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In southern Jordan, the ice machine was designed, produced, operated, and fully examined
at Mutah University, a unique Nano-coated ammonium/calcium chloride absorption sun
unit. Analytical and experimental assessments on the use of ammonia/calcium chloride
absorption unit ice produced. The new study has decreased energy emission by the Nano
ice-making company while enhancing Nano's ice machine's nuclear power compared to
standard solar chiller absorption that is not used in the current research. Our case was the
world's first research to examine the effect of a nanoparticle combination of paint on an
absorption cooling system used to make ice by the sunlight. The result of the test was quite
encouraging. The combination of paint and nanofluid particle materials has boosted the
accessibility to sun-based cooling processes and their capability to make ice of absorption.
In addition, 0.6 was found to be a pretty good COP for the ammonia/calcium chloride solar

system of absorption.

1. INTRODUCTION [1-10]

The Karak area in South Jordan has enormous solar power
that makes it suitable for initiatives for solar-oriented energy.
The sun-based cooling method is mainly powered by the
condenser, generator, capacity unit, and evaporator. This
generator collects the surrounding sunrays energy and turns
solar energy into valuable power, for instance, mechanical and
electrical. Due to the nonuniformity of sunlight radiation
energy, especially at night, an off-grid storing unit must be
available [1-5].

In different aspects of the global community, there is a
growing need for refrigeration. Solar energy generates
electricity and chiller Innovative solution for kits [1-9].

Cooling regulated by solar energy is a specific system that
minimizes the impact on the environment.

Solar cooling is a reasonably advanced technique nowadays.

Many significant PV application projects have been performed
before in Jordan. However, Jordan has been embedded with an
unusual duty on refrigeration. The major obstacle for large-
scale use in Jordan is the lack of practical expertise and
availability of this system [7].

Different exploratory techniques have found an ecologically
friendly cooling system such as solar power. However, no
previous artistry application has shown sunlight-based cooling
methods that allow such systems to be highly warmly absorbed
and of low thermal reflectivity.

This study finds paints that improve the availability and
capability of cooling frameworks for the sun, and more
specifically, those that make the most of the improved
absorption effect for purposes of cooling.

Two controlled sun-based adsorption & absorption
refrigerators, built and run without electrical power, will
lessen dependency on power in Mutah university environment.

The decline in traditional energy sources and the increase in
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environmental contamination will make increasing use of the
solar cooling system. For example, in food preserving, facility
air-conditioning, refrigerators, freezers, ice production, cooler,
solar cooling, etc., can be employed [10].

1.1 Solar refrigeration's advantages [1-10]

Solar power is the major energy source used to operate the
solar cooler. This saves considerable electrical capacity and
reduces the pollutants that ordinary electricity plants would
have contributed to them.

What are the key challenges?

It needs larger collectors to produce enough energy from the
solar system. Thus, the collector needs more area, which is
another essential difficulty for using the system for sunlight
refrigeration. The initial cost is also essential to establish such
a system.

1.2 Solar refrigeration’s disadvantages [1-10]

The solutions of solar refrigeration also have significant
drawbacks. Since sunlight radiation energy is not accessible
all day long, electrical power is not generated evenly. It
depends again on the radiation strength of the beam.

The average solar radiant flow is never more than 1 kWh/m?,
while the maximum radiation flux is roughly 6 kWh/m? in the
hottest locations on earth.

In terms of technology use, these are low rates. Those
cooling methods can also be employed where they do not
provide issues. However, it needs larger collectors to produce
enough energy from the solar system. Thus, the collector needs
more area, which is another essential difficulty for using the
sunlight cooling methods. The initial cost is also significant to
establish such a system.


https://crossmark.crossref.org/dialog/?doi=10.18280/ijht.390421&domain=pdf

2. DIFFICULTIES [7-11]

As a result of the day/night cycle and the Earth's orbital
movement around the sun, the available accessibility of
sunlight radiation changes every day. Furthermore, due to
local meteorological circumstances, fluctuation takes place at
a particular location. Therefore, during periods when the sun
shines, energy received must be conserved for use when it is
not obtainable. The necessity for storage substantially
increases the system's costs. The main problem in using
sunlight thermal energy as an alternate source is thus to resolve
these problems. We must create cheaper collecting and storage
processes to decrease the high initial expenditure in many
systems.

2.1 Adsorption refrigeration unit [7-11]

Several typical adsorbents (solid)/adsorbate(gas) pairs are
utilized within the refrigeration unit of the adsorption.
Adsorbents such as zeolite, silica gel, and active carbon
adsorbate(gasses) are most commonly employed in solar
adsorbed adsorbents, for example, methanol or ammonium
water. Thus, a chemical process termed an adsorption cycle
occurs between the invading gas and the solid in the dynamo
unit.

Figure 1 depicts a cold chamber, a vacuum pump, a flat solar
receiver unit, an evaporator, and a condenser, which are all
parts of a nano adsorption refrigeration system developed at
Mutah University, with some of its pieces covered with dull
carbon black paint containing selective nano elements. And
the pair of adsorbent/adsorbate will be inserted into the solar
plate collector.

Figure 1. NANO Adsorption sun based cooling generator
unit [7]

1) The sunlight receiver includes a copper tube that serves as
the central part of the adsorption unit and is covered with
a dull carbon black paint containing nano components.
Carbon, Molybdenum, and Chromium are among the
nanomaterials mentioned.

In selecting the evaporator size, the variables about the
needed cyclical adsorbate weight, the ambient exchange
area, in addition free area to be left in that evaporator must
be considered.

The adsorption impact is generated by an
adsorbent/adsorbate twosome positioned within the
mentioned solar receiver, wherein the adsorbent contains

2)

3)
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activated silica gel, carbon, or zeolite, and the mentioned
adsorbate includes one or more of the following: methanol,
water, or ammonia.

The cold chamber might be a cabinet or a space for storing
and preserving cold food or other items.

In the South of Jordan in Mutah University, a factory is
internally constructed, run, and extensively monitored
utilizing methanol and activated carbon as
adsorbents/adsorbents. The cold chamber's temperature
was recorded at 8 Celsius. Also, after applying that dull

carbon black paint with that Nano, the thermal emissivity
was lowered to 0,7 for the traditional collector. Also, the
conventional collector's thermal efficiency has risen by 11

percent in our study system [7].

4)

5)

2.2 Absorption cooling unit [10-23]

The absorption cycle begins with the collection of solar
radiation that is transformed into thermal energy. The thermal
heat will increase the salt ammonia mixture temperature in the
generator with the rise in ammonia amount. The liquid
ammonia will be stored in the reservoir after condensing the
vapor ammonia via the condensing coil.

Figure 2 shows a sunlight cooling system with absorptions,
which has a water reservoir, parabolic solar generator, cold
chamber, and condenser with certain sections coated with dull
carbon black paint and possessing selected nanomaterials. The
parabolic sunlight receiver contains a copper tube that is
utilized to incorporate the absorption/absorption pair.

1) The parabolic sunlight radiation receiver captures sunlight
and turns it into thermal heat energy, which warms up
thermal energy.

A parabolic sunlight radiation receiver is coupled with
this condenser, where it is connected via a water reservoir
to that cold chamber. The tank mentioned above releases
the heat from the vapor absorbed.

The parabolic generator includes many distrusted fins,
where the fins enhance the heat transmission between an
absorbing/absorbing pair.

Furthermore, the illustrative tube has coated a dull carbon
black paint, while the collector tube comprises
nanomaterials. These nanomaterials contain carbon,
chromium, carbon, and molybdenum. The condenser is a
tube made of copper that permits the absorbate vapors
from that same parabolic collector to condense.

The absorption impact is performed by utilizing an
absorbent pair within the tube, as mentioned earlier, in
which the ammonia is included in this absorbent and
calcium chloride is contained in that absorbate.

The cold chamber might be a cabinet or a space for storing
and preserving cold food or other items.

The typical cycle sequence. (see Figure 2).
The phenomena of absorption happened when ammonia and
calcium chloride are mixed inside the generator. The
Absorption Chiller concept is the same as the Air Chiller vapor
Compression. As the sun's intensity light reaches the parabolic
solar receiver unit, solar radiation is collected by the absorber
plate and transformed to heat energy. This thermal radiation
will raise the ammonia temperature and calcium chloride
combination in the generator, helping the coolant release from
the absorbing substance. Thus, the condenser's heat exchanger
will transform ammonia from vapor to liquid phase, which is
kept in the cold storage cabinet.

2)

3)

4)

5)

6)
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Figure 2. Nano absorption refrigeration cooling cycle and its segment components

2.2.1 Ice maker components [24-33]
Figure 3 shows a solar-powered ice machine part before
assembly for ammonia/calcium chloride absorption.

(1) Parabolic Solar Collector

The solar cycle process begins by impacting the absorber
plate of the Parabola solar receiver with the surrounding solar
power. By concentrating the sunlight on the absorber plate, the
Parabolic solar collector's mirrored surface speeds up the
ammonia heating time and calcium chloride mixture. This will
boost the temperature to its maximum value.

(2) Condenser

it's a helical tube condenser, was placed within the water
reservoir to release the heat from the vapor so that the vapor
could condense back to a liquid throughout the absorption;
water cooling condenser.

(3) Evaporator

The coolant in the aluminum evaporator was utilized to
collect the thermal heat of the outside environment and go it
out. Therefore, the refrigerant can boil at extremely low
pressures such that it absorbed heat from the heated chamber
and moved to the absorber.

(4) Parabolic base
Steel parabolic bases are utilized to support the collector.

(5) Generator pipe

The generator pipe, which carries calcium-chloride
ammonia, is employed in applications that need higher
temperatures. The heat was used to convert ammonia to gas in
solar-powered tubes.

(6) Ice Box

A cooling cabinet is an area where ammonia vapor
evaporates and cooling occurs. These boxes are containers that
contain water that has chilled to the point of becoming ice.

Figure 3. Photocopy of parabolic sun-oriented authority, condenser, ice stockpiling, and evaporator



3. RESULT & DISCUSSION

The following are the reactions of calcium chloride with
ammonia:

CaCl2 + 2NH3 CaCl2. 2NH3 + Q1 (T1)
CaCl2. 2NH3 + 2NH3 CaCl2. 4NH3 + Q2 (T2)
CaCl2. 4NH3 + 4NH3 CaCl2. SNH3 + Q3 (T3)

The mass of the evaporator water is 5 kg, while the
absorption duration is 12 hours.

Instead of a mechanical vapor compressor, the absorber,
solution pump, and generator work together to compress the
refrigerant vapor in an absorption cycle chiller.

The pump pushed the generator's weak adsorbent.

At high temperatures, the generator receives heat. Also, the
absorber refuses low heat.

The current condenser coolant fluid temperature is equal to
the actual absorber coolant fluid temperature. The condenser
will use vapor coolant, which was condensed [§].

The collector was oriented at east-west and faced the north.
Condenser inlet, condenser water, pipe, condenser outlet, and
evaporator have been monitored and reported with a
thermocouple and electronic monitor every hour, as follows in
Figures 4-8 [8, 9].
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Figure 5. Condenser temperature

Design parameter

Solar brilliance 1000 w/m?
Ambient warmth 30°C
curtail warmth 40°C
Evaporating warmth -10°C
Collector/generator warmth 100°C
Final ice warmth -5°C
bearing age 6 hrs
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The vaporizer water mass is 5 kg, while the Absorption
period is 12 hours,

==0.0001157 kg/s

==0.0001157x4.19% (130-80) =0.02423 kw

=0.0001157%4.19x (92-80) =0.005817 kw

==0.001157x4.19% (130-92) =0.01842 kw

Coefficients of performance: - Cop==0.31
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4. CONCLUSION

Previous applications of study have not shown a coating for
adsorption and absorption solar cooling technique capable of
producing such systems with high thermal absorption and low
thermal reflection. In this project, An Ammonia/calcium
chloride absorption ice machine fed by sunlight was developed,
built, operated, and extensively monitored and assessed in the
south of Jordan at Mu'tah University.

This ice maker can be implemented to preserve meat, dairy
goods, vaccines, household items, or as energy-saving and
ecologically beneficial appliances.

The research demonstrates the viability of the innovative



Nano painted Ammonia/calcium chloride absorption ice
maker unit.
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