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ABSTRACT

REDUCTION OF ENERGY CONSUMPTION IN HVAC SYSTEMS OF
PRISON HALLS IN IRAQ

AL-Malaki, Fadhil A. Mohammed

M.Sc., Department of Mechanical Engineering
Supervisor: Asst. Prof. Dr. Youde Han
July 2017, 99 pages

Corrections facilities (Prisons) are like small towns. They have all of the energy

demands of housing (dormitories, lavatories, laundry, kitchen, etc.) as well as specialty
functions (administration, security, medical and dental clinics, vocational training,
storage, etc.) it also needs very good ventilation to provide safe environment and
prevent transferring diseases, keeping in mind that it works for 24 hours 7 days a week.
So to save energy in this diverse environment, every operational aspect must be closely
examined for potential savings. Located in a high desert environment gives more
challenges to engineers and designers. At the present days, energy is playing a very
important role and this role is increasing in Iraq since the energy cost has been

increased rapidly at the last few years.

Knowing that air conditioning system for such facilities were designed in a poor
manner and energy consumption was nearly neglected in Iraq, this raise the need of
reconsidering the air conditioning systems of these facilities under the present
conditions and find the best suitable system that may satisfy the international

recommendations and at the same time reduce the energy cost.

In-order to find the best system/accessories that gives reliability and efficiency, we

had considered the following:

1. Different types of facilities such as normal prison and TB (Tuberculosis)

personal Prison, Large facilities, small facilities etc...

XV



2. These facilities have been solved for different systems like traditional split AC,
Central cooling, and direct/indirect evaporative cooling in order to find which

system performs more efficient.

3. Applying some efficient considerations for the conditions and control system
that may be used with the system like economizers, Variable Speed Drives for

the AC motors, Variable Air Volume for the supplied air, Ventilation control.

For the two Stage cooler system, Direct Indirect Evaporative coolers IDEC with
using the variable air volume energy, are contributed to decrease the required energy
consumption dramatically at a yearly total amount as much as 40% compared with any
other systems. The cost on monthly energy consumption can be reduced at about 25
US$ in low temperature seasons and about 43US$ in high temperature seasons for
every prisoner. Air provision will be sometimes as large as three times compared with
other systems. This feature gives a big advantage to achieve the correct ventilation in

prison halls and low maintenance.

Keywords: HVAC Systems- HVAC Requirements— System approach — Optimization
— Degree, Day Method - Heat gain loads - HAP program.
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OZET

Irak'ta Hapishane Salonlarin Havalandirma Sistemindeki Enerji Tiiketiminin
Azaltilmasi

AL-Malaki, Fadhil A. Mohammed
Yiiksek Lisans, Makine Miihendisligi Anabilim Dahl
Tez Tamsmani: Yrd. Dog. Dr. Youde Han
Temmuz 2017, 99 Sayfa

Diizeltme tesisleri (Hapishaneler) kiiclik kasaba gibidir. Konutun (Yurtlar,

lavabolar, camasirhaneler, mutfaklar, vs.) ve 6zel fonksiyonlarin (Idare, giivenlik, tibbi
ve dis klinikleri, mesleki egitim, depolama vb.) tiim enerji taleplerine sahiptirler. Ayni
zamanda giivenli bir ortam saglamak ve haftanin 7 giinii 24 saat ¢alisabildigini g6z
ontinde bulundurarak hastaliklarin aktarilmasini  onlemek i¢in de ¢ok 1iyi
havalandirmaya ihtiya¢ duyar. Bu nedenle, bu farkli ¢cevrede enerji tasarrufu yapmak
icin, ve potansiyel tasarruflar i¢in her operasyonel agidan yakindan incelenmelidir.
Yiiksek bir ¢6l ortaminda bulunan nedeniyle miihendisleri ve tasarimcilar1 da daha
fazla zorluklar1 veriliyor. Su giinlerde, enerji ¢ok 6nemli bir rol oynamaktadir ve
ozelikle Irak’ta son yillarda enerji maliyeti hizla artigindan nedeniyle bu rol daha

o6nemli goriniiyor.

Gergegini biliyor ki, bunun gibi tesisleri i¢in klima sistemleri siklikla koti bir
sekilde tasarlanmis ve lIrak’ta enerji tiikketimi neredeyse ihmal edildi. Bu sebebiyle,
mevcut kosullar altinda bu tesislerin klima sistemlerini yeniden gozden gecirme
thtiyacim1 dogurmaktadir. Uluslararas1 standartlarin tatmin edebilecek ve enerji

maliyetini de disiiriir edebilecek en uygun sistemleri bulmak da gerekmektedir.

Giivenilirlik ve verimlilik saglayan en iyi sistemleri / aksesuarlar1 bulmak igin,

bu tez ¢alismasinda asagidaki konulari inceliyoruz:

1. Farkl tesis tiirleri, normal cezaevleri, TB kisisel cezaevleri, biiylik tesisler, kiigiik
tesisler vs. dikkate almaktadir.

2. Bu tesisler farkli sistemler i¢in ¢oziilmelidir. Geleneksel split AC, Merkezi
sogutma, Dogrudan evaporatif sogutma ve dogrudan / dolayl evaporatif sogutma

gibi sistemleri, bunlarda hangi sistemin daha verimli ¢alistigin1 bulmaktadir.
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3. Farkli kosullar i¢in baz1 etkin hususlar uygulanir. Ekonomizérler, AC motorlar igin
Degisken Hiz Siirliciileri, verilen hava i¢in Degisken Hava Hacmi ve
Havalandirma kontrolii gibi sistemlerde bazi kontrol sistemleri de

kullanilmaktadir.

Iki kademeli sogutucu sistemi igin, degisken hava hacmi enerjisini kullanan
Dogrudan Dolayli Evaporatif sogutucular (DDES), diger enerji sistemlerle
karsilastirildiginda, gerekli enerji tikketimini yilda toplamda yaklasik 40% oraninda
dramatik bir sekilde azaltmaya katkida bulunmaktadir. Aylik enerji tiiketimindeki
maliyeti, her mahpus i¢in diisiik sicakliklardaki mevsimlerde yaklasik 25 ABD dolar1
ve yiiksek sicaklik mevsimlerde yaklasik 43 ABD dolar1 olarak diisiiriilebilir. Hava
saglanmas1 bazen diger sistemlere gore lic kat daha fazla olacaktir. Bu ozellik,
hapishane salonlarinda dogru havalandirma saglamak icin biiyiikk bir avantaj

saglar,dusuk bakim.

Anahtar Kelimeler: HVAC Sistemleri- HVAC Gereksinimleri- Sistem yaklagimi-
Optimizasyon- Derece, Giin Metodu- Is1 Kazani Yiikleri- HAP Programu.
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CHAPTER ONE

Introduction

1.1 Meteorological & Energy Depletion

The Industrial renaissance and modern technology that followed the second world

war was followed by technology revolutionary in many fields horizontally and
vertically, especially in modern education, which has led to designing of powerful and
effective air conditioning systems that access all fields of human lives [1]. These
developments have also suit with the progresses in other fields such as industrial,
agricultural and households. Air conditioners have become an essential part in
manufacturing and architecture areas whose functions cannot be neglected, and they
are extremely useful where the climate is often very dry and hot. For example, many
countries in Arab regions often have such weathers. In order to make people feel more
comfortable, air conditioners are something that must be considered and used in almost
all government institutions and private homes in Arab countries [2]. As a result, energy
consumption becomes high and energy shortage problems occur rapidly. One of the
representative examples is the energy crisis problem that occurred during the October
war between Arabs and Israel in 1973, when large energy shortage problem appeared,
this problem had affected people’s lives profoundly. Since then scientists in middle east
counties have begun making various researches on finding ways of predicting future
energy consumptions as well as reducing environmental pollution. Among these,
research works on reducing energy consumption of air conditioning in buildings
(especially in prison halls) was extensively studied. Air conditioning represents a high
proportion of the overall total energy consumption of prisons of Irag. Since the energy
which is wasted and lost in the transition of prison hall cannot be estimated, the
inappropriate design for air conditioning systems and ill-operation of these devices lead
to the increasing of the amount in energy consumption as well as rising disbursed costs.
Therefore, it is necessary to find ways to reduce power percentage by choosing the
appropriate design for HVAC systems which is characterized by insurance thermal

requirements that do not affect the comfortable conditions for prisoners [3]. This thesis
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is considered as one of these efforts to deal with the energy consumption problems in
prison halls of Iraq. The thesis is organized as follows: Chapter one presents an
introduction to this thesis. It consists of Introduction, Thesis Organization, Research
Problem, Brief History of Air Conditioning, The Meaning of (HVAC), HVAC
Requirements, A clean Room Definition, Optimization, Computer Simulation, System
approach and the Aim of Research. Chapter two shows the literature review of HVAC
systems, where a number of researches, including Arabic and foreign studies for
simulation purposes of energy rationalizations for HVAC systems are explained and
compared. Chapter three explains in detail of the methodologies and the mathematical
representation of HVAC systems. Chapter four is concentrated on the simulation
studies and experimental work. Chapter five concludes this research work and will give

guidance for the future studies.

1.2 Research Problems

This thesis is trying to provide some investigation methods for two research
problems, engineering problems and technological problems. Below is a brief

explanation of these two problems:

1.2.1 Engineering Research Problem

Many air conditioning systems can be used for building facilities especially in
prison hall applications. However, the lack of appropriate choices which should assist
HVAC engineers to determine optimum systems in terms of providing the thermal
requirements with low power consumption may lead to a selection of bad systems (e.g.
The system that may consume greater energy than its actual need). These inefficient
systems will result some waste in power consumption, rising disbursed costs unless
special measurement is taken into consideration. Therefore, choosing appropriate styles

to determine the optimal system is essential.



1.2.2 Technological Research Problem

The training of engineers on how to develop analytical skills to make the
decision for choosing the optimization system of HVAC, is considered a difficult task

with least energy, this problem in any academic study.

In this study, we will focus on mechanical parameters which serve HVAC in
prison halls. The process of energy consumption in HVAC systems is affected by
several factors; like (prison type, the nature of the thermal act of prison towards the
external conditions, type of design and type of air-conditioning system), accordingly
we must offer training system by simulating the energy consumption. Subsequently,

train the engineers on the skill of making a suitable decision to choose optimum HVAC.

1.3 Brief History of Air Conditioning

The way of the air conditioning developed is only progressively from the
predecessor art of cooling, cleaning, heating and ventilation. Leonardo Da Vinci had
make a painting, it was relating a ventilating fan, at the 15th century. The first version
on heating and ventilating was written by Robertson Buchanan, a Glasgow civil
engineer, in 1815 [4]. Towards the second half of the 19th century, the development in
the art of humidifying air went along with the progress of cloth industry, so in England
the devices for measuring pressure, temperature, humidity and flow air were fulfilling

during this period [5].

It is imposing to mention the name of A. R. Wolff who designed an air-
conditioning system, he could build 100 devices of his invention. W. H. Carrier (1876-
1950) who is also known as the “father of Air Conditioning” while was working with
Buffalo Forge Co., developed a model for optimizing the application of forced-draft fan
and developed ratings of pipe coil heaters and set up a research laboratory. He patterned
and installed the first year-round Air Conditioning system, providing for four major

functions of heating, cooling, humidifying and dehumidifying [5].

In 1902, Carrier discovered the link among temperature and moisture and how
to control them. In 1904 he developed the air washer, a chamber installed with several

banks of water sprays for air humidification. His method of temperature and humidity



regulation, achieved by controlling the dew point of supply air, this style is used in
many industrial applications, such as lithographic printing plants and textile factory.
Perhaps the first air-conditioned office was the Larkin Administration Building,
designed by Frank L. in 1906 he completed ducts handled air at the roof. Wright
specified a refrigeration mill which distributed 10°C cooling water to air cooling coils
in air-handling systems [6]. The U.S. Capitol was air conditioned in 1929 and supplied
it from overhead diffusers to keep up a temperature of 75°F (23.9°C) and a relative
moisture of 40 percent amid the summer, what's more, 80°F (26.7°C) and 50 percent
amid winter. The volume of suppled air was controlled by the supply air; it was
controlled by a pressure regulator to deny cold air in the occupied zone [6]. Already the
first perfectly cooled office building was the Milan Building in San Antonio, Texas,
which was composed by George Willis in 1928. This air conditioning system consisted
of one centralized plant to serve the lower floors and many small units to serve the top
office floors. In 1937 Carrier developed the channel induction system for multi- room
buildings, in which recirculation of space air is invited through a warming/cooling curl
by a high-speed releasing airstream. This system supplies only a limited amount of

outdoor air for the occupants [6].

1.4 The Definition of HVAC

HVAC implies, heating ventilation and air conditioning that precisely means
(the automatic control environment for two things the first one is for the comfort of
organisms, principally human, animals or plants. The second aims to correct
performance of some manufacturing materials or scientific process). There are several
important parameters regarding HVAC like purity, movement, relative humidity,
pressure, dew point, velocity of ventilation and temperature. The air pressure must be
controlled according to limitations imposed, by the design specification universal
standards, so if you want to make HVAC device, you must know these standards like
ASHRAE, ASTM, AISI, iklimlendirme, HVAC Licensed and certified and 1SO for
HVAC manufacturing devices [7]. The standards logos which are seen in Figure 1.1
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Figure 1.1: Standards Logos.

1.5 HVAC Requirements

Most people spend time inside the door; approximately 90% and a large fraction
of this time is being spent in a residential or a commercial environment. Air
conditioning and ventilation occupy the main position in the halls design process as
occupants. The anticipation standards, study seriously care about indoor for air quality
and comfortable by heating or locales [8]. Everyone has become more aware of the
effect of the indoor environment on weather purity as a consequence of media publicity
surrounding the Building Related Sickness (BRS). Sick Building Syndrome (SBS), is
the principle a complaint about the indoor air quality of the hall which indicates more
diffusing in air, air conditioned halls are less pure than naturalistic ventilated halls may
be because of increase of carbon dioxide, surely the low in oxygen. (BRS) unite with
the feeling of stuffy or throttling, rotten and inadmissibility indoor air, occurs annoying
on the snotty nose, headache, apathy. This means that the proportion of fresh air is few,
polluted air ratio has become clear and sharp [8]. As for mechanism, the General HVAC
Cycle is explained the system’s work: There are four important items in every HVAC
cycle, compressor, evaporator, condenser and expansion valve as shown in Figure
1.2,1.3[9]
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Figure 1.2,1.3: Schematics of General HVAC Cycle [9].

1.6 System Selection

The engineers are heard the expression "plan to budget plan” and, regardless of
their endeavors, see great aims and good practices in design diminished in the bidding
and award phase because the project is over spending plan. This is absolutely not any
more pervasive as far as | can tell than outlining correction facilities. As with many
health-care projects, beds are typically the main focus of most correctional facilities.
The quantity of informal lodging undertaking's ability to give the required number,
sometimes supersedes many other building choices. While selecting a framework, it is
certainly vital to consider the primary expenses and settle on sensible choices, in my
experience the administrator is basic to this condition also. Who will really be working
and keeping up the hardware? Frequently, remedial proprietors don't keep up a staff of
exceedingly talented specialists what's more, pros. As the architect, you would prefer
not to plan a framework that augments path past the proprietor's capacities or the
abilities of their support work force. No measure of care amid outline and development
can defeat the administrator's failure to keep the framework kept up what's more,
practical long after the venture's consummation. It is additionally essential to

comprehend the requirements of the project. In many states, correctional facilities are
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not conditioned by any means, they are just ventilated and heated. For instance, in
Texas, just 19 out of 112 jails have frameworks that give warming and cooling. A
considerable lot of the 19 air-condition facilities are for sick and mentally ill prisoners.
So we want to correct the design path for HVAC system in prison halls in Irag to keep
pace with global development, prison model in Texas for patients are shown in Figure
1.4 [10]

Figure 1.4: Prisons Models in Texas for Patients [10].

1.7 A Clean Room Definition

The term clean room is generally understood to mean, that any room or area in

which an attempt is made to limit and control the indoor contamination [11].
The general control options fall into the following categories:

1. Source elimination.
2. Use of outdoor air.
3. Space air distribution.
4. Air cleaning.
Now a wide variety of industries and applications which require a clean

environment. These include classic applications such as:



Prison halls
Pharmaceutical, biotechnology, product preparation, and genetic engineering.
Electronics, semiconductor, microelectronics and disk drive manufacturing.

Aerospace.

o~ W oE

Laboratories for chemical reaction [12].

The courtyard breaks of prisoners which is seen in Figure 1.5 [10]

Figure 1.5: Courtyard Breaks of Prisoners [10].

1.8 Optimization

It is a mathematical way to find the optimum value for a mathematical function
that is called an objective function. This function depends on a number of variables
which a subjected to a number of limitations and restrictions in the form of equations
or ranges, all of them is called constraints. The best choice for HVAC system, intended
in this thesis, it is to identify the least energy-consuming system [8]. | took ABO-
GREAB prison model in Irag, which is shown in Figure 1.6, as a mathematical model

and simulation pattern in chapter 4.



Figure 1.6: ABO-GREAB Realistic Prison Model.

1.9 Computer Simulation

This term is used to describe the software programs which are dealing with math
or logical models on engineering operations. This simulator allows user to supervise
and watch the computation with testing the results values and compares them with

changes in other systems [13], [14].

1.10 System Approach

A design represents an integrated system and plans to work all the elements and
components in operations to achieve a particular goal. This system consists of four

elements; input, processes, output, feedback [15].
1.11 Purpose of the Research
This research seeks to achieve the following objectives: -

1. Study the possibility of rationalization of energy consumption in HVAC
systems by preparing of computer software to simulate the Energy Consumption

(EC) for different HVAC systems in prison halls in Iraqg.



Determine the best system which is least energy consumption by choosing the
optimum system for prison halls in Iraq.

Employ the principles and foundations of engineering education technology
especially with regard to the technological features of computer as a part of the
training of engineers based on simulation of (EC) for HVAC through previous
program as an assistant within the computer simulation software, then raise the
skill level of HVAC designers.

Evaluate the efficiency of the performance of computer program which has been
prepared in this from the point of view of academic experts in air conditioning
and educational technology department as well as beneficiaries of guests
“prisoners”.

. This study offers another way in reduction of HVAC energy by taking
advantage from determination of the period of time that can stop the work of
cooling equipment then operating units push the air and allow to outside air
intakes to admit it to the hall for cooling, operating the system in the least energy
consumption rate.

Possibility of using thermal loads in prisons by simulating the purpose of
designing.

. The research contributes the engineers in gaining some knowledge skills in
clarifying the impact of differences each of (HVAC system type, design type,
type of used equipment, prison type, building materials that were used) all of
them and relationship with (EC), therefore subsequently determine the best
choice for HVAC system for any prison in Irag.

. The possibility of benefiting and study utilization in: -

A
B
C

Engineering consultancy center.

Maintenance engineers in prisons.

Continuing education centers which dealing with skills and improve the

mental abilities.

%

Colleges, mechanical engineering department

10



CHAPTER TWO

REVIEW OF LITERATURES

2.1 Introduction

This section introduces a concise depiction of the distributed writing and

recorded trials brought to the field of HVAC parameters. In spite of the fact that the
rundown ought not to be viewed as thorough, the survey does adequately speak to the
advances, discoveries, and commitments which are of specific importance to this thesis.
This review is subdivided into three main topics, namely Experimental Works,

Numerical Simulations and Experimental with Numerical Studies.

2.2 Experimental Work

The main objective of Surrander Naganathan, PE [16] was to reduce the
Energy Cost at Deer Ridge Correctional Institution in Madras, USA. Which is seen in

Figure 2.1

Figure 2.1: Correctional Institution in Madras, USA [16].
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Energy conservation measures at Deer Ridge Correctional Institution resulted
in savings in each category, which is seen in Figure 2.2, with the most significant

savings gained in heating and cooling.

198 985 kB /friyr
Sire Lighting
Detw

125,229 kB /trvyr
7. 19 Savings

Farm

Ssamdord S0.1-2004 Az Designed

Figure 2.2: Energy Use Intensity Comparison [16].

The following summarizes the major energy conservation measures. In a review
examined in an effective electric lighting framework, the Oregon Energy Code (OEC)
permits 1.27 W/ft? (13.66 W/m?) for pattern displays. Through the introduction of an
ultra-efficient electric lighting system using high performance T8 lamps (3,200 initial
lumens and 24,000-hour lamp life) and carefully matching these lamps with their
optimal electronic ballasts, the design achieves an actual lighting level of 0.91 W/ ft?
(9.79 W/m?), a reduction of 28% from the baseline criteria. High output electronic
ballasts overdrive the lamp current by approximately 25% as compared to standard
electronic ballasts, reducing the number of lamps needed to achieve the required
baseline foot-candle levels. These measuring data about a yearly electric saving are
reserving funds of 330,829 kWh every year. With regard to innovative cooling, we
understand that while evaporative systems are not innovative, they are (to the team’s
knowledge) the first time that this type of system had been used in a prison and to a
degree that resulted in nearly every spaces being cooled. No refrigerated HVAC cooling

is used on campus with the exceptions of the telecom, security electronics and control
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rooms. To increase the system’s efficiency and have it perform at targets levels, the
team modified the housing unit design to increase cooling efficiencies and created a
system based on multistage evaporative cooling with heat recovery. As Figure 2.3
details, the system still delivers 100% outside air into the building, but uses exhaust air
combined with indirect evaporative cooling in a heat recovery section to pre-
temperature supply air entering from outside. Outside air passes during evaporative
cooling by entering the ducts. Additionally, the prison design presented the team the
scope to further increase energy efficiency by modulating the water tank and pump
system by employing the enter cooling unit. While a model unit design as seen in Figure
2.4, includes a tank and pump situated within each unit, the team instead devised a
tank/pump system that was exterior to the unit. The design very necessarily implements
a domestic environmental quality to prevent a Legionella Bacteria, Alga growth. The
researcher team physically examined the units themselves, which was a massive task
given the sizes of the units. The researchers resolved the experimental parameters and
set to have the units sent to the only testing lab in the U.S. capable of handling a test of
such size. The lab simulated the site’s environmental stipulation (88°F [31°C] at 20%
relative humidity) in which the units were tested to check if they could eject 59°F
(15°C) air. An experiment of this measure, to the team’s knowledge, had not previously
been undertaken, and it was a critical that executions be enclosed in this system so that

it would meet the needs of the prison [16].

Heat Exchanger
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Figure 2.3: Multistate Evaporative Cooling Unit with Heat Recovery [16].
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Figure 2.4: Typical Evaporative Cooling Unit [16].

2.3 Numerical Simulations

Crall, et al., [17] simulated the results which present the thermal domains and HVAC
device for the usually modeled room under the cooling. An air flow analysis was carried
out based on the Cooling Load Temperature Difference Method (CLTD) with a
building type boundary condition. The temperatures of a topic, such as walls were
obtained by resolving the heat balance equation, in which the convective and radiative
heat transfer were integrated. The numerical simulations were conducted for room
space under the cooling condition in which 250 m”3/h of conditioned air at 23 °C, and
the same volume of Outside Dry-Bulb 31 °C. The gained results for the consumption
range were provided at the position is nearly to the building. So, the power of the outside
air is not drastic in the operation area. It is possible to maintain a comfortable
environment in the operation area. A. D. Gosman, et al., [18] this study is conducted
in mechanical engineering department- Royal College of Science and Technology in
London. The objective of the research is served by using the computer for cooperating
in education, so called Computer Aided Learning (CAL). The main goal of this / is to
express a more realistic exploratory design for jails. The researcher studied the
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Computational Fluid Dynamics modeling (CFD) / and made comparison or results with
experimentally obtained data. The main aim is to find the optimum design of ventilation
air conditioning system inlets, in order to increase the efficiency of HVAC devices and

increasing the skills of trainers.

Zhu, et al., [19] simulated a two and three dimensional incompressible turbulence of
indoor air in a turbulence model. To simplify the issues, the models assumed that the
indoor air was in an incompressible, constant properties, steady-state flow and
concentration with the basic assumption of Boussinesq equations. Air infiltration was
not considered. The disturbance model, considering the effect of the buoyant force,
selected a two-equation model with a High-Reynolds number with little air-supply
quantity and depressed air velocity in the air-conditioned area. Therefore, the supply
velocity was 0.3 m/sec. Wei Cai, Xubo Yu., [20] have investigated the method of
(CFD) for air distribution and comfort in a typical room with cold air diffusion. A
mathematical model was established and air conditioning was simulated. The velocity
and temperature area under different conditions were analyzed. The results
demonstrated that the air plunge and the air attachment were easily generated.
Therefore, the series of the above numerical simulation was achieved to advocate the
numerical predictions in order to ensure that the simulations can be used with
confidence to amend the designer’s innovations in the HVAC computer simulation.
Hamilton, et al., [21] studied the performance of a normal air conditioner (window
type) by constructing a software program to simulate the influence of air conditioning.
The researchers adopted the manufacture’s performance schemes to prepare a
mathematical algorithm about the compressor, condenser, evaporator, expansion valve
and fans. The dry-bulb temperature ranged from 29.4°C to 40.5°C. The program
adopted the diameters of the capillary tubes, from 0.08" to 0.058" The study explained
that any increase in external dry-bulb temperature would lead to an increase in the
compressor potential and Coefficient of Performance (C.O.P). Moreover, the increased
diameter of the capillary tube would lead to an increase in the cooling capacity up to a
diameter of 1.32mm, after which the cooling capacity starts to decrease. The dynamic
characteristics of indoor data, such as air temperature, moisture, and contaminants, can

be simulated.
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Carbontrust Journal., [22] presented a focus on the adjusting the system. At times, it
was logical to use the outdoor temperature to set the conditions inside the hall.
However, when the HVAC system was on, it was likely to save up to 30% on energy
costs by reducing the quantity of outside air entering a building. It is always better to
modify the framework instead of opening an entry way or a window and allow warmed
or cooled air to pass. When it is too hot, people resort to opening windows or doors to
have their space become more comfortable. In order to ensure that staff understands the
implications of opening windows and doors when air-conditioners are in use, personnel
are encouraged to adjust the thermostat instead. This study took the following in to

consideration:

-Replacing traditional boilers with condensing boilers.
-Replacing standard motors with high capacity motors.
-Opportunities for heat recovery and recirculation in the building.

-Installing a building energy management system (BMS or BEMS) which offers close

control and monitoring of building services and performance, including HVAC.

-Investing in Variable Velocity Drive Systems (VSDS) for motors to match velocity

with output demands.

-Exploiting in direct drive pumps and fans, which are more efficient than belt-driven

drive pumps and fans.

The results are offered on a computer screen in real time and can be monitored.
Settings can be changed quickly and distinctly. Furthermore, BEMS can reduce the
energy price by up to 10%.

2.4 Experimental with Numerical Studies

Gluck and Pollack, et al., [23] investigated the cooling capacity and temperature
division in a building hotel using a hot air insert at different levels. Numerical solutions
for the energy equation and Naiver Stokes Equations were obtained through a Semi-

Implicit Method for pressure with algorithms equations that have steady, laminar and
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incompressible flow. A selected cubic room or hotel 3mx3mx3m with two positions of
the inlet and outlet was assumed. Solutions were presented for several locations
including the inlets and outlets and for different values of internal loads. An increase in
the Grashof Number increased the power of the recirculation and the product
symmetrical temp division. Silverman, et al., [24] studied the supplied air that was
uniformly distributed in an air conditioned area under various conditions. An
experimental study was first conducted to obtain more general information about the
air conditioning machinery on indoor air quality problems in divided offices. The
planned environment consisted of two interconnected rooms, the dimensions of each
being 6 mx4 mx3 m height. The contaminant distribution was influenced by almost
every type of HVAC parameters in the office with different diffusers. The outcomes,
demonstrating that the contaminant escaped a mechanically acclimatized divided
office, need to be studied individually according to different cases. CFD simulation is
an efficient tool for such kinds of studies. Ramiz, et al., [25] explained the results of
an experimental system for measuring the performance of air conditioning units that
are designed, constructed and numerically simulated in a three-dimensional distribution

of testing rooms with

Figure 2.5: Code Tester Device, Experimental with Numerical Work [25].
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the computational fluid dynamics technique. The code tester device is shown in Figure
2.5. Therefore, the researcher has selected for this thesis the telecommunications
building in Baghdad. The following three substitute designs in this building were
studied:

1-Using a centralized refrigeration plant inside the crypt.
2-Putting a centralized refrigeration plant on the fourth floor.
3-Using four substations distributing refrigeration plants on the ninth floor

The twelve measuring points were located isometrically at the intersection of three
horizontal and three vertical lines used to measure the velocity and temperature. All the
measuring points after the air environment were studied. The computational fluid
dynamics software FLUENT was used in this study based on the K-¢ turbulence model.
The air flow and heat transfer problems were resolved by finite volume method, the
experimental data and simulation results showed that the speed and temperature of the
testing room disseminated homogenously, and the indoor air environment assembly
tested the demands of the air conditioning unit. The simulation output proved that the
supply air parameters and the location of the testing unit have an apparent effect on the
air distribution. Then, the results showed that the four sub-refrigeration plants are the

highest cost and energy consumption than the plant in the fourth floor.

Hamilton and Qingyan Chen., [26] investigated 3D air flow and contamination
dispersal and compared the results of the relatively simple 3D numerical study, CFD
with particle image velocimetry (PIV) experimental measurement of indoor

temperature in a one-tenth sub- scale model room.

The side branches of the room were constructed with aluminum and had four glass
windows, which provided a sufficient visual vent. Numerical turbulence models were
used and evaluated with respect to their performance in the simulation. The flow in the
model room and results of the numerical simulations and velocimetry measurement
showed how obstructions can greatly influence the air flow and contaminate its
transport in to the room. It is important, therefore, that obstructions be considered in air

conditioning room design.
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CHAPTER THREE

Methodology Scope

3.1 Introduction

For informational purposes, we noticed from Iraq the solar energy accounts that

21 June is the longest day in the year. The max temperature and humidity in July. The
shortest day at 21 December. The coldest day in January or February. The max
temperature occurs at 3 afternoons, throughout the day. In addition, the max amount of
heat entering the room depends on the falling solar radiation about the third hour in the
afternoon, this heat transfers by conduction in the walls and roofs it occurs at this time,
because the default time. The default time can be varied defending on the difference
time between the fall solar radiation and its transition into the room [27].

3.2 Calculation of the Needed Energy for Heating and Cooling

3.2.1 The methods used to calculate the necessary energy for heating and cooling

purposes

3.2.1.1 Degree-Day Method

It is one of the simples and most common methods which is used to calculate the
required energy of heating. It relies on two assumptions. The first assumption is a
moderate temperature, outside air, it’s called Base Temp, we are assuming at this
degree, there is no needing for heating. This means the resulting load parameters came
from solar radiation, generating heat inside space is equal to leaking heat from inside
to outside space. As far, the second assumption, is based on existence of extrusive direct
proportion between the amount of energy required for heating with the difference
between the average temperature of the air and Base Temp. We can identify the amount

of expended energy for heating from equation 3.1[28]
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HxDDHx24xCD
- AtxR

(3.2)
Where

E: Thermal energy KJ.

H: Heating load KJ/h

DDH: The number of heating days under Base Temp day.

At: Temperature difference in between the exterior and interior of dry bulb °C.

R: Utilization factor 0.6-0.8, equal 1 when using electricity.

CD: Correction factor for heating days, it depends on Base Temp [28].

It can be using the previous method of estimating in the necessary energy
consumption, for cooling purposes. Which we are calculating the temperatures, above
Basic Temp for each day of the estimation period, then combines these temperature
degrees, so it represents the value of (temperature x day). It can compute expended
energy value from these equations 3.2, we can calculate the number of cooling days

from equation 3.3 [29].
Q=UA x24 x DD, (3.2)

DD = 3} 5. ¥i*(Th ~ Ta) (33)

We can write equation 3.3 by using the average temperature during the day

Tmax+Tmin

DD.=X1 Tbh— .

(3.4)

UA: Overall heat transfer coefficient.

Th: Basic Temperature (°C).

Ta: Outside temperature rate at every hour (°C).

Tmax: Maximum value rate of monthly outside temperature at (°C).
Tmin: Minimum value rate of monthly outside temperature at (°C).

It should be noticed that if we are using this method for heating status, it is better

than for cooling status because this method depends on temperature difference only,
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but cooling loads are depended on other factors like, solar radiation and indoor loads
for space [29].

3.2.1.2 Simplified Multiple Measure Method

The previous method based on an analysis of the cumulating values for single
factor only outside temperature, this way was limited; it cannot be used in case of a
large building, it causes a large error in guessing, because of the negligence of
periodical changes per factor [29]. But Bin method, is xone of the common ways,
especially in this field. It depends on the heating or cooling load calculation, for
building a number of bins for outside temperature and from analysis of changing the
degree of the actual hours. Multiplying the number of hours by a thermal load for each
bin to obtain the thermal load for completely group of the required energy for air

conditioning [30].

3.2.1.3 Equivalent Full Load Hours Method

In this method, the necessary energy for cooling is guessed by depending on the
number of operation hours of the air for maximum energy equivalent, for actual
operating hours where the air conditioner compressor doesn’t constantly work even
during the actual operating hours, but it stops for some times then return to work,
depending on the cooling space degree. The total number of equivalent working hours
depends on the quality of the building, construction, combination, geographical
location, and nature of use. Then we can evaluate the number equivalent hours after

making statistics within different areas [30].

The electric power can be calculated from equation 3.5:

_ LXE.F.L
~ C.OP

(3.5)

Where:
L: The maximum cooling load.

E.F.L: Number of the total equivalent load hours (h).
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C.O.P: Coefficient of Performance for cooling equipment including fans, and pumps
[30].

3.2.1.4 Detailed Simulation Method

The previously applied methods were inaccurate because of the negligence of
some important effecting factors which are effecting on disbursements energy level as,
thermal performance of the building, external and internal influences, and thermal
dynamic proceedings of HVAC system [31]. Because of the difficulty of putting a real
model of the building for holding an account then is redacted mathematical model to
describe the building, it includes representation of thermal performance, is named load
model. As well as the external and internal influences, thermal dynamic proceeding for
HVAC, the system is named, system model. In addition, the establishment of a
mathematical equations were linking between energy and thermal load, a program is
named, plant model. The program runs by entering the effective difference date, after
analysis; we will know the needed energy to operate the heating, ventilation and air

conditioning systems with the details [31].

3.2.2 Air Conditioning Load calculation

The heat that should be removed from the building is named “cooling load”
but, the heat that should be provided to the building is named “heating load”. The
purpose in both cases is to get the comfortable designing conditions in summer and
winter. The calculation of the air conditioning loads is considered the first step to

choose the HVAC equipment and limitation of the amount of energy consumed [5].

3.2.3 Sources of Air Conditioning Loads
The Conditioning loads are divided into two parts [5]

A- External source: -
e Heat gain through the wall, ceilings and floors.
e Heat gain through the doors.
e Heat gain through the windows.

22



e The resulting heat flows from the leakage and ventilation.
B- Internal sources especially for cooling load: -

e Peoples.

e Lighting.

e Service devices.

e Secondary sources

3.2.4 Cooling Loads Calculation Method

We are calculated the cooling loads, depending on cooling load temperature
difference method (CLTD). We can find the tables available which explain the
temperatures differences change for [5]

Various types of ceiling for 24 hours a day.

Various types of walls for 24 hours a day and for 8 different directions.
Various types of glasses for 24 hours a day [5].

These data are based upon standard conditions in Irag, Baghdad.
External dry bulb temp 35°C.

Internal dry bulb temp 25.5°C.

Average external temp 29.4°C.

The range of change in daily temp 11.6°C.

The month at July.

Orbit degree, Iraq is located between °29-°37 north of the equator.
The color of the exterior walls, dark color.

The color of the exterior ceiling, dark color [32].

If we change above conditions, we would make corrections as follows:

A- We can calculate the correction factor for external dry bulb temp and the range in
daily temp, from equations 3.6, 3.7, 3.8 [1]
TOR=TOD-0.5DR. (3.6)
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TOW = TOD - 0.5 DR. (3.7)
TOG=TOD-0.5DR . (3.8)
Where DR represents the range of daily temp change, from equation 3.9 [1].

DR = TMAX — TMIN. (3.9)
TOR: Ceiling correction factor for external dry bulb temp.

TOW: Walls correction factor for external dry bulb temp.

TOG: Glasses correction factor for external dry bulb temp.

A- The correction factor for external ceiling, Change Color Factor (KR),1 for the Dark-
color ceiling [5].

0.5 for Light-color ceiling.

B- The correction factor for external wall, Change Color Factor (KW),

1 for external Dark-color wall.
0.83 for Medium-color wall.

0.65 for dark-color wall [5].

C- We can calculate the correction factor for internal air temperature (KI) we can
calculate KI from equation 3.10[5].

Kl =TID - 25.5. (3.10)
Where:

TID: Indoor Temperature.

3.2.5 Calculation of space Cooling Loads.

It includes calculation of external, internal load sources for space conditioning.
For general calculation, is calculated from the Fourier equation. If we consider that the

wall section is shown in Figure 3.1[33].
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Figure 3.1: Wall Section Model [33].

It contains different materials, such as building bricks, solid gypsum, heat
insulation and air layers. The heat transfer coefficient can be calculated which is seen
in equation 3.11[33]

+— (3.11)

Ax: Represents the thickness of the constituent materials of the wall or roofs.
k: Thermal Conductivity Coefficient for each material.

hi, ho: Thermal Convection Coefficient.

U: Total thermal transmitted coefficient.

A: Area of the transition surface.

QT: Total Heat Transfer.

We can write equation 3.11 after pithiness to calculate the inaccurate total heat

transfer for wall section model from equation 3.12 [27]

Qwall& Roofs = UXAXAT. (3.12)

Table 3.1 depicts the Heat Transfer Coefficient of the Surface [34].
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Table 3.1: Heat Transfer Coefficient of the Surface W/m2x°K [34].

Heat Direction h W/m? x °K
Stable air
Horizontal To Up 10
Horizontal To Down 6
Vertical Horizontal 8
Moving air
At velocity 6.7m/sec In any direction 34
At velocity 3.4m/sec In any direction 23

The thermal conductivity coefficient is shown in table 3.2[34]

Table 3.2: Thermal Conductivity Coefficient [34].

Material

K W/mx°K

Common brick 0.72

Face brick 1.30
Concrete 1.72
Tiles 1.10
Stone 1.80
Cement plaster 0.72

Gypsum plaster 0.80

Hard wood 0.16
Soft wood 0.12
Sand 1.72
Cork 0.036
Glass wool 0.036
Polystyrene 0.040
Polyurethane 0.023
Glass 0.79
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3.2.5.1 Transmission of Heat Through the Ceiling

A- Heat gain through the ceilings exhibit to the outside

It can be defined as an eventual heat, from roof thermal gain which is seen in equation
3.13[27]

CLTD.CR = [(CLTDR + LMR) x KR + (TID - 25.5) + (TOR - 29.4)] xF  (3.13)

F: Ventilation factor between a secondary ceiling and a tilt surface (Attic), there is 1

when no ventilation fans or air duct between the roof and secondary ceiling.

F = 0.75 when there is no mechanical ventilation in space gap.

We can calculate the heat transfer for ceiling from equation 3.14 [27]

Q Roof. cout = U Roof. Cout x A Roof. outx CLTD. CR (3.14)

B- Heat gain through the non- conditioned space for the ceilings

Which is seen in equation 3.15 [35]
QRoof.Cinl =U Roof.in1x A Roof.inl x (TOD —TID) x 0.667 (3.15)

C- Heat gain through the non- conditioned space for the roofs with generation heat

source
Which is seen in equation 3.16 [5]

QRoof.Cin2 = U Roof.in1x A Roof.in2 x (TOD + 3.88 — TID). (3.16)

3.2.5.2 Transmission Heat transfer through the Walls

A- Heat gain through the walls exhibit to the outside

we can calculate this item from the equation 3.17 [5]
CLTD.CW = [(CLTDW+ LMW) x KW + (TID — 25.5) + (TOW — 29.4)]. (3.17)
We can calculate the heat transfer for wall from equation 3.18 [5]

Q Wall. Out = U Wall. Coutx A Wall. Outx CLTD. CW. (3.18)
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B- Heat gain through the non- conditioned space for the walls

we can calculate this item from the equation 3.19 [35]

QWall.Cinl =U WallLinlx A WalL.inl x (TOD —TID) x 0.667.

C- Heat gain through the non- conditioned space for the walls with generation heat

source

we can calculate this item from the equation 3.20 [5]

QWall.cin2 = U Wall.inl x AWalLin2 x (TOD + 3.88 — TID).

The total heat transfers for many kinds of walls, which is shown in table 3.3 [34].

Table 3.3: Total Heat Transfer [34].

Items U W/m?x°K.
Plain brick wall 1.35

Wall of stones 1.88

Concrete wall 2.26

Hollow Concrete wall 1.83

Insulate Roof 1.3

The roof and floor 1.75

Wooden floor 2.44
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3.2.5.3 Transmission Heat Through the Doors

A- Heat gain through the doors exhibit to the outside

We can calculate this item from the equation 3.21 [5]

Q Door. cout = U Door. cout XA Door. outx (TOD —TID). (3.21)

B- Heat gain through the non- conditioned space for the doors

we can calculate this item from the equation 3.22 [35]
QDoor.cinl =U Door.in1x A Door.inl x (TOD —TID) x 0.667. (3.22)

C- Heat gain through the non- conditioned space for the doors with generation heat

source
we can calculate this item from the equation 3.23 [5]

QDoor.cin2 =UDoor.in1x A Door.in2 x (TOD + 3.88 - TID). (3.23)

3.2.5.4 Transmission of Heat Through the Glasses

Firstly, we can calculate the total heat transfer coefficient from equation 3.24.
Then we can calculate the conduction heat transmitted and collection with convection
heat, we will get approximation the Total thermal transmitted. Heat gain through the

windows can be calculated from equation 3.25 [33]

1 1 Ax 1 (3.24)
U h;, k h,
Q Glass =UxAXAT. (3.25)
Where hi, ho in W/m?2x °C.
Now we calculated by second way, in details and accuracy:
A- Solar heat gain: - we can find it by equation 3.26 [5]
QGLASS.SOLAR = AGLASS.OUTx SCx SHFGx CLFG. (3.26)
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B- Conduction heat gain: we can find it by the equations 3.27, 3.28 [5]

CLTD.GC =[CLTDG + (TID - 25.5) + (TOG - 29.4)]. (3.27)
QGLASS. count = UGLASS.cout xAGLASS.outx CLTD.GC. (3.28)

C- Heat gain through the non- conditioned space for the glasses

We can calculate it from equation 3.29 [35]
QGLASS.CIN1=UGLASS.CIN1.AGLASS.IN1x(TOD-TID) x0.667. (3.29)

D- Heat gain through the non- conditioned space for the windows with generation heat

source

We can calculate it from equation 3.30 [5]

QGLASS.CIN2 = UGLASS.IN1xAGLASS.IN2 x (TOD + 3.88 — TID). (3.30)
The Heat Transfer Coefficient of the Glasses, which can be seen in Table 3.4[34]

Table 3.4: Heat Transfer Coefficient of the Glasses [34].

Glasses quantity U
W/m?2x°K

One 6.4

Two with 13mm gap 3.2

Three with 13mm gap or space 2.2

3.2.5.5 Transmission the Heat gain Through the Floor(earth)
It is being calculating from the equation 3.31[5].
QFloor.c =P. FLOORx Kx (TOD - TID). (3.31)

Where:P. FLOOR: Ground Perimeter which exposed to the outside in (m).
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3.2.5.6 Heat due to Infiltration

Sensible heat load: It is calculated from equation 3.32 [5]

QINF.S = 1.22x (TWCx XxTDCxY) x (TOD — TID). (3.32)
Or it is calculated from equation 3.33 [35]

QINF.S = 1.22 x VINFx (TOD — TID). (3.33)
Latent heat load: It is calculated from equation 3.34 [5]

QINF.L=3012* (TWCx X + TDCxY) x (WOUT —WIN). (3.34)
Where: 3012 humidity ratio difference.

Or it is calculated from equation 3.35 [35]

QINF.L= 3012xVINFX(WOUT-WIN). (3.35)

3.2.5.7 Heat Gain Through the Lights Emissions

Lighting heat additions are a critical patron to a building's cooling load. A
careful understanding of the lighting heat gains is necessary to accurately calculate
building thermal loads and at last, decide the proper limit with respect to the HVAC
frameworks. Convection and thermal radiation are two main heat transfer forms in
converting electric energy to heat gains while any warmth exchange by conduction can
be overlooked (ASHRAE 2013a). Convective heat exchange is an instantaneous
thermal gain in the conditioned space and therefore an immediate cooling load.
Emanate warmth is ingested after some time by the surfaces and parts (dividers,
furniture, etc.) in the room therefore, any radiative heat gains have a time lag effect on
the cooling load. It is essential to decide the split between convective warmth and
radiative warmth in order to accurately calculate the space cooling load. Another key
considers lighting heat pick up circulation is the part between the adapted space heat
gain and ceiling plenum heat gain, since typical commercial building zone spaces utilize
roof tiles to isolate adapted space and plenum space. Albeit 100% of electric energy
going into a lighting luminary is converted to heat gains of its surroundings, only the
warmth exchanged to the molded space is considered as space cooling load. For
recessed and surface-mount luminaries, a portion of the lighting heat gains is transferred
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into the roof plenum. This bit of warmth is then exchanged back to the air-taking care
of unit (AHU) via its return air, contributing to the overall AHU coil cooling load. An
exception is the plenum air being recycled back to the adapted space when fan-
controlled Variable Air Volume (VAV) terminal units are used [36], [37].

Heat Gain through Lights emissions is calculated:

A- Heat gain from Fluorescent lamps is calculated from equation 3.36 [36]

QLight.F = NOF x SAF x CLFL x WATT. F. (3.36)
Where:
SAF: Safety permittivity factor for fluorescent, always equal 1.25.

The optimum value of illumination intensity is shown in table 3.5[36]

Table 3.5: The Optimum Value of Illumination Intensity [36].

Intensity The quality of building use

W/m?

60-120 Offices

500 Tiny works

1000 Very precise works

50 Factories or universities
15 Prisons, Museums

B- Heat gain from Glowing wire lamps. It is calculated from equation 3.37[5]

QLight.T = NOTXWATT. (3.37)

C- Heat gain from Led lamps. The manufacturer is indicated the value of the heat gain

for every type [37].
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3.2.5.8 Heat Gain Through the People’s Bodies

A- Sensible Heat gain from the bodies, which is given in equation 3.38[5]
QPEOPLE.S = NOPx S.HGPx CLFP. (3.38)
B- Latent Heat gain from the bodies, which is shown in equation 3.39[5]

It is intended the resulting water stream of breathing, perspiring from space

occupants. In addition, associated moisture with air filtration and ventilation.

QPEOPLE.L = NOP x L.HGP. (3.39)

Table 3.6 depicts the values of the sensible heat and latent heat for peoples [34]

Table 3.6: Peoples Heat [34].

People condition Uses Sensible | Latent | Total
Heat in | Heat in | in
Watt Watt Watt
Sitting and comfortable Stage 66 31 97
Sitting and simple work Office 72 45 117
Standing and simple work supermarket | 73 59 146
Walking slowly supermarket | 73 73 146
Sitting Bank 81 81 162
Worker moves Factory 110 183 292
Person playing sport Play ground 170 255 425

As shown in table 3.7 depicts the optimum Ventilation Rates for every person [34]
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Table 3.7: Ventilation Rates L/S/Person [34].

Uses Smoking Ventilation Rates Times change
- - air number at
Min Favorite
every hour
Flat May be 7 9.5 1
Bank Maybe 5 7.5 1.5
Salon Maybe 5 7 1.5
Supermarket Forbidden 2.5 35 2
Factories Forbidden 3.5 5 3
Hospital Forbidden 12 14 7
Meeting room Strong 14 24 11
Theaters Forbidden 2.5 5 9

3.2.5.9 Heat Gain from the Service Devices

A- Service device with vacuum discharge, equation 3.40 is obtained [5]

Q. APSH = CLFAH x SH.G.H x NO. APSH (3.40)
B- Service device without vacuum discharge.

B-1 Sensible Heat gain, equation 3.41 is valid [5]

Q.APS = S.H.G x CLFAx No.APS. (3.41)
B-2 Latent Heat gain, equation 3.42 is obtained [5]

Q.APL = L.H.G x NO.APS. (3.42)

Table 3.8 below shows the burner heat [34].
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Table 3.8: Burner Heat [34].

Burner Type Without Hood (W) With Hood (W)
Sensible Heat Latent Heat Sensible Heat
Coffee store 515 220 150
Fire place 930 525 290
Toaster 1050 700 350
Chicks grill 2190 2190 875

3.2.6 Total Cooling Load for Enclosed Space

The total Sensible heat gain, equation 3.43 is valid [5]

(RSH) = QRoof.C + QWALL.C + QDoor.C + QGlass.C + QLight + QFloor.c + QInfs
+ QPeople.S + Q.APS + QAPSH. (3.43)

The total Latent heat gain, which is given in equation 3.44[5]
(RLH) = QPeople.L + QInfs + Q.APL. (3.44)

The total Cooling Loads for enclosed space are included by summation the sensible and

latent loads for enclosed space, which are given in equation 3.45 [5]

RTH = RSH + RLH (3.45)

3.3 Calculation of the Cooling Loads Coil

3.3.1 Total Loads for Cooling Coil

A- Heat gain which resulting from ventilation it divides into two types
1- Sensible Heat gain, equation 3.46 is obtained [5]

QASH = 1.232 x NOP x (L/S) person x (TOD — TID). (3.46)
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2- Latent Heat gain, we can calculate it from equation 3.47. [5]

QALH = 3012 x NOP x (L/S) person x (Wo0.C — Wi.C). (3.47)
B- Heat gain which resulting from additional loads, it divided into two types

1- Sensible Heat gain (RSHS*): heat gain from Air ducts and Air pushing fan.

These loads are calculated as a percentage from (RSH), it can be estimated about (5-
15) % from (RSH) [38].

2- Latent Heat gain (RLHL*): heat gain from Air ducts and Air pushing fan. This load
is calculated as a percentage from (RLH), it can be estimated about 5% from (RLH)
[38]. Thus, we can calculate the Grand Total Heat (GTH) for the cooling coil by
summation all the loads, sensible and latent [38]

TSH = RSH + QASH + RSHS*. (3.48)
TLH = RLH + QALH + RLHL*. (3.49)
GTH =[TSH + TLH] . (3.50)

3.3.2 Calculate some design variables

A- Design variables which related with moisture map (psychometric chart) [38]:

1- Effected sensible heat for the space, which is given in equation 3.51

ERSH = RSH + (BF x QASH). (3.51)
Where:

BF: By Pass factor equal 1.

2- Effected latent heat for the space, which is shown in equation 3.52

ERLH = RLH + (BF x QALH). (3.52)
3- Effected total heat for the space, as in equation 3.53

ERTH = ERSH + ERLH. (3.53)

4- Effected sensible heat factor, equation 3.54 is valid
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ESHF = . (3.54)

5- Room sensible heat factor, equation 3.55 is valid

RSH
RSHF = — . (3.55)
RTH

6- Grand sensible heat factor, equation 3.56 is valid

TSH
GSHF = —— . (3.56)
GTH

We can take advantage from the previous equations to determine some
parameters on the air map as, input air temp output air temp from cooling coil for
pushing air units, so we can know the processed temperature to the room define the dew
point for cooling load. At below is a presentation of how we can draw the procedures

on a map.

RSHF can be represented by line up between the air condition design in space and air

condition that is equipped to the room, this detail is seen in Figure 3.2 [39]
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Figure 3.2: RSHF with Dry Bulb Temp-Specific Humidity [39].

The relationship between specific volume and wet bulb temperature with

specific enthalpy, which is shown in Figure 3.3 [40]
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Figure 3.3: Wet Bulb — Specific Enthalpy-Specific Volume Chart [40].

B- (GSHF) can be represented by line up between the air state which enters to air

equipment coil and air state which is equipped from pushing air units, so is shown in

Figure 3-4 [40]
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Figure 3.4: Apparatus Dew Point (ADP) with Dry Bulb-Humidity Ratio [40].
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We are benefiting from above chart to determine the leaving air condition from

apparatus.

C- RSHF and GSHF lines, these lines may be cross, the intersection point is represented
the air condition that is equipped the room [40]. The lines may be doing not intersect,
then in this case, we must draw the line from off point [ air state which is equipped from
pushing air units] to red point. The drawn line must intersect with RSHF line in point,
saturation air, SA [Air condition that is equipped to the room]. About line “off-ADP”
is represented the heat gain from additional cooling systems, Figure 3.5 shows the
GSHF with Dry Bulb Temp-Specific Humidity [39].

Figure 3.5: GSHF with Dry Bulb Temp-Specific Humidity [39].

The mechanism terms of system are shown in Figure 3.6 [39].
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Figure 3.6: Mechanism Terms of System with SA (saturation air) [39].

D- Tadpc, it can be determined through drawing the line between ESHF and saturation

line, which is seen in Figure 3.7 [40].
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Figure 3.7: ESHF - Saturation Line Chart [40].

So we can find the Dew point for different Humidity Ratio from chart, which is shown
in Figure 3.8 [40]
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Figure 3.8: Dew Point- Humidity Ratio Chart [40].
AB- Calculating the flow rates. The air equipped volumetric flow rate

Vair = EROH 3.57
A = 1 22(1-BF)(Troom—Tadpc) (357)

BPF is also used to express cooling coil efficiency as

BPF = (hs - hadp) / (hma - hadp). As we saw a high by pass factor indicates poor

cooling performance.

We can determine the value of Tadpc from air map or from ESHF value, relative

humidity interior design temperature. BF which is seen in Figure 3.9 [40]
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2- The frosty water equipped volumetric flow rate
Vwater = — 2 (3.58)
4190XATw

ATw: The difference between the equipped water temperature and returnable water
from the air pushing units. It can be estimated at about 5.5°C [1]. The general

psychometric chart is seen in Figure 3.10 [40]
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Figure 3.10: General Psychometric Chart [40].
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3.4 Calculating of the air duct distribution system

There are four ways to determine the dimensions of the distribution duct:

1- Velocity Reduction Method: At this way we can chose speed at each section of the
net sinkhole, speed is high, less at branches [40]. By using friction curved 3.11, we will
get the size of the duct, pressure drop at each section. This method is used in modest
air duct in rooms and small shops, because the problem of system balance, it requires
putting a damper in air duct to provide a pressure drop. Therefore, the cost will be high,

the relationship between Air Ducts and Friction Loss which is seen in Figure 3.11 [27]
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Figure 3.11: Air Ducts - Friction Loss Chart [27].
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2- Equal Pressure Drop Method: This theory is based on pressure agent in which the
pressure is fixed through the air duct. The total loss in pressure is calculated by
multiplying the friction coefficient by air duct length, before that, the pressure drop is
appointed [5]. Through the friction curved scheme 3.11, we can estimate the air speed

in the sections of ducts and duct dimension [27].

3- Static Regain Method: The summary of this method is taking the advantage of the
static pressure, increasing at every branch where the air speed is decreased, which
means that the pressure turns up from speed pressure to static pressure. This called Re
-Serenity. At this mode we must calculate the pressure drop from air volume scheme
based on speed. This way is used in high speed HVAC. The design feature has a big air
duct design, therefore, high cost but few balance problems [27].

4- Equal Balanced Pressure Drop Method: This method is used for the purpose of
balance the non-symmetrical branches [5]. This is done by calculating the total pressure
for branch duct, from the beginning system even the end of the distribution slot for
branch Pmain. It is based on the new pressure value where re design the sub branch

size, to make the pressure drop in the main stream, equations 3.59, 3.60 are valid [27]
Pressure drop = Pmain — Pbranch (3.59)

Pressure drop
APnew= (3.60)
Length of branch

On the basis of the new pressure drop value (APnew), the redesign of the sub
duct is done. So we concluded that the best ways to design was equal balance pressure
drop method. The air duct dimensions are determined by the air duct volume scheme
Fig 3.11 We can extract the air speed in the section and the duct diameter, which are

given in equation 3.61[27]

Air Flow = Area x Velocity = E (Dim)? x Ve.
Dim = E x Air Flow (3.61)
4 Ve

It can convert circle diameter to the rectangle equivalent by using diameter
equivalent scheme, after determination the duct height, crossing with diameter to

determine the width.
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B- Calculating Friction loss in air ducts

1- Friction loss for Straight Duct. It is calculated from multiplying the duct length by

pressure drop design as in equation 3.62 [2]
Flosses = Length of duct x AP design (3.62)

2- Bend, elbow Friction loss: It is calculated from multiplying the elbow equivalent

length by pressure drop design. equation 3.63 is obtained [5]
P elbow or bend = Equivalent Length x AP design (3.63)

We can determine the equivalent length. equations 3.64,3.65 are valid [17]

Le;q_o33 By 3.64
= (0335 ()] (3.64)

— H 10.126
n=-2.13 (W) (3.65)
R/W is represented the ratio between the elbow radius and its width, usually the
practical value equal 1.5 so, H/W is named Aspect Ratio.

3- Diffuser Friction loss: There are many dozens of diffuser kinds, they are depending
on the quality of building and architectural requirements. Usually the manufactures

informed us about these values [6].

4- Divergent, convergent, other structures, friction loss: At these items, we must know
the pressure drop from friction “Dynamic loss”. The pressure drop is depending on the

section area and design, so the manufactures are told us about these values of P fitting
[51, [6].

5- Air Pushing Accessories, friction loss: The pressure drop is concentrated at air filters,

cooling coil, heating coil, fan inlet and others, which is shown in equation 3.66 [6].
P(Air-Heading) =p air x g x H (3.66)
Where

g : gravity m/sec?
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H: height of item (m).
p: air density (kg/m3).

C- Total pressure drop for air ducts. It is the summation of the static and dynamic

pressures; Equations 3.67,3.68 are valid [5]

Pt =Ps + Pv. (3.67)
Where:
Ps = Pflosses+Pbend+Pdiffuser+Pfitting+PAir-Heading. (3.68)

As for Pv it is the total dynamic pressure drop, as in Equation 3.69 [5]
1
Pv = Z—pairx (Vs2-Vr?). (3.69)

Where Vr, Vs are the air speeds at fan, outlet and inlet respectively.

3.5 Calculation of equipment energy consumption

1- Calculation of energy consumption for air pushing fans

A) Air Preparation Fan: The consumption depends on the amount of required flow per
out fitted unit, as well depends on the total pressure drop about unit, which is given in
equation 3.70 [41]

Vair supplyxAPTS
Wfans =
NMmXNyr

(3.70)

Where:

nm = motor efficiency.

nt = mechanical fan efficiency.

Where the minimum value of (n,,,ns ) is 60% [41]
APTS : pressure difference for fan.

Table 3.9 below shows the motor efficiency for difference power amplitude, [34].
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Table 3.9: Motor Efficiency [34].

Motor Power Efficiency %
1 - 200 watt 0.60
375> 750 watt 0.70
1 >4kw 0.80
55> 15 kw 0.85
> 15kw 0.88

B) Air vacuum fan: Which is shown in equation 3.71[41]

_ (percentag of exhaut air)XVreturn air XAPTr

Wfanex -

(3.71)

NMmX Nfanex

Where the minimum value of (n,,, Nranex) 1S 60% .

2- Calculation of energy consumption of compressor: The compressor is considered of
the most important parts of HVAC systems, most consumption for its mechanism. We
can estimate the consumption rates from manufactures performance maps for various
operating conditions. The compressor consumption power is described as algebraic
function for condensation temperature (Tc) and vaporization temperature (Te), vie

second degree equation, as in equation 3.72 [42]

Wincomp = b1thytetbsti+byt tbsti+bgt ot +hytit +bgt tZ+hgtZt? (3.72)

As for cooling capacity, equation 3.73 is obtained from this series
Qo= ay+ayttastetastetasti+agtetetastitotagtettaot L (3.73)

Where a,, b, are constants, it can be found by using the methods of mathematical

analysis dependence on performance schemes [42].
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3- Calculation of energy consumption of water pumps

A) Cooling Water Pump: The cooling water pump consumption is depending on the

pressure drop in closed system and amount of water flow, equation 3.74 is valid

Vwater evop XAPTevop

y _ (3.74)
pump evop Nm X T]pump evop

Where M, Npump evop) are the total efficiency for water pump.

Where the minimum value which allowed to work is 60% [41].

B) Condensation Water Pump: The condensation water pump is depending on the
pressure drop in open system and the amount of water flow. The flow rate is determined

by the amount of removed heat in the condenser, equations 3.75, 3.76 are obtained [41]

e = qe + Win, comp (3.75)

. _ dc
water cond = 4190% ATcond

(3.76)

Where:

ATcond : Difference temp between condenser inlet water coming from the cooling

tower and condenser outlet.

The consumption power of condensation water pump, which is shown in equation
3.77[41]

" Vwater cond XAPTcond

= (3.77)
pump cond NmX Npump cond
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4- Calculation of energy consumption of fan coil unit: It is determined from
manufactures data, after knowing the air and water flow rates, which are passing in

these units, as in equation 3.78 [41]
WTfan,coil = 2111 Wfan,coil (3.78)

Where: n, the number of rooms which is used in the building.

5- Calculation of energy consumption at partial load: The operation of refrigeration unit
at partial loads, it means the cooling load, that to be removed, it will be less than the
design capacity. Therefore, the compressor consumption power is calculated from

partial load curves and, which is given in equation 3.79[43]

. . Partial Load Val
Capacity ratio = ———— 24721 (3.79)
Design Capacity
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CHAPTER 4
EXPERIMENTS SIMULATIONS & RESULTS

4.1 INTRODUCTION

In this research, two prison halls were investigated and simulated using three
types of HVAC systems the results were compared for these six cases to find the most
energy efficient and energy saving system, which is very important on, sever summer

conditions on Irag.

The first hall represents the old prison building style where separate small
buildings founded on the main area each represent different use all surrounded by walls
guard’s facilities etc. The second type of building is more advanced two story large
halls connected to each other. These two cell- hall are too much different from each
other by size and structure so the difference can be noticed and the results will be more
reliable and widely applicable. On the other hand, two common and widely used
different HVAC systems Split Unit & Package Unit were suggested to investigate and
study to show the best practice that can lead to the best energy saving and accepted

comfort conditions.

A third type of HVAC system was suggested, that is the Indirect Direct
Evaporative Cooler (IDEC) using Heat Mass Exchanger Media (HMX) the mechanism
is seen in figure 4.1. This type is the most advanced evaporative cooler that can reach
120% of the wet bulb temperature, which is very efficient on the middle and north
region of Irag where high dry climate is the dominant on summer. On the same time, it
gives 100% fresh air that is perfect for many situations and a mandatory for others. The
dis advantage of this system is it depend on water and water TDS may affect its
efficiency and its very expensive comparing with other type of HVAC system other

than fresh air systems.

Not only the above three systems were applied for the two cell halls to compare
the systems on both conditions, but also another application was used that is the
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Variable Air Volume (VAV) which may also reduce the energy used for supplying the
air to the system. Where (TDS: Total dissolved solids).

Outdoors M—\ Fan for Indoors
secondary air
M Conditioned
Heatexchanger air to house
(water soaked material)
Primary air
to cooling g Fan
- : 2 x i =

Second aryaN [:y

for cooling heat

Reservoir & pump of
exchanger ’

recirculated water

Figure 4.1: Two Stage or Indirect/Direct Evaporative Cooling.

4.2 ASSUMPTIONS
Fresh air supply was not used since it will increase the energy consumption
dramatically for the first two systems while energy will stay the same for the DIEC this

will make the results non-comparative.

All systems were assumed to supply the air using ducting system split units were

assumed to use less ducts than other systems.

Baghdad climatic conditions used for the purpose of this simulation. For the

small building and because of high occupation no heating is needed in winter.

A complete list of all assumptions and conditions used is listed below, so the

prisons models layouts are shown in figures 4.2,4.3,4.4.

These are some of input &output data about HAP program:
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4.3 Abu Ghraib- First Floor- DATA SHEET

Space Input Data Fadhil Asaad Al Malaki

09/06/2017
1:26 PM
Abu Ghraib First Floor
1. General Details:

Floor Area .......ccccceeveeeeeeenne, 1050.0 m?

Avg. Ceiling Height .................. 3.0 m

Building Weight ..................... 341.8 kg/m?

1.1. OA Ventilation Requirements:
Space Usage CORRECTIONAL FACILITY: Cells
OA Requirement 1 .................. 10.0 L/s/person
OA Requirement 2 .................. 0.00 L/(s-m?)
Space Usage Defaults ASHRAE Standard 62-2001

2. Internals:
2.1. Overhead Lighting: 2.4. People:
Fixture Type Recessed Occupancy ................... 60.0 People
(Unvented).......eceeeeeee Activity Level Sedentary Work
Wattage .......... 10.00 W/m? Sensible .......ccccceiinnnnnn. 82.1
Ballast Multiplier 1.00 W/person
Schedule ..... 24 hour 1= 11T o | 79.1
.................................. W/person
Schedule off 1 hour Thurs.
2.2. Task Lighting: 2.5. Miscellaneous Loads:
Wattage ............ 0.00 W/m? Sensible ..., 5000 W
Schedule ......... None Schedule off 1 hour Thurs.

Latent .......cooeevvvenneneen. 1000 W
Schedule off 1 hour Thurs.
2.3. Electrical Equipment:
Wattage ............ 0.00 W/m?2
Schedule ........ None

3. Walls, Windows, Doors:

Exp (Wall Gross Area|Window 1|Window 2 Door 1 Qty
) (m?) Qty. Qty. )
E 45.0 0 0 0
S 210.0 0 0 1
W 45.0 0 0 0
N 210.0 0 0 1
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3.1. Construction Types for Exposure E
Wall Type Stucco + 203mm common brick + 13mm gypsum plaster
3.2. Construction Types for Exposure S
Wall Type Stucco + 203mm common brick + 13mm gypsum plaster
Door Type ............. doorl
3.3. Construction Types for Exposure W
Wall Type Stucco + 203mm common brick + 13mm gypsum plaster
3.4. Construction Types for Exposure N
Wall Type Stucco + 203mm common brick + 13mm gypsum plaster
Door Type ............. doorl
4. Roofs, Skylights:
(No Roof or Skylight data).
5. Infiltration:
Design Cooling .. 2.00 ACH
Design Heating . 2.00 ACH
Energy Analysis 2.00 ACH
Infiltration occurs only when the fan is off.
6. Floors:
Type Slab Floor On Grade
Floor Area ..... 1050.0 m?
Total Floor U-Value 0.568 W/(m2-°K)
Exposed Perimeter 170.0 m
Edge Insulation R-Value 0.00 (m2-°K)/W
7. Partitions:
(No partition data).

Figure 4.2: 3D Layout of Abu Ghraib, the Simulated Cells Halls.
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4.4 - Abu Ghraib -Second Floor- DATA SHEET

09/06/2017
3:29 PM

Space Input Data

Abu Ghraib Second Floor

1. General Details:
Floor Area ........ 1050.0 m?
Avg. Ceiling Height 3.0 m
Building Weight . 341.8 kg/m?

1.1. OA Ventilation Requirements:

Space Usage CORRECTIONAL FACILITY: Cells

OA Requirement 1 10.0 L/s/person
OA Requirement 2 0.00 L/(s-m?)

Space Usage Defaults ASHRAE Standard 62-2001

2. Internals:
2.1. Overhead Lighting:
Fixture Type Recessed

(Unvented)........ooeeeeinnnns
Wattage ............. 10.00 W/m?
Ballast Multiplier .. 1.00
Schedule ....... 24 hour

2.2. Task Lighting:

Wattage ............... 0.00 W/m?
Schedule ........... None

2.3. Electrical Equipment:
Wattage ............... 0.00 W/m?2
Schedule ........... None

3. Walls, Windows, Doors:

2.4. People:
Occupancy ........... 60.0 People
Activity Level Sedentary Work
Sensible ............... 82.1
.......................... W/person
Latent .......cccccoees 79.1
.......................... W/person

Schedule off 1 hour Thurs.

2.5. Miscellaneous Loads:

Sensible .............. 5000 W
Schedule off 1 hour Thurs.
Latent .................. 1000 W

Schedule off 1 hour Thurs.

Exp| Wall Gross Area | Window 1 | Window 2 Door 1 Qty
: (m?) Qty. Qty. '
E 45.0 0 0 0
S 210.0 0 0 0

w 45.0 0 0 0
N 210.0 0 0 0

3.1. Construction Types for Exposure E
Wall Type Stucco +203mm common brick + 13mm gypsum plaster
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3.2. Construction Types for Exposure S

Wall Type Stucco +203mm common brick + 13mm gypsum plaster
3.3. Construction Types for Exposure W

Wall Type Stucco +203mm common brick + 13mm gypsum plaster
3.4. Construction Types for Exposure N

Wall Type Stucco +203mm common brick + 13mm gypsum plaster
4. Roofs, Skylights:

Exp| Roof Gross Area Skylight
Roof Slope (deg.

_ (m?) pe (deg.) Oty.

H 1050.0 0 0

4.1. Construction Types for Exposure H
Roof Type Default Roof Assembly
5. Infiltration:
Design Cooling .. 2.00 ACH
Design Heating . 2.00 ACH
Energy Analysis 2.00 ACH
Infiltration occurs only when the fan is off.
6. Floors:
Type Floor Above Conditioned Space
(No additional input required for this floor type).
7. Partitions:
(No partition data).

— Showers —,

- 70000

Figure 4.3: Layout of Abu Ghraib, the Simulated Cells Halls.
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4.5 Rusafa-DATA SHEET

09/06/2017
3:30 pm

Space Input Data

Fadhil Asaad Al Malaki

Rusafa

1. General Detalils:
Floor Area 96.0
Avg. Ceiling Height . 3.0
Building Weight .. 341.8

m2
m
kg/m?

1.1. OA Ventilation Requirements:
Space Usage CORRECTIONAL FACILITY: Cells

OA Requirement 1 10.0
OA Requirement 2 0.00

Space Usage Defaults ASHRAE Standard 62-2001

2. Internals:

2.1. Overhead Lighting:
Fixture Type Recessed

(Unvented)

Wattage .............. 10.00
Ballast Multiplier ... 1.00
Schedule ........ 24 hour
2.2. Task Lighting:
Wattage ................ 0.00
Schedule ............ None

2.3. Electrical Equipment:
Wattage 0.00
Schedule

3. Walls, Windows, Doors:

L/s/person
L/(s-m?)

2.4. People:
Occupancy ............ 36.0 People
Activity Level Sedentary Work
W/m? Sensible ................ 82.1
........................... W/person
Latent .................... 79.1
........................... W/person
Schedule off 1 hour Thurs.
2.5. Miscellaneous Loads:
W/m? Sensible ............... 3000 W
Schedule off 1 hour Thurs.

Latent

1000 W

Schedule off 1 hour Thurs.

W/m?

Exp| Wall Gross Area | Window 1 | Window 2 Door 1 Qty
) (m?) Qty. Qty. )
E 36.0 3 0 0
S 24.0 0 0 0
W 24.0 0 0 0
W 12.0 0 0 0
N 24.0 0 0 1
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3.1. Construction Types for Exposure E

Wall Type Stucco +203mm common brick + 13mm gypsum plaster

1st Window Type Sample Window Assembly
3.2. Construction Types for Exposure S

Wall Type Stucco + 203mm common brick + 13mm gypsum plaster
3.3. Construction Types for Exposure W

Wall Type Stucco +203mm common brick + 13mm gypsum plaster
3.4. Construction Types for Exposure W

Wall Type Stucco + 203mm common brick + 13mm gypsum plaster
3.5. Construction Types for Exposure N

Wall Type Stucco + 203mm common brick + 13mm gypsum plaster

Door Type ............. doorl

4. Roofs, Skylights:

Exp| Roof Gross Area Skylight
Roof Slope (deg.

H 96.0 0 0

4.1. Construction Types for Exposure H
Roof Type Default Roof Assembly
5. Infiltration:
Design Cooling .. 2.00 ACH
Design Heating . 2.00 ACH
Infiltration occurs only when the fan is off.

6. Floors:
Type Slab Floor On Grade
Floor Area ......... 96.0 m?
Total Floor U-Value 0.568 W/(m?2-°K)
Exposed Perimeter 60.0 m
Edge Insulation R-Value 0.00 (M?-°K)/W

7. Partitions (No partition data)

Cell hall 4 persons Cell hall 4 persons

8000

Cell hall 16 persons

Bath Room

-

Figure 4.4:Layout of Rusafa ,the Simulated Cells Halls.
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4.6 THE SOFT WARE

To simulate the mentioned building for the above-mentioned systems, a widely
used simulation software was used which is the Hourly Analysis Program (HAP)

introduced by Carrier Corporation Version 4.90-2014, as illustrated in Figure 4.5.

ﬂ Untitle ?\E X

Project Edit View Rep
2| oo/ m|m] 5/ | (x| Blo| W = B 2@ 9

Wizards Help

Hourly Analysis Program m
Version 4.90 >

North American Edition

This software is licensed to: SIDCCO

Mo wananty, either expressed or implied, is aiven with respect to the accuracy o the sufficiency
of the information provided hereby, and the user must assume all risks and responsibility in
connection with the use thereof.

Copyright © Camier Corporation, 1987-2014. Al Rights Reserved,

This program is protected by US and Inteational copyright laws

Ready

Ready 06/05/27

Figure 4.5: HAP Software Introduction Page.

This software was selected because it is simple, reliable, well known, and

perform the detailed required load calculations as well as energy and power simulation
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all in one software. It also gives detailed hour-by-hour calculation and power/energy
simulation for any selected period. As out lined in Figure 4.6. This flexibility and wide
range of analysis together with the simplicity of this software made it the perfect choice

for our case. Preview of the main widows that can be used to perform the simulation is

listed below is shown in Figure 4.7.

) HAP4Y - [Fadhel Project]

o |8

Project Edit View Reports Wizards Help

BEEETNEEY S T

% B alvn 9

B FachelProeet || Space Floor Area
% Weater 2 New default Space)

- Spaces ) AboGirabe Tier 10500
Systems &) Abobiabe Tie? 10500

@ PIgnFs &) Resafa %.0
: . Buldngs
- Project Libraries
: m Schedules
@ Wals
ﬁ Roofs
[ Windows
Doors
‘@ Shades

Chillers
gt Cooling Toy

- Bolers Y
¢ )

Ready 06/05/2017 | 01:42 PM

Figure 1.6: Simulated Space Definition.
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%) HAP4D- [FadhelPrject]
Project Edit View Reports Wizards Help

= @’g

Control Principles for Energy Conservation of VAV

AEE L EE Y BREE =N
B FadhelProgct || A System Type Sizng Stalus Simulaton Stats
T Weather [0 New defaut Systemy
i‘ Spaces 2-5tageCooler Abobrabe Single Zone CAY Sized Simulated
[64 2:StageCooker Resafa Single Zone CAY Sized Simulated
o P RPackage Untbelibe g Zone CAY Soed S
. Bu||'d|ngs. ‘ PackageUnitHesafa Single Zone CAY Siced Smulated
c8l PopotLivates - gre b ) bote Sige Zoe CAY Goed Sindled
3;;;“63 [ ok Resa Sigle Zoe CAY Sied Sinled
Kﬂ Rods zZ-StageEooIel Aborabe VAY VAV Sized Simulated
m \idsn z 2-5tageCooler Resafa VAY VAV Sized Simulated
ﬂ Doars zPackage Unit AboGrabe VAY VAV Sized Simulated
& Shades [602Package Unt Resafa Vv~ VA Sized Simulated
Chilers [@25piUnit Aboabe VY VA Sized Simulated
9 Cooling Tor z SpltUnit Resafa VAV VAY Sized Simulated
B Boles v
¢ > |4 )
Ready 0BS/2017 | 0145PM
Figure 4.7: Simulated Systems for the Spaces.
4.7 CASE STUDIES

VAV systems are typically designed to supply constant-temperature air at all

times. To conserve central plant energy, the temperature of supply air can be raised in

response to demand from the zone with the greatest load (load analyzer control).

However, because more cool air should be supplied to identify a given load, the

mechanical cooling energy is kept, may be offset by an increase in fan energy.
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Equipment operating efficiency should be studied closely before implementing
temperature reset in cooling-only VAV systems, as seen in Figure 4.8.

Outside, return, and exhaust air ventilation dampers are controlled by the flow
air temperature controller to provide free cooling as the first phase in the cooling
sequence. When outside air temperature rises to the point that it can no longer be used
for cooling, an outside air limit “economizer” control overrides the discharge controller
and moves ventilation dampers to the minimum ventilation position. An enthalpy
control system can substitute outside air limit control in some weathers, is shown in
Figure 4.9,4.10.

After the general wants of a building have been found and the building and
system subdivision has been made, the mechanical system and its control process can
be considered. Designing systems that keep energy requires information of (1) the
building, (2) its operative table, (3) the systems to be installed, and (4) ASHRAE
Standard 90.1. The essentials or basics that conserve energy are as follows:

e Run equipment only when needed. Schedule HVAC unit operation for occupied
periods. Turn on heat at night only to maintain indoor temperature between
13°C and 16°C to deny freezing. Start morning warm-up as late as possible to
achieve design internal temperature by occupancy time, considering residual
space temperature, outside temperature, and equipment capacity (optimum start
control).

e Calculate shutdown time so that space temperature does not drift out of the
selected comfort zone before occupancy ends.

e Under most extreme conditions, the equipment can be closed down some time
before the finish of occupation, comprising on interior and outer loads and space
temperature.

e Sequence heating and cooling do not supply heating and cooling simultaneously
unless it is requested for humidity control. Central fan systems should use cool
outside air in sequence between heating and cooling. Zoning and system
selection should eliminate, or at least minimize, simultaneous heating and
cooling. Also, humidification and dehumidification should not take place

concurrently.
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e Provide only the heating or cooling actually needed, reset the supply
temperature of hot and cold air.

e Supply heating and cooling from the most efficient source, by using free or low-
cost energy sources first, then higher-cost sources as necessary.

e Apply outside air control. When on minimum outside air, use no less than that
recommended by ASHRAE Standard 62.1. In areas where it is cost-effective,
use enthalpy rather than dry-bulb temperature to determine whether outside or

return air is the most energy-efficient air source for the cooling mode.

Figure 4.8: VAV Mechanism.
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Figure 4.9: VAV Section with Damper.

VELOCITY DAMPER OPEN RUBBER SEAL
FLOW GRID POSITION (ON EDGE OF DAMPER)

e | ot Y :
INTAE ey | e

Damper leakage exoeeds EN 1767 Class 3 OVAL DAMPER ACTUATOR CONTROLLER
Casing mmgfex‘ceoo: EN 1761 Class C (I” CLOSED POSITlON) (WITH NFC)

Figure 4.10: VAV Schematic with Actuator Controller.

The most common variable-airflow method is a closed-loop proportional-

with-integral (PI) control, using the pressure measured at a selected point in the

duct system. Most often, the set point is a constant, selected by the designer and

confirmed by the balancer during system commissioning. If the pressure loop

and flow loops are sufficiently decoupled, this is a solid, stable design.

However, this control strategy is based on the readings of a single sensor that is

assumed to represent the pressure available to all VAV boxes. Choosing duct

pressure sensor location can be difficult. Though widely used, this fixed-
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pressure design uses more energy than necessary, even when applied. The
Figures 4.11,4.12, are explaining the control system of VAV mechanism.

BUILDING PRESSUKE
4 CONTROL RETURN FAN CONTROL
| '

LOBBY -
—{F

i VSD
I

,_
o
o~ = 5

VINIMUM OUTDOOR SUPPLY FAN CONTROL
AIR CONTROL PR
M 77777 E vsob UMAFL rF L

o Ee)

Figure 4.11: Schematic of VAV Control System.

Reported energy savings, monitored over weeks or months, have ranged from
30 to 50% of fan energy used by the same system running with a constant-pressure set

point. All of these reset designs use data from terminal controllers to alter fan operation.

Most reset strategies use zone control data to adjust the set point of the duct
pressure control loop. This makes the location of the pressure sensor much less
important. In many cases, it makes the most sense to measure duct pressure near the fan

outlet.

63



Control System
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Figure 4.12: Layout of VAV Control System.
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48 RESULTS

The total energy consumption by the different systems and buildings are as follow
in Table 4.1 and Figure 4.13 for Abu Ghraib, Table 4.2 and Figure 4.14 for Rusafa.

Table 4.1: Total One-Year Energy Consumption in kWh for Abu Ghraib

450000

400000

350000

300000

250000

200000

150000

100000

50000

0

HVAC System Total Energy
Consumption in kWh
for one year

2 Stage Cooler CAV 408461
Package CAV 423236
Split CAV 412155
2 Stage Cooler VAV 282000
Package VAV 391397
Split VAV 371992

1

H 2s abo
M pack abo
M sipl
2s vav
M pack vav

M sipl vav

Figure 4.13: Total One-Year Energy Consumption in kwh for Abu Ghraib.
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Table 4.2: Total One-Year Energy Consumption in kwWh for Rusafa

HVAC system Total Energy
Consumption in kWh
for one year

2 Stage Cooler CAV 39070
Package CAV 48228
Split CAV 50402
2 Stage Cooler VAV 21050
Package VAV 39186
Split VAV 42783

60000

50000

40000 - s

M pack
30000  sipl

M 2s vav

M pack vav

20000
M sipl vav

10000

Figure 4.14: Total One-Year Energy Consumption in kWh for Rusafa.
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It can be seen from figures 4.13 and 4.14 that the aggregate vitality utilization

was diminished with around (10%-15%) for the split and package unit systems by

utilizing the VAV control. For the used IDEC system, the energy consumption may be

reduced within (30%-40%) since the main energy is the fan energy and no compressors

are used in this system.

For the structures used, its seen that using the IDEC may decrease the consumed

control fundamentally together with the VAV control we may reduce the

imperativeness 30%-50% diverging from various frameworks. This is a considerable

amount that drops the attention to this system even if its initial cost is high.

The Monthly energy consumption for CAV for Abu Ghraib, can be seen in

Tables 4.3,4.4,4.5.

Table 4.3: Energy Consumption for 2 stage cooler CAV of Abu Ghraib

Central Central
V. Unilt Clg Heating Supply Fan Lighting Total
nput] Coil Input
(kWh) (kWh) (kWh) (kwh)l  (kWh)
January 0 682 18944 15624 35250
February 0 386 17110 14112 31608
March 0 0 18944 15624 34568
April 1 0 18333 15120 33454
May 3 0 18944 15624 34571
June 4 0 18333 15120 33457
July 4 0 18944 15624 34572
August 4 0 18944 15624 34572
Septembe
] 3 0 18333 15120 33456
October 2 0 18944 15624 34570
November 0 0 18333 15120 33453
December 0 362 18944 15624 34930
Total 21 1430 223048 183960 408461
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Table 4.4: Energy Consumption for Package CAV of Abu Ghraib

Central Central
Unit Clg Heating] Supply Fan Lighting Total
Month Input] Coil Input
(kWh) (kwWh) (kWh) (kWh) (kWh)
January 0 4209 11506 15624 31339
February 0 2893 10392 14112 27397
March 0 55 11506 15624 27185
April 6221 0] 11135 15120 32476
May 11715 0] 11506 15624 38845
June 15790 0] 11135 15120 42045
July 18819 0 11506 15624 45949
August 18447 0] 11506 15624 45577
Septembe
r 14042 0] 11135 15120 40297
October 8534 0 11506 15624 35664
November 0 0] 11135 15120 26255
December 0] 3077 11506 15624 30207
Total 93568 10235 135472 183960 423236
Table 4.5: Energy Consumption for Split CAV of Abu Ghraib
Central Central
Unit Clg Heating|Supply Fan Lighting Total
Month Input] Coil Input
(kWh) (kWh) (kWh) (kWh) (kWh)
January 0] 8747 5753 15624 30124
February 0] 6325 5196 14112 25633
March 0] 676 5753 15624 22053
April 8582 0 5567 15120 29269
May 17107 0] 5753 15624 38484
June 23503 0] 5567 15120 44190
July 28194 0] 5753 15624 49571
August 27603 0 5753 15624 48980
Septembe
r 20757 0] 5567 15120 41444
October 12140 o 5753 15624 33517
November 0] 0] 5567 15120 20687
December 0] 6826 5753 15624 28203
Total 137886 22574 67736 183960 412155
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Figure 4.15: CAV Systems, Monthly Consumptions in kwh for Abu Ghraib.

As it is seen in Figures 4.15 & 4.16, the energy consumption is low during the
first and fourth quarter of the year, this is because Iraq climatic conditions in Winter is
moderate, and sometimes heating is not required at all when the internal load is high or
it is crowded. On the other hand, the main load occurs in summer, which is one of the

most sever climate on the world.

For the big building Two-speed fan was used with the IDEC system low that is
used in low load season and high use with high load season.
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The Monthly Energy Consumption for CAV for Rusafa, can be seen in Tables

4.6,4.7,4.8.

Table 4.6: Energy Consumption for 2 Stage Cooler CAV of Rusafa

Central Central
V—, Unil';]CIg Heating Supply Fan Lighting Total
put] Coil Input
(kwh) (kwh) (kwh) (kwh)] (kwh)
January 0 1910 2263 714 4887
February 0 933 2044 645 3622
March 0 12 2263 714 2989
April 1 0 2190 691 2882
May 3 0 2263 714 2980
June 3 0 2190 691 2884
July 4 0 2263 714 2981
August 4 0 2263 714 2981
Septembe
; 3 0 2190 691 2884
October 2 0 2263 714 2979
November 0 0 2190 691 2881
December 0 1143 2263 714 4120
Total 21 3998 26645 8407 39070
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Table 4.7: Energy Consumption for Package CAV of Rusafa

Central Central
i UniI;CIg I—_Ieating Supply Fan Lighting Total
put] Coil Input
(kWh) (kWh) (kwWh) (kwWh) (kWh)
January (0] 2780 1374 714 4868
February (0] 1592 1241 645 3478
March 0] 355 1374 714 2443
April 1201 0] 1330 691 3222
May 2337 (0] 1374 714 4425
June 3152 (0] 1330 691 5173
July 3765 0] 1374 714 5853
August 3701 (0] 1374 714 5789
Septembe
r 2815 (0] 1330 691 4836
October 0] 0] 1374 714 2088
November o 44 1330 691 2065
December o 1900 1374 714 3988
Total 16971 6671 16179 8407 48228
Table 4.8: Energy Consumption for Split CAV of Rusafa
Central Central
S Uni;qCIg Heating Supply Fan Lighting Total
put] Coil Input
(kwWh) (kWh) (kWh) (kWh) (kWh)
January (0] 3469 687 714 4870
February o 2102 621 645 3368
March (0] 681 687 714 2082
April 1524 0] 665 691 2880
May 3099 0] 687 714 4500
June 4239 0] 665 691 5595
July 5086 0] 687 714 6487
August 4997 0] 687 714 6398
Septembe
r 3767 0] 665 691 5123
October 2213 o 687 714 3614
November 0] 233 665 691 1589
December o 2495 687 714 3896
Total 24925 8980 8090 8407 50402
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Figure 4.16: CAV Monthly Consumption in kWh for Rusafa.

It is seen that the Split Unit is the highest power consumption system in the high

season. IDEC system is the lowest power consumption system among all systems.

The Monthly Energy Consumption for VAV for Abu Ghraib, can be seen in
Tables 4.9,4.10,4.11.
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Table 4.9: Energy Consumption for 2 Stage Cooler VAV of Abu Ghraib

Centrall Terminal
Unit Clg Heating]Supply Fan Lighting Total
Month Input] Coil Input
(kWh) (kWh) (kWh) (kWh) (kWh)
January 0] 5031 4413 15624 25068
February 0] 291 3986 14112 18389
March 0 0] 5096 15624 20720
April 1 0 6961 15120 22082
May 3 0] 9349 15624 24976
June 4 0] 10772 15120 25896
July 4 0] 11920 15624 27548
August 4 0] 11715 15624 27343
rseptem be 3 0 9937 15120 25060
October 2 0] 7975 15624 23601
November o 0 5269 15120 20389
December 0] 888 4416 15624 20928
Total 95202 6210 91808 183960 282000

Table 4.10: Energy Consumption for Package VAV of Abu Ghraib

Central Terminal
Unit Clg Heating|Supply Fan Lighting Total
Month Input] Coil Input
(kwh) (kwh) (kWh) (kwh) (kwh)
January 739 5573 2863 15624 24799
February 1047 478 2586 14112 18223
March 3027 (0] 3165 15624 21816
April 9461 (0] 4243 15120 28824
May 16885 (0] 5739 15624 38248
June 22287 (0] 6663 15120 44070
July 26150 (0] 7390 15624 49164
August 25880 (0] 7259 15624 48763
Septembe
r 19898 (0] 6131 15120 41149
October 12291 (0] 4873 15624 32788
November 4164 (0] 3234 15120 22518
December 1224 1323 2864 15624 21035
Total 143053 7375 57011 183960 391397

73




Table 4.11: Energy Consumption for Split VAV of Abu Ghraib

Central] Terminal
Unit Clg Heating|Supply Fan Lighting Total
Month .
Input| Coil Input
(kWh) (kWh) (kWh) (kWh) (kwh)
January 720 5573 1432 15624 23349
February 1026 478 1293 14112 16909
March 3063 0] 1583 15624 20270
April 9828 0] 2122 15120 27070
May 17806 0] 2869 15624 36299
June 23687 0] 3331 15120 42138
July 28524 (0] 3695 15624 47843
August 28130 0] 3630 15624 47384
Septembe
) 21089 0] 3065 15120 39274
October 12840 0 2436 15624 30900
November 4242 (0] 1617 15120 20979
December 1198 1323 1432 15624 19577
Total 152153 7375 28505 183960 371992
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Figure 4.17: VAV Monthly Consumption in kWh for Abu Ghraib.
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The Monthly Energy Consumption for VAV for Rusafa, can be seen in Tables

4.12,4.13,4.14.

Table 4.12: Energy Consumption for 2 Stage Cooler VAV of Rusafa

Central Terminal
Unit Clg Heating | Supply Fan Lighting Total
Month Input] Coil Input
(kwWh) (kWh) (kWh) (kwh) (kwh)
January 1 52 624 714 1391
February 1 2 585 645 1233
March 1 (0] 775 714 1490
April 2 (0] 982 691 1675
May 3 (0] 1259 714 1976
June 4 (0] 1419 691 2114
July 5 (0] 1552 714 2271
August 5 (0] 1528 714 2247
Septembe
. 4 (0] 1323 691 2018
October 3 (0] 1095 714 1812
November 0] 781 691 1473
December 1 4 631 714 1350
Total 31 58 12554 8407 21050
Table 4.13: Energy Consumption for Package VAV of Rusafa
Central Terminal
. Unilt Clg Heating Supply Fan Lighting Total
nput] Coil Input
(kwh) (kwh) (kwh) (kwh) (kwh)
January 170 604 436 714 1924
February 247 102 394 645 1388
March 597 0] 483 714 1794
April 1552 o 602 691 2845
M ay 2533 6] 779 714 4026
June 3220 o 881 691 4792
July 3877 0] 967 714 5558
August 3855 6] 951 714 5520
Septembe
. 2930 o 820 691 4441
October 1900 672 714 3286
November 792 481 691 1964
December 290 208 436 714 1648
Total 21963 914 7902 8407 39186
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Table 4.14: Energy Consumption for Split VAV of Rusafa

Central Terminal
Unit Clg Heating|Supply Fan Lighting Total
Month Input] Coil Input
(kWh) (kWh) (kWh) (kWh) (kWh)
January 221 604 218 714 1757
February 323 102 197 645 1267
March 788 0 242 714 1744
April 2073 0 301 691 3065
May 3404 0 389 714 4507
June 4337 0 441 691 5469
July 5238 0] 483 714 6435
August 5208 0] 475 714 6397
Septembe
) P 3945 0 410 691 5046
October 2543 0 336 714 3593
November 1051 0 241 691 1983
December 380 208 218 714 1520
Total 29511 914 3951 8407 42783
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Figure 4.18: VAV Monthly Consumption in kWh for Rusafa.




Figures 4.17 & 4.18, show the Monthly consumption using variable air volume
strategy. Again, the same results but with lower values for all systems. It can be seen
that the IDEC with VAV control strategy shows much better results. It is also seen that
in a big building where large air volume is needed split unit gives similar results to the

package unit.

The reduction in power consumption can be seen very clearly using the VAV
strategy with IDEC system and since the air flow varies with load the annual

consumption was reduced more than the monthly consumption.

On the following Figures,4.19,4.20 CAV & VAV were shown together for each
system and for each building this may show the benefit of using the VAV system and
how much reduction on energy it will cause. From these figures, it is shown that using
VAV strategy will reduce the energy considerably for the IDEC system while in other
systems the reduction was not high by reducing the air volume only as compared with
IDEC.

It can be seen that the power at winter on CAV is higher than expected especially
for the small building Rusafa, this happened because of high air volume that was
calculated to overcome the cooling load in summer. This high air volume required more

heating to keep the air at the required temperature.
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Figure 4.19: Energy Consumption Between CAV & VAV in kWh for
2stage, package, spilt for Abu Ghraib.
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Figure 4.20: Energy Consumption Between CAV & VAV in kWh for
2stage, package, spilt for Rusafa.

==@==7s rasafa

7000

6000

5000

4000

3000

2000

1000

==@==sip| vav

==@==pack
=@=pack vav
N S & & 2 &
N N
R P I S
w Q,@ ° er, &
53 < Q



_ocation: Baghdad, Iraq
Altitude: 33.8 m.
Jata for: July DESIGN COOLING DAY, 1700

H H H . H H H H 0.02(
:: utd8orA|r : : : : : : : il
ig,,%g fo%qouo@ﬂet oSS S i ] 0.01E
et P e
i 4 2
N B a5 i s S S S S
= N N B¢ P i "M W W W
e I S ) G i I cay s b 1-0.0 8
e s N e T
s W A sl Vil A a8
i i 0 £ 5 D A T s AT S T L s S5 10008
- e T L 2 -
t " """"" """""" """ }_0.004
_‘ """" """ ) """ %*0002
T o 000

Temberature ( °C )

Figure 4.21: Psychometric Chart for The Hottest Day.

The above chart in Figure 4.21, is the Psychometric chart for the hottest day
which shows the conditions of each point of the conditioned space, from which we can

know the temperature energy change of the supplied air, where:

Outdoor temperature.
Mixed Air.

Cooling Coil Outlet.
Supply Fan Outlet.
Room Air.

arONE

On this well-known chart the horizontal axis represents the dry bulb
temperature the curved lines represent the humidity percentage, the vertical axis
represents the water content. From this chart we can understand the cooling or heating
process on air and how the properties are changed on each part of the system, for more
information about Psychometric chart we can see in Figure 3.10 / chapter three.
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Figure 4.22: Hourly Air System Design Day Loads at July for Abu Ghraib.
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Figure 4.23: Hourly Air System Design Day Loads at January for Abu
Ghraib.
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Figure 4.25: Hourly Air System Design Day Loads at January for Rusafa.
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It can be seen from the above the charts in Figures 4.22,4.23,4.24,4.25, that show

how much the fluctuation of energy consumption occur through the day. This
fluctuation may be utilized to reduce the consumption by many ways, one of the most



effective ways is to change the air flow with the load. This is known as Variable Air
Volume (VAV) so the fan power may be reduced and this may affect the power

consumption rapidly.

We should calculate the incremental in power consumption in every kind of
systems, the calculate the selling price and cost price to see the value of the benefit for
each system as a statistic. From the total energy the software HAP can calculate the
cost of the power according to the billing prices, it also can calculate complex billing
charges depending on demand, categories, consumption, season, or even all. We have
put the cost of governmental consumption on the software as shown in Tables
4.15,4.16,4.17,4.18,4.19,4.20, Figure 4.26, for Abu Ghraib, this was as per latest

Ministry of Electricity billing criteria, which was as follow:

From 1-5000 kwh cost (125) 1QD that is (0.1) USD

From 5001-10000 kwh cost (150) I1QD that is (0.12) USD
From 10001-20000 kwh cost (175) 1QD that is (0.14) USD
From 20001-40000 kwh cost (200) 1QD that is (0.16) USD
Above 40001 kwh cost (225) 1QD that is (0.18) USD.

Table 4.15: Total Billing Price of 2 Stage Cooler CAV in Abu Ghraib

antral Cent.ral ' ' Avg Unit 'Ifo'tal

VR Unit Clg Heatlng Supply Fan Lighting Total Price Blll.lng

Input] Coil Input Price

(kWh) (kWh) (kWh) (kWh)] (kwh) UsSD $ USD $
January (0] 682 10000 15624 26306 0.11 1100
February (0] 386 10000 15624 26010 0.11 1100
March (0] 0 10000 15624 25624 0.11 1100
April 1 0 18333 15624 33958 0.1307 4916
May 3 0 18944 15624 34571 0.1317 5117
June 4 0 18333 15120 33457 0.1307 4916
July 4 0 18944 15624 34572 0.1317 5117
August 4 0 18944 15624 34572 0.1317 5117
rse ptembe 3 0 18333 15624 33960 0.1307 4916
October 2 0 18944 15624 34570 0.1317 5117
November 0 0 10000 15624 25624 0.11 1100
December 362 10000 15624 25986 0.11 1100
Total 21 1430 180775 186984 369210 40716
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Table 4.16: Total Billing Price of Package CAV in Abu Ghraib

antral Cent.ral o Avg Unit 'Ijoltal

— Unit Clg Heatlng Supply Fan Lighting Total Price B|II.|ng

Input] Coil Input Price

(kWh) (kWh) (kWh) (kwh)]  (kwh) usD $ UsD $
January 0 4209 11506 15624 31339 0.1273 3,998
February 0 2893 10392 14112 27397 0.1254 3,445
March 0 55 11506 15624 27185 0.1253 3,416
April 6221 0 11135 15120 32476 0.1277 4,157
May 11715 0 11506 15624 38845 0.1317 5,127
June 15790 0 11135 15120 42045 0.1339 5,639
July 18819 0 11506 15624 45949 0.1361 6,264
August 18447 0 11506 15624 45577 0.1359 6,204

Septembe
g 14042 0 11135 15120 40297 0.1328 5,359
October 8534 0 11506 15624 35664 0.1292 4,618
November 0 55 11135 15120 26310 0.1248 3,286
December 0 3077 11506 15624 30207 0.1268 3,839
Total 93568 10235 135472 183960 423291 0.1305 55352
Table 4.17: Total Billing Price of Split CAV in Abu Ghraib

Central Central . Total

Unit Clg Heating]Supply Fan Lighting Total Avg.Unlt Billing

Month Input] Coil Input Price Price

(kWh) (kWh) (kWh) (kwh)]  (kWh) uUsD $ usD $
January 0 8747 5753 15624 30124 0.1268 3,828
February 0 6325 5196 14112 25633 0.1244 3,198
March 0 676 5753 15624 22053 0.1219 2,698
April 8582 0 5567 15120 29269 0.1264 3,708
May 17107 0 5753 15624 38484 0.1315 5,069
June 23503 0 5567 15120 44190 0.1351 5,982
July 28194 0 5753 15624 49571 0.1378 6,843
August 27603 0 5753 15624 48980 0.1376 6,749

Septembe

) 20757 0 5567 15120 41444 0.1335 5,543
October 12140 0 5753 15624 33517 0.1281 4,303
November 0 676 5567 15120 21363 0.1207 2,506
December 0 6826 5753 15624 28203 0.1259 3,559
Total 137886 22574 67736 183960 412831 53986
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Table 4.18: Total Billing Price of 2Stage Cooler VAV in Abu Ghraib

Central] Terminal . Total

Unit Clg Heating|Supply Fan Lighting Total Avg.Unlt Billing

Month Input] Coil Input Price Price

(kWh) (kWh) (kWh) (kwh)]  (kwh) USD $ UsD $
January 0 5031 4413 15624 25068 0.1254 3,431
February 0 291 3986 14112 18389 0.1195 2,326
March 0 0 5096 15624 20720 0.1217 2,664
April 1 0 6961 15120 22082 0.1231 2,913
May 3 0 9349 15624 24976 0.1252 3,386
June 4 0 10772 15120 25896 0.1258 3,549
July 4 0 11920 15624 27548 0.1267 3,812
August 4 0 11715 15624 27343 0.1266 3,778
rseptem be 3 0 9937 15120 25060  0.1253 3,411
October 2 0 7975 15624 23601 0.1243 3,156
November 0 0 5269 15120 20389 0.1215 2,625
December 0 888 4416 15624 20928 0.122 2,716
Total 95202 6210 91808 183960 282000 0.1242 37767

Table 4.19: Total Billing Price of Package VAV in Abu Ghraib

antral Termi'nal o Avg Unit 'Ijo.tal

N, Unit Clg Heatlng Supply Fan] Lighting Total Price B||I.|ng

Input] Coil Input Price

(kWh) (kWh) (kWh) (kWh)| (kWh) UsD $ UsD $
January 739 5573 2863 15624 24799 0.1239 3,082
February 1047 478 2586 14112 18223 0.1181 2,161
March 3027 0 3165 15624 21816 0.1217 2,665
April 9461 0 4243 15120 28824 0.1262 3,645
May 16885 0 5739 15624 38248 0.1313 5,031
June 22287 0 6663 15120 44070 0.1351 5,963
July 26150 0 7390 15624 49164 0.1377 6,778
August 25880 0 7259 15624 48763 0.1375 6,714

Septembe

) 19898 0 6131 15120 41149 0.1333 5,495
October 12291 0 4873 15624 32788 0.1278 4,201
November 4164 0 3234 15120 22518 0.1223 2,763
December 1224 1323 2864 15624 21035 0.1211 2,555
Total 143053 7375 57011 183960 391397 51053
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Table 4.20: Total Billing Price of Split VAV in Abu Ghraib

Central] Terminal . Total

Unit Clg Heating|Supply Fan Lighting Total Avg.Unlt Billing

Month Input] Coil Input Price Price

(kWh) (kWh) (kWh) (kWh)| (kWh) UsD $ USD $
January 720 5573 1432 15624 23349 0.1229 2,879
February 1026 478 1293 14112 16909 0.1164 1,977
March 3063 0 1583 15624 20270 0.1203 2,448
April 9828 0 2122 15120 27070 0.1253 3,400
May 17806 0 2869 15624 36299 0.1298 4,720
June 23687 0 3331 15120 42138 0.1339 5,654
July 28524 0 3695 15624 47843 0.137 6,567
August 28130 0 3630 15624 47384 0.1368 6,493

Septembe

) 21089 0 3065 15120 39274 0.132 5,195
October 12840 0 2436 15624 30900 0.1271 3,936
November 4242 0 1617 15120 20979 0.121 2,547
December 1198 1323 1432 15624 19577 0.1196 2,351
Total 152153 7375 28505 183960 371992 48167

The following values for cost were obtained in Tables

4.21,4.22,4.23,4.24,4.25,4.26, Figure 4.27, for Rusafa, these charts tend just like

energy but the cost will increase if the building was bigger and consumption was more.
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Table 4.21: Total

Billing Price of 2 Stage Cooler CAV in Rusafa

Central Central . Total
. . . . Avg Unit e
Unit Clg Heating|Supply Fan Lighting Total . Billing
Month . Price )
Input] Coil Input Price
(kWh) (kwh) (kWh) (kwh)]  (kWh) UsD $ UsD $
January 0 1910 2263 714 4887 0.1 488.7
February 0 933 2044 645 3622 0.1 362.2
March 0 12 2263 714 2989 0.1 298.9
April 1 0 2190 691 2882 0.1 288.2
May 3 0 2263 714 2980 0.1 298
June 3 0 2190 691 2884 0.1 288.4
July 4 0 2263 714 2981 0.1 298.1
August 4 0 2263 714 2981 0.1 298.1
Septembe
] 3 0 2190 691 2884 0.1 288.4
October 0 2263 714 2979 0.1 297.9
November 0 0 2190 691 2881 0.1 288.1
December 0 1143 2263 714 4120 0.1 412
Total 21 3998 26645 8407 39070 3907
Table 4.22: Total Billing Price of Package CAV in Rusafa
Central Central . Total
. . L Avg Unit o
Unit Clg Heating|Supply Fan] Lighting Total . Billing
Month . Price .
Input| Coil Input Price
(kWh) (kwh) (kwh) (kwh)]  (kWh) UsD $ USD $
January 0 2780 1374 714 4868 0.1 486.8
February 0 1592 1241 645 3478 0.1 347.8
March 0 355 1374 714 2443 0.1 244.3
April 1201 0 1330 691 3222 0.1 322.2
May 2337 0 1374 714 4425 0.1 442.5
June 3152 0 1330 691 5173 0.1 517.3
July 3765 0 1374 714 5853 0.1 585.3
August 3701 0 1374 714 5789 0.1 578.9
Septembe
) 2815 0 1330 691 4836 0.1 483.6
October 0 0 1374 714 2088 0.1 208.8
November 0 44 1330 691 2065 0.1 206.5
December 0 1900 1374 714 3988 0.1 398.8
Total 16971 6671 16179 8407 48228 4822.8
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Table 4.23: Total Billing Price of Split CAV in Rusafa

Ce.ntral Cent.ral o Avg Unit 'Ijo.tal

— Unit Clg Heatlng Supply Fan Lighting Total Price BI||.Ing

Input] Coil Input Price

(kwh) (kwh) (kWh) (kwh)] (kwh) usD $ UsD $
January 0 3469 687 714 4870 0.1 487
February 0 2102 621 645 3368 0.1 336.8
March 0 681 687 714 2082 0.1 208.2
April 1524 0 665 691 2880 0.1 288
May 3099 0 687 714 4500 0.1 450
June 4239 0 665 691 5595 0.1 559.5
July 5086 0 687 714 6487 0.1 648.7
August 4997 0 687 714 6398 0.1 639.8

Septembe
| 3767 0 665 691 5123 0.1 512.3
October 2213 0 687 714 3614 0.1 361.4
November 0 233 665 691 1589 0.1 158.9
December 0 2495 687 714 3896 0.1 389.6
Total 24925 8980 8090 8407 50402 5040.2
Table 4.24: Total Billing Price of 2 Stage Cooler VAV in Rusafa

Ce_ntral Termi.nal o Avg Unit To_tal

N— Unit Clg Heatmg Supply Fan Lighting Total Price BI||.Ing

Input] Coil Input Price

(kwh) (kwh) (kWh) (kwh)| (kWh) usD $ UsD $
January 1 52 624 714 1391 0.1 139.1
February 1 2 585 645 1233 0.1 123.3
March 1 0 775 714 1490 0.1 149
April 2 0 982 691 1675 0.1 167.5
May 3 0 1259 714 1976 0.1 197.6
June 4 0 1419 691 2114 0.1 211.4
July 5 0 1552 714 2271 0.1 227.1
August 5 0 1528 714 2247 0.1 224.7
rSeptem be 4 0 1323 691 2018 0.1 201.8
October 3 0 1095 714 1812 0.1 181.2
November 1 0 781 691 1473 0.1 147.3
December 1 4 631 714 1350 0.1 135
Total 31 58 12554 8407 21050 2105
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Table 4.25: Total Billing Price of Package VAV in Rusafa

Ce_ntral Termi.nal o Avg Unit 'Ifo_tal

—. Unit Clg Heatmg Supply Fan Lighting Total Price BI||.Ing

Input] Coil Input Price

(kWh) (kWh) (kWh) (kwh)]  (kwh) UsD $ USD $
January 170 604 436 714 1924 0.1 192.4
February 247 102 394 645 1388 0.1 138.8
March 597 0 483 714 1794 0.1 179.4
April 1552 0 602 691 2845 0.1 284.5
May 2533 0 779 714 4026 0.1 402.6
June 3220 0 881 691 4792 0.1 479.2
July 3877 0 967 714 5558 0.1 555.8
August 3855 0 951 714 5520 0.1 552
feptem be 2030 0 820 691 4441 0.1 444.1
October 1900 0 672 714 3286 0.1 328.6
November 792 0 481 691 1964 0.1 196.4
December 290 208 436 714 1648 0.1 164.8
Total 21963 914 7902 8407 39186 3918.6

Table 4.26: Total Billing Price of Split VAV in Rusafa

antral Termi.nal o Avg Unit ToFal

N Unit Clg Heatmg Supply Fan] Lighting Total Price B|II.|ng

Input] Coil Input Price

(kwh) (kWh) (kwh) (kwh)]  (kWh) USD $ UsD $
January 221 604 218 714 1757 0.1 175.7
February 323 102 197 645 1267 0.1 126.7
March 788 0 242 714 1744 0.1 174.4
April 2073 0 301 691 3065 0.1 306.5
May 3404 0 389 714 4507 0.1 450.7
June 4337 0 441 691 5469 0.1 546.9
July 5238 0 483 714 6435 0.1 643.5
August 5208 0 475 714 6397 0.1 639.7
rseptem be 3045 0 410 691 5046 0.1 504.6
October 2543 0 336 714 3593 0.1 359.3
November 1051 0 241 691 1983 0.1 198.3
December 380 208 218 714 1520 0.1 152
Total 29511 914 3951 8407 42783 4278.3
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Figure 4.27: Total Cost for Rusafa HVAC Systems in USD $

Detail results may be found on annexures that show the simulation results obtained
from the HAP program.
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49 SUMMERY & DISCUSSION

From the previous sections, it has seen that:

- Split units are the highest energy demand on all cases. If we connect this with the
fact that the largely used Split systems are with no fresh air at all, and crowded places
need more fresh air. This will increase the energy consumption even more, plus the
presence of the indoor units inside the building of the prison, which represent more
challenges. We may say that this system is the worst choice to be used in cell halls.
Providing that it should never be used with any patient halls without the required filters
and fresh air as per standards.

- For package units it is the first choice a designer may think of. This system is
good especially for medium buildings (very large systems will use chilled water AHU
for each zone). Although, the ducting system will be larger. That means more energy
is needed to supply the required air. However, compacted one place equipment is much
more efficient and the total energy will be less in most cases than the split unit. When
the load is minimum and the unit is working then the energy will represent the air
supply and it will be less efficient for constant air volume. Since the difference between
these systems is the supplying air energy then the use of Variable air system will reduce
the energy for supplying air at less demand points. This will give an advantage for the

package units over the split units regarding the energy consumption.

- For the 2 Stage (one media) Direct Indirect Evaporative coolers IDEC, energy is
consumed due to air supply manly, all other accessories like pumps, dampers, etc. do
not represent any important figure comparing with large air quantities required for
keeping the indoor conditions same as other systems. Although, air quantity will be
some times as large as three times other systems required but the absence of the
compressor will give the advantage for this systems especially on high season. Again
since we are talking about air supply the it is seen that using variable air volume will
decrease the required energy dramatically and it is shown that the total yearly energy

consumption can be reduced as low as 40% of any other system.

- Keeping on mined that the IDEC will utilize totally natural air this will be ideal for

patient prisons, doctor's facilities, therapeutic focuses, and swarmed jail, cell halls.
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CHAPTER FIVE

Conclusions and Suggestion for Future Works

5.1 Conclusions

The studies in this thesis are mainly focused on a protocol of the reduction of energy

in HVAC systems in prisons halls in Iraq, the following conclusions are reached during

this investigation:

1.
2.

Using VAV system is recommended since it can reduce energy considerably.
Changing to new efficient systems like IDEC coolers rather than the classic
systems should be considered, when possible, and may provide a huge reduction
on energy that can reach to about 50% or even more.

Using modern control and operating systems is recommended and will control the
environment and reduce energy.

In some cases, rooms can be conditioned using out door air only without using any
cooling or heating equipment, like execution platform.

Connecting the ventilation with conditioning system will by more efficient and
controllable than using a separate system for ventilation.

For large facilities, split small units should be avoided and one central unit should
be used instead.

To reduce the power and keep a good performance a reputable engineering
company should be consultant to select the suitable efficient system.

5.2 Future Works Can Be Carried Out On the Following Issues

1.

The effect of installing a Building Energy Management System (BMS or BEMS),
which offers close control and monitoring of building services performance,
including Heating, Ventilation and Air Conditioning. Displayed on a computer
screen in real time and allowing system performance to be monitored and settings

to be changed quickly and easily, so called smart prisons, can be studied.
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. Ventilation VAV control depending on indoor environment can be introduced

to the system and the energy reduction due to it may be involved.

Hybrid systems using solar cells, sun heater, etc. can be studied and further

energy consumption reduction may be provided.

The effect of new building materials and new architecture designs may be

studied, since it may offer a good reduction on the conditioning energy.
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