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INTRODUCTION
Working fluids, working as a medium for energy transportation, play an important role in both thermal energy transportation and thermal management. Traditional heat transfer media, such as water, organic solvents, and mineral oils, have been unable to meet the increasing efficiency demand for heat transfer (Zhang et al., 2021; Esfe et al., 2022; Kursus et al., 2022; Younes et al., 2022). Generally speaking, the thermal conductivity of a nanoparticle is usually higher than that of a liquid; out of this consideration, Eastman et al. (2001) improve the heat-transfer performance of the fluid by adding nanoparticles to the base liquid and named nanofluids for the first time. Nanofluids have been widely used in many fields due to their good thermal properties; many researchers study the application prospects of nanofluids in the field of solar heat collection by simulating the working state of nanofluids in the process of heat transfer (Wang et al., 2022) so as to improve the heat collection efficiency of the collector and the stability and durability of the overall system (Figure 1A). A deep eutectic solvent (DES) is generally a eutectic mixture prepared by two or three components through the interaction between hydrogen bonds and has a wide application prospect (Walvekar et al., 2021). The raw materials are cheap, the preparation process is simple, and the thermophysical properties are excellent. At the same time, the liquid range of DES is a key concern, and the wide liquid range can meet the working requirements of working fluids under various climatic conditions.
[image: Figure 1]FIGURE 1 | (A) Configuration of the PV/thermal system (Wang et al., 2022), (B) glycerol hydrogen-bonding network (Faraone et al., 2018), (C) temperature-dependent viscosity variation of glycerol/ChCl DESs, (D) thermal conductivity of the three nanofluids at 320 K as a function of volume fraction (Liu et al., 2019b), (E) scheme of the experimental apparatus (Fazel et al., 2013), (F) structure test and schematic of mechanism analysis (Liu C. et al., 2019b), (G) DES preparation and DES thermal conductivity measurements (Noor et al., 2021), (H) schematic of the DP and Cu nanoparticle-modified SiO2 nanoparticle and thermal conductivity enhancement in glycerol DESs (Liu C. et al., 2019a).
This opinion includes the study of glycerol and glycerol DES as the nanofluid base and their application to industrial processes in the field of heat transfer.
PROPERTIES OF GLYCEROL AS AN ENERGY-TRANSFER MEDIUM
Glycerol-based working fluids – advantages, classification, and challenges
As a kind of biomass energy, biodiesel has similar physical properties to diesel and has good stability, excellent environmental protection properties, and combustion performance, and glycerol is an accompanying substance in its production process (i.e., over 10 wt%) (Liu D. et al., 2019). Glycerol has a low vapor temperature and a high boiling point due to its hydrogen bond network. Also, glycerol has good thermal stability, a wide working temperature range, and excellent environmental protection properties, so it is suitable for use in energy transportation. Due to the promotion of biomass energy, the production of glycerol has also increased, resulting in a situation of oversupply. In order to solve the problem of excess glycerol production capacity, many researchers have devoted themselves to the practical application of glycerol. At present, the heat exchanger can exchange heat directly and can also be made into mixed solvents or DES. For example, Moghaddam et al. (2016) checked the stability of dispersion of pure graphene nanosheets in glycerol by calculating the solubility parameter of pure graphene and pure glycerol (Figure 1D). It is shown that pure graphene with five layers can form a stable dispersion in glycerol. Fazel et al. (2013) studied the pool boiling heat-transfer characteristics of water/glycerol binary mixed solvents with different concentrations (0–35% mass glycerol) on horizontal rod heaters and found that when the concentration of glycerol was 0.02% mole fraction, the pool boiling heat-transfer coefficient can be increased by 15–20% (Figures 1E,F). However, the glycerol molecule has three hydroxyl groups, which lead to the formation of an intermolecular hydrogen bond network structure and make it have a high viscosity, which is the main problem limiting the application of glycerol-based nanofluids.
Glycerol DES
The DES prepared by glycerol as a hydrogen bond donor can effectively inhibit the hydrogen bond interaction between glycerol molecules and plays an important role in reducing the overall viscosity of the solvent. Faraone et al. (2018) of the National Institute of Standards and Technology of the United States systematically studied the relationship between hydrogen bonds and properties of glycerol/ChCl DES and concluded that choline ions were in the hydrogen bond network gaps constructed by glycerol molecules, and this “isolation effect” led to the reduction of glycerol molecular viscosity (Figure 1B). Dziubinska-Kühn et al. (2022) investigated the effect of hydrogen bond donor supersaturation on the properties of DES by titration analysis of glycerol/ChCl DES. Zhao et al. (2013) used glycerol/ChCl as a solvent and soybean oil as a raw material to enzymatically hydrolyze biodiesel, which could convert 88% of triglycerides by enzymatic hydrolysis within 1 day. In addition, Noor et al. (2021) studied the change of thermal conductivity of various glycerol-based DESs in the temperature range of 25–60°C and explored the application of fluids in heat transfer. It was found that the thermal conductivity decreased with the increase of temperature, and the solvent system with a high ChCl ratio had better thermal stability (Figures 1G,H). In addition, Noor et al. (2021) studied the thermal conductivity of glycerol-based DES with different collocations. It is shown from all results that the thermal conductivity decreases with the increase of temperature. This is because the temperature has a negative effect on electrons’ randomness and a positive effect on electrons’ free motion. Additionally, mixtures of a high ChCl ratio showed more stable values of thermal conductivity.
Glycerol-based DES nanofluids
Nanofluids involving metal oxide. As an efficient heat-transfer medium, DESs have been widely used in catalysis, biomass degradation, materials chemistry, and other fields. Changhui Liu et al. (2019b) prepared glycerol/ChCl DES and filled it with TiO2 and Al2O3 nanoparticles to study their thermal properties such as thermal conductivity and specific heat. The results show that the nanofluid can maintain the liquid working state at −35 to 275°C, and the thermal conductivity is increased by 3–11.4%; after filling with nanoparticles, the specific heat capacity is partially decreased compared with the base liquid (Figure 1C).
Nanofluids involving non-metal oxide. In order to further study the heat transfer of glycerol-based DES nanofluids, Changhui Liu et al. (2019a) prepared a new type of Cu-SiO2 hybrid nanoparticle to enhance the stability and thermal conductivity of DES nanofluids. In this work, 2-butoxy-3,4-dihydropyran (DP) was employed as a metal nanoparticle anchor. It was found that DP was able to enhance the dispersing ability and thermal conductivity of SiO2 nanoparticle-filled DES-based nanofluids. The thermal conductivity of the Cu-SiO2-filled DES nanofluid was enhanced by a maximum of 13.6%, which indicated the positive effect of DP on the thermal conductivity improvement of the nanofluid.
PROSPECTS
With the application of nanofluids in the fields of flow heat transfer and energy transmission, the excellent thermal properties can significantly improve the energy transmission efficiency and save energy. However, the challenges of thermophysical properties of nanofluids, the mechanism of hydrogen bonding in DES, and the application of DES nanofluids as energy transmission media remain to be resolved. The following issues require further study:
1) Due to the easy agglomeration of nanoparticles, the stability of nanofluids is reduced, which makes it difficult for existing nanofluids to maintain stability for a long time, so glycerol-based DES nanofluids with high stability, a wide liquid range, high thermal conductivity, and low viscosity should be intensively investigated. In the meantime, compatibility between nanoparticles and the base solvent deserved to be further studied with the purpose to enhance the static stability.
2) The energy-transfer mechanism in the environment of the hydrogen bonding network in nanofluids prepared from glycerol or glycerol-based DES still needs further study since it is of great significance for understanding the improvement direction for the application of glycerol in the field of heat transfer, and its mechanism of action in nanofluids also needs to be further studied.
3) The research on glycerol-based DES nanofluids is still in the theoretical research stage, and it is necessary to study the stability and heat-transfer efficiency in different working environments to promote the application of nanofluids in the field of energy transportation.
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