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ABSTRACT 

Several researchers devoted their efforts for the thermal conductivity enhancement of Carbon Nanotubes (CNTs) 
based nanofluids as CNTs have excellent thermal properties. However, limited research is reported on the detailed 
thermo-physical properties of CNTs and oil based nanofluids. In this work, the one-step method synthesis of a new 
MWCNTs-Kapok seed oil based nanofluid at constant nanoparticle concentration (0.1 wt./wt.) is reported. The 
nanofluid is characterized by FESEM, FTIR, visual stability analysis and thermophysical properties are experimentally 
measured. The viscosity found in the range of (0.049–10.101 Pa·s), the thermal conductivity of (0.165–0.207W/m·K) 
and enhancement of thermal conductivity (6.1538%) were observed. Moreover, the viscosity decreases, and thermal 
conductivity increases with an increase in temperature. The experimentally obtained data are found in agreement 
with existing models and modified correlations. The rheological behavior showed that nanofluid is non-Newtonian in 
nature and exhibiting shear thinning or pseudo plastic behavior. 

 

1. Introduction 

Recent advances in thermal science and engineering involve the enhancement of heat transfer for their diverse 
industrial applications in the field of chemical engineering, energy, aerospace, manufacturing, transportation, 
construction, information, automobile, biomedicine, environment, microelectronics, and nuclear power plants [1]. 
These advances make a keen interest to synthesize micro-scale based fluid flow devices, with ultrahigh specific surface 
area, high specific surface to volume ratio compared to conventional fluid flow based heat transfer systems [2]. For 
this purpose, the convection mode of heat transfer, the most significant mode of heat transfer has been extensively 
investigated for parametric effect on heat transfer performance. The limitation in the design and development to of 
energy-efficient heat transfer system in convective heat transfer mode are the low thermal conductivity and 
rheological behavior of conventional heat transfer fluids such as water, oil, and ethylene glycol [3]. An effective way 
to enhance the thermal conductivity of heat transfer fluids is the use of nanofluids. Nanofluids are engineered stable 
and dilute liquid suspension of nanosized particles (b100 nm) such as metal particles, carbon nanofibers, carbon 
nanotubes, and rods into traditional heat transfer fluids such as water, engine oil, and ethylene glycol in a small 
quantity (b1 vol%) [3–5]. 

In past decades, most of the research efforts have been paid to the development of novel nanofluids because of their 
excellent thermal properties [6],wetting, spreading, antibacterial activity [7–11], no flammability and toxicity [12], 
electrically non-conductive and highly stable for both stack and safety efficiency, minimum volume requirements for 
cooling or heating purpose, favorable viscosity for pumping at a specific conditions, material compatibility with the 
heat transfer equipment material, ability to accept hydrogen gas in solution without any degradation, ability to sustain 
in high voltage fields, no problem of erosion, corrosion, and plugging in microchannel (0.3nm), and avoiding of 
pressure drop in flow channels. 

During last two decades, various nano-material in different forms (of disk, particle, tube, fiber, sheet, etc.) including 
metals [13], nitrides [14], diamonds [15], carbon nanotubes [16,17], oxides [18], carbon black [19], carbon nanofibers 
[20], graphene [21], graphene oxide [21], graphite black [22,23], and hybrid [24,25] have been utilized for the synthesis 
of nanofluids to enhance thermal performance. Among these materials, carbon-based materials especially carbon 
nanotubes found to be promising candidate because of its excellent thermal properties. 



Carbon nanotubes (CNTs), a wonder material, possess outstanding chemical, mechanical, thermal, electrical, and 
optical features have a wide range of applications in multidisciplinary fields such as materials science, aerospace, 
automotive, optical and energy conversion [26]. CNTs act like metals or semiconductors because of their high thermal 
and electrical conductivity. Due to remarkable properties, CNT can be used as polymer composite materials, as a 
diodes and transistors in Nanoelectronics, as a heat transfer medium in lithium-ion batteries, as electrochemical 
actuators and sensors in super-capacitors, and used in water desalination membranes due to their high chemical 
stability and high surface to volume ratio [27,28]. 

Nanofluids can be synthesized via two different methods: one-step method and two-step method. The one-step 
method involves the single step dispersion of nanoparticle to base fluid while the two-step method involves the 
synthesis of nanoparticle in first step and its dispersion to base fluids in second step. One-step method is more feasible 
than two-step method for high stability and less nanoparticle sedimentation. Nanoparticles or nanopowder can be 
easily purchased from the market in one-step method [29]. 

To date, a number of nanofluids have been reported in literature i.e. CNTs such as water and antifreeze containing 
CNTs nanoparticles [30], S-SWNTs-water, L-SWNTs-water, [31,32], silver decorated CNTs-water [33], copper oxide 
surface modified CNTs-water nanoparticles [34], graphene based MWCNTs-ethylene glycol [35], hexylamine coolant 
modified MWCNTs-transformer oil [36], functionalized MWCNTs-ionic liquids [37], MWCNTs-imidazolium based ionic 
liquids [38], CNTs-deionized water [39], Fe3O4-MWCNTs-distilled water [40], CNTs- poly-alpha-olefin (PAO) [41], Cu-
CNTs-deionized water and Au-CNTs-deionized water [42], Cu-MWCNTs-ethylene glycol-water [24], Al2O3-MWCNTs-
water [43], MWCNTs-Turbine Oil [44], MWCNTs-Engine Oil [45], MWCNTs-Mineral Oil [46], MWCNTs-Silicon Oil [47], 
CuO-EG-distilled water [48], Ag-SiC-water [49], and hybrid nanofluids [50]. 

Most of the reported literature focused on the individual properties of nanofluids and few of them reported the all 
thermo-physical and rheological properties. No doubt all these thermo-physical properties uniformly influence the 
overall heat transfer performance. Most of the reported data directs the experimental investigation on thermo-
physical properties of based on the different nanoparticles concentration in base fluids at room temperature and 
limited data is available on temperature dependency. While on the other side, the development of novel nanofluids 
with high stability and less nanoparticle sedimentation is still a major challenge in the commercialization of nanofluids. 

The aim of this work is to synthesize and characterize the MWCNTs-Kapok Seed Oil based nanofluid via the one-step 
method. This study involves the experimental investigation of viscosity, thermal conductivity and rheological behavior 
at different temperatures (25–65 °C) and ultrasonication time (1–6 h) at constant nanoparticle concentration (0.1 
wt./wt.). The experimentally measured thermophysical properties are compared and validated with the existing 
theoretical models. 

 

2. Materials and methods 

Kapok seed oil were collected from Bota Kannan, Perak, Malaysia. The MWCNTs were purchased from sigma-Aldrich 
(N98% carbon basis, OD x L = 6–13 nm × 2.5–20 μm) and used without any further procedure. 

 

2.1. Nanofluid preparation and characterization 

Kapok Seed Oil based MWCNTs nanofluids were formulated with dry MWCNTs (0.1 wt./wt.) and pure Kapok Seed Oil 
by using the so-called one-step method [51,52]. This method is used to prepare the nanofluids using the MWCNTs 
weight concentration of 0.1% at different temperatures (30 °C, 45 °C, 60 °C, 75 °C, and 90 °C). Mechanical mixing 
technique is applied to disperse the MWCNTs. An ultrasonic probe-type disrupter with the power (70%) and pulse 
(30%) is used to stabilize all nanofluids samples at six different ultrasonication time ranges (1–6 h). The ultrasonic 
probe-type disrupter gives a better dispersion of nanoparticles in the base fluid than bath-type ultrasonication. 
However, during the process, the temperature rises significantly due to disruption in agglomerates caused by the heat 
transfer through the ultrasonic waves. To address this issue, the nanofluids samples are ultra-sonicated with water 
bath cooling, Hashnin, HS 3005 N. A schematic illustration of the preparation of nanofluids used in many investigations 
[53–57] is shown in Fig. 1. The desired nanoparticles weight fractions and volume concentrations are calculated using 



Eq. (1) and Eq. (2) respectively [58,59]. The characterization of the prepared nanofluid is reported in our previous work 
[60]. 
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where φ is the volume concentration, w is the weight fraction, ρbf is the density of base fluid, ρnp is the density of 
nanoparticles, mnp is the weight of nanoparticles, and mbf is the weight of the base fluid. 

Analytical methods are utilized to characterize the MWCNTs, kapok seed oil and nanofluid via field emission scanning 
electron microscopy (VPFESEM-Zeiss Supra55 VP), and Fourier transform infrared spectroscopy (ATR-FTIR) using 
Thermo Scientific Nicolet iS-10 FTIR spectrometer equipped with Attenuated Total Reflection (ATR) element of Smart 
iTX AR Diamond and Omnic 5.1 Software. 

 
Fig. 1. A schematic diagram of the synthesis of MWCNTs-Kapok seed oil based nanofluid using ultrasonication homogenization. 

 

3. Results and discussions 

3.1. Characterization of MWCNTs, kapok seed oil and nanofluid 

Field emission scanning electron microscopy (FESEM) is widely utilized to characterize the individual length of 
MWCNTs as well as surface morphological structure [61–65]. As shown in Fig. 2 (a & b), the FESEM images at different 
magnification (1.29 K and 2.97 K) provide an evidence that the acquired MWCNTs are found to be in the form of highly 
agglomeration and it is difficult to determine the individual particle size and morphology. This high agglomeration is 
one of the major cause of particle growth and instability of MWCNTs based nanofluids which can be overcome by 
using ultrasonication [66]. SEM provides an evidence that the MWCNTs powder exceeds the average agglomerate 
diameter of micron scale [54]. 

One of the most significant characterization techniques in the evaluation of MWCNTs characteristics is the 
microstructure-based investigation as shown in Fig. 3. The FESEM images of MWCNTs shown an obvious diameter of 
MWCNTs in the range of 15.79 nm to 19.21 nm. The MWCNTs mostly contain on large fibers like tubes. The FESEM 
images also shown that the individual diameters of MWCNTs were not same however their individual lengths are 
uniform. A similar morphology of MWCNTs were observed by some researchers [67–69]. 



 

 
Fig. 2. FESEM images of MWCNTs at (a) 1.29 K (b) 2.97 K magnification. 

 

 
Fig. 3. FESEM images of MWCNTs. 

 

The formation of new bonds and determination of functional groups is done by using FTIR technique. The FTIR analysis 
of kapok seed oil and MWCNTs-kapok seed oil based nanofluid is shown in Fig. 4. The FTIR spectrum indicates the 
typical features of absorption bonds corresponding to common molecules of triglyceride. The symmetrical and 
asymmetrical stretching vibration of methylene (-CH2) at 1746 cm−1 can be related to the absorption due to ester 
carbonyl functional group present in triglycerides. The bending vibration of CH2 and CH3 aliphatic groups along with 
CH2 groups is shown at 1458 cm−1 and 1377 cm−1 respectively. Peaks around 1160 cm−1 may be related to the C–O 
stretching, while peaks around 722 cm−1 may be due to the overlapping of methylene (-CH2) rocking vibration and to 
the out of plane vibration is cis-disubstituted. 

 



 
Fig. 4. FTIR images of kapok seed oil and MWCNTs-kapok seed oil based nanofluid. 

 

3.2. Stability of nanofluid 

The stability of dispersion in nanofluids plays a significant role in the commercialization of nanofluid for their diverse 
industrial applications. The high specific surface area and smaller size of nanoparticles lead to enhanced intermolecular 
forces on the surface of nanomaterials and attracts the particles from agglomerates. This phenomenon is well 
explained by the DLVO theory or colloidal particle theory [53]. The DLVO theory is essential for better understanding 
of electrostatic, magnetic, and van der walls forces. The instability of nanofluid is due to sedimentation of 
nanoparticles due to the gravitational force on nano-sized agglomerates and it can cause microchannel to affect the 
overall effective thermal conductivity and heat transfer performance of nanofluids in process equipment. Therefore, 
the better knowledge, understanding and interpretation of the intermolecular forces between nanoparticles and base 
fluid are significantly important towards the synthesis of stable nanofluids [70]. In our case, the sedimentation 
characteristics of nanofluids are investigated in a batch sedimentation apparatus using conventional visualization 
technique [57,70–72]. The photographs Fig. 5 are taken after an equal interval of times for MWCNTs-Kapok seed oil 
based nanofluid with nanoparticle concentration of 0.1wt%. An ultrasonic disruptor (probe-type) is used for the better 
dispersion of newly synthesized MWCNTs-Kapok seed oil based nanofluid samples for (1–6 h). The comparative visual 
analysis Fig. 5 showed that MWCNTs are found to be highly stable in kapok seed oil using this approach of mechanical 
mixing and MWCNTs did not settle for down for at least one month. These results clearly recommend that the 
mechanical technique of mixing (ultrasonication) is much better than chemical mixing techniques to prepared 
nanofluid with high dispersion stability. 

 

 
Fig. 5. Visual photographs of MWCNTs-Kapok seed oil based nanofluid samples after an interval of time. 

 



3.3. Viscosity 

Viscosity is one of the most significant fluid properties and significantly important in the optimum design and operation 
of heat transfer equipment. High viscous nanofluids may arise considerable engineering problems due to high energy 
pumping equipment as well as mixing equipment [73]. Rotational rheometer, Anton Paar, MCR 102, is used to measure 
the effective viscosity of MWCNTs-Kapok Seed Oil based nanofluid as a function of temperature (30–90 °C) and 
sonication time (1–6 h) at a constant shear rate of (100 s−1) and constant nanoparticle concentration (0.1 wt/wt%). 
The typical behavior of effective viscosity as a function of temperature over different sonication time is shown in Fig. 
6. The viscosity of nanofluid decreases non-linearly with the rise in temperature in all sonication time ranges as the 
rising in temperature diminish the intermolecular forces between the nanoparticles and base fluid [58]. This 
temperature-viscosity behavior shows high agreement with most of the previous work [74–76]. 

 
Fig. 6. Viscosity ofMWCNTs-Kapok Seed Oil based nanofluid at different temperature and ultrasonication time ranges. 

 

It should be noted that there are many models available for the prediction of effective viscosity as a function of volume 
concentration without any temperature dependence consideration [77–80]. It should be mentioned that there are 
few studies associated with the investigation of temperature effect on viscosity of nanofluids. 

Khanafer and Vafai [81] proposed a correlation Eq. (3) for the prediction of effective viscosity of Al2O3-water-based 
nanofluid as a function of temperature dependence which was followed by Suhaib Umer Ilyas [54] for the prediction 
of effective viscosity of MWCNTs and thermal oil based nanofluid. Sun and Teja [82] proposed a viscosity-temperature 
based correlation Eq. (4) for prediction of TiO2-Ethylene glycol based nanofluid. Kulkarni [83] investigated the 
temperature dependent rheological properties of copper oxide (CuO) and deionized (DI) water-based nanofluid and 
proposed a correlation Eq. (5) for the accurate estimation of the viscosity of nanofluids as a function of temperature 
and nanoparticles concentration. 

 

𝜇𝜇𝑛𝑛𝑛𝑛 = −1.8231 − 0.0686
𝑇𝑇

+ 1.7235�1 − 𝜑𝜑𝑝𝑝� + 3.329�1 − 𝜑𝜑𝑝𝑝�
2 + 136.7838 ��1−𝜑𝜑𝑛𝑛�

2

𝑇𝑇2
� − 3.3263�1 − 𝜑𝜑𝑝𝑝�

3 − 2347.39 ��1−𝜑𝜑𝑛𝑛�
𝑇𝑇3

�  (3) 

 

ln�𝜇𝜇𝑛𝑛𝑛𝑛� = 𝐴𝐴 + 𝐵𝐵 ·1000(𝑇𝑇 + 𝐶𝐶)         (4) 

 

𝜇𝜇𝑛𝑛𝑛𝑛 = 𝐴𝐴𝑒𝑒�
𝐵𝐵
𝑇𝑇+𝐶𝐶𝜑𝜑�           (5) 

 



In Eq. (3) temperature is in (°C) and viscosity is in (Pa·s), in Eq. (4) temperature is in (K) and viscosity is in (mPa·s), and 
in Eq. (5) temperature is in (K) and viscosity is in (Pa·s). The interpolation of experimental data and predicted data from 
above three mentioned models is shown in Fig. 7. In above three models A, B, and C are constant curve fit parameters 
which are calculated based on regression analysis. 

 
Fig. 7. Performance of proposed models for the viscosity of MWCNTs-Kapok Seed Oil based nanofluid at different ultrasonication time. 

 

3.4. Thermal conductivity 

The enhancement in effective thermal conductivity of thermal oils by adding the nanoparticles is the main objective 
towards the use of nanofluids in various heat transfer applications. Generally, the thermal conductivity is affected by 
the molecular vibrations and motions of free electrons while in case of nanofluids it is affected by the degree of 
aggregation, concentration, shape, and size of nanoparticles. The excitation and collision between nanoparticles 
increase with the increase in temperature which causes to increase the kinetic energy of nanoparticles and energy 
transfer takes place. The collision rate increases with increase in temperature due to Brownian movement of 
nanoparticles which is a key mechanism for the enhancement of thermal conductivity of nanofluids. (See Tables 1 and 
2.) 



 

 

 

 

Typical behavior of thermal conductivity of pure oil and MWCNTs-Kapok Seed Oil nanofluid at different temperature 
(25–65 °C) and ultrasonication time (1–6 h) is shown in Fig. 8. The maximum thermal conductivity of pure oil and 
MWCNTs-Kapok Seed Oil based nanofluid found in this work are (0.195 W/m·K) at 65 °C and (0.207W/m·K) at 65 °C 
and 6 h ultrasonication time respectively. Both pure oil and nanofluid shows an increase in thermal conductivity with 
temperature and ultrasonication time. The tendency of nanoparticles to settle earlier in lower ultrasonication time 
may cause the fluctuation in the thermal conductivity as shown in Fig. 8 that lower thermal conductivity at lower 
ultrasonication time while higher thermal conductivity at higher ultrasonication time as the high ultrasonication time 
results in a stable dispersion of nanoparticles which lead to the high stability of nanofluids and that is the significant 
parameter in the commercialization of nanofluids for industrial applications. Similar trend found in existing 
experimental investigations such as functionalized alumina-thermal oil based nanofluid [84] and SiC-diathermic oil-
based nanofluid [85] for temperature effect and alumina-alloy dispersed ethylene glycol based nanofluid [12] and 
carbon nanotubes dispersed ethylene glycol based nanofluid [86]. 

The enhancement in thermal conductivity and thermal conductivity ratio of MWCNTs-Kapok Seed Oil based nanofluid 
over different temperature and ultrasonication time is calculated using Eq. (6) and Eq. (7) [87] and shown in Fig. 9. 

 



 

 
Fig. 8. Typical behavior of thermal conductivity of MWCNTs-Kapok Seed Oil nanofluid over different temperature and ultrasonication time. 

 
Fig. 9. Thermal conductivity enhancement and thermal conductivity ratio with temperature and ultrasonication time of MWCNT-Kapok Seed 

Oil based nanofluid. 
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The maximum enhancement in thermal conductivity and thermal conductivity ratio in this work is 6.1538% and 1.6015 
respectively for the MWCNTs-Kapok Seed Oil based nanofluid at 65 °C and 6 h ultrasonication time. The typical 
behavior shows that both thermal conductivity enhancement and thermal conductivity ration both increase with 
temperature and ultrasonication time. A similar trend is reported in the literature by Ruan et al. [86] and Haris et al. 
[88]. The Brownian motion of nanoparticles causes a micro or nano-convection energy transfer due to increase in 
temperature and increase in the degree of aggregation due to ultrasonication time which leads to enhancement in 
thermal conductivity and thermal conductivity ration with temperature and ultrasonication time [89–93]. 

There are many theoretical models are available in literature such as Classical Maxwell Model [94], Hamilton-Crosser 
Model [95], Nan et al. Model [96], Bruggeman Model [97], Turian et al. Model [98], Patel et al. Model [99], and 



Timofeeva et al. Model [100] etc. for the prediction of thermal conductivity of nanofluids on the basis of nanoparticle 
concentration in nanofluid and shape of nanoparticles. However, the accurate estimation of thermal conductivity of 
nanofluids using above mentioned models depends upon the nanoparticle concentration and shape of nanoparticles 
and do not predict accurately in most of cases, due to the special properties of nanoparticles such as degree of 
aggregation, Brownian motion, nanoparticle structure, nanoparticle size, nanoparticle size distribution and ballistic 
phonon transport [101,102]. 

Following the study due to the lack of proper model for the accurate prediction of thermal conductivity of nanofluids 
based on temperature instead of nanoparticle concentration and shape of nanoparticles four suitable correlations 
based empirical data points proposed by Esfe et al. [103] Eqs. (8) and (9), Ilyas et al. [54] Eq. (10), and Ilyas et al. [84] 
Eq. (11) are suggested for this study. 

 
Fig. 10. Performance of proposed models for thermal conductivity of MWCNTs-Kapok Seed Oil based nanofluid at different ultrasonication 

time. 
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where A, B, C, D, E, F, G, H, I, J, and K are curve-fit parameters which are calculated based on regression analysis and 
𝜙𝜙 is the weight fraction of nanoparticles in the nanofluid. The Knf and Kbf are the thermal conductivities of nanofluid 
and base fluid respectively. The performance of these models for the prediction of thermal conductivity of nanofluid 
is shown in Fig. 10. 

 

3.5. Rheological behavior 

The rheological flow behavior of nanofluids is the relationship between the shear stress (Pa) and shear strain rate (1/s). 
The shear stress quantifies the tangential force applied on per unit area while the shear strain accounts for the change 
in shear strain per unit time. The shear stress to shear strain rate ratio is known as viscosity. Based on rheological fluid 
behavior, the nanofluids are categorized into two major categories as Newtonian and non-Newtonian nanofluids. For 
Newtonian nanofluids there exist a linear relationship between the shear stress and shear strain and viscosity remains 
constant with shear rate while in the case on non-Newtonian nanofluids there is no linear relationship between the 
shear stress and shear strain and viscosity not remains constants with shear rate [104]. 

 
Fig. 11. Rheological behavior of MWCNTs-kapok seed oil based nanofluid at different temperature and ultrasonication time. 

 

Rheological behavior of a nanofluid is one of the promising means to identify the characteristics of functional fluids, 
from which the microstructure of fluid matrix can be inferred. Rheological behavior of nanofluids significantly affects 
the stability and flow behavior of nanofluids in industrial applications. The rheological behavior of MWCNTs-Kapok 
Seed Oil based nanofluid presented in Fig. 11 at different temperature (30–90 °C) and ultrasonication time (1–6 h). 
The shear stress of nanofluid increase linearly with the shear rate at all temperature and ultrasonication time ranges 
which is similar behavior reported by Sabiha et al. [58]. The results Fig. 12 shows that at all temperature and 
ultrasonication time ranges, the viscosity is decreasing with increasing shear rate at various temperatures and 
ultrasonication times. This linear relationship between shear stress and shear rate along with decreasing viscosity with 
increasing shear rate trend shows that nanofluid is non-Newtonian in nature and it is an important property which 
revealed that non-Newtonian fluid is more useful in convective heat transfer applications which is one of the most 



important modes of heat transfer in various industrial technologies such as melting of polymers, biological solutions, 
tars, paints, glues and asphalts [105,106]. Rheological behavior is significant as it affects the viscosity which directly 
affects the Prandtl and Reynolds numbers as well as the pumping power of equipment. Increase in temperature is 
associated with the reduction in viscosity which is comparable with the trend reported by Mohammad Hemmat Esfe 
et al. [107]. As the temperature increases the Brownian motion of nanoparticle increase which decreases the 
interaction between nanoparticles and ultimately viscosity decrease [108]. This is helpful in the improvement of 
thermal conductivity enhancement in heat transfer applications. 

 
Fig. 12. Shear Thinning (Pseudo Plastic) behavior of MWCNTs-kapok seed oil based nanofluid at different temperature and ultrasonication 

time. 

 

The MWCNTs-Kapok seed oil based nanofluid showed non-Newtonian and shear thinning behavior Fig. 12 at all 
temperatures (30–90 °C) and ultrasonication time ranges (1–6 h) as the viscosity decreases with an increase in shear 
rate. Such behavior of nanofluid can be expressed by the Power Law Model or Ostwald de Waele Model given in Eq. 
(12). 

 

𝜏𝜏 = 𝑚𝑚𝛾𝛾𝑛𝑛            (12) 

 

where 𝜏𝜏 is the shear stress (Pa), 𝛾𝛾 is the shear strain rate (1/s), n is the power law index or flow behavior index, and m 
is the fluid consistency index. The nanofluid with power law or flow behavior index value (n < 1) exhibit a non-



Newtonian and pseudo plastic rheological behaviour which agrees with the reported researches [109–114]. More ever, 
the viscosity of non-Newtonian nanofluid exhibiting pseudo plastic behaviour can be expressed by Power Law Model 
given in Eq. (13). 

 

𝜇𝜇 = 𝑚𝑚𝛾𝛾𝑛𝑛−1            (13) 

 

where μ is the viscosity (Pa·s). The curve fit parameters of Power Law Model are tabulated in Table 3. 

 

 

 

The shear thinning behavior of MWCNTs-Kapok seed oil based nanofluid is due to the complex interactions between 
the nanoparticles (MWCNTs) and the base fluid (Kapok seed oil). Such behavior plays a significant role in fluid 
mechanics such as pumping power and convective heat transfer applications [115–117]. 

Fig. 13 shows the flowbehavior index or power-law index as a function of temperature at different ultrasonication 
time. The power law index decreases with an increase in ultrasonication time which means that shear thinning 
behavior becomes more prominent. This may be due to the high temperature and high ultrasonication leads to high 
agglomeration, more nanoparticle movement, and less particle sedimentation and prevents the formation of 
nanoclusters which results in the decrease in the power-law index or fluid behavior index. The fluid consistency index 
directly influenced the viscosity of nanofluid and its value decreases with increase in temperature Fig. 14 This may be 
due to high temperature increase the movement of nanoparticles and increase the intermolecular distances between 
the molecules, leading to decrease in viscosity. Due to high ultrasonication time, the Vander Waals forces between 
the nanoparticles and base fluid are diminished which prevent the formation of nanoclusters and nanoparticle 
suspension in a base fluid, leading to decrease in viscosity which is in agreement with reported research [118]. 



 
Fig. 13. Fluid behavior index as a function of temperature over different ultrasonication time ranges for non-Newtonian nanofluids. 

 
Fig. 14. Fluid consistency index as a function of temperature over different ultrasonication time ranges for non-Newtonian nanofluids. 

 

4. Conclusions 

In this work, MWCNTs-Kapok seed oil based nanofluid is prepared via a one-step method to investigate its thermos-
physical properties over temperature (30–90 °C) and ultrasonication time (1–6 h). The results show that the viscosity 
decrease, and thermal conductivity increase with an increase in temperature of nanofluid. The maximum thermal 
conductivity enhancement of 6.1538% is observed. The experimentally measured thermo-physical properties are 
compared and correlated with the existing models and correlations are proposed for the prediction of thermos-
physical properties. In case of viscosity, the Khanafer and Vafai Model predict the viscosity with high accuracy (AAE = 
0.011763, R2 = 0.9998) while in case of thermal conductivity the Eq. (9) predict thermal conductivity with exceptional 
accuracy (AAE = 0.000082, R2 = 1). From these experimental findings, it can be concluded that MWCNTs have wide 
prospects to optimize the heat transfer performance as a working fluid. The rheological behavior of MWCNTs-Kapok 
seed oil revealed the linear relationship between shear stress and shear strain while viscosity decrease with increase 
in a shear strain which means that MWCNTs-Kapok seed oil based nanofluid is non-Newtonian in nature and exhibiting 
shear thinning behavior. 
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