant V 0 V

- m3/h.occupant m3/h

7.21 & 8.24 9 50 450

7.22 & 8.25 9 50 450

7.23 & 8.26 9 50 450

7.24 & 8.13 9 50 450

7.25 & 8.14 9 50 450

7.26 & 8.29 9 50 450

7.01 2 50 100

7.31 3 50 150

7.44 10 50 500

7.39 & 7.40 10 50 500

7.41 & 7.34 10 50 500

7.30 8 50 400

8.01 2 50 100

8.32 3 50 150

8.42 20 50 1000

8.40 & 8.35 10 50 500

8.31 8 50 400

Total 7000

Table A5: Cooling capacity for the design 1:
AHU Indoor units
kW kW

7.21 & 8.24

25.4

20.2
7.22 & 8.25 20.2
7.23 & 8.26 20.2
7.24 & 8.13 15.3
7.25 & 8.14 15.3
7.26 & 8.29 15.3
7.01 2.0
7.31 3.9
7.44 5.7
7.39 & 7.40 5.7
7.41 & 7.34 5.7
7.30 4.4
8.01 2.1
8.32 4.1
8.42 12.0
8.40 & 8.35 5.9
8.31 4.6
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Table A6: Pipe distribution & indoor units for the design 1:
Main pipe Secondary Indoor units

m m

7.21 & 8.24

0.399

0.200 PEH-P8 MYA
7.22 & 8.25 0.200 PEH-P8 MYA
7.23 & 8.26 0.200 PEH-P8 MYA
7.24 & 8.13 0.200 PEH-P8 MYA
7.25 & 8.14 0.200 PEH-P8 MYA
7.26 & 8.29 0.200 PEH-P8 MYA

7.01

0.356

0.094 PFLY P20VLMD-E CMP-40VLW-C
7.31 0.115 PFLY P40VLMD-E CMP-40VLW-C
7.44 0.210 PFLY P63VLMD-E CMP-63VLW-C
7.39 & 7.40 0.210 PFLY P63VLMD-E CMP-63VLW-C
7.41 & 7.34 0.210 PFLY P63VLMD-E CMP-63VLW-C
7.30 0.188 PFLY P40VLMD-E CMP-40VLW-C

8.01

0.356

0.094 PFLY P20VLMD-E CMP-40VLW-C
8.32 0.115 PFLY P40VLMD-E CMP-40VLW-C
8.42 0.297 PFLY P125VLMD-E CMP-125VLW-C
8.40 & 8.35 0.210 PFLY P63VLMD-E CMP-63VLW-C
8.31 0.188 PFLY P50VLMD-E CMP-63VLW-C
Table A7: Pressures losses chart LINDAB:

Circular duct Circular duct pressure losses / length unit
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Bend short lockseamed

BKFU 90°

Segmented and lockseamed bend with short

installation length

BKFU 90° pressure losses

T-piece

Built with PSU saddle or a fully pressed

top section

Pressure losses for T-piece ‘Diverging flow’
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Pressure losses for T-piece ‘Converging flow’
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Reducer ‘RCU’

Pressed, concentric reducer to meet

demands for short installation length

with low pressure drop and low internal

noise generation.

Reducers pressure losses
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Figure 8A Pipe distribution

Pipe distribution in the 8th floor
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Pipe distribution in the 7th floor

Pipe distribution 7th + 8th floor from side view
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Appendix B
Table B1: Internal heat gains for design 2:

Rooms n occupants Q occupants n computer Q computers A floor Q lights Q int

- kW - kW - kW kW

7.21 & 8.24 9 0.63 9 1.35 64 0.64 2.62

7.22 & 8.25 9 0.63 9 1.35 64 0.64 2.62

7.23 & 8.26 9 0.63 9 1.35 64 0.64 2.62

7.24 & 8.13 9 0.63 9 1.35 64 0.64 2.62

7.25 & 8.14 9 0.63 9 1.35 64 0.64 2.62

7.26 & 8.29 9 0.63 9 1.35 64 0.64 2.62

7.01 2 0.14 2 0.3 16.8 0.17 0.61

7.31 3 0.21 3 0.45 32.4 0.32 0.98

7.44 10 0.7 10 1.5 29.16 0.29 2.49

7.39 & 7.40 10 0.7 10 1.5 30.24 0.30 2.50

7.41 & 7.34 10 0.7 10 1.5 30.24 0.30 2.50

7.30 8 0.56 8 1.2 24 0.24 2.00

8.01 2 0.14 2 0.3 16.8 0.17 0.61

8.32 3 0.21 3 0.45 32.4 0.32 0.98

8.42 20 1.4 20 3 59.36 0.59 4.99

8.40 & 8.35 10 0.7 10 1.5 29.12 0.29 2.49

8.31 8 0.56 8 1.2 24 0.24 2.00

Table B2: External heat gains for design 2:
Rooms A wall Q wall+roof A window Q wind_cond Q wind_rad Q ext

m² Watt m² Watt Watt kW
7.21 & 8.24 18.84 357.4 34.2 451.4 13748.7 14.56
7.22 & 8.25 18.84 357.4 34.2 451.4 13748.7 14.56
7.23 & 8.26 18.84 357.4 34.2 451.4 13748.7 14.56
7.24 & 8.13 18.84 327.4 34.2 451.4 9814.9 10.59
7.25 & 8.14 18.84 327.4 34.2 451.4 9814.9 10.59
7.26 & 8.29 18.84 331.5 34.2 451.4 9814.9 10.60
7.01 4.08 31.3 3.6 47.5 1011.0 1.09
7.31 8.84 67.8 7.8 103.0 2190.5 2.36
7.44 8.84 67.8 7.8 103.0 2190.5 2.36
7.39 & 7.40 8.84 67.8 7.8 103.0 2190.5 2.36
7.41 & 7.34 8.84 67.8 7.8 103.0 2190.5 2.36
7.30 6.375 48.9 5.625 74.3 1579.7 1.70
8.01 4.08 152.0 3.6 47.5 1011.0 1.21
8.32 8.84 300.6 7.8 103.0 2190.5 2.59
8.42 17.85 563.4 15.75 207.9 4423.2 5.19
8.40 & 8.35 8.84 277.0 7.8 103.0 2190.5 2.57
8.31 6.375 221.3 5.625 74.3 1579.7 1.88
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Table B3: Total heat gains for design 2:
Rooms Qtotal

kW

7.21 & 8.24 17.18
7.22 & 8.25 17.18
7.23 & 8.26 17.18
7.24 & 8.13 13.21
7.25 & 8.14 13.21
7.26 & 8.29 13.22

7.01 1.70
7.31 3.35
7.44 4.85
7.39 & 7.40 4.86
7.41 & 7.34 4.86
7.30 3.70

8.01 1.82
8.32 3.58
8.42 10.19
8.40 & 8.35 5.06

8.31 3.88

Table B4: Volume flow rate for design 2:
Rooms Number occupant V 0 V

- m3/h.occupant m3/h

7.21 & 8.24 9 50 450

7.22 & 8.25 9 50 450

7.23 & 8.26 9 50 450

7.24 & 8.13 9 50 450

7.25 & 8.14 9 50 450

7.26 & 8.29 9 50 450

7.01 2 50 100

7.31 3 50 150

7.44 10 50 500

7.39 & 7.40 10 50 500

7.41 & 7.34 10 50 500

7.30 8 50 400

8.01 2 50 100

8.32 3 50 150

8.42 20 50 1000

8.40 & 8.35 10 50 500

8.31 8 50 400

Total 7000
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Table B5: Cooling capacity for design 2:
Rooms AHU Indoor units

kW kW

7.21 & 8.24

39.2

21.7

7.22 & 8.25 21.7
7.23 & 8.26 21.7
7.24 & 8.13 16.7
7.25 & 8.14 16.7
7.26 & 8.29 16.7
7.01 2.1
7.31 4.2
7.44 6.1
7.39 & 7.40 6.2
7.41 & 7.34 6.2
7.30 4.7
8.01 2.3
8.32 4.5
8.42 12.9
8.40 & 8.35 6.4

8.31 4.9

Table B6: Pipe distribution & indoor units for design 2:
Rooms Main pipe Secondary Indoor units

m m -
7.21 & 8.24

0.399

0.200 PEH-P10 MYA
7.22 & 8.25 0.200 PEH-P10 MYA
7.23 & 8.26 0.200 PEH-P10 MYA
7.24 & 8.13 0.200 PEH-P8 MYA
7.25 & 8.14 0.200 PEH-P8 MYA
7.26 & 8.29 0.200 PEH-P8 MYA
7.01

0.356

0.094 PFLY P20VLMD-E CMP-40VLW-C
7.31 0.115 PFLY P40VLMD-E CMP-40VLW-C
7.44 0.210 PFLY P63VLMD-E CMP-63VLW-C
7.39 & 7.40 0.210 PFLY P63VLMD-E CMP-63VLW-C
7.41 & 7.34 0.210 PFLY P63VLMD-E CMP-63VLW-C
7.30 0.188 PFLY P50VLMD-E CMP-63VLW-C
8.01

0.356

0.094 PFLY P25VLMD-E CMP-40VLW-C
8.32 0.115 PFLY P40VLMD-E CMP-40VLW-C
8.42 0.297 PFLY P125VLMD-E CMP-125VLW-C
8.40 & 8.35 0.210 PFLY P63VLMD-E CMP-63VLW-C

8.31 0.188 PFLY P50VLMD-E CMP-63VLW-C

Table B7: pressure losses chart: Same as A7.
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Appendix C
Table C1: Internal heat gains for design 3:

Rooms n occupants Q occupants n computer Q computers A floor Q lights Q int

- kW - kW - kW kW

7.21 & 8.24 9 0.63 9 1.35 64 0.64 2.62
7.22 & 8.25 9 0.63 9 1.35 64 0.64 2.62

7.23 & 8.26 9 0.63 9 1.35 64 0.64 2.62

7.24 & 8.13 9 0.63 9 1.35 64 0.64 2.62

7.25 & 8.14 9 0.63 9 1.35 64 0.64 2.62

7.26 & 8.29 9 0.63 9 1.35 64 0.64 2.62

7.01 2 0.14 2 0.3 16.8 0.17 0.61

7.31 3 0.21 3 0.45 32.4 0.32 0.98
7.44 10 0.7 10 1.5 29.16 0.29 2.49

7.39 & 7.40 10 0.7 10 1.5 30.24 0.30 2.50

7.41 & 7.34 10 0.7 10 1.5 30.24 0.30 2.50

7.30 8 0.56 8 1.2 24 0.24 2.00

8.01 2 0.14 2 0.3 16.8 0.17 0.61

8.32 3 0.21 3 0.45 32.4 0.32 0.98
8.42 20 1.4 20 3 59.36 0.59 4.99

8.40 & 8.35 10 0.7 10 1.5 29.12 0.29 2.49

8.31 8 0.56 8 1.2 24 0.24 2.00

Table C2: External heat gains for design 3:
Rooms A wall Q wall+roof A window Q wind_cond Q wind_rad Qext

m² Watt m² Watt Watt kW
7.21 & 8.24 18.84 1866.5 34.2 677.2 13748.7 16.29
7.22 & 8.25 18.84 1866.5 34.2 677.2 13748.7 16.29
7.23 & 8.26 18.84 1866.5 34.2 677.2 13748.7 16.29
7.24 & 8.13 18.84 1741.5 34.2 677.2 9814.9 12.23
7.25 & 8.14 18.84 1741.5 34.2 677.2 9814.9 12.23
7.26 & 8.29 18.84 1766.7 34.2 677.2 9814.9 12.26
7.01 4.08 130.4 3.6 71.3 1011.0 1.21
7.31 8.84 282.5 7.8 154.4 2190.5 2.63
7.44 8.84 282.5 7.8 154.4 2190.5 2.63
7.39 & 7.40 8.84 282.5 7.8 154.4 2190.5 2.63
7.41 & 7.34 8.84 282.5 7.8 154.4 2190.5 2.63
7.30 6.375 203.7 5.625 111.4 1579.7 1.89
8.01 4.08 884.8 3.6 71.3 1011.0 1.97
8.32 8.84 1737.5 7.8 154.4 2190.5 4.08
8.42 17.85 3236.1 15.75 311.9 4423.2 7.97
8.40 & 8.35 8.84 1590.2 7.8 154.4 2190.5 3.94
8.31 6.375 1281.5 5.625 111.4 1579.7 2.97
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Table 3C: Total heat gains for design 3:
Rooms Qtotal

kW

7.21 & 8.24 18.91

7.22 & 8.25 18.91

7.23 & 8.26 18.91

7.24 & 8.13 14.85

7.25 & 8.14 14.85

7.26 & 8.29 14.88

7.01 1.82
7.31 3.61
7.44 5.12

7.39 & 7.40 5.13

7.41 & 7.34 5.13
7.30 3.89
8.01 2.58
8.32 5.07
8.42 12.96

8.40 & 8.35 6.43
8.31 4.97

Table C4: Volume flow rate:
Rooms Number occupant V 0 V

- m3/h.occupant m3/h

7.21 & 8.24 9 50 450

7.22 & 8.25 9 50 450
7.23 & 8.26 9 50 450
7.24 & 8.13 9 50 450
7.25 & 8.14 9 50 450
7.26 & 8.29 9 50 450
7.01 2 50 100
7.31 3 50 150
7.44 10 50 500
7.39 & 7.40 10 50 500
7.41 & 7.34 10 50 500
7.30 8 50 400
8.01 2 50 100
8.32 3 50 150
8.42 20 50 1000
8.40 & 8.35 10 50 500
8.31 8 50 400

Total 7000
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Table C5: Cooling capacity for design 3:
Rooms AHU Indoor units

kW kW

7.21 & 8.24

39.2

22.8
7.22 & 8.25 22.8
7.23 & 8.26 22.8
7.24 & 8.13 17.9
7.25 & 8.14 17.9
7.26 & 8.29 17.9
7.01 2.2
7.31 4.3
7.44 6.2
7.39 & 7.40 6.2
7.41 & 7.34 6.2
7.30 4.7
8.01 3.1
8.32 6.1
8.42 15.6
8.40 & 8.35 7.7

8.31 6.0

Table C6: Pipe distribution & indoor units for design 3:
Rooms Main pipe Secondary Indoor units

m m -

7.21 & 8.24

0.399

0.200 PEH-P10 MYA
7.22 & 8.25 0.200 PEH-P10 MYA
7.23 & 8.26 0.200 PEH-P10 MYA
7.24 & 8.13 0.200 PEH-P8 MYA
7.25 & 8.14 0.200 PEH-P8 MYA
7.26 & 8.29 0.200 PEH-P8 MYA

7.01

0.356

0.094 PFLY P20VLMD-E CMP-40VLW-C
7.31 0.115 PFLY P40VLMD-E CMP-40VLW-C
7.44 0.210 PFLY P63VLMD-E CMP-63VLW-C
7.39 & 7.40 0.210 PFLY P63VLMD-E CMP-63VLW-C
7.41 & 7.34 0.210 PFLY P63VLMD-E CMP-63VLW-C
7.30 0.188 PFLY P50VLMD-E CMP-63VLW-C

8.01

0.356

0.094 PFLY P32VLMD-E CMP-40VLW-C
8.32 0.115 PFLY P63VLMD-E CMP-63VLW-C
8.42 0.297 PEH-P8 MYA
8.40 & 8.35 0.210 PFLY P80VLMD-E CMP-100VLW-C
8.31 0.188 PFLY P63VLMD-E CMP-63VLW-C

Table C7: pressure losses chart: Same as A7.
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