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ABSTRACT

The aim of a heating, ventilation, and air conditioning (HVAC) system is to meet the
environmental requirements of occupant comfort and a mechanism. HVAC systems are
widely used in a variety of structures, including manufacturing, commercial, domestic, and
institutional structures. To manage the operation of a heating and/or air conditioning system,
HVAC (Heating, Ventilation, and Air Conditioning) equipment requires a control system. Its
effective design is arguably the most complex system installed in a building and is
responsible for a substantial component of the total building energy use. A right size and
design of HVAC system will provide the desired comfort and will run efficiently. This
strategy guideline discusses the information needed to design an energy efficient HVAC
system for a commercial building by providing results of Heat load calculations, the right
choice of system selection and selection of proper materials. In this project we investigate
and review the different Materials, Chiller choices, give a brief about HVAC, outline the
process followed, which demonstrates its ability to improve the performance of HVAC
systems to reduce energy consumption. The pros and cons of each system type specific to the
building layout and climate zone will be discussed in this study. This research has a central

theme which focuses on reducing the energy consumption of a Educational Institution with
structure in 2D in Auto CAD.




CHAPTER -1
INTRODUCTION

1.1 History of HVAC System

Air-conditioning dates to prehistory. Ancient Egyptian buildings used a wide variety of
passive air-conditioning techniques. These became widespread from the Iberian Peninsula
through North Africa, the Middle East, and Northern India. Similar techniques were
developed in hot climates elsewhere. Passive techniques remained widespread until the 20th
century, when they fell out of fashion, replaced by powered A/C. Using information from
engineering studies of traditional buildings, passive techniques are being revived and
modified for 21st-century architectural designs. Air conditioners allow the building indoor
environment to remain relatively constant largely independent of changes in external weather
conditions and internal heat loads. They also allow deep plan buildings to be created and have

allowed people to live comfortably in hotter parts of the world.

1.2 Development

In the 1558 Giambattista Della Porta described a method of chilling ice to temperatures far
below its freezing point by mixing it with potassium nitrate in his popular science book
Natural Magic. In 1620 Cornelis Drebbel demonstrated "Turning Summer into winter" for
James | of England, chilling part of the Great Hall of Westminster Abbey with an apparatus
of troughs and vats. Drebbel's contemporary Francis Bacon, like della Porta a believer in
scientific communication, may not have been present at the demonstration, but in a book
published later the same year, he described it as "experiment of artificial freezing” and said
that "Nitre (or rather its spirit) is very cold, and hence nitre or salt when added to snow or ice
intensifies the cold of the latter, the nitre by adding to its own cold, but the salt by supplying

activity to the cold of the snow."




In 1758, Benjamin Franklin and John Hadley, a chemistry professor at Cambridge University,
conducted an experiment to explore the principle of evaporation to rapidly cool an object.
Franklin and Hadley confirmed that the evaporation of highly volatile liquids (such as alcohol
and ether) could be used to drive down the temperature of an object past the freezing point of
water. They conducted their experiment with the bulb of a mercury thermometer as their
object and with a bellows used to speed up the evaporation. They lowered the temperature of
the thermometer bulb down to —14 °C (7 °F) while the ambient temperature was 18 °C (64
°F). Franklin noted that soon after they passed the freezing point of water 0 °C (32 °F), a thin
film of ice formed on the surface of the thermometer's bulb and that the ice mass was about 6
mm (1»4 in) thick when they stopped the experiment upon reaching -14 °C (7 °F). Franklin
concluded: "From this experiment one may see the possibility of freezing a man to death on a

warm summer's day.

The 19th century included several developments in compression technology. In 1820, English
scientist and inventor Michael Faraday discovered that compressing and liquefying ammonia
could chill air when the liquefied ammonia could evaporate. In 1842, Florida physician John
Gorrie used compressor technology to create ice, which he used to cool air for his patients in
his hospital in Apalachicola, Florida. He hoped to eventually use his ice-making machine to
regulate the temperature of buildings and envisioned centralized air conditioning that could
cool entire cities. Gorrie was granted a patent in 1851 but following the death of his main
backer he was not able to realize his invention. In 1851 James Harrison's created the first
mechanical ice-making machine in Geelong, Australia and was granted a patent for an ether
vapour-compression refrigeration system in 1855 that produced three tons of ice per day. In

1860 he established a second ice company and later entered the debate over how to compete

against the American advantage of ice-refrigerated beef sales to the United Kingdom.

Electricity made development of effective units possible. In 1901 American inventor Willis
H. Carrier built what is considered the first modern electrical air conditioning unit. In 1902 he
installed his first air-conditioning system, in the Sackett-Wilhelms Lithographing &
Publishing Company in Brooklyn, New York, his invention controlled both the temperature
and the humidity which helped maintain consistent paper dimensions and ink alignment at the

printing plant. Later, together with six other employees Carrier formed The Carrier Air




Conditioning Company of America, a business which in 2020 employed 53,000 employees

and was valued at $18.6 hillion.

In 1906, Stuart W. Cramer of Charlotte was exploring ways to add moisture to the air in his
textile mill. Cramer coined the term "air conditioning”, using it in a patent claim he filed that
year as analogous to "water conditioning”, then a well-known process for making textiles
easier to process. He combined moisture with ventilation to "condition” and changes the air
in the factories, controlling the humidity so necessary in textile plants. Willis Carrier adopted

the term and incorporated it into the name of his company.

Domestic air conditioning soon took off. In 1914 the first domestic air conditioning was
installed in Minneapolis in the home of Charles Gates. Built in 1933, Meadowmont House is
believed to be the first private homes in the United States equipped for central air

conditioning.

Additionally, car manufacturers began exploring ways to use air conditioning in vehicle.
1933 was also the year in the first automobile air conditioning systems were offered for sale.
In 1935 Chrysler Motors introduced the first practical semi-portable air conditioning unit. In
1939, Packard became the first automobile manufacturer to offer an air conditioning unit in

its cars.

Innovations in the latter half of the 20th century allowed for much more ubiquitous air
conditioner use. In 1945, Robert Sherman of Lynn, Massachusetts invented a portable,
inwindow air conditioner that cooled, heated, humidified, dehumidified, and filtered the air.
By the late 1960s, most newly built residential homes in the United States had central air
conditioning. Box air conditioning units during this time also became more inexpensive

which resulted in greater population growth in the states of Florida and Arizona.

As international development has increased wealth across countries, and global warming has

increase temperatures, global use of air conditioners has increased. By 2018 an estimated 1.6
billion air conditioning units were installed worldwide, with the International Energy Agency
expecting this number to grow to 5.6 billion units by 2050. Between 1995 to 2004 the
proportion of urban households in China with air conditioners increased from 8% to 70%. As
of 2015, nearly 100 million homes or about 87% of US households had air conditioning
systems. In 2019 it was estimated that 90% of new single-family homes constructed in the
USA included air conditioning (ranging from 99% in the South to 62% in the West).




1.3 Basics of HVAC System

HVAC stands for Heating, Ventilation and Air-Conditioning. Its goal is to provide the
thermal comfort and good indoor air quality. HVAC system designing is the sub-disciple of
mechanical engineering, based on the principles of thermodynamics, heat transfer, fluid
mechanics and some of architectural. HVAC systems are more often used in several types of
buildings such as commercial, residential, institutional and many more. The selection of
HVAC systems for buildings will depend on the climate, age of building, the individual
preferences of the owner of the buildings and the designer of the buildings, the project

budget, and the architectural design of the building.

Many of the situations requiring mechanical ventilation also need a degree of air

conditioning. To summarize, those situations most likely to require air conditioning are:

1. Rooms subject to high solar gains, such as south facing rooms especially those with large

areas of glazing.

2. Rooms with high equipment densities such as computer rooms and offices which make

extensive use of IT.

3. Rooms in which environment (temperature, dust, or humidity) sensitive work is being

carried out such as operation theatres and microprocessor manufacturing units.

1.3.1 Some Basic Terms Related to HVAC System

e Dry-bulb temperature

It is the temperature of air measured by a thermometer freely exposed to the air but
shielded from radiation and moisture. Dry bulb temperature is the temperature that is
usually thought of as air temperature, and it is the true thermodynamic temperature. It
is the temperature measured by a regular thermometer exposed to the airstream. It is
the temperature shown by a dry sensing element such as mercury in a glass tube
thermometer. The Dry Bulb Temperature refers basically to the ambient air
temperature. It is called "Dry Bulb" because the air temperature is indicated by a
thermometer not affected by the moisture of the air. It is a type of temperature
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measurement that reflects the physical properties of a system with a mixture of a gas

and a vapour, usually air and water vapour.

Dew Point Temperature

The dew point is a saturation temperature. The temperature at which the air is
saturated (100% RH) and further cooling manifests in condensation from water in the
air. The dew point is the temperature at which water vapour starts to condense out of
the air (the temperature at which air becomes completely saturated). Above this
temperature the moisture will stay in the air. If the dew-point temperature is close to
the dry air temperature - the relative humidity is high, If the dew point is well below
the dry air temperature - the relative humidity is low Dew point: Latent heat: All pure
substances in nature can change their state. Solids can become liquids (ice to water)
and liquids can become gases (water to vapour) but changes such as these require the
addition or removal of heat. The heat that causes these changes is called latent heat.

Heat energy added or removed as a substance changes state, whilst temperature

remains constant, E.G. Water changing to steam at 100fc and atmospheric pressure

(W).

Absolute humidity

Absolute humidity is the total amount of water vapour present in each volume of air.

It does not take temperature into consideration.

Relative humidity (RH)

Relative Humidity is the ratio of water contained in air at a given dry bulb
temperature, as a percentage of the maximum amount of water that could be held in
air at that temperature. Thus, the relative humidity of air is a function of both water

content and temperature.




Specific humidity

It the mass of water vapour present in a unit mass of air. Where temperatures are high
and rainfall is excessive, the specific humidity of the air reaches high proportions.

This is also called “moisture content”

Sensible heat gain

When an object is heated, its temperature rises as heat is added. The increase in heat is
called sensible heat. Similarly, when heat is removed from an object and its
temperature falls, the heat removed is also called sensible heat. Heat that causes a

change in temperature in an object is called sensible heat.

1.3.2 Basic Refrigeration Cycle

Compressor
An air compressor is a device that converts power (using an electric motor, diesel, or

gasoline engine, etc.) into potential energy stored in pressurized air

Condenser

A condenser is a device or unit used to condense a substance from its gaseous to it
liquid state, by cooling it.in so doing, the latent heat is given by the substance, and
will transfer to the condenser coolant

Expansion Valve
A thermal expansion valve is a component in refrigeration and air conditioning
systems that control the amount of refrigerant flow into the evaporator thereby

controlling the superheating at the outlet of the evaporator.

Evaporator

An evaporator is a device used to turn liquid form of a chemical into its gaseous form.

The liquid is an evaporated, or vaporized, into a gas
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Figure 1: Basic Refrigeration Cycle

1.4 Need for HVAC System

HVAC systems are responsible for the regulation of heat, airflow, ventilation, and air
conditioning of an entire building. You will not see the machines when you enter the
building, but you will most certainly feel the effects of a comfortable and well-ventilated
workplace.

e As we know that 1 TR is amount of heat extracted from the atmosphere for melting
one metric ton of ice in 24 hours. One ton of refrigeration (TR) equals to 12000 btu/hr
or 3025 kcal/hr.

Here are some of the top reasons why business owners opt to have reliable HVAC

systems in place for their office buildings.




HVAC systems control the overall climate in the building. They also make the proper
adjustments whenever we experience changes in outdoor temperature. During the
winter season, the HVAC systems (mainly the boilers or heaters) work to keep the
indoor temperature at a comfortable level. In hotter times of the season, the HVAC
systems regulate air temperature by providing the necessary cooling to keep the entire

building comfortable.

Having a comfortable office climate increases the level of productivity and increases
morale amongst the workers and employees. If you let your people work in settings
conducive for work, they will surely be motivated to perform better because they feel

good in their work environment.

No employee will enjoy working in an office where it is freezing, or in an office
where you frequently must ignore your perspiration just to focus on your computer
screen. Having a proper HVAC system installed is guaranteed to make your
employees happy, hence, giving you better work results in return.

HVAC systems not only regulate the temperature inside the building, but they also
improve the quality of air. The quality of air pertains to humidity, and a typical

HVAC system will reduce the amount of humidity in the air so your workers and

employees can continue enjoying a cosy and pleasant atmosphere at work.




CHAPTER-2
LITERATURE REVIEW

The compressive study of existing information related to HVAC system —

1. Farheen Bano and Vandana Sehgal said Comparison of the thermal performance of
energy efficient office buildings in composite climate, India. The aim of this paper is
to examine the energy consumption of and determine the energy efficient design

strategies for midrise and high rise the building.

2. Yingya Chen, Yanfeng Liu, Jingrui Liu, Jiaping Liu, Yingying Wang Central air
conditioning said Energy Consumption of a buildings occupies a large proportion of
energy consumption in all over world, to minimise the energy consumption of
buildings by using solar energy. Challenges: Photovoltaic (PV) air conditioning is an
effective way to solve the problems of energy consumption of office buildings.

3. Sam C. M. Hui describes the Design strategies for effective, green HVAC systems
and new emerging HVAC technologies. This paper describes the basic concepts of
green buildings and discusses the role of HVAC for ensuring high performance
sustainable buildings in design and operation.

4. Daut, M. Adzrie, M. Irwanto, Ibrahim, M. Fitra said the development of renewable
energy is on the rise worldwide because of the growing demand on energy, high oil
prices therefore to overcome this use of solar energy in HVAC system. This paper

focuses on design and construction of a direct current (DC) AC systems integrated

with PV systems, solar batteries, chargers, inverter.

5. Critiana Maria Barbosa Riebeiro said the study of retrofit building design to make
sustainable. To achieve sustainability in any HVAC system. HVAC retrofit can be
very complicated, owner’s property manager looks to outside sources for designing
retrofit and designing its benefits. HVAC retrofit are generally undertaken to boost a
system’s cost or energy efficiency. Any retrofit should take both factors, as well as

environmental concern into account.




6. W. Goetzler, M. Guernsey, and J. Young said that The U.S. Department of
Energy’s (DOE) Building Technologies Office (BTO) within the Office of Energy

Efficiency and Renewable Energy (EERE) works with researchers and industry
partners to develop and deploy technologies that can substantially reduce energy
consumption in residential and commercial buildings. BTO aims to reduce building-
related primary energy consumption by 50% by the year 2030, relative to 2010
consumption. Specifically for heating, ventilation, and air conditioning (HVAC),
BTO identified primary energy savings targets of 12% by 2020 and 24% by 2030.

7. Guanglin Xu said that Compared to single-variable model, MLR models showed a
decrease in coefficient of variation which is between 10 percentage to 60 percentage
and with an average decrease of about 33%. a dynamic neural network is proposed to
build a dynamic HVAC model and then a multi-objective particle swarm optimization

algorithm is applied to solve the model.




CHAPTER-3
PROBLEM STATEMENT

3.1 Problem Statement

Energy efficiency in heating, ventilating, and air-conditioning (HVAC) systems is a primary
concern in process projects, since the energy consumption has the highest percentage in

HVAC for all processes.

Without sacrifice of thermal comfort, to reset the suitable operating parameters, such as the
humidity and air temperature, would have energy saving with immediate effect. In this paper,
the simulation-optimization approach described the effective energy efficiency for HVAC
systems which are used in industrial process. Due to the complex relationship of the HVAC
system parameters, it is necessary to suggest optimum settings for different operations in
response to the dynamic cooling loads and changing weather conditions during a year.

The energy consumed in air conditioning and refrigeration systems is sensitive to load
changes, ambient condition etc. The major purpose of air conditioning is to make occupants

comfortable with the cooled air in the room.

However, the system of air conditioning in commercial building running inconsistent due to

the several factor. This problem is occurred by the unstable supply cooled air to the system.

Therefore, the occupants and some locations are not receiving a necessary capacity of cooled

air.

Considering various factors into account, to design an energy efficient system, to get an
overview 2D model of educational institution in Delhi , do the heat load calculations, and

select the right chiller for the operation of the HVAC system.

3.2 Project Objective

The main objective in this project is to design energy efficient HVAC system for a

commercial building. This study will be focused on 3 parts:




1. Proper selection of efficient material

2. To minimize the Heat Load

3. Duct Designing




CHAPTER-04
METHODOLOGY

4.1 Study of location and surrounding.

HVAC systems are of great importance to architectural design efforts for four main reasons.
First, these systems often require substantial floor space and/or building volume for

Equipment and distribution elements that must be accommodated during the design process.

Second, HVAC systems constitute a major budget item for numerous common building

types. Third, the success or failure of thermal comfort efforts is usually directly related to the

success or failure of a building’s HVAC systems. Last, maintaining appropriate thermal

conditions through HVAC system operation is a major driver of building energy

consumption.

4.1.1 HVAC System Evolution

The first step in selecting a HVAC system is to determine and document constraints dictated
by performance, capacity, available space, budgets, and any other factors important to the
project. This usually starts with a formal meeting with an architect/owner and understanding

his or her requirements.

4.1.2 Owner’s Needs

If the architect is a creator, the customer is a king, and his needs and requirements must be

met.

Depending on the customer goals, the building and its HVAC requirements have to be
designed accordingly. For example, take an example of multi-storey office building. The
complete building may have either a single owner or multiple owners. A single owner
normally prefers a central plant, as the quality of air conditioning is far superior and life

expectancy is higher. The operation and maintenance costs are also lower than a floor-by-
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floor system. In addition, the owners can opt for an intelligent building by incorporating a

building management system (BMS).

This will enable the owner to derive benefits of optimal utilization of the air conditioning
plant. A multiple owner facility requires a system, which provides individual ownership and
energy billing for which a floor-by-floor air conditioning system using packaged units or split

units is most suited subject to economics of space and aesthetics.

Another important requirement is the normal working hours of the user/users. Some users
may have different working hours or different timings. Some areas such as computer rooms
may need 24-hour air conditioning. Other areas may have special design requirements. Due
to such multiple requirements many engineers prefer a “hybrid system” which is a
combination of a central plant and packaged units/split units. For example, a hotel may use
packaged unitary air conditioners (or fan coil units served with air-water central system) for
the individual guest rooms, roof top units for meeting rooms/restaurants, and a central plant
system for the lobby, corridors and other common spaces. Such systems offer high flexibility
in meeting the requirement of different working hours and special design conditions.

While HVAC engineer manages the system design the architect retains control of the
complete building product. The type of system selected is determined by HVAC designer’s
knowledge of systems. Architect must also understand the basics, system objectives, the role
of key system components, the type of systems that are available and what such systems can
and cannot accomplish. Most customers may not understand HVAC design aspects; their

benefits and limitations and it is the architect’s/ HVAC engineer’s responsibility to guide and

advise the best option. For HVAC engineer the customer may be an architect whose customer

may be the building owner.
e What Influences HVAC design?

Investment in a building project entails significant capital investment and associated costs
over the economic life of the project. It is a mistaken notion that the buildings costs must
be expensed once. The buildings like any other industry have running expenses in a way
that they consume lot of energy and require water & disposal facilities that accounts for
significant recurring costs. The HVAC systems often are very large and are responsible

for a large portion of a building’s first cost and operating cost.




Every building is unique. For instance, residential apartments, shopping complex, office
complex, hospital, hotel, airport, or industry; all have different functional requirements,
occupancy pattern and usage criteria. The geographical location of the building, ambient
conditions, indoor requirements, building materials, dimensional parameters, aesthetic
requirements, noise, and environment issues need careful evaluation. The HVAC design

and selection must be customized to meet all these requirements.

Each solution begins with an assessment of the owner’s business needs for HVAC,
architect’s vision, requirements of the facilities manager, combined with a review of the

HVAC system itself, be it existing or planned.

4.1.3 Design aspects for HVAC System

HVAC systems is an important part of the building construction budget, account for a
major portion of a building’s annual energy consumption, often require substantial space
allocations and contribute to interior environment that is critically evaluated by the

building occupants and the users.

Everyone cares about cost! But the wise customer lays down a list of minimum
requirements and then negotiates. Mostly customer goes for price only and skips on right

equipment and design specific cations.

The selection process could be chilled water system or direct expansion system, the
design of HVAC systems is mainly related to various parameters, including but not

limited to the factors listed below.

4.1.4 Details of architecture

Structure, orientation, geographical location, altitude, shape, modules size & height
Purpose of the building, area classification, occupancy, and usage patterns

Ratio of internal to external zones, glazing, plant room sitting, space for service
distribution.

Climate and shading, thermal insulation, passive climate control, relationship with

adjacent buildings




e New or existing building, renovation, or extension project, retrofitting or new
equipment.
e Plant and system design to match the characteristic of the building and the need to

meet the needs (known and unknown) of the ultimate occupants.

4.1.5 Details of Space allocation

Floor space and clear heights to accommodate HVAC plant, equipment,
distribution, and room elements.

Shaft spaces available for routing ducts/pipes

Location and size of structural columns and beams, clearance through steelwork,
position of reinforcing rods

Ceiling height, clearance between suspended ceilings and beams

Foundation and supports requirement, permissible loadings.

Location of obstructions that may be in the route of air-conditioning services,

particularly ductwork.

As our Educational institute is in Delhi the co-ordinates for Delhi are 28.7041°N, 77.1025°E.
The city is surrounded by plain area on all directions. Delhi features a monsoon influenced

humid subtropical under the Képpen climate classification.

Annual mean temperatures range from 10 to 40 °C, with the most comfortable time to visit in
the winter — November to February. The highest maximum temperature ever recorded was
45.6 °C on 29 April 1941. The lowest recorded temperature was 9.8 °C on 3 January 2013. In
the cold season, the state is sometimes affected by cold waves in association with the north

range from hills.
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Educational institute Building located in New Delhi with Latitude and longitude the
following value were chosen
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Figure 3 sources: ISHRAE Handbook (NEW DELHI)

4.2 Building Orientation

4.2.1 Form and Orientation

Form and orientation constitute two of the most important passive design strategies for
reducing energy consumption and improving thermal comfort for occupants of institute. It
affects the amount of sun falling on surfaces, day lighting, and direction of winds. Towards
net zero energy goals; form and orientation have a significant impact on institute energy
efficiency, by harnessing sun and prevailing winds to our advantage. Thus, they play a
pivotal role design approach as these strategies are one-time interventions and their potential

benefits should not be missed.

Institute designs vary according to context of its location and climate. However, the
underlying principle remains the same, maximizing the amount of solar radiation in winter
and minimizing the amount in summers. In predominantly hot regions, institute should be
ideally oriented to minimize solar gains; the reverse is applicable for cold regions.

Orientation also plays an important role about wind direction.

The institute form determines the volume of space inside a institute that needs to be heated or
cooled. Thus, more compact the shape, the less wasteful it is in gaining/losing heat. In hot &
dry regions and cold climates, a building’s shape needs to be compact to reduce heat gain and

losses, respectively.




4.2.2 Sun Path

SUMMER SUN

WINTER SUN
Sun path at a low angle , south to E-W

on will penetrate south facing

Figure 4: Sun path for HVAC System

The building orientation is generally used to refer solar orientation while planning of house
with respect to sun path. The orientation can refer to a particular room or most important, the
building facade. The word ‘building orientation’ is basically the positioning of a building
with respect to the sun, usually done to maximize solar gain at the appropriate time of the
year when required in cold climate and to minimize solar gain in a hot climate. Best house
orientation can increase the energy efficiency of your home by making it more comfortable to
live in and cheaper to run from energy consumption point of view. The fact is that the sun is
lower in the sky in winter than in summer allows us to plan and construct buildings that
capture that free heat in winter and reject the heat in summer. The building orientation of the

whole building plays an important part in designing a good home.
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Figure 5: Floor Plan

4.2.3 Objectives of Building Orientation.

The orientation of a building is done for the following purposes:

1. To give the correct direction to the building according to the surroundings.

2. To provide natural light and air to the inhabitants.

3. To save the inhabitants from dust and smoke.




4. To save the inhabitants from noise.

5. To provide privacy to the inhabitants.

6. To save the building from damages due to rain.

7. To save the inhabitants from the bad effects of the worst weather.

8. To add beauty to the building

4.3 Heat Load

e Load Estimation

The importance of accurate load calculations for air conditions design can never be
over emphasized. In fact, it is the precision and care exercised by the designer in the
calculation of the cooling. load for summer and the heating load for winter that a

trouble free, successful operation of air conditioning plant after installation would

depend

MANDCOR
SECURITY ROOM

ENTRANCE

RECEFTIOH

Figure 6 : Floor Pla




e Solar Heat Gain Through Glass

Glass, which is transparent, allows the sunrays to pass through it. This results in heat

dissipation inside the room. The amount of heat dissipated into room depends upon

the glass area that is exposed to sun.

Table 5 :‘9_ Mmm Solar Heat Gain Thru Glass

and without Shading Devices

. ) Apply Factors 10 Table 3
Outdoor wind velocity, 5 mph - Angle of incidence, 30° - Shading devices fully covering window

OUTSIDE OUTSiDE CUTSIDE
VENETIAN BUND SHADING AWNING

s, SCREEN
FACTOR|  or ROLLER SHADE W7o 17® hore. sats .

?om Light on
Ught | Medium Dark Light | Outside | Medium Dark Light | Med. or
Colowr | Colowr | Colour Dark on | Colour | Colowr | Colour Dark
inside

ORDINARY GLASS i .56 .65 75 5 | .13 22 15 20 .25
REGULAR PLATE (1/4 inch) | . .56 65 74 ) 12 21 14 19 24
HEAT ABSORBING GLASS
40 1o 48% Absorbing .56 62 72 ; 1 a8 12 16 .20
48 10 56% Absorbing 53 .59 .82 X 10 16 1 15 .18
56 10 70% Absorbing 51 54 56 : .10 14 10 a2 16
DOUBLE PANE
Ordinary Glass : 54 81 67 J 12 .20 14 18
Regular Plate _ : .52 50 .85 . 1 18 a2 .16
48 10 56% Absorbing outside] .38 .39 43 ; 10 M 10 10
Ordinary Glass inside
48 10 56% 9 b : 36 29 43 |° . 10 RE 10 10
Rogutar Plate inside.
TRIPLE PANE
Ordinary Glass
Rogular Plate
PAINTED GLASS
Light Colour *
Modium Colour

Dark Colour
STAINED GLASS
Amber Colour

Dark Rod

Dark Biue

Dark Green

Greyed Green

Light Opalescont

| Dark Opalescent

INSIDE
VENETIAN B8LIND*
GLASS 45% nerz. e vertical

Figure 7: Table of solar heat gain thru glass




Table 7 - Solar Heat Galn Thru Ordinary Glass (Contd.)
Btu / (hr) (sq ht sash area)
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Figure 8: Heat gain thru ordinary glass

Solar Heat Gain Through Walls And Roofs:

Heat gain through the exterior construction (walls and roof) is normally calculated at
the time of greatest heat flow. It is caused by the solar heat being absorbed at the
exterior surface and by the temperature difference between the outdoor and indoor air.
The heat flow through the structure may then be calculated, using the steady state heat

flow equation with equivalent temperature difference (ETD)




Q= U*A*ETD where Q is heat flow rate in (KJ/Sec)

U = transmission rate (W/Sg. M K)

A= Area of surface (Sq m)

ETD= Equivalent Temperature Difference (K)

Heat loss through the exterior construction is normally calculated at the time of

greatest heat flow.

Table 9 - Equivalent Temperature Difference (Deg F)
For Dark Colored t, Suniit and Shaded Walls*

Based on Dark Colored Walls; 95 F db Outdoor Design Temp; Constant 80 F db Room Tomp;
20 deg F Daily Range; 24 hour Operation; July and 40° N. Lat t

weight | SUNTIME
of w.n)‘

Ib/eq. It

~
—
=
-

204"
we"

| o8
N »

| -
-t e
xen
"t ea|ldoea

El
0
L]
1
7
8
2

vrnoldeweroc|levwro

BRlaz R
3

=IXN
S ™

-

]
N> L ]
8N

ONeD s
aReR
Se

N |e o -
-
-

S38R

o|le =~

|

-
N
s

CONN cama|leavoOo|leasacolan

|
-
LR -7 R SIS P P
3
IRE
Bial82za|38

-~

@0 mal®

|
@
|

)

w

1
wlowdald

cooslaanaloossafjasnvalaatBlaadBB

LB LR
-w oo
orsro|B8Buan

oo

Llea
- ooLL .&LL Boocs -ooL GNLL ecocB|l3acB|laani =

wmlonwnoad|loaeaon

~
-
©
-
=
-
~
-
-
e
-
~

>
=

Equation: Heal Gain ihiough Walls, Btuty = (Area, sq.ft) X
* Al values are for both insulated and uninsulated walls.
T For other condiions, refer 10 cormections on page 1,18,
For wall construcsions less than 20 Ib/sq 1, use Bsted valuss of 20 sq it

Figure 9: Equivalent Temperature Difference




e Transmission Heat Gain through Glass

This is heat gain that is obtained due to the difference in outside and inside conditions.
The amount of heat that is transmitted through the glass into the room depends upon
the glass area, temperature difference and transmission coefficient of glass. Here total

glass irrespective of the direction is taken into consideration in total glass area

Heat Gain by

Sotw teat < MO W
ok Nt Wit vary degerde oo
braten vertaton snd wase

GH GLASS 15
Y IN THE
THE CONDUCTED

Figurel0: Heat gain by glass

e Transmission Through Partitions and Walls:

Heat gain here also depends upon the temperature difference between the outside and
inside conditions, transmission coefficient and wall area exposed or partition wall
area. Here the total area of the wall is taken irrespective of its direction. The
temperature taken is generally 2°C less than the temperature gradient that is existing.

Equivalent temperature difference is taken in these calculations.




Occupancy Load

Heat is generated within the human body by oxidation commonly called metabolic
rate. The metabolic rate varies with the individuals and with his activity level. The
amount of heat dissipated by the human body by radiation and convection is
determined by the difference in temperature between the body surface and its
surrounding. The heat dissipated by evaporation is determined by the difference in
vapor. Pressure between body and the air. The metabolic rate is 85% for the male, and
for children it is about 75%. The excess heat and moisture brought in by people,

where short time occupancy is occurring may increase heat gain from people by as

much as 10%.

Table 12 - Heat Gain from People

Awnrs

age

. ROOM DRY - BULBTEMPER
DEGREE OF TYPICAL . Ad e

ACTIVITY APPLICATION e
T . P [usked 83F BOF T6E
. T8F (]

Btwhr Biuhir - Btwhr Btwhr

Sensible Latenl [Sengibie Latent | Sansibla Latant | Seasible Latand

Soeated at rest | Theater,
Grade School 175 175 195 1585 210 140 | 230 120

Seated, veny
light woak High Schoal 180 220 2085 215 185 240 160

Office worker i]l'lic.aa_ Hiote|g
—| Apis., College

Standing, hap?.,nelai!.clr
walking slowly | Varlely Stors

Walking, seated | Drug Store

Standing, |
walking slowly | Bank

Sodentary work | Restaurantt . 240
Light banch word Fastory, lght o
Work 5 245

-Modarate dancing | Dance Hall B850 275

'-I"-I'aﬂqrin.g. Imph | Factory, fairly
' heavy work (1000 | 1000 300 230 620

Heayy work Bowling Allayy
Factary © j1500 | 1450 | 450 485 a5 485 BE5 525 225

*Rdjusted MataboSic Fals is the matahakie fats tn ho s i - AR Ak Waliias fns Shin nmmiinetion bt do am m

Figure 11: Heat Gain from People




e Lighting

Lights generate sensible heat by the conversion of the electrical power input into light
and heat. The heat is dissipated by radiation to the surrounding surfaces, by

conduction into the adjacent materials and by convection to the surrounding air.

Fluorescent= total light watts 1.25
Incandescent= total light watts

Heat gain through Equipment !

LIGHT:
Q=AX(WATT/SQ.FT)X 3.4 ... BTU / HR

IF LIGHT DETAILS IS GIVEN IN LUX LEVEL THEN IT SHOULD BE CONVERTED IN WATT/ SQ.FT

EQUIPMENT

Q = EQUIPMENT LOAD (KW) X 3410 ....BTU /HR

ADDITIONAL HEAT GAIN ( DUE TO PROCESS LOAD)

Figure 12: Heat Gain through Equipment

e Appliances:

Most applications contribute both sensible and latent heat to a space. Electric
appliances contribute latent heat, only by virtue of the function they perform that is,
drying, cooking, etc., whereas gas burning appliances, contribute additional moisture
as a product of combustion. A properly designed hood with a positive exhaust system
removes a considerable amount id the generated heat and moisture from most types of

appliances.




Electric Motors:

Electric motors contribute sensible heat to the space by converting the electrical
power input to heat. Some of this power is dissipated as heat in the motor frame and

can be evaluated as:  Input*(1-motor efficiency)

System Heat Gain:

The system heat gain is considered as the heat added to or lost by the system
components, such as the ducts, piping, air conditioning fan and pump etc. this heat
gain must be estimated and included in the load estimate but can be accurately

evaluated only after the system has been designed.

Q = 1 .08 x OA CFM x BF x (TOUTS“)E — T ROOM)

SENSIBLE HEAT GAIN THROUG BYPASSED AIRJ I

HEAT GAIN THOUGH INFILTRATION

Q = 1.08 X INFILTRATION CFM X BF X (Toursioe = T room)

INFILTRATION TO BE CALCULATED BASED ON LEAKAGE AIR THROUGH
CRACK, NO OF DOOR OPENING ETC

HEAT GAIN FROM FAN MOTOR
IOUGHI.Y 5% TO BE ADDED OF TOTAL SENSIBLE HEAT AS FAN MOTOR

Figure 13: Sensible Heat Gain




e Heat Gain from Outside Air:

To estimate the infiltration of air into the conditioned space, the crack method is considered
to become more accurate. The leakage of air is a function of wind pressure difference P,

which is determined by the equation:
dp = 0.00470C2

Where dp is in the cm of WG and C is in Km/hr is the local wind velocity. Tables are
available for infiltration in m/hr/m of crack for different dp values. After the calculation of all
these components of room loads, the room sensible heat and the room latent heat are

determined.

Determination of U factor:

The conduction heat transfer through the walls or roof will depend on its thickness
and the thermal conductivity of the material used. In addition, there will be
convection and radiation from both the outside and inside surfaces. Hence, the steady

state heat transfer is expressed in terms of an overall heat transfer coefficient U and

the overall temperature difference between the outside and inside. Also, a wall may be

composite, consisting of many sections of different construction and insulating
materials. For this purpose, all the layers of different materials of varying thickness
‘X’ and thermal conductivity ‘K’ are to be taken into consideration. The cross section

of the wall, considered for this building with thickness.
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e Design Parameters

This is the following Plan of HVAC installation Plan where we have to plan and

install HVAC system. The following is institute Plan. In following Plan we

Have 2class room, Computer Lab, Faculty Room, Seminar Hall.

Application : Educational Institute
Location : New Delhi
Room Condition : DBT — 75 Deg F & RH =50 %
Floor : 1%tFloor (Assuming Ground Floor & 2" Floor is air conditioned)
Height of Building :12 Feet
Height of Window : 5 Feet
Type of Glass : Ordinary glass - Inside Venetian blind type of light colour, without
storm type single layer
Type of wall : 15 mm thick - Inner & outer plaster of sand aggregate
230 mm thick - masonry unit — Cinder aggregate
Weight of wall = 100 Ib/sqft
Weight of roof = 80 Ib/sqft
U factor of Roof = 0.5 BTU/hr sqft Deg F
U factor of Ceiling : 0.4 BTU/hr sqft Deg F
U factor of Floor  : 0.4 BTU/hr sqft Deg F
Occupancy - As per architectural Layout
Type of Cooling Coil : 4 row deep , without spray type with 12 fins/inch
[1 Lighting Load - As per application
Equipment Load
1. Class Room 1
Laptop — 17 Inch with 2 gb RAM (Consider every student using 1 laptop)
Projector (1000 W) - 1 Nos
2. Class Room 2 : Same as class room
3. Faculty Room :
Laptop — 17 Inch with 2 gb RAM — 6 Nos [1 Multi Function Printer (Print, scan,copy) — 1
Nos
4. COMPUTER LAB: Computer 3Ghz with 2 gb RAM 40 STUDENTS 690 W-
1 PROJECTOR 1000W

5. Entrance Lobby & Reception :
Desktop — 17 Inch with 2 gb RAM — 1 Nos
1 PROJECTOR 1000W
- 4LED-1200
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Figure 15 - Institute Plan




e E20 Sheet(Class 1)

HEAT LOAD SHEET - E 20

100 NAMEMAJOR PROJECT | DATE: | 03-04-2022

SPALCE FOR: m 1 I i By

SIZE: mﬁw_‘}ﬁl‘. lIH' ft Cu It ESTIMAITE MMER
5 AINGLA HEAT GAINJCONDITION | DB (CF) [WEB(°F)] % RH OFTF | GRILE |

ITEM Area Sun Gain JOLUTSIDE 110 0 1)

(5q Mty (Bitm/hsg fi) ROOM T4 [1] 50

M - Gilass [N} 14 |QII-‘}'I-'.R.I-'..\(.'I i3 XXX T

NE - Gilass . 12

E - Glass I ] I (OUTSIDE AIR (VENTILATION)

S - Caliss I 14 BH People X 15 | CFM Person

5 - Glass 12 7 16303 Cu ft X 1 | Airchange per hour

SW - Gluss I [} CIM VESTILATION

- G 164

123 CFF. SENSIBLE HEAT FACTOR (ESHF) =

Selecied ADF =
] el bemp rise =
{Bitu/h.sg fi) DEHUMIDIFIED CFM =
034
NE - Wall 1 034 Nos
E - Wall 034 WSy fi
SE - Wall Y] ; W
5 - Wall 034 | FT
SW - Wall . 034 Lo Sumimiary
W - Wall 034 |
NV - Wall X 034 Summer Lo
Rool Sun 1 495 034 i - 1363
Rool Shaded DEHUMIDIFIED CFM = 5508
TRANS. GAIN EXCEPT WALLS & ROOF | [
ITEM Area Temyp. diff. I [ [
iSq ft) i°F) iBiun/h.sg fi)
Adl Glass 12910 i3 1.13
Partition 469,69 T ED
Ceiling i 15 04
Floor 0 5 0.4
INTERNAL HEAT GAIN
Peaple il Mos X 245
I..igll 168468 WX 125 341
Eq. Load 12440 WX 341

CHECK FIGURES
OUTSIDE AR Bl Sg fr=[120.4
CFM [ °F BF FACTOR CFM 7 5q i = | 4.08
| 35 012 1.08 14 S TR =|1on
ROOM SENSIBLE HEAT (RSH)| 100120 CFM/ TR =405
Heat E,uin

Supply duct | Supply duct

4]
heat gain + lak. boss + from fan

HP{%a)
Sufl.'[_'r factor (% 100 10012

ECTIVE A SERS - HEAT{ERSH)[ 110132
LATENT HEAT
Pooph: [ B Mos X 208 16400
OUTSIDE AR
CFM GRLE BF FACTOR Sensible Heat Per Person
il 125 012 673 Latent Heat Per Person
17073
5 ¢ duct leakags IBafery factor % ! 1'T07

LFFE M LATENT HEAT (ERL 18781
[ EFFECTIVE ROOM ALHEAT (E 125912
OUTSIDE AR HEAT (SENSIBLE)
CFM [ “F 1-BF FACTOR
| 15 (.88 | 1.08 21954
OUTSIDE AR HEAT (LATENT)
CFM GRILE 1-BF FACTOR
il 12.5 [iET [ 4937

HEATSUB TOTA 133803
Fetum duct Dhim. &
oo o | HE Pump + Pio Lece {11 50 TTH
TR 13.63 GRAND TOTAL HEAT 161503

Figure 16:E20 sheet of classroom 1
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e Classl summary

SUMMARY SHEET

NAME MAJOR PROJECT ESTIMATE FOR : SUMMER |
DATE  03-04-2022] CONDITION DB (°F) WB (°F) % RH DP (°F) GRILB
OUTSIDE 110 20 77.4
ROOM 75 50 64.9
DIFFERENCI a5 XX 30 125

Fresh Air Change per Hour (ACPH)

Fresh Air CFM/PERSON

Description of Area Classs Room 1
AREA  Sgfi 1358.61 FLOOR

Dimensions
Length fi
Breadth fi
Height fi

SW
Sq.ft
0

s
Sq.ft
410.63

Other Parametres
Partition | Ceiling Floor Oceup. Equip. |Light in
Sq.fi Sq.ft Sq.fi MNos. ILoad in KW W/Sqft
469.69 0 0 80 11.4 1.24

Calculated Load
Heat Load Dehumidified CFM
TR

13.63

5518

Figurel7: summary of class 1




In E20 sheet we Calculate Heat load Calculation of particular filed where we
have to install the HVAC system. We calculate to maintain temperature. we
calculate with the parameters of room.

e E20 sheet (class2)

HEAT LOAD SHEET - E 20

[STY i

HEAT Gt PNJCONINTTTCNS
Sum Cain Biwhour [OUTSIDE

(Biwh.sq I} OO 7 30
N - ialass X 14 DIFFERENCH a3 LM Tl
alass I 12
Glass L 12
SE - Glass 3 =
S - Glass 12
SV - Tadass A TONF
164
123

U TSIDE ATR (vVEN TTLA TTO)
Foople X TS CFR Person

Cu fi X 1 1 Air change per hour

TP VENTIEATION

s
s|=|95|9==|=

EFF. SENSIBELE HEAT FACTOR (| 1F) =

AL WALLS
- temup. diff]
CF)
21
27T

Selected AP =
Iu i, np rise =
MIDMFIED CFM =

NOTES
Decupancy = Mo
Lighiting = WiGg It
Eq. Load — ED W
Height =

[y [y ) [
= [ae | |
o [ || ] [ ]

Load Swmmary

[
&
»

-
b
ia

&lr
&
-

TR =
DEHUMIDIFIED CFM =

THRANS. GAIN EXCEPT WALLS
Area Temp. diff. ] |
CFy
LA Galass 2 35

Fartition . 30

W eilling 25 0
Floor 25 [i]
INTERNAL HEAT GAIN
Feople B0 Mo X 245 19600
Light 1673 38 WX 1.25 7133

Eq. Load 12440 WX 42470

CHECK FIGURES
Bt Sg fi =

FACTOR
108 2904
E HEAT (RSH) BaS0
Supply duct Supply duct Heat gain o
heat gain + leak. Joss + from fan
HP( %)
Safery factor (%

FACTOR Semsible Heat Per Person bowhr
068 Latent Heat Per Person bwhre
RILH
el 100
E VI (ERL
EFFECTIVE AL (ERTH)
DUTSIDE AIR HEAT (SENSIBL
i I “F 1 - BF [ FACTOR
| iz | BE | 1.08
SIDE AIR HE J
CFEM GRALE 1 -BF FACTOR
[ 125 [ 068
HEAT SUB TOTA

Return duct | HF Pump + L’-“f'u"'—m e 50

TR
TR 12.48 GRAND TOTAL HEAT

Figure 18: E20 sheet of class 2




e Class2 (summary)

SUMMARY SHEET

NAME MAJOR PROJECT ESTIMATE FOR : SUMMER

DATE _ 03-04-2022] CONDITION DB (°F) WE (°F) % RH DP (°F) GRILE
OUTSIDE 110 20 774
ROOM 75 50 64.9
DIFFERENCE 35 XX XK 12.5

Fresh Air Change per Hour (ACPH)

Fresh Air CFM/PERSON

Deseription of Area Class Room 2
AREA  Sqft 1349.50 FLOOR

Dimensions
Length
Breadth
Height

Other Parametres
Partition | Ceiling Floor Oceup. Equip. |Lightin
Sq.ft Sq.ft Sq.fit Nos. Load in KW W/Sqft
466.54 0 0 88 12.44 1.24

Calculated Load
Heat Load Dehumidified CFM
TR .
12,48 4767

Figure 19: summary class 2




o E20 (Faculty)

HEAT LOAD SHEET - E 20

JOB NAME{MAJOR PROJECT | | [ DATE: [ 03-04-2022

SPACE FORFaculiy Hoom 1 ! |[;€H iﬁ" E; ARSHAD ALT
SIEE: 1084.76]5q fi Wil 13017 Cu fi EX = STUMA

SOLAR GAIN GLASS HEAT GAINJCONDITION | DB (°F) [WE (°F} DFTFI GRILE
ITEM Area Sun Gl Fuctor Bruhour _JOUTSIDE 1o I 0 77.4
15q t) {Btu/h.sq ft) ROOM 75 1 1] 649
N - Glass 0.0 14 0.56 DIFFERENCH 35 XXXX 7 0 12.5
NE - | 12 0.56
12 0.56 OUTSIDE AIR (VENTILATION)
14 [ B People X 1.5 CFM/Firaon
12 056 13017 CuftX 1 Air change per hour
104} 0.56 TM VERTILCATION
164 056
123 0.56 EFF. SENSIBLE HEAT FACTOR (ESHF) =

TWALLS & ROOF Selecied ADF =
Eqg. temp. diff. Die b, temp rise =
{*F} DEHUMIDIFIED CFM =
™ - Wall 215 NOTES
NE - Wall 275 Occupancy = Mog
E - Wall 355 Lighting = k WiSq fi
SE - Wall | 355 Eg Load = KW
5 - Wall | 335 Height = FT
SW - Wall | 315 Lo Sumpary
W - Wall [ 29.5 I
NW - Wall | 235 Summer Load:
Roof Sun | 49.5 TR = 298| TR
Rool Shaded DEHUMIDIFIED CFM =
TRANS. GAIN EXCEPT WALLS & ROOF
ITEM Area Temp. diff. U |
(54 1) °F) (Btu/h.sq fr)
All Glass 0.00 i3 1.13
Partithon 1441.34 30 030
Ceiling i 15 0.4
Fluor 0 25 0.4
INTERNAL HEAT GAIN
Peaple ] MNoa X 245
(Light 1345.10 WX 125 34l
Eq. Load 1180 WX 341

HECK FI

OUTSIDE AIR

CFM | °F BF FACTOR
4] 35 0.12 1.08

ROOM SENSIBLE HEAT (RSH)

Supply duct leak_ loss +

Supply duct
lscal gain +

Heat gain from
fan HP{%:)
Safety factor (%) 100

EFFECTIVE ROOM SENSIBLE HEAT (ERSH)
LATENT HEAT
|Pecple | 3 Mos X 205
DUTSIDE AIR
CFM GR/LE BF FACTOR Sensible Heat Per Person
45 125 012 068 Latent Heat Per Person
RLH
Supply duct leakage loss + [ Safety Factor %o 10.0
EFFECTIVE ROOM LATENT HEAT (ERLH)
EFFECTIVE ROOM TOTAL HEAT [ERTH)
OUTSIDE AIR HEAT (SENSIBLE)
CFM | °F [ 1- BF [ FACTOR
45] 33 [ [T | I
DUTSIDE ATR HEAT (LATENT)
CFM GR/LE 1-BF | FACTOR
45 125 088 | 0ss
HEAT SUB TOTAL

Dehum. & Pipe

logs (%)

Return duct

local gain & HE Puinp +

leak. loss +

TR 198 GRAND TOTAL HEAT
|

30

Figure20:E20 Sheet of Faculty of room




e Faculty (Summary)

SUMMARY SHEET

NAME MAJOR PROJECT ESTIMATE FOR : SUMMER

DATE  03-04-2022] CONDITION DB (°F)  WB (°F) % RH DP (°F) GRILB
OUTSIDE 110 20 774
ROOM 75 50 64.9
DIFFERENCI 35 XX 12.5

Fresh Air Change per Hour (ACPH)

Fresh Air CFM/PERSON

Description of Area Faculty Room
AREA  Sqft 1084.76 FLOOR

Dimensions
Length ft
Breadth ft
Height ft

Other Parametres
Partition | Ceiling Floor Occup. Equip. |[Lightin
Sq.ft Sq.ft Sq.fi Nos. Load in KW W/Sqft
1441.34 0 0 ] 1.38 1.24

Calculated Load
Heat Load Dehumidified CFM
TR
2.98

1545

Figure21: summary of faculty




e E20 (Seminar Hall)

HEAT LOAD SHEET - E 20

J(}]] \ \\Ii IMAJOR FROJECT | E: | 03-04-2022
3 J ARSHAD

I st

Sq i Wal. k3 ] E ATE FO¥
GLASS E AN JCONDETION W [“F)
ITEM Sun Gain U TSIDE 0

i Biwhosg M) RO 5 i
™ = Gilass 14 X DIFFERENTH 3% ANXX
NE - Glass 12
E - Cilass I 12 X DU TSIDE ATR (VENTILATION)
SE - Glass [F] I 120 Fiople X | CFM Person
5 - Glass L 12 X 307 20684 Cufi X 1| Air change per hour
SW - Glass 1] : CPM VERTILATION
W - alass L6
MW - Gilass 123 . EFF. SENSIBLE HEAT FACTOR (ESHF) =

o

1 WALLS & ROCK Selecied AP =

1TEM il Eq. temp. difl. [l Dhehum. temp rise =

(“F} {Biwhusg ) DEHUMIDIFIED CFM =
™ - Wall 215 0.34 NOTES
NE - Wall 2715 0.34 Checcupancy = i
E - Wall . 355 0.34 k Lighting = L WiSg fi
SE - Wall 355 0.34 Eq. Load = k KW
5 - Wall I 334 0.34 Herght = FT
SV - Wall KT K] 0.34 Lavaned Siamisaninry
W= Wall 29.5 0.34
W - Wall 2315 0.34 Sununer |
Roof Sun 49.5 0.34 TR =
Roof Shaded DEHUMIDIFIED CFM =
THANS. GAIN EXCEPT WALLS & ROOF
ITEM Arei Temp. difl. [
{Sq i) {Biulh.sg 1)
Al Gilass L.00 1.13
Fartition R34.02 0.30
Ceiling 0 2 [X]
Floor 0 X {4
INTERNAL HEAT GAIN
Peaple 1k Mas X 245
| Light IGT.35 WX 1.25 141
Eq. Load 2330 WX 34l

CHECK FIGURES
OUTSIDE AIR B/ Sg = |ai0
CFM | °F BF FACTOR CFM / Sq 5 =169
0] 35 012 108 2 Sq /TR =|1en
HOOM SENSIBLE HEAT (RSH) CFM/TR =323
Heal gain from
fan HP{ %)
Safety factor (%) 100

Supply duet

bead gain + Supply duct leak. loss +

]

EFFECTIVE ROOM SERSIELE HEAT (ERSH)
LATENT HEAT
Peuple | [E) Nos X 203
OUTSIDE AR
CFM GR/LE BF FACTOR Sensible Heat Per Person
QO 12.% 12 0.6& LAk Latent Heat Per Person
RLH 23518
Supply duct keakage loss + | Safery factor % [ 2552
EFFECTIVE ROOM CATERNT HEAT (ERL TR0TH
EFFECTIVE ROOM IOI.\LHI..JVI'IIH'IIH 111747
OUTSIDE AIR HEAT (SENSIBELE)
CFM [ °F [ 1-BF | FACTOR
Qo] 35 | .58 [ 108 23R
OUTSIDE AIR HEAT (LATENT)
CFM GRILE 1-BF [ FACTOR
Q00 12.5 .88 [ 6732
HEAT SUB TOTAL 143417

Dehum. & Pipe
Boss (U8

Remn duect
heal gain & HP Pump +
leake loss +
TH 1199 GRAND TOTAL HEAT 155837
|

50 Tdxl

Figure22: E20 sheet of Seminar Hall




e Summary (Seminar Hall)

SUMMARY SHEET

MAME MAJOR PROJECT ESTIMATE FOR : SUMMER

DATE  03-04-2022] CONDITION DB (°F) WB (°F) % RH DP [°F| GRILB
OUTSIDE 110 20 774
ROOM 75 50 64.9
DIFFERENCI 35 XX 12.5

Fresh Aur Change per Hour (ACPH)

Fresh Air CEM/PERSON

Description of Area SEMINAR HALL
AREA  Sqfi 247367 FLOOR

Dimensions
Length fit
Breadth fit
Height fi

E
Sq.ft
400.79

Other Parametres
Partinon | Ceilling Floor Occup. Equp. |Lightin
Sq.ft Sq.ft Sq.ft Nos. Load in KW W/Sqgft
824.02 0 0 120y 233 1.24

Calculated Load
Heat Load Dehumidified CFM
TR
12.949 4193

Figure 23: Summary of Seminar Hall




e E20 (Computer Lab)

HEAT LOAD SHEET - E 20

JOB HAME: |MAJOR PROJECT)
SPACE FOR: |COMPUETR LAB
|SIZE- 1459.20 1TE1D)

DB [°F]
Factor 10
75
058 35
[
0.58 NTICATIGN]
Q.58 40 People ] CFMPerscn

0.58 17510 Cultx Alr change per hour

056 CFM VENTILATION
056

|
EFF. SENSIBELE HEAT FACTOR ([ESHF) = |

Selected ADP =
Debum. temp rise_=
DEHUMIDIFIED CFM =

40 MNos
124 WiSgh
2B B0 KW
1200

FT
Load Summary
285 i | |
235 . Summer Load:
485 . = 15.37
DEHUMIDIFIED CFM = [fril

TRANS. GAIN EXCEPT WALLS & R
Area Ternp. diff. u
isq f) 'F) (Btuh.sq fi)
000 35 1.13
4528 30 0.30
o 25 04
o 25 04

a0 pIE]

FIGURES
126.4

F BF FACTOR 5.29

35 0.2 1.08 95

ROOM SENSIBLE HEAT (REH) 502

Supply duct leak. | Heat gain fram o
loss + fan HP[%
Salely facior (%) 100

EFFECTIVE ROOM SENSIBLE HEAT (ERSH
LATENT HEAT
40 Hos X 25

GRILE BF Sensible Heat Per Person
125 012 1 Latent Heat Per Person

wpply duct leakage log Salety fackor %
EFFECTIVE ROOM LATENT HEAT (ERLHJ
EFFECTIVE ROOM TOTAL HEAT (ERTH)
OUTSIDE AIR HEAT [SENSIELE)
CFM F 1-BF FACTOR
300 35 0.88 1.08
OUTEIDE AIR HEAT [LATENT)
CFM GRILE 1-BF FACTOR
i) 25 [ =]

HEAT SUB TOTAL

Rerturn ducl Debum. & Pips 50

heal gain & lorss (%)

TR GRAND TOTAL HEAT
I

Figure24: E20 sheet of Computer Lab




e Summary (Computer Lab)

SUMMARY SHEET

NAME MAJOR PROJECT ESTIMATE FOR : SUMMER

DATE _ 03-04-2022] CONDITION DB (°F) WB (°F) % RH DP (°F) GRILB
OUTSIDE 110 20 77.4
ROOM 75 50 64.9
DIFFERENCE 35 XX 12.5

Fresh Air Change per Hour (ACPH)

Fresh Air CFM/PERSON

Deseription of Area COMPUETR LAB
AREA  Sgfi 1459.20 FLOOR

Dimensions
Length ft
Breadth fi
Height ft

Other Parametres
Partition | Ceiling Floor Oceup. Equip. |Light in
Sq.f Sq.ft Sq.0t Nos. Load m KW W/Sqf
945.28 0 ] 40 28.60 1.24

Calculated Load
Heat Load Dehumidified CFM
TR .,
15.37 ezl

Figure 25: summary of Computer Lab




e Heat Load and Equipment Summary

It an excel format containing Heat load data in single sheet.

Heat Load and Equipment Summary
ESTIMATE FOR - SUMMER
CONDITION  DB(F) WB(F) %RH DR[F] GRB

DUTSIDE m @ 2]
Fresh Air Change per Hour [ACPH) ! ROOM

Fresh Air CFHIPERSON ™

Custoner MAJOR PROJECT
- 13042022

T Bl

DIFFERENCE 3% RRXR

Glass Other Paramets Calcul
SE| S W [NW| N | KE SW| W | NW Partition | Ceiling | Floor Light in| Heat Load
Sqft Sqft |Sqft| Sqft [Sqfl Sqft L‘:‘qlt ol Saft | Sqft Sqft | Sgit | SgRt wisa| TR
Classs Foom | [ 3 5906 150 3504 46363 0 [ 124 163
Class Room 2 . EY) 0 905

1248

Facully Foom
COMPUETRLAE
SEMNARHALL

%

B

z%

Figure 26: Heat load and equipment summary




Supply Air Duct(SAD) & Diffuser
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Figure 27: Supply Air Duct(SAD) & Diffuser




Return Air Duct(RAD) & Diffuser
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Figure 28: Return Air Duct(RAD) & Diffuser




e Final Design of plan

JONVYHLNI
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Figure 29: Final Design

Plan containing proper HVAC system which contain duct which maintain
temperature of room.




CHAPTER-5
CONCLUSION

An institute can be made energy-efficient by using an Appropriate system for heating and
cooling when paired up with a traditional HVAC system. This system utilizes water/air
temperatures for heating and cooling surfaces available from natural sources like atmospheric
air along with chiller systems. It works at temperature close to the surrounding temperature

and results in reduction in energy consumption. For a sustainable HVAC system, the main

aim is to gain thermal comfort by the utilization of minimum amount of energy and proper

conditioning of the indoor air along with the quality ventilation. The air is mostly cooled
more than the required temperature by after mixing with the indoor air it comes at the target
temperature. Puncture in ducts or conditioned air supply can lead to drop in the heating or
cooling capacity by 38%. The whole HVAC system should work CONTINUOUSLY to

achieve the peak performance.
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