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Abstract. Heat exchanger is important for cooling and heating in industrial sec-

tors. Current working fluid widely used for heat transfer in heat exchangers is 

water, which requires large space in a plant. Researchers has found an engi-

neered, nanosized colloidal suspensions named nanofluids that have high poten-

tial in replacing water due to its superior thermal properties. Whilst nanofluid 

shows a promising heat transfer enhancement in heat exchanger, the dispersion 

of two different types of nanoparticles in a base fluid are expected to have a better 

efficiency of heat transfer. This paper compiled the studies done by various re-

searchers in implementing hybrid nanofluids as working fluid in heat exchangers 

and its limitations. 
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1 Introduction 

In order to achieve maximum thermal efficiency of heat transfer, numerous studies 

were carried out concerning the enhancement of heat transfer [1–3]. With addition to 

current globalization activity, environment is experiencing temperature rises and thus, 

energy savings has become an important theme in researchers’ scope of work. Most of 

industrial sector employed the concept of heat transfer in their facilities. For decades, 

heat exchangers have been used widely in industries such as petrochemical industry, 

food processing industry and manufacturing industry. Therefore, it is essential to opti-

mize energy usage of the heat exchangers. 

 

Heat exchanger is a device that allows exchange of heat between two fluids until 

thermal equilibrium is achieved without mixing the fluids. In a heat exchanger, working 
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fluids are used to transfer heat from or to applied fluids. Applied fluids in this context 

are fluids that needs to be cooled or to be heated depends on its functional usage. Con-

ventional fluid used to absorb or transfer heat from applied fluids are water, which then 

results in drawback of needing large size of heat exchanger to accommodate higher heat 

transfer. After several attempts, a new type of working fluid called nanofluid was dis-

covered in 1995 [4–6]. The suspension of small, nano-sized particles into working fluid 

has flourished attentions since then due to its superior thermophysical properties. To 

date, there are many literatures reporting on various types of nanofluids for enhance-

ment of heat transfer in heat exchanger [5,7,8]. However, to author’s knowledge, there 

are scarce to none that focuses on application of hybrid nanofluid in heat exchangers. 

2 Preparation method of hybrid nanofluids 

Mono nanofluid or only known as nanofluid is a single type of nanoparticles that 

were incorporated in a base fluid while hybrid nanofluid is mixture of two or more types 

of nanoparticles in different proportions, fused into base fluids at required volume con-

centration [9]. Two benefits of hybrid nanofluid compared to single type nanofluid are 

that they exhibit better thermal properties and have superior rheology [6]. There are 

two approaches established in preparing the hybrid nanofluids; one step method and 

two step method. 

  

In single step approaches, synthesize of nanoparticles and dispersion of the particles 

in base fluids are conducted simultaneously. Corresponds to its name, nanofluids from 

this method is accomplished in only a single step. For two step method, nanoparticles 

will be processed separately and dispersed in a base fluid [10]. Fig. 1 and Fig. 2 illus-

trates the flow of one step method and two step method, respectively. Depending on the 

suitability between nanoparticles and base fluids, most of researchers commonly used 

two step method in their studies as it produced large scale of nanoparticles at low cost 

[7,10]. However, the usage of surfactant or dispersant are partially required in two step 

method to depress agglomeration due to forces between independent nanoparticles [10]. 

 

Fig. 1. Illustration for one step approach. 
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Fig. 2. Two step method graphical illustration [6]. 

Surfactants helps to reduce agglomeration and increase the stability of the suspen-

sion. It can be classified into four categories; (1) Non-ionic surfactant, (2) Anionic sur-

factant, (3) Cationic surfactant and (4) Amphoteric surfactant, and is chosen following 

its compatibility [6]. 

3 Hybrid nanofluids in heat exchangers 

Following the demand in energy-efficient and economical heat transfer devices 

comes the idea of utilizing hybrid nanofluids in heat exchangers. Performance of 

nanofluids are affected by various parameters, in which thermos-physical properties 

(represented in Fig. 3) of the hybrid nanofluids itself plays an important role. Other 

crucial parameters include temperature, particle concentration and particle size [6,7]. 

Researchers conducted various studies in both numerical and experimental way in order 

to evaluate the performance of hybrid nanofluids when operated in heat exchangers. 

 

Fig. 3. Graphical illustration for thermos-physical properties of nanofluids [6]. 

Allahyar et al. [11] in their experimental work investigated thermal performance of 

both hybrid alumina-silver nanocomposite dispersed in distilled water and mono alu-

mina nanofluid employed in a coiled-type heat exchanger. The experiment was con-

ducted at constant wall temperature and under laminar flow. They observed that heat 
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transfer rate when operated using hybrid nanofluids of 0.4% volume concentration were 

31.58% higher compared to when using distilled water as the working fluid. Moreover, 

they noted that increase in particles concentration led to an increment in heat transfer 

rate. On the other hand, Huang et al. [12] studies the behavior of hybrid water-based 

alumina with multi-walled carbon nanotubes in a corrugated plate heat exchanger 

(demonstrated in Fig. 4). From their findings, heat transfer coefficient for hybrid 

nanofluids are slightly higher than single alumina/water nanofluid and water itself with 

addition that it has smaller pressure drop, denoting its energy-efficiency. In plate heat 

exchanger, strong turbulence due to liquid flow inside the narrow-corrugated channels 

helps to enhance the heat transfer [13–15].  

 

 

 

Fig. 4. Schematic plate heat exchanger used by Huang et al. [12]. 

Recently, similar study on water-based alumina-multiwalled carbon nanotubes 

nanofluids operated in plate heat exchanger was conducted by Bhattad et al. [16] using 

simulation CFD software. The results from their study was in conform with aforemen-

tioned study done by Huang et al. [12], where heat transfer coefficient increased when 

hybrid nanofluid was used. Three parameters; inlet temperature of nanofluid, flow rate 

and concentration of nanofluid that affects rate of heat transfer were evaluated in their 

literature. Aluminium nitride nanoparticles dispersed in ethylene glycol utilized in a 

double pipe heat exchanger was experimentally investigated by Hussein [17] under 

laminar flow. He suggested that heat transfer efficiency may augmented up to 160% 

when lower volume fractions of nanofluids is used. Furthermore, their results show that 

increment in flow rate decreases the friction factor, contradict with when volume con-

centration was increased. Therefore, low volume concentration is more favorable as it 

will produce low friction factor. 
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4 Conclusion 

In conclusion, in depth study need to be done in order to implement the usage of 

hybrid nanofluids in heat exchanger. This paper presented a mini review of studies on 

heat transfer enhancement in a heat exchanger. Based on various literatures, it was 

known that hybrid nanofluid does exhibits a superior performance for heat transfer but 

due to its complexity, it still has not been utilized in a real scale heat exchanger. Type 

of heat exchanger, type of nanoparticles, volume concentration and size of nanoparti-

cles need to be taken into consideration as it influences the performance of heat transfer 

in a heat exchanger. 
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