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Analysis of Heat Transfer of Hybrid Refrigeration: Vapour Compression
Refrigeration (VCR) and Thermoelectric Cooling (TEC)

Hybrid Mini-cooler is combining the conventional refrigeration and thermoelectric cooler.
The conventional refrigeration uses R-134a as working fluid and generated by using
electricity from thermal power whereas TEC is generated by using solar panel. This
research consists of two methods, those are mini-cooler generated by using thermal power
and solar panel. The result shows the inside temperature of mini-cooler which generated
by using conventional electricity around 22 °C whereas the temperature on evaporator wall
reaches 7 °C. Whereas the mini-cooler which is generated by solar panel through TEC
shows increasing wall evaporator temperature rapidly since conventional refrigeration
system is already Off whereas the room inside of mini-cooler does not shows increasing
temperature rapidly.

Keywords: heat transfer, hybrid mini-cooler, thermoelectric cooling, vapour compression
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Introduction

Heat transfer phenomena is one of the persistent topics of research especially in
refrigeration system. Conventional refrigeration system or vapor compression refrigeration
VCR uses refrigerant working fluid to generate the cooling. This system shows high Coefficient
of Performance COP. In Indonesia, refrigerator highly depends on the state electricity company
(thermal power) which the dependence on state electricity company brings about some
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consequences such as power outage due to electricity maintenance and repairs. The power
outage automatically affects home electronics such as the home scale refrigerator. Some use
solar panel to cope the power outage. But the problem appears since the efficiency of solar
panel is quite low and this leads a challenging for applying solar panel to generate high power
electronics such as compressor of refrigerator. This issue leads to conduct research by
combining vapor compression refrigeration VCR by using electricity company and
thermoelectric TEC which the TEC is generated by using solar panel and this mode is used to
cope the power outage.

Remeli et al. [1] conducted research on Peltier cooling in a Mini Cooler. Data collection
was carried out by measuring the ambient temperature, the inlet and outlet air temperatures, and
the hot and cold temperatures of the Peltier. The difference between the research and simulation
data is approximately 1%, showing that the mini cooler can reduce the temperature by up to
10°C from the initial temperature, and the temperature at the hot end reaches 45 °C. The greater
the temperature gradient, the better the Peltier performance. The resulting COP is 0.5 with a
heat transfer rate of 25 W. The study noted several considerations, such as the recommended
heat sink, which uses a heat pipe heat sink with a high-performance Peltier and a high-
conductivity heat sink.

Gao et al. [2] conducted research on a two-level TEC (Technical Equipment) to achieve
optimal temperature reduction. Pulse currents were applied to the hot and cold parts of the two
TEC levels. This research resulted in the two-level TEC producing lower temperatures and longer
operating times. Wang et al. [3] conducted research on a TEC using an electrodynamic
mechanism. Some electronic devices experience increased heat during use, which affects their
performance. Heat dissipation is necessary for electronic devices to function properly. Equipment
cooling using a combination of TEC and Corona Wind Cooling (CWC) is carried out based on
the Second Law of Thermodynamics, namely minimizing entropy sources. Research results show
a better cooling effect with a high COP by installing the CWC on the hot side. The operating
temperature in this study was < 80 °C with a moderate input power, making this circuit suitable
for equipment with a high heat flux. Huang et al. [4] conducted research on a small-scale cooling
system using TEC. The control system used was Proportional Integral Differential (PID) using
the MAX1978 control chip to control the closed-loop cooling system. The controllable
temperature ranged from 5 to 55°C with an accuracy of 0.5 °C. This system offers several
advantages such as low power consumption, noiselessness, and pollution. Khalida et al. [5]
conducted research on combustion engine by using TEC to increase Oz to optimize performance.
This research shows that TEC could increase performance for low velocity but for high velocity
TEC does not work well due to TEC needs more time for cooling air.

Tian et al. [6] conducted research on the performance of TEC as a cooling system,
specifically air-water cooling. Data collection was carried out on air flow, room temperature,
power, etc. Analysis was carried out on the operating costs of the system. The TEC cooling
system costs around 0.7 to 1.4 dollars for every 1 kWh. Optimal requirements are at an input
power of 23 W where the resulting costs are minimal.
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In this study, the hybrid vapor compression-TEC refrigerator is designed and analyzed to
understand the heat transfer of refrigerator especially when the transition between VCR and
TEC mode. The data of VCR and TEC is collected separately which is encompassed by
temperature, heat rate etc. The VCR system uses R-134a as working fluid since R-134a is
widely used in Indonesia whereas the TEC uses TEC 12706.

Methods

This research is conducted by using Mini-cooler 50 x 50 x 50 cm with a TEC on left and
right sides. The mini-cooler is equipped by evaporator, condenser, compressor, expansion valve
etc. Whereas the working fluid is R-134a and the used TEC is commercial TEC 12706. The
solar panel is used to generate TEC and the capacity is 100 Wp. The Figure 1 below is schematic
diagrams of hybrid refrigeration.

B O] AR PANEL

Line () DC 12V

BATTERY
Line () DC 12V

Thermoelectric Cooler System Line AC220V

CAPILER PIPE EVAPORATOR

CONDENSOR COMPRESSOR g

Vapor refrigeration Cycle

Fig. 1. Schematic diagram of Hybrid Refrigerator

The requires heat load is determined by using the heat transfer law as in Equation 1. In
this equation, m, ¢, AT is the mass of fluid, specific heat and temperature. Peltier consists of
two different parts, namely the cold side and the hot side. This occurs due to seebeck effect
since the electric current passing through the peltier. The heat produced on the hot side and the
cold side can be calculated using equations 2 and 3. ., 4p, @, I, Ry, R is heat on cold and hot

sides, seeback effects, current, thermal resistance and electrical resistance, respectively.

G = 1c,AT (1)
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Result and Discussion

Hybrid minicooler data is collected by observing inside temperature of minicooler,
temperature of hot and cold sides of TEC, current and voltage. The current passing through a
single peltier is around 4.58 A while the voltage is around 11.7 V. The average temperature on
the hot side is 29.8 °C and in cold side is around —3.6 °C which is reached in 340 second.
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Fig. 2. Data of single TEC 1207

Based on these data, it could be seen that the wall temperature of hot side does not increase
significant. Whereas the wall cold side temperature could reach temperatures below 0 °C at
short time. This occurs due to heat removal by the heat sink works properly. TEC 12706 has
Seebeck coefficient 53 mV, electrical resistance 1.8 ohms, thermal resistance of 1.8 K/W, and
thermal capacity 15 J/K [7]. These conditions are ideal for TEC 1207, while actual conditions
may different. By using Ohm's law, and the resistance obtained is approximately 2.5 ohms. The
image below is a schematic of TEC 12706 and the TEC parameters can be used to calculate the
heat rate on the hot and cold sides.

After understanding several parameters from the data collection, the next step is to
calculate the Peltier heat rate on the cold and hot sides. The heat rate on the hot side shows
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almost the same value as the heat rate on the cold side due to equilibrium. Heat rate shows
higher when the difference of hot and cold temperatures is higher. Based on Kukov's [7]
statement which stated that ideally the Peltier 12706 has a resistance of 1.8 ohms, but based on
direct measurements, the resistance is around 2.5 ohms. This leads heat rate difference between
ideal and real conditions arounds 33%. Figure 4 shows the heat rate increases suddenly when
the AT around 15 °C. This occurs due to a surge in electrical current and the recorded current
at AT=15 °C is around 4.9 amperes whereas average electric current is around 4.5 amperes.
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Fig. 3. Parameters of TEC 12706 [7]
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Fig. 4. Heat rate of TEC 12706
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Figure 5 below shows the inside temperature of hybrid mini-cooler which is generated by
conventional electricity (thermal power) and solar panel. In the beginning, the mini-cooler is
generated by using conventional electricity and the average inside temperature reaches around
22 °C whereas the temperature on evaporator wall reaches 7 °C. The conventional Vapour
Refrigeration System in the mini-cooler works well since the lowest temperature is reached in
150 seconds. But the heat transfer in inside mini-cooler room needs to enhance the since the
temperature difference between wall evaporator and mini-cooler room is quite high.
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Fig. 5. Temperature of Hybrid Refrigerator

The next is mini-cooler which is generated by solar panel through TEC. The Figure 5
shows increasing wall evaporator temperature rapidly since VCR is already Off whereas the
room inside of mini-cooler does not shows increasing temperature rapidly. The increasing wall
evaporator temperature rapidly because the compressor off and leads rising heat and then
increasing refrigerant temperature. This scheme should be considered since rising heat on
compressor and may considering additional fans to cooling compressor.

Conclusion

In this research should be noted that improper operation of the TEC could cause the Joule
effect, which is the appearance of heat on the cold side of the TEC. This is an undesirable
condition where electrical energy produce hot temperature on cold side. This can occur if the
heatsink and fan on the hot side are inadequate for heat dissipation. This hybrid refrigeration is
generated by two modes, those are conventional VCR with R-134a as refrigerant and TEC. The
VCR mode shows inside of refrigerator temperature reaches around 22 °C and 7 °C on
evaporator wall. Whereas the second mode is generated by solar panel through TEC after
shutting down the VCR system and this mode shows inside of refrigerator temperature still
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reaches around 22 °C but the evaporator wall temperature increases rapidly. This refrigeration

needs higher performance of solar panel battery since the battery drains rapidly.

References

1.

M. Fairuz Remeli, N. Ezzah Bakaruddin, S. Shawal, H. Husin, M. Fauzi Othman, and B.
Singh, “Experimental study of a mini cooler by using Peltier thermoelectric cell,” in /OP

Conference Series: Materials Science and Engineering, Institute of Physics Publishing, Jun.
2020. doi: 10.1088/1757-899X/788/1/012076.

. Y. W. Gao, H. Lv, X. D. Wang, and W. M. Yan, “Enhanced Peltier cooling of two-stage

thermoelectric cooler via pulse currents,” Int J Heat Mass Transf, vol. 114, pp. 656663,
2017, doi: 10.1016/j.ijheatmasstransfer.2017.06.102.

. J. Wang et al., “Design and application of a cooling device based on peltier effect coupled

with electrohydrodynamics,” International Journal of Thermal Sciences, vol. 162, Apr.
2021, doi: 10.1016/j.ijthermalsci.2020.106761.

. H. Huang, S. Fu, P. Zhang, and L. Sun, “Design of a Small Temperature Control System

Based on TEC,” 2016, doi: 10.1109/ISCID.2016.50.

. Z. Khalida, H. Rahmad, Puspa. Yulia, and K. Chandra, “Thermoelectric TEC untuk

membantu meningkatkan massa oksigen pada proses pembakaran motor bakar,” Jurnal
Permadi, vol. 6, no. Vol 6, No 3, pp. 238-245, Sep. 2024.

. M. W. Tian, F. Aldawi, A. E. Anqi, H. Moria, H. S. Dizaji, and M. Wae-hayee, “Cost-effective

and performance analysis of thermoelectricity as a building cooling system; experimental
case study based on a single TEC-12706 commercial module,” Case Studies in Thermal
Engineering, vol. 27, Oct. 2021, doi: 10.1016/j.csite.2021.101366.

. Kubov V.1, “Peltier-Seebeck Thermoelectric Element TEC1-12706,” 2016.

3yaspa Xaaiga (https://orcid.org/0009-0000-4566-7261),
Jesina Po3a Xenpapri (https://orcid.org/0009-0000-0343-6561),
Xiginr Kaiiono (https://orcid.org/0009-0006-6773-5599),
FOuas Ilycena [esi (https://orcid.org/0009-0002-1482-9947),
Xani Paxman (https://orcid.org/0009-0009-3186-5609)

®daxynpTeT MammMHOOYAyBaHHS JlepkaBHoi momitexHikun Mananr Jlinrkapa,
ByJl. Mackymambanr, 1, Kenipi, Ingonesis

AHaJii3 Tensionepeaayi riOpuaHOro 0Xo0JI0MKeHHS: NAPOKOMIIpeciliHe
oxoJiomxenns (VCR) Tta tepmoesiektpuune oxosiomxents (TEC)

Tibpudnuti  MiHi-X0N00UTBHUK ~ NOEOHYE 6 CODI  36uuaiine  OXOJNOOJNCeHHs Md

MePMOELEKMPUYHUL 0XON00HCYBAY. 36UYANIHUL XOLO0OULHUL NPUCMPIL 8UKOPUCMOBYE
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R-134a sk pobouy piouny ma eupobise enekmpoenepeiio 3 menia, moodi sk TEC
2EHepPYEMbCSL 3a OONOMO20I0 COHAUHUX nawenell. Ile 00cniodcents cKkiaoacmscs 3 080X
MemoOig: MIHI-XOJOOUIbHUK, WO 2eHEPYEMbC 3d O0ONOMO2010 MeENid Md COHAYHUX
nauenei. Pezynomam noxasye ewympiwinio memnepamypy MiHI-XOL00UTbHUKA, AKUU
2eHepyeEmbCsl 3a 00NOMO2010 38uualinoi enekmpoenepeii, oauzvko 22 °C, mooi sk
memnepamypa Ha cminyi sunapuuxa oocsieac 7 °C. Y moil dce uac Mini-xo100unbHUK, aKuil
2eHepyembcsi  coHAyHow nawuennio yepez TEC, Oemoncmpye wisuoke 3pOCMAaHHs
memMnepamypu Ha CmiHYi 8UNAPHUKA, OCKIIbKU 36UYANHA XOJLOOUIbHA CUCHEMA BJice
BUMKHEHA, MO0l K V NPUMIWEHHI 6CepeOUHi MIHI-XOI0OUTbHUKA MeMnepamypa He
3pOCmac weuoxo.

KarouoBi cnoBa: Temnonepenava, TiOpUIHHMN —MiHI-XOJNOAMIBHUK, TEPMOCICKTPHYHE
OXOJIO/KEHHS, TTAPOKOMIIPECIHE 0XO0JIO/pKeHHS, XonomoareHT R-134a, Temmneparypa
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