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Abstract

In order to achieve solar adsorption refrigeration, this paper studies the
surface water source solar absorption refrigeration system combined with
surface water source cooling and solar absorbent refrigeration techniques: the
solar radiation intensity is adjusted by changing the distance between iodine
tungsten lamps and solar cold tubes. The results show that the entire cycle
has a range of solar radiation intensity of 400 to 1000 W/m?2, and the indoor
ambient temperature ranges from 19 to 25°C, and the humidity is maintained
around 40%. The highest temperature in the solar cold tube adsorption bed is
12°C; during the adsorption process, the temperature drops to about 20°C; the
solar cold tube is 160 kJ in one cycle of the solar cold tube, and the cooling
coefficient is about 0.15. Conclusion: solar cold tubes can effectively utilize
solar refrigeration, it is a refrigeration method for environmentally friendly,
no greenhouse effects and ozone destruction, which has potential application
value and has energy saving and environmental protection.
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1 Introduction

With the continuous improvement of people’s living standards, air condi-
tioning is increasingly widely used, air conditioning energy consumption
accounts for about 30% of the total national energy consumption. In recent
years, the supply of conventional energy is tight, and the awareness of
environmental protection is constantly strengthened, so it is urgent to develop
and utilize clean and sustainable energy. Solar energy is a kind of clean,
renewable energy and widely distributed, inexhaustible. The application of
solar energy refrigeration system has positive significance for alleviating
energy shortage and protecting environment. Solar energy as an environmen-
tally friendly renewable energy, because of its wide coverage, large reserves,
renewable, no pollution and other characteristics, has become one of the most
focused. In the refrigeration field, the use of solar energy includes absorp-
tion refrigeration and adsorption refrigeration two categories. Among them,
solar energy adsorption refrigeration system can effectively use low-grade
energy, does not produce polluting substances, in environmental protection
and energy saving convenience shows a huge advantage, in today’s worsening
environmental crisis has been widely favored.

Solar cooling tube has great market prospect and potential application
value. Solar cooling tube can efficiently use solar radiation energy, provide
cold and heat for production and life continuously, with the advantages of low
cost, high efficiency, clean and pollution-free. In addition, the solar cooling
tube air conditioning system and the building skillfully combined together,
not only to form a visual beautiful effect, but also to achieve the purpose of
energy saving, green building will become the development trend of future
buildings. Solar energy adsorption refrigeration system energy saving and
environmental protection, for energy saving and emission reduction has a
positive significance. This system has no moving parts, no need for anti-
vibration and noise reduction measures, small maintenance workload, no
power consumption equipment except water pump and electric heater. It is
especially suitable for areas with poor power resources and abundant solar
energy resources. Solar cooling tube is a refrigeration element based on
solid adsorption principle, which uses solar radiation as driving heat source
and independently completes the adsorption and desorption process in a
single cooling tube. With the continuous development of solar cooling tube
technology, its problems are more and more prominent, mainly in the solid
adsorption refrigeration vacuum degree is difficult to maintain, the adsorption
bed heat collection efficiency is low.
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In this paper, the solar radiation is replaced by the iodine tungsten lamp in
the room and the solar radiation intensity is adjusted by changing the distance
between the iodine tungsten lamp and the solar cooling tube. The research
has potential application value and the characteristics of energy saving and
environmental protection.

There is no small number of research on refrigeration systems. Salilih
tests the performance of solar cooling systems under different operating pres-
sures [1]. Nguyen experimentally studied the influence of variable geometry
ejector (VGE) design on solar ejector refrigeration system [2]. Arazazmeh
et al. studied the thermal performance of a new solar multi-effect refrigeration
system [3]. Sharifi et al. took the temperature of generator and evaporator
as experimental variables to improve the performance of the single-effect
lithium bromide/water absorption refrigeration system [4]. Samson et al.
Modeling and verification of solar adsorption refrigeration system [5]. GZ
et al. used different CFD models to carry out numerical simulation on the
steam ejector of solar refrigeration system, reveal its flow structure and
evaluate its performance [6]. He et al. proposed a new SA-CCR system
with air-cooled steam compression refrigeration (ACR) cycle [7]. Zhao et
al. proposed the integration of a new solar adsorption refrigeration system
with a compound parabolic concentrator (CPC) adsorber [8]. Ding et al.
elaborated the working principle and working principle of the semiconductor
refilled device by solar cells, and put forward the optimization scheme of
the system [9], but the photovoltaic industry is still in the development
stage. Elakhdar et al. studied the application of low-grade solar energy in
combined jet refrigeration and organic rankine cycle refrigeration power
generation [10]. Cheng Youliang et al. programmed a small single-effect
lithium bromide absorption refrigeration unit (12 kW) model to study the
thermal performance of the small refrigerator under design conditions and
variable conditions and the operation state of the unit. The research of solar
energy refrigeration technology has been carried out all the time, most of the
refrigeration system is relatively complex, the refrigeration technology is still
to be developed, and the economy is not high.

In this experiment, solar radiation is replaced by iodine tungsten lamp
in the room, and solar radiation intensity is adjusted by changing the
distance between iodine tungsten lamp and solar cooling tube. The solar
cooling tube can effectively use solar energy to refrigerate, and it is an
environment-friendly refrigeration method without greenhouse effect and
ozone destruction potential. The research has potential application value, and
it has the characteristics of energy saving and environmental protection.
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2 Research Methods
2.1 Operating Principle of Solar Adsorption Refrigeration Tube

Solar adsorption refrigeration is a refrigeration cycle in which the adsorbed
working medium pair completes the process of adsorption and desorption on
the collector driven by solar energy as the heat source. The schematic diagram
of its refrigeration system is shown in Figure 1:
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Figure 1 Typical Data Center Infrastructure [18, 19].

Cycle is as follows: during the day, the sun to heat of adsorption bed,
in the adsorption bed adsorption bed temperature increasing, when the tem-
perature rises to the refrigerant in the adsorption bed, under the pressure of
saturated temperature, the refrigerant start from stripping out of the adsorp-
tion bed, stripping out the refrigerant vapor through condensation into the
evaporator, condenser release a large amount of condensing heat; At night, the
solar radiation disappears and the temperature begins to slowly drop. When
the temperature of the adsorption bed reaches the saturation temperature of
the refrigerant under the pressure, the adsorption process occurs, and the
refrigerant evaporates in the evaporator, absorbing a large amount of latent
heat of vaporization to achieve the purpose of refrigeration. Figure 2 is the
schematic diagram of the cooling cycle of solar cooling control.

The new solar cooling tube designed in this paper is composed of adsorp-
tion bed, condensation end and evaporation end, etc. The adsorption bed is
made of thin-walled stainless steel, and six equidistance rectangular ribs are
arranged inside to greatly enhance the thermal conductivity of the adsorption
bed. The adsorption bed is arranged in the center of the adsorption bed with an
adsorbent steam channel. The condensing end of the cold pipe is also made of
stainless steel, which is beneficial to improve the condensing rate. The sealing
joint between condenser and glass outer tube should be sealed with “O” ring,
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Figure 2 Schematic diagram of cooling cycle of solar cooling tube.

and the interface should be coated with high vacuum adhesive. The cycle
process is as follows: in the daytime, the cold tube absorbs solar radiation,
the adsorption bed gradually rises, when the temperature in the adsorption
bed reaches the desorption temperature of the refrigerant, the refrigerant
begins to desorption from the adsorption bed, and is cooled into liquid by
the condenser. The outer wall of the condenser and the outdoor heat transfer
through natural convection, releasing a large amount of condensation heat.
When the sun goes down, the cold tube no longer receives solar radiation,
and the temperature of the adsorption bed begins to decrease. When the
temperature in the tube reaches the refrigerant adsorption temperature, the
refrigerant in the evaporator is refrigerated by phase change. Its structure is
shown in Figure 3:
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Figure 3 Composition diagram of Solar cooling pipe.
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Table 1 Structural parameters of the new solar cooling pipe

Cold Pipe Structure Parameters Numerical (mm)
The casing diameter 58
Adsorption/collector outer diameter 48
Condensation end/evaporation end length 250

Fin width 14
Thickness of glass tube wall 1.5
Adsorption bed length 1200
Glass tube length 1800
External diameter of adsorbate channel 16

The length of the fin 1200

2.2 Cold Control Cold Performance Test System

Figure 4 shows the solar cooling performance test system. The experimental
system consists of the following three parts: radiation intensity test part,
indoor parameter test part and the solar cooling tube parameter test part. The
radiation intensity testing part includes TBQ-2 general radiation meter, QTS-
4 optical radiation recorder and digital conversion device. Indoor parameter
test by temperature and humidity meter to complete; the parameter test part
of the solar cooling tube is composed of temperature data acquisition system,
thermocouple, pressure transmitter, etc., and the above parts are connected

G s —{Pressure sensor
i3 s

l_vulve 4 valve 3

T

|-+—dlold pipe

|"l

f} o

ol Backet valve 2 valve 1

Adsorptior f
bottle

lodine tungsten T-type

larfhp matrix —
r oy e thermocouple
Bracket I Dara acqujsition
L instrument
F N

Figure 4 Solar cooling tube cooling performance test platform.
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with the computer data processing system through USB port. The thermocou-
ple is arranged in the refrigerant channel, the outer wall of the condensation
end, and the outer wall of the evaporation end, and the temperature of the
adsorption bed, condenser and evaporator is approximately measured. The
agilent data processing system is programmed to record values every 2 min
and measure refrigerant desorption every 30 min using a marker method. A
complete refrigeration cycle is 24 h.

The experiment was carried out in the laboratory, starting at 8:00 in
the morning and ending at 8:00 the next day. The experiment was a cycle.
The basic principles of this experimental study are summarized as follows:
before the start of the experiment, open the iodine tungsten lamp (simulated
solar radiation and solar radiometer instantaneous record the sun radiation
and total amount) for solar cooling tube heated (by adjusting the distance
between tungsten matrix and cold tube to change iodine tungsten lamp radi-
ation intensity), adsorption bed temperatures began to rise slowly, when the
temperature reaches stripping temperature of the refrigerant. The refrigerant
starts to get rid of the restriction of the adsorbent, desorbs out of the adsorp-
tion bed in the form of steam, and then enters the condensing end through
the adsorbent channel for heat exchange with the indoor air. Finally, the
cooled refrigerant liquid flows into the evaporator under the action of gravity.
During the adsorption phase, the iodine tungsten lamp is turned off. At this
point, the temperature in the adsorption bed begins to fall slowly, and when
the temperature drops to the saturation temperature under the evaporation
pressure, the adsorption process occurs, and the refrigerant produces a large
amount of cooling due to evaporation.

3 Results Analysis and Discussion
3.1 Power Consumption in Data Centers

Vacuum process: first close valve 1 and valve 2, start the vacuum pump,
then open valve 1 and valve 3, and continue to work on the solar cooling
pipe for 40 min. The iodine tungsten lamp matrix is then turned on to heat
the cold tube and continue vacuuming the system. As the volume of the
solar cooling tube is very small, the system pressure drops rapidly from
atmospheric pressure to about 500 Pa within 10 min. As the vacuuming
process continues, the vacuum degree in the solar cooling tube eventually
stabilizes at about 400 Pa, reaching the ultimate pressure value at this state
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Figure 5 Pressure change in the cold tube during vacuum pumping.

point. After the vacuum process lasts for 40 min, the iodine tungsten lamp is
turned on and the solar cooling tube is heated.

The pressure in the cold tube does not fluctuate obviously in the initial
stage of the thermal emptying process, because the temperature of the adsorp-
tion bed does not reach the desorption temperature of the refrigerant in this
state. As the temperature of the adsorption bed continues to increase, when
the temperature reaches the desorption temperature, the refrigerant is free
from bondage, and the desorption water vapor makes the pressure in the cold
tube continue to increase. After about 3 hours, the pressure in the system
rises to about 1300 Pa and remains stable, and the refrigerant is completely
desorbed.

3.2 Refrigerant Filling Process

In the process of refrigerant filling, the pressure change curve in the system
is shown in Figure 6. When the vacuum in the adsorption bottle is completed,
close the vacuum valve 1, open the vacuum valve 3, so that the solar cooling
pipe and the adsorption bottle are connected. At this point, the pressure
in the system rapidly rises to about 1200 Pa. When the vacuum valve 3
is opened, the solar cooling tube is connected with the adsorption bottle.
With the passage of time, the pressure in the system decreases gradually,
from the initial 1200 Pa to about 500 Pa. This is because the temperature
of the adsorption bed of the cold tube decreases gradually during the static
adsorption and adsorption of the refrigerant in the bottle. The absorbent in
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Figure 6 System pressure variation during refrigerant filling.

the solar cooling tube continuously absorbs the water vapor in the bottle, and
the pressure in the system drops. At the beginning, the pressure in the system
dropped at a fast rate. As time went on, the pressure dropped at a slower and
slower rate. Finally, the pressure in the system remained between 400 and
500 Pa.

3.3 Change of Adsorption Bed Temperature

Figures 7 and 8 show the temperature variation curve of the adsorption bed
during the adsorption refrigeration experiment of the solar cooling tube.
At the initial stage, the temperature in the cold tube tends to the ambient
temperature. When the iodine tungsten lamp is turned on, the simulated
sunlight starts to heat the cold tube adsorption bed through the outer glass
tube, and the temperature of the adsorption bed begins to rise gradually.
When the experiment was carried out to about 180min, the desorption process
occurred, and the refrigerant steam began to break free of the binding of the
adsorbent, entered the condenser through the adsorbent channel, and then was
condensed into liquid and flowed into the evaporator along the inner wall.

In the initial stage, the temperature rise rate in the adsorption bed is
large because of the big temperature difference between the sunny and
shady surfaces. With the progress of the experiment, the temperature of the
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Table 2 The temperature of the central tube in the adsorption desorption section varies with

time
Adsorption Bed The Central Temperature
Phase Final Temperature/°C  Changes Greatly in Time/Min
Stripping section 120 240
Adsorption stage 30 180
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Figure 7 Changes of adsorption bed and ambient temperature in desorption section.
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adsorption bed gradually rises and finally approaches 120°C. At this stage,
because the temperature difference in the adsorption bed gradually shrinks,
the heat conduction in the adsorption bed slows down, and the temperature
rise rate in the adsorption bed gradually slows down and tends to be stable.
When the experiment goes on for about 500 min, the iodine tungsten lamp
matrix is closed. At this time, the solar cooling tube no longer receives the
radiation from the iodine tungsten lamp, and the temperature in the adsorption
bed begins to decrease slowly. At this time, the desorption process is still
continuing. The desorption process was completed after about 600min of
the experiment. Then the solar cooling tube continues to exchange heat
with the outside world through the wall of the tube, and the temperature
of the adsorption bed continues to drop. When the temperature reaches the
adsorption temperature of the adsorbent (about 30°C), the adsorption process
occurs, and the refrigerant begins to change phase in the evaporator, taking
away a lot of latent heat of vaporization.

3.4 Condensation Temperature and Evaporation Temperature
Change

Figure 9 shows the variation curve of the ambient temperature on the sunny
side of the solar cooling tube with the radiation intensity of the simulated
light source. The maximum temperature is about 34°C. When the iodine

36 7 —— condensator

341 —— Room temperature
32 4
30
28
26
24
22
20
18 1
16
141
12 1
10

Temperature/°C

0 T T T T T T T T T 1

0 60 120 180 240 300 360 420 480 540 600
Time/min

Figure 9 Condensation temperature and room temperature.
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Figure 10 Evaporation temperature and room temperature.

tungsten lamp is turned on, the solar cooling tube is radiated by the simulated
light source. The refrigerant breaks free of the adsorbent and enters the
condenser through the adsorbent channel. The refrigerant steam exchanges
heat through the outer wall of the condenser and the indoor air, releasing
condensation heat. In the condensation process, the maximum temperature of
the condenser can reach 34°C and the minimum temperature is 21°C. The
maximum temperature difference between the condensation temperature of
the cold tube and the ambient temperature on the sunny side is about 14°C.
Figure 10 shows the change of evaporation temperature in a refrigeration
cycle; when the iodine tungsten lamp matrix is closed, the cold tube stops
receiving the radiation from the analog light source, the temperature of the
adsorption bed begins to decrease gradually, and the pressure also decreases
accordingly. When the pressure in the evaporator reaches the saturation
pressure value corresponding to the evaporation temperature of the refrigerant
liquid, the refrigerant begins to adsorb. Because there is no cooling water into
the center tube, the cooling unit tube adopts natural convection cooling mode.
Initially, the refrigerant liquid is at a higher temperature, and a portion of the
latent heat of vaporization of the refrigerant is needed to achieve the desired
cooling temperature. Then the evaporation temperature decreased rapidly and
reached the lowest value of 8°C at the time of 240 min. In the initial stage of
the experiment, the adsorption capacity of the adsorption bed is strong, the
evaporation rate is fast, and the evaporation temperature decreases sharply.
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When the adsorption capacity of the adsorption bed tends to saturate, the
evaporation temperature begins to rise gradually, and gradually approaches
the ambient temperature.

4 Conclusions

(1) Refrigeration performance experiment of solar cooling tube solar radi-
ation intensity range of 400~ 1000 W/m? throughout the experiment cycle,
indoor ambient temperature range of 19~25°C, humidity maintained at about
40%; the ultimate pressure in the solar cooling tube can reach about 300 Pa.

(2) The maximum temperature in the desorption process of the solar cooling
tube adsorption bed is 120°C, which can be fully desorbed; in the process of
adsorption, the temperature drops to about 20°C, which can fully meet the
requirements of adsorption. In the process of experiment, the maximum con-
densation temperature can reach 34°C, the maximum temperature difference
of condensation temperature is about 15°C, and the minimum evaporation
temperature is 8°C. The refrigeration capacity of a single cold tube is 160 kJ,
the refrigeration coefficient is about 0.15, and the refrigeration time can last
for more than 10 hours.
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