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SYNOPSIS

This project is the study of the calorific needs as aglihe appropriate heating, ventilating and air
conditioning system required to provide thermal comforafbptel establishment under the name of
HOTEL LAZHAR in the chief town of Medea using an aerodahsystem with variable air handling

to achieve maximal comfort.

Keywords: HVAC, thermal transfer, thermal comfort, heas)deat gain, air handling unit, variable

air volume, pressure drop, air flow.

RESUME

Ce projetde fin d’étude pren@n compte I’étude des besoins calorifique ainsi que 1’équipement de
chauffage, ventilation et conditionnement d’air nécessaire a fin de fournir un confort thermique
optimal a un hétel sous le nom de HOTEL LAZHAR situehef lieu de la Wilaya de Médéa, en
basant sure un system aéraulique qui permet le control variable de I’air conditionné.
Les mots clés: HVAC, transfert thermique, confort thermjigiéperdition de chaleur, apport de

chaleur, central de traitement d’air, perte de charge, déhitair, volume d’air variable.
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Introduction

Never has there been a time where the frail hutmaing found themselves
independent from the need of thermal comfort, even befeie birth, this intelligent
living creature finds themselves covered, enveloped cackd in their mother’s
womb, once born embedded in the warmth of a blanken theked in the
smootheningvarmth of clothes for as long as they walk on earth.

Yet, climate is seldom in favor of the individualwever, as humans have learned
ever since the beginning of time, the need for thermafa@d is as crucial as the need
for food and water, pivotal to insure productivity, well being ansured health.

According toMarcus Vitruvius Pollio in his book entitled “de architectura”
written in 15 BC. “A building architecture must be supported by three basic qualities:
quality firmitas, quality utiiitas and venusitas quality’, which in turn describe
strength, functionality and beauty respectively, and esrtal comfort or temperature
comfort falls into the category of functionality itsrsideration is of key importance
to not only the quality of the building or establishment in daestbut to the
environmental comfort of the occupants of the aforeroeat edifice.

This masters dissertation project will discuss theysbf the Heating, ventilation
and air conditioning preparation for a hotel in the proviot®&ledea, consisting of a
variety of rooms stretching from offices, conferenoems and meeting rooms to
hotel rooms, cafeteria, restaurant space and more,HMA&C system of choice
according to this thesis will be decided depending on the sethat will be casted
along the study.

This academic work will be divided into five chapters whabthetackling:

e Chapter | being a general introduction of thermal comfort as asllthe
knowledge necessary for the work plan.

e Chapter Il tackling the calculation of heat loss in the estabisht in
guestion.

e Chapter lll addresses the calculations of heat gain in the buiktignd.

e Chapter IV dedicates itself to the choice of the HVAC systent thil be
used for the heating, ventilating and air conditioning task.

e Chapter V sets about calculating the duct work as well as the flod/ an
pressure drop of the applied system.
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1.1 Introduction:

Ever since the dawn of man, the need for thermal coméartatlways
been as crucial as the need for food and water, and as times,passe
exponential advancement of technology knows neither boundaries nor
limits, including the endless research for optimal thermal fedmn
buildings.

Thermal comfort is a state of mind where the body exmesse
satisfaction with the thermainvironment, in the individual’s presence,
they would feel neither too cold or two hot, an equilibrium of tempezatu
allowing them to work in a comfortable state as it is important to lhealt
and well being as well as productivity and performandgere too much
exposure to heat causes tiredness while too much absence ohbsdble
restlessness distraction and in extreme cases can evenséaous or
mild health complications.

1.2 The Importance of Air Conditioning:

As a person spends most of his time indoors, the pngoose of an
HVAC (Heating, ventilating and air conditioning) system is to insure
thermal control in buildings, depending on the season in qQuesa
heating system insures the limitation of temperature to a certaia valu
winter, minimizing heat loss through transmission and air renewal.

In summer, air condition systems set to not orfhgsh and renew
air but also—through chilling air- insure a decrease in residual heat,
countering heat gain, as well as providing a more comfortable
environment.
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The utility of HVAC systems is bound to a vast majooityactors, as
it is in charge of controlling a multitude of factors concerning &ir
residing in a building or an individual room stretching from temperature
and humidity to air purity, circulation and filtration.

The previously mentioned characteristics concerning airy va
depending on the type and usage of the building, whether gastnior
domestic or industrial purposes.

1.3 Thermal Comfort:

Heating, Ventilation and Air Conditioning system’s main goal is to
insure thermal comfort as well as the well being of individual givan
building or habitat, based on basic as well as advanced knowlétlge o
physiological needs of human beings in an artificial thermal emwiemnt,
therefore, knowledge about physiology balance, energetic amchdh
needs, human metabolism as well as heat exchange of living aralartif
organisms is a must to reach the purposed goal. [1]

For a thermal environment to be deemed comfortable, a set of
conditions must be withheld in order for a human organism to find a
mental state of satisfaction, also defined as the thermalocoaone;
where an individual finds thermal balance whatever the atmaosdtate.

The thermal comfort zone is defined by a particulapnteonditions
and parameters, putting aside clothing and wear. [1]

We distinguish 4 main parameters:

e The air temperature.

e The average temperature of the concealments (walls,
ceiling)

e The air circulation

e The air humidity
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1.4 HVAC Systems Classifications:

HVAC systems are classified in function of thermodyisanumber
of functions.

Thermodynamic functions
Non-thermodynamic
Setup designation functions :
P OesId Number of functiond ~ 1YP€ of functions
Cl and F CH
Cland F R
Cl and F None or one at mos H
Ventilation setup Cl and F d
Cl and F
Cland F CHand R
Cland F CHandH
Cland F Two CHand D
Cland F RandH
Cland F R andD
Cooling or partial air Cland F Hand D
conditioning setup
Cland F CH, RandH
Cland F CH,RandD
Cland F R HandD
Three '
Cland F CH, HandD
Cooling or total air Cland F Four CH,R,Hand D
conditioning setup
CH: Heating R: Cooling H: Humidification; D: Dehumidification.
F: Filtration ;ClI: Air circulation

Table 1.1: HVAC Systems Classifications.
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1.5 Project Presentation:

The theme of our thesis is the study oéating, ventilation and air
conditioning system provided for a new hotel consisting of a basement
parking lot, ground floor reception, and offices in the second floagth
residual floors, and an accessible rooftop for open spacedeishereas
the parking lot and the accessible rooftop are unheated.

This project is situated in the city of Medea, ctoain of the state
of Medea, Algeria.

1.5.1 Project goal:

The goal of our thesis is to define the calorific needs nbatls
compensating during winter period, as well as the thermal enbkagy t
needs extraction during summer season for each room dfatied in
addition to choosing the adequate equipments and tools to insure the
previously mentioned needs to be met, through precise regulation of
system setups as well as pinpoint dimensioning of heat transied lig
conducts in order to insure a thermal comfort zone accuratelydeshar
from an acoustic and thermal perspective.

1.5.2 Geographical localization:

As previously mentioned, this project is situated @& ¢ty of
Medea, situated in the climatic Area B, where climatic ¢tk are as
presented as follows:
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1.5.2.1 External Climate conditions:

WINTER SEASON SUMMER SEASON
. . . Average Relative Average Relative
Area Alt(lfrl:)de Lag\ln%de Lor(ELt)ude Temperature| Humidity | Temperature] Humidity
(C°) (¢ %) (C°) (¢ %)
B' 1036 | 36.2637| 2.7588 1 90 32 53
Table 1.2: External climate condition of the city of Med€x.]
1.5.2.2 Internal Climate Conditions:
WINTER SEASON SUMMER SEASON
Designation Ti°(C°) Di (%) Ti°(C°) Di (%)
Reception 20 50 25 50
Diner
20 50 25 50
(ground floor)
Cafeteria 20 50 o5 50
(ground floor)
Hall 20 50 25 50
Conference room 20 50 25 50
Offices 20 50 25 50
Hotel rooms 20 50 25 50
Suits 20 50 25 50

Table 1.3: External climate condition of the hotel.
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1.5.3 Architectural Plan:

Next, we present our plans and schematics for our project’s building
being the Hotel consisting of a basement parking lot, ground floor
reception, and offices in the second floor, three residuatdjoand an
accessible rooftop for open space leisure, review figures (21113, 1-

4 and 1-5).

It is worth mentioning that the parking lot as well as tteessible
rooftop will be of little if not no intervention in our study tey are both
unheated floors, however, centralization of our HVAC systentisbe
maintained and placed in the basement.

——
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Figure 1.1: Basement plan.
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Figure 1.3: First floor plan.
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1.5.4 Project specifications:

According to the detailed plans that have been presented in the
previous figures (1-1, 1-2, 1-3, 1-4 and 1-5), we suggest the fatjow
tables of specifications for each floor of our project’s building:

1.5.4.1 Ground floor specifications:

R’.oom. Sign Nu(r;:ber Height Surface| Temperaturg @i
Designation occupants (m) (m2) | (Win/Sum) | (%)
Restaurant| G-01 60 408 | 161.66| 2025 | 90
Cafeteria | G-02 45 4.08 | 129.77| 20/25 | 90
Local | G-03 5 4.08 | 21.81 20/25 | 20
Reception | G-04 5 4.08 | 22.33 20/25 | 20
Lobby | G-05 0 4.08 | 12252 20/25 |20
Salon | G-06 8 4.08 | 28.82 20/25 | 20
Kitchen | G-07 5 4.08 | 55.85 20/25 | 20
Bathroom 1| G-08 2 4.08 | 14.89 20/25 | 20
Bathroom 2| G-09 2 4.08 | 14.89 20/25 | 20
“gzign?;‘gt G-10 0 408 | 7.52 20/25 | 50
Storage 2 | G-11 0 4.08 5.23 20/25 50

Table 1.4: Ground floor specifications.
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1.5.4.2 First floor specifications:

Room Number Height | Surface| Temperaturg @i
. . Sign of
Designation occupants (m) (m?) | (Win/Sum) | (%)
Conference 1 51 | 200 782 | 22380| 20/25 | 50
room
Director | -1 95 5 7.82 | 31.32 20/25 | 50
office
Secretary | F1-03 2 7.82 | 19.80 20/25 50
Office 1 | F1-04 3 7.82 15.20 20/25 50
Office 2 | F1-05 3 7.82 16.47 20/25 50
Office 3 | F1-06 3 7.82 15.71 20/25 50
waiting | - o7 3 782 | 1120 | 20/25 | 50
room
Cloakrooms| F1-08 6 7.82 45.67 20/25 50
Sauna | F1-09 4 7.82 18.21 40/40 90
Cloakrooms| F1-10 3 7.82 33.78 20/25 50
Sauna | F1-11 4 7.82 18.56 40/40 90
Meeting 50
F1-12 15 7.82 25.39 20/25
room
Lobby | F1-13 0 7.82 | 57.20 20/25 50
Main duct | ) 4 4 0 7.82 7.52 20/25 | 50
opening
Storage | F1-15 0 7.82 | 15.43 20/25 50

Table 1.5: First floor specifications.
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1.5.4.3 Second and third floor specifications:

Room Sign Nu;:ber Height | Surface| Temperaturg @i
Designation occupants (m) (m2) | (Win/Sum) | (%)
Balcony | F2-01 0 11.22 | 9.21 20/25 >0
Balcony | F2-02 0 11.22 | 9.50 20/25 | 20
Balcony | F2-03 0 1122 | 8.26 20/25 | 20
Balcony | F2-04 0 11.22 | 7.87 20/25 50
Room 08 | F2-05 1 11.22 | 28.15 20/25 50
Room 07 | F2-06 1 11.22 | 30.50 20/25 | 20
Room 06 | F2-07 1 11.22 | 18.70 20/25 | 20
Room 05 | F2-08 1 11.22 | 32.00 20/25 | 20
Room 04 | F2-09 1 11.22 | 31.14 20/25 | 20
Room 03 | F2-10 2 11.22 | 25.52 20/25 | 20
Room 02 | F2-11 2 11.22 | 26.00 20/25 | 20
Bathroom | F2-12 1 11.22 | 5.31 20/25 50
Bathroom | F2-13 1 11.22 | 6.52 20/25 | 20
Bathroom | F2-14 1 11.22 | 4.37 20/25 | 20
Bathroom | F2-15 1 11.22 | 6.53 20/25 | 20

Table 1.6: Second and third floor specifications (from F2-01 toF2-15)
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Room _ Number Height | Surface| Temperature i
Designation| 0" OCCS;antS (M | m?) | (win/Sum) | (%)
Bathroom | F2-16 1 11.22 | 4.43 20/25 >0
Bathroom | F2-17 1 11.22 | 6.90 20/25 | 20
Bathroom | F2-18 1 11.22 | 6.46 20/25 | 20
Bathroom | F2-19 3 11.22 | 9.10 20/25 | 20

Suite | F2-20 5 11.22 | 91.11 20/25 50
Bathroom | F2-21 1 11.22 | 6.90 20/25 50
Room 01 | F2-22 2 11.22 | 19.96 20/25 | 20

Lobby | F2-23 0 11.22 | 170.33| 20725 | 20
Bathroom | F2-24 1 1122 | 7.52 20/25 | 20
Room 09 | F2-25 3 11.22 | 29.33 20/25 | 20
'\gzign?:;t F226| 0 1122 | 752 20/25 | 50
Balcony | F2-27 0 11.22 | 13.50 20/25 | °0
Balcony | F2-28 0 11.22 | 8.56 20/25 | °0
Balcony | F2-29 0 11.22 | 5.32 20/25 50

Table 1.7: second and third floor specifications (from F2-16 @852-
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1.5.4.4 Fourth floor specifications:

Room Sign Nu;:ber Height | Surface| Temperaturg @i
Designation occupants (m) (m2) | (Win/Sum) | (%)
Balcony | F4-01 0 1462 | 9.21 20/25 | 20
Balcony | F4-02 0 14.62 | 9.50 20/25 | 20
Balcony | F4-03 0 14.62 | 8.26 20/25 | 20
Balcony | F4-04 0 14.62 | 7.87 20/25 | 20
Room 08 | F4-05 1 14.62 | 28.15 20/25 50
Room 07 | F4-06 1 14.62 | 30.50 20/25 | 20
Room 06 | F4-07 1 14.62 | 18.70 20/25 | 20
Room 05 | F4-08 1 14.62 | 32.00 20/25 | 20
Room 04 | F4-09 1 14.62 | 31.14 20/25 | 20
Room 03 | F4-10 2 14.62 | 25.52 20/25 | 20
Room 02 | F411 2 14.62 | 26.00 20/25 | 20
Bathroom | F4-12 1 14.62 | 5.31 20/25 50
Bathroom | F4-13 1 1462 | 6.52 20/25 | 20
Bathroom | F4-14 1 14.62 | 4.37 20/25 | 20
Bathroom | F4-15 1 1462 | 6.53 20/25 | 20

Table 1.8: Fourth floor specifications (from F4-01 toF4-15).
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Room _ Number Height | Surface| Temperature ®i
Designation Sign occﬁfpants (m) (m?) | (Win/Sum) | (%)
Bathroom | F4-16 1 14.62 | 4.43 20/25 >0
Bathroom | F4-17 1 14.62 | 6.90 20/25 50
Bathroom | F4-18 1 14.62 | 6.46 20/25 | 20
Bathroom | F4-19 3 1462 | 9.10 20/25 | 20
Suite | F4-20 5 14.62 | 91.11 20/25 50
Bathroom | F4-21 1 14.62 | 6.90 20/25 | 20
Room 01 | F4-22 2 14.62 | 19.96 20/25 | 20
Lobby | F4-23 0 14.62 | 170.33| 20725 | 20
Bathroom | F4-24 1 14.62 | 7.52 20/25 | 20
Room 09 | F4-25 3 14.62 | 29.33 20/25 | 20
N(';ign?;‘gt F4-26 0 1462 | 752 20/25 | 50
Balcony | F4-27 0 14.62 | 13.50 20/25 | °0
Balcony | F4-28 0 14.62 | 8.56 20/25 | °0
Balcony | F4-29 0 1462 | 5.32 20/25 | °0
Balcony | F4-30 0 1462 | 8.54 20/25 | °0
Balcony | F4-31 0 14.62 | 8.25 20/25 50
Balcony | F4-32 0 1462 | 9.03 20/25 50

Table 1.9: Fourth floor specifications (from F4105F4-32).
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2.1 Introduction:

To create an HVAC system in a room, it is neagssa establish a thermal
balance, which will serve as a basis for the calcuidbo the entire setup.

The thermal balance makes it possible to distinguishehé gains and the heat losses
for a room; it has a direct influence on the dimensignof the HVAC system’s
networks. It is therefore necessary to know with utnpostision the factors that are

of impact on the latter mentioned system before actualgbéshing it.
Therefore, we distinguish three main factors:

e Geometrical factors: such as room dimensions stretching from surfaces to
volumes.
e Geographical factors: such as the latitude, altitude and orientation of the
building or particular room in question.
e Thermal factors: from which we can mention:
- Occupants: time of occupation, number of occupants and pexfbr
activities during occupation.
- Lighting: lighting type and power.
- Construction materials.

- Machines: engines, power supplies

2.2 Heat Transfer modes :

In the study of thermodynamics, there are thréferdnt types of heat transfer

modes which are known to man today; conduction, convectidnmadiation.

2.2.1 Conduction heat transfer:

Conduction heat transfer is the transfer of heat byns@d molecular excitement
within a material without bulk motion of the matter.ndoction heat transfer in gases
and liquids is due to the collisions and diffusion of theemoles during their random
motion. On the other hand, heat transfer in solids istoduke combination of lattice

vibrations of the molecules and the energy transportdeydtectrons. [2]
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To examine conduction heat transfer, it is necessamelade the heat transfer to
mechanical, thermal, or geometrical properties. Consstiesidy-state heat transfer
through the wall of an aorta with thickness where the wall inside the aorta is at
higher temperature ¢J compared with the outside wall T Heat transfer, Qcond

(W), is in the direction of x and perpendicular to plaheemperature difference. [2]

1\
T
(x) T,

—L—
Figure 2.1: One-dimensional conduction heat transfer. [2]

> X

As conduction heat transfer is a “’high to low’’ temperature function along the

wall, it is described by the following formula:
Qcond = (xg) X § % (T1— T2) 1.1

Whereas:

Qcond Heat transfer flow by conduction (W).

. Coefficient of thermal conductivity (Y. C°).

e: Wall thickness (m).

S: Surface where the heat exchange phenomenon occéirs. (m

(T1-T2): The difference in temperature between the tijeads from higher

temperature to lower temperature respectively.

2.2.2 Convection heat transfer:

Convection is a transfer mode, which occurs by an exchahgaergy between a
body and a fluid. According to the kind of fluid flow, c@aution is termed free or
forced. [2]
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When the fluid currents are caused by temperatéfexatices, the convection is
called natural or free. If the fluid motion is causedahyexternal action, such as pump

or a fan, it is termed forced convection. [2]

Figure 2.2: One-dimensional heat transfer by conduction. [2]
Heat transfer flow by convection is expressed in the fafigviormula:
Qconv= hc. S. (T1-T2) 1.2
Whereas:
Qconv: heat transfer flow by convection (W).

hc: Convection coefficient (W/m2. C°).

2.2.3 Radiation heat transfer:

Radiation heat transfer is the energy that is emittechatger in the form of photons
or electromagnetic waves. Radiation can be importaah én situations in which
there is an intervening medium. An example is the heatsfer that take place

between a living entity with its surrounding.

q1

2

Figure 2.3: Heat transfer via radiation. [2]
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Heat transfer flow by radiation varies in pasure; however, we will consider
the following equation for the sake of exemplification:

Qray= hr. S. (t1-t2) 1.3
Whereas:
Qray: Heat transfer flow by radiation (W).

hr: radiation coefficienfW/m2. C°).

2.3 Interior/exterior surface heat transfer coefficients:

In heat transfer transmitted via convection or taxha coefficients are generally
assembled and considered as the one and same, depenthiegloaction and aim of
the flow, this coefficient can vary also depending andtudy being either interiori(h

or exterior (k) as presented in the following table:

Direction hi(w/m2. °C) he(w/m2. °C)

Horizontal 9.09 16.66

Ascending | Descending| Ascending | Descending
11.11 5.88 20 20

Vertical

Table 2.1 Interior/exterior surface heat transfer coefficie fifsl]

2.4 Calculating overall heat transfer coefficientX:

Another important coefficient that needs to bleemainto consideration is the
overall heat transfer coefficient (K), which is a ffméent exclusive to walls
comporting one or multiple layers and which is also esasin the following
manner by the following mathematic expression wheré egoation here on is taken
from the RTD C3-4 [D1]:

K=-L= 1 1.4
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Whereas:
Ri: Thermal resistance of the wéaih?.C°/w).
hi: Internal surface heat transfer flow coefficient/(%.C°).
he: External surface heat transfer flow coefficient/ &/ C°).
a: Thickness of the first layer of the wall (m).

Ai : thermal conductivity of the first layer of the wall(M.C°).

2.4.1 Calculating overall heat transfer coefficients of the different

components of the project:

Each time heat flow -which is a form of energishes with a surface, it’s flow
is reduced depending on the characteristics of this saidcsudue to thermal
resistance, in our project’s case as well as most of buildings, this surface can be

defined as a ceiling, floor, interior or exterior wall, dgor windows.

However, each type of surface with thermal energy cortas its own specific

thermal resistance, which can be calculated througbdimnune relation:

= 1.5

" Rtot

Where Rtot itself is identified as:

Riot= R+ R+ Re 1.6
Therefore:

:Ri+le+Re -7
Whereas:
Ri=—R=XRe=— 11.8
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2.4.2 Building components:

According to our project data at hand, the componentsiiobuilding as well as their
thermal resistance categorized by overall surface would bdlaws:

A. External walls:

csienie gir > | eHor 3ar
: ‘
L
4 ~
Master
Cement plaster Cement ploster
Hollow bricks Air blade

Figure 2.4: Sectional view of an exterior double partition.wall

. . e A R
Designation m W/m.Ce PG
Plaster 0,005 0,35 0,014
Cement plaster| 0,015 1,4 0,011
Hollow bricks 0,1 0,48 0,21
Air blade 0,1 0,625 0,16
Hollow bricks 0,1 0,48 0,21
Cement plaster| 0,015 01,4 0,011
>R=0,616

Table 2.2: Thermal resistance of each layer of theeaitevall.

B. Internal walls in between rooms:

interior air inlerion air
N .
~
- 3 |
Plaster - ~
Plaster
Cement plaster 3
‘ sment plaste
Hollow bricks Cement plaster

Figure 2.5: Sectional view of an interior wall between rooms
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: . e A R
Designation - W/m.Ce PG
Plaster 0,005 0,35 0,014
Cement plaster | 0,015 1,4 0,011
Hollow bricks 0,1 0,48 0,21
Cement plaster | 0,015 1,4 0,011
Plaster 0,005 0,35 0,014
| Y Rtot= 0,260

Table 2.3: Thermal resistance of each layer of tre¥nal wall between rooms.

C. Internal walls in direct contact with air flow:

interior Air | interrior Air

-

Plaster

Cement plaster

Hollow bricks

~

v
Plaster
Cement plaster

Air blide

Figure 2.6: Sectional view of an interior wall in contadiwraffic.

Table 2.4: Thermal resistance the internal wall layerdacted with the air. [D1]

25
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Designation m W/m.Ce T2
Plaster 0,005 0,35 0,014
Cement plaster | 0,015 1,4 0,011
Hollow bricks 0,1 0,48 0,21
Air blade 0,1 0,625 0,16
Hollow bricks 0,1 0,48 0,21
Cement plaster | 0,015 01,4 0,011
plaster 0,005 0,35 0,014
Y Rtot=0,360
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D. Ceiling separating floors:

Interior Air
‘

~ liles
EACHE SR MY SR A Ve e R B Cement

B Reintorced concrete

Hollow core slab

Plaster
Interior A

“

Figure 2.7: Sectional view of a floor between floors.

. . e A R

Designation m W/m.C® m?C°/W
Tiles 0,025 0,55 0,045
Cement 0,025 1,4 0,018
Reinforced concretg 0,1 1,75 0,057
Hollow core slab 0,1 0,98 0,102
Plaster 0,005 0,35 0,014

| > Rtot=0,236

Table 2.5: Thermal resistance of the layers of thengedleparating floors. [D1]

E. Lower floor:

Interior Aw
-
- Floor tile
P Coment
b Sand
= Concrewe

R Remnforosd conerese

B Rocks

-

Soil

Figure 2.8 Sectional view of a Floor on ground.
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. . e A R
Designation o W/m.Ce T2CW
Floor tile 0,025 0,55 0,045
Cement 0,025 1,4 0,018
Sand 0,025 0,67 0,037
Concrete 0,075 1,4 0,053
Reinforced concret{ 0,15 1,75 0,086
Rocks 0,33 2,67 0,12
Soil 0,17 2,43 0,07
| X Rtot=0,42¢

Table 2.6: Thermal resistance of the layers of the Ldwer. [D1]

F. Closure ceiling:

Exrerionr Aly

Er % Girsvel
& N Asphalt mapping
. Cork

Cemens screed

Concrele

Hollow core

Paster

Interior Air
-

Figure 2.9: Sectional view of a roof (roof).

. . e A R
Designation m W/m.Ce T2
Gravel 0,02 0,95 0,021
Asphalt mapping 0,03 0,2 0,15
Cork 0,02 0,06 0,33
Cement screed 0,01 1,63 0,006
Concrete 0,2 1,75 0,11
Hollow core 0,1 0,98 0,10
Plaster 0,01 0,35 0,057
| Y Rtot=0,774

Table 2.7: Thermal resistance of the layers of the [@df]
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Doors and Windows:

As for the carpentry elements of the project, theowihg coefficients are preset and

therefore considered as is in the following table:

Designation K(W/mz2C®)
Wood 3.50
Metal 5.80
Doors 30%glazing 4.00
30-60%glazing 4.70
Metal or glass 5.80
Windows Slippery glass 4.50
Glass 5.00

Table 2.8: Coefficient K for variety of doors and windows. [D1]

2.4.3 Coefficient K calculation example:

For the sake of exemplification, we will demonstrate tlethed of calculating the

coefficient K considering the previous formulae on ouemal wall of the building.

The coefficient K for our external walls would be expeesdy the following

development:

Ri= 0,11 m°C/W Re =0,06 m°C/ W

1
" 0.11+ 0.616 + 0.06

K= 1,3 (W/ n#°C)
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2.4.4 Final results of the calculated coefficient K:

After calculating the remaining coefficients K oétbreviously mentioned surfaces
of our structure (A, B, C, D, E and F), we conclude to dilewing table containing

the values of the coefficient K for each surface presip mentioned:

Destination Coefficient K ((W/ n3C®)
A 1.30
B 2.08
C 1.18
D 1.40
E 1.30
F 1.09

Table 2.9 Coefficient K of each building surface type.

2.5 Calculating heat balance in winter season:

In order to calculate the heat balance of a imgjdwe need to establish a
calculation that allows us to determine the calongfiver necessary to maintain a
stable temperature, to achieve such; we have chosen Thdafegulechnical
Document C3-2 (RTD) also known in French as “Document technique
réglementaire’” as a basis which will allow us through the use of its staisdt

calculate both heat loss and gain with great precision.

2 5.1 Presentation of the Requlatory Technical Document:

2.5.1.1 Objective of the RTDC3-2:

The Regulatory Technical Document’s purpose is to establish a set of methods to
insure thermal evaluations for rooms in the building, priipénose of calorific needs

in winter season, the document allows:

- Determining heat loss for buildings or particular rooms.

- Verifying the compliance of buildings with thermal regulaso
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- Deciding the dimensions of the heating system networksitifings.
- The thermal conception of establishments.

2.5.1.2 Areas of usage:

The methods of finding the amount of heat gain and lossebRTD are applicable
on buildings with:

v" Residential use.

v' Accommodation such as dormitories, collective rooms or as in our project’s
case a hotel.

Offices.

Teaching such as classrooms, conference rooms and meeting roo

Shops such as grocery stores , malls and shopping centers.

D N NI NN

Gastronomy as in restaurants and cafés.

2.5.1.3 Types of heat loss:

There exist two types of heat loss:

- Heat loss by transmission through the building enveloprsgett as walls,
windows, doors and roof.
- Heat loss by air renewal which as the name suggestspaettles are

moved through air traffic, causing heat loss.

2.5.1.4 Calculations

A. Calculating heat loss by transmission:

In order to calculate heat loss by transmissionpmeeed with the following

formula:

D1=Dst+ Dji+DsortDinc 1.9
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Whereas the formula consists of:

Dr: Heat loss by transmission.

Ds: Surface losses through the common parts of the watisntact with the exterior.
Dii: Heat loss through wall links (wall leakage).

Dsol: Heat loss through the walls in contact with the.soil

Dinc:Heat loss through walls in contact with unheated rooms.

A.1 Heat loss through the walls in contact with the exterioBbs:

The surface losses by transmission through a walirgeng two different
atmospheres are given by the following formula:

Ds= K x A x(Ti=To) 11.10
Whereas the formula contains the following:

K: The overall heat transfer coefficient measured innff¥\C°).

A: Surface of the element in question?(

Ti: Internal Temperature (C°).

Te: External Temperature (C°).

A.2 Heat loss through wall linkii-

The losses through links, also known as losseadh thermal bridges, are given

by the following formula:
Dii= Kix A x (Ti—Te) .11

Important Notice: In order to simplify calculations, it is commonly known to

consider:

Di=0.2 xDy 11.12
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A.3 Heat loss through the walls in contact with the soiDsot

In this manner of loss, three types of walls in contagh the soil can be
distinguished, the upper interior surface of the roomlatsovn as ceiling, the regular
envelopment walls and the lower base interior surfacelwdan be translated into the

following formula:
Dsor Ksx A x (Ti—Te) 11.13

A.4 Heat loss through walls in contact with unheated rooms R:

The heat loss provoked through walls that are in comtéibtone or more unheated
rooms can be calculated through the following formula:

Dinc= Taux [X (KXAXAT) + 0.2 (KixLxAT)] .14

According to the formula, we notice that this particulgipet of heat loss is
conditioned by a coefficientTéu), which is known as the temperature reduction

coefficient, this coefficients value is bound to benmsn 0 and 1.

To calculate thetemperature reduction coefficient we heséotlowing equation:

ti—t d

Tau = — = — 1.15
ti—te de—ac

Whereas

ti: Internal temperature (C°).

tn: Unheated volume temperature (C°).

te: External Temperature (C°).

de: Heat loss from the unheated room to the exterior (W/C®).

ac: Heat gain from the various heated rooms to the unheated(YWaDs3).

In case of the temperature of the unheated vohohéeing given - such as in our
case - we can find it throw calculation as follows:

de

de—ac

tn = ti — [(ti —te) X (

)] 11.16
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B. Calculating Heat loss by air renewal:

When calculating Heat loss by air renewal we need to ta&econsideration:

e Losses due to the activity of ventilation devices; the ifpegentilation
flow rate is associated with these losses.

e Additional losses by infiltration due to wind effects.

Heat losses due to air renewal are expressed as follows
Dr=0.34 x (Qv + Qs) AT .17
This expression contains the following elements:
0, 34:The heat volume of air.
Qv: The Fan volume flow.
The fan volume flow has an expression for itself:
Qv= MAX [(0.6xVh).Qvref] .18
Whereas:
Vh: The living volume.
Qurer: The reference extract of Qv.

With:

eref — (5vain6+vaax) .19

Qs.Additional flow by fan infiltration.

With:
Qs=XPpxev 11.20
And:  XPpr= POxA .21

Ev: wind exposure coefficient against the wall.
Pp: Air infiltration from the wall.

Po: Surface air infiltration from the opening.
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C. Verification:

In order to verify the accuracy of our results, wieve the previous works with a
verification equation expressed as follows:

D1<1, 05 Dyer .22
The equation components are defined as:

Dref: Heat loss reference.

Where:

Dref=aS1 + bR + cS3 + dS4 + eS5 11.23

Each of the S symbols represents a particular suafiace in contact with the
exterior, in order, they represent:

S1: The roofing.
S2: The floor.

S3: The walls.
S4: The doors.
S5: The windows.

Whereas the coefficients (a, b, ¢, d and e) efieetl by the corresponding area of
the establishment in question, in the case of our grojguch is situated in the B
area, the coefficients are to be as represented foltbeing table:

Coefficients of the
building
Area a b C d e
B 0,9 2,40 1,20 3,50 4.50

Table 2.10: Area B Dref coefficients (a, b, ¢, d and e). [D1]
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2.6 Calculating winter season heat balance:

2.6.1 Calculating the unheated volume temperature tn:

To begin, we need to identify the unheated rooms of each fiom ground floor,
first floor, second floor, third floor and fourth flotw apply the previously mentioned
expression to calculate thetemperature of the unheated ribomgh the previous
equation:

de

tn = ti — [(ti — te) x ( Toad)
Ground floor
Room Temperature (C°)
Shop 16
Storage 16
Bathrooms 16

Table 2.11 Unheated room’s temperature on the ground floor.

First floor
Room Temperature (C°)
Lobby 16
Storage 16
Showers 16
Bathrooms 16

Table 2.12 Unheated room’s temperature on the first floor.
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Second floor
Room Temperature (C°)
Lobby 16
Storage 16
Bathrooms 16

Table 2.13 Unheated room’s temperature on the second floor.

Third floor
Room Temperature (C°)
Lobby 16
Storage 16
Bathrooms 16

Table 2.14 Unheated room’s temperature on the third floor.

Fourth floor
Room Temperature (C°)
Lobby 16
Storage 16
Bathrooms 16

Table 2.15Unheated room’s temperature on the fourth floor.

36

——
 —




Chapter Il THERMAL CALCULATION AND HEAT LOSS CALCULATION

2.6.2 Example of calculation of a room and final caldations
results:

Take for example the room (kitchen G-07) of 227.87 inis located in one of the
corners of the ground floor.

The characteristics of the room are as follows:
An outer walls (double partition walls) is 14.73 m x 4.08 mhi{ugit= 1.3 W/ m? ° C)

Has 02 windows of 3.92 m? (with K=5 W/ m? ° C); 01 wooden do@.®im? (with
K=35W/m2°C).

The temperatures:

e Te=1°CandTs =10 °C (based on baseline conditicthe region).
e Ti=21"°C (the desired temperature).
e Tn =16 ° C (according to the calculations).

5.00

5
|
|

KITCHEN
G-07 “=nans

)

308

STORAGE
G-11

L
R

5.00 560 3,50

Figure 2.10: Example of calculating a room
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A. Calculating heat loss by transmission:

-The basic losses are given by the following formula:

DT=Ds+ DIli+ Dsol+ DInc

-Surface losses by transmission through the walis D

The surface losses by transmission are given by tleenioly formula:
Ds=K x A

Ds= 1.3 x60.13= 78.169 W/°C

-windows: Oy = 5x3.92= 19.6 W/°C

Ds.tota=97.77 W/°C

-Loss through the bondsiD

Dji= Ds.totalx0.2

Dji=97.77x0.2 =19.55 W/°C

-Surface losses by transmission through the walls of uatheadbms [c:
Dinc=Taux [(KxA) +0.2(KxA)]

Tau=0.25 (table 6.4 RTD C3

DincWall: Dine =0.25x [(2.08x16.98) +0.2(2.08x16.98)] = 10.60 W/°C
-Door: Dinc = 0.25x[(3.5%2.2) +0.2(3.5%2.2)F 1.32W/°C

Dincfloor: Dinc=0.25x [(1.4x55.85) +0.2(1.4%55.85)] = 23.46 W/°C
Dinc total=35.38 W/°C

Dt=152.7W/°C

B. Calculating Heat loss by air renewal:

-Loss by renewal of air Dr:
Dr=0.34 x (Qv + Qs)
Qv=MAX [0.6xV h; Quvref]

5 QVmin + QVmax
Vréf — 6

Quimin =120 (table 7.1 RTIC3-2)
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Qvmax =210(table 7.2 RTEC3-2)

Qv=MAX [0.6x227.87; 135]=136.72 th

Qs =Y QvoxSo

Qs=14.5x3.92=56.84 fh

Dr=0.34x (136.72+56.84) =65.81 W/°C

Diot = (152.7+65.81) x (21-1) =218.51x20=4370.2W

Dtot =4370.2W
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Table 2.16: Calculation results of heat losses fogtbheind floor.

o Surface of

€ |E |g 3

T (o,.) = - & Doors m? & 2
%) ) 3 ° E A ~
2 | d Q 8 Qg N AT1 | AT2 Dt Dr Dtot
8 ‘*CE “CE 5 "'CE % = — g S S o o o o
S |5 |5 |8 |§€ls |5 |2 |2 |cO| o] mro | wmo (W)

s |2 |z |88 |g |2 |2

I © O =

S | £ = ® =
G-01| 55.73 - 161.66 - 3.08 - 48.12 4.08 20 5 374.2632 428.7358 16060
G-02| 13.46 - 129.77 - 3.08 - 38.95 4.08 20 5 260.5050 375.0683 12711
G-03 unheated room
G-04| 18.80| 19.58 | 22.33 - - - - 4.08 20 5 50.9245 45.9000 1936.5
G-05| 26.68| 100.29| 122.52 - 3.08 6.6 19.40 4.08 20 5 266.9386 320.4734 11748
G-06| 43.16 - 28.82 - - - 1.96 4.08 20 5 88.1364 55.5628 2874
G-07| 60.13| 16.98 | 55.85 - - 2.2 3.92 4.08 20 5 152.7012 65.8107 4370.2
G-08 unheated room
G-09 unheated room
G-10 unheated room
G-11 unheated room

——
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Table 2.17: Calculation results of heat losses foFitst floor.

Surface of

3 3 3 s T PR
0 8 A8 | &8 ° E| Doors(m) | ¢ E | E
§ |2 E3E|laE g8 S 8|z
S " FeEl? EIE R 5 = 2 8| £ AT1 | AT2 Dt Dr Dtot
- |3 QT ? 8 » o8 |3 |2 3|2 °c) | c WI°C WI°C

= = o | £ 2 a | T (°C) | (°C) ( ) ( ) (W)

() =

F1-01 | 127.9| 64.22 | 223.8 - 9.9 - 3.54 20 5 239.3597 234.6616 9480.4
F1-02 | 30.9 - 31.32 - - 30.9 3.54 20 5 140.9040 154.3022 5904.1
F1-03 | 18.87 - 19.80 - - 18.87 3.54 20 5 86.0472 118.7175 4095.3
F1-04 - - 15.2 - - - 3.54 20 5 0 62.9 1258
F1-05 - 19.49 | 16.47 - - - 3.54 20 5 12.1618 62.9 1501.2
F1-06 - 13.10 | 15.71 - - - 3.54 20 5 8.1744 62.9 1421.5
F1-07 - 4.96 11.2 - 2.64 - 3.54 20 5 3.0317 82.3779 1708.2
F1-08 | 15.36| 6.02 | 45.67 - 2.64 - 3.54 20 5 31.4112 82.3779 2162
F1-09 | 29.03 - 18.21 - - - 3.54 39 24 45.2868 62.9 4219.3
F1-10 - 10.27 | 33.78 - 2.64 - 3.54 20 5 6.3451 82.3779 1774.5
F1-11 | 30.30| 13.10 | 18.56 - - - 3.54 39 24 55.4424 62.9 4615.35
F1-12 | 17.7 | 70.4 | 25.39 - 2.64 1.96 3.54 20 5 80.1806 92.0407 3444.4
F1-13 unheated room
F1-14 unheated room
F1-15 unheated room

——

41

'




Chapter Il THERMAL CALCULATION AND HEAT LOSS CALCULATION

Table 2.18: Calculation results of heat losses fosgo®nd floor.

9 9 9 e Surface of o |
® S a8 | & o E | Doors (m?) 2 £ £
S |aEa E|3E|& 8- T2 18 8|z& ATI | AT2 Dt Dr Dtot
3 5856|5352 (& 518 | ., : :

= = S " o % é Al T (°C) | (°C) (W/°C) (W/°C) (W)
F2-01 unheated room
F2-02 unheated room
F2-03 unheated room
F2-04 unheated room
F2-05| 37.6 | 23.26 | 28.15 - 264 | 3.74 1.96 3.20 20 5 84.0005 89.2074 3464.1
F2-06 | 15.68| 24.99 | 30.50 - 264 | 3.74 1.96 3.20 20 5 50.8848 89.2074 2801.7
F2-07| 9.69 | 18.08 | 18.7 - - 3.74 9.69 3.20 20 5 55.3786 88.7297 2882.2
F2-08| 16 24.64 | 32.00 - - 3.74 16 3.20 20 5 88.2456 107.3947 3912.9
F2-09 | 17.12| 25.28 | 31.14 - - 3.74 | 1712 | 3.20 20 5 93.7522 110.9443 4093.9
F2-10 | 13.92| 22.24 | 25.52 - 2.64 | 3.74 3.84 3.20 20 5 54.7704 89.2074 3064.9
F2-11 | 28.7 | 22.27 26 - 2.64 | 3.74 3.84 3.20 20 5 77.8459 89.2074 3526.3
F2-12 unheated room
F2-13 unheated room
F2-14 unheated room
F2-15 unheated room
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Table 2.19: Calculation results of heat losses fosgwo®nd floor.

Surface of

3 3 3 s T PR
0 8 A8 | &8 ° E| Doors(m) | ¢ E | E
§ |2 E3E|laE g8 S 8|z
S " EoFT P EIE Rl s = 2 8| £ AT1 | AT2 Dt Dr Dtot
— T O3 Yo A o| o = = 5|0 °C °C W/°C W/°C

= = o | £ 2 a | T (°C) | (°C) ( ) ( ) (W)

() =
F2-16 unheated room
F2-17 unheated room
F2-18 unheated room
F2-19 unheated room
F2-20 | 55.84| 71.84 | 91.11 - 2.2 3.74 5.74 3.2 20 5 159.1824 104.5965 5275.6
F2-21 unheated room
F2-22 | 27.04| 18.85| 19.96 - 2.64 | 3.74 3.92 3.2 20 5 73.4774 98.8702 3447
F2-23 unheated room
F2-24 unheated room
F2-25 | 17.28| 61.44 | 29.33 - 2.64 | 3.74 3.92 3.2 20 5 84.8280 98.8702 3674
F2-26 unheated room
F2-27 unheated room
F2-28 unheated room
F2-29 unheated room
([ = ]




Chapter Il THERMAL CALCULATION AND HEAT LOSS CALCULATION

Table 2.20: Calculation results of heat losses fothind floor.

Surface of

3 3 3 s T PR
0 8 A8 | &8 ° E| Doors(m) | ¢ E | E
§ |2 E3E|laE g8 S 8|z
S " Flh gl E|ILE E|s = 2 2| £ ATl | AT2 Dt Dr Dtot

S g e 2288 |&g 3|2 OO wro | (W (W)

() =

F3-01 unheated room
F3-02 unheated room
F3-03 unheated room
F3-04 unheated room
F3-05| 37.6 | 23.26 | 28.15 - 2.64 | 3.74 1.96 3.20 20 5 84.0005 89.2074 3464.1
F3-06 | 15.68| 24.99 | 30.50 - 2.64 | 3.74 1.96 3.20 20 5 50.8848 89.2074 2801.7
F3-07| 9.69 | 18.08| 18.7 - - 3.74 9.69 3.20 20 5 55.3786 88.7297 2882.2
F3-08| 16 24.64 | 32.00 - - 3.74 16 3.20 20 5 88.2456 107.3947 3912.9
F3-09 | 17.12| 25.28 | 31.14 - - 3.74 | 17.12 3.20 20 5 93.7522 110.9443 4093.9
F3-10 | 13.92| 22.24 | 25.52 - 2.64 | 3.74 3.84 3.20 20 5 54.7704 89.2074 3064.9
F3-11| 28.7 | 22.27 26 - 2.64 | 3.74 3.84 3.20 20 5 77.8459 89.2074 3526.3
F3-12 unheated room
F3-13 unheated room
F3-14 unheated room
F3-15 unheated room
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Table 2.21: Calculation results of heat losses fothind floor.

Surface of

3 3 3 s T PR
0 8 A8 | &8 ° E| Doors(m) | ¢ E | E
§ |2 E3E|laE g8 S 8|z
S " EoFT P EIE Rl s = 2 8| £ AT1 | AT2 Dt Dr Dtot
— T O3 Yo A o| o = = 5|0 °C °C W/°C W/°C

= = o | £ 2 a | T (°C) | (°C) ( ) ( ) (W)

() =

F3-16 unheated room
F3-17 unheated room
F3-18 unheated room
F3-19 unheated room
F3-20 | 55.84| 71.84 | 91.11 - 2.2 3.74 5.74 3.2 20 5 159.1824 104.5965 5275.6
F3-21 unheated room
F3-22 | 27.04| 18.85| 19.96 - 2.64 | 3.74 3.92 3.2 20 5 73.4774 98.8702 3447
F3-23 unheated room
F3-24 unheated room
F3-25| 17.28| 61.44 | 29.33 - 2.64 | 3.74 3.92 3.2 20 5 84.8280 98.8702 3674
F3-26 unheated room
F3-27 unheated room
F3-28 unheated room
F3-29 unheated room
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Table 2.22: Calculation results of heat losses fofdabeh floor.

Surface of

3 3 3 s T PR
0 8 A8 | &8 ° E| Doors(m) | ¢ E | E
§ |2 E3E|laE g8 S 8|z
S " FOENDPEILE R 5 = S 8 | £ AT1 | AT2 Dt Dr Dtot
3 = 07 0|5 2 55 < = 5| @ o ° 0 0

= = o MU S 2 a | T (°C) | (°C) (Wr°C) (Wr°C) (W)

() =

F4-01 unheated room
F4-02 unheated room
F4-03 unheated room
F4-04 unheated room
F4-05| 37.6 | 23.26 | 28.15| 28.15| 2.64 | 3.74 1.96 3.20 20 5 121.7447 89.2074 4219.1
F4-06 | 15.68| 24.99 | 30.50| 3050 | 2.64 | 3.74 1.96 3.20 20 5 90.7788 89.2074 3599.8
F4-07 | 10.24| 18.08 | 18.7 18.7 | 2.64 | 3.74 1.96 3.20 20 5 62.5462 89.2074 3034.9
F4-08| 16 2464 | 3200 | 3200 | 2.64 | 3.74 1.96 3.20 20 5 93.0216 89.2074 3648.2
F4-09 | 17.12| 25.28 | 31.14 | 31.14 | 2.64 | 3.74 1.96 3.20 20 5 98.6959 89.2074 3758.1
F4-10 | 13.92| 22.24 | 2552 | 2552 | 2.64 | 3.74 3.84 3.20 20 5 88.1505 89.2074 3547.2
F4-11 | 28.7 | 22.27 26 26 2.64 | 3.74 3.84 3.20 20 5 111.8539 89.2074 4021.4
F4-12 unheated room
F4-13 unheated room
F4-14 unheated room
F4-15 unheated room
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Table 223: Calculation results of heat losses for the fouabrf

Surface of

3 3 3 s T PR
0 8 A8 | &8 ° E| Doors(m) | ¢ E | E
§ |2 E3E|laE g8 S 8|z
S " EoFT P EIE Rl s = 2 8| £ AT1 | AT2 Dt Dr Dtot
- |8 BT ?| 8 » T| © s |2 3|2 °C) | (°C W/°C W/°C

= = o | £ 2 a | T (°C) | (°C) ( ) ( ) (W)

() =

F4-16 unheated room
F4-17 unheated room
F4-18 unheated room
F4-19 unheated room
F4-20| 55.84| 71.84| 91.11 | 91.11| 2.2 3.74 5.74 3.2 20 5 278.343 104.5965 7659.1
F4-21 unheated room
F4-22 | 27.04| 18.85| 1996 | 1996 | 2.64 | 3.74 3.92 3.2 20 5 99.5851 98.8702 3969.1
F4-23 unheated room
F4-24 unheated room
F4-25 | 17.28| 61.44 | 29.33 | 29.33 | 2.64 | 3.74 3.92 3.2 20 5 123.1916 98.8702 4441.3
F4-26 unheated room
F4-27 unheated room
F4-28 unheated room
F4-29 unheated room
F4-30 unheated room
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F4-31

unheated room

F4-32

unheated room
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Levels Dtot (W)
Ground floor 49699.7
First floor 41584.25
Second floor 36142.6
Third floor 36142.6
Fourth floor 41898.2
TDtot (W) 205467.35

Table 2.24: Total thermal losses for the hotel.

2.5.3 Verification:

Take for example the room (kitchen G-07)

Drer = (0.9xS1 + 2.4xS2 + 1.2xS3 +3.5xS4 + 4.5xS5)
S1=0m?

S2=55.85 m?

S3=77.11 m?

S4= 2.2 m?

S5=3.92 m?

Drer = (0.9%0 + 2.4%55.85 + 1.2x77.11 +3.5%x2.2 + 4.5x3.92)= 251.912 W/°C
1.05%xDet = 264.51W/°C

After calculation we have:

D1=152.7W/°C

So: 152.7<264.51

So we can say that the condition is true
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Chapter Il HEAT GAIN CALCULATION

3.1 Introduction:

The previous chapter has covered thermal caloolaind heat loss calculation,
however, in order to achieve a full heat balance caticii and perform a full-on
HVAC system study of any particular building, understanding luesst alone is not
enough, which raises the need for understanding heat gdintamethods of

calculation.

Heat gain is the term given to a temperature rise wihspace due to heat from the
sun (solar radiation heat from surfaces (long wave infrared
radiatior), heat originating  from  other  sources within  the spageh(s
asheating appliances, ovens, people, mechanical systghts,dnd computers) and
so on. It is the heatthat is gained from such sourded thanges the

prevailing temperature within the space.

Heat gain can be positive, for example providing 'frediifg#o spaces on sunny but
cold days, or it can be negative, overheating spact#sirsummer so that they are

uncomfortable to occupy.

3.2 Presentation of the Requlatory Technical Docuné

In the previous study concerning heat loss, the docuusad to establish the
methodical basis from which to calculate was the RT®Z;.whereas in the case of
our current study in question which is heat gain, we will usémalar Regulatory
technical document which is complimentary to the previowsmamed RTD C.3-4, in
addition to that, in respect to our project, we will basg oalculations on the
European EN12831 Standard, in order to insure a well balanced, coosata and
precise result for not only the heat gain calculation dsd for the resulting heat

balance.
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3.2.1 Objective of the RTD C3-4:

Not very different from the RTD C.3-2 the RTD C.3s4also a regulatory
technical document dedicated to set the methodological dsofam insuring a well
balanced environment heat wise, however, when the C.342 fowaus is the winter
season and its heat loss, our current document focusesioner season with its heat

gains where it allows:

- Determining heat gain for buildings or particular rooms.
- Deciding the dimensions of the air conditioning system nedsvof buildings.
- Just as in the previous document the the thermal caonegtestablishments

and verifying the compliance of buildings with thermal regiohs.

The areas of usage for this particular regulateciriical document do not vary
and identical to those in the in the RTD C3-2 (see 24.1.

3.2.2 Calculations:

Heat gain as it stands in the calculation of heat balam summer, as sensitive heat
gain (As) and latent heat gairA() which are in orderly manner represented by the

following formulae:

As= APO + AV + Als + AINFs  [W] 1.1
And:
A= Al + AINF| [W] 1.2

With the following representing:

- APO:Opaque walls heat gains.

- AV:Glass wall heat gains.

- AlsandAl;:The sensitive and latent parts of the internal gains.

- AINFsandAINF:The sensitive and latent parts of heat gain due to air

infiltration.
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3.2.2.1 Calculating Sensitive heat gain:

A. Calculating Opaque panels heat gain:

When the need for calculating opaque panels heat iiswould be expressed in

the following general expression
APO(t) = APOex(t) + APOint(t) +APOsoil(t)[W] 1.3
With :

- APOex(t) : Heat gain via external panels (W).
- APOint(t) : Heat gain via internal panels (W).
- APOsi(t) : Heat gain via panels in contact with the soil (W)

A.1 External opague Panels:

APO(t)=1,2xKetex St x Ate(t)[W] 1.4
With :

- 1,2:A coefficient that takes into consideration the lingiad lateral gains.

- Kewe: The transmission coefficient in the straight part of the wall
considered for summer according to RTD C.3-2 (W/m2.°C).

- Sint:The total interior surface of the wall considered forfsom slope,
whilst taking the horizontal projection of the surface)(m?2

- Ate(t) :The equivalent difference of temperature at a given time t (C°).

In order to calculate the equivalent difference eingerature, we need to
distinguish whether the wall in question is shadowed or sunmycluding the

following formulae:

e For a sunny wall:
Ith

Ate(t) = Ates(t) + CAte + v [Atem(t) — Ates(t)] M[Cﬂ .5
e [For a shadowed wall 24/7:
Ates(t) + CAte[C°] 1.6

We identify from these two formulae the following:
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- Ates(t) : Is the temperature difference equivalent to time t censid that
the wall is shadowed; the values$ Ates (t) for vertical walls and from the
(table3.1) for horizontal panels (C°).

- CAte: Is a correction factor, where on one hand at the maximhdierence
(ATsmax) of the dry temperature of the air between the outside and the inside
for the month in question, while on the other hand at bhsic daytime
deviation (Eb) for the month in question (C°).

- a: The wall absorption factor.

- Atem(t) : the equivalent temperature difference at time t ferdhentation of
the wall in question; the values Atem (t) are given by the table for vertical
walls and by table 3.3 for the horizontal walls. (C°).

- Iip:Is the total base radiation for the month with thetdde and orientation
taken into consideration (W/m2).

- Iib@o) The total base radiation for the month of July witlkattude of 40°

North and orientation considered(W/m2).
Please note:

Calculations according to the RTD C.3-4 consider real smhe for
the month of July RS;liy = 15h.
Considering that our project is a hotel, colors and shadléreflect

white and creme which enables= 0,5 and Eb = 1&°

Total Base Radiation kpand Iqn(W/m?)

Latitude Month Orientation
North N|NE| E |SE| S |[SW|W |[NW| H
July 59 | 435|514 | 267 | 44 | 267 | 514| 435 | 791
20° August 34| 372|520 356| 81 | 356 |520| 372 | 788
September | 31 | 273|514 |441| 205|441 |514| 273 | 733
July 50 | 413|516 |315| 94 | 315|516| 413 | 776
30° August 34 | 340| 520|406 | 198| 406 | 520| 340 | 741
September | 28 | 284|498 | 479 | 330| 479 | 498 | 284 | 668
July 47 | 400| 516|394 | 217|394 |516| 400 | 734
40° August 34 |321|511|459|321|459|511| 321|675
September | 28 | 183| 470|511 | 441|511 |470| 183 | 577

Table 3.1: Total base radiatiogsdnd bp. [D2]
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A.2 Internal opaque panels:

Calculating the internal opaque panels’ heat gain requires the following formula:
APO (D)int=K steX SntXAT[W] .7
With :

- AT :The difference in temperature between the two roorgsi@stion. (C°).

However, the difference in temperature betwkenwo rooms differs depending
whether the adjacent room is air conditioned or notclooimg AT being referred to
asAtinc(t) which is represented by the following definition:

Atinc(D)=[(T Se(t)-Cinc)-T S, ][ C°] 1.8
With :

- TSe(t) :The dry exterior temperature at a given time t (C°).
- Cinc:Correcting coefficient.

- TSp,i:The basic interior temperature (C°).

A.3 Panels in contact with the soil:

As for the heat gain in panels in contact withgbig they are calculated by the

following formula:
APOsol(t)= Kste X Syainx(TSm -TSp,) [W] 111.9
With:

Syain: The Surface of the heat gain are&)(m

- TSm:Temperature of the air conditioned room (C°).

B. Calculating glass panel heat gain:

Glass panel heat gain is the combined effort of solaatiad as well as temperature

gradient penetrating the panel and into the room, whickpiessed as follows:

AV(t)= AVT()+ AVE() [W] 11110
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- AVT (1): Represents the heat gains that are due to temperaturentgadie

penetrating the glass panels.

- AVE (1): Represents the heat gains that are due to solar raysagbegetr

the glass panels.

The heat gains that are due to temperature gradients calcidatea via the

following formula:

AVT(t) = 1,2 xKete X Souv X [TSe(t) — TSp.i] [W] .11

With:

1,2 : Non dimensional factor assembling heat gain through thelonddes
(thermal breaches)

Kete: Transmission coefficient of the straight heat gdiwfof the panel in
guestion (W/ra. °C).

Sow : The surface of the opening in the opaque wall in questién (m

TSe(t) : The dry exterior temperature at a given time t (C°).

TSe. i: The basic interior temperature (C°).

While the heat gains that are due to solar rays pengtrdte glass panels are

calculated by the following formula:

AVE(t)=(SV ensxl +(SV-SVend x| ) X FSXNowi [W] 11,12

With:

SVens The sunny glass surface m

li: The real total maximum radiation (W#m

SVomb: The shadowed glass surface?m

l¢: The real diffused maximum radiation (WA

FS:The Glazing solar factor.

Npvi: The amortization coefficient relating to heat gainssuashine

penetrating glass panels at a time t.
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C. Calculating internal heat gains:

The quantities of calorific energy ejected in latentl &ensitive states inside air

conditioned rooms are distinguished as internal heat.gains

C.1 Gains due to occupants:

Heat gains caused by occupants are latent and seneiineed of heat, therefore
the consideration and account of susceptible people -dssvahimals- frequenting
these air conditioned rooms is a must and thus, calogl#tese internal heat gains

requires the following expression:
Ai ()= Ais(t)+An(t) = X (CS xAs x N) + Z (CS x A) .13
With :

- As: The sensitive part of the internal gains (W).
- A The latent part of the internal gains (W).
- CS: The relative coefficient of simultaneity.

- N: The relative coefficient of amortization.

C.2 Gains due to lighting:

Lighting devices share one thing in commune thtteidact of owning a sensitive
heat source. If the lighting power of a lighting setupriewn, the heat gains of this

previously mentioned internal heat is calculated by theviatig formula:
AL =Y (Wn X Ce x Cgr) .14
With:

- Wn: The nominal power of the fluorescent tube or bulb.
- Cme: The increase coefficient for lighting gain taking 1.2 iftzandescence
lamps and 1.25 for the fluorescent tubes.

- Ce¢r:The residual heat percentage which is in our case equal to 1.
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If the lighting power of the setup is unknown, th&ernal heat gains due to
lighting are calculated whilst considering the surfacesaohend every lighted room

via the values given in the following table:

Power ejected by lamps or tube
Room designation and Recommended (Wim)
utilty luminous intensity Incandescence Fluorescent
(lux) lamps tubes
Laboratories, offices and
variant rooms 250 55 16

Table 3.2: Lighting internal heat gains. [D2]

C.3 Gains due to electrical machines:

Electrical machines due to their electrical components peodaied eject a
considerable amount of heat depending on the electriaahime and/or its utility,

thus, their heat ejection is taken into consideradiach is taken by:

+ Indications provided byhe source of the machines (factory, producer...ect).

« Indications given in the following tables:

Devices Heat gains

Sens. Sens. Sens.

Display stand rfof interior volume 640 640 640

Cash register 48 48 48
Refrigerator 1750 1750 1750
Blow drier system of 5 seats 4483 4483 4483
Blow drier system of 10 seats 6273 6273 6273

1 seat blow drier 690 690 690

Sterilizer 152x205x432 (mm) 805 805 805
Sterilizer 228x254x508 (mm) 1518 1518 1518

Sterilizer 254x305x560 (mm) 420 420 420
Sterilizer 254x305x914 (mm) 3048 3048 3048
Sterilizer 305x406x620 (mm) 2728 2728 2728
Sterilizer utensils 406x406x620 (mm) 3167 3167 3167
Sterilizer 254x305x914 (mm) 3676 3676 3676
Coffee grinder 500 500 500
Mixer 1000 1000 1000

Fabric iron 500 500 500

Vacuum 200 200 200

Table 3.3: The heat gain of some electrical devices (1). [D2]

57

——
 —



Chapter Il HEAT GAIN CALCULATION

Devices Heat gains

Sens. Sens. Sens.

Typing machine 90 90 90

Desk computer 450 450 450
2200W to 6600W Laptop 4400 4400 4400
5000 lines/minute printer 1800 1800 1800

300 to 600 lines/minute printer 376 376 376

Terminal Screen 160 160 160

Table 3.4: The heat gain of some electrical devices (2). [D2]

D. Calculating heat gain by external air intrusion:

Heat gains that are due to external air intrusioncansidered a sensitive and

latent form of heat gain from which we can distinguish:

e Heat gains due to external intrusions that interfere directly with the room’s
thermal balance, these gains are to be associated tegtabed into the
infiltration flow QVins.

e Heat gains due to the intrusion of fresh air which interfenesctly with the
total heat balance, these gains however are to be assowith the fresh air

flow Qvia.

The sensitive heat gains that are due to air renewal ARBNd due to

infiltrations AlNFsare given by the following formulae:

ARENs=0,32x qun % (TS«(t) — TShi(t)) 111.15
And : AINFs=0,32x% g\t X (TSe(t) — TShi(t)) 111.16
Whereas

- 0,32: The product of the specific heat of the air (1004 J/Kg°C) &y it
volumic mass (1.15 Kg/m3) as well as by the 1/3600 conversidorfac
with a dimension of (J/en°C).

- Qvint:Flow due to infiltration (ms3/h).
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- Qvan:Flow due to fresh air (m3/h).
- TSe(t) :The dry exterior temperature at a given time t (C°).
- TSpi:The dry temperature of the interior (C°).

The latent heat gains that are due to air renewal AR&MN due to infiltrations
AINFare given by the following formulae:

AREN;= 0,797% qQun X MAX[(HS be — HSb;) ; 0] .17
ANnd:AINF =0,797x qw x MAX[(HS be — HSb;) ; 0] 111.18
With:

- 0,797 The product of the average volumic mass the air (1,15 Kdigmn3)
the water vaporization heat(2498J/g) as well as by the 1/3600rsanve
factor with a dimension of (JAn°C).

- Qvint: Flow due to infiltration (m3/h).

- Qvra:Flow due to fresh air (m3/h).

- HSpe The basic specific humidity of the exteriok/f@numid ai)

- HSy: The basic specific humidity of the interiok4g@kgnumid ai)

D.1 Fresh air flow:

The flow of fresh air circulating into a room is cakied by the following
formula which is given by the RTD C.3-2 booklet n°1:

QVan= MAX][(0,6 % V1) ; qverer] .19
5qvenintque
QVerer= q mm6 qVemax 11.20

D.2 Infiltration air flow:

The flow of infiltrating air in a room is calcudat by the following foruma
which is given by the RTD C.3-2 booket n°1.:

QVint=(QVO0int,i X Souv,i) .21
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- Qvointi: The infiltration flow corresponding to the considered opening

With:

E. Verification:

Standard regulatory verifications for rooms specified fdices needbeing put to

action in the following manner and through the followirgpst

e Heat gains by opaque panels.

e Heat gains by glass panels.

e Calculating reference calorific gains.

e Verification of the conformity according to the summenthal standard
regulations of the rooms.

e The heat gains of opaque panels and glass panels combinedenifysat
least for the month of July at 15h (3P.M), thereforstexihe following
expression:

APO (15h) +AV (15h) < 1,05xAe(15h) .22

The reference heat gains are given by the followingession:
Aref= Aréf,ph"' Aréf,pv"'Aréf,pvi 1. 23
Whereas:

- Astpn: The reference heat gains via horizontal opaque panels (W)
Arstpv: The reference heat gains via vertical opaque panels (W).

- Asstrpii: The reference heat gains via glass panels (W).

E.1 Reference heat gains via horizontal opague panels:

Reference calorific gains via horizontal opaque panels bmarcalculated by the

following formula:
Aretph=) (a% Sint X ATSréf,ph) 11.24
With:

- a: A coefficient related to the nature and utility of the baddin question.

- Snt: The surface of the associated horizontal panets (m
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- ATSwrpn: The temperature difference of the reference for thezdwtal

opaque panel (C°)

E.2 Reference heat gains via vertical opague panels:

Reference heat gains via vertical opaque panels are r@sbivecalculating the

following formula:
Aréf,pv=Z(C>< Sint X ATSréf,pv) .25
With:

- ¢: A coefficient associated with the nature and functidrtb® climatic area.
- Snt:The surface of the associated vertical panefy.(m
- ATSeerpv: The temperature difference of the reference for tgced opaque

panel (C°).

E.3 Reference heat gains via glass panels:

Reference heat gains via glass panels are cadutgtthe following formula:
Aréf,pvi= AVE st + AVT ret 111.26
With:

- AVE¢: Reference gains via sunshine penetrating the glass p@iels (

- AVT (¢ :Reference gains via temperature gradient (W).
Reference gains via sunshine penetrating the glass pangisamdy:
AVE r¢t= [SVens X It + (SV - SVeng X Id] FSrer X Nevi ref .27
With:

- SV: The total Glass surface fn

- SVens The sun exposed glass surface at 15h (3pui)

- It: The total maximal radiation for the considered latitude amhtation
- 1d:The diffused maximal radiation.

- FSer:The solar factor of the reference.

0.15 for rooms designated for housing and habitat.
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0.38 for rooms designated for office purposes.
- Npwiref: The amortization coefficient relative to heat gainghaf glass panels

in the direction of the orientation in question.

Reference gains via temperature gradients are atdaulby the following

expression:
AVT ref = € X Souv X ATSret pv 111.28
With:

- ¢’ Arelative coefficient to the nature of the room (\WAG)
0.15 for rooms designated for housing and habitat.
0.38 for rooms designated for office purposes.
- Sow:The surface of the openings in the watf).
- ATSeerpv: The reference difference of temperature of the glassipdC®).

3.3 Example of calculation of a room:

Take for example the suite (roomF2-20) of 291.55 m3. lodsted in one of the
corners of the second floor.

The characteristics of the room are as follows:

An outer wall (double partition walls) is 7 m x 3.2 m (withd& 1.32 W / m2 °
C)oriented to the west.

An outer wall (double partition walls) is 10.1 m x 3.2 m (Wdife= 1.32 W/ m2 ° C)
facing south.

Has 03 windows of 5.88 m? (withel = 5.2 W / m2 ° C); 01 wooden door of 2.2 m?
(with Kete=3.9 W/ m2 ° C).

An interior wall (simple partition walls) is 6.3 m x 3.2(mith Kete=2.5 W/ m2 ° C)

Has 01 wooden door of 2.2 m? (with#&= 3.9 W/ m2 ° C).

The temperatures:

e TShke =37 ° C (based on baseline conditions in the region).
e TShi=24 ° C (the desired temperature).
e Eb=15°C (based on baseline conditions in the région
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Figure 3.1: Example of calculating a room.

The sensible calorific intakes As and the latents Al:
AS= APO(t) + AV(t) + Als + AINFs(t) (W)

Al= Al'+ AINF; (t) (W).
A-Contributions through the opaque walls:
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APO(t) = APO(t}xt +APO(t)nt +APOsol(t)

- The exterior walls:

APO(t)=1,2%xKstex Sntx Ate(t)

a It,b
Ate(t) = Ates(t) + CAte + 09 [Atem(t) — Ates(t)] It b(40)
Orientation | m , kg'm*)| 8 9 10 I 12 13 4 15 Ih
NE 300 A0 28 [1B33] 122 1| 83 | 55| 6.1 6.7
B 300 | 0 |17 a2 006 18| 72 18
SE Joo ) 7.2 AR 133 15.6 144 IERY i 160
S 300 22 [ A7 [0 39 [67 [ 100 |33 139 | 144
W 300 ] 0 | 0 V[ 44 ] 67 [ 133 178 | 194
w o 30 | 0 | 0 | 0 | 11 [ 22] 39 | 55| 106 | 144
NW 300 22 | 17 | <10 0 1] 33 |44 | 55 | 67
N oo 22 | <17 | L1 0.5 0 1,7 13 44 5.5

Table 3.5: value of ATem (t) and ATes (t). [D2]

-West facing wall :

At (15)—44+28+0'5 10.6 — 4.4 hic
€ o ' 0.9[ ' ']516

Ate(15) = 10.64
APO(15)=1.2x1.323%10.64%22.4
APO(15)=378.54W

-south facing wall :

At (15)—44+28+0'5 13.9— 4.4 1555
e(15) = 44+ 2.8+ 7 [13.9 - 4.4] 7577

Ate(15) = 10.98
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Sint=(10.1x3.2)-(3x1.96)-2.2=24.24
APO(15)=(1.2x1.323x10.98x%24.24)+(1.2x3.9x10.98x2.2)=535.69 W
- The interior walls:

-two conditioned premises:

APO(t)=Ksiex Snix[TSa-TShi].
TSa-TShi=24-24=0

APO=0

walls in contact with unconditioned local :
APO (t)n=Kete< SnXATinc
Atinc(t)=[(TSe(t)-Cinc)-TSb,]
TS(t)=TSoe—[Crs(t) XEb]
TS«(15)=37-(0x15)=37
Ating(t)=(37-3)-24=10

Snt=20.1-1.65=18.51
APO(15),=(2.5%x10x18.51)+(3.9x10x1.65)=527.1 W
B- Calculating glass panel heat gain:
-Exterior panels:

AV(t)= AVT(t)+ AVE(t)

AVT(t) = 1,2 x Kete X Souv % [TSA(t) — TSh. ]
AVT(15) = 1,2 x 5.2 x 5.88 x [37-24]
AVT(15)=476.98 W

AVE (t)=(SVenslt+(SV-SVend X1 ) X FSxNhwi

SVens:
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We have :S¥hs=(H-Ho)(L-Lo)

Lo=RtgB ; Ho=Rtgh/cosp ; P=a-am
Sina=cosdxsinw/cosh  8=23.45 sin(360/365(N+284))
July 21 at 3 p.m: N=202 ; w(15h)=45°
0=20.1 ; ©=36°
sinh=sindsinp+cosdcospcosw=0.739 ; h=47.66
sina=0.986 ; a=80.37
West : am=90° ; SMs=1.792m?
East: am=-90° ; SWs2.131m2
North : am=180°; S¥s=0m?2
South: am=0° ; S¥s0.6m?
1=[1x0.92%1.021x1.05] x155.5=153 W/m?
1=[1%0.92x1.021%1.05] x217=213.96 W/m?
Npvi=57.5%=0.575
FS=0.64
AVE(15)=[(0.6x3)x153+(5.88-0)&213.96]%0.64x0.575
AVE(15)=422.798 W

AV(15)=899.783 W
C. Calculating internal heat gains:

C.1 Gains due to occupants:
Ar ()= Ais(t)+An(t) = 2 (CS xAs x N) +X (CS x A)
CS=0.5 ; N=0.97 ; &74; A=72

Al (15)= 5 (0.5 x75 x 0.97) + 5 (0.5 x 72)
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Al (15)= 359.45 W

C.2 Gains due to lighting:
A =Y (Wn x Cme X Cer)
Wn=8w/m2 ;Gne=1.25 ; G=1
Al=91.11x8x1.25x1
Al=911.1W
C.3 Gains due to electrical machines:
Al ()=X (CS xAsx N) +XZ (CS x A)
television: As=150w ; Al=0 ; N=0.97 ; CS=0.5
Hotplate : As=500w ; Al=280w ; N=0.97 ; CS=0.5
A (15)=(0.5 x(150+500) x 0.97) + (0.5 x280)
A=455.25 W
internal heat gains:
Al (15h)=395.45+455.25+911.1=1725.8 W
D-Calculating heat gain by external air introduction:
-The sensitive heat gains :
-The sensitive heat gains that are due to air renewal AREN
ARENs=0,32% q¥n % (TS(t) — TShi(t))
QVar= MAX[(0,6 x V1) ; qveei]

5qvemintqvemax
6

Qvaer=

5x160+210

Qvae= o -16833
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0.6xvh=0.6%3.2x91.11=174..93

QVar= MAX[174.93 ; 168.33]=174.93 #h

ARENs=0,32x 174.93 x (37 — 24)=727.7TW

-The sensitive heat gains that are due to infiltrations AINF
AINFs=0,32% qwns x (TS(t) — TShi(t))
QVint=(QVOintiXSouv,i)
QVin=(14.5x1.96%3)+(21.7%2.2)=132.565/m
AINFs=0,32x 132.565 x (37 — 24)=551.47T W
-The latent heat gains :
-The latent heat gains that are due to air renewal AREN
AREN= 0,797 qun X MAX[(HSbe— HSp)) ; 0]
AREN= 0,797x 174.93 x MAX[(118.4) ; 0]=362.49 W
-The latent heat gains that are due to infiltrations AINF
AINF| =0,797x qws X MAX[(HSbe— HSp,) ; O]

AINF| =0,797x 132.565 x MAX[(148.4) ; 0]=274.7 W

APO AV Al AINFs | ARENs | AINF; | AREN, | Total
1441.33| 899.783| 1725.8 | 551.47 | 727.7 | 274.7 | 362.49 | 5983.273W,
Table 3.6: Total heat gains of the room(F2-20)
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Locals| APO(t) | AV() | AI(t) | ARENSs(t) | AINFs(t) | AREN(t) | AINFi(t) | SAP(t)
(W) (W) (W) (W) (w) (W) (w) (w)

G-01 | 3456.39| 4302.6 | 7873.6| 1646.28| 715.76 | 820.05 | 356.54 | 191802
G-02 | 3190.11| 3475.18| 6477.8| 1313.69| 597.54 | 654.38 | 297.65| 16006.4
G-03 unconditioned room

G-04 | 1003.07 - 803.56| 561.6 - 297.75 - 2665.98
G-05 | 2143.52| 1521.81| 2021.6| 1242.4 | 615.59 | 618.87 | 306.64 | 8470.44
G-06 | 958.58 | 299.92 | 1512.1| 561.6 | 118.22 | 297.75 | 58.89 | 3807.1
G-07 | 1469.32| 570.608| 2042.9| 561.6 | 236.45| 297.75 | 117.78 | 5296.41
G-08 | 270.5 | 344.68 |580.24| 561.6 | 130.04 | 297.75 | 64.78 | 2249.6
G-09 | 270.5 | 344.68 |580.24| 561.6 | 130.04 | 297.75 | 64.78 | 2249.6
G-10 unconditioned room

G-11 unconditioned room

Table 3.7: Calculation resulthe#t gains for the ground floor.
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Locals| APO(t) | AV(1) Al(t) | ARENSs(t) | AINFs(t) | AREN(t) | AINFi(t) | YAP(t)
(W) (W) (W) (w) (w) (w) (w) (w)
F1-01 | 1930.05| 3911.36| 17408.25 1977.45| 2135.33| 985.02 | 1063.66| 29411.1
F1-02 | 489.35| 2154.57| 1035.54| 796.6 | 1174.43| 383.36 | 585.01 | 6618.86
F1-03 | 397.85| 1986.6| 560.03 | 796.6 | 1131.6 | 383.36 | 563.68 | 5819.72
F1-04 - - 514.03 | 796.6 - 383.36 - 1693.99
F1-05 - - 526.73 | 796.6 - 383.36 - 1706.69
F1-06 | 444.85 - 519.13 | 796.6 - 383.36 - 2143.94
F1-07 | 265.5 - 400.42 | 796.6 - 383.36 - 1845.88
F1-08 unconditioned room
F1-09 unconditioned room
F1-10 unconditioned room
F1-11 unconditioned room
F1-12 | 357.42| 299.92| 1551.36| 796.6 | 118.22 | 383.36 | 58.89 | 3565.77
F1-13 | 1395.66| 483.29| 1288.9 | 796.6 | 202.67 | 383.36 | 100.95 | 4651.43
F1-14 unconditioned room
F1-15 unconditioned room

Table 3.8: Calculation resuftbeat gains for the first floor.
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Locals | APO(t) | AV(t) | AI(t) | ARENSs(t) [ AINFs(t) | AREN(t) | AINFi(t) | SAP()
(w) (w) (w) (w) (w) (w) (w) (W)

F2-01 unconditioned room
F2-02 unconditioned room
F2-03 unconditioned room
F2-04 unconditioned room

F2-05 | 935.79 | 216.56| 498.03| 700.27 | 316.83 | 348.82 | 157.82| 3174.12

F2-06 | 608.63 | 216.56| 521.53| 700.27 | 316.83 | 348.82 | 157.82| 2870.46

F2-07 | 363.1 | 1131.4| 403.53| 700.27 | 617.67 | 348.82 | 307.68 | 3872.47

F2-08 | 428.7 | 1838.6| 536.53| 700.27 | 965.12 | 348.82 | 480.75| 5298.79

F2-09 | 460.6 | 1891.6| 527.93| 700.27 | 1037.5| 348.82 | 516.8 | 5483.52

F2-10 | 580.61 | 216.56| 543.62| 700.27 | 316.83 | 348.82 | 157.82| 2864.53

F2-11 | 790.23 | 216.56| 548.42| 700.27 | 316.83 | 348.82 | 157.82| 3078.95

F2-12 unconditioned room
F2-13 unconditioned room
F2-14 unconditioned room
F2-15 unconditioned room
F2-16 unconditioned room
F2-17 unconditioned room
F2-18 unconditioned room
F2-19 unconditioned room
F2-20 | 1441.33| 899.78| 1725.8| 727.7 | 551.47 | 362.49 | 274.7 | 5983.273
F2-21 unconditioned room

F2-22 | 574.12 | 599.86| 416.13| 700.27 | 435.05| 348.82 | 216.71| 3290.96

F2-23 | 1528.45| 283.72| 2494.9| 1360.46| 118.23 | 677.68 | 58.89 | 6522.33

F2-24 unconditioned room
F2-25 | 684.71 | 599.86| 541.72| 700.27 | 435.05| 348.82 | 216.71| 3527.14
F2-26 unconditioned room
F2-27 unconditioned room

unconditioned room
F2-28

F2-29 unconditioned room

Table 3.9: Calculation ffessof heat gains for the second floor.
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Locals | APO(t) | AV(t) | AI(t) | ARENSs(t) [ AINFs(t) | AREN(t) | AINFi(t) | SAP()
(w) (w) (w) (w) (w) (w) (w) (W)

F3-01 unconditioned room
F3-02 unconditioned room
F3-03 unconditioned room
F3-04 unconditioned room

F3-05 | 935.79 | 216.56| 498.03| 700.27 | 316.83 | 348.82 | 157.82| 3174.12

F3-06 | 608.63 | 216.56| 521.53| 700.27 | 316.83 | 348.82 | 157.82| 2870.46

F3-07 | 363.1 | 1131.4| 403.53| 700.27 | 617.67 | 348.82 | 307.68 | 3872.47

F3-08 | 428.7 | 1838.6| 536.53| 700.27 | 965.12 | 348.82 | 480.75| 5298.79

F3-09 | 460.6 | 1891.6| 527.93| 700.27 | 1037.5| 348.82 | 516.8 | 5483.52

F3-10 | 580.61 | 216.56| 543.62| 700.27 | 316.83 | 348.82 | 157.82| 2864.53

F3-11 | 790.23 | 216.56| 548.42| 700.27 | 316.83 | 348.82 | 157.82| 3078.95

F3-12 unconditioned room
F3-13 unconditioned room
F3-14 unconditioned room
F3-15 unconditioned room
F3-16 unconditioned room
F3-17 unconditioned room
F3-18 unconditioned room
F3-19 unconditioned room

F3-20 | 1441.33| 899.78| 1725.8| 727.7 | 551.47 | 362.49 | 274.7 | 5983.273

F3-21 unconditioned room

F3-22 | 574.12 | 599.86| 416.13| 700.27 | 435.05| 348.82 | 216.71| 3290.96

F3-23 | 1528.45| 283.72| 2494.9| 1360.46| 118.23 | 677.68 | 58.89 | 6522.33

F3-24 unconditioned room
F3-25 | 684.71| 599.86| 541.72| 700.27 | 435.05| 348.82 | 216.71| 3527.14
F3-26 unconditioned room
F3-27 unconditioned room
F3-28 unconditioned room
F3-29 unconditioned room

Table 3.10: Calculation resaftheat gains for the third floor.

72

——
 —



Chapter Il HEAT GAIN CALCULATION

Locals | APO(t) | AV(t) | AI(t) | ARENSs(t) [ AINFs(t) | AREN(t) | AINFi(t) | SAP()
(w) (w) (w) (w) (w) (w) (w) (W)

F4-01 unconditioned room
F4-02 unconditioned room
F4-03 unconditioned room
F4-04 unconditioned room

F4-05 | 1686.83| 216.56| 498.03| 700.27 | 316.83 | 348.82 | 157.82| 3925.16

F4-06 | 1422.37| 216.56| 521.53| 700.27 | 316.83 | 348.82 | 157.82| 3684.2

F4-07 | 862.01 | 1131.4| 403.53| 700.27 | 617.67 | 348.82 | 307.68| 4371.38

F4-08 | 1282.46| 1838.6| 536.53| 700.27 | 965.12 | 348.82 | 480.75| 6152.55

F4-09 | 1291.42| 1891.6| 527.93| 700.27 | 1037.5| 348.82 | 516.8 | 6314.34

F4-10 | 1261.48| 216.56| 543.62| 700.27 | 316.83 | 348.82 | 157.82| 35454

F4-11 | 1483.91| 216.56| 548.42| 700.27 | 316.83 | 348.82 | 157.82| 3772.63

F4-12 unconditioned room
F4-13 unconditioned room
F4-14 unconditioned room
F4-15 unconditioned room
F4-16 unconditioned room
F4-17 unconditioned room
F4-18 unconditioned room
F4-19 unconditioned room

F4-20 | 3872.16| 899.78| 1725.8| 727.7 | 551.47 | 362.49 | 274.7 8414.1

F4-21 unconditioned room

F4-22 | 1106.65| 599.86| 416.13| 700.27 | 435.05 | 348.82 | 216.71| 3823.49

F4-23 | 6072.88| 283.72| 2494.9| 1360.46| 118.23 | 677.68 | 58.89 | 11066.76

F4-24 unconditioned room
F4-25 | 1467.23| 599.86| 541.72| 700.27 | 435.05 | 348.82 | 216.71| 4309.66
F4-26 unconditioned room
F4-27 unconditioned room
F4-28 unconditioned room
F4-29 unconditioned room

Locals| APO(t) | AV(t) | Al(t) | ARENSs(t) | AINFs(t) | AREN(t) | AINF(t) Y AP(t)
(w) w) | (W) (w) (w) (w) (w) (W)
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F4-30 unconditioned room
F4-31 unconditioned room
F4-32 unconditioned room

Table 3.11: Calculation resaftbeat gains for the Fourth floor.

Floor AP(t) (W)
ground floor 59925.73
first floor 57457.38
second floor 45966.54
third floor 45966.54
fourth floor 59379.67
> AP(t) (W) 268695.86

Table 3.12: Total heat gains
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Chapter IV HVAC SYSTEM SELECTION

4.1Introduction:

Throughout chapter two and chapter three, we were tablealculate and
determine the various calorific needs of our project, wéveithis heat loss in winter,
or heat gain in summer.

The main purpose for determining these gains andslasse be able to select a
corresponding heating and air conditioning system eligimeour project, thus, in
this chapter we will discuss the multiple systems availabtbe market, choosing the
most adequate system and calculating its power.

4.2 HVAC System selection:

4.2.1 Introduction:

As previously mentioned, thermal comfort is aessity as crucial as the need
for food and water, achieving that necessity however reqaises of installations and
setups in order to insure a well balanced and comfortable ahermironment.

42.2 HVAC system types:

HVAC system stretch between a variety of sethpseither perform solely for the
purpose of heating or cooling individually, or in order to replghte combined need
of both calorific acquisition as well as cool air ne¢aigether, differing also in the
fluid carrying the calorific heat varying between water, rsteend air, from these
systems we can distinguish the following four categories

A. Heating and cooling split systems :

Heating and cooling split systems are known to bentbst common types of
HVAC systems. As the name suggests it is split into pakate units, one serves the
purpose of heating and the other one is for cooling.tét i®e noted that these system
come with indoor and outdoor units that can be easily iitkht

Such HVAC products are equipped with a cooling system outgideh uses
compressors, refrigerants and coils in order to cool @iraafan to keep away the hot
air. These are basically the AC units that are kept autsid home and run during
the summer season.

On the other hand, the heater in the heating arnihg®plit system is placed in a
basement and other storage space which uses gas to warm upsie Adraditional
thermostat is used in this process to control the termyersao keep it within the
comfort level. [4]
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Indoor Unit (Evaporator)

\ = ! ===
Drain Line
|

Refrigerant Lines

Electric Line

Outoor Unit (Condensor)

Figure 4.1: Split system air conditioning system.

Figure 4.2: Heating unit system.

B. Hybrid split system :

The hybrid system of HVACs carries similar featureshe $plit systems but
they do have some basic differences. This particular H\&&€tem carries a
hybrid heating system which is counted as one of its unigarires that helps
lowering energy costs. It is up to the homeowners talsekey differences. [4]

The capacity to switch between gas power, which aistek and more
complete, to electricity which is more efficient and quietdlows homeowners
to determine the way they want to heat up their homes. [4]
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This system is also dependent on traditional ducts andntdstats and it
offers all the advantages of a split system with an additidrenefit of
conserving energy and reducing utility bills. [4]

B O

Figure 4.3: Hybrid split system infused with solar energy.

C. Duct free (Mini-split) :

A duct-free or mini-split system comes with a huge upfromét and a list of
benefits for particular needs and applications. It offeramazing solution for areas
where conventional ducted systems are not suitable. lalsarbe a great alternative
to the existing ducted types of HVAC systems. [4]

Duct free units are usually installed directly into gaeticular areas of a home
where heating and cooling are needed. You are allowed to bavenfloor air
handling units for each outdoor unit. It offers better petelent control which makes
it an appropriate choice for hotels or venues allowimgiis to control the individual
temperature. [4]

rnm o !

Figure 4.4: Mitsubishi model duct free mini split system.
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D. Packaged heating and air conditioning system:

A packaged HVAC system contains everything including ¢benpressor,
condenser and evaporator in a single unit which is plae the roof or near
the foundation. It fulfills both the cooling and hewt needs of a housg]

Its compact size makes it an appropriate optionhfmuses with a space
crunch. This HVAC system is very much efficient and easynaintain. As its
heating system is not as powerful as other options, iteiserplly used in a
warmer climate. [4]

AEGATER

Figure 4.5: Packaged heating and cooling unit system ngttirn duct.

The split system is the most commonly used HVAC systém@reas hybrids
are preferred due to their energy-saving capacitiynil&rly, Mini-split systems
are a suitable choice for picky families or the serviakustry but the packaged
heating is a perfect choice for large building officeskyscrapers. [4]

4.3 HVAC system selection criteria;:

System selection criteria can vary depending loa ¢onditions and
building data the HVAC engineers are offered, wheredain set of conditions
in the building are met, the following criteria needs be taken into
consideration:
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e Realizability: Depending on the building in question, manageability of
creating the installation takes main priority over othereciat, once the
building has no restrains nor conception difficultioatt might intervene
with the planning of the HVAC system, other factors d@@ntaken into
consideration.

e Quality: The quality of the system’s main units as well as their
components plays a huge role in the selection of the systdra of use,
the branding, rigidity, availability and life span of th@eviously
mentioned is of high priority to insure an efficient and lolagting
setup.

e Price range: Price range differs depending on the construction
enterprise or individual owner, which leads to the considen of a
price/quality ratio balance.

e Time efficiency: Depending onthe client’s needs and/or the HVAC
engineer’s schedule, time is of the essence as some projects are of
urgent need of a system installation, which requires sesyshat cannot
consume a long period of waiting time.

4.4. Project HVAC system comparison:

As previously mentioned, an HVAC system cannet dpplied to a
structure unless it is compatible with the previously gieeiteria, therefore, a
comparison must be uphold, first in between system typesderstand which
type is more suitable for our project, then a comparisolpeinveen systems in
the selected type.

4.4.1 Comparison between types:

As seen in HVAC system types (2.2), we can distisiy 4 main types:

Heating and cooling split systems.

Hybrid split system.

Duct free mini split systems.

Packaged heating and air conditioning syssem

According to the studies and calculations done ledfand in chapter 2 and
chapter 3, our HVAC system will need to comply with aicglcapacity of of
at least268695.86 Wand a heating capacity of at le@286467.35 Wsince:

YDtot = 205467.35V
YAPtot(t) = 268695.86N

Therefore, our comparison will only include systems thavehthe ability to
withstand the specified calorific need or more.

The comparison between all four types of HVAC systenmschematized in the
following table:
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Criteria
Syotom Price Price/efficienc
ystem type | ostimation | Esthetics | Flexibility catio y
(DZD)
-Very efficient
for small
: buildings and
An qutdated Offers_ either fewer number
setting heating or of rooms
_ Erom depending on cooling (apartment
Heating and 4000000.00 the umbrella separately small housé)
cooling split to ' system which and '
systems can be depending on -
5000000.00 unpleasant to| at least two flo‘ref:r eéflment
the room different building s with
decoration. cores. multiplg floors
and multiple
rooms.
-Very efficient
for small
buildings and
Can cause fewer number
decay to the of rooms
From paint of the (apartment,
Hybrid split | 2000000.00 | exterior walls Offefs both small house).
heating and
system to as well as coolin
2600000.00 | ruins the g- -Less efficient
esthetics of for large
the facade. buildings with
multiple floors
and multiple
rooms.
-Not suitable ]:Very e1;1I‘|C|ent
due to the or sma
s buildings and
composition
o fewer number
and utility of of FOOMS
the system as
From it focuses Offers both (apartment,
Duct free mini| 2200000.00 : ) small house).
. mainly on heating and
split systems to single rooms coolin
3000000.00 | 59 ' 9- | .Less efficient
. for large
- very likes buildings with
to cause ,
) multiple floors
exterior wall and multiole
paint decay. P

rooms.
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The main -Very efficient
core is either for large
on the buildings with
rooftop or the multiple floors
Packaged bgsement and multiple
heating and From with the duct Offers both | "C°MS:
. 2200000.00| concealed :
dgl_r : to under the heat|r|1_g and -Less efficient
conaitioning | 3540000.00 | fake ceiling COOlNG- | f5r small
systems T O
making it buildings and
unnoticeable fewer number
and therefore of rooms
esthetically (apartment,
pleasant. small house).

Table 4.1: Comparison table for the different types ®AE systems.

After analyzing the data given in the table ahove come to the conclusion
that the packaged heating and air conditioning systemsharenost suitable for
our project amongst all four types, where even though the system’s price may
vary drastically,it’s esthetic appeal, flexibility, and efficiency make up for the
most suitable system for a hotel such as our project.

Worth noting:

Traditionally, packaged heating and air conditiongygtems (PHAC) with
return air ducts require a certain height of ceilingg suggested project has a
height of (4.08; 3.54; 3.20; 3.20; 3.20) for the grduloor, first floor, second
floor, third floor and fourth floor respectively, and thsetting up a PHAC in
the second, third and fourth floor would cause theefakiling to consume at
least 0.5 meters of height, rendering the ceiling heighéiow standard and
therefore unpleasant.

However, we suggest the solution of creating diglaplaster fake ceiling
immerging from the walls of the rooms in question ir thecond, third and
fourth floor respectively, with a depth and width of 0tb50.20 additional to
the dimensions of the duct traversing it, serving asarmdy a carrier for the
duct and outlets replacing the fake ceiling, but aldds an esthetic perspective
to the decoration of the environment in addition to madgity for repairs in
case of leakage, malfunction or breakdown without thedrt® ruin or remove
the partial fake ceiling.
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Figure 4.6: Example of a Partial plaster fake ceilingdact use.

4.5 Packaged heating and air cooling unit selgon:

After consideration of the criteria set ahead a&dl ws the selection in
between HVAC systems, the packaged heating and air gpahit that will be
put forth is the YLRA Air cooled heat pump scroll comme@swhich is an A
class air handling unit powered by YORK, and followitg tEurovent standard
conditions.

Figure 4.7: The YORK YLRA air cooled heat pump scroliressor. [C1]

82

——
 —



Chapter IV HVAC SYSTEM SELECTION

4.5.1 Features and model selection:

YLRA are available in 6 models, from 0200 to 033@th a nominal
capacity range from 181 to 307 kW in cooling mode anthf@D0 to 327 kW in
heating mode and up to 3.99 ESEER with EC fans. [C1]

Except for the fans all the units have the saowfiguration of base units
(structure, electrical board, compressors and coilsghBaodel is available in
the following acoustic versions:

* Basic Low Noise version (BLN):

These models are equipped with delta connectedréamsng at a fixed rpm
and are fitted with compressor boxes to reduce noisesemis. [C1]

* Super Low Noise version (SLN):

Those models are equipped with special inverter fans wlittyeEC (electronic
brushless type), fitted with a variable speed controlleicty allows the fans to
operate at a very low rpm nonetheless, the chillers supplied with
compressor boxes and soundproof jackets on compressedsicing
significantly the noise emissions. [C1]

The BLN model is also available in an EC versionv@eped for high
seasonal efficiency) which has the same equipment a®thheé standard BLN
model, except that the units are equipped with speciariey fans driven by
EC (electronic brushless type) motors with integrated edeat inverter, to
ensure low energy consumption. [C1]

4.5.2 Options and accessories:

Depending on the model in use, the air handling uniyA comes with a
variety of accessories which argC1]

* ModBus protocol kit for BMS (standard).

* Lonwork protocol kit for BMS.

* Bacnet protocol kit for BMS.

* Soft start.

* Power factor correction capacitors.

» Compressors overload protection.

» Condensing control kit, down tel4 °C ambient temperature in cooling mode.
* Polar version (down to -18 °C ambient temperature in heating mode).
* Double set point.

* HP & LP manometers.

» E-coating Al/Cu condenser coils.

* Chiller grilles.

* Desuperheater.

* Optional hydro kits.

* Remote ON/OFF control.
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* Remote keyboard panel.
» Sequencer unit, Spring isolators, Flow Switch and Water filter.

4.5.3 Nominal capacity and technical data:

As previously mentioned, the YLRA air cooled heat pwomll compressor
stretches between the 0200, 0230, 0260, 0280, 03@003830 where each
model has its own nominal capacity and characteristics whdathis a BLN
version or SLN version which is summed up in the followtagle along with
the technical data: [C1]

Mominal capacity

Cooiing capaciy (kW) 1813 i 2437 11 pl.nk] 3004
EER 253 PR ¥ 2451 2188 242 19
Energy Effinency Oass B B B C B B
ESEER ik in in 165 16 164
EiER {EC units) 1587 256 255 41 296 L4
ESEER (EC units) in 1483 3.83 178 in in
Heating camacity (kW) 2001 i) 2623 2784 56 iz
o in in in ix i in
0@ |EC umitsh il N 326 35 i 375
Enengy Efinency Oass A A A iy A [
"~ Sound power kvl (d5A) * & & T T a4 5
Sound pressure at 10 mjdRA) &0 B0 Bl Bl k2 B3
Coofing capacity (kW) 1hE 5 1847 224 2385 26313 2815
EER {EC units) 27 2154 158 25 255 2
Energy Efficiency Oass L B o & 5] &]
ESEER {EC units) 386 389 345 i3 336 inM
Heating capacity (KW 1A% E 104 =0E ®i =4 318
o E¥.rg in 35 324 126 325
Enengy Efficiency Oass A A A A A A
Sourd power level (d8A) * B2 Bl 83 a3 ] &h
Sound presziae at 10 m (dBA] * 50 50 51 51 53 44

Table 4.2: Nominal Capacity of BLN and SLN versions afRA. [C1]

Technical data

¥LRA BLN versions o0 | o230 | om0 | om0 o0 | oo
Leagih mim 31500 4550
[mensiors Width mm 1150
Height mim 2600
Dperating weight [kg) 185 1663 16 289 1 808 1809
Acdmona wagnt EC versians (gl 50 50 B0 &l 0 B
YLRA SLN versions 200 [ 0230 | 0260 | 0280 0300 | 0330
Length mm 3500 4550
[émensiprs. Width mm 115
Height min 2600
Oiperating weight lkg) 1408 T | daes | e | amm | iom

Table 4.3: Technical Data of BLN and SLN versions afRA. [C1]
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45.4 Dimensions and hydraulic connections:

YLRA from 0200 to 0280:

F

LIFT dor 29

1185

2180 {Shipping Only)

i
o
©

271

x
T

Lo
=

| cpeseres |
570

¥

z b
- - - - ) & - -
r(r \ /
E Il"‘ 530 1053 1852 530

= 15
LFT dx @17

Figure 4.8: Schematics of the YLRA 0200 to 0280 modj&l4]
Notes:

All dimensions are in mm, drawings not a scale.
B, E: Water connection gas M.

F: Electrical power supply.

I: Gauge kit.

L: Main switch.

M: Control keypad/display.

N: Water inlet @17 gas M.

O: Water outlet @17 gas M.

P1, P2, P3, P4AAVM position.
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YLRA from 0300 and 0330:
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Figure 4.9: Schematics of the YLRA 0300 and 0330 modé&l§]

UFT &x @17

Notes:

All dimensions are in mm, drawings not a scale.
B, E: Water connection 3-gas M @88.9 mm.

F: Electrical power supply.

I: Gauge kit.

L: Main switch.

M: Control keypad/display.

N: Water inlet @1~ gas M.

O: Water outlet @17 gas M.

P1, P2, P3, P4AAVM position.
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4.5.5 Model selection:

After comparing between the nominal capacity andtélc@nical date of the
previously presented models, we have settled to us&ieversion of YLRA
air cooled heat pump scroll compressor model 03Q0mainly for its heating
and cooling capacity which are very much compatible with own project
demands.

4.6 Diffuser units and variable air volume:

4.6.1 Definition of diffuser in HVAC:

In HVAC systems, a diffuser disperses pressuria@d exiting heating
ventilation and air conditioning ductwork and providedezorative finish over
the grill box hole that is holding the ductwork in pla®éithout an air diffuser,
the air exiting the HVAC system would travel in a straighitection. This
causes a concentration of conditioned air in one seafahe room while the
rest of the room remains unconditioned. The directiat ghvent diffuser sends
flowing air depends on the direction of the diffuseisfif]

Figure 410: Typical square wall air diffuser.

In our project, we will rely on a ductwork systeaskd on Variable Air
Volume (VAV) Terminals and diffusers. [C2]
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4.6.2 Definition of Variable air volume:

Variable Air Volume (VAV) is a type of heating, vdating, and/or air-
conditioning (HVAC) system. The simplest VAV system incaigies one
supply duct that, when in cooling mode, distributes apjpnately 13 °C supply
air. Because the supply air temperature, in this simpléstA/ systems, is
constant, the air flow rate must vary to meet the rising falling heat gains or
losses within the thermal zone served. [5]

The VAV Zone Controller has a built-in actuator anthintains zone
temperature by operating the terminal fan and regulating flow of
conditioned air into the space. Buildings with diversadimg conditions can be
supported by controlling the local terminal’'s supplemkenéat. The VAV Zone
Controller provides dedicated control functions for sindlet, parallel fan box
terminals and series fan box terminals with modulating,hea to 2 stages of
ducted heat, or combination baseboard and ducted [agat

Figure 4.11: Typical variable air volume system bf}.

4.6.3 Variable air volume model selection:

VAV systems although similar in conception primarithey vary in
guestion of brands and availability in the market, witme models offer
higher noise control and better air temperature precision.

Since our duct installation ends and outputis lvé on the perimeter of the
rooms in question, a wall diffuser model will be neededider to insure a
sufficient and cohesive air flow pattern, therefore, Wave settled for the
TROX TECHNIK AURANOR brand, a German-Scandinavian trademark
specialized in HVAC equipment and air distribution proudrom which we
chose thePEGASUS diffuser, precisely thEGASUS-Smodel for the output
of our room air distribution.

88

——
 —



Chapter IV HVAC SYSTEM SELECTION

Figure 4.12: The PEGASUS-S (left) and the PEGASUSigh() VAV
diffuser. [C2]

4.6.4 Application, function and design:

e Application:
Pegasus is a wall diffuser unit with VAV function. Itused as a volume
flow controller unit in demand controlled ventilation systerRegasus
has very good induction, making it ideal for variable aimnfliates. [C2]

e Function:
Pegasus has a built-in VAV controller for the demand died
adjustment of air flow rates. The damper solution will ohothe
pressure at high flow rates and maintain a low soundl.léMais may
reduce the need for additional dampers and sound atttersuin a duct
system. Pegasus is supplied with Belimo MP-Bus, LON, Madbu
Belimo KNX for direct BUS communication with SD systems2]C

e Design
Pegasus is a complete measuring and control unit for therdieomntrol
of air flow rates in ventilation systems. The measuringiGhameasures
the differential pressure using measuring rods integranto the unit.
The unit is equipped with an LHV-D3 VAV controller fromeBmo. The
controller's specifications are provided in the table belbwll technical
documentation can be downloaded from www.belimo.eu. flegaas a
removable front panel with a choice of L@V or Opus desig@V has
two different designs, long (L) or short (K) throw tgh. If the Opus
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design with turnable plastic nozzles is selected, (V) isdésignation
for the variable throw length. [C2]

Operating voltage AC 24 V 50/60 Hz, DC 24 V
Power consumption 2.5W

Dim. power 4.5VA (max.8 A @5 ms)
Table 4.4: Technical specification, Belimo VAV controll¢€2]

Pegasus LOV-S-K/L m/h (open) Pegasus LEV-S-K/L m/h (75 Pa)

125 169 205 252 125 166 209 234
160 274 335 407 160 238 320 396
200 342 410 480 200 288 385 486
250 518 630 763 250 439 630 738

Table 4.5Quick selection PEGASUS L@V-S-K/L measurements. [C2]

Dim. Minimum Maximum
125 26 265
160 43 434
200 70 700
250 106 1060

Table 4.6: Adjustment and regulation range for VAV, iafm3/h. [C2]

Oim. | 0
125 124
il 164 Bl e 530 i) 22 Fao 42 104 163 13
anl 184 B4l prat ] 540 i} x| Tao ap? 130 163 145
36N 244 40 3T B0 ] X 726 B1z2 145 208 14

Table 4.7: Dimensions and weight for PEGASUS. [C2]
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Figure 4.13Dimensioned sketch, of the PEGASUS-S. [C2]

e Diffusion pattern of the PEGASUS-S:

The pattern of air diffusion of the PEGASUS-S modelfutiér is
flexible between long throw range and short throwgenwhich is better
illustrated in the following figures (4.13) and (4.14¢2]

Short throw length

Long throw length

Figure4.14 Example of the flow pattern of the PEGASUS. [C2]
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Figure4.15: Diagram of the throw length of the PEGASUS. [C2]
e Velocity of the PEGASUS-S[C2]

The velocity distribution of the PEGASUS-S desceddsng the air
flow inside the room in a complete circle from v>0.25 at m@ment of
diffusion up until it reaches v<0.15 with v being thdoaty of the air
flow, as schematized in the following figure (4.14):

Figure4.16: Example of velocity distribution. [C2]
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e Mounting and adjustment of the PEGASUS-S:

Pegasus is installed as a rear diffuser in e of the unit using a
suspension bracket and a threaded rod or strapjgeaes$ 8 and 9. The plenum
box is installed in the cutout and screwed to theddiug. The adjustable
installation frame is then pushed in and screwed t@téiBum box. Finally, the
front is pressed into position. [C2]

For which concerns the adjustment, Pegasus tee8elimo PC-tool or
ZTH-GEN to make the necessary settings. [C2]

W
i 5 A|=

Figure 4.17: Mounting of the PEGASUS-[C2]
e Duct installation of the PEGASUSS:

The duct work of the PEGASUS-S can be schematizeterfdllowing figure
(4.16):

Figure 4.18: Example of duct installation of the PEGAS8.$C2]
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Chapter V DUCT SIZING AND EFFICIENCY CALCULATION

5.1 Ductwork sizing, calculation and design for efficiency:

There are many different methods used to design HVAC systems, the most common ways

being:

e Velocity reduction method: (Residential or small commercial installations)
e Equal friction method: (Medium to large sized commercial installations)

e Static regain: Very large installations (concert halls, airports and industrial)

We’re going to focus on the equal friction method as it is the most common method used for

commercial HVAC systems

5.2 Air distribution:

-The first thing that needs to be applied is finding which the biggest load is as we need to size
the system to be able to operate at the peak demand. The cooling load is usually the highest,
as it is in this cas@68.696 KW).

Now we need to convert the cooling loads of each room into volume flow rates but to do that

we first need to convert this to mass flow rate so we use the formula:

m=Q/(cp x At). V.1
m: mass flow rate (kg/s).

Q: cooling load of the room (kW).

Cp: specific heat capacity of the air (kJ/kg.K).

AT: temperature difference between the designed air temperature and the design return

temperature.

e |t is worth mentioning that we will use a Cp of 1.026 (kJ/kg.k) as standard and the
delta T should be less than 10°C, therefore, a temperature of 8 (°C) will be used.

-Now we can convert these into volume flow rates,to do that we need the specific volume or
density of the air. We will specify 21°C and assume atmospheric pressure of 101.325 kPa, in

order to get the density of air being 1.2 kg/m3 and specific volume of 0.83m3/kg.
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Now that we have that we can calculate the volume flow rate using the formula:
V= mxv V.2
V: volume flow rate (r#s).

m: mass flow rate (kg/s).
V: specific volume(rkg).

Before we advance any further, we need to consider a set of factors which yllptarole

in the overall efficiency of the system.

5.2.1 Design consideration:

A. The shape of the ductwork.

Ductwork comes in round, rectangular and flat-oval shape. Round duct is the most energy
efficient type,but we are forced to go with rectangular duct because we are limited by the
height of the duct(max 0.6m).

B. The material being used for the ducts.

The material used for the ducts and the roughness of this material as this causes friction.
For example, if we had two ducts, with equal dimensions, volume flow rate and velocity, the
only difference is the material. One is made from standard galvanized steel while the other is
made offiberglass, the pressure drop over a 10m distance for this example, is around 11 Pa
for the galvanized steel and 16 Pa for the fiberglass, therefore we will use a galvanized steel
ducts.

C. Dynamic losses caused by the fittings.

We want to use the smoothest fittings possible for energy efficiency. For example use long
radius bends rather than right angles as the sudden change in direction wastes a huge amount

of energy.
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5.3Air distribution duct s:
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Figure 5.1: Ground floor ducts location.
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Figure 5.3: Second and third floor ducts location.
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NV1d HO0Td Uiy

Figure 5.4: Fourth floor ducts location.
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5.4 Duct sizing

First we need to label every section of ductwork as well as the fittings with a letter.

Now we want to make a table with the rows labedlethateach duct and fitting is provided

its own row, if the air stream splits such as with a Tee section, then we need to include a line
for each direction.We can start to fill some of the data in; we can first include the volume
flow rates for each of the branches, then, we can start to size the main ducts. To @o this w
start at the main duct which is furthest away, after that, we just add up the volume flow rates

for all the branches downstream of this.

To size the ducts you’re going to need a duct sizing chart.
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Figure 5.5 Friction Chart for Round Duct (p = 1.20 kg/m3 and & = 0.09 mm)
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These charts hold a lot of information. We can use them to find the pressure drop per meter,
the air velocity, the volume flow rate and also the size of the ductwork. the vertical lines are
for pressure drop per meter of duct. The horizontal lines are for volume flow rate. The

downward diagonal lines are for velocity, the upward diagonal lines are for duct diameter.

Now find the total duct losses for each duct and bramgmultiplying the duct length by the

pressure drop per meter.

5.5 Ductwork fittings Sizing

For the first fitting, we will look at the 90° bends

For this, we look up our loss coefficient for the bend from the manufacturer (2001 ASHRAE

Fundamentals Handbook SI).

CD3-9 Elbow, 5 Gore, 90 Degree, r/D = 1.5
D,mm 75 150 230 300 380 450 53 e00 690 750 1500

C, 0.51 028 021 018 0le 015 o014 0l3 012 012 012

a0°

Table 5.1: Loss coefficient for the 90° elbow bend.

We then need to calculate the dynamic loss caused by the bend changing the direction of

flow. For that we use the formula:
Bend loss = Gxpxv?+2 V.3

e Co: Loss coefficient.
¢ Rho: The density of the air.
e V. The velocity.

-The next fitting we’ll look at is the tee which connects the main duct to the branches. Now
for this we need to consider that the air is moving in two directions, straight through and also

turning off into the branch so we need to perform a calculation for both directions.
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If we look at the air travelling straigh

Tee Fitting Losses

though first, we find the velocity ratid
first using the formula velocity ou T

Outlet Direction | Straight

divided by velocity in. Pressure Loss

Then we perform another calculation
find the area ratio, this uses the form
diameter out squared divided by diame

Outlet Direction 2: Bend
in squared. Pressure Loss

Figure 5.6: Duct tee pressure loss.

Now we look up the fitting that we are using from the manufacturer or the industry body.

D = D, (25 mm min. or

SD5-9 Tee, Diverging D, I-—- 300 mm max.)
C}, Values Dy
2,0, o _‘

AgA, 01 02 03 04 05 06 07 08 09 © -+ Q.
0.1 120 062 080 1.28 199 292 407 544 7.02 Ao \‘ J As
02 410 120 072 062 066 080 101 128 160 90"

03 899 240 120 081 066 062 064 070 080 - \—/
04 1589 410 194 120 088 072 064 062 063 j
0.5 2480 629 291 174 120 092 077 068 063 25 mm
06 3573 899 410 240 162 120 09 ORI 072 25 mm— =—25 mm
0.7 4867 1219 551 319 212 155 120 099 085 D,
0.8 6363 1589 7.4 410 270 194 149 120 L0l Q, | Ay
0.9 8060 20,10 899 513 336 240 1.83 146 1.20

C, Values

QJ0,

AJA. 01 02 03 04 05 06 07 08 09

0l 013 0.6

0.2 020 0.3 045 016 028

0.3 090 013 013 014 015 016 020

0.4 288 020 0014 0403 04 005 015 006 034
0.5 625 037 017 004 013 014 014 015 0.5
0.6 ILBE 090 020 013 014 013 0.14 014 0.15
07 1862 L7101 033 018 016 014 013 015 0.04
0.8 2688 288 050 020 015 004 013 013 004
09 3645 446 090 030 0.9 0016 015 014 013

Table 5.2: loss coefficient for the Tee fitting.
Now we calculate the dynamic loss for the straight path through the tee, using the formula:
Tee fitting loss = Gxpxv>+2 V.4

Then we can calculate the dynamic loss for the air which turns into the bend. For this we
use the same formulas as before. Velocity out divided by velocity in to find our velocity ratio.
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Then we find the area ratio using the formula diameter out squared divided by diameter in

squared. We take our values from our table.

5.6 Pressure drop calculation and duct sizing results:

5.6.1 Ground floor:

9 L 10
14 R 13 » -
. =
M D
4
S| | i
Q N |
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11 % &
' 8 J F 2
0 : G A
=
p H l
7 H 6 L]
Figure 5.7 Ground floor duct and fitting labels.
ID | TYPE | Volume AP | Velocity | Diameter| Lenght | Duct | Direction | Fitting
Flow (Pa/m) | (m/s) (m) (m) Loss loss
Rate(ni/s) (pa) (pa)
A Duct 5.266 0.19 5 11 4.2 0.798
1 Tee A-B 5.07
A-F 1.723
B Duct 0.881 0.19 3.25 0.6 8.83 | 1.677
Bend B-C 0.823
C Duct 0.390 0.19 2.7 0.43 6.6 1.254
( ]
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3 | Bend C-D 0.656
D | Duct 0.273 0.19 2.5 0.38 5.8 | 1.102
4 | Bend D-E 0.6
E Duct 0.217 0.19 2.3 0.34 4.7 0.893
F Duct 4.384 0.19 4.7 1.05 4.66 | 0.885
5 Tee F-G 3.97
F-J 1.65
G | Duct 0.230 0.19 2.35 0.35 3.45 | 0.655
6 | Bend G-H 0.563
H | Duct 0.230 0.19 2.35 0.35 0.8 |0.152
7 | Bend H-I 0.563
I Duct 0.230 0.19 2.35 0.35 1.76 |0.334
J | Duct 4.153 0.19 4.6 1.03 0.8 | 0.152
8 Tee J-K 7.018
J-N 1.442
K Duct 1.642 0.19 3.8 0.68 114 | 2.166
Bend K-L 1.039
L | Duct 1.642 0.19 3.8 0.68 5.7 |1.083
10 | Bend L-M 1.039
Duct 1.642 0.19 3.8 0.68 6.7 1.273
N Duct 2.511 0.19 4.3 0.88 5.6 1.064
11| Tee N-Q 1.156
N-O 4.48
O | Duct 0.543 0.19 2.85 0.48 3.6 |0.684
12 | Bend O-P 0.731
P Duct 0.543 0.19 2.85 0.48 6 1.14
Duct 1.967 0.19 3.85 0.77 104 | 1.976
13 | Bend Q-R 1.066
R Duct 1.967 0.19 3.85 0.77 5.9 1.121
14 | Bend R-S 1.066
S Duct 1.967 0.19 3.85 0.77 9.2 1.748

Table 5.3 Ground floor pressure drop results.
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5.6.2 First floor:

a8

DUCT SIZING AND EFFICIENCY CALCULATION

Figure 5.8 First floor duct and fitting labels.

ID | TYPE | Volume AP | Velocity | Diameter| Lenght | Duct | Direction | Fitting
Flow (Pa/m) | (m/s) (m) (m) Loss loss
Rate(ni/s) (pa) (pa)
A | Duct 6.51 0.26 6 11 6.15 | 1.599
1 Tee A-B 13.12
A-H 2.109
B | Duct 2.645 0.26 4.7 0.83 3.1 |0.806
2 | Bend B-C 1.59
C | Duct 2.645 0.26 4.7 0.83 10.1 | 2.626
3 | Bend C-D 1.45
D | Duct 2.034 0.26 4.5 0.74 435 |1.128
4 Tee D-E 10.39
D-F 1.12
E | Duct 1.006 0.26 3.8 0.57 7.7 | 2.002
Duct 1.027 0.26 3.8 0.59 495 | 1.287
( ]
l 105 J




Chapter V DUCT SIZING AND EFFICIENCY CALCULATION

5 | Bend F-G 1.12

G Duct 1.027 0.26 3.8 0.59 7.7 2.002

H Duct 3.859 0.26 5.2 0.95 4.45 | 1.157

6 Tee H-I 4.44
H-J 2.028

I Duct 0.366 0.26 2.9 0.38 5.5 1.43

J Duct 3.494 0.26 51 0.9 7.5 1.14

7 Bend J-K 1.728

K Duct 3.017 0.26 4.9 0.85 55 1.43

8 Bend K-L 1.728

L Duct 3.017 0.26 4.9 0.85 7.25 | 1.885

9 Bend L-M 1.728

M Duct 3.017 0.26 4.9 0.85 16.8 | 4.368

10 | Bend M-N

N Duct 3.017 0.26 4.9 0.85 7.25 | 1.885

11 | Bend N-O 1.728

O | Duct 3.017 0.26 4.9 0.85 7.7 2.002

Table 5.4 First floor pressure drop results.

5.6.3 Second floor:
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Figure 5.9 Second floor duct and fitting labels.
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ID | TYPE | Volume AP Velocity | Diameter| Lenght | Duct | Direction | Fitting
Flow (Pa/m) | (m/s) (m) (m) Loss loss
Rate(ni/s) (pa) (pa)
A | Duct 4,711 0.32 6 1 2.85 | 0.912
1 Tee A-2 2.35
A-J 11.15
2 | Bend 1-B 2.178
B | Duct 3.375 0.32 5.5 0.9 10.05 | 3.36
3 | Bend B-C 2.099
C | Duct 3.038 0.32 5.4 0.85 8.91 | 2851
4 | Bend C-D 2.099
D | Duct 3.038 0.32 5.4 0.85 7.4 | 2.368
5 | Bend D-E 1.8
E | Duct 2.429 0.32 5 0.75 15 0.48
6 | Bend E-7 1.8
7 | Bend 6-F 1.8
F | Duct 2.429 0.32 5 0.75 15 0.48
8 | Bend F-G 1.8
G | Duct 2.429 0.32 5 0.75 13.7 4.384
H | Duct 0.926 0.32 4 0.55 9.3 | 2976
9 | Bend H-I 0.691
I Duct 0.306 0.32 3.1 0.35 12.7 | 4.064
J | Duct 1.336 0.32 4.4 0.6 2.3 |0.736
10 | Tee J-M 131
J-K 4.32
K | Duct 0.223 0.32 2.8 0.32 2.2 | 0.704
11 | Bend K-L 0.564
L Duct 0.223 0.32 2.8 0.32 3.4 |1.088
M | Duct 1.113 0.32 4.1 0.55 9.3 | 2976
12 | Tee M-N 3.73
M-O 3.73
N | Duct 0.153 0.32 2.6 0.27 3 0.96
Duct 0.153 0.32 2.6 0.27 1.7 |0.544

Table 5.5 Second floor pressure drop results.
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5.6.4 Third floor:
r A |
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Figure 5.10Third floor duct and fitting labels.
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ID | TYPE | Volume AP Velocity | Diameter| Lenght | Duct | Direction | Fitting
Flow (Pa/m) | (m/s) (m) (m) Loss loss
Rate(ni/s) (pa) (pa)

A Duct 4.711 0.32 6 1 2.85 |0.912
1 Tee A-2 2.35

A-J 11.15
2 Bend 1-B 2.178
B Duct 3.375 0.32 55 0.9 10.05 | 3.36
3 Bend B-C 2.099
C Duct 3.038 0.32 54 0.85 891 |2.851
4 Bend C-D 2.099
D Duct 3.038 0.32 5.4 0.85 7.4 2.368
5 Bend D-E 1.8
E Duct 2.429 0.32 5 0.75 1.5 0.48
6 Bend E-7 1.8
7 Bend 6-F 1.8
F Duct 2.429 0.32 5 0.75 1.5 0.48
8 Bend F-G 1.8
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Chapter V DUCT SIZING AND EFFICIENCY CALCULATION

G Duct 2.429 0.32 5 0.75 13.7 4.384
H Duct 0.926 0.32 4 0.55 9.3 2.976
9 | Bend H-1 0.691
I Duct 0.306 0.32 3.1 0.35 12.7 | 4.064
J Duct 1.336 0.32 4.4 0.6 2.3 0.736
10 | Tee J-M 1.31
J-K 4.32
K Duct 0.223 0.32 2.8 0.32 2.2 0.704
11 | Bend K-L 0.564
L Duct 0.223 0.32 2.8 0.32 3.4 1.088
M Duct 1.113 0.32 4.1 0.55 9.3 2.976
12 | Tee M-N 3.73
M-O 3.73
N Duct 0.153 0.32 2.6 0.27 3 0.96
Duct 0.153 0.32 2.6 0.27 1.7 0.544
Table 5.6 Third floor pressure drop results.
5.6.5 Fourth floor:
7 6
9 BR RS D 4
h
|
| I
CI||
|
L |
— __‘11 i
N K 5 B H
M mi ' 3
12 e 108
0 J B
L A

Figure 5.11 Fourth floor duct and fitting labels.

109

—
| —



Chapter V DUCT SIZING AND EFFICIENCY CALCULATION

ID | TYPE | Volume AP Velocity | Diameter| Lenght | Duct | Direction | Fitting
Flow (Pa/m) | (m/s) (m) (m) Loss loss
Rate(ni/s) (pa) (pa)
A Duct 5.825 0.29 6 1.1 2.85 | 0.826
1 Tee A-2 2.43
A-J 11.55
2 Bend 1-B 2.256
B Duct 4171 0.29 5.6 0.95 10.05 | 2.914
3 Bend B-C 2.174
C Duct 3.754 0.29 5.5 0.88 8.91 | 2.584
4 Bend C-D 2.174
D Duct 3.754 0.29 5.5 0.88 7.4 2.146
5 Bend D-E 1.864
E Duct 3.002 0.29 5.1 0.78 1.5 0.435
6 Bend E-7 1.864
7 Bend 6-F 1.864
F Duct 3.002 0.29 5.1 0.78 1.5 0.435
8 Bend F-G 1.864
G Duct 3.002 0.29 5.1 0.78 13.7 3.973
H Duct 1.144 0.29 2 0.6 9.3 2.697
9 Bend H-I| 0.715
[ Duct 0.378 0.29 3.3 0.37 12.7 | 3.683
J Duct 1.651 0.29 45 0.63 2.3 0.667
10 Tee J-M 1.357
J-K 4.475
K Duct 0.275 0.29 2.9 0.34 2.2 0.638
11 | Bend K-L 0.584
L Duct 0.275 0.29 2.9 0.34 3.4 0.986
M Duct 1.375 0.29 4.2 0.55 9.3 2.697
12 Tee M-N 3.864
M-O 3.864
N Duct 0.189 0.29 2.8 0.28 3 0.87
Duct 0.189 0.29 2.8 0.28 1.7 0.493

Table 5.7 Fourth floor pressure drop results.
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Chapter V DUCT SIZING AND EFFICIENCY CALCULATION

5.6.6 Vertical duct:

floor Volume AP Velocity | Diameter| Lenght | Duct | Fitting
Flow (Pa/m) | (m/s) (m) (m) Loss | loss
Rate(n¥/s) (pa) | (pa)

Fourth 5.825 0.29 6 11 3.2 |0.826
bend 2.623
24.38

Third 10.536 0.22 6 1.45 3.2 |0.704
Tee 8.59
42.136

Second| 15.247 0.17 6 1.75 3.2 |0.544
Tee 18.02
61.5

Firstt 21.757 0.14 6 2.1 3.54 | 0.495
Tee 34.39
94.35

Ground | 27.023 0.12 6 2.3 4.08 | 0.489
Tee 56.862
102.04
Total | 3.061| 444.89

Table 5.8 Vertical duct pressure drop.

Floor Pressure drop (pa)

Ground floor 51.943
First floor 69.745
Second floor 70.204
Third floor 70.204
Fourth floor 68.943
Vertical duct 447.95
Total pressure drop 774.989

Table 5.9 Total pressure drop.
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Chapter V DUCT SIZING AND EFFICIENCY CALCULATION

5.7 Blower fan's Pressure drop:

The pressure drops before the blower that is to say at the suction of the fan which must

include the pressure drops of the following elements:

a) Colil Pressure drop of the air handler unitAPcoil:

On usual basefhese losses are between 150-230pa, we take 200pa.

b) Air filter pressure drop APar:

According to the tables below, we choose an average group and class filter M5 the pressure

drops are 450 Pa with average patrticle efficiency (Em) between 40 and 60.

Classification of air filkers #

Group Class  Final pressure Average Average Minimum

drop (test) Pa arrestance (A_) efficiency (E_) efficiency #

of synthetic dust % for 0.4 pm for 0.4 pym

particles % particles %
Coarse Gl 250 50 = A <65 - -
G2 250 Bi=A <80 - -
G3 250 80=A_ <90 = -
G4 250 9 =A - -
Medium M5 450 - 0 =E_ <60 -
Me 450 - B0 =E_ <80 -
Fine F7 450 - BO=E_ <90 35
F8 450 - 90=E <95 55
] 450 - b= F_ 70

Table 5.10Air filters pressure drop.

Therefore APar= 450 Pa
The pressure drops at the suction of the blower fan will be:
APAHU = APcoil + APAF=450+200=650pa

APblow = APAHU+APDuct= 650+ 774.989 = 1424.98 pa
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Chapter V DUCT SIZING AND EFFICIENCY CALCULATION

5.8 Calculation of the blower fan power

General form:

FlowXPressure

Fan RN:( )XHP Conversion V.5

power conversionXEf ficiencies

Applied forms:

Air FlowXInches of static
6356xnFanxnBeltxnMotorxnDrive

Fan wv:( )xo.746

Where:

kW: Electrical power supplies to fan motor system.

Air Flow: Flaw rate in cubic feet per minute (CFM).

Inches of static: Duct static pressure in inches of water column (w.c).
nrar=Fan efficiency=80%.

neer=Drive belt efficiency (if belt-driven)=90%.

Nmoto=Motor efficiency =85%.

nveo=VFD efficiency =95%.

6356: A power conversion constant to HP.

0.746: A power conversion constant to kW.

-We have 1 mis=2 118.88CFM and we have 27.%7sn
So Air Flow = 57570.31CFM.
And: in (w.c) = 248.84 pa we have 1424.98pa.

So Inches of static = 5.73 (W.c
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Chapter V DUCT SIZING AND EFFICIENCY CALCULATION

57570.31X5.73
Fan kW:( )xo.746
6356%0.8%X0.9x0.85%X0.95

Fan Kw=66.59

5.8.1 Fan selection:

The fan used in the air handling unit is a forward Curved Centrifugal Fan for AHU - Wheel
Type H- YFFCDH

From Manufacturer ANFINAIR

Airflow Range: 1,806~80,000 md/h
(1059~47,059 CFM)

Static Pressure Range: 180,400 Pa
(0.4~5.62 In.WG.)

Drive Configurations: Belt Drive

Applications: AHU fans, HVAC fans,

air purifier fans and ventilation fans

among others

Figure 5.12: Wheel Type-HYFFCDH

5.8.2 Pulley selection

Min Pulley Diameter {mm)
Motor Power (KW

Fast Shaft BRpm | =<1 | 3 4 | 5s5) 75 10|15 Juss) 22 30| 37| 45| 55| 75
AR S (L] 67 67 | &0 a0 | BS QO 100 | 12| 125 ) 132 ) 160 | 170
15001 56 63 71 75 1] 25 a5 [LRCET e 125 1500 ) 155 1700 | 15
1403 S6 63 75 B | #5 a5 oo iz 125 140 1eo) 165 ) 190 212
12041 50 71 L1 Bl 95 95 116 11K 132 1500 1a0) 175 | 200 ] 236
O 56 75 B0 BE ] 95 | 100 | 112 | 132 ) 150 | 180 ) IBO| 190 | 224 | 250
720 a6 g0 | 85 | 10| o] e 132) 150 160 190] 200| 224] 250

Table 5.11Pulley diameter and RPM.
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Eventually, we conclude a fan power of 66.59KW, nonetheless it is necessary to maintain
an RPM of 1400 rpm to reduce fan noise equivalent and suited to both the YLRA Air

handling Unit as well as the Variable Air Volume system installed.

Thus, the pulley diameter cannot be less thama5
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Conclusion

The results obtained from this study allowed usoiloctude that the architecture of the edifice in qoass
in calorific standards, balanced in heat gain a$ agheat loss with the ability to adjust its thalmomfort
via a centralized system; this is justified by regora verification of the RTD C3-2 and RTD CB-

The choice of a centralized packaged heating antbaulitioning air conditioning system with an air-bds
variable air volume diffusing mechanism is justifiednks to its modernity as well as the multiple
advantages it offers.

Not only have we focused on the calculations angapsenly, the tools and machinery used is considefed
high quality and the most adequate in terms of noisgrol, odor disposition and hygiene, nonetheless,
were able to find a multitude of solutions to a Vhitity of problem that have faced us, from which gan
mention the insufficient height of thé%239and 4" floor which we were able to correct by creating diph
plaster fake ceiling to allow us to not only carry duct work through the building but also serve as an
esthetic decoration for our interior design.

This project has proven that heating, ventilatind air conditioning knows no boundaries to for innawat
and creativity, not only is this project a finana@ad economical landmark for the province of Mede&, bu
also an example for this city and its neighbors tenoyp for more modern and more cost-efficient solutions

for thermal comfort.
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ZONE Altitude t,. ZONE | Altitude t..
(m) (en °C) (m) (en °C)
A <300 6
300 a 500 3 C 500 a 1000 -2
500 a 1000 1 = 1000 -4
>1000 -1
<500 2 <1000 5
B 500 a 1000 1 D = 1000 4
>1000 -1
B' <500 0 D <1000 5
=500 voir Zone B

Annex Table 1: Climatic zone [D1]

K [W/m™C]
Portes : Porte extérieure en métal. 5.8
Porte extérieure en bois. 37
Portes intérienres. 3.00
Fenétres : Fenétres verre simple 33
Double Fenétres 26

Annex Table 2: Doors and windows’ coefficient K values [D1]

Valeurs de a (en W/m?. °C )
Zone Logement en
fimati Logement Individuel immeuble collectif, bureaux.
gricuns- 2 locaux 3 usage d hébergement
A 1.10 1.10
B 1.10 0.90
B’ 1.10 0.90
C 1.10 0.85
DI1. D2 et D3 240 240

Annex Table 3: Values of a [D1]




Valeurs de ¢ (en W/m=2_ °C)
Logement en immeuble
clif;?ie thgn;:; collectif. Bureaux. Locaux
. ausage d’hébergement
A 14 12
B 1.2 12
B’ 1.2 1.2
C 1.2 12
D 14 14
D1, D2etD3 14 14

Annex Table 4: Values of ¢ [D1]

(3] (03}
Hautew H Claszes de rugonite e,
(m) 1 Y m i I
H 4 0.40 1.47 2,71 4.06 6,36
4<H 7 1.10 2,30 3.51 482 7.08
7<H 11 1.76 3.00 419 5.46 7.67
11<H 18 2,57 3.87 4,97 6.17 8.32
18<H 30 3,50 4.80 5.80 6.93 9.02
30<H 50 447 5,78 6.66 7,71 9,72
Annex Table 5: Value of,gD1]
0 Valeurs de Py
Type de parois (m /h.m*sous P=1Pa)
Fenétre ou porte fenétre 4.0
Porte avec seuil et joint d’étanchéite 1.2
Porte a9
24

Double fenétre

Annex Table 6: Value of D1]




Nombre de
pieces principales

=3

Qv pip (/)

50

75

100

110

On zjoute 10 mh par
plece supplémentairs

Annex Table 7: Minimal extraction flow rate [D1]

Nombre de piéces pnincipales vaax

par logement Cuisine Salle de bains| Autre salle d'eau | Cabmet d’aisance

1 75 15 15 15

3 o0 15 15 15

3 105 30 15 15

4 120 30 15 30
5 et plus 135 30 15 30

Annex Table 8: Maximal extraction flow rate [D1]
Logement individuel Logement en immeuble
s collectif
a B c D e a b c d e

A 110 | 240 | 140 | 350 | 450 | 1.10 | 240 | 1.20 | 3.50 | 4.50
B 110 | 240 | 120 | 350 | 450 | 090 | 240 | 1.20 | 3.50 | 450
B 110 | 240 | 120 | 350 | 450 | 090 | 240 | 120 | 3.50 | 4.50
C 1.10 | 240 [ 120 | 350 | 450 | 085 | 240 | 1.20 | 3.50 | 4.50
D 240 | 340 | 140 | 350 | 450 | 240 | 340 | 1.40 | 3.50 | 450
D 240 | 340 | 140 | 3.50 | 4.50 | 240 | 340 | 140 | 3.50 | 4.50

Annex Table 9: values of a, b, c, d, e [D1]




e — = S— T
Parol en contact avec Paroi en contact avee
|
= enm°'C/W - 1'extérienr. - un autre bocal, conditionné ou
h © UM PASSARE OUVEM, non concilionat,
- un local ouvert -un comb e,
- un vide sanitaire,
|h| 'bC “hi . l/'hc | hl Invhc I!h' + |*‘he
Latéral
(Mur) 0.0 | 004 | 0.4 0.10 o1 | 021
o > 60°
(toiture) '
0,16 0,04 0.20 16 0,17 0,33
a5 60°
I (plancher) 0,08 0,04 0,12 0,08 0,09 0.17

Annex Table 10: Coefficients of superficial transfesinmmmer [D1]
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Différence equivalente de Ates(t) ou Atem(t) (en °C)- murs ensoleillés ou a I'ombre

ggg Moy Temp: solaire yrai
oz | 2] 6] 7| s| o|xo] m| n2| w3 a4 35| a6| 17] 18| | 20| 2| 22| 23] 4] 1] 2] 3] 4] 5
<100| 23| 83) 123 28] 13| 08| 78| 72| 67] 72| 78| 78| 78| 67| 55| 44| 33| 22| 1| O -1y -17) 22| -1
NE 300 | 0F 19 19 28| 13| 122 11, | 83 55| 61| 87| 72| 78| 72| 67| &1| 55| 44| 33| 22| 1] 05| O| 05
500 | 223} 17| 22] 22| 22) 55| 82| 83| 78| 87| 85| 61] 67| 67| 67| 61| 55| 50| 44| 32| 23| 33| 28] 28
Z700| 28| 28] 33| 33| 33| 33| 33| 55| 7E| 88| 78| &T| 55| 55] 55| 55| 55) 55| 55] 50| 50| 44| 38| 38
<100| 85| 72| 72| 03| M| 150| 156 | 144| 133] 109 88| 83| 78] 67| 55| 44| 33| 22| 1| 0| -05) L5 -11] -1
o 3001 05 0 O 72| 1| 32| 158 144] 139 17 0] 83| 78| 72| 67| &1 55| 44| 33| 28] 22| 7| 17|
500 | 39) 33| 33| 23| 33| 61| 88 94 0| 10 0| 84| 78| 72| 67| 61| 1273 55| 55| 50| 50| 44| 44| 38
2700 | 50| 44| 44| 44| 44| 39| 33| 61| 78| 83| 82| 10| &80) 83| 78| 72| 1y 67| 67| &1] 61] £5] 55| =0
S0 0220 24 U 0 22) 33 | 10| M4 18 22| 22| Z3) 6| 13 | &7 33) 22) 1.1) 05 05) o | | 05
00 11 05) 05 0 Of 05) 11| 44| 67 133 17| 124) 2| @) 18 | 111 35) 28) 33) 28) 220 o) 7 07
S0 300 | 39y 28| 28} 28| 221 28| 33 | 38| 44 67| 78| 108 122 2| 133[ 128 124 83| 55| 55| S0 L. L4] 39
Z700| 44| 44 44 44| 44| 39| 33| 38| 23] 38| 4| 50| 55] 83| 10| 0g Y 72| 44| s3] 44| 7| | 44
N - 13, 22
100 19 22| 29 1 1T 33| 55| 67| 104 ) 183 22 01 18 | 0 33| o 11 0051 D5 -1 -1
o | 3900 47| 2Y AT -1 0| A1 33| 44 55| o) 17| 67| 2] 7 | 17 &7) ;.| 33| 22| 7| 05| 0] 05
3 300 [ 28) 22| 22| 22| 22| 22| 22| 22| 22| 28 5| 5| &7) a4 11| 117 23 o 44| 39| 28] 23] 33] 28
ST00| 44 32) 33 33| 33| 33| 33 | 44) 33| 33 S 38| 44) 501 85| TE w0) o 1) 88) 72| &1 55f 50
N | 2100) A7 47| 29 7|11 05| 22| 44| 44| 67| 78| 72| &7| 55| 44| 33] 22| v1| 0| O] -05] D5] -] -1t
(a 300 | A9 A7) 24 7| -1 05| 0 | 17 17| 44) 55] 61| &7| 67| 67| 55| 44] 33] 22| 11| 05| 0 | 05| -1
Tom | 300) 051051 0 0} 0} O 0 | 05| 05| 17] 22| 28| 28| 28] 44| 28| 33) 28] 22| 17| 7| u1| 11| 05
bre) | Z700| 05 05| O O] Q) O 0 0 0 o5 11| 7] 7] 28] 33| 38| 44| 38| 33| 22| 7| 41| 1] 05

Annex table 11: Equivalent difference stfes(t) orAtem(t) (°C)- shadowed or enlightened

panels. [D2]

Valeurs de CAten (°C)

ATS _ Ecart diurne de base Eb

She -TShi | 7 8 9 10 11 12 13 14 15 16 17 18 | 19
3 -143 [ -148 | -153 | -158| -162| -16.7 -17.1| -17.6| -180| -185| -190| -194| -199
4 -103 [ -10.8 | -11.3 | -11.8| -122| -12.7( -13.1] -13.6| -140| -145| -150| -154| -159
0 61 | 66| -7 16| 80 85| -89 | 94| 98| -103| -108| -112| -11.7
2 42| 47| 52| 56| 61| 66| 70| 75| 79| 84| 89| 93| 98
4 22| 27| 32| 36| 41| 46| S50 55 59 64| 69| -713| -78
10 36 | 31| 26| 22 171 12| 08| 03| 01| 06| -L1| -15] -20
12 J| 52| 47| 43| 38| 33| 29| 24| 18 13] 08| 04 | -01
14 d ] 72 7] 63 53| 49| 44 38| 33| 28] 24 ([ 19
16 7| 92 87| 83| 78| 73| 69| 64 58 3| 48| 44| 39
18 17112 107 103] 98| 93| 89 | 84 | 78 3| 68| 64| 59
20 137 132 127 | 123 118 113 109 | 104| 98| 93| 88| 84| 79
22 158 | 153 | 148 | 144 139( 134 130 125| 119| 114| 109| 105| 100

Annex Table 12

: Values of &£ [D2]




I;I;;:zer rei :uu Facteur d'absorption Nature du matériau d'abizi:)et?; 5
Asphalte feutre 0.90 pierre calcaire 0.60
bitumé 0.90 granit poli 045
Sable 0.70 acier poli 0.06
Ardoise 0.93 cuivre poli 0.04
Tuile 0.80 aluminium poli 0.04
carrelage clair 0.30 tole galvanisée 0.70
marbre poli 0.60 amiante-ciment 0.96
tole oxydee 0.80 peinture 0.60
téle rugueuse 0.94 fonte brute 0.80
béton. brique 0.75 Gravier 0.80

Annex Table 13: Absorption factors. [D2]

T s Humidité Temperature | Ecart annuel
emperature oo Ecart g
zone sache TS specifique dimrne E moyenne de
climatique e C')' - HSy, 0 : TS tempeérature
(gnp"rkgas) (°C) EAT (°C)
e 34 145 o 255 31
: 10?)6111_ 335 13 10 25 32,5
alt > 1000m 305 13 9 225 315
o 38 125 15 26.5 36
s 37 9 15 26.5 36
i 35 10 12 25 36
alt =1000m = =S
B’ alt<500m a1 11 .. 20 “
alt = 500m Voir zone B | Voir zone B ouBzone 29
C alt< - < 9 oy —
ooom |57 i 18 2 3
alt = 1000m B ==
D1 44 6.5 155 33 38
D2 48 5.5 16.5 36.5 43
D3 39 5.0 12.0 29.6 35
Annex Table 14: Basic external conditions. [D2]
Rayonnement total de base It b et diffus de base Id, b (en W/m?2)
Latitude Mo ORIENTATION
ois
Nord N | NE SE| S | SO | O | NO | Hori
20° Juillet 59 435 | 514 | 267 | 44 267| 514 | 435 | 791
Aot 34 372 | 520 | 356 81 356| 520 | 372 | 788
Septembre| 31 | 273 | 514 | 441 | 205 | 441| 514 [ 273 | 733
30° Juillet 50 413 | 516 | 315 | 94 315| 516 | 413 | 776
Aout 34 340 | 520 | 406 | 198 | 406 520 | 340 | 741
Septembre| 28 284 | 498 | 479 | 330 | 479 498 | 284 | 668
40° Juillet 47 400 | 516 | 394 | 217 | 394| 516 | 400 | 734
Aout 34 321 [ 511 | 459 | 321 | 459( 511 | 321 | 675
Septembre | 28 183 | 470 | 511 (441 | 511|470 | 183 | 577

Annex Table 15: Basic solar radiation. [D2]




Annex Table 16: Relative damping coefficient for 12itsoof work. [D2]

Dépendances

Maison individuelle, toutes dépendances (caves. garage,
cellier. ..)

Immeuble collectif d habitation

- Circulation commune
sans ouverture directe sur 'extérieur
avec ouverture directe sur I'extérieur
avec bouche ou gaine de désenfumage ouverte en
permanence
- Hall d’entrée
- Garage collectif
-Autres dépendances

&
w

B

i
[

Annex Table 17: values of N ¢h [D2]
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Annex Table 18: Glass solar fact{ip.2]

Appareils

Gains a admettre (en W)

Sens.

Sens.

Sens.

Machine a écrire

20

20

920

Micro-ordinateur (écran

compris)

450

450

450

Mini-ordinateur (les valeurs
peuvent varier de 2200 a 6600

W)

4400

4400

4400

Imprimante Plus de

5000 lignes/minute

1800

1800

1800

300 a 600 lignes/minute

376

376

376

Terminal écran

160

160

160

Annex Table 19 : Heat gain due to office devices.][D2




Gains a admettre (en W)
Appareils Sens. Sens. Sens.
Présentoir (par m3 de volume 640 640 640
intérieur)
Caisse enregistreuse 48 48 48
Réfrigérant a eau 1750 1750 1750
Seche-cheveux centralS casques 4483 4483 4483
10 casques 6273 6273 6273
Casque seche-cheveux 690 690 690
Stérilisateur 152x205x432mm | 805 805 805
d'instruments. taille : 228x254x508 1518 1518 1518
254x305x560 1470 1420 1490
mm
254x305x914 | 3948 3048 3048
mm
oo il [l 2728 2728
mm
Stérilisateur ustensiles. Taille
SR ox | 316 3167 3167
20 mm
OBR IR | 3670 3676 3676
620 mm
Moulin a café 500 500 500
Mixer 1000 1000 1000
Fer a repasser 500 500 500
Aspirateur 200 200 200

Annex Table 20 : Heat gain due to various devideg]

Valeurs de ATS“‘,,, pH (en °C)

Parol en contact
avec un local non conditionné

Paror en contact
avec l'extérieur

(alt = altitude)
Zone climarique

A alt < 500 m 13,39 4
S00 < alt < 1000 m 12.49 3.5
alt = 1000 m 9.99 0.5
B alt < 500 m 14.54 5
500 < alt <= 1000 m 13,59 4
alt =2 1000 m 12,09 5
B’ alt < 500 m 16,09 6
alt = 500 m voir zone B (en fonction de "altitude)
C alt < 1000 m 13.49 6.5
alt 2 1060 m 11,24 3
D1 13.09 9
D2 12.09 13
D3 12.09 6

Annex Table 21: Values ofAT S«pn for horizontal panels. [D2]




Valeurs de ATS i, (en °C) - Latitude 40°N

Zone Paroi en contact avec l'extérieur Paroi en contact
Orientation avec un Ln.c
(altenm)] N NE E SE S SO (0] NO
A alt <500 | 4.66| 5.44| 5.89 | 8.22 | 9.81 |10.02(8.75 5.66 4
5005 alt < 3.76| 4.54| 499 | 7.32 | 891 |9.12 |7.85 4.76 35
alt k 26| 2 2 p) p) 5
26| 2.04| 2.4 4.82 .62 |5.35 2.2
1000 1.26| 2.04( 2.49 | 4.8 6.41 | 6.6 6 0.5
B alt < 500 6.59| 7.04 [9.37 | 10.96|11.17 9.9 6.81 5
5005. alt 5.64| 6.09 | 8.42 |10.01|10.22|8.95 5.86 4
1000 alt k 1000 414|459 | 692 851 872 |745 |4.36 5
B' alt < 500 7.36 8.14 8.59 1092 12.5112.7211.45 8.36 6
alt k 500 voir zone B (en fonction de l'altitude)

AnnexTable 22: Values ofAT Sk pv for vertical paneldD 2]

Valeurs de NPVI

Tyies e Jocanix N | ~Ne| E| sE| s | so| ol wo
logement. locaux
a usage 0,95 | 0,26/ 031| 0.44| 0,68 0.62| 0.43| 0.30
d hébergement
Bureaux 0,98 0.19( 0.21(0.28 (0.65 |0.77 | 0.61 0.40

Annex Table23: Values of Mby;; r¢r. [D2]







	We reach with our thanks to ALLAH all mighty for blessing us with the courage, will and motivation to successfully complete this work.
	We also reach our thanks to our parents,
	Professors, friends and everyone who has helped or contributed in the achievement of this
	Work from close or afar.
	Thank you ALLAH !!!!!!! At first I dedicate this work to my parents who sacrificed their life for me and who have never stopped   encourage and support me.   To my brothers (aymen & walid ) who helped me a lot with this work.
	‘’I humbly dedicate this modest work to my precious mother and father, my younger brother Zoheir, the MESSADI and the HADJADJ family as well as all of friends and loved ones whom I cherish and appreciate to the fullest, and not to mention Imad Guedman...
	‘’Well mom, you finally got yourself an engineer’’.
	-Mounir
	B. Hybrid split system :
	The hybrid system of HVACs carries similar features to the split systems but they do have some basic differences. This particular HVAC system carries a hybrid heating system which is counted as one of its unique features that helps lowering energy...
	The capacity to switch between gas power, which is faster and more complete, to electricity which is more efficient and quieter, allows homeowners to determine the way they want to heat up their homes. [4]
	This system is also dependent on traditional ducts and thermostats and it offers all the advantages of a split system with an additional benefit of conserving energy and reducing utility bills. [4]
	Figure 4.3: Hybrid split system infused with solar energy.
	A packaged HVAC system contains everything including the compressor, condenser and evaporator in a single unit which is placed on the roof or near the foundation. It fulfills both the cooling and heating needs of a house. [4]
	Its compact size makes it an appropriate option for houses with a space crunch. This HVAC system is very much efficient and easy to maintain.  As its heating system is not as powerful as other options, it is generally used in a warmer climate. [4]
	Figure 4.5: Packaged heating and cooling unit system with return duct.
	The split system is the most commonly used HVAC system whereas hybrids are preferred due to their energy-saving capacity.  Similarly, Mini-split systems are a suitable choice for picky families or the service industry but the packaged heating is a...
	4.3   HVAC system selection criteria:
	System selection criteria can vary depending on the conditions and building data the HVAC engineers are offered, when a certain set of conditions in the building are met, the following criteria needs to be taken into consideration:
	 Realizability: Depending on the building in question, manageability of creating the installation takes main priority over other criteria, once the building has no restrains nor conception difficulties that might intervene with the planning of the HV...
	 Quality: The quality of the system’s main units as well as their components plays a huge role in the selection of the system to be of use, the branding, rigidity, availability and life span of the previously mentioned is of high priority to insure a...
	 Price range: Price range differs depending on the construction enterprise or individual owner, which leads to the consideration of a price/quality ratio balance.
	 Time efficiency: Depending on the client’s needs and/or the HVAC engineer’s schedule, time is of the essence as some projects are of urgent need of a system installation, which requires a system that cannot consume a long period of waiting time.
	4.4.   Project HVAC system comparison:
	As previously mentioned, an HVAC system cannot be applied to a structure unless it is compatible with the previously given criteria, therefore, a comparison must be uphold, first in between system types to understand which type is more suitab...
	4.4.1   Comparison between types:
	As seen in HVAC system types (2.2), we can distinguish 4 main types:
	 Heating and cooling split systems.
	 Hybrid split system.
	 Duct free mini split systems.
	 Packaged heating and air conditioning systems.
	According to the studies and calculations done beforehand in chapter 2 and chapter 3, our HVAC system will need to comply with a coling capacity of of at least 268695.86 W and a heating capacity of at least 205467.35 W since:
	ΣDtot = 205467.35 W
	ΣAPtot(t) = 268695.86 W
	Therefore, our comparison will only include systems that have the ability to withstand the specified calorific need or more.
	The comparison between all four types of HVAC systems is schematized in the following table:
	Table 4.1: Comparison table for the different types of HVAC systems.
	After analyzing the data given in the table above, we come to the conclusion that the packaged heating and air conditioning systems are the most suitable for our project amongst all four types, where even though the system’s price may vary drastic...
	Worth noting:
	Traditionally, packaged heating and air conditioning systems (PHAC) with return air ducts require a certain height of ceiling, the suggested project has a height of (4.08; 3.54; 3.20; 3.20; 3.20) for the ground floor, first floor, second floor, t...
	However, we suggest the solution of creating a partial plaster fake ceiling immerging from the walls of the rooms in question in the second, third and fourth floor respectively, with a depth and width of 0.15 to 0.20 additional to the dimensions o...
	Figure 4.6: Example of a Partial plaster fake ceiling for duct use.
	4.5   Packaged heating and air cooling unit selection:
	After consideration of the criteria set ahead as well as the selection in between HVAC systems, the packaged heating and air cooling unit that will be put forth is the YLRA Air cooled heat pump scroll compressor which is an A class air handling ...
	Figure 4.7: The YORK YLRA air cooled heat pump scroll compressor. [C1]
	4.5.1   Features and model selection:
	YLRA are available in 6 models, from 0200 to 0330, with a nominal capacity range from 181 to 307 kW in cooling mode and from 200 to 327 kW in heating mode and up to 3.99 ESEER with EC fans. [C1]
	Except for the fans all the units have the same configuration of base units (structure, electrical board, compressors and coils). Each model is available in the following acoustic versions:
	• Basic Low Noise version (BLN):        These models are equipped with delta connected fans running at a fixed rpm and are fitted with compressor boxes to reduce noise emissions. [C1]
	• Super Low Noise version (SLN):
	Those models are equipped with special inverter fans driven by EC (electronic brushless type), fitted with a variable speed controller which allows the fans to operate at a very low rpm nonetheless, the chillers are supplied with compressor boxes an...
	The BLN model is also available in an EC version (developed for high seasonal efficiency) which has the same equipment as that of the standard BLN model, except that the units are equipped with special inverter fans driven by EC (electronic brushl...
	4.5.2   Options and accessories:
	Depending on the model in use, the air handling unit (AHU) comes with a variety of accessories which are:  [C1]
	• ModBus protocol kit for BMS (standard).  • Lonwork protocol kit for BMS.  • Bacnet protocol kit for BMS.  • Soft start.  • Power factor correction capacitors.  • Compressors overload protection.  • Condensing control kit, down to -14  C ambient temp...
	4.5.3   Nominal capacity and technical data:
	As previously mentioned, the YLRA air cooled heat pump scroll compressor stretches between the 0200, 0230, 0260, 0280, 0300 and 0330 where each model has its own nominal capacity and characteristics whether it is a BLN version or SLN version which...
	Table 4.2: Nominal Capacity of BLN and SLN versions of YLRA. [C1]
	Table 4.3: Technical Data of BLN and SLN versions of YLRA. [C1]
	4.5.4   Dimensions and hydraulic connections:
	YLRA from 0200 to 0280:
	Figure 4.8: Schematics of the YLRA 0200 to 0280 models. [C1]
	Notes:
	All dimensions are in mm, drawings not a scale. B, E: Water connection gas M. F: Electrical power supply. I: Gauge kit. L: Main switch. M: Control keypad/display. N: Water inlet Ø1” gas M. O: Water outlet Ø1” gas M. P1, P2, P3, P4: AVM position.
	YLRA from 0300 and 0330:
	Figure 4.9: Schematics of the YLRA 0300 and 0330 models. [C1]
	Notes: (1)
	All dimensions are in mm, drawings not a scale. B, E: Water connection 3-gas M Ø88.9 mm. F: Electrical power supply. I: Gauge kit. L: Main switch. M: Control keypad/display. N: Water inlet Ø1” gas M. O: Water outlet Ø1” gas M. P1, P2, P3, P4: AVM posi...
	4.5.5   Model selection:
	After comparing between the nominal capacity and the technical date of the previously presented models, we have settled to use the SNL version of YLRA air cooled heat pump scroll compressor model 0300, mainly for its heating and cooling capacity ...
	4.6   Diffuser units and variable air volume:
	4.6.1   Definition of diffuser in HVAC:
	In HVAC systems, a diffuser disperses pressurized air exiting heating ventilation and air conditioning ductwork and provides a decorative finish over the grill box hole that is holding the ductwork in place. Without an air diffuser, the air exiti...
	Figure 4.10: Typical square wall air diffuser.
	In our project, we will rely on a ductwork system based on Variable Air Volume (VAV) Terminals and diffusers. [C2]
	4.6.2   Definition of Variable air volume:
	Variable Air Volume (VAV) is a type of heating, ventilating, and/or air-conditioning (HVAC) system. The simplest VAV system incorporates one supply duct that, when in cooling mode, distributes approximately 13  C supply air. Because the supply a...
	The VAV Zone Controller has a built-in actuator and maintains zone temperature by operating the terminal fan and regulating the flow of conditioned air into the space. Buildings with diverse loading conditions can be supported by controlling the l...
	Figure 4.11: Typical variable air volume system box. [5]
	4.6.3   Variable air volume model selection:
	VAV systems although similar in conception primarily they vary in question of brands and availability in the market, with some models offer higher noise control and better air temperature precision.
	Since our duct installation ends and outputs will be on the perimeter of the rooms in question, a wall diffuser model will be needed in order to insure a sufficient and cohesive air flow pattern, therefore, we have settled for the TROX TECHNIK A...
	Figure 4.12: The PEGASUS-S (left) and the PEGASUS-B (right) VAV diffuser. [C2]
	4.6.4   Application, function and design:
	 Application:  Pegasus is a wall diffuser unit with VAV function. It is used as a volume flow controller unit in demand controlled ventilation systems. Pegasus has very good induction, making it ideal for variable air flow rates. [C2]
	 Function:  Pegasus has a built-in VAV controller for the demand controlled adjustment of air flow rates. The damper solution will choke the pressure at high flow rates and maintain a low sound level. This may reduce the need for additional dampers a...
	 Design:  Pegasus is a complete measuring and control unit for the demand control of air flow rates in ventilation systems. The measuring station measures the differential pressure using measuring rods integrated into the unit. The unit is equipped w...
	Table 4.4: Technical specification, Belimo VAV controller. [C2]
	Table 4.5: Quick selection PEGASUS LØV-S-K/L measurements. [C2]
	Table 4.6: Adjustment and regulation range for VAV, afr in m³/h. [C2]
	Table 4.7: Dimensions and weight for PEGASUS. [C2]
	Figure 4.13: Dimensioned sketch, of the PEGASUS-S. [C2]
	 Diffusion pattern of the PEGASUS-S:
	The pattern of air diffusion of the PEGASUS-S model diffuser is flexible between long throw range and short throw range, which is better illustrated in the following figures (4.13) and (4.14): [C2]
	Figure 4.14: Example of the flow pattern of the PEGASUS. [C2]
	Figure 4.15: Diagram of the throw length of the PEGASUS. [C2]
	 Velocity of the PEGASUS-S: [C2]
	The velocity distribution of the PEGASUS-S descends during the air flow inside the room in a complete circle from v>0.25 at the moment of diffusion up until it reaches v<0.15 with v being the velocity of the air flow, as schematized in the follow...
	Figure 4.16: Example of velocity distribution. [C2]
	 Mounting and adjustment of the PEGASUS-S:
	Pegasus is installed as a rear diffuser in the rear of the unit using a suspension bracket and a threaded rod or strap, see figures 8 and 9. The plenum box is installed in the cutout and screwed to the studding. The adjustable installation frame...
	For which concerns the adjustment, Pegasus uses the Belimo PC-tool or ZTH-GEN to make the necessary settings. [C2]
	Figure 4.17: Mounting of the PEGASUS-S. [C2]
	 Duct installation of the PEGASUS-S:
	The duct work of the PEGASUS-S can be schematized in the following figure (4.16):
	Figure 4.18: Example of duct installation of the PEGASUS-S. [C2]
	Annex Table 1: Climatic zone [D1]

