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Abstract: The experiment aimed to compare the heat transfer performance of two base 

fluids, Therminol-55 and Glycerol, both mixed with aluminium oxide nanoparticle. The 

investigation focused on assessing how the addition of aluminium oxide nanoparticles (at 

concentrations of 0.1%, 0.2%, and 0.25% by volume) affected heat transfer in a plate heat 

exchanger using a mixture of Therminol-55/water and Glycerol/water. Results demonstrated a 

significant enhancement in heat transfer efficiency for both hot and cold sides of the exchanger 

when using these nanoparticle-infused base fluid mixtures. Specifically, the study observed 

notably improved heat transfer coefficients for the Therminol-55/water mixture with a 0.25% 

nanoparticle concentration, achieving 3858.77 W/m²K (23% higher) for the hot fluid coefficient, 

4194.54 W/m²K (31% higher) for the cold fluid coefficient, and an overall coefficient of 2310 

W/m²K (23% higher) . Similarly, the Glycerol/water mixture with a 0.25% nanoparticle 

concentration exhibited superior performance, reaching 4491.23 W/m²K (30% higher) for the 

hot fluid coefficient, 4394.54 W/m²K (35.5% higher)for the cold fluid coefficient, and an overall 

coefficient of 2508 W/m²K (27.8% higher). These findings indicate that the Glycerol/water 

mixture with aluminium oxide nanoparticles outperforms the Therminol-55/water counterpart, 

suggesting its potential to minimize temperature differentials within the heat exchanger and 

enhance operational effectiveness.  
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Article Highlights 

• Al2O3/Therminol-55/ Water and Al2O3/Glycerol/ Water mixed nanofluid  were prepared  

• Heat transfer performance of Al2O3 suspended base fluid was studied in a plate heat 

exchanger 

• Individual and overall heat transfer coefficient were determined and analyzed by varying 

flow rate 

 

 



 

Introduction  

Nanoparticles are particles less than 100 nm in size[1]. Both synthetic and naturally 

occurring nanoparticles can be found in the environment. Inorganic substances are called 

nanoparticles. Nanoparticles are invisible to the naked eye. They can be divided into several 

categories according to their sizes, forms, and features. The large surface area and nanoscale 

size of nanoparticles give them distinct physical and chemical characteristics. Their distinct 

composition, size, and form greatly influence their toughness, reactivity, and other qualities. 

These tiny particles are ideal for strong chemical reactivity, bio mobility, and energy absorption 

because of their unique properties. Nanomaterials are divided into four categories: 0D, 1D, 2D, 

and 3D, depending on their general form[2]. At least one dimension of nanoclusters is between 1 

and 10 nm in size, exhibiting a small size distribution. Heat exchangers are used in industrial 

production processes to warm and cool fluids [3,4]. Glycols/aluminum oxide nanofluid used as a 

base fluid in heat transfer applications. To achieve better heat transfer, we need to focus on 

improving the thermal conductivity and overall heat transfer characteristics of these fluids [5-8].  

Recent advancements in energy reduction through the use of nanofluids are evident in a 

substantial body of research within the technical community. This innovative engineering fluid, 

known for its specialized applications, has the capability to lower costs in heat transfer 

operations by modifying appropriate base fluids [9]. Researchers have developed heat transfer 

fluids containing suspended nanoparticles for various heat transfer equipment [10,11]. 

Numerous researchers employed various metal oxides, including the addition of CuO 

nanoparticles to water[12,13], aluminium oxide/water[14], aluminium oxide/water-methanol 

[15], graphene/water-glycol[16], TiO2, ZnO in water-ethylene glycol[17], Fe2O3 in engine oil-

water mixture, Al2O3 and CuO nanoparticle suspension in engine oil, vacuum pump fluid, 

distilled water and ethylene glycol[18] and the results showed that this addition considerably 

increases the thermal conductivities of fluid mixtures and heat transfer coefficient. In 

experimental results of Al2O3 nanoparticle addition shows that the Nusselt number increased 

significantly with respect to different and volume fraction [19]. This study investigates the use 

of nanofluids for enhanced heat transfer in the oil and gas industry. Therminol 66, a common 

heat transfer fluid in heat exchangers, was chosen as the base fluid. To improve its heat transfer 

capabilities, Iron oxide (III) nanoparticles were incorporated at a concentration of 0.3% by 

weight (wt%). The fundamental properties of these nanofluids, such as density, viscosity, and 

specific heat capacity, were then measured as the heat transfer increasedup to 46%, pressure 

drop increased up to 37.5% and friction factor increased up to 10%[20]. Result of the heat 

transfer effect showed energy savings of around 32% for cooling. Methanol is recently used for 



 

variety of heat transfer applicationsand different type of heat pipes (vapor–dynamic 

thermosyphons, conventional and micro heat pipe). 

Numerous research works have looked into the special qualities and abilities these novel 

fluids have shown since nanofluids were first used in a variety of industries. The economically 

feasible nanomaterial aluminum oxide (Al2O3) has good thermophysical and heat transport 

properties and is non-toxic [21]. Heat transfer study was performed in Armfield plate heat 

exchanger (HT32) with an Armfield heat exchange service unit (HT30X) by preparing 

suspension of multi-wall carbon nanotubes in distilled water Hassaan et al., reported 32% 

increase in Nusselt number  (with 1.53% volume fraction) and with the same nanofluids in Shell 

and tube heat exchanger the percentage increase of the overall heat coefficient ranges between 

6% and 76.4%, compared to distilled water [22, 23] was reported. Heat transfer performance of 

two distinct heat exchangers with the same heat transfer area was assessed by Hassaan et al., 

with a tubular heat exchanger (THE) and a shell-and-tube heat exchanger (STHE) and obtained 

heat transfer coefficient of STHE is 7−43% greater than that of tubular heat exchanger [24], also 

proposed a relationship between Reynolds number and MWCNT volume concentration for 

computing the Nusselt number [25]. In a plate heat exchangers (PHEs) hybrid nanofluid (multi-

walled carbon nanotubes (MWCNTs)–Al2O3/water) was used with various concentrations and 

reported increase in the overall heat coefficient from 6% to 97% compared to pure distilled 

water [26] . Experiment was done using MWCNTs as operating fluids in an automotive radiator 

with louvered fins and flat tubes (Honda Civic 2005) . From the study they reported Nusselt 

number increment of 13.72% in comparison to pure water, also a correlation for estimating the 

Nusselt number in terms of the Reynolds number and MWCNTs volume concentration is 

provided [27]. While most research on the topic focuses on thermal conductivity studies, there is 

potential to investigate this material's heat transfer capabilities in real-time heat exchangers. 

Although employing nanofluids has many advantages, there are some disadvantages as well, 

such as instability, fouling, and surface erosion [28 - 30]. Therminol-55 provides a method to 

resist fouling, decreasing pressure drop, increase heat transfer in ribbed tube and stop 

nanoparticle aggregation when making a nanofluid. Since the literature also demonstrates the 

effectiveness of small plate heat exchangers, we decided to use them in our inquiry [31]. Prior 

research hasn't explored the heat transfer performance of a specific nanofluid mixture: Al2O3-

Water-Therminol-55 (AWT) within plate heat exchangers [32]. Also it was found that Al2O3 

Nanoparticle containing Nanofluids shown increased critical heat flux, which was due to the 

improved Thermal conductivity of nanoparticles [34], hence Al2O3 was chosen. Elaboration of 

significant factors that play a vital part in enhancing heat transfer characteristics of nanofluid is 



 

also needed to explore the heat transfer performance of nanofluids [35]. To address this gap, we 

investigated how adding Al2O3 nanoparticles (0.1% to 0.25% concentration) affects heat transfer 

in a Therminol-55/Water and Glycerol/water base fluid (5:95 volume ratio). The experiments 

were conducted at a constant hot fluid inlet temperature (60°C) with varying flow rates (2 to 6 

liters per minute). 

 

Materials and Methods  

Preparation and Properties of nanoparticle 

 Nano powders refer to agglomerates of ultrafine particles, nanoparticles, or Nano 

clusters. Nano particles consist of three layers—surface layer, shell layer, and core layer. From 

the literatre it was noticed that To obtain stable Al2O3 nanofluids, many routes exist such as 

surfactant addition, pH control, ultrasonic agitation, functionalization, magnetic stirring, and 

high-pressure homogenization [36]. Hence in this study, conversion of nanoparticles into Nano 

fluids is achieved through a two-step method with the help of high-pressure homogenizer.The 

conversion of nanoparticles into Nano fluids is achieved through a two-step method. In this 

research, a two-step (sol-gel) technique was employed to suspend 50 nm Al2O3 nanoparticles in 

a water-methanol mixture. Base fluids with specific volume fractions (5% Therminol-55 + 95% 

water) were formulated according to calculated amounts derived from the below fraction 

Equation (1).  
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To ensure stability in the prepared nanofluid, a high-pressure homogenizer was employed, 

and the resulting nanofluid served as the cold fluid in the plate heat exchanger. The utilization of 

a high-pressure homogenizer ensures the uniform suspension of the prepared nanofluid 

throughout the base fluid. When designing energy-efficient systems, the thermal conductivity of 

heating or cooling fluids plays a crucial role. Among the key considerations in developing and 

controlling the process is the fluid's ability to conduct heat. Factors such as availability, cost, 

heat conductance, and the propensity of particles to stay uniformly dispersed in the base fluid 

with minimal agglomeration are all significant. Despite their superior thermal conductivity, 

https://www.sciencedirect.com/topics/engineering/nanofluid
https://www.sciencedirect.com/topics/materials-science/surface-active-agent
https://www.sciencedirect.com/topics/physics-and-astronomy/ultrasonic-agitation
https://www.sciencedirect.com/topics/materials-science/homogenization


 

metal oxide nanoparticles tend to agglomerate. In our investigation, we used Aluminum oxide 

(Al2O3) nanofluid for heat transfer analysis. 

 

SEM Images of Aluminium oxide nanoparticle 

Widely employed for material analysis, SEM (Scanning Electron Microscopy) plays a 

crucial role in identifying the microstructure and chemistry of materials. By projecting and 

scanning a focused stream of electrons across the surface, SEM produces detailed images. The 

interaction of electrons in the beam with the sample generates various signals, providing 

valuable information about the surface's composition. Figure 1 depicts SEM images of Al2O3 

nanoparticles. 

Figure 1 

 

Experimental Setup and Estimation of thermo physical properties: 

Experiments were conducted on a plate-type heat exchanger as described in the experimental 

setup (Schematic and photographic view) illustrated in Figure 2. Plate heat exchanger consists 

of 13 Stainless Steel corrugated plates (Alfa Laval, India) providing seven flow channels for the 

hot fluid and six flow channels for the cold fluid. The plate length and thickness of the plate are 

0.154m and 0.25mm respectively.  

Thermal conductivity was measured using thermal conductivity analyzer (Scientico, India) 

and viscosity was measured with redwood viscometer for all the concentrations of nanofluid. 

 Density of nanofluid and specific heat capacity of nanofluid are calculated from the 

correlations [36, 37] given in the equations (2) and (3). 

( ) pfnf  +−= 1
                                                (2) 

( ) )(1 /)( nfppppff CCpnf C  +−=
     (3) 

Obtained results of thermophysical properties were used for calculating different 

dimensionless numbers (Reynolds, Prandtl and Nusselt number) applied in this study. 

Nanofluids based on Therminol-55 incorporating Al2O3 nanoparticles were prepared at 

different volume concentrations, including 0.1%, 0.2%, and 0.25%. The density, dynamic 

viscosity, heating value, and heat conductivity were subsequently calculated based on 

experimental findings. 

Figure 2 

Determination of Nusselt number, convective and overall heat transfer coefficient of 

Al2O3/Water-Methanol nanofluid: 



 

Determination of thermophysical properties of Fe2O3-Water-Engine Oil nanofluid: 

Equation (2), based on the Kim model, is employed to calculate the Nusselt number of the 

nanofluid. Equation (3) is utilized to determine the heat transfer coefficient of both the hot and 

cold fluids. Equation (4) is employed to find the overall heat transfer coefficient. 
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Results and Discussion 

Effect of flow rate on hot fluid heat transfer coefficient(hh) for Therminol-55/Water 

base fluidat 60°C: 

Prior to conducting in-depth experiments with chosen nanofluids, a preliminary study was 

carried out using de-ionized water to ensure the experimental study's reliability. Figure 3 

illustrates the impact of flow rate on the heat transfer coefficient (hh) of the hot fluid at a hot 

fluid inlet temperature of 60°C, consideringvarious nanofluid concentrations (Therminol-

55&Al2O3) and water. 

Figure 3 

According to the Figure 3, The heat transfer coefficient on the hot side (hh) ranges from 

1980 W/m²K for water-water, increasing to 2620 W/m²K at a flow rate of 2 lpm for a nanofluid 

with a nanoparticle concentration of 0.25. With an increase in flow rate to 6 lpm, the heat 

transfer coefficient range also expands, starting at 3145 W/m²K for water-water and rising to 

3858.77 W/m²K (for 0.25 vol.%). This underscores the significant impact of flow rate on 

enhancing heat transfer. This increment is due to the fact that there is a significant increment in 

Reynolds number because of the incremental effect in density with respect to viscosity of a 

nanofluid. Because of Reynolds number increment and thermal capacity, rate of heat transfer 

increasing significantly.  

Effect of flow rate on cold fluid heat transfer coefficient(hc) for Therminol-55/Water 

base fluidat 60°C: 

The effects of varying flow rates on the heat transfer coefficient on the cold side at 60°C for 

Therminol-55/Water base fluidwas investigated and are depicted in Figure 4. 

 



 

Figure 4 

A consistent upward trend in heat transfer enhancement is evident on the cold side fluid, as 

depicted in Figure 4. Notably, at a low flow rate (2 lpm) and a low nanoparticle concentration 

(0.25 vol.%), the heat transfer coefficient closely aligns with that of water as the base fluid. 

However, a gradual increase in the flow rate leads to a corresponding increase in the heat 

transfer rate. For example, at a flow rate of 4 lpm, the heat transfer coefficient rose to 2908.82 

W/m²K (for 0.25 vol.%) from 2435.76 W/m²K (for water). 

 

The results indicate that both the convective heat transfer coefficient and Nusselt number for 

Al2O3/Therminol-55-water nanofluid surpass those of the base fluid. This enhancement is 

attributed to the improved heat transport facilitated by thermally conductive nanoparticles 

through the interfacial layers of fluids. The maximum enhancement was observed at 6 lpm, with 

a heat transfer coefficient value of 4194.54 W/m²K (for 0.25 vol.%); however, the rate of 

enhancement diminishes with increasing flow rate. Hence, optimizing the flow rate is essential 

for the efficient utilization of nanoparticles. 

Effect of flow rate on hot fluid heat transfer coefficient(hh) for Glycerol/Water base 

fluidat 60°C: 

Given the significant impact of base fluid on heat transfer, the study was replicated with 

alterations in base fluid composition. This included varying the concentration and observing the 

effect of flow rate on the heat transfer coefficient of the hot fluid for glycerol/water-based fluid 

as depicted in Figure 5. 

Figure 5 

According to the data presented in Figure 5, the heat transfer coefficients for various 

concentrations (ranging from 0.1 vol.% to 0.25 vol.%) show notable differences. At a flow rate 

of 2 lpm, the heat transfer coefficient on the hot side was recorded at 1992.23 W/m²K for water, 

3845.17 W/m²K for 0.1 vol.%, and 4491.23 W/m²K for 0.25 vol.%. Similarly, at a flow rate of 6 

lpm, the corresponding values were 3145.89 W/m²K for water, 3845.17 W/m²K for 0.1 vol.%, 

and 4101.24 W/m²K for 0.25 vol.%. These results once again underscore the effectiveness of 

nanoparticle suspension in enhancing heat transfer. It is also conformed from Figure 5 that the 

heat transfer coefficient (hh) enhancement is directly proportional with nanoparticle 

concentration and flow arte; however the maximum enhancement was noted at 0.25 volume% of 

nanoparticle volume fraction. 

Effect of flow rate on cold fluid heat transfer coefficient(hc) for Glycerol/Water base 

fluidat 60°C: 



 

The influence of flow rate on the heat transfer coefficient of the cold side at 60°C for the 

glycerol/water base fluid is depicted in Figure 6. 

Figure 6 

The impact on the heat transfer coefficient of the cold side demonstrates an increase with a 

flow rate of 2 LPM, rising from 1466.25 W/m2K (for water) to 2331.96 W/m2K (for 0.25 vol.% 

nanoparticle concentration). Similarly, at a flow rate of 6 LPM, the cold side heat transfer 

coefficient increased from 3356.76 W/m2K (for water) to 4394.54 W/m2K (for 0.25 vol.% 

nanoparticle concentration). A notable enhancement in comparison to the Therminol-55/water 

base fluid was observed. This trend indicates a consistent rise in heat transfer rate, which 

correlates linearly with both nanoparticle concentration and temperature. 

 

Effect of flow rate on overall heat transfer coefficient(U) for Therminol-55/Water and 

Glycerol/Water base fluidat 60°C: 

While the heat transfer coefficient was initially computed for individual fluids, calculating 

the overall heat transfer coefficient is crucial to harness the advantages offered by nanoparticles. 

Therefore, the findings regarding the overall heat transfer coefficient at 60°C for Therminol-

55/Water base fluidare illustrated in Figure 7(a). 

Figure 7 

From Figure 7(a), it is evident that at flow rates of 2, 4, and 6 lpm, the range of U was 

673.87, 1285.65, and 1918.41 W/m²K (for 0.1 vol. % nanoparticle) and 742.57, 1600, and 

2310.92 W/m²K (for 0.25 vol. %). This observation leads to the conclusion that both individual 

and overall heat transfer coefficients were significantly enhanced due to the presence of nano-

sized solid particles. 

The impact of flow rate variations on the overall heat transfer coefficient at 60°C for the 

glycerol/water base fluid is illustrated in Figure 7(b). From Figure 7(b), it was noted that the 

Changing the base fluid favors heat transfer; Hence study was performed for both the base fluids 

(Therminol-55/Glycerol) Result shows that uniform enhancement in overall heat transfer rate 

with respect to all the concentrations (0.1, 0.2 and 0.25 vol. %) and all the flow rates. The ranges 

were 2118.41W/m2K(for 0.1 vol. % nanoparticle to 2508.12W/m2K (for 0.25 vol. % 

nanoparticle concentration) at a flow rate of 6 lpm.  

Due to the incremental effect on thermal conductivity of nanofluids heat transport 

dominates over the momentum transport and hence the Prandtl number decreases at the highest 

volume fractions of nanofluid. There exists good agreement between the results calculated from 

this experimental values and the correlation. It was noticed that the calculated Nusselt number 



 

falls within ±8% and ±10 % deviation when compared with experimental results of 

(Al2O3/Glycerol-water) and (Al2O3/Therminol-55-water)  nanofluids respectively. which shows 

the accuracy of the results of the experiment. Obtained results are consistent with the reported 

results that thermal conductivity, viscosity and density of the Al2O3 nanofluids are increased 

with addition of nanaparticle in the base fluid [22- 28]. 

 

 

 

Conclusion 

• The study revealed a significant enhancement in heat transfer when nanoparticles 

were added in water-water system. This improvement can be attributed to the high 

thermal conductivity of the solid nanoparticles, which effectively increase the rate of 

heat transfer within the base fluid.  

• By employing the (Al2O3/Glycerol-water) nanofluid resulted in notably decreased 

temperature differentials compared to the nanofluid (Al2O3/Therminol-55-water) 

within the heat exchanger, leading to improved performance of the heat exchanger. 

• The highest coefficients were observed at 0.25% in Glycerol base fluid and a flow 

rate of 6 liters per minute (lpm). These peak values comprised a hot fluid coefficient 

of 4101.24 W/m²K, a cold fluid coefficient and an overall coefficient of of 4394.54 

W/m²K and 2508.12 W/m²K respectively. 

• Comparing the previously mentioned heat transfer coefficient values of Glycerol 

base fluid nanoparticle with those of Therminol-55 base fluid nanoparticle reveals 

that the hot fluid coefficient increases by up to 6.28%, the cold fluid coefficient by 

up to 4.76%, and the overall coefficient by up to 8.5%. 

•  Glycerol base fluid nanoparticle has the better heat transfer co-efficient compared to 

the Therminol-55.Furthermore, the study revealed that the minimum fluid flow rate 

is sufficient to attain the maximum enhancement in heat transfer rate.  
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Nomenclature 

 

Al2O3 Aluminium Oxide 

TiO2 Titanium dioxide 

ZnO Zinc Oxide 

Fe2O3 Iron Oxide 

CuO Copper Oxide 

SiO2 Silicon dioxide 

CNT Carbon Nano Tubes 

D Dimension 

DH Hydraulic diameter, m 

∆TLMTD Logarithmic Mean Temperature Difference 

T Therminol-55 

G Glycerol 

W Water 

m Mass, kg 

U Overall Heat transfer coefficient, W/m2. K 

NNu Nusselt number, dimensionless 

NPr Prandtl Number, dimensionless 

NRe Reynolds number, dimensionless 

Q Heat Flux, W 

Cp Specific heat capacity, J/ (kg.K) 

PHE Plate Heat Exchanger 

Pr Prandtl number, dimensionless 

H Heat transfer coefficient, W/m2. K 

Hh Hot Fluid Heat transfer coefficient, W/m2. K 

Hc Cold Fluid Heat transfer coefficient, W/m2. K 

vol. % Volume % 

Greek symbols 

β corrugation angle, ° 

ρ density, kg/m3 



 

μ dynamic viscosity, Pa s 

ø nanoparticle volume fraction, dimensionless 

k thermal conductivity, W/ (m.K) 

Π Corrugation angle 
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Figure Captions 

Figure 1: SEM image of Al2O3 nanoparticle  

Figure 2: Schematic and Photographic view of the experimental set up 

Figure 3:Effect of flow rate on hot fluid heat transfer coefficient(hh) for Therminol-55/Water 

base fluidat 60°C 

Figure 4:Effect of flow rate on cold fluid heat transfer coefficient(hc) for Therminol-

55/Water base fluidat 60°C 

Figure 5:Effect of flow rate on hot fluid heat transfer coefficient (hh) for Glycerol/Water 

base fluid at 60°C 

Figure 6:Effect of flow rate on cold fluid heat transfer coefficient (hc) for Glycerol/Water 

base fluid at 60°C 

Figure 7:Effect of flow rate on overall heat transfer coefficient (U) for Therminol-55/Water 

and Glycerol/Water base fluid at 60°C 
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