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Summary

The objectives of the present work is to design, fabricate and test a
ventilation system powered by a solar absorption cooling system under
Mid-lrag climate conditions (Hilla city) with (32.4°latitude, 44.4°
longitude) to ventilate an insulated office room using displacement
ventilation. Moreover, a mathematical model has been developed for the
solar collector loop and the solar absorption system loop, as well as

simulating the tested ventilated room.

The solar absorption system consists of a parabolic trough solar
collector (PTSC), storage tank, hot water pump, generator, condenser, two
capillary tubes, evaporator, absorber, chemical water pump and heat
exchanger. The ventilated office room has dimensions of (2 x 2 x 2.5m
height) and is made of sandwich panel with thermal conductivity of 0.14
W/m.°C and contains a thermal manikin with a total heat of 75 W, a
computer with heat of 45W and lamp of 15W. There is a window in the
north wall of the cooled room with a maximum heat gain of 31.26 W. The
infiltration of the tested room is 0.5/h with total heat gain of 47.43W. The
total required cooling load for the insulated office room is 300W. The

(PTSC) collector has an aperture area of 2m?,

Acetone-water pair is used as a refrigerant-absorbent pair with
solution mass of (12 kg). Three concentrations of acetone have been used
in the present study which are (40%), (50%) and (60%) by mass.

The displacement ventilation has been performed by using a
diffuser with dimensions of (0.3m width and 0.24m height) and velocity of
supplied air of 0.3 m/s with volumetric air flow rate of 0.022 m?s. The
supplied air to the evaporator is a mixture of 90% recirculated air from the

room exit and 10% from the outdoor as a fresh air. The experimental work



was performed in the duration between May and July 2021 for the time
between 9:00 AM and 3:00 PM, in outdoor weather conditions.

Two poles are used to measure the local temperature inside the
cooled room. The first pole is located at (X=1m and Z=1m) at the line of
diffuser and the person while the second pole is located at (X=1.25m and

Z=1.5m) near the person.

The theoretical work has been performed by using three software's.
The mathematical modelling of the absorption system was performed by
using Engineering Equations Solver (EES software) by using energy and
exergy balance for all the components of solar absorption system.
Statistical Product and Service Solutions (SPSS software) was used to
formulate a relationship between the mass of acetone vapor, generator
temperature and the concentration of acetone in the solution. While the
AirPak 3.0.16 software is used to simulate the cooled room using RNG K-
¢ model. The mesh of (1427500) nodes has been selected because it gave

an accepted result.

The experimental results showed that, the maximum recorded
required radiation was at 28-June of 2021 at (12:00 PM) with a value of
846 W/m? and maximum useful power, receiver surface temperature,
storage temperature, generator temperature and collector efficiency of
1157W, 87.1°C, 78.5 °C, 81.2 oC and 73.1% values respectively. The best
results for solar absorption system were obtained at 7-July at acetone
concentration of 60%. These results included air temperature difference
across the evaporator, cooling effect, coefficient of performance,
temperature of supplied air, overall coefficient of performance and daily
efficiency with values of 14.1 °C, 356 W, 0.76, 27.5 °C, 0.2174 and 48.56%
respectively. Moreover, the minimum measured temperature inside the
tested room for that day is (34.4 °C) at floor level and time of (11:00 AM)



while the minimum temperature at (28-June) at same time and location is
(36.2 °C); however, the minimum temperature at breathing level is at
concentration of (60%) at (28-June) with value of (35.6 °C) at time of
(11:00 PM).

The best predicted results of the collector loop were obtained at 21-
July with values for solar radiation, useful power, receiver surface
temperature, generator temperature and collector efficiency of 1126 W/m?,
1585 W, 96.32°C, 91°C and 79.2% respectively. The theoretical results for
solar absorption system for 21-July at 01:00 PM and acetone concentration
of 60% showed that, the air temperature difference across the evaporator,
cooling effect, coefficient of performance, temperature of supplied air,
daily coefficient of performance and overall coefficient of performance
of 17.98 °C, 470 W, 0.4552, 13.22 °C 0.3387 and 0.2218 respectively.
Moreover, the exergy destruction results for 21-July at 01:00 PM show
that, the exergy destruction for collector, storage tank, generator,
condenser, vapor throttling valve, evaporator, absorber, heat exchanger and
solution throttling valve are (1358, 240, 663,135, 30, 116,517,675 and 769
W) respectively. The theoretical results for the cooled room showed that,
the maximum values for air diffusion performance index(ADPI) and
thermal ventilation effectiveness (&) are at temperature of supplied air of
20 °C (temperature of design) with values of 70.92% and 1.402.

The comparison between theoretical and experimental results has
been performed for 7-July by considering the heat gains from outside. The
results showed an accepted agreement between the experimental and

theoretical work at considering the outside heat gain.
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Nomenclature

Symbol | Description Unit

A Collector area m?

As the floor area of room m?

AM Air mass

C Optical concentration ratio

CLTD | Cooling load temperature difference °C

Cp Specific heat J/kg.°C

EDT effective draft temperature °C

f Darcy friction factor

Gr Grashof number

h Convection heat transfer coefficient W/m?.°C

hg Latent heat of evaporation kJ/kg

HX Heat exchanger effectiveness e

lgir Direct normal beam radiation Wim?

Kk Thermal conductivity W/m.°C

L Shell height m

Lq Thermal developing length m

m Mass kg

Nu Nusselt number

P pressure N/m?

Pr Prandtl number

0 Heat transfer rate W

ex The heat gain from walls W

qi ceiling lighting heat source load w

Goe low level internal heat sources load W

Ra Rayleigh number

Re Reynolds number

S Solar irradiation W/m?

Sincigent | direct normal incident solar irradiation W/m?
per unit area

T temperature °C

U Total heat transfer coefficient. W/m?.°C

U Overall heat transfer coefficient W/m?.°C

Ux Velocity of supplied air in x-direction m/s

V Volume m?3

Vv Volumetric flowrate m/s

Ving Infiltration volumetric flow rate m?3/s

W, Input power for pump W

X Acetone concentration %




Greek Letters

Symbol | Description Unit
a Solar Elevation degree
Oy Absorptivity of receiver
B Tilt Angle degree
Vs Solar Azimuth Angle degree
o Solar Declination Angle degree
AT Temperature difference °C
AT Temperature difference from head to foot | °C
level
€, Absorber tube emissivity
& Effectiveness of contaminant removal
€g Glass envelope emissivity
&t Thermal ventilation effectiveness
C Thermal efficiency of collector
M Efficiency
Nex exergy efficiency
TNsec Second law effeciency
0 Angle of incidence degree
0, Zenith Angle degree
A Circulation ratio
v Dynamic viscosity kg/m.s
it Turbulent viscosity N.s/m?
P Density kg/m?®
o Stefan-Boltzmann constant W/m?2 K*
OpTSC Effective transmissivity of PTSC
T Time S
Tcover Transmissivity of glass cover
) Latitude Angle degree
\ Ratio of obtained cooling effect to required
cooling effect
® Hour Angle Degree




Subscripts

Symbol | Description

a Absorber

av Average

c Condenser

dif Diffused solar radiation
dir Direct solar radiation
e Evaporator

ex External

g Generator

hf Head to foot level
HX Heat exchanger
in Inlet

Inf Infiltration

I Liquid

m Mixing

out Outlet

oV Overall

r Receiver

S Supply

sp Setup

SS Strong solution
th Thermal

% Vapor

w Water

WS Weak solution
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Symbol Description
ADPI Air Diffusion Performance Index
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ASHRAE | American Society for Heating, Refrigeration, and Air
Conditioning Engineers
CFD Computational Fluid Dynamics
COP Coefficient of Performance
CPC Compound Parabolic Collector
CTC Cylindrical Trough Collector
DV Displacement Ventilation
EES Engineering Equations Solver
ETC Evacuated Tube Collector
FPC Flat Plate Collector
HFC Heliostat Field Collector
HVAC Heating, Ventilating, and Air-Conditioning
IAQ Indoor Air Quality
LEV Local Exhaust Ventilation
LFR Linear Fresnel Reflector
MV Mixing Ventilation
PDR Parabolic Dish Reflector
PMV Predicted Mean Vote
PPD Predicted Percentage Dissatisfied
PTC Parabolic Trough Concentrator
PV Personal Ventilation
SAC Solar Absorption Cooling
SPSS Statistical Product and Service Solutions
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CHAPTER ONE

INTRODUCTION
1.1 Background

The greatest benefit of solar energy in comparison to other kinds of
energy is that it is clean and it is provided without any environmental
pollution. It is also freely usable; merely it requires a collection system to
harness it. The intermittent nature of its supply often makes it necessary to
have a storage system. Nowadays, the conventional systems of collection
and storing are highly expensive and not economic. To be more
economically practical, the cost of collection and storing systems must be
reduced. It should be mentioned that, the cost of material for a conventional
collection and storing system is about 75% of the overall cost and so the
reduction opportunity of the conventional system price seems not very
bright, [1].

The climate of Irag is hot, summer is dry, winter is cold, and the
spring and autumn are warms, [2]. Iraq is one of the best locations on earth
with sun-shine hours. Iraq has about 3000 annual sun-shine hours.
Furthermore, Iraq has very long summer season, which lasts for about eight
months when air conditioning is needed.

Due to this hot dry summer and cold winter, buildings in Irag need
cooling in summer and heating in winter. The climate is favorable for solar
cooling, as the solar radiation is abundant and nearly in phase with the dry-
bulb temperature. Iraq receives a high level of solar radiation: averages
(7.56 kWh/m?.day) in June and (5.02 kWh/m?2.day) annually, [3]. On the
other hand, the impacts of a rare investment in the sector of power and
tremendous rise in demand of electricity made a demand for reliable power.
This, in turn, affected the using of the heating and cooling systems for

buildings.
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At summer, the cooling load is the greatest load on the electricity.
Therefore, the solar energy can take the biggest influence to decrease it.
The consumption of electricity for the system of cooling in the Arab
countries, where the climate of hot desert prevails, takes about 70% of
overall electricity consumption, [4].

Recently, the need for air conditioning and cooling has increased
dramatically because of the population increase, increasing the standards
of people living, as well as the great rise of the industrial plants. These have
led to the spread of using systems of air conditioning utilizes compression
technique. That caused a rapid rise of peak electricity need at summer that
exceeded the limits of network capability and caused blackouts, [5].

1.2 Solar Collectors

There are two primary kinds of solar collectors: non-concentrating
or stationary and concentrating. The non-concentrating collectors have the
same area to intercept and absorb solar radiation, while a sun-tracking
concentrating solar collectors usually have concave reflecting surfaces for
intercepting and focusing the solar radiation to a smaller receiving area,
thereby enhancing the radiation flux. There are several types of solar

collectors available, [6]. Some of these collectors are:

Evacuated tube collector (ETC).

Flat plate collector (FPC).

Parabolic trough collector (PTC).
Compound parabolic collector (CPC).
Parabolic dish reflector (PDR).
Heliostat field collector (HFC).

Linear Fresnel reflector (LFR).

© N o g B~ w b -

Cylindrical trough collector (CTC).
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The parabolic trough collector (PTC) has a higher concentration

ratio and it is also simple in setup, so it will be selected in this study.

1.2.1 Parabolic trough solar collector

The parabolic trough is a special kind of solar concentrators which
has a cross sectional area such as a parabola in two dimensions and they
are linear in the third direction. The parabolic shapes are extended linearly
to construct a long reflector. The reflector shape concentrates sunlight
along a line at the parabola focus. There is a heat receiver, normally a
specially constructed pipe, which is located perfectly at this focus so that
it can absorb the heat from the sun as shown in Fig. (1.1). The heat is
transferred away by a fluid pumped through the pipe, [7].

Parabolic trough can effectively produce heat up to temperatures
about (400 °C). This collector is formed by a parabolic mirror and a metal
black tube covered by a glass tube for reducing losses of heat to
surroundings. This tube is extended along the mirror focal line, [8]. This

kind of collectors will be used in the present work.

Fig.(1.1) the parabolic trough solar collectors in two different tracking positions, [7].
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1.3 Solar Absorption Cooling

Solar energy supplies cheap and clean energy for the applications of
cooling all over the world. Absorption coolers may be operated using heat
sources of low-quality such as solar energy or process waste heat.
Alternating the commercially dominated vapor compression coolers with
absorption refrigerators (ARs) reduces the consumption of electricity.
Moreover, the main distinction between absorption and compression
systems is the utilized working fluid. Compression systems mostly utilize
chlorofluorocarbons (CFC) which are known that halogens causing ozone
layers' depletion. The systems of absorption cooling are environmentally
friendly because they utilize green natural materials such as ammonia,
water, acetone etc. which are available and inexpensive, [8]. The solar
absorption cooling system, thus, will be used in the present study.

Solar absorption cooling (SAC) utilizes harmless working fluids
(refrigerants) such as water and ammonia to produce chilled fluid for the
removal of heat through space-cooling, [9]. The coefficient of performance
for the absorption system changes due to operating parameters, including
change in temperature levels and load. The COP can be defined as: the heat
extructed at lower temperature level to the provided heat flux, [10].

The typical (COP) of a single-effect solar absorption system is (0.5-
0.8). The components of absorption systems are: generator, condenser,
evaporator, and absorber. The working fluid is a mixture of a refrigerant
and absorbent. A typical system is shown in Fig. (1.2). Heat (e.g., solar
input) is transferred to vapourize the refrigerant from the solution entering
the generator. The vapourized working fluid then passes through a
condenser, and exit as a liquid. Heat is rejected at an intermediate
temperature from the condensing process to a heat rejection water stream.
The fluid then expands through a throttling valve to reduce the pressure,
and enters an evaporator, where it removes heat from an incoming stream

4
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to produce cooled air. This produces the useful cooling effect, as the cooled
air is used for space-cooling in the distribution portion of the air
conditioning system, [10].

The vapourized refrigerant is absorbed by a dilute solution within
the absorber. The mixing heat and the latent heat of condensation resulting
from the absorption process are extracted by a heat rejection medium,
typically water. The absorbent, now rich in refrigerant (strong solution), is
discharged through the heat exchanger to the generator, where it is heated
above the boiling point of the solution, which causes the refrigerant to
desorb. This heat is provided by the solar-heated fluid from the solar
collectors. The absorbing solution, now with renewed absorbing capacity,
returns to the absorber, while the vapourized refrigerant flows to the

condenser, [10].

Rejected HeatQ Solar Heat Input
1 l Strong
' Vapour Solution
Condenser e | Generator -
A Ex@:;zon Heat Exchanger |«
Weak |
Solution
i Vapour 7\
>l| Evaporator ————1 Absorber > )
I _ G
| Chilled water Rejected ump
output Heat

Fig. (1.2) schematic of a single-effect solar absorption chiller, [10].
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1.4 Solar Assisted Ventilation

In Iraq, a great amount from the electricity is utilized for air
conditioning at residential and commercial sectors, due to the higher
temperature reached. Because the location of Iraq near the solar belts
countries, the solar radiation levels and the need for air cooling in
residential and commercial buildings reach peak level simultaneously,
[11].

Solar-assisted  ventilation systems reduce the maximum
consumption of electricity. It has also less noise and it is free of vibration,
because there is no a compressor. This makes it more reliable, and, thus,
needs low maintenance and the consumption of its electricity is about four
times less (21.8kW versus 5.5kW for 35kW of cooling) than that of an
electric driven chiller with a mechanical compressor, [12]. Therefore, this

system will be utilized in the present work.

Ventilation rate is one of the most significant parameters that affects

the indoor air quality and consumption of energy for buildings, [13].

The ventilation process can be defined as the process of changing
and replacing air (removing the old air and providing a fresh air instead).
The ventilation controls and regulates the temperatures inside the rooms,
in addition to eliminating unpleasant odors and harmful gases and

controlling the level of humidity inside the building [14].

1.5 Ventilation Systems

Recently, different methods for ventilation systems design like the
systems of displacement ventilation (DV), piston ventilation system,
personal ventilation (PV) systems, local exhaust ventilation (LEV) and
mixing ventilation (MV), as shown in Fig.(1.3), are utilized in a

widespread case for providing an accepted indoor environment in

6
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inhabited buildings and for enhancing the IAQ while decreasing the
consumption of energy, [15]. The displacement ventilation (DV) system
will be used in this work due to its high efficiency in comparison to other

ventilation types.

[

*T——HEPA littzrs

M
.
.
.
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- e ==
S R T T = ey
c- | d-
Fig.(1.3) types of ventilation systems. a-Displacement ventilation system. b- Mixing ventilation
system. c- Piston ventilation system. d-Exhaust ventilation system, [12].

1.5.1 Displacement ventilation (DV) system

The cooled and fresh air in the system of displacement ventilation
(DV) is normally provided at, or near to, floor level at lower velocity and
the exit of air is located at ceiling level. The displacement system has been
widely utilized in Scandinavian countries in recent times, [16]. At this
system, the warm air moves towards the ceiling by natural convection due
to its warming by contacting room heat sources such as people, equipment
and lights. The temperatures of stratification and concentration of

contaminant forms in the room, and the horizontal profile of temperature

7
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are regular except for the regions close to the (DV) supply and sources of
heat.

In (DV) system, the room is divided into two zones: the breathing
zone from floor to head level, and the zone of contamination from head
level to the ceiling as shown in Fig.(1.4). Recently, there is more attention
for (DV) system in worldwide due to its capability to enhance the (IAQ)
and give a comfortable environment in the room, [17]. The consumption
of energy of (DV) system is 33% less than that of a comparable MV
system, [18]. However, a draft risk because the difference in temperature
between head and foot, and the distribution of movement contaminants are
regarded to be the major drawbacks of this ventilation system type.

The objective of (DV) is to create conditions in the occupied zone
close to the supply air conditions. However, care must be taken when the
pollutants are generated from a large area source on the lower level such
as from the floor, where the supply air may become contaminated before

reaching the occupied zone, [19]. This type of ventilation will be

\

—

considered in the present study.

Remm outlet
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Fig. (1.4) typical room with displacement ventilation system, [17].
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1.6 Thermal Comfort Conditions and Its Parameters

According to the utilization purposes, features of certain comfort
condition, which can be considered as indicators of user's satisfaction in an
environment, should be met on account of health and efficiency in a living
space. Although a relative notion, some common conditions which are
expected to be maintained in the environment according to the user's
characteristics, [20].

Generally, the factors that affect the thermal comfort can be
classified as personal and environmental factors. The ambient temperature,
ambient relative humidity, speed of ambient air and average temperature
are called environmental factors, while the personal factors are the person's
metabolic activity rate and clothing, [21].

1.7 Indoor Air Quality

The sensible air quality is nearly corresponding to the pollution of
indoor air and the rates of ventilation. The most pollutants found in the
indoor air are organic (volatile organic compounds), inorganic (CO, CO,,
etc.) and environmental (tobacco smoke) and biological (fungi, mites, etc.).
The pollutants come from different sources like outdoor air, the buildings
fabric, furniture and human activities, [20]. The concentration of
contaminant should be decreased to a minimum accepted value by
supplying enough quantity of fresh air into the ventilated place for assuring
occupants’ health.

In the prediction of indoor air quality, many parameters must be
studied such as the local ventilation effectiveness for the temperature
distribution that describes the ventilation system ability to satisfy thermal
comfort in a ventilated space.

The designers can use the concentration of CO,as a best indicator.
The peak allowed concentration of CO; in a room is about (1000) parts per
million by volume (ppm) and the concentrations of CO; in the room greater
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than (1000) ppm means a poor ventilation and greater levels of pollutants,
[17].

The determining of time length where the supplied outdoor air
remains in a room is useful, [17]. The local air age can be defined as the
average time where the molecules of air remains at a special site in the
room. This factor can be considered as a measure of air freshness: The
"youngest" air is at the supply of air, whereas the "oldest" air may be at a
zone of stagnation or at the exhausts.

1.8 Occupied Zone

The occupied zone is a space which occupants feel with an optimum
climate with respect to indoor air quality and thermal comfort. Room area
outside the occupied zone may have Areas of the room outside the
occupied zone may have a compromised conditions, such as, great
operative temperature, radiant temperature asymmetric, very high velocity
of air and velocity gradient, [22]. These places may be near the inner
boundaries or near the diffuser zone. Generally, the occupied zone can be
defined as the place with 0.5-1.5 meter away from wall with windows,
door, and radiator, and 0.25 — 0.75 m from external and internal walls. The
height of occupied zone is about 1.1 m for seated person and 1.8 m for the

standing person, [23].

1.9 Objectives of the Present Work

This work is comprised of both experimental and theoretical
performance studies of a solar assisted ventilation system utilizing a new
operating pair driven by solar energy under the Mid-lraq climate
conditions. The ventilation air flow rate is recognized as the main
parameter for measuring the thermal comfort and indoor air quality.

Therefore, the objectives of the present work are:

10
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1

Fabricating and testing a solar assisted absorption cooling system
with displacement ventilation operated with acetone-water pair and
to test its performance under mid Irag weather conditions.
Investigating the influence of many factors on output of a solar
assisted absorption cooling system with displacement ventilation
such as the effect of refrigerant mass flow rate, the concentration of
refrigerant in the solution, the time, the day number, condenser
temperature, velocity of supplied air and the location of air exit.
Obtaining the exergy analysis for the collector loop and the solar
absorption cooling system.

Studying the effectiveness and performance of the displacement
ventilation by calculating the air diffusion performance index, and
heat removal effectiveness.

Predicting airflow motion and temperature distribution in the cooled
space under Iragi climate conditions using displacement ventilation
system.

Calculating the efficiency of air exchange in a ventilated office room
with a displacement ventilation system to reach an efficient air
distribution system that provides a comfortable, healthy
environment with less energy consumption under a hot climate.
Calculating other indoor air quality parameters such as the mean age
of air, Predicted Percentage Dissatisfied (PPD) and Predicted Mean
Vote (PMV) distribution in the tested room theoretically and how it
changes with the solar radiation absorbed by the solar system and
the concentration of acetone.

Comparing the experimental results with the numerically predicted
results obtained by adopting appropriate turbulence model in a
computational fluid dynamics (CFD) using AirPak software for

improving air quality.
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CHAPTER TWO

LITERATURE REVIEW

This chapter introduces the most significant and effective studies about the

solar assisted absorption cooling system. The introduced studies are from different
locations about world to see what are the difference in cooling load and the
coefficient of performance around the world. It falls in two parts. The first part is
the studies about the solar absorption cooling system and the second part are the
studies about the ventilation system.
2.1 Studies about the solar absorption cooling system

It falls in three parts. The first part is the experimental studies and the
second part is the theoretical studies, while the third part includes theoretical and
experimental studies.
2.1.1 Experimental studies

Boonnasa and Namprakai, (2010), [24], conducted an experimental work
on calculating the optimal potential for chilled water storage (CWS) and the
related operating technique for air conditioning charges for different electricity
tariffs. The capacity and peak demand of the mechanical chiller (MAC) could be
reduced by more than 2 times and 31.2 % respectively. It could move power
consumption by 35.7 % from the on-peak to the off-peak durations. The economic
results revealed that the payback period(PB), the internal rate of return (IRR) and
the net present value (NPV) were 10y, 21% and 0.834 MUSS$ relative to the new
factory, with PB, IRR and NPV being 1.8 y, 66% and 1.28 MUSS$ respectively.

Hamzah and Shahad, (2012),[25], modeled and manufactured an
intermittent solar absorption cooling unit at Hillah city in Mid-lrag. The solar
absorption system was driven by a parabolic trough solar concentrator (PTSC)
utilized as a solar rays mirror reflector with 2 m? aperture area. The aqua ammonia
solution (NH;OH) was utilized as a working fluid with various concentrations

(25%, 30%, 35%, 40%). The peak pressure and temperature at generator were 12
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bar and 120 °C respectively. The value of coefficient of performance (COP)

between 0.01 and 0.09.
Mezher et al., (2014),[26], constructed, designed, and operated a solar

absorption refrigeration system prototype using a flat plate collector due to its
facility, cheapness and its efficiency. The methanol was used as a refrigerant to
avoid global warming and greenhouse effect. The unit showed a (93.5°C) peak
generator temperature, on (July 18, 2013 at 2:30 pm), and the average generator
temperature (Tgav) Was (74.7 °C), for that duration. The peak pressure (Py) was
(2.25 bar) on (July 19, 2013 at 2:00 pm). The tested system displayed a 0.15 ton
cooling capacity with a (COP) of (0.48) and a minimum temperature of evaporator
was (14.2 °C).

Widiharto et. al., (2015), [27], discussed the solar-absorption refrigeration
unit modeling to replace traditional AC in seven lecture halls of the UGM
department of Engineering Physics. The peak solar radiation was 4,802
kWh/m?.day. The theoretical availability of solar energy from the NASA database
was obtained utilizing homer by inputting latitude and altitude location of the
department of Engineering Physics. The studied cooling load in the lecture halls
was 15.63 kW. The average solar radiation absorbed by solar collector Gt was
4.802 kWh/m?-day. The planned system's COP was around 0.84.

Ahmad et. al., (2016), [28], used a solar absorption system with three
working fluids, namely water as an absorber, ammonia as a refrigerant and
hydrogen as a pressure controlling gas. The installation and testing were carried
out successfully and the vapor absorption system was used successfully utilizing
hot water as a heat source from a 0.64m? solar collector. Mechanical
improvements were done for the mini fridge for fitting the vapor absorption unit
and the solar collector configuration have been conducted. 8 °C least cabin
temperature has been investigated for a 40L mini fridge. The test circumstances
were a sunny day, and the test time was 9 hours. The gained COP was 0.1675.

The device tonnage was estimated as 0.0164TR.

13
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Osman et. al., (2016), [29], modeled and fabricated a wr-lithium bromide

(H20-LiBr) absorption refrigeration unit with a 1-TR capabilateity powered by
solar power. A mathematical analysis of the absorption chilling loop was
conducted for assessing the impact of different working circumstances on the
thermal output. The outcomes of the experimental research, conducted in
Khartoum city, revealed that the system COP of absorption refrigeration varied
from 0.57 to 0.64, while the cooled water temperatures ranged mostly from 17 °C
t0 19.5 °C. Temperatures of condenser and absorber were below 45 °C, while the
peak moving water temperature was 83 °C.

Gandbhi et al., (2016), [30], attempted to estimate the cooling effect of the
solar water heating unit and the vapor absorption cooling unit using a commercial
flat plate collector of 100-liter storage tank in India. The solar water heating
system consisted of an absorber plate on which the solar radiation dropped after
passing through two 4 mm thick transparent covers with space 1.5 cm. They
concluded that by using the vapor absorption refrigeration system, the solar flat
plate water heater (SWH) could be used effectively in the summer to achieve
refrigeration effect. The maximum temperature drop at the evaporator was 7 to 8
°C, while the system COP (Coefficient of Performance) was approximately 0.78
compared to the average COP system of 3.11 and the additional cooling cycle cost
was very small.

Bux et al., (2017), [31], planned and tested an ecofriendly ammonia water
vapor absorption cooling system of Solar Thermal Set Up. The system was
designed and tested in Agnos College of Technology's Thermal Engineering
Laboratory RKDF/ University Bhopal Madhya Pradesh for different operating
conditions utilizing hot water as a heat source. The results showed that at using
the vapor absorption cooling system, the solar flat plate collector water heater
(SWH) could be used effectively in the summer to achieve cooling effect. The
amount of cooling effect depended on the hot water temperature provided for the

generator and the COP of system was approximately 0.78.
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Chen et. al., (2017), [32], proposed a single-effect air-cooled absorption

chiller with a 6 kW refrigeration power, and a solar cooling system. The air-
cooled absorption chiller with single stage was manufactured and tested under a
wide variety of steady state conditions as shown in Fig.(2.1). The chiller has been
proven that it was effective for practical application without the risk of
crystallization. The output of a solar air cooling system utilizing the proposed
cooler was performed for residential refrigeration applications. The results
explained that the absorption chiller tested could reach approximately 65 % of the
building's overall refrigeration load with an overall COP of approximately 0.61.
In addition, the solar air cooling system converted 28 % of the solar radiation to

refrigeration energy.

Control panel

Absorber and
evaporator chamber

Solution pump

Fig.(2.1) prototype of the air-cooled absorption chiller, [32].
Reddy et. al., (2017), [33], configured a solar concentric dish collector with

adjusted generator that refrigerates in vapor absorption device. An electrolux
cooling system powered by three fluid systems, ammonia, water and hydrogen
were used. Low-grade energy was used to drive this adapted device. The device

was tested on sunny days. During sunny days the equipment was tested to provide
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heat to the refrigeration system generator and the overall system was tested

successfully. The lowest recorded temperature inside the 40L size mini fridge was
9 °C. The maximum coefficient of performance achieved was 0.172,

Huang et. al., (2019), [34], installed a solar refrigeration and heating unit
with two heat pumps for air-source in Ningbo City, China, and has been in
operation since 2018 with a chilling capacity of 35 Kw using LiBr-H,O pair. The
system was operated with two heat pumps with air-source, each with a
refrigeration power of 23.8 kW and a 33 kW heating capability. They provided
the operating outcomes and performance assessment of the system at the summer
refrigeration and winter heating, moreover, during the typical summer day of
2018. It was found that the annual mean efficiency of collector was 44 % for
refrigeration and 42 % for heating, and the absorption chiller mean COP was in
the range of 0.68 and 0.76. With 56.6% average annual solar fraction for
refrigeration and 62.5 % for heating. Annual energy savings was calculated as
41.1 % of the overall electricity consumption in buildings for refrigeration and
heating.

Rahman et. al., (2020), [35], designed a solar absorption air cooling
system operated under UAE climatic circumstances experimentally using lithium
bromide-water pair as an operating fluid. Results showed that the system was
capable of providing a required and uniform comfort temperatures at about 23°C
inside the room. The COP of the system was evaluated to be 0.51. The outcomes
explained that the new system was economically viable and environmentally

friendly.

2.1.2 Theoretical studies

Grosu, (2014), [36], conducted an energy study of the absorption cooling
unit by utilizing (lithium bromide-water) pair and solar energy as a source of heat.
A simple refrigerator schematic and an improved one were compared utilizing
Thermoptim and EES programs. There was an increment in the (COP) value from

0.69 to 0.8. Simulations were conducted for six condensation/absorption
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temperature values ranging between 31 and 36 °C. The jump in these temperatures

meant that the COP decreased from 0.8 to 0.56. The system analysis as a whole
and of each portion showed a decrease in the system's exergetic efficiency from
0.27 to 0.18. An extensive exergy study of the absorber showed the real reasons
of exergy destruction.

Fakhreddin, (2016), [37], planned a solar cooling system with a cold
storage device for the Iragi climate. Solar energy services have been evaluated
and methods have been proposed to improve solar energy harvesting in the Iraqi
environment using TRNSYS coupled with MATLAB software. The findings
showed that the adoption of monthly average ideal tilt angle has led to an increase
by almost 9% in the amount of solar energy produced. The optimum system
proposed had an operating efficiency of 56%, a total rate of cost about US$
4.19/hr, an annual CO, emission of 32199 kg with an annual total avoided CO,
emission of 33.9% less than that of system without the use of a cold storage tank
and a payback duration of 18.7 years. The payback was 9.3years, which is 50%
less than the device without a cold storage container.

Cascetta et. al., (2017), [38], analyzed three various kinds of collectors
(FPC, ETC and PTC) and two various chillers: single stage used with FPC and
ETC collectors and (LiBr-H,0) double stage for PTC collectors. The analysis was
modeled by means of NEGST software (New Generation of Solar Thermal
System) on a solar refrigeration and heating unit situated in Italy south. Thermal
loads from people, PC, machines etc. have been evaluated by means of Energy
Plus software. It was deduced that in the analysis of summer months, the PTC
collectors have been more effective than the ETC and FPC collectors since the
additional boiler did not operate during the months of summer, letting a minimum
energy consumption for air cooling. In the winter study, collectors of ETC type
were more effective than PTC and FPC, with a primary energy savings of 58 %.

Shirazi, (2017), [39], continually examined the matching of single-,
double-and triple-stage absorption chillers with solar collectors using (LiBr-

H,0). The proposed systems had been modeled in (TRNSYS 17) software. They
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observed that the triple-effect solar heating and cooling (SHC) cooler have a more

power-efficient and good for the environment performance, led to around 47%
and 62% decrease of the main power levels of consumption of the hotel and office
buildings tests relative to the reference traditional systems and more than 75%
funding would have been required to make sure that the suggested devices could
accomplish a satisfying payback time (e.g. within 2 to 6 years). Parabolic tube
collectors were proposed for such requirements and the chiller worked with COP
of about 0.9-1.1 at an input temperature of ~168 °C, generating 6-7 kW of cooling.

Hui et. al., (2017), [40], conducted a study on the solar absorption
refrigeration unit with the aid of Aspen Plus software. They proposed three pairs
which are LiBr/H,O, NH3/H,O and R134a/DMF. They found that when
the temperature of condensing was 38 °C and the dilute solution concentration
level was 54 % ~ 56 %, the low thermal solar collector could be chosen by the
absorption cooling system of water-lithium bromide. The high/medium solar
thermal collector was right for water-lithium bromide when the condenser
temperature was greater than 42 °C. Only high/medium solar thermal collector
could use the NH3s/H,O unit. The R134a/DMF unit was suitable to the small solar
thermal collector when the dwindled range was between 0.17 and 0.3. When the
dwindled range was greater than 0.3, the R134a/DMF unit could choose a higher
solar thermal collector.

Hussein, (2017), [41], developed and simulated the unit of absorption
cooling using a solar receiver of flat-plate type with a mixture of (LiBr-H,O) as
an operating fluid using (TRNSY'S and EES) software's. The weather conditions
for the city of Erbil had been chosen for five proposed areas (140, 150, 160, 170
and 180 m?). The effective field of the receiver of solar flat-plate has also been
calculated and optimized for five proposed areas (140, 150, 160, 170 and 180 m?).
The results indicated tat the preferred form of the four absorption-chilling systems
had a single effect, that had a COP of 80 % at a generator temperature of 81 °C.

The outcomes also demonstrated that the optimal field of the receiver of solar flat-
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plate was 160 m? that had accomplished the peak cooling and consuming

capability of the generator (50 and 62.5 kW respectively).

Narayanan, (2017), [42], used solar thermal absorption refrigeration
unitto power commercial/residences in India. A standard Indian commercial
residences was used for simulation in TRNSYS. The simulation evaluated
the feasibility and operating approach of the system, which was accompanied by
a parametric test and an economic analysis of the model. Comparison to the cost
of the conventional air conditioning system, that solar absorption refrigeration
could take 13.6 years to pay off, and would take 15.5 years to pay back the cost
of itself, and after all the additional money would be savings or income. Though
the location selected for the test was one of the traditional tropical locations in
India, that payback could differ with various locations, climate and refrigeration
requirement.

Petela et. al., (2017), [43], noticed a compromise situation very likely
exists between efficiency of collector and the (COP) of the absorption unit using
the TRNSYS and EES software's. Through their theoretical analysis, they
considered a solar chiller operated under a moderate climatic circumstances of
Poland for representative days of three months during the cooling season. The
simulation outcomes were compared with the reference case of fixed driving
temperature. They noted through their computations that the refrigeration power
output could be increased at different levels, more than 34 W per 1 m? of solar
collector, by changing the driving temperature of the chiller during the cooling
season.

Bellos et. Al., (2017), [44], presented an absorption cooler that was a single
stage with a working pair of LiBr-H,O combined with the evacuated tube
collectors for cooling a building with a total area of 100 m2. Ten regions were
investigated and the evaluation was carried out with the open source software
TRNSYS. According to the final outcome, Phoenix and Abu-Dhabi seem to be
the most appropriate areas with a leveled cooling cost (LCOR) of 0.0611 € /kWh

and 0.0667 € /kWh accordingly. The less appropriate sites are Rome and Istanbul
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with 0.1897€/kWh and 0.1797€/kWh accordingly. In addition, locations with

higher cooling loads and higher solar capacity have been described as the most
appropriate areas for installation of solar air conditioning systems.

Xu & Wang, (2018), [45], investigated the choice of better chiller for solar
absorption refrigeration units with CPC. They utilized LiBr-water absorption
cooler included a chiller with single effect, an absorption chiller double effect and
a novel chiller with variable effect. The unit of variable effect had high solar
refrigeration fraction, low supplementary heat input and solar efficiency with high
value. The unit of single stage had a medium solar fraction, high supplementary
heat input and medium solar efficiency. The unit of double effect has a low solar
refrigeration fraction, low supplementary heat input and solar efficiency with low
value. The wider area of the solar collector raised the solar cooling proportion and
decreased the supplementary heat supply.

Adibi, (2018), [46], used the renewable energy for refrigeration
applications in the Middle East. The refrigeration load was estimated for big cities
in the Middle East using the ammonia as shown in Fig.(2.2). Variations in
temperature and refrigeration capacity were calculated in various months and
hours of the day using EES software. The analysis indicated that the refrigeration
capacity changed throughout the day. Interestingly, the findings revealed that the
peak cooling power was similar to the peak refrigeration load of the building. The
effect of the AARC heat exchanger efficiency was also explored. Results revealed
that the (COP) and refrigeration power improved when the quality of the AARC
heat exchanger improved.

Jing et. al.,, (2018), [47], adapted the match of solar cooling, i.e.
solar/natural gas-driven absorption chiller (SNGDAC), solar vapor compression
— absorption of integrated parallel configuration cooling system (SVCAIPCCYS),
and solar absorption-subcooled compression hybrid refrigeration system
(SASCHRS). Building refrigeration was dependent on exergy economics. Three
forms of construction refrigeration have been regarded: category 1 was a building

of single-story, category 2 was the two-story and three-story constructions, and
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category 3 was a building of multi-story. In addition, two cities from China,

Guangzhou and Turpan, were taken into consideration. The flow rate of cost of
the commodity was used as the main decision parameter. As a result, SNGDAC
was regarded as an appropriate option for type 1 residences in Turpan due to its
negligible consumption of natural gas and the lowest cost flow rate of product.
SVCAIRSPC was more appropriate to type 2 building in Turpan due to its high
actual absorption module refrigeration capability and lower fuel and product price
flow rate. In addition, SASCHCS was the most comprehensive price-
effectiveness, i.e., its energy depletion and product price flow rates were both the
minimum if it is utilized in whole building types in Guangzhou or Class 3

buildings in Turpan.
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Fig.(2.2). the ammonia absorption refrigeration cycle, [46].
Dwivedi & Mishra, (2018), [48], improved the output of the system with

half-effect by adding the Loop Heat Pipe (LHP) between the high absorber, high
generator and the condenser (which had been eventually substituted by the LHP)
for heat exchange with intra-cycle. The computations demonstrated that first law

coefficient of performance (COPI) and second law coefficient of performance
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(COPII) were enhanced by 64% and 27 %, respectively. The temperature of the

LHP condenser Tcong Was also dependent on the temperature of the generator Te.
At higher Tg levels, the rise in COPII was greater than that in COPI. The mean
heat leakage from the Q_ea LHP was approximately 14.38 kW and the mean heat
used by the Qcong LHP was determined to be 79.52 kW.

Kumar et. al, (2018), [49], provided a comparison and
optimization between the single-effect LiCI-H,O and LiBr-H,O absorption
refrigeration units incorporated with various types of solar collectors in Gujarat,
India. An analysis of a 10 KW system at 7°C included four distinct solar collectors
(flat-plate collectors (FPCs), parabolic trough collectors (PTCs), flat plate with
compound parabolic reflectors (CPCs) and evacuated tube collectors (ETCs)
connected to an adiabatic storage tank for supplying the LiCI-H,0 and LiBr-H,O
vapor absorption systems. With steady state conditions, a code was made in (EES)
software and characteristics of each pair were taken from EES software. The study
found the influence of heat source temperature on the quality aspects of the
systems. Optimized temperature of heat source with regards to the energy and
exergy features of the LiCl-H,O pair was remarked to be lowest compared to the
LiBr-H,O pair for all types of collectors. Exergetic optimizing of each unit
calculated the optimum required refrigeration collection area. Capital costs have
been assessed at optimum collector areas. The differentiation between optimized
devices defined that technology based on ETC was the most economical and,
from an exergetic standpoint, PTC was recommended.

Arabkoohsar et al., (2018), [50], used absorption refrigerator that was
solar assisted with systems of gas transmission. There were some expansion
channels where the pressure of gas is significantly decreased. The drop in
pressure causes the temperature to collapse in the gas stream. The Power
Productive Gas Expansion Station (PPGES) was the latest design proposed for the
channels where the device was configured with energy generation devices. They
invested advantage of that drop in temperature for refrigeration production, which

was suggested by combining the station with an absorption cooler. In that case,
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the cooler could also meet the heating requirements of the expansion station. For

assessing the suggested setup effectiveness, it was modeled for a case study in
Denmark, i.e. Aarhus University (AU) hospital absorption cooler and Viborg gas
station. The findings explained that an annual refrigeration output contribution of
27 % could be given by the expansion station. Moreover, there was a significant
increase in the leveled energy cost (LCOE) of the case study in the use of the
hybrid unit rather than the traditional chiller.

Uckan et. al., (2019), [51], presented a solar-driven single-stage and used
lithium bromide as an absorber and water as a refrigerant with a 35.17 kW
refrigeration power theoretically using (TRNSYS) software. The system
consisted of an evacuated tube solar collector using 95 m? aperture area. The
collector slope was 30° with the horizon. The storage capacity of the hot water
tank was 3 m®. The unit cooled a ground area of 270 m?. The outcome was that
the COP of the chiller oscillated between 0.69 and 0.67 between 8:00 a.m. and
14:00 p.m. Afterwards, the COP of chiller gradually decreased from 14:00 to
18:00 between 0.69 and 0.57. The COP of the chiller was noticed to be 0.63. The
optimization results of the unit revealed that the unit provided air conditioning for
a construction of 270 m2.

Pandya et. al., (2019), [52], compared the quality of the LiBr-H,O and
LiCl-H,O double effect solar assisted vapor absorption refrigeration systems
(VARS) combined with various solar collectors theoretically using EES software.
The power capacity was 100 kW at 5°C temperature of evaporator and
two temperatures of condensation 30°C and 40°C incorporated with the evacuated
tube collector (ETC) and the parabolic trough collector (PTC). The impact of the
temperature of the heat source on the thermodynamic and economic features of
the devices has been shown. LiCIl-H,O VARS had been shown to have improved
thermodynamic and economic quality in comparison to the LiBr-H,O system. In
addition, it was noticed that the appropriate mean typical collection area for the
LiCI-H,O pair was near to 1.25 m?/kW, that was relatively low. The comparative

evaluation showed that the ETC device was preferable from an economic point of
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view and that the PTC device was suggested from a thermodynamic production

standpoint.

Abdulateef et. al., (2019), [53], dealt with the theoretical analysis of a solar
assisted refrigeration cooling system with MATLAB for investigating the
irreversibility's of individual system elements and the system total entropy
generation(Sw:). The outcomes showed that both (Swy) and (COP) were
proportional to evaporator and generator temperatures and they inversely
proportional to the absorber and condenser temperatures. Moreover, the greatest
fraction of total destruction losses for the system was at the collector with fraction
of (70%) and the next were the generator and absorber with the range of (6-14%).
Therefore, these components needed more improvements in the aspects of design.

Nandi et. al., (2019), [54], analyzed a simple ammonia-water absorption
system driven by solar power. The output of low power single-effect absorption
refrigeration systems was, suitable for small building and residential applications.
The major heat source was heat provided by solar collectors. Work had been
carried out to check the coefficient of performance and circulation ratio using
solar based system to observe the variables like flow rate and composition. The
coefficient of performance was found to be 0.58.

Toprak et. al., (2020), [55], simulated the thermal performance of a
building chilled for a time of 14 h/day using TRNSYS software. The unit utilized
1000 m? of parabolic trough solar collector with a cooling capacity of 1020 kW.
The effect of cooled water storage (CWS) and refrigerating water storage (RWS)
on the system output for various working hours per day under Izmir (Turkey) and
Phoenix (USA) weather circumstances was analyzed. When the unit works for 14
h/day as the load for both systems and locations, the solar collector efficiency
variation and the refrigeration load to the ratio of input heat remained less than
4% after the arrangements. From adding CWS to the reference system, a
parametric study consisting of varying the unit working hours per day showed that
a reduction of 34% of the needed refrigeration capacity of the unit. The power

factor of the unit was increased from the reference value of 41% to 96%.
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Abusaibaa et. al., (2020), [56], used a single acting solar absorption

refrigeration system at climate of Najaf, Irag. In the system model, a 105,6 kW
single acting absorption coolers, was powered by evacuated tube collectors
(ETC). TRNSYS (version 18) simulation was utilized to choose the different
system factors and optimize them for increasing the efficiency of solar system.
The computations developed a solar refrigeration model that simulated reality and
was utilized considerably to cool service buildings. It was also found that the solar
absorption loop decreases the annual electricity usage where the solar fraction was
higher, up to 77% at Najaf, Iraq. Moreover, using solar power could give further
profits for the governments as a reduction of CO, of 68.88 tons/ year.

Al-Falahi et. al., (2020), [57], investigated the output of energy of a solar
assisted air-cooling device using absorption technique under Baghdad, Iraq
weather conditions. The solar fraction and the thermal output of the solar air-
cooling device were conducted for different summer months using (TRNSYYS)
software. The results discovered that the device working in August explained the
best monthly mean solar fraction of (59.4%) and (COP) of (0.52) value because
the higher solar radiation in this month. The seasonal efficiency of collector was
54% with 58% seasonal solar fraction and 0.44 absorption chiller COP.

Lamine et. al, (2020), [58], presented a thermodynamic of energy and
exergy analysis for ammonia-water and ammonia-lithium nitrate absorption
cooling coupled to flat plate collector with double glazing. The energy was stored
in an adiabatic storage tank. The models were based on the first and second laws
of thermodynamic using (FORTRAN) software for calculations. The outcomes
indicated that ammonia-lithium nitrate loop gave better outputs than the
ammonia-water cycle. Therefore, it could be used alternative to the ammonia-
water loop. The exergy analysis showed that the system total exergy loss is
associated strongly to the operating temperatures.

Chekir et. al., (2020), [59], simulated a solar absorption chiller using three
operating mixtures: acetone/ propane, acetone/butane and acetone/iso-butane.

The outcomes were compared with the water/ammonia mixture at the same
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assumptions and operating conditions. The major benefits of the analyzed

refrigerants were their similar refrigeration effect in comparison with ammonia
with a COP of 0.58 to 0.63, and also, their low operating pressures. Although, the
hydrocarbon mixture circulation ratio was higher in comparison with ammonia.
Acetone/propane operating mixture was suitable for solar absorption air
conditioners with some private precautions. The heat energy was supplied from
evacuated tube solar collector with area of 90 m2,

Tawalbeh et. al., (2020),[60], performed a parametric theoretical study of
solar absorption cooling system with (LiBr-H,O) operating pair using
Engineering Equations Solver (EES) software to explain the effect of size of heat
exchanger on the chiller coefficient of performance. It was found that the
proposed system could work with optimum cooling power reaches to 16 kW and
a high coefficient of performance about (0.7) while it was driven by a low grade
energy. Moreover, increasing the mass flow rate of heat source had a considerably
effect on both cooling power and COP at low values (< 10 kg/s) and not sensible
effect at higher values (> 10 kg/s).

Souri et. al., (2020), [61], simulated a flat plate absorption cooling system
using LiBr-H,O mixture as an operating fluid at Tehran. The daily operation of
the cooling system, showed that for the solar absorption cooling, there would be
an optimum number of flat plate collectors which was 50. This number could give
about 5 kW of cooling load a cooling load. It was found that the system COP was
varying between 0.65 to 0.75 and it increased with increasing the evaporator

temperature at constant generator temperature.

2.1.3 Experimental and theoretical studies

Rosiek & Batlles, (2011), [62], identified the quality of the air-
conditioning device that is solar-assisted with two reservoirs mounted in the
Research Center of Solar Energy (CIESOL) building using artificial neural
network (ANN). The input’s weights were modified for producing an estimated

output within specified errors. The device was mainly consisted of a solar
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collector arrays, an absorption chiller that was driven by hot-water, a cooling

tower, two hot storage tanks, a supplementary heater and two tanks for cold water.
The outcomes indicated accurate estimates with a Root Mean Square Error
(RMSE) less than 0.70 % and virtually zero variance, which could be regarded

quite acceptable.

Gonzalez et al., (2012), [63], presented an adiabatic absorber flat-fan
sheets which enables LiBr-H,O air-cooled absorption machines in Madrid to
operate far from crystallization limitations. A simulation model was performed in
MatLab for the simulation of the system. A better agreement was observed
between estimations and outcomes of experiments for most of the absorber's
characteristic working variables. Lastly, it had been noted that the suggested
absorber design allowed LiBr/H,O air-cooled absorption devices to operate far
from limitations of crystallization even at temperatures of the ambient of around
40°C.

Marc et al., (2012), [64], conducted a static modeling to evaluate chiller
behavior with a 30 kW refrigeration power (EAW LB30 refrigerator using
LiBr/H,O solution pair. The results from experiments were analyzed and the
steady-state chiller prototype and the identifying technique were established. The
applied technique in this work used outcomes from experiments obtained in actual
operation for creating a model which may be utilized for assessing the actual
outputs of the installation in the design and the working phase. There was an
agreement between the experimental results and the estimations guaranteed the
model to be used not only for the design of the installation, but also for the
monitoring and control of its performance.

Azhar & Siddiqui, (2013), [65], investigated and compared the vapor
absorption loop single, double and triple effect by using LiBr-H,O as an operating
pair. Liquefied petroleum gas (LPG) and compressed natural gas (CNG) were
chosen as the energy sources because the system with triple-effect need heat with

quietly high temperatures. The experiment was conducted for various
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temperatures of evaporator and condenser. The Peak COP of the collector with

single effect loop was noted to be 0.7 to 0.86, and for double effect loop was 1.2
to 1.55, while it was found to be up to 2.16 in the triple effect loop. The
improvement in the double effect loop COP reached 56-81% of that of the single
effect loop, and for the triple effect was 103-152%. The operational cost of the
double effect loop was between 57 and 68 % of the single effect loop, while for
the triple effect loop, it was between 60 and 75 % of the double effect loop and
between 40 and 45 % of the single effect loop.

Schwerdt et. al., (2014), [66], proved the operational feasibility of the AC
system that was solar powered throughout a productive demonstration project of
Fraunhofer UMSICHT, Germany and Assiut University at Egypt. It included the
simulation of the system, design, installation and process of an optimized solar-
powered residential cooling unit. The project was designed to test, control and
assess the thermally controlled cooling process at the braving working
circumstances of the Upper Nile Valley. It was demonstrated that the efficiency
of chiller enhanced by 20-50 %, while the refrigeration power improved by about
15 %. Although the mounted cooling tower operated well under environmental
conditions with lower relative humidity of ambient, the refrigeration capacity was
just given by evaporation, thus consuming more than ~25 I/h (~300 I/d) of water.

Aman et. al., (2014), [67], proposed a solar absorption cooling system with
10 kW power capacity using ammonia-water pair. From the analysis, it was found
that the most exergy loss which about (63%) occurred in the absorber and (13%)
for the generator, while its value was (11%) for the condenser. It was seen that
reducing absorber and condenser temperature to the ambient temperature did not
considerably affect the system overall performance. Therefore, the absorption
cooling system using water- ammonia and driven by solar collector with cooling
of condenser and absorber by ambient temperature can be utilized for small-scale
applications.

Sunet. al., (2015), [68], conducted and installed a refrigeration and heating

system built on an absorption cooling that could be powered by both gas firing
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and solar hot water. An energy mix for Net zero-energy building (nZEB) was

evaluated from numerical simulations and in-field meteorological data. The unit
was a hybrid capable of single-acting solar cooling and double-acting gas-fired
cooling as well as their mixture. It operated in gas-fired configuration (dual-stage)
when solar energy was not sufficient or the temperature of solar hot water was
lower. The model and process plan was to utilize solar energy at first and gas fired
as a replacement, so fossil energy savings were apparent. The gas/solar-driven
absorption device could save gas usage of 49.7% compared to the gas-fired
absorption system.

Zhai et. al., (2015), [69], built and mounted a mini-type solar absorption
refrigeration unit which consisted of a single absorption cooler with 8 kW
refrigeration power and a water storage tank with volume of 3 m? to store heat.
The cooled water could be supplied either to the fan coils or to the radiant
refrigeration panels which were mounted to meet the indoor thermal condition of
the test area. It was noticed that the mean refrigeration output for the fan coil
refrigeration mode was 3.62 kKW during 8 hours of working under typical
Shanghai weather conditions. With reference to the radiant refrigeration mode, a
single fresh air unit was mounted to avoid the condensation of the cooling
panels. In comparison to the experimental data of the fan coil refrigeration mode,
the mean refrigeration output of the radiant refrigeration mode was 4.47 kW,
which improved by 23.5 %.

Soussi et. al., (2017), [70], studied the estimation of a solar refrigeration
system within an office building at Tunisia. The solar system consisted of solar
collector of a linear parabolic trough type combined to 16 kW dual-stage lithium
bromide absorption refrigerator with 126 m? building of laboratory. A dynamic
model integrating the solar cooling unit using the TRNSYS software to evaluate
the case study and enhance its performance. The results of the model revealed that
the efficiency of the collectors ranged from 26-35 %, the coefficient of
performance from 0.65 to 1.29, and the daily peak solar COP reached about 35

%. However, the solar unit was incapable to meet 32.3 % of the refrigeration
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demands and the absorption chiller was turned on for only 53.8 % of its total

working time. As a consequence, the chiller running time raised to 75.8 %, the
cooling capacity improved by 75.6 %, the solar COP attained 57% and the fraction
of solar was 87% on average. The estimated annual CO, emission avoided was
2947 kg.

Wang et. al., (2018), [71], suggested a dual stage LiBr — H,O system of
absorption refrigeration focused on the solar heat collector (PTC) parabolic
trough. Thermodynamic prototypes, like PTC and absorption cooling, were built
and confirmed by a comparison of computation outputs and findings from
experiments.  Subsequently, the effect of variable design specifications on
thermodynamic efficiency was examined and addressed. The mathematical model
of the absorption chiller driven by steam was conducted and simulated utilizing
EES, and particularly, the thermal characteristics of the LiBr—H,O solution were
directly obtained from the EES software. The examination of the solar
refrigeration system in the case study yielded a mean COP of the absorption
cooling was around 1,195, and the system efficiency of solar refrigeration as a
whole reached 61.98 % of solar energy using capacity.

Abdul Ameer and Shahad, (2018), [72], designed and built a two-
dimensional compound, parabolic, concentrated solar collector for Iraqi
climate. This compound parabolic concentrator was made of two parabolas of
stainless steel with a concentration ratio of (5). The collector was examined during
August, September and October. The results revealed that the peak measured
temperature of hot water was (90 °C) at (0.0277 kg/s) mass flow rate and (94 °C)
at (0.0377 kg/s) flow rate. It was found that a peak thermal efficiency was (67%)
at (0.0277 kg/s) flow rate while it increased to about (69%) at (0.0377 kg/s) flow
rate. The peak obtained theoretical thermal efficiency was (73%) at (0.0277 kg/s)
flow rate and (75%) at (0.0377 kg/s) flow rate.

Abdul Ameer, (2018), [73], conducted an experimental and theoretical
study for a solar-powered continuous flow absorption cooling unit using a

compound parabolic concentrator (CPC) and two pairs of working fluids, LiBr-
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H,O and diethyl ether-ethanol. The simulation was performed using EES

program. The results of the experiment revealed that the peak thermal efficiency
achieved was approximately at 12:00 p.m. on 21% of each month from January to
June about (0.48, 0.512, 0.57, 0.606, 0.618 and 0.67) respectively when the rate
of flow was 0.0277 kg/s while the thermal efficiency was boosted to (0.5, 0.512,
0.58, 0.63, 0.637 and 0.69) when the water mass flow rate raised for 0.0377 kg/s.
In addition, the hot water temperature was 98 °C and 94 °C at the two rates of
mass flow, respectively. In the mathematical model, the thermal efficiency at
12:00 p.m. for the 21% of each month ranged from (0.67-0.73) for (0.0277 kg/s)
flow rate with a (4.5) concentration ratio at the same climate conditions.

Nasruddin et al., (2019),[74], investigated a technique for prediction of
the absorption chiller performance using solar collectors. Artificial Neural
Network (ANN) was utilized based on data from experiments for predicting the
solar absorption chiller performance at Universitas Indonesia. The Principle
Component Analysis (PCA) was utilized for reducing the number of input
parameters for performance predicting without sacrificing of the ANN's
prediction accuracy, PCA identified the sensitive parameters from all input
parameters. The presented combined model of ANN model and PCA
(ANN+PCA) explained a better performance which had a comparable error with
ANN model, specifically the configuration 9-6-2 (9 neurons, 6 inputs, 2 outputs)
of the ANN +PCA model led to a COP root mean-square error of 0.0145.

Boero et. al., (2019), [75], made an assessment for the technical practice
of a solar absorption cooling system at a small- scale application in an office
building with a tropical climate in Ecuador at three cities numerically. The
dynamic transient software TRANSYS was utilized for the modeling and
simulation. The simulation was validated utilizing experimental data obtained
from a real-life system with major elements: a vacuum tube collector with 12 m?,
LiBr/H,O absorption cooling system with power capacity of 4.5 kW, fan coil with
6 kW and sensible cold storage of 100 litre. The simulation outcomes showed a

better agreement with the data from the experiments with 8.5% deviation. The
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capacity of system predicted for the cities of Ecuador was as follows: a collector

area of evacuated tube was 24 m?, a heat exchanger with 20 kW, a single-effect
LiBr/H20 with a power capacity of 15 kW, a cooling tower with 35 kW and 2 m®
cold storage. It was found that the proposed system could investigate most of the
demanded cooling load (Guayaquil and San Cristobal with 90%, Manta,
considering a set point of 24°C with 71%) of a typical single-story office building.

Qadeer et. al., (2020), [76], presented an experimental and theoretical
study about a small-scale solar absorption refrigeration with 3.52 kW refrigeration
power using LiBr/H,O under the climate of Taxila, Pakistan. The theoretical
model was applied to a flat-plate solar collectors for achieving the needed working
mean temperature of 75°C. The mathematical analysis was obtained by applying
the mass and energy balance for all system components by utilizing ESS software.
The absorption system was driven by a solar collector for heating the water. It was
found that the obtained peak mean system COP was 0.70, and 75 °C exit
temperature of the solar collector.

Huirem et. al., (2020), [77], presented a steady-state model by using
thermodynamic first and second laws for a single-effect solar absorption chiller
with a cooling effect of 17.5kW. It was found that increasing generator
temperature increases both of COP and exergetic coefficient of performance
(ECOP). The rise of evaporator temperature from 1°C to 7°C increased the COP
and decreases ECOP and total exergy destruction (TED), so the peak cooling
capacity occured at the lower evaporator temperatures, since the maximum
chilling potential was obtained at lower evaporator temperature. The optimum
COP, ECOP and TED was 0.79, 0.448 and 0.821 kW respectively.

Ghayadh , (2020), [78], presented an experimental and theoretical study
about a single effect solar absorption cooling system. The study was performed at
middle of Iraq at Hilla city (32.4 latitude and 44.4- longitude). The solar system
was driven by a parabolic trough solar collector (PTSC) with an aperture area of
2m2.Two pairs of solutions were studied which are (methanol-water and acetone-

zinc bromide). The first pair was studied using three concentrations of methanol
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(40%, 50% and 60%) while the first pair studied using a concentration of 60%. It

was found that the COP of the absorption system was in the range of 0.22 to 0.28
and the temperature drop across the evaporator was ranged from 9.8 °C to 15.8 °C
for the methanol-water pair. While for acetone-zinc bromide, the maximum COP
was 0.487 and the maximum temperature drop was 16°C. The theoretical study
performed by using EES software. It was found that the theoretical study satisfied

the experimental work.

2.2 studies about the ventilation system

2.2.1 Theoretical studies

Shbeeb A. A., (2020), [79], investigated the effect of combining the chilled
ceiling with displacement ventilation system using one-way rectangular diffuser
and semi-circular diffuser. The study was performed in Irag (Hilla city) climate
(hot and dry). The theoretical study was performed using (AIRPAK) software.
The indoor air quality parameters were estimated numerically. Three tests were
performed with different ratios of chilled ceiling load as (25%, 50% and 80%) in
terms of the total cooling load required. The temperatures of air supply from
diffuser are (19, 22, and 24.5 °C) at (0.045 m®s) flow rate of air while the
temperatures of chilled ceiling are (21.5, 19 and 16 °C). It was found that the effect
of diffuser shape on air age decreased with height and the maximum difference of
mean age at height of (0.1 m) with value of (49 s) while its value is (11 s) at height
of (2.25 m). The efficiency of air exchange for the CC/DV system at using semi-
circular diffuser in the office space was greater by a mean value of 8.5% in
comparison to the other case at the same conditions. The difference was reduced
3% at each increase in ratio of chilled ceiling cooling load.

Saheb et. al., (2021),[80] investigated the improvement of the inhaled
indoor air quality using two types of ventilation systems (displacement and
mixing ventilation) as well as a personal ventilation system. The study was carried
out for an office room subjected to Iragi climate weather conditions. The

theoretical study was performed using (AirPak 3.0.16) software. Two cases were
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performed. The first case used (personal and mixing) with temperature of supplied

air from (21 to 23 °C), while at the second case used (displacement and mixing
ventilation) with temperature of supplied air from (18 to 20 °C). The velocity of
air at both cases is 0.6 m/s. It was found that there was a positive effect for using
the personal ventilation at both cases. The values of air diffusion performance
index (ADPI) and thermal ventilation effectiveness (&) were (74.361 and 1.549)
respectively for the first case, while their values were (68.321 and 1.71)

respectively for the second case.
2.2.2 Experimental and theoretical studies
Muna, (2017), [81], studied the displacement ventilation using three different

diffuser types to get the indoor air quality parameters theoretically and
experimentally. Experimental work and (CFD) modeling were conducted for
comparing the indoor air quality and thermal performance between three types of
air supply diffusers (three directions-squared diffusers, semi-circular diffuser and
two parts of one direction-squared diffuser). The experimental work was
conducted for investigation of how the use of the three various arrangements
would affect the thermal space inside the tested room with dimensions of
(4x3.2x4) m. (ANSYS Fluent-14) was used to simulate the complex flow with
buoyant inside the models rooms. It was found that the three direction-squared
diffuser was the better kind in comparison to the other two kinds since it
investigated (ADPI) of (66.76 %) and (e) of (1.82) respectively, and the semi-
circular kind gave (62.3) % and (1.55) respectively. In addition to, the measured
relative humidity gave about converged values for all the three types.

Lastovets et al., (2019), [82], conducted a dynamic model for the DV
temperature gradients and investigated the influence of thermal mass on the
temperature stratification. The model was validated with the experimental work
data of the lecture room using displacement ventilation. The outcomes showed
that the model showed a better robustness for the thermal output prediction at
different operating circumstances by picking up the dynamic characteristics of the

building system accurately. Moreover, the heat loads time schedules were taken
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into account in the model. The two-capacity prototype can predict the gradient of

temperature for the indoor air in the dynamic circumferential by picking up the
dynamic characteristics of the building system accurately. The model could be
utilized for the DV design at various dynamic circumstances.

Shi et al., (2019), [83], conducted and analyzed a full-scale chamber using
displacement ventilation and passive chilled beams (PCBs) to get information
about the velocity of air flow, temperature and concentration of contaminants
numerically and experimentally. It was found that PCBs were perfectly effective
for decreasing the temperature gradient towards DV. However, the chilled beam
produces a chilly descending plane which make a zone with high draft. Moreover,
the draft extent may be corresponding to the cooling load removed by the PCBs.
These descending air jet created by the PCBs might upset the stratification of
contaminant and increase the mean age of air in the considered zone.

Cetinet. al., (2020), [84], investigated the characteristics of dispersion and
deposition of various particle diameters (0.5-5-10 pum) for a displacement
ventilated and floor heated environment, experimentally and numerically. The
experimental results were utilized for validation of simulation outputs obtained
via Eulerian-Lagrangian technique. Three shapes of various outlet opening and
particle source heights were considered. The results were compared in terms of
air change efficiency (ACE), average concentration of the room and the breathing
height, contaminant removal effectiveness (CRE) and deposition fraction. It was
discovered that the distribution of contaminant was highly related to the
configuration of outlet opening and the position of particle source.

Mahdi et. al., (2021),[85] investigated the effect of adding the personal
ventilation with the displacement ventilation on heat removal as well as the
thermal comfort. The experiments were carried out on an insulated room with
dimensions of (3 x 1.75 x 3) m. The experimental results were used for validation
of the CFD simulation to predict indoor airflows using the RNG k- € model. The
temperature of supplied air from displacement ventilation was 18 °C with mean

air velocity of 0.25 m/s, while the flow rates for personal ventilation were 5 I/s
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and 10 I/s with a temperature close to where the air was draw ( at height of 0.4

m). It was found that adding the personal ventilation improved the indoor air
quality and thermal comfort. The flow rate of 10 I/s gave better efficiency for the
device with regard to the air diffusion performance index (ADPI) and the thermal

ventilation effectiveness (e;) with values of 71% and 1.8 respectively.
2.3 Originality of the Present Work

The design and performance of a combined solar absorption cooling system
with ventilation system in an insulated office room under Iraqi climate would be
designed, fabricated and tested as a new ventilation system under different
conditions. This research investigates the effect of many parameters on
performance of ventilation air flow and so the air quality as follows:

1- The effect of refrigerant mass flow rate, the fraction of refrigerant in

the solution and the time.

2- There is no study conjugates the solar absorption system with

displacement ventilation. So, this system will be performed in this study.
3- The pair of acetone-water did not used previously in the solar absorption
system. So, this pair will be used to study its performance under Mid-
Irag climate.

4- Finding a correlation for the vaporized fraction of acetone as a function
of generator temperature and the acetone fraction in the mixture using
SPSS program.

5- Performing the exergy analysis of the absorption system and collector.

6- Enhancing the air exchange efficiency for a ventilated office room by

using the displacement ventilation with solar absorption cooling system.

7- Studying the capability of this system to present acceptable thermal

conditions in occupant zone.

8- Evaluation performance of this system under severe hot weather Iraqi

climate (during summer season).
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CHAPTER THREE
EXPERIMENTAL SET UP AND DESIGN

CALCULATIONS

The design and manufacturing of a solar absorption system driven
by a parabolic trough solar collector (PTSC) to ventilate an insulated room
will be explained in the current chapter. It consists of a detailed analysis
for all the system components individually and how the system operates to
study the air flow and temperature distribution by displacement ventilation
system. The testing of the system and ventilated room was performed at
University of Babylon, Babylon province, Irag (latitude of 32.46 °N and
longitude of 44.42°E). The acetone-water pair is selected and tested as an
operating working fluids under lIragi climate. The outdoor and indoor
design that is used in this study are based on Iragi blog for cooling at Hilla

city.

3.1 Components of the Solar Absorption Cooling System and
the Tested Room

The sizes and dimensions of the various elements of the system are
designed according to the required cooling load and the thermodynamic
properties of used fluid pair. The system consists of two parts, the first part
includes the components of the solar collector and solar absorption cooling
system which includes:

A. Storage tank

B. Water pump

C. Parabolic trough solar collector
D. Generator

E. Condenser

F. Capillary tube
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G. Evaporator
H. Absorber
I. Chemical pump
J. Heat exchanger
K. Water pump for cooling of condenser and absorber
The second part consists of the components of the insulated cooled
room which includes:
A. Insulated Room
Rectangular diffuser
Manikin
Lamps
Three air ducts
Two Poles
. Table
The aim of the current work is to ventilate an insulated room with a

@ m m o O W

heat gain consisting of a one person, one computer, one lamp, infiltration
and heat gain from the window. The system is operated by a solar
absorption cooling system. A continual solar absorption cooling system is
designed and constructed to perform this purpose. Acetone-water pair is
used in the solar absorption cooling system. The acetone is used as a
refrigerant while the water as an absorbent. The solar absorption
ventilation system components will be explained in the following
subsection. The system is shown schematically in Fig. (3.1), and the system

photograph is shown in Fig. (3.2).
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Fig. (3.1) schematic diagram of the solar system and the insulated room.
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A-Storage tank H- Absorber

B-Water Pump I-Chemical pump

C- Parabolic trough solar collector J- Heat exchanger
D-Generator K-The insulated room

E- Condenser L- Insulated air duct

F- Capillary tube M- Water pump for cooling
G- Evaporator of condenser and absorber.

Fig. (3.2) photo of the solar system and the ventilated test chamber.

The design calculation is based on the following assumptions:
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1. The heat gain comes from (window, infiltration, one person, one
lamp and one computer) with total required cooling load of 300 W.

2. The system operates under quasi steady state

3. Generator and evaporator are adiabatic.

4. The refrigerant is considered to be in the saturated vapor state at the
evaporator exit and generator exit.

5. The refrigerant is considered to be in the saturated liquid state at the
condenser exit.

6. The temperature of the condenser (T) is assumed as (40 °C), which
IS a suitable temperature for the external sink to the condenser.

7. The evaporator temperature (Te) is assumed as (6°C), which is a
suitable temperature when using acetone as a refrigerant.

8. The pump work is negligible.

9. There is no pressure drop in the pipes.

10.Generator and condenser are assumed as same pressure and equal to
high pressure of the system.

11. Evaporator and absorber are assumed as same pressure and equal to
low pressure of the system.

12. The effectiveness of heat exchanger is 0.65.

13. The fluid temperature is constant inside that components.

14.The room and air ducts are insulated totally from the surrounding.

15.The infiltration from the surrounding is (0.5) room volume per hour.

3.2 Design of the Insulated Tested Room

The dimensions of the test room are (2x 2 x 2.5) m. The inlet air
supply is situated at the west wall while the exit grill is at the same wall
located in the center where its center below the roof of a distance (0.5 m).

One occupant, one electric lamp and one computer and the heat gain from
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window are used as heat sources. Fig. (3.3) shows a schematic

representation of the test room. Table (3.1) provides a complete description

of the setup and the various objects locations. Properties of human body

are expressed by a seated manikin. Manikin height is (1.1 m), and area of

surface is (1.65 m?), [86]. A lamp is placed below the manikin to generate
heat of (75W). Fig.(3.4) shows the locations of the contents of the tested

room and the measuring devices.

table (3.1) ventilated room configuration

Location Size Heat [87]
ltem m m W
X Y Z | Ax Ay Az
Room 0 0 0 2 2 2.5 -
Diffuser 0 0 0.85 0.1 0.25 0.3 -
Exhaust grille 0 1.955 | 0.85 0 0.19 0.3 -
Person 1.45 0 0.825 | 0.35 1.2 0.35 75
Computer 0.85 | 0.75 | 0.825 | 0.35 0.3 0.35 45
Lump 0.97 | 2.22 0 0.06 0.06 0.08 15
Table 0.9 0.7 0.6 0.5 0.05 0.8 0
Window Lamg | goor Bgr
T Poles =
—+» Person
~Computer
Table
| . Diffuser

Fig. (3.3) schematic diagram of the tested office room.
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Fig. 3.4 locations of the contents of the tested room and the measuring devices.
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3.2.1 Cooling load calculations

To calculate the supply temperature (Ts) and air flow rate (Qpv), the

cooling load must be estimated from the following equations as, [87]:

Q= U*A*CLTD. ...(3.1)
L .

i hout+K1 + +Kn+hin ...(3.2)
CLTD, = CLTD+(25.5-Tg)+(T¢-29.4) ...(3.3)
Where:

Tr is the indoor design temperature assumed 25 °C.
T, is the outside environmental temperature assumed 50 °C.

The window consists of two layer of reflective glass of (6 mm)
thickness with conductivity of (0.83 Btu/h.ft? °F), [88], and a cavity of air
with 8 mm thickness.

Infiltration cooling load can be found from the equation:
Qinf=1.22*V + AT .34
For infiltration of 0.5/h

. 1 v
Ving = =%
mf = 27 3600

Cooling of air inside room for one hour and initial temperature of (35 °C)

is found as:
e .(35)
Table (3.2) heat gain of cooled room
No. Item Power (W)

1 Window 31.26

2 Infiltration cooling load 47.43

3 | Cooling of air inside room 33

4 Human cooling load 75

5 Computer cooling load 45

6 Lighting cooling load 15
Total 246.7
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3.2.2 Calculating supply temperature (Ts) and flowrate (V;,)

The required air flow rate for cooling load, [89], is:

_0.295(¢+0.132(;+0.185¢ o
PCPAT hf

Viw ...(3.6)
Where,

V4, = required air flow rate to meet the sensible cooling load in system, [I/s]
(oe=75+45=120 W

=15 W

(ex=31.26+47.43+33=111.7 W.

Gav = Goetqitqex ...(3.7)
V4,=0.022 m3/s =22 I/s

Equation (3.6) is used to predict temperature of supplied air (Ts) during the
experiments, [23].

AfxXQay

Ts = Tar = ATy = 0.584XV2, +1.2XArXV gy --(3.8)
Where,

T ;= dry bulb temperature, (°C)

Q4= total heat transfer rate, (W)

Ag = the floor area of room (m?)

T:=20.79 °C

Qs=p * V * cp *(Te- Ty) ...(3.9)

Where, T, is the temperature of room exit.

For Ts=20 °C, the flow rate must be corrected, so it will become:
V=0.02183 m%/s

The heat balance for mixing (90%) of recirculated air and (10%) from the

ambient will be:
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MmCp T n=m1CpT1+m,Cp T, .. (3 . 10)
Tn=t T2 T, .(.11)
Where; ™ 0.9 and 22 =0.1

M My
T=0.9*T+0.1*T, ...(3.12)
Qs=p * Vgy * cp *(Tm- Ts) ...(3.13)
Qs =300 W
The air exchange per hour can be found as:
ACH = Vavx3600 .(3.14)
ACH= 202183+3600 _ 5 g0/

The value of (ACH) is within the acceptable range, [87].
3.2.3 Supply air diffuser (DV)

The air supply unit is basically fabricated as a perforated
displacement device. There are certain objectives that must be met in
displacement ventilation such as silent operation, less velocity, thermal
comfort and less noisy diffuser. The area of diffuser can be found using
equation (3.16), with assuming air velocity of (0.3) m/s, then the supply air
unit dimensions are (0.3m*0.25 m) as seen in Fig. (3.5).

Vi =Ux*Ag ...(3.15)
Where V,,, is the air flow rate across the diffuser, uy is the exit air velocity

from the diffuser in the x-direction and A4 is the area of diffuser.

b
|
"v

l‘,u x
Vi e

G ks

\_“ PR \‘T N

o

Fig. (3.5) one-way rectangular Supply air diffuser.
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3.2.4 The indoor room heat sources simulator

The heat sources in the tested ventilated room are explained as
follows:
1- Thermal manikin: The temperature of surface of the thermal manikin
Is controlled to remain as the same temperature reached by the body of
human by locating a source of heat with power of (75 W) inside the
manikin, and its height from the floor is (1.1 m) at the situation of the
sitting, as explained in Fig. (3.6).
2- Computer: by fabricating a wooden box of (0.3x0.3x0.3) m?®
dimensions that includes a source of heat with capacity of (45 W) which is
the same power generated by the computer, as displayed in Fig.(3.7).
3- Light: fluorescent lamp with power of (15 W) is located (0.25 m) below

the ceiling in the middle of the room northern wall.

Computer

tloor

a-photo of thermal manikin b-schematic diagram of person

Fig. 3.6 thermal manikin in the experimental work.
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3.2.5 Description of the displacement ventilation system

The displacement ventilation system (DV) in the present work was
designed by installing an air diffuser of (30*25 cm) dimensions located
near the floor level of the tested ventilated room. Air at velocity of (0.3
m/s) supplied by the diffuser. The diffuser is located on the same side of
the air exit.

The diffuser is constructed of the aluminum metal of (4mm)
thickness. The exit cross section of the diffuser is made of small circular
holes with 1.6 cm diameter made by (CNC) machine. The air exit is

situated below the ceiling (0.5 m) and its area is (0.3%0.2).

3.3 Parabolic Trough Solar Collector Loop Design

The parabolic trough collector (PTSC) system is a reflecting surface
in the form of a parabola. The collector components are (i) a parabolic
cross-sectional cylindrical concentrator (reflector), (ii) helical absorber
(receiver) tube made of copper coated with a selective coating, (iii) a glass
cylindrical cover enveloping the helical coil receiver and (iii) Support

structure.
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The solar irradiations incident on the reflecting surface is collected
and reflected along the parabola focal line where a heat transfer liquid is
flowing in the helical receiver tube. The heat is absorbed by the liquid. The
collector loop consists of the following parts:

3.3.1 Reflector

The purpose of the reflector is to reflect and concentrate the
incoming direct radiation to the focal line. The reflector in the shape of
parabolas is made of stainless steel sheets. So, the dimension of the (PTSC)
aperture is about (1.05m) width and length (2 m). The cylindrical parabolic
reflector concentrates all the falling solar irradiation on a metallic tubular
located along the (PTSC) focal line, [78].

3.3.2 Helical absorber tube

It acts as a receiver and transporter of the energy which is being
concentrated at focal line of the reflecting surface. The receiver consists of
mainly two components which are the helical coil receiver and the tubular
concentric glass cover. The assembly is fixed along the focal line of the
collector. The coil is manufactured of a copper tube with (12.7 mm) OD.
and (1 mm) thickness. The coil is coated by heat resistant black paint and
inserted into the glass cover tube. In some high-performance collectors,
helical coil receiver is coated with selective paint and space between the
tube and glass cover is evacuated. The concentric glass cover helps in

reducing radiation and convection losses, [78].

Table 3.2 Dimensions of the helical coil receiver

O.D of evacuated tube 15 cm 12.7 mm
O.D of the helical tube (dt) 12.7 mm
Length of the helical tube (Lt) 19.15m
thickness of the tube 1 mm

O.D of the coil (Dcoil) 63.4 mm
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Length of the coil (Lcoil) 1.55m

3.3.3 Support structure

It is a mechanical frame which gives the required support to sustain
the weight and provide robustness against wind loads [90].

The optical performance is dependent on various factors, such as
fault tracking, geometric error and surface shortcomings. Fig. (3.8)
displays a cross section of both a receiver and a reflector that was designed
by Nabeel Ghyadh, [78].

3.3.4 Storage tank and hot water circulation

The storage tank is used to store the hot water in the collector loop.
The capacity of the storage tank is (12 liters) of water. The water enters to
the helical coil receiver in the parabolic trough collector from the storage
tank and exits from the helical coil receiver to generator and return to the
storage tank with flow rate of (1.5 I/min). The tank is fabricated from steel

and thermally insulated to reduce heat loss.
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3.4 Absorption System Design

The thermodynamic design of acetone-water absorption cooling
system assumes a steady-state operation. The required system cooling load
Is assumed to be (0.3 kW). The rates of heat added to or rejected from each
component of system are found from equations of mass and energy
balances. The heat transfer areas are determined from a suitable
correlations of heat transfer coefficients. Fig.(3.9) shows a schematic
diagram of the solar absorption cooling system.

The lower temperatures of condenser and absorber raise cycle
efficiency and should be selected as low as possible. However, they are
more or less fixed by the availability of cooling water.

The system pump work is neglected since it is very small in (COP)

and performance calculations.

4 7 . »

Generator Condenser
6 1 8
Heat Exchanger X
% 9
4 3 10
Absorber Evaporator

¥ *

Fig.(3.9) schematic diagram of solarsapsorption cooling system.
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3.4.1 General assumptions of the absorption system

Several assumptions must be considered to design the solar
absorption system such as:

1. generator temperature is 80 °C.

2. condenser and absorber temperatures are 40 °C.

3. evaporator temperature is 6 °C.

4. the heat exchanger effectiveness is 0.65.

The saturation pressure of acetone vapor at (6 °C) equals (12.8 kPa).
Considering a slight pressure differential between evaporator and absorber
of (0.15 kPa), the pressure in the absorber will be (12.65 kPa). In the
condenser, the saturation pressure of acetone vapor at (40 °C) is (56.53
kPa). Considering a small pressure differential of ( 3%),[73], between the
condenser and the generator so the generator pressure will be (58.226 kPa).

With refrigerant mass flow rate (m=0.0006224 kg/s), the strong
solution mass flow rate is (rhss=0.01 kg/s) and weak solution mass flow rate
Is (mhys) of (0.009378 kg/s) value.

From above assumptions, the following parameters are obtained:
Qs= 0.7065 kW
Q. = 0.6518 kW
Qc = 0.3547 kW
3.4.2 Design of generator

The absorption cooling system generator unit is generally of the
submerged form. It is a shell and coil heat exchanger. The hot water from
the collector flows within the pipes, and the mixture pair (working fluid)
in the shell as shown in Fig.
(3.10). Table (3.2) shows the data of inlet and exit of the generator, while
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Table (3.3) shows the properties of hot water and the water — acetone

mixture properties at the generator.

Fig. (3.10) coils,[78].

Table (3.2). inlet and exit data to the generator.

Qg Thw,i Thw,o Tws Tss Tg mws mss st Xss Tav

kw °C | °C |°C | °C |°C| kals |kgls| % % | °C

0.7065 |90 84 | 75 |52.2|800.00938 | 0.01|0.4668 | 50 | 87

Table (3.3) properties of hot water and Acetone - water solution

Properties of hot water at 87
°C, [91]

pw | kg/m® |966.96
Mw kg/m.s | 0.0003236
Kw W/m.K | 0.674
cpw | kJ/kg.K|4.203
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hg kJ/kg | 2289 Properties of acetone-water
solution at 50% and 80°C,[91]
p kg/m® | 488.5

U kg/m.s |0.0001934

k W/m.K | 0.3342

Cp kJ/kg.K | 2.874

Hot  water Hot water in

out to from PTSC

storage tank collector
Vapor release 7 G

to condenser

Weak solution

ron lution
Strong solutio to absorber

from absorber 6 1

The prantdl number of hot water is :

Pr, = ”V;{ﬂ =2.018 .(3.16)

For the hot water flowing into the coil, the inner heat transfer
coefficient (h;) is evaluated first. The hot water mass flow rate inside coil
is assumed to be (1.5 L/min or 0.025 kg/s).

The Reynolds number can be evaluated as follows:

Re = 2™ — 8201 .(3.17)
UwmD;

Where (D;) is the inside diameter of tubes. The dimensions of the

copper tube are as follows; dimensions inside diameter are (D;=12.7 mm),

outside diameter are (D,=13.4 mm) and thickness (0.7 mm). Since, the flow
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Is turbulent, the Nusselt number for fluids flowing inside the tubes of
helical coil is, [92]

Nu = 0.021 % Re%8> x pr04 (%) ...(3.18)
Where (1) , (R) are inner radius of tube and radius of coil respectively.
Nu =22 ..(3.19)
h; = 2994.6

m? °C

The outside heat transfer coefficient (h,) can be evaluated from the
correlation of ref. [93] which is used for estimation of heat transfer by
combined boiling and evaporation of falling liquid films on horizontal
tubes. The average heat transfer coefficient over the tube circumferential
length (L) is

Lg

h, =hb+hd*LL—d+hC*( ‘T) ..(3.20)
Where:

hy :is the nucleate boiling heat transfer coefficient,

hg: the mean heat transfer coefficient in the thermal developing region
where the fluid is being superheated.

hc; the convective heat transfer coefficient due to evaporation of liquid
films at the vapor-liquid interface.

L: shell height.

L :the thermal developing length .

hqg is given by
3 r
Where
_ m
= L ..(3.22)
Ltube:O.3 m
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v=§ d?1 ...(3.23)
d= |= ...(3.24)
d=0.226 m.
> Wh,out

S

™

o

1

-

< Wh,in
3 2 d=0.226
r3 3% =0. m

Ld = 4xTTxp*X * (g*:)lz)z (325)

a:is the thermal diffusivity of the solution
hc: is found as follows

1-Laminer flow

h, = 0.821 % (k‘;:g)_o'33 (%)_0'22 .(3.26)
2-Turbulent flow
ho= 0003e ()" 4 (40" (2)° e

v: is the kinematic viscosity. Therefore, EqQ. (3.21) is rewritten as
L L
h, = hy *Td+h0*( — ) ..(3.28)

Shell height is 0.30 m.

[=-"_ — 001667 == ...(3.29)
2xLtype mx*s
Kss - 2
Qs = ——=— = 2.407 * 10 T ...(3.30)

Lg=4.953*10"% m
hg = 709053 W/m?2°C
The transition point from Eqgs. (3.26 and 3.27) in calculating (hc), [94]:
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4T »\—1.06
( - )tr = 5800 * (;) = 973.2 ...(3.31)
In this design,

4T

(T) = 344.8 laminar

So the correlation for the laminar Eq. (3.26), may be utilized to give
h. =3869.7 W/m? °C

The external heat transfer coefficient is evaluated from Eq. (3.28).
ho=3923.4 W/m?.°C

The overall heat transfer coefficient (U,) depend on the tubes outside area
is, [95]:

0=+ @) hr @ (Zn®) e

Where

f.: the fouling factor for the hot water side at (75 °C) equal (0.0002
m?*K/W), [73].

k: the copper tubes thermal conductivity. For copper tubes (k=390 W/m.
K), [96].

Uy = 846.731 ———

The logarithmic mean temperature difference (LMTD) is

_ (T _Thot,o)_(T _Thot,i) _ o
LMTD = ~~ 1n<Tg_Thogt,o> =12.33°C ...(3.33)
Tg—Thot,i
Qg =U, x A, x LMTD, ..(3.34)
Assume LMTD=0.99*LMTD ...(3.35)
A, =m*xd, *1 ...(3.36)

I=A,/ndy, 11528 m
The characteristic of coil ;
Length of tube= 1.528 m
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For a turn length of 0.5 m
m X D=0.5 ...(3.37)
Coil diameter is 15.9 cm.
Number of turns = 4
Pitch=15 mm
Coil height=n*d+(n-1)*p ...(3.38)
H=4*14.1+2*15=86.4 mm
H=8.64 cm.
3.4.3 Design of condenser

The configuration of the condenser device is shell and coil. The
acetone vapor flows inside the coil tube, and the cooling water in the shell.
Table (3.4) explains the data of inlet and exit of the condenser, while Table

(3.5) shows the properties of cooling water and acetone at the condenser.
Table (3.4) input and output data to the condenser.

Qc Tcw,i Tcw,o Tc m; Tav
kW “C °C | °C kg/s °C
0.3553 | 30 35 | 40 |0.0006224 | 32.5

Table (3.5). the properties of cooling water and acetone.
Properties of cooling water at | | Properties of Acetone at 40 °C,

32.5°C, [91] [91]

Pw kg/m® | 995.024 pI kg/m® | 767.7

ww | kg/ms [0.0007566 | M ' kg/m.s | 0.0002707
Ky | W/m.K | 0.6205 Co ki/kg.K | 2.182

Pr — 51 hig ki/kg |515

- : pv at kg/m® | 1.116
CPw kJ/kgK 4.183 P=56.53 kPa

The outer heat transfer coefficient for a helical coil can be evaluated

from the following equation, [92]:

(ho;’;do) — 20487 Rg01768 ...(3.39)
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For2*10°< Ra >3*10°

Gr = 9B (Tw=Teo)*d5

2
5)
Assume the T, = 38°C and T,, = 32.5°C
Twall + Tav o
=7 =3525C
B=——=32441x1073K"1
Tf+273

Gr = 726962.416

Ra=Gr*Pr=726962.416*5.1=3707508

h, = 1346.35

The inside heat transfer coefficient for two phase flow is, [73]:

m2.°C

1

*( * *3* _ =
h; = 0.725 * [pl grhypgk>*(p1—py)]4

uxdixAT

AT = T, — Tyya = 40 — 38 = 2°C

h; = 2183.58

U= () +

m?2 * °C

W

U, = 728.68

mZ2x°C

Lo
0) + <2*k

The log mean temperature difference can be found as:

LMTD — (Tc_Tcw,o)_(Tc_Tcw,i)

1n(

Tc=Tcw,0

TC—Tcw,i

)

59

..(3.40)

.(3.41)

...(3.42)

..(3.43)

.(3.32)

..(3.44)



Lhapter [hree....EXPERIMENTAL SET LIP AND DESIGN CALCULATIONS

To account for perpendicular flow, the correction factor is (0.99), so
that, [90]:

If we assume, LMTD,. = (0.99) x LMTD

Then, LMTD, = 7.141

Q. =U, * A, * LMTD, ...(3.45)
A=adol , I=A/1dy, 11623 m=2

The characteristic of coil ;

Length of coil =1.623 m~ 2

Number of turn = 4

Coil height(H)=4*14.1+3*15=101 mm=10.1 cm

Liquid from

Vapor release
condenser

from generator

/ Cooling
water in

Cooling

_ 8 water out
3.4.4 Design of evaporator

The evaporator is a cross flow fan and radiator heat exchanger. The
acetone flows inside the Jadiatqyand the air to be cooled flows over and
through the radiator. The supplied air to the fan consists of (90% of

recirculated air and 10% oOf ambient air). Table (3.6) explains the data of

inlet and exit pro pptied to the evapSTatSr Rlile table (3.7)
shows the aceto rties at their film temperatures. Fig. (3.11)
shows the eva ents that are a [an,.é;ondenser and a wood
Iquid acetone from
case. / capillary tube
Hot air in
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1L
|[‘

l

k‘ """ \ ‘

Fig. (3.11) photos of the evaporator.

Table (3.6) inlet and exit data to the evaporator.

Qe Ta,i Ta,e Te my Tav
kw | °C | °C | °C kgls °C
03 |[31.37] 20 6 |0.0006224 | 25.69

Inner diameter=0.012 m.
Outer diameter=0.0134 m.
The evaporator pressure is 12.8 kPa which is the saturation pressure of

the acetone at (T=6 °C).

Gravitational acceleration (g=9.81 m/s?).
Table (3.7). acetone and air properties at their film temperature, [91].

U

(kg/m.s)

Pv
(kg/m°)

PL
(kg/m°)

k
(W/m.K)

pr

hfg'
(ki’kg)
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Acetone | 0.0003703 | 0.194 805.7 [0.1671 |- 534
Air 0.00001852 | 1.181 - 0.02556 |0.7302 | -

From the information mentioned above, the inner heat transfer

coefficient would be

3 — 1
h=0.725 [pzxgthgxk xX(p1 pv)]Z: 2179.2632W ..(3.46)
ux di; X AT m-.K

The outer heat transfer coefficient is calculated using Churchill and

Bernstein equation, [97]. The recommended equation is for all Re Pr> 0.2

has the shape.
1 1
—n 5,062 XReZXPr3 Re 2.2
Nu=0.3+ (1+(0;4)%)% 1+ (282000)8)5 ...(3.47)
Pr
Nu=1412.68
Nu="2% ...(3.48)

h,=97.86 W/m?. K
The overall coefficient of heat transfer (U,) depend on the outside
area of the tubes is, [96]:

UO:[(;:;H) + (‘jl—) fo + (hi) + (I (‘;—j))]—l ...(3.32)
Where

f is the fouling factor for the hot air side at (50°C ) equal to (0.0002
m2*K/W).

U, = 82.15 W/m?, K

_ (Thin=Tc out)—(Thout—Tc in)
ATLm - ln(Th in—Tcout e (349)
Thout=Tcin

LMTD = AT,,,,=19.12 °C
LMTD=0.99*LMTD=18.93°C
Qe= U™ As* LMTD, ...(3.50)

A.=0.1929 m?, required surface area of radiator.
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If the area is rectangular without two surfaces and neglecting the fins with
width of 30 cm, the height will be
h= A¢/(2*W) ...(3.51)
h=0.1929/(2*0.3)=0.322
h=0.33 m.
3.4.5 Design of absorber

The absorber is of shell and coil type. The dropping film form used
the flow of the solution through the pipes and the cooling water within the
pipes. Table (3.8) explains the data of inlet and exit of the absorber, while
table (3.9) shows the properties of cooling water and water — acetone
solution at the absorber.

strong solution 4 3 Weak solution
to generator from generator

Vapor  releases 10
from evaporator

Cooling  water
out

Table (3.8) inlet and outlet data to the absorber.

Cooling water in

Qa Tewi | Tewo | Tws | Tss | Ta Ms Mss | Xws | Xss | Tav
kw | °C | °C | °C |°C|°C kals kals| % | % | °C
0.5571 | 30 35 |52.6|40 | 40 | 0.009378 | 0.01 | 0.467 | 50 | 32.5

Table (3.9) the properties of cooling water and acetone- water solution.

Properties of acetone-water solution at Properties of cold water at
46.7% and 46.3°C, [91]. 32.5°C, [91].

P kg/m? 527.8 pw | kg/m® | 994.9

u kg/m.s 0.0003145 Wy | kg/m.s | 0.0007571
O - - N e~~~ 1, sarlmA I laWalaY~ye)
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The mass flow rate of cooling water is:

Tig, = c,ﬁﬁ = 0.02664 = .(3.52)

The cooling water Reynolds number is:

Re = 2w — 373547 ..(3.53)
uwmd;

The Nusselt number for inner flow for helical coil is, [92]:

Nu = 0.021 * Re®85 « pro4 (%) ...(3.54)
hi

Nu ="td, ...(3.55)

h; = 3059.74 ——

The outside heat transfer coefficient can be found from the following

circumstances, [95].

4 xT
for < 2100
1
1
, 4 23 1 1
_ k“xp3*cp*g3 u 4 4xI'|9
h, = 0.5*[ | [ﬂwau] | M] ..(3.56)

All properties of strong solution (within the absorber) are evaluated

at mean bulk temperature except pwan at the wall temperature.
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4 %[

for > 2100
11
ho = 0.01 % [£52 L[] e 3.57
=001+ [P [ o1 a7
In this design
r= ' = 0.01667 kg
2% Leype m.s
And
4 I
= 229.2 < 2100
U
h, = 1694.82 ———
Uo =1367.73 ——
LMTD, = 7.141
Q. =U, * A, * LMTD, ...(3.58)

A, =m*xd,*l, I=As/1dp, 1=1.586 m
The characteristic of coil,
Length of tube =2 m
Number of turn =4
Pitch=15 mm
Coil height=n*d+(n-1)*p ...(3.38)
H=4*14.1+3*15=101 mm
H=10.1 cm
3.4.6 Solution heat exchanger design

In the case of low capacity acetone-water cooling systems, solution
heat exchanger typically consists of a purely double copper pipe. For this
portion, such a heat exchanger is built with a cold-strong solution for
indoors and a hot, weak solution in outdoors. Table (3.10) explains the data

of inlet and exit of the heat exchanger, while table (3.11) shows the
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properties of water- acetone solution for strong and weak solution at the

heat exchanger.

Ts Ts
Weak solution T, T: Weak solution
to absorber from generator
strong  solution strong solution
from absorber to generator

Table (3.10) inlet and exit data to the heat exchanger.

Q Hx Tss,i Tss,o Tws,i Tws.o mws mss st Xss Tav,ss Tav,ws
kw | °C| °C | °C | °C ka/s kgls| % | % | °C | °C
0.3452 |40 |52.19| 75 |62.4|0.009378 | 0.01 | 46.68 | 50 | 46.1 | 68.7

Table (3.11). the properties acetone- water solution.

Properties of solution at 50 % Properties of solution at
and 46.1 °C, [91]. 46.68% and 68.7°C, [91].
pss | kg/m® | 4955 pws | kg/m® |522.3

LLss kg/m.s | 0.0002965 wws | kg/m.s | 0.0002234
ks | w/m.K |0.3194 kes | W/M.K | 0.3526
cpss | kI/Kg.K | 2.826 Cpws | kI/kg.K | 2.927

Prss 2.624 Pl 1.854

The outer and inner diameters are (9/8 " and 5/8 ") respectively. The
coefficients of heat transfer for the inside and outside flow for the heat

exchanger can be evaluated as follows:

Re = % ..(3.59)
Nu = 0.023 Re%8 Pr" ...(5.60)
n= 0.3 for cooling and 0.4 for heating

Pr= % ...(5.61)

For inner strong solution (cold):
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Re= 2704 & Nu =18.83

w
m2xK

hi=378.9

For outer weak solution (hot):
Re =4207 & Nu =21.95

ho=609.4——

U, = 162.73 m!‘iK

LMTD = (Tss,i_Tw;:e)'__(;Tss,e_Tws,i) =226°C .(3.62)
in(t )

Qux = Uy X Ayy X LMTD, ...(5.63)

A,=0.09479 m?
L=A,/(2*0.01531)
L=1.9717 m=2m, length of heat exchanger.

3.4.7 Capillary tube design

In fact, the capillary tube wall friction induces the slow pressure
drop in the flow of refrigerant, leading to a decrease in the resulting
saturation temperature, internal energy and enthalpy, but to an increase in
specific volume and kinetic energy with adiabatic vaporization of flash of
its own enthalpy. The reduction in pressure and its accompanying rise in
specific volume almost hold the term (PV) constant, [98]. Furthermore, the
actual pressure decrease does not lead to the recovery of kinetic energy by
phase change and therefore the pressure drop share (APn) losses is
negligible. Consequently, the actual drop in total pressure (AP) is almost
equal to the drop in frictional pressure, APg. Table (3.12) shows all
properties and velocity of the acetone at the capillary tube. Fig.(3.12)
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explains the P-h diagram along the isenthalpic expansion line from

condenser to evaporator. Fig. (3.13) shows the used capillary tube.
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P (pa)

The following relationships (Darcy — Weisbach equation 1845) are
now used to assess the length of the capillary tube required for each

elementary length of the capillary tube between two adjacent temperature

:

:

P" - w. 5

;

2

h (kJ/’kg)
Fig. (3.12) P-h diagram of elementary length along Isenthalpic Line.

nodes:
FAL u?
AP, = =1 ...(3.64)
2d
L=0. 222 m.
Table (3.12) the results of capillary tube length
nod | Tc P hy hrg X v u AP 1 Re f AL
e T kpa | kJ/kg | kd/kg m3/kg m/s | kpa kg/m.s m
ks | 40 | 56.53 | 292 | 508 0 0.00198 | 1.57 0.00027 | 2926 | 0.0435
7 4 07 1
k' 30 | 38.06 | 269 521 | 0.04 | 0.07924 | 62.7 | 18.4 | 0.00029 | 2689 | 0.0444 | 0.1672
415 7 7 46 4
1 20 | 2481 | 246 534 | 0.08 | 0.00032 | 192. | 13.2 | 0.00032 | 2457 | 0.0454 | 0.0382
614 24 7 5 24 5
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10 | 1559 | 223 | 547 | 0.12 | 0.4877 | 386. | 9.21 | 0.00035 | 2229 | 0.0465 | 0. 01294
61 3 9 53 7
6 128 | 213. | 552. | 0.14 | 0.6068 | 480. | 2.79 | 0.00037 | 2139 | 0.0470 0.
8 2 16 7 03 5 003115
Total length of capillary tube 0.222

Condenser

Generator

Capillary tube

Absorber

Evaporator

Fig. (3.13) capillary tube.
3.4.8 Working fluid pair

Many different available refrigerant-absorbent pairs which can be

used in solar absorption systems. Some of these pairs are (ammonia-water
pair, water-lithium bromide pair, water-lithium chloride pair, ethanol-
water pair and acetone-water pair...etc.). The selection of the pair solution
depends on different parameters such as: heat source temperature, the
affinity between the absorbent and refrigerant (chemical, physical and
thermodynamic properties of them), the cost, availability and the

environmental impact.
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The acetone-water pair will be utilized in this study. The acetone is
the refrigerant and water is the absorbent. The acetone has been selected
because it has several advantages such as: low boiling point at atmospheric
pressure, low viscosity, non-toxicity, it is cheap and environmentally
friendly. However, the water is selected because it is not-toxic, stable, not-
corrosive, available without cost and environmentally friendly. The
properties of the solution are mentioned in Appendix-A (table A-1).

Three different concentrations of acetone (by mass) taken in the
study are (40%, 50% and 60%) by mass.

3.5 Pumps

The solar assisted absorption cooling consists of two loops: (i) solar
collector loop, (ii) absorption cooling loop. A hot water pump is used to
circulate a hot water in the solar collector loop. A flow meter is used to
measure the hot water flow rate.

A chemical pump is used in the second loop. The chemical pump is
utilized to circulate the strong solution, through the heat exchanger to the
generator. Another water pump (25 W, 1000L / h, and maximum suction

1.8 m) “circulates the cooling water between condenser and absorber™ unit.

3.6 Temperature Measuring Instrument

In this experimental work temperature is the most significant
property. The determined temperatures at various locations, together with
the corresponding pressure, are used to determine the refrigerant state at
any point in the cycle. The Thermocouples are utilized to measure receiver
surface temperature, solution acetone vapor outlet, outlet of condenser,
environment, and evaporator. These thermocouples are of type (k). The
temperatures measured by the thermocouples are recorded via a data

logger. The data logger is programmed to keep the temperature recorded
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every (15 minutes). The type of data logger used is (Card-12 channels
BTM-4208SD) as shown in Fig. (3.14).

= w“‘."- :

B S T ey

e

A

Fig. (3.14) data logger of temperature recorder.

3.7 Experimental Procedures for the Absorption system and

Ventilated Room Test
The detailed steps of test procedure are as follows:
1. The experimental study is performed during the three months from May

to July 2021 at Hilla city.
2. All the (32) point thermocouples of (Type k) are connected to the data

logger via plugs and connectors.
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3. The exit air from the room is split to (90%) recirculated to room through
the evaporator and the (10%) to the outdoor and (10%) fresh air is mixed
with the circulated air.

4. For the experiment, the charging valve charges the acetone-water
solution (12 liters) to the unit. The acetone concentration is varied in steps
as (40%, 50%, 60%) as shown in Fig. (3.15).

5- Preparing the refrigeration pair solution (acetone as a refrigerant and
water as an absorbent) with the pre-set refrigerant concentration. This is
done by calculating the required volume of acetone for a certain acetone
concentration (by mass). Prepare the working fluid pair by adding the
acetone to the water. The volume of the required pair to fill the absorption
system is 12 kg. The required volume of the pair is charged into the system.
6. Set the collector angles like tilt and azimuth angles to the required
values. The tilt angle is selected from the appendix A (Table A-2). The
azimuth angle of the module is also measured (30°) from south in summer.
7. The temperature is measured at collector, absorption system and the
cooled room every (15 min.) by connecting the thermocouples to the
interface data logger. The temperature is measured at collector for the inlet
and outlet water to the receiver and at the receiver surface. While the
temperature is measure at the absorption system for inside of generator,
exit of (generator, condenser, absorber), inlet and exit of (evaporator and
heat exchanger) and inlet and outlet for the cooling water for (condenser
and absorber). The temperature inside the room is taken for the walls and
at two poles. First pole coordinates are (X=1, Z=1 m), while the second
pole at (X=1.25 and Z=1.5 m).

8.During the day, the hot water from the collector heats the water-acetone
solution in the generator. The acetone is evaporated when the temperature

in the generator becomes higher than the boiling temperature of acetone at
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generator pressure. Because of the rise in temperature and consequently the
pressure of the solution in the generator, the acetone vapor flows into the
condenser, where it is condensed by cooling water, and then passes through
the capillary tube to the evaporator where the refrigeration effect takes
place.

To know the mass of evaporated acetone (refrigerant) two-sight
glasses are used, one on the absorber unit, and one on generator unit as
explained in Fig. (3.16). The average "refrigerant mass flow rate from the
generator” is obtained by measurement of the solution level drop in the
generator's sight glass during a period of time. The level drop represents
the evaporated acetone by dividing the evaporated acetone on the measured
time, the acetone vapor flow rate can be found.
9.After the acetone evaporation, it goes up to the condenser and condensed
after the cooling with water in the condenser. The condensed acetone
expands in the capillary tube where its temperature and pressure decreases.
After that, it passes through the evaporator and gains heat from the air
flowing on the surface of the condenser. The saturated acetone has
vaporized in the evaporator, then absorbed by the strong solution, the vapor
goes to the absorber and was pumped to the generator. The air supplied to
the fan is a mixture (90% circulated from the room and 10% is fresh air
from the ambient). The fan blows the air to the surface of radiator and it is

cooled by the acetone and supplied to the room.
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3.8 Instruments Calibration
A- Flowmeter

The flowmeter operating range between (0.06-0.6) m®h at 120 °C.
The calibration is performed by using a beaker of determined volume and
a stopwatch. The flowmeter is set at different values and determining the
time required to fill the beaker. The measured flowrate is calculated by
dividing the pre-determined volume on the determined time The flowmeter

calibration is shown in Fig. (3.17)

e ( L/min)

T

Actual Va

Measured Value (L/min)
Fig.(3.17) calibration of flow meter.

B-Temperature instrument
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In the heat transfer laboratory, the thermocouple calibration is done
by comparison of its readings with an already calibrated thermocouple of
the same kind (K) as illustrated in Fig. (3.18). Fig. (3.19) explains the
equipment of temperature calibration. The uncertainty of thermocouples is

explained in Appendix-B.

C-Solar radiation measurement

In the present study, a (WATCHDOG 2000) series weather station
Is utilized to record the instantaneous solar radiation. The station is
installed at the University of Babylon site on the roof of a two-storey
building to be sure that no obstacle for measuring the instantaneous solar

radiation. Fig.(3.20) shows the photo of watch dog weather station.

MULTIFUNCTION
CALIBRATOR

Fig. (3.18) photo of thermocouple calibrator.
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=
o o =
o o O

o0
o

y=1.0015«-0.2067

Reading of used thermocouple ( °C)
e 888883

o

0 20 40 60 80 100 120

Reading of standard thermocouple (°C)

Fig.(3.19) calibration of thermocouple.
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CHAPTER FOUR
THEORETICAL ANALYSIS

This chapter presents the theoretical analysis of a solar assisted
ventilating system. A solar absorption system built with a non-tracking
parabolic trough solar collector (PTSC). The collector thermal efficiency,
cooling load, temperature of supplied air and the indoor air quality
parameters will be obtained. For the province of Babylon, the total and
diffused solar radiation are calculated using theoretical equations. The
evaluation and synthesis of the absorption cooling systems needs the
implementation of thermodynamics and heat transfer principles, while the
indoor air conditions require the equations of conservation of mass and
energy as well as the models of turbulence. A parametric study is
undertaken on the cycle's steady state model, for which three computer
programs are applied. As an outcome, significant insight into the

performance of the cycle may be gained.

4.1 Solar Angles

The beam radiation is a ray falling from the sun on earth in a form
of beam without spreading or scattering through the atmosphere, so the
beam direction does not change through the path in the atmosphere.

The relationships between the direction of any plane relative to the
Earth and the direct solar radiation direction coming from sun can be
explained with regards to the following angles as explained in Fig.(4.1),
[99].
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Zenith
’

7\ j Normal 1o
' horizontal surface

w — &

/a-Aanes b- Directions
Fig. (4.1) zenith angle, title, azimuth angle, and incident angle for a tilted
Surface, [99].

4.1.1 Latitude angle (¢)

The angular position of surface north or south of the equator. It is
positive in the northern hemisphere and negative in the southern part,
[100].

4.1.2 Solar declination angle ()

Solar declination is the angle between a line connecting the centers
of earth and sun and the line projection on the earth equatorial plane, [99].
It changes throughout the year due to earth rotation about its axis. It
changes between (+23.45 °) on (21% of June) and (-23.45°) on (21% of
December), [101]. It can be evaluated from the equation:

0 = 23.45 sin((N-80)*360/370) ..(4.1)
Where, N is the day number.
4.1.3 Tilt angle (B)

It is the confined angle between the absorber plate and the horizontal
direction (0° < B < 90°). The average tilt angle values for months are
mentioned in Appendix-A, Table (A-3).
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4.1.4 Hour angle (o)

The hour angle is the angle of position of location away from solar
noon due to rotation of earth. It changes through the day. The hour angle
has a maximum negative value of (-180°) at sunrise, then it decreases
slowly (15°) per hour, until reaches a value of zero at the solar noon. After
that, it increases until reaches a maximum value of (180°) at sun set. Its
value (in degrees) can be evaluated from the following equation, [100]:
o=15*(ST-12) ...(42)

Where, ST is the solar time. The standard time can be converted to
the solar time by using the following two equations:

ST=standard time+E/60-(Lst-Lioc)/15 ...(4.3)
Where,

Ls:: the standard meridian of local time zone for Iraq (it is 45°).

Lioc: the longitude location concerned (equal to 44.4° for Hilla city).
Standard time is the local time in hours.

E: the equation of time, which be calculated as, [101] :

E=YkZolArcos(

(Ny) is the day number in a 4-year cycle, with N, =1 being 1% of January

2XTTXkXNp,
365.25

2XTTXkXNp,

e )] ..(4.4)

) + Bysin(
of the leap year and (N,=1461) corresponding to 31" of December of the

4" year of cycle.

Ay, By and k are found from appendix: B, (table B-2).

4.1.5 Solar elevation (a)
It is the angle between the solar beam direction and the horizontal
direction. It can be evaluated using the following equation, [102]:

Sin os=cos ® cos @ cos o + sin o sin O ...(4.5)
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4.1.6 Solar azimuth angle (ys)

It is the angle between the rays of sun and the south direction. The
east of south displacement is negative and positive when it is west of south.
It is estimated as follows, [102]:

Sin ys= (cos d sin ®)/cos o ...(4.6)
4.1.7 Zenith angle(0,)

It is the confined angle between the solar radiation and a column
standing on a horizontal plane of the surface of earth. It is a complementary
angle with the solar elevation angle and can be evaluated as follows:

0,= 90-a, ...(4.7)
4.1.8 Angle of incidence(0)

According to Duffie, [133], it can be defined as the angle between the
rays of sun and a normal to the surface. It varies throughout the day and
year. It is considerably affects the solar energy absorbed by the receiver. It
can be found as, [99]:

Cos 0 =cos ® cos (D-B) cos 6 + sin d sin (O-P) ...(4.8)
4.2 Direct Normal Radiation

The beam radiation outside the atmosphere of earth (solar constant)
Is influenced when it enters the atmosphere and called direct normal
radiation. The direct sunlight intensity through the day can be estimated as,
[103]:

Sincident=1353% 0.74M*°7° ...(4.9)

where Sincigent 1S the intensity on a plane perpendicular to the sun rays in
units of (W/m?) and (AM) is the air mass. (1353) is the solar constant and
(0.7) is the ratio of radiation that reaches the earth. (0.678) is an empirical
value to fit with noted data and take into account the non-uniformities in
the layers of atmosphere. The mass of air is evaluated as:
AM=1/cos 0, ...(4.10)
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The direct irradiation at sea level can be estimated from the equation,
[104]:
HO=Sincigent X cos (6;) ...(4.11)
The direct radiation on tilted collector surface can be determined with
regards to the incident angle and the sun altitude by the following equation,
[104]:
lair= Ho™cos(0;)/cos(0) ...(4.12)

4.3 Diffuse Radiation

It is the solar radiation incident from the sun, spreads, scattered and
varies its direction when it enters the atmosphere. It is divided into two
parts, the first part is the radiation diffused in the sky and the second part
is the radiation reflected from the surface perimeter. The overall diffuse
radiation is estimated as follows, [105]:
lgi=lon(C*Y ¢+0.5%*pg(Csina)) ...(4.13)
Yq4=0.45 if cos 0 <-0.2
Y =0.55+0.437*cos 0+0.313(cos0 )? if cosf >-0.2
where (pg) is the land reflectivity coefficient with a value of (0.2) for the
agricultural or normal land, but it has a value of (0.8) for land covered with
snow, [134]. The coefficient of radiation is estimated using the equation:
C=0.0965 (1-0.42 cos(360N/370))-0.0075(1-cos (1.95N))) ...(4.14)
Where N is day number.

4.4 Total Radiation

The total radiation components are the direct radiation and the
diffused radiation. So, its amount is the sum of the two components.

Where, the total radiation is:
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ltot=lairt lif ...(4.15)
The (EES) program software will be used to calculate solar radiation
and angles.

4.5 Solar Collector Loop

4.5.1 Parabolic trough solar collector (PTSC)

The (PTSC) collectors have the possibility for reflecting most of the
incident radiation to the absorber. The demand for moving the collector for
encompassing the changing solar orientation is reduced by utilizing a
parabolic section which reflects the incident radiation to the absorber,

[106]. Fig.(4.2) shows a schematic representation of the collector loop

Components.
Storage Tank T1o Pump
To
Ty o _
=
@
(@]
§ (@]
Generator
T,

Fig.(4.2) schematic diagram of the collector loop (hot water loop).

4.5.2 Calculation of thermal efficiency
The useful power (Qu) can be predicted if the intensity of radiation
Is determined (ly:),(UL) and (Fr).So, the absorbed power can be set as,
[107]:
la = ltotX Toover XTpTsC X0 ...(4.16)
After assuming that the term (tcover XTprsc Xayr) is about 0.8, (1)

can be found. The useful power is found as:

Q= Fr.1a-Qioss ...(4.17)
Qlosschonv + Qrad ---(4-18)
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: T,—T,) , OAc(TE-Tp
Qloss= FrX (UL X ( C )' 1 Ac(r ))

SC Ag

...(4.19)

. —Ta oAc(r-Th
0,,= Fax (I-(Uy x £ o T fjc ))) ...(4.20)

c Sa Ag (__ )

The emissivity of absorber tube will be taken as 0.27 and glass
envelope emissivity is 0.86, [107].

From the above, the thermal efficiency is written as:

— Qu
(= ...(4.21)

Heat removal factor is defined as the gained useful energy to the
gained energy if the total absorber is at the inlet temperature of heat transfer

fluid, [102], and can be written as:

actual output

Fr=

output of collector at fluid inlet temperature
mCy X (Tout—Tin)
AcX(Ig=ULX(Tin—Ta))

Where,

Tout: temperature of fluid leaving the collector

R:

...(4.22)

Tin: temperature of fluid entering the collector
A, area of absorber

The heat transfer between the glass envelope and the surrounding
takes place by natural convection. Churchill and Chu, [108], found a
correlation utilized to find the Nusselt number for natural convection over

a horizontal cylinder:

1
0387xRag
g

Nu= (0.6+ e )2 ...(4.23
05+ 3t) (4.23)
Prog-a
3
RaDog—gB(Tog Ta)Dog XProg—a Ny (424)
Vog—a
1
B-- ..(4.25)
og-a
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Proga = ~29=2 ...(4.26)

where (Rapog) IS Rayleigh number evaluated at the outer glass envelope

diameter, (Prog-a) is Prandtl number at (T,,_,), (B) is volumetric thermal

expansion coefficient, (a,4-4) is the thermal diffusivity. The properties;
(Prog-a), (B) are evaluated at the average temperature between the outer
glass envelope temperature and the ambient temperature [(T,,+Ta2)/2]. This
correlation is valid for a wide range of Rayleigh numbers ( 102 <
Ra<10%).

:Nung
K

UL ...(427)

4.5.3 Calculation of useful power
The useful power after neglecting the losses from the connecting
pipes can be found as:
Q= Cy(T-Tro) ...(4.28)
where Q,, is the heat gained by water from the collector, (T,) is the receiver
surface temperature and (T+o) is the temperature of water leaving the tank
The useful power is utilized for heating the mixture of water and
acetone in the generator. So, the heat transfered to generator after
neglecting the heat losses through the connecting pipes is estimated as:
Q4= thCp(T-Tri) ...(4.29)
Where, Qg IS the heat rate given to the mixture by the hot water, (T+)
is the temperature of fluid leaving the generator and entering the tank.
There are two variables in the equation (4.29) which are Qg and T,
so the effectiveness (¢) of the generator with the generator fluid will be

assumed to be 0.7 and can be expressed as follows:

g=g_Ti (4.30)

Tr—Tri
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4.5.4 Heat balance of the tank
According to the first law of thermodynamics for open systems for
segment (i):
S=Q-W+Eimgec (h + KE + PE) = Louriee (h + KE + PE)...(4.31)
There are many assumptions for this equation:
1- No work and heat transfer to surrounding
2- Kinetic energy (KE) and potential energy (PE) equal to zero
3- The tank is assumed to be adiabatic and well-mixed storage. So the
storage heat will be, [109]:
m C, 5= Gy-0, .(432)
vaw: 0u-0, ...(4.33)
where Tr; is the fluid temperature entering the tank in the first time and

T, Is the fluid temperature exiting from the tank in the second time.

4.5.5 Exergy efficiency of the collector cycle

The equation of exergy balance takes the following form, [110]:
Ex;, — Exgo — Exoyr — EXgest = 0 ...(4.34)

where Ex;, is the rate of inlet exergy, Ex,,, is the rate of stored
exergy, Ex,,. is the rate of outlet exergy, and Ex ,, is the rate of exergy
loss.

The rate of inlet exergy to receiver is the sum of the inlet exergy
carried out by fluid flow and the radiation exergy rate from the sun. The

inlet exergy rate carried out by fluid flow is, [110]:

ExX iy =10Cp(T1o-ToTo |nTT1;0) ... (4.35)
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Where,( ) is the mass flow rate of water with value of (1.5 I/min.).
The exergy of radiation from the sun on the collector can be estimated as,
[111]:

. TO
Exsz Itot Ac(l‘T

sun

) ...(4.36)

The outlet exergy rate carried out by fluid flow is, [112]:

Exout r_m Cp(TrO'TO ToI Tro .. .(4.37)
The rate of useful exergy for receiver is:

Exy=EXoytr-EXin | ...(4.38)

. . . Exs
EXgest r=Exs-Exy, l ...(4.39)

Exin,r—> PTSC Collector Exout,r
The exergy of the generator heat exchanging is found as:
. T,
Qg(l'T_
l'i'l(hr'To Sr) Ih(hTi-To STi)

Exing= (N-To )= th Co(T-To Iz . (4.40)
ExX gt g=(hri-To S7i)+ Qg(l-—) = Cp(Tri- TOInTT‘)+ Qg(l ..(4.41)
Exdest,gz m Cp[(Tr'TTi)'To(InT—r'lnTTl) Qg (1 .. .(4.42)
Exdestg m Cp[(Tr TT|) To In ] Qg(l . .(4.43)

While, the storage tank exergy can be found as:
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. . . . T,
Exdest,st:(Exin,st'Exout,st)'l' Qst (1-T_st) .. -(4-44)

where (Exgese st)y (EXinse) s (Exoutse ) @and Q) are storage tank exergy,
inlet exergy to storage, outlet exergy and the heat entering the storage tank
respectively. While (Ty) is the storage tank temperature. After substituting

the values of (Ex;, ¢;)and (Exoy: st ), the exergy can be found as, [113]:

ExX gest.se=(Nint+ To Sing)- 1 (Nout+ To Soutr) + Q'St(l-;—:t ...(4.45)
EX gest st =10 (Nin-Nout.1)- mTo(sin,f-sout,f)+Q’st(1-1—: ...(4.46)
Q= e ..(4.47)
Storage Tank
th(in,r+To(Sin f-So)) Qs (1-;F_:t)  (Nout, 7+ To(Sout,-So))

The total exergy destruction of collector loop is the summation of exergy

destruction in its components.

Exdest,Cycle — Exdest,r+Exdest,g +Exdest,st .. -(4-48)

4.6 The Absorption Cycle

The absorption cooling cycle shown in Fig.(4.3) is a closed cycle
where the operating fluid flows inside the closed system, and the
surrounding interface is at boundaries through which work and heat are
transferred. The operating fluid of absorption system is a refrigerant and
absorbent solution which has a strong chemical attraction for each other.
Fig. (4.4) shows the thermodynamic cycle of the absorption cooling cycle.
The solution in the generator is supplied with heat from a high-temperature
source hot water from solar collector loop as an outcome, a portion of the

refrigerant evaporates from the boiling solution in the generator (point 7),
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that becomes less in the absorbent concentration. As the refrigerant vapour
Is condensed in the condenser, heat is removed from it. The liquid
refrigerant then goes through an expansion valve to the evaporator (points
8,9), [113].

. 4 7 *

Generator > Condenser
A
6 1 8
v
Heat Exchanger
2 9
3
10
Absorber < Evaporator

4 *

Fig. (4.3) schematic diagram of solar absorption cooling system.

T
>

T.'*-.: T.wi-: T':u Tg.'f'

Fig. (4.4) single-effect absorption system cycle on a In P— (T) diagram, [115].
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Evaporation of the liquid refrigerant occurs in the evaporator. The
vapor that leaves the evaporator (point 10) is mixed in the absorber with a
weak solution (points 1, 2, 3), that arrives from the generator across the
heat exchanger and expansion valves. The liquid solution, which is strong
Is now pumped via the heat exchanger back to the generator, to complete
the cycle (points 4, 5, 6). To minimize sensible heat losses, a heat
exchanger located between the generator and the absorber in the solution

loop is used.
4.7 Quasi Steady State Model
4.7.1 Assumptions

The following assumptions will be taken into consideration:
1- The heat diffusion amount in the direction of flow is negligible.
2- Both generator and evaporator are insulated from the surroundings.
3- The refrigerant at the evaporator exit is assumed as a saturated vapor at
evaporator pressure.
4- The refrigerant at the generator exit is assumed to be at the saturated
vapor state.
5- The concentration of solutions leaving the absorber and the generator is
different from the concentration through the absorber and the generator
respectively.
6- The work input to the pump is neglected.
7-There is no loss of pressure in connecting pipes.
8- The temperature of fluid at the exit of each component is the same as
the temperature through that component.
4.7.2 Mass and energy analysis

The governing equations used in this analysis are the mass and
energy conservation equations. These equations are applied for each

component in the cycle.
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The governing mass conservation equations utilized in absorber and
generator parts are:
Mg = Myys + Tilg ...(4.49)
For acetone balance
Myys Xws 15 = Mgg Xes ... (4.50)

Where (my), (m,,) and (m,) are the mass flow of the strong
solution, weak solution, and acetone refrigerant, and (Xss), (Xws) are the
strong and weak solutions of the acetone concentrations.

The concentration is described as the ratio of the acetone mass in a

solution to the total mass of acetone and water preserved in the solution.

_ mass of (acetone) _ Mg (4 51)
" mass of (acetone)+mass of (water) o Mg A

The steady state, steady flow energy equation is:

20+ %W =r(h, +‘%2+gze) — i (R +V7"2+gzi)...(4.52)
where Q and W are the rates of heat transfer and work across the
component boundary.

Enthalpy data for the agqueous acetone solution are needed for
executing thermal calculations on the absorption refrigeration cycle. The
values of enthalpy are based on the constituents choosing the standard
state. For each one of the two constituents, water and acetone, the data of
enthalpy that will be utilized for calculations in these inquests are focused
on a reference state of zero enthalpy at (0 °C).

The steady state steady flow energy equation (4.52) will be adopted
to each component using the note in Fig. (4.2), assuming uniform
temperatures and equilibrium states inside the component.

(1) Generator: The rate of heat transfer to the solution is
The heat balance can be written as:
Inlet heat=exit heat
Qg +mghg= 1, h, + m, A, ...(4.53)
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QG= Ih7h7 + Ihlhl - rh6h6 (454)
But .
_ _ Qe
my; = My
Mg = Mgy
rh7 = rha
mghg myhy

Or, :

. m;h,
QG= rhah7 + rhwshl - rhssh6 (455)
Where,

h;=enthalpy of saturated weak solution at (T1) and (Xus)
he =enthalpy of strong solution at (T) and (Xss)

h7 =enthalpy of saturated acetone vapor at (T7)
Generator temperature=T; =T; = Tg

(2) Condenser: The heat transfer across the condenser is:

Qc

i

mgyh, —>  Condenser ——> mghg

Heat in = heat out

Q. =y h7- my hg ...(4.56)
Qc = tha (h7 — hg) ...(4.57)
hg =enthalpy of saturated acetone liquid at (Tg)
Condenser temperature=Tg=T,

(3) Vapor throttling valve (valve 1)

myhg —>| Throttlevalve ) hg
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Heat in = heat out

M, hg= 1, ho ...(4.58)
Hence;
hg = hg (459)

ho= enthalpy of acetone liquid at (To)
(4) Evaporator: The heat balance across the evaporator i.e. (the

Cooling effect) is: Qe

m, hq Evaporator mghq,

Heat in = heat out

My h9+QE: mg h1p (460)
Q = tha (h1o — ho) ...(4.61)
Q= 1ia (h1o — hs) ...(4.62)

hio=enthalpy of acetone vapor at T
Evaporator temperature=Tqo=Te

(4) Solution throttling valve (valve 2): the energy balance is:

m,,s h, Throttle valve s h3

Heat in = heat out

thws N2= s N3 ...(5.63)
Hence;

hs = h,
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h, =enthalpy of solution at T, and Xus
hs =enthalpy of solution at T3 and Xys
(5) Absorber: The rate of heat transfer from the absorber is:

mzhs
m;ohqg Absorber h,h,
o
Heat in = heat out
mshs + m10h10=Qa+ mshy .. (464)
Qq = thshs + thyohyo — rihs ...(4.65)
Qq = mhushz + thahyo — rhgshs ...(4.66)

h, =enthalpy of saturated strong solution at T4 and Xys
hio=enthalpy of saturated acetone vapor at Tg
T,=T,=Absorber temperature
(6) Heat exchanger: Assuming heat losses are neglected for the
surroundings, the heat balance between weak and strong solutions

IS: mshs

mqh, Heat Exchanger m,h,

ri‘16]’."6
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Heat in = heat out

Mmghs + My hy = mghg + myh, ...(4.67)
Qux =Mghg — shs= My hy — myh, ...(4.68)
QI:IX = Mws (hl o h2) = Mgs (h6 - h5) (469)

The effectiveness of the heat exchanger of about 0.7 will be taken in the
calculations.

(8) Solution pump: The power input to the pump is

W5p = 1igs (hs — hy) ...(4.70)
hs =enthalpy of weak solution at Ts and Xis.

A relation between the evaporated acetone, generator temperature
and the concentration of acetone has been obtained from the experimental
work in the present study using Statistical Product and Service Solutions
(SPSS software) as:

1, =A*Ty + B*X*T, + CXP+E ...(4.70)
where:

A=0.00000926

B=0.00003846

C=-0.0021263

D=2.333

E=-0.001074252

X=acetone concentration

In Eq. (4.71), the range of Ty between 60 and 85 °C and X values
from 40-60% with coefficient of determination (R? of 0.999) value.

For evaluating the temperature of supplied air from the evaporator, the
following equation from chapter three are used:

Qs=p * V * cp *(Tm- Ts) ...(3.13)
Where,
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Tm: the mixing temperature, (Tn=31.37 °C).
V : air flow rate, (V =0.02183 m®/s).
0s=0Q,

_ - 0.
To= Tt ...(4.72)

The performance coefficient for the cycle is

cop =% — __Ma(tio—he) .(4.73)

Qg rhah7'H‘hwshl_msshe

The daily coefficient of performance can be defined as the mean

cooling load for the day to the mean generator heat through the day.

__X1de
C:Opdally _Z?Q'g (474)
Where n is the number of operating hours. The circulation ratio (1) can be
defined as the ratio between the acetone vapor (m,) produced in the

generator to the total mass of solution (rhss).

_ ...(4.75)

The ratio between the obtained cooling effect to the required

cooling effect which is (300 W) will be expressed as ().
V= 3% ...(4.76)

4.8 Exergy Analysis of Solar Absorption Cycle
For the absorption cooling cycle, the main sources of lost work or
irreversibility are:

(1) Transfer of heat via a limited variation in the heat exchanging parts.

(if) Mixing in the absorber. The mixed refrigerant vapor and solution vary

in temperature and concentration.
(iii) Free expansion in valves during throttling process.

The exergy of fluid stream can be defined by Arzu Sencan et al.
[114]:
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- Dy=(h—hy) —To (S~ So) ..(4.77)

Where @ is the fluid exergy, h and s are the fluid enthalpy and
entropy respectively, h, and s, are the enthalpy and entropy of fluid at a
reference temperature T, (298.15 K).

The loss of exergy or loss of availability in each element is
expressed by Arzu Sencan et al, [114]:
AD=3n, Oi-Eni, Oo ~ZQ(1—2)rtEW ...(4.78)

Where A® is the exergy loss or irreversibility that takes place in the
process. The first term is the inlet stream of the control volume and the
second term the outlet stream of the control volume. The third and fourth
terms are the exergy corresponding to the heat transfer from a source at a
temperature of T. The last term is the mechanical work exergy added to the
control volume which is negligible for the absorption system due to the
very low power needs.

The overall loss of exergy of system is the sum of individual exergy
loss of each component and is expressed as:

AD=Y", AdD ...(4.79)
The exergy balance equations for each of the components with regard to

the second law of thermodynamics can be given as following:

a- Generator

g To
Qg( _Tg)

Mg D Generator m,; O

Tfl7 (D7
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Exergy destruction is the difference between inlet and outlet

exergies.

EXadistg= EXing-EXoutg ...(4.80)

EXuistg=nts Qet Uy (1 — —2)—in, &, — m; O ...(4.81)
g

b- Condenser

m, ®; — 1 Condenser [ > g Og

: T,

. i 1-22
Exergy of inlet fluid(Ex;,, .)=m, D7 2 Tc ...(4.82)
Exergy of outlet fluid(Exoye c)=0c (1 — —) + mg®s ...(4.83)
EX gest c =1y Dr—1itg Dg-0 (1 — Tl ...(4.84)

c- Refrigerant expansion valve (between condenser and evaporator)

mg ®g —+ Throttle valve 1 - 1714dq

Exergy of inlet fluid(Ex;;, ,,1)=1gDs ...(4.85)
Exergy of outlet fluid (Ex ¢ y1)=1i0Dg ...(4.86)
E:xdest’v]_: mgq)g_mg (Dg . (487)
. T
d- Evaporator __o0
Q.(1 T, )

my Dg mlO (O
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Exergy of inlet fluid(Ex;,, )= 1iig ®s +Q, (1 — %

Exergy of outlet fluid (Exyt )= 1110P10

: . . : T,
Exdest,e= m9(D9_m10 D1 +Qe(1 - T_e

o

e- Absorber )
ms @3

Mo @10 Absorber

Qa( - T_a)
Exergy of inlet fluid (Ex;y, o)=1i, o ®10+115 D3

Exergy of outlet fluid (Exoye,q)=0a (1 — —2) + 12,0y

: . . . . T,
Exdest,a=Tnlo(1)10+"13(1)3_"74}(1)4'Qa(1 - T_
f- Heat exchanger
ms Os+ 11, Oy Heat Exchanger

Exergy of inlet fluid (Ex;, ;)= s @s+1m, @4

Exergy of outlet fluid(Ex e yx)= Me et 11, O;
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...(4.88)

...(4.89)
...(4.90)

Th4 q)4

...(4.91)
.(4.92)

...(4.93)

Th6 (D6+ mz (DZ

...(4.94)
...(4.95)
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EXgest nx= mMs @5t my O1- mg G- m, O

g- Solution expansion valve (between heat exchanger and absorber)

1, O, Throttle Valve 2 s O3
Exergy of inlet fluid (Ex;y, ,2)= 1 ...(4.96)
Exergy of outlet fluid (Ex oy y2)= M3 @3 ...(4.97)
Exdest’vzz mz (Dz_mg (D3 e (498)

The total exergy loss of absorption system is the sum of exergy loss

in each component and is written as:

. I .
Exdest,Cucle‘Zi:l Exdest,i ee (4-99)
Exdest,Cuclez Exdest,g + Exdest,c + Exdest,valvl + Exdest,e +

Exdest,a + Exdest,HX + Exdest,valvez .. -(4-100)

4.9 Thermodynamic Efficiency

The ideal absorption cycle is a combination of a Carnot engine
operating between (Ty) and (T,) and a cooling cycle working between (T,),
and (To), [73].

For the Carnot engine,

qQ T,

4 — & ...(4.101)

W Ty—T,
For the refrigeration cycle,

_ Qe _ Tr
COP= W =TT ...(4.102)
The COP of the ideal cycle is
e Tpr(Ty-T,

(COPYigeal =—22 = r(TH—To) ...(4.103)

Qg  Tu(To—Ty)
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The primary task of an absorption refrigeration cycle is to remove
heat from the cooled medium. If the input work is small, the second law
efficiency is:

efficiency of second law is

_ (Qe)ideal

= — ...(4.104
sec (Qg)actual ( )
Qe
_ _(COP)igeal _ _ COP
Nsec =g, = CPus ...(4.105)
(COP)actual

The ratio of the cooling effect to the total solar energy can be defined
as, the overall efficiency, 1ov.
Mov = —2¢— % 100% .(4.106)

Lot XAc

4.10 The Engineering Equation Solver (EES) Software

The analysis and modeling of this theoretical study is conducted
utilizing the Engineering Equation Solver (EES) software, which was
established by F-CHART SOFTWARE ®, [115]. (EES) software is a
package that merges the (C**) programing structures and (FORTRAN)
with a built-in-iteration, thermodynamics and the relations of transport
property (of more generally materials like water, air, and most refrigerants)
and capacities of graphics.

Numerical integration, solves more sets of equations
simultaneously. These capacities made the (EES) software is so helpful
device for solving the thermodynamic problems, heat transfer and fluid
dynamics. It can be utilized for different engineering applications. It can
be utilized to conduct a parametric theoretical studies, where the influence

of a specific variable can be easily found as shown in Fig.(4.5).
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!

Input data: n, X, t, Te, T¢, Ta, Tam, B

'

Calculation of the main parameters of collector
cycle from the relative equations:
{It, Tc, Qloss, Qu, C, Qg, Tti, Eu, Es, Tex, Eg, Est, El,tot}

A

A 4

4 N

Calculation of main system parameters for
performance analysis from the relative equations:

{Tgy Q01 Qa, QhX’ Qe,Ts, \Ija COPI \|], }\; Lng LWC;
LWa, LW91 LWp, LWHX1 LWV11 LWV21 I—chcle,
COP ideal, n, }

N /

\4

Display values of thermodynamic
properties of each point

l

Display values of each parameter in the
collector cycle and the absorption system

Fig.(4.5) flow chart of the EES program.
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4.11 Mathematical Formulation of Ventilation System

The mathematical modeling of a convection problems is governed
by the basic laws of fluid dynamics because every movement of fluid is
subjected to these laws. The basic laws are named as conservation laws and
considered as flow problems principle equations. These conservation
equations can be put in form of partial differential equations (PDE's) for
laminar or turbulent flow. They will be discussed in form of Cartesian

coordinate system (i.e., X, y and z) based on a unit volume of fluid.
4.11.1 General governing conservation equations

Flowing fluid problem may be modeled by combining conservation
equation of mass, momentum, energy and transport species. In the present
simulation, the motion of air is considered to be three dimensional,
incompressible and steady.

Conservation of mass

The mass conservation can be put as follows, [116]:

0 9 9
55 (PW) + 55 (o) + - (pw) = 0 ...(4.107)

Conservation of momentum (Navier—Stokes Equations)

The resultant forces on a control volume may be found by application
of conservation of momentum in each direction to get three components of
forces in X, y and z directions in form of differential equations as follows,
[116]:

x-direction (U-momentum)

0 0 0 _ %, 8w, 8 au

ax (puu) + @ (puv) + 9z (puw) T ox + 5x (P- ax) + Sy (u ay) +
d du 10 du o0v A 0w 0 — 0 = 9
5 (145) + 3 G + 5y + S o (P W) + S (—p W) + 7 (p
u'w'’) ...(4.108)
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y-direction (V-momentum):

9 o/ o
2 (puv) + —(pVV) += (pvw) = -2 >t o = (n) + a—y(ua—;) +

d u v w — 0, = a,

5(“62)+§a_y[”(&+a_y+5)]+&(_p“”)+a_y( pv'v')+o-(=p

v'w') + g, ...(4.109)

z-direction (W-momentum):

—(puw) + —(pvw) + —(pww) =—— + (u%‘:) +aiy(u2—;v) +

0 ow ow - -
(1) +55 (5 +@+E)1+&(‘P“W”@<‘P”W“

2 (—p ww) ...(4.110)
Conservation of thermal energy:

Applying balance of heat energy on infinitesimal control volume with
differentials of dx, dy and dz sides, which means that the overall variation
of stored energy in the control volume equals the net inlet energy flow into
the control volume minus the outlet net energy flow outside the control
volume. For steady state conditions, the energy conservation equation can
be stated as, [117]:

~ (put) + — (pvt) += (pwt) = ( =)+ % (r j—;) +

Where:
(') is the diffusivity, which is stated by: r=§
(o = %) Is the Prandtl or Schmidt number for the fluid.

The terms (-pu’t’, pv't’and pw't’) are turbulent heat fluxes, (Sy) is

a source term allowing for the rate of production of thermal energy, [117].
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4.12 Turbulence Model

For a better estimation of the movement of indoor air and the
dispersion of contaminant, a suitable turbulence model should be chosen.
The two-equations renormalized group (RNG K-¢) turbulence model will
be utilized for prediction of the turbulent air flow. This model gives an
accurate estimation of indoor air flow, temperature and contaminant
distribution, [117]. Its form is similar to the (standard k-¢) turbulent model,

may be stated as, the turbulent kinetic energy, [118]:

2oku) _ 0 T L1 P .(4.112)

ax,\ L

Convection  Diffusion Generation Dissipation
The dissipation rate equation is:

dpeup) _ 0 ...(4.113)

Ox, Ox] \g ax] + C1e k Pk + Cjep

Convection  Diffusion Generation Destruction

where:
* . k
C3e =Coe+(C,m3(1 — %))/(1 +C,n3) withn = 5; and s = [25;;S;;,

The constants in the RNG k- ¢ turbulence model are:

C,=0.0845, 0x=0.7194, 0.=0.7194, C,=1.42, C.=1.68, 1,=4.38 and
C,=0.012.
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4.13 Computational Set and Numerical Scheme

4.13.1 General

The wide spreading of efficient codes of (CFD) during the recently
years with grater computer capacities for numerical simulations, made
(CFD) computations one of the most important design strategies widely
utilized in the studies of flow problems. One of these studies is the study
of air movement in (HVAC) problems. (ANSYS AirPak) code is utilized
for constructing the geometry of room, generation of a suitable grid and
estimation of indoor air quality such as the distribution of temperature and
velocity.

(AirPak) software will be utilized due to its accuracy, speed, and the
easiness of its utilization as a design tool which simplifies the application
of air flow modeling technology for ventilation systems design and
analysis, which are needed to deliver indoor air quality(IAQ), thermal
comfort and contaminants control. The capacity to quickly create and
automatically mesh the ventilation system problems is conjugated with
FLUENT's speed, accuracy, and well-proven unstructured solution.
Moreover, post processing is necessary for ventilation industry because it
gives designers a tool that gives more accurate solution possible in a

shortest time in comparison for other airflow modeling tools, [119].

4.13.2 Assumptions
In the present work (CFD) simulation, the following assumptions are
made:
1
2
3

The flow of air is assumed to be steady.

The flow of air is three dimensional.

The flow of air is Newtonian and turbulent.

+

The tested room and air ducts are insulated totally from the

surrounding(adiabatic).
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4.13.3 Room geometry

The present study includes an office room with one heat source
above a solid table, a single person, lamp and window as shown in
Fig.(4.6). The predicted results are plotted on the planes (P1, P2 and P3) as
shown in Fig. (4.7), where the plane (1) at (z=1 m) and the other two planes
at elevation of (Y=1.1 and 1.8 m), respectively inside the occupied zone.
Plane (1) passes through the diffuser, computer, person and exit, while
plane (2) at the breathing level for seated persons, while, plane (3) at the
breathing level for standing persons. The comparison between the

experimental and theoretical work will be taken at the pole (2).

jamp

L

person
window

door
computer

tahle

|
[+&duscr
|
| { el s oteneaanmem

Fig. (4.6) geometry of tested room with its parts.
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P,

Pole 1

Sl | —
Fig. (4.7) schematic of room geometry stating the plot planes for all types (Plane Pz
at z=1 m, Plane Py; at y=1.1 m, Py at y=1.8, Pole 1 at x=1 m and z=1 m and Pole 2 at
x=1.25m and z=1.5m.

4.13.4 Mesh generation

The solution to flow field problems (temperature, pressure, velocity,
etc) is defined at nodes for each cell. The accuracy of (CFD) solution is
governed by the number of cells in the grid. In general, the larger the
number of cells, the better the solution accuracy, [120]. Eight testing
meshes has been considered through the study which are (815335, 922735,
1168771, 1240539, 1427500, 1535560, 1641902 and 1719847 nodes).
Four positions where chosen to estimate the temperature and velocity at the
selected meshes: p;(0.5,0.3,1), p2(1.51.2,1), ps(0.81.1,1) and
p4(1.3,1.6,1.4). Figs. (4.8) and (4.9) show the relation between the
temperature and local velocity with the number of mesh node, where the
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temperature and local velocity remains approximately constants after the
mesh of (1427500) nodes. Therefore, this mesh is chosen in the simulation.
Table (4.1) shows the parameters of the selected mesh for the simulation.

Figs. (4.10)&(4.11) show the mesh of the tested room with all components.

27 w—0int1
26 = 0IN2
@) 25 \ = point 3
v 24 \e\ point 4
2 23
o “\
8_ 22
Q
= 21 ——————————®
20 N
19
o) D N QD Q ‘,‘p A
IR S . SR R LR ¥
Rl bcb\ 5993 r{’\% a§,§:> b:\C) ‘\%‘b
e o WO o W @ &

No.of nodes

Fig. (4.8) variation of temperature with number of mesh nodes for different points.
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Fig. (4.9) variation of local mean velocity with the number of mesh nodes for different
points.
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i
e

Fig. (4.11) mesh of the room parts.
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Table (4.1) the parameters of selected mesh.

Mesh type | Hexa Min. ysize |0.001 | Max. size | 2
Cartesian ratio
No. of 1427500 | Max. z size |0.02 Min. elems. |3
elements On cyl. face
No. of 1471041 | Min. zsize [0.001 | Min. elems. |4
nodes On tri face
Max. x size | 0.02 Mesh normal | Cylinder 0.99
parameters shrink factor
Min. x size | 0.001 Min. elems. | 4
In gap
Max. y size | 0.02 Min. elems. | 3
On edge

4.14 Verification Case

The present study uses (CFD) technique to investigate the temperature
contour for a room with air supply diffuser using displacement ventilation
system. It is necessary to validate (ANSYS AirPak) software with another
experimental study. The validation is done by comparing the (RNG k-€)
model results with experimental data obtained in an office room with a
wall-supply displacement ventilation system, [121]. The present results are
simulated using the RNG(k-€) turbulence model.

Fig. (4.12) shows the relation between the temperature of the
simulation work and the temperature of the experimental work of Ref.
[121] with the height of the room at the pole ( X=3 m, Z=1.95 m) at the
room center. The Fig. shows good agreement between the two works.
Table (4.2) gives the error percentage between the experimental study

from, [121], and the simulation of present study. The maximum percentage

109



KL [heoretical Analysis

error is about (1.54 %) which is a better result and within the accepted

range.
w@=T- Present work { C)  ==@==T- Experimental ( C)
30
25 P —_—n 5 -2
)
— 15
10
4]
0.4 0.8 1 1.4 .8

H{(m)

Fig. (4.12) variation of temperature of the present work and of the Ref. [150] with
the height at the pole (X=3, Z=1.95).

Table (4.2) temperature distribution of the present work and experimental work of Xu,
[121], at pole (x=3, z=1.95).

0.4 24.82 23.81 25.21 1.54
0.8 25.03 25.05 25.25 0.87
1 25.05 25.405 25.305 1
1.4 25.3 25.61 25.32 0.08
1.8 25.32 25.78 25.37 0.2

4.15 Numerical setup
The following three steps are used in (AirPak ANSYS(CFD))
program as shown in Figs. (4.13&4.14).
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Ducietizahion scheme S
Pressute C Slandwd (* Second © Hody Foice Weighted
Momertum « Fnt % Second
T empesatue T Fasl  Second
Turbedert binstic snergy & Fst @ Second
: A oL = Basic setlings Em
Undirsslxcation Pressam [ 03 = Number of iterations 15000
Momentum 07
T empecatine 10
Viscosity 1.0 - - SN
B les — — Convergence critenia:
Turbulent Kinetic energy (e e —
Tutlent dasipation rate | a5 < Flow 0.0001
F  Undesrelaxaton adustment ‘
Froquarcy [ e Emw _186
Linear sclver Tipe Termnation  Resdual reduction = Turbulent kinetic energy 0.0001
crtenon loletance ——
Preszse v Al o1 | 01 Turbulent dissipation rate 0.0001
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Fig.(4.14) advanced solver setup of the simulation. Fig.(4.15) basic settings of the
simulation.

4.15.1 Problem setup
The style of problem setup is shown in Fig. (4.14), and the

parameters of problem setup is shown in Table (4.3).
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Fig (4.13) simulation boundary conditions of the present work.
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Table (4.3) the parameters of problem set up.

Flow regime Turbulent Radiation 25 °C
Temperature

Model RNG (K- g) Default fluid Air

Temperature 35°C Time variation | Steady

Gauge Pressure 0 N/m?( 1 atm)

4.15.2 Boundary conditions
Selection of appropriate boundary conditions has a significant impact
on (CFD) simulation success in giving reliable results for solved problem.
The following boundary conditions will be set:
1- The walls with no slip condition.
2- The heat flux of lights and occupants is constant.
3- The door, window and walls heat fluxes are constants.
4- The exit air at atmospheric pressure.
5- The supplied air will be fixed at velocity of inlet.
The following Boundary conditions in (CFD) simulation
implemented in this work consist of three types: temperature, velocity of
inlet air and exit as shown in table (4.4). Constant heat gain from the

internal sources is mentioned in Table (4.5).

Table (4.4) boundary conditions

Inlet U=us ,V=0and W=0 T=T;
Exit A a _
U:us A - oX =0

112



K i [heoretical Analysis

Table (4.5) heat gain for different items.

75

45
15

31.26

4.16 Numerical Solution Procedure

4.16.1 Working fluid properties
The working fluid used is air and the flow is assumed to be steady,

three-dimensional flow, incompressible fluid and Newtonian and turbulent

flow. Its properties are shown in Table (4.6).
Table (4.6) air properties,[151]

1.225 kg/m?3
0.0242 W/m.K
1006.43 J/kg.K

1.7894e-05  kg/m.s

4.16.2 Solution control
Table (4.7) shows the parameters of discretization scheme. The solution
Is performed under relaxation factor of (25) as shown in Fig. (4.13) . Table
(4.8) shows the flow parameters values at the case of under relaxation.
Table (4.7) the parameters of discretization scheme.
pressure Second order  Turbulent Second order
kinetic energy
momentum Second order Turbulent Second order

dissipation rate
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temperature Second order precision double

Table (4.8) the parameters of flow at under relaxation

pressure 0.3 Body forces 0.1
momentum 0.7 Turbulent kinetic energy 0.5
temperature 1 Turbulent dissipation rate 0.5
viscosity 1

4.16.3 Convergence criteria

When solving problem numerically it is impossible to get an exact
solution, so an accepted scaled error residual should be specified for
different terms such as continuity, velocity components, energy, turbulent
Kinetic energy and turbulent dissipation rate as show in Figs. (4.15). Fig.
(4.16) shows the error of the flow components with the iteration while, Fig.

(4.17) explains the relation between three points with the iteration. The

limits of scaled residual error are listed in Table (4.9). Fig.(4.18) explains
the flow chart of AirPak 3.0.16 software.

Table (4.9) Residual error for the tested cases

0.0001
1*10°®
0.0001
0.0001
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Fig. (4.16) variation of error with iteration
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Fig. (4.17) variation of temperature with iteration for three points. P1(0.5,0.1,1), P>
(0.5,0.4,1) and P3 (0.5,1.1,1).
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Input data: Ts, Audir, Us
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-
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[ Start the solution. }
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A 4

[ Generate summaries and reports. }

Repeat with
new value for
inout data

Fig. (4.18) flow chart of the AirPak ANSYS software.
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4.17 Prediction of Indoor Air Quality Parameters (IAQ)
The parameters of indoor air quality (IAQ) such as air mean age, the
distribution of temperature and velocity of air, predicted mean vote (PMV),
predicted percentage dissatisfied, air diffusion performance index (ADPI)
and ventilation effectiveness for temperature distribution, are predicted in
this work.
4.17.1 Air mean age
The definition of air age is (the ability of ventilation system for
exchanging the room old air by new air), [122]. The nominal time constant

can be calculated as follows:

T, = — ...(4.114)

" Qpv

The time, t,, needed for replacing the air presented in the place is

double of the room air mean age [123]:
T,=2X T ...(4.115)

4.17.2 Predicted percentage dissatisfied (PPD)

It is the people percentage that feel thermal discomfort of too hot or
too cold. It is given as, [22]:

PPD=100-exp-[0.03353xPMV*+0.2179xPMV/?] ...(4.116)

The allowable environment PPD limit for common comfort is about
10%, [124],in accordance with -0.5<PMV<0.5, [125].

4.17.3 Predicted mean vote (PMV)

It is utilized for predicting the thermal comfort and the conditions of
human which is calculated as given below, [126]:

PMV=[0.303x exp(—0.036) + 0.028] x L ...(4.117)

The PMV value is classified as seven point (from +3 at cold air of
indoor to -3 at hot air). Based on (ASHRAE standards), the better range of
(PMV) for allowable internal comfort is (-0.3 to +0.3), [125].
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4.17.4 Air distribution performance index (ADPI)

One of the most important ventilation design parameters is indoor air
movement needed to determine thermal comfort in buildings. Excessive
unwanted air movement makes occupants complains because of undesired
cooling of some human body parts caused by this air movement ‘draft'. For
this reason, values of the air speed should be also controlled in design
criteria to maintain good index of thermal comfort. VValues of air speed are
used to find the effective draft temperature (EDT), which is essential to
predict the air diffusion (distribution) performance index (ADPI). This
parameter is helpful in assessment of diffusion performance of air for
diffusers in a ventilated space. The effective draft temperature (EDT) is

calculated from equation below, [126]:
EDT = (Tx — Tav) — 8= (Vx—0.15) ... (4.118)

Where,
Ty : local temperature (K)
T,y : average room temperature (K)

Vi : local air velocity (m/s)

The air diffusion (distribution) performance index (ADPI) is a
percentage that is defined by the number of points measured in an occupied
zone where (EDT) is within the set limit (> -1.7°C and < 1.1°C) over the
total number of points measured, [126]. ADPI at 80% and above is
considered as a good air distribution. The (ADPI) rating of an air diffusion
system depends on a number of factors:

1. Outlet type 3. Room dimensions and diffuser layout

2. Room load 4. Outlet throw

When these factors are properly selected, most outlets can achieve an
acceptable (ADPI) rating. The higher the (ADPI) rating is the higher the
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quality of room air diffusion is within the space. Generally, an (ADPI of
80 %) is considered acceptable.
4.17.5 Thermal ventilation effectiveness

Effectiveness temperature is another parameter in the present study
used to confirm the results obtained from (ADPI). The effectiveness

temperature is calculated by using the following equation, [126]:

g = ;1—:; ...(4.119)
Where,

& = Effectiveness temperature
Tex =temperature at return grille
T; = temperature at supply air diffuser

Tm = temperature at occupied zone in tested room
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CHAPTER FIVE
RESULTS AND DISCUSSIONS

The obtained experimental and theoretical results are presented,
discussed and compared in this chapter. The experiments are carried out
under outdoor exposure within the climate middle of Irag, Hilla city
(latitude of 32.46 °N and longitude of 44.42°E). Water-acetone pair
solution is used in this work with different acetone concentrations
(40%,50% and 60%) by mass. The test duration is from (9:00 AM) to
(03:00 PM) for the days (22-May,31-May, 14-June, 28-June, 1-July and 7-
July). The inlet air to the evaporator is a mixture of (90% recirculated air
and 10% fresh air from the outdoor). The flow rate of supplied air to cooled
room from the diffuser is 0.022 m3/s that passes across the evaporator. The
temperature in the cooled room is measured at two poles. The first pole is
placed at line of air supply at (X=1 m and Z=1 m), while the second pole
near the person at (X=1.25 m and Z=1.5m). the temperature is measured at
four levels (Y=0, 0.5, 1.1 and 1.6 m).

5.1 Experimental Results
The experimental results are divided into two parts:

1- Temperature measurement results which include temperature in all
components of collector and absorption system as well as the overall
coefficient of performance.

2-  Temperature measurement in the ventilated space at two
poles. The first pole is placed at (X=1m, Z=1m) and the second pole is
placed at (X=1.25, Z=1.5). The temperature of supplied air is also
measured.

The experimental results are obtained for the three concentrations of

acetone.
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5.1.1 Collector loop and absorption loop results
5.1.1.1 Results of collector loop

Figs.(5.1-5.3) show the variation of received radiation with time for
(22-May,31-May, 14-June, 28-June, 1-July and 7-July). The data is
recorded between (6:00 AM) and (6:00 PM). It is seen that the received
radiation increases with time to reach maximum at time between (11:30
AM) and (12:20 PM) at maximum elevation angle and then decreases due
to the earth rotation around the sun until the sun become behind the
collector. The maximum recorded instantaneous solar radiation is (846
W/m?) for (28-June) and ambient temperature of (49 °C).

Figs.(5.4-5.6) explain the variation of useful power with time. The
data is recorded between (8:45 AM) and (3:00 PM). It is noted that the
useful power at start of operation is zero because there is no water heating
and then increases with a faster rate to reaches the regular behavior through
a time of (30 minutes). Then, the useful power increases with time due to
increasing the received solar radiation to reaches maximum at solar noon
as shown in Fig.(5.1) and then decreases with decreasing received solar
radiation and increasing the losses to surroundings. The useful power for
(28-June) is higher than other days with maximum useful power of (1157
W) at (12:00 PM).

Figs.(5.7-5.9) display the variation of the receiver surface
temperature with time. It is noticed that the receiver surface temperature
increases with time due to increasing the instantaneous solar radiation as
shown in Fig. (5.1) to reach maximum at peak radiation and then decreases
with decreasing solar radiation and increasing the losses to surroundings.
The receiver temperature at 28-June higher than the other days because the
radiation is higher with a maximum value of (87.1°C) at (12:00).

Figs.(5.10-5.12) show the variation of inlet and outlet temperatures

with time for the receiver for (28-June, 1-July and 7-July). It is noted that
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the temperature increases with time due to increase the instantaneous solar
radiation to reach maximum at peak radiation as shown in Fig.(5.1). With
maximum inlet and outlet temperature of (78.2 °C) and (85.7 °C)
respectively at (12:00) for (28-June) then decreases due to decrease the
solar radiation and increase the losses to the surroundings.

Figs.(5.13-5.15) explain the variation of storage temperature with
time. It is noticed that the storage temperature increases with time due to
increase the solar radiation to reach maximum value at about 30 minutes
after the peak instantaneous solar radiation. After that it decreases with
decreasing solar radiation and increasing the losses to surroundings. This
IS because the storage remains receives solar radiation and the storage
temperature increases until the losses to surroundings becomes higher than
the received radiation. The peak storage temperature at (28-June) is higher
than the other days because the instantaneous solar radiation is higher with
a maximum value of (78.5-C) at (12:30 PM).

Figs. (5.16-5.18) display the variation of collector efficiency with
time. It is seen that the collector efficiency at starting is zero then it
increases with time with a faster rate due to the faster rate of useful power
until reaches the regular behavior after a duration of about (30 minutes).
Then, it decreases with time due to the increase of liquid temperature in the
receiver due to the power received and so the loses to surroundings
increases. The collector efficiency at (28-June) higher than the other days
because the radiation is higher. With a maximum collector efficiency of
(0.731) at (09:30 AM).

Fig. (5.19) shows the maximum instantaneous recorded generator
temperature for the days (22-May, 28-June and 7-July). It is noted that the
maximum instantaneous generator temperature is recorded on 28 of June.
Since the received radiation for that day is the maximum with a value of
(81.2 °C).
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Fig.(5.20) shows the maximum achieved instantaneous collector
efficiency for the days (22-May, 28-June and 7-July). It is noted that the
maximum efficiency is achieved for the day 28-June with a value of
(0.731). Since the received solar radiation for that day is the maximum.

Fig.(5.21) shows the optical collector efficiency curve. The

maximum optical collector efficiency is (0.739).
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5.1.1.2 Results of solar absorption system

Figs.(5.22-5.24) show the variation of generator temperature
throughout the day for the (14 &28) of June. The temperature increases
gradually until reaching a maximum value of (81.2 °C) at (12:30 hr.). This
IS due to the increase in solar radiation fallen on the collector. It is noticed
that there is a (30 min.) a late of phase between maximum solar radiation
and maximum generator temperature. It is noticed that the maximum
generator temperature is obtained on the 28 of June which is about 81.2
°C) at (12:30 PM).

Fig.(5.25) shows the variation of condenser temperature and
temperature of acetone at condenser exit with time during the day for (22-
May) and (7-July). The temperature is measured during the period between
(8:45 AM) and (3:00 PM). It is noticed that the condenser temperature rises
through the day due to the rise in cooling medium temperature during the
day. The maximum condenser temperature for the (22-May) is (38.6°C) at
(2:00 PM) and (42.5°C) for (7-July). The condenser temperature must be
as low as possible for better system performance.

Fig.(5.26) shows the variation of instantaneous temperature
difference across the evaporator with time for (14 and 28 of June) for
acetone concentration of (40%). The time of measuring is between (10:30
AM and 3:00 PM). It is seen that the instantaneous evaporator temperature
difference increases with time due to increase the generator temperature as
shown in Fig.(5.22) which increases the evaporation of acetone in the
generator. The maximum instantaneous temperature difference for (14-
June) occurs between (01:00 PM to 01:15 PM). After that it decreases due
to decrease solar radiation and increase the losses to the surroundings. The
instantaneous evaporator temperature difference for (28-June) is higher

than that for (14-June) because the radiation is higher and so the
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evaporation of acetone is higher. The maximum instantaneous air
temperature difference is (6.7 °C and 10.3 °C) for (14 and 28-June)
respectively at (01:00 PM). Moreover, it is noticed that the maximum
instantaneous air temperature difference occurs after the time of peak
radiation. This is because the acetone vapor needs a period of time (about
30 minutes) to be condensed in the condenser and expands in the capillary
tube and after that reaches the evaporator to cools the air supplied to the
cooled room. The period between the operation start and the starting of
decreasing the temperature of supplied air is about (1:30 hr).

Fig.(5.27) explains the variation of instantaneous air temperature
difference across the evaporator with time for different acetone
concentrations in the generator. It is noted that the instantaneous air
temperature difference increases with increasing the acetone concentration
due to increase of evaporated acetone at the generator that cools the air at
the evaporator and so the temperature of the air decreases. The maximum
instantaneous air temperature difference across the evaporator occurs at
acetone concentration of 60% with a value of 14.1°C at time of 01:00 PM.,

Fig.(5.28) shows the variation of instantaneous evaporator cooling
effect with time for (14 and 28 of June) with acetone concentration of
(40%). It is seen that the evaporator instantaneous cooling effect increases
with time due to increase the generator temperature as shown in Fig.(5.22)
which increases the vaporized acetone at the generator. The maximum
cooling effect occurs at (01:00 PM) and then decreases due to decrease the
generator temperature and increase the losses to the surroundings. The
evaporator cooling effect for (28-June) is higher than that of (14-June)
because the generator temperature is higher. The maximum evaporator
instantaneous cooling effects are (169.2 W) and (260.1 W) for (14 and 28-
June) respectively at time of (12:45 PM and 01:15 PM). Moreover, it is
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noticed that the maximum evaporator instantaneous cooling effect occurs
after the time of peak radiation as discussed in Fig. (5.26).

Fig.(5.29) explains the variation of evaporator instantaneous cooling
effect with time for different acetone concentrations. It is noticed that the
instantaneous cooling effect increases with increasing acetone
concentration due to increase the evaporated acetone at the generator as
discussed previously. The peak instantaneous cooling effect occurs at
about (01:00 PM) for all acetone concentrations. The peak value for
cooling effect at 60% acetone concentration is 365.1 W.

Fig.(5.30) shows the variation of the instantaneous temperature of
supplied air to the room with time for (14 and 28 of June) at acetone
concentration of (40%). It is noticed that the instantaneous temperature of
supplied air for (28-June) is higher than its value for (14-June) because the
air temperature entered to the evaporator is higher than the (14-June). It is
seen that the instantaneous temperature of supplied air decreases with time
since larger amount of acetone enters the evaporator and more cooling
effect occurs although the initial instantaneous air temperature is higher.
The minimum temperature occurs between (01:00 PM and 01:15 PM) and
then increases with decreasing generator temperature and increasing the
losses to the surroundings. The minimum instantaneous temperature of
supplied air is (31 °C and 32.5 °C) for (14 and 28-June) respectively.
Moreover, it is noticed that the minimum instantaneous temperature of
supplied air occurs after the time of peak radiation as discussed in
Fig.(5.26).

Fig.(5.31) explains the effect of acetone concentration on the
temperature of supplied air. It is noticed that the instantaneous temperature
of supplied air decreases with increasing the acetone concentration due to
increase the evaporated acetone at the generator that produces more

cooling effect. Therefore, the minimum instantaneous temperature of
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supplied air to the room at the concentration of 60% and time of 01:00 PM
with a value of 27.5°C for 7-July.

Fig.(5.32) shows the variation of instantaneous COP with time for
(14 and 28 of June) at acetone concentration of (40%). It is seen that the
instantaneous COP increases with time due to increase the cooling effect
as discussed previously to reach a maximum value at (01:00 PM) and then
decreases with decreasing the cooling effect and increasing the losses to
the surroundings. It is noticed that the instantaneous COP at (28-June) is
higher than that of (14-June) because the cooling effect is higher. The
maximum instantaneous COP is (0.382 and 0.423) for (14 and 28-June)
respectively at (01:00 PM). Moreover, it is noted that the maximum
instantaneous COP occurs after the time of peak generator temperature as
discussed in Fig. (5.26).

Fig.(5.33) explains the variation of instantaneous COP with time at
different acetone concentrations. It is noted that the instantaneous COP
increases with increasing the acetone concentration due to increase the
evaporation of acetone at the generator that cools the supplied air to the
tested room. The maximum instantaneous COP for (60%) acetone
concentration occurs at time of (01:00 PM) which is (0.76).

Fig.(5.34) shows the variation of mass flow rate of acetone vapor
with time for different acetone concentrations. It is seen that the amount of
acetone vapor increases gradually with time, due to increase of generator
temperature, for all concentrations. As the acetone concentration increases
the acetone vapor increases. For 60% concentration, the maximum mass
flow rate of acetone vapor occurs at about 12:00 noon is about 0.00071
kg/s.

Fig.(5.35) explains the variation of mass flow rate of acetone vapor
per kilogram of acetone with time for different acetone concentrations. It

Is noted that it increases with increasing acetone concentration due to
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increase the mass of acetone at the generator, so the evaporation of acetone
increases. The maximum mass flow rate of acetone vapor per kilogram of
acetone for (60%) acetone concentration occurs at time of (12:00) which is
(9.86*10° kg/s/kilogram of acetone).

Fig.(5.36) displays the variation of the circulation ratio (1) with time
for different acetone concentrations. It is noted that the circulation ratio
increases with increasing acetone concentration due to increase the mass
of acetone at the generator, so the evaporation of acetone increases. The
maximum circulation ratio for (60%) acetone concentration occurs at time
of (12:00) which is (7.1%).

Fig.(5.37) Fig.(5.37) variation of cooling effect per liter of acetone
with generator temperature for acetone concentration of 40% at (28-June).
It is noted that the cooling effect per liter of acetone increases with
generator temperature as discussed in Fig. (5.28). The maximum cooling
effect per liter of acetone occurs at generator temperature of (76 °C) which
is (54.19 W/liter of acetone).

Fig.(5.38) displays the wvariation of maximum instantaneous
temperature difference across the evaporator with acetone concentration
for the days (28-June, 1-July and 7-July). It is noticed that the instantaneous
temperature difference across the evaporator increases with acetone
concentration due to increase the evaporated acetone that cools the air. The
maximum instantaneous temperature difference is achieved for acetone
concentration of (60%) with a value of (14.1°C).

Fig.(5.39) shows the maximum instantaneous cooling effect across
the evaporator with acetone concentration. It is noted that the instantaneous
cooling effect increases with acetone concentration due to increase the
evaporated acetone that cools the air. The maximum instantaneous cooling

effect at acetone concentration of (60%) is (356 W).
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Fig.(5.40) shows the maximum achieved instantaneous COP with
acetone concentration. It is noticed that the COP increases with acetone
concentration due to increase the evaporation of acetone. The maximum
CORP at acetone concentration of (60%) is (0.76).

Fig.(5.41) shows the variation of daily COP with acetone
concentration. It is noticed that the daily COP increases with acetone
concentration due to increase the evaporated acetone that cools the air. The
maximum daily COP at acetone concentration of (60%) is (0.4856).

Fig.(5.42) explains the variation of the overall COP with time for
(22-May and 7-July) at acetone concentration of (60%). It is noticed that
the overall COP for 7-July higher than that of (22-May) because the
cooling effect is higher as discussed previously. The overall COP increases
with time due to increase the cooling effect. The maximum overall COP
occurs at (01:00 PM) with value of (0.2174).

Fig.(5.43) shows the achieved overall efficiency with acetone
concentration. It is noticed that the overall efficiency increases with
acetone concentration due to increase the evaporated acetone that increases
the cooling effect. The maximum overall efficiency at acetone
concentration of (60%) is (0.2174).

Fig.(5.44) explains the variation of the instantaneous COP and the
overall efficiency with generator temperature for (7-July) at acetone
concentration of (60%). It is noticed that both (COP and n,y) increase with
increasing the generator temperature due to increase the evaporated
acetone and so increasing the cooling effect. The maximum (COP and nov)
occur at the maximum generator temperature as discussed in Fig.(5.26).
The maximum (COP and ne) Occur at generator temperature between
(71°C and 69.8°C) with values of (0.76 and 0.2174).

Fig.(5.45) shows a comparison between the maximum achieved

temperature difference across the evaporator for the present work and other
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researchers for different working pairs. However, the cooled fluid is air for

present work, while for other researchers, it was water. The comparison

shows that the water-lithium bromide pair gave the maximum temperature

difference followed by the methanol-water pair and finally the acetone-

water pair used in the present work. This is attributed the lowest latent heat

of vaporization of acetone compared to other two refrigerants.
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Fig.(5.22) variation of generator
with time for 14 and 28 of June.
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Fig.(5.24) variation of generator
with time for 22-May and 7-July.
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Fig.(5.25) variation of condenser temperature
and temperature of acetone at condenser exit with
time for 29-May and 7-July.
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Fig.(5.27) variation of instantaneous temperature
difference at the evaporator with time for
different acetone concentrations.
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Fig.(5.29) variation of evaporator instantaneous
cooling effect with time for different acetone
concentrations.

Fig.(5.26) variation of temperature difference
across the evaporator and ambient temperature
with time for 14 and 28 of June at acetone
concentration of 40%.
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Fig.(5.28) variation of instantaneous evaporator
cooling effect with time for 14 and 28 of June at
acetone concentration of 40%.
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Fig.(5.30) variation of instantaneous temperature
of supplied air with ambient temperature to the

room with time for 14 and 28 of June at acetone
concentration of 40%.
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Fig.(5.33) variation of instantaneous coefficient
of performance with time at different acetone
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Fig.(5.32) variation of instantaneous coefficient
of performance with time for 14 and 28 of June
at acetone concentration of 40%.
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Fig.(5.45) effect of pair type on the temperature difference across the evaporator.

5.1.2 Acetone Vapor mass flow rate empirical equation

An empirical equation relates the acetone vapor mass flow rate with

generator temperature and acetone concentration has been obtained from

the experimental work using (SPSS software). The maximum mass acetone

vapor mass flow rate obtained at generator temperature of 85°C at acetone
concentration of 60% with a value of 0.000924 kg/s.

137



L BELEEL FIVB e Fesults and Discussions

The results showed that there is a better agreement between the
empirical equation data and the experimental data and so it can be
considered in the theoretical work.

Mref (Kg/s)

61.1 4.2 69.4 1.2
Te("C)

Fig.(5.46) the empirical equation data and the experimental data of acetone vapor
mass flow rate for (1-July) at acetone concentration of 50%.

5.1.3 Results of the cooled space

The temperature in the cooled space is measured at the walls and
two poles. The first pole is placed at (X=1,Z=1) at the line of air supply,
while the second pole is placed near the person at (X=1.25, Z=1.5).

Figs.(5.47-5.49) show the variation of the local temperature with
height at different hours for days (28-June, 1-July and 7-July) at the first
pole with different acetone concentrations of (40%, 50% and 60%). It is
noted that the local temperature increases with height for all hours because
the supplied air is at floor level and the cold air with high density stays at
lower levels while the hot air with lower density moves up to higher levels.
The local temperature increases with time for all heights due to increase
the gained heat from the outside and increase the outside ambient air
temperature and the heat gain from walls which are not perfectly insulated.
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The optimum local temperature is at floor level and time of (11:00 AM)
with a value of (34.4 °C) for (7-July).

Figs.(5.50-5.52) explain the variation of the local temperature with
height at different hours for days (28-June, 1-July and 7-July) at the second
pole with acetone concentrations of (40%, 50% and 60%). It is noticed that
the temperature at the second pole showed same behavior as the first pole.
The optimum local temperature is at floor level and time of (11:00 AM)
with value of (35.7 °C) for (7-July).

Fig.(5.53-5.55) show the variation of the local temperature with time
at the breathing level for the days (28-June, 1-July and 7-July) with
different acetone concentration of (40%, 50% and 60%). It is noticed that
the first and second poles show approximately the same temperature. It is
also noticed that at (11:00 AM), the 60% acetone concentration gives the
optimum temperature for both poles with a value of (35.6 °C).

Fig.(5.56) shows the variation of temperature difference between
head and foot with time for seated person for (7-July). It can be noted that
the temperature difference is less than the accepted difference (2 °C for
seated person) due to the variation of cooling effect with time and the error
In measuring devices. The temperature gradient increases with time due to

the difference in elevation between head and foot which is taken as 1.1m,

[7].
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Fig.(5.47) variation of local temperature with
height at different hours for 28-June at the first
pole at acetone concentration of 40%.
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Fig.(5.49) variation of local temperature with
height at different hours for 7-July at the first
pole at acetone concentration of 60%.
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Fig.(5.48) variation of local temperature with
height at different hours for 1-July for the first
pole at acetone concentration of 50%.
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Fig.(5.50) variation of local temperature with
height at different hours for 28-June at the second
pole at acetone concentration of 40%.
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Fig.(5.51) variation of local temperature with
height at different hours for 1-July at the second
pole at acetone concentration of 50%.
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between head and foot with time for seated
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5.2 Theoretical Results
The theoretical results are divided into two parts:
1- The solar energy analysis obtained from (EES) program that
includes:

a- Results of collector.

b- Results of the absorption cooling system.

c- The exergy analysis of the PTSC collector.

d- The exergy analysis of the absorption cooling.

e- The systematic efficiency.
2- Ventilation analysis obtained using the (ANSYS Fluent

AIRPAKS3.0.16) using the turbulent model (RNG K- ¢).

5.2.1 Solar energy analysis
5.2.1.1 Results of solar collector

The collector loop consists of the PTSC with helical coil receiver,
tank and pump. The studied performance of the collector includes received
solar radiation, useful energy, receiver surface temperature, inlet and outlet
water temperatures, storage tank temperature and collector efficiency. All
results are performed for the day 21 of each of months (May, June, July

and August).

Fig.(5.57) explains the variation of the solar radiation with time for
the days, (21° of May, June, July and August) as a sample of theoretical
data. It can be noted that the solar radiation increases with time and reaches
maximum value at (12:00) due to higher elevation angle at solar noon and
then decreases due to earth rotation and the sun being behind the collector.
The solar radiation at (21-July) is higher than other days with a maximum
value of (1126 W/m?) at (12:00).
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Fig.(5.58) shows the variation of the useful power with time. It can
be noted that the useful power starts with zero value and increases sharply
for the first (30 min.) and remains almost constant for rest of test time until
noon and decreases later due to decrease in received radiation and increase
in losses to the surroundings. It is seen that the maximum useful energy
occurs before the maximum radiation due to the increase in the heat loss to
the surroundings by convection and radiation. Moreover, the maximum
useful power at (21-July) higher than other days with a maximum value of
(1585 W) at (12:00 PM).

Fig.(5.59) shows the variation of the receiver temperature with time.
It can be noted that the receiver temperature increases fastly before time
(12:00) due to increase the instantaneous solar radiation as discussed in
Fig.(5.56) to reach about (86.21°C) for the (21 of July) and then increases
in a slower rate after that due to decrease in the instantaneous solar
radiation and increase of the losses to environment to reach (96.32°C) for
the (21 of July) at (02:30 PM). It is noted that the temperature at (21% of
July) is the higher in comparison to other days due to higher received

radiation.

Fig.(5.60) explains the variation of the inlet and outlet water
temperatures for the receiver with time for (21-July). It can be noted that
the inlet and outlet temperatures increase rapidly before time (12:00 PM)
to reach about (78.63°C and 85.74°C) for inlet and outlet respectively due
to increase in the instantaneous solar radiation as discussed in Fig.(5.57)
and then increases slowly after that due to decrease in the solar radiation
and increase of the losses to environment to reach (91 °C and 96.32°C) at
(02:30 PM).

Fig.(5.61) presents the variation of storage tank temperature with

time. It can be noted that the storage temperature increases sharply with
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time until reaches (78.63 °C) at (12:00) of (21% of July) due to the increase
in the solar radiation as discussed in Fig.(5.56) and then increases slowly
due to decrease the solar radiation and increase the losses in heat to the
surrounding to reach (91°C) at (02:30 PM) for (21% July). Storage tank
temperature at (21-June) is higher than the other days because the solar

radiation is higher.

Fig.(5.62) shows the variation of collector efficiency with time. It
can be noted that the collector efficiency increases sharply from zero due
to the faster increase in the useful power and reached a maximum value
after about (30 min.) from start of test and then decreases with time due to
the increase in the liquid temperature in the receiver and that increases the
losses to the surroundings. The maximum value of the efficiency at (09:25
AM) is (0.792) for (21% of August) because the instantaneous radiation is
higher at this time and the minimum efficiency value is at (02:30 PM) for
(21% of May) with value of (0.6473).
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Fig.(5.57) variation of solar radiation with time
for the days, 21% of May, June, July and August
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Fig.(5.59) variation of receiver temperature with
time for the days, 21% of May, June, July and
August.
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Fig.(5.61) variation of tank temperature with
time for the days, 21% of May, June, July and
August.
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5.2.1.2 Results of solar absorption cooling system

Fig.(5.63) shows the variation of generator temperature with time
for the days, (21% of May, June, July and August) from (9:00 AM) to (02:30
PM). It is noted that the generator temperature increases fastly with time
until reaches (12:00) with value of (78.1 °C) for (21-July) because of
increasing the solar radiation with time as discussed in Fig.(5.57) and then
increases slowly due to decrease in the solar radiation and increase of the
losses to reach (91°C) for (21-July).

Fig.(5.64) shows the variation of temperature difference of air across
the evaporator with time. It can be noticed that the temperature difference
increases fastly with time before (12:00) with a value of (13.43 °C) for (21-
July) due to increase the generator temperature as discussed in Fig.(5.63).
The increase in generator temperature increases the mass of acetone vapor
that cools the supplied air. After (12:00 PM), the temperature difference
increases slowly due to decrease the generator temperature to reach (21 °C)
for (21-July). It is seen that the temperature difference at (21-July) is higher

than other days due to the higher solar radiation.

Fig.(5.65) explains the variation of the evaporator cooling effect
with time. It can be noticed that the cooling effect increases with time due
to increase the generator temperature that increases the mass of acetone
vapor that cools the supplied air. It can be noticed that the cooling effect
increases fastly before (12:00 PM) due to the sharp increase in the
generator temperature as shown in Fig.(5.63) to reach (351 W) for( 21-
July) and then increases slowly after that due to slow increase in the
generator temperature to reach (549 W) for the (21-July) at (02:30 PM).
The cooling effect for July is larger than other days because of higher

generator temperature.
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Fig.(5.66) shows the variation of (COP) with time. It can be noticed
that the coefficient of performance increases with time due to increase the
cooling effect. The (COP) increases sharply before (12:00 PM) due to the
sharp increase in the cooling effect to reach (0.3164) for (21-July) and then
increases slowly after that due to the slow increase in the cooling effect as
discussed in Fig.(5.65) to reach (0.71) for (21-July) at (02:30 PM). The
(COP) for July is higher than other days because the cooling effect is
higher.

Fig.(5.67) shows the variation of the supplied air temperature with
time. It can be noticed that the temperature of supplied air decreases
sharply with time before (12:00) due to increase the cooling effect to reach
(18.04 °C) for (21-July) and then decreases in a slow rate with time due to
accumulated heat gain from outside and slow rate of increase in the cooling
effect as discussed in Fig.(5.65) to reach (10.53 °C) at (02:30 PM).
Moreover, the temperature of supplied air for (21-July) is less than others

because the cooling effect is higher.

Fig.(5.68) illustrates variation of temperature difference across the
evaporator with time for different acetone concentrations at 21-July. It can
be noticed that the temperature difference increases with time as discussed
in Fig.(5.64). The temperature difference increases with acetone
concentration due to increase the mass of acetone vapor that cools the
supplied air. Therefore, the maximum temperature difference for (60%)

acetone concentration at (2:30 PM) with a value of (23 °C).

Fig.(5.69) presents the variation of cooling effect with time for
different acetone concentrations. It can be noticed that the cooling effect
increases with acetone concentration due to increase the mass of acetone

vapor that cools the supplied air. Therefore, the maximum value occurs at
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(60%) acetone concentration and time of (2:30 PM) with value of (612.2
W).

Fig.(5.70) presents the variation of instantaneous (COP) with time
for different acetone concentrations. It can be noticed that the (COP)
increases with acetone concentration due to increase the mass of
evaporated acetone that cools the supplied air and so increases the
coefficient of performance with a maximum value of (0.791) at (60%)

acetone concentration.

Fig.(5.71) presents the variation of circulation ratio (A) with time for
different acetone concentrations. It can be noted that the circulation ratio
increases with time due to increase the generator temperature that increases
the acetone vapor. It increases with acetone concentration due to increase
the mass of acetone vapor so increases the circulation ratio with a

maximum value of (0.127) at (60%) acetone concentration.

Fig. (5.72) shows the variation of the ratio of obtained cooling load
to the required cooling load (y) with time for different acetone
concentrations. It can be noticed that (y) increases with time due to
increase the cooling effect as discussed in Fig.(5.65). It increases with
acetone concentration due to increase the acetone vapor which cools the air

with a peak value of (2.041) at (60%) acetone concentration.

Fig.(5.73) explains the variation of the temperature of supplied air
with time for different acetone concentrations. It can be noticed that the
temperature of supplied air decreases with acetone concentration due to
increasing the mass of acetone vapor that cools the air and so decreases the
air temperature. Therefore, the maximum value occurs at (60%) acetone
concentration with a value of (8.13°C) and time of (2:30 PM).
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Fig.(5.74) presents the variation of the mass flow rate of acetone
vapor with time for different acetone concentrations. It can be noted that
the mass of acetone vapor increases with time due to increase the generator
temperature as discussed in Fig.(5.63) which increases the acetone vapor.
It increases with acetone concentration. So, the maximum value occurs at
(2:30 PM) and (60%) acetone concentration with a value of (0.00127 kg/s).

Fig.(5.75) shows the variation of cooling effect with condenser
temperature at time of (01:00 PM). It can be noticed that the cooling effect
decreases with increasing condenser temperature due to decrease the
acetone vapor condensation which reduces the cooling effect across the
evaporator. The cooling effect at (21-July) is higher than other days as
discussed in Fig.(5.65) with a maximum value of (542.5W) at a condenser
temperature of (25°C).

Fig.(5.76) explains the variation of cooling effect with the
evaporator exit temperature at time of (01:00 PM) at (40 °C) condenser
temperature. It can be noted that the cooling effect increases with
increasing evaporator temperature due to increase the temperature at
evaporator exit which means that the acetone vapor gains more heat from
the cooled air across the evaporator. This leads to increase the cooling
effect. The cooling effect at (21-July) is higher than other days as discussed
previously with a maximum value of (470 W) at an evaporator exit
temperature of (10°C).

Figs.(5.77 and 5.78) explains the daily COP . It can be noted that the
daily COP at (21-July) is higher than other days due to higher generator
temperature that leads to larger amount of acetone vapor. The daily COP
increases with acetone concentration due to increase the acetone vapor at
generator. Therefore, the maximum value of (COPgaiy) is at (21-July) and
acetone concentration of (60%) which is (0.392).
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Fig.(5.64) variation of temperature difference at
the evaporator with time for the days, 21% of
May, June, July and August.
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Fig.(5.71) variation of circulation ratio (A) with
time for different acetone concentrations at 21-
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Fig.(5.68) variation of evaporator temperature
difference with time for different acetone
concentrations at 21-July.
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Fig.(5.70) variation of COP with time for
different acetone concentrations at 21-July.

Fig.(5.72) variation of ratio (y) with time for
different acetone concentrations at 21-July.
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5.2.1.3 Exergy analysis of collector loop

Fig.(5.79) shows the variation of exergy destruction in collector with
time for the (21% of May, June, July and August). It can be noted that the
exergy destruction in collector increases with time due to increase the
received solar radiation and increase the losses to the surroundings to reach
maximum at (11:30 AM) and then decreases due to decrease the received
solar radiation as discussed in Fig.(5.56) with maximum value of (1412.7
W) at (12:00) at (21-July).

Fig. (5.80) presents the variation of the exergy destruction of storage
tank with time. It can be noted that the exergy destruction increases fastly
with time to reach (233.84 W) at (12:00) noon for (21-July) due to the sharp
increase in the solar radiation and then increases at a slower rate to reach a
maximum value of (237.1 W) at (12:30 PM) and then decreases due to
decrease the obtained useful energy. The exergy of storage tank of (21-

July) higher than other days because the water temperature is higher.

Fig.(5.81) shows the variation of the exergetic efficiency of collector
with time. It is noted that the exergetic efficiency increases fastly and
reaches a maximum value for the first (30 min.) of operation due to the
high heat rate of water. It is then decreases slowly for the rest of running
time, due to smaller difference between receiver temperature and water.
The maximum collector exergetic efficiency is at (09:25 AM) of (21-July)
with a value of (0.4054) and its minimum value at (21-May) at (2:30 PM)
with a value of (0.332).
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Fig.(5.81) variation of exergetic efficiency of
collector with time for the 21% of May, June, July
and August.

5.2.1.4 Exergy analysis of absorption system

Figs. (5.82-5.89) show the variation of the exergy destruction in
solar absorption system components and overall destruction in the system
with time for the (21% of May, June, July and August). It can be noted that,
the exergy destruction increases sharply in the beginning due to more heat
transfer between the system components as well as the heat transfer from
the system components to the surroundings due to high temperature
difference between the system and the ambient. After that, the increase of

destruction becomes slow with time since the temperature difference
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between the system components decreases, so the heat transfer decreases,
also, the temperature of ambient increases and the temperature difference
between the system components and the surroundings decreases so the heat
transfer rate decreases. The exergy destruction increases with time due to
increase the generator temperature. Also, the exergy destruction at (21-
July) is higher than other days since the generator temperature is higher
due to higher solar radiation with maximum values of (732, 167, 36, 140,
511, 650, 762 and 2998 W) for (generator, condenser, valve 1, evaporator,
absorber, heat exchanger, valve 2 and overall absorption system)
respectively at 02:30 PM. The maximum exergy destruction occurs at the
solution expansion valve because the greater pressure drop that causes high
entropy difference. The maximum exergy destruction for the main
components occurs at the generator because the high heat exchange
between the hot water of collector loop and the mixture within it. While
the minimum value for the primary components at the evaporator because
the least value of acetone vapor mass flow rate inside it.

Fig.(5.90) shows the exergy destruction of system components for
21-July at 01:00 PM. It can be noted that, the maximum exergy destruction
occurs at the solution expansion valve with a value of 769 W while the
minimum value at the acetone vapor expansion valve with a value of 30
W. The maximum exergy destruction for the main components is at the
generator with a value of 738 W because the maximum heat exchange
occurs at it while the evaporator has a minimum destruction with a value

116 W because the mas flow rate of acetone vapor is very small.

Fig.(5.91) explains the variation of second law efficiency with time.
It can be noted that second law efficiency increases with time due to
increase the coefficient of performance as discussed in Fig.(5.65) and

155



L BELEEL FIVB e Fesults and Discussions

reaches the maximum at (02:30 PM) with a value of (0.976) for (21 of
July).

Fig.(5.92) shows the variation of ideal COP with time. It can be
noticed that the ideal COP increases fastly before (12:00) to reach (0.861)
for (21-July) and then increases so slowly with time due to increase the
loses to the surroundings to reach (0.906) for (21-July) at (02:30 PM). The
ideal COP for July higher than others because the generator temperature is

higher.

Fig.(5.93) shows the variation of second law efficiency with acetone
concentration. It can be noted that the second law efficiency increases with
concentration due to increase the acetone vapor and so increase the cooling
effect and the COP. The second law efficiency at (21-July) higher than the
other days because the higher cooling effect. Therefore, the maximum
second law efficiency at (21-July) and (60%) acetone concentration with a
value of (0.6717).
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5.2.1.5 Overall efficiency

Fig.(5.94) shows the variation of overall efficiency (mov) with time. It
can be noted that (o) increases with time due to increase the generator
temperature which increases the evaporated acetone and so increases the
cooling effect until reach the maximum at (02:30 PM). The systematic
efficiency at (21-July) is higher than others because the generator

temperature is higher with a value of (0.3273).

Fig.(5.95) explains the variation of overall efficiency with time for
different acetone concentrations for 21-July. It can be noted that the overall
efficiency increases with increasing the acetone concentration due to
increase the acetone vapor that increases the cooling effect as discussed in
Fig.(5.65). The overall efficiency increases with time. Therefore, the
maximum overall efficiency occurs at (60%) acetone concentration with a
value of (0.2218).

Nov
MNov

Fig.(5.94) variation of (nov )with time for the 218 Fig.(5.95) variation of (ne) with time for
of May, June, July and August. different acetone concentrations for 21-July.
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5.2.2 Indoor air quality parameters
5.2.2.1 Air diffusion performance index (ADPI)

Figs.(5.96 and 5.97) show the variation of air diffusion performance
index (ADPI) with time for the (21% of May, June, July and August) at
mean velocity of supplied air of (0.3 m/s and 0.25 m/s) value using
displacement ventilation (DV). The volume flow rate is (0.022 m3/s) and
the required cooling effect is (300 W). It can be noted that (ADPI) for both
cases increases with time at starting because the space is hot and so it is far
from comfort and then increases with time because the space is cooled and
so it becomes nearer to the comfortable zone and so the (ADPI) increases
to reach maximum value at the temperature of supplied air of (20°C)
because the room approaches to the condition of thermal comfort at the
design temperature of (20 °C) at air flow rate of (0.02183 m?/s). When the
temperature of supplied air becomes less than (20 °C), (ADPI) decreases
because the space becomes cold and uncomfortable. Therefore, the
maximum (ADPI) is (70.92%) and (69.17 %) for the two cases respectively
at (Ts) of (19.46°C) for (21-May) at (12:00) which is near the design
temperature. (ADPI) increases with the velocity of supplied air so the
velocity of (0.3 m/s) has been considered at design. The accepted (ADPI)

for displacement ventilation is greater than (70%), [127].

Fig.(5.98) explains a comparison between the (ADPI) for exit
location at the same side of diffuser and opposite side with time between
(11:30 AM) and (02:00 PM) for (21% of July). It can be noted that (ADPI)
for the same side of exit at all times and at all the temperatures of supplied
air is higher than the (ADPI) for the case of opposite side because in the
first case the air moves from the diffuser to the exit with a semi-circular
path that passes most room zones so the space approaches the comfortable

zone. While in the second case the air moves from the diffuser to the exit
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in a short path and so the air passes through less volume of the space and
so it becomes far from the comfort. The maximum (ADPI) for same side
at time (12:00) is (68.83 %) while for the opposite side is (52.91%).

Fig.(5.99) explains the variation of (ADPI) with acetone
concentration for (21-July) at time of (12:00). It can be noted that (ADPI)
at concentration of (40%) is less than its value at (50%) because the
temperature of supplied air at (40%) is higher than (20 °C), so the space is
hot and the (ADPI) is low. While at the concentration of (50%), the
temperature of supplied air is closer to (20°C), so the space is comfortable
and the (ADPI) is at highest value. However, at the concentration of (60%),
the temperature of supplied air is less than (20 °C), so the space becomes
cold and uncomfortable. This leads to a lower value of (ADPI). The
maximum (ADPI) at acetone concentration of (50%) with a value of
(68.83%).

Fig.(5.100-5.101) explain the variation of (ADPI) with evaporator
exit temperature for (21-July) at times of (11:30 AM and 01:00 PM). It can
be noted that (ADPI) at (11:00 AM) increases with increase of evaporator
exit temperature due to the increase in cooling effect and decrease of the
temperature of supplied air as discussed in Fig.(5.76). So, the temperature
of supplied air decreases to approaches to the design temperature of (20
°C) that satisfy the thermal comfort and highest (ADPI). So, the maximum
(ADPI) at evaporator exit temperature of (10 °C) with a value of (62.41
%). While for the time of (01:30 PM), the temperature of supplied air less
than (20 °C) and the (ADPI) decreases with decreasing the temperature of
supplied air. The increase in evaporator exit temperature decreases the
temperature of supplied air, so decreases the (ADPI) value because the

space becomes colder and uncomfortable. Therefore, the (ADPI) decreases
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with increase of evaporator exit temperature with maximum (ADPI) at
evaporator exit temperature of (0 °C) and a value of (56.62%).
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5.2.2.2 Thermal ventilation effectiveness (&)

Fig.(5.102 and 5.103) present the variation of thermal ventilation
effectiveness () with time for (21 of May, June, July and August) at
mean velocity of supplied air of (0.3 m/s and 0.25 m/s) respectively using
displacement ventilation(DV). The volume flow rate is (0.022 m?®/s) and
the required cooling effect is (300 W). It can be noted that (e;) increases
with time as the room temperature approaches the design environment
temperature of (25°C) that satisfies the thermal comfort with a value of
(1.402 and 1.346) at (12:00 AM) for (21° of May). Then (&) decreases
since the room temperature drops below (25 °C) and the space becomes
cold and uncomfortable. The thermal ventilation effectiveness increases
with increase of velocity of supplied air. The accepted (e;) for displacement

ventilation is greater than (1), [127].

Fig.(5.104) explains the wvariation of thermal ventilation
effectiveness (e;) with acetone concentration for (21-July) at time of (12:00
PM). It can be noted that thermal ventilation effectiveness (e;) increases
as the room temperature decreases and approaches (25 °C) which is the
comfortable temperature with acetone concentration of 50%. Further
increase in acetone concentration produces more acetone vapor and larger
cooling effect and the room temperature drops below (25 °C) and becomes
uncomfortable. "The maximum (s;) is obtained at acetone concentration of
(50%) at (21-July) at time of (12:00) with value of (1.393).

Fig.(5.105-5.106) explain the variation of () with the evaporator
exit temperature for (21-July) at times of (11:30 AM) and (01:00 PM). It
can be noted that (e;) at (11:30 AM) increases with increase of evaporator
exit temperature due to the increase in cooling effect and decrease of the
temperature of supplied air as discussed in Fig.(5.76). So, the temperature

of supplied air decreases to approach the design temperature of (20 °C)
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that satisfy the thermal comfort and highest (e;) . Therefore, the maximum
(e)) at evaporator exit temperature of (10 °C) with a value of (0.967). At
the time of (01:30 PM), the temperature of supplied air becomes less than
(20 °C) and the (ADPI) decreases with decrease the temperature of
supplied air. The increase in evaporator temperature reduces the
temperature of supplied air, so decreases the () value because the space
becomes colder and uncomfortable. Therefore, the (e;) decreases with
increase of evaporator temperature. The maximum (e) at evaporator
temperature of (0 °C) with value of (1.198).
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Fig.(5.102) variation of (e)) with time for the 21%  F19.(5.103) variation of (er) with time for the 2_1St
of May, June, July and August at mean velocity ~©f May, June, July and August at mean velocity
of supplied air of 0.3 m/s. of supplied air of 0.25 m/s.

15 0.98
1.4 0.96
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Fig.(5.104) variation of (e) with acetone Fig.(5.105) variation of (e) with evaporator
concentration for 21-July at time of 12:00. temperature for 21-July at time of 11:30 AM.
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Fig.(5.106) variation of (e) with evaporator
temperature for 21-July at time of 01:00 PM.

5.2.2.3 Temperature distribution

The temperature distribution has been taken at two poles. The first
pole is located at coordinates of (X=1 m and Z=1 m) forward to diffuser,
while the second pole has been located at (X=1.25 m, Z=1.5 m) near the

person as shown in Fig.(5.107).

Figs. (5.108-5.109) show the variation of local temperature with
height for (21% of May, June, July and August) at time of (12:00) for first
pole at (X=1 m and Z=1 m) and second pole at (X=1.25 m and Z=1.5m)
using displacement ventilation(DV). The volume flow rate is (0.022 m3/s)
and the required cooling effect is (300 W). It can be remarked that for the
two poles the temperature increases with height for all days because the
difference in air density, where the cold air remains at lower levels while
the hot air moves to higher levels as well as the supplied air is at lower
levels. The minimum value of local temperature at 21 July is at floor level
with values of (18.04 °C) and (18.34 °C) for the first and second poles
respectively due to the higher cooling effect as discussed in Fig. (5.64),
while the maximum values of temperature at 21% May and height of 2.5 m
are (28.2 °C) and (26.55 °C). So, the space within the occupied zone is
comfortable.
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Figs.(5.110-5.111) explain the variation of local temperature with
height for (21 July) at different times for first and second poles
respectively. It can be noticed that the temperature increases with height
for all times, but its value decreases with time due to the lower supplied air
temperature. The minimum values of local temperatures at (01:00 PM) at
floor level are (15.02 °C) and (15.23 °C) for the two poles respectively,
while the maximum values of temperature at (11:30 AM) and height of (2.5
m) are (30.4 °C) and (30.74 °C) respectively, but the space within the

occupied zone is comfortable and the mean temperature less than 25 °C.

Figs.(5.112-5.113) present the variation of local temperature with
height for the (21% of July) at time of (12:00) at different mean velocities
of supplied air for first and second poles. It can be noted that the
temperature increases with height for the two mean air velocities, but it
decreases with increasing the mean air velocity. The minimum values of
local temperatures at mean velocity of (0.3 m/s) at floor level has values of
(18.04 °C) and (18.34 °C) for the two poles respectively. However, the
maximum values of temperatures at mean air velocity of (0.25 m/s) and
height of (2.5 m) with values of (26.54 °C) and (26.21°C).

Fig.(5.114) explains the variation of local temperature and acetone
concentration for the (21% of July) at time of (12:00) for the two poles. It
can be noticed that the local temperature decreases with increase the
acetone concentration due to decrease the temperature of supplied air to the
cooled room. The minimum local temperatures at acetone concentration
of (60%) with values of (19.58 °C) and (22.81 °C) for the first and second

poles respectively.

Fig.(5.115) shows the variation of temperature difference between
head and foot with time for the seated and standing persons for (21-July).

It can be noted that the temperature difference increases with time due to
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increasing the cooling effect with time where the lower levels are cooled
faster than the upper levels since it is closer to cold air supply. The
temperature difference for standing person is higher than seated person
because the difference in level is higher with maximum values of (2.73 °C)
and (3.82 °C) for the seated and standing persons respectively. The
accepted value of temperature difference is (2 °C) and (3°C) for the seated

and standing persons respectively, [128].

Fig.(5.116) shows the contours of distribution of air temperature
inside the cooled room for plane (P,) at (Z=1 m) for (21-July) at (12:00). It
can be noted that the minimum temperature is at the floor level near the
diffuser exit that is installed at bottom of room in the west direction at (Z=1
m). It increases in all directions with height until reaches a maximum local
value of (44.88 °C) near the computer and the sitting person. The
temperature of air begins from the temperature of supplied air which is
(15.79 °C) at the diffuser exit that is installed at bottom of room in the west
direction at (Z=1 m). The maximum temperature is obtained near the

computer and the head of person since they are both heat sources.

Fig.(5.117) display the contours of distribution of air temperature
inside the cooled room for plane (Py;) at (Y=1.1 m) (breathing level) for
seated persons for (21-July) at (12:00). The air temperature starts from
(23.37 °C) and increases towards the persons and computer (the source of

heat) and reaches a maximum value of (44.88 °C).

Fig.(5.118) explains the contours of distribution of air temperature
inside the cooled room for plane (Py.) at (Y=1.8 m) that is called breathing
level for standing persons for (21-July) at (12:00). The temperature of air
starts from (26.93 °C) then increases gradually in the direction of X-axis

until reaches (34.92 °C) at dead zones. It is noticed that the temperature
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distribution is more uniform in this level because it is far from any heat

source.

Fig.(5.119) displays the contours of distribution of air temperature
inside the cooled room for plane (P,) at (Z=1m) at (21-July) at (12:00) for
acetone concentration of (X=40%, 50% and 60%). The temperature of air
begins from the temperature of supplied air which is (21.4 °C), (18.04 °C)
and (17.05 °C) for the three concentrations at the diffuser exit. Then the
temperature increases gradually with height and in all directions in the
room until reaches to (43.99 °C), (42.75 °C) and (42.23 °C) for the three
concentrations. The maximum temperature at the person and the computer
which are the sources of heat and at the corners. Moreover, it can be
remarked that the temperature decreases with acetone concentration due to
decrease the temperature of supplied air and so, the maximum temperature

decreases with concentration.

Fig.(5.120) shows the contours of distribution of air temperature
inside the tested room for plane (Py1) at (Y=1.1 m) at (21-July) at (12:00
PM) for acetone concentration of (X=40% and 50%). It is seen that the
temperature increases gradually towards the source of heat and the corners
until reaches to (43.99 °C and 42.75°C) for the two concentrations. The
temperature decreases with acetone concentration due to decrease the
temperature of supplied air and therefore, the maximum temperature

decreases with concentration.

Fig.(5.121) explains the contours of distribution of air temperature
inside the tested room for plane (Py2) at (21-July) at (12:00 PM) for acetone
concentration of (X=40%, 50% and 60%). It is seen that the temperature
increases gradually towards the room walls which are called dead zones
until reaches to (43.65 °C, 39.25 °C and 39.89 °C) for the three
concentrations respectively. It can be noted that the temperature decreases
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with acetone concentration due to decrease the temperature of supplied air

and therefore, the maximum temperature decreases with concentration.

Fig.(5.122) shows the contours of distribution of air temperature
inside the tested room for plane (P,) for (21-July) at (12:00) for different
locations of air exit. In the first case, the exit at the same side of diffuser,
while at the second case, the air exits at the opposite side of the diffuser
position. The temperature of air starts from the temperature of supplied
air that is (18.04 °C) at the diffuser exit. Then the temperature increases
gradually with height and other directions in the room. It can be noted that
the maximum temperature at the first case is less than the other because
there are a smaller dead zones, where the air moves with a semi-circular
path that reaches most room zones and then exits. However, at the second
case, the air enters from the diffuser and goes across the space directly to
the exit with little circulation (short path). The dead zone is larger in this
case, so the temperature is higher. The maximum temperatures are (42.75
°C and 44.63 °C) for the two cases respectively, but the mean temperature
less than 25°C.

@
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Window
Computer
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Fig.(5.107) tested room with the poles. First pole is at (X=1m,Z=1m) and the second pole is at
(X=1.25m, Z=1.5m). 169
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Fig.(5.110) variation of local temperature with
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Fig.(5.112) variation of local temperature with
height for the 21% of July at time of 12:00 at
different mean velocities of supplied air for first
pole.
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Fig.(5.109) variation of local temperature with
height for the 21% of May, June, July and August
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Fig.(5.111) variation of local temperature with
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Fig.(5.113) variation of local temperature with
height for the 21% of July at time of 12:00 at
different mean velocities of supplied air for
second pole.
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acetone concentration for the 21% of July at time between head and foot with time for seated and

of 12:00 at for the two pole. standing person.
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Fig.(5.116) contours of distribution of air temperature inside the tested room for plane (P;) at Z=1 m at
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Fig.(5.117) contours of distribution of air temperature inside the tested room for plane (Py1) at Y=1.1m
at 21-July at 11:30 AM.
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Fig.(5.118) contours of distribution of air temperature inside the tested room for plane (Py2) at Y=1.8 m
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Fig.(5.119) contours of temperature distribution inside the tested room for the plane (P;) for 21-July at
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Fig.(5.120) contours of temperature distribution inside the tested room for plane (Py1) for 21-July at
12:00 at two acetone concentrations.
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Fig.(5.122) contours of temperature distribution inside the tested room for plane (P;) for 21-July
at 12:00 for different locations of air exit.

5.2.2.4 Velocity distribution

Fig.(5.123) shows the velocity contours of air inside the cooled room
for two different mean velocities of supplied air (V=0.3 m/s and V=0.25
m/s) using displacement ventilation (DV) at (21-July) at (12:00) for plane
(P). It is noted that the maximum velocity of air occurs at the exit where
the area less than the inlet area and at the top of the computer and person
due to natural convection, where the temperature is higher therefore, there
will be vortices due to density deference, so the velocity will increase due
to vortices formation with values of (0.4631 and 0.4189 m/s) for the two
cases respectively.

Fig.(5.124) explains the contours of velocity of air inside the tested
room for two different mean velocities of supplied air to room which are
(V=0.3 m/s and V=0.25 m/s) at (21-July) at (12:00) for plane (Py1). It can
be noted that the maximum velocity for both cases occurs at the computer
and person head with values of (0.448 and 0.384 m/s) respectively as
discussed in Fig. (5.123).
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Fig. (5.125) explains the contours of velocity of air inside the tested
room for two different mean velocities of supplied air to room that are
(V=0.3 m/s and V=0.25 m/s) for (21-July) at (12:00) for plane (Py2). The
maximum velocity for both cases occurs at the computer and person head

as discussed previously with values of (0.54 and 0.4372 m/s) respectively.
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5.2.2.5 Mean age of air distribution

Fig.(5.126-5.127) explain the variation of mean age of air with
height at (21 of May, June, July and August) at time (12:00) for the first
and second poles respectively. It can be noted that mean age of air increases
with height due to the long distance from the air supply where many dead
zones will be formed. Therefore, little air reaches it and therefore, the air
will not change for long time in these zones. When air is cooled, its density
will be increased therefore it will become heavy. The heavy air takes more
time than hot air to reach the same zone, so its mean age will be higher
than the hot air. Where the maximum mean age of air is (503 s) at height
of (1.1 m) for (21% July) for first pole which has the minimum temperature
of supplied air, while for second pole the maximum mean age of air at
height of (2.5 m) with a value of (549 s). The value of mean age at second
pole greater than first pole because the first pole is located closer to diffuser
and hence shorter travel distance. The minimum mean age of air is (120.5
s) at floor level for (21% of May) for first pole and (274 s) at floor level for
(21% of June). Moreover, it is noted that the gradient in air mean age is very
large at 0.5 m height from the floor level because the higher effect of
cooling at this level after that the effect of cooling decreases and so the

mean age after that approximately constant.

Fig.(5.128) shows the contours of mean age of air inside the tested
room for plane (P, at (Z=1 m) for (21-July) at (12:00) at acetone
concentrations of (X=40%, 50% and 60%). It can be noted that the mean
age of air increases with height due to the longer distance from the diffuser
and the air needs longer time to reach it. The maximum mean age is at the
higher corner opposite to the diffuser with maximum values of (371.3 s),
(381 s) and (406.3 s) for the three concentrations respectively. The mean

age increases with concentration increase, where the increase of

176



L BELEEL FIVB e Fesults and Discussions

concentration reduces the temperature of supplied air and its density will
increase so it will take more time to reach the space and so the mean age
of air will increase. The preferred concentration gives less mean age of air

and supplies temperature close to (20 °C).

Fig.(5.129) shows the contours of distribution of mean age of air
inside the cooled room for plane (P,) at (Z=1 m) for (21-July) at (12:00)
for two air exit locations. At the first case, the exit at the same side of
diffuser, while at the second case, the air exits at the opposite side of the
diffuser position. The mean age of air increases gradually for all directions.
It can be noted that the maximum mean age of air for the first case less than
the other case because there will be a smaller dead zones, where the air
moves with a semi-circular path to reach exit. However, for the second
case, the air enters from the diffuser and goes up directly to the exit and so
the air path is shorter and the air does not pass through most room zones.
Therefore, there will be larger dead zones so the mean age of air will be
higher. The maximum mean ages of air are (381 and 449 s) for the two

cases respectively.
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Fig.(5.128) contours of mean age of air inside the tested room for plane (P_) for 21-July at 12:00.
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Fig.(5.129) contours of mean age of air inside the tested room for plane (P,) for 21-July at 12:00
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5.2.2.6 Predicted percentage dissatisfied (PPD) and predicted mean
vote (PMV) distribution

The maximum value of (PPD) is (100) far from comfortable zone
for heating and cooling and decreases when the space approaches the
comfortable zone until reaches the minimum value of (5) at the comfortable
zone, while (PMV) has seven levels. (+3 is hot, +2 is warm, +1 is slightly
warm, 0 is the comfortable zone, -1 is slightly cool, -2 is cool and -3 is
cold). The accepted value for displacement ventilation of (PPD) is less than
(10), while for (PMV) is between (-0.3 and +0.3), [127].

Figs.(5.130-5.131) present the variation of the (PPD) with height for
(21% of May, June, July and August) at time (12:00 PM) for first and second
poles. It can be noted that (PPD) decreases with height due to increase the
air temperature and approach the comfortable level at about 0.5 m height.
The temperature near floor level is low and the zone is cold therefore, it is
not comfortable. The minimum value of PPD is (7) at (21-June) at height
(2.5 m) for first pole and (PPD) value of (4) at (21-May), while the
maximum values are at (21 of July) at height of (2.5 m) with (38.32 and
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41.62) values for the two poles respectively where the area is hot and not

comfortable.

Figs.(5.132-5.133) shows the variation of (PMV) with height at (21
of May, June, July and August) at time (12:00) for first and second poles.
It can be noted that (PMV) near the floor level is low which means that the
zone is cold and not comfortable. The (PMV) increases with height due to
increase the air temperature and approach from the comfortable zone,
where the minimum value of (PMV) is (-1.252) at (21-June) at floor level
for first pole and a value of (-1.2) at (21% of May) where the space is cold.
The maximum values are (1.43 and 1.62) at (21 of July) for the two poles

respectively, this means that (21% July) hotter than other days.
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5.3 Comparison Between the Experimental and Theoretical

Results

The comparison between the experimental and theoretical results
has been done by considering the experimental results of (7-July) with that
of the theoretical results for same day, at (1:00 PM). The theoretical results
of the cooled room included both adiabatic and non-adiabatic cases. The
non-adiabatic case is more realistic. A balance has been considered
between the heat gain as a function of mean room temperature with the
obtained cooling effect at (01:00 PM) and evaluating the mean room

temperature from the heat balance as shown in appendix (C).

The evaluated mean room temperature from the heat balance based
on non-adiabatic assumption is about (37.48 °C) which is close with the
experimental results for this day. The temperature of the supplied air has
been calculated from the mean room temperature with a value of (24.91
°C) which is convergent with the temperature of supplied air obtained from
the experimental results that has a value of (27.5 °C) at (01:00 PM), while
the temperature of supplied air for the adiabatic case is (17.27 °C). The
obtained temperature of supplied air (24.91°C) has been used in the AirPak
software to obtain the temperature distribution in the room based on non-

adiabatic assumption.

Fig.(5.134) shows a comparison between the experimental and
theoretical collector receiver temperature. It is seen that the experimental
and theoretical receiver temperatures converge with values of (80.1 °C and
82.12 °C) respectively. The difference between the experimental and
theoretical results comes from several reasons. First is the assumption that

the storage tank and generator are insulated, while the second reason is the
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constant error existed in the measuring thermocouples. The third reason is

the round error and error in the theoretical results.

Fig.(5.135) explains the experimental and theoretical generator
temperature. It is noticed that the experimental and theoretical generator
temperatures converge with values of (71 °C and 76.47 °C) respectively.
The difference between the experimental and theoretical results is due to

the above mentioned errors.

Fig.(5.136) explains the experimental and theoretical temperature
difference across the evaporator. It is noted that the experimental and
theoretical temperature differences converge with values of (14.1 °C and

15.53 °C) respectively.

Fig.(5.137) displays the experimental and theoretical evaporator
cooling effect. It is seen that the experimental and theoretical cooling effect
values are (356 W and 413 W) respectively. The difference between values
due to the errors in measuring devices and the errors in the theoretical work
comes from neglecting the terms with small values and the higher order

derivatives.

Fig.(5.138) explains the experimental and theoretical overall
efficiency. It is noted that the experimental and theoretical systematic

efficiency converge with values of (21.74 and 22.18% ) respectively.

Fig.(5.139) shows the experimental, non-adiabatic theoretical and
adiabatic theoretical temperature of supplied air to the tested room. It is
noted that the experimental and non-adiabatic theoretical temperatures of
supplied air converge with values of (24.91 °C) and (27.5 °C) respectively,
while for the adiabatic theoretical case it is (17.27 °C). The non-adiabatic
case results are closer to the experimental results which is better

assumption than the adiabatic. The difference between the experimental

182



L BELEEL FIVB e Fesults and Discussions

and adiabatic theoretical results due to the neglected heat transfer through
walls that increases the inside room temperature which is recirculated to

the evaporator, so the supplied temperature will be higher.

Fig.(5.140) displays a comparison between the experimental, non-
adiabatic theoretical and adiabatic theoretical local temperatures of the
tested room at (pole 2). It is seen that there is a difference between the
experimental and theoretical non-adiabatic local temperatures due to the
reasons mentioned above especially at floor level where the experimental
reading is (37.6 °C) while the theoretical reading is (33.26 °C). But at the
height of (1.6 m) the error is small where the experimental result is 38.6°C,
while the theoretical result is (37.9 °C). Moreover, the adiabatic theoretical
results are far from other cases and is considered unrealistic, because the

higher heat transfer through the cooled room walls.

Table (5.1) shows the experimental, theoretical local temperatures
for the non-adiabatic case and the error value for second pole at 01:00 PM
for 7-July. The maximum value of error is 10.83% at floor level. The error

Is explained in another way in Appendix-D.
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Table (5.1) shows the experimental and theoretical local temperatures at
the non-adiabatic analysis for second pole at 01:00 PM for 7-July.

10.8311
35.6 5.570292
36.7 3.926702
37.9 1.813472
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CHAPTER SIX

CONCLUSIONS AND SUGGESTIONS FOR
FUTURE WORKS

6.1 Conclusions

After presenting and discussing the results of the present work, the

following conclusions may be drawn:

1- The system operates efficiently at generator temperature between 60
°C and 85°C.

2- The increase in acetone concentration increases the acetone vapor at
the generator and so increases COP and the obtained cooling effect.

3- The increase in condenser temperature decreases COP and the
cooling effect because it decreases the condensation rate of the
refrigerant.

4- The increase in the evaporator temperature increases COP and the
obtained cooling effect.

5- The increase in generator temperature increases COP and the
obtained cooling effect.

6- The maximum temperature difference at the evaporator is at 7-July
with value of 14.1°C at acetone concentration of 60%.

7- The maximum experimental cooling effect obtained is 365 W at 7-
July at 01:00 PM and acetone concentration of 60%.

8- The obtained maximum overall efficiency at 01:00 PM for
experimental work is 0.2174 while the theoretical value is 0.2218.

9- The maximum exergy destruction for the system occurs at the

solution expansion valve with a value of 762 W while the minimum
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value occurs at the acetone vapor expansion valve with value of 36
W for 21-July at 2:30 PM.

10- The maximum exergy destruction for the main components is
at the generator of 732 W value, while the minimum value is at the
evaporator with a value of 146 W at 2:30 PM.

11- The maximum exergetic efficiency of the collector is 0.4416.

12- The maximum cooling effect per liter of acetone occurs at 60%

acetone concentration with value of 25.62 W/l .cetone.

13-The value of ADPI at the case of the diffuser and exit location at the
same side is better than its value at the case when they are at opposite

location.

14-The maximum thermal ventilation effectiveness(¢) is 1.402 at the

design room temperature that is 20 °C.

15-The theoretical temperature distribution based on adiabatic
assumption shows that the temperature decreases with time but this is
not obtained experimentally due to the heat gain from outside across the

insulation. It is noted that the temperature increases with time.

16-The maximum room mean age of air at the case of the diffuser and
exit at the same side is less than at the case when they are at opposite

locations.

17-The mean age of air increases with solar radiation and acetone

concentration.

18-The non-adiabatic assumption gives more acceptable results than the

adiabatic assumption. It is more realistic.
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6.2 Suggestions for Future Works

The following recommendations are suggested to the future works:

1-

2-

Using the nanoparticles with the (PTSC) collector to increase heat
absorption by the collector fluid.

Testing solar absorption cooling systems with double and triple
effect using other energy sources in addition to the solar energy like
hot gasses and hot oils.

Testing solar absorption systems with other operating pairs
(refrigerants and absorbents) like:

a- H,O- LiCl, LiClOs, ZnCl; and CaCls,.

b- Ethanol- LiBr, LiCl, Lil, ZnBr; and ZnCl,.

c- Methanol- LiCl, Lil and ZnCl,.

Setup a tracking system to increase the received solar radiation and
increase the obtained cooling load.

Using hybrid cooling by adding an air conditioner with low capacity
for obtaining the required cooling load because the cooling effect of
solar absorption is small and cannot investigate the required cooling
load.

Using a solar system with a greater capacity to investigate the

required cooling load for the cooled space.
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Appendix (4) [ables

Appendix (A): Tables

Table (A-1 Physical properties of Acetone and Water.

Acetone water
Formula CsHsO H,O
Molar mass 58.08 g/mol 18.015 g/mol
Density 0.791 g/cm?® 0.999 g/cm?
Normal boiling point 56.5°C 99.98 °C
Normal melting point -94.7°C 0 °C
Enthalpy change 539 J/g 2257 J/g
of vaporization

Table (A-2) Optimal Tilt Angle for each Month of Location with Latitude of 32.47°N. [129].

January | February = March April May June Year
53.32 45.8 34.86 22.98 13.66 9.39

July August September = October  November December 32.47
11.37 19.17 30.48 42.32 514 55.53

Table (A-3) A« and Bk coefficients for equation (4.4), [101].

K Ax Bx

0 2.0870%10™ 0

] 9.2869*10 —~1.2229 = 10
2 -5.2258 = 10™ -1.2698*10""
3 -2.1867*10™ 2.9823 = 10~
4 ~2.1867 = 107 —2.9823 * 10
5 —1.51 =10 ~2.3463 * 107
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Appendix (B): Uncertainty Calculation of Temperature

Thermocouple error = +-0.2 °C
Thermometer error = +- (0.004T+0.5) ...(B-1)
Ut = [(0.25)% + (0.004T+0.5)?]%° ...(B-2)

Uncertainty for room temperatures at 7-July

Time:11:00 AM Time:11:30 AM

T: 344 | Ur, [0.6732 | T, 349 | Uy 0.6755
T, 349 | Ur, |0.6728 | T, 35.5 | Ur, | 0.6747
Ts 35.6 | Uts | 0.6736 | Ts 36.1 | Urs | 0.6762
T, 36.4 | Uty | 0.6755 | T4 36.7 | Uty | 0.6778
Ts 35.7 | Uts [ 0.6682 | Ts 36.3| Urs | 0.6701
Te 35.6 | Uts [0.6701 | Te 36.1 | U | 0.6724
T, 35.8 | Ur; | 0.6728 | Ty 36.5 | Uy | 0.6747
Ts 36.3 | Utg | 0.6759 | Ts 36.9| Urs | 0.6770

Time:12:00 Time:12:30 PM

T, 353 | Un | 06774 | T, 35.8| Uty | 0.6793
T, 359 U, | 0.6758 | T, 364 | U, | 0.6785
T3 36.8 | Utz | 0.6774 | T3 375 | Urs | 0.6797
Ty 37.2 | Uy | 0.6797 | Ty 379 | Uy | 0.6827
Ts 36.8 | Urs | 0.6717 | Ts 37.3|Urs | 0.6736
Te 36.4 | Uts | 0.6739 | Ts 37.1| Ut | 0.6759
T, 36.8| Uty | 0.6774 | T, 374 | U, | 0.6800
Tg 374 | Urg | 0.6789 | Ts 38.2| Urg | 0.6816

Time:01:00 PM Time:01:30 PM

T, 36.4 | Ur; | 0.6816 | T, 36.7 | U, | 0.6831
T 36.9 | Ur, | 0.6812 | T, 373 | U, | 0.6823
T3 38.1 | Uz | 0.6823 | T3 385 | Ups 0.6835
T4 385 | U | 0.6854 | T, 38.9 | U4 0.6869
Ts 379 | Us | 0.6758 | Ts 38.3 | Urs 0.6770
Te 378 | Urs | 0.6778 | Ts 38.1 | Urs | 0.6793
T 38.1| Utz | 0.6823 | T, 384 | Ur; | 0.6839
Tsg 38.9 | Urg | 0.6839 | Ts 39.3| Urg | 0.6854
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Time:02:00 PM Time:02:30 PM

T8

Time:03:00 PM

B-2



Appendix(L, Lomparison between experimental and theoretical work

Appendix(C): Comparison Between Experimental and

Theoretical work

The comparison between theoretical and experimental works was found at

7-July by calculating the total cooling load required as a function of room

temperature and equating it with the obtained cooling effect using (EES)

software as following:
1- Heat gain from walls
Q=U*A*AT

L 1 Gsand 4 Xow g 1
U hout Ksand ng hin

1oL oand | Tgw y 1
Ue hout Ksand ng hin
Xsand=0.05 m

Ksana=0.14 W/m.K

Nin=9.37 W/m2.°C

Nou=22.7 W/m2.°C

Kgw=0.038 W/m.K, [130].

Xgw=0.02 m

U.=0.9669 W/m.K

U, =U, =U, = U, = Uy =0.9669 W/m.K
A=ASA=2%2.5=5 m?
An=2%2.5-2%0.9-0.5%1= 2.7 m?
CLTDen=(CLTD+LMy)*K+(25.5-T))+(T-29.4)
CLTDee=(CLTDe+LMe)*K+(25.5-T,)+(T-29.4)
CLTDcs=(CLTDs+LMs)*K+(25.5-T)+(To-29.4)

CLTDew=(CLTDw+LMy)*K+(25.5-T)+(To-29.4)
CLTDC’ce“:(C LTDce||+LMce||)*K+(255'Tr)+(To'294)

C-1

..(C1)

...(C-2)

...(C-3)
...(C-4)
...(C-5)
...(C-6)
...(C-T)
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From Ref.,[130],table 6-4:
K=0.65
Tou=48 °C
DR=18 °C
To=Tou-DR/2
CLTD,=6 °C
CLTDe=13 °C
CLTDs=8 °C
CLTDw=10 °C
CLTDi=18°C
LMy=-1.1 °C
LMe=0 °C
LM,~=0 °C
LMg=0.5 °C
LMcei=0.5 °C
Qn=CLTD.,*Ar*U,
Qe=CLTD¢e*Ac*Ue
Qs=CLTDcs*As*Us
Quw=CLTD¢w*Anw*Uy

2- Heat gain from floor

1 1 X 1
_— +—W+— ...(C'8)
Ufl hout Ky hin

Kw=0.17 W/m.K, [85].

Xw=0.03 m

Un=3.056 W/m.K

Q= Ua*Aa™*(Tou-Tr) ...(C-9)
Ag=2*2=4m?

C-2
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3- Heat gain from door

o = o+ i T
T A S
Kq=0.78 W/m.K
Kopve=0.19 W/m2.°C
Xpve=0.02 m
X;=0.005 m

Udoor=1.278 W/m.K
Ug.d0=1.463 W/m.K
Qdoor=( Udoor* Adoort Ugl.do*Agldo)*CLTDe
Agoor=2%0.9-0.48*0.63=1.4976 m?
Agldo= 0.48%0.63=0.3042 m?
4- Heat gain from window

1 1 X1 Xqi X2 1
=— 4L per 2y
Uwin hout K, Kair K> hin

...(C-10)

...(C-11)

...(C-12)

...(C-13)

The window consists of two layer of reflective glass of 6 mm thickness
with conductivity of (0.83 Btu/h.ft? °F),[88], and a cavity of air with 8 mm

thickness.

K1=K>=0.83 Btu/h.ft? °F=1.436 W/m.°C.
X1=X2=0.006 mm

K.ir=0.025 W/m. °C

Xair=0.008 mm

Uwin=2.1484 W/m?,°C

A=1*0.5=0.5

C-3
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Uwin=2.148 W/m.K
Auin=1*0.5=0.5 m?

Qwin: Uwin*Awin*C LTDC,Win .. .(C-l4)
5- Heat gain from infiltration
Qin=1.22*Vine* (To-T)) ...(C-15)
e = 222 = 1555 1/s ...(C-16)
Vini=0.51.555
Qex=QntQet+QstQutQuint Qi+ Qceit+ Qi+ Quaoor ...(C-17)

6- Internal heat gain
a- Heat gain from person
Qp=75W
b- Heat gain from computer
Qc=45W
c- Heat gain from light
Q=15W
Qin=Qp+Qc+Qi= 135 W
Qtot=Qex*Qint ...(C-18)
From the solar absorption cooling system, the cooling effect at 01:00PM is
356 W.
Q=356 W
T=37.48 °C
T=T:*0.9+T4u,*0.1 ...(C-19)
Ts=TmQtot/ (Pair*Cpa*V) ...(C-20)
Ts=Tm-Qu/(1.18*1007*0.022)
T~24.91°C

C-4
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Appendix (D): Error Calculation

Calculating the percentage error between the measured data (air

temperature at vertical line) of experimental data and that of the non-

adiabatic numerical model by using the equation (E-1), [131]:

Err=Lymn  [Xer—Xexel o 10, .(D-)
n [XExp]

_133.26-37.3|+|35.6—37.7|+|36.7-38.2|+|37.9-38.6| __ 8.34
37.3+37.7+38.2+38.6 "~ 1518

Err X 100%

Err=5.49%

D-1
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The Published Papers

Appendix (E): The Published Papers

1-The paper entitled "Overview of Solar Assisted Cooling Technologies

published in International Journal of Applied Engineering Research".

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 15, Number 8 (2020) pp. 843-863
© Research India Publications. http://www.ripublication.com

Overview of Solar Assisted Cooling Technologies

Ahmed Abbas SHAHHATH', Haroun SHAHAD, Alaa Abbas MAHDI

Department of Mechanical Engineering, Babylon University, Babylon, Irag.

Abstract

Traditional amr conditioning devices or vapor compression
devices are the major consumers of power in epochal buildings.
Public environment problems arise from the vapor compression
device, like greenhouse gases emissions and also heat waste.
The adaptation of solar energy elements to the vapor
compression device will reduce these problems. The buildings
sectors account for 30-40 % of the consumption of energy of
world and the manufacturing sector 1s the most energy-
intensive sector. Solar energy is the most appropriate clean
energy source which is utiized i cooling, heating and
electricity generation in the building sector Solar refrigeration
15 a cleaner and price-effective technology, solar chilling
provides environmental advantages, mcluding decreasing
major grid request and shifting load during maximum usage
and reducing the enussions of greenhouse gases. The paper
discusses the various solar technologies of refrigeration that
can be used to provide the necessary cooling and cooling effect
of solar energy.

Kevwords: absorption svstem: solar cooling: solar absorption:

EV: Expansion Valve

FPC: Flat Plate Collector

G. A Genetic Algonithm

GAX: Generator Absorption Exchange

GHI: Global Honizontal Irradiance

HGAX: Hybrid Generator Abforption Exchange
HGETSC: Water-In-Glass Evacuated-Tube Solar Collector
HPA: Heat Pipe Array

HPG: High Pressure Generator

HX: Heat Exchangers

IFPC: Improved Flat-Plate Collector

IRR: Internal Rate of Return

LCOR: Levelized Cost of Refrigeration

LFR: Linear Fresnel Reflector

E-1
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2-The paper entitled "Parametric Theoretical Study of Solar Assisted
Cooling System Using Lithium Bromide-Water Pair" Published in 7t
International Conference on Renewable Energy and Material Technology
(ICOREMT 2021). IOP Conference Series: Earth and Environmental
Science.

ICOREMT 2021 IOP Publishing
IOP Conf 5eries: Earth and Environmental Science 877 (2021) 012020  doi:10.1088/1755-1315/ 877/ 1012020

Parametric Theoretical Study of Solar Assisted Cooling System
Using Lithium Bromide- Water Pair

Ahmed A Shahhath™, Haroun A K Shahad and Alaa A Mahdi
Department of Mechanical engineering, College of Engineering. University of
Babylon, Babylon, Irag.

*Cormresponding E-mail: Engharcun abdulgucbabylopeduig

Abstract: In this paper, the effect of parameters of solar sbsorption system such as evaporator,
absorher, condenser, gensrator temperatures and the mass of the solidon on the evaporator
cooling load and the coefficient of performance has been explained theorstically. The results
show that, increasing of evaporator and condenser temperatures increase the evaporator cooling
load, performance coefficient and the Fatio of Circulation while increasing the temperature of
condenser and absorber decreases the evaporator cooling load, performance coefficient and the
Circulstion Fafie. In sddition, increasing the solution mass increases the refrigeration power
while the performance coefficient and the Circulation Bato was constant at increasing the
solation mass. The reached maximum cooling lead was (1.932 KW) at 15 kg solntion mass and
100 *C generator temperature, the masimom COP was 0.774 at (10 °C) temperamre of
evaporator and the pesk Circulation Ratio was 0.3068 at (30 *C) temperature of absorber and
(100 *C) temparature of generator.

Eeywords: Water; Lithiom Bromide; Generator Temperamre; Evaporator Cooling Load;
Coefficient of Perfonmance

1. Intreduction
Solar power 15 one of the most major renewable energy resources. In Companson to other sources, solar
power can be descnbed by the reality that it 15 obtamable, almost, anyvwhere. Moreover, it 1s neat and
has no poor impacts on the atmosphere. It could be used m one of the next two methods: by comrerting
nradiance directly to electric power, by uhlizing photoveltaie cells, or by converhing iiradiance into
frontal thermal power ntihizring collectors. Climatic condiions decrease the level of solar iradiance that
hits the Earth's surface before dissipating about 20%: to 30% of the meident hght and adjusting its
spectrum. After crossing meantime, the atmosphere of Earth, about one half of the solar radiation 15 in
the visible electromagnetic spectrum with the other halfis mostly m the infrared and ultraviolet spectrum
[1].

Gonzalez-(nl et al. [2] assessed the efficiency of an absorphon cooler cocled directly by awr mn

summer 2010, cenfered on test cutcomes of many days in Madnd. The system was working effectvely,
L N ) o QU ISR o [N = [ 5 TS S I S —— S T R 4 & SR 0 S 8 T [N I . . S ——— S |
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3-The paper entitled" Simulation of Ventilation parameters for an
Office Room with Displacement Ventilation" Published in International
Journal of Mechanical Engineering.

Iprmatonal Jowrnal of Mechamcal Exginecennyg

Simulation of Ventilation Parameters for an Office
Room with Displacement Ventilation

A A Shahtaeh' H A K Shahad' and A A Mahli’
o Department of Mochanécal eng iog. College of Eng: ing. University of Babylon. Babylon, Irag

Abstruct: This study will investigate the Jocal mean age of air, tempermure and velootty gradient, predicted mean vore, predicted

percentage d fied, ar daffusion per mndex (ADPL) and vemulation effectiveness. The effect of turbalence model the
wmnber of points of mesh, 1he mnd« of tuken poimts feom the room an ADPY also will be stucied. The AIRPAK software will be
ilzed for the |’ of 1 al stndy. The Mow rate is constant o 01425 m'/s, while the velociy of supplied air stodied is

(0.25.0.275,0.3, 11325 and .35 mv's). The temperatare of supplied air ssudied is (18, 19, 20 and 21 °C). Three models of turbulence
will be vt that aee RNG K-r model, two equations imodel and Spelurt-Allearas model. The resals showed that, the mean bcal
age of alr increase with hesght and decreases with increase the supply air velocity. So the maximmm mean ax age was 3179 s m
beight 0F 2.5 m und mean velocity of air spply 0.25 mvs, predicted mesn vote, prodicrad percentage dissatisfiod are 2ero, the Jocal
velocity incoeases with beighe. So, the maxisam local velocy foc poke (1) was sbout (.138 mis at mesn velocity of 0.3 mv's and
belght of 2.5 mv's, the RNG Ko moded is ihe best between the turbulence models, the maximum value of ADPI for the RNG model
al 0.3 mv's i about 61 84%, Ventilation effectiveness increases with the mean sir supply temyp . 80 the value of
effectiveness is | 488 it velocity of .35 m's, This is caused by the docrease i local iemperature wieh velocry increasing of supphed
uir andl {he ADPT increases with the mamber of mesh and the mamber of poinis.

: Displacement Verilation,; Thermal Comforr; Alr Diffusion Performumee Index; Temperare: Velociry: Mean Age of
Alr; Vertalation Effectiveness.

L Introdoction

In the air distribution systems design, the occupants thermal confort mighs moe be the first request In comparisan 0 others main
paramerers like the room heat Joads offseting, fresh sir supplying and performance of power related 10 the HVAC systom choko,
Ownly it 3 strimgent m sssuring the well-being and output of the roum conguerings.

duplacoment mllhlm Wi used fo the past Tintke decades n comemercaal and mdustrial constrectanm, Doe 1o fis high efficwncy

of il P il has been utilueed i countries the United Kimgdom and The Netherlands for factorses and
chkobop il doe 10 ing & higher grude of dissipstion of heat or comtasmnation of ae. For some wtibizutions,
displacersent I is & siemable technigue. So, the dapl dation will be used for ventalating an office room 0 gol

best indoor ar quadity. [1]

Lastovets f al, [2] presented o moded for the dynatmic tempurature gradent Toe DV and evalustod the thermal mmass effoct un the
seratifscation of temperature. The model was proved with the outpat of experimental works of the kecture room using displacement
ventilation. The resulls showed thut, the model gave better robustness for predicting the thermul output o vanious working
cirowmstances by picking up e budding system dynamac characterntios accusutely, Fanhenmore, the model ok inlo scoount the
best loads time schedules. Mareover, the two-capacity profotype could estimate the semperature gradsent of indoor ax in dymamec
circamstances by picking up the building system dynamic charsctorstics accurstely, The model could be used it desagn of DV ot
different dynamic cecumstances.

Patrick Datfin, [3] invessigmedd the cucamatasces at whiach i mught be possible for implementing 2 displacemen vemiation device
m & resideotad comtriction. An expermmental analysis of the efTect om a mechsnikcal air cooling system al a vertical location of the
ber andd vutket veas was achieved. 1 might have boes fonnd thal, for ligher high heat Jasds, the fow mlet high ouller setup migte
bave been (i will uphold give ar ke the sare teaperuture in the tiken 200e with respect 10 4 less heat Josd, sume time creating &
strong two layers stratificasion inside the roam such-and. sech those outlet temperture mught have been altogether higher over those
encampassing lemperatuee in the bring down possessed wres of the soam

Yakoob et al., [4] checked & moden ventdation concept: dsplacement ventilation (DV) beiped for costomize vemidation (PV)
which maghn have heen evaluated w0 enhance indoor e quality. That appeoach mught move forward ventilation system plan that
might muoch fumish ungle person dominution aboet indoor mocrochmate. RNG. k-6 turbulence models were assessed to show how
the shape and site of veatilation systems and cccupasss might influence the air quality snd thermal enviconeeat in the space, For
DV sapply tempermure of 18°C and PV air supply temperatire extend far 18°C to 22°C, it eniglht have been found that PV ioward
stream rute 10 L% (21,19 ¢fm) farthermore of the circulation about occupants could enbance inhaled air guality m the breathing
uren, Anﬁ |hn these »cn up towands an office room for these air sapply diffuser DV and PV joined together provided for human

© et upan that extens Brom claimang air appropration execution list (ADPE) and effectiveness of
temmpernture (6,) wkuch were progressed over 71% sad around | 8 separmely.

Copynights @ Kalahan Journals Vol.7 No.2 (Fehruary, 2022)
International Journal of Mechunical Engineering
i6

E-3



Appendix (F) The Published Papers

4-The paper entitled "Testing of a Solar Assisted Absorption-
Ventilation System Under Mid-IRAQ Weather Conditions"
(under review) at Journal of Engineering and Technological Sciences.
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Appendix (F) The Published Papers

5-The paper entitled " Simulation of a Solar Absorption Assisted
Ventilation System Under IRAQ Weather Conditions"
(under review) at FME Transactions.
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