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Abstract: This study explores the potential of Liquefied Petroleum Gas (LPG) with a half-cycle
refrigeration process before combustion. The results show significant cooling efficiency, with a
30 L compartment’s temperature dropping from 14.7 °C to 0 °C in 30 min. When using 600 mL of
water, its temperature reduced from 12.3 °C to 4.4 °C. The total LPG consumption was 469 g. By
extrapolating to a standard 14 kg LPG cylinder, the process could last 14.94 h, cooling 30 drinks from
12.3 °C to 4.4 °C. This study highlights practicality in smaller setups, which is a promising option for
energy-efficient cooling using LPG.
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1. Introduction

Half-cycle LPG refrigeration deviates from the conventional full-cycle vapor com-
pression cycle by employing only two distinct processes instead of the usual four. These
processes involve constant-pressure heat addition and isenthalpic expansion, effectively
eliminating the need for constant-pressure heat rejection in the condenser and adiabatic
compression in the mechanical compressor. In this system, LPG is utilized once and then
transferred to an evaporator to absorb heat, after which it is directly burned in a hob
or combustion chamber, rendering a condenser unnecessary. Moreover, as the LPG in-
take originates from a high-pressure cylinder, there is no requirement for a compressor.
Consequently, LPG refrigeration only requires half the usual refrigeration components.

Numerous studies have explored the use of LPG as a refrigerant. For example, refer-
ence [1] compared the coefficient of performance (COP) of household refrigerators using
both R134a and LPG in an international publication. Similarly, another study [2] designed
an LPG refrigeration system and conducted an energy comparison with a residential refrig-
erator. The term “zero-cost refrigeration system” is often associated with half-cycle LPG
refrigeration.

A recent study presented the rapid cooling ability of liquid LPG on water temperature,
achieved by leveraging its refrigerating properties, even under typical environmental condi-
tions, followed by its eventual evaporation [3]. Another study investigated the performance
of a half-cycle air-conditioning system utilizing liquefied petroleum gas (LPG). The study
thoroughly assessed the system’s efficiency and effectiveness, offering valuable insights for
potential applications in cooling technologies [4]. In this setup, the LPG undergoes a trans-
formation into saturated vapors as it passes through the evaporator. However, reverting
gaseous LPG back to a liquid state proves costly, making this configuration feasible only
when the outgoing LPG is continuously consumed in the burner. The main goal of this
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project is to use LPG to its best extent, which includes passing it through a refrigerator to
produce cooling effects, in addition to using it for burning.

2. Materials and Methods
2.1. Design Methodology

To attain the set objectives and goals, conducting experiments was deemed the most
suitable research method, ensuring the effective and precise resolution of the problem at
hand. The focus of this study was to fully exploit the potential of LPG found in cylinders for
combustion purposes in various daily applications. The complete LPG-based refrigeration
system is shown in Figure 1.
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Figure 1. The schematic of the final setup (including automation part).

The cooling effect generated by LPG was determined using the equation as follows:
Q=mcy (T2 — T1) 1)

where ¢, denotes the specific heat capacity and T, and T are the final and initial tempera-
ture of the refrigerator compartment, respectively.
2.2. Description of Refrigerator

A small refrigerator with the specifications provided in the table below was chosen for
the experiments.
3. Design of Experiment

Two types of experiments were performed using domestic refrigerator refer to Table 1:
first without a load in the compartment and the second with a load in the compartment.
Each type of experiment was completed in two stages (30 min duration each): the first
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stage was the cooling of the compartment, and the second stage was the warming of
the compartment with a zero-input pressure of LPG. Both types of experiments were
performed for different input pressures, ranging from 3 bar up to 5 bar. The temperatures
of the compartment and evaporator plate were measured using a digital thermometer and
an LM-35, respectively.

Table 1. Refrigerator specification used for experiments.

S.No Quantity Value
1 Operating Voltage 100 V
2 Operating Current 1.20 A
3 Operating Frequency 50 Hz/60 Hz
4 Power Input 4W/60 W
5 Power Consumption 0.34 KWh/24 h
6 Mass of refrigerator 18.5 kg

4. Results and Discussion

A number of experiments were performed by changing the condition of the input
pressure. The compartment temperature variation was plotted against time at different
input pressures, as shown in Figure 2a—c. Figure 2a shows the results of the experiment
with an input pressure of LPG of 4.5 bar and 396 g of consumed LPG. The temperature
of the compartment changed from 15.7 °C to —7 °C and that of the evaporator plate
temperature changed from 15 °C to —26.6 °C in a 30 min duration of regular supply of
LPG. As shown in Figure 2b, during warming, that is, when the supply valve of the LPG
is closed, the temperature of the evaporator plate changes rapidly, whereas that of the
compartment changes slowly. The temperature of the evaporator plate increased from
—26.6 to 0 °C, whereas that of the compartment increased from —7 °C to 1 °C in a duration
of 30 min.

Figure 2c shows the experiment with an input pressure of LPG as 4 bar, and 1.5 L
of water was taken as a load in the compartment. The temperature of water decreased
from 12.8 °C to 9.2 °C in a duration of 30 min. At the same time, the temperature of the
compartment decreased from 13 °C to 1 °C, whereas that of the evaporator plate decreased
from 12.6 °C to —15.3 °C. From the results and plots, an important pattern is observed
between the input pressure and cooling rate of the compartment. In addition to the benefit
of the refrigeration effect, the combustion efficiency of LPG increases and CO emissions
decrease during burning because of the preheating of LPG before burner. The preheating
of LPG takes place in the compartment as a result of heat from the cold drinks and other
food stuffs. This study was validated using a standard research article [5].

Based on the data presented in Figure 2 from the two types of experiments, it can
be deduced that the temperature of the compartment exhibits a faster rate of change in
the first case (without load) compared to the second case (with a load). In the first case,
where only air was present in the compartment, the LPG solely absorbed heat from the air.
Conversely, in the second case, with both air and water present, the LPG absorbed heat
from both sources, resulting in a slower temperature change in the compartment.
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Figure 2. Compartment temperature variations during (a) cooling and (b) warming with no load.
(c) Compartment temperature variations during cooling with a load of 1.5 L of water. T, and T
represent compartment and evaporator plate temperatures, respectively.

5. Conclusions

In addition to its role as a fuel, LPG can be harnessed for refrigeration purposes due
to its compressed nature. This study demonstrates the utilization of LPG as a refrigerant
in domestic refrigerators, which eliminates the need for compressors and condensers
(half-cycle refrigeration).

The system’s COP was 13.4, significantly surpassing that of typical domestic refrig-
erators. As a result, this innovative approach leads to electricity-free refrigeration, fully
tapping into the potential of LPG for cooling applications.
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