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1.Introduction 
Composite is a type of smart material, which can be 

produced by incorporating two or more distinct forms 

of constituent materials into a single material. The 

composite materials are lighter in weight, stronger in 

strength and cheaper in cost as compared to the 

common traditional materials and also give the 

requisite physical and chemical properties [1]. The 

two important components of the composites are 

fiber and matrix. Fibers can be polymers, ceramics, 

animal feathers and natural plant-based fibers like 

jute, coir, silk, banana, bamboo fibers. Matrices are 

the long-lasting paste, which provide advanced 

bonding between the fibers [2].  

 
*Author for correspondence 

Further, the composition of two or more distinct 

forms of fibers with a matrix commonly known as the 

hybrid composites, provide liberty in modifying the 

properties of the composite materials. 

 

Chavhan and Wankhade [3] have identified hybrid 

composite as a reinforcement material mixed with 

various matrices. They found that better thermal and 

acoustic properties can be achieved by using hybrid 

composites. There are many engineering and 

industrial applications such as automobile, aerospace, 

packaging, infrastructure etc. where hybrid 

composites are being utilised commercially [4]. Due 

to the above-mentioned variety of ranges of 

properties with low investment cost, the composites 

can be utilised in railway engineering applications 
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The high-speed railway coaches are ergonomically designed moving entities that provides thermal and acoustic comfort 

to passengers. These comforts can be achieved by pasting sheets, foams, layers of the composite at roofs, sides, floor, 

carrying and supporting the ends of the coaches. The thermal and acoustic properties of composite materials change 

rapidly and can be controlled easily by mixing natural fibers with a matrix volumetrically. One of the composite materials 

is Musa-coir-epoxy (MCE) based hybrid composite, which meets the requirement of the railway coach application. In the 

present study, five different compositions of Musa and coir-based hybrid composites have been synthesized by embedding 

both the fibers into epoxy resin through the hand layup technique. Epoxy resin is employed as a base matrix for 

adhesives, whereas solidum hydroxide solution is used as liquid drain cleaners to increase the fiber adhesion. MCE 

composites are characterized for determining the properties of sound absorption coefficient (SAC) and thermal 

conductivity. This study helps to identify the most suitable MCE hybrid composite for railway coach interior application. 
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based MCE composite provides the maximum acoustic and thermal comfort respectively. 
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specifically in design of rooftop and coach bodies. It 

is already evident through previous studied that two-

component-based hybrid composites such as Musa 

(extracted from banana) and coir (extracted from 

coconut) [5] can be utilized for formation of hybrid 

composite and availed property benefits of two 

components. So, in the development of high-speed 

railway, severe noise, vibration and high heat have 

become major concerns, which are affecting the 

passengers. 

 

The interior of high-speed railway coaches is 

designed in such a way that it should provide comfort 

to the passenger by considering fire resistance, 

thermally and acoustically stable environment.  

 

Therefore, the present research is an effort towards 

finding a suitable hybrid composite that exhibits 

thermally and acoustically stable environmental 

properties. As per the various available literature 

(Detailed discussion in chapter 2), there are very few 

strong evidences regarding single component-based 

composites that process these properties [6−7]. In the 

present study, the synthesis and characterization of 

Musa-coir-epoxy (MCE) based hybrid composite 

have been carried out to make the foams, layers and 

other parts of railway coaches such as sides, roof, 

floors, supporting ends and carrying ends. To check 

the thermal and acoustic effects of MCE composite, 

different volumetric compositions of Musa and coir 

have been considered in the present study for finding 

the best suited compositions of MCE composite in 

the view of high-speed railway coach interior 

applications [8−9]. In the view of detailed study five 

composites have been synthesized. Different 

considered volumetric compositions of Musa, coir 

and epoxy are tabulated in Table 1. The full form of 

each composite’s designation has been also described 

by the Table 1. 

 

Table 1 Different composition of MCE composites 

Designation 
 Composition (% volume) 

Full form of the designation Musa fiber Coir fiber Epoxy 

CCCC Coir-coir-coir-coir 0 40 60 

BCCC Banana-coir-coir-coir 10 30 60 

BBCC Banana-banana-coir-coir 20 20 60 

BBBC Banana-banana-banana-coir 30 10 60 

BBBB Banana-banana-banana-banana 40 0 60 

 

Since, the composite is a combination of two or more 

contents mixed by volumetrically. Their properties 

can be evaluated through formula used by [7]. For a 

MCE composite sample, the simple mixture rule is 

applied are shown by Equation 1 and Equation 2. 

Ph = P1V1 + P2V2    (1) 

V1 + V2 = 1    (2) 

 

Where, Ph represents the property of the hybridized 

material, property of the first component (P1) and 

property of the second component (P2) are the 

attributes of the individual components, respectively, 

and volumetric fraction of the first component (V1) 

and volumetric fraction of the second component 

(V2) are the volumetric percentage of the 1st and 2nd 

components, respectively [4]) for determining the 

properties of hybrid composite. The fibre content is a 

critical parameter in achieving thermal and acoustic 

comfort in various composites used in various fields. 

As the volumetric proportion of fiber reinforcement 

increases, an increase in the sound absorption 

coefficient (SAC) as well as the thermal conductivity 

of the composite is observed [8]. Table 2 shows the 

typical properties of Musa and coir fibres [1, 10, 11]. 

 

Previous research on MCE hybrid composite 

materials found that the synthesis and 

characterization of MCE composites performed well 

in general applications such as roof tiles, floors, 

partition boards, automobiles, and so on. However, 

there is a limited amount of research on the synthesis 

and characterization of MCE composite for high-

speed railway coach interior applications. 

 

As a result, the current study aims to analyze the 

suitable MCE hybrid composite, which is typically 

synthesised for high-speed railway coach interior 

applications. The composition of Musa coir fibres 

was varied in order to determine the much more 

thermally and acoustically stable material.  

 

The significant proportion of the effort went into the 

synthesis of MCE composites for correct volumetric 

proportion and composition. Sample preparation took 

time as well in order to meet the required testing 

standard. The obtained results were then thoroughly 

and deeply studied with previously discovered results 

in comparison to obtain a better and more accurate 

analysis and conclusion. To meet and propagate a 

clear and complete view of MCE composite 
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applications, the entire manuscript has been divided 

into five chapters. The first section was used to 

briefly explain the motivation and the motive behind 

current research through introduction, thorough 

background studies by literature review in the second 

section. Current research objective fulfilled using 

material and its characterization has been explained 

through third section. The fourth section deals with 

result, and discussion as a part of summary of 

extensive research done through the current research 

activity. Finally, it is concluded in section 5.

 

Table 2 Properties of Musa and coir fibers 

Physical properties Musa Coir Chemical properties Musa Coir 

Tensile strengths (MPa) 529-914 220 Moisture (wt %) 10-12 8-10 

Modulus of elasticity (GPa) 27-32 6 Cellulose (wt %) 63-65 33-36 

Fracture strain (in %) 5.9 15-25 Hemicellulose (wt %) 19 13 

Density (gm/cm3) 1.35 1.25 Lignin (wt %) 5 45 

 

2.Literature review 
Simple and hybrid composites having various 

constituents such as fibers, fiber-metals and fiber 

with nano-filler particles are reviewed by many 

researchers. Hybrid composite has shown various 

engineering applications over conventional materials. 

Some important applications coined by authors 

[12−18] of simple and hybrid composites for wide 

engineering applications are as displayed in Table 3.  

 

Table 3 Important application of simple and hybrid composites 

Engineering area Applications 

Electronic devices Packaging, switches, pipelines, supercapacitors, and so forth. 

Industry of aerospace Rotor blades, helicopter engine components, rotors, tails, and etc. 

Civil engineering Underlayment tiles, floors, doors and window, rafters, and so forth. 

Transportation Gears, train coach interiors, automobiles, and so forth. 

Substances and furnishings used in 

everyday life 

Helmets, bags, electric bikes, decorative items, desks, bath facilities, chairs, showers, and 

other similar items 

Tank of storage Flour silos, biogas canisters, dryers, post-boxes, and so forth. 

Tribological procedure Bearings, gears, cams, piston rings etc. 

4D technology and nano 

compatibilizers 
Sports, piping systems, medical, aerospace, multi wall carbon nanotubes etc. 

Food processing Nano emulsions, liposomes, nano encapsulated etc. 

Agricultural production Nano sprays, fertilizers, bio pesticides, veterinary medicine etc. 

Leather industries Infrared-absorbing, antibacterial, self-cleaning leather etc. 

 

According to Fu et al. [19], the compositions of 

hybrid composite are a reinforced material which is 

the integration of two or more reinforced and filler 

material in a single matrix. The process of making a 

hybrid composite is known as hybridization. 

Hybridization reduces water absorption capacity and 

improves mechanical properties due to the presence 

of nano-filler, affirmed by Jesthi and Nayak [20]. 

Balaji et al. [21] have identified that hybridization of 

zea fiber and coir fiber improves impact, flexural and 

tensile strength and also the thermal stability of the 

composites. Li et al. [22] have investigated 

hybridization of jute and glass fibers. They found that 

adding jute fiber to the glass fiber made the hybrid 

composite more thermal, mechanical, and water-

absorbing. Bledzki and Gassan [23] observed that the 

thermal ability of hybrid composite made by sugars, 

palm yarns, reinforced glass fiber with unsaturated 

polystyrene hybrid composite increases than the 

conventional materials. Reinforcement of natural 

fiber polymer composite has many advantages over 

the reinforcement of synthetic polymer materials. 

Natural fiber has many properties such as abundance, 

rash-free skin, nontoxicity, non-irritating towards 

eyes or respiratory parts of the human body and non-

corrosive. The hydrophilic structure of natural fiber 

affects overall mechanical and other physical 

inherited properties [24, 25]. Asim et al. [26] have 

reported that the age, climate and other factors of the 

natural fibers control the chemical compositions and 

physical structure of the composite. Kerni et al. [27] 

have observed that plant-based natural fiber (e.g., 

vegetables) are classified into many types which are 

shown in Table 4. 
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Table 4 Classification of vegetable based natural fibers 

Type of natural fiber Seed Bast Fruit Leaf Stalk 

Examples Cotton Flax, jute Coir Pineapple Wheat, banana 

 

Depending on the requirements, several natural fibers 

are often used to create hybrid composites. Many 

hybrid composites based on natural fibers operate 

under different loading condition such as stationary, 

moving, structural and non-structural, etc. For high-

speed railway coach interior applications, many 

hybrid composites based on natural fibers have been 

tested. The interior of the high-speed railway coach is 

a closed chamber meant for occupant with comfort 

and can be loaded with various luggage’s. As it is 

known that the high-speed railway coaches are built 

by considering safety and comfort to the passengers, 

i.e., the coaches should be fire resistant, noise control 

and thermally isolated environment inside the 

coaches. These comforts can be achieved by pasting 

sheets, foam, layers of composite material at roofs, 

sides, floor, carrying end and supporting end of the 

coaches. Wide ranges of applications of the 

composite materials in railway systems have been 

mentioned in Table 5 [28, 29]. 

 

Table 5 Application of composite materials in 

railways 
Currently employed 

composites in railways 

Composites in tomorrow's 

railways 

Cab ends, internal fittings, 

lightweight panels, etc. 

Body shells, bogies, Wheelsets, 

pantographs, crashworthy 

vehicles, freight, etc. 

 

One of the well-known hybrid composite materials is 

MCE based hybrid composite, which meets the 

requirement of the railway coach application. MCE 

hybrid composites can be operated in stationary 

conditions as noise control, thermal insulating, 

structural material and filling gap between two 

surfaces of roofs, sides, floor, carrying end and 

supporting end of the high-speed railway coaches. 

Figure 1 demonstrates a typical high-speed railway 

bodyshell [30] with a major portion where MCE 

composite can be used. Musa fiber extracted from the 

banana tree bark, coir fiber taken from coconut and 

epoxy is used as a binder. Therefore, this hybrid 

composite is named as MCE. Chand and Fahim [31] 

have identified that the Musa fiber is produced from 

the stems of banana trees and is highly long-lasting. 

They also found that the fibre is made up of thick 

wall cell tissues kept together by natural gums. 

Carlile et al. [32] found that the coir is a fibrous 

material made up of the thick middle layer (meso 

carp) of the coconut fruit (Cocos nucifera). Mir et al. 

[33] studied the abundance, structural and 

mechanically stable properties of coir and discovered 

that it can be stretched above the elastic limit without 

failure due to the presence of helical microfibers. 

 

 
Figure 1 Typical bodyshell of high-speed railway 

 

Chemical properties of natural fibres influence their 

overall thermal, acoustic, mechanical and other 

properties. Kumar et al. [34] have investigated hybrid 

composite by considering natural fibers such as Musa 

and coir fibers. They identified that the layering 

pattern of banana-coconut and alkali treatment have 

positive effects on energy absorption, i.e., damping 

indication and mechanical efficiency. They observed 

that natural fibers consist of majorly four components 

such as cellulose, hemi-cellulose, lignin and 

moisture. It has also been observed that the cellulose, 

through its hydrogen bond and various other 

linkages, gives stiffness and strength to the fibers. 

Essabir et al. [35] have remarked that the presence of 

hemicellulose makes the fiber biodegradable, thermal 

degradable and gives moisture absorption ability. 

They also identified that lignin has a unique ability, 

which made the fiber thermally stable at the expense 

of ultraviolet degradation. Hariprasad et al. [36] 

investigated the effect of sodium hydroxide (NaOH) 

chemical treatment (alkali treatment). They observed 

that the characteristics of a coir banana epoxy hybrid 

composite, treated with NaOH alkali have higher 

impact and tensile strength than coir banana epoxy 

composite that has not been treated. Shalwan and 

Yousif [37] have investigated the effect of volume 

fraction, type of treatment and type of natural fibers 

on composite performance. They found that the 

mechanical and tribological behaviours are 

significantly affected by the volume fraction, type of 

treatment and types of natural fiber. They also found 
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that the chemical treatment by using NaOH was a 

more effective treatment than other methods for 

adhering natural fibers to the matrix. Micro level 

study on chemical bonding of natural fibers have 

been studied by Bar et al. [38]. They observed that 

the application of alkali chemical treatment made the 

outer surface of fiber rough because of the 

elimination of lignin, hemi-cellulose, wax and oils 

from the natural fibers, which allows proper fiber 

packaging.  

 

For railway passenger, the insulation of extreme 

noise and temperature can be achieved by using 

natural fibers with adhesives. The noise from the 

railway exterior sources is primarily transferred into 

the interior via structural excitation, with no 

contribution from air excitation [39, 40]. 

Investigation on high-speed train by Hardy [41] 

reveals that noise and vibration in confined spaces 

such as carriage affect the health of passengers. 

Several research has been conducted to study the 

impact of interior noise, vibrations, coupled 

dynamics and mechanism of high-speed railway 

system [42–46]. According to Li and Ren [47], the 

efficacy of noise control materials can be determined 

by noise labels using  SAC. They reported that for 

typical heat insulating material, the thermal 

conductivity should be less than 0.29 W/mK, 

compression strength should be higher than 0.3 MPa 

and nominal density should be higher than 1000 

kg/m3. In order to produce symmetrical sound, the 

contribution of floor, roof, left and right side walls 

have been investigated by Li et al. [48]. They 

observed that the generation of sound is more from 

floor at low speed, while it is more from roof at 

higher speed (greater than 300 km/h). For various 

speeds of railway, Zhao et al. [49] have identified 

that when a low-cost shock proofing or damping 

measurement devices are employed, the porous 

sound-absorbing concrete reduces railcar noise. 

Horikawa et al. [50] reported that around 90% of the 

noise is generated by interior and exterior sources 

and around 10% of the noise propagates through a 

closed section. Wennberg and Stichel [51] have 

conducted tests on high-speed train for 

multifunctional and multi-level design strategy 

composite materials. They used the composite to 

make glass inner wall, fibrous insulation layer and 

the load-bearing board of the train. They found that 

the use of composite fully satisfies the design 

constraints, such as mechanical properties, stiffness 

and the structure of the train. They also reported that 

there is much scope for acoustic and thermal 

insulating materials in the high-speed railway.  

According to a review of the literature on MCE 

hybrid composite materials, the synthesis and 

characterization of MCE composite have performed 

for general applications such as roof tiles, floors, 

partition boards, automobiles, and so on. However, 

there is a limited amount of research on the 

characterization and synthesis of MCE composite for 

high-speed railway coach interior applications. As a 

result, the current research aims to determine the 

best-suited MCE hybrid composite, which is typically 

synthesised for high-speed railway coach interior 

applications. The composition of Musa coir fibres 

was varied in order to determine the most thermally 

and sonically stable material. 

 

3.Methods 

Various techniques can be used to produce hybrid 

composites and evaluate their performance. The 

fabrication process of a novel hybrid composite was 

performed in this current study using two natural 

fibres and a fixed portion of epoxy by a hand layup 

technique known as synthesis of MCE composites. 

The generation of data for conclusive decision-

making has begun using the open-source software 

ilastik. Then, to determine the precise behaviours of 

these novel hybrid composites, experimental research 

was carried out. Figure 2 depicts the various 

processes of the methods used, from sample 

preparation to data collection. 

 

 
Figure 2 Step by step process used in methods 
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3.1Synthesis of MCE composite 
Before beginning the synthesis process of any 

composite, it is beneficial to select such materials 

which fulfil the requirements of the railway coaches. 

High coefficient of acoustic absorption, lower 

thermal conductivity, high thermal resistance, high 

impact strength, high flexural strength and high 

damping capability are some basic properties 

required for the synthesis of the composite. These 

properties can be achieved by using Musa and coir 

fibers. In the view of railway coach interior 

application, five MCE composite samples having 

different compositions of Musa and coir fibers are 

synthesized by embedding within epoxy resins. 

 

Figure 3 enlightens the step-by-step synthesis 

process of Musa-coir based reinforced composite. 

The hand layup technique has been applied to 

synthesize the composite samples. 

 

 
Figure 3 Step by step synthesis process 

 

This technique has been divided into two parts, i.e., 

mould preparation and fiber preparation. In mould 

preparation, a mild steel-based moulding box with 

200 mm × 200 mm × 50 mm dimension has been 

selected to fulfil the standard requirements. The 

moulding box acts as a cover for the fibers, which 

compresses them and prevents from leakages during 

compaction. Moulding box has been cleaned with 

water and has been dried in the sunlight. When the 

moulding box is completely dry, a layer of wax coat 

is applied inside the box for easy removal of the 

compacted composite samples. The dwell time of 

approximately 30 minutes has been provided to settle 

the wax coat. In fiber preparation, Musa is extracted 

from banana tree bark and coir is obtained from the 

coconut fruit. Musa and coir fiber of 10 mm length 

are cleaned with water and dried in sunlight to extract 

the moisture. To increase interfacial adhesion of 

Musa and coir fibers an alkali chemical treatment is 

required. For this treatment, coir and Musa fibers 

have been soaked for 8 hours in 5% NaOH solution. 

Then these chemically treated fibers are blended with 

epoxy resin and hardener. An eco-friendly carbon 

black clear casting epoxy resin has been selected, 

which provides higher binding strength, excellent 

chemical and insulating properties. To achieve the 

desired thickness of composite an N (3-

dimethylaminopropyl)-1, 3 propylene diamine 

hardeners has been utilised as curing agent. To get 

maximum binding strength the epoxy resin 

(adhesive) and hardener are blended in a 3:1 ratio. 

Properties of carbon black clear casting epoxy resin 

and a typical hardener are shown in Table 6. After 

blending, the achieved material has been poured in 

moulding box. Then the moulding box has kept under 

continuous 200 Newtons load condition for 24 hours. 

After compaction, the composite sample has been 

taken out from the moulding box and cut it in 

accordance with standards specifications. All 

considered compositions of MCE composite are 

synthesized and the top and bottom view of the 

samples are shown in Figure 4(a) and (b) 

respectively.  After synthesis process, the cell (pixel) 

level classifications of Musa and coir in MCE 

composite samples are determined by using different 

methods and are presented in Figure 5. A two-
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dimensional (2D) pixel classifier has been employed 

using ―ilastik‖, an open-source software [52]. The 

different classes of pixels are discriminated by using 

the pixel features (such as colour, intensity, edge and 

texture) and their scales (scale factor (σ) value ranges 

from 0.3 to 10). In this pixel classification process, 

whole workflow has been assigned by two labels 

(one for Musa and another for coir fiber) based on 

pixel features and user annotations considering σ = 

0.7. To get the sharp edges of the imported 2D 

images of the samples, the Laplacian of Gaussian 

method is selected and has been illustrated in Figure 

5(a). Textures of the samples in 2D form are obtained 

by selecting Hessian of Gaussian eigen value method 

and reported in Figure 5(b). Structure tensor eigen 

value method as presented in Figure 5(c) is selected 

to get different colours of 2D texture for better view. 

Gaussian smoothing method is used to get the sharp 

colour and intensity of the samples, which is 

illustrated in Figure 5(d). To get clear segmentation 

of Musa and coir fiber in the composite samples, the 

finite method probabilistic feature view approach has 

been utilized and is shown in Figure 5(e). It has been 

clear that MCE composite sample CCCC has highest 

red spot due to coir fibers whereas BBBB has highest 

green spot due to Musa fibers. Further, the 

characterizations of these standard composite 

samples are used to determine the thermal 

conductivity and SAC. 

 

Table 6 Properties of epoxy resin and typical hardener used in this study 

Properties of epoxy resin Properties of typical hardener 

Glass transition 

temperature (°C) 

102 Chemical name  N(3-dimethylaminopropyl)-1,3 

propylenediamine 

Compressive strength 

(MPa) 

83 Colour Light yellow  

Thermal conductivity 

(W/mk) 

0.52 pH  12 (at 20 °C)  

Density (gm/cc) 1.07 Boiling point  > 200 °C  

Coefficient of thermal 

expansion (ppm/ °C) 

62.53 Density  0.95 g/cubic cm at 25 °C  

Tensile strength (MPa) 56 Thermal decomposition  > 200 °C  

Vapour pressure  4 Pascal at 20 °C  

 

   
(a)                                    (b) 

Figure 4 Sample of MCE composite (a) top view (b) 

bottom view 

 

   
(a)                                     (b) 

    
(c)           (d) 

 
(e) 

Figure 5 Different pixel level classifications of MCE 

composite sample by using (a) Laplacian of Gaussian 

method (b) Hessian of Gaussian eigen value method 

(c) structure tensor eigen value method (d) Gaussian 

smoothing method (e) finite method probabilistic 

feature approach 
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3.2Characterization of MCE composite 

The characterization of MCE composite is divided 

into two parts, i.e., measurement of thermal and 

sound absorption properties. 
3.2.1Measurement of thermal properties 

To ascertain the thermal properties of MCE 

composite specimens, the heat flow meter apparatus 

is used and the schematic diagram is shown in Figure 

6. The test procedure and essential calibration are 

done by considering the guidelines given by the 

American Society for Testing and Materials (ASTM) 

C 518-76 standards [53, 54]. The measuring 

procedure of the test apparatus for thermal 

conductivity is as follows: 

 The synthesized sample is kept in the heat flow 

meter between the hot and cold plates. The edges 

are properly insulated to minimize the heat loss 

from the heat flow meter's edges. 

 During the test procedure, control the temperature 

of cold and hot plates, so that the temperature does 

not vary more than 0.5 % of the temperature 

difference between the both plates. 

 The test procedure should be repeated until the 

apparatus reaches thermal equilibrium. 

 Then, mean temperature and the electromotive 

force output of the heat flow meter and 

temperature drop across the samples are noted.  

 To obtain a thermal conductivity measurement that 

is within 1% error, five consecutive observations 

are required. 

 

 
Figure 6 Schematic diagram of heat flow meter 

apparatus 

 

The thermal conductivity of the MCE composite 

samples has been calculated by Equation 3. 

      (
 

  
)    (3) 

 

Where k is the thermal conductivity of the sample 

(W/mK), S is the sensitivity of the heat flow meter 

(W/m2V), e is heat flow meter output (V), D is the 

thickness of the sample (m) and    is the temperature 

difference across the sample (K). As per the standard, 

the diameter and thickness of the sample are kept as 

50 mm and 15 mm respectively. The range of 

temperature between hot and cold plate is maintained 

between 225 K and 825 K for successful and reliable 

results. 
3.2.2Measurement of sound absorption properties 

To determine the acoustic properties of MCE 

composite samples, the impedance tube approach has 

been utilized and the schematic diagram of 

impedance tube apparatus is shown in Figure 7. The 

test procedure and calibration of the apparatus are 

conducted in accordance with ASTM E 1050-12 (38) 

standards [55, 56]. The measuring procedures of the 

test apparatus for SAC are as follows: 

 The sonic tube is used to carry out the test with 

two microphones, which are fixed over the tube 

wall. Two microphones have an important role in 

the SAC calculation. These measure the sound 

pressure and give sound propagation function. 

 In the test procedure, the source generates a 

specific amount of normal sound wave, which 

travels through the sonic tube and reaches to the 

test sample. 

 Then, the sound wave approaches to the 

microphones and data related to sound are 

recorded in the acoustic analyser. Based on output 

received from acoustic analyser, calculations for 

SAC have been carried out. This method has been 

used because it is convenient and advanced. 
 

 
Figure 7 Schematic diagram of impedance tube 

apparatus 

 

The SAC (α) is the ratio of absorbed acoustic energy 

(Iabsorbed = Iincident – Ireflected) by the sample to the 

acoustic energy incident (Iincident) on the surface of the 

sample. The value of SAC lies between 0 and 1. The 

overall SAC is calculated by averaging SAC values 

obtained at different frequencies i.e., f = 500, 1000, 

1500, 2000, 2500, 3000, 3500 and 4000 Hz. Various 

labels of SAC as shown in Table 7 are defined for 

noise control materials having different ranges of 

SAC values [56]. The SAC values obtained from the 

samples are compared with the labels and ranges of 

SAC.  



Dilbag Singh Mondloe et al. 

1284 

 

Table 7 Labels of SAC of noise control material 
Labels A B C D E F 

Range 

of SAC 

0.90 - 

1.00 

0.80 - 

0.85 

0.60 - 

0.75 

0.30 - 

0.55 

0.15 - 

0.25 

0.00 - 

0.10 

 

4. Results and discussion  

After the synthesis of different MCE composite 

samples, the characterization has been performed to 

determine the thermal conductivity and sound 

absorption coefficient. The obtained results of 

various samples are discussed in two parts i.e., 

measurement of thermal and acoustic characteristics.  

 

4.1 Measurement of thermal characteristics 

The thermal characteristics of experimentally tested 

MCE composite samples are measured for thermal 

conductivity. Figure 8(a) illustrates the effect of fibre 

loading on thermal conductivity of MCE composite 

samples. The fiber loading of MCE composite 

samples depends on the percentage volumetric 

composition of Musa, coir and epoxy. The volumetric 

composition of epoxy has been kept fixed as 60% for 

all the cases and the volumetric composition of Musa 

and coir are varied from 0 to 40%. A specific 

designation has been given to each combination of 

Musa, coir and epoxy, as reported in Table 4. From 

Figure 8(a), it can be seen that the value of thermal 

conductivity is minimum for banana-banana-coir-coir 

(BBCC) (20% Musa and 20% coir) and is maximum 

for banana-banana-banana-banana (BBBB) (40% 

Musa and 0% coir). The mixing of Musa and coir 

fiber in equal proportion yields the lowest thermal 

conductivity due to lower packing density and 

disorganized material structure. Hence, the sample 

BBCC has lowest thermal conductivity, equal to 

0.048 W/mK. The sample BBBB has the maximum 

thermal conductivity as 0.062 W/mK, due to its 

organized material structure, highest packing density 

and the lowest possible moisture content after the 

chemical treatment. Furthermore, the thermal 

conductivity of all other samples lies between the 

thermal conductivity of these two samples. To 

understand the influence of thermal conductivity 

values of different MCE composite samples, these 

values have been compared with the thermal 

conductivity values of pure coir (coir + epoxy) and 

pure Musa (Musa + epoxy) obtained from Hassan et 

al. [9] and Paul et al. [57]. Figure 8(b) shows the 

effect of fiber loading on thermal conductivity of 

pure coir, pure Musa and MCE composite samples.  

For the 60% volumetric composition of epoxy, it has 

been found that pure Musa has higher thermal 

conductivity followed by pure coir and MCE 

composites. Overall, the pure Musa and pure coir 

have a higher order of magnitudes of thermal 

conductivity than all MCE composite samples. As is 

known that, for better thermal comfort inside the 

railway coaches the temperature should be minimum. 

To achieve the minimum temperature inside the 

coach, the heat transfer from outside to inside should 

be minimum, for less heat transfer the thermal 

conductivity of materials of railway bodyshell has to 

be minimum, since the MCE composite samples 

possess the lower thermal conductivity, it can be 

recommended for railway coach interior applications. 

 

           
(a)                                                                                     (b) 

Figure 8 Effect of fiber loading on thermal conductivity of (a) various MCE composite samples (b) pure coir, pure 

Musa and MCE composite samples 
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4.2Measurement of sound absorption 

characteristics 

The sound absorption characteristics of MCE 

composite samples are measured by SAC. Figure 

9(a) shows the effect of variation of SAC with 

change in frequency for pure coir (coir + epoxy) [4], 

pure Musa (Musa + epoxy) [58] and present MCE 

composite samples. With increase in frequency, it is 

observed that the value of SAC increases in the case 

of pure coir (10%, 20%, 30%) and all MCE 

composite samples, except for pure Musa. The trend 

for pure Musa is not uniform with increase in 

frequency. The magnitudes of SAC are found to be 

very less for pure coir as compared to pure Musa and 

all MCE composite samples. Figure 9(b) depicts the 

effect of fiber loading on average SAC of all MCE 

composite samples. It is observed that the value of 

averaged SAC is maximum for banana-coir-coir-coir 

(BCCC) (10% Musa and 30% coir) and the minimum 

for coir-coir-coir-coir (CCCC) (0% Musa and 40% 

coir). The higher value of averaged SAC is due to 

highly disorganized and zig-zag structure of Musa 

and coir in MCE composite samples. Whereas, the 

lower value of averaged SAC is because of 

uniformity in the internal structure of Musa and coir 

in the samples. It is also found that the averaged SAC 

values are higher for almost all MCE composite 

samples than pure Musa and pure coir. As is known 

that, to get acoustic comfort inside the railway 

coaches, the higher averaged SAC values are 

desirable. Hence, to achieve the higher averaged SAC 

value, the composite should have highly disorganized 

and zig-zag internal structure. This can be obtained in 

MCE composite samples. Since, MCE composite 

samples possess higher averaged SAC value as 

compared to pure Musa and pure coir, it can be 

recommended for the railway coach interior 

applications. 

 

   
                                         (a)                                                                                       (b) 

Figure 9 Variation of (a) sound absorption coefficient with change in frequency for pure coir [40], pure Musa [50] 

and MCE composite samples (b) fiber loading on averaged sound absorption coefficient of various MCE composite 

samples 

 

4.3Limitations of present work 

The current work is concerned with three-

dimensional (3D) hybrid composites, specifically 

Musa, coir, and epoxy-based composites, where 

controlled properties can be achieved by using a 

volumetric fraction of Musa, coir, and epoxy. For 

effective component binding, 60 percent epoxy is 

used, which can be increased or decreased, and other 

component fractions can be investigated at the same 

time. Due to a lack of funds, hand layup techniques 

were used in this analysis; however, researchers 

could use other automated methods of synthesis that 

have significant effects on material packing as well 

as SAC and thermal conductivity. 

There are numerous other tests such as microscopy 

(electron/optical), thermal gravimetric analysis, and 

tensile test data, as well as dynamic mechanical 

analysis, that can be used to determine the 

composite's applicability in other applications. The 

manuscript places a strong emphasis on composite 

railway coach interior applications. The proposed 

application is intriguing, so model parts can also be 

used to evaluate the indicated properties. 

 

A complete list of abbreviations is shown in 

Appendix I. 
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5. Conclusion and future work 
Natural fiber reinforcement hybrid composite with 

different volumetric fractions of Musa and coir with 

epoxy has been synthesized and characterized, 

preferably for the railway coach interior applications. 

Table 8 presents a qualitative analysis for various 

MCE hybrid composite samples. The following 

conclusions are drawn from the results, in the context 

of the railway coach interior applications. 

 

In general, the thermal conductivity of any substance 

indicates how fast heat will flow in a given material. 

Whereas, SAC of any material shows the ability of 

the material to absorb the incident energy i.e., sound 

waves. Good thermal insulating materials must have 

lower thermal conductivity and good acoustic 

insulating materials must have higher SAC. Railway 

bodyshell materials with low thermal conductivity 

and high SAC are required for the thermal and 

acoustic comfort inside the railway coaches. 

 

The thermal conductivity of MCE hybrid composite 

samples ranges from 0.048 to 0.062 W/m-K with a 

difference of 0.04 between the lowest and highest 

values. The lowest value of thermal conductivity is 

obtained for BBCC due to an equal volumetric 

fraction of natural fibers, i.e., 20% coir and 20% 

Musa fiber. In comparison to all MCE samples, the 

thermal conductivity value varies as BBCC < BBBC 

< CCCC < BCCC < BBBB. 

 

All the samples show good acoustic absorption 

characteristics. Still, BCCC has reached the category 

label ―B‖, whereas others lie in the label ―C‖. 

However, their capacity to absorb sound pressure 

differs from different SAC values at different 

frequencies and materials compositions. The 

averaged SAC of MCE hybrid composite samples 

ranges from 0.60 to 0.76 and BCCC sample has the 

highest averaged SAC. In comparison to all MCE 

composite samples, the overall averaged SAC value 

varies as BCCC > BBBC > BBCC > BBBB > CCCC.  

In the view of thermal and acoustic comfort inside 

the railway coaches BCCC, BBCC and BBBC of 

MCE composite samples are recommended for 

railway coach interior applications, as they exhibit 

the desired lower value of thermal conductivity and a 

higher value of SAC.  

 

Table 8 Concluding remarks 

Designation CCCC BCCC BBCC BBBC BBBB 

Full form of designation 
Coir-coir- 

coir-coir 

Banana-coir-

coir-coir 

Banana-banana- 

coir-coir 

Banana-banana-

banana-coir 

Banana-banana-

banana-banana 

MCE hybrid composite (coir +  

Musa + epoxy) 

40% + 0% 

+ 60% 

30% + 10% + 

60% 

20% + 20% + 

60% 

10% + 30% + 

60% 
0% + 40% + 60% 

Thermal conductivity (k) 0.052 0.054 0.048 0.050 0.062 

Recommendation       

Averaged sound absorption 

coefficient ( ) 
0.60 0.76 0.69 0.72 0.64 

SAC labels C B C C C 

Recommendation      

 

The final remarks on MCE composite can be used to 

meet similar comfort requirements in the railway, 

automobile, and space industries. This research can 

be expanded with various other fillers or constituents 

so that they can be used in other applications. 

 

Acknowledgment 
Authors would like to thank National Building Material & 

Steels Testing Laboratory Raipur, Chhattisgarh, India and 

Government Engineering College Jagdalpur, Chhattisgarh, 

India for supporting research facilities. 

 

Conflicts of interest 
The authors have no conflicts of interest to declare. 

 

 

 

Author’s contribution statement 
Dilbag Singh Mondloe: Conceptualization, investigation, 

data curation, writing – original draft, writing – review and 

editing, analysis and interpretation of results. Aman 

Khare: Data collection, conceptualization, draft 

manuscript preparation. Harish Kumar Ghritlahre: Study 

conception, writing – review and editing, draft manuscript 

preparation, Guidance. Gajendra Kumar Agrawal: 

Conceptualization, draft manuscript preparation, Guidance. 

Hemant Naik: Conceptualization, draft manuscript 

preparation, writing – original draft, writing – review and 

editing, analysis and interpretation of results, guidance. 

 

 

 

 

 

 



International Journal of Advanced Technology and Engineering Exploration, Vol 9(94)                                                                                                             

1287          

 

References 
[1] Kupski J, De FST. Design of adhesively bonded lap 

joints with laminated CFRP adherends: review, 

challenges and new opportunities for aerospace 

structures. Composite Structures. 2021. 

[2] Goyat V, Ghangas G, Sirohi S, Kumar A, Nain J. A 

review on mechanical properties of coir based 

composites. Materials Today: Proceedings. 2022; 

62:1738-45. 

[3] Chavhan GR, Wankhade LN. Improvement of the 

mechanical properties of hybrid composites prepared 

by fibers, fiber-metals, and nano-filler particles–a 

review. Materials Today: Proceedings. 2020; 27:72-

82. 

[4] Virk GS, Singh B, Singh Y, Sharma S, Rushdan AI, 

Patyal V. Abrasive water jet machining of coir fiber 

reinforced epoxy composites:-a review. Functional 

Composites and Structures. 2022; 4(1). 

[5] Mondloe DS, Kumar P, Kumar A, Barewar V, Tiwari 

P, Sahu C, et al. Investigation of mechanical and wear 

properties of novel hybrid composite based on 

BANANA, COIR, and EPOXY for tribological 

applications. International Journal of Engineering 

Trends and Technology. 2022; 70(4):278-85. 

[6] Ahmed MM, Dhakal HN, Zhang ZY, Barouni A, 

Zahari R. Enhancement of impact toughness and 

damage behaviour of natural fibre reinforced 

composites and their hybrids through novel 

improvement techniques: a critical review. Composite 

Structures. 2021. 

[7] Alshahrani HA. Review of 4D printing materials and 

reinforced composites: behaviors, applications and 

challenges. Journal of Science: Advanced Materials 

and Devices. 2021; 6(2):167-85. 

[8] Wennberg D. Multi-functional composite design 

concepts for rail vehicle car bodies (Doctoral 

Dissertation, KTH Royal Institute of Technology). 

2013. 

[9] Hassan T, Jamshaid H, Mishra R, Khan MQ, Petru M, 

Novak J, et al. Acoustic, mechanical and thermal 

properties of green composites reinforced with natural 

fibers waste. Polymers. 2020; 12(3):1-19. 

[10] Karakoti A, Tripathy P, Kar VR, Jayakrishnan K, 

Rajesh M, Manikandan M. Finite element modeling of 

natural fiber-based hybrid composites. In modelling of 

damage processes in biocomposites, fibre-reinforced 

composites and hybrid composites 2019 (pp. 1-18). 

Woodhead Publishing. 

[11] Venkateshwaran N, Elayaperumal A. Banana fiber 

reinforced polymer composites-a review. Journal of 

Reinforced Plastics and Composites. 2010; 

29(15):2387-96. 

[12] Ren MF, Zhang XW, Huang C, Wang B, Li T. An 

integrated macro/micro-scale approach for in situ 

evaluation of matrix cracking in the polymer matrix of 

cryogenic composite tanks. Composite Structures. 

2019; 216:201-12. 

[13] Monaldo E, Nerilli F, Vairo G. Basalt-based fiber-

reinforced materials and structural applications in civil 

engineering. Composite Structures. 2019; 214:246-63. 

[14] Pattanayak SS, Laskar SH, Sahoo S. Design from 

waste: an eco-efficient microwave absorber using 

dried banana leaves and charcoal based composite. 

Journal of Materials Science: Materials in Electronics. 

2022; 33:13398-407. 

[15] Sampath B, Naveenkumar N, Sampathkumar P, 

Silambarasan P, Venkadesh A, Sakthivel M. 

Experimental comparative study of banana fiber 

composite with glass fiber composite material using 

Taguchi method. Materials Today: Proceedings. 2022; 

49:1475-80. 

[16] Saxena T, Chawla VK. Effect of fiber orientations and 

their weight percentage on banana fiber-based hybrid 

composite. Materials Today: Proceedings. 2022; 

50:1275-81. 

[17] Saafi M, Gullane A, Huang B, Sadeghi H, Ye J, 

Sadeghi F. Inherently multifunctional geopolymeric 

cementitious composite as electrical energy storage 

and self-sensing structural material. Composite 

Structures. 2018; 201:766-78. 

[18] Raheja GS, Singh S, Prakash C. Development of 

hybrid Gr/SiC reinforced AMCs through friction stir 

processing. Materials Today: Proceedings. 2020; 

50:539-45. 

[19] Fu SY, Xu G, Mai YW. On the elastic modulus of 

hybrid particle/short-fiber/polymer composites. 

Composites Part B: Engineering. 2002; 33(4):291-9. 

[20] Jesthi DK, Nayak RK. Improvement of mechanical 

properties of hybrid composites through interply 

rearrangement of glass and carbon woven fabrics for 

marine application. Composites Part B: Engineering. 

2019; 168:467-75. 

[21] Balaji NS, Chockalingam S, Ashokraj S, Simson D, 

Jayabal S. Study of mechanical and thermal 

behaviours of zea-coir hybrid polyester composites. 

Materials Today: Proceedings. 2020; 27:2048-51. 

[22] Li X, Wang L, Xiao G, Qiao Y, Wang F, Xia Q, et al. 

Adhesive tape-assisted etching of silk fibroin film 

with LiBr aqueous solution for microfluidic devices. 

Materials Science and Engineering: C. 2021. 

[23] Bledzki AK, Gassan J. Composites reinforced with 

cellulose based fibres. Progress in Polymer Science. 

1999; 24(2):221-74. 

[24] Nurazzi NM, Asyraf MR, Fatimah AS, Shazleen SS, 

Rafiqah SA, Harussani MM, et al. A review on 

mechanical performance of hybrid natural fiber 

polymer composites for structural applications. 

Polymers. 2021; 13(13):1-47. 

[25] Mohammed L, Ansari MN, Pua G, Jawaid M, Islam 

MS. A review on natural fiber reinforced polymer 

composite and its applications. International Journal of 

Polymer Science. 2015. 

[26] Asim M, Paridah MT, Chandrasekar M, Shahroze 

RM, Jawaid M, Nasir M, et al. Thermal stability of 

natural fibers and their polymer composites. Iranian 

Polymer Journal. 2020; 29(7):625-48. 

[27] Kerni L, Singh S, Patnaik A, Kumar N. A review on 

natural fiber reinforced composites. Materials Today: 

Proceedings. 2020; 28:1616-21. 



Dilbag Singh Mondloe et al. 

1288 

 

[28] Robinson M, Matsika E, Peng Q. Application of 

composites in rail vehicles. In ICCM composite 

material 2017. 

[29] Campus B, Roure B. Use of composite materials in 

railway applications. ALSTOM Transport in 

Collaboration with SNCF Material Engineering Center 

Materials Department. 2005. 

[30] https://sketchfab.com/3d-models/train-mark-3-br-

swallow-livery-buffet-

27b66c6989eb4925b9d3d27fa84ce9a9. Accessed 10 

September 2022. 

[31] Chand N, Fahim M. Tribology of natural fiber 

polymer composites. Woodhead Publishing; 2020. 

[32] Carlile WR, Raviv M, Prasad M. Organic soilless 

media components. Soilless Culture. 2019: 303-78. 

[33] Mir SS, Nafsin N, Hasan M, Hasan N, Hassan A. 

Improvement of physico-mechanical properties of 

coir-polypropylene biocomposites by fiber chemical 

treatment. Materials & Design (1980-2015). 2013; 

52:251-7. 

[34] Kumar KS, Siva I, Rajini N, Jappes JW, Amico SC. 

Layering pattern effects on vibrational behavior of 

coconut sheath/banana fiber hybrid composites. 

Materials & Design. 2016; 90:795-803. 

[35] Essabir H, Bensalah MO, Rodrigue D, Bouhfid R, 

Qaiss A. Structural, mechanical and thermal properties 

of bio-based hybrid composites from waste coir 

residues: fibers and shell particles. Mechanics of 

Materials. 2016; 93:134-44. 

[36] Hariprasad T, Dharmalingam G, Praveen RP. Study of 

mechanical properties of banana-coir hybrid 

composite using experimental and fem techniques. 

Journal of Mechanical Engineering and Sciences. 

2013; 4(4):518-31. 

[37] Shalwan A, Yousif BF. In state of art: mechanical and 

tribological behaviour of polymeric composites based 

on natural fibres. Materials & Design. 2013; 48:14-24. 

[38] Bar M, Alagirusamy R, Das A. Advances in natural 

fibre reinforced thermoplastic composite 

manufacturing: effect of interface and hybrid yarn 

structure on composite properties. In advances in 

natural fibre composites 2018 (pp. 99-117). Springer, 

Cham. 

[39] De SG, Devriendt C, Guillaume P, Pruyt E. 

Operational transfer path analysis. Mechanical 

Systems and Signal Processing. 2010; 24(2):416-31. 

[40] De KD, Ossipov A. Operational transfer path analysis: 

theory, guidelines and tire noise application. 

Mechanical Systems and Signal Processing. 2010; 

24(7):1950-62. 

[41] Hardy AE. Railway passengers and noise. Proceedings 

of the Institution of Mechanical Engineers, Part F: 

Journal of Rail and Rapid Transit. 1999; 213(3):173-

80. 

[42] Jin XS. Key problems faced in high-speed train 

operation. In china's high-speed rail technology 2018 

(pp. 27-45). Springer, Singapore. 

[43] Ji L, Sheng X, Xiao X, Wen Z, Jin X. A review of 

mid-frequency vibro-acoustic modelling for high-

speed train extruded aluminium panels as well as the 

most recent developments in hybrid modelling 

techniques. Journal of Modern Transportation. 2015; 

23(3):159-68. 

[44] Han J, Zhong SQ, Zhou X, Xiao XB, Zhao GT, Jin 

XS. Time-domain model for wheel-rail noise analysis 

at high operation speed. Journal of Zhejiang 

University-Science A. 2017; 18(8):593-602. 

[45] Xu L, Zhai W. Train–track coupled dynamics 

analysis: system spatial variation on geometry, physics 

and mechanics. Railway Engineering Science. 2020; 

28(1):36-53. 

[46] Zhang X, Wang QJ, Harrison KL, Jungjohann K, 

Boyce BL, Roberts SA, et al. Rethinking how external 

pressure can suppress dendrites in lithium metal 

batteries. Journal of The Electrochemical Society. 

2019; 166(15):3639-52.  

[47] Li Y, Ren S. Acoustic and thermal insulating 

materials. Building Decorative Materials; Eds. 

2011:359-74. 

[48] Li M, Zhu Z, Deng T, Sheng X. An investigation into 

high-speed train interior noise with operational 

transfer path analysis method. Railway Engineering 

Science. 2021; 29(1):1-14. 

[49] Zhao C, Wang P, Wang L, Liu D. Reducing railway 

noise with porous sound-absorbing concrete slabs. 

Advances in Materials Science and Engineering. 2014. 

[50] Horikawa S, Fujii Y, Kurita T. Research and 

development on reducing interior noise in shinkansen 

vehicles. JR East Technical Review. 2015. 

[51] Wennberg D, Stichel S. Multi-functional design of a 

composite high-speed train body structure. Structural 

and Multidisciplinary Optimization. 2014; 50(3):475-

88. 

[52] Berg S, Kutra D, Kroeger T, Straehle CN, Kausler 

BX, Haubold C, et al. Ilastik: interactive machine 

learning for (bio) image analysis. Nature Methods. 

2019; 16(12):1226-32. 

[53] https://www.iitk.ac.in/ce/test/IS-

codes/is.9489.1980.pdf. Accessed 30 July 2022. 

[54] Pelanne CM. Does the insulation have a thermal 

conductivity? the revised ASTM test standards require 

an answer. ASTM International; 1978. 

[55] Standard AS. Standard test method for impedance and 

absorption of acoustical materials using a tube. Two 

Microphones, and a Digital Frequency Analysis 

System. 1990:1050-98. 

[56] ISO 10534-2. Acoustics—determination of sound 

absorption coefficient and impedance in impedance 

tubes-part 2: transfer-function method. ISO 10534-2, 

International Organization for Standardization. 1998. 

[57] Paul SA, Boudenne A, Ibos L, Candau Y, Joseph K, 

Thomas S. Effect of fiber loading and chemical 

treatments on thermophysical properties of banana 

fiber/polypropylene commingled composite materials. 

Composites Part A: Applied Science and 

Manufacturing. 2008; 39(9):1582-8. 

[58] Singh VK, Mukhopadhyay S. Banana fibre-based 

structures for acoustic insulation and absorption. 

Journal of Industrial Textiles. 2022; 51(9):1355-75. 

 

https://sketchfab.com/3d-models/train-mark-3-br-swallow-livery-buffet-27b66c6989eb4925b9d3d27fa84ce9a9
https://sketchfab.com/3d-models/train-mark-3-br-swallow-livery-buffet-27b66c6989eb4925b9d3d27fa84ce9a9
https://sketchfab.com/3d-models/train-mark-3-br-swallow-livery-buffet-27b66c6989eb4925b9d3d27fa84ce9a9
https://www.iitk.ac.in/ce/test/IS-codes/is.9489.1980.pdf
https://www.iitk.ac.in/ce/test/IS-codes/is.9489.1980.pdf


International Journal of Advanced Technology and Engineering Exploration, Vol 9(94)                                                                                                             

1289          

 

Dilbag Singh Mondloe is Assistant 

Professor and research scholar (Ph.D.) 

in the Department of Mechanical 

Engineering at Government 

Engineering College, Jagdalpur (C.G.). 

His research interests are CFD analysis, 

Renewable Energy, Heat Transfer, 

Refrigeration, Solar Energy, Composite 

Materials. 

Email: dilbag.mondloe@gmail.com 

 

Aman Khare is research scholar (M. 

Tech) in Thermal Engineering from 

Government Engineering College 

Jagdalpur (C.G.). He works in area of 

Composite Materials, Heat Transfer. 

 

 

 

Email: amankhare63.ak@gmail.com 

 

Dr. Harish Kumar Ghritlahre is 

Assistant Professor in the Department 

of Energy and Environmental 

Engineering at CSVTU Bhilai (C.G.). 

His research interests are Smart 

materials, Solar Energy, Solar Thermal 

Applications, Renewable Energy, 

Artificial Neural Network, Power Plant. 

Email: harish.ghritlahre@gmail.com 

 

Gajendra Kumar Agrawal is a 

Professor in the Department of 

Mechanical Engineering at Government 

Engineering College Bilaspur (C.G.). 

His research interests are CFD analysis, 

Renewable Energy, Heat Transfer, 

Solar Energy. 

 

Email: gka1966@yahoo.com 

 

Dr. Hemant Naik is a Research 

Associate at Fluid Machinery 

Technology and Research Center, 

Daejoo Machinery Co. Ltd., Daegu, 

Republic of Korea. His research 

interests are Composite Materials, Heat 

Transfer, Fluid Flow, Fluidics, CFD 

analysis. 

Email: hemantnaik.29@gmail.com 

 

 

 

 

 

 

 

 

 

 

Appendix I 
S. No. Abbreviations Description 

1 2D Two Dimensional 

2 4D Four Dimensional 

3 ASTM American Society for Testing and 

Materials 

4 BBBB Banana-Banana-Banana-Banana 

5 BBBC Banana-Banana-Banana-Coir 

6 BBCC Banana-Banana-Coir-Coir 

7 BCCC Banana-Coir-Coir-Coir 

8 BIS Bureau of Indian Standards 

9 CCCC Coir-Coir-Coir-Coir 

10 D Thickness of the Sample 

11 e Heat Flow Meter Output 

12 f Frequency  

13 Iabsorbed Energy Absorbed by Surface 

14 Iincident Energy Incident on Surface 

15 Ireflected Energy Reflected by Surface 

16 k Thermal Conductivity 

17 MCE Musa-Coir-Epoxy Composite 

18 NaOH Sodium Hydroxide  

19 Ph Property of Hybrid Material 

20 P1 Property of the First Component 

21 P2 Property of the Second Component 

22 S Sensitivity of the Heat Flow Meter 

23 SAC Sound Absorption Coefficient  

24 V1 Volumetric Fraction of the First 

Component    

25 V2 Volumetric Fraction of the Second 
Component 

26 σ Scale Factor 

27    Temperature Difference Across the 

Sample 

 

 

 

 

 

 


