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load status that controlled by evaporator temperature (Tev) set point at -10 degree
and condenser temperature (Tcd) set point at 38 degree and superheat temperature
(Tsh) at 10 degree, in unload status the power consumption for digital scroll
compressor will decreased 50% that impact for energy saving and important for night
time when low requested cooling load because compressor started—stopped many
time. The methodology was measured power consumption (W), voltage (V), current
(), power factor (PF), frequency (Hz), evaporator temperature (Tev), condenser
temperature (Tcd), liquid temperature (Tlg), sub cool temperature (Tsc), gas
temperature (Tg), superheat temperature (Tsh) by power meter data logger and
temperature data logger. The result summarized relation of all parameter and showed
energy saving 34%, 21,367 kWh/Year/Store of compressor.
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1. Introduction
1.1 Convenience Store in Thailand

The energy saving was important for decreased energy used of business section in Thailand
because the energy used of business section in Thailand was second energy used of overall energy
used in Thailand [18]. The convenience store in Thailand was more than 20,000 in 2019 and will has
trends to increase every year and opened 24 hours that energy used more than resident and energy
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used of convenience store that part of retail business was fourth energy used of business section in
Thailand [1].

1.2 Convenience Store Power Consumptions
The ratio of energy used of convenience store in Thailand that first was refrigeration system,

second was air condition system [16], third was electrical equipment, fourth was lighting as ratio
convenience store in Taiwan as shown in Figure 1 below [2].

Ratio-of-load-equipmentcapacity.

Freezer-and-refrigerator-24.53%. Air-conditioner-32.88%.

Fig. 1. The energy used ratio of convenience store in Taiwan [2]

The best two way for decreased energy used of convenience store in Thailand was used high
energy efficiency and used energy management system and the example for energy saving in
refrigeration system as shown in Figure 2 below [3]. The most of example for energy saving in
refrigeration system that need to decrease compressor power consumption because compressor
power consumption was most energy used of refrigeration system. In this research will present digital
scroll compressor that energy saving 34% that widely used in residential heat pumps and air
conditioners [9].
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Fig. 2. The example for energy saving in refrigeration system [3]

1.3 R448A Refrigerant

35%

The trend of refrigerant in Thailand was increases energy efficiency and decreases global warming
[17] as shown in Figure 3 below [10,11]. The R448A refrigerant was develop for retrofit to R404A.
The hydrofluorocarbons/hydrofluoroolefins (HFCs/HFOs) R448A (GWP=1390) was azeotropic
mixture of R32 (26%), R125 (26%), R1234yf (20%), R134a (21%) and R1234ze (E) (7%) could retrofit
in the refrigeration system using R404A. The hydrofluorocarbons (HFCs) R404A (GWP=3735) was
azeotropic mixture of R125 (26%), R143A (52%), R134A (4%) [13]. Bolt refrigerants are no frame
propagation and lower toxicity and used polyol ester oil (POE). The R448A had higher cooling capacity
(Qe) than R404A by hydrofluorocarbons (HFCs) R32 in component [14] and lower global warming
potentials (GWP) than R404A by hydrofluoroolefins (HFOs) by R1234yf and R1234ze (E) in component
[15]. The result showed global warming potentials decrease 70% and COP higher than R404A [12].
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1.4 Digital Scroll Compressor

The digital scroll compressor can operated in unload status and full load status as shown in Figure
4 below that controlled by evaporator temperature (Tev) set point at -10 degree and condenser
temperature (Tcd) set point at 38 degree and superheat temperature (Tsh) at 10 degree, in unload
status the power consumption for digital scroll compressor will decreased 50% that impact for energy
saving and important for night time when low requested cooling load because compressor started—
stopped many time [5].

Fig. 4. How digital scroll compressor operated

2. Methodology

The methodology was measured power consumption (W), voltage (V), current (l), power factor
(PF), frequency (Hz), evaporator temperature (Tev), condenser temperature (Tcd), liquid
temperature (Tlqg), sub cool temperature (Tsc), gas temperature (Tg), superheat temperature (Tsh)
by power meter data logger and temperature data logger [4].

3. Results
3.1 Temperature Analysis

When fix speed compressor scroll compressor operated by evaporator temperature higher than
set point at -10 degree as shown in Figure 5 below. And cut off when evaporator temperature lower
than set point at -10 degree. When the compressor cut off at evaporator temperature lower than set
point at -10 degree, Compressor will operate at evaporator temperature until -20 degree because
compressor cannot cut off immediately by compressor pump down that unnecessary and impact to
energy used of compressor.
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Fig. 5. Fix Speed Scroll Compressor Temperature Analysis

When digital scroll compressor operated by evaporator temperature higher than set point at -10
degree as shown in Figure 6 below and cut off when evaporator temperature lower than set point at
-10 degree. When the digital scroll compressor operated at evaporator temperature lower than set
point at -10 degree the digital scroll compressor will not cut off and operated in unload status, in
unload status evaporator temperature will high because mechanical of digital scroll compressor not
operated [7] but operated only motor of digital scroll compressor that energy used 50% of overall
energy used of compressor and digital scroll compressor will continuous to operate in unload status
and full load again [8].
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Fig. 6 Fix Speed Scroll Compressor Temperature Analysis

148



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences Penerbit

Volume 74, Issue 1 (2020) 144-150 Akademia Baru

3.2 Power Consumption Analysis

The energy used of fix speed scroll compressor was 62,364 kWh/Year/Store and energy used of
digital scroll compressor was 40,997 kWh/Year/Store that energy saving 34%, 21,367
kWh/Year/Store of compressor in Figure 7 below. In day time, the average energy used of fix speed
scroll compressor was 14.9 kWh/Hour and the average energy used of digital speed scroll compressor
was 12.1 kWh/Hour and energy saving 19%. In night time, the average energy used of fix speed scroll
compressor was 13.5 kWh/Hour and the average energy used of digital speed scroll compressor was
11.1 kWh/Hour and energy saving 18%. The energy saving in nigh time is lower than day time because
in night time that request cooling load and run time of compressor lower than day time that mean
the energy use of compressor in nigh time is lower than day time too [6].
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Fig. 7. Power Consumption for Fix Speed and Digital Scroll Compressor
4. Conclusions

The digital scroll compressor can operate in full load and unload status that controlled by
evaporator temperature at -10 degree and could decrease over operated when compressor pump
down and continuous to operated. The result showed energy saving 34% that energy saving 19% in
night time and energy saving 18% in day time.

Acknowledgement
This research was supported by SANYO S.M.I. (Thailand) Co., Ltd and SANGCHAI REFRIGERATION CO., LTD.
and EK-CHAI DISTRIBUTION SYSTEM CO., LTD.

References

[1]  Shen, Hanyan, Ke Xu, and James Freihaut. "A statistical study on energy performance of US convenience stores:
Investigation of factors and bench marking on store energy use." Energy and Buildings 183 (2019): 792-802.
https://doi.org/10.1016/j.enbuild.2018.10.018

[2] Chou, Ding-chin, Ching-Shan Chang, and Yong-Zhi Hsu. "Investigation and analysis of power consumption in
convenience stores in Taiwan." Energy and Buildings 133 (2016): 670-687.
https://doi.org/10.1016/j.enbuild.2016.10.010

[3] Evans, ). A, E. C. Hommond, A. J. Gigiel, A. M. Fostera, L. Reinholdt, K. Fikiin, and C. Zilio. "Assessment of methods
to reduce the energy consumption of food cold stores." Applied Thermal Engineering 62, no. 2 (2014): 697-705.
https://doi.org/10.1016/].applthermaleng.2013.10.023

149


https://doi.org/10.1016/j.enbuild.2018.10.018
https://doi.org/10.1016/j.enbuild.2016.10.010
https://doi.org/10.1016/j.applthermaleng.2013.10.023

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 74, Issue 1 (2020) 144-150

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

(13]

(14]

(15]

[16]

(17]

(18]

Huang, Hu, Qihe Li, Dongxue Yuan, Zhenchun Qin, and Zhongbin Zhang. "An experimental study on variable air
volume operation of ducted air-conditioning with digital scroll compressor and conventional scroll compressor."
Applied Thermal Engineering 28, no. 7 (2008): 761-766.

https://doi.org/10.1016/j.applthermaleng.2007.06.018

Tu, Qiu, Kaijun Dong, Degiu Zou, and Yongman Lin. "Experimental study on multi-split air conditioner with digital
scroll compressor." Applied Thermal Engineering 31, no. 14-15 (2011): 2449-2457.
https://doi.org/10.1016/].applthermaleng.2011.04.010

Watcharapongvinij, Anan, and Apichit Therdyothin. "Energy cost saving evaluation of VSD installation in
compressor rack of refrigeration system for the retail and wholesale building." Energy Procedia 138 (2017): 8-13.
https://doi.org/10.1016/]j.egypro.2017.10.036

Ye, Kan, Jinchen Ji, and Sam Han. "Semi-active noise control for a hermetic digital scroll compressor." Journal of
Low Frequency Noise, Vibration and Active Control (2019): 1461348419867019.
https://doi.org/10.1177/1461348419867019

Zhu, Xingwang, Xueli Nie, Yanli Lv, Chaoxin Wang, and Yugui Su. “Experimental research of operating performance
on water source multiconnected air-conditioning system with digital scroll compressor in variable load.” Energy
Education Science and Technology Part A: Energy Science and Research 30 (2012): 915-920.

Sun, Haoran, Haitao Hu, Jingwei Wu, Guoliang Ding, Geping Li, Chengyun Wu, Xuyang Wang, and Zhongyuan Lv. "A
theory-based explicit calculation model for variable speed scroll compressors with vapor injection." International
Journal of Refrigeration 88 (2018): 402-412.

https://doi.org/10.1016/].ijrefrig.2018.01.016

Arora, Pinklesh, Geetha Seshadri, and Ajay Kumar Tyagi. "Fourth-generation refrigerant: HFO 1234yf." Current
Science 115, no. 8 (2018): 1497.

https://doi.org/10.18520/cs/v115/i8/1497-1503

Mota-Babiloni, Adrian, Joaquin Navarro-Esbri, Pavel Makhnatch, and Francisco Molés. "Refrigerant R32 as lower
GWP working fluid in residential air conditioning systems in Europe and the USA." Renewable and Sustainable
Energy Reviews 80 (2017): 1031-1042.

https://doi.org/10.1016/j.rser.2017.05.216

Mendoza-Miranda, Juan Manuel, Adrian Mota-Babiloni, and Joaquin Navarro-Esbri. "Evaluation of R448A and
RA50A as low-GWP alternatives for R404A and R134a using a micro-fin tube evaporator model." Applied Thermal
Engineering 98 (2016): 330-339.

https://doi.org/10.1016/].applthermaleng.2015.12.064

Mota-Babiloni, Adrian, Joaquin Navarro-Esbri, Bernardo Peris, Francisco Molés, and Gumersindo Verdu.
"Experimental evaluation of R448A as R404A lower-GWP alternative in refrigeration systems." Energy Conversion
and Management 105 (2015): 756-762.

https://doi.org/10.1016/j.enconman.2015.08.034

He, Guogeng, Fang Liu, Dehua Cai, and Jingkai Jiang. "Experimental investigation on flow boiling heat transfer
performance of a new near azeotropic refrigerant mixture R290/R32 in horizontal tubes." International Journal of
Heat and Mass Transfer 102 (2016): 561-573.

https://doi.org/10.1016/].ijheatmasstransfer.2016.06.074

Pereira, Leandro, Gleberson Humia, Ali Khosravi, Rémi Revellin, Jocelyn Bonjour, Luiz Machado, and Juan J. Garcia
Pabon. "A study on the fluid refrigerant charge in a two-phase mechanically pumped loop system using R134a and
R1234yf." Applied Thermal Engineering 158 (2019): 113727.
https://doi.org/10.1016/].applthermaleng.2019.113727

Morsy, M., M. Fahmy, H. Abd Elshakour, and A. M. Belal. "Effect of Thermal Insulation on Building Thermal Comfort
and Energy Consumption in Egypt." Journal of Advanced Research in Applied Mechanics 43, no. 1 (2018): 8-19.
Balthazar, Pravinth, and Muzathik Abdul Majeed. "Simulation Analysis of Two-Phase Heat Transfer Characteristics
in a Smooth Horizontal Ammonia (R717) Evaporator Tube." CFD Letters 10, no. 2 (2018): 49-58.

Saengsikhiao, Piyanut, Juntakan Taweekun, Kittinan Maliwan, Somchai Sae-ung, and Thanansak Theppaya.
"Investigation and Analysis of R463A as an Alternative Refrigerant to R404A with Lower Global Warming Potential."
Energies 13, no. 6 (2020): 1514.

https://doi.org/10.3390/en13061514

150


https://doi.org/10.1016/j.applthermaleng.2007.06.018
https://doi.org/10.1016/j.applthermaleng.2011.04.010
https://doi.org/10.1016/j.egypro.2017.10.036
https://doi.org/10.1177/1461348419867019
https://doi.org/10.1016/j.ijrefrig.2018.01.016
https://doi.org/10.18520/cs/v115/i8/1497-1503
https://doi.org/10.1016/j.rser.2017.05.216
https://doi.org/10.1016/j.applthermaleng.2015.12.064
https://doi.org/10.1016/j.enconman.2015.08.034
https://doi.org/10.1016/j.ijheatmasstransfer.2016.06.074
https://doi.org/10.1016/j.applthermaleng.2019.113727
https://doi.org/10.3390/en13061514

